
UPDATED 10/17/80 TODAY 15 10/21/80

SCIENTIFIC COMPUTING iIVISIIN FY-81 CYBER RATES
AND NOS/BE SCHEDULER tZDIFICATIONS

EFFECTIVE OCTOBER 20 1980 THE FOLLOWING SCHEDULER MODIFI-
CATIONS WILL BECOME OPERAT;ONAL ON THE INEL DUAL CYBER 176
SYSTEM

1) THE MAXIMUM USER-SPECIFIED JOB CARD PRIORITY WILL BE
P:2. ANY JOB SUBMITTED AT P:3 OR HIGHER WILL BE
LOI4ERED BY THE ceSTEM TO P:2.

2) INTERCOM SYSTEM SECOND CHARGES WILL BE BILLED AT THZ
EQUIVALENT OF FY-80 P:3 RATES, RATHER THAN P:2.

3) ANY REFERENCE TO P:3 IN PREVIOUS SCIENTIFIC
COMPUTING DIVISION SERVICE LEVEL CONTRACTS SHGULD BE
CHANGED TO P:2.

THE FOLLOWING 15 A BRIEF SUMMARY OF TEMPORARY FY-81 VERS6a
FY-80 CYBER COMPUTER RATES. THEY WILL BE IN EFFECT UNTIL
FURTHER NOTICE.

FY-80 TEMPORARY FY-81

CCU RATE
CONNECT TIME
DISK STORAGE
MICROFORM
TAPE MOUNT
TAPE STORAGE
LINE PRINTER
CARDS READ
CARDS PUNCHED

S 1.45 / CCU
510.00 / HOUR
S .06/RB / DAY
S .007 / 106 MDs
-- NO CHARGE --
S .50 / REEL MO.
S.1i20 / 1000 LINES
S .12 / 1000 CARDS
S 1.12 / 1000 CARDS

5 1.45 / CCU
510.00 / HOUR
S .06 / RB / DAY
S .007 / 108 WORDS
-- NO CHARGE --
S .50 / REEL / MO.
t .60 / 1000 LINES
5.2533 / 1000 CARDS
5.2533 / 1000 ^ARD5

BATCH



MODIFICATIONS / CONTROL CARDS UPP TE 1.3-508.

*CALL
*CALL
*CALL
*CALL
*CALL

REALCM
INTGCM
INPRCM
INPICM
PHYPRO

*CALL MATCNS

*CALL MATCNS

CCRE
CCRE
CCRE
CCRE
CCRE

CLDF

CPLE

FRAC
FRAC
FRAC
FRAC
FRAC

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

F5IG

FSTP

INIT
INIT
INIT
INIT
INIT

REALCM
INT(C.M
INPRCM
IN0ICM
PHYPRO

PELPT
REALCM
INTGCM
INPRCM
INPICM
PHYPRO

*CALL MATCNS

*CALL MATCNS

*CALL
*CALL
*CALL
*CALL
*CALL

REALCM
INTGCM
INPRCM
INPICM
PHYPRO

MELT *CALL PHYPRO

CCRE
CCRE
CCRE
CCRE
CCRE

12
13
14
15
i6

39CLDF

*CALL
*CALL
*CP'.L
*CALL
*CALL

*CALL
*CALL
*CALL
*CALL
*CALL
*CALL

CPLE

FRAC
FRAC
FRAC
FRAC
FRAC

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

II
12
13
14
15

28
29
30
31
32
33

30

3

13
14
15
16
17

F5IG

FSTP

INIT
INIT
INIT
INIT
INIT
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MODIFICATIONS / CONTROL CARDS

POIKTR *CALL PELPT

PRTI
PRT.
PRTI
PRTI
PRTI

PRT2
PRT2
PRT2
PR r2
PRT2
PRT2

~ETUP
SETUP
SETUP
SETUP
SETUP

UPRIVER

UREADIN

DESIGN

UDIALOT

URUNFRP

*CALLt
CALL

*CALL
*CALL
*CALL

*CALL
*CALL
CALL
*CALL
*CALL
*CALL

*CALL
*CALL
*CALL
*CALL
*CALL

REALCM
INTGCH
INPRCM
INPICH
PHYPRO

REALCM
INTGCM
INPRCM
INPICM
PHYPRO
PELPT

REALCM
INTGCM
INPRCM
INPICI
PHYPRO

*CALL DESNBL

*CALL DESNBL

*CALL DESNBL

*CALL DESNBL

*CALL DESNBL

UNAMES CALL DESNPL

POINT

PRTI
PRTI
PRTI
PRT I
PRTI

PRT2
PRT2
PRT2
PRT2
PRT2
PRT2

SETUP
SETUP
SETUP
SETUP
SETUP

53

12
13
14
'5
16

12
13
14
15
16
17

13
14
15
16
17

16

8

9

20

16

UDRIVER

UREADIN

UDESIGN

UDIALOT

URUNFRP
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UNAME5



UODIFIC'TIONS / CONTROL CARDS UPDATE 1.3-506.

UANSI&Q *CALL DESNBL

CALL DESNDL

CORRECTION IDENTS ARE LISTED IN CHRONOLOGICAL ORDER OF INSERTION

TIDY
PELPT
CCRE
CLOS
CRPR
EMRLOC
FEXP
FSIG
GASPLT
MSET
PLTW
RMESH
TAPE
UIDEA
WNR101780

DECKS ARC LISTED

YANKSS
MATCNS
JRST
CLDG
CRER
EtIF TC
FENTHL
FRAL
GAPT
MELT
PLTO
RESTFS
SWEL
UPROD
VOLM

IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE 15 CREATED BY THIS UPDATE

TIDY
PELPT
CCRE
CLOS
CRPR
EMRLOC
FEXP
FSIG
GAS0LT
HSET
PLTW
RIESH
TAPE
UIDEA

REALCM
ANS54
CCRK
COND
DDLF
EMS2
FGRL
FSTP
GASP
NDTR
POINT
SCC
TERP
UDIALOT

INTGCM
ASSIGN
CDTR
COOL
DFRC
ENRG
FLMD
FSTR
GASREL
NFWG
POLA
SETUP
TMPSUB
URUNFRP

INPRCH
AXHF
CEXP
CPLE
DLGA
EUMT
FLOB
FTUNUL
HCFF
NSET
PRT I
SIMQ
TOTG
UNAMES

INPICM
BDTR
CHECK
CRAK
EFrCON
FALU
FLUXD
FXDP
INIT
PGHD
PRT2
STOR
UDRIVER
ANSWER

PHYPRO
BFRC
CLAD
CRAP
EhDNSF
FBLK
FRAC
GAPP
LACE
PLNT
PWRD
STRN
UREADIN
WRITER

DESNBL
BNUP
CLDF
CREP
EMFTCN
FCMI
FRPCON
GAPRS
LCFF
PLTI
REPK
STRS
UDESIGN
UECHOI

WRITER

UANSWER 8

12WRITER

REALCM
AN554
CCRK
COND
DDLF
EMSZ
FGRL
FSTP
GASP
NDTR
POINT
SCC
TERP
UDIALCT

INTGCM
ASSIGN
CDTR
COOL
DFRC
ENRG
FLMD
FSTR
GASREL
NEIG
POLA
SETUP
TMP5UB
URUNFRP

INPRCM
AXHF
CEXP
CPLE
DLGA
EUMT
FLOB
FTBNUL
HCFF
NSET
PRT I
SI 
TOTG
UNAMES

INPICM
DDTR
CHECK
CRAK
EFFCON
FALU
FLUXD
FXDP
INIT
PGHD
PRT2
STO
UDRe .)
UANSI Es

PHYPRO
BFRC
CLAD
CRAP
EMDNSF
FBLK
FRAC
GAPP
LACE
PLNT
PWRD
STERN
UREADIN
UNRITER

DESNBL
UNUP
CLDF
CREP
EMFTCN
FCHI
FRPCON
GAPRS
LCFF
PLTI
REPK
STRS
UDESIGN
UECHOI

MATCNS
BURST
CLDG
CRER
EMFTC
FENTHL
FRAL
GAPT
MELT
PLTO
RESTF5
SWEL
UPROD
VOLM
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DECK LIST AS NI'ITiF.N, IF NEWPL UPDATE 1.3-508.

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANKSS
MATCNS
DR5T
CLDG
CkER
EhFTC
FENTHL
FRAL
GAPT
MELT
PLTO
RESTFS
SWEL
UPROD
VOLM

TIDY
PELPT
CCRE
CLOS
CRPR
EMRLOC
FEXP
FS IG
GASPLT
MSET
PLTW
RMESP'
TAPE
UIDER

REALCM
AN554
CCR
COND
DDLF
EM52
FGRL
FSTP
GASP
NDTR
POINTR
5CC
TEPP
UDIALOT

INTGCM
ASSIGN
CDTR
COOL
DFRC
ENRG
FLMD
FSTR
GASREL
NEWG
POLA
SETUP
TMPSUB
URUNFiP

INPRCM
AXHF
CEXP
CPLE
DLGA
EUMT
FLOB
F IBNUL
HCFF
NSET
PRTI
SI MG
TOTG
UNAMES

INPICM
BDTR
CHECK
CRAK
EFFCON
FPLU
FLUXD
FXDP
INIT
PL -D
PRT2
STOR
UDRIVER
UANSWER

PHYPRO
BFRC
CLAD
CRAP
EMDNSF
FBLK
FR.9C
GAPP
LACE
PLNT
PWRD
STRN
UREADIN
WRITER

DE5NBL
BNUP
CLDF
CREP
EMFTCN
FCMI
FRPCON
GAPRS
LCFF
PLTI
REPK
STR5
UDESIGN
UECHOI

COMMON DECKS ENCOUNTERED

REALCM iNTGCM 'NPRCh INPICH PHYPRO DESNBL MATCNS PELPT

DECKS WRITTEN TO COMPILF FILE

TIDY
CCRE
CLO5
CRPR
EHRLOC
FEXP
F5IG
GASPLT
MSET
PLTW
RHESH
TAPE
UIDEA

ANS54
CCRK
COND

EM52
FGRL
FSTP
GASP
NDTR
POINTR
5CC
TERP
UDIALOT

ASS GN
CDTR
COOL
DFRC
C 6RG
FLMD
FSTR
GASREL
NEWG
POLA
SETUP
i 1P5'J
URI INFRP

AXHF
CEXP
CPLE
DLGA
EUMT
FLOB
FTBNUL
HCFF
NSET
ORTI
S IMG
TOTG,
UNAMES

BDTR
CHECK
CRAK
EFFCON
FALU
FLUXD
FXDP
INIT
PGHD
PRT2
STOR
UDRIVE
UAN5WER

BFPC
CLAD
CRAP
EMDNSF
FBLK
FRAC
GRPP
LACE
PLNT
FWRD
STRN
UREADIN
UWRI1TER

BNUP
CLDF
CREP
EMFTCN
FCM I
FRPCON
GAPRS
LCFF
PLTI
PEK
5TRS5
UJE5ICN
UECHO!

BRST
CLOG
CRER
EMFTC
FENTHL
FRAL
GAPT
MELT
PLTO
RESTFS
SWEL
UPROr
VOLM

THIS UPDATE REQUIRED 354008 WORDS OF CORE.
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76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE

SUBROUTINE ANS54 (NTBURNUP DFS JPON,NPCK,NTIME,RVDV,NF,TiME,B,Q, ANS54 2
+RC, RDOT, NAQMPY,JST, RELEAS, bEN,bDCO, hREG, ANSD, FLXFAC, PF, ANSR, F, DT, D ANS54 3
+ECAY,HALFPFAVE) ANS54 4

C ANS54 5
5 C ANS54 6

C THIS SUBROUTINE CODED b. F E PANIXO AND W N RAUSCH OF BATTELLE AN554 7
C PACIFIC NORTiWEST LABORAiC0IES, AU"'ST 1979 PNL-3077 ANS548
C ANS54 9
C ANS54 10

10 C THE FISSION G15 RELEASE IS CALCULATED aMSIDc THE TIME STEP AND ANS54 It
C GAS PRESSURE LOC^S FOR EACH AXIAL REGION ANS54 12
C T4E FUEL TEMPEPATURES ARE CALCULATED INiTL. THE AXIAL LOOP. AN554 13
C ONLY THE DIFFUSION PARAMETER ANSD, NEED BE SAVED FOR rlCH RADIAL AN554 14
C AND AXIAL REGION EVERY TIME STEP ANS54 15

15 BUT INSTEAD OF MAKING ANSD TRI-DIMENSIONED TIMESTEP,RADIAL,AXIAL) AN554 16
C FOR EXAMPLE ANSD(50,10,10) IT 15 SINGLY DI 1E?5ICNED ANSD(5000). AN554 17
C A CODE INTE%'4AL POINTER KEEPS PROPER IDENTIFICATION OF EACH TIME 5TF AN554 18
C VALUE FOR EACH RADIAL AND AXIAL REGION. ANS54 19
C ALTHOUGH THE LOCAL GAS PRODUCTION RATE AND BURNUP ARE ALSO AN554 20

20 C NEEDED THE? ARE CALCULATED AS THEY ARE NEEDED. ANS54 21
C ANS54 22
C * AN354 '5 CALLED FROM FGASRE *** .4S554 23
C ANS54 24
C THE ANS STANDARD CALLS FOR AT LEAST SIX RADIAL REGIONS AND TEN OR AN554 25

25 C MORE AXIAL REGIONS. THE 5UBROUTINE ESTABLISHES THE RADIAL AN554 26
C DIVISIONS BUT THE NUMBER OF AXIAL REGIONS 15 A USER INPUT. ALSO, AN554 27
C THE TIME STEP SIZE SHOULD BE 2000 MWD/tTM Bi'RNUP OR SHORTER. ANS54 28
C ANS54 29
C THE DIFFUSION PARAMETERS FOR IODINE, CESIUM, AND TELLURIUM ARE ANS54 30

30 C NOT CALCULATED BY THE CODE. ANS54 31
C ANS54 32
C *** *** * *** ***** *** *** *** *** *** ANS54 33
C AN554
C INPUT ARGUtINTS ANS54

35 C AN554 36
C NT IS THE CURRENT TIME STEP NUMBER AN554 37
C BURNUP 15 THE AXIAL LOCAL MID STEP VALUE IN MWD/MT AN554 38
C DCO 15 THE FABRICATED CLAD OD, INCHES AN554 39
C DFS 15 THE IAB'ICATED FUEL DIA.,INCHES AN554::0

40 C DV 15 THE DIAMETER ARRAY ASSOCIATED WITH RV AN554 41
C FLOW 15 THE FRACTION RELEASE PREDICTED BY THE LOW TEMP STABLE MODEL AN554 42
C FLOWR 15 THE FRACTION RELEASE PREDICTED BY THE LLU TEMP RID!OACTIVE ANS54 43
C MODEL AN554 44
C FRDEN IS THE FRACTION OF THEORETICAL DENSITY ANS54 45

45 C J 15 AXIAL REGION COUNTER FOR FRAPCON ANS54 46
C JPOW 15 AXIAL REGION COUNTER FOR ANS54 ANS54 47
C JST 15 POINTER FOR TIME DEPENDENT AXIAL PROFILE ANS54 48
C NA 15 THE TOTAL NUMBER OF AXIAL NODES ANS54 49
C NPOW IS THE TOTAL NO. OF AXIAL REGIONS AN554 50

50 C NREG 15 NUMBER OF RAr'AL RP.ION5 IN THE FUEL, USER INPUT AS NGASR ANS54 51
C NTIME 15 THE TOTAL NC OF STEPS ANS54 52
C RV 15 THE FUEL FLUX DEPRESSION ARRAY ANS54 53
C NF 15 THE NUMBER OF FLUX DEPRESSION REGIONS IN THE FUEL AN554 54



76/176 OPT:O TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE 2

C TIME 15 THE TIME HISTORY ARRAY, CUMULATIVE IN SECONDS AN554 55
55 C Q 15 AXIAL POWER PROFILE ARRAY AN554 56

C QMPY 15 TIME DEPENDENT POWER ARRAY ANS54 57
C SP 15 HE SPECIFIC POWER(MEGAWATTS PER METRIC TON OF FUEL) AN554 58
C B IS ARRAY OF COEFFICIENTS FROM DDLF ANS54 59
C POWR(QC) 15 THE FUEL SURFACE HEAT FLUX FOR AN AXIAL REGION ANS54 60

60 C PF 15 THE PRODUCTION FACTOR FOR FISSION GAS ANS54 61
C RC 15 THE RADIUS OF THE ANNULUS ANS54 62
C TT AND TS ARE THE FUEL RADIAL TEMP(F) AND DIMENSION (IN) ARRAYS ANS54 63
C WF 15 THE WEIGHTING FACTOR FOP THE RADIOACTIVE GAS RELEASE FRACTION ANS54 64
C TO COMPENSATE FOR DIFFERENT PRODUCTION RATES IN DIFFERENT REGIONS ANS54 65

65 C AN554 66
C OUTPUT ARGUMENTS ANS54 67
C AN554 68
C RDOT 15 THE GAS RELEASE FRACTION PER PXIAL NOt. PER CUMULA: 'F TIME ANS54 69
C RELEAS 15 THE FRACTION RELEASED FOR TI.1 P'.iOACTIVE GASES AN55 70

70 C AN554 71
C *** *** * *** *** * * ** ** * *** XAN554 72
C ANS54 73

DIMENSION QMPY(NTIME). Q(I), JS. NTIME) ANS5':74
DIMENSION TIME(NTIME) AN554 /5

75 DIMENSION RV(NF),DV(NF) AN554 76
DIMENSION b(6) ANS54 77
DIMENSION ThU(2) GTAU(2) ANS54 78
DIMENSION NSR(NAE5) F(NREG), DT(NTIME), FLXFAC(NREG), ANS54 79

+ PF(NREGNPOW), ANSD(NREG) AN554 80
80 DIMENSION DECAY(II), RELEAS(lI), HALF(lI) ANS54 81

C ANS54 82
FRDEN : DEN/100. ANS54 83

C ANS54 84
RFS : DFS/2. ANS54 85

85 P1 : 3.141592654 ANS54 86
P12 : PI*PI ANS54 87
P14 : P12*P12 ANS54 88
FNREG : FLOAT(NREG) ANS54 89
DVOIDZ : 2.*RC ANS54 90

90 C ANS54 91
C THE FOLLOWING CALCULATIONS WEED BE DONE ONLY ONCE ANS54 92

IF (NT.GT.1) GO TG 130 ANS54 93
IF (JPOW.GT.I) GO TO 130 ANS54 94
IF (NPOW.LT.10) W'ITE (6,350) NPOW AN554 95

95 ISTOP : 5000/(NREG*NPOW) AN554 96
IF (NTIME.GT.ISTOP) GO TO 340 AN554 97
FLXTOT : 0. ANS54 98
ANSDA : (DFS*DFS-DVOIDZ*DVOIDZ)/4./FNREG AN554 99
ROUTR : DFS/2. ANS54 100

100 C CALCULATE RELATIVE PRODUCTION RATES IN EACH NREG FUEL REGION ANS54 101
C ANS54 102
C ALL THE RADIAL REGIONS FORMED HERE HAVE EQUAL AREAS, NOT ANS54 103
C EQUAL WIDTHS. AN554 104
C ANSR : RADIUS TERM ANS54 105

105 C ANSDIA : DIAMETER TERM ANS54 106
C ANSDA : AREA TERM ANS54 107

1



76/176 OPT:0 TRACE STATIC FTN 4.8+508

C ROUTR : RADIUS TERM ANS54 108
C ROUTR2 : AREP TERM ANS54 109

DO 100 II:INREG AN554 110
110 ROUTR2 : ROUTR*ROUTR ANS54 II

ANSR(Il) : SQRT(ROUTR2-ANSDA/2.) ANS54 112
ANSDIF : ANSR(II)*2. ANS54 113
FLXFAC(II) : TERP(ANSDIA,DVRV,NF) AN554 114
IF (II.EQ.NREG) GO o '100 ANS54 115

115 ROUTR : SQRT(ROUTR2-ANSDA) fN554 116
100 FLXTOT : FLXTOT+FLXFAC(Il) AN54 117
C N554 1 18
C NORMALIZE THE PRODUCTION RATE 50 THEIR SUM EQUALS I AN554 119

DO 110 II:I,NREG AN554 120
120 110 FLXFAC(II) : FLXFAC(II)/FLXTOT AN554 121

1T(I) : 0. AN554 122
DO 120 NI:2,NTIME AN554 123

C AN554 !24
C DT(NI) 15 THE TIME INCREMENT FOR 5 7P N! UNITS ORE SECONDS ' 554 125

125 DTINI) : TIME(NI)-TIME(NI-) 4554 126
120 CONTINUE ANS54 127
130 CONTINUE AN554 128
C AN554 129
C JPOW AND NOW i1 ARE THE LOCAL AXIAL REGION NUMBERS fN55 130

130 II : JPOW AN554 131
C ANS54 132
C A14554 133
C CHECK ON THE SIZE OF PROBLEM ANS54 134
C AN554 135

135 C ** TOP OF THE RADIAL REGION GAS .ELEASE LOOP ***************** AN554 136
DO 200 12:1,NREG AN554 137
PRDCT : FLXFAC(I2)*F;4REG ANS54 138

C AN554 139
C JI 15 THE POINTER FOR RADIAL REGION 12 FOR AXIAL REGION II FOR STEP ANS54 140

140 JI I2+NREG*(II-1)+NPOW*(NT-1)*NREG AN554 141
X :=AN5R(12)/RF5 AN554 142
TEMPK :=B(I)+X*B(2)+X*X*B(3)+X**3*B(4 +X**4*B(5)+X**5*B(6) AN554 143
TEMPK : TEMPK+273. ANS54 144

C AN554 I'45
145 C ANSD AT 1400 DEG.C :2.2E-10:D*EXP(-72300./(1673R)) fth554 146

C SOLVING FOR D GIVES 0.61377 AN554 147
C 50 ANSD(JI) : 3.61377*EXP(-72300./(i.987*TEMPK)) AN554 148

ANSD(J ) : 0.61377*EXP(-36386./TEMPK) AN554 149
BUP : BURN *PRDCT ANS54 150

150 C CALCULATE DIFFUSiON COEFFICIENT FOR LOCAL BURKJP ANS54 151
ANSD(JI) : ANSD(JI)*l00.**(BUP/28000.) ANS54 152
A6 : 0. ANS54 153
PREEX : 0. AN554'54
F(12) : 0.0 AN554 15'

155 C ANS54 156
C WHEN NT EQ I TIME 15 ASSUMNED TO BE ZERO 50 SKIP GAS RELEASE ANS54 157

IF (NT.EQ.1) GO TO 210 AN554 158
C AN554 159
C AN554 160

SUBROUTINE AN554 10/21/80 14.29.35 PAGE 3



76/176 OPT:0 TRACE STATIC FTN 4.8+508

160 C *** TOP OF THE TIME STEP LOOP ********* ANS54 161
IF tyT(NT).LT.86400.) GO TO 190 AN554 162

DO 180 13:2,NT ANS54 163
IF (DTr13).LT.86400.) GO TO 180 AN554 164

C CONVERT SURFACE HEAT FLUX TO KW/FT ANS54 16
165 POWR : QMPY(I3)*Q(.'POW+(JST(NT)-I)*NA)*DCO/13037. ANS54 166

TAU() : 0. ANS54 167
DO 14C14:13,NT ANS54 168
JZ : I2+NREG*(II-I)+NPOW*(I4-l)*NREG ANS54 169

140 TAU(I) : 'AUri)+ANSD(JZ)*DT(14) ANS54 170
170 TAU(2) : 0. ANS54 171

JY : 12+NREG*(II-I)+4POW*(13-I)*NREG ANS54 172
TAU(2) : TAUI)-ANSD(JY)+DT(13) AN554 173
Al : 0.0 ANS54 174

C AN5 54 175
175 C THE FOLLOWING CARDS ARE FOR THE FINITE SUM AN554 176

DO 170 15:1,2 ANS54 177
GTAU(15) : 0. ANS54 178
IF (I5.EQ.2.AND.I3.EQ.NT; GO TO 170 AN554 179
IF (TAU(15.GT.0.1) GO TO '50 AN554 180

180 GTAU(15) : I.-4.*SQRT(TAU(15)/P1)+I.5*TAJ(15) A4554 181
GO TO 170 AN554 182

150 SUMM : 0. AN554 183
DO 160 16:1,3 ANS54 184
X : FLOAT(16) ANS54 185

185 X : X*X AN554 186
Y : -(X*PI2*TAU(15)) AN554 187
IF (Y.LT.-200.) GO TO 160 AN55t 188
SUM!I : SUMM+EXP(Y)/(X*X*PI4) AN554 189

160 CONTINUE ANS54 190
190 GTAU(15) : (I./(15.*TAU(15))-(6.*SUMM/TAU(!5))) ANS54 191

!70 CONTINUE ANS54 192
Al : TAU(I)*GTAU(I)-TAU(2)*GTAU(2) ANS54 193
JW : 12+NREG*(II-I)+NPOW*(13-)*NREG ANS54 194
AS : AI*PRDCT*POR/ANSD(JW) AN554 195

195 DELEX : PROCT*DT(13)*POWR AN554 196
C THE FOLLOWING CARD 15 TO OBVIATE THE NEED FOR DOUBLE PRECIS!ON ANS54 197

IF (A5.GT.DELEX) A5 : DELEN AN554 198
A6 : A6+A5 ANS54 199
PREEX : PREEX+DELEX ANS54 200

200 180 CONTINUE ANS54 201
C *** BOTTOM OF THE TIME STEP LOOP ********* ANS54 202
C AN554 203

F(12) : I.-A6iPREEX ANS54 204
RDOT : RDOT+F(12)*FLXFAC(12) AN554 205

205 190 CONTINUE ANS54 206
200 rA.JT!&UE ANS54 207
C BOTTOM OF ThI RADIAL REGION GAS RELEASE LOOP ************* ANS54 208
C LOW TEMPERATURE RELEASE AN554  209

FLOW : I.E-7*BURNUP ANS54 210
210 IF (FLOW.GT.RDOT) RDOT : FLOW AN554 211

C AN554 212
210 CONTINUE AN554 213

10/21/80 14.29,35 PAGESUBROUTINE ANS54
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C * *: ****************************************************** ANS54 214
AN554 215

215 C THE REMAINDER OF THE SUBROUTINE IU FOR THE CALCULATION OF THE AN554 216
C RADIOACTIVE GAS RELEASE FRACTION AN554 217
C FOR A SERIES OF DIFFERENT HALF-LIVES AN554 218
C THE STATEMENTS CALCULATE THE RELEASE AVERAGED OVER THE WHOLE ROD AN554 219
C ANS5 220

220 C THE AN:; SHORT HALF-LIUE1 RFLCASE STANDARD 15 VALID ONLY FOR WHEN AN554 221
C NO PREVIOUS UILDUP 15 PRESE :T. THIS REQUIRES A SHUTDOWN OF A ANS54 222
C 4*HALF-LIFE PERIOD OF TIME. THE SUBROUTINE DOES NOT CONSIDER THIS AN554 223
C PROBLEM. AN554 224
C AN554 225

IF (JPOW.NE.1) GO TO 260 AN554 225
IF (NT.GT.I.AND.JST(NT).EQ.1) GO TO 240 AN554 22i

C CALCULATE GAS PRODUCTION FACTORS TO USE AS WEIGHTING FACTORS FOR AN554 228
C AVERAGE RELEASE FRACTION FOR THE ROD AN554 229

PFTOT : 0.0 AN554 230
230 DO 230 JJ:I1,NPW AN554 231

DO 220 I:l,WREG AN554 232
PF(I,JJ) : Q(JJ-I+(JST(NT)-I)*NA)*FLXFAC(I) AN554 233
PFTOT : PFTOT+PF(IJJ) AN554 234

220 CONTINUE AN554 235
235 230 CONTINUE AN554 236

PFAVE : PFTOT/(NPOW*NREG) AN55: 237
240 CONTINUE AN554 238
C AN554 239

3ELTIM : 0.5 AN554 240
240 DO 250 1:1,11 AN554 241

TIME : i.+(I-I)*DELTIM AN554 242
C HALF 15 ThL ,ALF LIVES OF THE ISOTOPES RANGING ON A LOG SCALE FROM AN554 243
C 10 TO 1000000 Z''NDS AN554 244

HALF(I) : I0. RTIME AN554 245
245 DECAY(I) : I./tALF(l) AN554 246

RELEAS(I) : 0.0 AN554 247
250 CONTINUE AN554 248
260 CONTINUE AN554 249

IF (TIME(NT).LT.86400.) RETURN AN554 25
250 DO 320 I:I,NREG AN554 251

JI : I+NREG*(JPOW-I)+NPOW*(NT-I)*NREG AN554 252
1F : PF(I,JPOW)/PFAVE AN554 253

DO 31U JX:I,II AN554 254
XMU : DECAY(JX)/ANSD(JI) AN554 255

255 TAUT : ANSD(JI)*TIME(NT) At554 256
ARG : TAUT*XMU AN554 257
iF (ARG.GT.675.) ARG : 675. AN554 258
IF (TAUT-0.1) 270,270,280 AN554 259

270 CONTINUE ANS54 260
260 C IF TAU 15 LESS THAN OR EQUAL TO 0.1 AN554 261

A : 3./(I.-EXP(-ARG)) AN554 262
Z = ERF(SCRT(XMU*TAUT)) AN554 263
C : 2.*SQRT(XMU*TAUT/PI)*EXPr-ARG) AN554 264
P : (Z-C)/SQRT(XMU) AN554 265

265 E : (I.+XMUfTAUT)*EXP(-ARG) AN554 266
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G : (I.-E)/XMU ANS54 267
FRAC : A*(P-G) ANS54 268
GO TO 300 ANS54 269

280 CONTINUE ANS54 270
270 C IF TAU 15 GREATER THAN 0.1 ANS54 271

A : l./TAIH(5QRT(XMU)) AN554 2?2
Z : 3.*(A/SQRT(XMU)-I/XMU) AN554 273
C : 6.*XMUI(EXP(ARG)-l.) AN554 274
P : 0.0 AN554 275

275 DO 290 IN:1,3 AN554 276
N2 : IN*IN AN554 277
ARG2 : N2*PI2*TAUT ANS54 278
IF (ARG2.GT.675.) ARG2 : 675. AN554 279
H : i.-EXP(-ARG2: AN554 280

280 0 : N2HPO2g(N2*P12+XMU) ! sy AN554 281
P : P+H/N AN554 282

290 CONTINUE ANS54 283
FRAC : Z-C*P ANS54 284

C FRAC 15 THE RELEASE FRACTION AT ANY ONE NODE(RADIALAXIALTIME STEP) ANS54 285
285 300 CONTINUE AN554 286

FRAC : FRAC*WF AN554 287
C RELEASE SUMS THE FRACTION RELEASED FOR EACH AXIAL NODE DURING A ANS54 288
C TIME STEP ANS54 289

RELEAS(JX) : RELEAS(JX)+FRAC AN554 290
290 310 CONTINUE AN554 291

320 CONTINUE ANS54 292
IF (JPOW.NE.NPOW) RETURN AN554 293

C THE FOLLOWING STATEMENTS WILL BE EXECUTED ONLY ONCE EACH TIME STEP ANS54 294
TOTAL : NRFG*NPOW AN554 295

295 DO 330 1:1,11 AN554 296
RELEAS(I) : RELEAS(I)/TOTAL ANS54 297

C CONVERT SURFACE HEAT FLUX TO KW/FT AN554 298
POWR : QMPY(NT)*DC0/13037. AN554 299

C CONVERT KW/FT TO MW/MTM (50ECIFIC POWER) ANS54 300
300 5P : POLAR*0.00l(I./(i2.*((DF5/2.)**2*PI))*1./(FRDEN*I0.96))*I ANS54 301

+ .E6*6.102E-2 AN554 302
FLOWR : (I.E-7*20RT(DECAY(I))+2.E-12*SP)/DECAY(I) ANS54 303
IF (FLOWR.GT.RELEAS(I)) RELFA5(I) : FLOWR AN554 304

330 CONTINUE ANS54 305
305 C THE RESULTS ARE OUTPUT BY A CALL TO GASPLT AN554 306

C *********** *******.******************************************* AN554 307
C ANS54 308

RETURN AN554 309
C AN554 310

310 340 WRITE (6,360) ANS54 311
STOP " THIS STOP 15 IN ANS" 7  AN554 312

AN554 313
350 FORK 1 (IX,100(IH*)/5X "PROBLEM MAY NOT SATISFY CONDITIONS FOR ANS ANS54 314

+-5.4 FISSION GAS RELEASE STANDARD"/5X,"NUMBER OF AXIAL REGIONS ONL AN554 315
315 +Y",13/lX,I00(IH*)) ANS54 316

360 FORMAT 'IH ,"THE PRODUCT OF NREG, NPOW, AND NTIME 15 .GT. 5000. " ANS54 317
+) AN554 318
END ANS54 319
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 ANS54

VARIABLES
1277 A

0 ANSD

1231
1235

0
1276

1310
1254
1262
1245

0
1244

0
1301

0
0

1263
1270

0
0
0

0
1226
1303

0
1264
1315

0

1230
1225
1:05
1220
1304
1320
1311

0
1267

1306
1227
1233

ANSDA
ANSDIA
ANSR
ARG

ARG2
Al

:.6
B
DUP
BURNUP
C
DCO
DECAY
DELEX
DELTIM

2N
DFS
DT

DV
DUO I DZ
E
F
FLOW
FLOWR
FLXFAC

FLXTOT
FNREC
FRAC
FRDEN
G
GTAU
H
HALF
I

IN
STOP
II

DEF LINE

5N TYPE
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

REFERENCES
249 292

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

INTEGER
INTEGER
INTEGER

308

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REF5
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
252
295

REFS
REFS
REFS

267
78

113
78

257
256
278
194
197
198
76

151
149
264
165
80

2*197
241
82
84
78

75
2*98
266
78

2*210
2*303

78

116
98

286
300
267
77

281
80

2*232
2*296

2*276
96

III

272
151
148
115

DEFINED
112
261
257
279

DEFINED
198
203

6* 142
DEFINED

209
283
298
254
199

DEFINED
DEFINED

2*98
161
121
113

DEFINED
DEFINED

204
DEFINED
DEFINED

116
113
120
137
289

DEFINED
DEFINED

2*192
DEFINED

245
233
2*302

DEFINED
DEFINED

112

DEFINED
169
151

DEFINED
112
141
263

DEFINED
173

DEFINED
DEFINED
DEFINED

1119
DEFINED
DEFINED
DEFINED

2*302
DEFINED

239

99
163
125

DEFINED
89

265
DEF I NED

209
302
120
120

DEFINED
DEFINED
DEFINED

82
266

DEFINED
279

DEFINED
241
2*303

275
95

113

261
172

271
194

96

254 255

DEFINED
265

277
192
194
152

263

DEFINED
195

300
169

273

278

197
198

273

I

DEFINED
172

IIl

245

195

154 203

232

2E a

190

246
240

137

97
88

267

77

11
244

DEFINED

114

204

116

283

180

24
2*245
231

116

251
250

2*120 140
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VARIABLES

1237 12

1247 13

1251 14
1255 15

1257 16
1266 JJ

0 JPOW

0 JST
1261 JWI
1273 JX
1253 JY
1252 JZ
1241 JI

0 NA
0 NF
0 NPOW

0 NREG

0 NT

0 NTIME

1236
1307
1312
1302

0
0

1265
1222
1223
1224
1250
1240
1246

0
0
U
0
0

1 21
1232
1234
1271

NI
N2
0
P
PF
PAVE
PFTOT
P1
P12
P1'.
PO4R
PRPCT
F :EX
0
OtpY
RC
RDOT
RELEAS

RFS
ROUTR
ROUTR2
RTVINE

SN TYPE

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

14TEGER

INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

RcLOCATION

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F.P.
F.P.
F.P.
F .P.
F.?.

REAL
REAL
REAL
REAL

168
REF5S

203
REFS
195

REFS
REFS

DEFINED
REF5S
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
230

REFS
2* 140
294

REFS
178

DEFINED
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
289

REFS
REFS
REFS
REFS

171
137

2*204
163

DEFINED
168
177
176
184'

2*232
93
1

73
194
254
172
169
148
165
2*75
78

236
5*78

2*168
DEFINED

92
2*226

I
2*73

I
3*125
277
281
267
78

252
233
2*86
2*87
188
194
149
199
73
73
89

204
80

296
141

2*110
Ill
244

193
140

DEFINED
165
162
169
178

DEFINED
233
130

'65
DEFINED

2*289
DEFINED
DEFINED

2*151
232
113
2*94
251
8

2*171
1

140
232

74

DEFINED
2*280

DEFINED
281
233

DEFINED
236
180
186

DEFINED
195
194
203
165
165

DEFINED
210
289
303

DEFINED
DEFINED

115
DEFINED

DEFINED
141
136
167

DEFINED
179

183
DEFINED

165

226
193

DEFINED
171
168
254

DEFINED
DEFINED

95
292
95

2* 193

157
249

78

122
DEFINED

280
283
252

DEFINED
263
277
87

300
195

DEFINED
232
298

I
DEFINED

296

84
99

DEFINED
241

130
171

178

193

193

3* 190

119
168

172

186

251

DEFINED

DEFINED

163
DEFINED

14
236

162
255

109
154

171

167
3*180

230
225

232

140

171
1

119
250

165
298

292

251

193

136
2*251

167

252

253

255

I'.
140
294
109
231

161
251

96

276

DEFINED
DEFINED

236
229
300

2*280

DEFINED
DEFINED

153
DEFINE"
DEFINED

303

122

281264

233
DEFINED
DEFINED

165
137
199

I

204
DEFINED

27'.
232

85
86

298

210

115
110

246
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VARIABLES SN TYPE
0 RV REM..

1314 SP REAL
1256 SUMM REAL
1316 TAU REAL

1275 TAUT REAL

1243 TEMPK REAL
0 T!ME REAL

1313 TOTAL REAL
1272 lF REAL
1242 X REAL

1214 XMU REAL

1260 Y REAL
1300 Z REAL

FILE NAMES MODE
TAPE6 FMT

EXTERNALS TYPE
EiF REAL
EXP REAL
SORT REAL
TANH REAL
TERP REAL

INULNE FUNCTIONS TYPE
FLOAT REAL

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY F, P.

ARRAY

ARRAY

ARGS
I LIBRARY
I LIBRARY
I LIBRARY
I LIBRARY

4

ARGS
I INTRIN

F.P.

REFS
REFS
REFS
REFS
2*192
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
185

REFS
2*272
REFS
REFS

WRITES 94

REFERENCES
262
148 188
III 115
271
113

DEF LINE REFERENCES
88

FTN w.8+508

75
302
188
77

DEFINED
256
255
143
74

296
286
6*142

236
273
187
264

113
DEFINED

190
169
166
258

1408
2*125

DEFINED
DEFINED

2*185

262
280
188
283

DEFINED
300

DEFINED
172
169
262

DEFINED
249
294
252
186

263
DEFINED
DEFINED
DEFINED

1

182
179
170
263

142
255

2*188

264
254
186
262

10/21/80

310

261
180

263
262

265
263

273
264

279
271

184

STATEMENT LABELS
122 100

0 110
0 120

151 130
0 140

346 150
372 160
404 170
444 180
460 190
0 200

473 210
0 220
0 230

543 240
0 250

570 26C
0 270

713 280
0 290

7*:6 300

"ACTIVE

DEF LINK
116
1?J

127
'69
182
189
'91
2u0
205
206
212
234
235
237
247
248
259
269
282
285

REFERENCES
109
119
122
92

167
179
183
176
162
161
136
157
231
230
226
2+0
225

2*258
258
275
268

914.29.35

188
2*180
172
265

143
DEFINED

DEFINED

265

272

2*190

I

141

266

I84

271

272 302

114

93

187
178
163

181

186

277

PAGE
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STATEMENT LABELS
0 310
0 320
0 330

1065 340
1133 350 FMT
1153 360 FMT

DEF LINE
290
291
304
310
313
31

REFF .ENCES
253
250
295
96
94

310

FROM- TO
109 1h6
119 120
122 126
136 206
162 200
167 169
176 191
183 189
230 235
231 234'
240 247
250 291
253 290
275 282
295 304'

LENGTH
378

58
CG

30683
2048

148
708
248
258
208
208

213F
1738
318
r18

PROPERTIES

INSTACK
INSTACK

OPT

OPT

EXT REFS

EXT
EXT

EX T

EXT
NOT

EXT
EXT
EXT
EXT
EXT

REFS
REFS

REFS
REFS
INNER

REFS
REFS
REFS
REFS
REFS

EXITS
NOT INNER

NOT INNER

NOT
NOT

NOT INNER

I NNER
INNER

STATISTICS
PROGRAM LENGTH

1400008 Sim USED

LOOPS
70

131
142
155
243
262
317
351
50
512
547
576
613
740

1022

LABEL
100
110
120
200
180
140
170
160
230
220
'50
320
310
290
330

INDEX
II
Ii
NI
12
13
14
15
16
JJ
I
I
I
JX
IN
I

I '618 817
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C SUBROUTINE ASSIGN (LOCIDX,NPSTRTMECHAN,LOCMEC) ASSIGN 2
C ASSIGN 3
C IMPLICIT REAL * 8 (A-H,O-Z) ASSIGN 4
C ASSIGN 5

5 C ****** **** **** **U********:* * *::::v S** ASSIGN 6
C ASSIGN 7
C ASSIGN IS CALLED FROM ^OINTR AND ASSIGNS THE CORRECT LOCATION ID ASSIGN 8
C TO THE POINTERS )F T4r POINTER COMMON BLOCK ASSIGN 9
C ASSIGN 10

10 C *** X * %R**** *****:****** *m** *: : * ASSIGN 11
C INPUT ARGUMENTS ASSIGN 12
C ** *********** ****** : ***** * ** ASSIGN 13
C ASSIGN 14
C LOCIDX - THE NUMBER OF DYNAMICALLY DIMENSIONED VARIABLFS PLUS ASSIGN 15

I5 C NPSTRT ASSIGN 16
C LOCHEC - THE NUMBER OF DYNAIICALLY DIMENSIONED VARIABLES FOR ASSIGN 17
C FRACAS-2 OR PELET ASSIGN i8
C NECHAN - MECHANICAL SUBCOLE INDEX : 0 - MISTAKE ASSIGN 19
C : I - PNL(PELET) ASSIGN 20

20 C : 2 - INE(FRACAS-) A55IGN 21
C : 3 - IN:.(FRACAS-2) ASSIGN 22
C NPSTRT - THE NUMBER OF VARIABLES IN THE FRONT o THE A-ARRAY USED ASSIGN 23
C TO STORE SPECIAL INTEGERS ASSIGN 24
C ASSIGN 25

25 C ***K s*****s ASSIGN 26
C ASSIGN 2?

COMMON / 'INT / IVAL ASSIGN 28
C ASSIGN 29

COMMON / PNTINL / INELVL ASSIGN 30
30 C ASSIGN 31

C ASSIGN 3
COMMON / FAST / A ASSIGN 33

C ASSIGN 34
DIMENSION A(1) , IA(1) ASSIGN 35

35 DIMENSION IVAL(I), INELVL(I) ASSIGN 36
C ASSIGN 37

EQUIVALENCE ( A(I) , IA(S) ) ASSIGN 38
C ASSIGih 39

LOCID : LOCIDX-NPSTRT-LOCMEC ASSIGN 4040 C ASSIGN '+
C THE FOLLOWING ASSIGNS A-'RRAY POINTERS FOR THE BASIC VARIABLES ASSIGN 42
C I)MMON TO PNL AND INEL A55IGN 43
C A55IGN 44

DO 100 I:1,LOCID ASSIGN 4545 C AS5IGN 46
IVAL(I) : IA(i+NPSTRT) ASSIGN 47

C ASSIGN '+8
100 CONTINUE ASSIGN 49
C ASSIGN 50

50 C ASSIGN SI
IF (MECHAN.EQ.I.OR.MECHAN.EQ.2) GO TO 120 ASSIGN 52

C ASSIGN 53
C ASSIGN 54
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C
C
C

C

C
110
C
C
120
C
C

THE FOLLOWING ASSIGNS ADDITIONAL POINTERS FOR FRACAS-2 OR AXISYM

DO 110 !:l,LOCMEC

INELIL(I) : IA(1+LOCID)

CONTINUE:

CONTINUE

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 ASSIGN

VARIABLES
0 r

45 I
0 IA
0 INELVL
0 IVAL

44 LOCIL
0 LOCIOX
0 LO..
0 MECHAN
0 NPSTRT

DEF LINE

SN TYPE
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
67

RELOC'ZION
ARRAY FAST

ARRAY
ARRAY
'RRAY

FAST
PNTINL
POINT

F.P.
F.P.
F. P.
F.P.

STATEMENT LABELS
0 100
0 110

43 120

DEF LINE
48
61
64

REFERENCES

57
51

LOOPS
15
33

LABEL
I10
110

COMMON BLOCKS
POINT
PNTINL
FAST

INDEX

I

L I

FROM-TO
44 48
57 61

LENGTH
78
78

PROPERTIES
INSTACK
INSTACK

55

60

65

ASSIGN
ASSIGN
ASSIGN
ASSIG'
ASSIGN
AS5I5N
AS5IGN
AS I GN
ASSIGN
ASSIGN
ASSIGN
ASSIGi
ASSIGN
ASS IGN
ASSIGN

55
56
57

59
60
61
62
63
64
65
66
67
68
69

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

32
2*46

34
29
27
44
39
39

2*5I
39

34
2*59
37
35
35
59

DEFINED
57

DEFINED
46

44
59
59
46

57
37

DEFINED
46

DEFINED
DEFINED
DEFINED

I
DEFINED

DEFINED

SUBROUTINE ASSIGN 10/21/80 14.29.35 'AGE 2
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

518
"8

41
3

PAGE 3
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SUBROUTINE AXHEF (AVGQI DELTAZ,FNZ Q,QFI,XI,IQ,IRI,JJC,JN,JPEAKNT AXHF ?
+,CODEID,NUNITS,MODLOP,QENDNA,NXP,bLH,HA,HL,TITLE) AXHF 3

C AXHF 4
C IMPLICIT REAL*8 (A-H,O-Z) AXHF 5

5 C AXHF 6
DIMENSION AVGQI(I) ,DLH(NA) ,HA(NA) ,HL(NA) ,JN(I) ANHF 7

+ ,Q(NANXP) ,QF(4l) ,QFI(I) ,X(41) ,XI(I) A'HF 8
+ ,CODEID(I) ,QENDfNXP) ,DELTAZ(NA) AXHF 9
DIMENSION TITLE(12) AXHF 10

10 C AXHF II
C AXHF 12
C THIS SUVROUTINE 15 CALLED FROM SETUP AND CALCULATES THE AXIAL AXHF 13
C POWER SHAPE FACTORS AXHF 14
C AXHF 15

15 C ** ************************************************* **'7*** AXHF 16
C INPUT ARGUMENTS AXHF 17
C ***************************************************************** AXHF 18
C AXHF 19
C DELTAZ - LENGTH OF EACH AXIAL INCREMENT (FT) AXHF 20

20 C FNZ - AXIAL HOT CHANNEL FACTOR - RATIO OF PEAK TO AVE POWER AXHF 21
C QFI -" POINTWISE AXIAL HEAT FLUX NORMALIZATION FACTORS AXHF 22
C XI - AXIAL STATIONS CORRESPONDING TO QFI ENTRIES :FT) AXHF 2;
C IQ - AXIAL POWER SHAPE INDEX, : 0, USER INPUT PROFILE AXHF 24
L : 1, CHOPPED COSINE PROFILE USED AXHF 25

25 C IRI - NUMBER OF AXIAL INCREMENTS PLUS ONE AXHF 26
C JJC - TOTAL NUMBER OF AXIAL SHAPES AXHF 27
C JN - NUMBER OF POINTS DESCRIBING IHPUt AXIAL SHAPE AXHF 28
C NA - MAXIMUM NUMBER OF AXIAL NODES AXHF 29
C NT - NUMBER OF AXIAL INCREMENTS AXHF 30

30 C NUNITS - UNIT INPUT INDEX, : 0 , SI UNITS USED AXHF 31
C :I , BRITISH UNITS USED AXHF 32
C NXP - MAXIMUM NUMBER OF AXIAL POWER SHAPES AXHF 33
C QEND - NORMALIZED HEAT FLUX AT THE TOP OF THE STACK AXHF 34
C AXHF 35

35 C ******************************************************** ******** AXHF 36
C OUTPUT ARGUMENTS AXHF 37
C * *** ********** ******************** AXHF 38
C AXHF 39
C AVGQI - AVERAGE OF THE Q"5 FOR EACH AXIAL SHAPE AXHF 40

40 C DLH - WORK ARRAY AXHF 41
C HA - WORK ARRAY AXHF 42
C HL - WORK ARRAY AXHF 43
C Q - UNNORMALIZED AXIAL INCREMENT POWER FACTORS AXHF 44
C JPEAK - PEAK POWER INCREMENT INDICATOR AXHF 45

45 C AXHF 46
C ******************** rMt***************************************** AXHF 47
C AXHF 48
C AXHF '+9

K : 0 AXHF 50
50 DO 270 M:I,JJC AXHF 51

C AXHF 52
IF (IQ.GT.0) GO TO 170 AXHF 53

C AXHF 54

10/21/80 14.29.35 PA.E ISUBROUTINE AXHEF
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JN : JN(h AXHF 55
55 DO 100 I:I,JNI AXHF 56

K : K+1 AXHF 57
X(I) : XI(K) AXHF 58

100 QF(I) : QFI(K.' AXHF 59
XCA : 0.0 AXHF 60

60 AMAX : 0.0 AXHF 61
JT :2 AXHF 62
QL : QF(l) AXHF 63
XL : X(I) AXHF 64

00 160 J:2,IRI AXHF 65
65 XCA : XCA+DELTAZ(J-I) AXHF 66

Q(J-I1,) : 0.0 AXHF 67
110 IF (XCA.LT.X(JT)) GO TO 120 AXHF 68

OR : QF(JT) AXHF 69
XR : X(JT) AXHF 70

70 IF (XR.GT.0.0) GO TO 130 AXHF 71
XR : XL AXHF 72
GO TO 130 AXHF 73

120 OR : QF(JT-I)+(XCA-X(JT-I))*(QF(JT)-QF(JT-I))/ X(JT)-X(JT- AXHF 74
+ I)) AXHF 75

75 XR : XCA AXHF 76
130 O(J-1,H) : Q(J-I,H)+(QL+QR)*(XR-XL)/2.0 AXHF 77

QL : OR AXHF 78
XL : XR AXHF 79
JT : JT+I AXHF 80

80 C AXHF 61
IF (X(JT-I).LE.0.0) GO TO 150 AXHF 82

C AXHF 83
IF (XCA-X(JT-I)) 140,150,110 AXHF 84

C AXHF 85
85 140 JT : JT-I AXHF 86

ISO Q(J-1,M) : 0(J-IM)/DELTAZ(J-I) AXHF 87
IF (Q(J-I,t).LT.QMAX) GO TO 160 AXHF 88
QMAX : Q(J-I,M) AXHF 89
JPEAK : J AXHF 90

90 C AXHF 91
C AXHF 92
160 CONTINUE AXHF 93

GO TO 250 AXHF 94
C AXHF 95

95 C AXHF 96
C CALCULATION OF CHOPPED COSINE AXIAL SHAPE AXHF 97
C AXHF 98
170 IF (FNZ.GE.I.5/08) GO TO 180 AXHF 99

ALFZ : -6.3676150+FNZ*(7.9078237+FNZ*(2.3783171+FNZ*(-4.894014 AXHF 100
100 + 7+FNZ*I.4154868))) AXHF 101

CSA : COSiMLFZ) AXHF 102
FZC : ALFZ/SIN(ALFZ) AXHF 103
GO TO 190 AXHF 104

180 ALFZ : -1996.04088+FNZ*(4312.13343+FNZ*(-3140.42333+FNZ*(663.4 AXHF 105
105 + 85456+FNZ*(77.9300994+FNZ*(83.4741199+FNZ*(-82.2246027+FNZ*15. AXHF 106

+ 4145631)))))) AXHF 107
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CSA : COS(ALFZ) AXHF 108
CSI : I.0/(I.0-CSA) AXHF 109
FZC : ALFZ*(I.0-CSA)/(SIN(ALFZ)-ALFZ*CSA) AXHF 110

110 C52 : FZC*CSA*C5I AXHF IlIl
190 DO 200 L:I,IRI AXHF 112

HL(L) : 0.0 AXHF 113
200 HAIL; - 0.0 AXHF 114

DTRM : 1.0/NT AXHF 115
115 DAF : 2.0*ALFZ*DTRH AXHF 116

RDAF : I.0/DAF AXHF 117
SHA : 0.0 AXHF 118
AF2 : -ALFZ AXHF 119

C AXHF 120
120 DO 220 L:I,NT AXHF 121

C AXHF 122
AFI : AF2 AXHF 123
AF2 : AFI+DAF AXHF 124
HLL : FZC*COS(AFI) AXHF 125

125 HAL : FZC*(SIN(AF2)-SIN(AFI))*RDAF AXHF 126
IF (FNZ.LT.I.5708) GO TO 210 AXHF 1?7
HLL : C51*HLL-C52 AXHF 128
HAL : C5I*HAL-C52 AXHF 129

210 SHA : SHA+HAL AXHF 130
130 HL(L) : HLL AXHF 131

HA(L) : HAL AXHF 132
220 CONTINUE AXHF 133
C AXHF 134

HL(I) : AMAXI(HL(I),0.E+0) AXHF 135
135 HL(IRI) : AMAXI(FZC*CSA,0.E+0) AXHF 136

DLH(I) : 0.0 AXHF 137
DO 230 L:I,NT AXHF 138

230 DLH(L+I) : DLH(L)+HA(L)*DTRM AXHF 139
Q(I,H) : HA(I)/FZC AXHF 140

140 QMAX : 0.0 AXHF 141
DO 240 I:2,IRI AXHF 142
Q(IM) : HA(I)/FZC AXHF 143
IF (Q(I-IH).LE.QMAX) GO TO 240 AXHF 144
AMAX Q(I-lH) AXHF 145

145 PEAK : I AXHF 146
C AXHF 147
240 CONTINUE AXHF 148
C AXHF 149
250 3UMQ : 0.0 AXHF ISO

150 DO 260 I:I,NT AXHF 151
SUMQ : SUMQ+0(I,H) AXHF 152

260 CONTINUE AX1{ 153
AVGQI(M) : SUNQ/NT AXrt- 154

C AXHF 155
155 270 CONTINUE AXHF 156

CALL PGHEAD (CODEID,MODLOPTITLE) AXHF 157
WRITE (6,360) AXHF 158
IF (IQ.EQ.0) WRITE (6,370) NT AXHF 159
IF (NUNITS.EQ.0) WRITE (6,390) AXHF 160
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160 IF (NUNITS.EQ.I) WRITE (6,380) AXHF 161
IF (IQ.NE.0) GO TO 330 AXHF 162
IF (NUNITS.EQ.I) GO TO 290 AXHF 163

DO 280 11:1,328 AXHF 164
280 XI(II) : Xl(II)*0.3048E+0 AXHF 165

165 290 CONTINUE AXHF 16.
JNI : I AXHF .67
JN2 : JN(l) AXHF 168

DO 300 M:lJJC AXHF 169
WRITE (6,400) M AXHF 170

170 WRITE (6,41(0) (1,XI(I),I:JNI,JN2) AXHF 171
WRITE (6,420) (I,QFI(I),I:JNI,JN2) AXHF 172
JNI : JN(M)+JNI AXHF 173

300 JN2 : JN2+JN(M+I) AXHF 174
IF (NUNITS.EQ.1) GO TO 320 AXHF 175

175 DO 310 11:1,328 AXHF 1/6
310 XI(II) : XI(II)/0.3048E+0 AXHF 177
320 CONTINUE AXHF 178
330 CONTINUE AXHF 179

IF (IQ.EQ.0) GO TO 340 AXHF 180
180 WRITE (6,430) FNZNT AXHF 181

340 CONTINUE AXHF 182
WRITE (6,440) AXHF 183

C AXHF 184
XC : -DELTAZ(2)i2.E0 AXHF 185

185 C AXHF 186
DO 350 J:2,IRI AXHF :ter
XC : XC+(DELTAZ(J-I)+DELTAZ(J))/2.E0 AXHF 188
XCSI : XC*0.3048E+0 AXiF 189
INCR : J-I AXHF 190

190 350 4RITE (6,450) INCR,XC,XCSI,(Q(J-I,M),M:I,JJC) AXHF 191
WRITE (6,460) (AVGQI(M),M:I,JJC) AXHF 192
WRITE (6,470) (QEND(M),M:l,JJC) AXHF 193

C AXHF 194
RETURN AXHF 195

195 C AXHF 196
360 FORMAT (35X,63HXXXXXXXXXXXXXXX AXIAL POWER SHAPE INFORMATION XXX AXHF 197

+XXXXXXXXXXXX) AXHF 198
370 FORMAT (/5X,27HAXIAL DISTRIBUTION 15 INPUT IOX,26HROD AVERAGE POWE AXHF 199

+R 15 INPUTIOX,22HNUMBER OF AXIAL NODES:, I3) AXHF 200
200 380 FORMAT (60X,I5HX'S IN FEET ) AXHF 201

390 FORMAT (59X,15HX'S IN METERS ) AXHF 202
400 FORMAT (i32X,48HXXXXXXXXXXXXXXXXXXXX INPUT AXIAL SHAPE NUMBER ,1 AXHF 203

+3,23H XXXi XXXXXXXXXXXXXXX /) AXHF 204
.10 FORMAT (7(4r1 X(,13,2H):,F8.4,IX)) AXHF 205

205 420 FORMAT (7(4H QF(,13,2H):,F8.4,IX)) AXHF 206
430 FORMAT (/5X,45HAXIAL DISTRIBUTION 15 CHOPPED COSINE FUNCTION,5X,29 AXHF 207

+HPEAK TO AVERAGE POHlER RATIO :,F7.4,5X,22HNUMBER OF INCREMENTS :,I AXHF 208
+3) AXHF 209

440 FORMAT (/,3X,50HINCREMENT AXIAL STATION UNNORMALIZED AXHF 210
'.10 +,/,15X,37HFEET METERS HEAT FLUX ) AXHF 211

450 FORMAT (5X,13,4X,F8.4,3XF9.5,8X,8(3X,F8.4)) AXHF 212
460 FORMAT (/,37X,7HAVGQI :,2X,F8.6,7(3X,F8.6)) AXHF 213
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470 FORMAT (/,6X,38HNORMALIZED HEAT FLUX AT TOP OF STACK :,F7.4,7(4X,F AXHF
+7.4)) AXHF

215 END AXHF

SYMBOLIC REFERENCE MAP (R=2)

ENTRY POINTS DEF LINE REFERENCES
4 AXHEF I 194

VARIABLES 5N TYPE RELOCAT
1163 AFI REAL
1162 AF2 REAL
1150 ALFZ REAL

0 AVGQI REAL ARRAY F.I
0 CODEID REAL ARRAY F.l

1151 CSA REAL
1153 CSI REAL
1154 C52 REAL
1157 DAF REAL

0 DELTAZ REAL ARRAY F.P

0 DLH REAL ARRAY F.
1156 DTRM REAL

0 FNZ REAL F.P

1152 FZC REAL

0 HA REAL ARRAY F.P

1165 HAL REAL
0 HL REAL kRRAY F.

1164 HLL REAL
1137 1 INTEGER

1167 II INTEGER
1174 INCR INTEGER

0 I INTEGER F.P
0 IRI INTEGER F.

1145 J INTEGER

0 JJC INTEGERi".

0 JN INTEGER ARRAY F.

1136 JNM INTEGER
1170 JNI INTEGER

'ION

P.
P.

P.

P.

P.

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

131
REFS
REFS
135

REFS
REFS
2*170
REFS
REFS
REFS
REFS

DEFINED
REFS
2*18'
REFS

DEFINED
REFS

DEFINED
REFS
REFS

Its
122
101
99
6
6

108
110
127
116
6

6
115
98

110
102
6

128
6

127
57

2*171
2*164

190
52
64

65
189
50
I
6
1

55
170

124
125

2*102
104
191
156

2*109
127
128
123
65

138
138
4*99

124
109
138

129
12"

130
58

DEFINED
2*176

DEFINE'.
I 8
III

66
190
168

54

DEFINED
171

125
DEFINED

107

DEFINED
DEFINED

110
128

DEFINED
DEFINED

86

DEFINED
DEFINED

7* 04

125

139

131
DEFINED

DEFINED
2*142

55
DEFINED

189
161
135

2*76
DEFINED

190

167

54
172

DEFINED
118

3*109

135
DEFINED

110
115
184

I I'114
126

135

142

DEF I NED

I 2'
124
143
141
163

179
141

64
191

172

DEFINED

214
215
216

118

101 107

138

122
123
115

153

DEFINED
108

2*187

136

180

139

DEFINED

125
112

127
144
150
175

DEFINED
106

87
186
192

173

166

142

1

128
130

145
170

113

134

151
171

88 89

172
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VARIABLES 5N TYPE
1171 JN2 INTEGER

0 JPEAK INTEGER
1142 JT INTEGER

1134 K !NTEGER
1155 L INTEGER

1135 M INTEGER

0
0
0

0
0
0

0
1175

0
1143
1141
1146
1160
1161
1166

0
1246

1172
1140l

1173
1144
1147

0

MODLOP
NA
NT

NUN ITS
NXP
0

GENO
QF
QF I
QL
AMAX
OR
RDAF
SHA
SUMO
TITLE
X

XC
XCA

XCSI
XL
XR
XI

FILE NAMES
TAPE6

EXTERNALS
COS
PGHEAD
SIN

INLINE FUNCTIONS
AMAXI

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL

MODE
FMT

TYPE
REAL

REAL

TYPE
REAL

76/176 OPT:0 TRACE

RELOCATION

F.P.

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

WRITES
182

ARGS REFERENCES
I LIBRARY 101
3 156
I LIBRARY 10?

ARGS DEF LINE
0 INTRIN

STATIC

REFS
DEFINED

REFS
85

REFS
REFS

DEFINED)
REFS

142
190
192

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
'5'
142

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED

157
190

107

109

REFERENCES
134

FTN 4.8+508

170

67
DEFINED

56
112
III
54
143
191

156
5*6

114

159
2*6
6

190

6
6
6

76
87
76

125
129
151
9
6

57
18,7
65
59

190
71
70
6
1

158
191

'7'
89
68
61
57

113
120
66

144
192

DEFINED
DEFINED

120

160
DEFINED

76
DEFINED

192
62
58

DEFINED
143
77

DEFINED
DEFINED

153
156
63

188
67
65

DEFINED
76
76
57

164

159
192

173
145
69
79
58

130
137
2*76
151

DEFINED

I
137

162
I

86

DEFINED
68

171
62

DEFINED
DEFINED

116
117

DEFINED
DEFINED

67

190
73

188
DEFINED

78
164
176

160

LEFANED

6*73
85

DEFINED
131

2*86
153
50

150

174

87
66

3*73
DEFINED

77
6iJ
68

129
149I'9
69

DEFINED
75

63
DEFINED

170

169

14.29.35

167

79

49
3*138

87
169
168

153

DEFINED

88
76

DEFINED
i

88
73

151

3*73

184
83

78
69
176

170

124

2*125

135

6

83

173

81

56

88
172
190

139
173
191

180

144
139

158

143
_6

58

140 144

81

187

71

83

75

171 180

PAGE
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STATEMENT LABELS
o 100

62 110
l0I 120
1z 130
0 140

142 150
163 160
170 170
212 180
245 1,40
0 200

325 210
0 220
0 230

413 240
417 250
0 260
0 270
0 280

502 290
0 300
0 310

567 320
570 330
575 340
0 350

761 360 FMT
772 370 FMT
1005 380 FMT
1011 390 FMT
1015 400 FMT
1027 410 FMT
1033 420 FMT
1037 430 FMT
1055 440 FMT
1071 450 FMT
1076 460 FMT
1103 470 FMT

INACTIVE

DEF LINE
58
67
73
76
85
86
92
98
104
'I
113
129
132
138
147
149
152
155
164
165
173
176
177
178
181
190
196
198
200
201
202
204
205
206
209
211
212
213

REFtktNCE5
55
83
67
70
83
81
64
52
98
103
III
126
120
137
141
93
ISO
50
163
162
168
175
174
161
179
186
157
158
160
159
169
170
171
180
182
190
191
192

FROM-TO
50 155
55 58
64 92
III 113
120 132
13? 138
141 It'
150 152
163 164
168 173
170 170
171 171

LENGTH
4248

128
1148

68
458

68
258
08
58

448
78
7d

PROPERTIES

INSTACK
OPT

INSTACK

INSTACK
OPT

INSTACK
INSTACK

EXT REFS NOT INNER

EXT REFS

EXT
EXT
EXT

REFS
REFS
REFS

NOT INNER

72

83
87

143

LOOPS
15
24
52
246
273
353
371
422
474
5i0
516
533

LABEL
270
100
160
200
220
230
240
260
280
300

INDEX

I
J
L
L
L
I
I
II
M1
I
I
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LOOPS LABEL INDEX
56' 310 II
604 350 J
622 M

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

FROM-TO LENGTH PROPERTIES
175 176 58 INSTACK
186 190 348 E
190 150 118 E

1407B

FTN 4.8+508 10/21/80 14.29.35
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EXT REFS

775
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I C BDTR 2
C .................................................................. BDTR 3
C BDTR 4
C SUBROUTI4E BDTR BDTR 5

5 C BDTR 6
C PURPOSE BDTR 7
C COMPUTES P(X) : PROBABILITY THAT THE RANDOM VARIABLE U, BDTR 8
C DISTRIBUTED ACCORDING TO THE BETA DISTRIBUTION WITH BDTR 9
C PARAMETERS A AND B, 15 LESS THAN OR EQUAL TO X. F(A,3,X), BDTR 10

10 C THE ORDINATE OF THE BETA DENSITY AT X, 15 ALSO COMPUTED. BDTR 11
C BDTR 12
C USAGE BDTR 13
C CALL BDTR(X,A,B,P,D,IER) BDTR 14
C BDTR K

15 C DESCRIPTION OF PARAMETERS BDTR 16
C X - INPUT SCALAR FOR WHICH P(X) 15 COMPUTED. BDTR 17
C A - BETA DISTRIBUTION PARAMETER (CONTINUOUS). BDTR 18
C B - BETA DISTRIBUTION PARAMETER (CONTINUOUS). BDTR 19
C P - OUTPUT PROBABILITY. BDTR 20

20 C D - OUTPUT DENSITY. BDTR 21
C IER - RESULTANT ERROR CODE WHERE BDTR 22
C IER: 0 --- NO ERROR BDTR 23
C IER:-I +1 CDTR HAS BEEN CALLED AND AN ERROR HAS BDTR 24
C OCCURReD. SEE CDTR. BDTR 25

25 C IER:-2 --- AN INPUT PARAM'LTER 15 INVALID. X 15 LESS BDTR 26
C THAN 0.0 OR GREATER THAN 1.0, OR EITHER A OR BDTR 27
C B 15 LESS THAN 0.5 OR GREATER THAN lI**(+5). BDTR 28
C P AND D ARE 'FT TO -I.E75. BDTR 29
C IER:+2 --- INVALID OUTPUT. P 15 LESS THAN ZERO OR BDTR 30

30 C GREATER THAN ONE. P 15 SET TO l.E75. BDTR 31
C BDTR 32
C REMARKS BDTR 33
C SEE MATHEMATICAL DESCRIPTION. BDTR 34
C BDTR 35

35 C SUBROUTINES AND FUNCTION 3UB'ROGRAMS REQUIRED BDTR 36
C OLGAM BDTR 37
C NDTR BDTR 38
C CDTR BDTR 39
C BDTR 40

40 C METHOD BDTR 41
C REFER TO R.E. BARGMANN AND S.P. GHOSH, STATISTICAL BDTR 42
C DISTRIBUTION PRflRAd5 FOR A COMPUTER LANGUAGE, BDTR 43
C 10" RESEARCH REPORT RC-1094, 1963. BDTR 44
C BDTR 45

45 C .................................................. .............. BDTR 46
C *** PART OF FRAIL FAILURE PACKAGE *** BDTR 47
C BDTR 48

SUBROUTINE BDTR (X,A B,PD,IlER) BDTR 49
DOUBLE PRECISION XX,bLXX,DLIX,AA,BB,GI,G2,G3,G4,DD,PP,XO,FF,FN, BDTR 50

50 +XI,SS,CC,RR,DLBETA BDTR 51
C BDTR 52
C TEST FOR VALID INPUT DATA BDTR 53
C BDTR 54
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IF (A-I.E+5) 100,100,710 BDTR 55
55 100 IF (B-I.E+5) 110 110,710 BCTR 56

110 IF (X) 680,120, I0 BDTR 57
120 IF (I.-X) 700,130,130 BDTR 58
C BDTR 59
C COMPUTE LOG(BETA(A,Bf) BDTR 60

60 C BDTR 61
130 AA : DBLE(A) BDTR 62

88 : DBLE(B) BDTR 63
CALL DLGAM (AA,GI,IOK) BDTR 64
CALL DLGAM (BB,G2,IOK) BDTR 65

65 CALL DLGAM (AA+BB,G3,IOK) BDTR 66
DLBETA : Gl+G2-G3 Bi)TR 67

C BDTR 68
C TEST FOR X NEAR 0.0 OR 1.0 BDTR 69
C BDTR 70

70 IF (X-I.E-8) 150,150,140 BDTR 71
I40 IF ((I.-X)-I.E-8) 200,200,210 BDTR 72
150 P : 0.0 BDTR 73

IF (A-I.) 160,170,190 BDTR 74
160 D : I.E+75 BDTR 75

75 GO TO 730 BDTR 76
170 DD : -DLBETA BDTR 77

IF (DD+1.68D02) 190,190,180 BDTR 78
180 DD : DEXP(DD) BDTR 79

D : SNGL(DD) BDTR 80
80 GO TO 730 BDTR 81

190 D : 0.0 BDTR 82
GO TO 730 BDTR 83

200 P : 1.0 BDTR 84
IF (B-I.) 160,170,190 BDTR 85

85 C BDTR 86
C SET PROGRAM PARAMETERS BDTR 87
C BDTR 88
210 XX : DBLE(X) BDTR 89

DLXX : DLOG(XX) BDTR 90
90 DLIX : DLOG(I.DO-XX) BDTR 91

XO : XX/(I.DO-XX) BDTR 92
ID : 0 BDTR 93

C BDTR 94
C COMPUTE ORDINATE BDTR 95

95 C BDTR 96
DD : (AA-I.DO)*DLXX+(BB-I.DO)*DLIX-DLBETA BDTR 97
IF (DD-I.68D02) 220,220,230 BDTR 98

220 IF (DD+1.6e302) 240,240,250 BDTR 99
230 D : l.E75 BDTR 100

100 GO TO 260 BDTR 101
240 0 = 0.0 BDTR 102

GO TO 260 BDTR 103
250 DD : DEXP(DD) BDTR 104

D : SNGL(DD) BDTR 105
105 C BDTR 106

C A OR B OR BOTH WITHIN I.E-8 OF 1.0 BDTR 107
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C BDTR 108
260 IF (ABS(A-1.)-I.E-8) 270 270,280 BDTR 109
270 IF (ABDSB-I.)-I.E-8) 290,290,300 BDTR 110

110 280 IF (AD5(5-4.)-l.E-8) 330,330,360 BDTR IlIl
290 P : X BDTR 112

GO TO 730 BDTR 113
300 PP : BB*DLIX BDTR 114

IF (PP+1.68D02) 310,310,320 BDTR 115
115 310 P : 1.0 BDTR 116

r'1 TO 730 BDTR 117
Pr+: DEXP(PP) BDTR 118
PP : 1.00-PP BDTR 119
P : SNGL(PP) BDTR 120

120 GO TO 670 BDTR 121
330 PP : AA*DLXX BDTR 122

IF ('P+1.6eD02) 340,340,350 BDTR 123
340 : 0.0 BDTR 124

TO 730 BDTR 125
125 350 PP : DEXP(PP) BDTR 126

P : SNGL(PP) BDTR 127
GO TO 670 BDTR 128

C BDTR 129
C TEST FOR A OR B GREATER THAN 1000.0 BDTR 130

130 C BDTR 131
360 IF (A-1000.) 370,370,380 BDTR 132
370 IF (8-1000.) 400,400,390 BDTR 133
380 XX : 2.DO*AA/XO BDTR 134

X5 : SNGL(XX) BDTR 135
135 AA : 2.DOZ99 BDTR 136

DF : SNGL(AA) BDTR 137
CALL CDTR (XS,DF,P,DUMM,IER) BDTR 138
P : 1.0-P BDTR 139
GO TO 740 BDTR 140

140 390 XX : 2.D0*BB*XO BDTR 141
XS : SNGL(XX) BDTR 142
AA : 2.DO*AA BDTR 143
DF : SNGL(AA) BDTR 144
CALL CDTR (XS,DF,PDUMMY,IER) BDTR 145

145 GO TO 74; BDTR 146
C BDTR 147
C SELECT PARAMETERS FOR CONTINUED FRACTION COMPUTATION BDTR 148
C BDTR 149
400 IF (X-.5) 410,410,450 BDTR ISO

150 410 IF (AA-.DO) 1420,420,430 BDTR 151
420 RR : AA+I.DO BDT : 152

GO TO 440 BDTR 153
430 RR :AA BDTR 154
440 DD : DLXX'5.Dt BDTR 155

155 OD : DEXP(DD) BDTR 156
DD : (RR-I.D0)-(RR+BB-l.D0)*XX*DD+2.D0 BDTR 157
IF (DD) 490,490,500 BDTR 158

450 IF (9-1.00) Q460,460,470 BDTR 159
460 RR : BB+I.DO BDTR 160
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160 GO TO 480 BDTR 161
4'10 R : Be BDTR 162
480 DD : DLIX/5.D0 BDTR 163

DD : DEXP(DD) BDTR 164
DD : (RR-l.DO)-(AA+RR-I.DO)*(I.DO-XX)*DD+2.DO BDTR 165

165 IF (DD) 500,500,490 BDTR 166
490 ID : I BDTR 167

FF : DLIX BDTR 168
DLIX : DLXX BDTR 169
DLXX : fF BDTR 170

170 X0 : I.DO/XO BDTR 171
FF : AA BDTR 172
AA : 3D BDTR i73
Be : FF BDTR 174
G2 : GI BDTR 175

'75 C BDTR 176
C TEST FOR A LES5 THAN 1.0 BDTR 177
C BDTR 178
500 FF : 0.D0 BDTR 179

IF (AA-I.DO) 510,510 540 BDTR 180
180 510 CALL DLGAM (AA+I.D0,64,10K) BDTR 181

DD : AA*DLXX+bo*DLIX+G3-G2-G4 BDTR 182
IF (DD+1.68D02) 530,530,520 BDTR 183

520 FF : FF+DEXP(DD) BDTR 184
530 AA : AA+I.DO BDTR 185

185 C BDTR 186
C COMPUTE P USING CONTINUED FRACTION EXPANSION BDTR 187
C BDTR 188
540 FN : AA+8D-I.DO BDTR 189

RR : AA-I.DO BDTR 190
190 11 : 80 BDTR 191

XI : FLOAT(II) BDTR 192
55 : ((88-XI)*(RR+XI))/((RR+2.D0*XI-i.D0)*(RR+2.D0*XI)) BDTR 193
55 : 55*X0 BDTR 194

DO 550 1:1,79 BDTR 195
195 II : 80-I DDTR 196

XI : FLOAT(II) BDTR 197
DD : (XI*(FN+XI))/((RR+2.DO*XI+I.D0)*(RR+2.30*XI)) BDTR 198
DD : DD*XO BDTR 199
CC : ((8B-XI)*(RR+XI)),((RR+2.D0*XI-I.D0)*(RR+2.D0*XI)) BDTR 200

200 CC : CC*XO BDTR 201
55 : CC/(I.D0+DD/(I.DO-SS)) BDTR 202

550 CONTINUE BDTR 203
55 : I.DOI(I.DO-55) BDTR 204
IF (55) 720,720,560 BDTR 205

205 560 CALL DLGAM (AABB GI 10K) BDTR 206
CALL DLGAM (AA+I.b0,6I4,10K) BDTR 207
CC : GI-G2-G4+AA*DLXX+(IB-I.DO)*DL'X BDTR 208
PP : CC+DLOG(55) BDTR 209
IF (PP+1.68002) 570,570,580 BDTR 210

210 570 PP : FF BDTR 211
GO TO 590 BDTR 212

580 PP : DEXP(PP)+FF BDTR 213
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590 IF (h , a10,610,600 BDTR 214
600 PP = l.DO-PP BDTR 215

215 610 P : SNGL(PP) BDTR 216
C BDTR 217
C SET ERROR INDICATOR BDTR 218
C BDTR 219

IF (P) 620,640,640 BDTR 220
220 620 IF (AB5(P)-I.E-7) 630,630,720 BDTR 221

630 p : 0.0 BDTR 222
GO TO 730 BDTR 223

640 IF (I.-P) 650,670,670 BDTR 224
650 IF (AB5(1.-P)-I.E-7) 660,660,720 BDTR 225

225 660 P : 1.0 BDTR 226
GO TO 730 BDTR 227

670 IF (P-I.E-8) 680,680,690 BDTR 228
680 p: 0.0 BDTR 229

GO TO 730 BDTR 230
230 690 IF ((I.0-P)-I.E-8) 700,700,730 BDTR 231

700 P :I.0 BOIR 232
GO TO 730 BDTR 233

710 IER : -2 BDTR 234
D : -I.E75 BDTR 235

235 P = -I.E75 BDTR 236
GO TO 740 BDTR 237

720 IER : +2 BDTR 238
P = .E75 BDTR 239
GO TO 740 BDTR 240

240 730 IER : 0 BDTR 241
740 RETURN BDTR 242

END BDTR 243

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 BDTR +8 241

VARIABLES 5N TYPE RELOCATION
0 A REAL F.P. REFS 54 61 73 108 i3i

DEFINED 48
1512 AA DOUBLE REFS 49 63 65 96 121 133 136

142 143 150 151 153 164 171 179
180 181 184 188 189 205 206 207

DEFINED 61 135 42 172 184
0 B REAL F.P. REFS 55 62 84 109 110 132

DEFINED 48
1514 BB DOUBLE REFS 49 44 65 96 113 135 140

156 158 l'9 161 172 181 18b 192
199 ?05 2(7 DEFINED 62 1731544 CC DOUBLE REFS 49 20. 201 208 DEFINED 199 200

SUBROUTINE BTR 10/21/80 14.29.35 PAGE 5



SUBROUTINE BDTR

UARIABLES SN TYPE

0 D REAL

1526 DD DOUBLE

1555
1550
1506

1510

1555
1534

1536
1516
1520

1522
1524
1560
1553

0
1557
155?

0

DF
9tBETA
DLXX

DL IX

DUMMY
FF

FN
GI
G2

G3
G4
I
ID
IER
II
I OK
P

1530 PP

1546

1542

0

1540
I

1554
1504

RR

55

X

"'I
XO

X5
XX

EXTERNALS
CDTR
DEXP
DLGAM
DLOG

REAL
DOUBLE
DOUBLE

DOUBLE

REAL
DOUBLE

DOUBLE
DOUBLE
DOUBLE

DOUBLE
DOUBLE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

DOUBLE

DOUBLE

DOUBLE

REAL

DOUBLE
DOUBLE

REAL
DOUBLE

TYPE

DOUBLE

DOUBLE

76/176 OPT:0 TRACE

RELOCATION

F.P.

I

F.P.

F.P.

F.P.

ARGS
5
I LIBRARY
3
I LIBRARY

REFERENCES
137
78
63
89

E STATIC

207
DEFINED

234
REFS

104
183
154
198

RSF5
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
227
119
231

REFS
126
1'9

REFS
DEFINED

REFS
DEFINED

REFS
DEFINED
REFS
REFS

DEFINED
REFS
REFS
164

144
103
64
90

FTN 4.84508

48

49
155
198
155

137
49
49
89
49
90
137
49
167
49
49
49
174
49
49
195
213
137
191
63
137
230
123
235

49
209
121
49
15'
49
192
56
48
49
49
91
137
49

DEFINED

117
65

208

74

77
156
201
154

144
76
96
169
96
168
144
169
171
197
63
64

65
180

DEFINED
DEFINED

144
196
64
138

DEFINED
126
238
114
212
125

2*156
153
193
193
57

4*192
133
170
144
89
88

125
180

79

78
157

DEFINED
162

DEFINED
96
121

113

173
178

DEFINED
66
66

66
181
194
92

DEFINED
DEFINED

65
144
48
138

117
214
208
2*164
159
201
201
70

4*197
140

DEFINED
90

13.3

155
205

81

79
163
76
163

136
DEF!lED

154

162

183
183
188
174
181

181
206

166
48

190
180
219
72

215

118
215
210
3* 192
161
203
203

71

4*199
170

134

140

163
200

10/2, /BC

183

14.29.35

99

97
164
78
164

143
66
168

167

210

205
207

207

233
195
205
220
83

221

119
DEF INED

212
2*197
189
204

88

DEFINED
'93

141
134

PAGE

101

98
165
96
181

181

181

212

207

237

206
223
III
225

122
113
214
3*199

208

II

191
198

141

240

224
115
228

125
117

149

196
200

156

6

104

103
182
103
197

207

207
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INLINE FUNCTIONS
ADS
DDLE
FLOAT
StGL

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

71 150
77 160
103 170
0 180

122 190
125 200
134 210

0 220
226 230
232 L-40
235 250
243 260
0 270

257 280
265 290
271 300
0 310

307 320
323 330
0 340

341 350
350 360
0 370

360 380
415 390
443 400
0 410
0 420

463 430
467 440
534 450
0 460

551 470
555 480
623 490
661 500
0 510
0 520

742 530
750 540

TYPE ARGS
REAL
DOU!,LE
REVL
REAL

INACTIVE
INACTIVE
INA IVE
INACTiVE
INACTIVE

INACTIVE

INACTIVE

INACTIVE

I NACT I VE

INACTIVE

INACTIVE

INACTIVE
INACTIVE

INACTIVE

INACTIVE
INACTIVE

INTRIN
INTRIN
INTRIN
INTRIN

DEF LINE
55
56
57
61
71
72
74
76
78
Al
83
88
98
99

101
103
108
109
110
III
113
115
117
121
123
125
131
132
133
140
149
150
151
153
154
158
159
161
162
166
178
180
'83
184
188

DEF LINE REFERENr.S
10!
01

191
79

215

REFERENCES
2*54
2*55
2*56
2*57
70

2*70
73 84
73 84
77
73 2177

2*71
71

2'97
97

2*98
98
100 102

2*108
108

109
2*114
114

2*110

122
110

2*131
131
132

2*132
2*149
2:150

1c0
152
149

2*158
158
160

2*157 165
157 2*165

2*179
182

2*182
179

109
62
196
104

li0

88

669

220

126

224

134 136 MIll 143

SUBROUTINE BDTR 10/21/80 14.29.35 PAGE 7
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SUBROUTINE BDTR

STATEMENT LABELS
0 550
0 560 INACTIVE
0 570 INACTIVE

1304 580
1314 590

0 600 INACTIVE
1324 610

0 620 INACTIVE
0 630 INACTIVE

1340 640
0 650 INACTIVE
0 660 INACTIVE

1354 670
1360 680
1363 690
1370 700
1374 710
1404 720
1412 730

1414 740

LOOPS LABEL INDEX FR
1040 550 I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
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DEF LINE REFERENCES
202 194
205 204
210 2*209
212 209
213 211
214 213
215 2*213
220 219
22' 2*220
22s 2*219
224 223
225 2*224
227 120 127
228 56 2*227
230 227
231 57 2*230
233 54 55
237 2*204 220
240 75 80

230 232
241 139 145

ROM-TO LENGTH PROPERTIES
194 202 1378 OPT

156 18

10/21/80 14.29.35

2*223

224
82

236

112

239

116 124 222 226

881

8

229
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SUBROUTINE BFRAC (CTMAX,DOXIDE HSTRES,HYDRO,IODINESTRESSTCLADTI
+MEF,BPFR,HSTRANSTRANRHSTSTE,IFBSW)

IMPLICIT REAL*8(A-HO-Z)

SBROUTINE BFRAC PREDICTS THE PERCENTAGE OF FUEL RODS IN A SYSTEM
THAT WILL FAIL DUE TO AN OVERSTRESS CONDITION
*** PART OF FRAIL FAILURE PACKAGE ***

-- INPUT ARGUMENTS --

DOXICE
HSTRES
HSTSTE
HYDRO
IODINE
STRESS
TCLAD
TIMEF

DEPTH OF OXIDE LAYER ( PER CENT OF CLAD THICKNESS )
ENGINEERING HOOP STRESS ( N/t2 )
EFFECTIVE TRUE HOOP STRESS
CLADDING HYDROGEN CONTENT ( PPM )
CLADDING IODINE CONTENT ( KG/ M3 )
ENGINEERING EFFECTIVE STRESS ( N/M2 )
CLADDING TEMPERATURE ( DEG K )
TIME AT FLUX ( SEC )

-- OUTPUT ARGUMENTS --

Br Q FRACTION OF RODS THAT FAIL DUE TO OVERSTRESSING

REAL*8 IODINE
REAL IODINE

BPFR : 0.DD
BPFR : 0.
CALL FSIGT (CTMAXHSTRESTCLAD,TIMEF,BPFR,HSTRANSTRANRHSTSTE,IFB

+5N)

RETURN
END

I

SYMLOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 BFRAC

VARIABLES
0 BPFR
0 CTMAX
0 DOXIDE
0 HSTRAN
0 HSTRES
0 HSTSTE
0 HYDRO

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
34

RELOCATION
F.P.
F.P.

*UNUSED F.P.
F.P.
F.P.
F.P.

*UNUSED F.P.

5

10

BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC
BFRC

I5

20

25

30

C
C

2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

C

35

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED

31
31

31
31
31
1

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED

30

FTN 4.8+508 10/21/80 14.29.35 PAGE
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SUBROUTINE BFRAC

VARIABLES SN TYPE
0 IFBS INTEGER
0 IODINE REAL
0 STRANR REAL
0 STRESS REAL
0 TCLAD REAL
0 TIMEF REAL

EXTERNALS TYPE
FSIGT

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 UC"T:O TRACE STATIC

RELOCATION
F.P. REFS

*UNUSED F.P. REFS
F.P. REFS

*UNUSED F.P. DEFINED
F.P. REFS
F.P. REFS

ARGS REFERENCES
9 31

418

FTN 4.8+508

31
27
31

31
31

10/21/80 14.29.35
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i SUBROUTINE BURNUP (BU,BUI,BU2,CFV DCO FA J MNA,NXP ,QMPY,RHOUO2, BNUP 2
+TOTL,IT,IMBUINDELHTIMEBUPDELeU,DLBIbUOLDPIITT) BNUP 3

C BNUP 4
C IMPLICIT REAL * 8 ( A-H,O-Z ) BNUP 5

5 C BNUP 6
C **********************************$********************************* BNUP 7
C BNUP 3
C THIS SUBROUTINE 15 CALLED FROM MAIN AND COMPUTES THE BURNUP FOR BNUP 9
C NODE J DURING THE POWER-TIME STEP. BNUP 10

10 C BURNUP WAS CODED BY G A BERNA NOVEMBER 1977. BNUP 11
C BNUP 12
C ************************************************************ BNUP 13
C INPUT ARGUMENTS BNUP 14
C SSSS************ * ** * ***** **** BNUP I5

15 C BNUP 16
C BUIN - PROBLEM INITIAL BURNUP (MWD/MTU) BNUP 17
C BUI - BEGINING OF STEP BURNUP FOR NODE J (MWD/MTU) BNUP 18
C BUOLD - ROD BURNUP TO BEGINNING OF POWER-TIME STEP (MWD/MTU) BNUP 19
C CFU - COLD STATE FUEL VOLUME (CU.IN.) BNUP 20

20 C DCO - AS FABRICATED CLADDING OUTSIDE DIAMETER (IN) BNUP 21
C DELH - TIME STEP SIZE (HOURS) BNUP 22
C FA - RATIO OF PEAK TO AVERAGE POWER BNUP ?3
C IM - TOTAL NUMBER OF POWER-TIME STEPS BNUP 24
C IT - POWER-TIME STEP INDEX BNUP 25

25 C ITT - FIRST TIME THROUGH INDEX BNUP 26
C J - AXIAL NODE INDEX BNUP 27
C M - AXIAL P04ER SHAPE INDEX BNUP 28
C NA - MAXIMUM NUMBER OF AXIAL NODES BNUP 29
C NXP - MAXIMUM NUMBER OF AXIAL POWER SHAPES BNUP 30

30 C P1 - THE CONSTANT 3.1415926 BNUP 31
C 0 - NORMALIZED AXIAL NODE POWER BNUP 32
C QMPY - ROD AVERAGE HEAT FLUX FOR POWER-TIME STEP (BTU/HR-FT**2) BNUP 33
C RHOUO2 - FUEL DENSITY iGM.IN**3) BNUP 34
C TIME - TIME STEP ARRAY (SEC) BNUP 35

35 C TOTL - FUEL STACK HEIGHT (FT) BNUP 36
C BNUP 37
C *** S*S*************S**************S**************** BNUP 38
C OUTPUT ARGUMENTS BNUP 39

************************************lS******************************* BNUP 40
40 C BNUP 41

C BU - ROD BURNUP FOR POWER-TIME STEP (MWD/MTU) BNUP 42
C BUP - ROD BURNUP FOR NODE J (MWS/KG) BNUP 43
C BU2 - END OF STEP BURNUP FOR NODE J (MWD/MTU) BNUP 44
C DELBP - BURNUP DURING THE POWER-TIME STEP FOR NODE J (MWD/MTU) BNUP 45

45 C DELBU - BURNUP DURING THE POWER-TIME STEP FOR THE ROD (MWD/MTU) BNUP 46
C BNUP 47
C *********************************S******** ************************** BNUP 48
C BNUP 49

DIMENSION BUN(NA) ,BU2(NA) ,Q(NA,NXP) BNUP 50
50 + ,QMPY(IM) ,TIME(IM) BNUP 51

C BNUP 52
C BNUP 53
C CALCULATION OF ROD AVERAGE HEAT FLUX AND BURNUP BNUP 5
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55

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 BURNUP

VARIABLES
171 ANDT
0 BU
0 BUIN
0 BUOLD
0 OUP
0 BUI
0 BU2
0 CFU
0 DCO
0 DELBP
0 DELBU

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
80

RELOCATION

ARRAY
ARRAY

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

C

C

IF (ITT.GT.1) GO TO 120
ITT : 2

OBAR : (QMPY(I)*TIME(I))/(TIME(IM)*FA)
IF (IM.LE.I) GO TO 110

DO 100 1:2 IM
OBAR : ®BAk+(QMPY(I)*(TIME(I)-TIME(I-1);)/(TIME(IM)*FA)

AMWDT : (DCO/12.*PI*TOTL*QBAR*TIME(IM)*.2208E-8)/((238.0/270.0)*R
+HOU02*CFUj*I.OE-6*3600.0)+DUIN
WRITE (6,140) AMNWDTQBAR

CONTINUE

IF (J.GT.2) GO TO 130

DELBU : (DCO/12.*PI*TOTL*QMPY(IT)*DELH*l.2208E-8)/(FA*(238.0/270.0
+)*RHOUO2*CFV*I.00E-6)
BU : BUOLD+DELBU

CONTINUE

ELBP - DELBU*Q(J-I,t)*FA
BU2(J) : BUI'J)+DELBP
BUP : BU2(J)*86.4E0

RETURN

FORMAT (/// 27X,41H ROD AVE BURNUP AT END OF LIFE (AMWDT) : ,F9.I,
+/27X,32H Rob TIME AVE HEAT FLUX (QBAR) :,F9.0,/,)
END

60

65

100
110

C
120
C

C
70

75

C
130
C

80
C

BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
ENUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP
BNUP

C
140

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

REFS
DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

64

62
72

49
49
62
62
77
72

DEFINED
72

DEFINED
DEFINED

78
77
78
70
70

DEFIhED
76

62

DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
76

77

70
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SUBROUTINE BURNUP

VARIABLES SN TYPE
0 DELH REAL
0 FA REAL

170 1 INTEGER
0 IM INTEGER

0 IT :NTEGER
0 ITT INTEGER
0 J INTEGER
0 N INTEGER
0 NA INTEGER
0 NXP INTEGER
0 P REAL
0 Q REAL

167 OBAR REAL
0 OMPY RERL
0 RHOU02 REAL
0 TINE REAL
0 TOTL REAL

FILE NAMES MODE
TAPE6 FMT

STATEMENT LABELS
0 100

43 110
65 120
113 130
143 140 FMT

LOOPS LABEL INDEX
31 100 1

STATISTICS
PROGRAM LENGTH

140000B SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P. REFS
F.P. REFS

REFS
F.P. REFS

DEFINED
F.P. REFS
F.P. REFS
F.P. REFS
F.P. REFS
F.P. REFS
F.P. REFS
F.P. REFS

ARRAY F.P. REFS
REFS

ARRAY F.P. REFS
F.P. REFS

ARRAY F.P. REFS
r .P. REFS

DEF LINE
61
62
66
74
82

FROM-TO L
60 61

2008

FTN 4.8+508

70
58

3*61
2*49

70
55
68
76

3*49
49
62
49
61
49
62
49
62

DEFINED
61

DEFINED
5a

DEFINED
DEFINED

76
DEFINED
DEFINED
DEFINED

70
76
62
58
70

2*58
70

10/21/80

1
70
60
59

{
2*77

I
DEFINED
DEFINED

64
61

DEFINED
3*61

DEFINED

76

60

56
78

DEFINED
70

1
62

14.29.35

DEFINED

61

DEFINED

58
DEFINED

DEFINED

WRITES 64

REFERENCES
60
59
55
68
64

LENGTH PROPERTIES
118 INSTACK

128

PAGE 3

1

62

61
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SUBROUTINE BURST (CTEMP,STRESS,BSTRES,BTEMP,DEUS,DEVT) BRST 2
C BRST 3
C SUBROUTINE BURST PREDICTS THE BURST STRESS FOR STRESSES LESS BRST 4
C THAN 2000 PSI, AND THE BURST TEMPERATURE FOR STRESSES GREATER BRST 5

5 C THAN 2000 PSI. THESE AVERAGE VALUES ARE FOUND FROM A LEAST BRST 6
C SQUARES FIT OF ALL AVAILABLE TRANSIENT TEMPERATURE BURST DATA. BRST 7
C NO HEATING RATE OR ENVIRONMENT EFFECTS WERE FOUND. THE CORRELA- BRST 8
C TION 15 FOR RUPTURE STRESS VS. RUPTURE TEMPERATURE. BRST 9
C BRST 10

10 C *** PART OF FRAIL FAILURE PACKAGE *** BRST 11
C BRST 12
C -- INPUT ARGUMENTS -- BRST 13
C BRST 14
C CTEMP CLADDING TEMPERATURE ( DEG K ) BRST I5

'S C STRESS ENGINEERING HOOP STRESS ( N/M2 ) BRST 16
C BRST 17
C BRST 18
C --OUTPUT ARGUMENTS -- BRST 19
C BRST 20

20 C BSTRES AVERAGE BURST STRESS AT CTEMP ( N/M2 ) BRST 21
C BTEMP AVERAGE BURST TEMPERATURE AT STRESS ( DEG K ) BRST 22
C DEVS STANDARD DEVIATION OF BURST STRESS BRST 23
C DEUT STANDARD DEVIATION OF BURST TEMPERATURE BRST 24
C BRST 25

25 C BRST 26
DATA Al, A2, A3, A4, A5 / 5.018866387E4, -3.71488713E0, BRST 27

+ 7.0817526E-1 -2.580377E-2, -6.9187468755E4 / BRST 28
DATA A, BI, CI / -1.827359E-2, 1.19190606E3, 2.563317625E5 / BRST 29

C BRST 30
30 DATA CONV5, CONVTI, CONVT2 / 6.8947572E3, 4.5967E2, 1.8E0 / BRST 31

C BRST 32
C BRST 33

STRS : STRE55/C3NV5 BRST 34
TEMP : CONVT2*CTEMP-CON9TI BRST 35

35 C BR5T 36
C CALCULATE AVERAGE BURST TEMPERATURE BRST 37
C BRST 38

IF (STRS.LT.2000.) GO TO 100 BRST 39
TEMPB : (Al*STRS)/(A2+A3*STRS)+A4*STRS+A5 BRST 40

40 BTEMP : (TEMPB+CONVTI)/CONVT2 BRST 41
GO TO 110 BRST 42

C BRST 43
C CALCULATE AVERAGE BURST STRESS BRST 44
C BRST 45

45 100 B : BI-A3*1EMP BRST 46
C : CI-A2 TEMP BR5T 47
SIGI : (-B-QRT(B*B-4.0*A*C)),(2.0*A) BRST 48
BSTRES : SIGI*CONV5 BRST 49

C BRST 50
50 C BRST 51

110 CONTINUE BRST 52
RETURN BRST 53
END BRST 54
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 BURST

VARIABLES
72 A
65 Al
66 A2
67 A3
70 A4
71 A5

106 B
73 BI
0 BSTRES
0 BTEMP

107 C
74 CI
75 CON VS
76 CONVTI
77 CONVT2
0 CTEMP
0 DEVS
0 DEVT

110 SIGI
0 STRESS

103 STRS
104 TEMP
105 TEMPB

EXTERNALS
SORT

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

STATEMENT LABELS
35 100
61 110

REFERENCES
52

RELOCATION

F.P.
F.P.

*UNUSED
*UNUSED

ARGS
I LIBRARY

DEF LINE
45
51

F.P.
F.P.
F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS
REFS
REFS
REFS
REFS

REFERENCES
47

REFERENCES
38
41

STATISTICS
PROGRAM LENGTH

1400009 SCM USED

2*47
39
39
39
39
39

3*47
45

47
46
33
34
34
34

486
33
38
45
40

DEFINED
DEFINED

46
45

DEFINED
DEFINED
DEFINED
DEFINED

48
40

DEFINED
DEFINED

+8
40
40

DEFINED

DEFINED
DEFINED

3*39
46

DEFINED

28
26

DEFINED
DEFINED

26
26
4cJ
28

46
28

DEFINED
DEFINED
DEFINED

1

47

DEFINED
DEFINED

39

26
26

30
30
30

33
34

lil 73
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SUBROUTINE CCREEP (DVHPRS TTT EPS22 EPP2 FUFRO,SIG2 REPS2,EPS02,EP
+2 GAP2 R22,ECREP2,PREPS2,EPP2,OLDTE,PEP2OLDPG2,OLfPC2,OLIGP2,IGA
+PE, EPS6, MNR, MNA)

IMPLICIT REAL * 8 (A-H,0-Z)

REAL NU , KRYIN

COiiMON / FAST / A

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , NR

DYNAMICALLY
: RADIAL

C
C
C

C

C
C
C
C
C
C
C
C
C

COMMON / POINT
LDCIH
,LPOROS
,LARAD
,LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LVCH
,LVPOR
,LHGAPS
,LNFAIL
,LHGPC

( NA X 2

/
,LURC
,LUFS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC
,LPOLEP
,LTCA
,LVCHI
,LZR02A
,LTRTRN
,LPLIGP
,LHGPR

,LCREPI
,LAXGAP
,LDELDP
,LDZHP
,LHCOEF
,LOLDUR
,LPECRP
,LPLDPG
,LRDCOL
,LTCIDI
,LVCR
,LZR02B
,LIGAP
,LFLAG
,LHGPS

,LDLH
,LAXLEN
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCODI
,LVDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

,LHA
,LDUI
,LDLPGE
,LEP
,LOLDPC
,LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
,LVFH

,LQDP
,LRTRNP

,LHL
,LBU2

,LPOAXG
,LTE.R
,LURF
,LUGH

,LRTRNO

) - ARRAYS

COMMON / POINT /
LANGR
,LREPS2

,LFGMGP ,LFMGR ,LHEMGP ,LHMGR LANGG

( NA X 3 ) - ARRAYS

COMMON
+
+

+
+

( NR )

COMMON
+

/ POINT /
LEPP
,LPEPSV
,LRFEPP
,LSIGI

,LEPPP
,LPFPSV
,LRFPSV
,LEPSI

,LEPPSV
,LREPS
,LSIG

,LEPS
,LREPSU
,LNUDEP

,LEPSAV
,LREPSP
,LEPPI

,LFEPS
,LRFEPS

- ARRAYS

/ POINT /
LAKI ,LAK2 ,LCRL ,LDPL ,LDPLH ,LDPN

I

5

CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCMH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALC i
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

10

- ARRAYS

15

( NA )

25

+
+
+
+

+
+
+
+

+
+
+
+

+
+

+

30

35 C
C
C

40

2
3
4
5
6
7
8
9

10
II
2
3
4
5
6
7
8
9

10
11
12
13
14
I5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

+
+

C
C
C

45

50
C
C
C
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,LFMA
,LVPL

,LFMGPR LHRL ,LTFB ,LTFR

( NR X 2 ) - ARRAYS

COMMON / POINT
. LF ,LFH ,LFN

( NR X NA ) - ARRAYS

+
+
+

COMMON / POINT /
LCCI
,LGNSIZ
,LR

,LCC2
,LPORSI
,LRAD

,LDEN5F
,LPORS2

,LDENSP
,LTMPDS

,LDPW
,LU02LL

( NA X 6 ) - ARRAYS

COMMON / POINT
+ LB ,LBR ,LBTOLD ,LCHEM

(t:A X 8 ) - ARRAYS

COMMON / POINT
+ LQ

( IT ) - ARRAYS

COMMON / POINT /

+
+
+

,LPRTI I
,LPRTI7
,LPRT5
,LTAFA

,LAMGPT
,LPPT12
,LPRTI8
,LPRT6
,LTAGA

LACMFG
,LGASMO
,LPRTI3
,LPRT2
,LPRT7
,LTSF

,LACMHE
,LHMGPT
,LPRTI4
,LPRT20
,LPRT8

,LACMH2
,LPIT
,LPRTIS
,LPRT3
,LPRT9

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIt

COMMON / POINT /
+ LAND, LFLXFC,
+ LDECAY, LHALD,

LPF
LRLEAS

LANSR, LFF, LDT,

BEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAUGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC ,IDG
+ TRAMPP ,ITEMP
+ ,IMLDN IPLSTC

LSTHIF, IX

,IDGSAV
,ITCL
,ISTRNN

, PRG
SITFS
,ISTRSS

,IVFC
,ICFCSV

,IVFF

55

60

C
C
C

C
C
C

,LTFRK REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

,LDPNPP REALCM
,LTMPMX REALCM

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

,LACMN2 REALCM
,LPRT10 REALCM
,LPRTI6 REALCM
,LPRT4 REALCM
,LTAC REALCM

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

65

70

75

C
C
C

C
C
C

C
C
C80

85

C
C
C
C90

95

100

C
C
C

C
C
C

105
C
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110

115

,AAN
,AMGRH(2)
,ARGIN
,BR (6)
,CKOL
,CRN
,DELDU
,DELTFC

),DPH
,EOLSR

,AIRIN ,AMGP(2) ,AMGPH(2)
,AMGRN2(2),AMWDT ,ANGI
,ARING ,AVGQI(8) ,B(6)
,BU ,BUOLD ,CDG
,CODEID(15) CONVCCONVER(I0)
,CVV ,bCIH
,DELH ,DELT
,DELTJL ,DHIC ,DLREL
,DPHF ,DPHFP ,DPWP
,FC(I) ,FGIN ,FGPAVP

+

+
+
+
+

+
+

4

COMMON / REALS /

,ANGT
,DP
,CFV
,CPV
,DCIHP
,DELTCR
,DLROD

S3R

COMMON / REALS /

S,G
,GPTHM
,HDSHV
HFI)
,HGAP
,HPL
,NU
,PINP
,QC
,QAV

COMMON / REALS /

, 5KTC
,SWIGP
,TCI
,TH2OFR
,TPA
,TX

,XK7
,FNCK
,DISH

COMMON / INTEG /
I QUIT 

II,JJC,
,LMN ,
,NRMI ,
CLOSE ,

COMMON / INPTR /i

,'
,AMFAIR ,
,AMFH20 ,

AAA(20)
,AMGR(2)
,AN2IN
,DPP
,CFUA
,CRDTT
,DELBP
,DELTDB
,DLTGC(26
,ENRICH

FGPAVX
,FPOR
,GASES(7)
,GPTHP
,HEIN
,NGAPT
,HSOLID
,HPORU
,OXDROP
,PORO
,QP
PEAKK

RFhJFF
,RMH
,SKT
,SUMPLR
,TCO
,TITLE(12
,TPAC
,TXA
,W
,YY
,FNCN

IRI
JPEAK
M
STEP
NSH

ACUR
AFGR
AMFARG
AMFKRY ,

,FJJH(2)
,FRDH

,GPTH(26)
,HCRV
,HFLMP
,HMGP(2)

,H20MI
,PI
,PRTY
,RCO

,RHOG
,RSTRES
,SUHDH
,T
,TFGFR
,TOXO
,TSAT
,V15C
,XEIN
,VX
,COLDIK

,FMGP(2)
,FRDN

,GPTHE(26)
,HCV
,HFPER
,HP

,KRYIN
,PIN(26)
,PRT19

,RH0002
,RTRAN
,SUMEXP
,TCAC
,THEFR
,TP
,TT
,VPLT
,XK6
,CLOS

,J
,KOXI
,NPLAST
,IMDONE

,AFDN
,AGPC
,AMFH2

C
C
C

REALCM
REALCM
REALCM
REALCM
REALCH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCH
INPRCH
J4PRCH
1NPRCH
INPRCH

,FH2O ,FJJ(2)
,FPORI ,FRD
,GASIN ,GDEN
,GPTHPG(26) GR
,HFLL , HLHDB
,HGV ,HI
,HGAPR
,HPV ,HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
,ASP ,RCI

4
4
f
4
f
4
4
4
4
4
4

4
4
4
f
4
4

+

+4
+4
+4
+4

120

,RHOF
,RSTRAN
,SUMCK
,SUHTF
,TFC
,TN2FR
,TRANST
,TXC
,WTRAN
,ZR02WG
,CWNF

, ITER
,KINDOR
,NAD
,N2
,NC

,AFCR
,AFTC
,AMFHE
,AMFXE

C

125

I30

C

135
RHO
RP

,STRN
SUMRG
,TFBC

),TM
,TPLEN
,TXAL
,WT
,ZT
,CIKF

,IT
,K
,MODLOP
oNI4R I I E
,NF

,AFAL
,AFSW
,AMFFG
,AMFN2

140

98
99
100
101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
13.,
136
137
2
3
4
5
6
7
8
9
2
3
4
5
6

C
C

150
4

f
+4
+4
+4

X55
C
C

+4
+4
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160

165

170

CATEXF
CPL
DCO(22)
DISHSD
EXO
FOE
PPMH20
BIPY(101)
ROUGHF
TIME(101)
UMIELT
FOTMTL

+ ,DUIy(22) ,
+ ,CLDWKD ,
+ ,DCI(22) ,
+ ,DENG ,
+ ,ENRCH ,f
+ ,FLXDP ,o
+ ,HPLT ,f
+ ,QF(328) ,
+ ,ROUGHC ,
+ ,TCC
+ ,UDFS ,

,RSNTR ,1
+ ,CLDWKS
+ ,CP

COMMON / INPTI /
+ ,
+ ,JDLPR ,
+ ,MODE ,1

+ ,NGAPC ,
+ ,NPLTi ,1
+ ,NSTARL ,
+ UNITSS ,
+ ,NXP ,
+ ,NR ,
+ ,NCREEP,
+ ,DNORDS,

COMtON /EMFLGS/
+
+ ,IMFGAS

COtMsON/PFRCS2/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEPS22
+ .4PEPP2

,CRDT
,DE (22)
,DP (22)
,FA
,GO(101)
,PPMN2
,RAPOU(II)
,SGAPF
,TOTL
,U3FD
,TREF

,ICOR
, PLANT
,JST(101)
,MTAPE
,NOFAIL
,NRESTR
,NT
,LACE(13)
,NTPLOT
,MECHAN
,IVARDM
,NNRDS

, IMFUEL
, INGAPC

MODPG2
,MO1GP2
,MEREP2
,MFIFRO
,MEPP2
,MEPSO

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNS IZ
,P2(101)
,RC

,TSINT
, vs
,CREPHR

,IDBG
,I0
,MDBG
,NDBG
,NOPT
,MuLL
,NTAPE
,NAFAIL
,NROD
,NCRACK
,NOFRAC
PRINTT

,IMDENS
,IM93NC

,MODPC2
,MREPS2
,MEP2
,MDHP'5
,MSIGc
,NNNCRP

,CTMAX(22)
,DEN
,DSPGI4
,FLUX
,HDISH
,QEND(8)
,RDISH

,TW( 101)
,X(328)
,ANRIN

,IDXGAS
,15W
,N$EAL
,NFROD
,NPCYCL
,NSP
,NUCFC
,NMFAIL(22)

,NELPST
,ITRFCT

, IMRELO
,IMENRG

MGAP2
,MPEPS2
, MR22
,MPEP2
,MEP502

COMMON /MATCNS/ AAHA(12)

COMMON /LACMDL/

COMMON /VER/ VERS

MWXIDX ,

COMMONP4YPRO/F TMEL T
,CTRANE

,DELOXY

EMFLAG(20)

, FIEFUS
,CTRANZ

,CTMELT
DELTAA

, CHEFUS
BUP

, C TRANB
,COMP

ICM
IM
N(M)

MODES
NGASR
READ
STOP
LACMOD
NPL OT
NEWPRB
IAXSYM
INORDS

IMPONR
IMCLAD
IMSkCH

175
C

180

185

C
C

190

C
C
C

195

200

INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPICH
INPICM
INPICM
INPICH
INPICM
INPICH
INPICM
INPICM
INPICM
INPICH
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICH
INPICM
INPICH
INPICM
INPICM
IPICH
INPICH
INPICM
INPICM
IPICm
INPICM
INPICM
INPICM
INPICM
PHYPRO
FHYPRO
PHYPRO
PHYPRO
PHYPRO

205

C

C
C

C

C

210
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FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
:TRANE -

L'RANZ -
FL=LTA -
BU -
COMP -
DELOXY -
CLADDING

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP (MW-S/KG-U1
PU02 CONTENT (WT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

COMMONiPFCM 12/
+
+
+

+

+

+
+

+

NPIN
,NPOUT
,NTSAVE
,NDEP
,ND5IGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
,NMM
,NW
,NLL
, NCC

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NMN
,NGG
,NNU
,NAA
,NNFF

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
,NALFDT
, NHH
,NBB
,NDD
,NEE
,NE I

INTEGER OLIGP2

DIMENSION TTT(NA,MNR),EPS22(MNA,MNR,3),EPP2(HNA,MNR,3)
+ ,51G2(MNAMNR,3),REP52(MNA 2),EP502(MNAMNRD)
+ ,EP2(MNA,MKR),GAP2(MNA),R22(MNAMNR),ECREP2(MNA,MNR)
+ ,OLDT2(MNA,MNR)
+ ,OLDPG2(MNA),OLDPC2(MNA),OLIGP2(MNA),IGAP2(MNA)
+ ,EP50(MNA,MNR,3)
+ , PEP2(MN%, MNR) , PEPP2(MNA, h4R, 3) , PREP52 (MNA, 2)
+ ,FVFRO(MNA,MNR) ,DVHPRS(MNA,MNR)

DIMENSION AFCM120I)
1i1EN510N INTGPR(10)

DIMENSION A(I)
EQUIVALENCE (A(I),AFCM12(I))

RPF : RP
DO 100 1lINT
III = I-I
A(LAXGAP+III) :=A(LPAXGP+III)
A(LOLAXG+'II) : A(LPOAXG+111)
A(LOLDTC+,II) : A(LPLDTC+III)

215

220

C
C
C
C
C
C
C

C
C
C
CC
C225

230

235

240
C

C

245

250

PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE

7
8
9

10
I1
12
13
14
15
16
17
18
19
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
5'
52
53
54
55
56

255

C

C

C
C

260

265
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A(LOLDPG+III) : A(LPLDPG+III) CCRE '7
A(LOLDPC+III) : A(LPLDPC+III) CCRE CA
A(LOLDUR+III) : A(LPLDUR+III) CCRE 59
A(LOLIGP+III) : A(LPLIGP+III) CCRE 60

270 A(LOLEPS+III) : A(LPOLEP+III) CCRE 61
A(LOLFEP+III) : A(LPOFEP+III) CCRE 62
A(LEP+III) : A(LEPSAU+III) CCRE 63

DO 100 16:1,3 CCRE 64
IIJ : (II-I)*NA+III CCRE 65

275 A(LEPP+IIJ) : A(LEPP5V+IIJ) CCRE 66
A(LREPS+IIJ) : A(LREPSV+IIJ) CCRE. 67
A(LRFEPS+IIJ) : A(LRFPSV+IIJ) CCRE; 68

100 CONTINUE CCP'i 69
IF (ICt.EQ.1) GO TO 230 CARE 70

280 IF (MECHAN.EQ.2.AND.DELH.LE.I.E0) GO TO 230 CCRE 71
C CCRE 72
C ************************Z*** CCRE 73
C CREEP CALCULATIONS START HERE CCRE 74
C **************** ******* ******** ********* CCRE 75

285 HERE : 0 CCRE 76
NRELAX : i CCRE 77
XlI : DELH CCRE 78
X22 : CREPHR CCRE 79
IF (IT.EQ.1) ATIME : 0.E+0 CCRE 80

2 0 IF (IT.GT.1) ATIME : TIME(IT-I)/3600.E+0 CCRE 81
DTIME : X22 CCRE 82
CREP : XII/X22 CCRE 83
NCREP : CREP CCRE 84
IF (NCREP.LT.1) GO TO 190 CCRE 85

295 110 CONTINUE CCRE 66
C CCRE 87

DO 180 I:INCREP CCRE 88
C CCRE 89

IF (MECHAN.NE.2) GO TO 130 CCRE 90
300 C CCRE 91

DO 120 IJ:I,NT CCRE 92
IIJ : IJ-I CCRE 93
A(LPAXGP+11J) : A(LAXGAP+IIJ) CCRE 94
A(LPECRP+IIJ) : A(LECREP+IIJ) CCRE 95

305 A(LPOAXG+IIJ) : A(LOLAXG+IIJ) CCRE 96
A(LPLDTC+IIJ) : A(LOLDTC+IIJ) CCRE 97
A(LPLDPG+IIJ) : A(LOLDPG+IIJ) CCRE 98
A(LPLDPC+IIJ) : A(LOLDPC+IIJ) CCRE 99
A(LPLDUR+!IJ) : A(LOLDUR+IIJ) CCRE 100

310 A(LPLIGP+IIj' : A(LOLIGP+IIJ) CCRE 101
A(LPOLEP+11J) : i(LOLEPS+IIJ) CCRE 102
A(LPOFEP+IIJ) : A(LOLFEP+IIJ) CCRE 103
A(LPEP+IIJ) : A(LEP+IIJ) CCRE 104

DO 120 IK:1,3 CCRE 105
315 IIK : (IK-I)*NA+IIJ CCRE 106

A(LEPPP+IIK) : A(LEPP+IIK) CCRE 107
A(LREPSP+IIK) : A(LREPS+IIK) CCRC 108
A(LRFEPP+IIK) : A(LRFEPS+IIK) CCRE 109
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120 CONTINUE CCRE 110
320 C CCRE III

C CCRE 112
C CCRE 113

INTGR.I) : NDBG CCRE 113
INTGR(2) : IQUIT CCRE 115

325 INTGR(3) : N2 CCRE 116
INTGR(4) : MODE CCRE 117
INTGR(5) : IT CCRE 118
INTGR(6) : NPLAST 'CRE 119
INTGR(7) : NRELAX CCRE 120

330 C
C CCRE 122
C THE FOLLOWING CALL TO FCMI RESULTS IN CLADDING CREEP MECHANICAL CCRE 123
C CALCULATIONS USING THE FRACAS-I SUBCODE CCRE 124
C CCRE 125

2J5 C CCRE 126
CPL'. FCMI (A(LPG),A(LPC),A(LTCA+I),A(LIGAP),A(LEPS),A(LEPPP),A CCRE 127

+ LURF) A(LSIG),A(LRCPSP:.A(LRFEPP) A(LFEPS),A(LPEP),A(LDZ) INT CCRE 128
+ GR,A(LEAP),A(LPINT),RCi, C 1.fLROD,LREL,RPP,A(LCREPl),A(LEPSI) CCRE 129
+ ,A(LPOLEP),A(LPCFEP),A(LPLDTC),D(LPLDPG),A(LPLDPC),A(LPLDUR),A CCRE 130

340 + (LPLIGP),A(LEPPSV),A(LEPSAV),A(L5ic'),DTIME,ATIME A(LPOAXG),A( CCRE 131
+ LPAXGP) A(LURC),A(LPECRP),A(LREPSV),th(LRFPSV),A(LEPI),A(LEPPI) CCRE 132
+ , A(LNUDEP),A(LFLAG),A(LDCHEK),NA) CCRE 133

C CCRE 134
130 CONTINUE CCRE 135

345 C CCRE 136
IF (MECHAN.NE.3) GO TO 160 CCRE 137
M3 - 13 CCRE ;38

C CCRE 139
DO 143 JJI:i,NA CCRE 140

350 REPS2(JJI,I) : PREPS2(JJII) CCRE 141
REPS2(JJl,2) : PREPS2(JJI,2) CCRE 142

DO 140 IY:I,M3 CCRE 143
EP2(JJI,IY) : PEP2(JJI,IY) CCRE 144

DO 140 11:1,3 CCRE 145
355 EPP2(JJI,IY,II) PEPP2(JJI,IY,II) CCRE 146

140 CONTINUE CCRE 147
C CCRE 148

MI : J-1 CCRE 149
M2 : i CCRE ISO

360 M4 12 CCRE 151
M5 : 0 CCRE 152
M6 : 0 CCRE 153
KFLAG : 0 CCRE 154
IF (NNNCRP.EQ.IT) KFLAG : I CCRE 155

365 NI : 0 CCRE 156
N22 : 0 CCRE 157
N3 : I CCRE 158
N4 : 0 CCRE 159
NAX : NT CCRE 160

370 JJJ : I CCRE 161
C CCRE 162
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C THE FOLLOWING CALL TO FCMI2 COMPUTES THE FUEL AND CLADDING CCRE 163
C MECHANICAL STATE INCLUDUNG CRFvD USING FRACAS-2 SUICODE CCRE 164
C CCRE 165

375 CALL FCM12 (NAX,DLROD2,DLREL2 JJ',NRELAX,DTIME,ATIMEN. N22,N3 CCRE 166
+ ,N4 MIM2,M3 M4 M5 M6 KFLAG N&LAST NCRACK,UX A(LPG),A(LPC),TTT CCRE 167

+ EPN22,EPP2, GESE5$ERP E2AII)GP,2,GAP2 CCRE 168
+ OLDT2,OLDPG2,OLDPC2,OLIGP2,FVFRODVHPRSAFCMI2(NEP2),AFCMI2(N& CCRE 169
+ PP2),AFCMI2(NECRP2),AFCMI2(NOLDPP),AFCMI2,NT,MNR,MNA) CCRE 170

380 C CCRE 171
NNNCRP : IT CCRE 172

C CCRE 173
DO 150 JJI:INA CCRE 174
OLDPG2(JJI) : A(LPG+JJI-I) CCRE 175

385 OLDPC2(JJI) : A(LPC+JJI-I) CCRE 176
OLIGP2(JJI) : IGAP2(JJI) CCRE 177
PREPS2(JJI,1) : REPS2(JJI,I) CCRE 178
PREPS2(JJI,2) : REPS2(JJI,2) CCRE 179
A(LPINT+JJI-I) : -SIG2(JJI,M4,I)-A(LPG+JJI-I) CC'E 180

390 DO 150 IY:I,M3 CCRE 181
OLDT2(JJI,IY) : TTT(JJI,IY) CCRE 182
PEP2(JJI,IY) : EP2(JJI,IY) CCRE 183

DO 150 11:1,3 CCRE 184
PEPP2(JJI,IY,II) : EPP2(JJI,IY,II) CCRE 185

395 150 CONTINUE CCRE 186
C CCRE 187
160 CONTINUE CCRE 188
C CCRE 189

DO 170 IJ:1,NT CCRE 190
400 IIJ : IJ-I CCRE 191

A(LAXGAP+IIJ) : A(LPAXGP+IIJ) CCRE 192
A(LECREP+IIJ) : A(LPECRP+IIJ) CCRE 193
A(LOLAXG+IIJ) : A(LPOAXG+IIJ) CCRE 194
A(LOLDTC+IIJ) : A(LPLDTC+IIJ) CCRE 195

405 A(LOLDPC+IIJ) : A(LPLDPCIIJ) CCRE 196
A(LOLDPG+11J) : A(LPLDPG+IIJ) CCRE 197
A(LOLDUR+IIJ) : A(LPLDUR+'IJ) CCRE IQ8
A(LOL:GP+IIJ) : A(LPLIGP+LIJ) CCRE 199
A(LOLEPS+IIJ) : A(LPOLEP+IIJ) CCRE 200

410 A(LOLFEP+IIJ) : A(LPOFEP+IIJ) CCRE 201
A(LEP+IIJ) : A(LPEP+IIJ) CCRE 202

DO 170 IK:1,3 CCRE 203
IIK : (IK-I)*NA+IIJ CCRE 20t
A(LEPP+IIK) : A(LEPPP+IIK) CCRE 205

415 A(LREPS+IIK) : A(LREPSP+IIK) CCRE 206
A(LRFEPS+IIK) : A(LRFEPP+IIK) CCRE 207

170 CONTINUE CCRE 208
ATIME : ATIME+DTIME CCRE 209

180 CONTINUE CCRE 210
420 190 CONTINUE CCRE 211

DTIME : AMOD(XII,X22) CCRE 212
ATIME : TIME(IT)/3600.E+0-DTIME CCRE 213

C CCRE 214
IF (DTIME.LE.0.EO) GO TO 200 CCRF 215
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42!

ENTRY POINTS
4 CCREEP

VARIABLES
0 A

0
0

24
0

0
2

AAA
AAHA
AAN
ACOR
AFAL
AFCM 12
AFCR

DEF LINE
I

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
446

RELOCATION
ARRAY FAST

ARRAY
ARRAY

ARRAY

REALS
MATCNS
REALS
INPTR
INPTR
FAST
INPTR

5 IF (IHERE.EQ.Ii GO TO 200
C

HERE : I
C

NCREP : I
GO TO 110

C
200 CONTINUE
C

IF (MECHAN.NE.3) GO TO 220
DLROD : DLROD2
DLREL : DLREL2

DO 210 I:1,NT
A(LGAP+I-1) : GAP2(I)
A(LPINT+1-I) : -SIG2(IM4,1)-A(LPG+I-I)

210 CONTINUE
220 CONTINUE
C
C
230 CONTINUE
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

430

440

CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE
CCRE

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
236

REFS
267
277
310
3*375
405
415
267
277
310
401
409

REFS
REFS
''EFS
WEFS
REFS
REFS
REFS

9
268
303
311
384
406
416
268
303
311
402
410
110
202
110
156
156
253
156

263
271
306
316
401
409
263
271
306
316
405
415

256
269
304
312
385
407
439
269
304
312
403
411

257

257
270
305
313
389
408

DEFINED
270
305
313
404
414

5*375

264
272
307
317
402
410
264
272
307
317
406
416

265
275
308
318
403
411
265
275
a08
318
407
438

266
276
309

38*336
404
414
266
276
309
389
408
439

SUBROUTINE CCREEP 10/21/80 14.29.35 PAGE 9



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
3 AFDN
R AFGR
5 AFSW
6 AFTC
7 AGPC

25 AIRIN
10 AMFAIR
11 AMFARG
12 AMFFG
13 AMFHE
14 AMFH2
15 AMFH2O
16 AMFKRY
17 AMFN2
20 At FXE
26 AMGP
30 AKGPH
32 AHGR
34 AMGRH
36 AMGR42
40 AM4DT
41 ANGI
42 ANGT

2555 ANRIN
43 AN2IN
44 ARGIN
45 ARING

1233 ATIME

46
56
64
65
66
74
21
75
10
47
76
77
100
3

50
2556
601
101
102
606

II
121
122

2557

AUGGI
B
BP
BPP
BR
BU
DUIN
DUOLD
BUP
CATEXF
CDG
CFU
CFVA
CHEFUS
CLOIKD
CLDWKS
CLOS
CMOL
CODE I 0
COL UWK
COMP
CONUC
CONVER
CP

SN 1?PE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REP'.

RELOCATION
!PPTR
INPTR
INPTR
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR

ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS

REALS
REALS
REALS
INPTR
REALS
REALS
REALS

ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS

ARRAY INPTR
REALS
t PRO
INPTR
REALS
REALS
REALS
PHYPRO
INPTR
INPTR
REALS
REALS

ARRAY REALS
REALS
PHYPRO
REALS

ARRAY REALS
INPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
422

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

156
156
156
156
156
110
156
156
156
156
156
156
156
156
156
110
110
110
110
110
110
110
110
156
110
110
110
336

110
110
110
110
110
110
156
110
209
156
110
110
110
209
156
156
134
110
110
134
209
110
110
156

375 418 DEFINED 289 290 418
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VARIABLES
51 CPL
134 CPU

2560 CR
52 CRDT
53 CRDTR
135 CRDTT

1235 CREP
2554 CREPHR
136 CRN
54 CTMAX
2 CTHELT
4 CTRANB
5 CTRANE
6 CTRANZ

137 CV)
604 CWKF
605 CWNF
102 DCI
140 DCIH
141 DCIHP
130 DCO
156 DE
142 DELBP
143 DELBU
144 DELH
12 DELOXY

145 DELTA
204 DELTAZ
146 DELTCR
147 DELTDB
150 DELTFC
151 DELTJL
232 DEN
233 DENG
152 DHiC
607 DIS
234 DISHND
153 DLREL

1262 DLREL2
154 DLROD

1261 DLROD2
155 DLTGC
235 DP
207 DPH
210 DPHF
211 DPHFP
212 DPWP
213 DRS
263 DSPG
264 DSPGW
1234 DTIME

0 DVHPRS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REPL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

RELOCATION
INPTR
REALS
INPTR
INPTR
INPTR
REALS

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAr
ARRAY

ARRAY

INPTR
REALS
INPTR
PHYPRO
PHYPRO
PHYPRO
PHYPRO
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR
INPTR
REALS
REALS
REALS
PHYPRO
REALS
INPTR
REALS
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
INPTR
REALS

REALS

REALS
INPTR
REALS
REALS
REALS
REALS
REALS
INPTR
INPTR

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RtFS

DEFINED
REFS

156
110
156
156
156
110
293
156
110
156
209
209
209
209
110
134
134
156
110
110
156
156
110
110
110
209
110
156
110
110
110
110
156
156
110
134
156
110
375
110
375
110
156
I10
110
110
110
110
156
156
336
291
244

DEFINED
288

280

336
436
336
435

375
421
375

292

287

DEFINED

DEFINED

418

DEFINED

436

435

424

I
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VARIABLES
0 ECREP2
I ENFLAG

265 ENRCH
214 ENRICH
215 EOLSR
0 EPP2
0 EPSO
0 EP502
0 EPS22
0 EP2

266 EXO
267 FA
216 FC
7 DELTA

217 FGIN
270 FGPAV
220 FGPAVP
221 FGPAVX

I FHEFUS
222 FH2O
223 FJJ
225 FJJH
271 FLUX
272 FLXDP
227 FMGP
602 FNCK
603 FNCN

2552 FOTHTL
231 FPOR
232 FPORI
273 FOE
233 FRD
234 FRDH
235 FRDN

0 FTMELT
0 FVFRO

736 G
0 GAP2

237 GASES
246 GASIN
247 GDEN
274 GO
250 GPTH
302 GPTHE
334 GPTH
335 GPTHP
336 GPTHPG
370 GR
441 GRNSIZ
371 HCRV
372 HCV
442 HDISH
373 HD5HV

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

i
i
i
i
i

i

i

i

RELOCATION
ARRAY F.P.
ARRAY LACIDL

INPTR
REALS
REALS

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

INPTR
INPTR

ARRAY REALS
PHYPRO
REALS
INPTR
REALS
REALS
PHYPRO
REALS

ARRAY REALS
ARRAY REALS

INPTR
INPTR

ARRAY REALS
REALS
REALS
INPTR
REALS
REALS
iNPTR
REALS
REALS
REALS
PHYPRO

ARRAY F.P.
REALS

ARRAY F.P.
ARRAY REALS

REALS
REALS

ARRAY INPTR
ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS
INPTR
REALS
REALS
INPTR
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
kEFS
REFS
kEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

244
205
156
110
110
244
244
244
244
244
156
156
110
209
110
156
110
121
209
121
121
121
156
156
121
134
134
156
121
121
156
121
121
121
209
244
121
244
121
!21
121
156
121
121
121
121
121
121
156
121
121
156
121

375

375
DEFINED

375
375
375

375

375

DEFINED

394

DEFINED
DEFINED

392

DEFINED

438

DEFINED

DEFINED

DEFINED
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VARIABLES
374 HEIN
375 HFLL
376 HFLMDB
377 HFLMP
400 HFPER
401 HF')
410 HGAP
412 HGAPR
402 HGAPT
403 HGV
404 HI
405 HMGP
407 HP
413 HPL
443 HPLT
414 HPORU
415 HPV
411 HSOLID
416 HUPTAK
417 H20MI
1223 1
275 IAXSYMI
270 ICFAC
302 ICFCSV

24 ICLOSE
0 ICM
I ICUR
2 IDGL

271 IDG
272 IDGSAV
3 IDXGAS
0 IGAP2

1227 IHERE
303 IHLDN
1225 If
1224 III

1226 IIJ

1241 IIK

1237
1240

4
4
2

23
7

10
I
5

IJ
IK
IM
IMCLAD
IMDENS
IMDONE
IMENRG
IMFGAS
IMFUEL
IMGAPC

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

ARRAY REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS

INPTI
P01NT
POINT
INTEG
INPTI
INPTI
INPTI
P01NT
POINT
INPTI

ARRAY F.P.

P01NT

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INPTI
EMFLGS
EMFLGS
INTEG
EMFLGS
EMFLGS
EMFLGS
EMFLGS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*270
REFS
2*307
2*401
2*409
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

121
121
121
121
121
121
121
12i
121
121
121
121
121
121
156
121
121
121
121
121
262
175
'02
102
148
175
175
175
102
102
175
244
425
102
274
2*263
2*271
2*275
2*308
2*402
2*410
2*316
315
302
315
175
189
189
148
189
189
189
189

2*438 3*439 DEFINED

279

375
DEFINED

2*355
2*264
2*272
2*276
2*30
2*403
2*411
2*317
413
"C0
413

386
285

2*394
2*265
274
2*277
2*310
2*404
413
2*318

DEFINED
DEFINED

DEFINED
427

DEFINED
2*266

DEFINED
2*303
2*311
2*405

DEFINED
2*414

301
314

261 297 437

273
2*267
262
2*304
2*312
2*406
274
2*415

354
2*268

2*305
2*313
2*407

302
2*416

393
2*269

2*306
315

2*408
400

399
412

SUBROUTINE CCREEP 10/21/80 14.29.35 PAGE 13

I



76/176 OPT:O TRACE STATIC FTN 4.8+508

VARIABLES
0 IMPOWR
3 IMRELO
I IMSWCH
6 IM93WC

1263 INTGR

5
304
273
6
0

264

265
305
306
7
2

300
277
3

30 I
276
300
276
274
275
302
267

1244

4
10
5

1260
1243

11
6

21
7

1252
10
11

420
216
215
216
217
220
215
152

IPLANT
IPLSTC
I PRG
IQ
IQUIT
I RDOT
IRI
ISAVGS
ISTRNN
I5TR55
15W
IT
ITCL
ITEMP
I TER
ITFS
ITRAMP
ITREST
WVARDM
I VFC
I VFF
WORDS
IX
IY

J
JDLPR
JJC
JJJ
JJI

JN
JPEAK
JST
K
KFLAG
KINDOR
KOX I
KRYIN
LACE
LACMFG
LACMHE
LACMH2
LACMN2
LACMOD
LAK I

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

ARRAY

ARRAY

RELOCATION
EMFLGS
EMFLGS
EMFLGS
EMFLGS

INPTI
POINT
POINT
INPTI
INTEG
POINT
INTEG
POINT
POINT
POINT
INPTI
INTEG
POINT
POINT
INTE'
POINT
POINT
INPTI
INPT.
POINT
POINT
INPTI
POINT

INTEG
INPTI
INTEG

INPTI
INTEG
INPTI
INTEG

INTEG
INTEG
REALS
INPTI
POINT
POINT
POINT
POINT
INPTI
POINT

325 326

REFS
REFS
REFS
REFS
REFS
327
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
2*387

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

189
189
189
189
254
328
175
102
102
175
148
97

148
97

102
102
175
148
102
102
148
102
102
175
175
102
102
175
97

2*353
352
148
175
148
375

2*350
2*388
349
175
148
175
I48
375
I48
148
7

175
81
81
81
81
175
52

336
329

289

2*355
390
358

DEFINED
2*351
3*389
383

DEFINED

DEFINED

2*290

2*391

370
2*353
2*391

363

323

327

2*392

2*35
2* 392

324

364 381 422

2*394

2*384
2*394

2*385 2*386

121
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VARIABLES
153 LAK2
221 LAMGPT
125 LANG
120 LANGR
253 LANSD
256 LANSR

14 LARAD
10 LAXGAP
11 LAXLEN

210 LB
211 LBR
212 LBTOLD
12 LBUI
13 LBU2

172 LCCI
173 LCC2
213 LCHEM
15 : PDLT
2 LCREPI

154 LCRL
III LDCHEK

0 LDCIH
261 LDECAY
16 LDELBP
17 LDENIX

174 LDENSF
175 LDENSP
3 LDLH

20 LDLPGE
155 LDPL
156 LDPLH
157 LDPN
176 LDPW
177 LDPWPP
260 LDT
21 LDZ
22 LDZH
23 LOZHP
24 LECREP
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS
133 LEPSAV
151 LEPSI
100 LEPI
167 LF
134 LFEPS
257 LFF
121 LFGHGP
170 LFH

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
;NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
PO!NT
POINT
POINT
POIN)

POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01 NT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT

263 303 401

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
IEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF,
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

52
8I
38
38
91
91
19
19
19
71
71
71
19
19
64
64
71
19
19
52
19
19
91
19
19
64
64
19
19
52
52
52
64
64
91
19
19
19
19
19
44
44
44
44
44
44
44
19
59
44
91
38
59

336

336

375

402
313
316
336
336

336

336

304
272
275
316
275
336
336
272
336
336

336

4111
414
414
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
110 LFLAG
254 LFLXFC
160 LFMA
161 LFMGPR
122 LFMGR
171 LFN
26 LGAP

222 LGASMO
200 LGNSIZ
27 LGPTP

4 LHA
262 HALF
30 LHCOEF
123 LHEMGP
101 LHGAPS
114 LHGPC
115 LHGPR
116 LHGPS
S LHL

2?s LHMGPT
'C4 LHMtGR
162 LHRL
103 LIGAP
12 LON

106 LNFAIL
146 LNUDEP
31 LOLAXG
32 LOLDPC
33 LOLDPG
34 LOLDTC
5 LOLDUR

36 LOLEPS
37 LOLFEP
104 LOLIGP
40 LPAXGP
41 LPC
42 LPECRP
43 LPEP

135 '.tcPSV
255 LPF
136 LPFPSV
44 LPG
45 LPINT

224 LPIT
46 LPLDPC
47 LPLDPG
50 LPLDTC
51 LPLDUR
107 LPLIGP
52 LPOAXG
53 LPOFEP
54 LPOLEP
6 LPOROS

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
INTEG
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
P01NT
POINT
POINT
POINT
POINT

336

438

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

19
9!

52
38
59
19
81
64
19
19
91
19
38
19
19
19
19
19
81
38
52
19

148
19
44
19
19
19
19
19
19
19
19
19
19
19
19
44
91
44
19
19
81
19
19
19
19
19
19
19
19
19

336

336

336
264
267
266
265
268
270
271
269
263
336
304
313

336
336

267
266
265
268
269
264
271
270

41uI

305
308
307
306
309
311
312
310
303
375
336
336

375
389

308
307
306
309
310
305
312
311

403
405
406
404
407
409
410
408
336
385
402
411

384
439

336
336
336
336
336
336
336
336

439389

405
406
404
407
408
403
410
409
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76/176 OPT:0 TRACE STATIC

VARIABLES SN TYPE
201 LPORSI INTEGER
202 LPORS2 INTEGER
225 LPRTIO INTEGER
226 LPRTII INTEGER
227 LPRTI2 INTEGER
230 LPRT13 INTEGER
231 LPRT4 INTEGER
232 LPRTIS INTEGER
233 LPRTI6 INTEGER
234 LPRTI7 INTEGER
235 LPRTI8 INTEGER
236 LPRT2 INTEGER
237 LPRT?0 INTEGER
240 LPRT3 INTEGER
241 LPRT4 INTEGER
242 LPRT5 INTEGER
243 LPRT6 INTEGER
244 LPRT7 INTEGER
245 LPRT8 INTEGER
246 LPRT9 INTEGER
214 LQ INTEGER
105 LQDP INTEGEk
206 LR INTEGER
207 LRAD INTEGER
55 LRDCOL INTEGER
137 LREPS INTEGER
141 LREPSP INTEGER
140 LREPSV INTEGER
126 LREPS2 INTEGER
143 LRFEPP INTEGER
142 LRFEPS INTEGER
144 LRFPSV INTEGER
263 LRLEAS INTEGER
113 LRTRNO INTEGER
112 LRTRNP INTEGER
145 LSIG INTEGER
150 LSIGI INTEGER

247 LTAC INTEGER
56 LTAF INTEGER

250 LTAFA INTEGER
57 LTAG INTEGER

251 LTAGA INTEGER
60 LTBAR INTEGER
61 LTBLK INTEGER
62 LTCA INTEGER
63 LTCIDI INTEGER
64 LTCODI INTEGER
163 LTFB INTEGER
164 LTFR INTEGER
165 LTFRK INTEGER
203 LTMPDS INTEGER
205 LTtPMX INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

---- IMLP-I -
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01 NT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

64
64
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
76
19
64
64
19
44
44
44
38
44
44
44
91
19
19
44
44
47
81
19
81
19

81
19
19
19
19
19
52
52
52
64
64

276
317
276

318
277
277

415
415

416
416

317
336
336

336
318
336

336
336

336
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76/176 OPT:0 TRACE STATIC FTN 4.8+308

VARIABLES
117 LTOXO
65 LTPS
102 LTRTRN
252 LTSF
7 LUFS

204 LUO2LL
I LURC

66 LURF
67 LUCH
70 LVCHI
71 LUCR
72 LVDH
73 LVFH
74 LVGH
166 LVPL
75 LUPOR
76 LZRO2A
77 LZRO28
'3 tI
0 MAXIDX

166 MDBG
15 MDHPRS

271 MECHAN
20 MEPP2
24 MEPSO
22 MEPS02
17 MEP522
II MEP2
10 MEREP2
14 MFVFRO
2 MGAP2
3 MIGAP2
0 MNA
0 MNR

170 MODE
171 MODES

14 MODLOP
I MODPC2
3 MODPG2
4 MOIGP2

13 MOLDT2
23 MPEPP2
6 MPEPS2

16 MPEP2
5 MREPS2

12 MR22
21 M51G2
172 MTAPE
7 MTTT

1245 Mi
1246 M2
1242 M3
1247 ti4

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
; Tt ER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGEP
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
Pu NT
INTEG
LACMDL
INPTI
PFRC52
INPTI
PFRC52
PFRC52
PFRC52
PFRC52
PFRCS2
PFRC52
PFRCS2
PFRC52
PFRC52
F.P.
F.P.

It.PT I
INPTI
INTEG
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRCS2
PFRC52
INPT I
PFRCS2

336
336

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5

19
19
19
81
19
64
19
19
19
19
19
19
19
19
52
19
19
19

148
205
175
195
175
195
195
195
195
195
195
195
195
95

21*244
14*244

175
175
148
195
195
195
195
195
195
195
195
195
195
175
195
375
375
352
375

346

i
I

280

375
375
326

DEFINED
DEFINED

375
389

299

DEFINED
DEFINED

356
359
390
439

DEFINED
DEFINED

347
360

SUBROUTINE CCREEP 10/21/80 14.29.35 PAGE 18



76/176 OPT:O TRACE STATIC FTN 4.8-508

VARIABLES
1250 N45
1251 M6
266 NA
43 NAA
15 NAB

233 NAFAIL
25 NALFDT

1257 NAX
33 NBB
27 NC
45 NCC
I NCOEF

272 NCRACK
274 NCREEP
1236 NCREP
173 NDBG

5 NDCHCK
36 NDD

7 NDEP
12 NDSIGF
21 NE
16 NECRP

41 NEE
44 NEI
273 NELAST
23 NEPP2
15 NEP2

270 NEPRB
26 NF
174 NFROD
13 NFl
14 NF2

175 NGAPC
176 NGASR
35 NGG
167 NHEAL
30 NM1
42 NLL
34 NWI
32 NM#*

234 NNFAIL
46 NFF
31 NNN
25 NNNCRP
40 NNU
27 NNUDPP
177 NOFAIL
277 NOFRAC

26 NOLDPP
6 NOLSGF

200 NOPT
201 NPCYCL
0 NPIN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
:NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

INPTI
PFCM I?
INiEG
INPiI
DFCMI2

PFCMI2
INTEG
PFCMI12
PFCMI2
INPTI
INPTI

ARRAY

INPTI
PFCM1I2
PFCMtI2
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCMI2
PFCMI2
INPTI
PFCbI12
PFCM2
INPTI
INTEG
INPT I
PFCMI2
PFCMI2
INPTI
INPTI
PFCM12
INPTI
PFCM12
PFCMtI2
PFCM12
PFCM12
INPTI
PFCMI2
PFCM12
PFRC52
PFCMI2
PFCM12
INPTI
I;PTI
PFCM12
PFCMII2
INPTI
INPT I
PFCM:?

361
362
315 336 349

DEFINED
DEFINED

274

DEFINED

375

297
323

383

369

413

REFS
REFS
REFS
REFS
REFS
REr S
REFS
REFS
REFS
REFS
'2EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
QEFS
sFS
REFS
REFS
REFS
REFS
REFS
REFS

375
375
175
227
148
175
227
375
227
148
227
227
175
175
294
175
227
227
227
227
227
227
227
227
175
227
227
175
148
175
227
227
175
175
227
175
227
227
227
227
175
227
227
195
227
227
175
175
227
227
175
175
227

DEFINED

375

375
375
375

293

DEFINED 381

375
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
16 NPLAST

263 NPLOT
202 NPLTAB

I NPOUT
304 NPRINT
2 NPI
3 NP2

267 NR
203 NRE('
1230 NRELAX
204 NRESTR
17 1'1MI

265 NROD
205 NROLL
25 NSH
10 NSLOPE

206 NSP
207 NSTART

20 NSTEP
210 NSTOP
24 NSTRTT

211 NT
212 NTAPE
20 NTN

2b4 NTPLOT
4 NTSAVE
17 NT2

421 NU
213 NUCFC
214 NUNITS
22 NV
37 NN

301 NNORD5
303 NWRDS
21 NWRITE

262 NXP
1253 NI
22 N2

1254 N22
1255 N3
1256 N4

0 OLDPC2
0 OLDPG2
0 OLDT2
0 OLIGP2

422 OXDROP
423 OXIDE
424 PECDH
0 PEPP2
0 PEP2

425 PI
426 PIN
460 PzNP

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
I TFGER
INTEbJR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
PEAL
R--AL
REAL
REAL
REAL

RELOCATION
INTEG
INPTI
INPT I
PFCHM12
INPTI
PFCMII2
PFCMII2
INPTI
INPTI

INPTI
INTEG
INPTI
INPTI
INTEG
DFCMI12
INPTI
INPT I
INTEG
INPTI
PFCI12
INPTI
I NPT I
PFCMI2
INPTI
PFCMII2
PFCMII2
REALS
INPTI
INPTI
PFC1I2
PFCMI2
INPTI
INPTI
INTEG
INPTI

INTEG

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.

REALS
REALS
REALS
F.P.
F.P.
REALS
REALS
REALS

328

286375

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5SREFS
REF
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REF5
REFS
REFS
REFS

148
175
175
227
175
227
227
175
175
329
175
148
175
175
148
227
175
I.,
149
175
227
175
'75
227
175
227
227
7

175
175
227
2?7
175
175
148
175
375
148
375
375
375
244
244
244
242
121
121
121
244
244
121
121
121

261 369

DEFINED

301 375

121

399 437

365

366
367
368

DEFINED
DEFINED
DEFINED

375

DEFINED
325

DEFINED
DEFINED
DEFINED

375
375
375
244

355
353

385
384
391

DEFIED

DEFINED
DEFINED

386

394
392
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76176 OPT:0 TRACE STATIC

VARIABLES
461 PORO
444 PPMHcuy
445 PPMN2
462 PR
0 PREPS2

463 PRESS
464 PRTY
465 PRTI9
446 P2
473 QAV
466 QC
613 QEND
623 QF
1333 QMPY
467 QP
474 PEAK
470 QSP
1500 RAPOWl
1:'3 RC
471 RCI
472 RCO
1514 RDISH

0 REPS2

475
476
477
500
501
502
1515
1516
503
1222
2551
504
505
506
0

1517

507

511
512
513
514
515
516
517
520
521
522

RPMVFF
RHOF
RHOP
RHOG
RHOU02
RMH
ROUGHC
ROUGH
RP
RPP
RSNTR
RSTRAN
RSTRES
RTRAN
R22
SGAPF
SIG2
SKTC
SKTS
STRN
SUCK
SUMDH
SUMEXP
SUMGP
SUMPOR
SUMRG
SUMTF
T
TCAC

SN TYPE
PEAL
R AL
RAL

REAL
REAL
REAL
REAL
REAL
REAL
'EAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
PEAL
REAL
REAL

RELOCATION
REALS
INTR
INPTR
REALS

ARRAY F.P.
REALS
REALS
REALS

ARRAY INPTR
REALS
REAL

ARRAY INPTR
RRRAY INPTR
ARRAY INPTR

REALS
REALS
REALS

ARRAY INPTR
INPTR
REALS
REALS
INPTR

ARRAY F.P.

REALS
REALS
REALS
REALS
REALS
REALS
INPTR
INPTR
REALS

INPTR
REALS
REALS
REALS

ARRAY F.P.
INPTR

ARRAY F.P.
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
PEALS

350 351 DEFINED 387 388

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
351

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
Rtr5
REF 5
REFS
REFP
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

121
156
156
121
244
121
121
121
156
121
121
156
156
156
121
121
121
156
156
121
121
156
244

134
134
134
134
134
134
156
156
134
336
156
134
134
134
244
156
244
134
134
134
134
134
134
134
134
134
134
134
134

387

336
336

388 DEFINED 350375

260
DEFINED

375

375

260

DEFINED

389 439 DEFINED
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
1520 TCC
523 TCI
524 TCO
525 TFBC
526 TFC
527 TFGFR
530 THEFR
531 TH2OFR
1521 T'4E
532 TITLE
546 TM
547 TN2FR
1666 TOTL
550 TOXO
551 TP
552 TPA
553 TPAC
554 TPLEN
555 TRANST

2553 TREF
556 TSAT
1667 TSINT
557 TT
0 TTT

1670 TN
560 TX
561 TXA
562 TXAL
563 TXC

2035 UBFS
2036 UMELT
2037 UOFD

0 VERS
564 VISC
565 VPLT

2040 VS
566 VSS
600 VX
567 N
570 WT
571 NTRAN

2041 X
572 XEIN
573 XK6
574 XK7
1231 X11
1232 X22
575 YY
576 Z
577 ZR02WG

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INPTR
REALS
REALS
REALS
REAL.
REA
REALS
REALS

ARRAY INPTR
ARRAY REALS

REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
INPTR
REALS

ARRAY F.P.
ARRAY INPTR

REALS
REALS
REALS
REALS
INPTR
INPTR
INPTR
VER
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS

ARRAY INPTR
REALS
REALS
REALS

REALS
REALS
REALS

290

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS

156
134
134
134
134
134
134
134
156
134
134
134
156
134
134
134
134
134
134
156
134
156
134
244
156
134
134
134
134
156
156
156
207
134
134
156
134
134
134
134
134
156
134
134
134
292
291
134
134
134

375 39' DEFINED I

375

421
292

DEFINED
421

287
DEFINED 288
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

EXTERNALS
FCHI
FCM12

TYPE ARGS
47
49

REFERENCES
336
375

INLINE FUNCTIONS
AMOD

STATEMENT LABELS
0 100

166 10
0 120

416 130
0 140
0 150

656 160
0 170
0 180

776 190
1023 200

0 210
1052 220
1053 230

TYPE
REAL

ARGS
2 INTRIN

DEF LINE
278
295
319
344
356
395
397
417
419
420
432
440
441
444

DEF LINE

REFERENCES
261
430
301
299
349
383
346
399
297
294
424
437
434
279

REFERENCES
421

273

352
390

412

425

280

FROM-TO
261 278
273 278
297 419
301 319
314 319
349 356
352 356
354 356
383 395
390 395
393 395
399 417
412 417
437 440

LENGTH
1038
23B

6058
1078
238
408
24B
128
67B
318
12B

107B
238
158

PROPERTIES

OPT

OPT

I NSTACK

INSTACK

OPT
OPT

NOT INNER

EXT REFS NOT INNER
NOT INNER

NOT
NOT

NOT
NOT

INNER
INNER

INNER
INNER

NOT INNER

COMMON BLOCKS
FAST
POINT
REALS
INTEG
INPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LACIIDL
VER
PHYPRO
PFCMI2

354
393

LOOPS
17
74

170
175
256
425
436
445
566
621
635
660
741
1034

LABEL
100
100
180
120
120
140
140
140
I50
I50
I50
170
170
210

INDEX
II
II
IJ
IK
JJI
IY
II
JJI
IY
II
IJ
IK
I

LENGTH
I

199
392

24
1393
197

10
22
12
21
I

39
39
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1 iOr'OD SCM USED

13528
44228

746
2322

PAGE
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SUBROUTINE CCRAK (HSTRES,TCLAD,X,CDAMAG) CCRK 2
C CCIRK 3
C IMPLICIT REAL*8 ( A-H, 0-Z ) CCRK 4
C CCRK 5

5 C SUBROUTINE CCRAK CALCULATES THE PROBABILITY THAT THE RANDOM CCRK 6
C VARIABLE U ( : CRITICAL CRACK LENGTH/CLADDING THICKNESS ) 15 CCRK 7
C LESS THAN OR EQUAL TO X. THE PROBABILITY DENSITY FUNCTION, F(U), CCRK 8
C WAS COMPUTED FROM A KNOWLEDGE OF THE DENSITY FUNCTION OF THE CCRK 9
C FAILURE STRESS, SF. THE RANDOM VAR!ABLES U AND SF ARE RELATED CCRK 10

10 C BY THE FOLLOWING EXPRESSION -- U : I - HSTRES/SF . THE FAILURE CCRK 11
C STRESS 15 ASSUMED TO BE DISTRIBUTED ACCORDING TO THE BETA CCRK 12
C DISTRIBUTION. CCRK 13
C *** FART OF FRAIL FAILURE PACKAGE *** CCRK 14
C CCRK 15

'5 C CCRK 16
C -- INPUT ARGUMENTS -- CCRK 17
C CCRK 18
C HSTRES CLADDING HOOP STRESS ( N/M2 ) CCRK 19
C TCLAD TEMPERATURE OF CLADDING ( DEG K ) CCRK 26

20 C X CRACK LENGTH/ CLADDING THICKNESS ( =iNPUT PARAMETER CCRK 21
C FOR WHICH THE PROBABILITY OF FAILURE IS CALCULATED) CCRK 22
C CCRK 23
C CCRK 24
C -- OUTPUT ARGUMENTS -- CCRK 25

25 C CCRK 26
C CDAMAG PROBABILITY OF FAILURE, I.E., PROBABILITY THAT THE CCRK 27
C CRACK LENGTH HAS EXCEEDED THE CRITICAL CRACK LENGTH CCRK 28
C CCRK 29
C CCRK 30

30 CALL FSTRS (TCLAD,DEV,FSTRES) CCRK 31
T : FSTRES+3.*DEU CCRK 32
B : FSTRES-2.*DEV CCRK 33
IF (B.LE.0.0) B : 0. CCRK 34

C CCRK 35
35 C CHECK WHETHER X 15 OUTSIDE THE RANGE OF THE DISTRIBUTION CCRK 36

C CCRK 37
AL : 1.-(HSTRES/B) CCRK 38
AU : I.-(HSTRES/T) CCRK 39
IF (X.GT.AL) GO TO 100 CCRK 40

40 CDAMAG : 0. CCRK 41
GO TO 120 CCRK 42

100 IF (X.LT.AU) GO TO 110 CCRK 43
CDAMAG : 1. CCRK 44
GO TO 120 CCRK 45

45 C CCRK 46
C SET UP VARIABLES TO BE USED CCRK 47
C CCRK 48
110 T2 : T*T CCRK 49

T3 : T2*T CCRK 50
50 T4 : T3*T CCRK 51

82 : B*B CCRK 52
83 : 82*8 CCRK 53
B4 : 83*8 CCRK 54



76/176 OPT:0 TRACE STATIC FTN +.e+508

TB : I.i(T-8) CCRK 55
55 TB2 : TB*TB CCRK 56

TB3 : TB2*TB CCRK 57
TB4 : T3*TB CCRK 58
TB5 : TB4*TB CCRK 59
H : HSTRES CCRK 60

60 H2 :=H*H CCRK 61
H3 : H2*H CCRK 62
H4-: H3*H CCRK 63
H5 : H4H CCRK 64
XI : I./(I.-X) CCRK 65

65 X2 : XIXI CCRK 66
X3 : X2*XI CCRK 67
X4 : X3*XI CCRK 68

C CCRK 69
C CALCULATE NORMALIZING CONSTANT CCRK 70

70 C CCRK 71
CNORM : H*T5*T4/12.-B*T3+(-I.+ALOGIO(T/B))*3.*B2*T2+(I!.13.+2.*A CCRK 72
+LOGIO(T/B))*B3*T+B4/4.) CCRK 73

C CCRK 74
C CALCULATE TERMS OF PROBABILITY FUNCTION CCRK 75

75 C CCRK 76
TERMI : (H5*TB5/4.)*(X4-84/H4) CCRK 77
TERM2 : (H4*TB5/3.)*(3.*B+2.*T)*(X3-83/H3) CCRK 78
TERM3 : (H3*TB5/2.)*(3.*B2+6.*B*T+T2)*(X2-B2,H2) CCRK 79
TERM4 : (H2*TB5*B)*(B2+6.*B*T+3.*T2)*(XI-B/H) CCRK 80

80 TERMS : (H*TB5*B2*T)*(2.*B+3.*T)*ALOGI0(H*XI/B) CCRK 81
TERM6 : (83*T2*TB5)*(X-I.+H/B) CCRK 82

C CCPK 83
CDAMAG : (I./CNORM)*(TERMI-TERM2+TERM3-TERM4+TERh5-TER6) CCRK 64

C CCRK 85
85 120 CONTINUE CCRK 86

C CCRK 87
C CCRK 88

RETURN CCRK 89
END CCRK 90

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CCRAK I 88

VARIABLES SN TYPE RELOCATION
321 AL REAL REFS 39 DEFINED 37
322 AU REAL REFS 42 DEFINED 38
320 9 REAL REFS 33 37 2*51 52 53 54 3*71

77 78 3*79 2*80 81 DEFINED 32 33
326 82 REAL REFS 52 71 2*78 79 80

DEFINED 51

10/21/80 14.29.35 PAGE 2SUBROUTINE CCRAK
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VARIABLES
327 83
330 84
0 CDAMAG

347 CNORM
315 DEV
316 FSTRES
336 H

0
337
340
341
342
317

331
332
333
334
335

0
350
351
352
353
354
355
323

324
325
0

343

344
345
346

HSTRES
H2
H3
H4
H5
T

TB
T82
TB3
T84
TB5

TCLAD
TERMI
TERM2
TERM3
TERM'
TERI3
TERt6
T2

P.T1*
X
XI

X2
X3
X4

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

F.P.

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL

F.P.

F.P.

F.P.

EXTERNALS
ALOGIO
FSTRS

STATEMENT LABELS
42 100
2I 110
267 120

TYPE
REAL

ARGS
I LIBRARY
3

DEF LINE
42
48
85

REFERENCES
2*71
30

REFERENCES
39
42
41

STATISTICS
PROGRAM LENGTH

140000B SCM USED
3568

2*80

REFS
REFS

DEFINED
REFS
REF 5
REFS
REFS

81
REFS
REFS
REFS
REFS
REFS
REFS

78
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

71
1

83
30
30

2*60
DEFINED

37
61
62
63
76
38
79

2*55
56
57
58
71
58
30
83
83
83
83
83
83
49
48
50
71
39

2*65
64
66
67
76

71
76
40

DEFINED
31
31
61
59
38
78
77
76

DEFINED
2*48
2*80
56

DEFINED
DEFINED
DEFINED

76

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

71

71
DEFINED

42
66

78
77

DEFINED

77
DEFINED

43
71
32
32
62

59
79
78
77
63
49

DEFINED
57
55
56
57
77

1
76
77
78
79
80
81
78

DEFINED
50
64
67

DEFINED
DEFINED

67

81
53
33

63

DEFiNED
DEFINED
DEFINED
DEFINED

50
31
58

78

79

DEFINED

71

60
61
62

54

DEFINED

79

81

3*71

DEFINED
80

77

49

8l
79

65
66

80 81

80

I

SUBROUTINE CCRAK 10/21/80 I4.29.35 PAGE 3
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I C CDTR 2
C .................................................................. CDTR 3
C CDTR 4
C SUBROUTINE CDTR CDTR 5

5 C CDTR 6
C PURPOSE CDTR 7
C COMPUTES P(X) : PROBABitTY THAT THE RANDOM VARIABLE U, CDTR 8
C DISTRIBUTED ACCORDING TO THE CHI-SQUARE DISTRIBUTION WITH G CR 9
C DEGREES OF FREEDOM, 15 LESS THAN OR EQUAL TO X. F(G,X) THE CDTR 10

10 C ORDINATE OF THE CHI-SQUARE DENSITY AT X, IS ALSO COMPUTED. CDT 11
C CDTR I;
C USAGE CDTR 13
C CALL CDTR(X,G,PD,IER) CDTR 14
C CDTR IS

15 C DESCRIPTION OF PARAMETERS CJTR 16
C X - INPUT SCALAR FOR WHICH P(X) 15 COMPUTED. CDTR 17
C G - NUMBER OF DEGREES OF FREEDOM OF THE CHI-SQUARE CDTR 18
C DISTRIBUTION. G IS A CONTINUOUS PARAMETER. CDTR 19
C P - OUTPUT PROBABILITY. CDTR 20

20 C D - OUTPUT DENSITY. CDTR 21
C IER - RESULTMIT ERROR CODE WHERE CDTR 22
C IER: 0 --- NO ERROR CDTR 23
C IER:-I --- AN INPUT PARAMETER 15 INVALID. X 15 LESS CDTR 24
C THAN 0.0 OR G IS LESS THAN 0.5 OR GREATER CDT 25

25 C THAN 2*I6**(+5). P AND D ARE SET TO -I.E75. CDTR 26
C IER:+I --- INVALID OUTPUT. P 15 LESS THAN ZERO OP CDTR 27
C GREATER THAN ONE, OR SERIES FOR TI (SEE CDTR 28
C MATHEMATICAL DESCRIPTION) HAS FAILED TO CDTR 29
C CONVERGE. P 15 SET TO I.E75. CDTR 30

30 C CDTR 31
C REMARKS CDTR 32
C SEE MATHEMATICAL DESCRIPTION. CDTR 33
C CDTR 34
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED CDTR 35

35 C DLGAM CDTR 36
C NDTR CDTR 37
C CDTR
C METHOD CDTR 39
C REFER TO R.E. BARGMANN AND S.P. GHOSH, STATISTICAL CDTR 40

40 C DISTRIBUTION PROGRAMS FOR A COMPUTER LANGUAGE, CDTR 41
C IBM RESEARCH REPORT RC-1094, 1963. CDTR 42
C CDTR 43
C .................................................................. CDTR 44
C CDTR 45

45 SUBROUTINE CDTR (X,G,P,D,IER) CDTR 46
DOUBLE PRECISION XXDLXXX2,DLX2 GG,G2,DLT3,THETATHP;, CDTR 47
+GLG2,DD,TII,SER,CC,XI,FACTLOGTERM,GTH,A2,A,B,C,DT2,DT3,THPI CDTR 48

C CDTR 49
C TEST FOR VALID INPUT DATA CDTR 50

50 C CDTR 51
IF (G-(.5-I.E-5)) 680,100,100 CDTR 52

100 IF (G-2.E+5) 110,110,680 CDTR 53
110 IF (X) 680,120,120 CDTR 54
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C CDTR 55
55 C TEST FOR X NEAR 0.0 CDTR 56

C CDTR 57
120 IF (X-I.E-8) 130,030,170 CDTR 58
130 P : 0.0 CDTR 59

IF (G-2.) 140,150,160 CDTR 60
60 140 D : I.E75 CDTR 61

GO TO 700 CDTR 62
150 D : 0.5 CDTR 63

GO TO 700 CDTR 64
160 D : 0.0 CDTR 65

65 60 TO 700 CDTR 66
C CDTR 67
C TEST FOR X GREATER THAN I.E+6 CDTR 68
c CDTR 69
170 IF (X-I.E+6) 190,190,180 CDTR 70

70 180 D : 0.0 CDTR 71
P : 1.0 CDTR 72
GO TO 700 CDTR 73

C CDTR 7
C SET PROGRAM PARAMETERS CDTR 75

75 C CDTR 76
190 XX : DBLE(X) CDTR 77

DLXX : DLOG(XX) CDTR 78
X2 : XX/2.D0 CDTR 79
DLX2 : DLOG(X2) CDTR 80

80 GG : DBLE(G) CDTR 81
G2 : GG'2.D0 CDTR 82

C CDTR 83
C COMPUTE ORDINATE CDTR 64
C CDTR 85

85 CALL DLGAM (G2,GLG2,IOK) CDTR 86
DD : (G2-I.DO)*DLXX-X2-G2*.6931471805599453-GLG2 CDTR 87
IF (DD-I.68D02) 200,200,210 CDTR 88

200 IF (DDP .68D02) 220,220,230 CDTR 89
210 D : '.E75 CDTR 90

90 GO TO 240 CDTR 91
220 D : 0.0 CDTR 92

GO TO 24G CDTR 93
230 DD : DEXP(DD) CDTR 94

D : SNGL(DD) CDTR 95
95 C CDTR 96

C TEST FOR G GREATER THAN 1000.0 CDTR 97
C TEST FOR X GREATER THAN 2000.0 CDTR 98
C CDTR 99
240 IF (G-1000.) 250,250,270 CDTR 100

100 250 IF (X-2000.) 280,280,260 CDTR 101
260 P : 1.0 CDTR 102

GO TO 700 CDTR 103
270 A : DLOG(XX/GG)/3.D0 CDTR 104

A : DEXP(A) CDTR 105
105 8 : 2.D0/(9.D0*GG) CDTR 106

C : (A-I.D0+8)/DSQRT(B) CDTR 107

SUBROUTINE CDTR 10/21/80 14.29.35 PAGE 2
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SC : SNGL(C) CDTR 108
CALL NDTP (SC,P,DUIY) CDTR 109
GO TO 580 CDTR 110

110 C CDTR III
C COMPUTE THETA CDTR 112
C CDTR 113
280 K : IDINT(G2) CDTR 114

THETA : G2-FLOAT() CDTR 115
115 IF (THETA-I.D-8) 290,290,300 CDTR 116

290 THETA : 0.DO CDTR 117
300 THPI : THETA+I.DO CDTR 118
C CDTR II9
C SELECT METHOD OF COMPUTING TI CDTR 120

120 C CDTR 121
IF (THETA) 320,320 310 CDTR 122

310 IF (XX-10.00) 350,550,410 CDTR 123
C CDTR 124
C COMPUTE TI FOR THETA EQUALS 0.0 CDTR 125

125 C CDTR 126
320 IF (X2-1.68D02) 340,330,330 CDTR 127
330 TI : 1.0 CDTR 128

GO TO 490 CDTR 129
340 TII : I.DO-DEXP(-X2) CDTR 130

130 TI : SNGL(TII) CDTR 131
GO TO 490 CDTR 132

C CDTR 133
C COMPUTE TI FOR THETA GREATER THAN 0.0 AND CDTR 134
C X LESS THAN OR EQUAL TO 10.0 LJTR 135

135 C CDTR 136
350 SER : X2*(I.D0/THPI-X2/(THPI+I.DO)) CDTR 137

J : +1 CDTR 138
CC : FLOAT(J) CDTR 139

DO 360 ITI:3,30 CDTR 140
140 XI : FLOAT(ITI) CDTR 141

CALL DLGAM (XIFAC,IOK) CDTR 142
TLOG : XI*DLX2-FAC-DLOG(XI+THETA) CDTR 143
TERM : DEXP(TLOG) CDTR 144
TERMN: DSIGN(TERM,CC) CDTR 145

145 SER : 5ER+ERI CDTR 146
CC : -CC CDTR 147
IF (DABS(TERM)-I.D-9) 370,360,360 CDTR 148

360 CONTINUE CDTR 149
GO TO 690 CDTR 150

150 370 IF (SER) 690,690,300 CDTR 151
380 CALL DLGAM (THPI GTH,IOK) CDTR 152

TLOG : THETA*DLX+DLOG(SER)-GTH CDTR 153
IF (TLOG+1.68D02) 390,390,400 CDTR 154

390 TI : 0.0 CDTR 155
155 GO TO 490 CDTR 156

400 TII : DEXP(TLOG) CDTR 157
TI : SNGL(TII) CDTR 158
GO TO 490 CDTR 159

C CDTR 160

SUBROUTINE CDTR 10/21/80 14.29.35 PAGE 3
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160 C COMPUTE TI FOR THETA GREATER THAN 0.0 AND CDTR 161
C X GREATER THAN 1.. 6ND LESS THAN 2000.0 CDTR 162
C CDTR 163
410 A2 : 0.D0 CDTR 164

DO 430 1:1,25 CDTR 165
165 XI : FLOAT(I) CDTR 166

CALL DLGAM (THPIGTH,IOK) CDTR 167
TII : -(13.D0*XX)/XI+THPI*DLOG(13.D0*XX/XI)-GTH-DLOG(XI) CDTR 168
IF (TII+I.68D02) 430,430,420 CDTR 169

420 TII : DEXP(TIl) CDTR 170
170 A2 : A2+TIl CDTR 171

430 CONTINUE CDTR 172
A : 1.01282051+THETA/156.D0-XX/312.D0 CDTR 173
8 : DADS(A) CDTR 174
C : -X2+THPI*DLX2+DLOG(B)-GTH-3.951243718581427 CDTR 175

175 IF (C+1.68D02) 460,460,440 CDTR 176
440 IF (A) 450,460,470 CDTR 177
450 C : -DEXP(C) CDTR 178

GO TO 480 CDTR 179
460 C : 0.DO CDTR 180

180 GO TO 480 CDTR 181
470 C : DEXP(C) CDTR 182
480 C : A2+C CDTR 183

TiI : I.DO-C CDTR 184
TI : SNGL(TII) CDTR 185

185 C CDTR 186
C SELECT PROPER EXPRESSION FOR P CDTR 187
C CDTR 188
490 IF (G-2.) 510,500,500 CDTR 189
500 IF (G-4.) 540,550,550 CDTR 190

190 C CDTR 191
C COMPUTE P FOR G GREATER THAN ZERO AND LESS THAN 2.0 CDTR 192
C CDTR 193
510 CALL DLGAM iTHPI,GTH,IOK) CDTR 194

DT2 : THETA*DLXX-X2-THPI*.6931471805599453-GTH CDTR 195
195 IF (DT2+I.68D02) 520,520,530 CDTR 196

520 P :TI CDTR 197
GO TO 580 CDTR 198

530 DT2 : DEXP(DT2) CDTR 199
T2 : SNGL(DT2) CDTR 200

200 P : TI+TZT2 CDTR 201
GO TO 580 CDTR 202

C CDTR 203
C COMPUTE P FOR G GREATER THAN OR EQUAL TO 2.0 CDTR 204
C AND LESS THAN 4.0 CDTR 205

205 C CDTR 206
540 P : TI CDTR 207

GO TO 580 CDTR 208
C CDTR 209
C COMPUTE P FOR G GREATER THAN OR EQUAL TO 4.0 CDTR 210

210 C AND LESS THAN OR EQUAL TO 1000.0 DTR 211
C CDTR 212
550 DT3 : 0.00 CDTR 213
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DO 570 I3:2,K CDTR 214
THPI : FLOAT(13)+THETA CDTR 215

215 CALL OLGAM (THPIGTHIOK) CDTR 216
DLT3 : THPI*DLX2-DLXX-X2-GTH CDTR 217
IF DLT3+I.68D02) 570,570,560 CDTR 218

560 DT3 : DT3+DEXP(DLT3) CDTR 219
570 CONTINUE CDTR 220

220 T3 : SNGL(DT3) CDTR 221
P : TI-T3-T3 CDTR 222

C CDTR 223
C SET ERROR INDICATOR CDTR 224
C CDTR 225

225 580 IF (P) 590,610,610 CDTR 226
590 IF (AD5(P)-I.E-7) 600,600,690 CDTR 227
600 P : 0.0 CDTR 228

GO TO 700 CDTR 229
610 IF (l.-P) 620,640,640 CDTR 230

230 620 IF (AD5(1.-P)-I.E-7) 630,630,690 CDTR 231
630 P : 1.0 CDTR 232

GO TO 700 CDTR 233
640 IF (P-I.E-8) 650,650,660 CDTR 234
650 P : 0.0 CDTR 235

235 GO TO 700 CDTR 236
660 IF ((I.0 3)-I.E-8) 670,670,700 CDTR 237
670 P : 1.0 CDTR 238

GO TO 700 CDTR 239
680 IER : -1 CDTR 240

240 D : -I.E75 CDTR 241
P : -I.E75 CDTR 242
GO TO 710 CDTR 243

690 IER : +1 CDTR 244
P : 1.E75CDTR 245

245 GO TO 710 CDTR 246
700 IER : 0 CDTR 247
710 RETURN CDTR 248

END CDTR 249

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

06 1 CONSTANT TOO LONG. HIGH ORDER DIGITS RETAINED, BUT SOME PRECISION LOST.
174 I CONSTANT TOO LONG. HIGH ORDER DIGITS RETAINED, BUT SOME PRECISION LOST.
194 I CONSTANT TOO LONG. HIGH ORDER DIGITS RETAINED, BUT SOME PRECISION LOST.

SYMBOLIC REFERENCE MAP (R:2)
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ENTRY POINTS DEF LINE
4 CDTR 45

VARIABLES SN TYPE
1410 A DOUBLE

1406 A2 DOUBLE
1412 B DOUBLE
1414 C DOUBLE

137? CC DOUBLE
0 D REAL

1364 DD DOUBLE

1354 DLT3 DOUBLE
1342 DLXX DOUBLE
1346 DLX2 DOUBLE

1416 DTZ DOUBLE
1420 DT3 DOUBLE
1426 DUMMY * REAL
1376 FAC DOUBLE

0 G REAL

1350 G DOUBLE
1362 GLG2 DOUBLE
1404 GTH DOUBLE

1352 G2 DOUBLE

1433 I INTEGER
0 IER INTEGER

1424 10K INTEGER
1432 ITI INTEGER
1435 13 INTEGER
1431 J INTEGER
1427 K INTEGER

0 P REAL

1425
1370
1402
1356

1422
1360

1400
1430

1366

SC
SER
TERMI
THETA

THP I
THPI

TLOG
TIOTII

Ti I

76/176 OPT:0 TRACE STATIC

REFERENCES
247

RELOCATION

F.P.

F.P.

F.P.

F.P.

REAL
DOUBLE
DOUBLE
DOUBLE

DOUBLE
DOUBLE

DOUBLE
REAL

DOUBLE

REFS
DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
94

REFS
DEFINED
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
194

REFS
DEFINED

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
221
REFS
REFS
REFS
REFS
194

REFS
REFS
1914

REFS
REFS

154
REFS

46
103
46
46
46
106
46
45

240
46
86
46
46
46
79
46
46
108
46
51
45
46
46
46

215
46
81
165
45
85
140
214
138
114
108
45

227
108
46
46
46

214
46
46

DEFINED
46
196
157
46

10/21/80 14.29.35

104
104
170

2*106
107
174
144
60

87
93

217
86

142

195
218

141
52

81
85
151
216
85

DEFINED
239
141

DEFINED
DEFINED
DEFINED

213
225
58

231
DEFINED

145
144
115

DEFINED
215
2x136
117
143
200
184
130

106
172
182
174
175
177
146
62

88

218
194
152

198
220

142
59

103
86
152

2*86

164
243
151
139
213
137

DEFINED
226

71
234
107
I50
145
117
114
216
151

153
206

157

173

DEFINED
DEFINED

177
'79

DEFINED
64

93

DEFINED
216
174

199
DEFINED

80

105

166

113

246
166

113
229
101
237

152
147
121
116

DEFINED
166

156
221

168

176

163
105
181
181
138
70

94

216
DEFINED

216

DEFINED
212

59

DEFINED

167

114

193

230
196
241

DEFINED
DEFINED

142

214
167

DEFINED
DEFINED

169

170
173
182
182
146
89

77

194
218

188

80

174

215

233
200
244

136
143
'S2

174

142
127

1 7

!83

9'

198

189

193

236
206

145
144
172

193

152
130

184

FTN V.8+508 PAGE
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VARIABLES

1434
1436

0

1374
1340

SN TYPE

T2
T3
X

XI
XX

1344 X2

EXTERNALS
DEXP

DLGA#1
DLOG
DSQRT
NDTR

INLINE FUNCTIONS
ABS
DABS
DBLE
D51GN
FLOAT
IDINT
SNGLT

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

35 150
41 160
44 170

0 180
55 190

0 200
150 210
154 220
157 230
165 240

0 250
0 260

200 270
262 280

0 290
303 300

0 310
321 320

0 330

RELOCATION

REAL
REAL
REAL

DOUBLE
DOUBLE

DOUBLE

TYPE
DOUBLE

DOUBLE
DOUBLE

TYPE
REAL
DOUBLE
DOUBLE
DOUBLE
REAL
INTEGER
REAL

F.P.

ARGS
I LIBRARY

3

3

A'GS
Va 

2I
2

I

INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE

INACTIVE

INACTIVE

INACTIVE
INACTIVE

INACTIVE

INACTI' '

INACTI VE

LIBRARY
LIBRARY

INTRIN
INTRIN
INTRIN
INTRIN
INTRIN
INTRIN
INTRIN

DEF LINE
52
53
57
58
60
62
64
69
70
76
88
89
91
93
99

100
161
10,
1;3
I16
117
122
126
127

REFERENCES

218
85

r 77
106
108

DEF LINE

REFERENCES
2*51
2*52
2*53
2*57

59
59
59
57
69

2*69
2*87

87
2*88

88
90

2*99
100
99

2*100
2*115

115
121

2*121
2*126

DEFINED
REFS
REF S
REFS

DEFINED
REFS
REFS

DEFINED
REFS

I9.'

104

79

REFERENCES
226
147
76

144
114
'13
94

92

129
2*200
2*221

53
45
46
4s
76
46

216

1 2.1

151
103

230
173
80

138

140
2*167

2*136

156
DEFINED
DEFINED

57

141
77

79
DEFINED

143

166
142

140

130

165
172

174

167
199
220
69

2*142
78

86
78

156

193
152

165

157

169

76

3*167
113

126

169

215
2*167

184

183

100

DEFINED
122

129

177

174

199

181 198

220
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STATEMENT LABELS
332 340
346 350
0 360

470 370
0 380
0 390

522 400
531 410
0 420

630 430
R 440
u -n

722 :nu
726 470
732 480
?' 490

l 5u0
76' 510
0 520

1015 530
1030 540
1034 550

0 560
IIC4 570
1116 580

0 590
0 600

1130 610
0 620
0 630

1144 64')
0 6cu

1153 660
0 670

1163 680
1172 691
1200 7u0

INACTIVE
INACTIVE

INACTIVE

INACTIVE
INACTIVE

INh. "'E

INACTIVE

INACIIVE

INACTIVE
INACTIVE

INACTIVE
INACTIVE

I NACT I VE

INACTIVE

1202 110

LOOPS
403
535
1040

LABEL
360
430
570

aNEX
1'

13

STAT 1ST 1
PROGR?1 LENGTH

140000 SCM USED

DEF LINE
129
136
148
150
151
154
156
163
169
171
176
177
179
181
182
188
189
193
196
198
206
212
218
219
225
226
227
229
230
231
233
234
236
237
239
243
?46

247

FROM-TO
139 148
164 171
213 21

14378

REFERENCES
126

2*122
139 2
147
150

2*153
153
122
168
164
175
176

2*175
176
178
128

2*188
188

2*195
195
109

2*199
21/
213 2
109
225
2*226
2*225
229

2*230
2*229
2*233
233

2*236
51

149 2
61

238
242

LENGTH
638
768
478

2*168

176

"80
131

52
*150
63

PROPERTIES
EXT
EXT
EXT

799

158

207

'55

201

53
226
65

230
72 102 228

REFS
REFS
REFS

232

EXITS

235 236
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SUBROUTINE CEXPAN (TCA,TXA,TXALTXC) CEXP 2
C CEXP 3
C IMPLICIT REAL * 8 (A-rdO-Z) CEXP 4
C CEXP 5

5 C *******************************;?t******************************** CEXP 6
C CEXP 7
C THIS SUBROUTINE IS CALLED FROM 4AIN AND COMPUTES CLADDING AXIAL. CEXP 8
C A'D RADIAL THERMAL EXPANSION CEXP 9
C CEXPAN WAS CODED BY G A BERNA IN JANUARY 1978. CEXP 10

10 C CEXP 11
C ************************* CEXP 12
C IPUT ARGUMENTS CEXP 13
C ****************************x* x*** ************ ****** CEXP 14
C CEXP 15

15 C TCA - CLADDING AVERAGE TEMPERATURE (F) CEXP 16
C CEXP 17
C *x**************************************************************** CEXP 18
C OUTPUT ARGUMcNTS CEXP 19
C **************************************z::*:* u :********: CEXP 20

20 C CEXP 21
C TXA - CLAD THERMAL EXP COEF IN RADIAL DIRECTION (IN/IN-F) CEXP 22
C TXAL. - CLAD THERMAL EXP COEF IN .AXIAL DIRECTION (IN/IN-F) CEXP 23
C TXC - CLADDiNG THERMAL EXPANSION COErFICIENT (1/F) CEXP 24
C CEXP 25

25 C ***************** ***************************: ** ************ CEXP 26
C CEXP 27

TCAK : (TCA+459.67E0)/I.8E0 CEXP 28
CALL CTHEYP (TCHKCATHEX,CDTHEX) CEXP 29
TXA : CDTHEX/:TCA-70.O) CEXP 30

30 TXAL : CATHEX/(TCA-70.0) CEXP 31
TXC : CDTHEX CEXP 32

C CEXP 33
100 CONTINUE CEXP 34

RETURN CEXP 35
35 END CEXP 36

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CEXPAN I 34

VARIABLES SN TYPE RELOCATION
37 CATHEX REAL REFS 28 30
40 CDTHEX REAL REFS 28 29 31
0 TCA REAL F.P. REFS 27 29 30 DEFINED 1

36 TCAK REAL REFS 28 DEFINED 27
0 TXA REAL F.P. DEFINED I ??
0 TXAL REAL F.P. DEFINED I 30
0 TXC REAL F.P. DEFINED 1 31



SUBROUTINE CEXPAN

EXTERNALS TYPE
CTHEXP

STATEMENT LABELS
0 100 INACTI'

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

ARGS REFERENCES
3 28

VE
DEF3LNE

33

'*ID

FTN 4.8+508 10/21/80 14.29.35

REFERENCES

33
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C

C

SUBROUTINE CHECK (IM,NA NC,NF,DEN,JN,ENRCH,FA ICN NR NSHCP CR,CPL
+,CRDT, I,DI5HSD,DSPG,DSGb.G0,FGPAVHDISH,HPLT,IC6R,IDXGAS,bUIN,RC
+ JDLPR NOPT,NSP,RDISH,TOTL1 NUNITS,V5,ROUGHF,ROUGHC,NGASR,DCI,DCOD
+E,DP DLTAZ,QMPY,TIME,TWP',JST,XIQUIT,AMFAIRAMFARG,AMFFG,AFHE,
+AMFH2, 1F,AMFH2O,AMFKRY,AtFN2,AtFXE,MECHAN,IVARM)

DIMENSION GO(IM), TItE(IH), QtPY(IH), DCI(NA), DCO(NA)
+ DE(NA) DP(NA), TN(IM), P2(IM) , JNi(), J5T(I),QF(238),X(258)
+ ,DELTAZ(NA) ,BUIN(NA)

10

I

5

151 : 0
IMMI : IM-1
JNI : JN(I)
JNI : JNI-I
NAI : NA-I
NSH :0

C
IF (IM.LT.I.OR.IM.GT.1000) WRITE (6,250) IM
IF (IM.LT.I.OR.IH.bT.1000) I5W : 15W+1
IF (NA.LT.I.OR.NA.GT.17) !RITE (6,260) NA
IF (NA.LT.I.OR.NA.GT.17) 15W : I5W+1
IF (NC.LT.0.OR.NC.GE.10) WRITE (6,270) NC
IF (NC.LT.0.OR.NC.GE.10) 15W : I5W+1
IF (NF.LT.0.OR.NF.GE.10) WRITE (6,280) NF
IF (NF.LT.0.OR.NF.GE.10) I5W : 151+1
IF (DEN.LE.50..OR.DEN.GE.100.) WRITE (6,290) DEN
IF (DEN.LE.50..OR.DEN.GE.100.) 15W : 151+1
IF (ENRCH.LT.0.EO.OR.ENRCH.GE.100.E0: WRITE (6,300) ENRCH
IF (ENRCH.LT.0.EO.OR.ENRCH.GE.100.E0) 15W : 151+1
IF (FA.LT.0..OR.FA.GT.5.) WRITE (6,310) FA
IF (FA.LT.0..OR.FA.GT.5.) ISW : I5W+1
IF (ICH.EQ.2.OR.ICH.EQ.4) GO TO 100
WRITE (6,320) ICM
I5W : ISW+1

100 CONTINUE
IF (NR.NE.II) WRITE (6,330) NR
IF (NR.NE.II) 15W : 15W+1
IF (NSH.LT.0) WRITE (6,340) NSH
IF (NSH.LT.0) I5W : 151+1
IF (CP.LT.0.) WRITE (6,350) CP
IF (CP.LT.O.) I5W : 151+1
IF (CR.LT.0.) WRITE (6,360) CR
IF (CR.LT.0.) I5W : 1511+1
IF (CPL.LT.0.) WRITE (6,370) CPL
IF (CPL.LT.0.) 15W : I5W+1
IF (CRDT LT.0.) WRITE (6,380) CRDT
IF (CRDT.LT.0.) I5W : 154+1
IF (I0.LT.0) WRITE (6,390) 10
IF (I0.LT.0) I5W : 151+1
IF (DISHSD.LT.0.) WRITE (6, 00) DISHSD
IF (DISHSD.LT.0.) 15W : I5W+1
IF (DSPG.LT.0.EO.OR.DSPG.GT.DCI(NA-1)) WRITE (6,410) DSPG
IF (DSPG.LT.0.EO.OR.DSPG.GT.DCI(NA-1)) I5W : 151+1

15

20

25

30

35

40

CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
:HECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

2
3
4
5
6
7
8
9

10
11
12
13
14
I5
16
I'
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

50
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IF (DSPGW.LT.0.) WRITE (6,420) DSPGW CHECK 55
55 IF (DSPGW.LT.0.) I15 : ISb+1 CHECK 56

IF (FGPAV.LT.0.) WRITE (6,430) FGPAV CHECK 57
IF (FGPAV.LT.0.) I5W : I5W+1 CHECK 58
IF (HDISH.LT.0.) WRITE (6,440) HDISH CHECK 59
IF (HDISH.LT.0.) I5W : 15W+1 CHECK 60

60 IF (HPLT.LT.0.) WRITE (6,450) HPLT CHECK 61
IF (HPLT.LT.0.) I5W : 15W+1 CHECK 62
IF (ICOR.LT.0) WRITE (6,460) ICOR CHECK 63
IF (ICOR.LT.0) IS : 151+1 CHECK 64
IF (IDXGAS.LT.0) WRITE (6,470) IDXGAS CHECK 65

65 IF (IDXGAS.LT.0) 15 : 15W+1 CHECK 66
IF (JDLPR.LT.0) WRITE (6,480) JDLPR CHECK 67
IF (JDLPR.LT.0) ISM : 151+1 CHECK 68
IF (NOPT.LT.0) WRITE (6,490) NOPT CHECK 69
IF (NOPT.LT.0) 15M : ISW+ CHECK 70

70 IF (NSP.LT.0) 151 : 15W+1 CHECK 71
IF (NSP.LT.0) WRITE (6,500) NSP CHECK 72
IF (RC.LT.0.) WRITE (6,510) RC CHECK 73
IF (RC.LT.0.) ISM : ISW+I CHECK 74
IF (RDISH.LT.0.) IS : 15W+1 CHECK 75

75 IF (RDISH.LT.0.) WRITE (6 520) DISH CHECK 76
IF (TOTL.LE.0.) WRITE (6,430) TOTIL CHECK 77
IF (TOTL.LE.0.) ISM : ISW+1 CHECK 78
IF (NUNITS.LT.0) WRITE (6,540) NUNITS CHECK 79
IF (NUNITS.LT.0) ISM : 15W+1 CHECK 80

80 IF (US.LT.0.) WRITE (6,550) VS CHECK 81
IF (US.LT.O.) I5 : 15+1 CHECK 82
IF (X(I).NE.0.) WRITE (6,560) X(1) CHECK 83
IF (X(I).NE.0.) IS : 1SW+I CHECK 84
IF (ROUGHF.LT.0.) WRITE (6,570) ROUGHF CHECK 85

85 IF (ROUGHF.LT.0.) I15 : 154+1 CHECK 86
IF (ROUGHC.LT.0.) WRITE (6,580) ROUGHC CHECK 87
IF (ROUGHC.LT.0.) 154 : 154+1 CHECK 88
IF (NGASR.LT.-2) WRITE (6,590) NGASR ChK!K 89
IF (NGASR.LT.-2) IS : 15W+l CHECK 90

90 IF (JN(I).LT.0) WRITE (6,600) JN(I) CHECK 91
IF (JN(I).LT.0) ISM : 154+1 CHECK 92

C CHECK 93
DTOT s 0. CHECK 94

C CHECK 95
95 IF (IUARDH.EQ.0) NAI : I CHECK 96

DO 110 II:1,NAI CHECK 97
IF (DP(II).LE.0.) WRITE (6,610) DP(II) CHECK 98
IF (DP(II).LE.0.) IS : 15W+1 CHECK 99
IF (DCI(II).LE.DP(II)) WRITE (6,620) DCI(II) CHECK 100

100 IF (DCI(II).LE.DP(II)) IS : 15W+1 CHECK 101
IF (DCO(II).LE.DCI(II)) WRITE (6,630) DCO(II) CHECK 102
IF (DCO(II).LE.DCI(II)) IS 154+1 CHECK 103
IF (DE(II).LT.0.) WRITE (6,640) DE(II) CHECK 104
IF (DE(II).LT.0.) ISM : ISW+1 CHECK 105

105 IF (DELTAZ(II).LT.0.) WRITE (6,650) DELTAZ(II) CHECK 106
IF (DELTAZ(II).LT.0.) 151 : 1SW+1 CHECK 107
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DTOT : DTOT+DELTAZ(II)
IF (BUIN(II).LT.0) WRITE (6,660) BUIN(II)
IF (BUIN(II).LT.0) I5W : I5W+1
CONTINUE

IF (IVARDH.EQ.0) GO TO 120
IF (DTOT.GT.TOTL+0.01.OR.DTOT.LT.TOTL-0.01) WRITE (6,670) DTOT
IF (DTOT.GT.TOTL+0.01.0R.DTOT.LT.TOTL-0.01) I51: 154W+1
CONTINUE

DO 130 II:1,I1
IF (GO(II).LT.0.) WRITE (6,680) G0(11)
IF (GO(II).LT.0.) 15W : ISW+1
IF (QMPY(II).LT.0.) WRITE (6,690) QMPY(II)
IF (QMPY(II).LT.0.) 15W : 15W+1
IF (TIME(II).LE.0.) WRITE (6,700) TIME(II)
IF (TIME('I).LE.0.) I5W : 15W+1
IF (TW(I1).LT.G.) WRITE (6,710) TW(II)
IF (TW(II).LT.0.) 15W : 5W+1
IF (P2(II).LT.0.) WRITE (6,720) P2(II)
IF (P2(II).LT.0.) 15W : I5W+1
IF (JST(II).LT.0..OR.JST(II).GT.8) WRITE (6,730) JST(I1)
IF (JST(II).LT.0..OR.JST(II).GT.8) 15 : 15W+1
CONTINUE
(TW(I).LE.0.) WRITE (6,740) TW(I)
(TW(l).LE.0.) I5W : 15W+1

IF
IF

IF (MECHAN.NE.I) GO TO 150
DO 140 II:' IMMI
IF (NUNITS.tQ.I.AND.AB5(QMPY(II+I)-QMPY(II)).GT.I.0) WRITE

+ 750)
IF (NUNITS.EQ.0.AND.A5(OMPY(IIl)-QMPY(II)).GT.3.3) WRITE

+ 750)
CONTINUE

CONTINUE
DO 160 11:1,1MM1
IF (TIME(II+1).LT.TIME(II)) WRITE (6,760) II,TIME(II),TIME

+ I)
IF (TIME(II+1).LT.TIME(II)) I5 : 15W+1
CONTINUE

(

IF (IDXGA5.NE.6) GO TO 170
AADD : AMFFG+AMFARG+AMFH2O+AMFHE+AMFN2+AMFAIR+AMFH2+AMFXE+AMFKR
IF (AADI.NE.I.0) WRITE (6,770) AADD
IF (AADD.LT.0.99.GR.AADD.GT.I.01) 15W : ISW+1

CONTINUE
DO 180 II:l,JNI
IF (QF(II).LT.0.) WRITE (6,780) QF(II)
IF (QF(II).LT.0) I5 : 15W+1
CONTINUE

DO 190 II:I,JNMII

110 110
C

115 120
C

CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CKECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

(6, CHECK
CHECK

(6, CHECK
CHECK
CHECK
CHECK
CHECK

11+ CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

Y CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

120

125

130 130

C

135

140 140
I50

145

108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
!45
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

160
C

X50

C
170

'55

180
C
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IF (X(II+1).LT.X(II)) WRITE (6,790) X(II+l)
IF (X(II+1).LT.X(II)) I5W : 1514+1
CONTINUE

IF (X(JNI).NE.TOTL) WRITE (6,800)
IF (X(JNI).NE.TOTL) I5W : 154+1

C
IF (IQ.EQ.1) GO TO 220
QFSAVE : 0.0

DO 200 11:1 JNI
IF (QF(i1).6T.QFSAVE) QFSAUE : QF(II)

200 CONTINUE
IF (QFSAVE.LT.I.) WRITE (6,810) QFSAVE
IF (QrSAVE.LT.I.) I5W : 154+1
IF (FA.EQ.I.) GO TO 210
IF (QF5AVE.GT.I.) WRITE (6,620) QFSAVE
IF (QFSAVE.GT.I.) 15W : 151+1
GO TO 230

210 CONTINUE
IF (QFSAVE.EQ.I.) WRITE (6,830)
GO TO 230

220 CONTINUE
IF (FA.LE.I.) WRITE (6,840) FA
IF (FA.LE.I.) IS =1514+1

230 CONTINUE
C

IF (S1N.EQ.0) GO TO 240
WRITE (6,850) 154W
IQUIT : I

240 CONTINUE
RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

+.4)
FORMAT
FORMAT
FORMAT
FORMAT

(IX,36HIM NOT WITHIN LIMITS (I TO 1000) IM- 15)
(IX,34HNA NOT WITHIN LIMITS (I TO 17) NA:,I5)
(IX,34HNC NOT WiTHIN LIMITS (0 TO 10) NC:,15)
(IX,34HNF NOT WITHIN LIMITS (0 TO 10) NF: 15)
(IX,38HDEN NOT WITHIN LIMITS (50 TO 100) bEN:,EI0.4)
(IX,4IHENRCH NOT WITHIN LIMITS (0 TO 100) ENRCH:,EI0.4)
(IX,33HFA NOT WITHIN LIMITS (0 TO 5) FA:,EI0.4)
(2X,35HICM NOT WITHIN LIMITS (2 OR 4) ICM:,15)
(IX,32HNR NOT WITHIN LIMITS (EQ II) NR:,15)
(IX,33HNSH NOT WITHIN LIMITS (GE 0) NSH:,15)
(IX,3IHCP NOT WITHIN LIMITS (GE 0) CP:,EI0.4)
(IX,3IHCR NOT WITHIN LIMITS (GE 0) CR:,E10.4)
(IX,33HCPL NOT WITHIN LIMITS (GE 0) CPL:,E10.4)
(IX,35HCRDT NOT WITHIN LIMITS (GE 0) CRDT:,EI0.4)
(IX,3IHIQ NOT WITHIN LIMITS (GE 0) IQ:,15)
(IX,39HDISHSD NOT WITHIN LIMITS (GE 0) DISHSD:,E10.4)
(IX,48HDSPG NOT WITHIN LIMITS (GE 0 AND LE DCI ) DSPG: ,E10

(IX,37HDSPGW NOT WITHIN LIMITS (GE 0) DSPGW:,EI0.4)
(IX,37HFGPAV NOT WITHIN LIMITS (GE 0) FGPAU:,EO0.4)
(IX,37HHDISH NOT WITHIN LIMITS (GE 0) HDISH:,EI0.4)
(IX,35HHPLT NOT WITHIN LIMITS (GE 0) HPLT:,EI0.4)

160

190

165

170

175

180

185

190

195

CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

161
162
163
164
165
166
167
168
169
170
i71
172
173
174
175
176
177
178
179
180
181
182
183
164
185
186
'87
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

C
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410

420
430
440
450

200

205

210

10/21/40 14.29.35 PAGE 4SUBROUTINE CHECK



76/176 OPT:0 TRACE STATIC FTN 4.8+508

460 FORMAT (IX,35HICOR NOT WITHIN LIMITS (GE 0) ICOR: E10.4) CHECK 214
470 FORMAT (IX,39HIDXGAS NOT WITHIN LIMITS (GE 0) IDXGAS:,E10.4) CHECK 215

215 480 FORMAT (IX,37HJDLPR NOT WITHIN LIMITS (GE 0) JDLPR: 15) CHECK 216
490 FORMAT (IX,35HNOPT NOT WITHIN LIMITS (GE 0) NOPT: I4) CHECK 217
500 FORMAT (IX,33HNSP NOT WITHIN LIhTS (GE 0) NSP:,I5) CHECK 218
510 FORMAT (IX,3IHRC NOT WITHIN LIMItS (GE 0) RC:,15) CHECK 219
520 FORMAT (IX,37HRDISH NOT WITHIN LIMITS (GE 0) RDISH:,ED0.4) CHECK 220

220 530 FORMAT (IX,35HTOTL NOT WITHIN LIMITS (GT 0) TOTL:,E10.4) CHECK 221
540 FORMAT (IX,39HNUNITS NOT WITHIN LIMITS (GE 0) NUNITS-,E0.4) CHECK 222
550 FORMAT (IX,31HVS NOT WITHIN LIMITS (GE 0) VS:,EI0.4) CHECK 223
560 FORMAT (IX,35HX(I) NOT WITHIN LIMITS (EQ 0) X(I)= E10.4) CHECK 224
570 FORMAT (IX,39HROUGHF NOT WITHIN LIMITS (GE 0) ROU6HF:,EI0.4) CHECK 225

225 580 FORMAT (IX,39HROUGHC NOT WITHIN LIMITS (GE 0) ROUGHC:,E10.4) CHECK 226
590 FORMAT (IX,38HNGASR NOT WITHIN LIMITS (GE -2) NGASR:,15) CHECK 227
600 FORMAT (IX,37HJN() NOT WITHIN LIMITS (GE 0) JN(I):,15) CHECK 228
610 FORMAT (IX,3IHDP NOT WITHIN LIMITS (GT 0) DP:,EI0.4) CHECK 229
620 FORItAT (IX,34HDCI NOT WITHIN LIMITS (GT DP) DCI:,EI0.4) CHECK 230

230 630 FORMAT (IX,35HDCO NOT WITHIN LIMITS (GT DCI) DCO:,EI0.4) CHECK 231
640 FORMAT (IX,3IHDE NOT WITHIN LIMITS (GE 0) DE:,EI0.4) CHECK 232
650 FORMAT (IX,39HDELTAZ NOT WITHIN LIMITS (GE 0) DELTAZ:,E10.4) CHECK 233
660 FORMAT (IX,36HBUIN NOT WITHIN LIMITS (GE 0) BUIN: ,E10.4) CHECK 234
670 FORMAT (IX,45HDELTAZ TOTAL NOT EQUAL TO TOTL, DELTAZ TOTAL:,E10.4) CHECK 235

235 680 FORMAT (IX,31HGO NOT WITHIN LIMITS (GE 0) GO:,E10.4) CHECK 236
690 FORMAT (IX,35HQMPY NOT WITHIN LIMITS (GE 0) QMPY:,EI0.4) CHECK 237
700 FORMAT (IX,35HTIME NOT WITHIN LIMITS (GE 0) TIME:,E10.4) CHECK 238
710 FORMAT (IX,3IHTW NOT WITHIN LIMITS (GE 0) TW:,EI0.4) CHECK 239
720 FORMAT (IX,31HP2 NOT WITHIN LIMITS (GE 0) P2:,EI0.4) CHECK 240

240 730 FORMAT (IX,35HJST NOT WITHIN LIMITS (0 TO 8) JST:,15) CHECK 241
740 FORMAT (IX,35HTW(I) NOT GREATER THAN 0.0, IW(I) :,E10.4) CHECK 242
750 FORMAT (IX,52H WHEN MECHAN : 1, QMPY SHOULD ONLY CLIMB AT I KW/FT CHECK 243

+ 44HPER TIME STEP OR 3.3 KW/M PER TIME STEP ) CHECK 244
760 FORMAT (IXv'45HTIME LESS THAN PREVIOUS TIME, PREVIOUS STEP :,13,3X, CHECK 245

245 +14HPREVIOUS TIME:,EI0.4,3X,5HTIME:,E10.4) CHECK 246
770 FORMAT (IX,34HGAS TOTAL NOT EQUAL TO 1.0, TOTAL:,E10.4) CHECK 247
780 FORMAT (IX,3IHQF NOT WITHIN LiMITS (GE 0) QF:,EI0.4) CHECK 248
790 FORMAT (IX,38HX VALUE LESS THAN PREVIOUS X VALUE, X:,E10.4) CHECK 249
800 FORMAT (tX,24HX(JNI) NOT EQUAL TO TOTL) CHECK 250

250 810 FORMAT (IX,53HAT LEAST ONE VALUE OF QF MUST BE 1.0 OR GREATER. QF CHECK 251
+:,F6.3) CHECK 252

820 FORMAT (IX,52HFA GREATER THAN 1.0, MAXIMUM QF MUST EQUAL 1.0 QF : CHECK 253
+,F6.3) CHECK 254

830 FORMAT (IX 80H*** WARNING *** CHECK QF INPUT - SHOULD BE NORMALIZE CHECK 255
255 +D TO AVERAtE WHEN FA : 1.0 ) CHECK 256

840 FORMAT (IX,47HWHEN IQ : 1, FA MUST BE GREATER THAN 1.0 FA :,F6.3 CHECK 257
+) CHECK 258

850 FORMAT (IX,23HTOTAL NUMBER OF ERRORS:,15) CHECK 259
END CHECK 260

10/21180 19.29.35 PAGE 5SUBROUTINE CHECK
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POt',Is
14 .HECK

U(O'ABLES
214S AARlD

0 AMF3IR
J AMFARG
0 AMFFG
0 AMFHE
0 AMFH2
C AMFH2O
0 AMFKRY
0 AMFN2
0 AMFXE
o DUIN
0 CP
0 CPL
0 CR
0 CRDT
0 DCI

0
0
0
0
0
0

0
0

2463
0
0

0
0
0
0
0
0
0

2464

DCO
DE
DELTAZ
DEN
DISHSD
DP

DSPG
DSPGWJ
DTOT
ENRCH
FA

FGPAV
GO
HDISH
HPLT
ICM
I COR
IDXGAS
II

0 INI

2457 ;MMI

DEF LINE
i

5N TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
189

RELOCATIC4

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL.
REAL
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

INTEGER

INTEGER

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
FP..

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REF5
REFS
REFS
REFS

DEFINED
REF.
REFS
REFS
REFS
REFS

DEFINED
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS

104
2*120
3*128
3*160
154

REFS
DEFINED

REFS

2* 150
149
149
149
"49
I''9
149
149
149
149
7

?*40
2*44
2*42
2*46

7
rI
77

3*26
Z*50
7

3*52
2*54
107
3*28
3*30

2*56
7

2*58
2*60
2*32
2*62
2*64
2*97

2*105
121

2* 129
2*161
159
5*7

135

2*151
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

2*108
41
45
43
47
52

2fl01
2.103
2*105
2 27
51
2*97

2*53
55

3*113
2*29
2*31

57
2*118

59
61
33
63
65
98
106

2* 122
2* 136
2* 169

168
12

142

DEFINED

I
I
I
I

109
DEF INED
DEFINED
DEFINED
DEFINED

53

102
104
106

DEFINED
DEFINED

98

DEFINED
DEFINED
2 114

DEFINED
173

DEFINED
119

DEFINED
DEFINED
DEFINED
DEFINED

148
3*99
107
123

Z* 138
DEFINED

3*18

DEFINED

149

101 102

i

107

DEFINED

2*99

DEFINED
DEFINED

107

1

99

I
I

DEFINED
I

2*131

I
DEFINED

DEFINED
2*100
2*108
2*124
5*1143

96

2*19

100

DEFINED

100

93

182

3*101
109
125

2*145
117

2*102
2*118
2*126
2*155
135

2*103
119
127
156
142

117

12

SUBROUTINE CHECK 10/21/80 14.29.35 PAGE 6
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VAR a LES
0 IA
0 IQUIT

2456 151W

0 IVARDM
0 JDLPR
0 JN

2461 JNMI
2460 JNI

0 JST
0 MECHAN
0 NA

2462 NAI
9 NC
0 NF
0 NGASR
0 NOPT
0 NR
0 NSH
0 NSP
0 NUNITS
0 P2
0 QF

2466 OFSAVE

0 QMPY

0
0
0
0
0

RC
RDISH
ROUGHC
ROUGHF
TIME

0 TOTL

0 TN

5N TYPE
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL

REAL

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

RELOCATION
F.P.
E.P.

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

REFS
DEFINED

REFS
34
51
67
83

104
127
172
21
39
55
70
87

109
132
182

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED

2*48
I

19
37
53
69
85
106
129
175
23
4i;
37
73
89

114
145

95
2*66
7

159
14
13
7

134
6*7
1

96
3*22
3*24
2*88
2*68
2*36
2*38
70

2*78
7
7

169
167
7
1

2*72
74

2*86
2*84
7
1

2*76
7
7
1

49
187
21
39
55
70
87
109
132
182
25
43
59
74
91
119
151

112
67
13

DEFINED
154

3*128
DEFINED

15

DEFINED
2*23
2*25
89
69
37
39

2*71
79

2* 126
2*155
2*171
'69

2* 120

73
2*75
87
85

2* 122

77

166

23
41
57
73
89

114
145
1d5
27
45
61
77
98
121
156

DEFINED
DEFINED

2*90
14

163

2*129
1

3*20

15
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

136
127
156
172

121

DEFINED
DEFINED
DEFINED
DEFINED

123

2*113

DEFINED

25
43
59
74
91
119
151
186
29
I7
63
79
100
123
161

91

164

DEFINED

2*21

95

138
DEFINED
2*169
2*1711

2* 136

2*114

2* 131

2?
45
61
77
98

121

DEFINED
31
49
65
81

102
125
164

DEFINED

168

52

16

DEFINED

DEFINED
175

2*138

2115

163

132

29
47
63
79

100
123
161

11
34
51
67
83
104
127
172

31
49
65
81

102
125
164
19
37
53
69
85

106
129
175

i

53

178

2*124

SUBROUTINE CHECK 10/21/80 14.29.35 PAGE 7
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VARIABLES
O uS
0 X

SN TYPE
REAL
REAL

RELOCATION
F.P.

ARRAY F.P.

FILE NAMES
rAPE6

INLINE FUNCTIONS
ABS

MODE
FMT

TYPE
REAL

WRITES
36
54
72
90
120
150

ARGS
I INTRIN

DEF LINE

18
38
56
75
97

122
'55

REFERENCES
136

STATEMENT LABELS
152 100
0 110

656 120
0 130
0 140

1025 150
0 160

1101 170
0 180
0 190
0 200

1220 210
1226 220
1241 230
1250 240
1637 250 FMT
1645 260 FMT
1653 270 FMT
1661 280 FMT
1667 290 FMT
1675 300 FMT
1704 310 FMT
1712 320 FMT
1720 330 FMT
1726 340 FMT
1734 350 FMT
1742 360 FMT
1750 370 FMT
1756 380 FMT
1764 390 FMI
1771 400 FMT
2000 410 FMT
2007 420 FMT
2015 430 FMT
2023 440 FMT
2031 450 FMT

DEF LINE
35

110
115
130
140
141
146
153
157
162
170
177
180
183
188
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
209
210
211
212

REFERENCES
32
96
112
117
135
134
142
148
154
159
168
173
166
176
185
18
20
22
24
2u
28
30
33
36
38
40
42
44
46
48
50
52
54
56
58
60

REFS
REFS

DEFINED

2*80
7
1

81
2482

DEFINED
83

I
33l60 2*161 163

20
40
58
76
99

124
160

138

22
42
60
78

101
126
163

164

24
44
62
80
103
128
171

26
46
64
82

105
131
174

28
48
66
84
108
136
178

30
50
68
86
113
138
181

33
52
71
88
118
143
186

179

SUBROUTINE CHECK 10/21/80 14.29.35 PAGE 8
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STATEMENT LABELS
2037 460 FMT
2045 470 FMT
2054 480 FMT
2062 490 FMT
2070 500 FMT
2076 510 FMT
2103 520 FMT
211! 530 FMT
2117 540 FMT
2126 550 FMT
2134 560 FMT
2142 570 FMT
2151 580 FMT
2160 590 FMT
2166 600 FMT
2174 610 FMT
2202 620 FMT
2210 630 FMT
2216 640 FMT
2224 650 FMT
2233 660 FMT
2241 670 FMT
2250 680 FMT
2256 690 FMT
2264 700 FMT
2272 710 FMT
2300 720 FMT
2306 730 FMT
?214 740 FMT
2322 750 FMT
2336 760 FMT
2351 770 FMT
2357 780 FMT
2365 790 FMT
2373 800 FMT
2400 810 FMT
2410 820 FMT
2420 830 FMT
2432 840 FMT
2441 8C0 FMT

DEF LINE
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
244
246
247
248
249
250
252
2541
256
258

REFERENCES
62
64
66
68
71
72
75
76
78
80
82
84
86
88
90
97
99

101
103
!05
108
113
118
120
122
124
126
128
131
136
143
ISO
155
160
163
171
174
178
181
186

INDEX
II
II
II
II
II
II
II

FROM-TO
96 110
117 130
135 140
142 146
154 157
159 162
168 170

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
1068
1038
248
208
I58
178
78

PROPERTIES
EXT
EXT
EXT
EXT
EXT
EXT

INSTACK

25618

138

LOOPS
527
660
1000
1027
1103
1122
1164

LABEL
110
130
140
160
180
190
200

REFS
REFS
REFS
REFS
REFS
REFS

SUBROUTINE CHECK 10/21/80 14.29.35 PAGE 9
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SUBROUTINE CLADRP (COLDWKCRN,DCO,FLUX, I':J,NAQC,TCATCI,TCOTIME CLAD 2
+) CLAD 3

C CIAD4
C IMPLICIT REAL * 8 ( A-HO-Z ) CLAD 5

5 C CLAD 6
C * ******************* * xxx*************************U******* CLAD 7
C CLAD 8
C THIS SUBROUTINE 15 CALLED FROM MAIN AND COMPUTES THE CLADDING CLAD 9
C INSIDE SURFACE TEMPERATURE AS WELL AS THE CLADDING AVERAGE TEMP. CLAD 10

10 C CLADRP WAS CODED BY G A BERNA NOVEMBER 1977. CLAD 11
C CLAD 12
C * z************* * xxxxx***x*:x** CLAD 13
C INPUT ARGUMENTS CLAD 14
C ****m::*xxxx*xxxxxxx** xx*xxxxxx*x*xx*x********* CLAD 15

15 C CLAD 16
C COLDWK - CLADDING COLD WORK CLAD 17
C CRN - CLADDING DIAMETER RATIO (DCO/DCI) CL14D 18
C DCO - CLADDING OUTSIDE DIAMETER (IN) CLAD 19
C FLUX - FAST NEUTRON FLUX (NEUTRONS/SEC-M**2) CLAD 20

20 C IT - POWER-TIME STEP INDEX CLAD 21
C J - AXIAL NODE INDEX CLAD 22
C NA - MAXIMUM NUMBER OF AXIAL NODES CLAD 23
C QC - HEAT FLUX AT NODE J (BTU/HR-FT**2) CLAD 24
C TCA - CLADDING AVERAGE TEMPERATURE (F) CLAD 25

25 C TCO - OUTSIDE CLADDING TEMPERATURE (F) CLAD 26
C TIME - TIME AT FLUX (SEC) CLAD 27
C CLAD 28
C ***** ********U********************** **E*Z************* U CLAD 29
C OUTPUT ARGUMENTS CLAD 30

30 C :* s::s::u**z:*:z** m: :** * : ***** *:****zu * :z:::::**x:* z CLAD 31
C CLAD 32
C TCA - CLADDING AVERAGE TEMPERATURE (F) CLAD 33
C TCI - CLADDING INSIDE SURFACE TEMPERATURE (F) CLAD 34
C CLAD 35

35 C U******** ************ *****x******** ************************ CLAD 36
C CLAD 37

DIMENSION TCA(I) , TIME(i) CLAD 38
C CLAD 39
100 TCAK : (TCA(J)+459.67)/I1.8 CLAD 40

40 C CLAD 41
CALL CTHCON (TCAKTIME( IT),FLUXCOLDWK,CCON,CDKDT) CLAD 42

C CLAD 43
TCI : TCO+QC*DCO*ALOG(CRN),(24.*CCON)*1.7296 CLAD 4
TCA(J) : 0.5*(TCI+TCO) CLAD 45

45 C CLAD 46
RETURN CLAD 47
END CLAD 48
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
M CLADRP

VARIABLES
62 CCON
63 CDKDT

0 COLDWK
0 CRN
0 DCOo FLUX
0 IT
0 J
0 NA
0 QC
0 TCA

61 TCAK
0 TCI
0 TCO
0 TIME

EXTERNALS
ALOG
CTHCON

STATEMENT LABELS
0 100

STATISTICS
PROGRP' LENGTH

1400008

DEF LINE

SN TYPE
REAL

* REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

INACTIVE

REFERENCES
46

RELOCATION

*UNUSED

ARRAY

ARRAY

ARG!
I LIBRARY
6

DEF LINE
39

F.P.
F.P.
F.P.
F.P.
F.F.
F.F.
F.P.
F.r.
F.P.

F.P.
F.P.
F.P.

REFS
REFS
REF5S
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

REFERENCES
43

41

REFERENCES

52
SCM USED

41
41
41
43
43
41
41
39
1

43
37
41
44
43
37

DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED

44

DEF I NED
39

DEFINED
DEFINED

44
41

I
I
I
I

DEFINED

DEFINED
I

DEFINEDDEFINED
43

I

SUBROUTINE CLAMRP 10/21/80 14.29.35 PAGE 2
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SUBROUTINE CLADF (PGPCTCRCIRCOCSIGCEPSCEPPCEPFSNRELAXDT
+IME,TIME,CREP,NPLAST)

IMPLICIT REAL*8 (A-HO-Z)

Xx*x**x * XxX**** ** X*x*xx X X *XXX***** *X *****X*X***

CLADF 15 CALLED FROM FCHI AND GAPT AND CALCuLATES THE FREE
STANDING CLADDING DEFORMATION

I** PUT ARGUMNTS** * X** * X*Xx XX * ** * X*X i XXX K Ctat
INPUT ARGUMENTS
xttttttttttttttttt*tatttttttt*ttttttttttt**tttttt*tt***tttt#t* ***

5

10

15

20

(PSI)

I CREEP CALCULATED

*xxxx***xx**x***x******xx*****x**xxtttx*tttt****tt**ttttttt*t******
OUTPUT ARGUMENTS
ttttx**tt**x********tttt**x*******************x*xxxxxxxxxxx****

CEP - TEMPORARY EFFECTIVE PLASTIC STRAIN (IM/IN)
CEPP - TEMPORARY HOOP. AXIAL, & RADIAL PLASTIC STRAINS (IN/IN)
CEPS - TEMPORARY HOOP, AXIAL, & RADIAL STRAINS (IN/IN)
CREP - CREEP STRAIN (IN/IN)

THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL PROPERTIES
USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM

COMMON /MATCNS/ ANRIN
, FNCK

COMPP
,FNCN

, CNKF , CNNF
,FOTMTL ,FRDEN

,DELOXY ,FLUX
,FTNELT ,RSTRAN

*NRIN - CONTRACTILE STRAIN RATIO M'URING UNIAXIAL TENSIL TEST
(:'P STRAIN)/(RADIAL STRAIN)
COMP - PUO2 CONTENT (WT=)
C&KF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M*t/M**2)
CMNF - EFFECTIVE COLD NORK FOR STRAIN HARDENING EXPONENT
DLLOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
'LADDING (KG OXYGEN/KG ZIRCALOY)
FLUX - FAST NEUTRON FLUX (N/MtZ2-SEC)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/tMt2)

I

TEMPOkARY '"OP, AXIAL, & RADIAL STRESS
TIME I ""EMENT (HRS)
THIS 15 PRESENTLY EQUAL TO ZERO
ELASTIC-PLASTIC FLAG
CREEP FLAG, : 0 NO CREEP CALCULATED :
COOLANT CHANNEL PRESSURE (PSIA)
ROD INTERNAL GAS PRESSURE (PSIA)
CLADDING INSIDE RADIUS (IN)
CLADDING OUTSIDE RADIUS (IN)
CLADDING AVERAGE TEMPERATURE (F)
END OF STEP TIME HRS)

CSIG
DTI E
FS
NPLAST
NRELAX
PC
PG
RCI
RCO
TC
TIME25

30

35

40

50

C
C
C
C
C
C
C
C
C
C

FTN 4.8+508 10/21/80 14.29.35 PAGE I

CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CL F
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
'ATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
PATCNS
MATCNS
MATCMS
MATCNS
MATCNS
MATCNS
MATCNS

-
-

-
-
-
-
-
-
-
-
-



SUBROUTINE CLADF

C
C
C
C
C
C
C

FNCN
FOTMTL
FRDEN
FTMELT
RSTRAN

76/176 OPT:0 TRACE STATIC FT 4 .8+508

- EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT
FUEL OXYGEN TO METAL RAITO
(FUEL PC'UAL uENSITY)'(FUEL THEORITICAL DENSITY)
U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
TRUE STRAIN RATE (1/SEC)

REAL CSIG(3),CEPS(3) CEPP(3),DEPP(3) ALFDT(3)
DATA CNMTPS / 6.894757E ',CKTOR / 1.8E6 /, CFTOR / 459.67E0I
DATA PI / 3.14159E0 /, CC /I.EO /
CSIG(I) : (RCI*PG-RCO*PC)/(RCO-RCI)
CSIG(2) : (PI*(RCI*RCI*PG-RCO*RCO*PC)+FS)/(P;*(RCO**2-RCI**2))
IF (NPLAST.EQ.1) GO TO 100
DEPP() : 0.EO
DEPP(2) : O.EG
DEPP(3) : 0.E0
DEP : 0.E0
GO TO 150

100 CONTINUE
SIGEFF : SQRT(CSIG(I)**2+CSIG(2)**2-C5IG(I)s5SIG(2))
IF (SIGEFF-0.001) 110,110,120

110 DEPP(I) : 0.0
DEPP(2) : 0.0
DEPP(3) : 0.0
DEP : 0.0
GO TO 150

120 CONTINUE
SM : (CSIG(I)+CSIG(2))/3.0
52 : CSIG(2)-SM
52 = CSIG(2)-SM
CEPI : CEP
IF (NRELAX.NE.1) GO TO 130

C
CALL '4EPR (SIGEFF,DEPDOT,TIME,TC,FLUX,CREP)

C
DE: :DEPDOT*DTIME
Gr TO 140

130 CONTINUE
C

CALL STRAIN (SIGEFFCC,CEPI,TCRSTRAN,ANRINDELOXY,CNKFCNNF,FNCK,
-FNCN)

C
DEP : CEPI-CEP

140 CONTINUE
DEPP(I) : I.5$DEP*SISIGEFF
DEPP(2) : I.S*DEP*S2/SlGEFF
DEPP(3) : -DEPP(I)-DEPP(2)

150 CONTINUE
TCI : (TC+CFTOR)/CKTOR
E : CELMOD(TCI,FNCK,CNKF,DELOXY)/CNMTPS
CR : CSHEAR(TCI,FNCK,CNKF,DELOXY)/CNMTPS
V : E/(?CR)-I
CALL CTHEXP (TCI,CATHEX,CDTHEX)

10/21/80 4.29.35 PAGE 2

55

CLDF
CLDF
CL DF
CLDF
CLDF
CLDF
CL.'
CL 3FCl. OF
CL )F
CLDF
CLDF
CLDF
CLDF
CL DF

60

MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CL DF
CLDF
CLDF
CLDF
CLDF
CLDF

65

70

75

80

85

90

95

100

105

18
19
20
21
22
23
24
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
55
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

(

I



76/176 OPT:0 TRACE STATIC FTN 4.8+508

ALFDT(I) : CDTHEX
ALFDT(2) : CATHEX
ALFDT(3) : CDTHEX

110 CEPS(l) : (CSIG(I)-U*CSIG(2))/E+CEPP(I)+DEPP(I)
CEPS(2) : (CSIG(2)-U*CSIG(I))/E+CEPP(2)+DEPP(2e
CEPS(3) : -U*(CSIG(I)+CSIG(2))/E+CEPP(3)+DEPP(Z)

C ***THESE ARE MECHANICAL STRAINS - NOW ADD THERMAL STRAINS
CEPS(I) : CEPS(I)+ALFDT(i)

1 13 CEPS(2) : CEPiS(2)+ALFIDT(2)
CEPS(3) : i:EPS(3)+ALFDT(3)
CEPP($) : .:EPP(I)+PEPP(1)
CEPP(2) CEPP(2)+DEP;'2)
'[PP") : CEPP(3)+DEPP 3)

120 IF (NRELAX.NE.1) CEP : CEP+DEP
IF (NRELAX.EQ.I) CREP : CPEP+DEP
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CLADF

VARIABLES
352 ALFDT

0
345
325
346
0
0

A;RIN
CATHEX
CC
CDTHEX
CEP
CEPP

0 CEPS

337
323
322
321

343
0
0

2
3
4

332

CEPI
CFTOR
CKTOR
CNMTPS
COMP
CR
CREP
CSIG

CNKF
CNNF
DELOXY
DEP

DEF LINE
I

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
RAL
REAL
REAL
REAL
REAL

REFERENCES
122

RELOCATION
ARRAY

MATCNS

ARRAY

ARRAY

ARRAY

REAL
REAL
REAL
REAL

F.P.
F.P.

F.P.

MATCNS

F.P.
F.P.

MATCNS
MATCNS
MATCNS

CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF
CLDF

86
87
88
9
90
91
92
93
94
95
96
97
98
99
100
10I
102

107 108REFS
109

REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS
III

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*112
REFS
REFS
REFS
REFS

89

61

42
:06
93
A16
8'
61
'I61

112
93
102
102
103
42
105
87
61

DEFINED
42
42
42
98
96

114

93
108

DEFINED
107
96

110
117
114
114
96

DEFINED
DEFINED

104

DEFINED
121

4x73

93
93
93
99

115

63
109
120
III
118
115
115

DEFINED
62
62

DEFINED

104
DEFINED

2*81
64
103

103
120

116

DEFINED
112
119
116
116
84

62

I
82
65
104

104
121

DEFINED

I
117

DEFINED

121
83

DEFINED

120
118

2*110

119

110

2*111

70 78
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VARIABLES
340 DEPDCT
347 DEPP

0
342

5
6
7

10
11

0
12
0
0
0
0

324
0
0

13
333

334
335
336
0

341
0

344

DTINE
E
FLUX
FNCK
FNCN
FOTMTL
FRDEN
F5
FTHELT
NPLAST
NRELAX
PC
PG
PI
RCI
RCO
RSTRAN
5IGEFF

SM
51
52
TC
TCI
TIME
V

EXTERNALS
CELMOD
CREPR
CSHEAR
CTHEXP
SORT
STRAIN

STATEMENT LABELS
43 100
0 110

67 120
121 130
131 140
I45 150

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

REAL

REAL

INACTIVE

RELOCATION

ARRAY

F.P.

MATCNS
MATCNS
MATCNS
MATCNS
MATCNS5
F.P.

MATCNS
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

MATCNS

F.P.

F.P.

ARGS REFERENCES
4 103
6 87
4 104
3 106
I LIBRARY 73

11 93

DEF LINE
72
75
80
91
97
101

REFS
REFS

119
98

REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

COMMON BLOCKS
MATCNS

LENGTH
12

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

112
75

DEFINED

I?1
76

103

ieI
77

87
61

DEFINED
99
89
105
42
42
42
42
42
65
42
66
85
64
64
2*65
2*64
2*64

42
74
73
82
98
99
87
103
87
110

89
2*100

67
100

DEFINED
110
87
93
93

DEFINED

DEFINED
120
65
65

DEF I NED
3*65
3*65
93
87

83
DEFINED
DEFINED

93
104

DEFINED
Il

110
68

lip

103

1
121

DEFINED
DEFINED

63
DEFINED
DEFINED

93

DEFINED
82
83

102
106

I
1124

IlI
69

112

104

DEFINED
I

I

96

81

DEFINED
DEFINED

DEFINED

I

99

1
102

105

REFERENCES
66

2*74
74
85
90
71

3558
148

237
12
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SUBROUTINE CLDGRO (TCA,FLUX,FLXTIM,CATEXF,COLDWKAXLEN,EPS02,J,EPS CLDG 2
+0,MNA,MNRMECHAN) CLDG 3

C CLDG
C IMPLICIT REAL * 8 (A-H,0-Z) CLDG 5

5 C CLDG 6
C ******************************************************************* CLDG 7
C CLDG 8
C CLDGRO 15 CALLED FROM MAIN AND COMPUTES THE CLADDING AXIAL GROWTH CLDG 9
C CLDG 10

10 C ******************************************************************* CLDG II
C INPUT ARGUMENTS CLDG 12
C ******************************** CLDG 13
C CLDG 14
C CATEXF - TEXTURE FACTOR FOR THE AXIAL DIRECTION CLDG 15

15 C EP50 - TOTAL FUEL & CLADDING PERMANENT STRAINS(?LAST STEP) CLDG 16
C COLDWK - CLADDING COLDWORK CLDG 17
C FLUX - FAST NEUTkON FLUX (NEUTRONS/5EC-M**2) CLDG 18
C FLXTIM - TIME AT TEMPERATURE (SEC) CLDG 19
C TCA - CLADDING AVERAGE TEMPERATURE (F) CLDG 20

20 C CLDG ?I
C ***************************************************** ************* CLDG 22
C OUTPUT ARGUMENTS CLDG.43
C * ********** ******************************** CLDG 24
C CLflG 25

25 C AXLEN - AXIAL STRAIN DUE TO CLADDING IRRADIATION GROWTH CLDG 26
C EP502 - TOTAL FUEL & CLADDING PERMANENT STRAINS(CURRENT) CLDG 27
C CLDG 28
L ********************************************************** ********* CLDG 29
C CLDG 30

30 DIMENSION EPS02(MNAMNR,3) EPS0(MNAMNR,3) CLDG 31
TCAK : (TCA+459.67E0)/I.8E6 CLDG 32
AXLEN : CAGROW(TCAK,FLUX,FLXTIM,CATEXF,COLDWK) CLDG 33
IF (MECHAN.NE.3) GO TO 100 CLDG 34
EP502(J-I,12,1) : EP5O(J-1,12,I) CLDG 35

35 EPSC2(J-1,12,2) : EPSO(J-1,12,2) CLDG 36
EP502(J-1,12,3) : EP50(J-1,12,3)+AXLEN CLDG 37
EP502(J-1,13,1) : EPSO(J-1,13,I) CLDG 38
EP502(J-1,13,2) : EP50(J-I,13,2) CLDG 39
EPS42(J-l,13,3) : EP50(J-l,13,3)+AXLEN CLDG 40

40100 CONTINUE CLDG 4
RETURN CLDG 42
END CLDG 43

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CLDGRO I 41

10/21/80 I4.29.35 PAGE I



SUBROUTINE CLDGRO

VARIABLES SN TYPE
0 AXLEN REAL
0 CATEXF k AL
0 COLDWK REAL
0 EPSO REAL

0 EPS02 REAL

0 FLUX REAL
0 FLXTIM REAL
0 J INTEGER

0 MECHAN INTEGER
0 "NA INTEGER
0 MNR INTEGER
0 TCA REAL

i1? TCAK REAL

EXTERNALS TYPE
CAGRON REAL

STATEMENT LABELS
104 100

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

A

A

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P. REFS
F.P. REFS
F.P. REFS

RRAY F.P. REFS
DEFINED

ARRAY F.P. REFS
38

F.P. REFS
F.P. REFS
F.P. REFS

DEFINED
F.P. REFS
F.P. REFS
F.P. REFS
F.P. REFS

REFS

ARGS
5

DEF LINE
40

1208

10/21/80 14.29.35

36
32
32
30
1

30
39
32
32

2*34

33
2*30
2*30

31
32

39
DEFINED
DEFINED

3.

DEF I NED

DEFINED
DEFINED

2*35

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
iI

35

I

I

36

34

I
I

2*36

I
I
I
I
3'

32

37

35

2*38

38

36

2*39

REFERENCES
32

REFERENCES
33

80

2

39

37

FTN 4.8+508 PAGE
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SUBROUTINE CLOSE (TC PG,PC URF DELTA,EPP,EPRCI RCO,RFOOLDTC,OLDP CLOS 2
+GOLDPC,OLDURF,J,FEP ,RFEPt,RES,OLEPS,OLFEPS,NAELAX,DTIME,TIME,EC CLOS 3
+REEPNA,IQUIT,NPLAST) CLOS 4

C CLOS 5
5 C IMPLICIT REAL*8 (A-H,O-Z) CLOS 6

C CLOS 7
C THIS ROUTINE SEEKS OUT THE POINT OF GAP CLOSURE CLOS 8
C CLOSE IS CALLED FROM FCII CLOS 9
C CLOS 10

10C CLOS II
DIMENSION TCti% ,PG(l) ,PCil) CLOS 12
+ ,URF(i1 ,CSIG(3) ,CEPS(3) CLOS 13
+ ,CEPP(3) ,EP(I) ,OLDTC(I) ,OLDPG(I) CLOS 14
+ ,OLDPC(I) ,OLDURF(I) ,OLFEPE.l) ,EPP(NA,I) CLOS 15

15 + ,FEPS(NA,I) ,RFEPS(NA,i) ,REPS(NA,I) ,OLEPS(l) CLOS 16
+ ,ECREEP(I) CLOS 17

C CLOS 18
C ** **dS*******9**************** *xxxx****xxx**********x***xxxx CLOS 19
C INPUT ARGUMENTS CLOS 20

20 C *** * ***g*******************fl CLOS 21
C CLOS 22
C CSIG - TEMPORARY HOOP, AXIAL, & RADIAL STRESS (PSI) CLOS 23
C DELTA - COLD STATE RADIAL GAP (IN) CLOSE 24
C DTIME - TIME INCREMENT (HRS) CLOS 25

25 C ECREEP - CREEP STRAIN (IN/IN) CLOS 26
C FEPS - HOOP, AXIAL, & RADIAL FUEL STRAINS CLOS 27
C J, - AXIAL NODE INDEX CLOS 20
C NA - MAXIMUM NUMBER OF AXIAL NODES CLOS 29
C NPLAST - ELASTIC-PLASTIC FLAG CLOS 30

30 C NRELAX - CREEP FLAG CLOS 31
C OLDPC - COOLANT CHANNEL PRESSURE OF PREVIOUS POWER STEP (PSIA) CLOS 32
C OLDPG - ROD INTERNAL GAS PRESSURE OF PREVIOUS POWER STEP (PSIA) CLOS 33
C OLDTC - CLADDING AVERAGE TEMPERATURE-PREVIOUS POWER STEP (F) CLOS 34
C OLDURF - FUEL RADIAL DISPLACEMENT OF PREVIOUS POWER STEP (IN) CLOS 35

35 C PC - COOLANT CHANNEL PRESSURE (PSIA) CLOS 36
C PG - ROD INTERNAL GAS PRESSURE (PSIR) CLOS 37
C RFO - FUEL OUTSIDE RADIUS (IN) CLOS 38
C TC - CLADDING AVERAGE TEMPERATURE (F) CLOS 39
C T; - END OF STEP TIME (HRS) CLOS 40

40 C URF - FUEL RADIAL DISPLACEMENT (IN) CLOS 41
C RCI - CLADDING INSIDE RADIUS (IN) CLOS 42
C RCO - CLADDING OUTSIDE RADIUS (IN) CLOS 43
C CLOS 44
C *************************** *****m:::*z********z *:* CLOS '*5

45 C OUTPUT ARGUMENTS CLOS 46
C ***********:m***** :* * * *********x:*n*u *********: CLOS 47
C CLOS 48
C EP - CLADDING EFFECTIVE PLASTIC STRAIN (IN/IN) CLOS 49
C EPP - CLADDING HOOP, AXIAL, & RADIAL STRAINS (IN/IN) CLOS 50

50 C [QUIT - TERMINATION INDEX CLOS 51
C RFEPS - RESIDUAL FUEL STRAINS CLOS 52
C REPS - RESIDUAL CLADDING STRAINS CLOS 53
C OLEPS - OLD CLADDING STRAINS - PREVIOUS POWER STEP CLOS 54
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C OLFEPS - OLD FUEL STRAINS - PREVIOUS POWER STEP CLOS 55
C CLOS 56
C ** * **** ********* ********************** CLOS 57
C CLOS 58
C ROOTING FOR ROOTS CLOS 59
C CLOS 60

60 F(T) : GAPT(T TCPG,PCURFDELTA,EPPEP RCI,RCO,CEPSCEPP,CEP,CSIG CLOS 61
+,OLDTC,OLDPG,6LDPC,OLDURF,JNRELAX,DTIMt, TIME,ECREEP,CREP,NANPLAS CLOS 62
+T) CLOS 63

C CLOS 64
C CLOS 65

65 C A MODIFIED FALSE POSITION ROUTINE OPERATING OVER THE INTERVAL ALPHA, CLOS 66
C BETA WITH INCREMENT DX HAS BEEN INSTALLED BY B.W.BURNHAM [-6-76 CLOS 67
C CLOS 68

ALPHA : 0.OEO CLOS 69
BETA : 1.0E0 CLOS 70

70 DX :=.25 CLOS 71
CUT : 1.0E-10 CLOS 72
N : 0 CLOS 73

C CLOS 7
C A CHECK FOR A LINEAR FUNCTION ON THE ALPHA-BETA INTERVAL CLOS 75

75 DENOM : F(BETA)-F(ALPHA) CLOS 76
IF (DENOM.EQ.0.OE0) GO TO 100 CLOS 77
X : (ALPHA*F(BETA)-BETA*F(ALPHA))/DENOM CLOS 78
FOFX : F(X) CLOS 79
IF (ABS(FOFX).GT.CUT) GO TO 100 CLOS 80

80 VX : X CLOS 81
GO TO 220 CLOS 82

100 CONTINUE CLOS 83
C COMMENCE THE MOVING WINDOW LOOKING FOR ROOT BRACKETS CLOS 84

A : ALPHA CLOS 85
85 B : A+DX CLOS 86

FOFA : F(A) CLOS 87
110 FOFB : F(B) CLOS 88

IF (FOFA*FOFB) 120,180,200 CLOS 89
120 CONTINUE CLOS 90

90 C HAVING BRACKETED A ROOT THE SOLUTION ITERATION COMMENCES CLOS 91
C CLOS 92
130 CONTINUE CLOS 93

X : (A*FOFB-B*FOFA)/(FOFB-FOFA) CLOS 94
N : N+ CLOS 95

95 IF (N.LT.100) GO TO 140 CLOS 96
WRITE (6,250) CLOS 97
IOUIT : I CLOS 98
GO TO 240 CLOS 99

140 FOFX : F(X) CLOS 100
100 C TEST THE POSSIBILITY OF THE ITERATION LOOP LANDING ON A ROOT AT X CLOS 101

C OR PASSING BY THE ROOT CLOS 102
IF (FOFX*FOFA) 160,170,150 CLOS 103

150 CONTINUE CLOS 104
C THE ROOT IS STILL BRACKETED AND THE ITERATION LOOP CONTINUES CLOS 105

105 C (LOS 106
A : X CLOS 107

SUBROUTINE CLOSE 10/21/40 14.29.35 PAGE 2
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160
C
C
C

170
C
C

180
C
C

FOFA : FOFX
FOFB : .5*FOFB
IF (ABS(FOFX).GT.CUT) 6O TO 130
UX : X
Gu TO 220
CONTINUE

ThE ITERATION SCHEME HAS REBRACKETED THE ROOT-THE BOUNDS ARE
ADJUSTED AND THE LOOP CONTINUES

B:X
FOFB : FOFX
FOFA : .5*FOFA
IF (ABS(FOFX).GT.CUT) GO TO 130
UX : X
GO TO 220
CONTINUE

THE ITERATION SCHEME HAS LANDED ON A ROOT AT (X,FOFX)

IF (ABS(FOFA).EQ.0.OEO) GO TO 190
VX : X
GO TO 220
CONTINUE

THE BRACKETING OPERATION HAS FOUND A ROOT

IF (FOFA.EQ.0.0E0) GO TO 190
C THE BRACKETING OPERATION HAS FOUND A ROOT AT (B,FOFB)

VX : B
GO TO 220

190 CONTINUE
C IF THIS IS THE FIRST BRACKET STEP THEN F(ALPHA):0. IF OTHERWISE
C THE PREVIOUS STEP 15 IN ERROR AT FOFB
C THE INITIAL DATA CONTAINS A ROOT AT ALPHA

VX:A
GO TO 220

200 CONTINUE
C THE ROUTINE HAS NOT YET BRACKETED A ROOT-ADJUST THE VARIABLES TO
C THE NEXT MESH AND CONTINUE, ALSO TEST TO SEE IF THE INTERVAL HAS
C BEEN EXCEEDED

A:B
B : B+DX
FOFA : FOFB
IF (A.GT.BETA) GO TO 210
GO TO 110

N0 CONTINUE
C THE BRACKETING OPERATION HAS OVERRUN THE INTERVAL

WRITE (6,260)
IOUIT : I
GO TO 240

220 CONTINUE
C ***UPDATE RESIDUAL STRAINS HERE

OLEPS(J) : CEPS(2)
REPS(J 2) : CEPS(2)
IF 4NR LAX.EQ.I) GO TO 230

115

120

125

130

135

140

145

CLOS
CLOS
CLOSE
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CL OS
CLOSE
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOSE
CLOS
CL-OS
CLOS
CLOS
CLOS
CLO5
CLOS
CLOS
CLOS
CLOSE
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS

108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
12
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
:46
147
148
149
150
151
152
153
154
155
156
157
158
159
160

X50

X55
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230
C
C

C
C
C
C
C
C
240

OLFEPS(J) : OLFEPS(J)+VX*(FEPS(J,2)-OLFEPS(J))
RFEPS(J 2) : OLFEPS(J)
CONTINUE

***UPDATE PLASTIC STRAINS HERE AFTER
GAP ZERO SOLUTION 15 FOUND
EPP(Jl) : CEPP(i)
EPP(J,2) : CEPP(2)
EPP(J,3' : CEPP(3)
IF (NRELAX.NE.I) EP(J) : CEP
IF (NRELAX.EQ.I) ECREEP(J) : CREP

***CAN PRINT CLAD STRESS AND STRAIN AT ZERO GAP HERE
WRITE(6,100)
WRITE(6,I01) (CSIG(I),I : 1,3 )
WRITE(6,101) (CEPS(I),I : 1,3 )
WRITE6,101) (CEPP(I) I : 1,3 )
WRITE(6,101) REPS(J,2), RFEPS(J,2)

CONTINUE
RETURN

C
250 FORMAT (65H- THE ITERATION SCHEME HAS PASSED 100 STEPS--EXECUTION

TERMINATEDD)
260 FORMAT (48H THE BRACKiT OPERATION HAS OVERRUN THE INTERVAL)

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CLOSE

DEF LINE
I

REFERENCES
177

VARIABLES
1132 A

1117
1133

1120
1125
1144

SN TYPE
REAL

ALPHA
B

BETA
CEP
CEPP

1141 CEPS

1126
1136
1122

0

1124
0

CREP
CSIG
CUT
DELTA

DENON
DTIMIE

REAL
REAL

REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION

ARRAY

ARRAY

ARRAY

F.P.

F.P.

160

165

170

175

10

CLOS
CLOS
CtOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
CLOS
C!_O5
CLOS
CLOS
CLOS
CLOSE
CLOS
CLOS
CLOS

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

REFS
DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS

165
REFS

157
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED

148

68
146

85
84
75
87
85
75

2*75

166
11

158
2*75
Ii
79

2*75
1

76
2*75

1

86
106
2*77

95
116
2*77
2*77
2*75
167
2*75

2*77
2*75
109
2*77

77
2*77

93
145
84
133
146
148
78

2*77

2*77

78
2*77
119
78

DEFINED
78

139

DEFINE)
145

DEFINED
86
78

78

86
78

DEFINED
86

75
86

69
87
86

86

87
86
71
87

87

168
99

99

169
99

99
87

87

99
87

99

99
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SUBROUTINE CLOSE

VARIABLES SN TYPE
112, DX REAL

0 ECREEP REAL

0 EP REAL

0 EPP REAL

0 FEPS REAL
1134 FOFA REAL

1135 FOFB REAL

1130 FOFX REAL

0 IQUIT INTEGER
0 J INTEGER

1123
0

0

0

0

0

0

0

0
0
0

0

0

0

0
0
0
0

0

0

1131

N
NA

NPLAST

NRELAX

OLDPC

OLDPG

OLDTC

OLDURF

OLEPS
OLFEPS
PC

PG

RCI

RCO

REPS
RFEPS
RFO
TC

TIME

URF

UX

INTEGER
INTEGER

INTEGER

INTEGER

REAL

REAL

REAL

REAL

REAL
REAL
REAL

REAL

REAL

REAL

REAL
REAL
REAL
REAL

REAL

REAL

REAL

A

A

A

A

76/176 OPT:0 TRACE

RELOCATION

RRAY F.P.

RRAY F.P.

RRAY F.P.

RRAY F.P.

F.P.
F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
*UNUSED
ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

STATIC

RFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

117
REFS

DEFINED
DEFINED

REFS
158

DEF I NED
REFS
REFS

DEFINED
REFS

DEFINED
REFS
168

REFS
DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEF I NED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

FTN 4.8+508

85
ii
II

11
11

11
88
86
88

79
78

2*75
4*160

94
4*11
2*I
2*75

2*75
169
II

I!
II
it

II
it

II
II
II

'I

2*75

2*75

2*75

11

160

146
2*75
169
2*75
168
2*75
165
160
2*93
107
2*93

I C2
99
97
2*77

2* 161

95
2*75

2*77

2*77
DEFINED

2*75

2*75

2*75

2*75

DEFINED
2* 160
2*75

2*75

2*77

2*77

DEFINED
DEFINED

2*75

2*77

2*75

DEFINED

DEFINED
2*77

2*77

2*77
166

DEFINED
102
118
108

107

153
78
165

DEFINED
2*77

78

78

2*77

2*77

2*77

2*77

161
2*77

2*77

78

78

2*77

78

2*77

80

10/21/80

70
78

78

78
167
I

118
147
147

109

86
166

72
78

86

86

78

78

78

78

157
DEFINED

78

78

86

86

i58
161

78

86

78

110

14.29.35

86

86

86

125

DEFINED

117

87
167

94
86

87

87

86

86

86

86

I
86

86

87

87

86

87

86

120

PAGE 5

87

87

87

131

87

119

99
168

99

99

99

108

157
169

9987

99

99

87

87

87

87

159

99

99

99

99

99

99

160
87

87

99

99

9987

99

87

126

99

133
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VARIABLES

1127 X

SN TYPE RELOCATION

REAL

FILE NAMES
TAPE6

EXTERNALS
GAPT

INLINE FUNCTIONS
ADS
F

MODE
FMT

TYPE
REAL

TYPE
REAL
REAL

WRITES

ARGS
26

ARGS
I INTRIN
I SF

REFERENCES
2*75

DEF LINE

60

96

2*77

REFERENCES
795

2*75

STATEMENT LABELS
276 100
344 110
0 120

410 130
430 140
0 150

511 160
527 170
536 180
544 190
550 200
564 210
572 220
622 230
654 240
1074 250 FMT
1104 260 FMT

INACTIVE

INACTIVE

DEF LINE
82
87
89
92
99
103
112
122
128
135
141
150
'55
162
176
179
181

REFERENCES
76
149
88
109
95
102
102
102
88
125
88
14e

159
98
96
152

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

139
REFS
126

78
DEFINED

80
77

99
93

152

106 110 116 120

78

109
2*77

86

119
78

9987

125
86 87 99

79

119

131

III

154

121 127

I 11478

134

615

140
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SUBROUTINE CONDUC (AGPC,DCO DLTGC,DPHF,FRDENNRGPSES,GPTHE,HGAPT, COND
+ITJ,K,MECHAN,NDBG,PINE PRESSQCROUGHCROUGHF,TAG TCI TFR,NA,HGAP COND 3
+,FLUXTIMECOLDWKHSOLIDHGAPR,PRG,SIGG,DG,FOTMTL, RORD,NF,NFFIN COND 4
+CNVG,IM93WC,IMGAPC,FTMELT,FRAC) COND 5

5 C COND 6
C COND 7
C IMPLICIT REAL * 8 (A-HO-Z) COND 8
C COND 9
C ** ***** ******* U ******* *** ******* * COND 10

10 C COND 11
C THIS SUBROUTINE IS CALLED FROM MAIN AND COMPUTES GAP CONDUCTANCE COND 12
C AND GAP TEMPERATURE DROP COND 13
C CONDUC WAS CODED BY G A BERNA IN JANUARY 1978. COND 14
C CONDUC WAS CHANGED AT PNL IN 1979 COND 15

15 C COND 16
C * Z********** U* *** COND 17
C INPUT ARGUMENTS COND 18
C **********xx ********************** COND 19
C COND 20

20 C AGPC - ADDITIONAL GAP CONDUCTANCE FACTOR COND 21
C CFAC - FUEL THERMAL CONDUCTIVITY FACTOR COND 22
C COLDWK - CLADDING COLD WORK COND 23
C DCO - AS FABRICATED CLADDING OUTSIDE DIAMETER (IN) COND 24
C DG - EFFECTIVE GAP (IN) FROM SUBROUTINE RADIAL COND 25

25 C DPHF - DIAMETER OF THE PELLFT HOT & SWELLED (I4) COND 26
C FLUX - FAST NEUTRON FLUX (NEUTRONS/SEC-M**2) COND 27
C FTMELT - FUEL MELT TEMPERATURE (K) COND 28
C FOTMTL - FUEL OXYGEN TO METAL RATIO (ATOMS OXYGEN/ATOMS METAL) COND 29
C FRAC - RATIO OF CONDUCTIVITY OF FILL GAS TO PURE HE COND 30

30 C FRDEN - FRACTIONAL FUEL DENSITY COND 31
C GASES - ARRAY OF MOLE FRACTIONS OF GASES COND 12
C GAS I - HELIUM COND :.
C GAS 2 - ARGON COND 3'
C GAS 3 - KRYPTON COND 35

35 C GAS 4 - XENON COND 36
C GAS 5 - HYDROGEN COND 37
C GAS 6 - AIR COND 38
C GAS 7 -WATER VAPOR COND 39
C IMGAPC - EM SWITCH FOR GAP CONDUCTANCE COND 40

40 C 1M931C - EM SWITCH FOR FUEL THERMAL CONDUCTIVITY COND 41
C IT - POWER-TIME STEP INDEX COND 42
C J - AXIAL NODE INDEX COND 43
C K - GAP ITERATION INDICATOR COND 44
C MECHAN - MECHANICAL MODEL INDEX COND 45

45 C NDBG - DEBUG OUTPUT INDEX COND 46
C NF - NUMBER OF RADIAL FUEL NODES IN RD ARRAY COND 41
C NFFI - NUMBER OF RADIAL NODES IN RD ARRAY COND 48
C NR - NUMBER OF RADIAL NODES COND 49
C PINE - INTERFACE PRESSURE ESTIMATE (PSIA) COND 50

50 C PRESS - INTERNAL GAS PRESSURE (PSIA) COND 51
C PRG - INTERFACIAL PRESSURE CALCULATED BY SUBROUTINE RADIAL COND 52
C QC - HEAT FLUX AT NODE J (BTU/HR-FT*x2) COND 53
C RCI - AS-FABRICATED CLAD INSIDE RADIUS COND 54

10/21/80 I4.29.35 PAGE i
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C RD - CURRENT RADIUS ARRAY (PELLET + CLAD) COND 55
55 C ROUGHC - ARITHMETIC MEAN ROUGHNESS OF THE CLADDING SURFACE (IN) COND 56

C ROUGHF - ARITHMETIC MEAN ROUGHNESS OF THE FUEL SURFACE (IN) COND 57
C RP - AS-FABRiCATED PELLET RADIUS COND 58
C SIGG - EFFECTIVE FUEL-CLADDING GAP ROUGHNESS (IN) COND 59
C TAG - AVERAGE GAP TEMPERATURE (F) COND 60

60 C TLI - CLADDING INSIDE SURFACE TEMPERATURE (F) COND 61
C TCL - CENTERLINE TEMPERATURE (F) COND 62
C TFR - FUEL RING FOUNDRY TEMPERATURE ARRAY (F) COND 63
C TIME - TIME TO END OF POWER-TIME STEP (SEC) COND 64
C ZRO - OXIDE LAYER THICKNESS (M) COND 65

65 C COND 66
C ****** *** ******************** COND 67
C OUTPUT ARGUMENTS COND 68
C *************************************************************** COND 69
C COND 70

70 C DLTGC - TEMPERATURE DROP ACROSS THE GAP (F) COND 71
C HGAP - GAP CONDUCTANCE DUE TO CONDUCTION (BTU/HR-FT**2-F) COND 72
C HGAPR - GAP CONDUCTANCE DUE TO RADIATIONBTUHR-FT**2-F) CONE 73
C HGAPT - TOTAL GAP CONDUCTANCE (BTU/HR-FT**2-F) COND 74
C HSOLID - GAP CONDUCTANCE DUE TO SOLID CONTACT (BTU/HR-FT**2-F) COND 75

75 C COND 76
C ******************************************************************* COND 77
C COND 78

DIMENSION GASES(7) ,TFR(NR) ,TAG(NA) COND 79
+ GPTHE(26) ,DLTGC(26) ,PINE(26) COND 80

80 DIMENSION 4D(1) COND 81
C COND 82
C COND 83
C COND 84
C CALCULATION OF GAP TEMPt'^ TURE DROP AND GAP CONDUCTANCE COND 85

85 C COND 86
TAG(J) : TCI+0.5E0*DLTGC( COND 87
TPEL : TCI+DLTGC(K-1) COND 88

C COND 89
GAPD : GPTHE(K)124.EO COND 90

90 IF (GPTHE(K).LT.0.EO) GAPD :=O.EO COND 91
C COND 92

RF : DPHFi24.EO COND 93
C COND 94
C CC'ND 95

95 C COND 96
C COND 97

CALL GAPRS (GAPD RF PINE(K),TAG(J),TPE'.,TCIPRESSGASES,FLUXMECHA COND 98
+N,ROUGHCROUGHF, RD&NHGAPTCOLDWK, TI iZROFOTMTLHSOLID,HGAPRHG COND 99
+APPRGSIGG,DG,iT,NDBG, IM93WC, IMGAPC, TMELT,FRAC) COND 100

100 C COND 101
IF (MECHAN.NE.1) DLTGC(K) : QC*DCOi(I-GAPT*AGPC*(DPHF+GAPD*24.EO)) COND 102

C COND 103
C COND 1011

IF (MECHAN.E0.1) DLTGC(K) : QC*DCO,2.,HGAPT*(RD((J-I)*NFFI+NF+I)- COND 105
105 +DG/2.)) COND 106

C COND 107
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IF (MECHAN.EQ.I.AND.K.GT.2.AND.ABS(DLTGC(K)-DLTGC(K-I)).LT.5.) NCN
+VG : I

C
110 RETURN

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CONDUC

VARIABLES
0 AGPC
0 COLDI4K
0 DCO
0 DG
0 DLTGC

0
0
0
0
0
0

222
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

DPHF
FLUX
FOTMTL
FRAC
FRDEN
FTMELT
GAPD
GASES
GPTHE
HGAP
HGAPR
HGAPT
SOLID
IMGAPC
IM93IC
IT
J
K

NECHAN
kA
NCNUG
NDBG
NF
NFFI
NR
PINE
PRESS
PRG
BC
RD

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL

REFERENCES
110

RELOCATION
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.

ARRAY
rWL:AY

ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

COND
COND
COND
COND
COND

108
109
110
III
112

DEFINED 101

REFS
REFS
REFS
REFS
REFS

104
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
3*107
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFS

101
97

101
97
78

92
97
97
97
97
97
97
78
78
97
97
97
97
97
97
97
86
86

DEFINED
97
78

97
104
104
78
78
97
97

101
90

90

I
2*107

89
I

DEFINED

DEFINED

DEFINED
90

107

DEF I NED
DEFINED

104
104
86

101
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

101
97
89

DEFINED
DEFINED

101
DEFINED
DEFINED
DEFINED
DEFINED

97
87

i
101

DEFINED
107

DEFINED
DEFINED
DEFINED
DEFINED

97
DEFINED
DEFINED

104
104

DEFINED
DEFINED

87

DEF I NED

DEFINED
DEFINED

90

S il

I
104

104
89

104S il
I

DEFINED

DEFINED
DEFINED

I
97

DEFINED

10I 104

I

1
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VAR IADI ES
223 RF

0 ROUGHC
0 ROUGHF
0 SIGG
0 TAG
0 TCI
0 TFR
0 TIME

221 TPEL
0 ZRO

EXTERNALS
GAPRS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

ARRAY

TYPE ARGS
30

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

REFERENCES
97

INLINE FUNCTIONS
AqS

STATISTICS
PROGRAM LENGTH

1400008

TYPE
REAL

ARGS
I INTRIN

DEF LINE REFERENCES
107

148
SCM USED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

97
97
97
97
78
86
78
97
97
97

DEFINED
DEFINED
DEFINED
DEFINED

97
87

DEFINED
DEFINED
DEFINED
DEFINED

92

DEFINED
97

87

ID
DEF I ED

86
1

SUBROUTINE CONDUC 10/21/80 14.29.35 PAGE
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SUBROUTINE COOLT (DEDELTAZGITJP2,QC,TBLK,TSAT,TW,WT,NARHOF) COOL 2
C COOL 3
C IMPLICIT REAL * 8 ( A-H,0-Z ) COOL 4
C COOL 5

5 C *********************************** **************************** COOL 6
C COOL 7
C THIS SUBROUTINE I5 CALLED FROM MAIN AND IS USED TO COMPUTE THE COOL 8
C BULK COOLANT TEMPERATURE AS NELL AS THE SATURATION TEMPERATURE. COOL 9
C COOLT WAS CODED BY G A BERNA NOVEMBER 1977. COOL 10

10 C COOL 11
C *******x************************** ** U*********** * COOL 12
C COOL 13

x **************x**************t*************U *****x COOL 14
C INPUT ARGUMENTS COOL 15

15 C ****x*S ******x******** ******** *** ***** COOL 16
C COOL 17
C DE - CHANNEL EQUIVALENT DIAMETER (FT) COOL 18
C DELTAZ - AXIAL NODE LENGTH (FT) COOL 19
C 6 - AVERAGE MASS FLUX (LBM/HR-FT**2) COOL 20

20 C IT - POWER-TIME STEP INDEX COOL 21
C J - AXIAL NO!3E INDEX COOL 22
C NA - MAXIMUM NUMBER OF AXIAL NODES COOL 23
C P2 - SYSTEM PRESSURE (PSIA) COOL 24
C QC - MODE HEAT FLUX (BTU/HR-FT**2) COOL 25

25 C TW - INLET SYSTEM COOLANT TEMPERATURE (F) COOL 26
C COOL 27
C **x********************************** ******* **************** COOL 28
C OUTPUT ARGUMENTS COOL 29
C ****************3** 3* 33* * 3* * ********** ***** COOL 30

30 C Coo*. 31
C RHOF - BULK COOLANT DENSITY; UNSATURATED (LBM/FT**3) COOL 32
C TBLK - BULK COOLANT TEMPERATURE AT TOP OF NODE J (F) COOL 33
C TSAT - COOLANT SATURATION TEMPERATURE (F) COOL 34
C WT - AVERAGE BULK COOLANT TEMPERAT'QE AT NODE J (F) COOL 35

35 C COOL 36
C 3* * 3************x ****************************3*****3******** COOL 37
C SUBROUTINE PARAMETERS COOL 38
C *33***3****3*****3**********x**************** *******3***3* COOL 39
C COOL

40 C BCHC - BULK COOLANT HEAT CAPACITY (BTU/LBM-F) COOL 41
C RHO - BULK COOLANT DENSITY; SATURATED (LBM/FT**3) COOL 42
C COOL 43
C COOL 44

DIMENSION P2(IT) ,TBLK(NA) ,TW(IT) COOL 45
'5 C COOL 46

TBLK(I) : TW(IT) COOL 47
IF (G.EQ.0.0) GO TO 110 COOL 48
TSAT : (((0.47616716E-8*P2(IT)-0.4424529E-4)*P2(IT))+0.19042968)*P COOL 49

+2(IT)+394.03519 COOL 50
50 IF (TBLK(J-I).GE.TSAT) GO TO 100 COOL 51

RHOS : -810.063+(((-1.06824E-8*TBLK(J-I)+2.29413E-5)*TBLK(J-1)-0.0 COOL 52
+184872)*TBLK(J-t)+6.56174)*TBLK(J-1) COOL 53
IF (TBLK(J-l).LE.450.E0) RHOF : 65.43E+0-TBLK(J-I)*0.03486E+G COOL 54



76176 OPT:0 TRACE STATIC FTN 4.8+508

RHO : RHOF*:1.0+0.648E-6*(uTSAT-TLK(J-1))**0.I)*(P2(IT)-800.0))
IF (TBLK(J-l).LT.520.) BCHC : 57.3
IF (TBLK(J-1).GE.520.0.AND.TBLK(J-1).LT.590.0) BCHC : 57.3*(1.0+7.

+73E-4*(TBLK(J-I)-520.))
IF (TBLK(J-I).GE.590.) BCHC : 57.3*(I.+2.95E-3*(TBLK(J-1)-571.6))
TBLK(J) : TBLK(J-1)+(QC*RHO)/(DE*G*BCHC/(4.0*DELTAZ))
IF (TBLK(J).LT.TSAT) GO TO 110

100 TBLK(J) : TSAT
110 IF (G.CQ.0.0) TBLK(J) : TN(IT)

NT : ,rBLK(J)+TBLK(J-1))/2.0
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 COOLT

VARIABLES
214 BCHC
0 DE
0 DELTAZ
0 G
0 IT

0 J

0
0
0

213
0
0

0
0
0

NA
P2
OC
RHO
RHOF
TBLK

TSAT
TN
NT

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
INTEGER

INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REFERENCES
65

RELOCATION

F.P.
F.P.
F.P.
F.P.

ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

STATEMENT LABELS
136 100
142 110

STATISTICS
PROGRAM LENGTH

1400008

DEF LINE
61
62

SCM USED
2158

REFERENCES
50
47

141

55

60

65

COOL
COOL
COOL
COOL
COOL
COOL
COOL
COOt.
COOL
COOL
COOL
COOL
COOL

55
56
57
58
59
60
61
62
63
64
65
66
67

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
2*59
REFS
REFS
REFS
REFS
REFS
REFS
2*58
61

REFS
REFS

DEFINED

59
59
59
47

2*44
1

50
60
4t
44
59
59
54
44
59
62
50
44
1

DEFINED
DEFINED
DEFINED

59
46

4*51
61

DEFINED
3*48

DEFINED
DEFINED
DEFINED

50
60

54
46
63

55

62
3*48

2*53
62

54

54
1**4*51

2*63

60
62

56

DEFINED
54

51*
2*63

DEFINED

51
2*53

DEFINED

61
DEFINED

58

I
62

55
DEFINED

1

53
54

DEFINED
1

3*56
I

2*58

60

55
46

3*56
59

48
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SUBROUTINE COUPLE (PG,PC,TC RCI,RCOCSJG,CEPSICEPP,CEPURF,DELTA,P
+INT, NDBG,NRELAX, DTIME, TIMEREP, IQUIT,NPLAST, IT)

THE FOLLOWING COMMON BLOCK CONSISTED OF MATERIAL PROPERTIES
USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM

COMMON /MATCNS/ ANRIN
+ , FNCK

,COMP
,FNCN

,CWKF ,CNNF
,FOTMTL ,FRDEN

,DELOXY ,FLUX
,FTMELT ,RSTRAN

C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C

C
C

IMPLICIT REAL*8 (A-H,O-Z)

DIMENSION
+

REAL

CSIG(3)
,DEPP(3)

,CEPS(3)
,OLDEPP(3)

,CEPP(3)
,ALFDT(3)

NUDEPP (3)

THE FOLLOWING DATA STATEMENT CONTAI45 VARIOUS CONVERSION FACTORS
DATA CNMTPS / 6.894757E3 /, CKTOR ' $.8E0 /, CFTOR / 459.67E0
DATA ZERO / D.EO / , S"LL / I.E-4 /

/

********************************************************************
INPUT ARGUMENTS
********************************************************************

CEP - TEMPORARY EFFECTIVE PLASTIC STRAIN (IN/IN)
CEPP - TEMPORARY HOOP, AXIAL, & RADIAL PLASTIC STRAINS (IN/IN)
CEPS - TEMPORARY HOOP AXIAL, & RADIAL STRAINS (IN/IN)
CREP - CREEP STRAIN (IN/IN)
CSIG - TEMPORARY HOOP, AXIAL, & RADIAL STRESS (PSI)
DELTA - COLD STATE RADIAL GAP (IN)
DTIME - CREEP STEP TIME INCREMENT (HRS)
IQUIT - TERMINATION INDEX
IT - POWER-TIME STEP INDEX
NDL - DEBUG OUTPUT INDEX
NPLAST - ELASTIC-PLASTIC FLAG

I

5

10

15

CPLE
CPLE
KATCNS
MATCNS
MATCNS
MATCNS
MATCN5
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
HATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE
CPLE

20

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST
(HOOP STRAIN)/(RADIAL STRAIN)
COMP - PU02 CONTENT (WTt)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**21M**2)
CNNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGEN/KG ZIRCALOY)
FLUX - FAST NEUTRON FLUX (NiM**2-SEC)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/M**2)
FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT
FOTMTL - FUEL OXYGEN TO METAL RAITO
FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY)
FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
RSTRAN - TRUE STRAIN RATE (1/SEC)

25

30

35

40

45

50

SUBROUTINE COUPLE FTN 4.8+508 10/21/60 14.29.35 PAGE
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C NRELAX - CREEP INDEX CPLE 33
55 C PC - COOLANT CHANNEL PRESSURE (PSIA) CPLE 34

C PG - ROD INTERNAL GAS PRESSURE (PSIA) CPLE 35
C TC - CLADDING AVERAGE TEMPERATURE (F) CPLE 36
C TIME - TIME AT THE BEGINNING OF CREEP STEP (HRS) CPLE 37
C URF - FUEL RADIAL DISPLACEMENT (IN) CPLE 38

60 C RCI - CLADDING INSIDE RADIUS (IN) CPLE 39
C RCO - CLADDING OUTSIDE RADIUS (IN) CPLE 40
C CPLE 41
C **************************** ************************************* CPLE 42
C OUTPUT ARGUMENTS CPLE 43

65 C ******************************************************* ***u** CPLE 44
C CPLE '15
C PINT - INTERFACIAL PRESSURE (PSI) CPLE 46
C CPLE 47
C **************************************************************** CPLE 48

70 C CPLE 49
C ***CHECK HERE FOR ELASTIC SOLUTION CPLE 50
C COMPUTE STRESSES CPLE 51

TCI : (TC+CFTOR)/CKTOR CPLE 52
E : CELMOD(TCI,FNCKCNKF DELOXY)/CNMTPS CPLE 53

75 CR : CSHEAR(TCI,FNCKC4IK,DELOXY)/CNMTPS CPLE 54
V -E,(2ZCR)-I. CPLE 55
CALL CTHEXP (TCICATHEXCDTHEX) CPLE 56
ALFDT(i) : CDTHEX CPLE 57
ALFDT(2) : CATHEX CPLE 58

80 ALFDT(3) : CDTHEX CPLE 59
AA : I.EO+V*(RCu-RCI)/(RCO+RCI) CPLE 60
8 : V5((RCO-RCI)/(RCO+RCI)-l.EO) CPLE 61
DD : -V CPLE 62
EE : I.EO CPLE 63

85 IF (NRELAX.EQ.I) GO TO 110 CPLE 64
DEPP(I) : 0.E+) CPLE 65
DEPP(2) : 0.E+0 CPLE 66
DEPP(3) : 0.E+0 CPLE 67
NUDEPP(I) : 0.E+O CPLE 68

90 NUDEPP(2) : 0.E+0 CPLE 69
NUDEPP(3) : 0.E+0 CPLE 70
DEP : 0.EO CPLE 71
CC : (URF-DELTA)*2.0/(RCO+RCI) CPLE 72
CC : CC+((RCO-RCI)/(RCO+RCI))*(CEPP(3)+DEPP(3)+ALFDT(3)) CPLE 73

95 CC : CC-(CEPP(I)+DEPP(I)+ALFDT(I)) CPLE 74
CC : CC*E CPLE 75
FF : CEPS(2)-(CEPP(2)+DEPP(2)+ALFDT(2)) CPLE 76
FF : FF*E CPLE 77
CSIG(I) : (CC*EE-BB*FF)/(AA*EE-DB*DD) CPLE 78

100 CSIG(2) : (AA*FF-CC*DD)/(AA*EE-88*DD) CPLE 79
IF (NPLAST.EQ.0) GO TO 170 CPLE 80
SIGEFI : SQRT(CSIG(I)**2+CSIG(2)**2-CSIG(I)*CSIG(2)) CPLE 81
CEPI : CEP CPLE 82

C CPLE 83
105 CALL STRAIN (SIGEFICCCEPITCRSTRANANRINDELOXYCWKF,CWNFFNCK, CPLE 84

+FNCN) CPLE 85
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C CPLE 86
DEP : CEPI-CEP CPLE 87
IF (DEP-I.E-10) 70,170,100 CPLE 88

110 C ***START ITERATION SOLUTION HERE CPLE 89
100 CONTINUE CPLE 90

CEPI : CEP CPLE 91
C CPLE 92

CALL STRESS (OLSIGF, ZERO, CEPI ,TC, RSTRAN, ANRIN, DELOXY, CWKF, CINF, FNC CPLE 93
115 +K,FNCN) CPLE 94

C CPLE 95
CEPI : CEP CPLE 96

C CPLE 97
CALL STRESS (DSIGF,SMALL,CEPI,TC,RSTRAN,ANRIN,DELOXY,CKF,CWNF,FNC CPLE 98

120 +K,rNCN) CPLE 99
C CPLE 100

SLOPE : (DSIGF-OLSIGF)ISMALL CPLE 101
COEF : 2.0*(I.0+U)/(3.0*E) CPLE 102

110 KK :=I CPLE 103
125 OLDEPP(I) : I.E-7 CPLE 104

OLDEPP(2) : 2.E-7 CPLE 105
OLDEPP(3) : -3.E-7 CPLE 106

120 CONTINUE CPLE 107
CC : (URF-DELTA)*2.0/(RCO+RCI) CPLE 108

130 CC : CC+((RCO-RCI)/(RCO+RCI))*(CEPP(3)+OLDEPP(3)+ALFDT(3)) CPLE 109
CC : CC-(CEPP(I)+OLDEPP(I)+ALFDT(I)) ;PLE 110
CC : CC*E CPLE III
FF : CEPS(2)-(CEPP(2)+OLDEPP(2)+ALFDT(2)) CPLE 112
FF : FF*E CPLE 113

135 CSIG(I) : (CC*EE-DD*FF)/(AA*EE-88DD) CPLE 114
CSIG(2' - (AA*FF-CC*DD)/(AA*EE-B8*DD) CPLt 115
IF (NRELAX.EQ.I) GO TO 130 CPLE 116
EMODH : (CSIG(I)-U*CSIG(2))/E+OLDEPP(I) CPLE 117
EMODX : (CSIG(2)-U*CSIG(I))/E+OLDEPP(2) CPLE 118

140 EhODR : -U*(CSIG(I)+CSIG(2))/E-OLDEPP(I)-OLDEPP(2) CPL 119
EET : 0.471405*SQRT((EMODH-ENODR)**2+(EMODR-EMODX)**2+(EMODX-EMODH CPLE 120

+)**2) CPLE 121
DEP : (EET-COEF*OLSIGF)/(I.0+COEF*SLOPE) CPLE 122
EN : (EMODH+EMODR+EMODX)/3.0 CPLE 123

145 NUDEPP(I) : (DEP/EET)*(EMODH-EM) CPLE 124
NUDEPP(2) : (DEP/EET)*(EMODX-EM) CPLE 125
NUDEPP(3) : -NUDEPP(l)-NULrPP(2) CPLE 126
GO TO 140 CPLE 127

C ***CALCULATE CREEP STRAINS HERE CPLE 128
150 130 CONTINUE CPLE 129

SM : (CSIG(I)+CSIG(2))/3.0 CFLE 130
SI : CSIG(I)-SM CPLE 131
52 : CSIG(2)-SM CPLE 132
DEP : 0.47140452*SRT((OLDEPP()-OLDEPP(2))**2+(OLDEPP(2)-OLDEPP(3 CPLE 133

155 +) )**2+(LDEPP(3)-OLDEPP( I))**2) CPLE 134
DEPDOT : DEP:DTIME CPLE 135
CRAP : CREP+DEP CPLE 136

C CPLE 137
CALL CREEP (SIGEFF,DEPDOT,TIMETC,FLUX,CRAP,IQUIT) CPLE 138

SUBROUTINE COUPLE 10/21/@0 14.29.35 PAGE 3
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160 C CPLE 139
NUDEPP(l) : 1.5*DEP*SI/SIGEFF CPLFE 140
NUDFPP(2) : 1.5*DEP*S2,SIGEFF CPLE 141
NUDEPP(3) : -NUDEPP(1)-NUDEPP(?) CPLE 142

140 CONTINUE CPLE 143
165 RATIOI : (NUDEPP(I)-OLDEPP(I))/OLDEPP(I) CPLE 144

RATIO2 : (NUDEPP(2)-OLDEPP(2))WOLDEPP(2) CPLE 145
RAT103 : ;NUDEPP(3)-OLDEPP(3))IOLDEPP(3) CPLE 146
RATIO) : ABS(RATIOI) CPLE 147
RATIO2 : ABS(RATI02) CPLE 148

170 RAT103 : ABS(RATI03) CPLE 149
RATIO : AMAXI(RATIOI,RATIO2 RAT103) CPLE ISO
IF (RATIO-0.001) 170,170,156 CPLE 151

150 KK : KK+I CPLE 152
IF (KK-199) 160 180,180 CPLE 153

175 160 OLLDEPP(I) : NUDtPP(I) CPLE 154
OLDEPP(2) : NUDEPP(2) CPLE 155
OLDEPP(3) : NUDEPP(3) CPLE 156
GO TO 120 CPLE 157

170 CONTINUE CPLE 158
180 IF (NRELAX.NE.I) CEP : CEP+DEP CPLE 159

IF (NRELAX.EQ.I) CREP : CREP+DEP CPLE 160
CEPP(I) : CEPP(I)+NUDEPP(I) CPLE 161
CEPP(2) : CEPP(2)+NUDEPP(2) CPLE 162
CEPP(3) : CEPP(3)+NUDEPP(3) CPLE 163

185 GO TO 190 CPLE 164
180 WRITE (6 220) KK CPLE 165
C ***EVEN THM ROUTINE DID NOT CONVERGE CPLE 166
C ***LAST COMPUTED VALUES ARE RETURNED, AND CPLE 167
C ***AN ERROR MESSAGE IS PRINTED CPLE 168

190 GO TO 170 CPLE 169
C ***COMPUTE INTERFACE PRESSURE CPLE 170
190 PINT : ((RCO-RCI)*CSIG(I)+RCO*PC)/RCI CPLE 171

IF (PINT.GE.PG) GO TO 200 CPLE 172
C ***FOR SITUATION WHERE PINT L.T. PG CPLE 173

195 C PINT IS SET EQUAL TO PG AND ELASTIC SOLN IS OBTAINED CPLE 174
C SUCH THAT PINT ALWAYS EQUALS PG CPLE 175

CSIG()) : (RCI*PG-RCO*PC)/(RCO-RCI) CPLE 176
RBAR : 0.5*(RCO+RCI) CPLE 177
T : RCO-RCI CPLE 178

200 CSIG(2) : ((RBAR+V*T/2.0)*CSIG(I)+RBAR*E*(CEPP(I)+ALFDT(l))-0.5*T* CPLE 179
+E*(CEPP(3)+ALFDT(3))-E*(URF-DELTA))/(RCI*V) CPLE 180
CEPS(I) : (CSIG(I)-V*CSIG(2))/E+CEPP(I)+ALFDT(I) CPLE 181
CEPS(2) : (CSIG(2)-V*CSIG(I)),E+CEPP(2)+ALFDT(2) CPLE 182
CEPS(3) : -V*(CSIG(I)+CSIG(2)),E+CEPP(3)+ALFDT(3) CPLE 183

205 PINT : PG CPLE 184
GO TO 210 CPLE 185

200 CONTINUE CPLE 186
C ***COMPUTE RADIAL STRAIN CPLE 187

CEPS(3) : -V*(CSIGI)+CSIG(2)),E+CEPP(3)+ALFDT(3) CPLE :8
210 CEPS(I) : (URF-DELTA+0.5*(RC-RCI)*CEPS(3))*2.0/(RCO+RCI) CPLE id?

210 CONTINUE CPLE 190
RETURN CPLE 191

SUBROUTINE COUPLE 10/21180 14.29.35 PAGE
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C
?c0 FORMAT (H0,20H DID NOT CONVERGE INIX,I4,IX,21H ITERATIONS IN COU

+PLE)
END

SYNBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 COUPLE

UARIARLES
1033 AA
1100 ALFDT

0
1034
1031
1040

1032
0

ANRIN
Be
CATHEX
CC

CDTHEX
CEP

0 CEPP

0 CEPS

1043 CEPI

772
771
770

1047
I

1027
1062

0
0

2
3

1035
4
0

1037

CFTOR
CKTOR
CNTPS
COEF
COMP
CR
CRAP
CREP
CSIG

CWKF
CWNF
DD
DEL)XY
DELPA
DEP

DEF LINE
I

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL

REAL

REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
212

RELOCATION

ARRAY

NATCNS

F.P.

ARRAY

ARRAY

F.P.

F.P.

MATCNS

ARRAY
F.P.
F.P.

MATCNS
MATCNS

MATCNS
F.P.

215

CPLE
CPLE
CPLE
CPLE

192
193
194
195

81
131
78

133
79

82

2*136
97

209

119
136

99
DEFINED

132

117

97
202
184
210

119

DEFINED
130

DEFINED

DEFINED

100
93

180

130
203

DEFINED

DEFINED

105
94

130
95

RU S
REFS
2*200

80
REFS
REFS
REFS
REFS
131
96

REFS
REFS

DEFINED
REFS
182

DEF I NED
REFS

203
REFS
117

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
153

DEFINED
REFS
REFS
REFS
REFS
REFS
RtFS
180

99
29

202

7
2*99
77
9l4
132
129
77

103

29
183

29
204
105

73
73
74

2*143
7

76
159
157
29
192

7
7

99
7

93
109
181

2*100
94

203

i05
100
79
95
135
130
78
108
180
94
184
182
97

209
108

DEFINED
DEFINED

75
DEFINED

DEFINED
DEFINED

181
4*102
200

99
7,

105
2*100

74
129
145

tCFINED

131
204

135
95

204

114
2*135

96
136
131
80
112

95
2*200
183
133
210
114

35
35

DEFINED
123

75
157

DEFINED
2* 138
2*202
'00
75

11.4
135
75

200
146
92

133
209

202

112103

35

2*13?
2x203
135
105
119

2x136
105
210
156
108

181
2*140
2*204
:36
114

DEFINED
114

DEFINED
157
'.43

2*151
2*209
197
119

83
119
1

161
154

152

200

162

SUBR5:T I NE COMPE 10/21/40 14.29.35 PAGE 5
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VARIABLES
1061 DEPDOT
1072 DEPP

1045
0

1026

1036
1054
1055
1051
1053
1052
10

5
6
7

10
11
12
0
0

1050
0
0
0

1103

DSIGF
DTIME

EE
EET
EM
EMODH
EMODR
FMODX
FF

FLUX
FNCK
FNCN
FOTMTL
FRDEN
FTMELT
IQUIT
IT
KK
NDDG
NPLAST
NRELAX
NUDEPP

1075 OLDEPP

1044
0
0
0

1067
1064
1065
1066
1070

0

OLSIGF
PC
PG
PINT
RATIO
RATI10
RAT 102
RAT 103
RAR
RCI

0 RCO

13
103
1042
1046
1056
774

RSTRAN
SIGEFF
SIGEFI
SLOPE
SM
SMALL

SN TYPE
REAL
REAL

RELOCATION

ARRAY

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL

*UNUSED

*UNUSED

ARRAY

F.P.

MATCN5
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
F.P.
F.P.

F.P.
F.P.
F.P.

ARRAY

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL

F.P.
F.P.
F.P.

F.P.

F.P.

MATCNS

REFS
REFS

86
REFS
REFS
REFS
139

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REF5S
kcFS
REF 3
REFS
REFS
REFS
REFS

DEFINED
REPS

DEFINED
REFS
REFS
REFS
176
91

REFS
6*154
175

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*197
REFS
2*197
REFS
REFS
REFS
REFS
REFS
REFS

159
29

''9
156
76

140
74

2*99
143
145

2*141
2* 141
2*141

98
97

7
7
7
7
7
7

159
7

173
I

10i
85
32
177
145
29

2*165
176
114
192
193
193
172
168
169
170

2*200
2*81
198
2*81
198
7

159
105
143
152
I:$

DEFINED
9.4

122
DEFINED

96
3*200

100
145
146
144
144
144
99
9t'
159
74
105

DEFINED

174

DEFINED
137

2*147
182
146
130

2*166
177
122
197
197

DEFINED
DEFINED

171
171

DEFINED
2*82
199

199
105
161

DEFINED
DEFINED

153
122

86 87
156
95

98
202

2*135
146

DEFINED
145

DEFINED
146
100
133

75
1 I '

134
209

Q7

123
203

136
DEFINED

144
DEFINED

140
DEFINED

134
'3.4

105
119

138

DEFINED

132
204

DEFINED
141

138

139

i.;

84

136

119

I

DEFINED
166

DEFINED
162
138
125

173

I
167
89

163
139
126

175
90

2*140
127

DEFINED

181
165
184
161
133

DEF I NED

DEFINED
192

165
166
167

2*94
2*210
2*94'

DEFINED
119

186

1
180

2*163
183
147
131

2x167

143
DEFINED

205

171
DEFINED
DEFINED
DEFINED

198
93

200
93

2*210
114
162
102
122

DEFINED
DEFINED

1
205

168
169
170

129
DEFINED

129
I

2*130
3

2* 130

2*192

2*192

15'
36
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VARIABLES
1057 SI
1060 52
1071 T

0 TC

1025
0
0

1030

SN TYPE
REAL
REAL
REAL
REAL

TC I
TIDE
URF
V

773 ZERO

FILE NAMES
TAPE6

EXTERNALS
CELMOD
CREEP
CSHEAR
CTHEXP
SORT
STRAIN
STRESS

INLINE FUNCTIONS
ABS
AMAXI

REAL
REAL
REAL
REAL

REAL

MODE
FMT

TYPE
REAL

REAL

REAL

TYPE
REAL
REAL

RELOCATION

F .P.

F.P.
F.P.

WRITES

ARGS
4
7
4
3
I LIBRARY

I1
it

ARGS

0
INTRIN
INTRIN

REFERENCES
74
159
75
77
102
105
114

DEF LINE

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
2x200
REFS

186

141

119

REFERENCES
168
171

STATEMENT LABELS
0 100

225 110
235 120
400 130
454 140
O 150
0 160

520 170
545 k80
55! 190

1677 22
1001 220 FMT

INACTIVE

INACTIVE
INACTIVE

DEF LINE
III
124
128
150
164
173
175
179
186
192
207
211
214

REFERENCES
109
85
178
137
148
172
174
101 2x109

2x174
185
193
206
186

COMMON BLOCKS
MATCNS

LENGTH
12

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

161
162

2x200
73
I

74
159
93
81

202
114

DEFINED
DEFINED
DEFINED

105

75
DEFINED

129
82

203
DEFINED

152
153
199
11:4

77

200
83

204
36

119

DEFINED

210
123
209

159

73

DEFINED
138

DEFINED

I
139
76

154

169 170

2* 172 190

LENGTH
USED

I1068
I14B

582
12
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SUBROUTINE CRAKF (CESIUM CESUMO,CRAKI, CTHICK,DELTATHSTRES,HSTRSO, CRAK 2
+IODINE, IODINO,TCLAD,TCLADO,CDAMAG,A) CRAK 3

C CRAK 4
C IMPLICIT REAL*8( A-H, O-Z ) CRAK 5

5 C CRAK 6
C SUBROUTINE CRAKF DETERMINES THE PROBABILITY OF CLADDING FAILURE CRAK 7
C FROM A FRACTURE MECHANICS TYPE OF APPROACH. THIS ROUTINE CRACK 8
C ACCOUNTS FOR CUMULATIVE DAMAGE. SUBROUTINES PREDICTING STRESS CRAK 9
C CORROSION CRACKING ARE CALLED FROM CRAKF. CRAK 10

10 C *** PART OF FRAIL FAILURE PACKAGE *** CRAK 11
C CRAK 12
C CRAK 13
C -- INPUT ARGUMENTS -- CRAK 14
C CRAK 15

IS C CESIUM CLADDING CESIUM CONTENT ( KG/M2 ) CRAK 16
C COLDWK DEGREE OF INITIAL CLADDING COLD WOR CRAK 17
C CRAKI INITIAL CRACK LENGTH THROUGH CLADDING ( M ) CRAK 18
C CTHICK CLADDING THICKNESS ( M ) CRAK 19
C DELTAT TIMESTEP LENGTH ( SEC ) CRAK 20

20 C HSTRES CLADDING HOOP STRESSt N/M2 ) CRAK 21
C IODINE CLADDING IODINE CONTENT ( KG/M2 ) CRAK 22
C TCLAD CLADDING TEMPERATURE ( DEG K ) CRAK 23
C CRAK 24
C CRAK 25

25 C -- OUTPUT ARGUMENTS -- CRAK 26
C CRAK 27
C A CRACK LENGTH THROUGH CLADDING THICKNESS ( M ) CRAK 28
C CDAMAG PROBABILITY OF FAILURE, I.E., PROBABILITY THAT THE CRAK 29
C EXISTING CRACK LENGTH HAS EXCEEDED THE CRITICAL CRACK 30

30 C CRACK LENGTH. CRAK 31
C CRAK 32
C CRAK 33

REAL IODINE, IODINO CRAK 34
C CRAK 35

35 DATA C C2, C3 /7.990132996E5, 1.055187397E3, -. 875E- / CRAK 36
C DATA Cl, Cd, C3 /7.990132996D5, I.055187397D3, -l.875D-I / CRAKC 37

DATA Y/.29/ CRAK 38
DATA SHIGH / I.E20 / CRAK ?9
DATA CDAMGO / 0.0 / CRAK 40

40 C CRAK 41
C CRAK 42

SQRTA : SQRT(A) CRAK 43
C SORTA : DSQRT( A ) CRAK 44
C CRAK 45

45 C CHECK WHETHER THRESHOLD STRESS FOR SCC HAS BEEN EXCEEDED CRAK 46
C CRAK 47

IF (IODINE.GT.0.E0) GO TO 100 CRAK 48
THSTRS : SHIGH CRAK 49
GO TO 120 CRAK 50

50 100 THSTRS : (Cl-C2*TCLAD)*(IODINE**C3)/(Y*SQRTA) CRACK 51
IF (HSTRES.GT.THSTRS) GO TO 110 CRAK 52
GO TO 120 CRAK 53

110 CALL SCC (CESIUMCESUMO,CRAKI,CTHICK,DELTAT,HSTRES,HSTRSO,IODINEI CRAK 54
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C
C
C
C
C
C
C
120

+ODINO, TCLAD, TCLADO, A)

CALCULATE NEW CRACK LENGTH

CALCULATE THE PROBABILITY THAT THE CRACK HAS EXCEEDED A CRITICAL
LENGTH.

X : AiCTHICK
CALL CCRAK (HSTRESTCLADXCDAHAG)

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

C
C

ENTRY POINTS
4 CRAKF

VARIABLES
0 A
0 CDAHAG

125 CDAHGO
0 CESIUtI
0 CESUMO
0 CRAKI
0 CTHICK

120 CI
121 C2
122 C'

0 DELTAT
0 HSTRES
0 HSTRSO
0 IODINE
0 10DINO

124 SHIGH
126 SORTA
0 TCLAD
0 TCLADO

127 THSTRS
130 X
123 Y

EXTERNALS
CCRAK
5CC
SQRT

DEF LINE

5N TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
66

RELOCATION
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

TYPE ARGS REFERENCES
4 63
12 53

REAL I LIBRARY 42

55

60

65

CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK
CRAK

55
56
57
58
59
60
61
62
63
64
65
66
67
68

DEFINED42
63
39
53
53
53
53
50
50
50
53
51
53
33
33
48
50
50
53
5,
63
50

53
DEFINED

DEFINED
DEFINED
DEFINED

62
DEFINED
DEFINED
DEFINED
DEFINED

53
DEFINED

*7
53

DEFINED
DEFINED

53
DEFINED
DEFINED
DEFINED
DEFINED

62

I
I

DEFINED
35
35
35

63

50
DEFINED

38
42
63
I

48
62
37

i

DEFINED

DEFINED

53
I

DEFINED

50
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STATEMENT LABELS
21 100
36 110
61 120

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
50 47
53 51
62 49 52

FTN 4.8+508 10/21/80 14.29.35

1318

PAGE 3



76,176 OPT:O TRACE STATIC FTN 4.8+508 10/21/8C 14.29.35 PAGE $

FUNCTION CRAP (SAG,EDOTT,TCPHI,ECREEP) .RAP 2
C CRAP 3
C IMPLICIT REAL*8 (A-H,O-Z) CRAP 4
C CRAP 5

5 C :x ** ***:**s*: ::*nx*m:**:***n** *** ** *z** u* ** *: CRAP 6
C CRAP 7
C CRAP IS CALLED FROM CREEP. CRAP 8
C CRAP COMPUTES EFFECTIVE STRESS AS A FUNCTION OF CRAP 9
C THE CREEP STRAIN RATE, TEMPERATURE, FAST CRAP 10

10 C NEUTRON FLUX AND ACCUMULATED T ATAL CREEP STRAIN CRAP 11
C CRAP 12
C ***** ******** fl** * xxxxxxx*xx**************************U** * *:* CRAP 13
C INPUT ARGUMENTS CRAP 14
C ** *** 2 ************************************U******U * Ux** CRAP 15

15 C CRAP 16
C EDOT : CREEP STRAIN RATE (I/HR) CRAP 17
C TC : CLADDING TEMPERATURE (F) CRAP 18
C T : TIME (HR) NOT USED IN THIS VERSION CRAP 19
C PHI : FLUX (NEUTRONS/M**2/SEC) CRAP 20

20 C ECREEP : TOTAL ACCUMULATED CREEP STRAIN (DIMENSI3NLESS) CRAP 21
C CRAP 22
C *U1************* ************************x************************ CRAP 23
C OUTPUT ARGUMENTS CRAP 24
C * Sxxxx**** **** *********fl*****S ******fl**xx*** CRAP 25

25 C CRAP 26
L CRAP: EFFECTIVE STRESS (PSI) CRAP 27
C CRAP 28
C n zx:s::nxxxx*n**usnm m::u:::n**xx*xxx*xuun mz*::*** * n** * ::*n****** CRAP 29
C CRAP 30

30 C THE 'REEP RATE EQUATION USED IN THIS SUBROUTINE WAS BASED ON : CRAP 31
C THE IflME AND STRESS DEPENDENCE TAKEN FROM iINREACTOR TUBULAR CRAP 32
C CREEK ')F ZIRCALOY-2 AT 260 TO 3000x, E.F. IBRHAIM, J. NUCL. MATER CRAP 33
C VOL 4o (1973) PP 169-182 CRAP 34
C THE FLUX DEPENDENCE WAS BASED ON ROSS-ROSS AND HUNT, J. NUCL. CRAP 35

35 C MA.ER. VOL 26 (1968) PP 2 - I? CRAP 36
C THE TEMPERATURE DEPENDENCE, DEPX(-QiRT) WAS BASED ON A VALUE CRAP 37
C OF 0 : 10000 CALiMOLE NEAR 573K FROM FIbLERIS, AECL-4766 CRAP 38
C CRAP 39
C CODED BY M.P.BOHN, DEC.28, 1975 BASED ON THE MATPRO CRAP 40

40 C FUNCTION "CCRPR" CRAP 41
C CRAP 42
C DPDT AND SIG ARE TRANSVERSE QUANTITIES CRAP 43
C CRPP 4
C IRITE(6,2) SIG EDOTTC,PHIECREEP CRAP 5

45 SIG : SAG*6894.7573*I.1547 CRAP 46
DPDT : (EDOTi3600.0)/i.1547 CRAP 47
TCI : (TC+459.67)1.8 CRAP 48
8 : 725.2 CRAP 49
C : 4.967E-08 CRAP 50

50 AK = 5.129E-29 CRAP 51
R : 1.987 CRAP 52
E : ECREEP/I.1547 CRAP 53
Al : SQRT(E*DPDT/2.0)/(AK*PHI) CRAP 54
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A2 : EXP(10000.0/(R*TCI))
A3 : AIA2
CRAP : A3-B*EXP(C*SIG)-SIG

100 CONTINUE
RETURN

C
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CRAP

VARIABLES
115 AK
120 Al
121 A2
122 A3
113 8
114 C
107 CRAP
IlIl DPDT
117 E
0 ECREEP
0 EDOT
0 PHI

116 R
0 SAG

110 SIG
0 T
0 TC

112 TCI

EXTERNALS
EXP
SORT

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

REFERENCES
58

RELOCATION

F.P.
F.P.
F.P.

F.P.

UNUSEDD F.P.
F.P.

ARGS REFERENCES
I LIBRARY 54
I LIBRARY 53

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

56

STATEMENT LABELS
0 100

STATISTICS
PROGRAM LENGTH

1400008

INACTIVE

SCM USED

DEF LINE
57

1238

REFERENCES

83

55

60

CRAP
CRAP
CRAP
CRAP
CRAP
CRAP
CRHP

55
56
57
58
59
60
61

53
55
55
56
56
56
56
53
53
52
46
53
54
45
2*56

1
47
54

DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

50
53
54
55
48
49

46
52
t

45

47

I0/21/80 14.29.35 PAGE 2FUNCTION CRAP
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SUBROUTINE CREEP (SIG,EDOT,Z,TC,PHI,ECREEPIQUIT) CREP 2
C CREP 3
C IMPLICIT REAL*8 (A-H,O-Z) CREP 3
C CREP S

5 C ******* ******** ***** *u x****n xu**su ********* ******ss*** CREP 6
C CREP 7
C CREEP 15 CALLED FROM COUPLE AND STACK AND SEARCHES FOR THE CORRECT CREP 8
C VALUE OF STRESS CREP 9
C CREP ID

10 C EE*uxx*:inmttt a***:*:m*u******fx****u*u* :?lafl***x ***uu*: CREP 11
C INPUT ARGUMENTS CREP 12
C s****** **** z:*** z::u *** ****** u t ;u: CREP 13
C CREP 1
C ECREEP - TOTAL ACCUMULATED CREEP STRAIN CREP 1I

15 C EDOT - CREEP STRAIN RATE i./HR) CREP 16
C PHI - FLUX (NEUTRON5/M**2/5EC) CREP 17
C TC - CLADDING AVERAGE TEMPERATURE (F) CREP 18
C Z - TIME (HR) - NOT USED PRESENTLY CREP 19
C CREP 20

20 C * *****Z****UuU**********xxxxx*****:* ****u*** * CREP 21
C OUTPUT ARGUMENTS CREP 22
C ********zz* zzsuu* ::*:z ***u ***: ***zxx**u u*** CREP 23
C CREP 23
C SIG - CLADDING 400P STRESS (PSIA) CREP 25

25 C IQUIT - TERMINATION INDEX CREP 26
C CREP 27
C *x** :** *** ****x**** *:*********z*********:**:w*******u CREP 26
C CREP 29
C ROOTING FOR ROOTS CREP 30

30 F(T) : CRAP(T,EDOT,Z,TC,PHI,ECREEP) CREP 31
C CREP 32
C CREP 33
C A MODIFIED FALSE POSITION ROUTINE GPERATING OVER THE INTERVAL ALPH CREP 34
C BETA WITH INCREMENT DX CREP 3535 C (REP 36

ALPHA : O.OEO CREP 37
BETA 900000. CREP 38
DX :=10000. CREP 39
CUT 5.0 CREP 40

40 CUTI : CUT CREP 41
N : 0 CREP 42

C CREP 4
A : LPHA CREP 44
5 : F+DX CREP 45

45 FOFA : F(A) CREP 46
100 FOFB : F(B) CREP 47

IF (A.EQ.0.E+0.AND.F0FA.LT.0.E+0) GO TO 10 CREP 48
GO TO 120 CREP 49

110 WRITE (6,250) CREP 50
50 IQUT 0 CREP 51

GO TO 240 CREP 52
120 CONTINUE CREP 53
C WRITE(6,81) A,FOFA,B,FOFB CREP 54
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IF (FOFA*FOFB) 130,190,210 CREP 55
55 130 CONTINUE CREP 56

C HAVING BRACKETED A ROOT THE SOLUTION ItERATION COMMENCES CREP 57
C CREP 58
140 X : (A*FOFB-B*FOFA)/(FOFB-FOFA) CREP 59

N : N+I CREP 60
60 IF (N.LT.I00) 60 TO 150 CREP 61

WRITE (6,260) CREP 62
IQUIT : I CREP 63
GO TO 240 CREP 64

ISO FOFX : F(X) CREP 65
65 C WRITE(6 80) X FOFX CREP 66

C TEST TH& POSSIBILITY OF THE ITERATION LOOP LANDING ON A ROOT AT X CREP 67
C OR PASSING BY THE ROOT CREP 68

IF (FOFX*FOFA) 170,180,160 CREP 69
160 CONTINUE CREP 70

70 C THE ROOT IS STILL BRACKETED AND THE ITERATION LOOP CONTINUES CREP 71
C CREP 72

A : X CREP 73
FOFA : FOFX CREP 74
FOFB : .5*FOFB CREP 75

75 IF ((ABS(B-A).GT.CUT).AND.(ABS(FOFX).GT.CUTI)) GO TO 140 CREP 76
UX : X CREP 77
GO TO 230 CREP 78

170 CONTINUE CREP 79
C THE ITERATION SCHEME HAS kEBRACKETED THE ROOT-THE BOUNDS ARE CREP 80

80 C ADJUSTED AND THE LOOP CONTINUES CREP 81
C CREP 82

B : X CREP 83
FOFB : FOFX CREP 84
FOFA : .5*FOF" CREP 85

35 IF ((ABS(B-A).GT.CUi).AND.(ABS(FOFX).GT.CUTI)) GO TO 140 CREP 86
UX : X CREP 87
GO TO 230 CREP 88

180 CONTINUE CREP 89
C THE ITERATION SCHEME HAS LANDED ON A ROOT AT (X,FOFX) CREP 90

90 C (REP 91
IF (ABS(FOFA).EQ.0.OEO) GO TO 200 CREP 92
UX : X CREP 93
GO TO 230 CREP 94

190 CONTINUE CREP 95
95 C THE BRACKETING OPEkTION HAS FOUND A ROOT CREP 96

C CREf 97
IF (F0FA.EQ.0.E0) GO TO 200 CREP 98

C THE BRACKETING OPERATION HAS FOUND A ROOT AT (BFOFB) CREP 99
UX : B CREP 100

100 GO TO 230 CREP 101
200 CONTINUE CREP 102
C IF THIS IS THE FIRST BRACKET STEP THEN F(ALPHA):0. IF OTHERWISE CREP 103
C THE PREVIOUS STEP 15 IN ERROR AT FOFB CREP 104

WRITE (6,270) A CREP 105
105 GO TO 230 CREP 106

210 CONTINUE CREP 107

SUBROUTINE CREEP 1O/21/80 14.29.35 PAGE 2
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C BEEN EXCEEDED
C THE ROUTINE HAS NOT YET BRACKETED A ROOT-ADJUST THE
C THE NEXT MESH AND CONTINUE, ALSO TEST TO SEE IF THE

A:8
B : B+DX
FOFA : FOFB
IF (A.GT.BETn) GO TO 220
GO TO 100

220 CONTINUE
C THE BRACKETING OPERATION HAS OVERRUN THE INTERVAL

WRITE (6,280)
IQUIT : I
GO TO 240

230 CONTINUE
C WRITE(6,74) UXN

SIG : VX
240 CONTINUE

RETURN

VARIABLES TO
INTERVAL HAS

C
250 FORMAT (i,5X,29H***** NEGATIVE FOFA AT A : 0 ,21H IN SUBROUTINE C

+REEP )
260 FORMAT (65H- THE ITERATION SCHEME HAS PASSED 100 STEPS--EXECUTION

+TERMiNATED,21H IN SUBROUTINE CREEP )
270 FORMAT (41H, INITIAL DATA CONTAINS A ROOT AT ALPHA:,E15.6)
280 FORMAT (48H THE BRACKET OPERATION HAS OVERRUN THE INTERVAL,21H IN

+ SUBROUTINE CREEP )
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CREEP

DEF LINE
1

REFERENCES
124

VARIABLES
357 A

351
360

352
354
355
353
0
0

361

SN TYPE
REAL

ALPHA
B

BETA
CUT
CUT I
DX
ECREEP
EDOT
FOFA

362 FOFB

RELOCATION

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

F.P.
F.P.

110

115

120

125

130

CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CRED
CREF
CREF
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP
CREP

108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

REFS
113

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

83

44
DEFINED

43
46
44

113
40
75
44
45
45
47
45
54

8545
43

DEFINED
58
82

DEFINED
75
85
III
46
46
54
73

2*58

47
72
36
75

111
37
85

DEFINED
DEFINED

64
64
2*58
84
74

104

IIl

58
110

85

DEFINED
40
38

DEFINED
DEFINED

68
112
112

75

99

39

84

DEFINED

110

91 97

74

10/21/B0 14.29.35 PAGE 3SUBROUTINE CREEP



SUBROUTINE CREEP

VARIABLES SN TYPE
364 FOFX REAL

0 IQUIT INTEGER
356 N INTEGER

0 PHI REAL
0 516 REAL
0 TC REAL

365 VX REAL
363 X REAL

0 2 REAL

FILE NAMES MODE
TAPE6 FMT

EXTERNALS TYPE
CRAP REAL

INLINE FUNCTIONS TYPE
ABS REAL
F REAL

STATEMENT LABELS
42 100
61 110
67 120

0 130 INACTI
73 140
113 150
0 160 INACTI'

150 170
171 180
200 190
206 200
212 210
226 220
234 230
237 240
302 250 FMT
312 260 FIT
325 270 FMT
334 280 FMT

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76176 OPT:0 TRACE STATIC

RELOCATION

F.P.

F.P.
F.P.
F.P.

F.P.

ARG
6

ARG
1I

SE

VE

S

I NTR I H
SF

DEF LINE
*6

49
52
55
58
64
69
78
88
94

101
106
115
120
123
126
128
130
131

3668

REFS
DEFINED
DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

MR I TES

REFERENCES
45

DEF LINE RE

30

REFERENCES
114
47
48
54
75
60
68
68
68
54
91
54
113
77
51
49
61

104
117

46

FERENCES
2*75

45

85

97

87
63

10/21/80 14.29.35

68
64

59'545

45
122
64
58
45

61

64

2*85
46

73

50
60
46
122
46

DEFINED
72

46

104

75

62
DEF I NED

64

64
76
76

64

83

118
41

DEFINED

DEFINED
86
82

DEFINED

85

59

92
86

117

64

10093
119

105

246

PPGE

9,
92

FTN 4.8+508
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SUBROUTINE CRERUP (DOXIDE,HYDRO,IODINE, STRESS, TCLADTIMES,RUPTIM)

IMPLICIT REAL*8(A-H,O-Z)

SUBROUTINE CRERUP PREDICTS THE TIME TO RUPTURE AS A FUNCTION OF
THE IMPOSED STRESS LEVEL
*** PART OF FRAIL FAILURE PACKAGE ***

-- INPUT ARGUMENTS --

DOX I DE
HYDRO
IODINE
STRESS
TCLAD
TIMES

DEPTH OF OXIDE LAYER PER CENT OF CLAD THICKNESS )
CLADDING HYDROGEN CONTENT ( PPM )
CLADDING IODINE CONTENT ( KG/ M3 )
EFFECTIVE STRESS ( N/M2 )
CLADDING TEMPERATURE ( DEG K )
TIME AT STRESS LEVEL ( SEC )

-- OUTPUT ARGURMENTS --

TIME TO RUPTURE AT GIVEN STRESS LEVEL ( SEC )RUPTIM

REAL IODINE

SET RUPTURE TIME TO VERY HIGH LEVEL UNTIL CORRECT RUPTURE TIME
15 PUT IN

RUPTIM : 1.OD+15
RUPTIM : 1.0E+15

RE TURN
END

I

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CRERUP

VARIABLES
0 DIOXIDE
0 HYDRO
0 IODINE
0 RUPTIM
0 STRESS
0 TCLAD
0 TIMES

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
32

RELOCATION
*UNUSED F.P.
*UNUSED F.P.
*UNLISED F.P.

F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.

CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRE"
CRER
CRER
CRER
CRER
CRER
CRER
CRER
CRER

5

I0

15

20

25 C
C
C
C
C

C
30

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
SI
32
33
34

DEFINED
DEFINED

REFS
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
30

10/21/60 14.29.35 PAGE 1
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STATISTICS
PROGRAM LENGTH

1400308 SCM USED
128 10

PAGE z
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SUBROUTINE CPEPR (SIG,EDOT,T,TC,PHI,ECREEP) CRPR 2
C CRPR 3
C IMPLICIT REAL'8 (A-H,O-Z) CRPR 3
C CRPR 5

S C ** ** fl *****U** *tttttt* ***************n******** CRPR 6
C CRPR 7
C CREPR I5 CALLED FROM CLADF. CRPR 8
C CREPR COMPUTES (TRANSVERSE) CLADDING CREEP STRAIN RATE CRPR 9
C AS A FUNCTION OF EFFECTIVE STRESS,TEMPERATURE FAST CRPR 10

10 C NEUTRON FLUX AND ALCUMULATED TOTAL CREEP STRAIN CRPR 11
C CRPR 12
C :n::*3s :n::: m***u**uu** :: :**u::tattttttt:ttnttt nutttntttnuuuz** CRPR 13
C INPUT ARGUMENTS CRPR 14
C *:***sxn::u:::::::*:::::snuu*::*::*:~**u***:::*************t**:*:*: CRPR 15

IS C CRPR 16
C ECREEP - TOTAL ACCUMULATED CREED STRAIN (DIMENSIONLESS) CRPR 17
C PHI - FLUX (NEUTRONS/M*'2,SEC) CRPR 18
C T - TIME TO END OF POWER STEP (HR) CRPR 19
C TC - CLADDING AVERAGE TEMPERATURE (F) CRPR 20

20 C SIG - CLADDING HOOP, AXIAL, & RADIAL STRESS PER NODE (PSI) CRPR 21
C CRPR 22
C *:::*:::*:zn::*::*:::s:::::z s :::**:z:*::tttttattt *::::::::tatttt*::: CRPR 23
C OUTPUT ARGUMENTS rerE 24
C fl* xxxxxxxxxxxxxxxxxxxxxxxxxxxxx* m******************* CRPR 25

25 C CRPR 26
C EDOT - CREEP STRAIN RATE (I/HR) CRPR 27
C CRPR 28
C ***#** U* ttttttttttatttttttttt************ *W***********U**U****** CRPR 29
C CRPR 30

30 C THE CREEP RATE EQUATION USED IN THIS SUBROUTINE WAS BASED ON : CRPR 31
C THE TIME AND STRESS DEPENDENCE TAKEN FROM diNREACTOR TUBULAR CRPR 32
C CREEP OF ZIRCALOY-2 AT 260 TO 30004, E.F. IBRHAIM, J. NUCL. MATER CRPR 33
C VOL 46 (1973) PP 169-182 CRPR 34
C THE FLUX DEPENDENCE WAS BASED ON ROSS-ROSS AND HUNT, J. NUCL. CRPR 35

35 C MATER. VOL 26 (1968) PP 2 - 17 CRPR 36
C THE TEMPERATURE DEPENDENCE, DEPX(-Q/RT), WAS BASED ON A VALUE CRPR 37
C OF 0_ 10000 CAL/MOLE NEAR 573K FROM FIDLERIS, AECL-4766 CRPR 38
C CRPR 39
C CODED BY M.P.BOHN, DEC.28,1975 BASED ON THE MATPRO CRPR 40

40 C FUNCTION "CCRPR" CRPR 41
C CRPR 42
C SAG IS TRANSVERSE STRESS CRPR 43
C CRPR 44

SAG : 51Gx6894.7573I.1547 CRPR 45
45 TCI : (TC+459.67)/1.8 CRPR 46

8 : 725 2 CRPR 47
C : 4.9.E-08 CRPR 48
AK : 5.129E-29 CRPR 49
R : 1.987 CRPR 50

50 E : ECREEP CRPR 51
IF (E.LE.0.0001) E : 0.0001 CRPR 52
Al : AK*PHI CRPR 53
A2 : EXP(-10000.0/(R*TCI)) CRPR 54
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A3 : SAG+5*EXP(C*SAG)
EDOT : (2.0*(AI*A2*A3)**2)/E
EDOT : EDOT*3600.0*l.1547

C NRITE(6,20) EDOT
100 CONTINUE

RETURN
C

END

SYhtOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CREPR

VARIABLES
107 AK
112 Al
113 A2

114 A3
105 8
106 C
III E
0 ECREEP
0 EDOT
0 PHI

110 R
103 SAG
0 SIG
0 T
0 TC

104 TCI

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
59

RELOCATION

F.P.
F.P.
F.P.

*UNUSED
F.P.
F.P.
F.P.

EXTERNALS
EXP

TYPE
REAL

ARGS
I LIBRARY

REFERENCES
53

STATEMENT LABELS
0 100

STATISTICS
PROGRAM LENGTH

1400008

INACTIVE

SC? USED

DEF LINE
58

I 158

REFERENCES

77

55

60

CRPR
CRPR
CRPR
CRPR
CRPR
CRPR
CRPR
CRPR

55
56
57
58
59
60
61
62

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
EFS

REFS

52
5
55
55
54
54
51
50
56
52
53

2*54
44

1
45
53

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

55
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

48
52
53
54
46
47

DEFINED

49
44

45

50

55

51

56

SUBROUTINE CREPR 10/21480 14.29.35 PAGE 2
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SUBROUTI E D LF (TFS 41 IIRD PONZ YY , B PIPOW DENSF BTOLD,ITER,NA, DDLF 2
+GAPC,GAPHGAr'TRFSHN NcSTANSTiTER, I bU1T, TRAN, R.RTRANO,F fTMT DDLF 3
+L, MECHAN,CFAC, VOL5TR, 1193WC, FTMELT) DDLF 4

C DDLF 5
5 C DDLF 6

C x * ****** ***xx**x** x*****xxxxxxxxxxxxxx***x **x*Z x** *** DDLF 7
C DDLF 8
C DDLF IS CALLED FROM SUBROUINE TMPSiIB DDLF 9
C THIS SUBROUlINE CALCULATES THE COtFFICIENTS FOR A POWER DDLF 10

10 C SERIES EXPANSION OF THE STEADY STATE FUEL TEMPERATURES DDLF 11
C AS A FUNCTION OF RADIAL POSITION. THE FORMATION OF A ZONE OF DDLF 12
C RESTRUCTURED FUEL IS ACCOUNTED FOR IN THIS VERSION. DDLF 13
C THE SERIES EXPANSION IS IN POWERS OF RADIAL POSITION, DDLF 14
C NORMALIZED TO THE CURRENT FUEL OUTER RADIUS, RD. DDLF I5

15 C DDLF WAS CODED BY D. D. LANNING IN APRIL 1978 DDLF 16
C DDLF WAS MODIFIED BY G A BERNA IN JUNE 1978 FOR CRACKING EFFECTS DDLF 17
C DIsLF 18
C ***X***S ****S ax**********x*****x******************xxx*****x**** DDLF 19
C INPUT ARGUMENTS DDLF 20

20 C xx***Stx****Sx*xS*** SSxtxxtxxxtttttttttt***S*Sx*ic*Sx.R **Sx**; DDLF 21
C DDLF 22
C COMP - PU02 COMPOSITION (WEIGHT PERCENT) DDLF 23
C CFAC - CONDUCTIVITY MULTIPLIER FROM RADIAL AND CONDUC DDLF 24
C DENSF - FRACTION OF FUEL THEORETICAL DENSITY DDLF 25

25 C FOTMTL - FUEL OXYGEN TO METAL RATIO (ATOMS OXYGEN/ATOMS METAL) DDLF 26
C FTMELT - FUEL MELT TEMPERATURE (K) DDLF 27
C GAPC - AS FABRICATED RADIAL GAP (M) DDLF 28
C GAPH - UNRELOCATED RADIAL GAP (M) DDLF 29
C GAPT - RELOCATED RADIAL GAP (h) DDLF 30

30 C GASES - ARRAY OF THE SEVEN GAS MOLE FRACTIONS DDLF 31
C (I) : HELIUM DDLF 32
C (2) : ARGON DDLF 33
C (3) : KRYPTON DDLF 34
C (4) : XENON DDLF 35

35 C (5) : HYDROGEN DDLF 36
C (6) : AIR DDLF 37
C (7) : WATER VAPOR DDLF 38
C M931C - EM SWITCH FOR FUEL THERMAL CONDUCTIVITY DDLF 39
C IPOW - AXIAL NODE INDEX DDLF 40

40 C ITERR - GAS LOOP ITERATION INDEX DDLF 41
C MECHAN - FLAG FOR MECHANICAL MODEL CHOICE DDLF 42
C NA - NUMBER OF AXIAL NODES PLUS ONE DDLF 43
C POW - LINEAR HEAT GENERATION RATE (WtM) DDLF 44
C RD - FUEL OUTSIDE RADIUS (M) DDLF 45

45 C RFSH - AS FABRICATED PELLET RADIUS (M) DDLF 46
C RII - FUEL CORE RADIUS (M) DDLF 47
C RTRANO - MAXIMUM RTRAN PREVIOUSLY ATTAINED (M) DDLF 48
C TFS - FUEL SURFACE TEMPERATUR (DEGREES C) DDLF 49
C TRANST - TEMPERATURE ABOVE WHICH NO CRACKING IS ASSUMED (K) DDLF 50

50 C VOLSTR - VOLUME STRAIN DUE TO RELOCATION (DELTA-V/VOLUME" DDLF 51
r N - COEFFICIENT DESCRIBING FLUX DEPRESSION DDLF 52
C YY - COEFFICIENT DESCRIBING FLUX DEPRESSION DDLF 53
C Z - COEFFICIENT DESCRIBING FLUX DEPRESSION DDLF 54

10/21/80 14.29.35 PAGE 1



76/176 OPT:0 TRACE STATIC FTN 4.8+508

C DDLF 55
55 C ****** * *******************A*UE******xx DDLF 56

C OUTPUT ARGUMENTS DDLF 57
C ******* **U **E********EU$* x*******UZU***** DDLF 58
C DDLF 59
C 8 - SET OF COEFFICIENTS FOR CALCULATING FUEL TEMPERATURES DDLF 60

60 C BELONG THE TRANSITION TEMPERATURE DDLF 61
C BR - SET OF COEFFICIENTS FOR CALCULATING FUEL TEMPERATURES DDLF 62
C ABOVE THE TRANSITION TEMPERATURE DDLF 63
C RTRAN - ,AD!US OUT TO THE REGION WHERE CRACKS BEGIN (H) DDLF 64
C BTOLD - PREVIOUS B-VALUES DDLF 65

65 C IQUIT - CODE STOP INDEX DDLF 66
C DDLF 67
C ***** Uxxxxxxsxxxxxxxxx*************x*************t******X**** DDLF 68
C DDLF 69

DIMENSION RTRANO(NA) DDLF 70
70 DIMENSION RC(6,6),A(6,6),AS(6,6), BTOLD(NA,6) DDLF 71

DIMENSION BR(6) , AR(6,6) DDLF 72
DIMENSION RT(6) , TTRM(6) , 0(6) , T(6) , B(6) DDLF 73
DIMENSION GASES(7) DDLF 74

C DDLF 75
75 C DEFINE CONSTANTS. DDLF 76

C DDLF 77
DATA (RT(I),I:l,6)/0.0,0.0694318,0.33000948,0.66999052,0.9305682,1 DDLF 78

+.0/ DDLF 79
DATA N6 / 6 ' DDLF 80

80 C DDLF 81
IF (RII.Li.l.E-5) RII =I.E-5 DDLF 82
TTRAN : TRANST-273.15E0 DDLF 83
RDD2 : RD**2 DDLF 84
RDD4 : RD**4 DDLF 85

85 DENOM : (Z/2.)*(RDD2-RII**2)+YY4.)*(RDD4-RII**4)+(W/6.'Z(RD**6-R DDLF 86
+11**6) DDLF 87
CON : 2.*3.141592 DDLF 88
RN : POW*RDD2/(DENOH*COI) DDLF 89

C THIS LOOP DEFINES THE INITIAL TEMPERATURE AND THE DDLF 90
90 C VOLUMETRIC HEAT GENERATION AT EACH COLLOCATION PT.(RCI(l)) DDLF 91

C DDLF 92
FAC : POW/37.7 DDLF 93

DO 100 K:2,5 DDLF 94
RC(K,l) : ((RD-RII)*RT(K)+RII)/RD DDLF 95

95 T(K) : FACtil.-RC(K,1I)*RC(KI))+TF5 DDLF 96
IF (ITER.GT.;) T(K) : BTOLD(IPOW,K) DDLF 97
Rh : RC(KI)*RD DDLF 98
0(K) : RN*(Z+YY*RM*2+W*RM*4) DDLF 99

100 CONTINUE DDLF 100
100 T(I) : TFS+FAC DDLF 101

T(6) : TFS DDLF 102
RC(II) : RII/RD DDLF 103
RC(6,1) : 1.0 DDLF 104

C DDLF 105
105 C THIS LOOP DEFINES POWERS OF RC FOR LATER USE. DDLF 106

C DDLF 107
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DO 110 1:1,6 DDLF 108
DO 110 J:2 6 DDLF 109
RC(I,J) : NC(I,1)*RC(I,J-I) DDLF 110

110 110 CONTINUE DDLF III
C RDLF 112
C BEGIN UNRESTRUCTURED STEADY STATE CALCULATION DDLF 113
C THE FOLLOWING 4 LOOPS SET UP THE B.C. AND COLLOCATION DDLF I14
C EQUATIONS FOR THE FUEL. THE PERMANENT AS(I,J) MATRIX NEED DDLF 115

115 C NOT BE CALCULATED FOR ITER.GT.I DDLF 116
C FIRST THE BOUNDARY CONDITIONS FOR FUEL DDLF II7
C DDLF 118

AS(I,l) = 0.0 DDLF 119
AS(6,1) : 1.0 DDLF 120

120 AS(1,2) : 1.0 DDLF 121
A5(6 2) : RC(6,I) DDLF 122DO 120 J:3,6 DDLF 123

AS(I,J) : RCi,J-2)*(J-I) DDLF 124
AS(6,J) : RC(6,J-I) DDLF 125

125 120 CONTINUE DDLF 126
C DDLF 127
C COLLOCATION EQUATIONS FOR FUEL DDLF 128
C DDLF 129

DO 130 1:2 5 DDLF 130
130 AS(Il,) : 6.0 DDLF 131

AS(I,2) : I.0/RC(I,l) DDLF 132
AS(I,3) : 4.C DDLF 133
AS(I,4) : 9.0*RC(I,1) DDLF 134
AS(I,5) = 16.0*RC(I,2) DDLF 135

135 AS(I,6) : 25.0*RC(I,3) DDLF 136
130 CONTINUE DDLF 137
C DDLF 138
C DEFINE SURFACE HEAT FLUX AT COLL PTS. DDLF 139
C DDLF l'iD

140 DO 140 1:2,5 DDLF 141
TTRM(I) : (Z/2.)*(RC(I,2)-RCI ,2))+(YY/4.)*(RC I,4)-RC($,4))*R DDLF 142

+ DD2+(W/6.)*(RC(I,6)-RC(1,6))*RDD4 DDLF 143
140 CONTINUE DDLF 144

TK = T(4)+273.15 DDLF 145
145 C DDLF 146

CALL FTHCON (TK,DENSFFOTMTLRKLAB,DKDT) DDLF 147
C DDLF 148

IF (IM93WC.EQ.1) RKLAB : EMFTC(RKLAB,FTIELT) DDLF 149
C DDLF 150

150 IF (MECHAN.EQ.1) GO TO 150 DDLF 151
C DDLF 152

CALL EFFCON (RLKF,DRDT,RKLAB, TKGAPC, GAPHGAPT ,GASES, DKDT, RFSH,VOL DDLF 153
+STR,MECHAN) DDLF 154

C DDLF 155
155 iSO CONTINUE DDLF 156

C IF THE EM CONDUCTIVITY MODEL IS SPECIFIED, NO CRACKING EFFECTS DDLF 157
C ARE CONSIDERED DDLF 158
C DDLF 159

IF (IM93WC.EQ.1) RLKF : I.EO DDLF 160
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160 IF (IM93UC.EQ.1) DRDT : 0.E0 DDLF 161
C DDLF 162
C ITERATION BEGINS HERE DDLF 163

DO 220 N:I,20 DDLF 164
C SET EXPENDABLE A(IJ) EQUAL TO PERMANENT AS(I,J) DDLF 165

165 DO 170 1:1,6 DDLF 166
DO 160 J=1 6 DDLF 167
A(IJ) : A (I,J) DDLF 168

160 CONTINUE DDLF 169
170 CONTINUE DDLF 170

170 DO 200 K:2 5 DDLF 171
TK : T(K)+73.I5 DDLF 172

C DDLF 173
CALL FTHCON (TK,DENSFFOTMTL,RKLAB,DKDT) DDLF 174

C DDLF 175
175 IF (IM93WC.EQ.1) RKLAB : EMFTC(R'LAB,FTtELT) DDLF 176

C DDLF 177
IF (MECHAN.EQ.1) GO TO 180 DDLF 178

C DDLF 179
RK : RKLAB*RLKF DDLF 180

180 DKDT : ' ABEDRDT+RLKF*DKDT DDLF 181
GO TO 190 DDLF 182

C DDLF 183
180 CONTINUE D3LF 184

RK : RKLAB*CFAC DDLF 185
185 DKDT : DKDT*CFAC DDLF 186

190 CONTINUE DDLF 187
C DDLF :A8

FAC : RN/(RC(K,I)*RK) DDLF 189
TFAC : FAC*TTRM(K) DDLF 190

190 TFACT : TFAC**2 DDLF 191
B(K) : -(Q(K)+DKDT*TFACT)/RK DDLF 192

200 CONTINUE DDLF 193
B(I) : 0.0 DDLF 194
B(6) : TFS DDLF 195

195 C DDLF 196
CALL SI1G (AB,N6,KS) DDLF 197

C DDLF 198
SUM : 0.0 DDLF 199

DO 2s0 1:1 6 DDLF 200
200 TT : B(I)+b(2)*RC(I,1)+B(3)*RC(I,2)+B(4)*RC(I,3)+B(5)*RC(I DDLF 201

+ ,4)+B(6)*RC(I,5) DDLF 202
ADEL : 100.E0*AB3(T(I)-TT),T(I) DDLF 203
SUN : SUM+ADEL DDLF 204
T(I) : TT DDLF 205

205 BTOLD(IPOW,I) : T(I) DDLF 206
210 CONTINUE DDLF 207

IF (SUM.LT.4.E0) GO TO 230 DDLF 208
IF (N.GT.20) WRITE (6,*) "T(i)",T(I) DDLF 209

220 CONTINUE DDLF 210
210 230 CONTINUE DDLF 211

IF (N.GE.20) WRITE (6,520) DDLF 212
IF (N.GE.40.AND.ITERK.GT.1) IQUIT : $ DDLF 213
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TEST : TTRAN+50.EO DDLF 214
C DDLF 215

215 IF (KECHAN.EQ.I) GO TO 500 DDLF 216
C DDLF 217

TEST : TTRAN+50.E0 DDLF 218
IF (RTRANO(IPOI).GT.0.E0) GO TO 240 DDLF 219
IF (T(I).LE.TEST) GO TO 500 DDLF 220

220 C DDLF 221
C LOCATE THE TRANSITION TEMPERATURE BOUNDARY.(RTRAN) DDLF 222
C NOTE RTRAN IS IN METERS DDLF 223
C DDLF 224
240 CONTINUE DDLF 225

225 IF (T(I).LE.TEST) RTRAN : 0.E0 DDLF 226
IF (T(i).LE.TEST) GO TO 340 DDLF 227
REST : RII/RD DDLF 228

DO 260 1:1,5 DDLF 229
TT : 0.0 DDLF 230

230 RST : 1.0 DDLF 231
DO 250 J:1,5 DDLF 232
RST : RST*REST DDLF 233
TT : B(J+I)*RST+TT DDLF 234

250 CONTINUE DDLF 235
235 TT : TT+0(I) DDLF 236

IF (TT.LT.TTkAN) GO TO 270 DDLF 237
REST : REST+0.2 DDLF 238

260 CONTINUE DDLF 239
270 REST : REST-0.2 DDLF 240

240 DO 290 1:1,10 DDLF 241
TT : 0.0 DDLF 242
RST : 1.0 DDLF 243

DO 280 J:I,5 DDLF 244
RST : RST*RES+ DDLF Z45

245 TT : B(J+l)*RST+TT DDLF 246
280 CONTINUE DDLF 247

TT : TT+B(1) DDLF 248
IF (TT.LT.TTRAN) GO TO 300 DDLF 249
REST : REST+0.02 DDLF 250

250 290 CONTINUE DDLF 251
300 REST : REST-0.02 DDLF 252

DO 320 1:1,10 'DLF 253
TT : 0.0 DDLF 254
RST : 1.0 DDLF 255

255 DO 310 J:I 5 DDLF 256
RSt : RST*4EST DDLF 257
TT : B(J+I)*RST+TT DDLF 258

310 CONTINUE DDLF 259
TT : TT+8(I) DDLF 260

260 IF (TT.LT.TTRAN) GO TO 330 DDLF 261
REST : REST+0.002 DDLF 262

320 CONTI tUE DDLF 263
330 RTRAN : (RES(-.001)MRD DDLF 264
340 CONTINUE DDLF 265

265 IF (RTRANO(IPW).GT.RTRAN) GO TO 350 DDLF 266
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C DDLF 267
C THE FOLLOWING CODING PROVIDES FOR PERMANENET CRACK HEALING DDLF 268
C DDLF 269
C **** DDLF 270

270 C DDLF 271
GO TO 360 DDLF 272

350 CONTINUE DDLF 273
RTI : RTRANO(IPOW)/RD DDLF 274
TTRANT : D(I)+8(2)*RTI+8(3)*RTI**2+8(4)*RTI**3+(5)*RT**4+B(6)*RT DDLF 275

275 +I**5 DDLF 276
IF (TTRANT.LT.TTRAN) TTRAN : TTRANT DDLF 277
RTRAN : RTRANO(IPOW) DDLF 278

C **** DDLF 279
360 CONTINUE DDLF 280

280 C DDLF 281
C SET UP COLLOCATION POINTS,POWERS,AND TEMPERATURES,FOR THE INNER REGI DDLF 282
C DDLF 283

DO 380 K:2,5 DDLF 284
RM : RII+RT(K)*(RTRAN-RII) DDLF 285

285 RC(KI) : RM'RD DDLF 286
Q(K) : RN*(Z+YY*RK*RM+W*RM**4) DDLF 287
SUM : 0.0 DDLr 288

DO 370 1J:2,6 DDLF 289
SUM : SUM+8(IJ)*RC(K,l)**(IJ-l) DDLF 290

290 370 CONTINUE DDLF 291
T(K) : SUM+8(I) DDLF 292

380 CONTINUE DDLF 293
RC(l.I) : RII/RD DDLF 294
RC(6 I) : RTRAN/RD DDLF 295

295 O '400 1:1,6 DDLF 296
DO 390 J:2.6 DDLF 297
RC(I J) : RC(II)*RC(I,J-I) DRLF 298

390 CONTINUE DDLF 299
400 CONTINUE DDLF '0

300 C DDLF .01
C SET UP COLLOCATION EQUATIONS FOR THE INNER REGION DDLF 302
C DDLF 303

DO 410 J:1,6 DDLF 304
AR(I,J) : RC(1,1)**(J-2)*(J-l) DDLF 305

305 AR(6,J) : RC(6,1)**(J-1) DDLF 306
410 CONTINUE DDLF 307

DO 420 1:2 5 DDLF 308
AR(Il) : 6.0 DDLF 309
AR(I,2) : 1.0/RC(I,1) DDLF 310

310 AR(I,3) = 4.0 DDLF 311
AR(1,4) : 9.0*RC(II,1) DDLF 312
AR(I,5) : 16.0*RC(I,2) DDLF 313
AR(I,6) : 25.0*RC(I,3) DDLF 314

420 CONTINUE DDLF 315
315 DO4 30 1:2,5 DDLF 316

TTRl;I) : (Z/2.)*(RC(I,2)-RC(U,2))+(YY/4.)*(RC(I,4)-RC(I,4))*R DDLF 317
+ DD2+(I6.)*(RC(I,6)-RC(1,6))*RDD4 DDLF 318

430 CONTINUE DDLF 319
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C DDLF 320
320 C INNER REGION ITERATION BEGINS HERE. DDLF 321

C DDLF 322
DO '80 N:1,20 DDLF 323

DO4 50 JJ:1,6 DDLF 324
DO 440 KK:1,6 DDLF 325

325 A(KK,JJ) : AR(KK,JJ) DDLF 326
440 CONTINUE DP.F 327
450 CONTINUE ,DLF 32P

DO '60 K:2 5 DDLF 329
TK : T(K)+$73.15 DDLF 330

330 C DDLF 331
CALL FTHCON (TKDENSFFOTMTL,RK,DKDT) DDLF 332

C DDLF 333
IF (IM9314C.EQ.1) RK : EMFfC(RK,FTHELT) DDLF 334

C DDLF 335
335 FAC : RN/(RCrK,1)*RK) DDLF 336

TFAC : FAC*TTRM(K) DDLF 337
TFACT : TFAC*2 DDLF 338
BR(K) : -(Q(K)+DKDT*TFACT)/RK DDLF 339

460 CONTINUE DDLF 340
340 BR(I) : 0.0 DDLF 341

9R(6) : TTRAN DDLF 342
C DDLF 343

CALL SIMO (ABRN6,KS) DDLF 344
C DDLF 345

345 SUM : 0.0 DDLF 346
DO '70 1:1,6 DDLF 347
TT : BR(I)+BR(2)*RC(I,1)+BR(3)*RC(I,2)+BR(4)*RC(I,3)+BR(5) DDLF 348

+ *RC(I,4)+BR(6)*RC(I,5) DDLF 349
ADEL. : ABS(T(I)-TT) DDLF 350

350 SUN : SUM+ADEL DDLF 351
T(I) : TT DDLF 352

470 CONTINUE DDLF 353
IF (SUM.LT.I.00) GO TO 490 DDLF 354

480 CONTINUE DDLF 355
355 490 CONTINUE DDLF 356

IF (N.GE.20) WRITE (6,5101 DDLF 357
IF ;N.GE.20.AND.ITERR.GT.1) IQUIT : I DDLF 358

500 CONTINUE DDLF 359
RETURN DDLF 360

360 C DDLF 361
510 FORMAT (SX,36HNONCONVERGENCE IN DDLF--INNER REGION) DDLF 362
520 FORMAT (5X,22HNONCONUERGENCE IN DDLF) DDLF 363

END DDLF 364

SYMIOL IC REFERENCE MAP (R:2)
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ENTRY POINTS DEF LINE
4 DDLF

VARIABLES SN TYPE
1550 A REAL
1473 ABEL PEAL
1660 AR REAL

1614 AS REAL

0 8 REAL

0

0
0

1450
1447

0
1461

1463
1452

0
0
0
0
0
0

1455

1501
0

0

0
0
0

1456

1502
1453

503
1470

BR

TOLD
CFAC
CON
DENOM
DENSF
DKDT

DRDT
FAC

FOTMTL
FELT
GAPC
GAPH
GAPT
GASES
I

IJ
IM93NC

IPOWl

IQUIT
I TER
ITERR
J

JJ
K

KK
KS

REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

761176 OPT:0 TRACE STATIC

REFERENCES
359

RELOCATION
ARRAY

ARRAY

ARRAY

ARRAY F.P.

ARRAY

ARRAY

ARRAY

INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.p.

REFS
REFS
REFS

310
REFS
123

REFS
257
193

REFS
341

REFS
REFS
REFS
REFS
REFS
REFS
338

REFS
REFS
335

REFS
REFS
REFS
REFS
REFS
REFS
REFS
4* 141
2*309
351
240

REFS
REFS

DEFINED
REFS

DEFINED
DEFINED
REFS
REFS
REFS
2*297
243

REFS
REFS

189
335
REFS
REFS

70
203

71
311
70
124
72

259
194
71

70
184
88
88
146
146

DEF I NED
152
95

146
1468
152
152
152
73

3*109
2* 167
310

DEFINED
252
2*289
148

1
96

i

96
212

2*109
3*304
255
2*325
2*94

2* 191
336

2*325
196

FTN 4.8+508

196
350
329
312
167
130
196

6*274

343

96
185

DEFINED
DEFINED

173
152
180
180
100

173
175

DEFINED
DEFINED
DEF I NED

152
130

5*200
2*31 1
107
295

DEFINED
159

205

212
DEFINED

357
3*123
2*305
296

DEFINED

2*338
DEP I NED

343

10/21'80 14.29.35

343
DEFINED
DEFINED

313
DEFINED

131
6*200

289

6*347

DEFINED
DEFINED

87
85

331
173
185

DEFINED
189

331
333
I
I

DEFINED
2*131
2*202
2*312
129
307
288
160

218

357
I

DEFINED
2*124

DEFINED
303
323
2*96
285

DEFINED
3211

PAGE

325

308

120
134
245

338

8

309

121
135
247
191

340

DEFINED
202
304

118
132
233
291

DEFINED

I

DEFINED
180

160
336

DEFINED
DEFINED

132
204
2*313
140
315

175

265

1
2*167
108

97
286

93

167
349
305

119
133
235

DEFINED

205

I
185

DEFINED

I
I

2*133
2*205
4*316
165
346

333

273

233
122

98
289
170

!91

92

2*134
3*297
5*347

199

331

188

2*135
308
349
228

277

245
166

171
291
283

257
231

188
329
328
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VARIABLES SN TYPE
0 NECHAN INTEGER

1464 N INTEGER

0 NA INTEGER
1373 N6 INTEGERo P044 REAL
1740 0 REAL
1504 RC REAL

0

1445
1446
1475

0
0

1465

1460

1462
1454
145,
1476

1724
1477

0

0

1471

1746

1474
1466
1467

0
1457

0
1472

RD

RDD2
RDD4
REST

RFSH
RII

RK

RKLAB

RLKF
RM
RN
RST

RT
RTI
RTRAN

RTRANO

SUN

T

TEST
TFAC
TFACT
TFS
TK

TRANST
TT

REAL

REAL
REAL
REAL

REAL
REAL

REAL

REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL

REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
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RELOCATION

ARRA'
ARRAY

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

ARRAY

ARRAY

F.P.

F.P.

ARRAY

F.P.

F.P.

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

131
2*297
335
293

REFS
263

REFS
REFS
REFS
261
261
REFS
REFS

DEFINED
REFS

DEFINED
REFS

184
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
277
REFS

DEFINED
REFS

DEFINED
REFS
225
101

REFS
REFS
REFS
REFS
REFS
329

REFS
REFS
248

DEFINED
253
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I50
208
163
69
196
88
72
70
133
304
5*347
294
83
273
85
85

232
263

152
81

188
179
146

DEFINED
152
2*98
98

232
230
72

5*274
265

69
I

203
198
72

226
204
219
190
191
95
146

82
202
257
200
257

152
211
322
70

343
92

191
2*95
134
305

DEFINED
297
84

285
88

141
237

DEFINED

DEFINED
3*85
81

191
184
148
148
179
285
188
233
232
94

DEFINED
284

218

207
203
144
329
291
225
337
338
100
152

DEFINED
204
259
229
259

177
212

DEFINED
DEFINED
DEF I NED

338
97
135
309
94

85
293
141
316
239
227

1
2*94

331
333
152
175
180

3*286
286
244
242
284
273
294

265

289
287
171
349
351
226

DEFINED
DEFINED

101
173

1
233
260
233
347

215
356

1
79
1

DEFINED
2*109
6*141

311
102

2*94
294
316

DEFINED
244
237

102

333

173

DEFINED
DEFINED

335
245
244

DEFINED

DEF I NED

273

291
289

2*202
DEFINED

DEFINED
189
190
194
331

235
349
235

DEFINED357

98
121
188
312
103

97
DEFINED
DEFINED

84
249
239

227

335

175

159
97

DEFINED
256
254
77

277

350
345
205
95

213
336
337

DEFINED
DEFINED

236
351
241

9

i

286
123

5*200
313
109

02

83

251
249

2*284

338

179

124
289

6*316
285

227

256
251

293

180

284
88

257
256

225

353
350
208
96

217

I
144

245

245

263

219
100

171

247

247

vTN 4.8+508 PAGE



SUBROUTINE DDLF

VARIABLES SN TYPE
1444 TTRAN REAL

1500 TTRANT REAL
1732 TTRI REAL

0 VOLSTR REAL
0 N REAL

0 YY REAL

0 Z REAL

FILE NAMES
TAPE6

EXTERNALS
EFFCON
EMFTC
FTHCON

INLINE FUNCTIONS
ABS

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

301 150
0 160
0 170

365 180
373 190
0 200
0 210
0 220

501 230
534 240
0 250
0 260

604 270
0 280
G 290

644 300
C 310
0 320

704 330
711 340
720 350
747 360
0 370

MODE
MIXED

TYPE

REAL

TYPE
REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARGS
12
2
5
4

ARGS
INTRIN

DEF LINE
99

110
125
136
143
155
168
169
183
186
192
206
209
210
224
234
238
2'9
246
250
251
258
262
263
264
272
279
290

F.P.
F. P.

F.P.

F.P.

WRITES

REFERENCES
152
148
146
196

DEF LINE RE

t :FERENCES
93

107
122
129
140
150
166
165
177
181
170
199
163
207
218
231
228
236
243
240
248
255
252
260
226
265
271
288

REFS
REFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED

208

175
173
343

FERENCES
202

108
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213
82

2x276
72
152
85
8

85
1

85
1

211

333
331

349

217
276

DEFINED
189

DEFINED
98

98

99

236

274
336
I1

141

141

141

248

DEFINED

286

286

286

260

141

316

316

316

276

316

341

356
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STATEMENT LABELS
0 380
0 390
0 400
0 410
0 420
0 430
0 440
0 450
0 460
0 470
0 48V

1273 490
1306 500
1406 510 FMT
1414 520 FMT

DEF LIKE
292
298
299
306
314
318
326
327
339
352
354
355
358
361
362

REFERENCES
283
296
295
303
307
315
324
323
319
34t
322
353
215
356
211

FROM-TO
93 99

107 110
108 110
122 125
129 136
140 143
163 209
165 169
166 168
170 192
199 206
228 238
231 234
240 250
243 246
252 262
255 258
283 292
288 290
295 299
296 298
303 306
307 314
315 318
322 354
323 327
324 326
328 339
346 352

LENGTH
368
158
108
148
248
218

1658
158
108
608
368
338

18
338
118
338

88
458
148
IS
108
218
248
218

1318
858
10
368
318

PROPERTIES
OPT

INSTACK
OPT
OPT
OPT

E
H

INSTACK
E

OPT

INSTACK

INSTACK

INSTACK
E

INSTACK
E

OPT
OPT

E

INSTACK
E

OPT

N0T INNER

EXT
NOT

REFS
INNER

EXITS NOT INNER

EXT REFS

EXITS NOT IN'4NE

EXITS NOT INNER

EXITS NOT INNER

EXT
EXT
NOT

REFS
REFS
I NNER

NOT INNER

EXT REFS

LOOPS
55

127
131
156
174
222
313
315
317
334
427
550
556
610
616
650
656
751
774

1026
1030
1045
1070
8886
1141
1143
1145
1162
1233

LABEL
800E
110
110
120
130
14C

220
170
160
200
210
260
250
290
280
320
310
380
370
400
390
410
420
430
480
450
440
460
470

EXITS NOT INNER

INDEX
K
I
J
J
I
I
N
I
J
K
I
I
J
I
J
I
J
K
IJ
I
J
J
I
I
N
JJ
KK
K
I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

219

EXT
NOT

REFS
INNER

EXT REFS

20458 1061

SUBROUTINE DDLF i0/2i/80 X4.29.35 PAGE 11
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SUBROUTINE DFRAC (CTMAX, HSTRAN, TCLAD, TIMEF,PFR)

IMPLICIT REAL*8(A-H,O-Z)

SUBROUTINE DFRAC PREDICTS THE PERCENTAGE OF FUEL RODS IN A SYSTEM
THAT WILL FAIL DUE TO AN OVERSTRAIN CONDITION
*:* PART OF FRAIL FAILURE PACKAGE x*

-- INPUT ARGUMENTS --

CTHAX
HSTRAN
TCL AD
TIPCF

PREVIOUS MAXIMUM CLAD TEMPERATURE ( DEG K )
ENGINEERING HOOP STRAIN
CLADDING TEMPERATURE ( DEG K
TIME AT FLUX ( SEC )

-- OUTPUT ARGUMENTS --

PFR FRACTION OF RODS THAT FAIL DUE TO OVERSTRAINING

CALL FSTEMP (CTMAX,HSTRAN, TCLADPFR)
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 DFRAC

VARIABLES
0 CTMAX
0 HSTRAN
0 PFR
0 TCLAD
0 TIMEF

EXTERNALS
FSTEMP

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL
REAL

TYPE ARGS
4

REFERENCES
24

RELOCATION
F.P.
F.P.
F.P.
F.P.

*UNUSED F.P.

REFERENCES
22

STT 1STICS
PROGRAM LENGTH

1400008 SCM USED

I

5

10

15

20

DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC
DFRC

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

REFS
REFS
PEFS
REFS

DEFINED

22
22
22

DEFINED
DEFINED
DEFINED
DEFINED

I

Iii

236

10/21/80 I4.29.35 PAGE ISUIOT I NE DFRAC
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C DLGA 2
C .................................................................. DLGA 3
C DLA '4
C SUBROUTINE DLGAH DLGA 5

5 C OLGA 6
C PURPOSE DLGA 7
C COMPUTES THE DOUBLE PRECISION NATURAL LOGARITHM OF THE DLGA 8
C GAMMA FUNCTION OF A GIVEN DOUBLE PRECISION ARGUMENT. DLGA 9
C OLGA 50

10 C USAGE DLGA ii
C CALL DLGAtI(XX,DLNG,IER) DLGA 12
C OLGA 53
C DESCRIPTION OF PARAMETERS DLGA 14
C XX - THE DOUBLE PRECISION ARGUMENT FOR THE LOG GAMMA DLGA I5

15 C FUNCTION. DLGA 16
C DING - THE RESULTANT DOUBLE PRECISION LOG GAMMA FUNCTION DLGA 17
C VALUE. DLGA 18
C IER - RESULTANT ERROR CODE WbctRE DLGA 19
C IER: 0----NO ERROR. DLGA 20

20 C IER:-I----XX IS WITHIN 10**(-9) OF BEING ZERO OR XX DLGA 21
C IS NEGATIVE. DLNG IS SET TO -1.0075. DLGA 22
C IER:+1----XX IS GREATER THAN 10**70. DLNG IS SET TO DLGA 23
C +I.0D75. DLGA 24
C DLGA 25

25 C REMARKS DLGA 26
C NONE DLGA 27
C DLGA 28
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED DLGA 29
C NONE DLGA 30

30 C DLGA 31
C METHOD DLGA 32
C THE EULER-MCLAURIN EXPANSION TO THE SEVENTH DERIVATIVE TERM DLGA 33

IS USED, AS GIVEN BY M. ABRAMONITZ AND l.A. STEGUN, DLGA 34
C 'HANDBOOK O MATHEMATICAL FUNCTIONS' U. S. DEPARTMENT OF DLGA 35

35 C COMMERCE, NATIONAL BUREAU OF STANDARDS APPLIED MATHEMATICS DLGA 36
C SERIES, 1966, EQUATION 6.1.41. DLGA 37
C DLGA 38C .................................................................. DLGA 39
C DLGA 40

40 SUBROUTINE DLGAM (XXDLNG,JER) DLGA 41
DOUBLE PRECISION XX,ZZ,TERM,RZ2,DLNG DLGA 42
IER : 0 DLGA 42
ZZ : XX DLGA 44
IF (XX-5.DIO) I10,I10,100 DLGA 45

45 100 IF (XX-1.070) 170,180,180 DLGA 46
C DLGA 47
C SEE IF XX IS NEAR ZERO OR NEGATIVE DLGA 48
C DLGA 49
110 IF (XX-I.D-9) 120,120,130 DLGA 50

50 120 IER : -1 DLGA 51
DLNG : -5.D75 DLGA 52
GO TO 190 DLGA 53

C DLGA 54
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XX GREATER THAN ZERO AND LESS THAN OR EQUAL TO I.D+10

130 TERM : 1.00
140 IF (ZZ-18.D0) 150,150, 160
150 TERM : TERM*ZZ

ZZ : 'Z+1.D0
GC . 140

160 RZ2 : I.DO/ZZ**2
DING : (ZZ-0.5D0)*DLOG(ZZ)-ZZ+0.9189385332046727-DLOGiTERM)+(I.DO/
+ZZ)*(.8333333333333333D-I-(RZ2*(.2777777777777777D-2+RZ2*(.793650
+79365079360-3-(RZ2*(.595Z380952380952D-3)))))))
GO TO 190

C
C
C
170

C
C
C

XX GREATER THAN I.D+10 AND LESS THAN I.D+70

DLNG = ZZ*(DLOG(ZZ)-I.DO)
GO TO 190

XX GREATER THAN OR EQUAL TO I.D+70

180 IER :=+1
DLNG : 1.075

190 RETURN
END

CARD NR. SEVERITY DETAILS DIAGNOSIS or PROBLEM

CONSTANT TOO LONG. HIGH ORDER DIGITS RETAINED, BUT SOME PRECISION LOST.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 DLGAI

VARIABLES
0 DLNG
0 IER

277 RZ2
275 TERM
0 XX

273 ZZ

DEF LINE
40

SN TYPE
DOUBLE
INTEGER
DOUBLE
DOUBLE
DOUBLE

REFERENCES
76

RELOCATION
F.P.
F.P.

F.P.

DOUBLE

55

60

65

70

75

C DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DLGA
DL GA

62 I

REFS
DEFINED

REFS
REFS
REFS

DEFINED
REFS

DEFINED

41
40
41
41
41
40
41
43

DEFINED
42

3*62
58
43

57
59

40
50

DEFINED
62
44

58

51
74
61

DEFINED
'5

59

75

56
49

61

69

58

4*62 2*69

SU$ROUT 11E DLGAP 10/21/80 14.29.35 PAGE 2

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

i
i
i



SUBROUTINE DLGAM

EXTERNALS TYPE AA
DLOG DOUBLE

STATEMENT LABELS
0 100 INACTIVE

31 110
0 120 INACTIVE

47 130
53 140
o 150 INACTIVE

74 160
205 170
220 180
227 190

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RGS REFERENCES
I LIBRARY 2*62 69

DEF LINE REFERENCES
45 44
49 2X44
50 2x49
56 49
57 60
58 2*57
61 57
69 45
74 2x45
76 52 65

3018 193

10/21/80 14.29.35

70

3FIN 4.8+508 PAGE
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SUBROUTINE EFFCON (RLKF,DRDT,CON,FTEMPGAPC,GAPHGAPT,GASSS,DKCT,R EFFCON 2
+FSHVOLSTR,MECHAN) EFFCON 3

C EFFCON 4
C IhPLiCIT REAL*8(A-H,O-Z) EFFCON 5

5 C EFFCON 6

C EFFCON 8
C THIS SUBROUTINE IS CALLED FROM DDLF AND COMPUTES TIC FACTOR TO BE EFFCON 9
C APPLIED TO THE FUEL CONDUCTIVITY TO ACCOUNT FOR THE tL-ECTS OF EFFCON 10

10 C CRACKING EFFCON 10
C EFFCON 12
C *$*********x*x******************** x*** x* *********** EFFCON 13
C INPUT ARGUMENTS EFFCON 14
C x*x*****************x:m :*********: z*** z***** **** * EFFCO4 15

15 C EFFCON 16
C CON - FUEL THERMAL CONDUCTIVITY (W/M**2-K) EFFCON 17
C DKDT - THE DERIUITAVE OF THE FUEL CONDUCTIVITY WRT TEMPERATURE EFFCON 18
C FTEMP - FUEL TEMPERATURE(K). EFFCON 19
C GAPC - COLD STATE RADIAL GAP (M) EFFCON 20

20 C GAPH - HOT STATE UNRELOCATED RADIAL GAP (M) EFFCON 21
C GAPT - HOT STATE RELOCATED RADIAL GAP (M) EFFCON 22
C GASES - ARRAY OF GAS MOLE FRACTIONS EFFCON 23
C GAS I - HELIUM EFFCON 24
C GAS 2 - ARGON EFFCON 25

25 C GAS 3 - KRYPTON EFFCON 26
C GAS 4 - XENON EFFCON 27
C GAS 5 - HYDROGEN EFFCON 28
C GAS 6 - AIR EFFCON 29
C GAS 7 - WATER VAPOR EFFCON 30

30 C MECHAN - MECHANICAL. SUBCODE INDEX -2 FRACAS-1 ,:3 FRACAS-Il EFFCON 31
C RFSH - COLD STATE FUEL PELLET RA6IUS (M) EFFCON 32
C VOLSTR - VOLUME STRAIN DUE TO RELOCATION (DELTA-U/VOLUME) EFFCON 33
C EFFCON 34
C * ** x*** ********x**x**************** *** ***U EFFLON I5

3C C OUTPUT ARGUMENTS EFFCON 36
C **x***************g*******xxxxxx**********fl******* iEFFCON 37
C EFFCON 38
C RLKF - CONDUCTIVITY MULTIPLIER TO ACCOUNT FOR CRACKING EFFCON 39
C DRDT - THE DERtVITAVE OF RLKF WRT TEMPERATURE EFFCON 40

40 C EFFCON 41
C EFFCON 42

DIMENSION GASES(7) EFFCON 43
DATA TGUESS / 4.E-6 / , PGUESS / 7.E6 / EFFCON 44
DATA CONST / 0 30E0 / EFFCON 45

45 C EFFCON 46
TGUESS : (GAPH-GAPT)/2.E0 EFFCON 47
GPCON : GTHCON(GASES FTEMP,PGUESS,TGUESS) EFFCON 48
IF (VOLSTR.EQ.0.E0) 60 TO 100 EFFCON 49
CREL : (GAPH-GAPT)/(RFSH*(VOLSTR/3.E0)) EFFCON 50

50 IF (MECHAN.EQ.3) CREL : VOLSTR/(4.E0*GAPC/RFSH) EFFCON 51
CREL : CREL*(GAPC/O.8E-4) EFFCON 52
IF (MECHAN.EQ.3) CREL : CREL*I.6E0 EFFCON 53
IF (CREL.LE.0.125E0) CREL : 0.125E0 EFFCON 54
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GO TO 110
100 CREL : 0.125E0
110 CONTINUE
C

RLKF : I.E0-CONST*CREL*(i.EO-GPCONICON)
IF (RLKF.LT.0.4E0) RLKF : 0.4E0
DRDT : -CONST*CREL*DKDT*GPCONCON**2
IF (RLKF.EQ.0.4E0) DRDT : 0.EO
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 EFFCON

VARIABLES
0 CON

112 CONST
125 CREL

0
0
0
0
0
0
0

124
0

III
0
0

110
0

DKDT
DRDT
FTEMP
GAPC
GAPH
GAPT
GASES
GPCON
MECHAN
PGUESS
RFSH
RLKF
TGUESS
VOLSTR

EXTERNALS
GTHCON

STATEMENT LABELS
53 100
56 lID

STATISTICS
PROGRAM LENGTH

1400008B

DEF LINE
I

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

SCM USED

REFERENCES
62

RELOCATION
F.P.

F P.
F.P.
F.P.
F.P.
F.P.
FP.

ARRAY F.P.

F.P.

F.P.
F.P.

F.P.

ARGS
4

DEF LINE
55
56

1268

REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFERENCES
47

REFERENCES
58

86

60

EFFCON
EFFCON
EFFCON
EFFCON
EFFCON
EFFCON
EFFCON
EFFCON
EFFCON
EFFCON

55
56
57
58
59
60
61
62
63
64

58

51
49
60

47
50
46
46
42
58
50
47
49
59
47
48

6"
60
52
50

DEFINED
60

DEFINED
51
49
49
47
60
52

DEFINED
50
61

DEFINED
49

DEFINED
DEFINED

53
5'
1

61

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

43
DEF I NED
DEFINED

43
50

I
44
58
52

I
I
I

47

I

46
DEFINED

60
53

58

55

59

10/21/80 14.29,35 PAGE 2SUBROUTINE EFFCON
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I
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I FUNCTION EMDNSF (BNDFS,RON,ROWS) EMDNSF 2
C EMDNSF 3
C '-DNSF IS CALLED FROM SUBROUTINE SWELL EMDNSF 4
C FUn.TION EMDNSF I5 USED TO CALCULATE THE DENSIFICATION OF THE FUEL EMDNSF 5

5 C USIkG R 0 MEYERS MODEL DESCRIBED IN NUREG 0085 EMDNSF 6
C EMDNSF 7
C ** ************************************************************** EMDNSF 8
C INPUT ARGUMENTS EMDNSF 9
C ***************t******************* ******************************** EMDNSF 10

10 C EMDNSF 11
C BN - BURNUP (MWD/MTU) EMDNSF 12
C DFS - FUEL PELLET DIAMETER (Ik EMDNSF 13
C ROW - FUEL DENSITY (GM/CC) EMDNSF 14
C ROWS - RESINTERED DENSITY (GM/CC) EMDNSF I5

15 C EMDNSF 16
C * *:s ***************************************************************EMDNSF 17
C OUTPUT ARGUMENT EMDNSF 18
C z::*:*:*:::n::*:*:**** ::s:::*** :::s** u:*:*:*:n*s*********:***:::: EMDNSF 19
C EMDNSF 20

20 C EMDNSF - FUEL DENSIFICATION STRAIN (UNITLESS) EMDNSF 21
C EMDNSF 22
C ******************************************************************** EMDNSF ?3
C EMDNSF 24

BU : ON EMDNSF 25
25 DELPI : 0. EMDNSF 26

DR : ROS-ROW EMDNSF 27
IF (ROIIS.LE.ROW) GO TO 120 EMDNSF 2@
IF (DR.LE..4384) GO TO 100 EMDNSF 29
IF (BU.LE.5.) GO TO 120 EMDNSF 30

30 IF (BU.GT.500.) BU : 500. EMIINSF 31
DELR : .5*DRXALOGI0(BU/5.) EMDNSF 32
GO TO 110 EMDNSF 33

100 IF (BU.LE.20.) GO TO 120 EMDNSF 34
IF (BU.GT.2000.) BU : 2000. EMDNSF 35

35 DELR : .5*DR*ALOGIO(BU/20.) EMDNSF 36
110 DELPI : -DELR:DFS/3.lPOW EMDNSF 37
120 CONTINUE EMDNSF 38

EMDNSF : DELPI/DFS EMDNSF 39
RETURN EMDNSF 40

40 END EMDNSF 41

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 EMDNSF I 39

VARIABLES SN TYPE RELOCATION
0 BN REAL F.P. REFS 24 DEFINED I

102 BU REAL REFS 29 30 31 33 34 35

10/21/80 lI.29.35 PAGE 1



FUNCTION EMDNSF

VARIABLES SN TYPE

103 DELPI REAL
105 DELR REAL
0 DFS REAL

104 DR REAL
101 EMDNSF REAL

0 ROW REAL
0 ROWS REAL

EXTERNALS TYPE
ALOGIO REAL

STATEMENT LABELS
42 100
56 110
63 120

STATISTICS
PROGRAM LENGTH

1400008 SC9 USED

76/176 OPT:0 TRACE STATIC

RELOCATION

F.P.

ARGS
I LIBRARY

DEF LINE
33
36
37

1068

DEFINED
REFS
REFS
REFS
REFS

DEFINED
F.P.
F.P.

REFERENCES
31

REFERENCES
28
32
27

REFS
REFS

10/21/80 i1.29.35

24
38
36
36
28
38
26
26

30
DEFINED
DEFINED

38
31

27
27

34
25
31

DEFINED
35

36
DEFINED

36
35

'
DEFINED

DEFINED
1

26

35

29 33

70

2FTN 4.8+5O8 PAGE
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FUNCTION EMFTC (CONBEFTMELT)

EMFTC IS THE U02 THERMAL CONDUCTIVITY EVALUATION MODEL.

EMFTC : OUTPUT CONSERVATIVE FUEL THERMAL CONDUCTIVITY (WIM-K)
CONBE : INPUT BEST ESTIMATE FUEL THERMAL CONDUCTIVITY (I/M-K)
FTMELT: INPUT FUEL MELT TEMPERATURE (K)

THIS EVALUATION MODEL DECREASES THE FUEL THERMAL CONDUCTIVITY
TO ONE BASED ON 93 I/CM AT BOL BY SHIFTING THE CONDUCTIVITY CURVE
DOWN FROM ONE BASED ON 97 Wi/CH.

CODED BY G.A. BERNA, JANUARY 1980

EMFTC : CONBE-400.E0/(FTMELT-273. I5E0)

RETURN
END

REFS
DEFINED
REFS

15
i5
I5

SYMBOLIC REFERENCE MAP (R:2)

ENTRYY POINTS DEF LINE REFERENCES
5 EMFTC I 17

VARIABLES SN TYPE RELOCATION
0 CONBE REAL F.P.
IT EMFTC REAL
0 FT'IELT REAL F.P.

STATIC a1S
PROGRAM LENGTH 208 14

1400008 SCM USED

DEFINED

DEFINED

$

5

10

15

EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC
EMFTC

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19

FUNCTION EMFTC 10'21/80 14.29.35 PAGE

1

I
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FUNCTION EKRLOC (RPGAPDURNUP,P) EMRLOC 2
C EMRLOC 3
C EMRLOC IS CALLED FROM SUBROUTINE MAIN AND COMPUTES THE RELOCATION EMRLOC 4
C AS SPECIFIED IN BNWL-1896. EMRLOC 5

5 C ENRLOC 6
C ***********n************:***** **fl *********** **** EHRLOC 7
C INPUT ARGUMENTS EMRLOC 8
C ***************** **:: i** **************************:u:** EMRLOC 9
C EMRLOC +0

10 C BURNUP - BURNUP (MWDiMTU) EMRLOC 11
C GAP - COLD STATE RADIAL GAP SIZE (IN) EKRLOC 12
C P - LOCAL POWER (K1/FT) EMRLOC 13
C RP - FUEL PELLET COLD STATE RADIUS (IN) EMRLOC 14
C ENRLOC 15

IS C ***************************************************************** EKRLOC 16
C OUTPUT ARGUMENT EMRLOC 17
C *********************** ************** EMRLOC 18
C EMRLOC 19
C EMRLOC - RELOCATION STRAIN (UNITLESS) EMRLOC 20

20 C ENRLOC 21
C ************* *****************U************************** ERLOC 22
C EMRLOC 23

IF (BURNUP.LE.0.E0) GO TO 100 EMRLOC 24
3 : EXP(-4.+BURNUP**.25) EMRLOC 25

25 GO TO 110 E"RLOC 26
100 CONTINUE EKRLOC 27

3 : 0.0183156E0 ENRLOC 28
110 CONTINUE ENRLOC 29

DELGD : (40.*(B/(I.+D))+0.8*P+I.)*GAP/I00. EMRLOC 30
30 DELGD : DELGD-.28*GAP EMRLOC 31

IF (DELGD.LT.0) DELGD = 0.0 E"RLOC 32
EMRLOC : DELGD/RP EMRLOC 33
RETURN EMRLOC 34
END EMRLOC 35

SYMBOLIC REFEREE E MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 EMRLOC 1 33

VARIABLES SN TYPE RELOCATION
70 B REAL REFS 2*29 DEFINED 24 27
0 BURNUP REAL F.P. REFS 23 24 DEFINED I

71 DELGD REAL REFS 30 31 32 DEFINE) 29 30 31
67 EKRLOC REAL DEFINED 32
0 GAP REAL F.P. REFS 29 30 DEFINED I
0 P REAL F.P. REFS 29 DEFINED I
0 RP REAL F.P. REFS 32 DEFINED 1

10/21/80 14.29.35 PAGE I



FU 4CT ION EMRLOC

EXTERNALS TYPE
EXP REAL

STATEMENT L ABELS
23 100
26 1.0

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

ARGS REFERENCES
I LIBRARY 24

DEF L INE REFERENCES
26 23
28 25

72B 58

FTN M.8+508 10,21/80 14.29.35 PAGE 2
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1C SUBROUTINE EMSSF2 (TF,TC,,RF,GPTHK,ZROFE) EMS2 2
C EHS2 3
C SUBROUTINE COMPUTES EMISSIVITY FACTOR FOR FUEL-CLADDING GAP EMS2 4
C RADIATION HEAT TRANSFER CALCULATIONS EMS2 5

5 C THIS SUBROUTINE IS CALLED FPOM GAPRS EMS2 6
C EMSSF2 IS CALLED FROM GAPCRS EMS2 7
C EMS2 8
C INPJT ARGUMENTS EMS2 9
C EMS? 10

10 C TF : TEMPERATURE OF OUTSIDE SURFACE OF FUEL (F) EMS2 11
C TC : TEMPERATURE OF I SIDE SURFACE OF CLADDING (F) EMS2 12
C RF : RADIUS OF OUTSIDE SURFACE OF FUEL (FT) EMS2 13
C GPTHK : THICKNESS OF FUEL-CLADDING GAP (FT) EMS2 14
C ZRO - ZIRCALOY-OXIDE THICKNESS (M) EMS2 I5

IS C EMS? 16
C OUTPUT ARGUMENT EMS2 17
C EMS? 18
C FE : TO BE COMPUTED EMISSIVITY FACTOR EMS2 19
C EMS? 20

20 C IMPLICIT REAL*B(A-HO-Z) EMS2 21

C COMPUTE FUEL EMISSIVITY EMS? 23
C EMS2?2

TK : (TF+45.67E0)I.8E0 EMS2 25
25 C EMS2 26

EF : FEMISS(TK) EMS2 27

C COMPUTE CLADDING EMISSIVITY EMS229
C EMS2 30

30 C EMS2 31
C * CONVERT CLADDING TEMPERATURE FROM F TO K EMS2 32
C EMS? 33

TCK : (TC+459.67E0)i.8E0 EMS2 34
C EMS3 35

35 CALL ZOEMIS (TC(,ZROEC) EMS2 36
RC : RF+GPTHK EMS2 37
FE : I./(i./EF+(RF/RC)*: ..'EC-l.)) EMS2 38
RETURN EM52 39
END EMS,'40

SYMBOLIC REFERENCE MAP (4=2)

ENTRY POINTS DEF LINE REFERENCES
4 EMSSF2 I 38

VARIABLES SN TYPE RELOCATION
54 EC REAL REFS 35 37
52 EF REAL REFS 37 DEFINED 26

0 FE REAL F.P. DEFINED I 37



SUBROUTINE EMSSF2

VARIABLES SN TYPE
0 GPTHK R.at.

55 RC REAL
0 RF REAL
0 TC REAL

53 TCK REAL
0 TF REAL

5$ TK RE'.
0 ZRu RFsL

EXTERNALS TYPE
F''MISS REAL
Z)EHI5

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

RELOCATION
F.P. REFS

REFS
F.P. REFS
F.P. REFS

REFS
F.P. REFS

REFS
F.P. REFS

ARGS REFERENCES
1 26
3 35

568

FIN v.8+508

36
37
36
33
35
24
26
35

DEFINED
DEFINED

37
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

10/21i80 14.29,35

36
DEFINED

I
33
I

2I

I

46
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SUBROUTINE ENERGY (CPDELTJ,RAD,TBAR,TFB,IT,NDBGNR,COtP,FOTMTL,'T ENRG 2
+MELT,NA, TREFFHEFUS) ENRG 3

C ENRG 4
C IMPLICIT REAL 8 *8(A-H,O-Z) ENRG 5

5 C ENRG 6
C THIS SUBROUTINE IS CALLED FROM MAIN AND WAS CODED BY G A BERNA ENRG 7
C THIS ROUTINE COMPUTES THE STORED ENERGY AT THE VOLUMETRIC AVERAGE ENRG 8
C TEMPERATURE -TBAR BY SUMiIING THE CONTRIBUTIONS OF E4CH RADIAL ENRG 9
C RING IN A GIVEN AXIAL INCREMENT ENRG 10

10 C ENRG 11
C ********** *x******** * x*xx*** ****** ENRG 12
C INPUT ARGUMENTS ENRG 13
C :******* *******x*x*x****x**x****:****nsn ** ***u ENRG 14
C ENRG '5

15 C COMP - PU02 PERCENT OF THE FUEL (W/:) ENRG 16
C FHEFUS - HEAT OF FUSSION OF '1E FUEL (JiKG) ENRG 17
C FOTMTL - FUEL OXYGEN TO METAL RATIO ENRG 18
C FTMELT - FUEL MELT TEMPERATURE (DEG K) ENRG 19
C NA - MAXIMUM NUMBER OF AXIAL NOTES ENRG 20

20 C NR - NUMBER OF RADIAL NODES ENRG 21
C NJldG - DEBUG OUTPUT INDEX ENRG 22
C 14MAX - MAXIMUM NUMBER OF RADIAL NODES ENRG 23
C RAD - HOT FUEL RING RADIUS (METERS) ENRG 24
C TFB - FUEL RING TEMPERATURE (F) ENRG 25

25 C TREF - REFERENCE TEMPERATURE UPON WHICH THE STORED ENERGY IS ENRG 26
C BASED (K) ENRG 27
C IT - POWER STEP INDEX ENRG 28
C J - AXIAL NODE I4DEX ENRG 29
C ENRG 30

30 C ************ s**************x***x**************************::u ENRG 31
C OUTPUT ARGUMENTS ENRG 32
C ******************************************************************* ENRG 33
C ENRG 34
C CPDELT - STORED ENERGY AT TBAR FOR AXIAL INCREMENT J (JOULESiKG) ENRG 35

35 C TEAR - VOLUMETRIC FUEL AVERAGE TEMPERATURE AT NODE J (F) ENRG 36
C ENRG 37
C ********x**************** ********************************* ENRG 38
C ENRG 39

DIMENSION CPDELT(NA) TBAR(NA) ENRG 40
40 DIMENSION RAD(NR) ,TFb(NR) ENRG 41

C ENRG 42
C ENRG 43

TBARI : 0.E0 ENRG 44
FCOMP : COMPiIOO.E0 ENRG 45

45 SUMENR : 0.E0 ENRG 46
C ENRG 47

DO 100 L:2,NR ENRG 48
C ENRG '49
C CONVERT TO DEGREES K FROM F ENRG 50

50 C ENRG 51
TBAR2 : (TF(L-l)+459.67E0)i.8E0 ENRG 52
VOL : (RAD(L-1)**2-RAD;L)**2)/RAD(I)**2 ENRG 53
FACHOT : 0.EO ENRG 54

10/21/80 14.29.35 PAGE 1



76i176 OPT:0 TRACE STATIC FTN 4.8+508

IF (TBAR2.GT.FTNELT) FACMOT : 1.E0
SU#CPT : FENTHL(TBAR2,FCOMP FOTMTL FTHELTFACHOTFHEFUS)-F NTH

+ L(TREF,FCOiP FOTMTL,FTKELTDACMOTHEFUS)
SUMENR : SUfNR+SUtCPT*VOL
TBARI : TDARI+TBAR2*VOL

100 CONTINUE
C

CPCELT(J) : SUMENR
TBAR(J) : (TBARI*I.8E0)-459.67E0
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 ENERGY

VARIABLES
0 COMP
0 CPDELT

127 FACMOT
122 FCOMP

0 FHEFUS
0 FOTMTL
0 FTMELT
0 IT
0 J

124 L
0 NA
0 NDBD
0 NR
0 RAD

130 SUCPT
123 SUMENR
0 TSAR

121 TBARI
125 TBAR2

0 TFB
0 TREF

126 VOL

EXTERNALS
FENTHL

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

REFERENCES
63

RELOCATION
F.P.

ARRAY F.P.

F.P.
F.P.
F.P.

*UNUSED F.P.
F.P.

F.P.
*UNUSED F.P.

F.P.
ARRAY F.P.

ARRAY F.P.

ARRAY F.P.
F.P.

ARGS
6

REFERENCES
2*55

STATEMENT LABELS
0 100

DEF LINE
59

REFERENCES
4*7

60

ENRG
ENRG
ENRG
ENRG
ENRG
ENRG
ENRG
ENRG
ENRG
ENRG
ENRG

55
56
57
58
59
60
61
62
63
64
65

REFS
REFS
REFS
REF.
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

44
39

2*55
2*55
2*55
2*55

61
51

2*39

2*40
40
57
57
39
58
54
40
55
57

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

2*55

62
a*52

DEF I NED

47
3*52

DEFINED
61

DEFINED
62
55
51

DEFINED
58

I
53
44
I

DEFINED

DEFINED
DEFINED

DEFINED
DEFINED

55
DEFINED

DEFINED
58

DEFINED

DEFINED

61
54

47

I
I

45
62
43

DEFINED
I

52

57

58
51
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STATISTICS
PROGRAM LENGTH
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SUBROUTINE EUMELT (DOXIDETCLADTC00L,ZRNI, IMELT)

IMPLICIT REAL*8(f -H,O-Z)

SUBROUTINE EUMELT CALCULATES WHETHER THE tEMPERATURE OF THE
CLADDING AT THE SPACER GRID LOCATION EXCEEDS THE TEMPERATURE AT
WHICH A EUTECTIC WOULD FORM AND MELT -- AN OXIDE LAYER WOULD
INHIBIT THE FORMATION OF THE EUTECTIC
Us PART OF FRAIL FAILURE PACKAGE 5*$

-- INPUT ARGUMENTS --

DOXIDE
TCLAD
TC OL
ZRNI

DEPTH OF OXIDE LAYER ( M )
TEMPERATURE OF CLADDING ( DEG K )
TEMPERATURE OF COOLANT ( DEG K )
ZIRC-NJ'KEL EUTECTIC MELT TEMPERATURE ( DEG K )

C -- OUTPUT ARGUMENT --
C
C IMELT MELT INDICATOR
C : 0, NO EUTECTIC MELT
C : I, EUTECTIC MELT
C
C ESTIMATE THE TEMPERATURE OF THE CLADDING AT A SPACER GRID
C

TGRID : (TCLAD+.5*TC00L)/l.5
C

IMELT : 0
IF (TGRID.GE.ZRNI) MELT : I

C
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

10/21/80 '14.29.35 PAGE

I EUMT
EUMT
EUMT
EUMT
EUNT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMIT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT
EUMT

ENTRY POINTS
M EUMELT

VARIABLES
0 DIOXIDE
0 IMELT
0 TCLAD
0 TCOOL

25 TGRID
0 ZRNI

DEF LINE
I

SN tYPE
REAL
INTEGER
REAL
REAL
REAL
RE PL

REFERENCES
33

RELOCATION
*UNUSED F.P.

F.P.
F.P.
F.P.

F.P.

2
3

5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3'

33
35
35

5

10

I5

20

25

DEFINED
DEFINED

REFS
REFS
REFS
REFS

I

27
27
30
30

29
DEFINED
DEFINED
DEFINED
DEFINED

30
i

27
I

30
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SUBROUTINE FAILUR (DELHCRAKI,CRAKL,CTMAX,ESR FB FFR FREQ,HUPTAKI FALU 2
+CDOFF IFBSW ISTOFF,MODFAL,NOPTNUCFC,PCVCL,PFb P R,RiTRAN TCC TFLI FALU 3
+FTIMiF TI S,EPS ,NCHEM,0LIGAP,SIG,TC,TW,ZRO2B,IT,BU2,CbAMA,CES FALU 4
+IUM,NR,FDAMAGFRDENDINENAFAILUMELT,NNFAILZRNI,TMPDIS,TMPMAX,D FALU 5

5 +ELBPP,TIELAP,UBFS, UFD,NFROD) FALU 6
C FALU 7
C IMPLICIT REAL * 8 (A-H,O-Z) FALU 8
C FAU 9

INTEGER OLIGAP FALU 10
10 C FALU 11

C **** *****s::* ::*:: :************ *******************:**:** FALU 12
C FALU 13
C FAILUR IS CALLED FROM MAIN AND COMPUTES FAILURE INFORMATION FALU 14
C *** PART OF FRAIL FAILURE PACKAGE *** FALU 15

15 C FALU 16
C *************** ************************************************* FALU 17
C INPUT ARGUMENTS FALU 18
C ******************************************************** FALU 19
C FALU 20

20 C BU2 - BURNUP (MWD/MTU) FALU 21
C CESIUM - CLAD CESIUM CONTENT (KG/M**2) FQL) 22
C CHEM(I,3)-CLAD CESIUM CONTEkN IN PREVIOUS TIMESTEP (KG/M**2) FALU 23
C CHEM - CLADDING CONTENT OF HYDROGEN, IODINE & CESIUM FALU 24
C CRAKI - INITIAL CRACK LENGTH THROUGH CLADDING (M) FALU 25

25 C CTMAX - PREVIOUS MASIMUM CLAD TEMPERATURE (K) FALU 26
C DELBPP - BURNUP DURING POWER TIME STEP FOR NODE J (MWD/MTU) FALU 27
C DELH - TIME STEP SIZE (HRS) FALU 28
C EOS - CLADDING STRAIN IN THE HOOP, AXIAL, & RADIAL FALU 29
C ESR - ELASTIC STRAIN RANGE FALU 30

30 C FRDEN - FRACTIONAL FUEL DENSITY FALU 31
C FREQ - FREQUENCY OF POWER CYCLE (SEC-I) FALU 32
C CHEM(I,4)-HOOP STRESS IN THE PREVIOUS TIMESTEP (N/M**2) FALU 33
C HUPTAK - HYDROGEN UPTAKE (PPM) FALU 34
C ICDOFF - SWITCH CONTROLLING CUMULATIVE DAMAGE ROUTINE FALU 35

35 C : 0, TURN ON ROUTINE FALU 36
C : I TURN OFF ROUTINE FALU 37
C IFB W - FLOW BLOCKAGE SWITCH FALU 38
C : 0, FLOW BLOCKAGE ROUTINE NOT USED FALU 39
C : 1 FLOW BLOCKAGE ROUTINE ONLY (NO OTHER FAILURE FALU 40

40 C MODES ARE CONSIDERED) FALU 41
C ISTOFF - SWITCH CONTROLLING OVERSTRAIN FAILURE FALU 42
C : 0, STRAIN FAILURE ROUTINE USED FALU 43
C : 1, STRAIN FAILURE ROUTINE SKIQPED FALU 44
C IT - POWER-TIME STEP INDEX FALU 45

45 C NA - MAXIMUM NUMBER OF AXIAL NODES FALU 46
C NAFAIL - QUANTITY OF AXIAL NODES WHERE FAILURE 15 CONSIDERED FALU 47
C NFROD - NUMBER OF LIKE FUEL RODS BEING ANALYZED FALU 48
C NNFAIL - ARRAY OF NODE NUMBERS WHERE FAILURE IS CONSIDERED FALU 49
C NOPT - TYPE .iF OUTPUT INDEX FALU 50

50 C NR - NUMBER OF RADIiL NODES FALU 51
C NUCFC - LSRE COLLAPSE FAILURE CRITERIA FALU 52
C ODINE - CLADDING IODINE CONTENT ( KG/M**2 ) FALU 53
C CHEM(I,2)-CLAD IODINE CONTENT IN PREVIOUS TIMESTEP (KG/M**2) FALU 54
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C OLI5AP - OLD VALUES OF IGAP (THE GAP CLOSURE &4DEX ) FALU 55
55 C PCNCL - NUMBER OF POWER CYCLES FALU 56

C PSR - PLASTIC STRAIN RANGE FALU 57
C SIG - CLADDING STRESS iN THE HOOP, AXIAL, & RADIAL (P'IA) FALU 58
C RSTRAN - STRAIN RATE (SEC-1) FALU 59
C TC - CLADDING AVERAGE TEMPERATURE (F) FALU 60

60 C TCC - COLD STATE CLADDING THICKNESS (IN) FktU 61
C CHEM(I,5)-CLAD TEMPERATURE IN PREVIOUS TIMESTEP (K) FALU 62
C TFLIF - TRANSITION FATIGUE LIFE (CYCLES) FALU 63
C TIELAP - ELAPSED TIME (SEC' FALU 64
C TIMEF - TIME AT FLUX 'SEC) FALU 65

65 C TIMES - TIME AT STRESS LEVEL (SEC) FALU 66
C TMPDIS - AXIAL AND RADIAL TEMPERATURE DISTRIBUTION (F) FALU 67
C TMPMAX - MAXIMUM TEMPDIS (K) FALU o8
C TN - INLET MATER TEMPERATURE (F) FALU 69
C UBFS - USER BALLOON FAILURE STRAIN FALU 70

70 C UtELT - USER MELT TEMPERATURE (K) FALU 71
C UOFD - USER OXIDE FAILURE DEPTH ( PERCENT OF CLADDING THICKNESS) FALU 72
C ZRNI - ZIRC-NICKEL EUTECTIC MELT TEMPERATURE (K) FALU 73
C ZRO2 - ZIRCALOY OXIDE THICKNESS (FT) FALU 74
C FALU 75

75 C * **l*** ** * :****:1**3%********* *s*****:*x** ***n****x**:': FALU 76
C OUTPUT ARGUMENTS F LU 77
C :::**nttts untttsnu**:*:::::uzz *** :** * :m********* FALU 78
C FALU 79
C CDAMAG - STRESS RUPTURE DAMAGE FALU 80

80 C CRAKL - CRACK LENGTH THROUGH CLAD THICKNESS (M) FALU 81
C F8 - ARRAY OF FLOW BLOCKAGE PREDICATIONS (FRACTIONAL VALUES) FALU 82
C FDAMAG - FATIGUE DAMAGE FALU 83
C FCR - FRACTION OF FAILED RODS FALU 84
C uNFAL - FAILURE MODE FALU 85

85 C PFB - ARRAY CONTAINING THE PROBABILITIES OF EXCEEDING THE FALU 86
C FLOW BLOCKAGES CONTAINED IN F8 (FRACTIONAL VALUES) FALU 87
C FALU 88
C *::**********3**********z::*:*:::z*:*n::*n:**** * :*:* ::%tt FALU 89
C FALU 90

90 DIMENSION CS(5) ,MCDF.(I) ,BU2(NA) ,CHEM(NA,6) FALU 91
+ ,EPS(NA,3) ,SIG(NA,3. ,ZR02B(NA) FALU 92
+ ,TC(NA) ,OLIGAP(NA) ,FFR(I) FALU 93
+ ,FB(23) ,PFB(20) ,DELBPP(NA) ,ROID(8) FALU 914
+ ,NNFAIL(NA) ,TMPDIS(NR,NA),TMPMAX(NR,NA) FALU 95

95 C FALU 96
DATA CFTOR / 459.67E0 / , CHRTOS / 3600.EO / , CKTOR / .8;0 / FALU 97

+ , CINTOM / 0.0254E0/ , CPSTNM / 6894.757E0 / FALU 98
C FALU 99

TCONV(T) : (i+CFTOR)/CKTOR FALU 101
100 IF (NOPT.NE.0) GO TO 120 IALU 101

IF (IT.EQ.l) 60 TO 120 FALU 102
C LOOP ON AXII!. LOCATIONS CONSIDERED FOR FAILURE FALU 103

DO 110I :1,NAFAIL FALU 104
II : NNFAIL(I) FALU 105

105 DELB : DELBPP(II)*86.4 FALU 106
DELTA : DELH*3600. FALU 107
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CESIUM : 0. FALU 10e
DINE : 0. FALU 109

C FALU 110
110 DO 100 NRI:I,NR FALU 1ll

FTEMP : TMPDIS(NRI,II)*5./9.+255.42 FALU 112
CALL CESIOD (TIELAP,TMPMAX(NRI,II),DELB,DELT,FTEMPFRDEN,C FALU 113

+ S ROID) FALU 114
CESIUM : CESIUM+CS(I) FALU 115

115 DINE : ODINE+ROID(I) FALU 116
100 CONTINUE FALU 117

ASTRAN : EPS(II,2) FALU 118
ASTRES : SIG(II,2)*CPSTNM FALU 119
CTHICK : TCC*CINTOM FALU 120

120 DELTAT : DELH*CHRTOS FALU 121
DOXIDE : ZRO2B(II+1)*I0G.EO/(TCC/12.E0) FALU 122
TCLAD : TCONV(TC(II)) FALU 123
HSTRAN : EPS(II,1) FALU 124
HSTRES : SIG(II,1)*CPSTNM FALU 125

125 CLAPS : OLIGAP(II) FALU 126
STRANR : EPS(II,3) FALU 127
TCOOL : TCONV(TW) FALU 128
TGRID : TCOOL FALU 129

C FALU 130
130 CFtL FRAIL (ASTRAN,ASTRES CESIUM CHEM(II 3)ICRAKI,CTHICK,CTMAX FRLU 131

+ ,DELTATDOXIDEESR FREQ,H TRAN,H TRES,CH1( I I,4),HUPTAK,ICDOFF FALU 132
+ ICLAPS IFDSW,6DI ,CHEM(II,2) ISTOFF,NFRODPCYCL,PSRSTRAN2,R FALI.U 133
+ TRAN,TLLADCHEM(II),TCOOL,TFLIF,TGRID,iIMEFTIMES,UBFS,NUCF FALU 134
+ C,UMELT,UOFb,ZRNI,CDA"AG,CRAKL,FFDAMAG,MODES,NFAIL,PFB,PFR) FALU 135

135 C FALU 136
CHEM(II,1) : HUPTAK FAL, 137
CHEM(II,2) : ODINE FAL'J 138
CHEM(II,3) : CESIUM FALU 139
CHEM(II,'4) : HSTRES FALU 140

140 CHEM(II;A) : TCLAD FALU 141
C lIl--FFR AND MODFAL ARRAYS MUST BE EXPANDED IF MULTIPLE AXIAL FALU 142
C III --LOCATIONS ARE CONSIDERED FALU 143

FFR(l) : PFR FALU 144
MODFAL(I) : MODES FALU 145

145 C FALU 146
IF (MODES.EQ.0) GO TO 110 FALU 147

C FALU 148
IIT : IT-1 FALU 149
UMELTB : UNELT/CKTOR-CFTOR FALU 150

ISO ZRNIBR : ZRNI/CKTOR-CFTOR FALU 151
C FALU 152

IF (MODES.GT.0) WRITE (6,130) FALU 153
C FALU 154

IF (MODES.EQ.1)W RITE (6,140) IIT,II,TC(II),TC:AD,UMELT,UMELT FALU 155
155 C FALU 156

IF (MODES.EQ.2) WRITE (6,150) IIT,IITC(II),TCLAnTWTC00L,ZRN FALU 15?
+ IBR,ZRNI FALU 158

C FALU 159
IF (MODES.EQ.3) WRITE (6,160) IIT,II,DOXIDE,UOFD FALU 160
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160 C FALU 161
IF (MODES.EQ.4) WRITE (6,170) IIT,II,EPS(II,I),UBFS FALU 162

C FALU 163
PFRPCT : PFR*100.E0 FALU 164
IF (MODES.EQ.5) WRITE (6,180) IITII FALU 165

165 C FALU 166
IF (MODES.GE.6) WRITE (6,190) IIT,II,CDAMAG,FDAMAG,NFAIL,NFROD FALU 167

+ ,PFRPCT FALU 168
C FALU 169

IF (MODES.GT.0) WRITE (6,200) FALU 170
170 C FALU 171

110 CONTINUE FALU 172
120 CONTINUE FALU i73

RETURN FALU 174
C FALU 175

175 130 FORMAT (//,IH ,132HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX FALU 176
+XXX FAILURE SUBCODE RESULTS XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX FALU 177
+XXXXXXXXXXXXXXXXXXX/) FALU 178

140 FORMAT (5X,15H AT POWER STEP I?,24H AND AT AXIAL INCREMENT ,12,51 FALU 179
+H THIS ROD HAS FAILED BY EXCEEDING THE CLADDING MELTI3H TEMPERATUR FALU 180

'80 +E.,// 5X,29H THE CLADDING TEMPERATURE IS ,F7.1,5H (F) ,2X,F7.I,5H FALU 181
+(K) ,21H MELT TEMPERATURE IS ,F7.1,5H (F) ,2X,F71, 1 (K) ) FALU 182

150 FORMAT (5X, 1H AT POWER STEP 12,24H AND AT AXIAL INCREMENT 12,51 FALU 183
+H THIS ROD HAS FAILED BY EXCEEDING THE EUTECTIC MELT,13H TEM ERATU FALU 184
+RE.,/i,5X,29H THE CLADDING TEMPERATURE IS ,F7.1,SH (F) ,2X,F7.1,5 FALU 185

185 +H (K) ,22H THE COOLANT TEMP. IS ,F7.1,5H () ,2X,F7.1,5H (K) ,/,E3 FALU 186
+H EUTECTIC MELT TEMP. I5,F7.1,5H (F) ,2X,F7.1,5H (K) ) FALU 187

160 FORMAT (5X, 15H AT POWER STEP ,12,24H AND AT AXIAL INCREMENT ,12,50 FALU 188
+H THIS ROD HAS FAILED BY LOSS OF NECESSARY CLADDING 28H THICKNESS FALU 189
+DUE TO OXIDATION ,//,5X,15H THE PERCENT OF,35H THE CLADDING WHICH FALU 190

190 +15 OXIDIZED IS F7.4,5H (U ,,25H THE FAILURE CRITERION IS,F7.4) FALU 191
170 FORMAT (5X,15H AT POWER STEP 12,24H AND AT AXIAL INCREMENT ,I2,45 FALL, 192

+H THIS ROD HAS FAILED BY EXCESSIVE HOOP STRAIN,//,34H FRAP-S HAS P FALU 193
+REDICTED A STRAIN OF ,E12.5,4H THE,22H FAILURE CRITERION IS ,E12.5 FALU 194
+) FALU 195

195 180 FORMAT (SX, ISH AT POWER STEP ,12 24H AND AT AXIAL INCREMENT ,12,33 FALU 196
+H THIS ROD HAS FAILED BY COLLAPSE ) FALU 197

990 FORMAT (5X, 911 AT POWER STEP 12 2'H AND AT AXIL INCREMENT ,12 5X FALU
+,20H THE CREEP DAMAGE IE2.,H THE FA T IGUE DAMAGE, 'H IS , E $.5 FALU 199
+,/,5X,34H DAMAGE IS DEFINED AS THE FRACTION,49H OF RODS WHICH WOUL FALU 200

200 +D FAIL DUE TO CREEP OR FATIGUE,/,5X,13H A PREDICTED ,17,,25H RODS FALU 201
+HAVE FAIlED OUT OF ,I7,10X,F7.2,,8H PERCENT,40H HAVE FAILED BY OVE FALU 202
+RSTRESS OR OVERSTRAIN) FALU 203

200 FORMAT (/H ,48HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 6 FALU 204
+I9HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX, 3 FALU 205

205 +HXXXXXXXXXXXXXXXXXXXXXXX) FALU 206
END FALU 207
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FAILURE

VARIABLES
1023 ASTRAN
1024 ASTRES

0 BU2
0 CDAMAG
0 CESIUM

426 CFTOR
0 CHEM

427
4,1
43D
432
0
0

1046
1025

0
1017

0
0

1020
1026
1027

0

0
0
0
0
0
0

1022
1031
'032

0
1015

0
1033

0
1016

CHRTOS
CINTOM
CKTOR
CPSTNM
CRA'CI
CRAKL
CS
CTHICK
CTMAX
DELB
DELBPP
DELH
DELIT
DELTAT
DOXIDE
EPS

ESR
FB
FDAMAG
FFR
FRDEN
FREQ
FTEMP
HSTRAN
HSTRES
HUPTAK
I
ICDOFF
ICLAPS
IFBSW
II

1042 IIT

0 ISTOFF

DEF LINE

SN TYFE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
173

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

INTEGER

INTEGER

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

107
96

137
DEFINED

136

DEFINED

114

138

96

R F5
REFS
REFS
REFS
REFS
REFS
REFS
139

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
RIEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

123
139

DEFINED
REFS

DEFINED
REFS

!30
130
90
130
114
122
90
140
120
119
122
lie
130
130
90

130
130
112
90
106
112
130
130
90
1

130
90

130
90
112
130
112
130
130
130
104
130
130
130
105
124
140
104
154
148
130

DEFINED
DEFINED
DEFINED

166
130
127

4*130

DEFINED
DEFINED

127
124

DEF I NED
DEFINED

112
DEFINED
DEFINED
DEF I NED

105
120

DEF I NED
DEFINED

159
117

DEFINED
130
166

DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED

139
136

DEFINED
DEFINED
DEFINED
DEFINED

IlIl
125

2*154

156

DEFINED

117
118

DEFINED
138
149

DEFINED

96
96
149

DEFINED

114
119
1

105
DEFINED
DEFINED

106
120

DEFINED
123

DEFINED
DEFINED

111
123

DEFINED
DEFINED

103

125

112
126

2*156

159

i
DEFINED

150IO

150
96

121
126

1
1

143

124
1

117
4x1;0
159

161

161

118
136

2*161

121
137
164

I

164

122
138
166

SUBROUTINE FAILUR 10/21/80 5
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VARIABLES
0 IT

1037 MODES

0
0
0

1040
0
0
0
0

1021
0
0
0
0
0

1041
045

0
1053

0
0

1034
0
0

1030
1035

0
1036

0
0
0
0
0
0
0
0

1043
0
0

1044
0

MODFAL
NA
NAFAIL
NFAIL
NFROD
NNFA IL
NOPT
NR
NRI
NUCFC
ODINE
OLIGAP
PCYCL
PFBD
PFR
PFRPCT
PSR
ROID
RSTRAN
SIG
STRANR
TC
TCC
TCLAD
TCOOL
TFLIF
TGRID
TIELAP
TIMEF
TAKES
TNPDIS
TNIPMAX
TN
UBFS
UMELT
:LELTB
UOFD
ZRNI
ZRNIBR
ZR028

FILE NAMES
TAPE6

*EXTERNALS

FRAIL

SN TYPE
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

MODE
FMT

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

FP.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F. P.

F.P.
F.P.

F.P.

WRITES

TYPE ARGS
8

46

REFERENCES
112
130

154 156 159
1

152

144

110

REFS
REFS
161

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

101
130
164
90

1*90
103
130
130
90
100
2*90
III
130
115
9

130
90
130
166
130
90
130
90

130
90
119
130
!28
130
130
112
130
130
90
90
127
130
130
154
130
130
156
90

148
144
166

DEFINED
DEF I NED
DEFINED

166
166
104

DEFINED
110
112

DEFINED
130
90

DEFINED
130
143

DEFINED
DEFINED

112
DEFINED

118
DEFINED

122
121
140
130

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

112
156
161
149

DEF I NED
159
150

DEFINED
121

152

DEFINED
146
169

DEFINED
DEFINED

DEFINED
DEFINED

137
125

DEFI NED
163
163

115

124
126
154

DEFINED
154
156
I

128
I
I

DEFINED
DEFINED
DEFINED
DEFINED

154
149

DEFINED
156
150

DEFINED

108

154

DEFINED
DEFINED

156

115

159

I

DEFINED

DEFINED
127

1

122

DEFINED

156
1

156
DEFINED

I
I

DEFINED

DEFINED

I

161 166 169

SUBROUTINE FAILUR 10/21/80 14.29.35 PAGE 6
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INLINE FUNCTIONS
TCONV

TYPE
REAL

ARGS
I SF

DEF LINE
99

REFERENCES
122

STATEMENT LABELS
0 100

327 110
333 120
522 130 FMT
542 140 FMT
573 150 FMT
632 160 FMT
664 170 FMT
710 180 FMT
723 190 FMT
765 200 FMT

DEF LINE
I 16
171
172
175
178
182
187
19'
195
197
203

RErERENCES
110
103
100
152
154
156
159
161
164
166
169

FROM-TO
103 979
110 116

LENGTH
3908

278

PROPERTIES
EXT REFS
EXT REFS

NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

127

146
101

LOOPS
22
41

LABEL
110
100

INDEX

NRI

11748 636

I0/21/80 14.29.35 PAGE TSUBROUTINE FAILUR
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C

SUBROUTINE FBLOK STRESS,DFB,FBAVG)

SUBROUTIE FBLOK PREDICTS THE AVERAGE FLOW BLOCKAGE FRACTION AS
A FUNCTION OF STRESS. A THIRD-ORDER POLYNOMIAL WAS FIT TO THE
MULTIROI BURST TEST DATA OF ORNL (ORNL 4752). THE STANDARD
DEVIPTI(N IS ALSO RETURNED.
X*X PART OF FRAIL FAILURE PACKAGE *XX

-- INPUT cRGUMENTS --

STRESS ENGINEERING HOOP STRESS ( N/M2 )

--OUTPUT ARGUMENTS --

DF8
F8AVG

DATA
DATA

STANDARD DEVIATION OF FLOW BLOCKAGE FRACTION
MEAN FLOW BLOCKAGE FRACTION AT INPUT STRESS LEVEL

FMAX / .705E0 /
Al, A2, A3, A4 / I.43523082E0, -.697394374E-3,

.124995314E-6. -.628029591E-l /
DATA CONU / 6.8947572E3 /

DFB: .12231E3
STRES : STRESSiCONV
FBAUG : AI+STRES*(A2+TRE5*(A3+A4*5TRE5))

30 IF (STRES.GT.000.) FBAVG : FMAX
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 F1OK

VARIABLES
27 Al
30 A2
31 A3
32 A4
33 CONY

0 DFD
0 FBAUG

26 FMAX
36 STRES

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RC-I1

REFERENCES
32

RELOCA ION

F.P.
F.P.

5

10

15

25

I FBLK
FBLK
FBLK
FLK
FBLK
FDLK
FBLK
FBLK
FBLK
FBLK
FLK
FBLK
F8LK
F8LK
FLK
FBLK
FOLK
FOLK
FLK
FOLK
FBLK
FOLK
F8LK
FOLK
F8LK
FOLK
FLK
FOLK
FOLK
FLK
F8LK
FBLK
FOLK

REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS
REFS

29
29

20
i

30
3*29

DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED

27
29

DEF I NED
30

22
22
22
22
24

30
2$

DEFI NCD 20

SUBROUTINE FBL OK FTN M.8+508 10/21/80 14.29.35 PAGE I

2
3

5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34



SUBROUTINE FBLOK

VARIABLES SN TYPE
0 STRESS REAL

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P. REF5

379

28

FTN 4.8+508

DEFINED

10/2180 14.29.35

31

PAGE 2

I
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SUBROUTINE FCMI (PG PC TCIGAP EPS EPP URF SIGREPSRFEPS FEPS EP, FCMI 2
+DZ INTGR GAP~ PINTRhI,4CO DLR0hDL$EL,4FO LREPI,EPSIOLEPE,OLFEPS, FCMI 3
+OL6TC OLbPG, bLDPC, OLDURF,6L IGAP, EPPSAV, EPEAU, SIG, OT IME T IME,O0LRXG FCtI4
+PAXGAP,URCECREEPREPSAvRFPSwEP,,EPPINUDEPPFLAGD&ECK,NA) FCMI 5

5 C FCMI 6
C ***THIS PACKAGE OF SUBROUTINES PERFORMS AN ELASTO-PLASTIC FCMI 7
C ANALYSIS OF A TYPICAL PWR FUEL ROD. FUEL RADIAL DISPLACEMENTS FCMI 8
C AND AXIAL STRAINS AT EACH AXIAL NODE ARE INPUT. FCMI 9
C FCMI IS CALLED FROM FRACAS. FCMI 10

10 C FCMI I1
C ' n::u**>.****x **************** * xx ******** z FCMI 12
C INPUT ARGUMENTS FCMI 13
C ***** :* s:::::******** X** * :* :***s* * *****:************s****** FCMI 14
C FCMI 15

15 C DTIME - TIME INCREMENT (HRS) FCMI 16
C DZ - AXIAL NODE LENGTH (IN) FCM! 17
C FEPS - HOOP AXIAL & RADIAL FUEL STRAINS FCMI 18
C IT - POWE4-TIME STEP NUMBER FCMI 19
C JJJ - AXIAL NODE INDEX FCMI 20

20 C MODE - SIMPL.IFIED STACK SNlICH FCMI 21
C NA - MAXiMUM NUMBER OF AXIAL NODES FCMI 22
C NDBG - DE'JUG OUTPUT INDEX FCMI 23
C RELAX - CV'EEP FLAG FCMI 24
C NPLAST - ELASTIC-PLASTIC FLAG FCMI 25

25 C OLAXGP - OLD VALUES OF AXIAL GAP (IN) FCMI 26
C OLDPC - COOLANT CHANNEL PRESSURE OF PREVIOUS POWER STEP (PSIA) FCMI 27
C OLDPG - ROD INTERNAL GAS PRESSURE OF PREVIOUS POWER STEP (PSIA) FCMI 28
C OLDTC - CLADDING AVERAGE TEMPERATURE OF PREVIOUS POWER STEP (F) FCMI 29
C OLDURF - FUEL RADIAL DISPLACEMENT OF PREVIOUS POWER STEP (IN) FCMI 30

30 C OLEPS - OLD CLADDING STRAINS - PREVIOUS POWER STEP FCMI 31
C OLFEPS - OLD FUEL STRAINS OF PREVIOUS POWER STEP FCMI 32
C OLIGAP - OLD VALUES OF GAP CLOSURE INDEX FCMI 33
C PC - COOLANT CHANNEL PRESSURE (PSIA) FCMI 34
C PG - ROD INTERNAL GAS PRESSURE (PSIA) FCMI 35

35 C RCI - CLADDING INSIDE RADIUS (IN) FCMI 36
C RCO - CLADDING OUTSIDE RADIUS (IN) FCMI 37
C REPSAV - RESIDUAL CLADDING STRAIN FCMI 38
C RFO - PELLET RADIUS (IN) FCMI 39
C RFPSAV - RESIDUAL FUEL STRAIN FCMI 40

40 C TC - CLADDING AVERAGE TEMPERATURE (F) FCMI 41
C TIME - END OF STEP TIME (HRS) FCMI 42
C URF - FUEL RADIAL DISPLACEMENT (IN) FCMI 43
C FCMI 44
C ***U* fl x****************U** x******$* x E*EUx* x**** FCMI 45

45 C OUTPUT ARGUMENTS FCMI 46
C ** Sx * Xxx>>;* X ** *x *x* ***** * * *m * **::** ** FCMI 47
C FCMI 48
C AXGAP - AXIAL GAP (IN) FCMI 49
C DLREL - RELATIVE CHANGE IN LENGTH IRT THE FUEL LENGTH CHANGE (IN) FCMI 50

50 C DLROD - CHANGE IN LENGTH OF THE ACTIVE CLADDING LENGTH (IN) FCMI 51
C ECREEP - TOTAL ACCUMULATED CRIEP STRAIN (DIMENSIONLESS) FCMI 52
C GAP - RADIAL GAP THICKNESS (IN) FCMI 53
C IGAP - GAP CLOSURE INDEX FCMI 54
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CLADDING EFFECTIVE PLASTIC STRAIN (IN/IN)
CLADDING HOOP, AXIAL, & RADIAL STRAIN (IN/IN)
CLADDING HOOP, AXIAL & RADIAL STRAIN PER NODE
PLASTIC CLADDING STRAIN
CLADDING STRAIN
INTERFACIAL PRESSURE (PSIA)
RESIDUAL CLADDING STRAINS
RESIDUAL FUEL STRAINS
CLADDING HOOP, AXIAL, & RADIAL STRESS PER NODE (PSI)

C
C
C
C

C
C
C
C
C
C
C
C

C

c

TC(NA)
,EPPI(NA,3)
,REPS(NA,3)
,PINT(NA)
CS IG(3)

,PC(NA)
,OLFEPS(NA)
,OLDPG(NA)
,RFPSAV(NA,3)
,OLAXGP(NA)
,FLAG(NA)

,EPS(NA,3)
,DZrNA)
,URF(NA)
,GAP(NA)
,CEPS (3)
,SIG1(NA,3)
,EPPSAV(NA,3)
,OLDPC(NA)
,IGAP(NA)
,ECREEP(NA)
,DCHECK(NA)

,EPP(NA,3;
,EP NA)
,EPI(NA)
,RFEPS(NA, 3)
,CEPP(3)
,EPSI(NA,3)
,DPSAV (NA)
,OLDURF(NA)
,OLIGAP(NA)
,CREPI(NA)
,INTGR(10)

DUE TO INTERNAL AND
GAP WIDTH.

DIMENSION

,SIG(NA,3)
,URC(NA,-
,FEPS(NA,3)
,PG(NA)
,OLEPS(NA)
,.L^Tr(NA)
,REPSAV(NA,3)
,AXGAP(NA)
,NUDEPP(NA,3)

FIND FREE CLAD DISPLACEMENT
EXTERNAL PRESSURES. COMPUTE A

NDBG : INTGR(i)
IQUIT : INTGR(2)
JJJ : INTGR(3)
MODE : INTGR(4)
IT : INTGR(5)
NPLAST : INTGR(6)
NRELAX : INTGR(7)
NN : NA-1

MODE : I
DELTA : RCI-RFO

DO 120 J: NN
CEPP(I) : iPP(J,1)
CEPP(2) : EPP(J,2)
CEPP(3) : EPP(J,3)
CEP : EP(J)
CREP : ECREEP(J)
FS : 0.0

CALL CLADF (PG(J) PC(J),TC(J),RCI,RCO,CSI6,CEPS,CEPP,CEP,FS,NR
+ ELAX,DTIME.TIME,CAcP,NPLAST)

55

60

EP
EPP
EPS
EPPSAU
EPSAY
PINT
REPS
RFEPS
SIG

-
-
-
-
-
-

-
-
-

FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCHI
FCMI
FCMI
FCMI
FCMI
FCMI
FCIl
FCMI
FCMI
FCMI
FCMI
FCMI
FCMII
FCIl
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCH I
FCMI
FCMI
FCMI
FCMI
FCM I
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI
FCMI

IMPLICIT REAL 'A-H,O-Z)

REAL NUDEPP
INTEGER OLIGAP ,DCHECK ,FLAG

65

70

75

+
+
+
+

+

+
+
+

80

85

C
C
C
C

90

95
C

100

p0oi
C

10/21/t8 14.29.35 PAGE 2

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
8

79
80
81
82
83
84
85
86
87
86
89
90
91
92
903
94
95
96
97
98
99
100
101
102
103
104
105
106
107
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C FCMI 108
SIGI(J,l) : CSIG(I) FCHI 109
SIGl(J,2) : CSIG(2) FCHI 110

110 SIG'(J,3) : 0.EO FCMI Il
EPSI(J,2) : CEPS(2) FCMI 112
EPSI(J,2) : CEPS(2) FCMI 113
EPS1(J,3) : CEPS(3) FCMI 114
EPPI(J,1) : CEPP(I) FCMI 115

115 EPPI(J,2) : CEPP(2) FCMI 116
EPPi(J,3) : CEPP(3) FCHI 1?
EPI(J) : CEP FCHI 118
CREPI(J) : CREP FCMI 119
URCI : 0.5x((RCO+RCI)*EPSI(J,1)-(RCO-RCI)*EPS1(J,3)) FCHI 120

120 C ***NOW CHECK FOR 'NTERFERENCE FCHI 121
GAPI : URCI+DELTA-uRF(J) FCMI 122
IF (GAPI) 100,100,110 FCMI 123

100 IGAP(J) : I FCMI 124
GO TO 120 FCMI 125

125 110 IGAP(J) : 0 FCMI 126
120 CONTINUE FCI1 127
C FCMI 128

DO 190 J:1,NN FCMI 129
IF (IGAP(J)) 170,170,130 FCMI 130

130 C NODE J IS IN CONTACT FCMI 131
C COMPUTE PRESCRIBED AXIAL STRAIN IN CLAD FCMI 132
C BASED ON LAST VALUES OF AXIAL STRAIN FCMI 133
C PRIOR TO CONTACT. LOCAL FUEL RADIAL FCMI 134
C DISPLACEMENT IS PASSED TO *COUPLE* . FCMI 135

135 130 CONTINUE FCMI 136
C FCMI 137
C :uzs::sm:* ::***u** z* u::mmw:*** * z::**** s*u**:** un:***** m:***:u***** FCMI 138

IF (NRELAX.EQ.I) GO TO 140 FCMI 139
IF (IGAP(J).EQ.I.AND.J.NE.JJJ) GO TO 190 FCMI 140

140 140 CONTINUE FCMI 141
C ********** ***********u***s**********************:::u**** FCMI 142
C FCMI 143

IF (OL!GAP(J).NE.0) GO TO 150 FCMI 144
C FCMI 145

145 CALL CLOSE (TC,PG PC URF DELTA,EPPEPRCIRCO,RFO,OLDTC OLDPG, FCMI 146
+ OLDPC,OLDURF,J,FEfS,RFEPS,REPS,ULEPS,OLFEPS,NRELAX,DTIME,TIME, FCMI 147
+ ECREEP,NA, IQUITNPLAST) FCMI 148

C FCMI 149
150 EPS(J 2) : REPS(J,2)+(FEPS(J,2)-RFEPS(J,2)) FCMI 150

150 CEPS(i) : EPS(J,2) FCMI 151
CEPP(I) : EPP(J,l) FCMI 152
CEPP(2) : EPP(J,2) FCMI 153
CEPP(3) : EPP(J,3) FCMI 154
CEP = EP(J) FCMI 155

155 CREP : ECREEP(J) FCMI 156
C NO SLIP ASSUMED IN AXIAL DIRECTION AS LOWS FCMI 157
C AS INTERFACE PRESSURE IS ABOVE LOCAL GAS PRESSURE FCMI 158
C FCMI 159

CALL COUPLE (PG(J),PC(J),TC(J),RCI,RCOCSIG,CEPS,CEPP,CEPURF( FCMI 160

10/21480 14.29.35SUBROUTINE FCMI 3
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160 + J),DELTA,PINT(J),NDBGNRELAX,DTIME,TIMECREPIUIT,NPLAST,IT) FCMI 161
C FCMI 162

SIG(J,1 ) : CSIG(l) FCMI 163
SIG(J,2) : CSG(2) FCMI 164
SIc(J,3) : 0.0 FCMI ;65

165 EPS(J,l) : CEPS(I) FCMI 166
EPS(J,2) : CEPS(2) FCMI 167
EPS(J,3) : CEPS(3) FCMI 168
EPP(J,1) : CEPP(I) FCMI 169
EPP(J,2) ? CEPP(2) FCMI 170

170 EPP(J,3) : CEPP(3) FCMI 171
EP(J) : CEP FCMI 172
ECQEEP(J) : CREP FCMI 173

C *##***** *****x#####X#######################****** **#**#*x# FCMI 174
IF (NRELAX.EQ.1) GO TO 160 FCMI 175

175 EPPSAV(J,I) : CEPP(I) FCMI 176
EPPSAV(J,2) : CEPP(2) FCMI 177
EPPSAV(J,3) : CEPP(3) FCMI 178
EPSAV(J) : CEP FCMI 179
REPSAV(JI) : REPS(J,1) FCMI 180

180 REPSAV(J,2) : REPS(J,2) FCMI 181
REPSAV(J,3) : REPS(J,3) FCMI 182
RFPSAU(J,I) : RFEPS(JI) FCHI 183
RFPSAV(J,2) : RFEPS(J.2) FCHI 184
RFPSAU(J,3) : RFEPS(J,3) FCMI 185

185 160 CONTINUE FCMI 186
C :##*#* #*#########*#########*#####**** ** *z#### *####***** :*:** FCMI 187

GAP(J) : 0.0 FCMI 188
GO TO 190 FCMI 189

C FCMI 190
190 170 CONTINUE FCMI 191

K : J FCMI 192
SIG(K,1) : SIGI(K,I) FCMI 193
SIG(K,2) : SIG(K,2) FCMI 194
SIG(K,3) : SIGI(K,3) FCMI 195

195 EPS(KI) : EPSI(K,I) FCMI 196
EPS(K,2) : EPSI(K,2) FCMI 197
EPS(K,3) : EP5I(K,3) FCMI 198
REPS(K,2) : EPS(K,2) FCMI 199
RFEPS(K,2) : FEPS(K,2) FCMI 200

200 URC(K) : 0.5#(RCO+RCI)*EPS(K,I)-0.5(RCO-RCI)*EPS(K,3) FCMI 201
GA.(K) : URC(K)+DELTA-URF(K) FCHI 202
PINT(K) : 0.0 FCHI 203
EPP(K,1) : EPPI(K,1) FCMI 204
EPP(K,2) : EPPI(K,2) FCMI 205

205 EPP(K,3) : EPPI(K,3) FCMI 206
EP(K) : EPI(K) FCMI 207
ECREEP(K) : CREPI(K) FCMI 208

C ******## #* #::**### :###****::*z***## FCMI 209
IF (NRELAX.EQ.1) GO 10 180 FCMI 210

210 IF (J.NE.JJJ) GO TO 190 FCHI 211
EPPSAU(K,I) : EPPI(K,1) FCMI 212
EPPSAV(K,2) : EPPI(K,2) FCMI 213
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215

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
M FCHI

VARIABLES
0 AXGAP

1CI3 CEP

1030 CEPP

102, CEPS

1014
0

1022
0

CREP
CREPT
CS1G
DCHECK

DEF LINE

SN TYPE
REAL
REAL

REAL

REAL

REAL
REAL
REAL
INTEGER

REFERENCES
241

RELOCATION
ARRAY F.P.

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.

F. P.

EPPSAV(K,3) EPPI(K,3)
EPSAV(K) : EPItK)
REPSAV(K,1) : REPS(K,1)
REPSAV(K,2) : REPS(K,2)
REPSAV(i',3) : REPS(K,3)
RFPSAU(KI) : RFEPS(K,l)
RFPSAV(K,2) : RFEPS(K,2)
RFPSiV(K,3) : RFEPS(K,3)
CONTINUE

********************************** :u****************
60TO 190
CONTINUE

***COMPUTE ROD LENGTH AND DISPLACEMENT BETWEEN FUEL STACK + CLAD
DLROD : 0.0
DIREL : 0.0

DO 200 N=1 NN
DLROD : DLOD+(EPS(N,2))*DZ(N)
DLREL : DLREL+(EPS(N,2)-FEPS(N,2:)*DZ(N)
DO 210 K:I,NN
OLEPS(K) : EPS(K,2)
OLFEPS(K) : FEPS(K,2)
OLIGAP(K) : IGAP(K)
OLDTC(K) : TC(K)
OLDPG(K) : PG(K)
OLDPC(K) : PC(K)
OLDURF(K) : URF(V)
OLAXGP(K) : AXGiP(K)
CONTINUE

RETURN
END

180
C

190
C225

230 200

235

240

FCHI
FCHI
FCI I
FCHI
FCHI
FCHI
FCH 1
FCHI
FCHI
FCHI
FCMI
FCMI
FCHI
FCHI
FCMI
FCHI
FCHI
FCMI
FCMI
FCMI
FCHI
FCHI
FCHI
FCMI
FCHI
FCHI
FCHI
FCMI
FCHI
FCHI

210

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

REFS
REFS

DEFINED
REFS

169
100

REFS
166

REFS
REFS
REFS
REFS

71
105
101

71
170
151

71
167
i05
71
71
69

239
117
154
105
175
152
105

DEFINED
118
207
105

71

DEFINED
159

114
176
153
III
150
159

DEFINED
108

DEFINED

1
171

115
177

112

172

109
I

178

116
DEFINED

113

DEFINED
118
I 59

159
98

159

102

162

168
99

165

155

163
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SUBROUTINE FCHI

VARIABLES SN TYPE
1011 DELTA REAL

0 DLREL REAL
0 DLROD REAL
0o DTINE REAL
0 DZ REAL
0 ECREEP REAL

0 EP REAL

0 EPP REAL

0

0

0

0
0

0
0

0
1015

0
1017

0

0

1002
1005
1012

1003
1020

1004
1021

0
1001

EPPSAU

EPPI

EPS

EPSAV
EPS I

EPI
FEPS

FLAG
FS
GAP
GAPI
IGAP

INTGR

QUIT
IT
J

JJJ
K

MODE
N
NA
NDBG

REAL

RF.

REAL

REAL
REAL

REAL
REAL

INTEGER
REAL
REAL
REAL
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER

A
A

A

A

76/176 OPT:0 TRACE

RELOCATION

F.P.
F.P.
F.P.

RRAY F.P.
IRRAY F.P.

RRAY F.P.

GRAY F.P.

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

F.P.

E STATIC

REFS
REFS
REFS
REFS
REFS
REFS

207
REFS
206

REFS
153
205

REFS
212

REFS
DEFINED

REFS
DEFINED

197
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
125

REFS
92

REFS
REFS
REFS
109
117
143
155
168
178
191

REFS
REFS
2*199
2*207
2*218
2*237

DEFINED
REFS
REFS
REFS

FTN 4.8+508

121
230
229
105
71
71

71

71
DEF I NED

71
213

71

71

71I
71

7171

69
105

71
122

71

71
DEFINED

145
159
98
110
118
145

5* 159
169

2*179
210
139

2*192
3*200
2*211
2*219
2*238

89
2*229
38*71
159

145
DEFINED
DEFINED

145
229
102

101

98

DEFINED

203
114
I50
149

DEFINED
2*119
III
206
145

71
DEFINED
DEFINED
DEFINED

129

86
1

159
DEFINED

99
III

2*119
4*149
162
170

2*180
DEF I NED

210
2* 193
3*201
2*212
2*220
2*239

95
3*230

93
DEFINED

159

159
230
145

145

99
168

204
115
198
165

195
112
214
149

DEFINED
103

121
139

87

DEFINED
90
100
112
121
150
163
171

2*181
97

DEFINED
2*194

202
21213
2*232

DEFINED

DEFINED
145
86

10/21/80

201
227
226

DEFINED
DEFINED

'55

154

100
169

175

205
116

2*200
166

178
196
113

DEFINED
'99

187

234

88

87

101
113
123
151
164
172

2* 182
128
88

2* 195
2*203
2*214
2*233

191

228
DEFINED

14.29.35

DEFINED
230
229

1
I

DEFINED

DEFINED

145
170

176

211

229
167

214
197

230

201

DEFINED

89

102
114
125
152
165
175

2*183

2*196
2*204
2*215
2*234
231

1

PAGE 6

96

151
203

177

212

230
195

172

171

152
204

211

213

232
196

117
233

I

90

3*105
115
129
153
166
176

2*184

2*197
2*205
2*216
2*235

123

91

108
116

2*139
154
167
177
187

2*198
2*206
2*217
2*236



SUBROUTINE FCtII

VARIABLES SN TYPE
1010 NN INTEGER
1006 NPLAST INTEGER
1007 NRELAX INTEGER

0 NUDEPP REAL
0 OLAXGP REAL
0 OLDPC REAL
0 OLDPG REAL
0 OLDTC REAL
0 OLDURF REAL
0 OLEPS REAL
0 OLFEPS REAL
0 OLIGAP INTEGER
0 PC REAL

0 PG REAL

0 PINT REAL
0 RCt REAL

0 RCO REAL

0 REPS REAL

0 REPSAV REAL

0 RFEPS REAL

0 RFO REAL
0 RFPSAV REAL

0 SIG REAL

0 SIGi REAL

0 TC REAL

0 TINE REAL
0 URC REAL

1016 URCI REAL
0 URF REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F. P.

REFS
REFS
Qt FS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED
REFS
216

REFS
216
REFS
219
REFS
REFS
219
REFS
193

REFS
109

REFS
DEF I NED

REFS
REFS
REFS
REFS

DEFINED

FTN 4.8+508

97
105
105
92
68
71
71
71
71
71
71
71
69
71

71
I

71
96

105
I

71
217

71
217

71
220
96
71

220
71

194
71
110
71

105
71

!21
71

128
145
138

71
DEFINED

145
145
145
145
145
145

71
105

105

159
105

2*119

145
DEFINED
DEFINED

145
DEFINED

145
DEFINED

DEFINED

192

105

145
201

DEFINED
121

228
159
145

DEFINED
IN

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

143
145

145

DEFINED
2*119

145

149

149

DEF I NED

193

145

159
DEFINED

119
145

I02 1,80

231
DEFINED

159

I
239

I
I

DEF INED
159

159

159

'79,
198
179

182
199

it2l82

162

194

159

DEFINED

159

14.29.35

DEFINED
9'
174

237
236
235
238
232
233

237

236

202
159

2*200

180

180

183

183

163

DEFINED

235

1
200

201

EXTERNALS
CLAD
CLOSE
COUPLE

STATEMENT LABELS
0 100

171 110
174 120
0 130

TYPE ARGS
I5
27
20

INACTIVE

INACTIVE

DEF LINE
123
125
126
135

REFERENCES
105
145
159

REFERENCES
2*122
122
97
129

PAGE 7

93

209

234

2*200

181

181

184

184

164

1

215

215

2'8

218

192

108

238

124
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STATEMENT LABELS
216 140
251 150
431 160
435 170
607 180
610 130

0 200
0 210

DEF LINE
140
149
185
190
221
224
230
240

REFERENCES
138
143
174

2*129
209
128
228
231

FROM-TO
97 126

128 224
228 230
231 240

LENGTH
1308
4128

158
358

PROPERTIES
EXT REFS
EXT REFS

OPT
OPT

STA1 ISTICS
PROGRAM LENGTH

1400008 SCM USED

LOOPS
47

201
621
6140

LABEL
120
,90
200
210

139

INDEX
J
J
N
K

188 210 223

13208
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FUNCTION FENTHL (TEMP,FCOMP,FOTMTLFTHELT,FACMOT,FHEFUS) FENTHL 2
C FENTHL 3
C IMPLICIT REAL *8 (R-HO-Z) FENTHL 4
C FENTHL 5

5 C ****x*x***************************************** FENTHL 6
C FENTHL 7
C THIS FUNCTION IS CALLED BY SUBROUTINE ENERGY AND COMPUTES THE FENTHL 8
C ENTHALPY OF FUEL AT A POINT RELATIVE TO ZERO DEGREES ABSOLUTE FENTHL 9
C TEMPERATURE FENTHL 10

10 C FENTHL 11
C *x*X*$*$x* *************** *x**************U*************;***! :* FENTHI 12
C INPUT ARGUMENTS FENTHL 13
C *x* **x**x***x***x ************************Z* FENTHL 14
C FENTHL 15

15 C FACMOT - FRACTION uF MOLTEN FUEL FENTHL 16
C FCOMP - PU02 FRACTION OF THE FUEL FENTHL 17
C FHEFUS - HEAT OF FUSSION OF THE FUEL (JWKG) FENTHL 18
C FOTMT.. - FUEL OXYGEN TO METAL RQTIO FENTHL 19
C FTMFLT - FUEL MELTING TEMPERATURE V) FENTHL 20

20 C TEMP - LOCAL TEMPERATURE (K) FENTHL 21
C FENTHL 22
C *:****** *****U*$****x****** ******** *************** FENTHL 23
C OU''PUT FENTHL 24
C **S***x* ***EE**x**UZ* **s*******$**' **$$x FENTHL 25

25 C FENTH.. 26
C FENTHL - LOCAL FUEL ENTHALPY RELATIVE TO ZERO DEGREES-K :J/KG) FENThL 27

FENTHL 28
********** *S****U ** $**$*$****4*$**$**$E****flx**$Ex* FENTHL 29

C FENTHL 30
30 C FCPMOL : SPECIFIC HEAT CAPACITY OF MOLTEN FUEL ( J/(KG*K) ) FENTHL 31

C FENTHL 32
DATA FCPMOL / 503.E0 / FENTHL 33

C FENTHI 3'I
C THE FOLLOWING DATA STATEMENTS CONTAIN CONSTANTS FROM MATPRO-Il FCP FENTHL 35

35 C FENTHL 36
DATA CiU, C2U, C3U, THU, EDU / 296.7 , 2.43E-02, 8.745E07, FENTHL 37

+ 535.285, 1.577E05 / FENTHL 38
DATA CIPU,C2PU,C3PU,THPUEDPU / 347.4 , 3.95E-04, 3.860E07, FENTHL 39

+ 571.0 , 1.967E05 / FENTHL 40
40 C FENTHL 41

C THE FOLLOWINb EQUATION 15 THE INTEGRAL OF THE FUEL SPECIFIC HEAT FENTHL 42
C WITH RESPECT TO TEMPERATURE FENTHL 43
C FENTHL 44

CPDT(CI,TH,C2,OTM,EDT,C3) : CI*TH*(i./(EXP(TH/T)-I.))+C2*T*T/2.ED FENTHL 45
45 ++C3*OTM*EXP(-tD/(T*8.314E0))/2.E0 FENTHL 46

C FENTHL 47
TX : TEMP FENTHL 48
IF (TX.GT.FTMELT) TX : FTMELT FENTHL 49

C FENTHL 50
50 FENTHL : CPDT(CIU,THU,C2U,FOTMTLEDUTX,C3U)*(I.EO-FCOMP) FENTHL 51

C FENTHL 52
IF (FCOMP.GT.0.E0) FENTHL : FENTHL+CPDT(CIPU,THPU,C2PU,FOTMTL,EDPU FENTHL 53

+,TX,C3PU)*FCOMP FENTHL 54
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FUNCTION FENTHL

C

C
C
C

C

C
C

100
C

76/176 OPT=0 TRACE STATIC FTN 4.8+508

iF (TEMP.LE.FTELT-2.E0) GO TO 100

FENTHI : FENThL+FHEFUS*FACMT

IF (TEMP.LE.(FThELT+2.)) 60 TO 100

FENTHI : FENTHL+(TEMP-FTMELT)*FCPMOL
CONTINUE

RETURN
END

10/21/80

FENTHI
FENTHI
FENTHI
FENTHL
FENTHL
FENTHL
FENTHI
FENTHI
FENTHI
FENTHI
FENTHL
FENTHI
FENT HI
FENTHI
FENTHL

SYMBOLIC

ENTRY POINTS
5 FENTHL

VARIABLES
127 CIPU
122 CIU
130 C2PU
123 C2U
131 C3PU
124 C3U
133 EDPU
126 EDU
0 FACMOT
0 FCOMP

121 FCPHOL
140 FENTHL.

0
0
0
0

132
125
141

FHEFUS
FOThTL
FTMELT
TEMP
THPU
THU
TX

REFERENCE

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

NAP (R:2)

REFERENCES
67

RELOCATION

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

EXTERNALS
EXP

INLINE FUNCTIONS
CPDT

TYPE
REAL

TYPE
REAL

ARGS
I LIBRARY

ARGS
7

REFERENCES
2*50 2*52

DEF LINE REFERENCES
SF 44 5c

55

co

65

PAGE 2

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

64
REFS
REFS
REFS
REFS
REFS
REFS
REFS

52
50
52
50
52
50
52
50
59
50
64
52

59
50

2*48
47
2*52
2*50

486

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

2*52
DEFINED

59

DEFINED
52
55
55

DEFINED
DEFINED

4*50

38
36
38
36
38
36
38
36

I
DEFINED

32
64

DEFINED
61
61
38
36

4*52

I

52DEFINED

1
64
64

DEFINED

50

DEFINED
DEFINED

59

52

1
I

40



FUNCTION FENTHL

STATEMENT LABELS
111 100

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
65 55 61

1426

FTN 4.8+508

98

PAGE 310/21/8G 14.29.35
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"

SUBROUTINE FEXPAN (FTMELT,SUMTFSUMEXPNR,NRMITFRTcBUO2LLAFAL, FEXP 2
+RJ,NA,DPH) FEXP 3

C FEXP 4
C IMPLICIT REAL * 8 (A-H,0-Z) FEXP 5

5 C FEXP 6
C ********************************************** ************* FEXP 7
C FEXP 8
C FEXPAN IS CALLED FROM MAIN AND COMPUTES THE THERMAL EXPANSION OF FEXP 9
C THE FUEL. FEXP 10

10 C THIS SUBROUTINE WAS CODED BY G A BERNA IN MARCH 1978. FEXP
C PEXP 12
C ********'.s*********************************************Z******** FEXP 13
C INPUT ARGUMENTS FEXP 14
C *************************************************************** FEXP 15

IS C FEXP 16
C AFAL - ADDITIONAL THERMAL EXPANSION FACTOR FEXP 17
C FTMELT - FUEL MELT TEMPERATURE (K) FEXP 18
C J - AXIAL NODE INDEX FEXP 19
C NR - MAXI MUM 'WABER OF RADIAL NODES FEXP 20

20 C NA - NUMBER OF AXIAL NODES PLUS ONE FEXP 21
C NRM I - NR - I FEXP 22
C R - COLD STATE RADII OF FUEL RADIAL NODES (IN) FEXP 23
C TFB - FUEL RING TEMPERATURES (F) FEXP 24
C TFR - RADIAL NODE TEMPERATURES (F) FEXP 25

25 C FEXP 26
C *********************************************************** * FEXP 27
C OUTPUT ARGUMENTS FEXP 28
C ************************************* *******5*5**************** **** FEXP 29
C FEXP 30

30 C DPH - THERMALLY EXPANDED PELLET DIAMETER (IN) FEXP 31
C SUMTF - SUMMATION OF FUEL RING TEMPERATURES (F) FEXP 32
C SUMEXP - TOTAL FUEL SURFACE DISPLACEMENT DUE 10 THERMAL EXPAN.(IN) FEXP 33
C U02LL - THERMAL EXPANSION (STRAIN) FEXP 34
C FEXP 35

35 C ****************************************************************** FEXP 36
C FEXP 37

DIMENSION TFR(NR) ,TFB(NR) ,R(NR) ,UO2LL(NR,NA) FEXP 38
C FEXP 39

SUMTF : 0.EO FEXP 40
4G SUMEXP : 0.EO FEXP 41

DO 100 L:INRMI FEXP 42
TFB(L) : 0.5*(TFR(L)+TFR(L+I)) FEXP 43
TFBK : (TFB(L)+459.67)/.8 FEXP 44
FACMOT : 0.0 FEXP 45

45 IF (TFBK.GT.FTMELT) FACMOT : 1.0 FEXP 46
UO2LL(LJ) : FTHEXP(TFBKFACMOT)*AFAL FEXP 47
SUMEXP : SUMEXP+(R(L)-R(L+I))*(I.E0+UO2LL(LJ)) FEXP 48

100 CONTINUE FEXP 49
SUMEXP : S'iEXP+R(NR)il .EO+UO2LL(NRMI,J)) FEXP 50

50 DPH : SUMEXP*2.EO FEXP 51
C FEXP 52

RETURN FEXP 53
END FEXP 54

10/21/80 14.29.35 PAGE 1

t



SUBROUTINE FEXPAN 76/176 OPT:0 TRACE STATIC

SYMBOLIC REFERENCE "AP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 FEXPAN I 52

VARIABLES SN TYPE RELOCATION
o AFAL REAL F.P. REFS
0 DPH REAL F.P. DEFINED

107 FACMOT REAL REFS
. FTMELT REAL F.P. REFS
i J INTEGER F.P. REFS

AS L INTEGER REFS
0 NA INTEGER F.P. REFS
0 NR INTEGER F.P. REFS
0 NRtI INTEGER F.P. REFS
0 R REAL ARRAY F.P. REFS
0 SUMEXP REAL F.P. REFS

49
0 SUMTF REAL F.P. DEFINED
0 TFD REAL ARRAY F.P. REFS

106 TFBK REAL REFS
0 TFR REAL ARRAY F.P. REFS
0 U02LL REAL ARRAY F.P. REFS

EXTERNALS TYPE ARGS REFERENCES
FTHEXP REAL 2 46

STATEMENT LABELS DEF LINE REFERENCES
0 100 48 41

LOOPS LABEL INDEX FROM-TO LENGTH PROPERTIES
17 100 L 41 48 37BE

STATISTICS
PROGRAM LENGTH 125E 85

140000E SCM USED

10/21r80 14.29.35

46

46
45
46

3*42
37

4*37
41
37
47

37
45
37
37

DEFINED
50

DEFINED
DEFINED

'47
43

DEFINED
49
49

2x47
49

39
43
46

2*42
47

44

49
46
I

DEFINED
DEFINED

49
50

DEFINED
DEFINED
DEFINED

49

45

DEFINED
3*47

DEFINED
DEF I NED

43

DEFINED

i
DEFINED

i
i

42

I

EXT REFS

2

46

e
e

FTN 4.8+508 PAGE
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5

10

15

AFGR -
ANG
ANGI -
8P -

O -
BU -
CCI -
DELDP -
DCO -
DELH -
DELTAZ -
iEN -
DP -
FMGP -

IGP -
IGPNOD -
IMFGAS -
: 0 , NO
: I . EM

ADDITIC'4AL FRACTIONAL GAS RELEASE FACTOR
CUMULATIVE N2 CONSENTRATION IN FUEL PER POWER STEP(MOLES)
INITIAL NITROGEN CONSENTRATION IN FUEL (MOLES)

BURNUP TO EOS FOR AXIAL NODE J (MtD/MTU)
8URNUP TO 8OS FOR AXIAL NODE J (MWDiMTU)

COEFFICIENT ARRAY FOR FUEL TEMP PROFILE FROM DDLF
TOTAL BURNUP THIS AXIAL NODE
CONSENTRATION OF FISSION GAS PER RING & NODE 805 (MOLES)
INCREMENTAL BURNUP THIS TIME STEP, THIS AXIAL NODE
AS FABRICATED CLAD O.D.
POWER-TIME STEP TIME (HOURS)
LENGTH OF THE AXIAL NODE (FT)
PERCENT OF THEORETICAL DENSITY OF THE FUEL
PELLET DIAMETER
CUMULATIVE FISSION GAS PRODUCTION PER TIME STEP 8 NODE
CUMULATIVE HELIUM GAS PRODUCTION PER TIME STEP 8 NODE
FUEL SURFACE NODE INDEX

EVALUATION MODEL SWITCH FOR FISSION BAS RELEASE
EM ENHANCEMENT USED
ENHANCEMENT USED BEYOND 20000 MMDiMTU

SUBROUTINE FGASRE (AFGR,ANG,ANGI ANGR CCI.,CC2 TOTLDELH DELTAZ, EN
+,FMGR,HMGR,PFAVE,TNOI, TLASTTFRIT,J, IGPNODNGASRHMGPJMGPRNDLS
+ VOID MR MA, AK IAK2,FHA, DPN, DPL, F, FGPRDPLH, FH, FN, DP, I,DU,DEL
+bPRCIO4IRO, T IMX,0,9JST, MPY, RELEAtDCOANSD,IFLXFAC, PF, ANSR, FF, DT,
+DECAY, HALF, BP, BPP, IMFGAS, NOTONE)

C
C IMPLICIT REAL*8 (A-HO-Z)
C
C x*$********: ** n********* ** *****uX **** * *X uxu**:*
C
C SUBROUTINE FGASRE COMPUTES THE FISSION GAS PRODUCTION AND RELEASE,
C THE HELIUM PRODUCTION AND RELEASE AND THE NITROGEN RELEASE FOR
C A GIVEN AXIAL NODE. FGASRE IS CALLED BY THE MAIN SUBROUTINE.
C THIS SUBROUTINE WAS MODIFIED FOR USE IN FRAP-T AND FRAPCON BY
C G A BERNA FROM THE SUBROUTINE OF THE SAME NAME IN FRAP-S IN OCT 77
C
C :** * xx*********z**::xxxxxx***** *u :*n*x* u**:*:3**:*
C

DIMENSION AKI(I) ,AK2(I) ,ANG(NAI) ,ANGR(NA,i) ,DPL(I)
+,DPLH(I) ,CCI(NA,I) ,CC2(NRI) ,DPN(I) ,FMA(I)
+,FH(NR,I),FN(NR,I) ,HMGR(NA,I) ,FMGR(NA,I) ,FMGPR(I)
+,F(NR,I) ,IHMGP(NA,I) ,RNODLS(I) ,TIME(2) ,FMGP(NA,I) ,TFR(l)

C
DIMENSION POWPRO(3)
DIMENSION TIMX(IM) ,8(6) ,QMPY(IM) ,JST(IM) ,Q(NA,8)
DIMENSION DV(20) , RV (20 )
DIMENSION RELEAS(I), NSD(i), FLXFAC(I), PF(I), ANSR(I), DT(I),
+ DECAY(I), HALF(i), FFilI

C
C E****U* ** ***** * **** ******x*
C INPUT ARGUMENTS
C s**t t x *xx**** ** *XXXXX*x*x * x xx************ ****** *

FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
rGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
F GR.

25

30

35

40

2
3
4
5
6
7
8
9

10

12
13
14
'5Is16
17
18
19
20
cl
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

50
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C IM - TOTAL NUMBER OF TIME STEPS FGRL 55
55 C IT - POWER-TIME STEP INDEX FGRL 56

C ITER - GAS LOOP ITERATION INDEX FGRL 57
C J - AXIAL NODE INDEX FGRL 58
C JST - POINTER ARRAY FOR tIME DEPENDENT AXIAL POWER PROFILE FGRL 59
C NA - NUMBER OF AXIAL NODES PLUS ONE FGRL 60

60 C NGASR - FISSION GAS RELEASE MODEL INDEX FGRL 61
C :-I, BOOTH DIFFUSION FGRI. 2
C : 0 , MACDONALD-WEISMAN FGRL 63
C GE 1 AND LE 5, BEYER-HANN FGRL 64
C GE 6, ANS-5.4 FGRL 65

65 C NMESH - CLADDING OUTSIDE SURFACE NODE INDEX FGRL 66
C NOTONE - EM FLAG USED TO ENFORCE ONE PCT RELEASE AT 2O000MNWD/NTU FGRL 67
C NR - MAXIMUM NUMBER OF RADIAL NODES FGRL 68
C NUOID - CENTRAL VOID INDEX FCRL 69
C : 0 , NO CENTRAL VOID FGRL 70

70 C : I CENTRAL VOID EX1 T5 FGRL 71
C PoWPAO - COEFFICIENTS FOR FLUX DEPRESSION CALCULATIONS (GYY,Z) FGRL 72
C Q - AXIAL POWER PROFILE ARRAY FGRL 73
C OMPY - TIME DEPENDENT POWER ARRAY FGRL 74
C RC - RADIUS OF PELLET ANNULUS FGRL 75

75 C RNCDLS - COLD STATE RADIAL NODE LOCATIONS FROM CL (IN) FGRL 76
C TFGFR - ROD FRACTIONAL FISSION GAS RELEASti FGRL 77
L TFR - FUEL RING BOUNDARY TEMPERATURE ARRAY (F) FGRL 78
C TIMX - TIME STEP ARRAY FGRL 79
C TLAST - TIME TO BEGINNING OF POWER-TIME STEP (SEC) FGRL 80

80 C TNOW - TIME TO END OF POWER-TIME STEP (SEC) FGRL 81
C TOTIL - TOTAL ACTIVE FUEL LENGTH (FT) FGRL 82

FGRL 83
C * *************************************** **x***:*:* *nu*u*:*:** u*** FGRL 84
C OUTPUT ARGUMENTS FGRL 85

85 . *E*******************Z**** fl*************************x*m x** FGRL 86
C FGRL 87
C AKI - PORTION OF GAS RELEASED WITHOUT TRAPPING FGRL 88
C AK2 - PORTION OF GAS TAHAT IS TRAPPED FGRL 89
C ANGR - NITROGEN RELEASE PER NODE & POWER STEP (MOLES) FGRL 90

90 C ANSD - ARRAY USED IN ANS54 SUBROUTINE FGRL 91
C CC2 - CONSENTRATION OF FISSION GAS PER RING & NODE E05 (MOLES) FGRL 92
C DPLH - HELIUM DIFFUSION CONSTANT (1/SEC) FGRL 93
C DPN - NITROGEN DIFFUSION CONSTANT (I/SEC) FGRL 94
C F - FRACTION OF FISSION GAS RELEASE PER RING FGRL 95

95 C FH - HELIUM FRACTION RELEAS PER RING FGRL 96
C FMA - FISSION GAS RELEASED PER RING ( GM-MOLES ) FGRL 97
C FMGR - CUMULATIVE FISSION GAS RELEASE PER NODE & TIME (MOLES) FGRL 98
C FMGPR - FISSION GAS PRODUCTION PER RING ( GM-MOLES ) FGRL 99
C FN - NITROGEN FICTION RELEASE PER RING FGRL 100

100 C HMGR - HELIUM RELEASE PER NODE & POWER STEP (MOLES) FGRL 101
C RELEAS - FRACTION SHORT-LIVED RADIOACTIVE GASES RELEASED FGRL 102
C x x x x x x x x x x x x x x x x x x x x x x x x ;x x x x x x x x x FGRL 103C *** ***** ** :*** * :m***n::nu*******u********:u*n: FGL
C FGRL 105105 C FGRL 106
C FGRL 107
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Y(A,8) : (I.EO-EXP(-0.436E-4*(8-2.E4))),(I.E0+(0.665E0,A)*EXP(-0.1 FGRL 108
+107E-3*(8-2.E4))) FGRL 109

C FGRL '10
110 PI : 3.141592654 FG IIt!

N : POPRO(I) FGRL 112
YY : PO4PRO(2) FGRL 113
Z : POWPRO(3) FGRL 114
TIME(I) : TLfiST FGRL 115

115 TIME(2. : TN(M FGRL 116
NT : NA-1 FGRL 117
DELHS : DELH*3600.EO FGRL 118
RDOT : 0.0 FGRL 119

C FGRL 120
120 DO 240 1:1,2 FGRL 121

LT : I FGRL 122
C FGRL 123

N : i FGRL 124
IF (NVO:D.EQ.I) N : 2 FGRL 125

1 DO 200 L:N,NR FGRL 126
C FGRL 127
C CALCULATION OF HELIUM FRACTION RELEASE ( BOOTH DIFFUSION MODEL) FGRL 128
C FGRL 129
C IF(TFR(L) .LE. 1112.0) DPLH(L) : 0.?8E-5 * EXP( (4.E+64/1.986) * ( FGRL. 130

130 C 11.E+0/ 1673. -l.E+0/873.)) FGPL 131
C THE ABOVE COwIMENTED OUT EQUATION IS REPLACED WITH THE ONE BELONG FGRL 132

IF (TFR(L).LE.1112.E0) DPLH(L) : 0.452847E-10 FGRL 133
C FGRL 134

IF (TFR(L).GT.1112.0) DPLH(L) : .28E-5*EXP((4.E+04/I.986)* FGRL 135
135 + (1.E+0/1673.0-.8E+0/(TFR(L)+459.4))) FGRL 136

C FGRL 137
IF (TIME(LT).GT.(I.,(PI*PI*DPLH(L)))) GO TO 100 FGRL 138

C FGRL 139
FH(LI) : 4.*SQRT(DPLH(L)*TIME(LT)/PI)-3.*DPLH(L)*TIME(LT) FGRL 140

140 +/2. FGRL 141
C FGRL 142
C FGRL 143

IF (FH(L,I).LE.0.57) GO TO 110 FGPL.. 144
C FGRL 145

145 100 COEFF : PI*PI*DPLH(L)*TIKE(LT) FGRL 146
COEFI : COEFF :GRL 147
IF (COEFI.GT.200.E0) COEFI : 200.E0 IGRL 148
FH(L,1) : I.EO+(0.607927E0*EXP(-COEFI)-0.653644),COEFF FGRL 149

C FGRL ISO
ISO C FGRL 151

IF (FH(LI).GT.I.0) FH(LI) : 1.6 FGRL 152
C FGRL 153
C CALCULATION OF NITROGEN FRACTION RELEASE (BOOTH DIFFUSION MODEL) FGRL 154
C FGRL 155

155 110 DPN(L) : 0.173*EXP(-33400./(I.9869*(TFR(L)+459.4)/1.8)) FGRL 56
FGRL 157

COEFF : PI*PI*DPN(L)*TIME(LT) FGRL 158
COEFI : COEFF FGRL 159
IF (COEFI.GT.200.E0) COEFI : 200.EO FGRL 160
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IF (COEFF.GT.I.EO) FNiL,I) : I.E0-6.E0*EXP(-COEFI),PI**2

IF (COEFF.LE.I.EO) FN(LI) : 6.OSQRT(DPN(L)*TIME(L-)/PI)-
3.D*DPN(L)*TIME(LT)

165

+

160
C

C

C
C
C

C
C
C
C

IF (FN(L,I).GT.I.0) FN(L,I) : 1.0

NGASR : +,0,-1 FOR ANS-5.4,MACDONALD-WEISMANBOOTH FISSION GAS RELEA

IF (NGASR.GT.0) GO TO 200

CALCULATION OF FISSION GAS FRACTION RELEASE ( BOOTH DIFFUSION )

IF (NGASR.NE.-I) GO TO 130
IF (TFR(L).LE.1292.) DPL(L) : .95E-9*EXP((3.E+04/1.986)*(I

+ .E+0/1673.0-I.E+O/973.))

IF (TFR(L).GT.1292.) DPL(L) : .95E-9*EXP((30000./l.986)*(I
+ .0/1673.0-I.8/(TFR(L)+459.4),)

IF (TIME(LT).GT.(I.0/(PI*PI*DPL(L)))) GO TO 120
F(L,I) : 4.0*SORT(DPL(L)*TIME(LT),P')-3.0*DPL(L)XEIME(LT),

+ 2.0

IF (F(LI).LE.0.57) GO TO 130
COEFF : PI*PI*DPL(L)*TIME(LT)
COEFI : COEFF
IF (COEFi.GT.200.E0) COEFI : 200.E''
F(LI) : I.E0+(0.607927E0*EXP(-CGEFI)-0.653644E0)/COEFF

IF (F(L,I).GT.i.0) F(LI) : s.0

CALCULATIAN OF FISSION GAS FRACTION RELEASE
(MACDONALD-WE I SMAN MODEL)

IF (NGASR.NE.0.OR.I.EQ.1) GO TO 190

IF (TFR(L).LE.400.0) GO TO 140

AKI(L) : EXP(-12450./(TFR(L)+460.)+33.95-.338*DEN)
AK2(L) : .2S*EXP(-21410./(TFR(L)+460.))
GO TO ISO
AKI(L) : EXP(-12450./860.+33.95-.338*DEN)

AK2(L) : .25 * EXP(-2.141E+04/860.)
THE ABOVE COMMENTED OUT EON. IS REPLACED BY THE ONE BELOW

AK2(L) : 3.855E-12
F(L I) : (1.0-(I.0-AKI(L))*((I.0-EXP(-AK2(L)*DELH))/(AK2(L

+ )*DLH)))*AFGR

IF (F(LI).GT.I.0) F(L,I) : 1.0
IF (F(L,I).LT.0.E0) F(LI) : 0.EO
IF (LT.LE.1) CCI(L,J) : 0.0

170

175

180

C

C

185
C

120

190

195

C

C
C
C
C
130
C

C

FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FG9L
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRt.
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL
FGRL

200

161
162
163
164
165
166
167
168
169
170
171
172
173
'7%
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
156
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

205

140
C
C

150

C
210
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IF (L.EQ.l) GO TO 10N FGRL 214
IF (NVOID.EQ.I.AND.L.EQ.2) GO 10 180 FGRL 215

215 C FGRL 216
C RR HAS A MINUS SIGN BECAUSE FRAPCON NODES ARE FROM SURF TO CENT FGRL 217
C FGRL 218

RR : -(RNODLS(L)**2-RNDLS(L-I)**2)/RNODLS(IGPNOD)**2 FGRL 219
IF (IT.GT.1) FMGPR(L) : RR*FMGP(J 2)*DELHSITNOI FGRL 220

220 FMA(L) : 0.5*(F(L,I)+F(L-1,I))*FMtPR(L)+CCI(L,J)Z((I.0-EXP FGRL 221
+ (-AK2(L)*DELH))+(I.O-EXP(-AK2(L-I)*DFLH)))*0.5*AFGR FGRL 222

C FGRL 223
CC2(L,J) : CCI(L,J)+FMGPR(L)-FMA(L) FGRL 224

C FGRL. 225
225 C FGRL 226

C IF IMFGAS IS ONE THE FISSION GAS RELEASE ENHANCEMENT AT BURNUPS FGRL 227
C GREATER THAN 20000 MND/MTU AS DESCRIBED IN NUREG-0418 IS USED FGRL 228
C FGRL 229

IF (IMFGAS.EQ.O) 60 TO 170 FGRL 230
230 IF (BP.LE.20000.E0) GO TO 170 FGRL 231

AVAIL : CCI:L,J)+FMGPR(L) FGRL 232
FOFT : FMA(L)iAVAIL FGRL 233
IF (NOTONE.EQ.I.AND.FOFT.LT.0.0IE0) FOFT =0.01EO FGRL 234
FPOFT : FOFT+(I.E0-FFT)*Y(FOFTBP) FGRL 235

235 C FGRL 236
IF (BPP.GT.20000.E0) GO TO 160 FGRL 237
DTI : TNOW-TLAST FGRL 238
TM : (20000.EO-BPP)*DTI/(BP-BPP) FGRL 239
FPOFT : FOFT*TM1DTI+(DTI-TM)*FPOFT/DTI FGRL 24G

240 C FGRL 241
160 CONTINUE FGRL 242
C FGRL 243

FMA(L) - AVAIL*FPOFi FGRL 244
CC2(LJ) : AVAIL-FMA(L) FGRL 245

245 170 (NTINUE FGRL 246
C FGRL 247
C FGRL 248

FMGR(J I) : FMGR(J,I)+FMA(L) FGRL 249
180 IF (L.$.1) FMGR(J,I) : 0.0 FGRL 250

250 C FGRL 251
190 CONTINUE FGRL 252
C FGRL 253
200 CONTINUE FGRL 254
C FGRL 255

255 C NGASR GT 0 AND LT 6, BEYER-HANN FGiL 256
C NGASR GT 5, ANS54 FGRL 257

IF %eGASR.LT.6.OR.I.EQ.1) GO TO 220 FGRL 258
C FGRL 259
C CALCULATION OF FISSION GAS RELEASE FGRL 260

260 C (ANS-5.4 MODEL) FGRL 261
C FGRL 262

BRNUP : BU-DELBP/2. FGRL 263
JPO4 : J-1 FGRL 264
IF (DELBP.GT.2500.) WRITE (6,250) IT,JPOW,DELBP FGRL 265

265 NFN : I FGRL 266
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C FGRL 267
C CONVERSION FACTOR - INCHES * .0254 : METERS FGRL 268

RDEL : DP*0.0254/2./(NFN-1) FGRL 269
C FGRL 270

270 C CALCULATE FLUX DEPRESSION ARRAY FGRL 271
DO 210 IRV: tNFN FGRL 272
DV(IRV: : (190-I)*RDEL FGRL 273

C FGRL 274
C RV IS FUNCTION OF RADIUS FGRL 275

275 RV(IRV) : Z+DV(IRV)**2*YY+DV(IRV)**4*N FGRL 276
C FGRL 277
C CONVERT DV TO DIAM TER FOR USE IN ANS54 FGRL 278

DV(IRV) : DV(IRV)*2./.0254 FGRL 279
210 CONTINUE FGRL 280

280 C FGRL 281
CALL ANS54 (IT,BRNUP DPJPONNTIMRVDVNFN,TIMX,B,QRCRDOT, FGRL 282

+ NA,QtMPYJSTRELEASDN,DCO,NtASR,ANSDFLXFACPF,ANSR,FF,DT,DEC FGRL 283
+ AYHALF,PFAVE) FGRL 284

C FGRL 285
285 220 CONTINUE FGRL 286

C FGRL 287
C CALCULATION OF THE INCREMENT AVERAGE GAS FRACTION RELEASE OF FGRL 288
C FISSION GAS , HELIUM , AND NITROGEN FGRL 289
C FGRL 290

290 FL : 0.E0 FGRL 291
FLH : O.ED FGRL 292
FNN : G.EG FGRL 293
M : 2 FGRL 294
IF (NVOID.EQ.1) N : 3 FGRL 295

295 DO 230 IL:M,NR FGRL 296
RR : -(RNODLS(IL)**2-RNODLS(IL-l)**2)/2.E0 FGRL 297
IF (NGASR.LE.0) FL : FL+(FiIL,I)+F(IL-lI))*RR FGRL 298
FLH : FLH+(FH(IL,I)+FH(IL-:,I))*RR FGRL 299
FNN : FNN+(FN(IL,I)+FN(IL-l,I))*RR FGRL 300

300 230 CONTINUE FGRL 301
NRINGS : NR-I FGRL 302
IF (NVOID.EQ.I) NRINGS : NRINGS-1 FGRL 303
RPSTN : RNODLS(ICPNOD)**2*NRINGS FGRL 304
FRD : FL/RPSTN FGRL 305

305 IF (NGASR.GT.0) FRD : RDuT FGRL 306
FRDH : FLHiRPSTN FGRL 307
FRDN : FNN/RPSTN FGRL 308

C FGRL 309
C CALCULATION OF FISSION GAS, HELIUM AND NITROGEN RELEASE IN HOLES FGRL 310

310 C FGRL 311
IF (NGASR.NE.0) FMGR(J,I) : FRD*FMGP(J,I) FGRL 312
HMGR(JI) : FRDHHtIGP(J,I) FGRL 313
ANGR(J,I) : FRDN*ANGI/(TOTLDELTAZ) FGRL 314

C FGRL 315
315 240 CONTINUE FGRL 316

C FGRL 317
ANG(J,2) : AMAXI((ANG(J,1)-ANGR(J,2)+ANGR(J,1)),0.E+0) FGRL 318

C FGRL 319
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320
RETURN FGRL

C FGRL
250 F0RtMAT (" TitlE STEP AXIAL NODE INCREhENTAL DURNUPU/IX I6,5X I6,E FGRL

+1I2/a INCREMENTAL &URNUP GREATER THAN 2500 MND/MTM - SE ANS ") FGRL
END FGRL

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 FGASRE I 319

VARIABLES SN TYPE RELOCAT
0 AFGR REAL F.
0 AKI REAL ARRAY F.i
0 AK2 REAL ARRAY F.
0 ANG REAL ARRAY F.
0 ANGI REAL F.P
0 ANGR REAL ARRAY F.
0 ANSD REAL ARRAY F.
0 ANSR REAL ARRAY F.

1327 AVAIL REAL
0 8 REAL ARRAY F.P
0 BP REAL I:.
0 BPP REAL F.

1334 BRNUP REAL
0 BU REAL F.P
0 CCI REAL ARRAY F.
0 CC2 REAL ARRAY F.P

1324 COEFF REAL

1325 COEFI REAL

0 DCO REAL F.
0 DECAY REAL ARRAY F.F
0 DELBP REAL F.P
0 DELH REAL F.

1316 DELHS REAL
0 DELTHZ REAL F.
0 DEN REAL F.P
0 DP REAL F.P
0 DPL REAL ARRAY F.P

0 DPLH REAL ARRAY F.P

0 DPN REAL ARRAY F.P
0 DT REAL ARRAY F.P

1332 DTI REAL
1355 DV REAL ARRAY

0 F REAL ARRAY F.P

ION
P.
P.
P.
P.
P.
P.
P.

P.
P.
P.

P.
P.
P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
178

REFS
134

REFS
REFS
REFS
REFS
REFS

P.
P.
P.
P.

P.
P.
P.
P.

P.

P.
P.

P.

207
19
19
19

313
19
27
27

232
25

230
236
281
262

19
19

146
145
147
146
281
27

262
117
219
313
200
268

19

19

19
27

238
26
19

220
207
2*207
317

DEFINED
2*317
281
281
243
281

2x234
2*238

DEFINED
DEFINED

220
DEF I NED

148
157
148
147

DEFINED
281
2*264
2*207

DEF I NED
DEFINED

203
281
181

137

157
281
3*239
2*275
185

DEF I NED
DEF I NED

2x220
DEFINED

DEFINED
DEFINED
DEFINED

DEFINED
238

DEF I NED
262

223

158
186
159
158

DEFINED
DEFINED
2*220
117

281
DEFINED

2*182

2*139

2*162
DEF I NED
DEFINED

278
191

320
321
322
323
324

203
201 206DEFINED

DEFINED

DEFINED

231
223
160

160
'59

I

DEF I NED

DEF I NED

16

1 45

DEFINED

237
281
210

212

189

200

317

313

231

DEFINED
244
162

188
187

I

DEFINED

DEFINED

DEFINED
211

187

189
188

I

i

I55

175

132

272
2*220

278
2*297
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VARIABLES

0
0

1341
1342

0
0

0
0
0
0

1343
1330
1331
1350
1351
1352

0
0
0

1320

0
1345

0
0

1340
0
0

1335
0

1323

SN TYPE

FF
FN

REAL
REAL

FL
FLH
FLXFAC
FA

FMG
FMGP.
FMGR
FN

FNN
F OFT
=POET
FRD
FRDH
FRDN
HALF
HMGP
HMGR
I

IGPNOD
IL
IM
I FGAS
IRV
IT
J

JPOW
JST
L

1321 LT

1344
1322

0
1336

0

M
N
NA
NPN
NGASR

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTECER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

RELOCATION

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

F.P.
F.P.

F.?.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

210 211

139

DEFINED
REFS
REFS

148
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
165

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*165
2*211
2*311
REFS
REFS
REFS
REFS
REFS
REFS
REFS
249

DEFINED
REFS
REFS
REFS
2*151

181
2*201
214

2*244
REFS
186

REFS
REFS
REFS
REFS
REFS
311

REFS

27
19

151
297
298
27
19

19
19
19
19

299
233
239
311
312
313
27
19
19

121
182

2*220
2*312
218

2*296
3*25
229

2*272
219
212
263

264
25

2*132
2*155
3*182
203

2*218
248
137
212
295
125
6*19
268
169

DEFINED
233

182
281
143

306
281
223
220
219
Z20
248
165

307
3*234
243

DEFINED
DEFINED
DEFINED

281
312

DEFINED
139
185

2*248
313
303

2*297
281

DEFINED
3*275

264
219

2*311

281
281

3*134
157
!85
206
219
249

2*139
DEF I NED
DEFINED
DEFINED

25
271
174

DEFINED

189
DEFINED

151

DEFINED
DEFINED
DEFINED

232
243
311
223

DEFINED
2*299

DEFINED
239

DEFINED
304
306
307

DEFINED
DEFINED

143
189
249

DEFINED
DEFINED

2*298
DEFINED

1
2*278

281
220

2*312

FINEDD
DEFINED

137
160
186

4*207
7*220

DEFINED

121
293
123
116
281
196

191
I

2*298

290
291

I
244

DEFINED
231

DEFINED

292
DEFINED

234
305

1I
312
148

2*191
257
120

I
2*299

DEFINED
DEFINED

2*223
313

263

3*139
3*162
189

2*210
4*223
125
I57

294
124
281

DEFINED
257

207

DEFINED

297
298

248

DEFINED
248

299
232
239

2*151
196

2*297

DEFINED

271
I

231
4*317

219
311
162

21~249
160

233

143
2*165
2*191
2*211
2*231

2*162

DEFINED
265
281

160
207

2*298

162
2*210
2*299

295

0 NOTONE

145
2*175

198
212
232

181

297

148
3*178
2*200

213
243

2*182

305

I
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SUBROUTINE FGASRE

VARIAJLES SN TYPE
0 NR INTEGER

1346 NRINGS INTEGER
1315 NT INTEGER

0 NUOID INTEGER
0 PF REAL
0 PFAQE REAL

1311 PI REAL

0 PONPRO REAL
0 REAL
0 OMPY REAL
0 RC REAL

1337 RDEL REAL
1317 RDOT REAL

0 RELEAS REAL
0 RNODLS REAL

1347 RPSTN REAL
1326 RR REAL
1401 RV REAL

0 TFR REAL

1353 TIME REAL

0 TIMX REAL
0 TLAST REAL

1333 TM REAL
o TNON REAL
0 TOTL REAL

1312 W REAL
1313 YY REAL
1314 Z REAL

FILE NAMES MODE
TAPE6 FMT

EXTERNALS TYPE
ANS54
EXP REAL

SORT REAL

INLINE FUNCTIONS TYPE
AMAXI REAL
Y REAL

STATEMENT LABELS
127 100
162 110
325 120
360 130
413 140
426 150
630 160

76/176 OPT:0 TRACE

RELOCATION
F.P.

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARGS
30
I LIBRARY

I LIBRARY

ARGS
0 INTRIN
2 SF

DEF LINE
145
155
186
196
203
207
241

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.PP.

F.P.
F.P.

F.P.
P.P.

l ITES

REFERENCES
281
134
203
139

DEF LINE RE!

107

REFERENCES
137
143
181
174
198
202
236

FTN 4.8+508

i
i
i
REFS
REFS
REFS
REFS
REFS
REFS
REFS

182
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

200
REFS
2*182
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

5*19
302
281
124
27

281
2*137
2*186

24
25
25

281
272
281
27
19

304
219
26
19

201
19

186
25

114
2*239

115
313
275
275
275

125
303

DEFINED
214
281

DEFINED
'39

DEFINED
II
281
281

DEFINED
DEFINED

305
281

3*218
306
297
281
132

DEFINED
137

DEF I NED
281
237

DEFINED
219

DEFINED
DEFINED
DEFINED
DEFINED

STATIC

295
DEFINED

116
294

DEFINED

2*145
9l0
112

DEFINED
DEFINED

268
DEFINED
DEFINED

2x296
307
298

DEFINED
2*134

2*139
114

DEFINED
DEFINED

238
237

II
112
113

264

148
207
162

FERENCES
317
234

95
2*220

162

160
2*234

175 978 189

185

PAGE 910/21/80

301
301

302
9

2*157

113

118

303
DEFINED

299
275
155

145
115

DEFINED

14.29.35

DEFINED
302

DEFINED

160

DEFINED

DEFINED
303

DEFINED

175

157

i

296

998

181

200 201

i

162

1

1

218

2* 178

2*162



SUBROUTINE FGASRE

STATEMENT LABELS
641 170
650 180
656 190
657 2G0

0 210
765 220

0 230
0 240

1207 250 FMT

LOOPS LABEL INDEX
43 240 1
55 ?e0 L

713 210 IRV
IC03 230 11.

STATISTICS
PROGRAM LEN'GTH

1400108 SCM L'SED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
245 229 230
249 213 214
251 196
253 125 169
279 271
285 25?
300 295
315 120
321 264

FROM-TO LENGTH PROPERTIES
120 315 10538
125 253 6058
271 279 208 OPT
295 300 368 OPT

10/21/80 ?4.29.35

ES
EXT REFS NOT INNER
EXT REFS

16638

PAGE !0FTN +.8+508



76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE

SUBROUTINE FLMDRP (CRDTRCRDTTDE G,HCOEF,ICORIT,J,NAP2,QCTC0,T FLMD 2
+IMETSATMTDELTCR,DELTDu.DELTFC, ELTJL) FLMD 3

C FLMD 4
C IMPLICIT REAL * 8 ( A-H,0-Z ) FLMD 5

5 C FLMD 6
C ******** ************* * :*xxx** E******$****xxxxxx *** FLMD 7
C FLMD 8
C THIS SUBROUTINE IS CALLED FROM MAIN AND CALCULATES THE TEMPERATURE FLND 9
C DROP ACROSS THE FILM AND CRUD FLMD 10

10 C FLMDRP MAS CODED BY G A BERNA NOVEMBER 1977. FLMD 11
C FLMD 12
C ****** x*****x*******x**x * * tt*2 x****x****2*2* FLMD 13
C INPUT ARGUMENTS FLMD 14
C ******x*x**x****x****x******:** ****: **********:**** FLMD 15

15 C FLMD 16
C CRDTR - CRUD DEPOSITION RATE (MILS/HR) FLND 17
C DE - EQUIVALENT HYDRAULIC DIAMETER (FT) FLMD 18
C G - MASS FLUX OF COOLANT (LBM/HR-FT*2) FLMD 19
C ICOR - CRUD DEPOSITION INDEX FLD 20

20 C IT - POWER-TIME STEP INDEX FLMD 21
C J - AXIAL NODE INDEX FLMD 22
C NA - MAXIMUM NUMBER OF AXIAL NODES FLMD 23
C P2 - COOLANT PRESSURE DURING POWER-TIME STEP (PSIA) FLMD 24
C QC - HEAT FLUX AT NODE J (BTUiHR-FT**2) FLMD 25

25 C TIME - END OF STEP TIME (SEC) FLMD 26
C TSAT - SATURATION TEMPERATURE (F) FLMD 27
C MT - AVERAGE BULK MATER TEMPERATURE (F) FLMN 28
C FLMD 29
C **2******x*****x***** *****x*t**t******* ****** FLMD 30

30 C OUTPUT ARGUMENTS FLMD 31
C **2********** ******2*************U2222 FLMD 32
C FLMD 33
C CRDTT - CRUD THICKNESS (MILS) FLMD 34
C DELTCR - TEMPERATURE DROP ACROSS THE CRUD (F) FLMD 35

35 C DELTDB - TEMPERATURE DROP ACROSS THE FILM USING DITTUS-BOELTER (F) FLMD 36
C DELTFC - TEMPERATURE DROP ACROSS THE FILM TOTAL FORCED CONVEC. (F) FLMD 37
C DELTJL - TEMPERATURE DROP ACROSS THE FIlM USING JENS-LOTTES (F) FLMD 38
C HCOEF - SURFACE HEAT TRANSFER COEFFICIENT (BTU/HR-FT*2-F) FLMD 39
C TCO - ROD SURFACE TEMPERATURE (F) FLMD 40

40 C FLMD 41
C ***** ********* * *** xxx*x****2*2******22************xxx FLMD 42
C FLMD 43

DIMENSION HCEF(I) ,P2(!) ,TIME(I) FLD 44
C FL D 45

45 IF (G.EQ.0.0) GO TO 100 F -HD 46
C LMD 47

IF (ICOR.EQ.2) CRDTT : CRDTR*(TIME(IT)/3600.E0) FLMD 48
C FLMD 49
C CALCULATION OF FILM TEMPERATURE DROP FLD 50

50 C HFLMDB IS THE DITTUS-DOELTER FILM COEFF. FIND SI
C DELTCR IS THE CRUD TEMPERATURE DROP FLMD 52
C DELTJL IS THE JENS-LOTTES FILM DROP ***WCAP 2059,PP 21-22 FLND 53
C FLMD 54



76/176 OPT:0 TRACE STATIC FTN 4.8+508

55

60

ENTRY POINTS
4 FLMDRP

VARIABLES
0 CRDTR
0 CRDTT
0 DE
0 DELTCR
0 DELTDB
0 DELTFC
0 DELTJL

165 DLTSAT
0 G
0 HCOEF

164 HFLMDB
0 ICOR
0 IT
0 J
0 NA
0 P2
0 QC
0 iCO
0 TIME
0 TSAT
0 lWT

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
69

RELOCATION
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY

*UNUSED
ARRAY

ARRAY

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

HFLNDB : ((-5.1889E-5+6.5044E-8*WT)*WT+(3.5796E-7-1.0337E-9*WT)*P2
5 +(IT)+3.2377E-2)*G*(G*DE)**(-0.2)

DELTDB : QC/HFLMDB
DELTCR : QC*CRDTT/6000.0
DELTFC : DELTDB+DELTCR
DELTJL : 1.9*QCU*0.25EXP(-I.IIIE-3*P2(IT))
TCO : AMINI(WT+DELTDBTSAT+DELTJL)+DELTCR
IF (ICOR.EQ.0) TCO : AMINIWNT+DELTFC,TSAT+DELTJL)
HCOEF(J) : HFLMDB
DLTSAR : TCO-TSAT
IF (WT+DELTFC.GT.TSAT+DELTJL) HCOEF(J) : QC/(DLTSAT+DELTCR)

C
C
C
100 IF (G.EQ.0.0) TCO : WT

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

65

FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD
FLMD

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

47
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

47
57
54
58
58
61
60
64
45
43
56
47
47
62
t

43
56
63
43
60

3x54
1

DEFINED
DEF I NED
DEFINED

60,
60
64
61

DEFINED
2*54

DEFINED
62
61
54
64

54
57

DEFINED
47
61
60

64
DEFINED
DEFINED

64
63
68

DEFINED
DEFINED

59
DEFINED

59
59

DEFINED
63
61

DEFINED

DEF I NED

DEF I NED
62
54

DEFINED

DEFINED
6.4
60

64
64

56
58

64

I

DEFINED
61

DEFINED
68

57

I
68

I
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SUBROUTINE FLMDRP

EXTERNALS TYPE
EXP REAL

INLINE FUNCTIONS TYPE
AMINI REAL

STATEMENT LABELS
131 100

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

ARGS REFERENCES
I LIBRARY 59

ARGS DEF LINE REFERENCES
0 INTRIN 60

DEF LINE REFERENCES
68 11

1668 118

FTN 4.8+509 10/i21/80 14.29.35

61
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SUBROUTINE FLOBLK (CTEMP,STRESSFBPFB,PFR) FLOS 2
C FLOB 3
C SUBROUTINE FLOBLK PREDICTS THE NUMBER OF FAILED FUEL RODS AS A FLOB 4
C FUNCTION OF NORMALIZED PRESSURE AND CLADDING TEMPERATURE. THIS FLOB 5

5 C ROUTINE 15 SPECIFIC TO A TRANSIENT HIGH TEMPERATURE CALLING FLOB 6
C SUBCODE. FLOBLK ALSO RETURNS FLOW BLOCKAGE PREDICTIONS AS A FLOB 7
C FUNCTION OF NORMALIZED PRESSURE. THE FLOW BLOCKAGE IS CURRENTLY FLOB 8
C RETURNED AS AN ARRAY WITH CORRESPONDING VALUES OF PROBABILITIES FLOB 9
C OF EXCEEDING EACH FLOW BLOCKAGE PREDICTION. FLOB 10

10 C *XS PART OF FRAIL FAILURE PACKAGE *** FLOB 11
C FLOB 12
C FLOB 13
C -- INPUT ARGUMENTS -- FLOB 14
C FLOB IS

15 C CTEMP ClADDING TEMPERATURE ( DEG K ) FLOB 16
C STRESS ENGINEERING HOOP STRESS ( N/M2 ) FLOB ?
C FLOB 18
C FLOB 19
C -- OUTPUT ARGUMENTS -- FLOB 20

20 FLOB 21
C FB ARRAY OF FLON BLOCKAGE PREDICTIONS ( FRACTIONAL VALUE) FLOB 22
C PFB ARRAY CONTAINING THE PROBABILITIES OF EXCEEDING THE FLOB 23
C FLOW BLOCKAGES CONTAINED IN Fb ( FRACTIONAL VALUE ) FLOB 24
C PFR PROBABILITY OF ROD FAILURE ( FRACTIONAL VALUE ) FLOB 25

25 C FLOB 26
DIMENSION FB( 23 ), PFB( 20 ) FLOB 27
DATA GAMF, ENETAF / 5.4E0 9.2E0 / FLOB 28
DATA GAMS, ENETAS /i.047E6  3.090E0' FLOB 29
DATA GAMT ENETAT/4.61E0, 3.93E0' FLOB 30

30 DATA ST, 58, TTB / 8.5E2, 3.2E3 2.5E2 / FLOB 31
DATA CONWS CONUTI, CONVT2 / 6.8947572E3, 4.5967E2, i.8E0 / FLOB 32
DATA Al, , A3 A4, AS / 5.018866387E4, -3.71488713E0, FLOB 33

+ 7.0817526E-1, -2.580377E-2, -6.9187468755E4 / FLOB 34
DATA BSTRES BTEMP /2 (0.E0)/ FLOB 35

35 DATA DEVS, bEUT / 2.816508E6 3.9E1 / FLOB 36
DATA A, B, CI / -1.827359E-2, 1.19190606E3, 2.563317625E5 / FLOB 37

C FLOB 38
C FLOB 39
C PLOD '40

40 CALL BURST (CTEMP,STRESS,BSTRES,BTEMP,DEUS,DEVT) FLOB 41
STRS : STRESS/CONUS FLOB 42
TEMP : CONUT2*CTEMP-CONJTI FLOB 43
5 : BSTRES/CONVS FLOB 44
T : BTEMP*CONUT2-CONUTI FLOB 45

45 IF (STRS.LT.2000.) GO TO 100 FLOB 46
TLS : STRS-ST FLOB 47
DS : STRESS+ FLOB 48
TLIMIT : (AI*TLS),(A2+A3*TLS)+A4*TLS+A5+TTB FLOB 49
BLIMIT : (AI*BLS)/(A2+A3*BLS)+A4*BLS+A5-TTD FLOB 50

50 IF (BLIMIT.LT.0.E0) BLIMIT : 0.E0 FLOB 51
X : (TEM?-BLIMIT)/(TLIMIT-BLIMIT) FLOB 52
EGAMMA = GAMT FLOD 53
ENETA : ENETAT FLOB 54

10/21/80 14.29.35 PAGE I



76/176 OPT:0 TRACE STATIC FTN 4.8+508

GO TO 110 FLOB 55
55 100 TLT : TEMP-TTB FLOB 56

8 : BI-A3*TLT FLOB 57
C : CI-A2*TLT FLOB 58
TLIMIT : ST+(-B-SQRT(B*-4.0*A*C))/(2.0*A) FLOB 59
BLIMIT : 0.EO FLOB 60

60 X : STRS/TLIMIT FLOB 61
X : (X-.5897E-1)/.9763E0 FLOB 62
EGAMMA : GAMS FLOB 63
ENETA : ENETAS FLOB 64

110 CALL BDTR (X,EGAMtA,ENETAP,D,IER) FLOB 65
65 DELPFR : P-PFR FLOB 66

IF (DELPFR.LT.0.' DELPFR : O.ED FLOB 67
IF (PFR.GT.P) P : PFR FLOB 68
PFR : P FLOB 69

C FLOB 70
70 C CALCULATE FLO BLOCKAGE FLOB 71

C FLOB 72
CALL FBLOK (STRESS,DFBFBAVG) FLOB 73
TL : FBAVG+1.7*DFB FLOB 74
8L : FBAVG-DFB FLOB 75

75 IF (BL.LT.0.) BL : 0.E0 FLOB 76
DO 120 1:1,20 FLOB 77
XF : (FB(I)-BL)/(TL-BL) FLOB 78
CALL 8DTR (XP GAIF, ENE T AFPROD D IER) PLOD 79
PFD(I) : PFD(i)+(I.0-PROB)*DEL tER FLOD 80

80 120 CONTINUE FLOB 81
FB(21) : FB(21)+FBAVG*DELPFR FLOB 82
FB(22) : FB(22)+TLVDELPFR FLOB 83
IF (FB(22).GT.l.0) FB(22) : 1.0 FLOB 84
F(23) : FB(23)+BL*DELPFR FLOB 85

85 RETURN FLOB 86
END FLOB 87

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 FLOBLK185

UW~IABLES SN TYPE RELOCATION
317 A REAL REF5 2*58 DEFINED 6
306 Al REAL REFS 48 49 DEFINED 32
307 A2 REAL REFS 48 49 57 DEFINED 32
310 A3 REAL REFS 48 49 56 DEFINED 3e
311 A4 REAL REFS 48 49 DEFINED 32
312 AS REAL REFS 48 49 DEFINED 32
345 8 REAL REFS 3*58 DEFINED 56 '
320 81 REAL REFS 56 DEFINED 36
356 8L REAL REFS 75 2*77 84 DEFINED '4 75

10/21/80 14.29.35 PAGE 2SUBROUTINE FLOBLK
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VARIABLES
340 BLIMIT
336 BLS
313 BSTRES
314 BTEMP
346 C
321 CI
303 CONtVS
304 CONUTI
305 CONUT2
0 CTEMP

350 D
352 DELPFR

315
316
353
342
343
273
275
277
0

354
272
274
276
357
351
347

0
0

361
333
301
300

0
331
334
332
355
337
335
344
302
341
360

DEUS
DEVT
DFB
EGAMMA
ENETA
ENETAF
ENETAS
ENETAT
F8

FBAVG
GAMF
GAMS
GAMT
I
IER
P
PFB
PFR
PROD
S
S8
ST
STRESS
STRS
T
TESP
TL
TLIMIT
TLS
TL t
TTD
X
XF

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

F.P.

ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

50
3*49

40
40
58
57
41
42
42
40
e4
66
65
40
40
72
64
64
78
63
53
26

I
72
78
62
52
77
64
64
26
65
78
43
47
46
40
45
44
51
77
51

3*48
56
48
61
78

2*51
DEFINED

43
44

DEFINED
DEF I NED

43
44
44
42
78
79
66

DEFINED
DEFINED

73
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED

77
81
73

DEFINED
DEFINED
DEFINED

2*79
78
65
79

2*67
79

DEF I NED
58
41
46

55
82
60

DEFINED
57
49
64

DEFINED

DEFINED
47

DEFINED
DEFINED

57
36

DEFINED
DEF I NED
DEFINED
DEFINED

81

35
35
74
52
53
27
28
29
81
82
74
27
28
29

DEFINED

67
DEFINED
DEFINED

30
DEFINED

72
47

DEFINED
DEFINED
DEFINED

46
DEFINED

55
DEFINED

77

EXTERNALS
BDTR
BURST
FILOK
SORT

TYPE ARGS
6
6
3

REAL I1 LiIRARY

REFERENCES
64
40
72
58

50 59

34
34

31
31
31

82

62
63

82
83
81

83
84

84

76

68
I

30
DEFINED

60

42
73
48

55
DEFINED

51

DEFINED
79
68

1
DEFINED

58

30
60

67

41

61

78
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SUBROUTINE FLOBLK

STATEMENT LABELS
100 100
!41 110

0 120

LOOPS LABEL INDEX
176 120 I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DLF LINE REFERENCES
55 45
64 54
89 76

FROM-TO LENGTH PROPERTIES
76 80 178

3658

FTN 4.8+508 10/21/80 14.29.3c

ES
EXT REFS

245

PAGE

1:
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SUBf',kTINE FLUXD (ENRCHDEN,TeNLETZ,YY,..RRAPON,IPLANT,ITNDBG,T FLUXD 2
+NR) FLUXO 3

C FLUXD 4
C IMPLICIT REAL * 8 ( A-H,O-Z ) FLUXD 5

5 C FLUXD 6
C * ***U *** ******E ******nu*******g FLUXD 7
C FLUXD P
C THIS SUBROUTINE IS CALLED FROM MAIN AND COMPUTES FLUX DEPRESSION FLUXD 9
C COEFFICIENTS Z, YY, AND 1 FOR USE IN THE DDLF FUEL TEMPERATURE FLUX: 10

10 C DISTRIBUTION FLUXD 11
C FLUXD 12
C ***x*su*:::*z:::******:::::::m::::::*:*::::**::s:::::n * *$Ztittt FLUXD 13
C INPUT ARGUMENTS FLUXD 14
C ****** *** ****** ****** ** U** ****** * *:****************U**u3tt FLUXD I5

I5 C FLUXD 16
C ENRCH - FUEL ENRICHMENT (PERCENT) FLUXD 17
C DEN - PERCENT OF THEORETICAL DENSITY FLUXD 18
C PLANT - RADIAL PROFILE INDEX FLUXD 19
C IT - POWER-TIME STEP INDEX FLUXD 20

20 C NDBG - DEBUG OUTPUT INDEX FLUXD 21
C NR -NUBEROF RADIALNODES FLUXD 22
C R - FUEL RING RADII (IN) FLUXD 23
C RAPON - NORMALIZED RADIAL POWER PROFILE FLUXD 24
C T - TINE TO THE END OF STEP (HRS) FLUXD 25

25 C TINLET - COOLANT INLET TEMPERATURE (F) FLUXD 26
C FLUXD 27
C n*:::***mm*::::nu:::**:::::::**:*s::::*:::::n*****z*:::*:*::u*t: FLUXD 28
C OUTPUT ARGUMENTS FLUXD 29
C ******** U xxx**S *xxxxxx ** ***tttttttttttttt****U****UU**Uttt*E*** FLUXD 30

30 C FLUXD 31
C .YYtZ- FLUX DEPRESSION COEFFICIENTS FLUXD 32
C FLUXD 33
C ***************************************3:**********::****S**W* **S*U * FLUXD 34
C FLUXD 35

35 DIMENSION A(3,3) , 8(3) , R(NR) , RAPOW(NR) FLUXD 36
C FLUXD 37

DATA N3 / 3 / CINTMS / 6.4516E-4 / FLUXD 38
DATA SIGASSIGA8,SIGAO,SIGT5,SIGT8,SIGTO/578.,2.33,0.,586.5,10.8,4 FLUXD 39

+./FLUXD '90
40 C FLUXD 41

IF (IPLANT.NE.0) GO TO 100 FLUXD 42
C 'LUXD 43

FR35 : ENRCH/100.EC FLUXD 44
RHO : 10.97*DE1,I00.E0 FLUXD 45

45 FR38 : 1.-FR35 FLUXD 46
ENS : RH0*FR35*.00225927 FLUXD 47
EN8 : RHO*FR38*.00223079 FLUXD 48
ENO : (EN5+EN8)*2. FLUXD 49
SGA : (EN5*SIGA5+EN8SIGA8+ENO*SIGAO) FLUXD 5

50 SGT : (EN5*SIGT5+EN8*SIGT8+ENO*SIGTO) FLUXD SI
CAPSO : 3.*SGA*SGT*(I.-.8*SGASGT) FLUXD 52
CORR : .6*((TINLET-70.)/(394 ))+I.0 FLUXD 53
CAPPA : SQRT(CAPSQ)*CORR FLUXD 54
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CAPSO : CAPPA**2 FLUXD 55
55 Z : 1. FLUXD 56

YY : CAPSQ/4.*I.E4 FLUXD 57
W : YY**2/4. FLUXD 56
60 TO 110 FLUXD 59

100 CONTINUE FLUXD 60
60 C THE FOLLOWING CALL TO PWRDEP COMPUTES THE RADIAL POWER FLUXD 61

C DISTRIBUTION AS A FUNCTION OF TIME AND ENRICHMENT USING A FIT FLUXD 62
C TO "LASER" PREDICTIONS FLUXD 63
C FLUXD 64

IF (IPLANT.GE.1) CALL PWRDEP (ENRCH,T,IPLANT,ITNDBG,PIP2,P3) FLUXD 65
65 C FLUXD 66

C FLUXD 67
C THE FOLLOWING CODING CREATES THE THREE COEFFICIENTS FLUXD 68
C FOR DDLF WNEN THE USER SPECIFIES RADIAL PONER INPUT FLUXD 69
C FLUXD 70

70 8(I) : .EO FLUXD 71
8(2) : RAPO4(l)/RAPON(NR) FLUXL 72
8(3) : RAPON(9)/RAPOW(NR, FLUXD 73
IF (IPLANT.GE.I) PCENT : P3 FLUXD 74
IF (IPLANT.GE.I.AND.R(NR).GT.0.EO) PCENT : PI(R(NR)/R(I))**P2+P3 FLUXD 75

75 IF (IPLANT.GE.I) 8(2) : (Pi+P3)/PCENT FLUXD 76
IF (IPLANT.GE.1) B(3) : (PI*0.3E0**P2+P3),PCENT FLUXD 77
A(l,1) : l.EO FLUXD 78
A(1,2) : R(ll)*R(il)*CINTNS FLUXD 79
A(l,3) : A($,2)*A(l,2) FLUXD 80

80 A(2,1) : I.E6 FLUXD 81
A(2,2) : RIl)*R I)*CINTMS FLUXD 82
A(2,3) : A(2,2)*A(2,2) FLUXD 83
A(3,1) : I.E6  FLUXD 84
Ar3,2) : R(9)*R(9)*VINTMS FLUXD 85

85 IF (IPLANT.GE.1) AC,2) : (R(I)*0.3E0)**2*CINTMS FLUXD 86
A(3,3) : A(3,2)*A(3,2) FLUXD 87

C FLUXD 88
CALL SING (A,8,N3,KS) FLUXD 89

C FLUXD 90
90 N : B(3) FLUXD 91

YY : 8(2) FLUXD 92
Z : 8(I) FLUXD 93

110 CONTINUE FLUXD 94
RETURN FLUXD 95

95 END FLUXD 96

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFEREkCES
14 FLUXD I 914

10121180 14.29.35 PAGE 2SUERODUTI NE FLUXD



VARIABLES
332 A

343 8

324
322
264
323
0

317
3

3,5
316
312
314
0

0
33,
0
0

263
330
325
326
3'7
0

0
313
320
321
267
265
266
272
270
271
0
0
0
0
0

SUBROUTINE FLUXD

CAPPA
CAPSO
CINTMS
CORR
DEN
ENO
ENRCH
ENS
EN8
FR35
FR38
I PLANT

IT
KS
NDBG
NR
N3
PCENT
FI
P2
P3
R

RAPOJ
RHO
SGA
SGT
SIGAO
SIGAS
SIGA8
SIGTO
SIGT5
SIGT8
T
TINLET
WI
YY
Z

SN TYPE
REAL

REAL

76i17C OPT:0 TRACE STATIC FTN 4.8+598

RELOCATION
ARRAY

ARRAY

REAL
REAL
REAL
REAL
RE'IL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
* INTEGER

INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

F.P.

F.?.

F.P.
F.P.

ARRAY

ARRAY

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F. P.

REFS
DEFINED

8%
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED

35
77
85
35
70
54
53
78
53
44
49
43
48
48
45
47
41

64
88
64

2*35
88
75
64
64
64
35
I

35
46

2*51
2*51
49
49
49
50
50
50
64
52

57

2x79
78
86
88
71

DEFINED
56
81

DEFINED
DEFINED

50
64
49
49
46

DEF I NED
2*64

DEFINED

DEFINED
71

DEFINED
76
74
74
73

3*74

2*71
47

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
REFINED
DEFINED
DEFINED
DEFINED

57
DEFINED

55

2*82
79

90
72
53

DEFINED
814
52
I

DEFINED
DEFINED

50
50

DEFINED
45
73

I
72
37

FINED
75
76
7,4

2*78

2*72
DEFINED

49
50
38
38
38
38
38
38

90

92

10'21i80 14.29.35

2*86
80

91
75

51
85

48
I

DEFINED
DEFINED

43

74

88
81

92
76

54
DEFINED

46
47

75

2*74 DEFINED

73 74
76

75 76
2*81 2*84

DEFINED I
44

56 91

EXTERNALS
PNRDEP
SING
SORT

TYPE ARGS REFERENCES
8 64
4 88

REAL I LIBRARY 53

PAGE 3

82 83

37

76 85

85

I

I
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STATEMENT LABELS
IOM 100
233 110

STATISTICS
PROGRAM LENGTH

1400008 SCt USED

76/176 OPT:O TRACE STATIC

DEF LINE REFERENCES
59 41
93 58

346D
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SUBROUT INE FRACAS (DVHPRS T TT EPS22, EPP2 FVFRO SIG? REPS2, EPSO2 EP
+2 GAP2,R22,ECREP2,PREPS2,EPP2,oLDT2PEP,OLDP 2,OLDPC2,0LIGP2, IGA
+P2,EPS0,MNR, MNA)

IMPLICIT REAL * 8 (A-H,O-Z)

REAL NU , KRYIN

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , MR : RADIAL

(NA ) - ARRAYS

COMMON / POINT /
LDCIH

,LPOROS
,LARAD
, LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LVCH
,LVPOR
,LHGAPS
,LNFARL
,LHGPC

( NAX2

,LURC
LUFS

,LCPDLT
,LDZH
,LGPTP
,LOLDTC
, LPC
,LPLDPC
,LPOLEP
,LTCA
,LVCHI
,LZRO2A
,LTRTRN
,LPLIGP
,LHGPR

,LCREPI
,LAXGAP
,LDELBP
,LDZHP
,LHCOEF
,LOLDUR
,LPEZRP
,LPLDPG
,LRDCOL
,LTCIDI
,LVCR
,LZR02D
,LIGAP
,LFLAG
, LHGPS

,LDLH
,LAXLEN
,LDENHX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCODI
,LUDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

*LHA

,LBUI
,LDLPGE
,LEP
,LOLDPC
, LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
,LUFH

,LQDP
,LRTRNP

) - ARRAYS

COMMON / POINT /
LANGR

,LREPS2
, LFGIGP , LFMGR ,LhEMGP *LHMGR

( NA X 3 ) - ARRAYS

COMMON
+
+

+

( NR )

COMMON
+
+

/ POINT /
LEPP
,LPEPSY
,LRFEPP
,LSIGI

,LEPPP
,LPFPSV
,LRFPSU
,LEPSI

,LEPPSV
*LREPS
,LSIG

,LEPS
,LREPSU
, LNUDEP

,LEPSAV
,LREPSP
,LEPPI

- ARRAYS

/ POINT /
LAK I
,LFMA

,LAK2
,LFMGPR

*LCRL
,LHRL

,LDPL
,LTFB

,LDPLH
,LTFR

FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
REALCH
REALCM
REALCM
REALCM

5

.0

'5

C
C
C

C
C
C
C
C
C

C
C
C

REAICM
REACH
REALCM
REACH
REALCM

,LHL REALCM
,LBU2 REALCM

REALCM
REALCM
REALCH
REALCM
REALCM

,LPOAXG REACH
,LTBAR REALCM
,LURF REALCM
,LUGH REALCM

REALCM
REALCM

,LRTRNO REALCM
REALCM
REALCH
REALCM
REALCM
REALCM

, LANG REALCM
REALCM
REALCM
REACH
REALCM
REALCH

,LFEPS REALCM
,LRFEPS REALCH

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

,LDPN REALCM
,LTFRK REALCM

20
4

25

+

+
+
+
+
+
+
+
+

+

4
+4
+4
+4

30

35
C
C
C

40

4
+4

I

C
C
C

45

50

C
C
C

SUBROUTINE FRACAS FTN 4.8+5G8 10/*21/80 PAGE i

2
3

5
6
7
8
9

10
2
3

5
6
7
8
9

10

12
13
I4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

I

i
1

S

I
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+

( NR X2 )

, LVPL

- ARRAYS

COMMON / POINT /
LF ,LFH

( NR XNA)- ARRAYS

COMMON / POINT /
+ LCCI
+ ,LGNSIZ
+ ,LR

,LCC2
,LPORSI
,LRAD

( NA X 6) - ARRAYS

COMMON / POINT /
+ LB ,LBR

( NA X 8 ) - ARRAYS

COMMON / POINT /
+ LQ

( IT ) - ARRAYS

COMMON / POINT /
+4

+
+ +4

,LPRTI I
,LPRTI7
,LPRT5
,LTAFA

,LAMGPT
,LPRTI2
,LPRTI8
,LPRT6
,LTAGA

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIME

COMMON / POINT /
+ LANSD, LFLXFC,
+ LDECAY, LHALF,

DEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC ,IDG
+ IITRAMP ,ITEMP
+ ,IHLDN ,IPLSTC

55

60

C
C
C

C
C
C

65

,LFN

70

,LDENSF
,LPORS2

,LDENSP
,LTMPDS

C
C
C

C
C
C

C
C
C

,LDPW
,LU02LL

75

,LDPWPP
,LTMPMX

,LBTOLD ,LCHEI

80

85
C
C
C
C

LACMFG
,LGASHO
,LPRT13
,LPRT2
,LPRT7
,LTSF

90

,LACMIHE
,LHMGPT
,LPRTI4
,LPRT2Q
,LPRT8

,LACMH2
,LPIT
,LPRTI 5
,LPRT3
,LPRT9

REALCM
REALCH
REALCM
REAICM
REALCI
REACH
REALC1
REALCM
REALCM
REALCM
REALCK
REALCI
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REACH
REALCM
REACH
REACH
REALCH
REALCM
REAICM
REACH
REACH
REACH
REALCM
REALCI
REALCM
REACH
REALCM
REACH
REALCM
REALCI
REALCI
REACH
REACH
REALCM
REALCM
REACH
REALCM
REALCM
REAICM
REALCM
REALCM
REAL 
REALCM
REALCM
REALCM
REALCMI
REALCM

,LACMN2
,LPRT1 0
,LPRT 16
,LPRT4
,LTAC

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

95

LPF
LRLtAS

C
C
C

C
C
C

LANSRs

100

LFF. LDT,

IX

105

15TH IF.

,IDGSAV
, ITCL
, ISTRNN

C
C

,IPRG
, ITFS
, ISTRSS

,IVFC
, ICFCSU

,lVFF

SUBROUTINE FRACAS FTN 4,8+508 10n2I/80 14.29.35 PAGE 2
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110

+4
+4
+4
+4
+4

+
+

+
+

+

+
+
+
+
+
+

+
+.4
+4
+4
+4
+4
+4
+4
.4
+4

115

COMMON / REALS /
+
+ ,ANGT
+ ,ap
+ ,CFV
+ , CPU
+ ,DCIHP
+ , DELTCR
+ , DLROD
+ ,DRS

COIIO4N / REALS /

+ ,G
+ ,GPTHM
+ ,HDSHV
+ ,HFV
+ , HGAP
+ , HPL
+ ,NU
+ ,PINP

+,QC
,:AV

COMMON / REALS /

,SKTC
,SUMGP
,TCI
,TH2OFR
,TPA
,TX
.,SS
,XK7
,FNCK
,DISH

COMMON / INTEG /
IQUIT

,JJC ,
,LMN ,

R,NMRI ,
CLOSEE ,

COMMON / INPTR /
,A

,AMFAIR ,
,AMFH20 ,
,DUIN(22) ,

,AIRIN ,AMGP(2) ,AMGPH(2)
, AtGRN2(2), AWDT , ANG I
,ARING ,AVGQI(8) ,B(6)
, 8U , BULOLD ,CDG
,CODEID(15),CONVC,CONVER(iO)
,CIAD ,CIH
,DELH ,DELT
,DELTJL ,DHIC ,DLREL
,DPHF ,DPHFP ,DPWP
,FC(i) ,FGIN ,FGPAVP

AAA(20
,AMGR(2

, BPP
,CFVA
,CRDTT
,DELP
,DELTDD
,DLTGC(
,ENRICH

FGPAVX
,FPOR
,GASES(
,GPTHP
,MEIN
,HGAPT
SOLIDD
, HPORV
,CXDROP
,PORO
,QP
,QPEAK

RFNVFF
,RMH
,SKTS
,SUMPOR
,TCO
,TITLE(
,TPAC
,TXA
,N
,YY
,FNCN

IRI
JPEAK
M
STEP
NSH

ACOR
AFGR
AMFARG
AMFKRY
CATEXF

) ,AAN
) , AMGRH(2

,ARGIN
,BR(6)
,CHOL
,CRN
, DELBU
,DELTFC

26),DPH
,EOLSR

,FPORI
7) ,GASIN

,GPTHPG(
,HfLL
,HGV
,HGAPR
,HPV
,OXIDE
,PR
,QSP

,RHO
,RP
,STRN
,SUMRG
,TFBC

12),TM
,TPLEN
,TXAL

,Z
,CWKF

,IT
,K

,MODLOP
,NWRITE
,NF

,AFAL
,AFSW
,AMFFG
,AMFN2

,FijP (2)
FRDN

,G4THE(26)
,HCV
,HFPER
,HP

,KRY IN
,PIN(26)
,PRT19

,RHOU02
,RTRAN
,SUIEXP
,TCAC
,THEFR
,TP
,TT
,VPLT
,XK6
,CLbS

,FJJ(2)
,FRD
,GDEN

26) ,GR
,HFLMDB
,HI

, HUPTAK
,PECDH
,PRESS
,RC I

,RHOF
,RSTRAN
,SULCK
,SUMTF
,TFC
,TN2FR
,TRANST
,TXC
,WTRAN
,ZR02WG
,CWNF

,ITER
,KINDOR
,NAB
,N2
,NC

,AFCR
,AFTC
,AMFHE
,AMFXE

C
C

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCK
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REACH
REALCM
REALCI
REALCM
REALCM
RE tLCM
REAL CM
REALCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCI
INPRCI
INPRCM
INPRCI
INPRCMI
INPRCI

,J
,KOXI
,NPLAST
,IMDONE

,AFDN
,AGPC
,AMFH2

,FJJH(2)
FRDH

,GiTH(26)
,HCRV
,'FLIMP
,HMGP(2)

,H20MI
,PI
,PRTY
,RCO

,RHOG
,RSTRES
,SUMDH
,T
,TFGFR
,TOXO
,TSAT
,VISC
,XEIN
,DUX
COLDK

120
C

125

130

C

135

140

145 C
C

99
100
101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5
6
7

150

I55

C
C

4

4
4
+4
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160

165

170

CPL
DCO(22)
DISHSD
EXO
FQE
PPHH20
Q0PY(101)
ROUGHF
TIME(101)
UMELT
FOTMTL

,CRDT
DE (22)

,DP(22)
,FA
,GO('01)
, PPNN2
,RAPOII(1II)
,SGAPF
,TOTL
,UOFD
,TREF

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNSIZ
,P2( 101)
,RC

,TSINT
,VS
,CREPHR

,CTMAX(22)
,DEN
,DSPG4
,FLUX
,HDISH
,QEND(8)
,RDISH

,T4( i1)
,X(328)
,ASRIN

+ ,CLDUKD ,
+ ,DCI(22) ,
+ ,DENG
+ ,ENRCH ,
+ ,FLXDP
+ ,IHPLT ,I
+ ,F(328) ,
+ ,ROUGHC ,
+ ,TCC
+ ,UBFS ,
+ ,RSNTR
+ ,CLDbKS
+ ,CP ,

COMM O / INPTI /
+ ,
+ ,JDLPR
+ ,MODE ,'
+ ,NGAPC ,1
+ ,NPLTAB ,
+ ,NSTART ,1
+ UNITSS ,
+ ,NXP ,

+ ,NR,
+ ,NCREEP ,
+ ,NNORDS ,

COMMON EMFLGS/

+ ,IMFGAS

COMMONiPFRCS2i
+ ,KIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEPS22
+ ,MPEPP2

ICM
IM
JN(8)
MODES
NGASR
READ
STOP
LACMOD
PLOT
NEWPRB
IAXSYM
IIORDS

IMPOWR
IMCLAD
,IMSCH

,ICOR
PLANTT
,JST(101)
,MTAPE
,NOFAIL
,NRESTR
,NT
,LACE(13)
,NTPLOT
,MECHAN
,IVARDM
,NWRDS

,IMFUEL
,IMGAPC

MODPG2
,MOIGP2
,MEREP2
,MFUFRO
,MEPP2
,MEPSO

COMMON /MATCNS/ AAHA(12)

COMMON /LACMDL; MAXIDX

+4
+4

COMMON 'VER' VERS

COMtON/PHYPRO/F TMEL T
,CTRANE
,DELOXY

I

I

IDIG
,to
,HDBG
,NDIG
,NOPT
,NROLL
,NTAPE
,NAFAIL
,NROD
,NCRACK
,NOFRAC
,NPRINT

IMDENS
1M93WC

I

I

,MODPC2
,MREPS2
,MEP2
,MDHPRS
,MSIG2
,NNNCRP

,IDXGAS
, 1514
,NHEAL
,NFROD
,NPCYCL
,NSP
,NUCFC
,NNFAIL(22)
,NA
,NELAST
,ITREST

I RELO
IMENRG

,MGAP2
,MPEP52
,MR22
,MPEP2
,MEPS02

EIFLAG(20)

,FHEF'S
,CTRANZ

,CTMELT
,FDELTA

,CHEFUS
,DUP

,CTRANB
,COMP

FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K)

CR
C

175

180

185
C
C

190
C
C
C

195

200

INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCI
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
11P 1 Ch
INPICMi
INPICH
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICh
INPICM
INPICM
INPICM
INPICH
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

8
9

10
Ii
12
13
14
15
16
17
18
19
20
2
3
4
5
6
7
8
9
10
1I
12
13
14
15
16
I7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
2
3

5
6
7

205

C

C
C

C

C

210
C
C
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FHEFUS -
CTHELT -
CHEFUS -
CTRANB
CTRANE -
CTRANZ -
FDELTA -
BU -
COMP -
DELOXY -
CLADDING

U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J'KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-4 ALPHA-BETA TQANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRAWSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE PINGE (K)
BURNUP (MN-S/KG-U)
PUO2 CONTENT (NT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

INTEGER OLIGP2
DIMENSION TTT(MNAMNR) EPS22(K A,MNR,3),EPP2(MNA,MNR,3)

+ ,SIG2(MNA,MNR,3),REPS(MNA,2),EPS02(MNA,MNR,3)
+ ,EP2(MNA,MNR) GAP2(HNA),R22(MNA,MNR),ECREP2(MNA,MNR)
+ .OLDT2(MNA,MNA)
+ ,OLLG2(MNA) OLDPC2(MNA),OLIGP2(MNA),IGAP2(KNA)
+ ,EPSO(MNA, NI,3)
+ ,PEP2(MNA MNR),PEPP2(MNA,iNR,3),PREPS2(MNA,2)
+ ,FVFRO(MA, MNR) ,DVHPRS(MNAHNR)

DIMENSION AFCMI2(1)
DIMENSION INTGR(10)

COMMON / FAST / A(I)

COMMON/PFCMI2/ NPIN
+ ,NPOUT
+ ,NTSAVE
+ ,NDEP
+ ,NDSIGF
+ ,NEP2
+ ,NTN
+ ,NEPP2
+ ,NOLDPP
+ ,NNN
+4, NMMt
+ NN
+ ,NLL
+ NCC
EQUIVALENCE (Ati),AFCMIlii))

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
, NSTRTT
,NNUDPP
, NMN
,NGG
,NNU
,NAA
,NNFF

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
, Vm
,NALFDT
,NHH
,NBB
,NOD
,NEE
,NEI

DATA BB / 0.5E /

SETTING UP DATA FOR FRACAS (FUEL ROD AND CLADDING ANALYSIS
SUBCODE)

RPP = RP
NRELAX : 0

215

220

C
C
C
C
C
C
C
C
C
C
C
C
C
C

225

230

235
C

C

C

295

250

255

PHYPRO
PHYPRO
PHYPRO
P$YPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRA(:
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAPC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC

8
9
10
I1
12
13
14
15
16
17
18
19
16
17
18
19
20
21
22
23
24
25
26
27
28
2a
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
5'
52
53
54
55
56

260

C
C

C
C
C

C265
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76t176 OPT:0 TRACE STATIC FTN 4,8+508

DTIME : DELH FRAC 57
ATIME : TItE(IT-l)/3600.E0 FRAC 58
ZZ : DELTAZ(J)*12.E0 FRAC 59
IF (NAB.NE.1) GO TO 11b FRAC 60

270 NAB : 2 FRAC 61
GP : CDG.2000. FRAC 62
GPTHE(i1) : CDGiI000. FRAC 63

DO 100 I:1,NT FRAC 64
A(LDZ+I-1) : ZZ FRAC 65

275 100 CONTINUE FRAC 66
CALL MEMSET (ZZA(LDZH),NA) FRAC 67
CALL MEMSET (0.E0,A(LAXLEN),NA) FRAC 68
CALL tEMSET (GPA(LGAP),NA) FRAC 69

110 CONTINUE FRAC 70
280 C FRAC 71

NELAST : I-NPLAST FRAC 72
IF (MECHAN EQ.3) GO TO 140 FRAC 73

C FRAC 74
DO 120 I:lNT FRAC 75

285 IJ : I-1 FRAC 76
A(LPEP+IJ) : A(LEP+IJ) FRAC 77
A(LPG+IJ) : PRESS FRAC 78
A(LPC+IJ) : P2(IT) FRAC 79
A(LPOLEP+IJ) : A(LOLEPS+IJ) FRAC 80

290 A(LPOFEP+IJ) : A(LOLFEP+IJ) FRAC 81
A(LPLDTC+IJ) : A(LOLDTC+IJ) FP'.82
A(LPLDPC+1J) : A(LOLDPC+IJ) 'RAC 83
A(LPLDPG+IJ) : A(LOLDPG+IJ) FRAC 84
A(LPLDUR+IJ) : A(LOLDUR+IJ) FRAC 85

295 A(LPLIGP+IJ) : A(LOLIGP+IJ) FRAC 86
A(LPOAXG+1J) : A(LOLAXG+IJ) FRAC 87
A(LPAXGP+IJ) : A(LAXGAP+IJ) FRAC 88

DO 120 11:1,3 FRAC 89
IK : (II-I)*NA+IJ FRAC 90

300 A(LEPPP+IK) : A(LEPP+IK) FRAC 91
A(LRFEPP+IK) : A(LRFEPS+IK) FRAC 92
A(LREPSP+IK) : A(LREPS+IK) FRAC 93

120 CONTINUE FRAC 94
URFOLD : A(LURF+J-2) FRAC 95

305 A(LURF+J-2) : A(LRAD)-RPP FRAC 96
A(LURF+J-2) : BB A(LURF+J-2)+' I .E0-BB)*URFOLD FRAC 97
A(LDZH+J-1) : 0.E0 FRAC 98
A(LFEPS+J-2) : A(LURF+J-2)/RPP FRAC 99

DO 130 L:INRMI FRAC 100
310 IJ : NR*(J-I)+L-I FRAC 101

A(LHRL+L-$) : A(LCRL+L-I)*(I.E0+A(LUO2LL+IJ)+A(LDPN+IJ)+A(LDEN FRAC 102
+ SF+IJ)) FRAC 103

A(LDZH+J-l) : AMAXI(A(LDZH+J-I),A(LHRL+L-I)) FRAC 104
130 CONTINUE FRAC 105

315 A(LFEPS+J-2+NA) : (A(LDZH+J-I)-ZZ)iZZ FRAC 106
A(LDZ+J-2) : ZZ*(I.EO+A(LAXLEN+J-1)) FRAC 107

C FRAC 108
NPLAST : I FRAC 109
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

C FRAC 110
320 INTGR(I) : NDBG FRAC III

INTGR(2) : IQUIT FRAC 112
INTGR(3) : N2 FRAC 113
INTGR(4) : MODE FRAC 114
INTGR(5) : IT FRAC 115

325 INTGR(6) : NPLAST FRAC 116
INTGR(7) RELAXX FRAC I17

C FRAC 118
C THE FOLLOWING CALL TO FCMI RESULTS IN CLADDING MECHANICAL FRAC 119
C CALCULATIONS USING THE FRACAS-I SUBCODE FRAC 120

330 C FRAC 121
CALL FCMI (A(LPG) A(LPC) A(LTCA+I) A(LIGAP) A(LEPS) A(LEPPP),A(LUR FRAC 122
+F),A(LSIG),A(LREPSP) A(LRFEPP),A(L(EPS),A(LPEP),A(LbZ), INTGRA(LGA FRAC 123
+P),A(LPINT),RCI,RCObLROD DLREL,RPP,A(LCREPI),A(LEPSI),A(LPOLEP),A FRAC 124
+(LPOFEP),A(LPLDTC),A(LPLD G),A(LPLDPC),A(LPLDUR),A(LPLIGP) A(LEPPS FRAC 125

335 +V),A(LEPSAV),A(LSIGI),DTIME,ATIME,A(LPOAXG),A(LPAXGP),A(LUAC),A(LP FRAC 126
+ECRP),A(LREPSV),A(LRFPSV),A(LEPI),A(LEPPI),A(LNUDEP),A(LFLAG),A(LD FRAC 127
+CHEK),NA) FRAC 128

C FRAC 129
GO TO 160 FRAC 130

340 C FRAC 131
C FRAC 132
C THE FOLLOWING CALL TO FCMI2 COMPUTES THE FUEL AND CLADDING FRAC 133
C MECHANICAL STATE USING FRACAS-2 SUBCODE FRAC 134
C FRAC 135

345 140 CONTINUE FRAC 136
C FRAC 137

Mi : J-I FRAC 138
M2 : 1 FRAC 139
M3 : 13 FRAC 140

353 M4 : 12 FRAC 141
M5 : 0 FRAC 142
M6 : 0 FRAC 143
KFLAG : 0 FRAC 144
NI : 0 FRAC 145

355 N22 : 0 FRAC 146
N3 : 1 FRAC 147
N4 :0 FRAC 148

C FRAC 149
REP2(J-1,I) : PREPS2(J-1,1) FRAC 150

360 REP2(J-1,2) : PREP2(J-I,2) FRAC 151
DO 150 I:1,M3 FRAC 152
EP2(J-1,I) : PEP2(J-1,1) FRAC 153

DO 150 11:1,3 FRAC 154
EPP2(J-II,II) = PEPP2(J-I,I,II) FRAC 155

365 150 CONTINUE FRAC 156
C FRAC 157

NAX : MI FRAC 158
JJJ : MI FRAC 159

C FRAC 160
370 CALL FCMI2 (NAX,DLROD2,DLREL2,JJJ,NRELAX,DTIME,ATIME NIN22 N3, N4 FRAC 161

+MI,M2,M3,M4,M5,M6,KFLAG,NELASTNCRACKVX,A(LPG),A(LPC),TTTEPS22,E FRAC 162
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76U176 OPT:0 ACE STATIC FTN 4.8+508

+PP2 SIG2 REPS2,EPS02,ECREP2,EP2,A(LDZ) GAP2R22,I IGAP2,0LDT2, OLDPG2
+,OLbPC2,6LIGP2,FVFRO,DVHPRSAFCMI2(NEP2) ,AFCMI2(NEPP2),AFCM12(NECR
+P2),AFCMI2(NOLDPP),AFCMI2, NT,MNRMNA)

C
C

DIROD : DLROD2
DLREL : DLREL2
A(LGAP+J-2) : GAP2(J-1)
A(LPINT+J-2) : -SIG2(J-I,M4, 1)-A(LPG+J-2)

160 CONTINUE
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FRACAS

VARIABLES
0 A

0
0

24
0

0
2
3
4
5
6
7

25
10

12
13
14
15
16
17

AAA
AAHA
AAN
ACOR
AFAL
AFCHi2
AFCR
AFDN
AFGR
AFS4
AFTC
AGPC
AIRIN
AMFAIR
AMFARG
AMFFG
AtFHE
AMFH2
AMFH2O
AHFKRY
AMFN2

DEF LINE
I

SN TYPE
REAL

REAl
REA.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
383

RELOCATION
ARRAY FAST

ARRAY REALS
ARRAY MATCNS

REALS
INPTR
INPTR

ARRAY FAST
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR

375

380

FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC
FRAC

163
I64
165
166
16"
168
169
170
171
172
173
174
175

276
293
304

38*331
287
295
307

277
294
305

3*370
288
296
308

256
292
302
316
286
294
306
380

2'.6

278
295
306
380
289
297
311

289
297

4*311

286
296
308

290
300
313

REFS
290
300

2*313
DEF I NED

292
302

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

240
291
301
315
274
293
305
379
109
201
109
155
155
237
155
155
155
155
155
155
109
155
155
155
155
155
155
155
155

291
301
315

5*370
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
20 APFXE
26 AHGP
30 AMGPH
32 AMGR
34 AMGRH
36 AMGRN2
40 AKNDT
41 ANGI
42 ANGT

2555 ANRIN
43 AN2IN
44 ARGIN
45 ARING

1002 ATIME
46 AUGQI
56 B

770 88
764 BP 
65 BPP
66 BR
74 BU
21 BUIN
75 DUOLD
10 BUP
47 CATEXF
76 CDG
77 CFU
100 CFVA

3 CHEFS'5S
50 CLDWKD

2556 CLDWKS
601 CLOS
101 CMOL
102 CODEID
606 COLDWK

11 COMP
12? CONUC
122 CONFER

2557 CP
51 CPL
134 CPU

2500 CR
52 CRDT
53 CRDTR

135 CRDTT
2554 CREPHR
136 CRN
54 CTMAX
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ

137 ClAD

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REn..
REAL
REAL
REAL
REAL
REAL

RELOCATION
INPTR

ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS

REALS
REALS
REALS
INPTR
REALS
REALS
REALS

ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS

ARRAY INPTR
REALS
PHYPRO
INPTR
REALS
REALS
REALS
PHYPRO
INPTR
INP1R
REALS
REALS

ARRAY REALS
REALS
PHYPRO
REALS

ARRAY REALS
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
REALS
INPTR
REALS

ARRAY INPTR
PHYPRO
PHYPRO
PHYPRO
PHYPRO
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

15c
10 '
109
109
109
109
109
109
109
155
109
109
109
331
109
109

2*306
109
109
109
109
155
109
208
155
109
109
109
208
155
155
133
109
109
133
208
'(9
109
155
155
109
155
155
155
109
155
109
155
208
208
208
208
109

DEFINED

259

272

267370

DEFINED

271
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
604 CWKF
605 CNF
102 DCI
140 DCIII
141 DCIHP
130 DCO
156 DE
142 DELBP
143 DELBU
144 DELH
12 DELOXY

145 DELTA
204 DELTAZ
146 DELTCR
147 DELTDB
ISO DELTFC
151 DELTJL
232 DEN
233 DENG
152 DHIC
607 DISH
234 DISHSD
153 DLREL

1031 DLREL2
154 DLROD

1030 DLROD2
155 DLTGC
235 DP
207 DPH
210 DPHF
211 DPHFP
212 DPWP
213 DRS
263 DSPG
264 DSPGJ
1001 DTIHE

0 DU*PRS
0 ECREP2
I EMFLAG

265 ENRCH
214 ENRICH
215 EOLSR

0 EPP?
0 EPSO
0 EPS02
0 EPS22
0 EP2

266 EXO
267 FA
216 FC
7 FDELTA

217 FGIN
270 FGPAV

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS

ARRAY INPTR
REALS
REALS

ARRAY INPTR
ARRAY INPTR

REALS
REALSO
REALS
PAYPRO
REALS

ARRAY INPTR
REALS
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
INPTR
REALS

REALS

ARRAY REALS
ARRAY I94PTR

REALS
REALS
REALS
REALS
REALS

INPTR

ARRAY F.P.
ARRAY F.P.
ARRAY LACMDL

INPTR
REALS
REAL S

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

INPTR
INPTR

ARRAY REALS
PHYPRO
REALS
INPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

133
133
155
109
109
155
155
109
109
109
208
109
155
109
109
109
109
155
155
109
133
155
109
370
109
370
109
155
109
109
109
169
109
155
155
331
228
228
204
155
109
109
228
228
228
228
228
155
955
109
208
109
155

266

268

331
378
331
377

370
370
370

370
DEFINED

370
370
370

DEFINED

DEFINED

DEFINED
DEFINED
DEFINED

DEFINED
I

DEFINED
DEFINED
DEFINED

377

266

I

364

362
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76/176 OPT:0 TRACE STATIC FTN +.8+503

VARIABLES
220 FGPAVP
221 FGPAVX

I FHEFUS
222 FH20
223 FJJ
225 FJJH
271 FLUX
272 FLXDP
227 FMGP
602 FNCK
603 FNCN

2552 rOTHTL
231 FPOR
Z32 FPORI
273 FOE
233 FRD
234 FRDH
235 FRDN
0 FTMELT
0 FVFRO

236 G
0 GAP2

237 GASES
246 GASIN
247 GDEN
274 GO
1004 GP
250 GPTH
302 GPTHE
334 GPTHM
335 GPTHP
336 GPTHPG
370 GR
441 GRNSIZ
371 HCRV
372 HCV
442 HDISH
37" HDSHV
374 HEIN
375 HFLL
376 HFLMDB
377 HFLMP
400 HFPER
401 HFV
410 HGAP
412 HGAPR
402 HGAPT
403 HGV
404 HI
405 H#GP
407 HP
413 HPL
443 HPLT

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
?EA'.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS
PYPRO
REALS

ARRAY REALS
ARRAY REALS

INPTR
INPTR

ARRAY REALS
REALS
REALS
INPTR
REALS
REALS
INPTR
REALS
REALS
REALS
PHYPRO

ARRAY F.P.
REALS

ARRAY F.P.
ARRAY REALS

REALS
REALS

ARRAY INPTR

ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS
INPTR
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

ARRAY REALS
REALS
REALS
INPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFP
RFE 5

FS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

105
120
208
120
120
120
'55
155
120
133
133
155
120
120
155
120
120
120
208
228
120
228
120
120
120
155
278
120
120
120
120
120
120
155
120
120
155
120
120
120
120
120
120
120
120
120
120
120
120
120
120
I 5

370

370

DEFINED

DEFINED

DEFINED

DEFINED

379

271

272
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76/176 OPT:0 TRACE STATIC FTN 4,8+508

VARIABLES
414 HPORV
415 HPV
41 1 HSOLID
416 HUPTAK
417 H20MI
1005 1

275
270
302
24
0
I
2

271
272
3
0

303
1007
1006

1010
4
4
2

23
7

10

5
0
3

11
6

1032

5
304
273

0
264

265
305
306

7
2

300
277

3

IAXSYM
ICFAC
ICFCSV
CLOSE
1CM
I COR
106GtDG
iDGSAV
iDXGAS
GAP2

I HIDN
II

IK
IM
I"CLAD
I"DENS
I"DONE
INENRG
I NPGAS
I FUEL
INGAPC
IMPOUR
INRELO
I lSWCH
IM93C
INTGR

IPLANT
IPLSTC
IPG
to
IQUIT
I ROOT
IRI
ISAVGS
ISTRNN
ISTRSS
I5W
IT
I TCL
I TEMP
I TER

SN TYPE
REAL
REAL
REAL
REAL
REAL
INTEGcR

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

IN1 EGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
REALS
REALS
REALS
REALS
REALS

INPTI
POINT
POINT
INTEG
INPT I
INPTI
INPT I
POINT
POINT
INPTI

ARRAY F.P.
POINT

INPT I
EMFIGS
EMFLGS
INTEG
EMFLGS
EMFLGS
EMFLGS
EMPFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS

ARRAY

INPTI
POINT
POINT
INPTI
INTEG
POINT
INTEG
POINT
POINT
POINT
I NPT
INTEG
POINT
POINT
INTEG

REFS
REFS
REFS
REFS
REFS
REFS

361
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*293

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
324l

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

120
120
120
120
120
274

174
101
101
147
174
174
174
101
101
174
228
101
299

2*286
2*294
'85

2*300
174
188
188
147
188
188
188
188
108
88

188
188
238
325
174
101
101
174
147
96

147
96

101
101
174
147
101
101
147

285

370

2*364
287
2*295
310

2*301

331
326

2*364 DEFINED

DEFINED

DEF I NED
288
2*296

298
2*289
2*297

2*302 DEFINED

FINED 320

363
2*290
299

321

267 286 324

273 284

2*291
3*311

259

321 322 323
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76'I76 OPT:O TRACE STATIC FTN 4.8+5C P

VARIABLES
301 ITFS
276 ITRAMP
300 ITREST
276 IVARDI
274 IVFC
275 IJFF
302 IIWORDS
267 IX

4 J1

10
5

1027
11
6

21
7

1021
10
11

420
1012
216
215
216
217
220
215
152
153
221
125
120
253
256

14
10
11

210
211
212

12
13

172
173
213

15
2

'54
1i I
0

261

JDLPR
JJC
JJJ
JN
JPEAK
JST
K
KFLAG
KINDOR
KOX I
KRYIN
L
LACE
LACMFG
LACMHE
LACMK2
LACMN2
LACMOD
LAKI I
LAK2
LAMGPT
LANG
LANGR
LANSD
LANSR
LARAD
LAXGAP
LAXLEN
LB
LBR
LBTOLD
LBUI
LBU2
LCC I
LCC2
LCHEM
LCPDLT
LCREPI
LCRL
LDCHEK
LDCIH
LDECAY

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
;NTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RE!.OCAT ION
POINT
POINT
INPTI
INPT I
POINT
POINT
INPT I
POINT
INTEG

INPTI
INTEG

ARRAY

ARRAY

ARRAY

INPTI
INTEG
I NPTI
INTEG

INTEG
INTEG
REALS

INPT I
POINT
POINT
DOINT
POINT
INPT!
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

304
2*316

305
347

2*306
2*359

307
2*360

2*308
21362

REFS
REFS
REFS
REFS
REFS
REFS
REFC
REF
REF5

310
2*364
REFS
REFS
REFS
REFS
REFS
REFS
REFS
AEFS
REFS
REFS
REFS
REPS
REFS
REFS
REFS
REFS
REFS5
REFS
REFS
REPS
REFS
REFS
REFS
RFF
RtFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

101
101
174
174
101
101
174
96
147

2*313
2*379

174
147
370
174
147
174
147
370
147
147

7
310
74
80
80
80
80

174
5'
51
80
37
37
90
90
18
18
18
70
70
70
18
18
63
63
70
18
18

51
18
18
90

268
2*315
3*380

DEFINED

DEFINED

120
2*311

297
277

313

368

353

DEFINED 309

316

331
311
331
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761176 OPT:0 TRACE STATIC FTN '.8+508

VAR I ABLES
16 LDELOP
17 LDENHX

174 LDENSF
175 LDENSP
3 LDLH

20 LDLPGE
155 LDPL
156 LDPLH
157 LDPN
176 LDPW
177 LDPWPP
260 LDT
21 LDZ
22 LZH
23 LDZHP
24 LECREP
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS
133 LEPSAV
151 LEPSI
100 LEPI
167 LF
134 LFEPS
257 LFF
121 LFGeGP
170 LFH
110 LFLAG
254 LFLXFC
160 LFHA
161 LFtGPR
122 LFPGR
17i LFN
26 LGAP

222 LGASHO
200 LGNSIZ
27 LGPTP

4 LHA
262 LHALF
30 LHCOEF
123 LHEHGP
101 LHGAPS
114 LHGPC
115 LHGPR
116 LHGPS
5 LHL

223 LHIGPT
124 LHGR
162 LHRL
103 LIGAP

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IN;TGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RErS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

18
18
63
63
18
18
51
5'
51
63
63
90
18
18
18
18IF

43
43
43
43
43
43
43
18
58
43
90
37
58
18
90
51
51
37
58
18
80
63
18
18
90
18
37
18
18
18
18
18
80
37
51
18

331
2*313

370
315

311

311

2714
276

286
300
300
331
331
331
331
331
331

308

331

316
307

315 331

331

331 379278

31'
331

313
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76/176 OPT:O TRACE STATIC FTN 4.8+508

UARIABLES
12 L14

106 LNFAIL
146 LNUDEP
31 LOLAXC
32 LOLDPC
33 LOLDG
34 LOLDtC
35 LOLDUR
36 LOLEPS
37 LOLFEP

104 LOLIGF
40 LPAXGP
I LPC

42 LPECRP
43 LPEP

135 LPEPSU
255 LPF
136 LPFPSU
44 LPG
45 LPINT
224 LPIT

46 LPLDPC
47 LPLDPG
50 LPLDTC
51 LPLDUR

107 LPLIGP
52 LPOAXG
53 LPOFEP
54 LPOLEP
6 LPOROS

201 LPORSI
202 LPORS2
225 LPRTIO
226 LPRTII
227 LPRTS2
230 LPRT53
231 LPRT14
232 LPRTIS
233 LPRT16
234 LPRTS7
235 LPRTI8
236 LPRT2
237 LPRT20
240 LPRT3
241 LPRT4
242 LPRT5
243 LPRT6
244 LPRT7
245 LPRT8
246 LPRT9
214 LO
105 LODP
206 LR

SN TYPE
INTEGE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
INTEG
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REF S
RE'S
REF S
REF -
REF'
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

147
l8
43
18
18
18
18
18
!8
18
18
18
18
18
18
43
90
43
18

80
18
58
18

18
58
18
18
63
63
80
80
60
e0
80
80
80

80
80

80

75
8

e0

331
331

331

331
296
292
293
291
294
289
290
295
297
288
331
286

287
331

292
293
291
294
295
296
290
289

370 380

370

331
380

331
331
331
331
331
331
331
331
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
207 LRAD
55 LRDCOL

137 LREPS
141 LREPSP
140 LREPSV
126 LREPS2
143 LRFEPP
142 LRFEPS
144 LRFPSV
263 LRLEAS
113 LRTRNO
112 LRTRNP
145 LSIG
150 LSIGI
266 LSTHIF
?47 LTAC

56 LTAF
c0 LTAFA
57 LTAG

251 LTAC'A
60 ITBAR
61 LTBLK
62 LTCA
63 LTCIDI
64 LTCODI

163 ITFD
164 LTFR
165 LTFRK
2G3 LTMPDS
205 LTMPMX
117 LTOXO
65 LTPS
102 LTRTRN
252 LTSF

7 LUFS
204 LU02LL

I LURC
66 LURF
67 LVCH
70 LVCHI
71 LVCR
72 LVDH
73 LVFH
74 LUGH
166 LVPL
75 LVPOR
76 LZR02A
77 LZRQ2D
13 M
0 MAXIDX

166 MDBG
15 MDHPRS

271 MECHAN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
TEGER

INTEGER
INTEGER

RELOCATION
POINT
PINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
INTEG
LACMDL
INPTI
PFRCS2
INPTI

305

302
302
331

301
301
331

331

331

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFVS
r 'S

REF!
REFS
REPS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REF'S
REFS
REFS
REFS
REFS
REFS
REPS
REPS
REPS
REPS
REFS
REFS
REFS

63
18
43
43
43
37
43
43
43
90
18
18
43
43
96
80
18
80
18
80
18
18
18
18
18
5'
51
%I
63
63
18
18
18
16
63
18
18
18
18
18
18
18
18
51
18
18
18

147
204
174
194
174

311
331
S304

1

331
331

331

305 2*306 308 331

282
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76/176 OP1:0 TRACE STATIC FTN 4.6+508

VARIABLES
20 MEPP2
2 MEPSO
22 MEPS02
17 MEPS22
11 MEP2
10 MEREP2
14 MFVFRO
2 MGAP2
3 MIGAP2
0 MNA
0 MNR

170 MODE
171 MODES

14 MOOLOP
I 1ODPC2
0 MODPG2
4 MOIGP2

13 MOLDT2
23 MPEPP2
6 MPEPS2
16 MPEP2
5 MREPS2
12 MR22
21 MSIG2
172 MTAPE
7 MTTT

1013 M1
1014 M2
1015 M3
1016 ,4
1017 M5
1020 16
266 NA
43 NAA
IS NAB

233 NAFAIL
25 NALFDT

1026 NAX
33 N88
27 NC
45 NCC
11 NCOEF

272 NCRACK
274 NCREEP
173 NDBG
5 NDCHCK

36 NDD
7 NDEP
12 NDSIGF
21 NE
16 NECRP2
41 NEE
44 NEI

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRC 52
PFRCS2
PFRCS2
PFRCS2
PFRCS2
F.P.
F.P.
INPTI
INPT I
INTEG
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRC 52
PFRCS2
PFRCS2
PFRC 52
INPTI
PFRCS2

INPTI
PFCM12
INTEG
INPTI
PFCM12

PFCM12
INTEG
PFCMI2
PFCM12
INPTI
INPT I
INPTI
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCM12
PFCMI2
PFCMI2

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

194
194
194
194
194
194
194
194
194

21228
14x228

174
174
147
194
194
194
194
194
194
194
194
194
194
174
194
367
370
361
370
370
370
174
242
147
174
242
370
242
147
242
242
174
174
174
242
242
242
242
242
242
242
242

DEFINED
DEF I NED

370
348

DEF I NED
DEFINED

351
352
277

DEFINED

I

DEFiNED

349
350

278

270

370
370
323

368
DEFINED

370
380

DEFINED
DEFINED

276

269

DEFINED

347

331

367

370

320

373
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76f176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES SN TYPE
273 NELAST INTEGER
23 NEPP2 INTEGER
15 NEP2 INTEGER

270 NEMPRB INTEGER
26 NF INTEGER
174 NFROD INTEGER

13 NFl INTEGER
14 NF2 INTEGER

175 NGf'PC INTEGER
176 s4GAs INTEGER
35 NGG INTEGER
167 HEAL INTEGER
30 NHH INTEGER
42 NLL INTEGER
34 NMM INTEGER
32 NMN INTEGER

234 NNFAIL INTEGER
4F HNFF INTEGER
31 NNN INTEGER
25 NNNCRP INTEGER
40 NNU INTEGER
27 NNUDPP INTEGER
177 NOFAIL INTEGER
277 NOFRAC INTEGER
26 NOLDPP INTEGER
6 NOLSGF INTEGER

200 NOPT INTEGER
201 NPCYCL INTEGER
0 NPIN INTEGER
16 NPLAST INTEGER

263 NPLOT INTEGER
202 NPLTAB INTEGER

I NPOUT , INTEGER
304 NPRINT INTEGER
2 NPI INTEGER
3 NP2 INTEGER

267 NR INTEGER
203 NREAD INTEGER
1000 RELAX INTEGER
204 NRESTR INTEGER
17 NRMI INTEGER

265 NROD INTEGER
205 ROLL INTEGER
25 NSH INTEGER
10 NSLOPE INTEGER

206 NSP INTEGER
207 NSTART INTEGER
20 NSTEP INTEGER

210 NSTOP INTEGER
24 NSTRTT INTEGER

211 NT INTEGER
212 NTAPE INTEGER
20 NTN INTEGER

RELOCATION
INPT I
PFCMI2
PFCM12
INPTI
INTEG
INPTI
PFCMI12
PFCMI2
INPTI
INPT I
PFCMI2
INPTI
PFCMI2
PFCMI2
PFCMI2
PFCM I

ARRAY INPTI
PFCMI2
PFCMI2
PFRC52
PFCMI12
PFCMI2
INPT I
INPTI
PFCM12
PFCMI12
INPTI
INPTI
PFCMI 2
INTEG
INPTI
INPTI
PFCMI12
INPTI
PFCMI12
PFCMI2
INPTI
INPTI

INPTI
INTEG
INPT I
INPTI
INTEG
PFCM2
INPTI
INPTI
INTEG
INPTI
PFCMI1
INPT I
INPTI
PFCMI2

370
370
370

DEFINED 281REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

174
242
242
174
147
174
242
242
i74
174
242
174
242
242
242
242
174
242
242
194
242
242
174
174
242
242
174
174
242
147
174
174
242
174
242
242
174
174
326
174
147
74

'7%
147
242
174
174
147
174
242
174
174
242

370

325 DEFINED 318281

310

370

309

DEFINED

273 370
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76,176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
264 NTPLOT

4 NTSAVE
17 NT2

421 NU
213 NUCFC
214 UNITS
22 NV
37 N1

301 NORDS
303 NWRDS
21 NIRITE

262 NXP
1022 NI
22 N2

1023 N22
1024 N3
1025 M4

0 OLDPC2
0 OLDPG2
0 OLDT2
0 OLIGP2

422 OXDROP
423 OXIDE
424 PECDH

0 PEPP2
0 PEP2

425 PI
426 PIN
460 PINP
461 PORO
444 PPMI2O
445 PPMN2
462 PR
0 PREPS2

463 PRESS
464 PRTY
465 PRTI9
446 P2
473 QAV
466 QC
613 GEND
623 QF

1333 QNPY
467 OP
474 PEAK
470 QSP
1500 RAPOW
1513 RC
471 RCI
472 RCO
1514 RDISH

0 REPS2
475 RFNUFF

SN TYPE
INTEGER
INTEGER
INTEGER
RtAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REiL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INPTI
PFCl12
PFCM12
REALS
INPTI
IMPTI
PFCMI2
PFCM12
INPT I
INPTI
INTEG
INPTI

INTEG

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY'

F.P.
F.P.
F.P.
F. P.

REALS
REALS
REALS
F.P.
.P.

REALS
REALS
REALS
REALS
INPTR
INPTR
REALS
F.P.

REALS
REALS
REALS
INPTR
REALS
REALS
I NPTR
INPTR
INPTR
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
INPTR
F.P.

REALS

120

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

174
242
242

7
174
174
242
242
s7:
174
147
174
370
147
370
370
370
228
228
228
227
120
120
120
228
228
120
120
120
120
155
155
120
228
120
20

120
155
120
120
155
155
155
120
120
120
155
155
120
120
155
228
133

354

I
I
I

DEFINED i

355
356
357

DEFINED
DEF I NED
DEF I NED

370

DEFINED
DEFINED

360

DErINED
322

DEFINED
DEFINED
DEFINED

370
370
370
228

364
362

359
287

288

331
331

370

I
i

DEFI ND

DEFINED 359 360
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
476 RHO
477 RHOF
500 RHOG
501 RHOU02
502 RMH
1515 ROUGHC
1516 ROUGH
5u3 RP
777 RPP

2551 RSNTR
504 RSTRAN
505 RSTRES
506 RTRAN
0 R22

1517 SGAaF
0 SIG2

507 SK!C
510 SKTS
511 STRN
512 SUCK
513 SUMDH
514 SUtIEXP
515 SUMGP
516 SUMPOR
517 SUtRG
520 SUTF
521 T
52? TCAC
1520 TCC
523 TCI
524 TCO
525 TFDC
526 TFC
527 TFGFR
530 THEFR
531 TH2OFR
1521 TIME
532 TITLE
546 TM
547 TN2FR
1666 TOTL
550 TOXO
551 TP
552 TPA
553 TPAC
554 TPLEN
555 TRANST

2553 TREF
556 TSAT
1667 TSINT
S57 TT
3 TTT

1670 TN

SN T.PE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RE iL
REAL
REAL
REA:.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS
REALS
REALS
REALS
INPTR
INPTR
REALS

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

INPTR
REALS
REALS
REALS
F.P.
INPTR
F.P.
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
PEALS
REALS
REALS
INPTR
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
INPTR
REALS

F.RP.
INPTR

DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
'EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

133
133
133
133
133
155
155
133
305
155
133
133
133
228
155
226
133
133
133
133
133
133
133
133
133
133
133
133
155
133
133
133
133
133
133
133
155
133
133
133
155
133
133
133
133
133
133
155
133
155
133
228
155

263

DEFINED

263
308

370

370

331

DEFINED

267

370 DEFINED I
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
560 TX
561 TXA
562 TXAL
563 TXC

2035 UBFS
2036 W4ELT
2037 UOFD
1011 URFOLD

0 VERS
564 VISC
565 VPLT

2040 US
566 155
600 VX
567 W
570 WT
571 WTRAN

2041 X
572 XEIN
573 XK6
574 XK7
575 YY
576 Z
577 ZRO2IG
1003 ZZ

EXTERNALS
FC1I
FCMtI2
MEMSET

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS
REALS
REALS
INPTR
INPTR
INPTR

ARRAY

TYPE ARGS
47
49

3

VER
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS

REFERENCES
331
370
276

INLINE FUNCTIONS
AMAXI

STATEMENT LABELS
0 100

67 110
0 120
0 130

424 140
0 150

607 160

TYPE
REAL

ARGS
0 INTRIN

DEF LINE
275
279
303
314
345
365
38!

DEF LINE

REFERENCES
273
269
284
309
282
361
339

REFERENCES
313

298

363

FROM-TO
273 275
284 303
298 303
309 314
361 365
363 365

LENGTH
68

1128
238
30B
248
128

PROPERTIES
INSTACK

NOT INNER
OPT
OPT

NOT INNER
INSTACK

DEFINED 304

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

133
133
133
133
155
155
155
306
206
133
133
155
133
133
133
133
133
155
133
133
133
133
133
133
274

277

370

2X315 316

27e

DEFINED 268

LOOPS
44
77

163
242
466
475

LABEL
100
120
120
130
150
I50

INDEX
I
I
II
L
I
II
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COMMON BLOCKS LENGTH
POINT 199
REALS 392
INTEG 24
INPTR 1393
INPTI 197
EMFLGS 10
PFRCS2 22
MATCNS 12
LACMDL 21
VER I
PHYPRO I I
FAST I
PFCMI2 39

STATISTICS
PROGRAM LENGTH 10518 553
SCM LABELED COMMON LENGTH 44228 2322

1400008 SCM USED
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SUBROUTINE FRPCON (IAXSI4)

FRPCON IS CALLED FROM DRIVER AND CALLS ALL )F THE MAJOR SUBCODES

C
C
C
C
C
C
C
C
C
C
C
C
C
C

C

C
C

COMMON /DESNBL/ FACTOR(100),C(4,4,100) TL.,4,100),LRE5(100),
+ NODE(100) LFAC(100) LTYPE LPB,AMU(4 160),D(40.0),NRUN,NFAC
+ ALPHA( 10b), IPRINT, ICON( I, 15), IFLAG, ICOUNT,NTI...., ISTART,NRE
+ IUNCRT

LEV&L 2,FACTOR

COMMON / PNTPNL / IFIRST IAELM IRK IAR, IARE, 158 IRA,.
+ IBASAV, IRASE, I588, IBA, IH V, ILA, ICC, ICRATE, SIRPG, IDISP,
+ IDISPC, IDSPSV, IEFSTR, IELM, IELSTN, ILSTNA, ILSTRA, IELSTR,
+ IPSLA, IEPSLM, IESTNV, IESTSV, JIIJ, IIPOS, IKSAVE, I!'ADET, INDC,
+ INDF, INDT, INODET, JOLDSE, IPSSRT, IPSSV, IPSTS, IR, IRA, IRBR
+ IRBRA, IRD, ISTRES ISTRSA, ITCB, ITCRP ITEC, ITEF, I'ELM ITF6,
+ ITHET, ITHTAX, ITHSAV, ITHXSV, ITME, ITSTNR, ITSTSR, ITU, 1TW,
+ IXKT, iXLOAD, IXLODA, IXRD, IY, IYACF, IZ, ILAST

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , NR : RADIAL

( NA ) - ARRAYS

+4

+4
+4
+4
+4

COMMON / POINT /
LDCIH

,LPOROS
,LARAD
,LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT

,LURC
,LUFS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC

,LCREPI
, LAXGAP
,LDELDP
,LDZHP
,LHCOEF
,LOLDUR
,LPECRP
,LPLDPG

,LDLH
,LAXLEN
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC

,LHA
,LDUI
,LDLPGE
,LEP
,LOLDPC
,LOLFEP
,LPG
,LPLDUR

,LHLU
,LPU2

,LPOAXG

5

10
IAXSM - INDEX FOR AXISYM ANALYSISS
: 0, NO AXISYM ANALYSIS
: I, FRAPCON ANALYSIS FOLLO ED BY AN AXISYM ANALYSIS

IMPLICIT REAL*8 .- HOO-Z)

LOGICAL. UNIT

REAL NU , KRYIN

I5

20

25
C
C

30

35

I

C
C
C
C
C
C
C
C
C

50

10/21/40 14.29.35 PAGE ISUBROUTINE FRPCON

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
REALCM
REALCM
REALCM
REALCM
REALCH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REt LCM
REALCM
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,LPOFEP
*LTBLK
*LUCH
,LVPOR
,LHGAPS
,LNFAIL
, LHGPC

,LPOLEP
,LTCA
,LVCHI
,LZRO2A
,LTRTRN
,LPLIGP
,LNGPR

(NA X 2 ) - ARRAYS

COMMOt / POINT /
+ LANGR
+ *LREPS2

,LFGHGP

( NA X 3 ) - ARRAYS

COMMON
+

+
+ +R

( NR )

/ POINT /
LEPP

, LPEPSV
,LRFEPP
,LSIGI

,LEPPP
,LPFPSV
, LRFPSV
,LEPSI

- ARRAYS

COMMON / POINT /
LAKI
,LFMA
,LUPL

,LAK2
,LFMGPR

( NR X 2) - ARRAYS

COION / POINT /
+ LF ,LFH

NR X NA ) - ARRAYS

COMMON / POINT /
LCCI
,LGNSIZ
,LR

(NAX6) -

,LCC2
,LPORSI
,LRAD

ARRAYS

COMMON / POINT /
+ LP

( NAX8

,LBR

) - ARRAYS

COMMON / POINT /
LQ

I T ) - ARRAYS

55

60

+
+

+
+
+
4
+

C
C
C

,LRDCOL
,LTCIDI
,LVCR
,LZR028
,LIGAP
,LFLAG
,LHGPS

65

,LTAF
,LTCODI
,LVDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

*LTAG
*LTPS
,LVFH

,LQDP
,LRTRNP

,LTBAR
*LURF
LAUGHH

,LRTRNO

C
C
C

70

,LFMGR ,LHEMGP

75

,LHMGR ,LANG

C
C
C

,LEPPSV
,LREPS
,LSIG

80

,LEPS
,LREPSV
, INUDEP

,LEPSAV
,LREPSP
,LEPPI

+4
+4
+4

,LFEPS
,LRFEPS

85

,LCRL
,LHRL

C
C
C

C
C
C

,LDPL
,LTFB

,LDPLH
,LTFR

90

,LDPN
,LTFRK

,LFN

REACH
REALCM
REALCH
REACH
REALCN
REALCN
REALCM
REALCM
REALCI
REALCI
REAICM
REALCI
REACH
REALCN
REALCh
REALCM
REALC
REALCH
REALCM
REALCI
REACH
REALCM
REALCM
REAICM
REALCh
REALCN
REACH
REACH
REACH
REALCH
REALCH
REALCI
REAICI
REACH
REALCI
REALCh
REALCh
REALCh
REALCI
REALCI
REALCI
REACH
REALCI
REALCM
REALCM
REAICM
REALCM
REACH
REALCI
REALCH
REACH
REACH
REALCH

4
+4
+4

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

*LDENSF
,LPORS2

,LDENSP
,LTMPDS

C
C
C

C
C
C

C
C
C

,LDP4
,LUO2LL

100

!05

,LDPWPP
,LTMPMX

,LBTOLD

+

(

,LCHEM
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+4
+4
+4
+4
+4

COMMON / POINT /

,LPRTII
,LPRTI7
,LPRT5
,LTAFA

,LAHGPT
,LPRT 12
,LPRTI8
,LPRT6
,LTAGA

LACMFG
,LGASMO
,LPRTI3
,LPRT2
,LPRT7
,LTSF

, LACtME
LLHMGPT

,LPRTI4
,LPRT2O
,LPRTB

,LACI*I2
,LPIT
,LPRT15
,LPRT3
,LPRT9

, LACI*42
,LPRT10
,LPRT16
,LPRT4
,LTAC

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIME

COMMON / POINT /
+ LANSD, LFLXFC,
+ (DECAY, HALF,

LPF
LRL&AS

LANSR, LFF, LDT,

DEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
ICFAC ,IDG

, ITRAMP ,ITEMP
, IHLDN , IPLST

COMMON / REALS /

S, ANGT

, CFV
,CPV
,DCIHP

S, DELTCR
, DLROD
,DRS

COMMON / REALS /
,

,GPTHM
,HDSHV
, HFV
, HGAP
, HPL
,NU
,PIMP

.0AV

LSTHIF, IX

IDGSAV
, I TCL
, ISTRNN

, IPRG
, ITFS
, ISTRSS

AAA(20) ,AAN
,AMGR(2) ,AMGRH(2)
,AN2IN ,ARGIN
,BPP ,BR(6)
,CFVA ,CMOL
,CRDTT ,CRN
,DELBP ,DELDU
,DELTDD ,DELTFC
,DLTGC(26),DPH
,ENRICH ,EOLSR

FGPAVX
,FPOR
,GASES(7)
, GPTHP
,HEIN
,IHGAPT
,HSOL ID
, PORV
,OXDROP
,PORO
,OPA
PEAKK

, IVFC
, ICFCSV

,IUFF

,AIRIN ,AMGP(2) ,AMGPH(2)
, AMGRN2 (2) , AMNDT ,ANG I
,ARING ,AUr' I(8) ,8(6)
,BU *BUuLD ,CDG
,CODEID( IS) CONUC,CONVER( 10)
,CVV ,IH
,DELH ,DELT
,DELTJL ,DHIC ,DLQEL
,DPHF , DPHFP , DPNP
,FC(I) ,FGIN ,FGPAVP

,FH20 ,FJJ(2)
,FPORI ,FRD
*GASIN ,GDEN
,GPTHPG(26) GR
, HFLL ,4 LMDB
,HGVI
, HGAPR
, HPV , HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
.OSP ,RCI

,FJJH(2) ,FMGP(2)
FRDH FRDN

,6 TH(26) ,G6THE(26)
, HCRV ,HCU
,HFLMP ,HFPER
,HMGP(2) ,HP

, H20M , KRYIN
,PI ,PIN(261
,PRTY ,PRTI9
,RCO

110

115

C
C
C
C

REACH
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALC
REACH
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

120 C
C
C

C
C
C

1-40
+4
+4
+4

C
C
C
C135

140

145

+4
+4
+4
+4
+4
+4
+4
+4

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
IlIl
112
113
114
115
116
117
118
119
120
121
122
123
!24

C

I50

I55

+
+4
+4
+4
+4
+4
+4
+4
+4
+4

C
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COMMON

+

/ REALS /

,SKTC
,5UGP
TCI

,TH20FR
,TPA
,TX
,USS
,XK7
,FNCK
$DISHN

COIlON / INTEG
+ IGUIT
+ ,JJC
+ ,LMN
+ ,NRMI
+ CLOSEE

COMMON / IHPTR

,AMFAIP
,AMFH2O
.BUIN(22)
,CLDNKD
,DC a (22)
DENG
,ENRCH
,FLXDP
,HP T
,F (328)
,ROUGHC
,TCC
,UBFS
,RSNTR
,CLDWKS
,CP

COrMCN / INPTIt
+4

,JDLPR
,MODE
,NGAPC
,NPL TAD
STARTT
,NUN ITS
.NXP
,NR
,$CREEP
,NNORDS

RFMVFF ,RHO
RMH RP
,SKTS .STRN
,SUtPOR ,SU$RG
,TCO ,TFBC
,TITIE(12),TM
,TPAC ,TPLEN
,TXA ,TXAL
,N ,WT
,YY ,Iz
,FNCN ,CII4KF

/
IRI

,JPiAK
,M
,N5TEP
,NSH

/ACOR
,AFGR
,AMFARG
,AMFKRY
,CATEXF
,CP.
,DC0t22)
,PI h55D
,EXO
cQE

,PPMH20
,QMPYi10')
,ROUGHF
,TIME(10 )
,UMELT
,FOTMTL

,CR

/ICM
,IM
,JN(8)
,MODES
,NGASR
,NREAD
,NSTOP
,LACMOD
,NPLOT
,NEMPRB
*IAXSYM
, WORDS

,IT
,K
, MODLOP
,NNRITE
, NF

,AFAL
,AFSW
, AMFFC
,AWMN2

,CRDT
,DE(22)
,DP(22)
,FA
,GO(101)
,PPMN2
,RAPOW(II)
,SGAPF
,TOTL
,UOFD
,TREF

,ICOR
PLANTT
,JST(101)
,MTAPE
.NOFAIL
,NRESTR
,NT
,LACE 13)
,NTPLOT
*MECHAN
,IVARDM
,NIRDS

160

,IDBG
1

,MDBG
,4DBG
,NOPT
,NROLL
TAPEE
,NAFAIL
,NROD
,NCRACK
,NOFRAC
PRINTT

STRES
SUMDH

FGFR
OXO
SAT
ISC
EIN
0X
:oLD w

, RHOUO2
,RTRAN
,SU#IEXP
,TCAC
,THEFR
,TP
,TT
,VP.T
,XK6
,CLOS

,RNOF ,R
,RSTRAN ,R
,SUtCK ,S
,SUMTF ,T
,TFC ,T
,TN2FR ,T
,TRANST ,T
,TXC ,U
, TRAN ,X
,ZR02UG ,u
,CRHF ,

,ITER
,KINDOR
,NAB
,N2
,NC

,AFCR
,AFTC
, AMFHE
,AMFXE

,CRDTR
,DELTAZ(22)

'SPG
,FGPAV
,GRNSIZ
,P2(101)
,RC

,TSINT
,5
,CREPHR

,IDXGAS
,1SN
,NHEAL
,NFROD
, NPCYCL
,NSP
,NUCFC
,NNFAIL22)
,NA
,NELAST
,ITREST

210

,J
,KOXI
, NPLAST
, DONE

,AFDN
,AGPC
, AtFH2

,CTMAX(22)
,DEN
,DSPGW
,FLUX
,HD ISH
,QFND(8>
,RDISH

,TW(101)
,X(328)
,ANRIN

165

170

C
C

175

+
+
+

180 C
C

185

190

195

200

kEALCM
REALCM
REAICtI
REALCM
REAICM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALM
REALCM
INTGCM
INTGCM
INGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCII
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
IHPRCM
INPACH
INPRCM
INPICM
INPICM
INPICM
INPICM
INPICMl
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM

125
126
12'
123
129
130
131
132
133
134
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5
6
7
8
Q

iI
12
13
14
15

17
18
19
20
2
3
4
5
6
7
8
9
10
11
12
13
14

C

+

+
+
+
+
+
+
+
+

+4
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+4

COAtON iE FLGS/

,IMFGAS

COMMON/PFRCS2/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEP522
+ ,MPEPP2

IMPOSR
IMCLAD

,IMSWCH

HODPG2
,MOIGP2
,MEREP2
,MFVFRO
*MEPP2
,MEPSO

, INFUEL
,IMGAPC

, IMDENS
,1M9314C

,MODPC2
,MREPS2
,MEP2
,MDHPRS
,MIG2
*NNNCRP

, IMRELO
,1MENRG

, MGAP2
,MPEP52
MR22

,MPEP2
,MEPSO2

COMMON /MATCNS/ AAHA(12)

COMMON /LACMDL/

COMMON /VER/ VERS

COMMON/FHYPROiFTMEL T
+ , CTRANE
+ , DELOXY

FTMELT -
FHEFUS -
CTMELT -
CHEFLIS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -I
DU -
COMP -
DELOXY -
CLADDING

DIMENSI

MAXIDX , EMFLAG(20)

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

, CHEFUS
,BUP

U02 OR HIXED JXIDE FUEL MELTING POINTS (K)
UOZ OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTFNCE TEMPERATURE RANGE (K)
BURNUP (M9-S/KG-U)
PU02 CONTENT (NT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEI'

(KG OXYGEN'KG ZIRCALOY)

ON

+
+ *PSP(20)

FFR( I)
,GASFRC(9)
,D#*a(20)

,AGRASS(I)

CO"MON/PFCM 12i

+

+
+
+

,MODFAL(I) ,PF 20)
,PINE(26)

,CTRANB
,COP

VED

,F8(23)

,AFCMI2( I)

NPIN
,NPOUT
,NTSAVE
,NLEF
,NDSIGF
,NEP2
,MTN
,NEPP2
,NOL DPP

,NPI
,NDCHCK
,NSLOPE
,NF
,NECRP2
,NE
,NSTRTT
,NNUDPP

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
, NV
,NALFDT
,NHH

215

C
C

C
C
C220

225

230

C

C
C

C

C
235

240

245

C
C
C
C
C
C
C
C
C
C
C
C
C250

INPICM
INPICH
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICH
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
I8
19
34
35
36
37
38
39
40
41
42
43
44
45
46
47

255
C

260
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+
4

+
+
+

,hNN,NLL
,NCC

COMMrON /
+

+
+
+

+4

+

GRSPTR /
,NAR5
,NMVAR10
,NVRs I
,IMR2O
,NVAR25
,NVAR30
,NVAR35

NUARI
,NVAR6
NMVARI
,MAR16
,NVAR21
,MAR26
,NVAR31
,NVAA36

,NN
,NGG
,NNU
,NAA
,NNFC

,NVfR2
, NVR7
,NAR12
,NARI?
,NMAR22
,NVAR27
,NVRR32
,NVAR37

,NVAR3
,NVAR8
,NVAR13
,MR18
,NMVAR23
,NVAR28
, NVAR33
,LGRASS

N8B
,NDD
,NEE
,NEI

, NVAR4
, NQAR9
, NVARi4
,NMVARI9

NVAR24
NQAR29

,NAR34

COMMON / AXLi / SUN, SUMFF SUMSAV GROW
COtMMON /LIMITS/ MI M2, OL, NOELNOELC, IDF NFF, NETOT, NENF,

+NEWT, KA NARF, NAC, NART, NAB C, NAuT, C, NAEF NTAE,
+JAM, NAXBT, NAX2, NAXD4, NFFI NADF2, NABT2, XP, XR XFRDEN KZI,
+I55TOP I'LAS, NKN, ICRPP, MAXT, KRNCHF KRNCHC, KRNCHT, NFF2,
+NC'4, it', NAXA MEl, NMX, KRt4CH HCUD, IADJ, ICUT, T'MEC XTIIEF
+ITI , STEP, NOLd, KPLAS, ICNT, RAAKR, IRAK, RAKSU, IPLEN, ISP,1Z

COMMON /8A/ DELZAQ40), NN, NCONN, NCNN, ISTRT, ITERD, FLXRD,
+ERAD(20), EAXr20)
INTEGER GASFLG
COMMON / FAST / Ail)
EQUIVALENCE ( A(i) , IAi1) , D(l) ,AGRASSi) , AFCMI2.I) )
EQUIVALENCE ( A(1) , AFRCS2(i) )
DIMENSION IA(i) , D(Il)
DIMENSION POIPRO(3)
DIMENSION AFRCS2( I)

TCONV(TTTT) : (TTTT+459.67E0)/1.8E0

PFAVE : 0.0
UNIT : .TRUE.
CDAMAG : O.EO
FDAMAG : 0.EO
CRAKL : .27E-5
FDELTA : 0.EO
CTMELT : .EO
CTRANB: =I.EO
CTRANE : I.EO
CTRANZ I=:.EO
CHEFUS : I.EG
NOTONE : 0
FHEFUS : I.EO
FRAC : 0.90
GAPH : I.E-2
GAPT : I.E-2

270
C
C

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRKON
FRPCON
FRPCON
FRKON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRKON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRKON
FPPCON
FRKON
FRPCON
FRKON
FRKON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPKO#4
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

275

28o
C

285

C
C

300 C

C

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

305

310

315

:.:,.. .. ,: :mss :a'...:s, :,., c .re.-. .,....- ... :: t,.. :.+a - ...y .. : H> - _ ..:; .a.:
, ,.C[;' " e:.sm;e:iss. uYa : ": c. .+ ::r. ~ >>: .. :: ,4.tr".;, ': 'C. wws;:":r;.,.-..#s.: .: ; .,n:..,, : 1 ::.' xan # .'.^-ice aF ?". c^?="m =. x n "; f Zq 4 r 1;. ^ .u r: a;" ___ uvt 1
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320

325

330

335

340

345

CONTINUE

THE FOLLOWING CALL TO SETUP READS AND PROCESSES INPUT AND SETS UP
THE DYNAMIC DIMENSIONING POINTERS

CALL SETUP (MNA,MNR)

IF (IQUIT.EQ.I) GO TO 790

N7 : 7
N3 : 3
N6 : 6
NAI : NA+I
IAXSM : IAXSYM
GASFRC(8) : 0.E0
GASFRC(9) : 0.E0

IF (NREAD.EQ.0) GO TO 110

THE FOLLOWING CALL TO TAPEGN READS THE RESTART INFORMATION FOR A
FRAPCON RESTART

GRT : 0.0
FFR(l) : 0.EO
MODFAI (i) : 0
ISTOFF : 1
CESIUM : 0.EO
ZRNI : 1233.E0
FREQ 0.EO
ODINE : 0.EO
TFLIF : 1.E4
ESR : 0.E0
PSR : 0.E0
CRAKI : 1.27E-5
ICDOFF : 0
TIMEF : O.EC
TIMES : O.EO
IFBSW : 0
CINTOM : 0.0254E0
CFTTOM : 0.3048E0
CBHTbN : 3.1525E0
ZRO2BI : 0.0
ZR02AI : 0.0
CHYDAI : 0.0
CHYDBI : 0.0
CALL MEMSET (0.EOPINE,26)
CALL MEMSET (0.E0,PFB,0
CALL MEMSET (0.E0,FB,23)
CALL MEMSET (0.E0,PSP,20)
CALL MEMSET (0.E0,SUMM,4)
CA'A.. NEMSET (0,M1,62)
' iIME : I

350
C

C
C
C
C

355

FRPCO 4
FRPCC N
FRP( N
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

C

C

101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
11?
118
119
!20
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
;39
140
141
142
143
144
145
146
147
148
149
150
151
152
153

360

365

370

C

C
C
C
C
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CALL TAPEGN (A(LBU2) ALZRO2D) ANGA(LRTRNO),A(LCC2) A(LPORS2) A(L FRPCON 154
+DENSF),A(LDPN),A(LOLbPG),A(LOLEPS),A(LOLFEP),A(LOLDT),A(LOLDP) A FRPCON 155
+(LOLDUR),A(LOLIGP),A(LREPS),A(LRFEPS),A(LEPP),A(LEP),A(LSIG) A(LEP FRPCON 156

375 +S), CTHAX,RA(LCKH).,NA, NR, 1R8I N7, IT, NRERAD, NRESTR, NROLL GASES ,~ N6,t1 FRPCON 857
+ECHANQU IT, TI MEil),(L5TOLb),ITRtST,N ORDSLENGTH,NLASRtRA SSLG FRPCON 158
+RASS) FRPCON 159

C FRPCON 160
IF (IQUIT.EQ.1) GO TO 790 FRPCON 161

380 C FRPCON 162
110 CONTINUE FRPCON 163

ITT : I FRPCON 164
NR" l : NR-1 FRP(ON 165
TRANST : 0.8E0*TSINT FRPCON 166

385 FRDEN : DEN.'100.E0 FRPCON 167
C FRPCON 168
C FRPCON 169

IF (MECHAN.NE.1) GO TO 200 FRPCON 170
C FRPCON 171

390 XP : CP FRPCON 172
XR : CR FRPCON 873
RCI : DCi(NA/2)/2.E0 FRPCON 174
RP : DP(NA/2)/2.ED FRPCON 175

C FRPCON 176
395 C UFCC FOR USE IN SUBROUTINE RADIAL FRPCON 877

VFCC : (RCIXRCI-RP*RP)/(RCI*RCI)IO00. FRPCON 178
C INITIALIZE TPLEN FRPCON 179

TPLEN : TI(i) FRPCON 180
FLXRD : FLUX FRPCON 181

400 C SIGG IS GAP ROUGHNESS. SIGC I5 CRACK ROUGHNESS FRPCON 182
SIGG = (RCI-RP)/8. FRPCON 183
SIGC : (RCI-RP)/5. FRPCON 184

C FRPCON 885
C LOAD THE RD ARRAY FOR USE BY PELET (SAVES RADiI OF ALL NODES) FRPCON 186

405 C FRPCON 187
RCD : 0.0005 FRPCON 188
IF (RC.GT.RCD) RCD : RC FRPCON 189

DO 170 I:lNADT FRPCON 190
IF (I.NE.1) GO TO 120 FRPCON 191

410 RCO : DCO.1)/2. FRPCON 192
RCI : DCI(8I)2. FRPCON 193
RP : DPi()/2. FRPON 194
GO TO 140 FRPCON 195

120 CONIWUEFRPCON 196
415 IF (I.GE.NA) GO TO 130 FRPCON 197

RCO : DCO(I-8)/2. FRPCON 198
RCI : DCI(1-8)i2. FRPCON 199
RP : DP(I-I)/2. FRPCON 200
GO TO 140 FRPCON 201

420 130 CONTINUE FRPCON 202
RCO : DCO(NA-1)12. FRPCON 203
RCI : DCI(NA-8)/2. FRPCON 204
RP : DP(NA-1)/2. FRPCON 205

140 CONTINUE FRPCON 206

SUBROUTINE FRPCON 10/21/60 1'.29,35 PAGE 8
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DRC IS DELTA CLAD RADIUS DRF IS DELTA FUEL RADIUS
DRC= (RCO-RCI)/rLOAT(NC-I)
DRF :'((RCI-0.001)-RCD)tFLOAT(NF-1)

DO 160 JX: INFFI
IF (JX.LE.NI) GO TO 150
D(IRD+(I-)*NFFI+JX-I) : FLOAT(JX-NF-)*DR
GO TO 160
CONTINUE
D(IRD+(I-l)*NFFI+JX-l) :=FLCAT(JX-1)*DRF+RC
CONTINUE

CONTINUE

LOAD THE DE1 'A ARRAY, AXIAL SEGMENT LENGTHS FOR USE

C+RC

IN PELET

DELZA(i) =s0.5
00 180 I:2,NA
DELZA(I) :=DELTAZ(I-1)*12.E0
CONTINUE

DELZA(NA+i) : CPL
NA2 : NA+2

DO 190 I:NA2, 40
DELZA(I) : 0.0
COWT I NUE

CONTINUE

DELOXY
FNCK
cNCN
CWKF :
CNNF
COtDUK
R5 RAN

0.0
0."
0.0
CLDWKS
CLD IKD
: CLDWKS
: .E-05

PCYCL = NPCYCL
IF (NREAD.EQ.O) NAB
IF (NDBG.GT.0) NDBG

:1
- NDDG+I

C
IF (NREAD.EQ.I) IT : 2
GASIN : HEIN+ARGIN+AIRIN+AN2!N+FGIN
IF (NREAD.EQ.I) 60 TO 220

00 210 IJ:2,IRI
A(LBUI+IJ-i) : 8UIN(IJ-1)xA(LQ+(M-I)*NA+1J-2)xFA

210 CONTINUE
IT : 0
NEW : 2

C
C x*xxxxxxxxxxxxxxxxxxxxxxxxxxxx*x*xxxxxx*xxxxxx*xxxxxxxxxx*xxxx*xxxxx
C START OF TIME STEP LOOP, IT:i,IMl
C
220 ITER : I

IT : IT+1
C

C
C

430

435

ISO

160
170
C
C
C

ieG

445

190
200
C450

455

C

460

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCGN
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCO4
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
:45
246
247
248
249
250
251
252
253
254
255
256
257
258
259

470

475
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IF (MECHAN.NE.1) GO TO 230 FRPCON 260
C FRPCON 261

480 C HOLD, NEW ARE USED BY PELET I THE INCREMENTAL SOLUTION TECHNIQUE FRPCON 262
C FRPCON 263

NOLD : 2 FRPCON 264
IF (NEW.EQ.1)M OLD : FRPCON 265
NEW : I FRPCON 266

485 IF (NOLD.EQ.I) NEW : 2 FRPCON 267
IRZ : IT FRPCON 268

C FRPCON 269
C D(ITME, ETC) ARE USED AS PAST, PRESENT AND FUTURE TIME BY PELET FRPCON 270
C FRPCON 271

'.90 C DITME) : D(ITIE+1) FRPCON 272
D(ITME+I) : D(ITKE+2) FRKON 273
D(ITtE+2) : TIME(IT)/24./3600. FRPCON 274
IF (IT.EQ.IM) D(ITME+2) : D(ITHE+I)+I. FRPCON 275

C FRPCON 276
495 C FRPCON 27~

230 CONTINUE FRPCON 27F
IF (IT.GE.NSTART.AND.IT.LE.NSTOP) NDBG : IT FRPCON 279
IF (NHIRITE.EQ.I) NDBG : IT FRPCON 280

C FRPCON 2el
500 GASFLG : 0 FRPCON 202

ZR02AI : ZRO2BI FRPCON 2'
CHYDAI : CHYDBI FRPCON 28i
M : JST(IT) FRPCON 285
G : GO(IT) FRPCON 286

505 T : TIME(IT)/3600.0 FRPC1 N 287
QAV : QtPY(IT)*(DC(1)*PI/I2.)/3413./FA FRFCON 288
PEAK : A(LQ+JPEAK-2+(M-I)*NA)*QAV*FA FRPCON 289
IF (IT.EQ.1) DELH : T FRPCON 290
IF (IT.GT.1) DELH : (TIME(IT)-TIME(IT-I))/3600.0 FRPCO. 291

510 DELHS : DELH*3600. FRPCON 292
TP : T-DELH FRPCON 293
IF (IT.EQ.I.AND.NREAD.EQ.0) GO 10 240 FRPCON 294

C FRPCON 295
C THE FOLLOWING CALL TO CAI.EAL COMPUTES EFFECTIVE FLUENCES AND FRPCON 296

515 C EFFECTIVE COLODORKS FRPCON 297
C FRPCON 298

IF (IT.GE.2) CTEMP : TCONV(A(LTAC+IT-2)) FRPCON 299
RTEMP : 0.0 FRPCON 300
IF (IT.GE.3) RTEMP : (CTEMP-(A(LTAC+IT-3)+459.76)/I.8)/DELHS FRPCON 301

520 CALL CANEAL (FLUX, DELHS, CTEMP, RTEMP, FNCK, FNCN, CWKF, CWNF) FRPCON 302
C FRPCON 303
C THE FOLLOWING CALL TO STORE RETAINS CONVERGED INFORMATION NEEDED FRPCON 304
C FOR THE NEXT POWER-TIME STEP RP')N 305
C FRPLJN 306

525 C'ILL STORE (A(LBUI) A(L8U2bA(LCCI)DA(L:C2,A(LDENSP) A(LDENSFA( FRPCON 307
+LDPWPP),A(LDPI),A(LRSI ),A(LPORS?2,A(LZR02A),A(LZR026),IRI,NA,NR, FRPCON 308
+NHEAL,A(LANG),A(LRTRNPIA(LRTRNO),BU,BUOLD,A(LTMPDSA(LTMPMX)) FRPCON 309

C FRPCON 310
240 J :2 FRPCON 311

530 C FRPCON 312

SUBROUTINE FRPCON 10121/80 114,29.35 PAGE 10
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GASLAS : A(LPIT+IT-l) FRPCO4 313
C FRPCON 314
C xxxxttxxxx xtx**x ***xtttt******x ********* **** **Z** FRPCON 315
C START OF GAS RELEASE LOOP, ITER : I, CONVERGENCE FRPCON 316

535 C FRPCON 317
C FRPCON 318

IF (MECHAN.NE.l) GO TO 270 FRPCON 319
C FRPCON 320

CALL RADIAL iD(ICFAC),DEND(TflDD(IDGSAV)EAX,ERAD,FRAC,ITER,NAN FRPCON 321
540 +FNFFID(IPRG)hD(IRD) RP,5IGC SIGG,D(ITCL)D(ITEHP),D(ITFS) D(ITRA FRPCON 322

+MP)hD(IUFC),D(IVFF),IkCC.A(LD NSF),A(LDPN),(LR),RCI,NR,D( ILSTC), FRPCON 323
+D(ICFCSV)) FRPCON 324

C FRPCON 325
DO 260 JRAD:2 NA FRPCON 326

545 D(ICFCSU+(ITER-I)*NA+JRAD-I) : D(ICFAC+JRAD-I) FRPCON 327
CSUM : 0.0 FRPCON 328
5UMI : 0.0 FRPCON 329

DO 250 IRR:=LITER FRPCON 330
IR : IR FRPCON 331

550 IRAD : ITCR-IR+I FRPCON 332
CSUM : CSU+D(ICFCSV+(IR-I)*NA+JRAD-I)iFLOAT IRAD) FRPCON 333
SUMI : SUMI+II.FLOATIRAD) FRPCON 334

250 CONTINUE FRPCON 335
D(IC,-C+JRAD-I) : CSUMiSUMI FRPCON 336

555 260 CONTINUE FRPCON 337
C FRPCON 338
C FRPCON 339
270 CONTINUE FRPCON 340
C FRPCON 341

560 C m *:s:*u*:* **xxxxxx *w:xx*:*z* *xx xz:ttttt*****zttttttzutttt***tn:: FRPCON 342
C START OF AXIAL NODE LOOP, J:2,NA FRPCON 343
C FRPCON 344
280 QC : QMPY(IT)*A(LO+J-2+(M-l)*NA FRPCON 345

N2 J-1 FRPCON 346
565 CRN : DCO(J- )/DCit- ) FRPCON 347

DRS : CRN*CR' FRPCON 348
RCI : DCI(J-.)i2.EO F RPCCN 349
RC" : DCO(J-l)/2.E0 FRPCON 350
RP = DP(J-I)/2.E0 F'.PCON 351

570 TCC = RCO-RCI FRPCON 352
DEH DE(J-I)/12.E0 FRPCON 353
CDG :=2.E3*(RCI-RP) FRPCON 354
RFSH : RP*CINTOM FRPCON 355
GAPC : (RCI-RP)*CINTOM FRPCON 356

575 GRATIO : (RCI-RP)/RP FRPCON 357
NRMESH : 2 FRPCON 358

C FRPCON 359
C THE FALLING CALL TO RMESH COMPUTES THE RADIAL NODALIZATION FRPCON 360
C IF NODE POINTS ARE NOT INPUT FRPCON 361

560 C FRPCON 362
IF (NRiESH.EQ.2) Gu TO 290 FRPCON 363

C FRPCON 364
CALL RMESH (NRHESHNR,A(LR),RC,NRMIPI,RP,NA) FRPCON 365
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CONTINUE

YtE FOLLOWING CALL TO BURNUP COMPUTES THE FUEL BURNUP

CALL BURNUP ! 8U.A(LBII),A(LBU2),CFVDCO(J-1),FA JH,NA,NXPA(LQ),Q
+MPY,RI'OOUC2,TOTL,1, it,BUIN(J-1),DELH,TI HE,BUP, DLBUDELBP,bUOLD,PI
+,ITT)

IF (BUGE.20000,E0.AND.NOTONE.EQ.0) NOTONE : i

THE FOLLO, iN CALL TO PHIYPRP COMPUTES
OF THE FUEL AND THE CLADDI M BASED GN

THE PHYSICAL PROPERTiES
THE PRESENT BURNUP

CALL PHYPRP

THE FOLLOWING LOADS THE MATPRO COtG4 BLCCK

AAHAit)
AAHA(2)
AAHA (3)
AAHA(4)
RAHA(S)

AHA (6)
AAHA(7)
AAHA 8)
AAHA(9)
AAHA( 10)
AAHA iI)
AAHA(12)

ANRIN
COMP
CWKF
CINF
DELOXY
FLUX
FNCK
FNCN
FOTMTL
FRDEN
FTMELT
RSTRAN

THE FOLLOWING CALL TO GASPRO COMPUTES THE GAS PRODUCTION

CALL GASPRO (DCO(J-1),DELTAZ(J-i),A(LFGMGP),A(LREMGP),QC,SGAPF,TIM
+ENAIT,J)

THE FOLLOWING CALL TO COOLT RETURNS BULK COOLANT TEMPERATURES AS
WELL AS THE SATURATION TEMPERATURE FOR AXIAL NODE J.

CALL COOLT (DEH,DELTAZ(J-I),GIT,J,P2,QC,A(LTBLK),TSAT,TW,WT,NA,RH
+OF)

THE FOLLOWING CALL TO FLMDRP COMPUTES THE TEMPERATURE DROP ACROSS
THE FILM AND CRUD

CALL FLMDRP (CRDTRCRDTT,DEHGA(LHCOEF),ICOR,IT,JNAP2,QC,TCO,TI
+ME, TSAT, WT, DELTCRDbELTDB, DELTFC, DELTJL)

TCOK : (TCO+459.67)/I.8

THE FOLLOWING CALL TO ZOTCON COMPUTES THE ZIRCALOY-OXIDE THERMAL
CONDUCTIVITY

585
C
2%
C
C
C

595

600

C

C
C
C
C

C
C
C

FRPCON
FRPCON
FPPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

605

6'0

615

620

625

366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

C
C
C

C
C
C
C

C
C
C
C

C

C
C
C
C

630

635
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ZOXKI : ZOTCON(TCOK) FRPCO 419
ZOXK : ZOXKIt/.7296 FRPCON 420

C FRPCON 421
640 QCIM : QC*CBHTWM FRPCON 422

ZR021 : A(LZR02A+J-)*0.3048E0 FRPCON 423
C FRPCON 424

MMM : 3 FRPCON 425
IF (WT.GE.TSAT) MMMi : =FRPCON 426

64 C FRPCON 427
C THE FOLLOWING CALL TO CORROS COMPUTES THE CORROSION THICKNESS FRPCON 428
C FRPCON 429

CALL CORROS (TCOK,QCIMZR021,ZRO2O,ZOXKItMMM,DELHS) FRPCON 430
C FRPCON 431

65C A(LZR028+J-I) : ZR020'.3048E0 FRPCON 432
C FRPCON 433

TCO : TCO+QC*A(LZR02B+J-I)/ZOXK FRPCON 434
C FRPCON 435
C THE FOLLOWING CALL TO CLADRP COMPUTES THE CLADDING INSIDE SURFACE FRPCON 436

655 C AND AVERAGE TEMPERATURES. FRPCON 437
FRPCON 438

DO 300 11:1,2 FRPCON 439
C FRPCON 440

CALL CLADRP (COLDWKCRN,DCO:J-I),FLUX,IT,J,NAQC,A(LTCA),TCIT FRPCON 441
660 + COTIME) FRPCON 442

300 CONTINUE FRPCON 443
IF IECHAN.EQ.3) AFRC52(MTTT+MNA*NR+J-2) : TCI FRPCON 444
IF (KECHAN.EQ.3) AFRCSZ(MTTT+MNA*(NR+l)+J-2) : TCO FRPCON 445

C FRPCON 446
665 C THE FOLLOWING CALL TO FLUXDP COPUTES THE FLUX DEPRESSION FACTOR FRPCON 447

C FRPCON 448
CALL FLUXD iENRCH,DEN,TW(IT),Z,YYW,A(LR),RAPONIPLANT,IT,NDBG,T,N FRPCON 449

+R) FRPCON 450
C FRPCON 451

670 C THE FOLLOWING CALL TO CEXPAN COMPUTES THE RADIAL AND AXIAL FRPCON 452
C THERMAL EXPANSION OF THE CLADDING FRPCON 453
C FRPCON 454

1F (MECHAN.NE.I) BALL CEXPAN (A(LTCA+J-I),TXATXAL,TXC) FRPCON 455
C FRPCON 456

675 P;NS : A(LPINT+J-2) FRPCON 457
C FRPCON '456
C THE FOLLOWING CALL TO REPACK COMPUTES THE FUEL SURFACE RELOCATION FRPCON 459
C FFPCON 460

IF (MECHAN.NE.I) CALL REPACK (FCGRATIO,PINS) FRPCON 461
680 C FRPCON 462

VOLSTR : 3.E0*FC(I) FRPCON 463
C WHEN IM93WC : 1, NO CRACKING EFFECTS ARE ALLOWED FRPCON 464
C FRPCON 465

IF (I93WC.EQ.1) VOLSTR : 0.E0 FRPCON 466
685 IF (MECHAN.EQ.3) VOLSTR : AFRCS2(MFVFRO+MNA*(NR-I)+J-2)+AFRCS2(IDH FRPCON 467

+PRS+MNA*(NR-I)+J-2) FRPCON 468
C FRPCON 469
C THE FOLLOWING CALL TO CLDGRO COMPUTES THE CLADDING IRRADIATION FRPCON 470
C GROWTH FRPCON 471
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690 C FRPCON 472
CALL CLDGRO (A(LTCA+J-I ),FLUXTIME(IT),CATEXF.COLDWK,A(LAXLEN+J-1) FRPCO)4 473

+,AFRCS2(MEPS02),J,AFRCS2(MEPSO) ,MNAMNR,#MECHAN) FRPCON 474
C FRPCON 475

A(LQDP+J-2) : 7.6726E-5%QC*DCO(J-1) FRPCON 476
695 IF (ITER.NE.1) GO TO 320 FRPCON 477

IF (IT.GT.1) GO TO 310 FRPCON 478
GPTHP : 0.0 FRPCON 479
DCIMP : 0.0 FRPCON 480
DPHFP : 0.0 FRPCON 481

700 A(LDELBP+J-1) : 0.EO FRPCON 482
3i0 CONTINUE FRPCON 483

A(LGPTP+J-I) : GPTH(K) FRPCON 484
A(LDELBP+J-1) : DELBP FRPCON 485

320 LMN :=0 FRPCON 486
705 IF 'ITER.EQ.I.AND.IT.EQ.f) L1N : 1 FRPCON 487

TM : T FRPCON 488
9PP : A(LBUI+J-l) FRPCON 489
BP : A(LBU2+J-1) FRPCON 490

C FRPCON 491
71C IF (IT.EQ.!) FGPA$P : FGPAU FRPCON 492

IF (I1.GT.1) FGPAUP : A(LPIT+IT-2) FRPCON 493
C FRPCON 494

IIT : IT-I FRPCON 495
C FRPCON 496

715 C THE FOLLOWING CALL TO EMRLOC COMPUTES THE EM RELOCATION FACTOR FRPCON 497
C FRPCON 498

CGAP : CDG/2000.E0 FRPCON 499
C FRPCON 500

IF (IMRELO.EQ.1) FC(I) : EMRLOC(RP,CGPP,BP,A(LQDP+J-2)) FRPCON 501
720 C FRPCON 502

A(LTCODI+J-1) : TCO FRPCON 503
A(LTCIDI+J-)) : TCI FRPCON 504
CALL MEMSET (PRESSA(LPG),NA) FRPCON 505
CALL MEMSET (P2(IT),A(LPC),NA) FRPCON 506

725 C FRPCON 507
K :) FRPCON 508
NCONUG : 0 FRPCON 509
NCONT : 0 FRPCON 510
IF (IT.EQ.I.AND.LMN.EQ.1) DLTGCI) : QC/1000.0 FRPCON 511

730 IF (IT.GT.l.OR.LMN.EQ.0) DLTGC(Il) : A(LDLPGE+J-1) FRPCON 512
IF (IT.GT.I.QR.LMN.EQ.0) GPTHE~i) : GPTHPG(J) FRPCON 513
IF (IT.GT.I.OR.LMN.EQ.0) PINE(l) : 0.EO FRPCON 514

C FRPCON 515
NCNT :=5 FRPCON 516

735 NCNQG : 0 FRPCON 517
C FRPCON 518
C *** * U *******************************::::::::* m* EUU::::::::U::::tt FRPCON 519
C ITERATION ON GAP AND PELLET TEMPERATURE DISTRIBUTION BEGINS HERE FRPCON 520
C FRPCON 521

70 330 CONTINUE FRPCON 522
C FRPCON 523

A(LTPS+J-I) : TCI+DLTGC(K) FRPCON 524
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VLSTRN : VOLSTR FRPCON 525
GAP : AMAXK(A(LGAP+J-2),0.E0) FRPCON 526

745 IF (hECHAN.EQ.3) VLSTRN : VOLSTR+4.EO*GAP*DCI(J-1)/DP(J-I)**;: FRPCON 527
IF (MECHAN.EQ.3) GAPH - 'A(LGAP+J-2)+VOLSTR/3.E0)*CINTO FRPCON 528

C FRPCON 529
C THE FOLLOWING CALL TO TMPSUB CALCULATES THE FUEL TEMPERATURE FRPCON 530
C DISTRIBUTION FRPCON 531

750 C FRPCON 532
CALL TMPSUB (ZYY,W,NRA(LTPS+J-I),RP,A(LTFR),A(LQDP+J-2),NDBGRC FRPCON 533
+A(LBTOLD),B,A(LR).J,IT,NA,GAPC,GAPH,GAPT,RFSH GASESTRANSTITERIQ FRPCON 534
+UITRTRANBR,A(LRTRNO),A(LRTRNP),FOTMTLAFRCS2(MTTT).A(LPORS2),A(L FRPCON 535
+TRTRN),VLSTRN,MECHAN,D(ICFAC+J-I), IM93WC,FTHELT,MNA,MNR) FRPCON 536

755 C FRPCON 537
C FRPCON 538

DO 340I SIX:1 6 FRPCON 539
A(LB+(J-2)X6+iSIX-1) : B(ISIX) FRPCON 540
A(LBR+(J-2)*6+ISIX-I) BR(ISIX) FRPCON 541

760 340 CONTINUE FRPCON 542
C FRPCON 543

IF (MECHAN.NE.1) GO TO 350 FRPCON 544
C FRPCON 5' 5
C LOAD FUEL TEMPERATURES FOR USE IN RADIAL FRPCON 546

765 D(ITEMP+(J-I)*2) : A(LTFR+NR-1) FRPCON 547
DITEMP+(J-l)*2+1) : A(LTFR) FRPCON 548

350 CONTINUE FRPCON 549
C FRPCON 550
C THE FOLLOWING CALL TO FEXPAN COMPUTES THE FUEL THERMAL EXPANSION FRPCON 551

770 C FRPCON 552
CALL FEXPAN (FTMELTSUTFSUMEXP,NR,NRMI,A(LTF;,.A(LTFB)hA(LUO2LL) FRPCON 553
+,AFALA(LR),J,NA,DPH) FRPCON 554

C FRPCQN 555
C THE FOLLOWING CALL TO SWELL COMPUTES SWELLING AND DENSIFICATION FRPCON 556

775 C FRPCON 557
CALL SHELL (BPDEN,A(LDENSF),A(LDENSP)5 DPHF,A(LDP4),A(LDPPP).IT,J FRPCON 558
+,NDBG,A(LPORSI),A(LPORS2,BPP,A(LR),A(LRAD),AFDN,A(LTFR),TSINTA(L FRPCON 559
+UO2LL),NRMI NR,RSNTR,NACOMP,AFRC52(MEPS02)b IMDENS,DP(J- I),MNAMNR FRPCON 560
+,MECHAN) FRPCON 5;I

780 C FRPCON 562
NPLAST : 0 FROCON 563

C FRPCON 564
IF (MECHAN.EQ. 1, GO TO 360 FRPCON 565

C FRPCON 566
785 C THE FOLLOWING CALL TO FRACAS CALCULATES THE CLADDING ELASTIC FRPCON 567

C DEFORMATION FRPCON 568
C FRPCON 569

CALL FRACAS (AFRC52(MDHPRS) AFRCS2(MTTT)IAFRCS2(MEPS22),AFRC52(MEP FRPCON 570
+P2),AFRCS2(MFVFRO) AFRCS2(M1IG2) AFRCS2(MREPS2) AFRCS2(MEPS02),AFR FRPCON 571

790 +C52(MEP2,AFRCS2(t6AP2),AFRC52(NA22) AFRCS2(MEREP2),AFRC52(MPEPS2) FRPCON 572
+, AFRC52(MPEPP2),AFRCS2(MOLDT2), FRCS2(MPEP2 AFRC52(MODPG2),AFRCS2 FRPCON 573
+(MODPC2),AFRCS2(MOIGP2,AFRC52(IGAP2),AFRC(2(MEP50, MNR,MNA) FRPCON 574

C FRPCON 575
C FRPCON 576

795 IF (IECHAN.EQ.2) GPTH(K) : (A(LGAP+J-2)-RP*FC(l))*2.E0 FRPCON 577
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C THE FOLLOWING CALL TO NENGAP CALCULATES THE NEW THERMAL GAP FRPCON 578
C FRPCON 579

CALL NEIGAP (DLTGC,FC,A(LGAP),GPTH,GPTHE,J,K,NCONVGNCONT,PIN,PINE FRPCON 580
+,A(LPINT),MECHAN) FRPCON 581

800 C FRPCON 582
GAPT : GPTHE(K)*CINTOt/2.E0 FRPCON 583
GAPH : A(LGAP+J-2)*CINTOM FRPCON 584
IF (IECHAN.EQ.3) GAPH : (A(LGAP+J-2)+VOLSTR/3.E0)*CINTOM FRPCON 585

C FRPCON 586
805 360 CONTINUE FRPCON 587

C FRPCON 588
IF (NCNVG.EQ.1) GO TO 380 FRPCON 589
aF (NCNT.EQ.I) GO TO 370 FRPCON 590
IF (MECHAN.EQ.I) NCNT : NCNT-i FRPCON 591

810 IF (MECHAN.EQ.I) K : K+1 FRPCON 592
C FRPCON 593
C THE FOLLOWING CALL TO CONDUC CALCULATES THE GAP CONDUCTANCE AND FRPCON 594
C THE GAP TEMPERATURE DROP FRPCON 595
C FRPCON 596

815 CALL CONDUC (AGPC,DCO(J-1),DLTGCDPHF,FRDEN,NR,GASES,GPTHE,HGAPT,I FRPCON 597
+T,J,K,MECHAN,NDBG,PINE PRES, QCDOUGHCROUGHF,A(LTAG),TCI A(LTFR), FRPCON 598
+NA,HGAP,FLUX,TIME(IT),COLDWK,HSOLID,HGAPR,D(IPRG+J-),SIGG,D(IDG+J FRPCON 599
+-I),FOTMTL,ZRO20,D(IRD),NF,NFFI,NCNUG,1M93WC,IMGAPC,FTMELT,FRAC) FRPCON 600

C FRPCON 601
820 C FRPCON 602

IFt NC NVG.EQ.I) GO TO 380 FRPCON 603
I (NCONT.EQ.I) GO TO 370 FRPCON 604

C FRPCON 605
C END OF TEMPERATURE ITERATION FRPCON 606

825 C *****x **** xx* ;I **XX X *X ****************** * *** FRPCON 607
C FRPCON 608

GO TO 330 FRPCON 609
C FRPCON 610
370 CONTINUE FRPCON 611

830 lIT : IT-I FRPCON 612
Tr; _ DLTGC(K)*0.5555 FRPCON 613
TG2 = DLTGC(K-I)*0.5555 FRPCON 614
WRITE (6,800) J,IIT,TDI,TD2 FRPCON 615
IF :MECHAN.NE.1) WRITE (6,610) A(LGAP+J-2),A(LPINT+J-2) FRPCON 616

835 C FRPCON 617
380 CONTINUE FRPCON 618

A(LDLPGE+J-I) : DLTGC(K) FRPCON 619
3PTHPG(J) : GPTH(K) FRPCON 620
A(LGPTP+J-I) : GPTH(K) FRPCON 621

840 C FRPCON 622
A(LTAG+J-I) : TCI+O.5EO*DLTGC(K) FRPCON 623
IF (HECHAN.EQ.2) DCIH : DCI(J-I)*(I.c0+A(LEPS+J-2)) FRPCON 624
IF (MECHAN.EQ.3) DCIH : DCI(J-I)*(I.EO+AFRCS2(MEPS22+MNA*MNR+MNA*N FRPCON 625

+R+J-2)) FRPCON 626
845 C FRPCON 627

IF (MECHAN.EQ.2) A(LARAD+N2) : DPHF/2.EO FRPCON 628
IF (HECHAN.EQ.3) A(LARAD+N2) : DPHF/2.E0 FRPCON 629
IF (MECHAN.NE.1) A(LDCIH+N2) : DC IH FRPCON 630
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850

855

A(LPRT2+IT-1) :
A(LPRT3+!T-l)
A(LPRT4+IT-l)
A(LPRT6+IT-1)
A(LPRT7+IT-1) :
IF (IECHAN.EQ.1)
A(LPRTII+IT-1) r
A(LPRT12+IT-I)
IF (HECHAN.EQ.I)
A(LPRTI6+IT-I)
A(LPRTI7+IT-1)
A(LPRTI8+IT-I)
PRTI9 : ZRO2WG
A(LPRT20+IT-1)

oP
A( LQDP+J-2)
TCO
TCI
GPTH1
A(LPRT7+IT-1) : A(IDG+JPEAK-I)*I
A(LTFR+NR-1)
PFN(K)
A(LPRTI2+IT-l) : A(IPRG+JPEAK-l)
DPHF
HGAPT
OXIDE*1000.EO0

HUPTAK

000.

CONTINUE

IF (?ECHAN.EQ.I) GO TO 410

THE FOLLOWING CALL TO VOLUME COMPUTES THE VOID VOLUMES

CALL VOLUME (A(LCRi ),DCIH,DEN,DPHF,A(LDPN),A(LDENSF),A(LDZH),FPORI

OXIDE : A(LZR02D+J-I)*I2.EO
CHORG : 10.E0
DCON : DCO(J-I)*CINTOM
DCIM : DCI(J-I)*CINTOM
DP" : DP(J-I)*CINTOM
ZRO28I : A(LZR02+J-I)*CFTTOI
QCIM : QC*CBHTWt1
ZROZG : A(LZR02B+J-l)i0.225E-5
ARTEMP : (A(LTCODI+J-l)+459.67E0)/1.8E0
ICHEM : 3
IF (IPLANT.EQ.2.OR.IPLANT.EQ.4) ICHEM : 2
ZOXKI : ZOTCON(AUTEMP)

THE FOLLOWING CALL TO CHUPTK COMPUTES THE HYDROGEN UPTAKE ON THE
SURFACE OF THE ROD

CALL CHUPTK (CHORG,PPtH20,DPM, ICMDCOM,DCIM, ICHEMZR02AIZR02DIAU
+TEMP,QCIM,ZOXKI,CHYDAICHYDBIHUPTAK)

TCOK : (TCO+459.67)/1.8
ZOXK : ZOTCON(TCOK)/l.7296
TOXO : TCO-QC*A(LZRO2B+J-I)/ZOXK
A(LTOXO+J-I) : TOXO
OXDROP : TCO-TOXO

DO 390 L:I,NR
IJ =NR*(J-i)+L-1
A(LTHPDS+IJ) : A(LTFR+L-1)
CONTINUE

GPTH : GPTH(K)*1000.
IF (J.NE.JPEAK) GO TO 400

FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCOF
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCOtJ
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON
FRPCON

860

865

C
C
C
C

C

870

875
390

C
880

885

890

631
632
633
634
635
636
637
638
639

6'4
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
67
678
679
680
681
682
683

895
C
400
C

C
C
C900
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+,A(LHRL) ,A(LRAD) ,A(LTFR),A(LU02LL) A(LVCH),A(LVCR),A(LVDH )hA(LVFH) FRPCON 684
+,A(LVGH),ACLVPL) A(LVPOR) IT,J,L,NDBG,FTHELT,TCC,A(LVCHIb)NRA(LDZ FRPCON 685
+HP),NRMI,PI,A(LGPTP),A(LGAP)) FRPCON 686

905 C FRPCON 687
410 CONTINUE FRPCON 688
C FRPCON 689

VOID : 0 FRKCON 690
IGPNOD : I FRPCON 691

910 THON : TIME(IT) FRPCON 692
TLAST : 0.E0 FRPCON 693
PO4PRO(I' : M FRPCON 694
POWPRO(2) : YY FRPCON 695
POWPRO( t : Z FRPCON 696

915 IF IT.Cr.1) LAST : TIME(IT-l) FRPCON 697
IF (NGAL.EQ.-2) GO TO 420 FRPCON 698

C FRPCON 699
C THE FOLLOWING CALL TO FGASRE COMPUTES GAS RELEASE FRPCON 700
C FRPCON 701

920 CALL FGASRE AFGR,A(LANG) AhtIA(LANGR),A(LCCI),A(LCC2) TOTL,DELH FRPCON 702
+DELTAZ(J-).DEN A(LFMGR),A(LHMtQ),PFAVE TNONTLASTA(LTFR),ITJ.IG FRPCON 703
+PNODNGASR A(LHMIGP)bA(LFGHGP),E(LR) NV6IDNRNA,A(LAKi),A(LAK2),A FRPCON 704
+(LFMA),A(L bN),A(LDPL),A(LF),A(LGI GP),A(LDPLH) A(LFH), A(LFN) DP(J FRPCON 705
+-I) A(LB+(J-2)*6),IM,A(LBU2+J-l), 'ELBP RCPOWPROTItME A(LQ),JST, tM FRPCCN 706

25 +PYA(LRLEAS),DCO(J-I) A(LANSD).A(LFLXFCbA(LPF)bA(LAN R),A(LFF),A( FRPCON 707
+LDT ),A(LDECAY),A(LHALF .BP,BPP, IMFGASNOTONE) RPCON 708

C ,RPCON 709
C FIRPCON 710
C GASREL IS BEYER - HANN FISSION GAS RELEASE MODEL FROM GAPCON - FRPCON 711

930 C THERMAL - 2 AND 3 FRPCON 712
C FRPCON 713
C NGASR EQUAL I OR 2, BEYER-HANN FRCON 713
C NGASR GT 5, ANS54 FRPCON 715
C FRPCON 716

935 IF (NGASR.NE.I.AND.NGASR.NE.2) GO TO 420 FRPCON 717
C FRPC3N 718

CALL GASREL (A(IRDOT)bA(LFMGR)A(LFGMGP),A(LTFR),IT J,NA NR,DP(J-I FRPCON 719
+)IM,RC,A(ISAVGS),A(IX),A(LBU2+J-I),A(LSTHIF),IN,YY,ZNGA R) FRPCO 720

C FRPCON 721
940 420 CONTINUE FRPCON 722

TREFK : TCONV ( TIEF) FRPCON 723
C FRPCON 724
C THE FOLLOWING CALL TO ENERGY COMPUTES THE FUEL STORED ENERGY FRPCON 725
c FRPCON 726

945 CALL ENERGY (A(LCPDLT),JALRAD),A(LTBAR),A(LTFB),IT,NDBG,NR,COMP, FRPC)N 727
+FOTMTL, FTtEL TNA, TREFK, FHEFUS) FRPCON 728

C FRPCON 729
C CONVERT TO BRITISH UNITS FRPCON 730

A(LCPDLT+J-I) : A(LCPDLT+J-I )*0.4299ti-3 FRPCON 731
950 A(LHGAPS+J-l) : HGAPT FRPCON 732

A(LHGPS+J-1) : SOLID FRPCON 733
A(LHGPC+J-l) : HGAP FRPCON 734
A(LGPR+J-1) : H6APR FRPCON 735

C FRPCON 736
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955 IF iIQUIT.EQ.i) GO TO 790 FRPCON 737
C FRPCON 738
C FRPCON 739

TCAK = (A(LTCA+J-1)+459.67EO)/I.8E0 FRPCON 740
CTMAX(J) : AMAX(CTMAX(J)hTCAK) FRPCON 741

960 C FRPCON 7%?
IF (J.EQ.R1) GO TO 430 FRPCON 743
J : J+I FRPCON 744

C FRPCON 715
C END OF AXIAL NODE LOOP FRCON 746

965 C sattst* ****tt::::::statt::::::::::::::*********z::::::::::::::::::: FRPCON 747
C FRPCON 8

GO TO 280 FRPCON 79
C FRPCON 750
430 CONTINUE FRPCON 751

970 C FRPCON 752
C THE FOLLOWING CALL TO TOTGAS COMPUTES THE TOTAL GAS IN THE ROD FRPCON 753
C FRPCON 75%

CALL TOTGAS (GASESAAN AIRI%,ANGIAN2IN,AR'IN,FGIN,HEIN,H2OMtIKRYI FRPCON 755
+NNDBGITNGASR,XEINTFGFR THEFRTN2FRTH20,R IRI,A(LFMCR),A(LHMGR FRPCON 756

975 +),AtLFGMGP),A(LHEMGP) AMFHi,A(LACMFG) A(LACP4 ),A(LACM H)A(LACMH2 FRPCON 757
+) A(LGASMO+IT-I ) AFH2,A(LANG) A(LANGR) A(LPA.PT)bA(LHMGPT)bANGTA FRPCON 758
+MFFGNA, AMFKRY, AMFXE, AMFN2, NREAD) FRPCON 759

C FRPCON 760
9PLAST : FRPCON 761

980 C FRPCON 762
C ta**Zt FRPCON 763
C FRCON 763
C MECHAN 15 FLAG FOR PNL OR INEL MECHANICAL+RELOCATION PACKAGE FRPCON 765
C FRPCON 766

985 IF (HECHAN.E.I) GO TO 460 FRPCON 767
C FRPCON 768
C THE FOLLOWING STATEMENT ELIMINATES CLADDING PLASTIC DEFORMPTION FRPCON 769
C WHEN THE CLADDING D:MENSIONAL CHANGE SWITCH IS SPECIFIED FRPCON 770
C FRPCON 771

990 IF (IMCLAD.FQ.!) GO TO 450 FRPCON 772
C FRPCON 773

IF (IECHAN E.2) GO TO 450 FRPCON 774
C INEL PACKAGE - FRACAS FRPCON 775
C FRPCON 776

995 C THE FOLLOWING CALL TO FRACAS COMPUTES THE TIME INDEPENDENT FRPCON 777
C PLASTIC CLADDING DEFORMATION FRPCON 778
C FRPCON 779

00 440 JI:2,IRI FRPCON 780
J = JI FRPCON 781

1000 440 CALL FRACAS (AFRCS2(MDHPR5)bAFRC52(MTTT),AFRC52dMEPS22,AFRC52 FRPCON 782
+ (MEPP2,AFRC52(MFVFRO)AFRC 2(M5IG2)bAFRCS2tMREP32),AFRC52tMEP FRPCON 783
+ 502),AFRC52(MEP2)AFRC 2(MGAP2)AFRCS2'MR22,AF CS(MEREP2)AF FRPCON 784
+ RC52(MPEPS2,AFRC2(MPEPP2,AFRC52(MOLDT2bAFRC52(MPEP2),AF4CS FRPCON 785
+ 2(MODPG2ZAFRC52(MODPC2bAFRC52(MOIGP2),AFRC52(MIGAP2 ,AFRC52( FRPCON 786

1005 + MEPS0.HN ,MNA) FRPCON 787
C FRPCON 788
%50 CONTINUE FPO 8
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C FRPCON 790
60 TO 470 FRPCON 791

1010 C FRPCON 792
460 CONTINUE FRPCON 793
C FRPCON 794
C PNL PACKAGE - PELET FRPCON 795
C FRPCON 796

1015 C THE FOLLOWING CALL TO PELET COMPUTES THE ELASTIC-PLASTIC CLADDING FRPCON 797
C DEFORMATION FRPCON 796
C FRPCON 799

ISTOP : ITER FRPCON 800
C FRPCON 80'

1020 IF (GASFLG.EQ.I) CALL PELET (D(ITME),5(IRD),D(IDISPC) D(IEFSTR),D( FRPCON 802
+IDSPSV),A(LB),A(LTCIDI),A(LTCODI),NA,D(ITELM),D(ITW)1A(LTBLK+NT).T FRPCb 803
+PL.EN TII(IT),RP,P2' IT) COMP, TREF,ITER,A(LPIT+IT-1),FRzuEN,RCI RCO,IS FRPCO 8O4
+TOPRCDNOEL NABFHT ,NARCNFFINFNCNSHNABT2)b(bTCB),D(ITF8),D FRPCON 805
+iITEC) b(ITEM) D(ITV), IXRb),D(iPRG),A(LAXLEN),b(IHLDN),D(IPLSTC) FRPCON 805

1025 +,D(IST NN),D(ISTRSS)) FRPCON 807
C FRPCON 808
C FRPCON 809
470 CONTINUE FRPCON 810
C FRPCON 811

1030 C THE FOLLOWING CALL TO PLNT COMPUTES THE PLENUM TEMPERATURE AND FRPCON 812
C HOT STATE PLENUM VOLUME FRPCON 813
C FRPCON 811*

KK : NT-I+(M-)$NA FRPCON 815
C FFPCON 816

1035 CALL PLNT AMFAIR, AMFARGAMFFG AMFHEAMFH2OAMFN2, COLDWK,CPLCRDTT FRPCON 817
+,DCI(NT),HPJDCO(NT),DEH DHICPA FLUXG HPL GASES GRHFLLHFLMDBH FRPCON 818
+PLMP,A(LiDBAR+NT),QSPIT,P ,NU, PRSS,RHOtaTOTLTPL N,VSSQMPY(IT),A FRPCON 819
+(LQ+KK),QEND(M),A(LTCA+NT),P2( IT) A(LTBLK+NT),TIME(IT),PIA(LAXLtN FRPCON 820
+), IAA (LEPS), DELTAZ, AFKRY, AMFXE, AMH2, DELOXY, CWKF, FNCK) FRPCON 821

1040 C FRPCON 822
C THE FOLLOWING CALL TO GSPRES COMPUTES THE ROD INTERNAL PRESSURE FRKON 823
C FRPON 823

CALL GSPRES (A(LAXLEN),A(LDZH),HCRV HCV HDSHV HFLL,HFPER, HFV HGVH FRPCON 825
+PORV 'RI IT,J,N2,NT,HPUA(LPIT),PRESS,RFNVFF, UCK,SUMDH,SUMtP SUM FRPCON 826

.045 +R,5 ,A(LTAC),A(Li8AR),A(LTAF ),A(LTAG),A(LTAGA),A(LTPS),TOTL FRPCON 827
+A(LTSF),A(LVCHI),A(LVCR),A(LVDH),A(LVFH) A(LVGH) A(LVPOR),A(LGASH6 FRPCON 828
++IT-I),TPLE,A(LTCA),D(IVFF),D(IVFC),D'b),DIR),DELZA,NP,NFF ,P FRPCON 829
+1,MECHAN,A(LTRTRN),NA,NDBG,DISH) FRPCON 830

C FRPCON 831
1050 A(LPRT5+IT-I) : A(LTCA+JPEAK-I) FRPCON 832

A(LPRT8+IT-1) : A(LTAG*JPEAK-1) FRPCON 833
A(LPRT9+IT-l) : A(LTPS+JPEAK-l) FRPCON 834
A(LPRT10+IT-l) : A(LTBAR+JPEAK-I) FRPCON 635
IF (tECHN.EQ.1) GO TO 480 FRPCON 836

1055 IF (MECHAN.EQ.3) GO TO 490 FRPCON 837
A(LPRT13+IT-1) : A(LSIG+JPEAK-2) FRPCON 838
A(LPRT14+IT-1) : A(LSIG+JPEAK-2+NA) FRPCON 839
A(LPRTI5+IT-l) : A(LEPS+JPEAK-2) FRPCON 840
GO TO 500 FRPCON 841

1060 480 CONTINUE FRPCON 842
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JPI : JPEAK-I FRPCON 8.3
A(LPRT13+IT-I) : A(ISTRSS+JPI*4+2) FRPCON 844
A(LPRTI4+IT-l) : A(ISTRSS+JPI*4+3) FRPCON 845
A(LPRTIS+IT-I) : A(ISTRNN+JPI*4+2) FRPCON 846

1065 60 TO 500 FRPCON 847
490 CONTINUE FRPCON 848

A(LPRTI3+IT- : AFRCSZ(MSIG2+tiNAtNR+MNA$NR+JPEAK-2) FRPCON 849
A(LPRTI14+IT-I) : AFRCS2(MSIG2+2*MNA*NR+MNA*NR+JPEAK-2) FRPCON 850
A(LPRTI5+IT-I) : AFRC52(tEPS22+MNA*MNR+MNANR+JPEAK-2) FRPCON 851

1070 500 CONTINUE FRPCON 852
C FRPCON 853
C FRPCON 854

IF (ITcq.EQ.I) GO TO 510 FRPCON 855
C FRPCON 856

1075 C x FRPCON 857
C x *xFRPCON 858
C * GAS FRPCON 859
C * CONVERGENCE X F CON 860
C t 4 $ FRPCON 861

1080 C * FRPCON 862
C * FRPCON 863
C FRPCON 864

IF (GASFLG.E.1) GO TO 520 FRPCON 865
IF (((ABS(A(LPIT+IT-I)-GASLAS))/GASLAS).LE.I.E-2) GASFLG : I FRPCON 866

1085 IF (ITER.GT.10.AND.ADS(A(LPIT+IT-I)-GASLAS)/GASLAS.LE.5.E-2) GASFL FRPCON 867
+G : I FRPCON 868
IF (ITER.E0.20) GASFLG : I FRPCON 869
IF (ITER.GT.6) WRITE (6,820) ITER,GASLAS,A(LPIT+IT-1) FRPCON 870

510 ITER : ITER+1 FRPCON 871
1090 C FRPCON 872

GO TO 240 FRPCON 873
C FRPCON 874
C END OF GAS RELEASE LOOP FRPCON 875
C n:>X ****** * ****** *************3******************$ FRPCON 876

1095 C FRPCON 877
520 CONTINUE FRKON 878
C FRPCON 879
C GASPLT OUTPUTS A PLOT AND TABLE DESCRIBING THE RELEASE OF SHORT-LIVE FRPCON 880
C RADIOACTIVE GASES. THE INFORMATION IS CALCULATED BY ANS54. FRPCON 881

1100 C FRPCON 882
ITI : IT-I RPCON 883
IF (NGASR.GE.6.AND.TIME(IT).GT.86400.) CALL GASPLT (A(LRLEAS),ITI, FRPCON 884

+TI tE(I T)) FRPCON 885
C FRPCON 886

1105 IF (NGASR.LT.I.OR.NGASR.GT.5.R.IT.E0.1) Gu TO 540 FRPCON 887
C FRPCON 888
C BEYER-HANN GAS RELEASE MODEL - LAST HIGHEST RELEASE FRPCON 889

DO 530 I:INA FRPCON 890
K9 : A(LSTHIF+I-1) FRPCON 891

1110 C FRPCON 892
C DID THIS TIME STEP RELEASE A HIGHER FRACTION THAN THE LAST FRPCON 893
C HIGHEST FRACTION. IF IT DID, SAVE THIS TIME STEP NUMBER FRPCON 894

IF (A(IRDOT+(I-1)*IM+IT-I).GE.A(IRDOT+(I-l)*It+K9-1)) A(LSTHIF FRPCON 895
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+ ) : IT FRPCON 896
1115 530 CONTINUE FRPCON 897

540 CONTINUE FRPCON 898
C FRPCON 899

IF (NECHAN.NE.3) 60 TO 580 FRKON 900
M3 : NR+2 FRPCON 901

1120 DO 550 JJ=2 IRI FRPCON 902
AFRCS2(MPEPS2+JJ-2) : AFRCS2(MREPS2+JJ-2) FRPCON 903
AFRCS2(MPEPS2+JJ-2+tMA) : AFRCS2 (MREPS2+JJ-2+MNA) FRKON 904
AFRCS2(MODPG2+JJ-2) : A(LPG+JJ-2) FRPCON 905
AFRCS2(MODPC2+JJ-2) : A(LPC+JJ-2) FRPCON 906

1125 550 AFRCS2(MOIGP2+JJ-2) : AFRCS2(MIGAP2+JJ-2) FRPCON 907
IRIM3 : IRI*M3 FRPCON 908

00 560 JJ=1IR IM3 FRKON 909
AFRCS2(MOLDT2+JJ-I) : AFRCS2(MTTT+JJ-1) FRPCON 910

560 AFRCS2(NPEP2+JJ-I) : AFRCS2(MEP2+JJ-I) FRPCON 91
1130 IRIM33 : IRIM3*3 FRPCON 912

DO 570 JJ=1 IRIM33 FRPCON 913
570 AFRCS2(HPEP 2+JJ-) : AFRC2(MEPP2+JJ-I) FRPCON 914
C FRPCON 915
C FRPCON 916

1135 580 CONTINUE FRPCON 917
CTMAXK : CTMAX(JPEAK) FRPCON 918

C FRPCON 919
IF (NOFAIL.EQ.I) GO TO 590 FRPCON 920

C FRPCON 921
I140 C THE FOLLOWING CALL TO FAILUR CALCULATES FAILURE INFORMATION AFTER FRPCON 922

C THE POWER-TIME STEP FRKON 923
C FRPCON 923

CALL FAILUR (DELH CRAKICRAKLCTMAXKESRF8,FFRFREQ,HUPTAK,ICDOFF FRPCON 925
+ IFBSW ISTOFF,MO ALNOPT NUCFCPCYCLPFhDPAR,RSTRAN,TCCTFLIF,TIM FRPCON 926

1145 +EF,TItkSA(LEPS),NAA(LCHM) A(LOLIGP),A(LSIG) A(LTCA+I),T(IT),A( FRPCON 927
+LZR02B ,IT A(LBU2),CDAMAGCE IUHi,NRFDAMAG,eRDtN,ODINE NAFAIL UMEL FRPCON 928
+T,NNFAIL,Z NI,A(LTMPDS),A(LTMPMX),A(LDELBP),TIME(IT),UbFS,UOFDNFR FRPCON 929
+0D) FRPCON 930

C FRPCON 93'
S1150 590 CONTINUE FRPCOh 932

C FRPCON 933
C THE FOLLOWING STATEMENT ELIMINATES CLADDING PLASTIC DEFORMATION FRKON 934
C WHEN THE CLADDING DIMENSIONAL CHANGE SWITCH IS SPECIFIED FRPCON 935
C FRPCON 936

1155 IF (IMCLAD.EQ.1) GO TO 600 FRPCON 937
C FRPCON 938
C THE FOLLOWING CALL TO CCREEP COMPUTES THE CLADDING CREEP FRPCON 939
C FRPCON 940

iF (HECHAN.NE.1) CALL CCREEP (AFRCS2'MDHPRS),AFRCS2(MTTT),AFRCS2(M FRKON 941
1160 +EPS22),AFRCS2(HEPP2),AFRCS2(MFVFRO) AFRCS2(MtIG2), AFRCS2(MREPS2) A FRPCON 942

+FRCS2(MEPSO2) AFRCS2(MEP2) AFRCS2( H;AP2) , AFRCS2 (MR22) AFRCS2(MEREP FRPCON 943
+2),AFRCS2(MPES2), AFRCS2( EPP2) , AFRCS2(MOLDT2),AFRCS2(MPEP2) AFRC FRPCON 944
+52(MODPG2) ,AFRCS2(MODPC2) , AFRCS2(tI0IGP2), AFRCS2(MIGAP2), AFRCS2(MEP FRPCON 945
+50),"NR,"NA) FRPCON 9146

60065 C FRPCON 948
600 CONT INUE FRPCON 94
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IF (NGASR.NE.-2) GO TO 690 FRPCON 949
C FRPCON 950
C FRAPCON DYNAMICALLY DIMENSIONED GRASS LINKAGE **$ FRPCON 951

1170 C FRPCON 952
C GRASS-SST IS A MECHANISTIC COMPUTER CODE FOR PREDICTING FISSION- FRPCON 953
C GAS BEHAVIOR IN NUCLEAR FUELS. GRASS TREATS FISSION'-iAS RELEASE FRPCON 954
C AND FUEL SWELLING ON AN EQUAL BASIS AND SIMULTANEOUSLY TREATS ALL FRPCON 955
C MAJOR MECHANISMS THAT INFLUENCE FISSION GAS BEHAVIOR. FRPCON 956

1175 C FRPCON 957
C THE SUBROUTINE CALLGR CALLS THE GRASS ROUTINES. NODALLY DEPENDENT FRPCON 958
C VARIABLES ARE STORED IN THE AGRASS ARRAY. SEE GRASS9 FOR THEIR FRPCON 959
C ..OCATION IN THE AGRASS ARRAY. FRPCON 960
C FRPCON 96

1180 C INPUT QUANTITIES ARE: FRPCON 962
C DEL : TIME STEP (5) FRPCON 963
C NF : TOTAL NUMBER OF AXIAL FUEL SECTIONS FRPCON 964
C KF : TOTAL NUMBER OF RADIAL RINGS FRPCON 965
C FL : LENGTH OF FUEL ROD (CM) FRPCON 966

1185 C RH(J,K) : FUEL DENSITYIN ZONE (JK) (GM/CC) FRPCON 967
C TKiJ,K) : AVERAGE TEMPERATURE IN ZONE (J,K) (K) FRPCON 968
C PRSO(J,K) = HYDROSTATIC PRESSURE IN ZONE (J,K) (PSI) FRPCON 969
C POW(J) : LINEAR POWER IN AXIAL SECTION J (KWiFT) FRPCON 970
C RS(J,K) : INNER RADIUS OF ?NE (J,K) (CM) FRPCON 971

1190 C TS(J K) : TEMPERATURE AT R(J K) (C) FRPCON 972
C GRSIZ(JK): GRAIN DIAMETER IN RGION (J K) (CM) FRPCON 973
C POROS(JK): FRACTIONAL POROSITY IN REGION (J,K) FRPCON 974
C FDP(K) : RADIAL FLUX DEPRESSION FACTOR IN REGION K FRPCON 975
C TIT : IRRADIATION TIME (5) FRPCON 976

1195 C PLENP : PLENUM PRESSURE (PSI) FRPCON 977
C IRSTAR : RESTART INDICATOR FRPCON 978
C I : RESTART FRPCON 979
C 12 : DUMP FRPCON 980
C 13 : TRANSIENT FRPCON 981

1200 C 0 : STEADY POWER FRPCON 982
C NPRINT : LEVEL OF PRINTOUT FRPCON 983
C I : NO PRINTOUT FRPCON 984
C 2-3 : INTERMEDIATE LEVEL OF PRINTOUT FRPCON 985
C 4 : FULL PRINTOUT FRPCON 986

1205 C DEFAULT IS 4 FRPCON 987
C GRT : INITIAL AMOUT IN PLENUM--TOTAL FISSION GAS FRPCON 988
C RELEASED (MOLES) FRPCON 989
C FRPCON 990
C OUTPUT QUANTITIES ARE: FRPCON 991

1210 C GS(J,K) : AMOUNT OF RETAINED GAS IN REGION (J K) (MOLES) FRPCON 992
C GR(J) : AMOUNT OF GAS RELEASED FROM AXIAL SECTION (J) FRPCON 993
C (MOLES) DURING DEL (5) FRPCON 994
C GRT : TOTAL FISSION GAS RELEASED (MOLES) FRPCON 995
C BV(J,K) : FISSION-GAS SWELLING/VOLUME IN REGION (J,K) FRPCON 996

1215 C BVS(J) : FISSION-GAS SWELLING/VOLUME IN AXIAL SECTION (J) FRPCON 997
C BUST : TOTAL FISSION-GAS SWELLING/VOLUME FRPCON 998
C FRPCON 999
C FRAPCON NODALIZATION IS INCONSISTENT WITH GRASS NODALIZATION. FRPCON 1000
C FRAOCON PROVIDES MESH POINT DATA AT THE CENTER OF AXIAL NODES AND FRPCON 1001

a
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1220 C AT THE BOUNDARIES OF THE RADIAL NODES. THE FOLLOWING WILL MAKE THE FRPCON 1002
C SHIFT IN NODALIZATIO, MAKE UNIT CONVERSIONS WHERE NEEDED, AND FRPCON 1003
C DEFINE INPUT VARIABLES IN AGRASS ARRAY. FRPCON 1004
C FRPCON $005
C THE NUMBER OF AXIAL FUEL SECTiONS -- NF : NT FRPCON 1006

1225 C THE NUMBER OF RADIAL RINGS -- KF= NR - I FRPCON 1007
C FRPCON 1008
C TIME STEP (S) FRPCON 1009
C C FRPCON 1010
C FRPCON loll

1230 DEL : DELH*0.36E4 FRPCON 1012
FRPCON 1013

C LENGTH OF FUEL ROD (CM) FRPCON 1011
FL : TOTL*30.48 FRPCON 10x5

C FRPCON 1016
1235 C IRRADIATION TIME () -- TIT : TIME(IT) FRPCON 1017

C PLENUM PRESSURE (PSI) -- PLENP : PRESS FRPCON 1018
C INITIAL AMOUNT OF FISSION GAS IN PLENUM -- GRT : 0.0 FkPCON 1019
C FRPCON 1020
C RESTART INDICATOR FRPC3N 1021

1240 C FRPCON 1022
IF (NRESTR.EQ.0) IRSTAR : 0 FRPCON 1023

FRPCON 1024
KF: NR-1 FRPCON 1025
bTKF : NT*KF FRPCON 1026

1245 DO 610 I:l,NTKF FRPCON 1027
C FRPCON 1028
C FUEL DENSITY IN ZONE(J,K) (GMi/CC) -- RH(J,K) FRPCON 1029
C FRPCON 1030

IF (COMP.EQ.0.0) AGRASS(NVAR26+I-1) : DEN*.1097 FRPCON 1031
1250 IF (COMP.GT.0.0) AGRASS(NVAR26+I-1) : DEN*(.1097-COMP*.001097+ FRPCON 1032

+ COMP*.001146) FRPCON 1033
C FRPCON 1034
C GRAIN DIAMETER IN REGION (JK) (CM) -- GRSIZ(JK) FRPCON 1035
C FRPCON 1036

1255 AGRASS(NVARI8+I-!) : .0005 FRPCON 1037
C FRPCON 1038
C HYDROSTATIC PRESSURE IN ZONE(J,K) (PSI) -- PRSO(J,K) FRPCON 1039
C FRPCON 1040

AGRASS(NVAR25+I-1) : PRESS FRPCON 1041
1260 c FRPCON 1042

C FRACTIONAL POROSITY IN REGION (JK) -- POROS(J,K) FRPCON 1043
C FRPCON 1044

AGRASS(NVAR23+I-1) : i.0-DEN*.0l FRPCON 1045
610 CONTINUE FRPCON 1046

1265 C FRPCON 1047
C FRPCON 1048

DO 620 I:1,KF FRPCON 1049
C FRPCON 1050
C RADIAL FLUX DEPRESSION FACTOR IN REGION K -- FDP(K) FRPCON 1051

1270 C FRPCON 1052
AGRASSiNVAR5+I-l) : 1.0 FRPCON 1053

620 CONTINUE FRPCON 1054
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C FRPCON 1055
C THE AXIAL INDEX IS J: THE RADIAL INDEX IS K. FRPCON 1056

1275 C FRPCON 1057
C THE OUTER LOOP IS THE RADIAL LOOP. FRPCON 1058
C FRPCON 1059

I : FRPCON 1060
DO 640 IK:lNR FRPCON 1061

1280 K ̂  IK FRPCON 1062
C FRPCON 1063
C THE INNER LOOP IS THE AXIAL LOOP. FRPCON 1064
C FRPCON 1065

DO 630 JJ:1,NT FRPCON 1066
1285 C FRPCON 1067

C INNER RADIUS OF ZONE(J.K) (CM) -- RS(JK) FRPCON 1068
C FRPCON 1069

AGRASS(NVAR28+I-1) : A(LRAD-K+NR) FRICON 1070
C FRPCON 1071

1290 C TEMPERATURE AT RS(JK) (C) -- TS(JK) FRPCON 1072
C FRPCON 1073

AGRASS(NUAR32+I-1) : (A(LTMPDS+NR*(JJ+I)-K)-32.)'.8 FRPCON 1074
Ij: 1+1 FRPCON 1075

630 CONTINUE FRPCON 1076
1295 640 CONTINUE FRPCON 1077

C FRPCON 1078
C FRPCON 1079
C NEAR POWER IN AXIAL SECTION J (KW/FT) -- "OWhJ) FRPCOh '080
C FRPCON 1081

1300 DO 650 JJ=1 NT FRPCON 1082
AGRASS(NVARi+JJ-l) : A(LODP+JJ-1) FRFCON 1083

650 CONTINUE FRPCON 1084
C FRPCON 1085
C AVERAGE TEMPERATURE IN ZONE(J,K) (K) -- TK(J,K) FRPCON 1086

1305 C FRPCON 1087
I :=1 FRPCON 1088

DO 670 IK:I,KF FRPCON 1089
K : IK FRPCON 1090

DO 660 JJ:$ NT FRPCON 1091
1310 AGRASS(NVAR$0+I-l) : (AGRASS(NVAR32+I-1)+AGRASS(NVAR32+I- FRPCON 1092

+ I+NT))*,5)+273.15 FRPCON $093
I : 1+1 FRPCON 1094

660 CONTINUE FRPCON 1095
670 CONTINUE FRPCON 1096

1315 C FRPCON 1097
C FRPCON 1098

CALL CAtLGR (DEL,NTKF,FLPRESSTIME(IT),GRT,IRSTARNPRINT,AGRASS( FRPCON 1099
+1),N NORDS) FkPCON 1100

C FRPCON 1101
1320 C FRPCON 1102

C AMOUNT OF GAS RELEASED FROM AXIAL SECTION (J) (MOLES) DURING DEL FRPCON 1103
C COPY GR(J) FROM AGRASS ARRAY FRPCON 1104
C FRPCON 1105

DO 680 JJ:1.NA FRPCON 1106
1325 A(LFMGR+2*(JJ-I)) : AGRASS(NVAR2+JJ-2) FRPCON 1107
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680 CONTINUE FRPCON 1108r FRPCON 1109
C FRPCON 1110
690 CONTINUE FRPCON 1 111

1330 C FRPCON 1112
C FRPCON 1113
C THE FOLLOWING CALL TO PRINT2 PROVIDES THE AXIAL NODS OUTPUT FRPCON 1114
C FRPCON 1115

IF (NOP'.NE.0.OR.GASFLG.NE.1) GO TO 710 FRPCON 1116
1335 C FRPCON 1117

MA 700 IJ:2,NAI FRPCON 1118
11= IJ FRPCON 1119
N2 : J-I FRPCON 1120

C FRPCON 1121
1340 CALL PRINT2 (AFRCS2(HD4PKS) AFRCS2(MTTT),AFRCS2(MEPS22),AFRCS2 FRPCON 1122

+ (MEPP2) AFRCS2(MFUFRO) AFRCS2(MSIG2) LAFRCS2(MREPS2),AFRCS2(HEP FRPCON 1123
+ 502),AFkCS2(MEP2) AFRC2(MGAP2),AFRC52(MR22)DAFRCS2(MEREP2),AF FRPCON 1124
+ RCS2(MPEPS2),AFRC (MPEPP2),AFRCS2(dOLDT2) AFRCS2(MPEP2).AFRCS FRPCON 1125
+ 2(IODPG2) AFRCS2(MODPC2),AFRCS2(MO I P2),AFRCS?(MIGAP2),AFRC52( FRPCON 1126

1345 + MEPS0),NRNNA) FRPCON 1127
C FRPCON 1128
700 CONTINUE FRPCON 1129
C FRPCON 1130
710 CONTINUE FRPCON 1131

1350 C FRPCON 1132
C THE FOLLOWING CALL TO PLTOUT STORES THE PLOT INFORMATION FRPCON 1133
C FRPCON 1134

CALL PLTOUT (AMFHE,DC,DLROD,ASNA(LGASMO+IT-1),HFLL,IRI,NR,NA,N FRPCON 1135
+PLOT,5 PLTAB,NTPLOTITNUNITS,PI,A(LTCODI)TOTL,TPLEN,UNITA(LCPDLT FRPCON 1136

1355 +)A(LEPS),A(LGAP)GOA(LHCOEF),ALHGHPS) A(LPIT),P2,A(LQ) QMPY,A(L FRPCON 1137
+T LK)A(LTCA),TIMEA(LTMPDS) A(LTPS),A(LZRO2B)M A(LBU2),A(LPINT)b FRPCOK 1138
+AFRCSi(MFUFRO+MNA*(NR-2) ) ,AFRCS2(MDHPRS+MNA*(NR-) ) ,MECHAN,A( ISTRN FRPCON 1139
+N),SMM,A(IDG),DLREL) FRPCON 1140

C FRPCON 1141
1360 IF (IAXSYM.EQ.0) GO TO 720 FRPCON 1142

IF (MECHAN.EQ.I) GO TO 720 FRPCON 1143
C FRPCON 1144
C THE FOLLOWING CALL TO AXIWRT STORES THE INFCRtATION NECESSARY FOR FRPCON 1145
C AN AXISYM ANALYSIS AT THE HOT AXIAL NODE FRPCON 1146

1365 C FRPCON 1147
NCRAX : 0 FRPCON 1148
DELHCR : DELH FRPCON 1149
CGAra : GAPC/CINTOM FRPCON 1150
NAXSYM : 46 FRPCON 1151

1370 TCI : A(LTCIDI+JPEAK-1) FRPCON 1152
TCO : AiLTCODI+JPEAK-1) FRPCON 1153
RCO : DCO(JPEAK)/2.E0 FRPCON 1154
TCC : (DCO(JPEAK)-DCI(JPEAK))i2.EO FRP(ON 1155

C FRPCON 1156
1375 CALL AXIWRT (NUNIT5,HPLTA(LTMPDS),TCITCO,DELHCR,NCRAX,PRESS,P2(I FRPCON 1157

+T)NAXSYMNANRJPEAK,!TCGAPRIM,NRA(LR),DISHSD,HDISHRCOTCC,CL FRPCON 1158
+05. CLOSE) FRPCON 1159

C FRPCON 1160
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720 CONTINUE FRPCON 1161
1380 C FRPCON 1162

C THE FOLLOWING CALL TO WRITER PUTS THE UNCRETAINTY ANALYSIS FRPCON 1163
C INFORMATION ON TAPE45. FRPCON 1164
C FRPCON 1!65

IF (IUNCRT.EQ.0) GO TO 730 FRPCON 1166
1385 C FFPCON 1167

CALL WRITER (NA NR,A(LZRO2Z).A(LUVS)A(LEPP) A(LEP),CTMtAX,A(LPOROS FRPCON 1168
+),A(L8U2),A(Lftl D5),A(LTCIDI),A(ITCODI)PRESS,A(LGPTP),A(LGASMQ+IT FRPCON 1169
+-I )GPSES,A:LREPS),A(LRFEPS).A(LFiNT)) FRPCON 1170

C FRPCON 1171
1390 NTIME : NTIMt+l FRPCON 1172

C FRPCON 1173
730 CONTINUE FRPCON 1174
C FRPCON 1175

IF (NTAPE.LE.0) GO TO 760 FRPCON 1176
1395 C FRPCON I1?7

DO 750 IJ:I,NT FRPCON 1178
U : 0.E0 FRPCON 117?

00 740 1:2 NR FRPCON 1180
II : NR-I+t FRPCON 1181

1400 IJJ : NR*IJ+II-2 FRPCON 1182
U : U+(A(LDPW+IJJ)+A(LDENSF+IJJ))*(A(LR+II-2)-A(LR+II-I))/ FRPCON 1183

+ 12.E FRPCON 1184
740 CONTINUE FRPCON 1185

A(LPOROS+IJ-1) : A(LUPOR+IJ)/A(LVFH+IJ) FRPCON 1186
1405 A(LUFS+IJ-1) : U FRPCON 1187

750 CONTINUE FRPCON 1188
C FRPCON 1189
C THE FOLLOWING CALL TO RESTFS WRITES THE FRAP-T RESTART INFORMATION FRPCON 1190

IF (MECHAN.EQ.I) GO TO 760 FRPCON 1191
1410 C FRPCON 1192

CALL RESTS (NA,4R,A(LEPP),AtLEP),A(LZRO28),NTA(LUFS),CTMAXA(LPO FRPCON 1193
+RO5),A(LBU2),A(LTCODI),A(LGPTP),A(LR),RCIRCO,TIME(IT),A(LTCIDI).G FRPCON 1194
+ASESPRESSA(LTMPDS),DMWIA(LREPS A(LRFEPS),A(LOLEPS),A(L&LFEP),A FRPCON 1195
+(LOLDTCA(LOLDPG),A(LOLDPC),ALOLDUR),A(LPINT),A(LOLIGP)bA(LSASMO FRPCON 1196

1415 ++IT-1)) FRPCON I!97
C FRPCON 1198
760 CONTINUE FRPCON 1199
C FRPCON 1200

IF (NRESTR.EQ.0) GO TO 770 FRPCON 1201
1420 C FRPCON 1202

C THI FOLLOWING CALL TO TAPEGN WRITES RESTART INFORMATION FOR A FRPCON 1203
C FRAPCON RESTART FRPCON 1204
C FRPCON 1205

CALL TAPEGN (A(LBU2) ArLZRO28) ANGA(LRTRNP),A(LCC2),A(LPOR52),A(L FRPCON 1206
1425 +DENSF),A(LDPN),A(LOLPGA(LOLiPS A(LOLFEP)bA(LOLDTC)A(LOLDPC) A FRPCON 1207

+(LOLDUR),A(LOLIGP),A(LREPS),A(LRFEP5),A(LEPP) A(LEP),A(LSIG) A(LEP FRPCON 1208
+5),CTMAX,A(LCHEM),NNR,IRI,N7,ITNREADNRESTRNROLLGASESN3,N6,H FRPCON 1209
+ECHANDIUIT,TIEITA(LBTOLD) ITREST,NWORDS,LENGTHNGASRAGRAS5,L FRPCON 1210
+GRASS) FRPCON 1211

1430 C FRPCON 1212
770 CONTINUE FRPCON 1213
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C FRPCON 1214
C FRPCON 1215

IF (NDG.EQ.0) GO TO 780 FRPCON 1216
1435 IF (MECHAN.NE.3) GO TO 780 FRPCON 1217

C FRPCON 1218
C THE FOLLOWING CALL TO PRINT WRITES FRACAS-2 STRESSES, STRAINS, FRPCON 1219
C YOUNGS MODULUS, POISONS' RATION, AND ALPHA-DELTA-T FRPCON 1220
C FRPCON 1221

1440 MI : NT FRPCON 1222
H2 : NR+2 FRPCON 1223
CALL PRINT (AFRCS2(MSIG2),AFRCS2(MEPS22),AFRCS2(MEPP2),AFRCS2(MEP FRPCON 1224
+2),AFRCS2(MEREP2),MIM2,M3,AFRCS2(MR22),AFRCS2(MTTT),A(LPG),A(LPC) FRPCON 1225
+ AFRCS2(MFVFRO ) ,AFRCS2(MDHPRS),MNR, MNA, AFCMI2(NALFDT: ,AFRCS2(MEPSO FRPCON 1226

1445 +2),AFRCS2(MEPS0)) FRPCON 1227
C FRPCON 1228
C FRPCON 1229
780 CONTINUE FRPCON 1230
C FRPCON 1231

1450 IF (ITNE.IM) GO TO 220 FRPCON 1232
C FRPCON 1233
C END OF TIME STEP LOOP FRPCON 1234
C :* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx*x*xxxxxttt FRPCON 1235
C FRPCON 1236

1455 IMDONE : 1 FRPCON 1237
C FRPCON 1236
C THE FOLLOWING CALL TO PRINT2 RESULTS IN PRINTOUT OT THE SUMMARY FRPCON 1239
C PAGE AS WELL AS EOL STRAIN RANGE, CUMULATIVE FISSION GAS RELEASE, FRPCON 1240
C AND THE ZIRCALOY-OXIDE WEIGHT GAIN. FRPCON 1241

1460 C FRPCON 1242
CALL PRINT2 (AFRCS2(MDHPRS),AFRCS2(MTTT),AFRCS2(MEPS22),AFRCS2(MEP FRPCON 1243
+P2),AFRCS2(MFVFRO),AFRCS2(MSIG2),AFRCS2(MREPS2),AFRCS2(MEPSO2),AFR FRPCON 1244
+CS2(MEP2),AFRCS2(MGtP2),AFRCS2(MR22),AFRCS2(MEREP2),AFRCS2(MPEPS2) FRPCON 1245
+, AFRCS2(MPEPP2),AFRCS2(MOLDT2),AFRCS2(MPEP2),AFRCS2(MODPG2),AFRCS2 FRPCON 1246

1465 +(MODPC2),AFRCS2(MOIGP2),AFRCS2(MIGAP2),AFRCS(iNEPS0),MNR, MNA) FRPCON 1247
C FRPCON 1248

NTPLOT : 17 FRPCON 1249
C FRPCON 1252'

GO TO 100 FRPCON 1251
1470 790 CONTINUE FRPCON 1252

RETURN FRPCON 1253
C FRPCON 1254
800 FORMAT (IH0,:0X,53HNO CONVERGENCE ON GAP TEMPERATURE DROP FOR AXIA FRPCON 1255

+L NODE,13,IIH, TIME STEP,I3/I0X,49HTHE TEMPERATURE DROP THE LAST T FRPCON 1256
1475 +40 ITERATIONS WERE,F6.2,4H AND,F6.2,1lH DEGREES K.) FRPCON 1257

810 FORMAT (IH ,7h GAP =E12.5,5X,22H INTERFACE PRESSURE : ,E12,5) FRPCON 1258
820 FORMAT (/f GAS LOOP ITER : ",12,I0X,"PRESSURE LAST TWO LOOPS",2FI FRPCON 1259

+0.2) FRPCON 1260
END FRPCON 1261
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DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.
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SYMBOLIC REFERENCE MAP (R:2)

ENTFY POINTS
4 FRPCON

VARIABLES
SA

0
0

24
0

0
2
3
4
0

5
6
7
0

AAA
AAHA

AAN
ACC'
A! AL
AFCM12
AFCR
AFDN
AFGR
AFRCS2

AFSW
AFTC
AGPC
AGRASS

DEF LINE
i

SN TYPE
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REFERENCES
1471

RELOCATION
ARRAY FAST

ARRAY REALS
ARRAY MATCNS

REALS
INPTR
INPTR

ARRAY FAST
INPTR
INPTR
INPTR

ARRAY FAST

IrIPTR
INPTR
INPTR

ARRAY FAST

296
3*539
652
711
765

2*815
875

4*945
1051
1064
1124

2*1375
467
742
848
885
949

1053
068

602
610

22*372
563
659
719
766

2*834
881
949

i052
1084

10*1143
14*1386

650
758
871
886
950

1056
1069

603
611

467
583
667
723

4*771
842
885
958
1053
1085
1288

4*1401
694
759
875
887
951

1057
1113

604
612

REFS
519
623

2*691
744
2*798

856
19*901
6*1035

1058
1109

18*1353
22*1424

703
841
882
890

1050
1063
1405

REFS
REFS

607
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
843

1128
DEFINED

1128
REFS
REFS
REFS
REFS

507
3*589
673
724

10*776
849
886

13*973
1056
1088
1292

2*1404
700
837
880
886
95~2

1058
1325

605
613

294
17X525

629
707
746
802
857

32T920
19*1043

1062
2*1113

1370
2*1442

721
846
883
891

1051
1061

136
228
608
136
182
182
252
182
182
182
296

21*1000
1129
662

1129
182
182
182
252

517
2*617
675
730
795
854
888

6*1020
1057

1301
22*1411

702
839
881
889
953

f u 2
40

606

295
531
641
708

9x751
803
870

8*937
1050
1063
1123
1371

DEF IN ED
722
847
884
893

1052
1067

DEFINED
609
973

771
295

776
920
299

1067
!132
663

1132

815
295

1442

2*685
1068

21*1159
1121

372

2*691
1069

21*1340
1122

2*1310

751
1121

2*1353
1123

1317

76
1122

1*X1442
1124

1325

21*788
1125

21*1461
1125

1424
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VARIABLES

25
10464

10
11
12
13
14
IS
16
17
20

30
32
34
36

4542
40

7136
4i
42

2555
43
44
45
46

7224
56
64

65
66
74
21
75
10

144
47

7123
7074

76
7105
7122

77
100

7206
7257

3
7220
7126
7127

SN TYPE

AIRIN
ALPHA
AMFAIR
AMFARG
AMFFG
AMFHE
AMFH2
AMFH2O
AtFKRY
AMFN2
AMFXE
PMGP
AMGPH
AKGR
AMGRH
AMGRN2
AMU

ANDT
ANG I
ANGT
ANRIN
AN2IN
ARGIN
ARING
AVGQI
A'TEMP
B
BP

BPP
BR
BU
RUIN
BUOLD
BLIP
C
CATEXF
CBHTM
CDAMAG
C DG
CESI UM
CFTTOH
CFV
CFVA
CGAP
CGAPR
CHEFUS
CHORG
CHYDAI
CHYDBI

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

REALS
ARRAY DESNDL

INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR

ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY DESNBL

REALS

REALS
REALS
INPTR
REALS
REALS
REALS

ARRAY REALS

ARRAY REALS
REALS

REALS
ARRAY REALS

REALS
ARRAY INPTR

REALS
PHYPRO

ARRAY DESNBL
INPTR

REALS

REALS
REALS

PHYPRO

1263 1271 12881259

1353

DEFINED
1292
REFS
REFS
REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

1249
1301

136
21

182
182
182
182
182
182
182
182
182
16
136
136
136
136
21
136
372
136
136
182
136
136
136
136
860
136
136
708
136
136
136
182
136
235
21
182
640
1143
136

1143
854
136
136
719

1375
235
865
865
502

12593
1310
464

1035
1035
973
973
973

1035
973
973
973

1424
920
973
602
464
464

865
751
719

776
751
525
467
525
589

691
855

DEFINED
717

DEFINED
DEFINED

589

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

865

857

880

DEFINED

1255

1035
1035
1035

1035
1035
1035

973

973
973

DEF I NED
758
776

920
759
589
589
589

DEFINED
305

DEFINED
323
336

717
1368
313
950
340

DEFINED

920

707

593

337

572

502
341

SUBROUTINE FRPCGN l0t2IraO 14.29 35 PAGE 30



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
7121 CINTOM

50
2556
601
101
102
6P S

I1
121
122

2557
5,
134

2560
7114
7076

52
53

135
2554
136

7162
7156

54

7246
2
4
5
6

137
604
605
0

CLDWKD
CLDWKS
CLOS
C"OL
CODE I D
COLDWK

COMP
CONVC
CONFER
CP
CPL
CPU
CR
CRAKI
CRAKL
CRDT
CRDTR
CRDTT
CREPHR
CRN
CSUM
CTEMP
CTMAX

CTMAXK
CTMELT
CTRAND
CTRANE
CTRANZ
CVAJ
CWKF
C1NF
D

102 DCI

140
141

7222
130

7221
156

7166
7247

142
143
144

DCI I
DCIHP
DCIMP
DCO

DCOII
DE
DEN
DEL
DELBP
DELDU
DELH

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

INPTR
INPTR
REAL:;
REALS

ARRAY REALS
REALS

PHYPRO
REALS

ARRAY REALS
INPTR
INPTR
REALS
INPTR

INPTR
INPTR
REALS
INPTR
REALS

ARRAY INPTR

PHYPRO
PHYPRO
PHYPRO
PHYPRO
REALS
REALS
REALS

ARRAY FAST

ARRAY INPTR

REALS
REALS

ARRAY INPTR

ARRAY INPTR

REALS
REALS
REALS

746
DEFINED

801
335

456

802 803 851

691

776

815

945

REFS
852

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
551
490

REFS
745

REFS
REFS
REFS
REFS
589
1353
REFS
REFS
REFS
REFS
REFS
REFS
REFS

1035

1020

573
853
182
182
160
136
136
160
456
235
136
136
182
182
136
182

1143
1143
182
182
136
182
136
551
519
182
959

1143
235
235
235
235
136
160
160
295
751
491
182
842
136
136
865
182
617
1372
86'
182
623

1317
136
136
136

574
1368
455
454

1375

659

603

390
444

391
DEFINED
DEFINED

629
629

2*566
554
520
372

DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED

520
520
297
3*615
492
392
843
848

DEFINED
DEF I NED

410
459
1373

DEF I NED
571
629

DEFINED
589
589
510

1249

1411

565
551

1386

3* 1250

1424

659
DEF I NED
DEFINED

959

1035

330
307

1035

DEFINED
546
517

1136

1136
309
310
3''
312

604
605
490

18*1020
493
411
852
901
698
852
416
694

851

1035
1230
703

511

1035
DEFINED

491
4*1043

545
47

1035
DEFINED

421
815

DEFINED

589

DEFINED
455
493

DEF I NED
554
422
1373
842

506
851

571

920

13*539
431
765
565

843

565
920

1143

545
434
766
567

568
1035

1230

SUBROUTINE FRPCON 10/21/80 14-29,.35 PAGE 31



76/176 OPT:0 TRACE STATIC FTN 4,8+508

VARIABLES

7256
7155

12
145
204
146
147
150
151

0
232

233
152
607
234
153
154
155

7403
235

207
210
211

7223
212

7147
7150
213
263
'64

5362
02

214
215
56

7112
266
267
0

7311
216

7075
7

7263
217
270

SN TYPE

DELHCR
DELHS
DELOXY
DELIT
DELTAZ
DELTCR
DELTDB
DELTFC
DELTJL
DELZA
DEN

DENG
DHIC
DISH
DISHSD
DLREL
DL ROD
DLTGC

DN I
DP

DPH
DPHF
DPHFP
DPM
DPIP
DRC
DRF
DRS
DSPG
DSPGI
DI
EAX
EHFLAG
ENRCH
ENRICH
EOLSR
ERAD
ESR
EXO
FA
FAC TOR
FB
FC

FDAtAG
FDELTA
FFR
FGIN
FGPAV

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

RELOCATION

PHYPRO
REALS
INPTR
REALS
REALS
REALS
REALS
BA
INPTR

INPTR
REALS
REALS
INPTR
REALS
REALS
REALS

INPTR

REALS
REALS
REALS

REALS

REALS
INPTR
INPTR
DESNBL
BA
LACIDL
INOTR
REALS
REALS
BA

INPTR
INPTR
DESNBL

REALS

PHYPRO

REALS
INPTR

1035

1367
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1249
REFS
REFS
REFS
REFS
REFS
REFS
REFS

841
REFS
REFS

776
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
1375
519
235
136
182
i36
136
136
136
291
182

1250
182
136
160
182
136
136
136

DEFINED
252
182
853
136
136
136
865
136
431
434
136
182
182
21

291
231
182
136
136
291

1143
182
182
21

252
136
719

1143
235
252
136
182

506
DEFINED

520
606

442
629
629
629
62,
1043
385
1263

1035
1043
1375
1353
1353
742
729
1411
393
920
771
776

DEF I NED
DEFINED

DEF I NED
DEFINED
DEFINED

509
1367
648

1035

617

DEF I NED
539

798
'30

412
937

815
699
853

DEFINED
DEFINED

623

440
667

815

418

8146

510
451

920

442
776

831

444
901

832

569

889

837

745

901

427
428
566

539

667

328
539

DEFINED

467
25
34%
679

DEFINED
DEFINED

1143
464
710

507

795

506

1143
681

306
308

DEFINED
973

1035589

798

320
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VARIABLES
220 FGPAVP
221 FGPAUX

i FHEFUS
222 FH2O
223 FJJ
225 FJJH

7250 FL
271 FLUX

272
55
227
602
603

2552
231
232
273

7100
233

7141
234
235

7107
0

236
7214
7170
7101
7102
237

FLXDP
FLXRD
FMGPD
FNCK
FNCN
FOTHiL
FPOR
FPORI
FOE
FRAC
FRD
FRDEN
FRDH
FRDN
FREQ
FTMELT
G
GAP
GAPC
CAPH
GAPT
GASES

7072 GASFLG

7340
246

7160
2147
2714
250

302
3314
335
336
370

71'1
1441
3

7103
37'
372
442

GASFRC
GASIN
GASLAS
GDEN
GO
GPTH

GPTHE
GPTHM
GPTHP
GPTHPG
GR
GRATI0
GRNSIZ
GROW
GRT
MCRV
ICV
10ISM

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS
PHYPRO
REALS

ARRAY REALS
ARRAY REALS

ARRAY

ARRAY

IHPTR

INPTR
BA
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR

REALS

REALS
REALS

PHYPRO
REALS

REALS

INTEGER

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

REALS

REALS
INPTR
REALS

REALS
REALS
REALS
REALS
REALS

INPTR
AXL

REALS
REALS
INPTR

711

315

DEFINED

945

DEFINED
399

DEFINED

520
520
610

710

DEFINED

1233
520

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1035
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1411
REFS
1085
REF S
RE-S
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

607

136
147
235
147
147
147

1317
182

182
291
147
160
160
182
147
147
182
539
147
611
147
147

1143
235
147
745
751
751
751
147

1424
293
1087
252
147

2X1084
147
182
147
795
147
147
147
147
147
679
182
282

1317
147
147
182

659

DEFINED
453
945

691

452

901

316

399

608
609
751

1035
DEFINED

815

DEFINED

815
DEFINED

802

973

DEFINED

385

901
504

803

1035

500

DEFINED

1020

325
751
629
744

DEFINED
317
318
751

1083

364
DEFINED

1088

1353
798

801
DEFINED

697
DEF I NED

1143

771
1035

574
746
801
815

1334

365
464

DEF I NED

838

815
877

815

815

DEFINED
612
623

DEFINED
1368

DEFINED
DEFINED

372

1020

DEFINED
1353

2*1085

5014
702

798
884

DEFINED
'31

1035
DEFINED

DEFINED
1043
1043
1375

1084

53,

839

DEFINED

977

731

838

575

319
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VARIABLES
373 HDSHV
374 HEIN
375 HFLL
376 HFLMDB
377 HLMP
400 HFPER
401 MFV
410 "GAP
412 HGAPR
402 HGAPT
403 HGV
404N MI
405 HNGP
407 HP
413 HPL
443 HPLT
414 HPOR4J
41 HPV
.11 SOLID
4'6 HPTAK
417 120MI1

7146 I

0
57

I
2
3
4
0

275
6
7

10
12
13
14
15

7115
270
302

7225
2'.

0
67

10631
I

11173
16
17

IA
IADJ
IRELM
IAK
IARAA
IARE
IAXSM
IAXSYM
I BA
IBASAV
I BASE
I IDA

ICA
ICC
ICDOFF
ICFAC
ICFCSV
ICHEM
ICLOSE

ICNT
I co
ICOR
I COUNT
ICRATE
ICRPG

SN TYPE
REAL
kEAL
REAL
RE'.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REEL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
IN.EGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
t4TEGER
INTEGER
INTEGER
INTEGER

RELOCATION
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

ARRAY REA S5
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS

ARRAY FAST
LIMITS
PNTPNL
PNTPNL
PNTPNL
PhVPNL
F.P.
INPTI
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

POINT
PONT

INTEG
INPT I
LIMITS

ARRAY DESNBL
INPTI
DESNBL
PNTPNL
PNTPNL

REFS
REFS
REFS
RIEFS
p(ps
REPS
REPS
REFS
RE F S
REFS
REPS
REFS
REPS
REPS
REPS
REPS
REFS
REPS
REPS
REPS
REFS
REFS

1263
DEFINED

I93
REFS
REFS
REFS
REFS
REFS

REPS

DEFINED
REFS
REFS
REFS
REFS
REFS
REPS4
REF S
REPS
RES

REPS

REFS
REFS
REF5

REFS
REFS
REFS
REFS
REFS
REFS
REFS

147
147
47
47
.47

147
147
147
147
147
147
147
147
147
1s?
182
147
147
147
147
147
409
447
1271
406

23
28
2e
2e
28

I '.

201
2e
2e
2e
2e
2e
2e
2e

1143
$ 28
12e
865
174
201
283

21
201

21
28
26

1043
464

1035
1035
1035
1043
1043
815
815
815
1043

10:5
1375
'143
z5 

.'.
4,

1109
1288
441

1312
297

363
363

DEFINED
539
539

DEFINED
1375
865

629

1353

950

1143

417
1249
1293
1108

973
1043

952
953
890

1043
951
893

416
2*1113

1292
446

1398

418
1250

3*1310
1245

431
1255
1312
1267

4314
1259
1399
1278

1360

331
545
545
858

554
551
859

751
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76/i76 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
42 ICRPP
S0 ICUT
2 1086
5 IOF

27 1DG
272 IDGSAV

20 IDISP
21 IDISPC
22 IDSPSV
3 IDXGAS

23 IEFSTR
24 IELM
25 IELSTN
30 IELSTR
32 IEPSLM
33 IESTNV
34 IESTSV

7120 IFBSN
0 FIRST

11172 IFLAG
7230 IGPNOD

303 INLDN
7202 11

36IPOS
7205 1lT
7154 IJ

7262
7254

37
106
26
27
4

4
2

23
7

10
i

0
3

tI
6

40
41
42
43
44
45

5

IJJ
iK
IKSAVE
ILAST
ILSTNA
ILSTRA
INt

IMCLAD
IMDENS
INDONE
I MENRG
IHFGAS
IMFUEL
IMGAPC
IMPOWR
IMRELO
I MSCN
IM93UC
INAOET
INDC
INDF
INDT
INODET
IOLDSE
PLANT

SS TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
INPT I
LIMITS
POINT
POINT
PNTPNL
FNTPNL
PNTPNL
INPTI
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
DESNBL

POINT

PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
INPTI

EMFLGS
EMFLGS
INTEG
EKFLGS
EMFLGS
EMFLGS
EtFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INPT I

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1450
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

'83
c83
201
283
128
128
a62826
28

201
28
28
28
28
28
28
28

I 143
28
2)

920
128920

14~00
28
833
3$46?
466

2*140!
1280
28
28
28
28

201

215
2)5174
215
215
215
215
215
215
215
215
28
28
28
28
28
28

201

539
539

1020
1020

1020

DEFINED

DEF I NED
1020

2*1401

DEFINED
875
874

DEFINED
1308

493

990
77a

DEFINED

920

815

719

684

667

1043 1353815

334

909

DEFINED

713
1337
1336
1400

DEFINED

569

885

657

830
1400
39%

1279

920

1399

3*140% 1405

1307

1155

1455

937 2*1113 1375

751 8l5
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76r176 OPT:O TRACE STATIC FTN 4,8+508

VARIRBLES
40 IPtAS
73 IPIEND

304 IPLSTC
273 IPRG

10630 IPRINT
31 IPSIA
46 IPSSRT
47 IPSSV
50 IPSTS
6 10
0 IGUIT
1 IR

52 IRA
7165 IRAD

71 IRAK
53 IRDR
54 IRIRA
55 IRD

264 IRDOT
7164 IRR
7251 IRSTAR

75 IRZ
I IRI

72414
7245
265

5
11

7215
74
37

"175
7104
7236

56
305

57
306

53
7
2

IRLM3
IRIM33
ISAVGS
ISD
I5B
ISIX
I SP
ISSTOP
ISTART
ISTOFF
I STOP
ISTRES
ISTRNN
ISTRSA
ISTRSS
ISTRT
IS
IT

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
POINT
POINT
DESOtL
PNi PNL
PNTPNL
PNTP#&.
PITPNL
INPTI
INTEG
PNTPNL
PNTPNL

LIMITS
PNTPNL
PNTPNL
PNTPNL
POINT

LIMITS
INTEG

POINT
PNTPNL
PNTPNL

LIMITS
LIMITS
DESNBL

PNTPNL
POINT
PNTPNL
POINT
BA
INPTI
INTEG

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF !
REF3
REFS
REFS
REFS
1043
REFS
REFS
REFS
REFS
REFS
REFS
REFS
EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
498
2*517
659
724
830
887
2*915
1050
1063
1101
1386

283
283
s28
128
21
28
28

9
201
174
28
28

551
283
28
28
28
123
549

1317
283
171

1120
1127
1131
123
28
28

2*758
283
283
21

1143
1020
?9

18
28
128
291
201
174
503
2*519
2*667
729
880
888
920
1051
1064

2*1102
2*1411

539
539

57
550

552

431
937

DEFINED
DEFINED
DEFINED

372
1126
1130

DEFINED
937

1020
815

372
551

DEFINED

434
2*1113
548
1241
486
466
1353

DEFINED
1130

2*759 DEFINED

DEFINED
DEF I NED

1020

1020

372
504
531
691
730
881
889
937
1052
1067
1105

2* 1424

322
1018

10614

1062

1476
505
563
696
731
882
890
9145
1053
1068

2*1113
1450

1020ONe

379
DEFINED

550

539

525
1424
1126

757

955

1020

751
5149

815

961

1421

1043

973 99

'353

1063

486
506
5894
705
732
883
891
2*973
1056
1069

3*1143
DEFINED

492
508
617
710
751
884
893

3*1020
1057
1084
1317
463

493
3*509
623

2*711
776
885
901

4*1035
1058
1085

2*1353
1469

3*497
512
629
713
2*815
880
9'0

2*1043
1062
1086

2*1375
476

SUBROUTINE FRPCON 104P21/80 1~,29,35 PAGE 36

i



76/176 OPT:O TRACE STATIC FTN 4,8+508

VARIABLES
60 ITCB

300 ITCL
61 ITCRP
62 ITEC
63 ITEF
6+ ITELM

2'? ITEMP
3 ITER

54
65

301
66
70
67
71
72

276
300
73
74

7140
75
76
63

11177
276
274
275
302
267
77
100
101
102
103
104
105
4

I TERD
ITFB
ITFS
ITHET
ITHSAV
ITHTAX
I THXSV
I TE
I TRAMP
ITREST
ITSTNR
ITSTSR
ITT
ITV
IT14
ITI
IUNCRT
IVARDt
I VFC
I VFF
IORDS
IX
I XKT
IXLOAD
IXLODA
IXRD
IY
I YACF
Iz
J

N JAMI
10 JDLPR

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
aNTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

RELOCATION
PNTPNL
P01 NT
PNTPNL
PNTPNL
PNTPN4.
PNTPNL

POINTT

PNTNBA
PNTPNL
POINT
PNTPt&
PNTPNL
PNTPNL
PNTPNL
PNTPNL
POINT
I NPT I
PNTPNL
PNTPNL

PNTPNL
PNTPNL
LIMITS
DESNBL
INPTI
POINT
POINT
I PTI
POINT
PNTPNL.
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INTEG

LIMITS
INPTI

765
545

1073

766
548
1085

550
1087

695
2*1088

1020
539

1020
1020
1020
539
539
1020
1089

1020
539

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
751

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
571
2*659
700
730
759
803

2*842
857
3*937
2*959

REFS
REFS

705
1089

20
128
28
28
28
28
128
174

1018
4 75
291
28
128
28
28
as
28
28
28

201
28
28

589
28

283
21

201
128
128
201

123
28
28
28
28
28
28
28
174

3*589
662
702
73'
765
4*815
2*8. 3
870
9475
961
337
283
20t

1020

1424

382

2*490
539
372

DEFINED
1020
1020
1102
1384

539
539

DEFINED 1101

1043
1043

937

1020

563
3*617
663
703
742
766
833
849
871

2*949
962

564
2*623
673
707
744
771

2*834
851
874
950

1043

2*565
629
675
708

2*7+45
2*776
837
852
878
951

1338

567
641
2*685

719
746
795
838
853
881
952

DEFINED

568
650

3*691
72

4*751
798
839
854
901
953
529

569
652
2*694
722
758
802
841
8'6

6*920
958
962
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76i176 OPT:0 TRACE STATIC FTN 4.8+508

VAR I BLES
7235 JI

35 JIIJ
7243 JJ

5
I1
6

7240
7161

21
7151

7

12
7252

10
7237

11
66
55
45
44
46

420
36

7141
7226
216
215
216
217
220
215
152
153
221
125
120
253
256

14
10
I1

210
211
212
12
13

JJC
JN
JPEAK

JPI
JRAD
JST
Jx
K

KA
KF
KINDOR
KK
KOX I
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KQYIN
Kil
K9
L
LACE
LACMFG
LACHE
LACMH2
LACMN!
LACMOD
LAKI
LAK2
LANGP T
LANG
LANGR
LANSD
LANSR
LARAD
LAXGAP
LAXLEN
LB
LBR
LBTOLD
LaUI
L8U2

SN TYPE
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

PNTPNL

INTEG
ARRAY INPTI

IK'EG

ARRAY INPTI

INTEG

LIMITS

INTEG

INTEG
LIMITS
LIMITS
LIMITS
LIMITS
INITS
R'ALS
:IM TS

ARRAY INPTa
POI
POINT
POINT
POINT
I NPT I
POINT
POINT
POINT
POINT
POINT
POINT
POiNT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

998

2x1125
1120

888
1061

2*1373
1061
544

429
798
839
8'0

DEFINED

REFS
REFS
REFS

2x1132
1284
REFS
REFS
REFS
1052
1069
REFS
REFS
REFS
REFS
REFS
815
887

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
I1143

2x1128
1127

1050
1067
1375

801
841
1280

291129
1131

1051
1068

810
877

1338

2x1123
2x1325
1324

878
1057
1371
I064
55's
920

2*434
742
831

DEFINED

1307

999
28

2x1121
1292
1300

174
201
174

1053
1136
1062
2*545

201
430
174
831
1288
283
1244
174

1035
174
283
203
283
283
283

18
283
2813
8'4
201
107
107
107
107
201
78
78

107
64
64
117
117
45
45
45
97
97
97
45
45

1353

2X1124
DEFINED

885
1058
1372

DEFINED
DEFINED

DELED
795
838
726

1317

DEFINED

2x1122
2*11 0I

1309

507
1056
1370
1063
551
503

2*431
702
832

1292

1267

DEFINED

147

DEFINED
875

1033

973

1109
901

1243

DEFINED

973
973
973
973

873

373

920
920
973
525
920
920
920
846

691
758
759
372
467
372
1386

920
973

847

1020
920

751
525
525

1411

1035
1020

1424
589
589

{ 24

1 043

707
708 920 937
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76/176 OPT:O TRACE STATIC FTN 4.8+508

VRIABLES
172 LCC
173 LCC2
213 LCHEM

15 LCPDLT
2 LCREPI

154 LCRL.
III LDCHEK
0 LDCIH

261 LDECAY
16 LDELBP
17 LDENIX

1714 LDENSF

'75
3

20
155
156
157
176

177
260
21
22
23
24

7137
25
127
130
131
141
132

133
15,
100
167

4374
134
257
121
170
110
254
160
161
122
171
26

LDENSP
LDLH
LDLPGE
L DPI
LDPLH
LDPN
LDPN

L DPWPP
LDT
LDZ

LDZHO
LECREP
LENGTH
LEPP
LEP
LEPPP
LPPSV
LEPP I
LEPS

LEPSAV
LEPSI
LEPI
LF
LFAC
LFEPS
LFF
LFGMGP
LFH
FLAG
LFLXFC
LFMA
LFMGPR
LFMGR
LFN
LGAP

222 IGAS"O

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

RELOCATION
POINT
POINT
POINT
POINT
COINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
JOINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT

ARRAY

POINT
POINT
POINT
POINT
DESNBL
POINT
POINT
POINT
PINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT

920
1424
1353

1424

I$43

539 901 1401

REFS
REFS
RFFS
REFS
REFS
REFS
REt
REFS
REFS
REFS
REFS
REFS
1424

REFS
REFS
REFS
REFS
REFS
REFS
REFS
1424

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1424
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
834

REFS

90
90
97
45
45
78
45
45
'71
45
45
90

90
45
45
78
78
78
90

90
1'7
45
45
45
45

372
45
70
70
70
70
70

70
70
45
85
21
70

117
64
85
45
117
78
78
64
85
45

901
107

776539 901

525
372
372
945

901

848
920
700

372

525

730
920
920
926
372

525
920

90:
901

1424
372
372

372

920
617
920

920
920
920
920
920
744

1353
973

1401

920
S25
1143
2*949

703

525

776

837

525

776

1043

1366
1366

842

920

937

746

1043

1411
1411

1'43 X3531035

937

973

795

1353?

1058

973

1325

798

1386

802

1411

803
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76/176 OPT:0 TRACE STATIC FTN 4,8+508

VARIABLES
200 LGNSIZ
27 LGPTP
45 LGRASS

4 LHA
262 LHALF
30 LHCOEF

123 LHEKGP
101 LNGAPS
114 LHGPC
115 LIGPR
'16 LNGPS

L LilL
223 LHKGPT
124 LMGR
162 LHRL
103 LIGAP

12 LN

106
146

31
32
33
34
35
36
37

104
40

4541
41
42
43
135
255
136
44
45

224

46
47
50
51

107
52
53
54

6
201
202
225
226

SN

LNFAIL
LNUDEP
LOLAXG
LOLDPC
LOLDPG
LOLDTC
LOLDUR
LOLEPS
LOLFEP
LOI GP
LPAXGP
LPD
LPC
LPECRP
LPEP
LPEPSY
LPF
LPFPSV
LPG
LPINT
LPIT

LPLDPC
LPLDPG
LPLDTC
LPtDUR
LPLIGP
LPOAXG
LPOFEP
LPOLEP
LPOROS
LPORSI
LPORS2
LPRT10
LPRTI I

TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTCEER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
GRSPTR
POI T
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
INTEG

POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
DESNBL
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

1

90'1839
142!

1353
920
1353

1386 1411

973

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1088
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

90
45
73
45

117
45
64
45
45
45
45
45

107
64
78
45

174
704

45
70
45
45
45
45
45
45
45
45
45
21
45
45
45
70

117
70
45
45

1353
45
45
45
45
45
45
45
45
45
90
10

107
107

973

702
372

920
629
617
950
952
953
951

973
920
901

729
705

372
372
372
372
372
372
372

724

732

1424

723
675
531

1336
525
:72

1053
886

731

1424
1424
1424
1424
1424
1424
1411

1442

1442
834

1020

730

1411
1411
1411
1411
1411
1411
1143

1124

1123
798
711

1404
776
525

1353
1043

1386
10864

1411
1085

1411

751 776 1424
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76176 OPT:O TRACE STATIC

VARIABLES
227 LPRTI2
230 LPRTI3
231 LPRT14
232 LPRTIS
233 LPRT16
234 LPRTI?
235 LPRTI8
236 LPRT2
237 LPRT20
240 LPRT3
241 LPRT4
242 LPRTS
243 LPRT6
244 LPRT7
245 LPRT8
246 LPRT9
214 LQ

105
206

207
55
137
141
140
126

4064
143
142
144
263
113
'12
145

266
247

C6
250

57
251

60
61
62

LQDP
LR

LRAD
LRDCOL
LREPS
LREPSP
LREPSV
LREPS2
LRES
LRFEPP
LRFEPS
LRFPSV
LRLEAS
LRTRNC
LRTRNP
LS IG
LSIGI
LSTHIF
LTAC
LTAF
LTAFA
LTAG
LTAGA
LTBAR
LTOLK
LTCA

63 LTCIDI
64 LTCODI

163
164

LTFB
LTFR

165 LTFRK

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

ARRAY

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT
DESNBL
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P3INT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT

POINT
POINT

POINT

888
1062
1063
1064

1067
1068
1069

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1353
REFS
REFS
920

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1050
REFS
REFS
1411
REFS
REFS
875

REPS

107
107
!07
107
107
107
107
107
107
107
107
107
107
107
107
107
102

45
90

1375
90
45
70
70
70
64
21
70
70
70

117
45
45
70
70
123
107
45

107
45

107
45
45
45

1143
45
45

78
78

886
?8

887
1055
1057
1058
889
890
891
880
893
881
882
1050
883
884

1051
1052
467

694
539

2*1401
776

372

372

920
372
525
372

937
517

1043
815
1043
945
623
I59
1353
122
721

771
751
901

920

1301
771

885

1035

776

589

881
751

1288

1424

507

719
583
1411
901

1386

1386

1102
525
751
1056

1109
519

841

1035
1020
673

1020
857

945
765
920

563

751
667

945

1411

14!

751
1424
1057

1113
1043

1043

1043
1035
691

1370
1020

766
937

14241143

1051

1053
1353
958

1386
1353

771

1035

1411
1371

776

1043

1386

815
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VARIABLES
203 LTMPDS

205 LTMPMX
117 LTOXO
65 LTPS

102 LTRTRN
252 LTSF

4540 TYPE
7 L2JFS

204 LtOiLL
I LURC

66 LURF
67 LVCH
70 LUCHI
71 LVCR
72 LVDH
73 LUFN
74 LVGH
166 LVPL
75 LUPOR
76 LZRO2A
77 LZR028

13 M

52 MAXA
0 MAXIDX

43 MAXT
56 MCUD
166 MDBG

15 MDHPRS

271 MECHAN

20

24

22

17

I1

10
14

2
3

MEPP2

MEPSO

MEPS02

MEPS22

MEP2

MEREP2
MFVFRO

MGAP2
MIGAP2

SN TYPE
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

RELOCATION
P01NT

POINT
POINT
POINT
POINT
POINT
DESNBL
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
FOINT
POINT
POINT
POINT
POINT

INTEG

LIMITS
LACMDL
LIMITS
LIMITS
INPT
PFRCS2

INPTI

PFRCS2

PFRCS2

PFRCS2

PFRCS2

PFRC 52

PFRCS2
PFRC 52

PFRCS2
PFRCS2

1292 1353 1375

1353

REFS
1386
REFS
REFS
REFS
REFS
REFS
kEFS
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
856

REFS
1353
REFS
REFS
REFS
REFS
REFS
REFS
1442

REF5
673
776
834
897
X353
REFS
1461
REFS
1461
REFS
1442
REFS
1442
REFS
1461
REFS
REFS
1442
REFS
REFS

90
1411
90
45
45
45
107
21
45
90
45
45
45
45
45
45
45
45
78
45
45
45

870
174

DEF I NED
283
23!
283
203
201
221

1461
201
679
783
842
985

1 361
221

221

221
1461
221
1461
221

221
221
1461
221
221

525

525
871
742
751
1043

1386
771

901
901
901
901
90
90
901
901
525
372
1143
467
503

685

372
685
795
843
992

1409
788

691

691

788

788

788
685

788
788

875

1143

751
1043

1405
776

1043
1043
1043
1043
1043

1043
641
525

1353
507

788

388
691
798
846
1043
1424
1000

788

776

843

1000

1000
788

1000
1000

1043

1411
901

1404

1404

650
1386
563

1000

478
745
803
847

1054
1435
1132

1000

788

1000

1129

1159
1000

1159
1125

1052

652
1411
589

1159

537
746
809
848

1055

1159

1159

1000

1069

1159

1340
1159

1340
1159

849
1424
1033

1340

662
751
810
885

f118
1340

1340

1159

1159

1340

1442
1340

1461
1340

854

1035

1353

663
762
815
888

1159

1442

1442

1340

1340

1442

1461
1353

1461
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VARIABLES
7200 MMi
7130 "HA

7131 MR

170
1?7

7264
14

0
4

13
23
6

16
5

MODE
MODES
MODFAL
MODLOP
MODPC2
MODPG2
MOIGP2
MOLDT2
MPEPP2
MPEPS2

MPEP2
MREPS2

12 MR22
21 M5162

172
7

0

7242
266

43
15
17
16
31
20
32
21
22
233
25
14
13
15
25
26
27

MTAPE
MTTT

MI
M2
M3
NA

NAA
NAB
NABC
NABF
NABF2
NABT
NABT2
NAEC
NAEF
NAFA IL
NALFDT
NARC
NARF
NART
NAXBT
NAXB2
NAXB4

SN TYPE
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

INPTI
INPTI

INTEG
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PPRCS2
PFRCS2

PFRCS2
PFRC 52

PFRCS2
PFRCS2

INPTI
PFRCS2

LIMITS
LIMITS

I NPT I

PFCMI2
INTEG
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
INPTI
PFCMI12
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INT: ;ER
INTEGER
INTEGER

REFS
REFS
788
1340
REFS
1067
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1461
REFS
REFS
'461

REFS
REFS
1442
REFS
REFS
1159
REFS
REFS
REFS
REFF
422
539
623
815
1043
1411
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

648
355

2*843
2*1353

355
1068
201
201
252
174
221
221
221
221
221
221

221
221

221
221
1461
201
221
1340
283
283
X126
201
423
544
629
92U
1057
1424
257
174
283
283
283
283
283
283
283
201
257
283
283
283
283
283
283

DEFINED
662
1000
1442
691
1069

1143

788
788
788
788
788
788

788
788

788
788

662
1442
347
1442
1442
362
441
545
65?
937
1108

DEFINED

691
2*1069

788
1442

643
663

2*1067
1461
751

1159

DEFINED

1000
1000
1000
1000
1000
1000

1000
1300

1000
1000

663
1461
1442

DEFINED
DEFINED

372
444
551
723
?45
1143

644
2*685

2*1068

776
1340

321

1124
1123
1125
I128
1132
1121

1129
1121

1159
1067

751

DSFINED
1441
1119
392
445
563
X24
973

132+4

751
2*1122

843
1461

1340
1340
1340
1340
13,40
I159

1340
II59

1442
1159

1000

159
1159
1159
1159
1159
1122

1159
1122

1340
1068

788

1440

393
467
583
751

1020
1353

415
507
589
771

1033
1375

776
1159

1000

1461
1461
1461
1461
1461
1340

1461
1340

1461
1340

1128

421
525
617
776

1035
1386

460

1020

408
1020

1143
1442
1020
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VARIABLES
7260 NAXSYM
7135 NAI
7152 NA2

33 NBB
27 NC
45 NCC
52 NCNN

7211 NCNT
7212 NCNVG

11 NCOEF
51 NCONN

7210 NCONT
7207 NCONV
272 NCRACK
7255 NCRAX
274 NCREEP

50 NC'4
173 NDBG

5
36

7
12
21
16
41
44
273
23
15

7
53
10

270
11
26

10463
6

30

47
174

13
14
SI

175
176

35
167
30
41

NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NEI
NELAST
NEPP2
NEP2
NETOT
NEW
NEUF
NEWPRB
NEWT
NF

NFAC
NFF
NFFI

NFF2
NFROD
NFl

NF
NGAPC
NGASR

NGG
NHEAL
NHH
NKN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTE(FR
INTF "

IN .
INT1, <I NTEtER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
IN~TEGER

RELOCATION

PFCMI12
INTEG
PFCMI2
BA

PFCMI2
BA

INPTI

INPTI
LIMITS
INPTI

PFCMI2
PFCMI2
PFCMI12
PFCMI2
PFCMI2
PFCMI2
PFCM 12
PFCMI2
iNPTI
PFCM12
PFCM12
LIMITS
LIMITS
LIMITS
INPTI
LIMITS
INTEG

DESNOL
LIMITS
LIMITS

LIMITS
INPTI
PFCM12
PFCMI12
LIMITS
INPTI
!NPTI

PFCMI12
INPTI
PFCMI12
LIMITS

DEFINED
DEFINED
DEFINED

136?
362
445

427

DEFINED
DEFINED

DEFINED
DEFINED

809734
735

727

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
945

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1043
REFS
RE'S
REFS
1043
REFS
REFS
REFS
REFS
REFS
REFS
REFS

RE'5
REFS
REFS
REFS

13''5
1336
446
257
174
257
291
808
807
257
291
798
798
20i
1375
201
283
201
973
257
257
257
257
257
257
257
257
201
257
257
283
283
283
201
28'
174

21
283
:83

776
461

1366

8'5
497

809
815

822
821

DEFINED

2*1461
10+3

483

283
20 1
257
257
283
201
2C I

2*1 ;5
257
201
257
283

901
498

667
1434

DEFINE.j

430

751
DEFINED

470

431

434

485

431

539

539

1143

81c

815

1020

1020

372
1167

916
14+21

2*935 937 973
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VARIABLES
42 NIL
34 N MW
32 N11
54 NMX
50 NN

234 NNFAIL
46 NNFF
31 NN
25 NNNCRP
40 NNU
27 NNUDPP

4230 NODE
2 NOEL
4 NOELC
3 NOELF

177 NOFAIL
277 NOFRAC
65 NOLD
26 NOLDPP
6 NOLSGF

200 NOPT
7077 NOTONE
201 NPCYCL
0 HPIN

16 NPLAST
263 PLOT
202 NPLTAB
c NPOUT

304 PRINT
2 NPI
3 NP2

267 NR

203 READ

11176
204

7172
17

265
205

10462
25
10

206
207
20

210

NRES
NRESTR
NRMESH
NRMI

NQOD
NROLL
NRUN
NSH
NSL.OPE
NSP
NSTART
NSTEP
NSTOP

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFCMI2
PFCMI2
PFCM12
LIMITS
BA

ARRAY INPTI
PFCMI2
PFCMI2
PFRCS2
PFCMI2
PFCMI2

ARRAY DESNBL
LIMITS
LIMITS
LIMITS
INPTI
INPTI
LIMITS
PFCM 12
PFCMI2
INPT I

INPTI
PFCM 12
INTEG
INPTI
INPTI
PFCM12
INPTI
PFCMI2
PFCMI2
INPTI

INPTI

DESNBL
INPT I

INTEG

INPTI
INPTI
DESPBL
INTEG
PFCM12
INPTI
INPTI
INTEG
INPTI

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF:
REFS
REFS
REFS
REFS
663
843
1067
1292
1424
REFSF
973

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

257
257
257
283
291
201
257
257
221
257
257
21
283
283
283
201
201
263
257
257
201
593
201
257
174
201
201
257
201
257
25?
201
667
873

1066
3*1353
1441
201

1424
21

201
581
174
383
201
201
21

174
257
201
201
174
201

1020

1136

1143
920
459

DEFINED
1353
1353

482

314

979

483

593

DEFINED

1334
DEFINED

781

:317

383
75'
886

1119
i386

525
765
901

I N43
1398

539
771
920
1243
1399

372
2*685
874
1069

2*1375

367

372
583
563

372

583
776
937
1279
1400

465460

662
8i5
945
1288
1411

512

1241
DEFINED

771

1419
576
776

1424

901

1424

1020

497

497
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VARIABLES
24 NSTRTT

211 NT

23
212

11174
7253

20
264
4

17
421
213
214
22

0
I1
12
13
14
15
16
17
20
21
22

23
24
25
26
27
30
31
32
33
34
2

35
36
37
40
41
42
43
44
3
4
5
6
7

10
7227

45
34
66
67

NTAE
NTAPE
NTItiE
NTKF
NTN
NTPLOT
NTSAVE
NT2
NU
NUCFC
NUNITS
NV
NVAR I
NVARIO
NVARI I
NVAR12
NVARI3
NVAR14
NVARIS
NVAR16
NVAR17
NVARI8
NVAR19
NVAR2
NVAR20
NVAR21
NVAR22
NVAR23
NVAR24
NVAR25
NVAR26
NVAR27
NVAR28
NVAR29
NVAR3
NVAR30
NVAR3
NVAR32
NVAR33
NVAR34
NVAR35
NVAR36
NVAR37
NVAR4
NVAR5
NVAR6
N VAR 7
NUARO
NVAR9
NVOID

SN TYPE
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFCMI2
INPTI

LIMITS
INPTI
DESNBL

PFCMI2
INPTI
PFCMI2
PFCMI2
REALS
INPTI
INPT I
PFCMI2
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
CRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR

5*1035
13%

3948

1043
1411

1390

1244
1440

1033
1317

DEFINED
1244

DEFINED

1035

1375

1284

1467

1620
1310
1020
1394
1390

DEFINED

1353

147
1143
1353

REFS
REFS
1300
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
IEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

257

1309
283
201
21

1245
257
201
257
257
18

201
201
257
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
273
27?
273
273
920

1255

1325

1263

1259
1249

1288

1301
1310

1292

1250

2* 1310

1271

DEFINED 908
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VARIABLES
37 NW

301 NWORtS
303 NMRDS
21 NWRITE

262 NXP
22 N2

7133
7134
7132
7110
4c2
423
7153
424
7073
7265
425

426
7351
460

720'
461

7453
444
445
462
463

464
465

7427
7113
446

N3
N6
N7
ODINE
OXDROP
OXIDE
PCYCL
PECDH
PFAVE
PFB
P1

PIN
PINE
PINP
PINS
PORO
PONPRO
PPMH2O
PPMN2
PR
PRESS

PRTY
PRTI9
PSP
P5R
P2

473 QA
466 QC

7176
613
623
1333
467
474
470
72

1500
1513
7145
471

QCIM
QEND
QF
QMPY

PEAK
QSP
RAKSUM
RAPOW
RC
RCD
RC I

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REEtL
REAL
RcAL
REhL

RELOCATION
PFCMI2
INPTI
INPTI
INTEG
INPTI
INTEG

REALS
REALS

REALS

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRA'
ARRAY
ARRAY

ARRAY

REALS

REALS

REALS

REALS

INPTR
INPTR
REALS
REALS

REALS
REALS

INPTR

REALS
REALS

INPTR
INPTR
INPTR
REALS
REALS
REALS
LIMITS
INPTR
INPTR

REALS

1424

1043

1317
REFS
REFS
REFS
"EFS
SEFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1353
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1375
REFS
REFS
REFS
REFS
REFS
1375
REFS
REFS
694

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
539

DEFINED

257
201
20'
174
201
174
564
372
372
372
1143
147
147
1143
147
920
252
147

147
252
147
679
147
298
182
182
147
147

1386
147
147
252
1143
182

147
147
729
648
182
182
182
147
147
147
283
182
182
407
147
570
392

372

498
589
846
1338
1424
1424
1424

DEFINED
DEFINED

891
DEFINED

DEFINED
343
506

798
342

DEFINED

920
865

723
1411

DEF I NED
345

DEF I NED
623

507
617
815
865
1035

506
1035

DEFINED
1035

667
2*407
428
4*396
572
411

848

360
361
359

589

815

912

1035

DEFINED
DEFINED
DEFINED

326
872

DEFINED
459

303
1143
583

887
798

675

10431035

732

DEFINED

8'5

901I

DEFINED

9,3

1043

914

892

1259 1317

329
629

DEFINED
623
855

DEFINED

563

724

506
6c9
8'
640

589

1020

640
DEFINED

855

920

1035

652
563

1035

507

1353

659

1353

k

583
434
401
574
417

751
1020
402
575
422

920
DEFINED

427
1020
567

937
406
428
1411

407
431
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VAt ARLES
, QCO

1514
475

7167
476
477
50G
so:
502

1515
1516
503

70
2551
504
505

7157
506

1517
7144
7143

507
510

64
511
512
513
514

i
515
7163

0
516
517
2

520
521

52?
7234
1520
523

SN TYPE
REAL

RDISH
RFNUFF
RFSH
RHO
RHOF
RHOG
RHOUO2
RMH
ROUGH
ROUGH
RP

RRAKR
RSNTR
RSTRAN
RSTRES
RTEMP
RTRAN
SGAPF
SIGC
EIGG
SKTC
SKTS
STEP
STRN
SUMCK
SUMDH
SUMEXP
SUMFF
SUtGP
SUMI
SUMM
SUMPOR
SUMRG
SUMSAv
SUMTF
T

TCACTCAK
TCC
TCI

52% TCO

7173
72+6
7217

525
526

TCOK
TDI
TD2
TFBC
TFC

76e176 OPT:O TRACE STATIC

RELOCAT ION
REALS

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REEL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

I NPTR
REALS

REALS
REALS
REALS
REALS
REALS
iNPTR
INPTR
REALS

LIMITS
I NPTR
REALS
REALS

REALS
Ik?TR

REALS
REALS
LIMITS
REALS
REALS
REALS
REALS
AXL
REALS

AXL
REALS
REALS
AXL
REALS
REALS

REALS

I NPTR
REALS

REALS

REAL S
REALS

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

574
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

883
REFS
868
REFS
REFS
REFS
REFS
REFS

147
410
182
160
751
160
160
160
169
160
i82
182
160

2*575
393
283
182
160
160
520
160
182
539
539
160
160
283
160
160
160
160
282
160
552
282
160
160
282
160
160
505
160
959
182
160

1375
160
870
637
833
833
160
160

FTN 4,3+508

1043
DEFINED

570
421

573

10/21/80

1020
568

14,29,35

1375
1372

623
1035
589

815
815

2*3%
583
412

776
613

DEFINED
751
617

DEt 1NED
615

401
71,
418

1143

518

402
DEFINED

402
751
423

539
795
569

DEFINED

519

401

1G43
1043
771

1043
554
346

1043
1043

771
508

DEF I NED
901
659

DEFINED
624
872
648

DEFINED
DEFINED

DEFINED
1353

511

958
1'43
662
1370
632
882
869
831
832

547

667

1375
722

652
1375

DEFINED

552

706

DEFINED
742

659
DEFINED

632

PAGE 48
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573

570
815

663
652
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'373
841
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VARIABLES
527 TFGFR

7111 TFLIF
530 THEFR
531 TH2OFR
1521 TIME

61
7116
7117
532

3244
7232

546
7231

547
1666
550
551
552
553
554

555
2553
7233
556
1667
557
1670
56G
561
562
563
7261
2035
2036
7071
2037

0
7142
564
7213
7204

565
2040
566
600
567
570
571

2041

TIME.
TIMEF
TIMES
TITLE
TL
TLAST
TM
TNOI4
TN2FR
TOTL
TOXO
TP
TPA
TPAC
TPLEN

TRANST
TREF
TREK
TSAT
TSINT
TT
TN
TX
TXA
TXAL
TXC
U
UBFS
UNELT
UNIT
UOFD
VERS
VFCC
VISC
VLSTRN
VOLSTR

VPLT
US
USS
UX
'4
WT
WTRAN
X

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
RFPL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
LOGICAL
REAL
REAL
'EA.
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

REALS
REALS
INPTR

LIMITS

REALS
DESNBL

REALS

REALS
INPTR
REALS
REALS
REALS
REALS
REALS

REALS
INPTR

REALS
INPTR
REALS
INPTR
REALS
REP!L5
REAL 5
REAL-'

INPTR
INPTR

INPTR
JER

REALS

REALS
INPTR
REALS
REALS
REALS
REALS
REALS
INPTR

REFS
REFS
REFS
REFS
REFS
629

2 S Sa
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF 5
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
685

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

160
I143
160
160
182
659
1143
283
1143
1143
i60
21

920
160
920
160
182
160
160
'60
o60
160
398
160
!82
945
160
182
160
182
160
160
160
160

1401
182
182
16

182
233
539
160
751
743

160
182
160
160
160
I6SI
160
182

973
DEFINED

973
973
372
691

131/

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED

973
589
871

DEFINED

1020

'51
91I

DEF'LED
6?3
3t,4

398

673
673
673
1WS5
I14
'143
1353
1143

DEFINED

DEFINED
745

1035

667
623

589
920

617
1035

2*509
915
1424

1043
870

X05
310
1411

915

1035
DEFINED

1043

667

1233 1353

1353

327

492
815

1353

332
333

911
706
910

920
872
511

1035

DEFINED
1020
941
629
776

623

DEFINED

DEFINED

396

743
746

751
629

1020 1143

1397

304

DEFINED
745
803

912
644

681 684

937
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VARIABLES
372 XEIN
35 XFRDEN

573 XK6
574 XK7
33 XP
34 XR
62 XTIMEF

575 YY
576 Z

7175 ZOXK
7174 ZOXKI
7106 ZRNI
7125 ZR02AI
7124 ZR02BI
7177 ZR021
7201 ZR020
577 ZR02WG

FILE NAMES
TAPE6

EXTERNALS
AXIWRT
BURNUP
CALLGR
CANEAL
CCREFP
CEXPAN
CHUPTK
CLADRP
CLDGRO
CONDUC
COLT
CORRu3
EMRLOC
ENERGY
FAILUR
FEXPAN
FGASRE
FLMDRP
FLUXD
FRACAS
GASPLT
GASPRO
GASREL
GSPRES
MEMSET
NEMSET
NEWGAP
PELET
PHYPRP
PLNT
PLTOUT

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
LIMITS
REALS
REALS
LIMITS
LIMITS
LIMITS
REALS
REALS

REALS

MODE
FMT WRI)ES

TYPE ARGS
24
25

8
23
4

15
12
12
42
13
7

REAL 4
14
50
13
61
19
13
23
3

10
19
54
3
3

13
46
0

51
45

REFERENCES
1375
589

1317
520

1159
673
865
659
691
815
623
C48
70,
945

1143
771
920
629
667
788

1102
617
937

1043
342
347
798

1020
598

1035
1353

?73

390
391

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

833

160
283
160
160
283
283
283
160
160
652
638

1 143
865
501
646
648
160

834

DEFINED
DEFINED

667
667
870
648

DEFINED
DEFINED

865
DEFINED

650
892

913
914
638

DEFINED

501
338

7,S)
7

DEFINE.
865
324
339

DEFINED
641
815

DEFINED

937
937
869
637

854

860

1088

856

1000

343 344 345 346 723
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EXTERNALS
PRINT
PRINT2
RADIAL
REPACK
RESTFS
RMESH
SETUP
STORE
SWELL
TAPEGN
TMPSUB
TOTGAS
JOLI ME
WRITER
2OTCON

INLINE FUNCTIONS
APS
:MAXI
FLOAT
TCONV

STATEMENT LABELS
143 100
240 110
337 120
355 130
367 140
421 150
431 160

0 170
0 180
0 190

467 200
0 210

554 220
617 230
772 240
0 250
0 260

1105 27)
1106 280
1174 290

0 300
1465 310
1475 320
1632 330

0 340
1751 35
2112 360
2156 370
2204 380

0 390

TYPE ARGS
19
23
30
3

32
8
2

23
30
44
39
41
32
19

REAL I

TYPE
REAL
REAL
REAL
REAL

ARGS
I

0

REFERENCES
1442
1340
539
679

1411
583
355
525
776
372
751
973
901
1386
637

INT 'IN
INTRIN
INTRIN

SF

DEF LINE
350
381
414
420
424
433
435
436
443
448
449
468
475
496
529
553
555
558
563
585
661
701
704
740
760
767
805
829
836
876

DEF LINE

301

1461

1424

860

REFERENCES
1084
744
427
517

REFERENCES
1469
367
409
415
413 419
430
429 432
408
441
446
388
466
465 1450
478
512 1091
548
544
537
967
581
657
69u
695
827
757
762
783
808 822
807 821
873

869

1085
959
428
941

431 551 552
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STATEMENT LABELS
25d0 400
2543 410
2710 420
2767 430

0 440
3103 450
3105 460
3164 470
3337 480
3363 490
3412 500
3455 510
3461 520

0 530
3526 540

0 550
0 560
0 570

3621 580
3654 590
3724 600

0 610
0 620
0 630
0 640
0 650
0 660
0 670
0 680

4!32 690
0 700

4214 710
4325 720
4363 730

0 140
0 750

4502 760
4'52 770
4614 780
4667 790
6745 800 FMT
6767 810 FMT
6776 820 FMT

DEF LINE
895
906
940
969
1000
1007
1011
1028
1060
1066
1070
1089
1096
Ill6
116
1125
1129
1132
1135
1150
1166
1264
1272
1294
1295
1302
1313
1314
1326
1329
1347
1349
1379
1392
1403
1406
1417
1431
1448
1470
1473
1476
1477

REFERENCES
878
897
916 935
961
998
990 992
985
1009
1054
1055
1059 1065
1073
1083
1108
1105
1120
1127
1131
1118
1138
1155
1245
1267
1284
1279
1300
1309
1307
1324
1167
1336
1334
1360 1361
1384
1398
1396
1394 1409
1419
1434 1435
357 379
833
834
1088

FROM-TO
408 436
429 435
441 443
446 448
466 468
544 555
548 553
657 661

LENGTH
I168
308
68
58

138
468
238
I 08

PROPERTIES
NOT INNER

OPT
INSTACK
INSTACK

OPT
NOT INNER

OPT
EXT RL 3

LOOPS
321
404
443
461
534
1036
1052
1332

955

LABEL
170
160
180
190
210
260
250
300

INDEX

JX
I
I
IJ
JRAD
IRR
II
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LOOPS
1713
2366
3033

35
353E
3573
3612
3750
4005
4017
4023
4053
4066
4072
4121
4 141
4367
4373

LABEL
340
390
440
530
5K0
560
570
610
620
E40
630
650
670
660
680
700
750
740

COMMON BLOCKS
DESNBL
PNTPNL
POINT
REALS
INTEG
INPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LACMDL
VER
PHYPRO
PFCM 12
GRSPTR
AXL
LIMITS
BA
FAST

INDEX
ISIX
L

I
JJ
JJ
JJ
I
IK
1K
JJ
JJ
1K

JJ
IJ
IJ
I

LENGTH
4736

71
199
392
G4

1393
197
10
22
12
21
I

39
38
4

62
86
1

FROM-TO
757 760
871 876
998 1000
1108 1115
1120 1125
1127 1129
1131 1132
1245 1264
1267 1272
1279 1295
1284 1294
1300 1302
1307 1314
1309 1313
1324 1326
1336 1347
1396 1406
1398 1403

LENGTH
178
148
478
208
308
128
68
338
68
328
238
78
258
I6;1
IOB
52D
428
238

PROPERTIES
OPT
OPT

EXT REFS
OPT
OPT

INSTACK
INSTACK

OPT
INSTACK

NWT INNER
OPT

INSTACK
NOT INNER

OPT
INSTACK

EXT REFS
RIOT INNER

OPT

LCM

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON
LCM LABELED COMMON

140000E SCM

LENGTH
LENGTH
USED

74568
50x78

112008

3E86
2563
4736
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SUBROUTINE FRAiL (ASTRAN,ASTRES,CESIUM,CESUMO,CRAKI,CTHICK,CTMAX,D FRAL 2
+'LTAT DOXIDE.ESR,FREQ,HKTRAN,HSTRES,HSTR5O,HYORO ICDOFF,ICLAPS,!FB FRAL 3
+54, 0,INE,IODINO I$TOFi NFROD NPCYCL,PSR,STRANR,RSTRAN,TCLAD,TCLAD ORAL 4
+O,TC00L,TFLIF,TGNID,t. F,TIMiSUBFS,UCFCUMELT,UOFD,ZRNI,CDAMAGC FRAL 5

5 +RAKL,FB,FI AMAG,MODE,NFh' ,PFB,PFR FRAL 6
C FRAL 7
C IMPLICIT REiL*8(A-HO-Z) FRAL 8
C FRAL 9
C SUBROUTINE FRAIL PREDICTS THE NUMBLQ OF FUEL RODS THAT WILL FAIL FRAL 10

10 C BECAUSE OF MELTING, WALL THINNING DL T: GROWTH OF OXIDE LAYEP, FRAL II
C BALLOONING, COLLAPSING, BRITTLE FRAC .JFE, DUCTILE FRAC^JRE, FRAL 12
C FATIGUE FAILURE AND STRESS-RUPTURE FH.LURE FRAL 13
C *** PART OF FRAIL FAILURE PACKAGE *.* FRAL 14
C FRAL 15

15 C FRAL 16
C -- INPUT ARGUMENTS -- FRAL 17
C FRAL 18
C ASTRAN ENGINEERING CLADDING tIXIAL STRAIN FRAL 19
C ASTRES ENGINEERING CLADDING AXIAL STRESS ( N/M2 ) FRAL 20

20 C CESIUh1  CLAD CESIUM CONTENT ( KG/M2 ) rRAL 21
C CESUMO CLAD CESIUM CONTENT IN PREVIOUS TIMESTEP ( KG/M2 ) FRAL 22
C CRAKI INITIAL CRACK LENGTH THROUGH CLADDING ( H ) FRAL 23
C CTHICK CURRENT CLADDING THICKNESS FRAL 24
C CTMAX PREVIOUS MAXIMUM CLAD TEMPERATURE ( DEG K ) FRAL 25

25 C DELTAT TIMESTEP LENGTH ( SEC ) FRAL 26
C DOXIDE DEPTH OF OXIDE LAYER ( PER CENT OF CLAD THICKNESS ) FRAL 27
C ESR ELASTIC STRAIN RANGE FRAL 28
C FREQ FREQUENCY OF POWER CYCLE ( SEC-I ) FRAL 29
C HSTRAN ENGINEERING HOOP STRAIN FRAL 30

30 C HSTRES ENGINEERING HOOP STRESS ( N/M2 ) FRAL 31
C HSTRSO HOOP STRESS IN THE PREVIOUS TIMESTEP ( N/M2 ) FRAL
C HYDRO CLADDING HYDROGEN CONTENT ( PPM ) FRAL 3
C ICDOFF SWITCH CONTROLLING CUMULATIVE DAMAGE ROUTINE FRAL 34
C : 0, TURN ON ROUTINE FRAL 35

35 C : I, TURN OFF ROUTINE FRAL 36
C CLAPS COLLAPSE INDICATOR FRAL 37
C : 0, NO COLLAPSE FRAL 38
C : I COLLAPSE FRAL 39
C IFBSW FLOW BLOCKAGE SWITCH FRAL 4(1

40 C : 0, FLOW BLOCKAGE ROUTINE NOT USED FRAL 41
C - 1 FLOW BLOCKAGE ROUTINE ONLY (NO OTHER FAILURE FRAL 42
C MODES ARE CONSIDERED) FRAL 43
C : 2, FLOW BLOCKAGE ROUTINE NOT USED, BFRAC2 USED FRAL 44
C IODINE CLAD IODINE CONTENT ( KG/M2 ) FRAL 45

45 C IODINO CLAD IODINE CONTENT IN PREVIOUS TIMESTEP ( KG/h2 ) FRAL 46
C ISTOFF SWITCH CONTROLLING OVERSTRAIN FAILURE FRAL 47
C : 0, STRAIN FAILURE ROUTINE SKIPPED FRAL 48
C : I, STRAIN FAILURE raUTINE USED FRAL 49
C NFROD NUMPEP OF UEL RODS IN SYSTEM FRAL 50

50 C NPCYCL NUMBER OF PREVIOUS POWER CYCLES FRAL 51
C PSR PLASTIC STRAIN RANGE FRAL 52
C RSTRAN STRAIN RATE (SEC-1) FRAL 53
C STRANR ENGINEERING RADIAL STRAIN FRAL 54



FTN 4.6+508 10/21/80

TCLAD CLADDING TEMPERATURE ( DEG K )
TCLADO CLAD TEMPERATURE IN PREVIOUS TIMESTEP ( AEG K )

TCOOL COOLANT TEMPERATURE ( DEG K )
TFLIF TRANSITION FATIGUE LIFE ( CYCLES )
TGRID TEMPERATURE OF CLADDING AT SPACER GRID ( DEG K )
TIMEF TIME AT FLUX ( SEC )
TIMES TIME AT STRESS LEVEL ( SEC )
UBFS USER BAL'AON FAILURE STRAIN
UCFC USER COLLAPSE FAILURE CRITERIA
: 0, COL!.' t SE NOT CONSiDERED FAILURE
I, COLLAPSE 15 CONSIDERED FAILURE

UhELT USER MELT TEMPERATURE ( DEG K )
UOFD USER OXIDE FAILURE DEPTH ( PER CENT OF CLAD THiCVNE5S)
ZRNI ZIRC-NICKEL EUTECTIC MELT r!MP5'ETURE ( DEG K )

-- OUTPUT ARGUMENTS

65

70

75

80

55

60

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

CDAMAG STRESS-RUPTURE DAMAGE
CRAKL CRACK LENGTH THROUGH CLAD THICKNESS ( M )
FB ARRAY OF FLOW BLOCKAGE PREDICTIONS(FRACTIONAL VALUES)
FDAMAG FATIGUE DAMAGE
MODE MODE OF FAILURE
: I, CLADDING MELT
: 2, EUTECTIC MELT
: 3, OXIDE LAYER WALL THINNING
: 4, BALLOONING
: 5, COLLAPSE
: 6, BRITTLE FRACTURE, FATIGUE AND STRESS-RUPTURE
: 7, DUCTILE FRACTURE, FATIGUE AND STRESS-RUPTURE
: 8, CUMULATIVE DAMAGE, FATIGUE AND STRE55 RUPTURE
: 9, BFRAC2 FAILURE MODE
NFAIL NUMBER OF FAILED RODS
PFB ARRAY CONTAINING THE PROBABILITIES OF EXCEEDING THE
FLOW BLOCKAGES CONTAINED IN FB (FRACTIONAL VALUES)
PFR PERCENTAGE OF RODS THAT FAIL THRU DUCTILE OR BRITTLE
FRACTURE

REAL*8 IODINE, NPCYCL, NCF
INTEGER UCFC
REAL IODINE, IODINO, NPCYCL, NCF
DIMENSION FB(23), PFB(20)

DATA PFRO / 0.DO/, BPFR /0.DO/
DATA PFRO / 0.EO', BPFR /0.EO/

STRESS : .707107 * DSQRT(( HSTRES - ASTRES )**2 + ASTRES**2 +
I HSTRES**2 )

HSTSTE : HSTRE5*(I.+HSTRAN)i(I.+STRANR)

85

90

95

FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAi
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
FRAL
9RAL

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
8'+
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

100

C
C

C
C
C
C
C105
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C HSTSTE 15 EFFECTIVE TRUE HOOP STRESS FRAL 108
IF (IFB5W.EQ.Il GO TO 210 FRAL 109
STRESS : .707107*5QRT((HSTRES-ASTRE5)**2+ASTRES**2+HSTRES**2) FRAL 110 I

110 PFR : 0. FiRAL lII
C 50 PFR :DO.DO FRAL 112
C FRAL 113
% CLADDING MELT ORAL 114
C FRAL 115

115 CALL MELT (TCLADNFROD,UMELT,MODENFAIL) RAL 116
IF (NFAII.EQ.NFROD) GO TO 220 FRAL II7

C FRAL 118
C EUTECTIC MELT FRAL 119
C FRAL 120

120 IF (TCLAD.LT.ZRNI) GO TO 100 FRAL 121
CALL EUMELT (DOXIDETCLADTC00L.ZRNI,IMELT) FRAL 122
IF (IMELT.EQ.O) GO TO 100 FRAL 123
NFAIL : lRROD RAL 124
MOPE : 2 rRAL 125

125 GO TO 220 FRAL 126
C FR!. 127
C OXIDE LAYER WALL THINNING FRAL 128
C 'RAI 129
100 IF (DOXIDE.LT.UOFD) GO TO 110 FRAE 130

130 NFAIL : NFROD FRfsL 131
MODE : 3 FR.AL 132
GO TO 220 FRAL 133

C FRAL 134
C BALLOONING FRAL 135

135 FRAL 136
110 IF (HSTRAN.LT.UBF5) GO TO 120 FRAL 137

NFAIL = NFROD FRAL 138
MODE : 4 FRAL 139
GO TO 220 FRAL 140

140 C FRAL 141
C COLLAPSE FRAL 142
C FRAL 143
120 IF (UCFC.E.A) GO TO 130 FRAL 144

IF (UCFC.Ni.ICLAPS) GO TO 130 FkAL 145
145 NFAIL : NFROD FRAL 146

MODE : 5 FRAL 147
GO TO 220 FRAL 148

C FRAL 149
C OVERSTRESS FAILURE FRAL 150

150 C FRAL 151
130 IF (HSTRES.LT.0.EO) GO TO 140 FRAL 152
C 500 IF ( HSTRE5 .LT. 0.0 ) GO TO 510 FRAL ;C3

CALL BFRAC (CTMAX,DOXIDE,HSTRE5,HYDRODIODINESTRESSTCLADTIMEF,BP FRAL 154
+FRHSTRANSTRANRHSTSTEIFBSW) FRAL 155

155 MODE :6 FRAL 156
IF (IFBSI.EQ.2) MODE : 9 FRAL 157

C FRAL 158
C CUMULATIVE DAMAGE ( STRESSED CRACK ) FRAL 159
C FRAL 160
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160 IF (ICDOFF.EQ.I) GO TO 140 FRAL 161
CALL CRAKF (CESIUM CESUMO,CRAKICTHICK,DELTAT,HSTRES,HSTR50,IODINE FRAL 16?
+, IODINO, TCLAD, TCLAbO, CUMDAI,CRAKL) FRAL 16!
IF (BPFR.GT.CUMDAM) GC TO 140 FRAL 164
BPFR : CUMLAM FQAL 165

165 MODE 8 FRAL 166
140 CONTINUE FRAL 167

IF (IBSW.EQ.2) GO TO 160 FRAL 168
C FRAL 169
C OVERSTRAIN FAILURE FRAL 170

170 C FRAL 171
IF (ISTOFF.EQ.0) GO TO 150 FRAL 172
IF (HSTRAN.LT.0.EO) GO TO 150 FRAL 173

C IF ( HSTRAN .LT. a.DO ) GO TO 520 FRAL 174
CALL DFQAC (CTMAX,HSTRAN,TCLAD,TIMEF,PFR) FRAL 175

175 150 CONTINUE FRAL 176
IF (PFR.GE.BPFR) GO TO 170 FRAL 177

160 PFR : BPFR FRAL 178
GO TO 180 FRAL 179

170 !ODE : 7 FIL 180
180 183 CONTINUE FRAL 181

C FRAL 182
C FATIGUE DAMAGE FRAL 183
C FRAL 184
C TFLIF : (( CI/EM ) * FREAK ** C2 ) ** C3 FRAL 185

185 IF (NPCYCL.GT.TFLIF) GO TO 190 FRHL 186
CALL LCFF (DOXIDE,FREQHYDRO, IODINE,NPCYCL,PSR,TCLADNCF) FRAL le7
GO TO 200 FRAL 188

190 CALL hCFF (DOXIDE,ESR,FREQHYDRO, IODINENPCYCL,TCLADNCF) FRAL 189
C FRAL 190

190 C STRESS-RUPTURE FRAL 191
C FRAL 192
200 CALL CRERUP (DOXIDE,HYDRO,IODINE,5TRESS,TCLAD,TIMES,RUPTIM) FAL 193
C FRAL 195
C FRAL 195

195 CDAMAG : CDAMAG+DELTAT/RUPTIM FRAL 196
FDAMAG : FDAMAG+NPCYCL/NCF FRAL 197

C FRAL 198
IF (PFRO.GT.PFR) PFk : PFRO FRAL 199
PFRO : PFR FRAL 200

200 NFAIL NFROD*(PFR+CDAMAG+FDAMAG-PFR*CDAMAG-PFR*FDAMAG-CDAMAG*FDAM FRAL 201
+AG+PFR*CDAMAG*FAMAG) FPAL 202
GO TO 220 FRAL 203

C FRAL 204
C CALCI'L Tc iLQN BLOCKAGE FRAL 205

205 C FRAL 206
210 CALL FLOBLK (TCLADHSTRES5,FB,PFB,PFR) FRAL 207

NFAIL : NFROD*PFR FRAL 208
C FRAL 209
C FRAL 210

210 220 RETURN FRAL 211
END FRAL 212
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SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 FRAIL I

VARIABLES
0 A5TRAN
0 ASTRES

510 BPFR
0 CDAMAG
C CESIUM
0 CESUMO
0 CRAKI
0 CRAKL
0 CTHICK
0 LTMAX

517 CUMDAM
0 DELTAT
0 DOXIDE

0 ESR
0 FB
0 FDAMAG
0 FREQ
0 HSTRAN

0 HSTRES

0 HSTR50
514 HSTSTE
0 HYDRO
0 ICDOFF
0 ICLAPS
0 IFBSI4

516 IMELT
0 IODINE

0 IODINO
0 I5TOFF
0 MODE

513 NCF
G NFAIL

0 NFROD

0 NPCYCL

0 PFB
0 PFR

507 PFRO

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL
INTEGER
INTEGER

REAL
INTEGER

INTEGER

REAL

REAL
REAL

REAL

MAP (R:2)

REFERENCES
210

RELOCATION
UNUSEDD F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
ARRAY F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F. .
F.P
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

ARRAY

F.P.

F.P.

F.P.

F.P.
F.P.

100 "64

PEFINED
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
155

REFS
REF5

145
REFS

207
REFS

DEFINED
REFS
REFS

DEFINED
REFS

2*109
153
'95
161
161
161
161
161
153
161
161
121
I

188
97
196
186
106

I
106
I

161
153
153
160
144
108
121
96

96
171
115
156
96

115
200
115

DEFINED
96

97
174

2*198

DEFINED
163

4*200
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

174
163
195
129

DEFINED
206
4*200
188
136

2* 109

DEFINED
DEFINED

186
DEFINED
DEFINED

'53
122
153

161
DEFINED
DEFINED

165
186
116
207
116

1
185

206
176
110

DEFINED

176
DEFINED

DEFINED

I6'

DEFINED

DEFINED
DEFINED
DEFINED

'53

15I

106
188

156

161

DEFINED

'79
188

DEFINED

123

186

DEFINED
198
'77
100

177

186

172

'53

192

167

186

S'

12

196

130

188

199
196
199

DEFINED
195

188

196

174

161

DEFINED

DEFINED

188

131

123

137

196

4*200

192

206

1

192

146

137

200

207

130

145

206
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VARIABLES
0 PSR
0 RSTRAN

520 RUPTIM
0 STRANR

515 STRESS
0 TCLAD

0
0
0
0
0
0
0
0
0
0
0

TCLALO
TCOOL
TFLIF
TGRID
TIMEF
TIMES
UBFP
UCFC
UMELT
UOFD
ZRN I

EXTERNALS
BFRAC
CRAKF
CRERUP
DFRAC
EUMELT
FLOBLK
HCFF
LCFF
MELT
SORT

STATEMENT LABELS
71 100

103 110
115 120
131 130
216 140
237 150
243 160
247 170
252 180
272 190
306 200
350 210
365 220

SN TYPE
REAL
REAL
REAL
REAL
I AL
REHL

REAL
REAL
RED L
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REHL

RELOCATION
F.P.

$UNUSED F.P.

*UNUSED

TYPE ARGS
13
'3
7
5
5
5
8
8c

REAL I tLIBRARY

DEF LINE
125'
136
143
151
166
175
177
179
180
188
192
206
210

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

REFS
DEFINED
REFS
REFS
REFS
REFS
188

REFS
REFS
REFS

DEFINED
WEF5
REFS
REFS
REFS
REFS
REFS
REFS

REFERENCES
153
161
192
174
121
206
188
186
115
109

REFERENCES
120
129
136
143
151
171
167
176
178
185
187
108
116

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
5218

186
1

192
106
153
115
192
161
121
185

1
153
192
136
95
115
129
120

DEFINED

195
153
192
120
206

DEFINED
DEFINED
DEFINED

174
DEFINED
DEFINED

143
DEFINED
DEFINED

12!

161 174

DEFINED
DEFINED

121
DEFINED

DEFINED

144

DEFINED

1
109
153

DEFINED

186

I

122

144
160
172

163

125 132 139 147 202

10/21/80 PAGE 6SUBROUTINE FRAILl

I

i

337



76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE

SUBROUTINE FSIGT (CTMAX,HSTRES,TCLADTIMEF,BPFR,HSTRANSTRANRHSTS FSIG 2
+TEIFBSW) FSIG 3

C FSIG 4
C IMPLICIT REAL*8(A-HO-Z) FSIG 5

5 C REAL*4 X, EGAMMA, ENETA, P, D FSIG 6
C FSIG 7
C SUBROUTINE FSIGT DETERMINES THE PROBABILITY OF FAILURE DUE TO FSIG 8
C OVERSTRESS AS A FUNCTION OF TEMPERATURE. THE STRESS AT FAILURE FSIG 9
C 15 ASSUMED TO BE DISTRIBUTED ACCORDING TO THE BETA DISTRIBUTION. FSIG 10

10 C THE UPPER AND LOWER LIMITS ARE SET AT +3 STANDARD DEVIATIONS AND FSIG 12
C -2 STANDARD DEVIATIONS, RESPECTIVELY, FROM THE MEAN FAILURE FSIG 12
C STRESS( LOG SCALE ). FSIG 13
C *** PART OF FRAIL FAILURE PACKAGE *** FSIG 14
C FSIG I5

.c C FSIG 16
C -- INPUT ARGUMENTS -- F5IG 17
C FSIG 18
C CTMAX PREVIOUS MAXIMUM CLAD TEMPERATURE ( DEG K ) FSIG 19
C HSTRES ENGINEERING HOOP STRESS ( N/M2 ) F5IG 20

20 C TCLAD CLADDING TEMPERATURE ( DEG K ) FSG 21
C TIMEF TIME AT FLUX ( SEC ) F5IG 22
C FSIG 23
C F5IG 24
C -- OUTPUT ARGUWFNTS -- FSIG 25

25 C FSIG 26
C BPFR PERCENTAGE OF FUEL RODS THAT FAIL BY OVERSTRESS FSIG 27
C FSIG 28
C FSG 29
C MATCNS 2

30 C THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL PROPERTIES MATCNS 3
C USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM MATCNS 4
C MATCNS 5

COMMON /MATCNS/ ANRIN ,COMP ,CWKF ,CWNF ,DELOXY ,FLUX MATCNS 6
+ , FNCK ,FNCN ,FOTMTL ,FRDEN ,FTMELT ,RSTRAN MATCNS 7

35 C MATCNS 8
C ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST MATCNS 9
C (HCOP STRAIN)/(RADIAL STRAIN) MATCNS 10
C COOP - PUO2 CONTENT (WT%) MATCNS II
C C4KF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/M**2) MATCNS 12

40 C CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT MATCNS 13
C DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED MATCNS 14
C CLADDING (KG OXYGEN/KG ZIRCALOY) ATCNS 15
C FLU, - FAST NEUTRON FLUX (N/M**2-SEC) MATCNS 16
C FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/M**2) MATCNS 17

45 C FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT MATCNS 18
C FOTMTL - FUEL OXYGEN TO METAL RAITO MATCNS 19
C FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY) MATCNS 20
C FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K) MATCNS 21
C RSTRAN - TRUE STRAIN RATE (1/SEC) MATCNS 22

50 C MATCNS 23
C MATCNS 24
C FSIG 31

DATA ENETA, EGAMMA / 3.OEO, 2.0E0 / FSIG 32
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C
DELTMP : 50.0

55

60

65

70

75

ENTRY POINTS
4 FSIGT

VARIABLES
0 ANRIN

157 BLIMIT
0 DPFR

136 CAXRAD
137 CAXSTR
152 C3RS5T
151 BRSTE
135 CDPRES
134 CiNRAD
133 CINWID
I COMP
0 CTMAX

153 CTSTRT
150 CULTSE
2 CdKF
3 CWNF

147 CYLDSE
146 CYLDST
'Z2 D

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL

* REAL
* REAL
REAL
REAL

* REAL
* REAL
* REAL

REFERENCES
75

*UNI'SED

RELOCATION
MATCNS

F.P.

HATCNS
.P.

MATCNS
MATCNS

CINWID : 6.34E-04
CINRAD : 5.143E-03
CDPRES : HSTRES*CINID/CINRAD
CAXRAD : 1.0E+03
CAXSTR : 1.0E+10

C CINWID AND CINRAD VALUES ARE NOT RELEVENT WHEN CAXRAD
C 15 GREATER THAN 10. SEE CMLIMT LISTING

CALL CMLINT (TCLADDELOXYFNCKFNCNCWKF,CWNF,CINi4IDCINRAD,CDPRES
+,CAXRADCAXSTR,RST IAN,DELTHP,STRNYTSTRMYESTRNJE,STRNIE, 5TSRPTST
*RRPECYLDSTCYLDSE,CULTSECBRSTECBRSSTCTSTRT)
FSTRES : CBRSST
DEV : 0.2*FSTRES
TLIMIT : FSTRESA5.*DEV
BLIMIT : FSTRC5-2.*DEV
IF (BLIMIT.LT.0.) BLIMIT : 0.EO

C IF ( BLIMIT .LT. 0.D0 ) BLIMIT :0.DO
X : (H5TSTE-BLIMIT)/(TLIMIT-LIMIT)
CALL BDTR (XEGAMMAENETAPDIER)
BPFR : P
RETL'rN
END

SYMBOLIC REFERENCE MAP (R:2)

F51G
F51G
F51G
F5G I
FSIG
FSIG
FSIG
FSIG
F5IG
FSIG
F51G
F51G
FSIG
FSIG
FSIG
FS 16
F5G 1
F5G 1
F5IG
FSIG
FSIG
FSIG
F51G

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

692*72
74

DEFINED
DEFINED

66

DEFINED
63
63

70
REFS
REFS

DEFINED
REFS
'EF5
2EFS
IEF5
'EF5
FEF5
W:F5
REFS

DEFINED
VEFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

59
60

58
DEF I NED
DEFIK.D

33
70
I

63
63
63
63
63
58
58
33

I
63
63
33
33
63
63
73

57
56

63
63
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vARIABLES
4 DELOXY

132 DELTMP
155 DEV
121 EGAMMA
120 ENETA
5 FLUX
6 FNCK
7 FNCN
10 FOTMTL
II FRDEN

!54 FSTRES
12 FTMELT
0 HSTRAN
0 HSTRES
o HSTSTE

163 IER
0 IFRSW

161 P
13 RSTRAN

0 STRANR
143 STRNIE
142 STRNUE
141 STRNYE
140 STRNYT
145 STRRPE
144 STSRPT

0 TCLAD
0 TIMEF

156 TLIMIT
160 X

EXTERNALS
BDTR
CMLIMT

COMMON BLOCKS
MATCNS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

* INTEGER
INTEGER
REAL
REAL
REAL

* REAL
* REAL
* REAL
* REAL
* REAL
* REAL
REAL
REAL
REAL
REAL

RELOCATION
MATCNS

MATCNS5
MATCNS
MATCNS
MATCN5
MATCN5

*UNUSED

UNUSED

*UNUSED

*UNUSED

TYPE ARGS
6

25

MATCNS
F.P.
F.P.
F.P.

F.P.

MATCNS
F.P.

F.P.
F.P.

REFERENCES
73
63

LENGTH
12

STATISTICS
PROGRAM LLNCTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

63
DEFINED

69
DEFINED
DEFINED

67
54

DEFINED
53
53

REFS
REFS
REFS
REF5S
REFS
REFS
REFS
REFS
REF5S
REF5S
REFS
REF5

DEFINED
REFS
REF5
REFS

DEFINED
REFS
REFS

DEFINED
REF5S
REF5S
REFS
REFS
REF5
REF5
REFS

DEFINED
REF5
REFS

63
63

68

33
63
68
73
73
33
33
33
33
33
67
31

58
72
73

73
33
63
63
63
63
63
63
63

72
73

DEFINED69 66

DEFINED
DEFINED

74
63

DEFINED

DEFINED
DEFINED

1

68
72

1648
14B8

116
12
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SUBROUTINE FSTEMP (CTMAX,HSTRAN,TCLADPFR) FSTP 2
C MATCNS 2
C THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL PROPERTIES MATCNS 3
C USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM MATCNS 4

5 C MATCNS 5
COMMON MAisNS/ ANRIN ,COMP ,CWKF ,CENF ,DELOXY ,FLUX MATCN 6

+ , FNCK ,FNCN ,FOTMTL ,FRDEN ,FTMELT IRS TRAN MATCNS 7
C MATCNS B
C ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST MATCNS 9

10 C (HOOP STRAIN)/(RADIAL STRAIN) HATCNS 10
C COMP - PUO2 CONTENT (WT%) MATCNS I1
C CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/M**2) MATCNS 12
C CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT MATCNS 13
C DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED MATCN5 14

15 C CLADDING (KG OXYGEN/KG ZIRCALOY) MATCNS 15
C FLUX - FAST NEUTRON FLUX (N/M**2-SEC) MATCNS 16
C FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/it1*) HATCNS 17
C FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT MATCNS 16
C FOTMTL - FUEL OXYGEN TO METAL RAITO MATCNS 19

20 C FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY) MATCN5 20
C FTMELT - U02 OR M!XED OXIDE FUEL MELTING POINTS (K) MATCNS 21
C RSTRAN - TRUE STRAIN RATE (i/SEC) KATCNS 22
C MATCNS 23

MATCNS 24
25 t. FSTP 'I

C SUBROUTINE FSTEMP DETERMINES THE PROBABILITY OF FAILURE FOR AN FSTP 5
C OVERSTR^INED FUEL ROD. THE STRAIN AT FAILURE 15 CALCULATED IN FSTP 6
C A MATPRO SUBROUTINE (CSRUPT) AS A FUNCTION OF TEMPERATURE, FSTP 7
C FLUENCE AND COLDWORK. THE FAILURE STRAIN 15 ASSUMED TO BE FSTP 8

30 C DISTRIbUTED ACCORDING TO THE BETA DISTRIBUTION. THE UPPER AND FSTP 9
C LONER LIMITS OF THE DISTRIBUTION ARE FUNCTIONS OF TEMPERATURE FSTP 10
C AND ARE CHOSEN TO INCLUDE ALL THE DATA. THESE LIMITS ARE FSTP 11
C MODIFIED TO ACCOUNT FOR FLUENCE AND COLDWORK BY USING THE P AND FSTP 12
C 0 VALUES CALCULATED IN CSRUPT. F5TP 13

35 C FSTP i4
DATA EGAMh, ENETA /2.026E0, 2.252E0 / FSTP 15

C F5TP 16
C FSTP 17
C OBTAIN STRAIN AT FAILURE FSTP 18

40 C FSTP 19
DELTMP = 5n.0 FSTP 20
CALL CSRUPT (TCLADFNCN,CWNF,DELTMP,STRRPE,USTRPESTRRPT,USTRTP;US FSTP 21

+TRTN) FSTP 22
STRNOR - NSTRAN/STRRPE FSTP 23

45 lI lTCLAD.GT.090.) GO TO 120 FSTP 24'
BL = 6.33E-5tTCLAD+.201 FSTP 25
TL :=1.530E-3tTCLAD.2.2E-3 FSTP 26
IF iTCLAD.LE.260.) TL : .40 FSTP 27
IF tCTMAX.GT.850.) GO TO 150 F51P 28
P :EPt-2.+EsICbNF)+3.3'E-+:/.33 FSTP 29
Q : I.00.2.00*EYP-FNCN,.00E+231,3.00 FSTP 30
IF CTMA'.LT.620.; GO TO +10 FSTP 31
IF 4CTMAi.fT.?00.) GO TO '00 F5TP 32

10'21/80 14.29.35 PAGE 1SUBROUTINE FSTEMP
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Q : Q*((700.-CTMAX)/8.90EI)+CTMAX/8.00EI-7.75
GO TO 110

100 Q : 1.00
IF (CTMAX.LT.775.) GO TO 110
P : P*((8.50E?-CTMPv".'7.5E;)+(CTMAX-7.75E2),7.5E,

110 8L : BL*P*Q
TL :=TL*P*Q
GO TO 150

120 IF (TCLAD.GT.1170.) GU TO 130
TL : -1.40E-2*TCLAD+16.93
8L : -2.875E-3*TCLAD+3.404-
GO TO 150

130 IF (TCLAD.GT.1600.) GO TO 140
TL : 6.92i -4*TCLAD- .866.-l
BL : 3.344E-4*TCLAD-3.5'F-I
GO TO 150

140 TL : .82
BL : .IrF

150 IF (BL..T.0.E0) DL : 0.E0

NORMALIZE STRAIN TO UPPER AND LOWER LIMITS ( TL, BL )
AND CALCULATE FAILURE PROBABILITY

X : ,H5 iRPN-BL) /(TL-b )
CALL BDT' (YEGAMMA,ENETA,P,D,JER)
PFR : P

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FSTEMP

vhIABLE S
0 ANRIN

272 BL

i
0

2
3

277
4

263
217

COMP
CTMAX

CNKF
CWNF
D
DELOXY
DELTMP
EGAMMA

DEF LINE
I

5N TYPE
REAL
REAL

REAL
REAL

REAL
READ

* REAL
REAL
REAL
REAL

REFERENCES
82

RELOCATION
MATCHS

MATCN5
F.P.

MATCN5
MATCNS

MATCN5

REFS
REFS

68
REFS
REFS

DEFINED
REFS
REFS
REF5
REFS
REFS
REFS

6
59
71

6
49
6
6
6

78
6

42
78

72
72

52

42

DEFINED
DEFINED

2*77 DEFINED

53 2Z54

50

41
36

55

60

65

70

75

80

C
C
C
C

C
C

FjTP
FSTP
FSTP
FSTP
FSTP
F5TP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
FSTP
F5TP
FSTP
FSTP
F5TP
FSTP
FSTP
FSTP
FSTP
FSTP

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

59

57 2*58

SUBROUTINE F5TEMP 10/21/80 14.29.35 PAGE 2
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VARIABLES
220 ENETA

5 FLUX
6 FNCK
7 FNCN
10 FOTMTL
11 FRDEN
12 FTMELT
0 HSTRAN

300 IER
274 P

0
275

13
271
264
266
0

PFR
0
RSTRAN
STRNOR
STRIPE
STRRPT
TCLAD

273 TL

265
270
267
276

USTRPE
USTRTN
USTRTP

*
*
*

EXTERNALS
BDTR
CSRlIPT
EXP

STATEMENT L+,ELS
75 101)

11: 110
121 120
131 130
I-.3 140
160 190

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

x INTEGER
REAL

RELOCATION

MATCNS
MATCN5
MATCNS
MATCNS
MATCi
MATCN&

F.P.

REAL
REAL
REAL

* REAL
REAL

* REAL
REAL

F.P.

MATCNS

F.P.

REAL

REAL
REAL
REAL
REAL

TYPE IRGS
E

REAL LIBRARY

'EF LINE
56
59
62
66
70
72

REF.,
REFS
REFS
REFS
REF
REFS
REFS
REFS

REF5
DEFINED
DEFINED

REFS
REFS

DEFINED
REFS
REFS
REFS

64
REFS

67
REFS
REFS
REFS
REFS

REFERENCES
78
42
50

REFERENCES
53
52
45
62
66
49

COMMON BLOCKS
MATCNS

LENGTH
12

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000 SCM USED

36

51

I

78
6
6
6
6
6
6

44
78
58
^0

54
6

44
42
42

66
0
70
42
42
42
78

DEFINED

42

77

59
58
79
59

45
67
77

DEFINED

DEFINED

60

60

46
68

PEFI NED

78

DEFINED

47
DEFINED

47

54

79

51

48
I

56

62

60

77

63

63

51
J

55 57

61 65 69

30I B
14a

193
12
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SUDROUTINt sSTRS (TCLADDEV,FSTRES) FSTR 2
C FSTR 3
C IMPLICIT REAL*8 FSTR 4
C FSTR 5

5 C SUBROUTINE FSTRS CALCULATES THE FAILURE STRESS AND STANDARD FSTR 6
C CEVIATION AS A FUNCTION OF TEMPERATURE FSTR 7
C *** PART OF FRAIL FAILURE PACKAGE *** FSTR 8
C FSTR 9
C FSTR 10

10 C -- INPUT ARGUMENTS -- FSTR II
C FSTR 12
C TCLAD CLADDING TEMPERATURE ( DEG K ) FSTR 13
C FSTR 14
C FSTR 15

15 C -- OUTPUT ARGUMENTS -- FSTR 16
C FSTR 17
C DEV STANDARD DEu'ATION ( N/M2 ) FSTR 8
C FSTRES MEAN FAILURE .TRESS ( N/M2 ) FSTR i.
C FSTR 2i

20 C FSTR 21
C THE FAILURE STRESS 15 FOUND FROM A POLY.tMIAL LEAST-SQUARES FSTR 22
C FIT OF DATA FROM THE FOLL4IING REFERENCES FSTR 23
C FSTR 24
C (1) CC BU5Y AND KB MARSH WAi -TM-900, HIGH T IPERATURE FSTR 25

25 C DEFORMATION AND BURST CHAtACTER5IrICS OF RtCiSTALLIZED FSTR 26
C ZIRCALOY-4 TUBING, JANUARY 1975. FSTR 27
C FSTR 28
C (2) DO HOBSON AND PL RITTENI:OUSE, ORNL-4727, DEFORMATION AND FSTR 29
C RUPTURE BEHAVIOR OF LIGHT WATER REACTOR FUEL CLADDING, FSTR 30

30 C OCTOBER 1971. FSTR 31
C FSTR 32
C (3) MF OSBORNE AND GW PARKER ORNL-3626, THE EFFECT OF FSTR 33
C IRRADIATION ON THE FAILURE OF ZIRCALOY-CLAD FUEL RODS, FSTR 34
C JANUARY 1972. FSTR 35

35 C FSTR 36
C (4) DO HOBSON, MF OSBORNE, AND GW PARKER, COMPARISON OF RUPTUKE FSTR 37
C DATA FROM IRRADIATED FUEL RODS AND UNIRRADIATED CLADDING, FSTR 38
C NUCLEAR TECHNOLOGY, Ii, AUGUST 197;. FSTR 39
C FSTR 40

40 C (5) DG HARDY, ASTM-STP 484, THE EFFECT OF NEUTRON IRRADIATION FSTR 41
C ON THE MECHANICAL PROPERTIES OF ZIRCONIUM ALLOY FUEL FSTR 42
C CLADDING IN UNIAXIAL AND BIAXIAL TESTS, PP 215-218. FSTR 43
C FSTR 44
C (6) WJ LANGFORD, ASTM--5TP 484, METALLURGICAL PROPERTIES OF FSTR 45

45 C CGLD-WORKE iIRCALOY-2 PRESSURE TUBES IRRADIATED UNDER FSTR 46
C CANDU-PHW POWER REACTOR CONDITIONS, PP 259-286. FSTR 47
C FSTR 48
C .; SAXTON CORE RESULTS WCAP-3385-56, PP 4-84, 4-85, FSTR 49
C 4CAP-3385-57, PP 3-69, 1-132, 3-134. FSTR 50

50 C FSTR 51
C (8) ASTM-STP 529, BURST TESTING OF ZIRCALOY CLADDING FROM FSTR 52
C IRRADIATED PICKERING-TYPE FUEL BUNDLES, PP 415-434. FSTR 53
C FSTR 54
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FSTRS WAS CODED BY J.D. KERRIGAN, APRIL 1976.

DIMENSION A(4)

DATA
DATA
DATA
DATA
DATA
DATA

A /5.0014769D0 .3269680850-3 -.1151662D-5,
5TD, CONV / .132663D0, 2.302585093D0 /
THIN, TMAX / .3387056D3, .1644261 Do/
SMAX, SMI / .731i269482D9, .2883573619D7 /
CON.'S/ 6.U9+1572D3 /
CONVTI, CONVT2/ .18D1, .45967D3 /

DATA
DATA
DATA
DATA
DATA
DATA

.2

A /5.0014769EI, .326968085E-3, -.1 151662E--5,
STD, CONV / .132665E0, 2.302585093E0 /
THIN, THAX / .3387056E3 .1644261IE4 /
SMAX SHIN / .7311269482E9, .2883573619E7 /
CONV5/ 6.8947572E3 /
CONYTI, CONUT2 /.18E1, .45967E3 /

56025754D-9/

.25602575; ,-9/

C
IF (TCLAD.GE.TMAX) GO ro 110
IF (TCLAD.LE.THIN) GO TO 100
T : CONVTI*TCLAD-CONVT2
FLOGS :=A(I)+T*(A(2)+T*(A(3)+T*A(4)))
FSTRES : CONVS*(I0.EO**FLOGS)

C FSTRES : CONVS*( 10.D0 ** FLOGS )
GO TO 120

100 FSTRE5 : SMAX
GO TO 120

110 FSTRES : SHIN
120 CONTINUE

DEV : STD*CONV*FSTRES
C
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FStRS

VARIABLES
67 A
54 CONV
6: CONVS
62 CONUTI
63 CONVT2

0 DEV
66 FLOGS

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
87

RELOCATION
ARRAY

F.P.

55

60

C
C
C

C
C
C
C
Ct
C
C
C65

70

75

80

85

FSTR
FSTP
FFTR
F'TR
F TR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR
FSTR

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

57
84
77
75
75

77

664*76
DEFINED
DEFINED
DEFINED
DEFINED

8DI
DEFINED

DEFINED
67
70
71
71

76
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VRI ABLE
0 FSTRES

57 SMAX
60 SHIN
53 STD
65 T
0 TCLAD

56 TMAX
55 THIN

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

76/176 'T:0 TRACE STATIC FTN 4.8+508

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

84
80
82
84

3*76
73
73
74

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

7DI
DEFINED
DEFINED

19
69
69
67
75
75
68
68

RELOCATION
F.P.

F.P.

10/21/80 14.29.35 PAGE 3

77

DEFINED

80 82

STATEMENT LABELS
34 100
440 110
"3 120

DEF LINE
80
82
83

REFERENCES
74
73
79

STATISTICS
PROGRAM LENGTH

1400006 SCM USED

81

738 59

I
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SUBROUTINE FTBNUL

COMMON / FAST
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
2 FTBNUL

VARIABLES
0 A

COMMON BLOCKS
FAST

DEF LINE

SN TYPE
REAL

REFERENCES
5

RELOCATION
ARRAY FAST

LENGTH
1

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

C
C

5
/ A()

FTBNUL
FTBNUL
FTBNUL
FTBNUL
FTBNUL
FTBNUL

2
3
4
5
6
7

REFS 4

4B
'B

4

FTN 4.8+508SUBROUTINE FTBNUL 76/176 OPT:O TRACE STATIC I

i
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SUBROUTINE FLUXDP (AMIAMO,BP,BUCRIT,DELBPDELBPPFLXDPPJ,NAITN FXDP 2
+DBG) FXDP 3

C IMPLICIT REAL * 8 (A-H,/-Z) FXDP 4
C FXDP c

5 C *********** *** * ***** ********************** FXDP 6
C FXDP 7
C THIS SUBROUTINE 15 CALLED FROnr MAIN AND COMPUTES THE FLUX FXDP 8
C DEPRESSION. FXDP 9
C FLUXDP WAS CODED BY G A BERNA IN DECEMBER 1977. FXDP 10

10 C FXDP 11
C **** ** ********************************** FXDP 12
C INPUT ARGUMENTS FXDP 13
C ********************************************** FXDP 14
C FXDP 15

15 C AMI - SLOPE OF FLUX DEPRES VS. BURNUP AFTER BUCRIT (MWD/MTU/HR) FXDP 16
C AMO - INITIAL SLOPE OF FLUX DEPRESS VS. BURNUP (MWD/MTU/HR) FXDP 17
C BP - BURNUP TO THE END OF POWER-TIME STEP (MWD'MTU) FXDP 18
C BUCRIT - BURNUP AT WHICH FLUX DEPRESSION CHANGES (MWD/MTU) FXDP 19
C DELBP - CHANGE IN BURNUP (MWD/MTU) FXDP 20

20 C DELBPP - PREVIOUS POWER-TIME STEP CHANGE IN BURNUP (MWDiMTU) FXDP 21
C IT - POWER-TIME STEP INDEX FXDP 22
C J - AXIAL NODE INDEX FXDP 23
C NA - MAXIMUM NUMBER OF AXIAL NODES FXDP 24
C NDBG - DEBUG OUTPUT INDEX FXDP 25

25 C FXDP 26
C ************************ *************************************** FXDP 27
C OUTPUT ARGUMENTS FXDP 28
C ****K************************************* ****************** FXDP 29
C FXDP 30

30 C FLXDPP - FLUX DEPRESSION FACTOR AT NODE J FXDP 31
C FXDP 32
C **** ************************ ************* ** FXDP 33
C FXDP 34

DIMENSION FLXDPP(NA) ,DELBPP(NA) FXDP 35
35 C FXDP 36

C FXDP 37
C CALCULATION OF FLUX DEPRESSION FACTOR FXDP 38
C FXDP 39

IF (BP.LE.BUCRIT) FLXDPP(J) : FLXDPP(J)+AMO*(DELBP/2.+DELBPP(J)/2. FXDP 40
40 +*) FXDP 41

IF (BP.GT.BIJCRIT) FLXDPP(J) : FLXDPP(J)+AMIt(DELBP/2.+DELBPP(J)/2. FXDP 42
+0) FXDP 43
IF (FLXDPP(J).GT.0.9999) FLXDPP(J) : 0.9999 FXDP 44
IF (NDBG.EQ.IT) WRITE (6,100) AMO,AMI,DELBP,DELBPP(J),FLXDPP(J) FXDP 45

45 DELBPP(J) : DELBP FXDP 46
C FXDP 47

RETURN FXDP 48
C FXDP 49
100 FORMAT (//2X,4HAMO:,Eii.4,2X,4HAMI:,EII.4,2X,6HDELBP:,EII.4,2X,7HD FXDP 50

50 +ELBPP:,E1I.4,2X,7HFLXDPP:,EII.4) FXDP 51
END FXDP 52
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FLUXDP

VARIABLES
0 AMI
0 AMO
0 BP
0 BUCRIT
0 DELBP
0 DELBFP
0 FLXDPP

0
0

0
C

IT
J

NA
NDDG

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEGER
INTEGER

INTEGER
INTEGER

REFERENCES
47

RELOCATION
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.F,

F.P.
F.P,

F.P.
F.P.

FILE NAMES
TAPE6

STATEMENT LABELS
70 100 FMT

DEF LINE
49

REIERENCE3
44

STATISTICS
PROGRAM LENGTH

I40000B SCM USED

REFS
REFS
REFS
REF5
REFS
REFS
REFS

DEFINED
REF5
REFS

DEFINED
REFS
REFS

41
39
39
39
39
34

1
44

3*39
1

2*34
44

DEFINED
DEFINED
DEFINED
DEFINED

44
41
41
41
I

2*43

44
44
41
41
41
39
39
39

DEFINED
3*41

DEFINED
DEFINED

MODE
FMI

45
44
43
43

DEFINED
DEFINED

44

WRITES

45

1058 69
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SUBROUTINE GSPRES (AXLENDZHHCRVHCVHDSHVHFLL,HFPER HFV,HGVHPO GAPP 2
+RV,IRIITJ,N2,NTHPVPITPRESS,RFNVFF,SUMCKSUMDHSUM6P,SUMPORSU GAPP 3
+MRG,TACTAFTAFA,TAGTAGA,TPS,TOTLTSF,VCHIVCR,VDH,VFH,VGH,VPORG GAPP 4
+ASMOL,TPLEN,TCAVFFVFC,DG,RD,DELZANFNFFI,PI,MECHAN,TRTRAN,NAND GAPP 5

5 +BG,DI5H) GAPP 6
C GAPP 7
C IMPLICIT REAL * 8 (A-HO-Z) GAPP 8
C GAPP 9
C ******************************************************************** GAPP 10

10 C GAPP it
C THIS SUBROUTINE 15 CALLED FROM MAIN AND COMPUTES THE ROD INTERNAL GAPP 12
C GAS PRESSURE GAPP 13
C GSPRES WAS CODED BY G A BERNA IN JANUARY 1978. GAPP 14
C GAPP 15

15 C ****************************************************************** GAPP 16
C INPUT ARGUMENTS GAPP 17
C ******************************************************************** GA'P 18
C GAPP 19
C AXLEN - AXIAL STRAIN DUE TO CLADDING IRRADIATION GROWTH GAPP 20

20 C DELZA - AXIAL REGION LENGTHS GAPP 21
C DZH - HOT NODE LENGTH (IN) GAPP 22
C HPV - HOT PLENUM VOLUME (IN**3) GAPP 23
C IRI - NUMBER OF AXIAL NODES PLUS ONE GAPP 24
C IT - POWER-TIME STEP INDEX GAPP 25

25 C J - AXIAL NODE INDEX GAPP 26
C NA - NUMBER OF AXIAL NODES PLUS ONE GAPP 27
C N2 - AXIAL INCREMENT NUMBER GAPP 28
C NT - NUMBER OF AXIAL INCREMENTS GAPP 29
C RFNVFF - FUEL ROUGHNESS VOLUME () GAPP 30

30 C TAF - AVERAGE PELLET TEMPERATURE (F) GAPP 31
C TAG - AVERAGE GAP TEMPERATURE (F) GAPP 32
C TCA - CLADDING AVERAGE TEMPERATURE (F) GAPP 33
C TPLEN - PLENUM TEMPERATURE (F) GAPP 34
C TOTL - FUEL STACK HEIGHT (FT) GAPP 35

35 C TPS - TEMPERATURE OF PELLET SURFACE (F) GAPP 36
C TRTRAN - TEMPERATURE AT THE RESTRUCTURED RADIUS, RTRAN (F) GAPP 37
C VCHI - HOT CLADDING VOLUME PER NODE (CU IN) GAPP 38
C VCR - CRACK VOLUME AT EACH AXIAL NODE (CU IN) GAPP 39
C VDH - HOT DISH VOLUME PER NODE (CU IN) GAPP 40

40 C VFH - HO1 FUEL VOLUME PER NODE (CU IN) GAPP 41
C VGH - U^ GAP VOLUME PER NODE (CU IN) GAPP 42
C VPO^ - HOT OPEN POROSITY VOLUME (CU IN) GAPP 43
C GAPP 44
C VFC - VOID FRACTION WITHIN CLAD - SEE RADIAL GAPP 45

45 C VFF - VOID FRACTION WITHIN FUEL GAPP 46
C DELZA - AXIAL REGION LENGTHS GAPP 47
C DG - GAP SIZE GAPP 48
C RD - RADII ARRAY FROM PELET GAPP 49
C GAPP 50

50 C ********* ********************************************************* GAPP 51
C OUTPUT ARGUMENTS GAPP 52
C ********** ********************************************************* GAPP 53
C GAPP 54
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C GASMOL - MOLES OF GAS IN THE ROD (MOLES) GAPP 55
55 C HCRV - TOTAL HOT CRACK VOLUME (IN**3) GAPP 56

C HCV - TOTAL HOT CLAD VOLUME (IN**3) GAPP 57
C HDSHV - TOTAL HOT DISH VOLUME (IN**3) GAPP 58
C HFLL - MAXIMUM HOT FUEL STACK HEIGHT (IN) GAPP 59
C HFPER - INCREASE OF FUEL STACK HEIGHT () GAPP 60

60 C HFV - TOTAL HOT FUEL VOLUME (IN**3) GAPP el
C HGV - TOTAL HOT GAP VOLUME (IN**3) GAPP 62
C HPORV - TOTAL HOT POROSITY VOLUME (IN**3) GAPP 63
C PIT - ROD PRESSURE (PSI) GAPP 64
C PRESS - ROD INTERNAL GAS PRESSURE (PSIA) GAPP 65

65 C SUMCK - SUM OF AXIAL CRACK VOLUMES / CRACK TEMPERATURES (IN**3/F) GAPP 66
C SUMDH - SUM OF AXIAL DISH VOLUMES / DISH TEMPERATURES (IN**3/F) GAPP 67
C SUMGP - SUM OF PXIAL GAP VOLUMES / GAP TEMPERATURES (IN**3/F) GAPP 68
C SUMPOR - SUM OF AXIAL POROSITY VOLUMES / POROSITY TEMPS (IN**3/F) GAPP 69
C SUMRG - SUM OF AXIAL ROUGHNESS VOLUMES / ROUGHNESS TEMPERATURE GAPP 70

70 C TA: - AVERAGE CLADDING TEMPERATURE AT LEVEL J (F) GAPP 71
C TAFA - RADIAL AND AXIAL FUEL AVERAGE TEMPERATURE (F, GAPP 72
C TAGA - RADIAL AND AXIAL GAP AVERAGE TEMPERATURE (F) GAPP 73
C TSF - AVERAGE FUEL SURFACE TEMPERATURE GAPP 74
C GAPP 75

75 C ******************************************************************** GAPP 76
C GAPP 77

DIMENSION PIT(I) ,VPOR(I) ,VFH(I) ,TAG(I) GAPP 78
+ ,TAGA(I) ,TAF(I) ,VCR(I) ,TPS(I) ,VGH(I) GAPP 79
+ ,VDH(I) ,DZH(I) ,TAFA(I) ,TSF(I) ,TCA(i) ,TAC(I) GAPP 80

80 + ,VCHI(I) ,AXLEN(I) GAPP 81
DIMENSION VFF(I), VFC(I), DGi.), RD(I), DELZA(I) GAPP 82
DIMENSION TRTRAN(NA) GAPP 83

C GAPP 84
C CALCULATION OF CLAD , FUEL , DISH , GAP , CRACK , POROSITY VOLUMES GAPP 85

85 C GAPP 86
HFV : 0.0 GAPP 87
HCV 0.0 GAPP 88
HGV : 0.0 GAPP 89
HDSHV : 0.0 GAPP 90

90 HCRV : 0.0 GAPP 91
HPORV : 0.0 GAPP 92
HFLL : 0.0 GAPP 93
TAC(IT) : 0.0 GAPP 94
TSF(IT) : 0.0 GAPP 95

95 TAFA(IT) : 0.0 GAPP .6
TAGA(IT) : 0.0 GAPP 97
SUMDH : 0.9 GAPP 98
SUMGP : r 0 GADD 99
SUMCK : 0.0 GAIP 100

100 SUMRG : 0.0 GAPP 101
SUMPOR : 0.0 GAPP 102

DO 110 1:2,IRI GAPP 103
IF (MECHAN.EQ.1) GO TO 100 GAPP 104
HFV : HFV+VFH(I) GAPP 105

105 HCV : HCV+VCHI(I)*(l.EO+AXLEN(I)) GAPP 106
HGV : HGV>VGH(I) GAPP 107
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HDSHV : HDSHV+UDH(I) GAPP 108
HCRV : HCDV+VCR(1) GAPP 109
HPORV : HPORU+VPOR'I) GAPP 110

110 HFLL : HFLL+DZH(I) GAPP III
TAC(IT) : TAC(IT)+TCA(I)i(NT) GAPP 112
T5F(IT) : T5F(IT)+TPS(I)/(NT) GAPP 113
TAFA(IT) : TAFA(IT)+TAF(I)/(NT) GAPP 114
TAGA(IT) : TAGA(IT)+TAG(I)/(NT) GAPP 115

115 SUMDH : SUMDH+UDH(I)/(TAF(I)+460.) GAPP 116
5UMGP : SUMGP+VGH(I)/(TAG(I)+460.) GAPP 117
SUMCK : SUMCK+VCR(I)/(((TP5(I)+TRTRAN(I))/2.E0)+460.E0) GAPP 118
SUMRG = SU'nG+RFNUFF*WFH(I)/(TAG(I)+460.) GAPP 119
SUMPOR :5-POR+QPOR( I )/(TAF( I )+460.) GAPP 120

120 C GAPP 121
GO TO 110 GAPP 122

100 CONTINUE GAPP 123
C GAPP 124

URCI : RD((I-I)*NFFI+NF+1)**2*PI*DELZA(I) GAPP 125
125 URCO : RD(I*NFFI)**2*PI*DELZA(I) GAPP 126

URFS : (RD((I-I)*NFFI+NF+I)-DG(I))**2*PI*DELZA(I) GAPP 127
C GAPP 128

VCHI(I) : URCO-URCI GAPP 129
VFH(I) : VRF5*(I.-VFF(I)i100.) GAPP 130

130 VCR(I) :=URF5*VFF(I)/100. GAPP 131
VC = URCI*VFC(I)/i100. GAPP 132
UGH(I) : UC-VCR(I) GAPP 133

C GAPP 134
HFV : HFV+UFH(U) GAPP 135

135 HoV : HuU+UGH(I) GAPP 136
tCV : HCV+UCHI(I) GAPP 137
HDSHV : HDSHV+VDH(I) GAPP 138
HCRV = HCRU+VCR(I) GAPP 139
HPORV : I.E-12 GAPP 140

140 RFNVFF I : .E-12 GAPP 141
HFLL : HFLL+DELZA(I) GAPP 142

C GAPP 143
TAC(IT) : TAC(IT)+TCA(I)/FLGAT(NT) GAPP 144
TSF(IT) : TSF(IT)+TPS(I)IFLOAT(NT) GAPP 145

145 TAFA(IT) : TAFA(IT)+TAF(I).FLOAT(NT) GAPP 146
TAGA(IT) : TAGA(IT)+TArI.)/FLOAT(NT) GAPP 147
SUMGP : SUMGP+VGt(I'(TAG(I)+460.) GAPP 148
SUCK : SUMCK+UCRtI)/(TAF(I)+460.) GAPP 149
SUMPOR : I.E-15 GAPP 150

150 SUMRG : I.E-15 GAPP 151
110 CONTINUE GAPP 152
C GAPP 153

IF (MECHAN.EQ.I) SUMDH : D15H/(TAFA(I)+460.) GAPP 154
HFPER : (HFLL/(TOTL*12.)-1.0)*100. GAPP 155

155 C GAPP 156
C CALCULATION OF O3) INTERNAL PRESSURE GAPP 157
C GAPP 158

SUMPLN : HPV/(TPLEN+460.) GAPP 159
PIT(IT) : (GASMOL*40.8),(SUMPLN+5UMGP+5UMDH+SUMCK+SUMPOR+SUMRG) GAPP 160

10/21/80 14.29.35 PAGE 3SUBROUTINE GSPRES



76/176 OPT:0 TRACE STATIC FTN 4.8+508

C
PRESS : PIT(IT)

C
C

IF (N2.EQ.NT) J : IRI+1
C

RETURN
END

SYMBOLIC RECERENCE MAP (R:2)

ENTRY POINTS
4 GSPRES

VARIABLES
0 AXLEN
0 DELZA

0
0
0
0
9
0
0
0

0
0
0
0
0

414

0
0

0
0
0
0
0
0
0

DG
DI SH
DZH
GASMOL
HCRV
HCV
HDSHV
HFLL

HFPER
HFV
HGV
HPORV
HPV
I

IRI
IT

J
MECHAN
NA
NDBG
NF
NFFI
NT

DEF LINE
I

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
iNTEGER

INTEGER
iNTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
166

ARRAY
ARRAY

ARRAY

ARRRY

*UNUSE

RELOCATION
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

FP. O
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

D F.P.
F.P.
F.P.
F.P.

160

165

GAPP
GAPP
GAPP
GAPP
GAPP
GAPP
GAPP
GAPP

161
162
163
164
165
166
167
168

141
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
141

DEFINED
REFS
REFS
REFS
REFS
REFS
III

2*119
2*132
144

DEFINED
REFS
REFS
2*114

DEFINED
DEFINED

REFS
REFS

DEFINED
REFS
REFS
REF S

77
81

81
153
77
159
108
105
107
110

104
106
109
158
104
112

2*124
134
145
102
102
93

2*143

103
82

124
124
III

105
124

126
DEFINED

110
DEFINED

138
136
137
141

154
134
135

DEFINED
DEFINED

2*105
113

2*125
135
146

164
94

2*144

164
153

DEFINED

126
1
112

108
105
107
92

104
106
139

DEFINED
125

DEFINED

DEFINED

DEF I NED
DEFINED
DEFINED

154

DEFINED
DEFINED

106
114

3*126
136

2*147

DEFINED
95

2*145

DEFINED

DEFINED
126
113

138
136
137
110

134
135

126

DEFINED

91

107
2*115

I 2
li

'37
2* 148

96
2 146

DEFINED
114

90
87
89

86
88

109

108
2*116
2*129
138
153

2*111
159

'
143

109
3*117
2*130
141

2*112
161

144

110
2*118

131
143

2*113

145
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VARIABLES SN TYPE

0 N2 INTEGER
0 PI REAL
0 PIT REAL
0 PRESS REAL
0 RD REAL
0 RFNVFF REAL
0 SUCK REAL

0 SUMDH REAL
0 SUMGP REAL

421 SUMPLN REAL
0 SUMPOR REAL
0 SUMRG REAL
0 TAC REAL

0 TAF REAL

0 TAFA REAL

0 TAG REAL

0 TAGA REAL

0 TCA REAL
0 TOTL REAL
0 TPLEN REAL
0 TPS REAL
0 TRTRAN REAL
0 TSF REAL

420 UC REAL
0 VCHI REAL
0 VCR REAL

0 VDH REAL
0 VFC REAL
0 VFF REAL
0 VFH REAL
0 VGH REAL

0 VPOR REAL
415 VRCI REAL
416 VRCO REAL
417 VRFS REAL

INLINE FUNCTIONS TYPE
FLOAT REAL

STATEMENT LABELS
171 100
330 110

A

A

76/176 OPT:0 TRACE

RELOCATION

F.P.
F.P.

RRAY F.P.
F.P.

RRAY F.P.
F.P.
F.P.

F.P.
F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARGS
I INTRIN

DEF LINE
122
151

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

DEF LINE

REFERENCE
103
102

E STATIC

146
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

148
REFS
REFS

147
REFS
REFS
REFS
REFS

143
REFS

DEFINED
REFS

113
REFS

DEFINED
REFS

146
REFS
REFS
REFS
REFS
REFS
REFS
144

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

REFERENCES
143

FTN 4.8+508

164
164
124
77
I

81
118
117

115
116

159
119
118
77

77
1

77
145
77
7

77

77
154
158
77
82
77

132
77
77

77
81
81
77
77

77
128
128
129

144

DEFINE
DEFINED

125
161
161
124

DEFINED
148

159
147

DEFINED
159
159
III

113

113

114

114

II
DEFINED
DEFINED

112
117
112

DEFINED
105
108
130
107
131
129
104
106
132
109
131

DEFINED
130

145

126
DEFINED

125

159

DEFINED
159

158
DEF I NED
DEFINED

143

115

145

I'+6
146

143

117
DEFINED

144

131
136
117

115
DEFINED

130
118
116

119
DEFINED

125
DEFINED

10/21/80

DEFINED

126
140

DEFINED

DEFINED

DEFINED

119

153

118

DEFINED

DEFINED

144

DEFINED

DEFINED
132

137

DEFINED
134
135

DEFINED
124

126

14.29.35

159

DEFINED

97
1

101
100

145

DEFINED

146
I '+

DEFINED

138

DEFINED

DEFINED
147

146

:ES

121

PAGE

1

99

115
98

5

117

153
116

149
150
IlIl

119
118
93

148

I '+
147

96

95

114

112

128
I'8

129

1

94

I
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76/176 OPT:O TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE

I SUBROUTINE GAPRS (GPTHK,RFPFC TGTF,TC,PG GASESFLUX,MECHANRUFC, GAPRS 2
+RUFF,FRDENHGAPTCOLDWKTFLUXZRO,F0TMTLH OLIDHGAPRHGAPPRGSIG GAPRS 3
+GDG, IT,NDBG, IM93WC, IMGAPCFTMELT,FRAC) GAPRS 4

C GAPRS 5
5 C THIS SUBROUTINE COMPUTES GAP CONDUCTANCE ACCOUNTING FOR RADIATION GAPR5 6

C HEAT TRANSFER ACROSS GAS GAP AND GAP THICKNESS CHANGE. IF MESH GAPRS 7
C SPACING USED IN TEMPERATURE DISTRIBUTION CALCULATIONS 15 ADJUSTED GAPRS 8
C TO CONFORM ITH DEFORMATION CALCULATIONS, INPU GPTHKO GPTHK . GAPRS Q
C GAPRS 10

10 C *** INPUT VARIABLES *** GAPRS I0
C GAPRS 12
C COLDWK: CLADDING COLD WORK GAPRS 13
C COMP : PU02 CONTENT (WEIGHT PERCENT) GAPRS 14
C DG - EFFECTIVE GAP (IN) FROM SUBROUTINE RADIAL GAPR5 15

15 C FOTMTL: FUEL OXYGEN TO METAL RATIO GAPRS 16
C FRDEN RATIO OF FUEL DENSITY TO THEOPETICAL DENSIT GAPRS 17
C FTMELT - FUEL MELT TEMPERATURE (K) GAPRS 18
C GASES(I) ABSOLUTE MOLE FRACTIONS GAPRS 19
C GAPRS 20

20 C GAS INDEX NUMBER KEY GAPRS 21
C I:HELIUM GAPRS 22
C 2:ARGON GAPRS 23
C 3:KRYPTON GAPRS 24
C 4:XENjN GAPRS 25

25 C 5:HYDROGEN GAPR5 26
C 6:AIR GAPRS 27
C 7:14A1ER VAPOR GAPRS 28
C GAPRS 29
C GPTHK : GAS GAP THICKNESS (RADIAL FT) GAPRS 30

30 C IMGAPC - EM SWITCH FOR GAP CONDUCTANCE GAPRS 31
C IM93WC - EM SWITCH FOR FUEL THERMAL CONDUCTIVITY GAPRS 32
C IT - POWER-TIME STEP INDEX GAPRS 33
C NDBG - DEBUG OUTPUT INDEX CAPRS 34
C MECHAN - MECHANICAL MODEL INDEX GAPRS 35

35 C : i, PELET MECHANICS SUBCODE GAPRS 36
C : 2, FRACAS-I MECHANICS SUBCODE GAPRS 37
C : 3, FRACAS-Il MECHANICS SUBCODE GAPRS 38
C PFC : PELLET - CLADDING INTERRACIAL PRESSURE (PSIA) GAPRS 39
C PG : PRESSURE OF GAS IN GAS GAP (PSIA) GAPRS 40

40 C PRG - INTERRACIAL PRESSURE CALCULATED BY SUBROUTINE RADIAL GAPRS 41
C RF : RADIUS TO OUTSIDE SURFACE OF FUEL (FT) GAPRS 42
C RUFC : ARITHMETIC MEAN ROUGHNESS HEIGHT OF CLADDING (IN) GAPRS 43
C RUFF : ARITHMETIC MEAN ROUGHNESS HEIGHT OF FUEL (IN) GAPRS4
C SIGG - GAP MACRO-ROUGHNESS USED IN 'RADIAL GAPRS 45

'45 C TC : TEMPERATURE OF INSIDE SURFACE OF CLADDING (F) GAPR5 46
C TF : TEMPERATURE OF OUTSIDE SURFACE OF FUEL (F) GAPS 47
C TG : TEMPERATURE OF GAS IN GAP (F) GAPRS 48
C ZRO - ZIRCALOY-OXIDE THICKNESS (M) GAPRS 49
C GAPRS 50

50 C *** OUTPUT VARIABLES Its GAPRS 51
C GAPRS 52
C MGAP - CONDUCTION CONTRIBUThI," TO CC O4L'1ANCE BTuMR-FTss2-F GA'RS 53
C GAPR - RADIATION CONTRIBUTION TO CON3)KTA.CE (BTu,R-FT::2-F) GAPR 54
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C HGAPT : GAP CONLJCTANCE (BTU/HR-FT**2-F) GAPRS 55
55 C HSOLID - CONTACT CONTRIBUTION TO CONDUCTANCE (BTU/HR-FT**2-F) GAPRS i6

C GAPRS 57
C IMPLICIT REAL*8(A-HO-Z) GAPR5 58
C GAPR5 59

DIMENSION GMNT(7) GAPRS 60
60 DIMENSION GASES(7) GAPRS 61

DIMENSION HEGAS(7) GAPR5 62
DATA HEGAS / I., 6*0. / GAPRS 63
DATA (GMNT(I),I:l,7)/4.,39.,84.,131.3,2.,28.,18./ GAPRS 64
DATA SBC , CONVP ,THKMIN / .4806E-12 ,1.4505E-4,I.E-10 / GAPRS 65

65 DATA CONVK SECHR , CONUL / 1.7300E0 , 3600.E0 , .03281/ GAPR5 66
DATA CONVP2 / 14.2234E0 / GAPR5 67
DATA GPSI , GPTHKN / O.EO , 0.E0 / GAPRS 68

C GAPRS 69
C GAPR5 70

70 TCONV(T) : (T+459.67E0)/I.8E0 GAPRS 71
C GAPRS 72
C * CONVERT uAS GAP TEMPERATURE FROM F TO K GAPRS 73
C GAPRS 74

TGK : TCONV(TG) GAPRS 75
75 C GAPR5 76

C COMPUTE CONDUCTIVITY OF GAS IN GAS GAP GAPRS 77
C GAPR5 78

GPCON : GTHCON(GASES,TGKGPSIGPTHKN) GAPRS 79
C GAPR5 80

80 C * CONVERT GPCON FROM 1J/M-C TO BTU-FT-F-EEC GAPRS 81
C GAPRS 82

GPCON :=GPCON/(CONVK*5ECHR) GAPR5 83
C GFAPRS 8
C GAPRS 85

85 IF (MECHAN.NE.1) GO TO 100 GAPR5 86
HECON : GTHCON(HEGAS,TGKGPSIGPTHKN) GAPR5 87
HECON :=HECON/(CONVK*SECHR) GAPR5 8¬
FRAC : GPCON/HECON SAPRS 89

C GAPR5 90
90 100 CONTINUE GAPRS 91

C GAPR5 92
C COMPUTE RADIATION HEAT TRANSFER ACROSS AS GAP. TRANSFORM TO AN GAPRS 93
C EFFECTIVE CONDUCTIVITY GAPR5 94
C GAPR5 9595 C ASSUME CONFIGURATION FACTOr EQUALS 1 GAPRS 96
C GAPRS 97

FA :=I.EO GAPRS 96
C GAPR5 99

GPTHM : GPTHK GAPR5 :JO
100 IF (GPTHM.LT.THKMIN) GPTHM : THKMIN GAPRS 101

C GAPR5 '02
C COMPUTE EMISSIVITY FACTOR FE GAPRS 103
C GAPRS 104

CALL EM55F2 (TF,TC,RF,GPTHMZRO,FE) GAPR5 105(05 C GAPRS 106
C CONVERT TEMPERATURE TO RANKINE GAPR5 107

nnV- - n 4p n^ 1- r d- V. w - e - r... .. w . . ww . .. --
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TFR : TF+459.67E0 GAPRS 108
TCR : TC+459.67E0 GAPRS 109
HGAPR : SDC*FA*FE*(TFR*TFR+TCR*TCR)*(TFR+TCR) GAPRS 110

110 HGAPR : HGAPR*SECHR GAPRS III
t GAPRS 112
C COMPUTE TEMPERATURE JUMP DISTANCEUSING RECOMMENDED FORM GAFRS 113
C IN REPORT BNWL 1984 GAPRS 114
C GRPRS 115

115 AHE : .425-2.3E-4*TGK GAPRS 116
AXE : .749-2.5E-4*TGK GAPRS 117
SLOP : (AXE-AHE)/127. GAPRS 118
RINT : AHE-4.*SLOP GAPRS 119
SUM : 0.0 GAPRS 120

120 DO 110 IJJ:1,7 GAPRS 121
ADR : (GMWT(IJJ))**0.5 GAPRS 122
AGS : SLOP*GMWT(IJJ)+RINT GAPRS 123
SUM : SUM+AGS*GASES(IJJ)/ADR GAPRS 124

110 CONTINUE GAPRS 125
125 DJUMP : 2.23*(GPCON*SQRT(TGK)/PG)r5UM GAPRS 126

C * CONVERT DJUMP FROM CM TO FT GAPRS 127
C GAPRS 128

DJMPFT : CONVL*DJUMP GAPRS 129
C GAPRS 130

130 C CHECK FOR GAP CLOSURE GAPRS 131
IF (GPTHK.EQ.0.0.OR.MECHAN.EQ.I) GO TO 120 GAPRS 132

C GAPRS 133
C CONDUCTIVITY FOR OPEN GAP GAPRS 134
C GAPRS 135

135 C * INCLUDE POUGHNESS FACTOR TO HAVE CONTINUOUS TRANSITION GOING FROM GAPRS 136
C * CALCULATION .OR OPEN GAP TO CLOSED GAP GAPRS 137
C GAPRS 138

DROUGH : CGNVL*3.6*(RUFF+RUFC)*2.54E0 GAPRS 139
HGAP : GP'.0N/(GPTHK+DJMPFT+DROua:H) GAPRS 40

140 HGAP : HWAP*SECHP GAPRS 141
HGAPT : !GAP+HGAPR GAPRS 142

C GAPRS 143
GO TO 200 GAPRS 144

C CONDUCTIVITY FOR CLOSED GAP GAPRS 145
145 C GAPRS 146

C CONDUCTIVITY COMPUTED BY FORMULA SHOWN ON PAGE A-10 OF BNWL-1778 GAPRS 147
C GAPRS 148
C GAPRS 149
C * CONVERT F'IEL AND CLADDING SURFACE TEMPERATURES FROM F TO K GADD 150

150 C GAPRS 151
120 TFSI : TCONV(TF) GAPRS 152

TCSI : TCONV(TC) GAPRS 153
C GAPRS 154
C GAPRS 155

155 CALL FTHCON (TFSI,FRDENFOTMTLCONU,DKDT) GAPRS 156
C GAPRS 157

IF (IM93WC.EQ.1) CONU : EMFTC(CONU,FTMELT) GAPRS 158
C GAPRS 159

CONF : CONU*57.803/100./SECHR GAPRS 160

SUHROUTIPS GAPRS 10/21/80 14.29.35 PAGE 3
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160 C GAPRS 161
C EQUATION A-10 IN REPORT DNWL-1894 GAPRS 162
C FOR31ULA IN REPORT 81'1-1984 GAPRS 163
C GAPRS 164

CALL CTHCON (TCSITFLUX,FLUXCOLDWK,CCON,C.)KDT) GAPRS 165
165 C GAPRS 166

CONC : CCON*5?.8G3/100./SECHR GAPRS 167
FKM : 2.EO*CONF*CONC/(CONF+C)NC) GAPRS 166
MEYER : CMHARI(TCSI)*CONVP GAPRS 165

IF (MECHAN.EQ.I) GO TO 130 GAPRS 170
170 C GAPRS 171

C * CONVERT PFC FROM P~i TO KG/CM**2 GAPRS 172
PFCI : PFC/CONVP2 GAPRS 173

C GAPRS 174
C THE FOLLOWING ZiATEI.cNT ELIMINATES CREDIT FOR INTERFACE PRESSURE GAPR5 175

175 C IN iHE GAP CONDUCTANCE WHEN THE EM GAP CONDUCTANCE IS SPECIFIED GAPRS 176
C GAPRS 177

IF (IMGAPC.EQ.1) PFCI : 0.E0 GAPRS 178
C GAPRS 179

CEE : 3.6*EXP(-.00125*PFCI) GAPRS 180
180 THC : CEE*(PUFF+RUFC)+DJUMP/2.54-5.5E-5 GAPRS 181

IF (THC.LT.2.5E-5) THC : 2.5E-5 GAPRS 182
PREL : IMAXI PFC/HMEYER,0 F0) GAPRS 183
GO TO 140 GAPRS 184

130 CONTINUE GAPRS 185
185 THC : DG+DJMPFT*12. GHt'S 186

PREL : PRG/HME :R GAPRS 187
140 CONTINUE GAPRS 188

RI : RUFF*I.E6 GAPRS 169
R : (RUFC**2+RUFF**2)**0.5 GAPRS 190

190 C GAPRS 191
IF 'MECHAN.EQ.I) GO TO 180 GAPRS 192
IF (PREL.GT..0I) GO TO 160 GAPRS 193
IF (PREL.LT..0001) GO TO 150 GAPRS 194
HSOLID : 5.*FKM/(R*EXP(5.738-.528*ALOG(FI)))*.OI GAPRS 195

195 GO TO 170 GAPRS 196
150 HSOLID : 5.*FKM*PREL**0.5/(R*EXP(5.738-.528*ALOG(RI))) GAPRS 197

GO TO 170 GAPR5 198
160 HSOLID : 5.*FKM*PREL/(R*EXP(5.738-.528*ALOG(RI))) GAPRS 199
170 CONTINUE GAPRS 200

200 HSOLID : HSOLID*SECHR GAPRS 201
GO TO 190 GAPRS 202

180 CONTINUE GAPRS 203
RR : SIGG*2.54*I.E-4/1.11 GAPRS 204
PP : PRG*6895.E-6 GAPRS 205

205 HSOLID : 0.038-RRE0.002+(.017-RR*.0003)*PP GAPRS 206
C CONVERT FROM W/CM**2-C TO BTU/SEC-FT**2-F GAPRS 207

HtOLID : HSOLID*SECHR/2.04 GAPRS 203
190 CONTINUE GAPRS 209

HGAP : GPCON/(THC/12.) GAPRS 210
210 HGAP : HGAP*SECHR GAPRS 211

C GAPRS 212
HGAPT : HGAP+HSOLID+HGAPR GAPRS 213

10/21/80 14.29.35 PAGESUBROUTINE GAPRS
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C
200 CONTINUE

CALL DIALOT (TG,28,FDIALAFDIALM)
HGAPT : (HGAPT+FDIALA)*FDIALM
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GAPRS

VARIABLES
655 ADR
656 AGS
647 AHE
650 AXE
667 CCON
670 CDKDT
675 CEE
0 COLDWK

671 CONC
666 CONF
664 CNU
565 CON UK
567 CONVL
563 CONVP
570 CONVP2
0 DG

660 DJMPFT
657 DJUMP
665 DKDT
661 DROUGH
642 FA
704 FDIALR
705 FDIALM
644 FE
672 FKM

0 FLU"
0 FOTMTL
0 FRAC
0 FRDEN
0 FTHELT
0 GASES

706 GINT
640 GPCON

57'
0

GPS I
GPTHK

DEF L NE

SN TYPE
REAL
REAL
REAL
REAL
REAL

* RERL
REAL
REAL
REAL
REAL
REPL
REAL
REAL
REAL
REAL
PEAL
i:EAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
217

RELOCATION

F.P.

F.P.

ARRAY
ARRFY

REAL
REAL

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

215

GAPRS
GAPRS
GAPRS
GAPRS
GAPRS
GAPRS

214
215
216
217
218
219

121
122

DEFINED
116

179
1

166
159
159

DEFINED
DEFINED

64
66
I

DEFINED
DEFINED

115

DEFINED
65
65

128
125

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

157

123
123
117
117
164
164
180
164

2*167
2*167

155
82
128
168
172
185
139
128
155
139
109
215
215
104
194
164
155

155
157
60
59
82
78
78
99

DEFINED
DEFINED

118
DEFINED

166

DEFINED
DEFINED
DEFINED
DEFINED

157
87

138
DEFINED
DEFINED
DEFINED

185
180

DEFINED
DEFINED

216
216
109
196

DEFINED
DEFINED

88
DEFINED
DEFINED

78
121
88
82
86

131

138
97

198

123
122
125

DEFINED
139

DEFINED

DEFINED
DEFINED

139

67
DEFINED

167

1
63

209

1
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VARIABLES
572 GPTHKN
643 GPTHM
641 HECON
715 HEGAS
0 HGAP

0
0

673
0

6541
0
0
0
0
0
0

674
0

703
677
0

701
0

652
702
0
0

700
562
566

0
651
653
0

646
663
0
0

645
662
0

637

676
564
0

HGAPR
HGAPT
HMEYER
HSOLID

IJJ
IGAPC
IM93WC
IT
MECHAN
NDBG
PFC
PFCI
PG
PP
PREL
PRG
R
RF
RINT
RR
RUFC
RUFF
RI
5BC
SECHR

51GG
SLOP
SUM
TC
TCR
TCS'
TF
TFLUX
TFR
TFS I
TG
TGK

THC
THKMIN
ZRO

5N TYPE
REAL
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

REAL
REAL
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

*UNUSED

*UNUSED

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

REFS
REFS
REFS
REFS
REFS

140
REFS
REFS
REFS
REFS
198

REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

207
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

78
100
87
61
140
209
110
216
182
200
200
121
177
157

85
I

172
179
125
205
192
186
194
104
122

2*205
138
138
194
109
82

210
203
118
123
104

3*109
164
104
164

3*109
155

74
78
74

181
2*100
104

86
104
88
86

141
210
141

DEFINED
186
207
205
122

DEFINED
DEFINED

131

182
DEFINED
DEFINED
DEFINED

193
204
196

DEFINED
DEFINED
DEFINED

180
180
196

DEFINED
87

DEFINED
DEFINED

122
125
108

DEFINED
168
107

DEFINED
DEFINED
DEFINED

215
86

209
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

210

212

DEFINED
212
207
123

169

DEFINED
172

204
196

DEFINED
198

118
203
189
188
198
64
110
65

DEFINED
DEFINED

152
108

DEFINED
151

I
107
151

DEFINED
115

DEFINED
64
I

EXTERNALS
ALOG
CMHARD

TYPE
REAL
REAL

ARGS
I LIBRARY
I

REFERENCES
194
168

IJo
87

DEFINED

212

1

109
216

194

139

110

196

DEFINED

67
99
86
62

212

DEFINED
11
168

DEFINED

DEFINED

191

1
177

198

DEFINED

DEFINED
189

DEFINED

140

117
119

DEFINED

152
DEFINED

1
116

180

DEFINED

189

1
DEFINED

188

159

182

166

186

200

123
1

125

185

196 198

10/21/80 14.29.35 PAGE 6SUBROUTINE GAPRS

i

i

I



76/176 OPT:0 TRACE STATIC FTN 4.8+508

EXTERNALS
CTHCON
DIALOT
EMFTC
EMSSF2
EXP
FTHCON
GTHCON
SQRT

INLINE FUNCTIONS
AMAXI
TCONV

STATEMENT LABELS
37 100
0 110

204 120
315 130
325 140
362 150
400 160
413 170
420 180
442 190
457 200

TYPE ARGS
6
4

REAL 2
6

REAL iL
5

REAL 4
REAL IL

TYPE
REAL
REAL

ARGS
0
1

LIBRARY

LIBRARY

INTRIN
SF

DEF LINE
90

124
151
184
187
196
198
199
202
208
214

REFERENCES
164
215
157
104
179
155
78
125

DEF LIKE

70

REFERENCES
85
120
131
169
183
193
192
195
191
201
143

194

86

REFERENCES
132
74

197

LABEL
110

INDEX
I JJ

FROM-TO
120 124

STATISTICS
PROGRAM LENGTH

140000B SCM USED

LENGTH
210

726B

PROPERTIES
EXT REFS

470

196 198

151 152

LOOPS
121
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FUNCTION GAPT (F TC,PGPC,URF,DELTA,EPP,EP,RCI,RCO,CEPS,CEPP,CEP,C GAPT 2
+SIG,OLDTC,OLDPG,6LDPC,OLDURF,J,NRELAX,DTIME,TIME,ECREEP,CREP,NA,NP GAPT 3
+LAST) GAPT 4

C GAPT 5
5 C IMPLICIT REAL * 8 (A-H,O-Z) GAPT 6

C GAPT 7
C THIS ROUTINE CALCULATES GAP THICKNESS GAPT 8
C GAPT 15 CALLED FROM CLOSE GAPT 9
C GAPT 10

10 REAL TC(I) ,PG(I) ,PC(I) ,URF(I) ,CSIG(3) GAPT 11
+ ,CEP5(3) ,CEPP(3) ,EP(I) ,OLDTC(i) ,OLDPG(I) GAPT 12
+ ,OLDPC(I) ,OLDURF(I),EPP(NA,l),ECREEP(I) GAPT 13

C GAPT 14
C ************************************ * GAPT 15

15 C INPUT ARGUMENTS GAPT 16
C ******************************************************************** GAPT 17
C GAPT 18
C CEP - TEMPORARY EFFECTIVE PLASTIC STRAIN (IN/IN) GAPT 19
C CEPP - TEMPORARY HOOP, AXIAL, & RADIAL PLASTIC STRAINS (IN/IN) GAPT 20

20 C CEPS - TEMPORARY HOOP, AXIAL, & RADIAL STRAINS (IN/IN) GAPT 21
C CSIG - TEMPORARY HOOP, AXIAL, & RADIAL STRESS (PSI) GAPT 22
C DTIME - TIME INCREMENT (HRS) GAPT 23
C DELTA - COLD STATE RADIAL GAP (IN) GAPT 24
C EP - CLADDING EFFECTIVE PLASTIC STRAIN (IN/IN) GFPT 25

25 C EPP - CLADDING HOOP, AXIAL, & RADIAL STRAINS (IN/IN) GAPT 26
C F - INTERPOLATION FACTOR GAPT 27
C J - AXIAL NODE INDEX GAPT 28
C NA - MAXIMUM NUMBER OF AXIAL NODES GAPT 29
C NPLAST - ELASTIC-PLASTIC FLAG GAPT 30

30 C NRELAX - CREEP FLAG GAPT 31
C OLDPC - COOLANT CHANNEL PRESSURE OF PREVIOUS POWER STEP (PSIA) GAPT 32
C OLDPG - ROD INTERNAL GAS PRESSURE OF PREVIOUS POWER STEP (PSIA) GAPT 33
C OLDTC - CLADDING AVERAGE TEMPERATURE-PREVIOUS POWER STEP (F) GAPT 34
C OLDURF - FUEL RADIAL DISPLACEMENT OF PREVIOUS POWER STEP (IN) GAPT 35

35 C PC - COOLANT CHANNEL PRESSURE (PSIA) GAPT 36
C PG - ROD INTERNAL GAS PRESSURE (PSIA) GAPT 37
C TC - CLADDING AVERAGE TEMPERATURE (F) GAPT 38
C TIME - END OF STEP TIME (HRS) GAPT 39
C URF - FUEL RADIAL DISPLACEMEN (IN) GAPT 40

40 C RCI - CLADDING INSIDE RADIUS (IN) GAPT 41
C RCO - CLADDING OUTSIDE RADIUS (IN) GAPT 42
C GAPT 43
C **** Z*********** *** *************** GAPT 44
C OUTPUT ARGUMENTS GAPT 45

45 C ************************* ********************* GAPT 46
C GAPT 47
C GAPT - GAP THICKNESS (IN) GAPT 48
C GAPT 49
C ********************************************************** GAPT 50

50 C GAPT 51
CEPP(I) : EPP(J,I) GAPT 52
CEPP(2) : EPP(J,2) GAPT 53
CEPP(3) : EPP(J,3) GAPT 54
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CEP : EP(J)
CREP : sCREEP(J)
FS : 0.0E0
IF (NRELAX.NE.I) 60 TO 100
DT : F*DTIME
T :-TC(J)
P1 :PG(J)
PO : PC(J)
UR : URF(J)

C NOTE....FOR DEFORMABLE PELLET, URF 15 A FUNCTION
C OF TIME DURING CREEP

GO TO 110
100 CONTINUE

T : OLDTC(J)+F*(TC(J) -O! DTC(J))
P1 : OLDPG(J)+F*(PG(J)-OLDPG(J))
PO : OLDPC(J)+F*(PC(J)-OLDPC(J))
UR : OLDURF(J)+F*(URF(J)-OLDURF(J))

110 CONTINUE

CALL CLADF (PI,PO,T,RCI,RCO,C5IG,CEPS,CEPP,CEP,FS,NRELAX,DT,TIME,C
+REP,NPLAST)

UCLAD : ((RCO+RCI)*CEPS(I)-(RCO-RCI)*CEP5(3))*0.5E0
GAPT : UCLAD-UR+DELTA
RETURN
END

C

C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 GAPT

VARIABLES
0 CEP
0 CEPP
0 CEPS
0 CREP
0 CSIG
0 DELTA

206 DT
0 DTIME
0 ECREEP
0 EP
0 EPP
0 F

205
204
0

FS
GAPT
J

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
78

RELOCATION
F.P.

ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

F.P.

F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.

REAL
REAL
INTEGER F.P.

55

60

65

70

75

GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT
GAPT

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

REF5
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5

DEFINED
REFS

DEFINED
REFS

73
10
10
73
10
77
73
58
10
10
10
58
1

73
77
51

52
DEFINED

73
73

DEFINED
73

DEFINED
DEFINED
DEFINED

55
54
51
67

DEFINED

52

DEFINED
2*76

DEFINED

58

DEFINED
DEFINED

52
68

54

DEFINED
55

53
69

5351

DEFINED
70

56

53 55 59 60
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VARIABLES

0
0
0
0
0
0
0
0
0

210
211
0
0

207
0
0

213
212
0

SN TYPE

NA
NPLAST
NRELAX
OLDPC
OLDPG
OLDTC
OLDURF
PC
PG
PI
PO
RC I
RCO
T
TC
TIME
UCLAD
UR
URF

INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

76/176 OPT:O TRACE STATIC

RELOCATION

F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY

ARRAY

F.P.
F.P.

F.P.
F.t .

F.P.

61
DEFINED
REFS
REFS
REF S
REFS
REFS
REFS
REFS
RE9S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

62
1

10
73
57
10
10
10
10
10
10
73
73
73
73
73
10
73
77
77
10

FTN 4.8+508

3*67

DEFINED
DEFINED

73
2*69
2*68
2*67
2*70
61
60

DEFINED
DEFINED

2*76
2*76

DEFINED
59

DEFINED
DEFINED
DEFINED

62

3*68

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

69
68
60
61

DEFINED
DEFINED

59
67

76
62
70

10/21/80

3*69

I
I
I

DEFINED
DEFINED

68
69

67
DEFINED

70
DEFINED

X4.29.35

EXTERNALS
CLADF

TYPE ARGS
i5

STATEMENT LABELS
71 100
126 110

DEF LINE
66
7'

REFERENCES
73

REFERENCES
57
65

STATISTICS
PROGRAM LENGTH

140000 SCM USED

PAGE 3

2148 140
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SUBROUTINE GASPLT (Y,N,T) GASPLT 2
C GASPLT 3
C GASPLT SHOULD BE USED TO OUTPUT THE FRACTION OF SHORTLIVED GASPLT 4
C RADIOACTIVE GASES RELEASED AS PREDICTED BY THE ANS54 GAS RELEASE GASPLT 5

5 C MODEL GASPLT 6
C GASPIT 7
C CODED BY W N RAUSCH OF BATTELLE-NORTHWEST GASPLT 8
C GASPLT 9
C OUTPUT BOTH TABLE AND PLOT GASPLT 10

10 C GASPLT 10
C H : HALF-LIFE ARRAY GASPLT 12
C Y : RELEASE ARRAY GASPLT 13
C N : CURRENT TIME STEP NUMBER GASPLT 14
C T : CURRENT TIME IN SECONDS GASPLT I5

I5 C TD: CURRENT TIME IN DAYS GASPLT 16
C GASPLT 17

DIMENSION Y( t),H(II),5(gg),R(II) GASPLT 18
DELTIM : 0.5 GASPLT 19

DO 100 1:1,11 GASPLT 20
20 TIME : 1.+(I-I)*DELTIM GASPLT 21

H(I) : 10.**RTIME GASPLT 22
100 CONTINUE GASPLT 23

TD : T/86400.0 GASPLT 24
WRITE (6,180) N,TD GASPLT 25

25 WRITE (6,260) GASPLT 26
C OUTPUT TABLE OF HALF-LIVES VS FRACTION RELEASED GASPLT 27

WRITE (6,190) (H(I),I:I,II),(Y(I),:II) GASPLT 28
WRITS (6,200) GASPLT 29

C INITIALIZE PLOT TO BLANKS GASPLT 30
30 C R WILL BE USED TO SAVE VALUES OF S(SYMBOL) GASPLT 31

DIF : 1./40. GASPLT 32
DO 110 1:2,10 GASPLT 33
5(I) : 5H GASPLT 34
R(I) : 5(I) GASPLT 35

35 110 CONTINUE GASPLT 36
5(I) : 5H. GASPLT 37
5(11) : 5H. GASPLT 38
R(I) : 5() GASPLT 39
R(I) : 5(11) GASPLT 40

40 C GASPLT 41
C BEGIN PLOT CALCULATIONS ONE LINE AT A TIME GASPLT 42

DO 160 1:1,39 GASPLT 43
P = I.-I*DIF GASPLT 44

L4 120 J:1,II GASPLT 45
45 IF (Y(J).GE.P) 5(J) : 5H* GASPLT 46

120 CONTINUE GASPLT 47
IF (I.NE.20) GO TO 130 GASPLT 48

C GASPLT 49
C PRINT LABEL FOR VERTICAL AXIS GASPLT 50

50 WRITE (6,220) (5(K),K:*1 GASPLT 51
GO TO 140 GASPLT 52

130 CONTINUE GASPLT 53
WRITE (6,210 (5(K),K:1,II) GASPLT 54
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55

60

65

70

75

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GASPLT

VARIABLES
341 DELTIM
345 DIF
351 H
342

347 J

350
0

346
377
343
364

K
N
P
R
RTIME
5

DEF LINE

SN TYPE
REAL
REAL
REAL
INTEGER

INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
REAL

REFERENCES
68

RELOCATION

ARRAY

F.P.

ARRAY

ARRAY

140 CONTINUE
DO 150 :1,11
5(J) : R(J)

ISO CONTINUE
160 CONTINUE

DO 170 J:I,10
C PRINT BOTTOM AXIS OF PLOT

5(J) : 5H*....
170 CONTINUE

5(11) : 511*
WRITE (6,230) (5(J),J:I,Il)

C PRINT LABEL FOR HORIZONTAL AXIS
WRITE (6,240) (H(J),J:; 11,2)
WRITE (6,250)
RETURN

C
180 FORMAT (IHI,/50X,"FRACTION RADIOACTIVE GASES RELEASED"//55X,"TIME

+STEP : ",13/55X,"TIME AT END OF STEP :",F6.I," DAYS"/)
190 FORMAT (i5X,"HALF-LirE(SEC)",5X, I(IPEIO.I),/5X,"FRACTION"/5X,"REL

+EASED",IIX II(IPEIO.2))
200 FORMAT (/I55(IH*)//4X,"1.0.",51(IH.))
210 FORMAT (44X,11A5)
220 FORMAT (16X,"FRACTIO% RELEASED",7X,"0.5.",I AS)
230 FORMAT (40X,"0.0.",1115)
240 FORMAT (44X,6(IH. 4X). 37X 3F10.0,2X,3FI0.0)
250 FORMAT ('62X,"HALF-LIFE(SEC)"////)
260 FORMAT (29X,"RELEASE FRACTION - FRACTION OF NON-DECAYED INVENTORY

+THAT RESIDES IN THE GAP",135(IH*))
END

60

GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT
GASPLT

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

20
43
17
20
19

2*45
44
50
24
45
17
21
17

DEFINED
DEFINED

27
21

2*27
2*56
55
53

DEFINED
DEFINED

56
DEFINED

34

21
2*34

18
31
66

2*27
32
61
59

DEFINED
1

43
DEFIkED

20
38

DEFINED
33
42
64
64
50

34

39

47

66
66
53

38

50

39

53
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VARIABLES

0
344

0

SN TYPE

T
TD
Y

FILE NAMES
TAPE6

REAL
REAL
REAL

MODE
FMT

RELOCATION

F.P.

ARRAY F.P.

WRITES
67

STATEMENT LABELS
0 100
0 110
0 120

I!5 130
120 140
0 150
0 160
0 170

236 180 FMT
253 190 FMT
264 200 FMT
271 210 FMT
273 220 FMT
300 230 FMT
303 240 FMT
310 250 FMT
314 260 FMT

DEF LINE
22
35
40
52
54
57
58
62
70
72
74
75
76
77
78
79
80

REFERENCES
19
32
44
47
51
55
42
59
24
27
28
53
50
64
66
67
25

PROPERTIES

INSTACK

IN3TACK
INSThL:
INSTACK

E

EXT REFS

EXT REFS

EXT REFS

NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

DEFINED
REFS
REFS
REFS

33
2?
217
'7

37
1

36
DEFINED
DEFINED

27

27

56

DEFINED

61 03

50 53

LOOPS
'3
45
70
76
122
135
152

LABEL
100
110
160
120
150
170

INDEX
I

J
J
J
J

FROM-TO
19 22
32 35
42 58
44 46
55 57
59 62
66 66

LENGTH
13D
I1B
438
OB0
68
66
78

4148 268
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SUBROUTINE GASPRO (DCODELTAZFMGP,HMGP,QC,SGAPFTl, :2,ITJ) GASP 2
C GASP 3
C IMPL2'IT REAL * 8 (A-HO-Z) GASP 4
C GASP 5

5 C ** **x**************#********** ***************U****** # GASP 6
C GASP 7
C THIS SUBROUTINE IS CALLED FROM MAIN AND COMPUTES THE FISSION GAS GASP 8
C AND HELIUM PRODUCTION. GASP 9
C THIS ROUTINE WAS CODED BY G A BERNA IN DECEMBER 1977. GASP 10

10 C GASP 11
C *** **************** ******x*****************#****** GASP 12
C INPUT ARGUMENTS GASP 13
C ****xx**x* *x****x****#x*******U** #******* U GASP 14
C GASP 15

15 C DCO - CLADDING OUTSIDE DIAMETER (IN) GASP 16
C DELTAZ - NODE LENGTH (FT) GASP 17
C IT - POWER-TIME STEP INDEX GASP 18
C J - AXIAL NODE INDEX GASP 19
C NA - MAXIMUM NUMBER OF AXIAL NODES GASP 20

20 C BC - HEAT FLUX AT NODE J (BTU/HR-FT**2) GASP 21
C SGAPF - NUMBER OF FISSION GAS ATOMS PRODUCED PER 100 FISSION GASP 22
C TIME - TIME (SEC) GASP 23
C GASP 24
C ***x**** *******x ************************************** GASP 25

25 C OUTPUT ARGUMENTS GASP 26
C ***x***#*********** ***** GASP 27
C GASP 28
C FMGP - CUMULATIVE FISSION GAS PRODUCTION (GM-MOLES) GASP 29
C HMGP - CUMULATIVE HELIUM GAS PRODUCTION (GM-MOLES) GASP 30

30 C GASP 31
C x##* * *************************** *E*****x** GASP 32
C GASP 33

DIMENSION FMGP(NAI) GASP 34
+ ,HMGP(NAI) ,TIME(I) GASP 35

35 C GASP 36
IL : IT-1 GASP 37
IF (IT.EQ.1) IL : IT GASP 38

DO 100 LT:IL,IT GASP 39
I : 2+LT-IT GASP 40

40 C GASP 41
FMGP(JI) : QC*TIME(LT)*DCO*DELTAZ*SGAPF*9.95E-18 GASP 42
FMGP(JI) : FMGP(JI)*4.0 GASP 43

C GASP 44
HMGP(J,I) : QC*TIME(LT)*DCO*DELTAZ*2.98E-18 GASP 45

'.5 C GASP '.6
100 CONTINUE GASP 47
C GASP 48

RETURN GASP 49
END GASP 50
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GASPRO

VARIABLES
0 DCO
0 DELTAZ
0 FMGP
0 HMGP

65 1
63 IL
0 IT
0 J

64 '.T
0 NA
0 AC
0 SGAPF
0 TIME

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

REFERENCES
48

RELOCATION
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.

ARRAY

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

STATEMENT LABELS
0 100

DEF LINE
46

REFERENCES
38

LOOPS
22

LABEL
100

INDEX
LT

FROM-TO
38 46

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
34D

I lOB

PROPERTIES
OPT

72

REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

41
4I
33
33
41
38
36
41
39
233

41
41
33

44
44
42

DEFINED
2*42

DEFINED
2*37
2*42

41
DEFINED

44
DEFINED

41

I
I

44
DEFINED

37
39

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED

1*1
44
36
38
44
44

DEFINED

14

41

39

DEFINED
3

3D

42

I

DEFINED
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SUBROIIlINE GASREL (RDOT,FMGR,FMGP,TFR,NT,IPOW,NA,NR,DFS;IM,RVOIDS GASREL 2
+AVGASXBURNUP,STHIF,1,YY,Z,NGASR) GASREL 3

C GASREL 4
REAL LGtR GASREL 5

5 D!MF'ISION RDOT(IM,1), STHIF(NA) , FMGR(NAI) , GASREL 6
+ Ft4P(NAI), TFR(NR), SAUGAS(IM,1), X(NR) GASREL 7

C GASREL 8
C GASREL 9
C BEYERHANN GAS RELEASE MODEL DESCRIBED IN REPORT BNWL-1875. GASREL 10

10 C GASREL 11
C GASREL 12
C FMGP - FISSION GAS MOLES PRODUCED TO BEGI'J AND END OF TIME STEP GASREL 13
C FMGR - FISSION GAS MOLES RELEASED THIS TIME STEP GASREL 14
C LGSR - LOW TEMPERATURE MODEL GAS RELEASE FRACTION GASREL 15

I5 C NGASR - FLAG FOR NRC HIGH BURNUP FACTOR GASREL 16
C : 1, USE HIGH BURNUP FACTOR GASREL 17
C : 2, DO NOT USE HIGH BURNUP FACTOR GASREL 18
C RDOT - FRACTION FISSION GAS RELEASED GASREL 19
C SAVGAS - ':TAL GAS AVAILABLE FOR RELEASE GASREL 20

20 C STHIF - 1 4E STEP INDEX OF HGIHEST FRACTION RELEASE TO DATE GASREL 21
C GASREL 22

FLUX(X,YZ,D) : Z+Y*(D,2.*0.0254)**2+X*(D/2.*0.0254)**4 GASREL 23
C GA5REL 24

SAVGAS(NTIPOW) : FMGP(IPOW,2) GASREL 25
25 IF (NT.GT.1) SAVGAS(NT.1P0) : SAVGAS(NT-IIPOW)+FMGP( .l',2)-FMGP GASREL 26

+(IPOW,1) GASREL 27
RATTM : 0.0 GASREL 28
IF (RVOID.LT..001) RVOID : .001 GASREL 29
IF (NT.NE.I) GO TO 110 GASREL 30

30 DUOID : RVOID*2.E0 GASREL 31
DX : (DFS-DVOID)/FLOAT(NR-1) GASREL 32

DO 100 I:I,NR GASREL 33
X(I) : DFS-DX*(I-l) GASREL 34

100 CONTINUE GASREL 35
35 110 CONTINUE GASREL 36

LGSR : 0. GASREL 37
C FIND RADIUS AT EACH TEMPERATURE IN METERS. GASREL 38

R1200 : TERP(2192.,TFR,X-WR)*.0127 GASREL 39
R1400 : TERP(2552.,TFR,X,NR)*.0127 GASREL 40

40 R1700 : TERP(3092.,Tr,,X,NR)*.0127 GASREL 41
RTM : TERP(5072., T R,X,NR)*.0127 GASREL 42
RFS : DFS.'2. GASREL 43
RFSM : RF5*.0254 GASREL 44
RVOIDM : RVOID*.0294 GASREL 45

45 DENOM : (W/2.)*(RFSM**2-RVOIDM**2)+(YY/4.)*(RFSM**4-RVOIDt'*4)+(Z/ GASREL 46
+6.)*(RFSM**6-RVOIDM**6) GASREL 47

C USE CORRECT FUEL INNER RADIUS WHEN (RTM:0) 15 U3ED TO CALCULATE X17 GASREL 46
IF (RTM.LE.RVOID) GO TO 120 GASREL 49
RATTM : (W/2.)*(RTM**2-RVIDM**2)+(YY/4.)*(RTM**4-RO1DM**4)+(Z/6. GASREL 50

50 +)*(RTM**6-RVOIDM**6) GASREL 51
RATTM : RATTIDEMOM GASREt 52

120 CONTINUE GASREL 53
RTEST : RiOIDM+.0002 GASREL 54
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IF (R1200.LT.RTEST) GO TO 130 GASREL 55
55 RATI2 :G(W/Z.)*(R1200**2-RI400**2)+(YY/4.)*(R1200**4-R1400**4)+(Z/ GASREL 56

+6.)*(RI200**6-R1400**6) GASREL 57
RATI2 : RATI2/DENOM GASREL 58
RATI4 : (W/2.)*(R1400**2-R1700**2)+(YY/4.)*( 1400**4-R1700**4)+(Z/ GASREL 59
+'.)*(RI400**6-R1700**6) GASREL 60

60 R-ITI4 : RATI4iDENOM GASREL 61
RkTI? :=(W/2.)*(R 700**2-RTM**21+(YY/4.)*(RI700**4-RTM**4)+(Z/6.) GASREL 62
+(R1700**6-RTM**6) GASREL 63
RATIO? : RATI7/DENOM GASREL 64
GO TO 140 GASREL 65

65 130 CONTINUE GASREL 66
RAT17 : 0.9 GASREL 67
RATI4 : 0.0 GASREL 68
RATI2 : 0.0 GASREL 69

140 CONTINUE GASREL 70
70 RATLG : (W/2.)*(RFS**2-R1200**2)+(YY4.)*(RFSM**4-R1200**4)+(Z/6. GASREL 71

+)*(RFSM**6-RI200**6) GASREL 72
RATLG : RATLG/DENOM GASREL 73

C THE LOW TEMP.(-1200 C) GAS RELEASE FRACTION DEPENDS ONLY ON BURNUP GA5REL 74
LGSR : 0.01/20000.*BURNUP GASREL 75

75 IF (LGSR.GT.0.01) LGSR : 0.01 GASREL 76
RDOT(NT,IPOW) =:.05*RATI2+.141*RAT14+.807*RATI7+RATT GASREL 77
IF (RDOT(NT,IPOW).LT.LG5R) RDOT(NT,IPOW) : LGSR GASREL 78
IF (BURNUP.LE.20000.) GO TO 150 GASREL 79
IF (NGASR.EO.2) GO TO 150 GASREL 80

80 DELB : BURNUP-20000. GASREL 81
FRETN : I.-RDOT(NT,IPOW) GASREL 82
BRNEF : (I.-EXP(-.436C-4*DELB))/(I.+.665/RDOT(NT,IPOW)*EXP(-I.IU7C ... 83
+-4*DELB)) GASRE. 84
RDOT(NT,IPOW) : RDOT(NTIPOW)+BRNEF*FRETN GASRE- 85

85 150 CONTINUE GASREL 86
5UM6 : 0.0 GASRE '_ 87
NX :=NT-I GASR - 88
IF (NT.EQ.1) GO TO 180 GASREL 89
IF (RDOT(NT,IPOW).LE.RDOThNDIPOW)) GO TO 170 GA5REL 90

90 C -L7HIF:LAST HIGHEST RELEASED FRACTION GASREL 91
LSL : IFIX(5THIF(IPOW)) GASREL 92
NIX : NX GASREL 93
S- 0 GASREL 9'4

DO 160 NLL:L5L,NIX GASREL 95
95 L : L+I GASREL 96

C ELIMINATE THE POSSIBILITY OF NL:0 AND RDOT(NL,IPOW) BEING USED GASREL 97
NL : NT-L GASREL 98
IF (RDOT(NT,IPOW).GE.RDOT(NL,1IPOW)) GO TO 160 GASREL 99
NX : NL GASREL 100

100 GO TO 1i7 GASREL 101
160 CONTINUE GASREL 102

NX :=I GASREL 103
GASREL 104

170 CONTINUE GASREL 105
105 5UM6 :SAVGA5(iX,IPOW) GASREL 106

C GASREL 107

i.. Iw w w...". .mow r
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180 CONTINUE
FMGR(IPO,2) : RDOT(NT,IPOW)*(SAVGAS(NTIPOW)-5UM6)
5AVGAS(NTIPO) : SAVGAS(NT,IPOW)-FMGR(IP0W,2)

110 RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GASREL

VARIABLES
626 BRNEF
0 BURNUP

624 DELB
616 DENOM

0
604
605
0
0

625
606
0
0

633
602
631
0
0

635
634
0

DFS

DX
FMGP
FMGR
FRETN
I
IM
I POW

L
LGSR
LSL
NA
NGASR
NL
NLL
NR

0 NT

630
632
623
603
620
621
622
0

NX
NIX
RATLG
RATTM
RAT 12
RAT 14
RAT 17
RDOT

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER

INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER

* INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
110

RELOCATION

F.P.

F.P.

ARRAY
ARRAY

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.

ARRAY F.P.

GASREL
GASREL
GASREL
GASREL
GASREL

lob
109
110
I11
112

I

72

I

108

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*89

DEFINED
REFS
REFS
REF5
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REF5
2*84

DEFINED
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS

108

84
74

2*82
51
45
31
31
33

5
5

84
2*33

2*5
2*24

91
1

95
4

94
3*5
79
98
94
2*5

1
24
87
1

89
94
72
51
57
60
63
5

DEFINED

DEFINED
78

DEFINED
57

33
DEFINED
DEFINED

24
109

DEFINED
DEFINED
DEFINED

4*25
2*98

97
75

DEFINED
DEFINED
DEFINED

99

31

3*25
88

92
DEFINED
DEFINED

76
76
76
76
77

1

82

82
80
80
60

42
30
31

2*25
DEFINED

81
32
1

76
105

DEFINED
2*77

91
1

DEFINED

32

29
89

105
92
70

DEFINED
DEFINED
DEFINED
DEFINED

81
76

DEFINED

63

DEFINED

DEFINED
1

2*77
3*108

93
DEFINED

97

38

76
97

DEFINED

72
27
55
5P
61
82
77

81
3*109

95
36

39

2*77
98

87

49
57
60
63
84
84

74

81
2*108

99

51
68
67
66

2 89

75

41

82
2*109

102

2*98
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SUBROUTINE GASREL

VARIABLES SN TYPE
613 RFS REAL
614 RFSM REAL
617 TEST REAL
612 RTM REAL
0 RVOID REAL

615 RVOIDM REAL
607 R1200 kEAL
610 R1400 REAL
611 R1700 REAL
0 SAVGAS REAL

0 STHIF REAL
627 SUM6 REAL
3 TFR REAL

i W REAL

0 X REAL

0 YY REAL

0 Z REAL

EXTERNALS TYPE
EXP REAL
TERP REAL

INLINE FUNCTIONS TYPE
FLOAT REAL
FLUX REf.
IFIX INTEGER

STATEMENT LABELS
0 100

70 110
201 120
263 130
272 140
407 150
457 160
465 170
474 160

LOCPS LABEL INDEX
57 100 1

440 160 NLL

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION

F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARGS
I LIBRARY
4

ARGS
I INTRIN

4 5"'
I INTRIN

DEF LINE
34
35
52
65

85
101
104
107

FROM-TO L
32 34
94 101

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

.... ....

REFERENCES
2*82
38

DEF LINE REI

22

REFERENCES
32
29
48
54
64
78
94
89
88

LENGTH PROI
108 IN!
22B

39

FERENCES
31
SI

79
98
100

PERTIES
STACK
OPT

10/21/80 4.29.35

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED

DEFINED
REFS

DEFINED
REFS

DEFINED

43
3*45
54
48
28

3*45
54
3*55
3*58
5

108
5

45

5

45
i

DEFINED
3*70

DEFINED
3*49
30
3*49
3*55
3*58
3*61
25
24
91

DEFINED
38

49

38
33
49

49

42
DEFINED

53
3*61

44
53

3*70
DEFINED
DEFINED

105
25

DEFINED
86
39

55

39

55

55

43

DEFINED
48

DEFINED
DEFINED

39
40
108
109
1

105
40

58

40

58

58

28
41

DEFINED
44
38

109

41

61

41

61

61

41

EXITS

6478

70

70

70

FIN 4.8+508 PAGE

i
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SUBROUTINE HCFF (DOXIDE,ES,rc ,HYDRO,IODINE,NPCYCLTCLAD,NCF)

IMPLICIT REAL*8(A-HO-Z)

SUBROUTINE HCFF PREDICTS THE NUMBER OF POWER CYCLES TO FAILURE
FOR A ROD SUBJECTED TO HIGH CYCLE FATIGUE
*** PART OF FRAIL FAILURE PACKAGE X**

-- INPUT ARGUMENTS --

DOX IDE
ESR
FREQ
HYDRO
IODINE
NPCYCL
TCLAD

DEPTH OF OXIDE LAYER ( PER CENT OF CLAD THICKNESS )
ELASTIC STRAIN RANGE
FREQUENCY OF POWER CYCLE ( SEC-I )
CLADDING HYDROGEN CONTENT ( PPM )
CLADDING IODINE CONTENT ( KG/ M3 )
NUMBER OF PREVIOUS POWER CYCLES
CLADDING TEMPERATURE ( DEG K )

-- OUTPUT ARGUMENTS --

NCF NUMBER OF POWER CYCLES TO FAILURE

REAL*8 IODINE NPCYCL, NCF
REAL IODINE, NPCYCL NCF

SET THE NUMBER OF CYCLES TO
CORRECT NUMBER OF CYCLES 15
NCF : I.0D+9

NCF : I.OE+9

FAILURE TO A LARGE NUMBER UNTIL THE
KNOWN

RETURN
END

I

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 HCFF

VARIABLES
0 DOXIDE
0 ESR
0 FREQ
0 HYDRO
0 IODINE
0 NCF
0 NPCYCL
0 TCLAD

DEF LINE
i

5N TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
32

RELOCATION
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.

F.P.
*UNUSED F.P.
*UNUSED F.P.

5

10

15

20

25

30

C
C
C

C

HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF
HCFF

DEFINED
DEFINED
DEFINED
DEFINED

REFS
REFS
REFS

DEFINED

26
26
26

DEFINED
DEFINED
DEFINED

30

FTN '1.8+506 10/21/80 14.29.35 PAGE I

2
3
4
5
6
7
8
9

10
1I
12
13
14
I5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

I
1
i



SUBROUTINE HCFF 76/176 OPT:O TRACE STATIC FTN 4.8+508 10/21/80 14.29.35

STATISTICS
PROGRAM LENGTH
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SUBROUTINE INITAL (DVHPRS TTT EPS22 EPP2 FUFRO,5IG2,REPS2,EP502,EP
+2 GAP2,R22,ECREP2,PREPS2,3EPP ,OLDT ,PEP ,OLDPG2,OLDPC2,OLIGP2,IGA
+P2,EP50,MNRMNA)

IMPLICIT REAL*6 (A-H,O-Z)

REAL NU , KRYIN

COMMON . FAST / A

DIMENSION A(I)

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , NR : RADIAL

( NA ) - ARRAYS

COMMON / POINT
LDCIH
,LPOROS
,LARAD
,LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LVCH
,LVPOR
,LHGAPS
,LNFAIL
,LHGPC

/
,LURC
,LUFS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC
,LPOLEP
,LTCA
,LUCHI
,LZROZA
,LTRTRN
,LPLIGP
,LHGPR

,LCREPI
,LAXGAP
,LDELBP
,LDZHP
,LHCOEF
,LOLDUR
,LPECRP
,LPLDPG
,LRDCOL
,LTCIDI
,LVCR
,LZRO2B
,LIGAP
,LFLAG
,LHGP5

,LDLH
,LAXLEN
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCODI
,LVDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

,LHA
,LBUI
,LDLPGE
,LEP
,LOLDPC
,LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
,LVFH

,LQDP
,LRTRNP

,LHL
,LBU2

,LPOAXG
,LTBAR
,LURF
,LVGH

,LRTRNO

( NA X 2 ) - ARRAYS

/ POINT /
LANGR
,LREPS2

,LFGMGP ,LFMGR ,LHEMGP ,LHMGR ,LANG

( NA X 3 ) - ARRAYS

COMMON
+
+
+
+N

( NR )

/ POINT /
LEPP
,LPEPSV
,LRFEPP
,LSIGI

,LEPPP
,LPFPSV
,LRFPSV
,LEPSI

,LEPPSU
,LREPS
,LSIG

,LEPS
,LREPSV
,LNUDEP

,LEPSAV
,LREPSP
,LEPPI

,LFEPS
,LRFEPS

- ARRAYS

COMMON / POINT /

I

5
C
C
C

C

C

C
C
C
C
C
C
C
C

10

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
PEALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALC r
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

15

20

25

30

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+35

C
C
C

40
COMMON

+
+

C
C
C

45

50 C
C
C
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+
+
+

LAK I
,LFMA
,LVPL

,LAK2
,LFMGPR

,LCRL
DLHRL

( NR X 2 ) - ARRAYS

COMMON / POINT /
+ LF ,LFH ,LFN

( NR X NA ) - ARRAYS

COMMON
+

+
+

/ POINT /
LCCI
,LGNSIZ
,LR

,LCC2
,LPOR5I
,LRAD

,LDENSF
,LPORS2

( NA X 6 ) - ARRAYS

COMMON / POINT /
+ LB

( NA X 8 ) - ARRAYS

COMMON / POINT /
+ LQ

( IT ) - ARRAYS

COMMON / POINT /

+
+
+
+

,LPRTI
,LPRTI7
,LPRT5
,LTAFA

,LBR ,LBTOLD

,LAMGPT
,LPRTI2
,LPRTI8
,LPRT6
,LTAGA

LACMFG
,LGASMO
,LPRTI3
,LPRT2
,LPRT7
,LTSF

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL 9 TIME

COMMON / POINT /
+ LANSr,, LFLXFC,
+ LDECAY, LHALF,

LPF
LRLEAS

LANSR,

BEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC ,IDG
+ TRAMPP ,ITEMP
+ ,IHLDN ,IPLSTC

LSTHIF, IX

,IDGSAV
,ITCL
,I5TRNN

,IPRG
,ITFS
,ISTRSS

55

60

C
C
C

C
C
C

,LDPL
,LTFB

,LDPLH
,LTFR

65

,LDPN
,LTFRK

70

5

80

,LDENSP
,LTMPDS

C
C
C

C
C
C

C
C
C

,LDPN
,LU02LL

,LDPWPP
,LTMPMX

,LCHEM

85

90

C
C
C
C

,LACMHE
,LHMGPT
,LPRT4
,LPRT20
,LPRT8

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAi.CM
REALCM
REALCM
REALCM
REALCM
REALCH
REALCH
REAL CM
REALCM
REALCH
REALCM
REALCM
REALCH
REALCM
REALCM
REALCM
REALCH
REALCM
REALCM
REALCM
REALCM
REA.CM
REALCM

,LACMH2
,LPIT
,LPRTI5
,LPRT3
,LPRT9

95

,LACMN2
,LPRTIO
,LPkTI6
,LPRT4
,LTAC

100

C
C
C

C
C
C

LFF, LDT,

I05
, IFC
,ICFCSV

, lFF
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110

COMMON / INTEG
+ IQUIT
+ ,JJC
+ ,LKN
+ ,NRMI
+ CLOSEE

COMMON / INPTR
+
+ ,AMFAIR

AAA(20) ,AAN
,AMGR(2) ,AMGRH(2)
,AN2IN ,ARGIN
,BPP ,BR(6)
,CFVA ,CMOL
,CRDTT ,CRN
,DELBP ,DELBU
,DELTDB ,DELTFC
,DLTGC(26),DPH
,ENRICH ,EOLSR

C
C
C
C

,AIRIN ,AMGP(2) ,AMGPH(2)
,AMGRN2(2),AMWDT ,ANGI
,ARING ,AUGQh(8) ,B(6)
,BU ,BUOLD ,CDG
,CODEID(15),CONVC,CONVER(10)
,CVV ,bCIH
,DELH ,DELT
,DELTJL ,DHIC ,DLREL
,DPHF ,DPHFP ,DPWP
,FC(I) ,FGIN ,FGPAVP

+

+
+
+
+
+
+
+

+

+
+

+
+
+

+
+

+

+
+
+
+
+

+
+

+
+

COMMON / REALS /

,ANGT
,BP
,CFU
,CPU
,DCIHP
,DELTCR
,DLROD
,DRS

COMMON / REALS /

,G
,GPTHM
,HDSHV
,HFV
,HEAP
,HPL
,NU
,PIMP

S, QC
SAV

COMMON / REALS /

,SKTC
,SUMGP
,TCI
,TH20FR
,TPA
, TX
S, 55
,XK7
,FNCK
,DISH

/
IRI

,JPEAK
,M
,NSTEP
,NSH

/ACOR
,AFGR
,AMFARG

,IT
,K
,MODLOP
,NWRITE
,NF

,AFAL
,AFSW
,AMFFG

,RHOF
,RSTRAN
SUCKK
,SUMTF
, TFC
,TN2FR
,TRANST
,TXC
,WTRAN
,ZR02WG
,CINF

,ITER
,KINDOR
,NAB
,N2
,NC

,AFCR
,AFTC
,AMFHE

,FJJH(2)
FRDH

,G TH(26),
,HCRV

,HMGF(2)

,H2OM I
,PI
,PRTY

RCO

,RHOG
,RSTRES
,SUMDH
,T
,TFGFR
,TOXO
,TSAT
,V ISC
,XEIN
,VX
,COLDWK

,FMGP(2:
FRDN

,G THE(26i
HCV

,IFPER
,HP

,KRYIN
,PIN(26)
,PRT19

,RHOU02
,RTRAN
,SUMEXP
,TCAC
,THEFR
,TP
,TT
,UPLT
,XK6
CLOSES

,J
,KOXI
,NPLAST
,IMDONE

,AFDN
,AGPC
,AMFH2

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REA :M
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAL CM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAL CM
REALCM
REALCM
REAL CM
REALCM
REALCM
REALCM
REALCM
REALCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCM
INPRCM
INPRCM
INPRCM

FGPAUX
,FPOR
,GASES(7)
,GPTHP
,HEIN
,HGAPT
,HSOLID
,HPORV
,OXDROP
,PORO
,QP
,QPERK

,FH2O ,FJJ(2)
,FPORI ,FRD
,GASIN ,GDEN
,GPTHPG(26) ,GR
,HFLL ,HFLMDD
,HGV ,HI
,HGAPR
,HPV ,HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
,QSP ,RCI

115

120
C

125

130

RFNUFF ,RHO
,RMH ,RP
,5KTS ,STRN
,SUMPOR ,5URG
,TCO ,TFBC
,TITLE(12),TM
,TPAC ,TPLEN
,TXA ,TXAL
,r ,WT
,YY ,Z
,FNCN ,CWKF

135
C

140

97
98
99
100
101
102
103
104
105
106
IC7
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
!27
128
129
130
131
132
133
134
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5

145

C
C

ISO

I55 C
C
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,AMFH2O
,BUIN(22)
,CLDWKD
,DCI(22)
,DENG
,ENRCH
,FLXDP
,HPLT
,QF(328)
,ROtGHC
,TCC
,UBFS
,RSNTR
,CLDWKS
,CP

COMMON / INPTI
+
+ ,JDLPR
+ ,MODE
+ ,NGAPC
+ ,NPLTAB
+ ,NSTART
+ ,NUNITS
+ ,NXP
+ ,NR
+ ,NCREEP
+ , NWORD5

,AMFKRY
.CATEXF
,CPL
,DCO(22)
,DISHSD
,EXO
,FQE
,PPMN20
,QMPY(101)
,ROUGHF
,TIME(I0 I)
,UMELT
,FOTMTL

+
+
+
+
+

+
+
+
+
+
+
+
+

+
+

/
,
,
,l
,h

,1

,1,
,

COMMON /EMFLGS/

+ ,IMFGAS

COMtON/PFRC52/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEPS22
+ ,MPEPP2

ICM
IM
JN(8)
MODES
NGASR
NREAD
NSTOP
LACMOD
NPLOT
NEWPRB
IAXSYM
WORDS

IMPOWR
IMCLAD

,IMSWCH

MODPG2
MO I GP2

,MEREP2
,MFVFRO
,MEPP2
,MEP50

160

165

170

,AMFXE

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNSIZ
,P2(101)
,RC

,TSINT
,VS
,CREPHR

,AMFN2

,CRDT
,DE(22)
,DP (22)
,FA
,GO(101)
,PPt 42
,RAPON(iI)
,5GAPF
,TOTL
,UOFD
,TREF

,ICOR
PLANT
,JST(101)
TAPEE
,NOFAIL
,NRESTR
, NT
,LACE(13)
,NTPLOT
,MECHAN
,IVARDM
,NWRDS

,IMFUEL
,IMGAPC

,MODPC2
,MREPS2
,MEP2
,MDHPRS
,MSIG2
,NNNCRP

,CTMAX(22)
,DEN
DSPGW
,FLUX
,HDISH
,QEND(8)
RDISH

,TW(10) I
,X(328)
,ANRIN

,IDXGAS
IW
,NHEAL
,NFROD
,NPC'rCL
,NSP
,NUCFC
,NNFAIL(22)
,NA
,NELA9T
,ITREST

IMRELO
.IMENRG

,MG .P2
,MFEP52
,MR22
,MPEP2
,MEP502

COMMON /MATCNS/ AAHA(!2)

COMMON /LACMDL/ MAXIDX , EMFLAG(20)

COMMON /VER/ VERS

COMMON/PHYPRO/FTMELT
+ ,CTRANE
+ ,DELOXY

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

,CHEFUS
,BUP

,CTRANB
,COMP

,IDBG
,IQ
,MDBG
NDBG
,NOPT
,NROLL
,NTAPE
,NAFA IL
,NROD
,NCRACK
,NOFRAC
,NPRINT

,IMDENS
,IM93WC

,CR
C175

I80

185

190

C
C

195

C
C
C

INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
PHYPRO
PHYPRO
PHYPRO
PHYPRO

200

205

C

C
C

C

C
210
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FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -
BU -
COMP -
DELOXY -
CLADDING

+
+
+
+
+

+

+

+4

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP M(N-S/KG-U)
PU02 CONTENT (WT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

COMMON / AXL / SUMM , SUMFF , SUMSAV , GROW
DIMENSION AGRA55(I)
EQUIVALENCE (AGRASS(I),A(I))
EQUIVALENCE (A(I),AFCMI2(I))
DIMENSION AFCMI2(I)

INTEGER OLIGP2
DIMENSION TTT(MNAMNR),EP522(MNAMNR,3),EPP2(heA,MNR,3)
,51G2(MNA,MNR,3),REPS2(MNA 2),EPS02(MNAMNR,3)
,EP2(MNA,MNR),GAP2(MNA) ,R2S(MNA,MN.),ECREP2(ML ,MNR)
,OLDT2(MNA,MNR)
,OLDPG2(MNA),OLDPC2(MNA),OLIGP2(MNA) ,IGAP2(MNA)
,EPSO("NA,MNR, 3)
,PEP2(MNA,MNR),PEPP2(MNA,MNR,3),PREPS2(MNA,2)
,FFRO(MNA,MNR) ,DVHPRS(MNA,MNR)

COMMON /

+
+
+
+
+
+

GRSPTR /
,NVARS
,NVARIO
,NVARI5
,NVAR20
,NVAR25
,NVAR30
,NVAR35

NVARI
,NVAR6
,NVAR II
,NVAR16
,NVAR21
,NVAR26
,NVAR31
,NVAR36

,NVAR2
,NVAR7
,NUAR12
,NVARI7
,NVAR22
,NVAR27
,NVAR32
,NVAR37

,NVAR3
,NVAR8
, NVAR 13
,NVARI 8
,NVAR23
, NVAR28
,NVAR33
,LGRASS

,NVAR4
,NVAR9
,NVAR14
,NVAR 19
,NVAR24
,NVAR29
,NVAR34

THE FOLLOWING DATA STATEMENTS CONTAIN VARIOUS CONVERSION FACTORS

DATA
+D
DATA

NAMELIST
+ ,DE
+ ,DSPGW
+ ,GO

CMTOIN , CMTOML , CMTOFT ,
/39.37 E+0,3.9370E04,3.28084EO,
CKSTPH , CMSTMD , CWCTKF ,

/737.338E0,I.1574E-2,3.048E-02,

/ FRPCON /
,DELTAZ
,ENRCH
,HDISH

COMP
DEN

,FA
,HPLT

,CPL
DISHEDD
,FGPAV
, 1CM

CNMTPS , CSTOHR
I.4504E-4,2.77778E-4/
CKTOR , CFTOR
1.8E0 ,459.67E+00'

,DC I
,DP
,FLUX
,IDXGAS

,DCO
3DSPG
,LINKT
PLANTT

215

C
C
C
C
C
C
C
C
C
C
C
C
C
C

225

230

C
C
C

235

240

C
245

250

C
C
C
C

PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IN.i
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT

255

260
C

265
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+ ,IA
+ ,NSP
+ ,ROUGHC
+ ,X
+ .ARFH2
+ ,RUIN
+ ,CRDTR
+ ,NOFAIL
+ ,NRESTR
+ ,PPMN2
+ ,UDFS

NAMELI5T
+

,IVARDM
,NUNITS
,ROUGHF
.AMFAIR
,AMFH20
,CATEXF
,CTMAX
,NFROD
,CLDWKS

,UMtLT

/ EMFPCN /

,JDLPR
,P2
,TIME
,AMFARG
,AMFKRY
,CLDWKD
,DENG
,FOTNTL
,ITREST
,RAPOI
,UOFD

I 1r0WR
,IMCLAD
,IMFGAS

,JN
,OF
TOTALL
,AMFFG
,AMFN2
,CP
,GRNSIZ
,NPCYCL
,NTAPE
,RSNTR
,CREPHR

,IMFUEL
,IMGAPC

,JST
,QMPY
,T.
,AMFHE
,AMFXE
,CR
,ICOR
,NPLTAB
,NUCFC
,3GAPF
PRINTT

IMDENS
IM93WC

,NOPT
,RC
, VS

,BETA
,CRDT
IM5CH

,NREAD
,PPIH20
,TSINT

,IMHELO
,IMENRG

IF (NEWPRB.EQ.I) GO TO 130

ACOR : .EO
AFCR : I.EO
AFDN : I.EO
AFGR : I.EO
AFS : I.EO
AFTC : I.EO
AFAL : I.EO
AGPC : I.EO
ANRIN : 0.0
BETA : .EO
CATEXF : 0.05E0
CNOD : 2.E0
CLDWKD : O.EO
CLDWKS : 0.2E0
COLDWK : 0.1
COMP : 0.EO
CP : 1.0
CR : 1.0
CRDT : I.EO
CRDTR : 1.1415525E-4
CREPHR : 10.E0
DENG : 0.75E0
EXO : I.EO
FA : I.EO
FLXDP : 0.9999E0
FLUX : 6.E17
FOTMTL : 2.E0
FOE : I.EO
GRNSIZ : 5.0E+0
IDBG : 0
IMSWCH : 0
15N : 0
ITREST : 0
IVARDM : 0

270

275

C
C

2O0

C

C
285

290

295

300

305

310

315

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IHLT
'NIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INI
INIT

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
a4
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
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KINDOR : I INIT 110
393 LACHOD : 0 INIT IlIl

LINKT : 5 INIT 112
MAXIDX : 19 INIT 113
MDBG : 0 INIT 114
MODE : 0 INIT 115

325 MODES : 0 INIT 116
MTAPE : I INIT 117
NAFAIL : I INIT 118
NCRACK : I INIT 119
NCREEP : 0 INIT 120

330 NSH : 0 INIT 121
NELAST : 0 INIT 122
NFROD : I INIT 123
NGAPC : I INIT 124
NHEAL : I INIT 125

7:5 NOFAIL : I INIT 126
NOFRAC : 0 INIT 127
POPT : 0 INIT 128
W CYCL : 0 INIT 129
NPLTAB : 0 INIT 130

340 NPRINT : I INIT 131
NREAD : 0 INIT 132
NRESTR : 0 INIT 133
NROLL : 0 INIT 134
NSTART : 0 INIT 135

s,5 NSTOP : 0 INIT 136
NTAPE : 0 INIT 137
NUCFC : 0 INIT 138
NUNITS : 0 iNIT 139
PPMN2 : 0.EO INIT 140

350 RC : 0.EO INIT 141
ROUGHC : 4.5E-5 INIT 142
ROUGHF : 8.5E-5 INIT 143
RSNTR : 0.EO INIT 144
SGAPF : 30.E0 INIT 1t15

35' TCC : 0.E0 INIT 146
TREF : 77.EO INIT 147
TSINT : 2912.E0 INIT 148
j8F5 : I.E9 INIT 149
UMELT : 0.EO INIT 150

360 UOFD : 17.E0 INIT 151
C INIT 152

DO 100 II:INR INIT 153
100 R APr''O N( 1I ) : .EO 1 1 1 154

NAPI : NA+I INIT 155
365 DO 110 II:INAPI INIT 156

110 CTMAX(II) : 386.33E0 INIT 157
DO 120 1:1,8 INIT 158

120 QEND(I) : 0.3 INIT 159
C INIT 160

370 130 CONTINUE INIT 161
IF (MECHAN.NE.2) NOFAIL : I INIT 162
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C INIT 163
READ (5,FRPCON) INIT 164

C INIT 165
375 MRITE (6,FRPCON) INIT 166

C INIT 167
C INIT 168
C THE FOLLOWING CALL TO NEMSET SETS ALL EM MODELS ON OR OFF INIT 169
C INIT 170

380 CALL NENSET (IMSWCH,IMPOIR,9) INIT 171
C INIT 172

IF (IMSWCH.EQ.-l) CALL NEMSET (0, IMPONR,9) INIT 173
IF (IISWCH.EQ.-I) READ (5,EMFPCN) INIT 174

C INIT 175
385 IF (IMENRG.E®.I) TREF : 32.E0 INIT 176

C INIT 177
IF (IMSWCH.NE.01 MECHAN : 2 INIT 178
IF (IVARDM.EQ.2) GO TO 150 INIT 179
IF (IVARDM.NE.I) DELTAZ(I) : !OTL/NT INIT 180

390 CDG : (DCI(I)-DP(I))*I.E3 INIT 181
DO 140 II:2,NA INIT 18?
BUIN(II) : BUIN(I) INIT 183
DCO(II) : DCO(I) INIT 184
DCI(II) : DCI(l) INIT 185

395 DP(II) : DP(I) INIT 186
DE(II) : DE(I) INIT 187
IF (IVARDM.NE.I) DELTAZ(II) : DELTAZ(i) INIT 188

140 CONTINUE INIT 189
150 CONTINUE INIT 190

400 DUMMY : 0.0 INIT 191
CALL DIALOT (DUMMY,61,FDIALA,FDIALM) INIT 192
CPL : (CPL+FDIALA)*FDIALM INIT 193
CALL DIALOT (DUMMY,38,FDIALAFDIALM) INIT 194
DCI(I) : (DCI(I)+FDIALA)*FDIALM INIT 195

405 CALL DIALOT (DUMMY 39,FDIALA,FDIALM) INIT 196
DCO(l) : (DCO(I)+FbIALA)*FDIALM INIT 197
CALL DIALOT (DUMMY,62,FDIALA,FDIALM) INIT 198
DE(I) : (DE(I)+FDIALA)*FDIALM INIT 199
CALL DIALOT (DUMMY,32,FDIALAFDIALM) INIT 200

410 DEN : (DEN+FDIALA)*FDIALM INIT 201
CALL DIALOT (DUMMY,33,FDIALA,FDIALM) INIT 202
DISHSD : (DISHSD+FDIALA)*FDIALM INIT 203
CALL DIALOT (DUMMY,37,FDIALA,FDIALM) INIT 204
DP(I) : (DP(I)+FDIALA)*FDIALM INIT 205

415 CALL DIALOT (DUMMY,63 FDIALAFDIALM) INIT 206
DSPG : (DSPG+FDIALA)*FDIALM INIT 207
CALL DIALOT (DUMMY,64,FDIALA,FDIALM) INIT 208
DSPGW : (DSPGW+FDIALA)*FDIALM INIT 209
CALL DIALOT (9 t9Y,65,FDIALAFDIALM) INIT 210

'120 ENRCH : (ENRCH+FDIALA)*FDIALM INIT 211
CALL DIALOT (DUMMY,44,FDIAI.AFDIALM) INIT 212
FGPAU : (FCPAU+FDIALA)*FDIALM INIT 213
CALL DIALOT (DUMMY,66,FDIALAFDIALM) INIT 214

DO 160 L:I,IM INIT 215
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425 160 G0(L) : (GO(L)+FDIALA)*FDIALM INIT 216
CALL DIALOT (DUMHY,34,FDIALA,FDIALM) INIT 217
HDISH : (HDISH+FDIALA)*FDIALM INIT 218
CALL DIALOT (DUMMY,35,FDIALAFDIALM) INIT 219
HPLT : (HPLT+FDIALA)*FDIALM INIT 220

430 CALL DIALOT (DUMMY,67,FDIALAFDIALM) INIT 221
00 170 L:1 IM INIT 222

170 P2(L) : (Pi(L)+FDIALA)*FDIALM INIT 223
CALL DIALOT (DUMMY,68,FDIALAFDiALM) INIT 224
I5UM : 0 INIT 225

435 DO 180 L: ,8 INIT 226
180 I5M : ISUM+JN(L) INIT 227

DC 190 L:1,ISUN INIT 228
190 QF L) : (QF(L)+FDIALA)*FDIALM INIT 229

CALL DIALOT (DU4MY,48FDIALAFDIALM) INIT 230
440 DO 200 L:1,Il INIT 231

200 Qnfr,"L) - ;Q0:y?)_+f DIAL ) FDIAL: INIT 232
CALL DIALOT (DUMMY,69,FDIALAFDIALM) INIT 233
TOTL : (TOTL+FDIALA)*FDIALM INIT 234
CALL DIALOT (DUMMY,70,FDIALAFDIALM) INIT 235

445 DO 210 L:1,IM INIT 236
210 T1(L) : (TN(L)+FDIALA)rZih'!.M INIT 237

CALL DIALOT (DUMMY 71,FDIALA,FDIALM) INIT 238
VS : (US+FDIALA)*FbIALM INIT 239
CALL DIALOT (DUMMY,72,FDIALA FDIALM) INIT 240

450 DUIN(I) : (BUIN(I)+FDIALA)*FbIALM INIT 241
CVLL DIALOT (DUMMY 73,FDIALAFDIALM) INIT 242
CATEXF : (CATEXF+FbIALA)*FDIALM INIT 243
CALL DIALOT (DUMMY 74,FDIALA,FDIALM) INIT 244
CLDWKD : (CLDMKD+FbIALA)*FDIALM INIT 245

455 CLDWKS : (CLDWKS+FDIALA)*FDIALM INIT 246
CALL DIALOT (DI.tMMY,75,FDIALAFDIALM) INIT 247
COMP : (COMP+FJIALA)*FDIALM INIT 248
CALL DIALOT (DUMMIY,76,FDIALAFDIALM) INIT 249
CRDT : (CRDT+FDIALA)*FDIALM INIT 250

460 CALL DIALOT (DUtY,77,FDIALA,FDIALM) INIT 251
CRDTR : (CRDTR+FDIALA)*FDIALM INIT 252
CALL DIALOT (DUMMY,78,FDIALAFDIALM) INIT 253
DENG : (DENG+FDIALA)*FDIALM INIT 254
CALL DIALOT (DUMMY,79,FDIALA,FDIALM) INIT 255

465 FLUX : (FLUX+FDIALA)*FDIALM INIT 256
CALL DIALOT (DUMMY 80,FDIALA,FDIALM) INIT 257
GRNSIZ : (GRNSIZ+FfIALA)*FDIALM INIT 258
CALL DIALOT (DUMMY 8I,FDIALA,FDIALM) INIT 259
PPtH20 : (PPMH20+FbALA)*FDIALM INIT 260

470 CALL DIALOT (DUMMY,82,FDIALA,FDIALM) INIT 261
PPMN2 : (PPMN2+FDIALA)*FDIALM INIT 262
CALL DIALOT (DUMMY,e3,FDIALAFDIALM) INIT 263

DO 220 L:1,8 INIT 264
220 GEND(L) : (QEND(L)+FDIALA)*FDIALM INIT 265

475 CALL DIALOT (DUMMY,84,FDIALAFDIALM) INIT 266
RC : (RC+FDIALA)*FDIALM INIT 267
CALL DIALOT (DUMMY,40,FDIALAFDIALM) INIT 268
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ROUGHC : (ROUGHC+FDIALA)*FDI LM
CALL DIALOT (DUMMY,41,FDTALA,FDIALM)
ROUGHF : (ROUGHF+FDIALA'*FDIALM
CALL DIALOT (DUMMY,8,FFIALb',FDIALM)
SGAPF : (SGAPF+FDIALAI*FDIALd
CALL DIALOT (DUM1r,66,FDIALA,FDIALM)
TSINT : (TSINT+FDALA)SFDIALM
CALL DIALOT (DUMtiY,87,FDIALAFDIALM)
UOFD : (UOFD+FlIALA)*FDIALM
IF (NUNITS.EQ.I) GO TO 23C

C
CONVERi
CONVER.2)
CONVER(3)
CONVER(4 )
CONVER(5)
CONVER(6)
COt'JER(6)
rt4VER(7)
CONVER(8)
CONVER(9)
GO TO 240

230 CONTINUE
CONVER( I)
CONVER(2)
CONVER(3)
ZONVER(4)
CONVER(5)
CONVER(6)
CONVER(7)
CONVER(8)
CONVER(9)

240 CONTINUE

I .E+3
86.4EO
CMTOFT
CFTOR
CKTOR
0.0254EO
0.0254EO
I.E-6/CNMTPS
5.6745E0
0.0254EO

3600 .EO
I.EO
I.EO
).EO
I.EO
I .EO
I.EO
I .EO
I.EO

THE FOLLOWING CALL TO LACINP SETS THE LACE FLAGS

CALL LACINP (LACMODLACE EMFLAGMAX'DX)

THE FOLLOWING CODING SPECIFIES THE MODEL OPTIONS

IF (NGASR.EQ.-2) MODI'O : 5000000
IF (NGASR.E.-I) MODI - 4000000
IF (NGASR.EG.0) ODLOP : 100000
IF (NGASR.EQ.I) MODLOP : I600000
IF (NGASR.E0.2) MO3LOP : 2000000
IF (NGASR.GE.6) KODLOP : 3000000
IF (IPLANT *0.1) MODLOP MODLOP+10000000
IF (IPLANT.L0.2) I4ODLOP : MODLOP+20000000
IF (IPLANT.EQ.3i HODLOP : MODLOP+30000000
IF (IPLANT.EQ.4) 6cODLOP : MODLOP+40000000
IF (IPLANT.EQ.-I) HODLOP : MODLOP+50000000

480

485

495

500

505

510
C
C
C
C
C5'5

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IN!T
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
ID T
INa T
INIT
INIT
INIT
INIT
INIT
INIT

269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
X93
294
295
296
297
298
299
300
30 1
302
303
304
305
306
307
308
309
310
311
312
311
314
315
316
317
318
3,9
320
32,

C
C
C

525

530
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IF (IPLANT.EQ.0.AND.ENRCH.EQ.0.EO) ODLOP : MODLOP+60000000 INIT 322
IF (IPLRNT.EQ.O.AND.ENRCH.GT.0.E0) ODLOP : MODLOP+70000000 INIT 323
MODLOP : MODLOP+HECHAN*00000 INIT 324

C INIT 325
535 C THE FOLLOWING CALL TO CHECK EDITS THE INPUT INFORMATION FOR INIT 326

C OBVIOUS ERRORS INIT 327
C INIT 326

CALL CHECK (IM,NA,NCNFDEN,JNENRCH,FA,ICMNRNSHCPCR,CPL,CRDT, INIT 329
+I9,DISHSD,DSPG,DSPGW,GO,FGPAVHDISH,HPLT, ICOR, IDXGA5,6UIN,RCJDLPR INIT 330

540 +,NOPTNSP,RDISHTOTLNUNIT5,VSRPSsHF,R0UGHC,NGA5RDCIDCODE,DPD INIT 331
+ELTAZQMPY,TIMETW,P2 JST,x :;LJr, HMFAIR,AMFARG,AMFFG,AMFHE,AMFH2, INIT 332
+QF,AMFH2O,AMFKRY,AMFN2,AMFXE,MECI eN,IVARDM) INIT 333

C INIT 334
IF (IQUIT.EQ.i' GO TO 540 INIT 335

545 C INIT 336
DO 250 I1:l,NT INIT 337
IJ : NT-II+l INIT 338

250 CTMAX(IJ+1) : CTMAX(IJ) INIT 339
C INIT 340

550 IF NSTART.GT.0) START : 3TART+t INIT 341
IF (NSTOP.GT.0) NSTOP = NSTOP+1 INIT 342
IF (UMELT.NE.0.E+0) UELT : (UMELT+CFTOR)/CKTOR INIT 343
IF (NUNITS.NE.0) GO TO 290 INIT 344
IF (TREF.EQ.77.E0) TREF : 298.15E0 INIT 345

555 IF (CRDT.EQ.I.EO) CRDT 2.54F-5 INIT 346
IF (CRDTR.EQ.I.1415525E-4) CRDTR : 8.05E-13 INIT 347
IF (ROUGHC.EQ.4.5E-5) ROUGHC : 1.143E-6 INIT 348
IF (ROUGHF.EQ.8.5E-5) ROUGHF : 2.159E-6 INIT 34
IF (TSINT.EQ.2912.E0) TSINT 1873.15 INIT 350

560 CPL CPL*CMTOIN INIT 351
CDG CDG*CMTOIN INIT 35.
CRDT CRDT*CMTOML INIT 353
CRDTR CRDTR*CMTOMLCSTOHR INIT 354
D,-HSD : DI5HSD*CHTOIN INIT 355

565 D5P D5PG*CMTOIN INIT 356
DSPGW DSPGW*CMTOIN INIT 357
FGPAV FGPAV*CNMTPS INIT 358
HDI5H HDISH*CMTOIN INIT 359
HPLT : HPLT*CMTOIN INIT 360

570 RC RC*CMTOIN INIT 361
TCC TCC*CMTOIN INIT 362
TOTL : TOTL*CMTOFT INIT 363
ROUGHF : ROUGHF*CITOIN IN'T 364
ROUGHC : ROUGHC*CMTOIN INIT 365

575 TREF TREF*CKTOR-CFTOR INIT 366
T5INT TSINT*CKTOR-CFTOR INIT 367
NTPI : NT+I INIT 366

DO 260 II:I,NTPI INIT 369
BUIN(II) : BUIN(II)*CHSTMD INIT 370

560 DCO(II) : DCO(II)*CMTOIN INIT 371
DCI(II) DCI(II)*CMTOIN INIT 372
DP(UI) : DP(II)*CMTOIN INIT 373
DE(II) : DE(II)*CMTOIN INIT 374
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DELTAZ(II) : DELTAZ(II)*CHTOFT INIT 375
585 20 CTNAX(II) : CTHAX(II)*CKTOR-CFTOR INIT 376

DO 270 11:1,IM INIT 377
G0(11) : GO(II)*CKSTPH INIT 378
P2(I1) : P2(II)*CNMTPS INIT 379
QMPY(II) : QMPY(II)*0.3048E0 INIT 380

590 TWill) : TW(II)*CKTOR-CFTOR INIT 381
'70 CONTINUE INIT 382

DO 280 11:1,3?8 INIT 383
e80 X(11) : X(II)*CtiluT INIT 384
290 CONTINUE INIT 385

595 IF (ACOR.NE.I.E0.OR.AFCR.NE.I.EO.OR.AFGR.NE.I.EO) CNOB :=I. INIT 386
IF (AFSW.NE.I.EO.OR.AFTC.NE.I.EO.OR.AFAL.NE.I.EO) CNOB :=I. INIT 387
IF (BETA.NE.I.E0.OR.EXO.NE.I.EO) CNOB : ,1 INIT 388
IF (AFDN.NE.I.EO.OR.AGPC.NE.I.EO) CNOB : I. INIT 389
CODEID(15) : CNOB INIT 390

600 ENRICH : ENRCH INIT 391
DRESS : FGPAV :NIT 392
CRDTT : CRDT INIT 393
IF (NDBG.EQ.-I) NWRITE : I INIT 394

C INIT 395
605 IRI : NT+l INIT 396

JJC : 0 INIT 397
DO 300 IIl:1,H INIT 398
IF (JST(II).EQ.0) JST(II) : I INIT 399

300 JJC : AMAXO(JJC,JST(II)) INIT 400
610 C INIT 401

FGPAVP : FGPAV INIT 402
DO 310 II:1,IH INIT 403
IF (QMPY(II).EQ.0.E0) QMPY(II) :=I E-6 INIT 404

310 QMPY(II) : QMPY(II)*FQE INIT 405
615 PI : 3.14159265 INIT 406

RHOU02 : (DEN-DENG)*10.97E0*0.OIEO*2.54EO**3 INIT 407
IF (CO4P.GT.0.E0) RH0002 : (I.'0-COMP)*RHOUO2+COMP*RHOUO2*11.46/10 INIT 408

+.97 INIT 409
V55 : VS*(PI*(DSPGI*DSPGW)/4.0)*PI*(DSPG-DSPGW) INIT 410

620 CPU : PI*DCI(NA)*DC(NA)*CPL/4.F0-VSS INIT 411
C INIT 412
C CALCULATION OF INITIAL FUEL POROSITY INIT 413
C INIT 414

PRTY : (100.-DEN)/100, INIT 415
625 C INIT 416

NRMI : NR-I INIT 417
DO 320 JJ:2,1RI INIT 418

DO 320 I:I,NRMI INIT 419
IJ : NR*(JJ-I)+I-I INIT 420

630 A(LPORSI+IJ) : PRTY/3.E0 INIT 421
320 CONTINUE INIT 422
C INIT 4#23
C CALCULATION OF INITIAL PELLET RADII INIT 4c4
C INIT 425

635 A(LR+NR-I) : RC INIT 426
A(LR+NRHI-1) : SQkT(DP(I)*DP(I)/4O.E0+0.9E0*RC*RC) INIT 427
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

ARING : PIS(A(LR+NRHI-I)**2-RC*RC) INIT 428
NRM2 : NR-2 INIT 429

DO 330 I:INRM1 INIT 430
640 L : NRII-I INIT 431

A(LR+L-1) : SWRT(A(LR+L)*A(LR+L)+RRING/PI) INIT 432
330 CONTINUE INIT 433
C INIT 434
C CALCULATION OF HEIGHT OF EACH FUEL RING INIT 435

645 C INIT 436
CFVA : P'tDP(I)*DP(i)*TOTL*3.E0 INIT 437
IF (HDISH.LE.0.0) GO TO 370 INIT 438
DISHSG : DP(I)/2.E0-DISHSD INIT 439
RDISH : (HDISH*HDISH+DISHSG*DISHSG)/(2*HDISH) INIT 440

650 RIH : RDISH-HDISH INIT 441
VPLT : 0.0 INIT 442

C INIT 443
C INIT 444

DO 360 I:I,NR INIT 445
655 L : 12-I INIT 446

IF (RDISH.LT.A(LR+L-t)) GO TO 340 INIT 447
HI : RDISH-AtAXI(SQRT(RDISH*RDISH-A(LR+L-1)**2),RH) INIT 448
GO TO 350 INIT 449

340 CONTINUE INIT 450
660 HI : RDI5H-RMH INIT 451

350 CONTINUE INIT 452
A(LUPL+L-I) : (DELTAZ(I)/HPLT)*PI*(A(LR+L-I)**2*(HPLT+2.E0*(HI INIT 453

+ -HDISH))-2.E0*HI*HI*(RDISH-HI,3.E0))*12 E0-VPLT INIT 454
A(LCRL+L-I) : A(LUPL+L-I)/ARING INIT 455

665 VPLT : VPLT+A(LUPL+L-1) INIT 456
C INIT 457
C INIT '#58
360 CONTINUE INIT 459

CFU : (VPLT-PI*RC*RC*A(LCRL+NR-1))*NT INIT 460
670 IF (RC.GT.0.E0) A(LCRL+NR-I) : A(LUPL+NR-I)/(PI*RC*RC) INIT 461

GO TO 390 INIT 462
370 DO 380 L:lNRMI INIT 463

A(LVPL+L-I) : (DP(I)*DP(I)-4.0*RC*RC)*PI*DELTAZ(I)*3./I0. INIT 464
A(LCRL+L-1) : DELTAZ(I)*12.E0 INIT 465

675 380 CONTINUE INIT 466
CFV : CFVA-PI*RC*RC*TOTL*12.0 INIT 467

390 CONTINUE INIT 468
PECDH : (CFVA-CFV)/CFVA I iT 469
DISH : CFVA-CFV INIT 470

680 C INIT 471
C CALCULATION OF PELLET OPEN POROSITY INIT 472
C INIT 473

GDEN : DEN-.25 INIT474
IF (GDEN.GE.94.0) FPORI : 0.0 INIT 475

685 IF (GDEN.GT.91.25.AND.GDEN.LT.94.) FPORI : 0.0012019636*(94.-GDEN) INIT 476
IF (GDEN.LE.91.25) FPORI : 16.929682-0.23285470*GDEN-8.7183686E-4* INiT 477

+GDEN**2+1.5242216E-5*GDEN**3 INIT 478
C INIT 479

IF (MECHAN.NE.3) GO TO 420 INIT 480

10/21/80 14.29.35 PAGE 13SUBROUTINE INITAL



76/176 OPT:0 TRACE STATIC FTN 4.8+508

690 C INIT 481
C CALCULATE FRACAS II ROD DIMENSIONS AND INIT 482
C INITIAL FUEL VOID FRACTION FROM RELOCATION INIT 483
C INIT 484

IF (MECHAN.NE.3) GO TO 410 INIT 485
695 C INIT4 86

DO 400 JJ:I1,NA INIT 487
U : 0.79E0*(DCI(JJ)-DP(JJ))/2.E0-0.00131378E0 INIT 488
IF (U.LT.0.0) U : 0.0 INIT 489

C CRACK DEPTH SET TO 1/2 THE RADIUS iNIT 490
700 RCRACK : DP(JJ)/4. INIT 491

C SET UP RADIA FOR 2 FIXED CLADDING RADIAL NODES INIT 492
R22(JJ,NR+2) : DCO(JJ)/2.0 INIT 493
R22(JJNR+I) : DCI(JJ)/2.0 INIT 494

DO 400 II:1,NR INIT 495
705 R22(JJII) : A(LR+NR-II)*(DP(JJ)+2.*U)/DP(JJ) INIT 496

DVHPRS(JJII) : 0.0 INIT 497
FVFRO(JJ,II) : 0.0 INIT 498
IF (R22(JJ II).GE.RCRACK) FVFR0(JJII) : DP(JJ)*U/((DP(JJ) INIT 499

+ /2.)**2-RCRACK**2) INIT 500
710 400 CONTINUE INIT 501

C INIT 502
410 CONTINUE INIT 503
C INIT 504
420 CONTINUE INIT 505

715 C INIT 506
C CALCULATION OF ROUGHNESS VOLUME INIT 507
C INIT 508

RFNVFF : 14.4E-6*PI*DP(I)*TOTL*144.EO/CFV INIT 509
C INIT 510

720 C CALCULATION OF INITIAL GAS MOLES INIT 511
C INIT 512

CVU : CPV+RFNUFF*CFV+FPORI*CFV+(DCI(l)**2-(I.0-PECDH)*DP(I)**2)*PI INIT 513
+*TOTL*3.E0 INIT 514
CMOL : FGPAV*CVV/(40.8*532.0) INIT 515

725 C INIT 516
IF (IDXGAS.EQ.6) GO TO 430 INIT 517
IF (IDXGAS.EQ.I) AMFHE : 1.0 INIT 518
IF (IDXGAS.EQ.2) AMFAIR : 1.0 INIT 519
IF (IDXGAS.EQ.3) AMFN2 : 1.0 INIT 520

730 IF (IDXGAS.EQ.4) A{IFFG : 1.0 INIT 521
IF (IDXGAS.EQ.5) AMFARG : 1.0 INIT -22
AMFKRY : 0.15*AMFFG INIT 523
AMFXE : 0.85*AMFFG INIT 524

430 CONTINUE INIT 525
735 AAN : AMFAIR+AMFN2 INIT 526

HEIN : CMOL*AMFHE INIT 527
AIRIN : CMOL*AMFAIR INIT 528
AN2IN : CMOL*AMFN2 INIT 529
IF (IDXGAS.EQ.6.AND.AMFFG.GT.0.E0) AMFXE : 0.85*AMFFG INIT 530

740 IF (IDXGAS.EQ.6.AND.AMFFG.GT.0.EO) AMFKRY : 0.15*AMFFG INIT 531
FGIN : CMOL*AMFFG INIT 532
IF (IDXGHS.EQ.6.AND.AMFFG.EQ.0.E0) FGIN : (AMFXE+AMFKRY)*CMOL INIT 533
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

ARGIN : CHOL*AMFARG INIT 534
XEIN : AHFXE*CMOL INIT 535

745 KRYIN : AMFKRY*CHOL INIT 536
A(LACMH2) : AMFH20*CHOL INIT 537
GASES(I) : AMFHE INIT 538
GASES(2) : AtFARG INIT 539
GASES(3) : AMFKRY INIT 540

750 GASES(4) : AMFXE INIT 541
GASES(S) : AMFH2 INIT 542
GASES(6) : AAN INIT 543
GASES(7) : AMFH20 INIT 544

C INIT 545
755 C CALCULATION OF INITIAL CONCENTRATION OF WATER AND NITROGEN INIT 546

C INIT 547
ANGI : PPMN2*CFV*RHOUO2/(28.E+6) INIT 548

DO 440 I:2,IRI INIT 549
440 A(LANG+I-1) : ANGI/(TOTL/DELTAZ(I)) INIT 550

760 C INIT 551
C INITIALIZATION OF SOME NODALLY DEPENDENT VARIABLES IN AGRASS INIT 552
C INIT 553
C INITIALIZATION I5 DEPENDENT UPON THE GRASS VERSION; IF INIT 554
C INIT 555

765 C VERS : 4HFAST ; FAST GRASS INIT 556
C VERS : 4HGRAS ; GRASS-SST INIT 557
C INIT 558

IF (NGASR.NE.-2) GO TO 490 INIT 559
NRI : NR-1 INIT 560

770 NFKF : NRI*NT INIT 561
DO 450 I:1,NRI INIT 562
IF (VERS.EQ.4HGRAS) AGRASS(NVAR9+I-l) : I.0E9 INIT 563
IF (VERS.EQ.4HGRAS) AGRASS(NVAR6+1-I) : 0.31831 INIT 564
AGRASS(NVAR7+I-I) : .63662 INIT 565

775 450 CONTINUE INIT 566
DO 460 I:1,NFKF INIT 567
AGRASS(NVAR20+I-I) : 3.E31 INIT 568

460 CONTINUE INIT 569
IF (VERS.EQ.4HGRAS) GO TO 490 INIT 570

780 C INIT 571
C FAST GRASS INITIALIZATION ONLY INIT 572
C SAVG ARRAY INIT 573
C INIT 574

DO 470 I:I,NFKF INIT 575
785 470 AGRASS(NVAR37+I-1) : 1.0 INIT 576

K : NFKF INIT 577
DO4 80 JJ:,3 INIT 578

DO4 80 I:1,NFKF INIT 579
K : K+I INIT 580

790 480 AGRASS(NVAR37+K-I) : 100.0 INIT 581
490 CONTINUE INIT 582
C INIT 583

IF (NSP.EQ.I) GO TO SIG INIT 584
"q 50011:1,11 INIT 585

795 GO(II) : GO(I) INIT 586
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76/176 OPT:0 TRACE STATIC FTN 4.8+538

P2(11) : P2(I)
TW(II) :=T(I)

CALL PRINTI (DVHPRS TTT EP522 EPP2 FVFRO,51G2 REPS2,EP502,EP2 GAP2
+,R22,ECREP2,PREPS2,4EPP ,OLDT ,PEPE,OLDPG2,OLbPC2,OLIGP2,IGAP ,EPS
+0,MNRMNA)

TSINT : (TSINT+CFTOR)/CKTOR
DO 520 11:1 IM
QMPY(II) : 6tPY(II)*3413.E0/(DCO(I)*PI/12.E0)
TIME(II) : TIME(1I)*86400.
CONTINUE

THE FOLLOWING COOING CREATES AN INITAL TIME STEP
VALUES OF TIME AI'D POWER TO AVOID INSTABILITIES

WITH SMALL

DO 530 IJ:, IM
II : IM-IJ+I
P2(11+1) : P2(II)
GO(II+1) : GO(II)60(11+1) : T4(11)
TW(II+I) : TW(II)

TIME(II+I) : TIME(II)
JST(II+$) : JST(II)
CONTINUE

IN : IM+i
TIME(I) : 0.01E0
QMPY(I) : 300.E0

CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 INITAL

VARIABLES
0 A

0
0

204
0

AAA
AAHA
AAN
ACOR
AFAL

DEF LINE
I

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL

REFERENCES
827

RELOCATION
ARRAY FAST

ARRAY
ARRAY

REALS
MATCNS
REALS
INPTR
INPTR

500
C
510

800

C

805

810

520
C
C
C
C
C

815

82C

825

INIT
INIT
INIT
INIT
INIT
INIT
aNIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT

530

C
540

587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
%0 2
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619

REFS
657

DEFINED
673
REFS
REFS
REFS
REFS
REFS

9
662
630
674
Ill
203
III
157
157

II
664
635
746

752
595
596

230
669
641

229
665
636
759

DEFINED
DEFINED
DEFINED

637
670
662

2*641
705
664

656

670

735
285
291
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SUBROUTINE INITAL

VARIABLES SN TYPE
0 AFCMI2 REAL
2 AFCR REAL
3 AFDN REAL
4 AFGR REAL
5 AFSW REAL
6 AFTC REAL
7 AGPC REAL
0 AGRA.5 REAL

25 AIRIN REAL
10 AMFAIR REAL

I! AMFARG REAL

12 AMFFG REAL

13 AMFHE REAL

14 AMFH2 REAL
15 AMFH2O REAL
16 AMFKRY REAL

17 AMFN2 REAL

20 AKFXE REAL

26 AMGP REAL
30 AMGPH REAL
32 AMGR REAL
34 AMGRH REAL
36 AMGRN2 REF.
40 AMNOT REAL
41 ANGI REAL
42 ANGT REAL

2555 ANRIN REAL
43 AN2IN REAL
44 ARGIN REAL
45 (RING REAL
46 AUGQI REAL
56 B REAL

3735 BETA REAL
64 BP REAL
65 BPP REAL
66 BR REAL
74 BU REAL
21 BUIN REAL

75 BUOLD REAL
10 BUP REAL
47 CATEXF REAL
76 CDG REAL

3217 CFTOR REAL

76/176 OPT:O TRACE STATIC

RELOCATION
ARRAY FAST REFS

INPTR REFS
INPTR REFS
INPTR REFS
INPTR REFS
INPTR REFS
INPTR REFS

ARRAY FAST REFS
785

REALS REFS
INPTR REFS

DE INED
INPTR iFS

DEFINED
INPTR REFS

741
INPTR REFS

DEFINED
INPTR REFS
INPTR REFS
INPTR REFS

DEFINED
INPTR REFS

DEFINED
INPTR REFS

DEFINED
ARRAY REALS REFS
ARRAY REALS REFS
ARRAY REALS REFS
ARRAY REALS REFS
ARRAY REALS REFS

REALS REFS
REALS REFS
REALS REFS
INPTR REFS
REAL REFS
REALS REFS
REALS REFS

ARRAY REALS REFS
ARRAY REALS REFS

REFS
REALS REFS
REALS REFS

ARRAY REALS REFS
REALS REFS

ARRAY INPTR REFS
IIEFINED

REALS REFS
PHYPRO REFS
INPTR REFS
REALS REFS

REFS
DEFINE!'

FTN 4.+508

230
,57
15?
157
'3'
157
157
228
790
II
157
728
157
731
157
742
157
727
157
157
157
132
157
729
157
733
112
III
III

I''
'I
'I'

I'

157
1ll

'II

Ill157IIII

I111
III
262
III
III
III
I11
157
392
!II
210
'57
II
492
259

231
595
598
595
596
596
598
229

DEFINED
262

262

262
DEFINED

262

262

262

262
739

759

DEFINED
DEFINED
DEFINED

641

597

262
450

262
561
552

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED

737
538

538

53C
730
538

538
538
538

538

538

DEFINED

293
738
743
664

DEFINED

392
579

452
DEFINED

575

286
287
288
289
290
292
772

735

743

732

736

751
746
742

735

742

10/21/80

757

DEFINED

450

DEFINED
390
576

637

538

295
561
585

14.29.35

773

737

748

733

747

753
745

738

744

777

2*740

749

750

579

452

590 803

774

2*739
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76/176 OPT:0 TRACE STATIC FTN 4.8+5C9

VARIABLES
77 CFV

100
3

3213
3216

50
2555

601
101

3214
3210
3206

.207
3211
3736

102
606

II
121
122

2557
51

134.
2561
52

CFVA
CHEFUS
CKSTPH
CKTOR

CLDWKD
CLDIKS
CLOS
CMOL

CMSTMD
CMTOFT
CtTOIN

CMTOML
CNMTPS
CNOB
CODE ID
COLDWK
COMP
CONV'.
CON' iR

C.,

CPU
CR
CRDT

53 CRDTR

135
2554
136

3212
54

2
4
5
6

137
3215
604
605
102

CRDTT
CREPHR
CRN
CSTOHR
CTMAX

CTMELT
CTRANB
CTRANE
CTRANZ
CVV
CWCTKF
CWKF
CWNF
DC I

140 DCIHI

SN TYPE
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL

RELOCATION
REALS

REALS
PYPRC

IN0TR
INPTR
RE L S
REAiS

ARRAY

ARRAY

ARRAY

ARRAY

REAL

k ALS
PhYPRO
REALS
REALS

INPTR
INPTR

REALS
INPTP
INPTR

INPTR

REALS
INPTR
REALS

INPTR

PHYPRO
PHYPRO
PHYPRU
PHiPRO
REALS

REALS
REALS
INPTR

REALS

REFS
DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
744

REFS
REFS
REFS
570

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

494
504

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
585
REFS
QEFF
RES
REFS
REFS

DEFINED
REFS
REFS
REFS
2*620
e EFS

II
669
III
210
587
493
259
157
157
135
I1I
745
579
491
560
571
257
562
496
599
III
135
210
III
II
495
505
157
157
402
III
157
157
303
157
304
! 11
157
III
563
157

210
210
210
210
III
259
135
135
157
697
I1'

¬73
676
676

DEFINED
552

26L
262

736
746

DEFINED
572
561
573

563
567

DEFINED
DEFINED
DEFINED

262

DEFINED
496
506
262
262
560
722
262
262
459
262
461

DEFINED
262

DEFINED
262

679

2*678

259
575

454
455

737
DEFINED

259
584
564
574

DEFINED
588
296
599
299
457

489
497
507
538
402

DEFINED
538
459
555
461
556
602

DEFINED

257
548

7i?

679

576

DEFINED
DEFINED

738
724

593
565
580

257
DEFINEDC595

c4722

DEFINED

385

297
298

741

DEFINED
566
581

257
596

3*617 DEFINED

490
498
508

DEFINED
538

620
DEFINED

538
562
556
563

305

585

491
501
509
301
560

302
555

563

DEFINED

DEFINED

262
703

390
722

394
DEFINED

404
394

803

757

646

590

45-

742

257
568
582

743

569
583

598

457

493
503

597

300

492
502

620

56? 602

366

538
404

581
581
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SUBROUTINE INITAL

VARIABLES SN TYPE
141 DCIHP REAL
130 DCO REAL

156 DE REAL

142 DELBP REAL
143 DELBU REAL
144 DELH REAL
12 DELOXY REAL

145 DELTA REAL
204 DELTAZ REAL

146 DELTCR REAL
147 DELTDB REAL
150 DELTFC REAL
151 DELTJL REAL
232 DEN REAL

233 DENG REAL
152 DH:C REAL
607 DISH REAL
234 DISHSD REAL

375_ DISHSG REAL
153 DLREL REAL
154 DLROD REAL
155 DLTGC REAL
235 DP REAL

207
210
211
212
213
263

264

3742

0
0

265

214
215
0

DPH
DPHF
DPHFP
DPNP
DRS
DSPG

DSPGN

DUMMY

DVHPRS
ECREP2
EMFLAG
ENRCH

ENR I CH
EOLSR
EPP2

76/176 OPT:0 TRACE STATIC

RELOCATION
REALS REFS

ARRAY INPTR REFS
805

ARRAY INPTR REFS
DEFINED

REALS REFS
REALS REFS
REALS REFS
PHYPRO REFS
REALS REFS

ARRAY INPTR REFS
674

REALS REFS
REALS kEFS
REALS REFS
REALS REPS
INPTR REFS

DEFINED
INPTR REFS
REALS REFS
REALS REFS
INPTR REFS

ARRAY
ARRAY

REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL

ARRAY
ARRAY
ARRAY

ARRAY

REALS
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
INPTR

INPTR

F.P.
F.P.
LACMDL
INPTR

REALS
REALS
F.P.

DEFINED
REFS
REFS
REFS
REFS
REFS
2*636
718

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
415
433
456
472

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

10/21/80 1.29.35

IlIl
157

DEFINED
157
396
III
III
III
210
Iii
'57
759
III

157
410
157
III
135
157
412
2*649
III
III
'I
157

2*646
722
III
III
III
III
III
157
416
157
418
401
417
439
458
475
400
236
236
206
157
420
'I
III
236

262
393
262
408

262
DEFINED

262

262

DEFINED
262D
564

DEFINED

262
648

DEFINED

262
565
262
566
403
419
442
460
477

799
799
516
262

DEFINED

799

393
496
396
583

397
389

410

463

679
412

648

390
2*673
395

416

418

405
421
444
462
479

DEFINED
DEFINED

420

600

DEFINED

406
580
408

538
397

538

616

538

395
697
414

538

538

407
423
44,11
464
481

531

538

538

584
584

6!6

DEFINED

564

414
700
582

565

566

409
426
449
466
483

706

532

702580

583

662 673

624

306

648

530
2*705

61Q

3*619

411
428
45:
468
485

538

683

463

582
2*708

413
430
453
470

600
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
0 EPS0
0 EPS02
0 EP522
0 EP2

266 EXO
267 FA
216 FC
7 FDELTA

3743 FDIALA

3744 FDIALM

217
270

220
221

222
223
225
271
272
227
602
603

2552
231
232
273
233
234
235
0
0

236
C

FGIN
FGPAV

FGPAVP
FGPAVX
FHEFUS
FH20
FJJ
FJJH
FLUX
FLXDP
FMGP
FNCK
FNCN
FOTMTL
FPOR
FPORI
FOE
FRD
FRDH
FRDN
FTHELT
FVFRO
GA
GAP2

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

INPTR
INPTR

ARRAY REALS
PHYPRO

REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

REALS
INPTR

REALS
REALS
PHYPRO
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR
REALS
REALS
REALS
PHYPRO
F.P.
REALS
F.P.

REFS
REFS
REFS
PEFS
REFS
REFS
REFS
REFS
REFS
408
416
425
439
448
456
464
472
481
REFS
408
416
425
438
448
456
464
472
481

REFS
REFS
724

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS

236
236
236
236
157
157
III
210
401
409
417
426
439
449
457
465
474
482
401
409
417
426
439
449
457
465
474
482
III
157

DEFINED
III
122
210
122
122
122
157
157
122
135
135
157
122
122
157
122
122
122
210
236
'22
236

799
799
799
799
597
262

402
410
418
427
441
450
458
466
475
483
402
410
418
4e7
441
450
458
466
475
483

DEF I NED
262
422

DEFINED

262
DEFINED

262

722
614

'99

799

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

538

403
411
419
428
442
451
459
467
476
484
403
411
419
428
442
451
459
467
476
484
741
422
567
611

465
309

DEFINED

DEFINED
DEFINED

DEFINED

DEFINED

I
I
I
I

307
DEFINED

404
412
420
429

452
460
468
477
485
404
412
420
429
443
452
460
468
477
485
742
538

DEFINED

311

684
312

406
414
422
432
446
454
462
470
479

406
414
422
!432
446
454
462
470
479

601

407
415
423
433
447
455
463
471
480

407
415
423
433
447
455
463
471
480

611

308

405
413
421
430
444
453
461
469
478
486
405
413
421
430
444
453
461
469
478
486

567

310

685

707

465

686

708
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
237 GASES

246
247
274

250
302
334
335
336
370
441
3

371
372
442

373
374
375
37F
377
400
401
410
412
402
403
404
405
407
413
443

414
415
411
416
417

3741

275
270
302
24
0

2
271
272
3

GAS IN
GDEN
GO

GPTH
GPTHE
GPTHM
GPTHP
GPTHPG
GR
GRNSIZ
GROW4
HCRV
HCV
HDISH

HDSHV
HEIN
HFLL
HFLMDB
HFLMP
HFPER
HF'V
HGAP
HGAPR
HGAPT
HGV
HI
HMGP
HP
HPL
HPL T

HPORV
HPV
HSOL!D
HUPTAK
H20MI
I

IAXSYM
ICFAC
ICFCSV
CLOSE
1 CM
ICOR
IDIG
I DG
ILGSAV
IDXGAS

SN TYPE
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY REALS

REALS
REALS

ARRAY INPTR

ARRAY REriLS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS
INPTR
AXL
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

ARRAY REALS
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS

INPTI
POINT
POINT
INTEG
INPTI
INPTI
INPTI
POINT
POINT
INPTI

REFS
752

REFS
REF5S
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
650

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
774
758

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

122
753
122
122
157
425
122
122
122
122
122
122
157
227
122
122
157
662
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
157
429
122
122
122
122
122
368
777
771
176
103
103
149
176
176
176
103
103
176

DEFINED

684
262
587

262

262
DEFINED

DEFINED

747

3*685
425
795

467

427
427

736

4*662 DEFINED

262
569

629
785
776

262
262

DEFINED

262

429

640
DEFINED

784

538
538
314

538

751750

683
795 816

749

DEFINED
587

313

748

4*686
538
816

DEFINED

538
568

568

467

3649

660

2*662

657

538

655
367
786

726

772
639

569

759
628

727

773
654

728 729
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76ul76 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES

0
303

3737

3747
4

4
2

23
7

10

5
0
3

11

6
5

304
273
6
0

264

265
305
306
3746

7
2

300
277
3

301
276
300
276

274
275
302
267
4

IGAP2
IHLDN
II

IJ
IM

IMCLAD
IMDENS
IMDONE
IMENRG
IMFGAS
!MFUEL
I MGAPC
IMPONR
IMRELO
IMSICH

IM93WC
IPLANT

IPLSTC
I PRG
10
IQUIT
IRDOT
IRI
ISAUGS
ISTRNN
ISTRSS
ISUM
I SW
IT
I TCL
ITEMP
I TER
I TFS
ITRAMP
ITREST
IVARDM

IVFC
IVFF
I WORDS
IX
J

SN TYPE

INTEGER
INTEGER
INTEGER

REL(CA.TON

ARRAY

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGEP
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

F.P.
POINT

INPTI

EMFLGS
EMFLGS
INTEG
EMFLGS
EMFLG5
EMFLG5
EMFLGS
EMFLGS
EMFLGS
EMFLGS

EMFLG5
INPTI

POINT
POINT
INPTI
INTEG
POINT
INTEG
POINT
POINT
PuINT

INPTI
INTEG
POINT
POINT
INTEG
POINT
POINT
INPTI
INPTI

POINT
POINT
INPTI
POINT
INTEG

742
1

739
799

366
2*579
2*588
2*705
2*806
362
612
630
424
794

740
DEFINED

392
2*580
2*589
706

2*815
365
704
814
431
804

393
2*581
2*590
707

2*816
391
794

DEFINED
440
813

394
2*582
2*593
2*708
2*817
546
804
547
445
814

395
2*583
2*608
795

2*818
578
814
629
538
822

730
REFS
REFS
REFS
397
2*585
2*613
797

2*820
592

REFS
REFS

607
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
531
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

396
2*584
609
796

2*819
586

813
586

731
236
103
363
547
2*587
2*614
2*805

DEFINED
607
2*548
176
612
822
190
190
149
190
190
190
190
190
190
190
315
190
176
532
103
103
176
149
98
149
98
103
103
436
176
14
103
103
149
103
103
176
176
318
103
103
176
98
149

279
279

385

380

380

526

382

382

527

383

528

387

529

279
279
279
27
279
279
262

279
262

262
538

627

437
DEFINED

262
262

538
544

530

605

436

758

DEFINED
316

DEFINED
388

DEFINES

434

317
389 397 538
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76/176 OPT:0 TRACE STATIC 'TN 4.8+508

VARIABLES
10 JDLPR

3751 JJ

5
II
6

21

7
10
11

420
3745

216
215
216
217
220
215
152
153
221
125
120
253
256

14
10
11

210
211
212
12
13

172
173
213

15
2

154
Ill
0

261
16
17

174
175
3

20
155

JJC
JN
JPEAK
JST

K
KINDOR
KOX I
KRYIN
L

LACE
LACMFG
LACMHE
LACMH2
LACMN2
LAClOD
LAK I
LAK2
LAIGPT
LANG
LANGR
LANSD
LANSR
LARAD
LAXGAP
LAXLEN
LB
LBR
LBTOLD
LBUI
LBU2
ICCI
LCC2
LCHEM
LCPDLT
LCREPi
LCRL
LDCHEK
LDCIH
LDECAY
LDELBP
LDENMX
LDENSF
LDENSP
LDLH
LDLPGE
LDPL

SN TYPE
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

ARRAY

RELOCATION
INPTI

INTEG
INPTI
INTEG
INPTI

INTEG
INTEG
INTEG
REALS

INPTI
POINT
POINT
POINT
POINT
I rPT I
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01 NT

3*703 706
262
2*697

DEFINED
509
e62

262
820
789

DEFINED

122
2*432
657
431
672
516

REFS
REFS

707
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
3*641

DEFINED
640
REFS
REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*702
696
606
538

608

DEFINED

745
2*438
2*664
437

538
700
627

DEFINED
436

538

790
319

DEFINED
436

2*662
435

176
629

4x708
149
176
149
176
608
149
149
149
7

2*425
656
424
655
176
82
82
82
82
176
53
53
82
39
39
92
92
20
20
20
72
72
72
20
20
65
65
72
20
20
53
20
20
92
20
20
65
65
20
20
53

2*703
787
609

609

786

2*441
665
440

820

789

2*446
673
445

2*474
674
473

746

516 320DEFINED

759

664 669 670 674
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
156 LDPLH
157 LDPN
176 LDPWI
177 LDPWPP
260 LDT
21 LDZ
22 LDZH
23 LDZHP
24 LECREP
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS
133 LEr-5AV
151 LFeSI
100 LEPI
167 LF
134 LFEPS
257 LFF
121 LFGMGP
170 LFH
110 LFLAG
254 LFLXFC
160 LFMA
161 LFMGPR
122 LFMGR
171 LFN
26 LGAP
222 LGASMO
200 LGNSIZ
27 LGPTP
45 LGRASS

4 LHA
262 LHALF
30 LHCOEF
123 L.EMGP
101 LHGAPS
114 LHGPC
115 LHGPR
116 LHGPS

5 LHL
223 LHMGPT
124 LHIGR
162 LHRL
103 LIGAP

334 LINKT
12 LMN

106 LNFAIL
146 LNUDEP

31 LOLAXG
32 LOLDPC

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
P01NT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POI NT
POINT
POINT
POINT
POINT
POINT
GRSPTR
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT

INTEG
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

53
53
65
65
92
20
20
20
20
20
45
45
45
45
45
45
45
20
60
45
92
39
60
20
92
53
53
39
60
20
82
65
20

245
20
92
20
39
20
20
20
20
20
82
39
53
20

262
149
20
45
20
20

DEFINED 321
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
33 LOLDPG
34 LOLDTC
35 LOLDUR
36 LOLEPS
37 LOLFEP

104 LOLIGP
40 LPAXGP
41 LPC
42 LPECRP
43 LPEP
135 LPFEPSV
255 LPF
136 LPFPSV
44 LPG
45 LPINT

224 LPIT
46 LPLDPC
47 LPLDPG
50 LPLDTC
51 LPLD'k
107 LPLIGP
52 LPOAXG
53 LPOFEP
54 LPOLEP
6 LPOROS

201 LPORSI
202 LPORS2
225 LPRTIO
226 LPRTII
227 LPRTI2
230 LPRT13
231 LPRT14
232 LPRTI5
233 LPRTI6
234 LPRTI7
235 LPRTI8
236 LPRT2
237 LPRT20
240 LPRT3
441 LPRT4
2'42 LPRT5
243 LPRT6
244 LPRT7
245 LPRT8
246 LPRT9
214 LQ
105 LQDP'
206 LR

207
55

137
1r1

LRAD
IRDCOL
LREPS
LREPSP

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
;NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
P01NT
P01NT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
PO: 
PONT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

P01NT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
RWC
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

662
REFS
REFS
REFS
REFS

20
20
20
20
20
20
20
20
20
20
45
92
45
20
20
82
20
20
20
20
20
20
20
20
20
65
65
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
77
20
65

705
65
20
45
45

630

635 636 637 3*641 656 657
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
140 LREPSV
126 LREPS2
143 LRFEPP
142 LRFEPS
144 LRFPSV
263 LRLEAS
113 LRTRNO
112 LRTRNP
145 LSIG
150 LSIGI
266 LSTHIF
247 LTAC
56 LTAF

250 LTAFA
57 LTAG

251 LTAG
60 LTBAR
61 LTBLK
62 LTCA
63 LTCIDI
64 LTCODI

16? LTFB
164 LTFR
165 LTFRK
203 LTMPDS
205 LTMPMX
117 LTOXO
65 LTPS

102 LTPTiN
252 LT ,F
7 L'JFS

204 LU02LL
I LURC

66 LUPF
67 L(NH
70 LUCHI
71 LVCR
72 L')DH
73 LVFH
74 LUGH

166 LVPI
75 L'Xe
76 L.'cu2A
77 I. LR028
13 1
0 MAXIDX

166 MDBG
15 MDHPRS

271 MECHAN

20
24
22

MEPP2
MEPSO
MEPS02

5N TYPE
INTEGER.
INTEGER

SNTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IN6'dGER
NITEGER
!N'ELER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
FC:..,T
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
INTEG
LACMDL
INPTI
FFRC52
INPTI

PFRC52
PFRC52
PFRC52

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFFS

tRP
REFS
REPS
REFSREFS
REFS
REFS
REFS
REF5

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS

REFS
REFS

DEFINED
REFS
REFS
REFS

45
39
45
45
45
92
20
20
45
45
98
82
20
82
20
82
20
20
20
20
53

53
53
65
65
20
20
20
82
20
65
20
20
20
20
20
20
20
20
53
20
20
20
149
206
176
196
176
387
196
196
196

662

516
DEFINED

371

664

DEFINED
323

533

665

322

538

670

689

673

694
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
17 MEPS22
11 MEP2
10 MEREP2
14 MFUFRO
2 MGAP2
3 MIGAP2

MNA
7 MNR

170 MODE
171 MODES

14 MODLOP

I
0
4
13
23
6
16
5

12
21
172
7

266
15

233
3740

27
272
274
173
273
270
26

3757
174
175
176

167
234
25
177
277
200
201
16

263
202
304

MODPC2
MODPG2
MOIGP2
MOLDT2
MP PP2
MPEPS2
MFEP2
MREPS2
MR22
M5IG2
TAPE
MTTT
NA
NAB
NAFA I L
NHPI
NC
NCRACK
NCREEP
NDBG
NELAST
NEWPRB
NF
NFKF
NFROD
NIAPC
NGASR

NHEAL
NNFA IL
NNNCRP
NOFAIL
NOFRAC
NOPT
NPCYCL
NPLAST
NPLOT
NPLTAB
NPRINT

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGIa
I NTEGdR
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGtR
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGE'
I NTEG.
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFRCS?
PFRC52
PFRC52
PFRCS2
PFRC52
PFRC52
F.P.
F.P.
INPTI
INPTI
INTEG

PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
INPTI
PFRC52
INPTI
INTEG
INPTI

INTEG
INPTI
INPTI
11OT I
INPTI
INPTI
INTEG

INPTI
INPTI
INPTI

ARRAY
INPTI
INPTI
PFRC52
INPTI
INPTI
INPTI
INPTI
INTEG
INPTI
INPTI
INPTI

i
i

REFS
REFS
REFS
REF.
REF 5
REFS
REFS
REFS
REFS
REFS
REFS
532
525
533

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
538

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

196
19%
196
196
196
196

21*236
14*236

176
176
149
533
526

196
196
196
196
196
196
196
196
196
196
176
196
176
149
176
365
149
176
176
176
176
176
149
776
1?6
176
176
768
176
176
t96
176
176
176
176
149
176
176
176

531
524
532

528
521
529

530
523
531

DEFINF.D
DEFIED

324
325
527
520
528

799
799

DEFINED
DEFINED

526
DEFI NED

527

DEFINED

364

DEFINED
DEF'. ED

538
DEFINED
DEFINED

603
DEFINED

283
538
784
262

DEFINED
520

DEFINED

262
DEFINED

262
26?

262
262

786
DEFINED

333
521

326

391

327
364

328
329

331

538

529
522
530

2X620

DEFINED

523

696

770

525

788
332

522

334

335

DEFINED
338

DEFINED
336
538

DEFINED

DEFINED
DEFINED

3.1

337

339
340
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VARIABLES
267 NR

203
204

17

3752
265
205

3756
25

206
207
20

210
211

212
2641

3750
421
213
214

0
11
12
13
14
15
16
17
20
21
22

23
24
25
26
27
30
31
32
33
34
2

35
36
37
40
41
42

NREAD
NRES R
NRMI

NRN2
NROD
NROLL
NRI
NSH
NSP
NSTART
NSTEP
NSTOP
NT

NTAPE
NTPLOT
NTPI
NU
NUCFC
NUNITS

NVARI
NVARI 0
NVARI I
NVAR12
NVARI3
NVAR14
NVARIS
NVAR16
NVAR 17
NVAR18
NVARI9
NVAR2
NVAR20
NVAR21
NUAR22
NVAR23
NVAR24
NVAR25
NVAR26
NVAR27
NVAR28
NVAR29
NUAR3
NVAR30
NVAR31
NVAR32
NVAR33
NVAR34
NiAR35

SN TYPF
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
hNTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
INPTI

INPTI
INPTI
INTEG

INPTI
INPTI

INTEG
INPTI
INPTI
INTEG
INPTI
INPTI

INPTI
INPTI

REALS
INPTI
INPTI

GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
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629
704

640

E35
705

672

638
769

REFS
654

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
770

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

176
669
176
176
149
626
639
176
176
770
149
176
176
149
176
176

176
176
578
7

176
176
348
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245

626
703
341
342
637

362
2*670
262
262
628

DEFINED

DEFINED
771
538
262

2*550

2X551
389

262

DEFINED
122
262
262

538
702

DEFINED
DEFINED

636D

638

343
DEFINED
DEFINED

538
DEFINED

DEFI NEDDE546D

DEFINED

577

DEFINED
1487

605 669

769
330
793
344

345
547

346

347
538

550

551
577

553

777
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VARIABLES
43 NVAR36
44 NVAR37
3 NVAR4
4 NVAR5
5 NVAR6
6 NVAR7
7 NUARB

10 NVAR9
301 NORDS
303 NIRDS
21 NWRITE

262 NXP
22 N2
0 OLDPC2
0 OLDPG2
0 OLDT2
0 OLIGP2

422 OXDROP
423 OXIDE
424 PECDH
0 PEPP2
0 PEP2

425 P1

426
460
461
444
445
462
0

463
464
465
446

473
466
613
623
1333

467
474
470
1500
1513

471
472

PIN
PINP
PORO
PPHH2O
PPHN2
PR
PREPS2
PRESS
PRTY
PRT19
P2

QAU
QC
REND
OF
QHPY

OP
PEAK
QSP
RAPON
RCI

RCI
RCO

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
INPTI
INPTI
INTEG
INPTI
INTEG

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P

REALS
REALS
REALS

ARRAY F.P.
ARRAY F.P.

REALS

ARRAY REALS
REALS
REALS
INPTR
INPTR
REALS

ARRAY F.P.
REALS
REALS
REALS

ARRAY INPTR

REALS
REALS

ARRAY INPTR
ARRAY INPTR
ARRAY INPTR

REALS
REALS
REALS

ARRAY INPTR
INPTR

REALS
REALS

790
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
669

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

805
818

REFS
REFS
REFS
REFS
REFS
2*637

570
REFS
REFS

245
245
245
245
245
245
245
245
176
176
149
176
149
236
236
236
235
122
122
122
236
236
122
670
615
122
122
122
157
157
122
236
122
122
122
157
432
122
122
157
157
157
818
824
122
122
122
157
157

2*669

603

785

773
774

772

DEFINED

799
799
799
236

722
799
799

2*619
673

262
262

799
DEFINED

630

262
588

262
262
262

DEFINED

262
262
3*670

DEFINED
DEFINED
DEFINED

799

DEFINED
DEFINED
DEFINED

620
676

469
471

DEFINED
601

DEFINED

432
796

474
438
441
441

DEFINED
476
2*673

DEFINED

678

637
718

DEFINED
757

538
A!5

DEFINED
538
538
589

363
538

2*676

641
722

469
DEFINED

588

368
DEFINED

589
613

570
DEFINED

646
805

349

796

474
438
613
614

635
350

662

471

815

614
805

2*636
476

122
122
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VARIABLES
3755 RCRACK
1514 RDISH

0
475
476
477
500
501
502

1515

REPS2
RPNUFF
RHO
RHOF
RHOG
RHOU02
RMH
ROUGHC

1516 ROUGH

503
2551
504
505
506
0

1517
0

507
510
511
512
513
514

515
0

516
517
2

520
521
522
1520
523
524
525
526
527
530
531
1521

532
546
547
1666

RP
RSNTR
RSTRAN
RSTRES
RTRAN
R22

SGAPF
SIG2
SKTC
SKTS
STRN
SUtCK
SUMDH
SUMEXP
SUMFF
SUMGP
SUM"
SUMPOR
SUMRG
SUMSAV
SUMTF
T
TCAC
TCC
TCI
TCO
TFBC
TFC
TFGFR
THEFR
TH2OFR
TIME

TITLE
TM
TN2FR
TOTL

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

RELOCATION

INPTR

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
REALS
REALS
REALS
REALS
REALS
REALS
INPTR

INPTR

REALS
INPTR
REALS
REALS
REALS
F.P.

INPTR
F.P.

REALS
REALS
REALS
REALS
dEALS
REALS
AXL
REALS
AXLL
REALS
REALS
AXL
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR

REALS
REALS
REALS
INPTR

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

705
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
676

2*708
157
649
236
135
135
135
135
135
135
157
351
157
352
135
157
135
135
135
236

157
236
135
135
135
135
135
135
227
135
227
135
135
227
135
135
135
157
135
135
135
135
135
135
135
157
806
135
135
135
157
718

DEFINED
538

799
722

2*617
657
262
478
262
480

262

708

262
799

571

262
819

262
722

700
650

DEFINED
DEFINED

757
660
478
557
480
558

DEFINED

799

482
DEFINED

DEFINED

538
823

389
759

656

1
718

DEFINED
DEFINED

538
574
538
573

353

DEFINED

DEFINED
1

355

806

443
DEFINED

660 6623*657

616
650
557

558

354

617

574

5"3

702

482

703

571

819

538
443

572
572

646
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VARIABLES
550 TOXO
551 TP
552 TPA
553 TPAC
554 TPLEN
555 TRANST
2553 TREF

556
1667

557
0

1670

560
561
562
563

3754
2035
2036
2037

0
564
565
2040

566
600
567
570
571

2041
572
573
574
575
576
577

TSAT
TSINT

TT
TTT
TN

TX
TXA
TXAL
TXC
U
UDFS
UMELT
UOFD
VERS
VISC
VPLT
US

USS
VX
w
NT
MTRAN
X
XEIN
XK6
XK7
YY
Z
ZR02WG

FILE NAMES
TAPE
TAPE6

EXTERNALS
CHECK
DIALOT

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REPL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
NAME
NAME

RELOCATION
REALS
REALS
REALS
REALS
REALS
REALS
INPTR

ARRAY
ARRAY

ARRAY

TYPE ARGS
61

4

LACINP 4

REALS
INPTR

REALS
F.P.
INPTR

REALS
REALS
REALS
REALS

INPTR
I NPTR
INPTR
VER
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS

READS
WRITES

REFERENCES
538
401
419
444
464
483
516

554385

803

REFS
REFS
REFS
REFS
REFS
REFS
REFS

575
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

135
135
135
135
135
135
157

135
157
357
135
236
157
446
135
135
135
135
698
157
157
157
208
135
135
157
448
135
135
135
135
135
157
135
135
135
135
135
135

383

DEFINED

559
576

I
538
817

DEFINED
358

DEFINED
DEF I NED

779

669
538

373
375

403
421
447
466
1*85

356

576
803

590

697

359
360

DEFINED
619

405
423
449
468

797

698

552
486

651

817

554

262
484

799
262
590

705
262
262
262
772

662
262

575

484
559

DEFINED
446
797

708
DEFINED
2*552
486
773

665
448

DEFINED

538
744

262
DEFINED

407
426
451
470

665

409
428
453
472

619

593593

411
430
456
475

DEFINED

413
433
458
477

415
439
460
479

417
442
462
481
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EXTERNALS
NEMSET
PRINT
SORT

INLINE FUNCTIONS
AMAXO
AMAXI

NAMELISTS
EMFPCN
FRPCON

STATEMENT LABELS
0 100
0 110
0 120

274 130
0 140

373 150
0 160
0 170
0 180
0 190
0 200
0 210
0 220

777 230
1022 240

0 250
0 260
0 270
0 280

1335 290
0 300
0 310
0 320
0 330

1640 340
1644 350

0 360
1716 370

0 380
1744 390

0 400
2077 410
2100 420
2163 430

0 440
0 450
0 460
0 470
0 480

2374 490

TYPE ARGS REFERENCES
3 380

23 799
REAL I LIBRARY 636

TYPE
REAL
REAL

ARGS
0
0

DEF LINE
279
262

INTRIN
INTRIN

REFERENCES
383
373

DEF LINE
363
366
368
370
398
399
425
432
436
438
441
446
474
500
510
548
585
591
593
594
609
614
631
642
659
661
668
672
675
677
710
712
714'
734'
759
775
778
785
790
791

DEF LINE

382

641

REFERENCES
609
657

375

REFERENCES
362
365
367
283
391
388
424
431
435
437
440
445
473
487
499
546
578
586
592
553
607
612
627
639
656
658
654
647
672
671
696
694
689
726
758
771
776
784
787
768

628

704

788
779

657
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STATEMENT LABELS
0 500

2415 510
0 520
0 530

2540 540

DEF LINE
797
799
807
821
826

REFERENCES
794
793
804
813
544

LOJOPS

260
267
343
470
5i4
r3C
537
s7
570
70 I
1125
1253
1305
1327
1413
1431
1504
1506
1551
1615
1717
2010
2037
2266
2310
2332
2345
2356
2360
2401
2464
2501

LABEL
100
110
120
140
160
170
180
190
200
210
220
250
260
270
280
300
310
320
320
330
360
380
400
400
440
450
460
470
480
480
500
520
530

COMMON BLOCKS
FAST
POINT
REALS
INTEG
INPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LACMDL
VER

INDEX
I II
II
II

L
L
L
L
LL
L
II
II
II
II
IIII
JJ

I
I
L
JJ
II
I
I
I
I
JJ
I
II
II
IJ

LENGTH
1

199
392

24
1393
197

10
22
12
21
1

FROM-TO
362 363
365 366
367 368
391 398
424 425
431 432
435 436
437 438
440 441
445 446
473 474
546 548
578 585
586 591
592 593
607 609
612 614
627 631
628 631
639 642
654 668
672 675
696 710
704 710
758 759
771 775
776 778
784 785
787 790
788 790
794 797
804 8n
813 d21

LENGTH
58
5B
*8

278
68
68
58
68
68
68
68
I 08
308
20B

58
12B
I1lB
208
138
178
618
178
668
348

78
208

68
58
I58
108
138
138
308

PROPERTIES
INSTACK
INSTACK
INSTACK

OPT
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

OPT
OPT

INSTACK
INSTACK
INSTACK

OPT

OPT

OPT
INNSTACK

OPT
INSTACK
INSTACK

INSTACK
OPT
OPT
OPT

NOT INNER

EXT
EXT

REFS
REFS

NOT INNER

NOT INNER
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COMMON BLOCKS
PHYPRO

GRSPTR

LENGTH
II
4

38

76/176 OPT:O TRACE STATIC FTN 4.8+508 10/21/80 14.29.35

STATISTICS
PROGRAM LENGTH
SCf LABELED COMMON LENGTH

1400008 SCM USED

37708
44258

2040
2325
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76/176 OPT:0 TRACE STATIC FTN +.8+508

SUBROUTINE LACIN (LACMOD,LACEEMFLAGMAXIDX) LACE
C ***x**** :x:*:*: xxxxx*x******xxx****u:***xx***:****x*** LACE 3
C LACINP 15 CALLED FROM INITAL AND CONVERTS LACE OPTION INPUT LACE 4
C ?0R MATPRO COMPATIBILITY LACE 5

5 C * m* :s *************** t* ********** LACE 6
C LACE 7

DIMENSION ITRANS(13),EHFLAG(l),LACE(I) LACE A
DATA ON/2HON/, LACE >

+ OFF/3HOFF/, LACE 10
10 + ITRANS/3,5,6,7,8,9,10,II,e2,13,16,18,l9/, LACE 11

+ 8/1/ LACE 12
C XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX LACE 13
C LACMOD: I ALL LACE OPTIONS ON LACE 14
C LACMOD: 0 ALL LACE OPTIONS OFF LACE 15

15 C LACMOD: -1 USER SELECTS LACE OPTIONS LACE 16
C LACE(I):I OPTION I ON LACE 17
C LACE(I):0 OPTION I OFF LACE 18
C XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX LACE 19

IF (LACMOD) 100,120 100 LACE 20
20 100 DO 110 I:IMAXIbX LACE 21

EMFLAG(I) : ON LACE 22
1t0 CONTINUE LACE 23

IF (LACMOD.LT.1) GO TO 140 LACE 24
RETURN LACE 25

25 120 DO 130 I:I,MAXIDX LACE 26
EMFLAG(I) : OFF LACE 27

130 CONTINUE LACE 28
RETURN LACE 29

140 DO 150 1:1,13 LACE 30
30 J : ITRANS(I) LACE 31

IF (LACE(I).EQ.I) GO TO 150 LACE 32
EMFLAG(J) : OFF LACE 33

150 CONTINUE LACE 34
RETURN LACE 35

35 END LACE 36

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 LACINP I 24 28 34

VARIABLES SN TYPE RELOCATION
60 8 * REAL DEFINED 8
0 EMFLAG REAL ARRAY F.P. REFS 7 DEFINED I 21 26 32

61 I INTEGER REFS 21 26 30 31 DEFINED 20
29

63 ITRANS INTEGER ARRAY REFS 7 30 DEFINED 8
62 J INTEGER REFS 32 DEFINED 30
0 LACE INTEGER ARRAY F.P. REFS 7 31 DEFINED I
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VARIABLES
0 LACMOD
0 MAXIDX

57 OFF
56 ON

SN TYPE
INTEGER
INTEGER
REAL
REAL

RELOCATION
F.P.
F.P.

STATEMENT LABELS
0 100
0 110

26 120
0 130

37 140
52 150

INACTIVE
DEF LINE

20
22
25
27
29
33

REFERENCES
2x19
20
19
25
23
29

LOOPS
13
27
40

LABEL
110
130
I50

INDEX
I
I
I

FROM-TO
20 22
25 27
29 33

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
68
68
ISB

1078

PROPERTIES
INSTACK
INSTACK

OPT

71

REFS
REFS
REFS
REFS

19
20
26
21

23
25
32

DEFINED

DEFINED
DEFINED
DEFINED

8

i

8

31
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SUBROUTINE LCFF (DOXIDE,FREQ,HYDRO, IODINE,NPCYCL,PSR,TCLADNCF)

IMPLICIT REAL*8(A-H,O-Z)

SUBROUTINE LCFF PREDICTS THE NUMBER OF POWER CYCLES TO FAILURE
FOR A ROD SUBJECTED TO LO CYCLE FATIGUE
*** PART OF FRAIL FAILURE PACKAGE ***

-- INPUT ARGUMENTS --

DOX I DE
FREG
HYDRO
IODINE
NPCYCL
PSR
TCLAD

DEPTH OF OXIDE LAYER ( PER CENT OF CLAD THICKNESS )
FREQUENCY OF POWER CYCLE ( SEC-1 )
CLADDING HYDROGEN CONTENT ( PPM )
CLADDING IODINE CONTENT ( KG/ M3 )
NUMBER OF PREVIOUS POWER CYCLES
PLASTIC STRAIN RANGE
CLADDING TEMPERATURE ( DEG K )

-- OUTPUT ARGUMENTS --

NUMBER OF POWER CYCLES TO FAILURENCF

REAL*8 IODINE NPCYCL, NCF
REAL IODINE, NPCYCL, NCF

SET THE NUMBER OF CYCLES TO FAILURE TO A LARGE NUMBER UNTIL THE
CORRECT NUMBER OF CYCLES 15 KNOWN

NCF : I.OD+9
NCF : I.0E+9

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 LCFF

VARIABLES
0 DIOXIDE
0 FREQ
0 HYDRO
0 IODINE
0 NCF
0 NPCYCL
0 PSR

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
34

RELOCATION
*UNUSED F.P.
UNUSEDD F.P.
*UNUSED F.P.
*UNUSED F.P.

F.P.
*UNUSED F.P.
*UNUSED F.P.

5

10

I5

20

25

30

i

C
C
C
C
C

C

LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF
LCFF35

DEFINED
DEFINED
DEFINED

REFS
REFS
REFS

DEFINED

I

26
26
26

DEFINED
DEFINED
DEFINED

Ii
i
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SUBROUTINE LCFF

VARIABLES SN TYPE
0 TCLAD REAL

STATISTICS
PROGRAM LENGTH

140000B SCM USED

76/176 OPT:O TRACE STATIC

RELOCATION
*UNUSED F.P. DEFINED

X28

FTN 4.8+508

10

PAGE 210/21/60 14.29.35
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SUBROUTINE MELT

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

76/176 OPT:O TRACE STATIC FTN 4.8+508

SUBROUTINE MELT (TCLADNFRODUMELTMODENFA IL)

IMPLICIT REAL*8(A-HO-Z)

SUBROUTINE MELT DETERMINES IF A ROD HAS FAILED BY MELTING
*** PART OF FRAIL FAILURE PACKAGE ***

-- INPUT
NFROD
TCLAD
UMEL T

ARGUMENTS --
NUMBER OF FUEL RODS IN SYSTEM
TEMPERATURE OF CLADDING ( DEG K )
USER-SELECTED MELT TEMPERATURE ( DEG K )

-- OUTPUT ARGUHENTh --

MODE
NFAIL

MODE OV FAILURE ( : I IF CLADDING MELTED )
NUMBF' OF FAILED FUEL RODS

COMMONiPHYPRO/F TMELT
+ ,CTRANE
+ ,DELOXY

FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -
fU -

-. p -
OXY -
DOING

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

,CHEFUS
,BUP

,CTRANB
,COMP

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-% ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-V ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE ( )
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP (MW-S/KG-U)
PU02 CONTENT (WT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

IF (UtELT.NE.0.) G0 TO 100
UMELT : CTMELT

100 IF (UMELT.GE.TCLAD) GO TO 110
NFAIL : NFROD
MODE :-1
GO TO 120

110 NFAIL : 0
120 CONTINUE
C

RETURN
END

5

10

14.29.35

i

PAGE

15

20

25

35

40

45

I10/21/80

MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT
MELT



76/176 OPT:0 TRACE STATIC

SYMBOLIC RfFERENCE HAP (R:2)

ENTRY POINTS
4 MELT

VARIABLES
10 BUP
3 CHEFUS
I COMP
2 CTMELT
4 LTRANS
5 CTRANE
6 CTRANZ
12 DELOXY
7 FDEL.TA
I FHEFUS
0 FTMELT
0 MODE
0 NFAIL
0 NFROD
0 TCLAD
0 UMELT

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
REAL
REAL

STATEMENT LABELS
13 100
25 110
27 120

REFERENCES
46

RELOCATION
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PH"PRO
P'thrO
PHYPRO
PHYPRO
PHYPRO
F.P.
F.P.
F.P.
F.P.
s.P.

DEF LINE
39
43
44

REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF.,
REFS

DEFINED
DEFINED
REFS
REFS
REFS

REFERENCES
37
39
42

COMMON BLOCKS
PHYPRO

LENGTH
II

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

38

19
19
19
19
19
19
19
19
19
19
19
I
I

40
39
37

41
40

DEFINED
DEF I NED

39

43

DEFINED I 36

LENGTH
USED

308
138

24
It

FTN 4.8+508 10/21/80 x4.29.35 PAGE 2SUBROUTINE MELT
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SUBROUTINE MEMSET (F'LLA,N)
C IMPLICIT REAL (A-H,0-Z)

DIMENSION A(I)
DO 100 J:I,N

5 A(J) : FILL
100 CONTINUE

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 MEMSET

VARIABLES
0 A
0 FILL
2 J

0 N

DEF LINE

SN TYPE
REAL
REAL
INEGER
INTEGER

REFERENCES
7

RELOCATION
ARRAY F.P.

F.P.

F.P.

STATEMENT LABELS
0 100

DEF I NE
6

REFERENCES
4

PROPERTIES
INSTACK

STATISTICS
PROGRAM LENGTH

I40000 5CM USED
258

MSET
MSET
MSET
MSET
MSET
MSET
MSET
MSET

2
3
y
5
6
7
8
9

,OPs
II

REFS
REFS
R'.FS
R,:FS

LABEL
100

3
5
5
4

INDEX
1

FROM-TO
4 6

DEFINED
DEFINED
DEFINED
DEFINED

5

LFNGTH
68

SUBROUTINE MEMSET FTN 4.8+508 10/21/80 I4.29.35 PAGE i
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SUBROUTINE NDTR (XPD)

SUBROUTINE NDTR COMPUTES Y : P(X) : PROBABILITY THAT THE RANDOM
VARIABLE U, DISTRIBUTED NORMALLY (0,1) I5 LESS THAN OR EQUAL TO
X. F(X), THE ORDINATE OF THE NORMAL DtNSITY AT X, IS ALSO
COMPUTED.

NDTR IS A
PACKAGE.
*t* DART

S'BROUTINE OF THE SYSTEM/360 SCIENTIFIC SUBROUTINE

OF FRAIL FAILU#a5 PACKAGE ***

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

X
: (VALUF

INPUT SCALAR FOR WHICH P(X) 15 COMPUTED
- AVERAGE ) / STANDARD DEVIATION

C -- OUTPUT ARGUMENTS --
C
C P PROBABILITY
C D DENSITY
C
C
C IMPLICIT REAL*8(A-H,O-Z)
C

AX : ABS(X)
T : 1.0/(I.0+.2316419*AX)
D : 0.3989423*EXP(-X*X/2.0)
P : I.0-D*T*((((I.330274*T-I.821256)*T:1.781478)*T-0.3565638)*T+0.
+3193815)
IF (X) 100,110,110

100 P : 1.0-P
110 CONTINUE

RETURN
END

$

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 NDTR

VARIABLES
62 AX

0 D
0 P

63 T
0 X

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL

REFERENCES
36

RELOCATION

F.P.
F.P.

F.P.

5

-- INPUT ARGUMENTS --

10

$5

25

30

35

NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR
NDTR

a'EFS
REFS
REFS
REFS
REFS

29
3'
34

5*31
28

DEFINED
DEFINED
DEFINED
DEFINED

2*30

28

29
33

30
31

DEFINED

34

FTN 4.8+508 10/21/80 14.29.35 PAGE I
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8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
'6
27
28
29
30
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32
33
34
35
36
37
38

t
f
t

t
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SUBROUTINE NDTR

EXTERNALS TYPE A
EXP REAL

INLINE FUNCTIONS TYPE
ABS REAL

STATEMENT LABELS
0 100 INACTIVE

44 110

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

RGS REFERENCES
I LIBRARY 30

RGS DEF LINE REFERENCES
I INTRIN 28

DEF LINE REFERENCES
34 33
35 2*33

648 52

FTN 4.8+508 10/21/80 14.29.35 PAGE 2
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I

C + ,PINE(I) ,DLTGC(i) ,GPTHE(I)
C

IF (PINT(J-I).LT.0.EO) PINT(J-I) : 0.EO
PIN(K) : PINT(J-I)
IF (GAP(J-I).LT.0.EO) GAP(J-I) : 0.EO
IF (MECHAN.EQ.3) GPTH(K) : 0.EO
IF (GPTH(K).LT.0.EO) GPTH(K) : 0.EO

C
IF (K.LE.2) GO TO 100

C
C CHECK FOR CONVERGENCE ON THE GAP TEMPERATURE DROP, DLTGC
C

CONVC : AMAXI(0.OIEO*DLTGC(K),0.5E0)

5

10

15

20

SUBROUTINE NEWGAP (DLTGC,FC,GAP,GPTH,GPTHE,J,K,NCONVGNCOUNT,PIN,P
+INE,PINT,MECHAN)

IMPLICIT REAL * 8 (A-HO-Z)

***************************************************************

NEWGAP I5 CALLED FROM MAIN AND COMPUTES THE NEW ESTIMATE OF GAP
AND INTERFACIAL PRESSURE. IT ALSO CHECKS ON CONVERGENCE OF THE
INNER LOOP BASED ON GAP TEMPERATURE DROP.

INPUT ARGUMENTS
*****************************************************************

DLTGC - GAP TEMPERATURE DROP (F)
FC - RELOCATION FACTOR
GAP - PELLET CLADDING GAP AT EACH AXIAL NODE (IN)
J - AXIAL NODE INDEX
K - GAP ITERATION INDICATOR
MECHAN - MECHANICAL MODEL INDEX
: I, PELET SUBCODE
- 2, FRACAS-I SUBCODE
: 3, FRACAS-Il SUBCODE
PINT - INTERFACE PRESSURE (PSIA)

*****************************************************************
OUTPUT ARGUMENTS
**************************************************************

GPtH - THERMAL GAP THICKNESS (IN)
GPTHE - ESTIMATED GAP THICKNESS (IN)
NCONVG - CONVERGENCE INDEX
NCOUNT - NON-CONVERGENCE INDEX ( 26 ITERATIONS )
PIN - INTERFACE PRESSURE (PS!A)
PINE - INTERFACE PRESSURE ESTIMATE (PSIA)

DIMENSION FC(l) ,PIN(I) ,PINT(I) ,GAP(I) ,GPTH(I)

25

30

35

NEWG
NEWG
NE G
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEMG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NE4G
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEMG
NEWG
NEWG
NEWG
NEWG
NEMG
NEMG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG
NEWG

40

45

50

FTN V.8+508 I 012., 80 14.29.35 PAGE I
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IF (ABS(DLTGC(K)-DLTGC(K-l)).LE.CONVC) NCONVG : I NEWG 55
55 C NEWG 56

100 CONTINUE NEWG 57
IF (NCONVG.EQ.I) GO TO 160 NEBG 58

C NEWG 59
C CALCULATION OF ESTIMATED GAP NEWG 60

60 C NEWG 61
K: K+1 NEWG 62
IF (K.GT.25) NCOUNT : I NEWG 63
IF (K.GT.25) GO TO 160 NEWG 64
IF (K.LE.3) GO TO 110 NEWG 65

65 IF (GPTH(K-l).EQ.GPTH(K-2)) GO TO 120 NEWG 66
COS : 1.-(GPTHE(K-l)-GPTHE(K-2))/(GPTH(K-I)-GMTH(K-2)) NEWG 67
IF (ADS(COS).LE.0.1) GO TO 120 NEWG 68
GPTHE(K) = (GPTHE(K-2)*GPTH(K-I)-GPTHE(K-I)*GPTH(K-2))/(GPTHE(K-2) NEWG 69
++GPTH(K-I)-GPTHE(K-l)-GPTH(K-2)) NEWG 70

70 IF (GPTHE(K).LT.0.EO) GO TO 120 NEWG 71
GO TO 130 NErG 72

110 CONTINUE NEWG 73
120 GPTHE(K) : 0.5*(GPTHE(K-1)+GPTH(K-1)) NEWG 74

IF (K.LE.3) GO Tu 140 NEWG 75
75 130 IF (PIN('; -).EQ.PIN(K-2)) GO TO 140 NEWG 76

IF (PINE(K-I).EQ.O.EO.AND.PINE(K-2).EQ.0.EO) GO TO 140 NEWG 77
COSP : I.-(PINE(K-1)-PINE(K-2))i(PIN(K-I)-PIN(K-2)) NEWG 78
IF (ABS(COSP).LE.0.1) GO TO 140 NEWG 79
PINE(K) : (PINE(K-2)*PIN(K-I)-PINE(K-I)*PIN(K-2))/(PINE(K-2)+PIN(K NEWG 80

80 +-I)-PINE(K-l)-PIN(K-2)) NEWG 81
GO TO 150 NEWG 82

140 PINE(K) : .5*(PINE(K-I)+PIN(K-I)) NEWG 83
150 CONTINUE NEWG 84
C NEWG 85

85 160 CONTINUE NEWG 86
RETURN NEWG 87
END NEWG 88

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 NEWGAP I 86

VARIABLES SN TYPE RELOCATION
227 CONUC REAL REFS 54 DEFINED 53
230 COS REAL REFS 67 DEFINED 66
231 COSP REAL REFS 78 DEFINED 77

0 DLTGC REAL ARRAY F.P. REFS 40 53- 2*54 DEFINED I
0 FC REAL ARRAY F.P. REFS 40 DEFINED I
0 GAP REAL ARRAY F.P. REFS 40 45 DEFINED I 45
0 GPTH REAL ARRAY F.P. REFS 40 47 2*65 2*66 4*68 73

DEFINED I 46 47
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VARIABLES
0 GPTHE

0
0

J
K

0 MECHAN
0 NCONVG
0 NCOUNT
0 PIN

0 PINE

0 PINT

INLINE FUNCTIONS
ABS
AMAX I

STATEMENT LABELS
56 ICS
136 110
137 120
aSI 130
212 140
221 150
222 160

SN TYPE
REAL

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
REAL

REAL

REAL

TYPE
REAL
REAL

RELOCATION
ARRAY F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

ARRAY

ARRAY

ARRAY

ARGS
I
0

INTRIN
INTRIN

DEF LINE
56
72
73
75
82
83
85

DEF LINE

REFERENCES
49
64
65
71
74
81
57

REFS
DEFINED
REFS
REFS

62
74

DEFINED
REFS
REFS

DEF I NED
REFS

DEFINED
REFS

DEFINED
REFS

REFERENCES
54
53

70

7675

63

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

732*66
68
44
46
64

2*76
61

DEFINED
DEFINED

62
2*75

44
2*76
79
43

40

'12*43
44
63
2*75

16
46
57
1

40

40

10

67

I
53

9*68
3*82

4*68
73
2*45
2*47
2*65
4*77

I

2*77

2*77
82
44

2*54
70

70

DEFINED
'49

4*66
9*79

54

4*79

DEFINED

61
3*73

82

82

78

78

2328 154
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SUBROUTINE NEMSET 76u176 OPT:0 TRACE STATIC

SUBROUTINE NEMSET (FILL,INN)
DIMENSION IN(I)
INTEGER FILL

DO 100 I:I,N
IOC IN(I) : FILL

RETURN
END

FTN 4.8+508 10/21/80 14.29.35

NSET 2
NSET 3
NSET 4
NSET 5
NSET 6
NSET 7
NSET 6

SYMBOLIC REFERENCE MAP (R:2)

ENT v POINTS DEF LINE REFERENCES
NEMSET I 6

VARIABLES SN TYPE RELOCATION
0 FILL INTEGER F.P. REFS
I? I INTEGER REFS
0 IN 'NTEGER ARRAY F.P. REFS
0 N INTEGER F.P. REFS

STATEMENT LABELS DEF LINE REFERENCES
0 100 5 4

LOOPS LABEL INDEX FROM-TO LENGTH PROPERTIES
II 100 I 4 5 5B INSTACK

STATISTICS
PROGRAM LENGTH 24B 20

140000E SCM USED

I

5

PAGE I

3
5
2
4

5
DEFINED
DEFINED
DEFINED

DEFINED
4

1 5
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SUBROUTINE PGHEAD (CODIDMODLOP,TITLE) PGHD 2
C PGHD 3
C THIS SUBROUTINE PRINTS OUT THE PROGRAM VERSION IDENTIFICATION AT PGHD 4
C THE TOP OF EACH OUTPUT PAGE PGHD 5

5 C PGHD 6
C IMPLICIT REAL*8 (A-H,O-Z) PGHD 7
C PGHD 8

DIMENSION TITLE(12) PGHD 9
DIMENSION A(3), CODEID(13) ,CODID(15) PGHD 10

10 C REAL DAY(2) PGHD 1I
DATA NPAGECNOB / 0, 8HKNOBS / PGHD 12

C PGHD 13
C THE CODE IDENTIFICATION SHOULD BE CHANGED EACH TIME CHANGES ARE PGHD 14
C MADE IN THE CODE PGHD !5

15 C PGHD 16
DATA CODEID / PGHD 17

+ 8HFRAPCON ,8HMOD 002 PGHD 18
+ ,8HVERSOOI PGHD 19
+ ,8H STEADY,8H-STATE F,8HUEL ROD PGHD 20

20 + ,OHANALYSIS,8H CODE PGHD 21
+ ,5E84 / PGHD 22

C PGHD 23
CALL PROPID (A) PGHD 24
IF (NPAGE.GT.O) GO TO 110 PGHD 25

25 CNOD3 : CODEID(3) PG1D 26
DO 100 1:1,3 PGHD 27
CODID(I+3) : A(I) PGHD 28

100 CODID(I) : CODEID(I) PGHD 29
110 CONTINUE PGHD 30

30 CODEID(3) : CN083 PGHD 31
IF (CODID(15).NE.2.E0) CODEID(3) : CNOB PGHD 32
CODID(3) : CO5EID(3) PGHD 33

C PGHD 34
NPAGE : NPAGE+I PGHD 35

35 CALL DATE (DAY) PGHD 36
WRITE (6,l?0' PGHD 37
WRITE (6,130) PGHD 38
WRITE (6,160) CODEID(I) PGHD 39
WRITE (6,140) (CODEID(I),I:4,8) PGHD 40

40 WRITE (6,150) (CODEID(I),I:2,3),(A(I),I:,3) PGHD 41
WRITE (6,180) DAYMODLOP,NPAGE PGHD 42
WRITE (6,190) (TITLE(I)I:1,12) PGHD 43
WRITE (6,170) PGHD 44
RETURN PGHD 45

45 C PGHD 46
120 FORMAT (IHI) PGHD 47
130 FORMAT (IH+,40X,53(IHX)) PGHD 48
140 FORMAT (IH ,40X,IHX,6X,5A8,5X4IHX) PGHD 49
150 FORMAT (IH ,40X,IHX,5X,2A8,2X,3A8,4X,IHX) PGHD 50

50 160 FORMAT (IH ,40X,IHX,I7X,5H**** ,A6,4H****,I7X,IHX) PGHD SI
170 FORMAT (IH ,40X,53(IHX)) PGHD 52
180 FORMAT (IH ,40X,IHX,IX,12H RUN DATE : ,AIO,9H OPTIONS ,18,IX,5HPAG PGHD 53

+E ,I4,IX,IHX) PGHD 54

10/21/60 14.29.35 PAGE ISU8ROUTIKE PGHEAD
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190 FORMAT (lH.,40X,IHX,2>',12A4,IX,IHX)
55 END

SYMBOLIC REFERENCE MAP (R:2)

FTN 4.8+508 I0/21180

PGHD
PGHD

14.29.35

55
56

ENTRY POINTS
4 PGHEAD

VARIABLES
200 A
72 CNMO
175 CN083
203 CODEID

0
177
176

0
71
0

COD ID
DAY
I

MODLOP
NPAGE
TITLE

DEF LINE

SN TYPE
REAL
REAL
REAL
REA'.

REAL
REAL
INTEGER

INTEGER
INTEGER
REAL

REFERENCES
44

RELOCATION
ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

FILE NAMES
TAPE6

EXTERNALS
DATE
PROPID

STATEMENT LABELS
0 100

27 110
133 120 FMT
135 130 FMT
140 140 FMT
144 150 FMT
150 160 FMT
155 170 FMT
160 180 FM'
170 190 FMT

TYPE ARGS

DEF LINE
28
29
46
47
48
49
50
51
52
54

REFERENCES
35
23

REFERENCES
26
24
36
37
39
40
38
43
41
42

PROPERTIES
INSTACK

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
2238

PAGE 2

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

9
31
30
9

16
9

35
2*27
26
41
24
8

23
DEFINED
DEFINED

25
30
31
41

2*28
39

DEFINED
34
142

MODE
FMT

27
1I
25
28
31

DEFINED

39
2*40

1
41

DEFINED

WRITES

32

2*40
42

DEFINED
I

39

28

38

27

42

1I

36

40

32

37 38 39 40 41 43

LOOPS
17

LABEL
100

INDEX
1

FROM-TO
26 28

LENGTH
7B

147
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SUBROUTINE PLNT (AMFAIR,AMFARG AtFFGAMFHE,AMFH2O,AMFN2,COLDK,CPL
+,CRDTTDCI,HPVDCO,DE,DHICFA,FLUX,G,HPL,GASES,GR,HFLL HFLMDB,HFLM
+PTPAASP, IT,6P,NU,PRESS RHOG TOTL,TPLEN,V55,QMPY, QQND,TAC,P2,T
+BLK,TIME,PIAXLENNA,EPSDELTAZ,AMFKRY,AMFXE,AtWH2,DELOXY,CIKF,FNC
+K)

IMPLICIT REALMS (A-H,0-Z)

REAL NU , MOLN
10

I5

20

25

30

5
C
C
C

SUBROUTINE PLNT 15 CALLED FROM MAIN AND COMPUTES THE PLENUM
TEMPERATURE AND HOT STATE PLENUM VOLUME
PINT WAS CODED BY G A BERNA IN JANUARY 1978.

***t********************** ****::**** ******************
INPUT ARGUMENTS
*******************************************************************

AMFAIR - ABSOLUTE MOLE FRACTION OF AIR
AMFARG - ABSOLUTE MOLE FRACTION OF ARGON
AMFFG - ABSOLUTE MOLE FRACTION OF FISSION GAE
AMFHE - ABSOLUTE MOLE FRACTION OF HELUME
AMFH2 - ABSOLUTE MOLE FRACTION OF HYDROGEN
AMFH2 - ABSOLUTE MOLE FRACTION OF WATER
AMFKRY - ABSOLUTE MOLE FRACTION OF KRYPTON
AMFN2 - ABSOLUTE MOLE FRACTION OF NITROGEN
AMFXE - ABSOLUTE MOLE FRACTION OF XENON
AXLEN - AXIAL STRAIN DUE TO CLADDING IRRADIATION GROWTh (/M)
COLDWK - CLADDING COLD WORK
CPL - COLD PLENUM LENGTH (IN)
CRDTT - CRUD THICKNESS MILSS)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/M**2)
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGEN/KG ZIRCALOY)
DELTAZ - AXIAL NODE LENGTHS (FT)
DCI - COLD STATE CLADDING INSIDE DIAMETER (IN)
EPS - CLADDING STRAINS (M/M)
FNCK - EFFECTIVE FAST FLUENCD FOR STRAIN HARDENING EXPONENT
GASES - ARRAY OF MOLE FRACTIONS OF GASES
GAS I - HELIUM
GAS 2 - ARGON
GAS 3 - KRYPTON
GAS 4 - XENON
GAS 5 - HYDROGEN
GAS 6 - AIR
GAS 7 - WATER VAPOR
HFLL - MAXIMUM HOT FUEL STACK HEIGHT (IN)
IT - POWER TIME STEP INDEX
PRESS - ROD INTERNAL GAS PRESSURE (PSIA)
PI - THE CONSTANT 3.1415926
P2 - SYSTEM PRESSURE (PSIA)

35

40

I

45

50

SUBROUTINE PINT FTN 4.6+50@ 10/21/80 14.29.35 PAGE i

PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNi
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
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C Q - NORMALIZED AXIAL NODE POWER PLNT 55
55 C QEND - NORMALIZED HEAT FLUX AT TOP OF FUEL STACK PLNT 56

C QMPY - ROD AVERAGE HEAT FLUX FOR POWER-TIME STEP (BTU/HR-FT**2) PLNT 57
C TAC - AVERAGE CLADDING TEMPERATURE OF TOP AXIAL NODE (F) PLNT 58
C TBLK - BULK COOLANT TEMPERATURE AT THE TOP OF FUEL STACK (F) PLNT 59
C TIME - TIME STEP ARRAY (SEC) PLNT 60

60 C TOTIL - FUEL STACK HEIGHT (FT) PLNT 61
C TPAA - AVERAGE TEMPERATURE OF THE TOP PELLET (F) PINT 62
C V55 - HOT VOLUME Or SPRING '4**3) PLNT 63
C PLNT 64
c PLNT 65

65 C ************************U*******Z******************************** PLNT 66
C OUTPUT ARGUMENTS PLNT 67
C ****************************************************** PLNT 68
C PLNT 69
C GR - GRASHOFF NUMBER OF PLENUM GAS MIXTURE PLNT 70

70 C HFLMDB - DITTUS-DOELTER FILM COEFFICIENT (BTU/HR-FT**2-F) PLNT 71
C HFLMP - FORCED CONVECTION FILM COEFFICIENT (BTU/HR-FT**2-F) PLNT 12
C HPL - HOT PLENUM LENGTH (IN) PLNT 73
C HPV - HOT PLENUM VOLUME (CU.IN.) PLNT 74
C NU - NUSSELT NUMBER OF PLENUM GAS MIXTURE PLNT 75

75 C QP - HEAT FLOW FROM TOP OF FUEL STACK (BTU/HR) PLNT 76
C QSP - HEAT GENERATED IN SPRING (BTU/HR) PLNT 77
C RHOG - DENSITY OF PLENUM GAS MIXTURE (LB/FT**3) PLNT 78
C TPLEN - PLENUM TEMPERATURE (F) PINT 79
C PLNT 80

80 C *************************E************************************ PLNT 81
C PLNT 82
C PINT 83

DIMENSION GASES(7) ,EPS(NA,3) ,DELTAZ(22) ,AXLEN(NA) PLNT 84
C PLNT 85

85 C PLNT 86
IF (IT.EQ.I) TPLEN : TBLK PLNT 87
TPA : TPAA PLNT 88
TPA : QENDEFA/Q*(TPA-TBLK)+TBLK PLNT 89

C PLNT 90
90 C CALCULATION OF HOT PLENUM LENGTH PLNT 91

TACK : (TAC+459.67)/I.8 PLNT 92
CALL CTHEXP (TACK,CATHEX,CDTHEX) PLNT 93
TXC : CDTHEX PLNT 94
TXCI. : CATHEX PLNT 95

95 C PLNT 96
C COMPUTE HOT CLADDING LENGTH PLNT 97
C PLNT 98

CLDLEN : CPL*(I.EO+TXCL+AXLEN(NA)) PINT 99
DO 100 I:2,NA PLNT 100

100 IMI : I-1 PLNT 101
CLDLEN : CLDLEN+DELTAZ(I)*(l.E0+EPS(IMI,2)+AXLEN(I))*12. PLNT 102

100 CONTINUE PLNT 103
C PLNT 104

HPL : CLDLEN-HFLL PLNT 105
105 C PLNT 106

ELASTS : 0.E0 PLNT 107

10/21/80 14.29.35 PAGESUBROUTINE PINT
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E : CELMOD(TACKFNCK,CWKFDELOXY)/6.8947572E3 PLNT 108
IF (HPL.GT.2.E0*DCI) ELASTS : ((PRES5*DCI-P2*DCO)/(DCO-DCI))/E PLNT 109
DHIC : DCI*(I.EO+TXC+ELASTS)/12.EO PLNT 110

110 C PLNT IlIl
C PLNT 112
C CALCULATION OF HOT PLENUM VOLUME PLNT 113
C PLNT 114

HPV : HPL*PI* DHIC*DHIC*144.'/4.-V55*(I.+3.*l.39E-5*(TPLEN-70.)/I.8) PLNT 115
115 C PLNT 116

C CALCULATION OF NATURAL CONVENTION HEAT TRANSFER COEFFICIENT (HP) PLNT 117
C AT THE TOP OF THE FUEL STACK, USING EQUATIONS FROM MCADAMS PLNT 118
C PAGE 180 ( (RHOG : DENSITY , VISC : VISCOSITY , GR : GRASHOF PLNT 119
C NUMBER , PR : PRANDTL NUMBER , AND NU : NUSSELT NUMBER ) PLNT 120

120 C PLNT 121
IF (HPV.LE.0.0) GO TO 130 PLNT 122
IF (TPA.LE.TPLEN) GO TO 110 PLNT 123
MOLN : AMFFG*124.17+AMFAIR*28.96+AMFN2*28.0+AMFHE*4.0+AMFARG*39.94 PLNT 124
++AMFH2O*18.015 PLNT 125

125 RHOG : (MOLN*492.*PRESS)/(359.*(TPLEN+460.)*15.) PLNT 126
TPLENK : (TPLEN+459.67)/I.8 PLNT !27
VISC : GVISCO(GASES,TPLENK) PLT 128
GR : (0.9*DHIC)**3*RHOG*RHOG*32.2*0.000828*(TPA-TPLEN)/(VI5C*Vi5C) PLNT 1I9
GASCP : AMFHE* I .240+AMFAIR*0 .241+AMFARG*0. 125+AMFH2*3.43+AMFKRY*0. PLNT 130

130 +059+AMFN2*0 .249+AMFH2O* I .000+AMFXE*0. 115 PLNT 131
C PLNT 132

GPRES : PRE556894.76E0 PLNT 133
GPTHK : 0.E0 PLNT 134
CGAS : GTHCON(GASES, TPLENK, GPRES, GPTHK) / .7296E0 PLNT 135

135 PR = GASCP*VISC*24I4.EO/CGAS PLNT 136
IF (GR*PR.GT.2.E7) NU : 0.I4E0*((GR*PR)**0.3333E0) PLNT 137
IF (GR*PR.LE.2.E7) NJ : 0.54*E0*((GR*PR)**0.2500E0) PLNT 138
IF (NU.LE.0.4) NU : 0.4 PLNT 139
HP : NU*CGAS/DHIC PLNT 140

140 110 IF (TPA.LE.TPLEN) HP : 0.0 PINT 141
C PLNT 142
C CALCULATION OF PLENUM HEAT PLNT 143
C QF IS THE HEAT FLOW INTO THE PLENUM FOOM THE FUEL STACK PLN( 144
C QSP 15 THE HEAT GENERATED IN THE SPIZ1 BY GAMMA RADIATION PLNT 145

145 C PLNT 146
QSP : (3.05E+5*QMPY/(2.662E+5*FA))*V55/I728. PLNT 147
IF (G.LE.0.O) GO TO 120 PLNT 148
HFLMDB : ((-5.1889E-5+6.5044E-8*TBLK)*TBLK+(3.5796E-7-1.0337E-9*TB PINT 149
+LK)*P2+3.2377E-2)*G*(G*DE)**(-0.2) PLNT 150

150 HFLMP : 1.0/(I.D/HFLMDB+CRDTT/6000.) PLNT 151
120 IF (G.LE.0.P) HFLMP : 50000.0 PLNT 152

TBLKK : (TBLK+459.67)/I.8 PINT 153
C PLNT 154

CALL CTHCON (TBLKK, T IME,FIUXCOLDIK,CCONCDKDT) PLNT 155
155 C PLNT 156

CCLAO : CCON/I.7296 PLNT !57
UI : (1.0/(I.0/(DHIC*15.0/2.0)+ALOG(DCO/DCI)/CCLAD+1.0/(DCO*(I.EO+ PLNT 158
+TXC+ELASTS)*HFLMP/24.E0)))*8.E0*HPV/(DHIC*DHIC*I728.E0) PLNT 159

C PLNT 160

10/21/80 14.29.35 PAGE 3SUBROUTINE PINT
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TPLEN : (ASP+UI*TBLK+TPA*HP*PI*DHIC*DHIC/4.0)/(UI+(HP*PI*DHIC*DHIC
+/4.0))

C
QP : HP*0.785*DHIC*DHIC*(TPA-TPLEN)

130 IF (HPV.LE.0.0) TPLEN : TPA
IF (HPV.LT.0.EO) HPV : 0.E0

C
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PLNT

VARIABLES
0 AMFAIR
0 AMFARG
0 AMFFG
0 AMFHE
0 AMFH2
0 AMFH20
0 AMFKRY
0 AMFN2
0 AMFXE
0 AXLEN

605 CATHEX
63' CCLAD
627 CCON
630 CDKDT
606 COTHEX
623 CGAS
611 CLDLEN

0 COLDWK
0 CPL
0 CRDTT
' CWKF
3 DCI
0 DCO
0 DE
0 DIXY
0 DELTAZ
0 DHIC

615
614
0
0
0

E
ELASTS
EPS
FA
FLUX

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REFERENCES
167

RELOCATION
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
F.P.

ARRAY F.P.
F.P.
F.P.

160

165

PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT
PLNT

161
162
163
164
165
166
167
168
169

DEFINED
DEFINED

DEFINED

DEFINED

DEF I NED
I

101 DEFINED

156

REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

123
123
123
123
129
123
129
123
129
83
92
157
154
154
92
135
101
154
98
150
107

3*108
2*108
148
107
83

2*114

108
109
83
88

154

129
129

DEFINED
129

DEFINED
129

DEFINED
129

DEFINED
98
94

DEFINED
156

93
139
104

DEFINED
DEFINED
DEFINED
DEF I NED

109
?*157

DEFINED
DEFINED

101
128
109

DEF I NED
157
101
146

DEFINED

DEFINED
DEFINED

I
I
I
I

157
DEFINED

I
DEFINED

'39

107
DEFINED
DEFINED
DEFINED

134
98

DEFINED

3*157

106

101

2*163

10/21/80 14.29.35 PAGESUBROUTINE PLNT
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VARIABLES
0 FLACK
0 G

620 GASCP
0 GASES

621 GPRES
622 GPTHK
0 GR
0 HFLL
0 HFLMDB
0 HFLMP

625 HP
0 HPL
0 HPV

612
613
0

602
0
0

0
624
0
0
0
0
0
0
0
0
0

604
0

626
0
0

603

0
0

616
607
610
632
617
0

I
IMI
IT
MOLN
NA
NU

PI
PR
PRESS
P2
0
QEND
QMPY
OP
QSP
RHOG
TAC
TACK
TBLK

TBLKK
TIME
TOTL
TPA

TPAA
TPLEN

TPLENK
TXC
TXCL
U'
VISC
USS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
F.P.
F.P.

ARRAY

INTEGER
INTEGER
INTEGER
REAL
INTEGER
REAL

REAL
REAL
REAL.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

*UNUSED

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F. P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

F. P.
F.P.

F.P.
F.P.

F.P.

REFS
REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
165

REFS
REFS
REFS
REFS
REFS
REFS

138
REFS
REFS
REFS
REFS
REFS
REFS
REF5

DEFINED
REFS
REFS
"c F5

DEFINua
REF5
REFS

DEFINED
REFS

DEFINED
REFS
REiS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

107
147
135
83

134
134

2*136
104
150
157

2*160
108
121

100
101
86
9

2*83
9

114
2*136

108
108
88
88

146

160
2*128

91
92
86

154
154

88
87
87
114I I'

127
109
98

2* 160
2* 128

114

DEFINED
2* 148

DEFINED
127

DEFINED
DEFINED
2*137

DEFINED
DEFINED
DEFINED

163
114
157

2*101
DEFINED
DEFINED

125
98
138

2* 160
2*137
125
148

DEFINED
DEFINED
DEFINED

163
DEFINED
DEFINED
DEFINED

107
2*88

DEFINED
DEFINED

122
88

DEFI NED
122
86

134
157

DEFINED
DEFINED

135
146

EXTERNALS
ALOG
CELMOD

TYPE
REAL
REAL

ARGS
I LIBRARY
4

REFERENCES
157
107

I

128

DEFINED

DEFINED

I

148
150
139

I
165

151
129
134
132
133

DEFINED

DEFINED
DEFINED

1 6

DEFINED
100

DEFINED
99
139

DEFINED
DEFINED

132

INE

DEFINED

DEFINED

3EFINED

99

151
140
104

DEFINED Il4

I3
DEFINED
DEFINED

1
135

DEFINED
I

136 137

146
125

91
152

152
1

160

160

128

128

125
160

DEFINED
DEFINED

157
DEFINED
DEFINED

140

126
164
126
93

127
1

163

140

164

163
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EXTERNALS
CTHCON
CTHEXP
GTHCON
GlISCO

STATEMENT LABELS
0 100

301 110
343 120
431 130

TYPE ARGS
6
3

REAL 4
REAL 2

DEF LINE
102
140
151
164

REFERENCES
154
92
134
127

REFERENCES
99

122
147
121

LABEL
100

INDEX
I

FROM-TO
99 102

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
6408

LENGTH
168

PROPERTIES
OPT

416

LOOPS
50
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IS t'8ROUTINE PLTINP (NTAPE,NPLOT,CODEID,TMAX,NAXN,NROD,IAPLT,MODLOP, PLTI 2
+Th s' E) PLTI 3

C PLTI 4
C SUBROUTINE READS IN INFORMATION REQUIRED FOR PLOTTING PLTI 5

5 C AND 'RITES INITIAL INFO TO PLOT DATA SET PLTI 6
C NYAF': : FORTRAN LOGICAL UNIT FOR PLOT DATA PLTI 7
C 15 RESET TO ZERO IF NO PLOTS PLTI 8
C NPLOT : NUMBER OF VARIABLES TO BE PLOTTED, PLUS I PLTI 9
C CODEID: IDENTIFIER ARRAY OF FRAP VERSION PLTI 10

10 C TITLE - INPUT RUN TITLE PLTI I1
C TMAN = END-TIME FOR FRAP RUN PLTI 12
C NAXN : NUMBER OF AXIAL NODES PLTI 13
C NROD : NUMBER OF FUEL RODS FLTI 14
C PLTI 15

15 C IMPLICIT REAL*8(A-H,O-Z) PLTI 16
C PLTI 17
C IAPLT : WORK ARRAY FOR NODE NUMBERS FOR PLOTS PLTI 18
C PLTI 19

DIMENSION CODEID(I5), IAPLT(I), CARD(8) PLTI 20
20 DIMENSION TITLE(12) PLTI 21

DATA NCHAR / 5 / PLTI 22
C PLITI 23

READ (5,150) NPLTNO,NOGRIIP PLTI 24
IF (EOF(5)) 120,10( PLTI 25

25 100 CONTINUE PLTI 26
IF (NPLTNO.EQ.0) GO TO 120 PLTI 27
IF (NPr:TNO.LT.0) GO TO 130 PLTI 28

C PLTI 29
C WRITE FRAP VERSION ID, RUN INFO. PLTI 30

30 WRITE (NTAPE) (CODEID(J),J:1,3),(CODEID(J),J:4,6),NOGRID PLTI 31
IPLOT : NPLOT-I PLTI 32
WRITE (NTAPE) IPLOT,NCHAR,NPLTNO,TMAX,NAXN,NROD,MODLOP PLTI 33

C PLTI 3
C READ IN NODE NUMBERS((J-I)*NgXN+K) TO BE PLOTTED PLTI 35

35 C PLTI 36
READ (5,;Fn) (IAPLT(J),J ,NPLTNO) PLTI 37
WRITE (NT'-E) (IAPLT(J),J:I,NPLTNO) PLTI 38

C PL I 39
CALL PGHEAD (CODEID,MODLOP,TITLE) PLTI 40

40 C PLTI 41
WRITE (6,170) NPLTNO,(IAPLT(J),J:I,NPLTNO) PLTI 42
WRITE (6,180) PLTI 43

PLTI 44
READ IN MINIMUM AND MAXIMUM VALUES TO BE PLOTTED, AXIS LENGTH PLTI 45

45 AND AXIS LABEL PLTI 46
C PLTI 47

DO 110 J=1,NPLOT PLTI 48
READ (5,166) CARD PLTI 49

C READ(5,15)SCALl(l,J),5CALI(2,J),SCALI(?,J),(CHAR(L,J),L:,NCFAR) PLTI 50
50 WRITE (NTAPE) CARD PLTI 51

WRITE (6,190) CARD FETI 52
110 CONTINUE~ PLTI 53

GO TO 140 PLTI 54
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120 NTAPE : 0
1RITE (6,200)
60 TO 140

130 WRITE (6,210) NTAPE

CONTINUE
RETURN

FORMAT (1615)
FORMAT (3F10.0 5A8)
FORMAT (20HOPL6TS REQUESTED FOR,13,6H VDES/(1615))
FORMAT (90H0 MINIMUM MAXIMUM AXIS LENGTH
+--LABEL----------------------------)
FORMAT (3E15.4 5X,5A8)
FORMAT (2OHOPL6TS NOT REQUESTED)
FORMAT (45HOCONTINUAT!ON OF PREVIOUS PLOT TAPE REQUESTED/34H
+P:MOD SHOULD BE ON JCL, UNIT, 13,IH))
END

PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI
PLTI

----- PLTI
PLTI
PLTI
PLTI

(DIS PLTI
PTI
PLTI

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PLTINP

VARIABLES
262 CARD

0 CODEID
0 IAPLT

261 IPLOT
260 J

0
0

115
257

0
256

0
0

0
0

MODLOP
NAXN
NCHAR
NOGRID
NPLOT
NPLTNO

;PROD
NTAPE

TITLE
T AX

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
INTEGER

REFERENCES
61

RELOCATION
ARRAY
ARRAY F.P.
ARRAY F.P.

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

REAL
REAL

ARRAY

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

REFS
REFS
REFS
REFS
REFS

37
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

37
REFS
REFS

41 DEFINED

1/O REFS

FILE NAMES
TAPES
TAPE6
VARIABLES

MODE
FrI
FMT
USED AS

READS
WRITES

FILE NAMES, SEE ABOVE

55

60

65

C
C
1 '9

C
I50
'60
170
180

190
200
2100

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

DEFINED
DEFINED
DEFINED

48
1
I 36

51
39
41
31
37

DEFINED
1

21
23

DEFINED
32

19
19
19
32

2*30
41
32
32
32
30
31
26
23
32
57
50
20
32

50
2*30
37

DEFINED
36
47
39

DEFINED
DEFINED
DEFINED

47
27

DEFINED
DEFINED

39
DEFINED

2*30 36

I
36 37 2*41

23
41

DEFINED
i

36
42

I

30

48
51

32

55 57

10/21/80 14.29.35 PAGE 2SUBROUTINE PLTINP
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EXTERNALS
EOF
PGHEAD

TYPE
REAL

ARGS

3

REFERENCES
24
39

STATEMENT LABELS
0 100
0 110

76 120
10Z 130
1r a140
205 150 FMT
207 160 FMT
212 170 FMT
220 180 FMT
233 190 FMT
236 200 FMT
242 210 FMT

INACTIVE
DEF LINE

25
52
54
57
60
63
64
65
66
68
69
70

REFERENCES
24
47
24
27
53
23
48
41
42
5!
55
57

LOOPS
63

LABEL
110

INDEX
J

STATISTICS
PROGRAM LENGTH

1400008 SCM

FROM-TO
47 52

LENGTH
118

PROPERTIES
EXT REFS

188
USED

26

56
36

SUBROUTINE PLTINP 10/21/b0 14.29.35 PAGE 3
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SUBROUTINE PLTOUT (AMFHE,DCO,DLROD,GASIN,GASMOL,HFLLIRI NRNA NPL
+0T NPLTAB,NTPLOTIT,NUNITSPI,TCODISTOTLTPLEN,UNIT,CPDELTEP5,GA
+P,60,HCOEFHGAPSPITP2,Q,4MPY,TBLKTCA TIMETMPDIS,TPS,ZROiB,M,8U
+2, PINT, FVFRO, DUHPRS, MECHAN, STRN, DELROD, DG, DLREL)
IMPLICIT REAL * 8 (A-H,O-Z)

THIS SUBROUTINE 15 CALLED FROM MAIN AND STORES PLOT DATA
PLTOUT WAS CODED BY G A BERNA IN DECEMBER 1977.

INPUT ARGUMENTS*****************************************************
INPUT ARGUMENTS
********************************************************************

5

10

15

20

25

I

ABSOLUTE MOLE FRACTION OF HELIUM (GRAM-MOLES)
BURNUP OF EACH AXIAL NODE (MWD/MTU)
STORED ENERGY (BTUiLBM)
AS FABRICATED CLADDING OUTSIDE DIAMETER (IN)
CLAD AXIAL EXPANSION FOR MECHAN : I (IN)
CHANGE IN CLADDING LENGTH WITH RESPECT TO THE FUEL (IN)
PELLET CLAD GAP SIZE FOR MECHAN : I (ZN)
CHANGE IN LENGTH OF THE ACTIVE CLADDING LENGTH
CLADDING STRAIN
PELLET-CLADDING GAP AT EACH AXIAL INCREMENT (IN)
TOTAL INITIAL MOLES OF GAS IN THE ROD (GRAM-MOLES)
MOLES OF GAS IN THE ROD (MOLES)
AVERAGE MASS FLOW VELOCITY (POUNDS/HOUR-FOOT**2)
FILM HEAT TRANSFER COEFFICIENT (BTU/HR-FT**2-F)
MAXIMUM HOT FUEL STACK HEIGHT (IN)
GAP CONDUCTANCE
NUMBER OF AXIAL NODES PLUS ONE
POWER-TIME STEP INDEX
GAS ITERATION LOO" INDEX
AXIAL POWER SHAPE INDEX
MECHANICAL MODEL INDICATOR
MAXIMUM NUMBER OF AXIAL NODES
NUMBER OF DIFFERENT PLOT QUANTITIES
INDEX TO SPECIFY PLOT ABCISSA
PLOT OUTPUT UNIT
UNITS INDEX : 0, SI UNITS USED, : I, BRITISH UNITS USED
3.14159265
ROD INTERNAL PRESSURE (PSIA)
SYSTEM PRESSURE (PSIA)
NORMALIZED AXIAL NODE POWER
ROD AVERAGE HEAT FLUX FOR POWER-TIME STEP(BTU/HR-FT**2)
BULK COOLANT TEMPERATURE AT TOP OF NODE J (F)
CLADDING AVERAGE TEMPERATURE (F)
OUTSIDE CLADDING TEMPERATURE OF EACH AXIAL NODE (F)
TIME TO THE END OF THE POWER-TIME STEP (SEC)
FUEL TEMPERATURE DISTRIBUTION - AXIAL & RADIAL (F)
FUEL STACK HEIGHT (FT)

30

35

AMFHE
8U2
CPDELT
DCO
DELROD
DLREL
DG
DLROD
EPS
GAP
GASIN
GASMOL
GO
HCOEF
HELL
HGAPS
IRI
IT
I TER

M
MECHAN
NA
NPLOT
NPLTAB
NTPLOT
NUNITS
PI
"IT
P2
Q
QMPY
TBLK
TCA
TC00 IS
TIh,
TMPK IS
TOTIL

40

45

50
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PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
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C TPLEN - PLENUM TEMPERATURE (F) PLTO 55
55 C TPS - TEMPERATURE OF PELLET SURFACE (F) PLTO 56

C UNIT - PLOT UNITS PLTO 57
C ZRO28 - ZIRCALOY OXIDE THICKNESS (FT) PLTO 58
C PLTO 59
C ************************************************* PLTO 60

60 C PLTO 61
LOGICAL UNIT PLTO 62

C PLTO 63
DIMENSION FVFRO(NA) ,DVHPRS(NA) ,PINT(NA) PLTO 64

+ ,PLTV(21) ,TCODIS(NA) ,TMPDIS(NRNA) PLTO 65
65 + ,P2(IT) ,DCO(NA) ,EPS(NA,3) PLTO 66

+ ,QIPY(IT) ,Q(NA,8) ,TIME(I') ,GO(IT) OLT0 67
+ ,GAP(NA) ,TBLK(NA) ,ZR028(NA) ,HGAPS(NA) PLTO 68
+ ,HCOEF(NA) ,PIT(IT) ,TCA(NA) ,TPS(NA) PLTO 69
+ ,CPDELT(NA) ,8U2(NA) PLTO 70

70 + ,STRN(4, NA) , DG(N:) PLTO 71
C PLTO 72

IF (IT.EQ.1) GO TO 110 PLTO 73
IF (NTPLOT.EQ.0) GO TO 110 PLTO 74
IF (NUNITS.EQ.0) UNIT : .FALSE. PLT0 75

75 LOOP :sZ PLTO 76
IF (NPLTAB.GT.0) LOOP : I PLTO 77

DO 100 II:1,L00P PLTO 78
ITP : IT-2+11 PLTO 79

C PLTO 80
80 C PLOTTING-IF DESIRED NTPLOT .GT. ZERO PLTO 81

C PLTO 82
SISEC : 86400.E0 PLTO 83
IF (NPLTAB.EQ.0) PLTV(i) : TIME(ITP)/1SISEC PLTO 84
PLTV(6) : (DLROD-DLREL)*12.E0 PLTO 85

85 IF (MECHAN.NE.I) PLTV(7) : DLROD/12.0 PLT0 86
IF (MECHAN.EQ.I) PLTV(7) : DELROD/12.0 PLT0 87
PLTV(14) : AMFHE PLTO 88
PLTV(15) : TPLEN PLTO 89
PLTV(16) : (GASMOL/GASIN-I.E+U)*l00.E+0 PLTO 90

90 DO 100 1:2,1 RI PLTO 91
IF (NPLTAD.EQ.I) PLTV(I) : QMPY(IT)*DCO(I)*PI/40956.E0 PLTO 92
IF (NPLTAB.EQ.2) PLTVi ) : BU2(1) PLTO 93
PLTV(2) : TCODIS(I) PLTO 94
PLTV(3) : TMPDIS(NR,I) PLTO 95

95 PLTV(4) : PIT(IT) PLTO 96
IF (MECHAN.NE.I) PLTV(5) : EPS(I-1,1) PLTO 97
IF (MECHAN.EQ.1) PLTV(5) : STRN(3,I) PLTO 98
PLTV(8) : (QMPY(IT)*(DC0(I)*PI/12.E0)/3413.E0)*Q(I-,) PLTO 99
PLTV(9) : TPS(I) PLTO 100

100 PLTV(10) : HGAPS(I) PLTO 101
PLTV(Il) : HCOEF(I) PLTO 102
PLTV(12) : TCA(I) PLTO 103
PLTV(13) : ZR02D(I)*12.EO PLT0 104
PLTV(17) : GO(IT) PLTO 105

105 PLTV(18) : CPDELT(I) PLTO 106
PLTV(19) : P2(1T) PLTO 107

10/21/80 14.29.35 PAGE 2
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C
100
110
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IF (MECHAN.NE.1) PLTV(20) = GAP(I-1)*1000.
IF (MECHAN.EQ.1) PLTV(20) : DGiI)*1000.
PLTV(21) : TBLK(I)
CALL PLOT (PLTV,NTPLOTNPLOTUN!TNPLTAB)

CONTINUE
CONTINUE
RETURN
END

10/21/80 14.29.35 PAGE 3

PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PLTO
PL TO
PL TO

108
109
110
IlIl
112
113
114
115
116

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PLTOUT

VARIABLES
0 AMFHE
0 BU2
0 CPDELT
0 DCO
0 DELROD
O DG
0 DLREL
0 DLROD
0 DVHPRS
0 EPS
0 FVFRO
0 GAP
0 GASIN
0 GASMOL
0 GO
0 HCOEF
0 HFLL
0 HGAPS

254 I1

251
0
0

252
250
0
0

0
0
0

II
IRI
IT

I TP
LOOP
M
MECHAN

NA
PLOT
NPLTAB

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REF.
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

REFERENCES
Il4

RELOCATION
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

F.P.
F.P.

A'-P;AY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.

ARRAY F.P.
ARRAY F.P.

*UNUSED F.P.
ARRAY F.P.

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

110

115

I
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

99
109

REFS
REFS
REFS
106

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

87
63
63
63
86
63
84
84
63
63
63
63
89
89
63
63
1

63
91
100

DEFINED
78
90

5*63
DEFINED

83
77
98
85
I

19*63
110
76

DEFINED
92
105
91

DEFINED
108

DEFINED
85

DEFINED
96

DEFINED
107

DEFINED
DEFINED

104
10'

100
92

101
90

DEFINED
DEFINED

72
I

DEFINED
DEFINED
DEFINED

86

DEFINED
DEFINED

83

DEFINED
DEFINED

98

DEFINED

DEFINED

DEFINED

DEFINED

DEFINED
DEFINED

102

77
I

78

78
75

96

91

96
105

95

107

97
107

98

1
94
103

91

76

97

92

2*98
108

104

108

110

I

1

1
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JARIABLE5

0
0
0
0
0
0

255

0
0
G

253
0
0
0
0
0
0
0
0
0
0
0

SN TYPE

NR
NTPLOT
NUNITS
PI
P! NT
PIT
PLTV

P2
0
OMPY
SISEC
STRN
TBLK
TCA
TCODIS
TIME
TKPDIS
TOTIL
TPLEN
TPS
UNIT
ZR02B

INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
LOGICAL
REAL

RELOCATION

F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
*UNUSED F.P.

F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

EXTERNALS
PLOTW

TYPE ARGS
5

STATEMENT LABELS
0 100

230 110

DEF LINE
112
113

REFERENCES
Ito

REFERENCES
77
72

FROM-TO
77 112
90 112

LENGTH
1748
1308

PROPERTIES
EXT REFS
EXT REFS

NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

DEFINED
REFS
REFS
'cFS
REFS
REFS
REFS
REFS

87
96
104

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

1
63
73
74
91
63
63
63
88
97

105
63
63
63
83
63
63
63
63
63
63
1

88
63
61
63

94
110

DEFINED
98

DEFINED
95
1!0
89
98
106
106
98
91

DEFINED
97
109
102
93
83
94

DEFINED
99
I JO
103

DEFINED
DEFINED

DEFINED

DEFINED
DEFINED

91
99
107

DEFINE)
DEFINED

98
82

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED

64
93

101
109

85
94
102

I

I

83
~2

100
108

DEFINED

I
I

86
95
103

LOOPS
33
7,'

LABEL
100
100

INDEX
II
I

90
73

3728 250

SUBROUTINE PLTOUT 10/21/80 14.29.35 PAGE 4
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PLTW 2
SUBROUTINE PLGTW (PLTV,NTAPE,NPLOTUNITNPLTAB) PLTW 3

C PLTW 4
C IMPLICIT REAL*8 A-H,O-?) PLTW 5

5 C PLTW 6
C SUBROUTINE PL0TW WRITES PLOT DATA TO TAPE, PLTW 7
C AFTER CONVERTING UNITS IF NECESSARY. PLT6P4 8
C PLTW 9
C THIS ROUTINE MUST BE CLOSELY CORRELATED WITH MAIN, IN NUMBER AND PLTH 0

10 C DIMENSIONS OF VARIABLES IN ARRAY PLTV. PLTW Ii
C PLTW 12
C NTAPE : FORTRAN LOGICAL L'NIT FOR PLOT DATA PLTW 13
C NPLOT : NUMBER OF VALUES IR PLTV PLTW i4
C NPLTAB: PLOT ABCISSA 0:TIME, l:ROD AVE POWER, 2:BURNUP PLTW 15

15 C UNIT : .TRUE. IF INTERNAL AND EXTERNAL UNITS ARE SAME PLTW 16
C PLTW 17
C X CONTENTS OF PLTV X XPLTW 18
C I TIME,POWEROR BURNUP (HR),(KW/FT),OR (HWDiTU) PLTW 19
C 2 CLAD SURFACE TEMPERATURE (F) PLTW 20

20 C 3 FUEL CENTER LINE TEMP. (F) PLTW 21
C 4 ROD GAS PRESSURE (PSI) PLTW 22
C 5 CLADDING HOOP STRAIN --- PLTV 23
C 6 FUEL AXIAL DISPLACEMENT (FT) PLTW?4
C 7 CLADDING AXIAL DISPL. (FT) PLTW 25

25 C 8 ROD LINEAR POWER (KW/FT) PLTW 26
C 9 FUEL SURFACE TEMPERATURE (F) PLTW 27
C 10 GAP HEAT TRANSFER COEF. (BTU/HR.rT2.F) PLTW 28
C II SURFACE HEAT TRANS. COEF (BTU/HR.FT2.F) PLTW 29
C 12 CLAD AVERAGE TEMPERATURE (F) PLTW 30

30 C 13 ZIRCALOY OXIDE THICKNESS (IN) PLTW 31
C 14 MOLE FRACTION OF HELIUM PLTW 32
C 15 PLENUM TEMPERATURE (F) PLTH 33
C 16 INCREASE IN ROD GAS CONTENT (% OF INITIAL) PLTH34
C 17 COOLANT CHANNEL MASS FLUX (LBM/HR-FT**2) PLTW 35

35 C 18 STORED ENERGY (BTU'LBM) PLTH 36
C 19 COOLANT CHANNEL PRESSURE (PSIA) PLTW 37
C 20 GAP THICKNESS (RADIAL) (IN) PLTW 38
C 21 COOLANT CHANNEL BULK TEMPERATURE (F) PLTW 39
C PLTW 40

40 DIMENSION PLTV(NPLOT) PLTW 41
LOGICAL UNIT PLTW 42
DATA FT, HTCO , PSI RANF , RANK / PLTh 43

+ .3048E0, 5.6782633411131E0, 6.8947572931681E3, 459.67E0, 1.8E0/ PLTV 44
TK(TF) : (TF+RANF)/RANK PLTW 45

45 C PLTW 46
IF (UNIT) GO TO 100 PLTW 47

C CHANGE DIMENSIONS TO S.I. PLTH 48
C PLTV(l) : PLTV(1) PLTH 49

IF (NPLAB.EQ.') PLTV(I) : PLTV(l),FT PLTW 50
50 IF (NPLTAB.EQ.2) PLTV(I) : PLTV(I)*86.4 PLTW 51

PLTV(2) : TK(PLTV(2)) PLTW 52
PLTV(3) : TK(PLTV(3)) PLTW 53
PLTV(') : PLTV(4)*PSI PLTW 54
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C PLTV(5) :I
PLTV(6)
PLTV(7)
PLTV(8)
PLTV(9)
PLTV(10)
PLTVU II)
PLTV(12)

C

PLTV(5)
PLTV(6)*FT

: PLTV(7)*FT
r PLT"(8)/FT
TK(PLTV(9))
PLTV(10)*5.675
PLTV(II)*HTCO
TK(PLTV(12))

PLTV(13) : PLTV(13)*(FT/I.2E+4)
C PLTV(14) : PLTV(14)

PLTV(15) : TK(PLTV(15))
C PLTV(16) : PLTV(16)

PLTV(1?) : PLTV(1?)/'37.338E+0
PLTV(18) : PLTV(18)*5555.555E+0
PLTV(19) : PLTV(19)*PSI
PLTV(20) : PLTU(20)*FT/I.2E %
PLTV(21) : TK(PLTV(21))

100 WRITE (NTAPE) PTW
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PLOTW

DEF LINE
2

REFERENCES
73

VARIABLES
124 FT

125
0
0
0
0

126
127

SN TYPE
REAL

HTCO
NPLOT
NPLTAB
NTAPE
PLTV

PSI
RANF

130 RANK

0 UNIT
VARIABLES

REAL
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

F.P.
F.P.
F.P.

ARRAY F.P.

REAL
REAL

REAL

LOGICAL F.P.
USED AS FILE NAhES, SEE ABOVE

REFS
DEFINED

REFS
REFS
REFS

DEFINED
REFS

56
67

DEFINED
56
67

REFS
REFS

DEFINED
REFS

DEFINED
REFS

49
42
60
40
49
2

40
57
68
2

57
68
53
51
42
51
42
41

55

DEFINED
DEFINED

50
I/0 REFS

49
58
69
49
58
69
69
52

55

60

65

70

PL N
POTM
PLT
PLT
PLTN
POTM
PLT
PLTN
PLTM
PLT
P1TM
POTM
PLTN
PL VA
PLW
PLTN
PLTW
PLTW
PLTW
PLTN
POTM

55
56
57
58
59
60
61
62
63
64
65
66
67
6a
69
70
71
72
73
74
75

7056

42
2

DEFINED
72
50
59
70
50
59
70

DEFINED
58

58

DEFINED

57

2

51
60
71
51
60
71
42
61

61

63

52
61
72
52
61

65

65

53
63

53
63

55
65

55
65

71

71

FTN 4.8+508 '0/21/80 14.29.35 PAGE 2SUBROUTINE PLOW



SUBROUTINE PLOTW

INLINE FUNCTIONS TYPE
TK REAL

STATEMENT LABELS
116 100

STATISTI:s
PROGRAM LEfGTH

140000D SCM USED

76/176 OPT:0 TRACE STATIC

ARGS DEF LINE REFERENCES
I SF 44 51

DEF LINE
72

1418

REFERENCES
46

97

FTN 4.8+508

52 58 61

10/21/80 14.29.35

65 71
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SUBROUTINE POINTR (NTMSTPNAXNSNRANS,LENGTHMECHAN,IQUIT,NC,NF,NG POINTS 2
+ASR,NWORDS,IWORDS,NWRDSMNAMNR) POINTR 3

C POINTR 4
C POINTS IS CALLED FROM SETUP POINTR 5

5 C SUBROUTINE POINTER SETS UP THE INDEX POINTERS TO THE STARTING POINTR 6
C INDICES FOR THE DYNAMICALLY DIMENSIONED ARRAYS POINTR 7
C POINTR 8
C ********************************************************:*********** POINTR 9
C INPUT ARGUMENTS POINTR 10

10 C U************* ********* * ****** POINTR 11
C POINTR 12
C IAXSYM - INDEX FOR AXISYM ANALYSIS POINTR 13
C : 0, NO AXISYM ANALYSIS POINTR 14

: I, FRAPCON ANALYSIS FOLLOWED BY AN AXISYM ANALYSIS POINTR I5
I5 C MECHAN - MECHANICAL SUBCODE INDEX POINTR 16

C : 0, USER I5 REQUESTED TO MAKE A CHOICE OF MODEL POINTR 17
C : I, PELET IS USED (PNL) POINTR 18
C : 2, FRACAS-I 15 USED (INEL) POINTR 19
C : 3 FRACAS-2 15 USED (INEL) POINTR 20

20 C 'TMSTP - NUMBER OF POWER-TIME STEPS POINTR 21
C NAXNS - NUMBER OF AXIAL NODES POINTR 22
C NRANS - NUMBER OF RADIAL NODES POINTR 23
C NC - NUMBER OF RADIAL NODES IN CLAD POINTR 24
C NF - NUMBER OF RADIAL NODES IN FUEL POINTR 25

25 C NGASR - !NDEX FOR GAS RELEASE MODEL POINTR 26
C : -I BOOTH DIFFUSION POINTR 27
C : 0 MACDONALD - WEISMAN POINTR 28
C : + ANS-5.4 MODEL POINTR 29
C : -2 GRASS MODEL POINTR 30

30 C NWORDS - NUMBER OF WORDS NEEDED FOR GRASS MODEL POINTR 31
C IWORDS - NUMBER OF WORDS NEEDED FOR AFRC52 ARRAY (FRACAS-2) POINTR 32
C NWRDS - NUMBER OF WORDS NEEDED FOR AFCMI2 ARRAY (FRACAS-2) POINTR 33
C POINTR 34
C ******************************************************************** POINTR 35

35 C OUTPUT ARGUMENTS POINTR 36
C ************************************************** **************** POINTR 37
C POINTR 38
C 'QUIT - JOB TERMINATOR INDEX POINTR 39
C .ENGTH - THE LENGTH OF THE A-ARRAY FOR THIS PROBLEM POINTR 40

40 C POINTR 41
C * ** Z*********************************** POINTR 42
C POINTR 43
C POINTR 4S
C POINTR '#5

45 COMMON /FAST / A POINTR 46
C POINTR '#7

DIMENSION A(I) , IA (1) POINTR 48
C POINTR 49

EQUIVALENCE ( A(l) , IA (I) ) POINTR 50
50 C POINTR 51

C POINT 52
C PELPT 2

COMMON / PNTPNL / IFIRSI, IAELM, IAK, IARAA, [ARE, ISB, IBA, PELPT 3
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+ IBASAV, IBASE, 158 IBbA 18850, ICA, ICC, ICRATE, ICRPG IDISP,
+ IDISPC, IDSPSV, IEF5TR, IELM, IELSTN, ILSTNA ILSTRA IELSTR,
+ IPSLA, IEPSLM, IESTNV, IESTSU, JIIJ, IIPOS, IKSAVE, INA1ET, INDC,
+ INDF, INDT, INODET, IOLDSE, IPSSRT, IPSSV, IPSTS, IR, IRA, IRBR,
+ IRBRA, IRD, ISTRES, ISTRSA, ITCD, ITCRP ITEC, ITEF, ITELM, ITFB,
+ ITHET, ITHTAX, ITHSAV, ITHXSV, ITME, ITSTNR ITSTSR, ITU, ITH,
+ IXKT, IXLOAD, IXLODA, IXRD, IY, IYACF, IZ, LAST

COMMON /LIMITS/ Mi, M2, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NEMF,
+NEWT, KA, NARF, NARC, HART, NABF, NABC, NABT, NAEC, NAEF, NTAE,
+JAM, NAXBT, NAXB2, NAXB4, NFFI, NABF2, NABT2, XP, XR, XFRDEN KZI,
+155TOP, IPLAS, NKN, ICRPP, MAXT, KRNCHF, KRNCHC, KRNCHT, NFF2,
+NC4, NF4, MAXA, NEW, NMX, KRNCH, MCUD, IADJ, ICUT, TIMEC XTIMEF,
+1TI, STEP, NOLD, KPLAS, ICNT, RRAKR, IRAK, RAKSUM, IPLENb, ISP,IRZ
COMMON/PFRCS2/ MODPG2 ,MODPC2 ,MGAP2

+ ,MIGAP2 ,MOIGP2 ,MREPS? ,MPRES2
+ ,MTTT ,MEREP2 ,MEP2 ,MR22
+ ,MOLDT2 ,MFVFRO ,MDHPRS ,MPEP
+ ,MEPS22 ,MEPP2 ,MSIG2 ,MEPS02
+ ,MPEPP2 ,MEPSO ,NNNCRP

COMMONiPFCMI2'

+
+
+
+
+
+
+
+
+
+
+
+

COMMON /
+
+
+
+
+
+
+

GRSPTR /
,NVARS
,NVARI 0
,NVAR5 I
,NVAR20
,NVAR2S
,NVAR30
,NVAR35

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
,NMM
,WN
,NLL
,NCC

NVARI
,NVAR6
,NVARII
,NVAR16
,NVAR21
,NVAR26
,NVAR31
,NVAR36

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NMN
,NGG
,NNU
,NAA
,NNFF

,NVAR2
,NVAR7
,NVARI2
,NVAR 17
,NVAR22
,NVAR27
,NVAR32
,NVAR37

,NVAR3
,NVAR8
,NVARI3
INVARI 8
,NVAR23
,NVAR28
,NVAR33
,LGRASS

,NP2
,NOLSGF
,NCCEF
,NF2
,NT2
,NV
,NALFDT
,NHH
,NBB
,NDD
,NEE
,NEI

,NVAR4
,NVAR9
,NVAR 1
,NVAR19
,NVAR24
,NVAR29
,NVAR34

SET UP THE LOOP INDICES.

DIMENSIONED ARRAYS - IT : POWER-TIME STEP, NA : AXIAL, NR : RADIAL

NBRTMV 15 THE NUMBER OF
NBRAXV IS THE NUMBER OF

( IT )
( NA )

ARRAYS
ARRAYS

55

60
C
C

PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTS
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINT
POINTR
POINTR
POINTR
P01NTR
POINTR
POINTR
POINTR

65

70

C75

80

85

90 C

95

100
C
C
C
C
C
C
C
C

105

10/21/@0 14.29.35 PAGESUBROUTINE POINTR
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C NBRFIV IS THE NUMBER OF ( NA X 2 ) ARRAYS POINTR 99
C NBRTHN 15 THE NUMBER OF ( NA X 3 ) ARRAYS POINTR 100
C NBR.RV 15 THE NUMBER OF ( NR ' ARRAYS POINTR 101

110 C NBRTIO IS THE NUMBER OF ( NR X 2) ARRAYS POINTR 102
C NBRTLV IS THE NUIIBER OF ( NR X NA ) ARRAYS POINTR 103
C NBRSIX IS THE NUMBER OF ( NA X 6 ) ARRAYS POINTR 104
C NBRATE IS THE NUMBER OF ( NA X 8 ) ARRAYS POINTR 105
C POINTR 106

115 DATA NBRTMV /30/, POINTR 107
+ NBRAXV /80/, POINTR 108
+ NBRFIV / 7/, POINTR 109
+ NBRTHN /19/, POINTR 110
+ NBRARV /13/, POINTR IlIl

120 + NBRTIO / 3/. POINTR 112
+ NBRTLV /14/, POINTR 113
+ NBRSIX / 4/, POINTR 115
+ NBRATE / 1/, POINTR 116
+ LOCKEC / 0/, POINTER 116

125 + LOCIDX / 0/ POINTR 117
C POINTR 118
C SET STARTING LO#'D INDEX POINTR 119
C POINTR 120
C THE FIRST 300 WO1DS IN THE A-VECTOR ARE RESERVED FOR THE VARIOUS POINTR 121

130 C INDEX POINTERS. rHE FIRST LOADABLE WORD 15 A(301). POINTR 122
C POIHTR 123

DATA NLSTRT / 301 / , NPSTRT / 4 / POIPITR 125
C POItTR 125
C ^In'TR 126

135 C ALL TH! POINTERS ARE INDICES OF THE STARTING LOCATIONS FOR THE POINTR 127
C VA"IABLY DIMENSIONED ARRAYS POINTR 128
C POINTR 129
C POINTR 130
C POINTR 131

140 NTMSP : NTMSTP+i POINTR 132
NAXN : NAXNS+i POINTR 133
NRAN : NRANS POINTR 134

C DEFINE DIMENSIONS FOR FRACAS-2 POINTR 135
MNA : NAXNS+i POINTR 136

145 MNR : NRANS+2 POINTR 137
C POINTR 138

IA(I) : NTMSP POINTR 139
IA(2) : NAXN POINTR 140
IA(3) : NRAN POINTR 141

150 IA(4) : NLSTRT POINTR 142
LENGTH : NISTRT POINTR 143

C POINTR 144
C SET THE FIRST LOAD INDEX POINTR 145
C POINTR 146

155 LOCIDX : NPSTRT POINTR 147
C POINTR 148
C POINTR 149

CALL NEMSET (0,NPIN,39) POINTR 150
CALL NEMSET (0,MODPG2,22) POINTR 151
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160 C POINTR 152
IF (MECHAN.EQ.0) GO TO 340 POINTS 153

C POINTS 154
C POINTR 155
C SET UP AXIAL NODE DEPENDENT POINTERS POIi4TR 156

165 C POINTR 157
MBRAXV : NBRAXV+1 POINTR 158

DO 100 K:IMBRAXV POINTR 159
IA(LOCIDX+K) : IA(L0.,IX)+(K-I)*NAXN POINTR 160

100 CONTINUE POINTR 161
170 C POINTR 162

C POINTR 163
LOCIDX : LOCIDX+NBRAXV POINTR 164

C POINTR 165
C POINTR 166

175 C POINTR 167
C SET THE SPACE FACTOR FOR THE TWO - DIMENSIONAL AXIAL ARRAYS POINTR 168
C POINTR 169

NSPACE : 2*NAXN POINTER 170
C POINTR 171

180 tDRFIV : NDRFIV+l POINTR 172
DO 110 K:2,MBPFIV POINTR 173
IA(LOCIDX+K) : IA(LOCIDX+I)+(K-1)*NSPACE POINTR 174

110 CONTINUE POINTR 175
POINTR 176

185 C POINTR 177
LCIDX : LOCIDX+NDRFIV POINTR 178

C POINTR 179
C POINTR 180
C SET THE SPACE FACTOR FOR THE THREE - DIMENSIONAL AXIAL ARRAYS POINTR 181

190 C POINTR 182
'4IrACE : 3*NAXN POINTR 183

C POINTR 184
C POINTR 185

MBRTHN : NBRTHN+1 POINTS 186
195 DO 120 K:2,MBRTHN POINTR 187

IA(LOCIDX+K) : IA(LOCIDX+I)+(K-I)*NSPACE POINTR 188
120 CONTINUE POINTR 189
C POINTR 190
C POINTR 191

200 LOCIDX : LOCIDX+NBRTHN POINTR 192
C POINTR 193
C POINTR 194
C UPDATE LENGTH POINTR 195
C POINTR 196

205 LENGTH : LENGTH+NAXN*(NBRAXV+2*NBRFIV+3*NBRTHN) POINTR '97
C POINTR 198
C POINTR 199
C SET UP THE RADIAL ARRAYS POINTR 200
C POINTR 201

210 C POINTR 202
MBRARV : NBRARV+I POINTR 203

DO 130 K:2,MBRARV POINTR 204
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IA(LOCIDX+K) : IA(LOCIDX+I)+(K-1)*NRAN POINTS 205
130 CONTINUE PCINTR 206

215 C POINTR 20'
C POINTR 20,

LOCIDX : LOCIDX+NBRARV POINTR 209
C PC"'R 210
C POINTR 211

220 C RESET THE SPACE FACTOR FOR THE T140 - DIMENSIONAL ARRAYS POINTR 212
C POINTR 213

SPACE : 2*NRAN POINTS 214
C POINTS 215
C POINTR 216

225 MBRTIO : NBRTIO+1 POINTR 217
DO 140 K:2,MBRTMO POINTR 218
IA(LOCIDX+K) : IA(LOCIDX+I)+(K-1)*NSPACE POINTR 219

140 CONTINUE POINTR 220
C POINTR 221

230 C POINTR 222
LOCIDX : LOCIDX+NBRTWO POINTR 223

C POINTR 225
C POINTR 225
C RESET THE SPACE FACTOR FOR THE NAXN ' NRAN ARRAYS POINTR 226

235 C POINTR 227
NSPACE : NRAN*NAXN POINTR 228

C POINTR 229
C POINTR 230

MBRTLV : NBRTLV+I POINTR 231
240 D 150 K:2,MBRTLV POINTR 232

IA(LOCIDX+K) : IA(LOCIDX+I)+(K-I)*NSPACE POINTR 233
150 CONTINUE POINTS 234
C POINTS 235
C PCINTR 236

245 LOCIDX : LOCIDX+NBRTLV POINTR 237
C POINTR 238
C POINTR 239
C UPDATE LENGTH POINTR 240
C POINTS 241

250 LENGTH : LENGTH+NRAN*(NAXN*N2TLV+2NBRTWO+NBRARV) POINTR 242
C POINTR 243
C SET UP THE AXIAL BY 6 ARRAYS POINTR 24
C POINTR 245

NSPACE : 6*NAXN POINTR 246
255 C POINTR 247

MBRSIX : NBRSIX+I POINTR 248
00 160 K:2,MBRSIX POINTR 249
IAiLOCIDX+K) : IA(LOCIDX+I)+(K-l)*NSPACE POINTR 250

160 CONTINUE POINTR 251
260 C POINTR 252

LOCIDX : LOCIDX+NBRSIX POINTS 253
C POINTR 254
C UPDATE LENGTH POINTS 255
C POINTS 256

265 LENGTH : LENGTH+NAXN6*NBRSIx POINTR 257

10/21/40 14.29.35 PAGE 5SUBROUTINE POINTR



SUBROUTINE POINTR

C
C
C
C

C

C

C
170
C
rp

C
C
C

C
C
C

C
180
C
C
C

C
C
C

C
C
C
C

C
C

C
C
C

C

C

C
C

76/176 OPT:0 TRACE STATIC FTN 4.8+508

SET UP THE AXIAL BY 8 ARRAYS

NSPACE : 8*NAXN

MBRATE : NBRATE+I
DO 170 K:2,MBRCTE

IA(LOCIPX+K) : IA(LOCIDX+I)+(K-l)*NSPACE

CONTINUE

LOCIDX : LOCIDX+NBRATE

UPDATE LENGTH

LENGTH : LENGTH+NAXN*8*NBRATE

SET UP THE TIME STEP DEPENDENT VARIABLE POINTERS

NBRTMV : NBRTMV+I
DO 180 K:2,MBRTMV
IA(LOCIDX+K) : IA(LOCIDX+I)+(K-I)*NTMSP

CONTINUE

UPDATE LENGTH

LENGTH : LENGTH+NBRTMV*NTMSP

LOCIDX :=LOCIDX+NBRTHM

A( LENGTH+1) 15 THE TEXT AVAILABLE STORAGE LOCATION

IF (NGASR.LE.0) GO '.0 240
NGASR GT 0 AND LT 6, BEYER-HANN
NGASR G' , AN554

IF (NGASR.LT.6) GO TO 210

SET UP ANSD ARRAY

NSPACE : NGASR*NAXN*NTMSP

'A:LOCIDX+2) :=IA(LOCIDX+1)+NSPACE

LOCIDX :=LOCIDX+l

UPDATE LENGTH

210

14.29.35V0/2/80
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POINTR
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POINTS
POINTR
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POINTR
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POINTR
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POINTR
POINTR
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POINTR
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305
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308
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310

275
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280
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285
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300
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C POINTR 311
320 LENGTH : LENGTH+NSPACE POINTR 312

C POINTR 313
IA(LOCIDX+2) : IA(LOCIDX+I)+NGASR POINTS 314
LOCIDX : LOCIIX+l POINTR 315
LENGTH : LENGTH+NGASR POINTR 316

325 C POINTR 317
IA(LOCIDX+2) : IA(LOCIDX+1)+NGASR*NAXN POINTR 318
LOCIDX : LOCIDX+I POINTR 319
LENGTH : LENGTH+NGASR*NAXN POINTR 320

C POINTS 321
330 IA(LOCIDX+2) : IA(LOCIDX+I)+NGASR POINTR 322

IA(LOCIDX+3) : IA(LOCIDX+2)+NGASR POINTR 323
LOCIDX : LOCIDX+2 POINTR 324
LENGTH : LENGTH+NGASR*2 POINTR 325

C POINTR 326
335 IA(LOCIDX+2) : IA(LOCIDX+1)+NTHSP POINTR 327

LOCIDX : LOCIDX+l POINTS 328
LENGTH : LENGTH+NTMSP POINT 329

C POINTR 330
DO 190 K:2,4 POINTR 331

340 IA(LOCIDX+K) : IA(LOCIDX+1)+(K-I)*11 POINTR 332
190 CONTINUE POINTR 333

LOCIDX : LOCIDX+3 POINTS 334
LENGTH : LENGTH+3*11 POINTS 335

C POINTS 336
345 C POINTR 337

C ZERO OUT BEYER-HANN ARRAYS POINTR 338
C POINTR 339

DO 200 K-4 POINTR 340
IA(LOCIDX+ ) : IA(LOCIDX+I)+I POINTR 341

350 LOCIDX : LOCIDX+I POINTR 342
LENGTH : LENGTH+I POINTR 343

200 CONTINUE POINTR 344
C POINTR 345

GO TO 260 POINTR 346
355 C POINTR 347

210 CONTINUE POINTR 348
C POINT. 349
C PO IN'R 350
C ZERO OUT ANS54 ARRArS POINTR 351

360 DO 220 K:I 9 POIkTR 352
IA(LOCIDX+ > : IA(LOCIDX+I)+I PGINTR 353
LOCIDX : LOCI X+I POINTR 354
LENGTH : LENGTH+I POINTR 355

220 CONTINUE POINTR 356
365 C POINTR 357

C SET UP BEYER-HANN ARRAYS POINTR 358
C POINTR 359

DO 230 K:2 3 POINTR 360
IA(LOCIDX+c) : IA(LOCIDX+1)+NTMSP*NAXN POINTR 361

370 LOCIDX : LOCIDX+l POINTR 362
LENGTH : LENGTH+NTHSPtNAXN POINTR 363
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230 CONTINUE POINTR 364
C POINTR 365

IA(LOCIDX+2) : IA(LOCIDX+I)+NAXN POINTR 366
375 LOCIDX : LOCIDX+I POINTR 367

LENGTH : LENGTH+NAXN POINTR 368
C POINTR 369

IA(LOCIDX+2) : IA(LOCIDX+I)+NRAN POINTR 370
LOCIDX : LOCIDX+I POINTR 371

380 LENGTH : LENGTH+NRAN POIN"R 372
C POINTR 373

GO TO 260 POINTR 374
C POINTR 375
240 CONTINUE POINTR 376

385 C POINTR 377
C POINTR 378
C ZERO ANS54 AND BEYER-HANN ARRAYS POINTR 379
C POINTR 380

DO 250 K:I 13 POINTR 381
390 IA(LOCIDX+) : IA(LOCIDX+I)+I POINTR 382

LOCIDX : LOCIDX+1 POINTR 383
LENGTH : LENGTH+I POINTR 384

250 CONTINUE POINTR 385
C POINTR 386

395 260 CONTINUE POINTR 387
C POINTR 388
C POINTR 389

IF (MECHAN.EQ.1) GO TO 280 POINTR 390
IF (MECHAN.EQ.2) GO TO 320 POINTR 391

400 C POINTR 392
C ZERO OUT RADIAL ARRAY IN COMMON POINT IF PELET NOT USED POINTR 393
C POINTR 394
C PGINTR 395

DO 270 K:I 15 POINTR 396
405 IA(LOCIDX+ ) : IA(LOCIDX+l)+l POINTR 397

LOCIDX : LOCIDX+I POINTR 398
LENGTH : LENGTH+I POINTR 399

270 CONTINUE POINTR 400
C POINTR 401

410 C POINTR 402
C SUBROUTINE FRC2PTR COMPUTES POINTERS FOR THE VARIABLE DIMENSIONED POINTR 403
C ARRAYS PASSED TO FRFCAS-2 FROM FRAPCON POINTR 404

CALL FR2PTR (MNA,MNR,I1ORDSLENGTH) POINTR 405
C POINTR 406

415 C UPDATE LENGTH POINTR 407
C POINTR 408

LENGTH : LENGTH+IORDS POINTR 409
C SUBROUTINE FC2PTR COMPUTES POINTERS FOR THE VARIABLE DIMENSIONED POINTR 410
C ARRAYS USED IN FRACAS-2. SEE SUBROUTINE FOR ARRAY LISTING. POINTR 411

420 C POINTR 412
CALL FC2PTR (MNAMNRNNRDS,LENGTH) POINTR 413

C POINTR 1
C UPDATE LENGTH POINTR 415
C POINTR 416
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425 LENGTH : LENGTH+NWRDS POINTS 117
C POINTR 418
C POINTR 419
C POINTR 420

GO TO 320 POINTR 421
430 280 CONTINUE POINTR 422

C * ***************** *** * *** ***** ***U*************** **Z*** POINTR 423
C THE FOLLOWING POINTERS WILL BE USED BY POINTR 424
C THE PELET MECHANICAL PACKAGE POINTER 425
C POINTR 426

435 C POINTR 427
C SET UP ARRAYS FOR RADIAL (AXIAL, 2 * AXIAL, 8 * AXIAL) POINTR 428
C POINTR 1*29

DO 290 K:2,8 POINTR 430
IA(LOCIDX+K) : IA(LOCIDX+I)+(K-I)*NAXN POINTR 431

440 290 CONTINUE POINTS 432
LOCIDX : LOCIDX+7 POINTR 433
LENGTH : LENGTH+7*NAXN POINTR 434

C POINTR 435
NSPACE : 2*NAXN POINTR 436

445 C POINTR 437
DO 300 K:2,4 POINTR 438
IA(LOCIDX+K) : IA(LOCIDX+1)+(K-I)*NSPACE POINTR 439

300 CONTINUE POINTR 440
C POINTR 441

450 LOCIDX : LOCIDX+3 POINTR 442
LENGTH : LENGTH+3*NSPACE POINTR 443

C POINT 444
IA(LOCIDX+2) : IA(LOCIDX+I)+8*NAXN POINTR 445
LOCIDX : LOCIDX+l POINTR 446

455 LENGTH : LENGTH+20ONAXN POINTR 447
C POINTR 448
C PUINTR 1*19

NSPACE : 4*(NAXN+I) PO1NTR 450
C POINTR 451

460 DO 310 K:2,5 FOINTR 452
IA(LOCIDX+K) : IA(LOCIDX+I)+(K-l)ZNSPACE POINTR 453

310 CONTINUE POINTR 454
C POINTR 1*55

LOCIDX : LOCIDX+4 POINTR 456
465 LENGTH : LENGTH+41NSPACE POINTR 457

C POINTR 458
C POINTR 1*59
C LIMITS FOR POINTERS POINTR 460
C POINTR 461

470 C DATA INPUT NOW COMPLETE, NOW COMPUTE GEOMETRY AND ELEMENT POINTR 462
C SIZE INCRIMENTS. POINTR 463
C POINTR 464
C RADIAL CALCULATION PARAMETERS POINTR 465
C POINTR 466

475 C NFF:TOTAL NODES IN RADIAL MECHANICAL MODEL POINTR 467
C NF4:TOTAL D.O.F. IN RADIAL MODEL OF FUEL POINTR 468
C NC4:TOTAL D.O.F. IN RADIAL MODEL OF CLAD POINTR 469
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C NFF2:NUMBER OF D.O.F. IN COMBINED FUEL-CLAD MODEL POINTR 470
C PLUS 4. POINTR 471

480 C NOELC:NUMBER OF RADIAL CLAD ELEMENTS POINTR 472
C NOELF:NUMBER OF RADIAL FUEL ELEMENTS POINTR 473
C NOELC:TOTAL NUMBER OF RADIAL ELEMENTS POINTR 474
C NFFI:TOTAL NUMBER OF RADIAL BOUNDARIES POINtR 475
C POINTR 476

485 NA : NAXN POINTR 477
NABF : NA+I POINTR 478
NABT : NA+2 POINTR 479
NABF2 : NABF*2 POINTR 480
NABT2 : NABT*2 POINTR 481

490 NFF : (NF+NC)*2 POINTR 482
NF4 : 4*NF POINTR 483
NC4 : 4*NC POINTR 484
NFFI : NF+NC POINTR 485
NFF2 : 2*NFF POINTR 486

495 NOELC : (NC-I)*2 POINTR 487
NOELF : (NF-I)*2 POINTR 488
NOEL : NOELC+NOELF POINT 489

C POINTR 490
C AXIAL CALCULATION PARAMETERS POINT 491

500 C POINTR 492
C NARF:NUMBER 3F AXIAL REGIONS IN THE FUEL POITR '493
C NART:NARC:TOTAL NUMBER OF AXIAL REAGIONS POINTR 494
C NABTNABF:NUMBER OF AZIAL Be"DARIES IN CLAD AND FUELRESPECTIVELY POINTR 495
C NAXBT:TOTAL NUMBER OF AXIAL BOUNDARIES POINTR 496

505 C NAXB2:TOTAL NUMBER OF NODES IN AXIAL i.DEL POINTR ++O7
C NAXB4:TOTAL NUMBER OF D.O.F. IN AXIAL MODEL POINTR 198
C NAEF:NUMBER OF ELEMENTS IN AXIAL FUEL MODEL POINTR 499
C NAEC:NUMBER OF ELEMENTS IN AXIAL CLAD MODEL POINTR 500
C NTAE:TOTAL NUMBER OF ELEMENTS IN THE AXIAL MODEL POINTR 501

510 C POINTR 502
NARF : NABF-1 POINTR 503
NART : NABT-I POINTR 504
NAXBT : NABT+NABF POINTR 505
N1XB4 : 4*NAXBT+(NARFeNART)*2 POINTR 506

515 NAEF : NARF*4 POINTR 507
NAEC : NART*4 POINTR 508
NTAE : NAEF+NAEC POINTR 509
NARC : MART POINTR 510

C PARAMETERS FOR CHOLESKY (MINIMUM-SPACE) STORAGE OF STIFFNESS POINTR 511
520 C MATRICES POINTR 512

C POINTR 513
C MAXF:TOTAL NUMBER OF STORAGE LOCATIONS REQUIRED FOR THE FUEL POINTR 514
C RADIAL STIFFNESS MATRIX POINTR 515
C MAXC:STORAGE REQUIRED FOR RADIAL CLAD MATRIX POINTR 516

525 C MAXT=STORAGE FOR COMBINED FUEL-CLAD RADIAL MATRIX POINTR 517
C MAXA:STORAGE FOR THE AXIAL MODEL MATRIX POINTR 518
C ;CINTR 519

NMX : NFF2-4 POINTR 520
MAXT : NMX+7*(NMX-4) POINTR 521

530 MAXA : (NAXB4+25*(NAXB4-13))*2 POINTR 522

10/21/40 14.29.35 PAGE 10SUBROUTINE POINTR
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CALCULATION OF POINTERS BEGINS HERE. A LISTING OF VARIABLY
DIMENSIONED VARIABLES AND THEIR ASSOCIATED POINTERS IS GIVEN BELOW

535

540

545

550

555

VARIABLE

AELM
AK
ARAA
AREA
B
BA
BASAVE
BASE
FOR PLAST
BB
BBA
BBSAV
CA
CC
CRATE
CRPG
DISPA
DISPC
DSPSV
EFSTR
ELM
ELSTN
ELSTNA
ELSTRA
ELSTRS
EPSLA
EPSLM
ESTNV
ESTSV
STRS.
IJ
IPOS
NADET
NDC
NDF
NDT
NODET
OLDSE
PRESS
PSSRT
PSSV
PSTS
R
RAD. MOD.
RA
AX. MOD.

MEANING UNITSPOINTER

IAELM
IAK
IARAA
IARE
ISB
IPS
I TASAV
I BASE

IC CALC.
I SBB
IBBA

ICA
ICC
ICRATE
ICRPG
IDISP
IDISPC
IDSPSV
IEFSTR
IELM
IELSTN
ILSTNA
ILSTRA
IELSTR
IPSLA
IEPSLM
IESTNV
IESTSV

JIIJ
I IPOS
INADET
INDC
I NDF
INDT
INODET
IOLDSE
IPRESS
IPSSRT
IPSSV
IPSTS
IR

IRA

AXIAL MODEL EL. NODE NO'S
AXIAL ST'FFNESS MATRIX
AXIAL EL AREA
RADIAL EL. REA
COMB. RAIDIPL MODEL DISP.
IBAAL MOTEL DISP.
SAVE AXIAL MOD. LOAD
SAVE INCR. EL. EFFECT, ST9522

COMB. RAD. MODEL LOADS
AXIAL MODEL LOADS
SAVE COMB. RAD. MOD. LOADS
AXIAL STRAIN-TO-STRESS CONv.
RADIAL STRAIN-TO-STRESS CONV.
GEN. STRAIN EL. INCR.
GEN. EL. STRAIN
AXIAL MOD. DISPLACEMENTS
CLAD OR COMB. RAD. MOD. DISP.
SAVE INNER CLAD RAD. DISP.
EFFECTIVE STRESS-RAD. MOD.
RADIAL MOD. EL. NODE. NO"5
INCR. EL. STRAIN-RAD. MOD.
INCR. EL. STRAIN. AXIAL MOD.
INCR EL STRESS-AXIAL MOD.
INCR. EL. STRESS-RAD. MOD.
DISP.-TO-STRAIN COWV.-AX. MOD.
DIS.-TO-STRAIN CONV.-RAD. HOD.
SAVED VALUES RAD. MOD. INCR. STN.
SAVED VALUES RAD. MOD. INCR.

POSITION VECTOR, PLASTIC CALC.
POSITION VECTOR, PLASTIC CALC.
D.O.t. ARRAY FOR RAD. MOD.
AIDS TO D.O.F. ARRAY-RAD. MOD.
AIDS TO D.O.F. ARRAY-RAD. MOD.
AIDS TO D.O.F. ARRAY-RAD. MOD.
D.O.F. ARRAY-RAD. COMB. MOD.
PREY. EL. EFFECT. STRESS
INTERFACIAL PRESSURE
SORTED ARRAY OF PSSV
SAVEb VALUES OF PLASTICITY
CLAD. EL. YIELD STRESS, RAD. MOD.
ARRAY OF RAD. NODE LOCATIONS-

ARRAY OF RAD. NWrE LOCATIONS-

POUNDSiIN
INU2
IN**2
IN
IN
POUNDS

-X+9

POUNDS
POUNDS

P NDS
PSI
I NIN
IN/IN
IN
IN
IN
PSI

INiIN
IN/ IN
PSI
PSI

IN*-I
IN/IN
PS5I

PS5I
PSI
PS I
P I
PSI
IN

IN

POINTR
POINTR
POINTR
POINT
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINT
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTS
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR

523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
5F4
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575

560

565

570

575

580
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585

590

595

RBR IRBR EL. CENTROID RAD. LOCATION-
RAE. MODEL
RBRA IRBRA EL. CENTROID RAD. LOCATION-
AX. MODEL
RD IRD GEN. ARRAY OF RAD. BOUNDARY
LOCATIONS, RAD. MODEL
STRESS ISTRES DISP.-TO-STRESS CONV.-RAD. MOD.
STRSA ISTRSA DISP.-TO-STRESS CONV.-AX. MOD.
TCB ITCB CLAD RAD. BOUND. TEMP.-RAD. MOD.
TCRP ITCRP INCR. EL. CREiP-PLAS. STRAIN-
RAD. MOD.
TDELE ITDELE INCR. CHANGE IN TELM
TELM ITELM EL. TEMP.-RAD. MOD.
TFB ITFB FUEL RAD. BOUND. TEM.-TAD. MOD.
THET ITHET INCR. EL. TH. STRAIN-RAD. MOD.
THETAX ITHTAX INCR. EL. TH. STRAIN-AX. MOD.
THSAV ITHSAV SAVED VALUES OF THET
THXSV ITHXSV SAVED VALUES OF THETAX
THE ITME PAST, PRESENT, FUTURE TIME
TSTNR ITSTNR TOTAL EL. STRAIN-RAD. MOD.
TSTSR ITSTSR TOTAL EL. STRESS-RAD. MOD.
Tk ITW EL. TEMP.-AX. MOD.
TWDEL ITWDEL INCR. CHANGE IN TW
Y IY AXIAL BOUND. LOCATIONS-AX. MOD.
YACF IYACF Y IN I-D ARRAY
YM IYM INTERPOLATION WORK SPACE
XKT IXKT COMB. RAD. MOD. STIFFNESS
XKTT IXKTT SAVED VALUES OF XKT
XLOAD IXLOAD STRAIN-TO-LOAD CONU.-RAD. MOD.
XLOADA IXLODA STRAIN-TO-LOAD CONV.-AX. MOD.

IFIRST : LENGTH+I
IAELM : IFIRST+20
IAK : IAELM+3*NTAE
IARAA : IAK+MAXA
IARE : IARAA+NTAE
IS8 : IARE+NOEL
IBA : ISB+NFF2
IBASAV : IBA+NAXB4
IBASE : IBASAV+NAX4
1588 : IBASE+NOEL*NARF
IDDA : ISBB+NFF2
IBDSV : IBBA+NAXB4
ICA : IBBSV+NFF2*NARC
ICC : J'A+4*4*NTAE
ICRATE = ICC+4*4*NOEL
ICRPG : ICRATE+NOEL*NARC
IDISP = ICRPG+NOEL*NARC
IDISPC : IDISP+NAXB4
IDSPSV : IDISPC+NFFI*NABT
IEFSTR : IDSPSV+NOEL*NARF
IELM : IEFSTR+NOEL*NARC
IELSTN : IELM+3*NFF

IN

IN

IN

PSI/IN
PSI/IN
F
IN/IN

F
F
F
IN/IN
IN/IN
IN/IN
IN/IN
DAYS
PSI
PSI
F
F
IN
IN

POUNDS/-N
POUNDS/IN
POUNDS
POUNDS

600

605

610

POINTS
POINTR
POINTS
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
PC.;i
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTS
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR
POINTR

576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
C22
b23
624
625
626
627
628

615

625

630

635
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ILSTNA : IELSTN+4*NOEL POINTR 629
ILSTRA : ILSTNA+4*NTAE POINTR 630
IELSTR : ILSTRA+4*NTAE POINTR 631

640 IPSLA : IELSTR+4*NOEL POINTR 632
IEPSLM : IPSLA+36*NTAE POINTR 633
IESTNU : IEPSLM+36*NOEL POINTR 634
IESTSV : IESTNV+NOEL*NARC*4 POINTR 635
JIIJ : IESTSV+NOEL*NARC*4 POINTR 636

645 IIPOS JIIJ+NOEL*NARF POINTR 637
IKSAVE : IIPOS+NOEL*NARF POINTR 638
INADET : IKSAVE+36 POINTR 639
INDC : INADET+NAXB4 POINTR 640
INDF : INDC+NC4 POINTR 641

650 INDT : INDF+NF4 POINTR 642
;NODET : INDT+NFF2 POINTR 643
IOLDSE : INODET+NFF POINTR 644
IPSSRT : IOLDSE+NOELNARF POINTR 645
IPSSV : IPSSRT+NOEL*NARF POINTR 646

655 IPSTS : IPSSV+NOEL*NARF POINTR 647
IR : IPSTS+NOEL*NARF POINTR 648
IRA : IR+NFF POINTR 649
IRBR : IRA+4*NABT POINTR 650
IRBRA : IRBR+NOEL POINTR 651

660 IRD : IRBRA+NTAE POINTR 652
ISTRES : IRD+NFFI*:NABT POINTS 653
ISTRSA : I5TRES+36*NOEL POINTR 654
ITCH : ISTRSA+36*NTAE POINTR 655
ITCRP : ITCH+2*NABr POINTR 656

665 ITEC : ITCRP+4*NOEL*NARC POINTR 657
ITEF : ITEC+NC*NABT POINTR 658
ITELM : ITEF+NF*NABT POINTR 659
ITFB : ITELM+NOEL*NABT*2 POINTr 660
ITHET : ITFB+2*NABT P0INTR 661

670 ITHTAX : ITHET+4*NOEL 'O1NTR 662
ITHSAV : ITHTAX+4*NTAE POINTR 663
ITHXS : ITHSAV+NOEL*NARC*4 POINTR 664
ITME : ITHXSV+NTAE*4 POINTR 665
ITSTNR : ITME+20 PO!NTR 666

675 ITSTSR : ITSTNR+4*,,OEL*NARC POINTR 667
ITV : ITSTSR+4*NOEL*NARC POINTR 668
ITW : ITV+NABT POINTR 669
IXkT : ITW+NTAE*2 POINTR 670
IXLOAD : I XKT+MHXT POINTR 6.71

680 IXLODA : IXLOAD+6*4*NOEL POINTR 672
IXRD : IXLODA+6*4 NTRE POINTR 573
1Y : IXRD+NFFI P11INTP 674
IYACF : IY+4*NABT POINTR 675
IZ : IYACF+4*NABT POINTR 676

685 ILAST : IZ+NFF POINTR 677
C POINTR 678
C POINTR 679

LENGTH : ILAST POINTR 680
WRITE (6,*) "FIRST",IFIRST,"ILAST",ILAST POINTR 681
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690 LOCMEC : 73 POINTS 682
LOCIDX : LOCIDX+73 POINTR 683

320 CONTINUE POINTR 684
C FO;NR 685

CALL ASSIGN (LOCIDX,NPSTRT,MECHA4,LOCMEC) POINTR 686
695 C POINTR 687

C POINTR 688
C IF GRASS OPTION IS USED, GRASS9 COMPUTES POINTERS FOR THE NODALLY POINTR 689
C DEPENDENT UARIABLES CONTAINED IN THE AGRfISS ARRAY AND COMPUTES POINTR 690
C NWGRDS, THE NUMBER OF WORDS NEEDED FOR AGRASS. POINTR 691

700 C POINTR 692
IF (NGASR.EQ.-2) CALL GRASS9 (NAXNS,NRANS-I,NWORDS,LENGTH) POINTR 693

C POINTR 694
C IF GRASS MODEL IS USED, ADD THE SEPARATELY COMPUTED LENGTH OF AGRA5S POINTR 695
C TO THE LENGTH POINTR 696

705 LGRASS : LENGTH+l POINTR 697
IF (NGRSR.EQ.-2) LENGTH : LENGTH+NWORD5 POINTR 698

C POINTER 699
C ZERO THE A - ARRAY POINTR 700
C POINTS "01

710 DO 330 K:NLSTRT,LENGTH POINTR 702
C POINTR 703

A(K) = .ED POINTR 704
330 CONTINUE POINTR 705
C POINTR 706

715 C POINTR 707
C ALL OF THE POINTERS ARE SET. AT THIS POINT A CORE - MACRO COULD POINTR 708
C BE CALLED AND RETURN ALL THE SURPLUS CORE POINTR 709
C POINTR 710
C POINTR 711

720 LOCID : LOCIDX-NPSTRT POINTR 712
WRITE (6,360) LOCID POINTR 713

C POINTR 714
WRITE (6,370) LENGTH POINTR 715

C POINTR 716
725 WRITE (6,380) ((K,IA(K)),K:1,300) POINTR 717

C POINTR 718
GO TO 350 POINTR 719

340 CONTINUE POINTR 720
C POINTR 721

730 NRITE (6,390) POINTR 722
C POINTR 723

IQUIT : I POINTR 724
C POINTR 725
C POINTR 726

735 350 CONTINUE POINTR 727
C POINTR 728

RETURN POINTR 729
C POINTR 730
360 FORMAT (///,IH ,26H THE NUMBER OF ARRAYS IS ,15) POINTR 731

740 370 FORMAT (///,IH ,30H THE LENGTH OF THE A-ARRAY IS ,II0,///) POINTR 732
380 FORMAT (2(15,2X I5)) POINTR 733
390 FORMAT (IHI,//,O0X,38H THE USER NEEDS TO SPECIFY A MECHANICS,39H P POINTR 734
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+ACKAGE BEFORE EXECUTION CAN CONTINUE )
END

CARD NR. SEVERITY DETAILS

148
149
150

I
I
I

IA
IA
IA

DIAGNOSIS OF PROBLEM

ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.
ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.
ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 POINTS

VARIABLES
0 A
0 IA

57

2
3
4
6
7

10
12
13
14
15
67
16
17
42
60
5

20
21
22
23

I ADJ
IAELM
IAK
IARAA
IARE
IBA
IBASAU
IBASE
IBBA

ICA
ICC
ICNT
ICRATE
ICRPG
ICRPP
I CUT
I DF
IDISP
IDISPC
IDSPSV
IEFSTR

DEF LINE
i

SN TYPE
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
737

RELOCATION
ARRAY FAST
ARRAY FAST

LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNr'iNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL

POINTR
POINTR

735
736

712
196
322
369
461
168
290
349
447

213
326
374
725
182
314
361
453

REFS
REFS

241
331
390

DEFINED
213
326
374
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

227
330
378

196
322
369
461

45
47
258
335
405
147
227
330
378
63
53
53
53
53
53
53
53
53
53
53
53
63
53
53
63
63
63
53
53
53
53

47
49

275
340
439
148
241
331
390

617
618
619
620
622
623
624
626
627
628
629

630
631

632
633
634
635

49
168
290
349
447
149
258
335
405

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
182
314
361
453
ISO
275
340
439

616
617
618
619
621
622
623
625
626
627
628

629
630

631
632
633
634
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VARIABLES
24 IELM
25 IELSTN
30 IELSTR
32 IEPSLM
33 IESTNV
34 'ESTSV
0 ,FIRST

36 IIPOS
37 IKSAVE
106 ILAST
26 ILSTNA
27 IISTRA
40 INADET
41 INDC
42 INDF
43 INDT
44 INODET
45 IOLDSE
40 IPLAS
73 IPLEND
31 IPSLA
46 IPSSRT
47 IPSSV
50 IPSTS
0 IQUIT

51 IR
52 IRA
71 IRAK
53 IRBR
54 IRBRA
55 IRD
75 IRZ

5 IS
1I 1588
74 ISP
37 I55TOP
56 ISTRES
57 ISTRSA
60 ITCB
61 ITCRP
62 ITEC
63 ITEF
64 ITELM
65 ITFB
66 ITHET
70 ITHSAV
67 ITHTAX
71 ITHXSV
72 ITME
73 ITSTNR
74 ITSTSR
75 ITV
76 ITN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTP'4L
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
F.P.
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

636
637
640
642
643
644
616
646
647
688
638
639
648
649
650
651
652
653

641
654
655
656
732
657
658

659
660
661

621
6t 5

662
663
664
665
666
667
668
669
670
672
671
673
674
675
676
677
678

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

689
DEF I NED
DEFINED

689
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEF I NED

DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

615

685

635
636
639
641
642
643

DEFINED
645
646

DEF INED
637
638
647
648
649
650
651
652

640
653
654
655

656
657

658
659
660

620
624

661
662
663
664
665
666
667
668
669
671
670
672
673
674
675
676
677
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VARIABLES
63 ITI
0 IWORDS

77 IXKT
100 iXLOAL
101 IXLODA
102 IXRD
103 :Y
104 IYACF
105 IZ
24 JAM
35 JIll

1610 K

12
66
55
45
44
46
36
0

45
1623
1515

1514
52
43

1614
1620
1607
1612
1617
1613

KA
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
LENGTH

LGRA5S
LOCID
LOC I DX

LOCHEC
MAXA
MAXT
MBRARV
MBRATE
MBRAXV
MBRFIV
MBRSIX
MBRTHN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
F.P.

PNTPNL.
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

GRSPTR

LIMITS
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*275

DEFINED
273
438

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
328
380
451
723
296
363
442

REFS
REFS
REFS
217
280
327

2*349
2*378
2*447
720
231
332
391

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

63
413
53
53
53
53
53
53
53
63
53

2*168
2*290
167
289
446
63
63
63
63
63
63
63

205
333
392
455

DEFI NED
320
371
451

91
721

2* 168
2*227
2*290
2*330
350
379
450

DEFINED
245
336
406
694
63
63
212
273
167
181
257
195

417
679
680
681
682
683
684
685

645
2*182
2*340

181
339
460

250
337
407
465

324
376
455

DEFINED
DEFINED

172
231
300

2*331
2*361
2*390
2*453

115
261
342
441

DEFINED
618
679

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
2*196
2*439
195
348
710

265
343
413
615
151
328
380
465
705
720

2*182
2*241
2*314
332
362
391
454
155
280
350
450
I15

DEFINED
DEFINED

211
272
166
180
256
194

678
679
680
681
682
683
68'4

644
2*213
2*447
212
360
725

284
351
417
701
205
333
392
688

186
245
316

2*335
2*369
2*405
2*461
172
300
362
454
690
530
529

2*227
2*461
226
368

296
363
421
705
25%"
337
407
706

2*196
2*258
2*322
336
370
406
464
186
316
370
464

2*241
712
240
389

320
371
425
706
265
343
417

200
261
323

2*340
2*374
2*439
691
200
323
375
691

2*258
2*725
257
404

324
376
442
710
284
351
425

2*213
2*275
2*326
342
375
441
694
217
327
379
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VARIABLES
1616 MBRTLV
1621 MBRTMV
1615 MBRTWO
56 MCUD
15 MDHPRS
0 MECHAN

20 HEPP2
24 MEPSO
22 MEP502
17 MEPS22
11 MEP2
10 MEREP2
14 MFVFRO
2 MGAP2
3 MIGAP2
0 MNA
0 "NR
I MCDPC2
0 MODPG2
4 MOIGP2
13 MOLDT2
23 MPEPP2
16 MPEP2
6 MPRE52
5 MREPS2
12 MR22
21 MSIG2
7 MTTT
0 Mi
I M2

1622 NA
43 MAA
17 NABC
16 NABF
31 NABF2
20 NABT

32
21
22
25
14

NABT2
NAEC
NAEF
NALFDT
MARC

13 NARF

I5
25
26
27

MART
NAXBT
NAXB2
MAXB4

1605 NAXN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

LIMITS
PFRC52

F.P.
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
F.P.
F.P.

PFRCS2
PFRC52
PFRCS2
PFRCS2
PFRC52
PFRC 52
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
LIMITS
LIMITS

PFCMH12
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
PFCMI2
LIMITS

LIMITS

LIMITS
LIMITS
LIMITS
LIMITS

INTEGER

DEFINED
DEFINED
DEFINED

398

421
421

694

239
288
225

399

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
664

DEFINED
REFS
REFS
REFS
REFS
REFS
665

REFS
653

REFS
REFS
REFS
REFS

DEFINED
REFS
254

DEFINED

240
289
226
63
69

161
69
69
69
69
69
69
69
69
69

413
413
69
69
69
69
69
69
69
69
69
69
69
63
63

486
76
63
63
63
63

666
48'

63
63
63
76
63

672
63

654
63
63
63
63

514
148
265

144
145

DEFINED
DEFINED

159

DEFINED

487

488
DEFINED

489
667

DEFINED
517
517

627
675
514
655
514
514

2X530

168
270

658
683

DEFINED

511
I88
512
668

489
,;FINED
DEFINED

630
676
515
656
516

DEFINED

622

178
284

661
684

485

513

513
669

515

631
DEF I NED

624
DEF I NED

518
513

623

191
312

633
677

635
518
634
511

DEF I NED

626

205
326

644

646

643

645

512

632

236
328

648

250
369
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VARIABLES

0
33

1507
1513
1504
1505
1512
1506
1511
:503
1510

0

45
it
50
5

36
7

12
21
16
41
44
23
15
7

53
10
I1
0

SN TYPE

NAXNS
NaB
NBRAR'
NBRATd
NBRAXV
NBRFIV
NBRSIX
NBRTHN
NBRTLV
NBRTMV
NBRTWO
NC

NCC
NCOEF
NC'.
NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NEI
NEPP2
NEP2
NETOT
NEW
tEWF
NEWT
NF

6 NFF

30 NFFI
47 NFt2

13
14
51
0

35
30
41
42

1516
34
32
54
46

NFl
NF2
NF
NGASR

NGG
NHH
NKN
NIL
NLSTRT
NMM
NMN
NMX
NNFF

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

F.P.
PFCM12

F.P.

PFCMI2
PFCMI2
LIMITS
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCM12
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS

LIMITS
LIMITS

PFCM12
PFCMI2
LIMITS
F.P.

PFCMI2
PFCMI2
LIMITS
PFCMI2

PFCMI2
PFCMI2
LIMITS
PFCMI2

371
458
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
cEFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF-
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
330

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

374
485
141
76

211
272
166
180
256
194
239
288
225
490

76
76
63
76
76
76
76
76
76
76
76
76
76
63
63
63
63

490

63
490
63
63

494
76
76
63

305
331
76
76
63
76

150
76
76
63
76

375
DEFINED

144

217
280
172
186
261
200
245
296
231
492

649

491

494

633
528

650
308
333

151

439
141
701

250
284
205
205
265
205
250
300
250
493

DEFINED

493

636

661
621

DEFINED
312
70 I

710

2*529 DEFINED

453 455

DEFINED

DEFINED
DEF I NED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED

495

1

115
115
115
115
115
115
115
115
115
666

492

685

493
651

667

657

DEFINED
627

324
DEFINED

496

652

682
625

491
322
706

DEFINED

326 328

: -

528
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VARIABLES
?I N N
25 NNNCRP
40 NNU
27 NNUDPP
2 NOEL

M1
3

65
26
6
0
I

1517
2
3

1606

0
10

1611

NOELC
NOELF
NOLD
NOLDPP
NOLSGF
NPIN
NPOUT
NPSTRT
NPI
HP2
NRAN

NRANS
NSLOPE
NSPACE

24 NSTRTT
23 NTAE

1604 NTMSP

0
20

4
17
22

0
1I
12
13
14
15
16
17
20
21
22

I
23
24
25
26
27

NTMSTP
NTN
NTSAVE
NT2
NV
NVARI
NVAR 10
WVAR II
NUARI2
NWAR I3
NUAR 4
NVAR 5
NVAR 16
NVAR 17
NVANI 8
WUARI9
NVAR2
NVAR2O0
NVAR21
NVAR22
NVAR23
NVAR2%

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEEER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

.TEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
&NTEGER

INTEGER
INTEGER

RELOCAT I O
PFCMI2
PFRCS2
PFCMI2
PFCM1I2
LIMITS

LIMITS
LIMITS
LIMITS
PFCMI2
PFCM12
PFCMII2
PFCMI2?

PFCMI2
PFCMI2

F.P.
PFCM.2

PFCMI12
LIMITS

F.P.
PFCM12
PFCM12
PFCM12
PFCM12
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRS TR
GRS TR
GRSPTR
GRSP;R
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR

631
645
665
497

634
646
666

620
640
655
675
497
497

REFS
REFS
REFS
REFS
REFS
635
653
670
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
320
222
REFS
REFS
660

DEFINED
REFS
37'

REFS
REFS
REFS
REFS
REFS
REFS
QEFS
REFS
REFS
REFS
REFS
RTS
AE: r
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

76
69
76
76
63

637
654
672
63
63
63
76
76
76
76
155
76
76

149
142
142
76
182
447
236
76
63

663
517
147

DEFINED
140
76
76
76
76
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91

624
642
656
676

DEFINED
DEFINED

720

222

701

227
461
?70

619
673

296

629
643
659
680
495
496

DEF I NED

236

DEFINED

241
465
312

628
678

312

630
644
662

DEFINED

132

250

258
DEFINED

444

638
681

335

158

694

378

145

196
451
254

617
671

290
140

DEFINED

380

275
178
458

639

337

314
191

641

369
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VARIABLES
30 NVAR25
31 NVAR26
32 NVPR27
33 NVAR28
3k NVAR29
2 NVAR3

35 NVAR30
36 NVAR31
37 NVAR32
40 NVAR33
41 NVAR34
42 NUAR35
43 NVAR36
44 NVAR37
3 NVAR4
4 NVARS
5 NVAR6
6 NVAR7
7 NVAR6

10 NVAR9
37 NW
0 NIORDS
0 NNRDS

72 RAKSUM
70 REAKR
64 STEP
61 TIMEC
35 XFRDEN
33 XP
34 XR
62 XTIMEF

FILE NAMES
TAPE6

EXTERNALS
ASSIGN
FC2PTR
FR20TR
GRASS9
NEMSET

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
4NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
PFCMI2
F.P.
F.P.

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

MODE
MIXED WRITES

TYPE ARGS
4
4

3

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 10
0 150
0 160
0 170
0 180
0 190

DEF LINE
169
183
197
214
228
242
259
277
292
341

REFERENCES
694
421
413
701
158

REFERENCES
167
181
195
212
226
240
257
273
289
339

REFS
PEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

689

91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
76

701
421
63
63
63
63
63
63
63
63

721

706
425

723

DEFINED
DEFINED

725

I9

730

!59
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STATEMENT LABELS
0 200

450 210
0 220
0 230

524 240
0 250

541 260
0 270

611 280
0 290
0 300
0 310

'356 320
0 330

1l40 340
1445 350
:550 360 FMT
1555 370 FMT
1563 380 FMT
1566 390 FMT

LOOPS
54
75

117
144
165
207
237
264
307
415
434
452
466
526
55'
613
634
666

1406
1425

LABEL
100E
110
120
130
140
150
160
170
180
190
200
220
230
250
270
290
300
310
330

COMMON BLOCKS
FAST
PNTPNL
LIMITS
PFRCS2
PFCMIZ
GRSPTk

DEF L INE
352
356
364
372
384
353
395
408
430
440
446
462
692
713
728
735
739
740
741
742

I NDEX
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K

LENGTH
1

71
62
22
39
38

FROM-TO
167 169
181 183
195 197
212 214
226 228
240 242
257 259
273 277
289 292
339 341
348 352
360 364'
368 372
389 393
404 408
438 440
446 448
460 462
710 713
725 725

REFERENCES
348
308
360
368
305
389
354
404
398
438
446
460
399
710
161
727
721
723
725
730

LENGTH
108
108
108
108
108
108
108
108
108
108
12E
128
148
128
128
108
108
108
58
78

382

429

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

OPT
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

EXT REFS
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FUNCTION POLATE (XY XX,NN,KK) POLA 2
C IMPLICIT REALM8 (A-H,6-Z) POLA 3
C POLA 4

DIMENSION XY(2) POLA 5
5 C POLA 6

C XY IS A TABLE OF Y(I), X(I), Y(2), X(2), ... Y(NN), X(NN) POLA 7
C XX IS THE GIVEN VALUE FOR X POLA 8
C NN IS THE NUMBER OF PAIRS OF ENTRIES IN XY POLA
C KK IS BOTH THE POSITION GUESS AND THE FINAL VALUE POLA 10

10 C POLA 11
DATA NERR, NPRMAX / I, 20 / POLA 12
DATA ZERO , DM10 / 0. , I.E-10 / POLA 13

C POLA 14
X : XX POLA 15

15 N : NN POLA 16
M : IABS(N) POLA 17
K : KK POLA 18
IF (K.LT.I) K : I POLA 19
IF (K.GE.M) K : t-I POLA 20

20 C POLA 21
C IS CONSTANT NA TED POLA 22

IF (M-1) 100,110,120 POLA 23
100 POLATE : ZERO POLA 24

RETURN POLA 25
25 110 POLATE : XY(I) POLA 26

RETURN POLA 27
C POLA 28
C LOOP TO DECREASE INDEX POLA 29
120 IF (XY(2*K)-X) 140,I40,130 POLA 30

30 130 K :=K-1 POLA 31
IF (K) 160,160,120 POLA 32

C POLA 33
C LOOP TO INCREASE INDEX POLA 34
140 IF (X-XY(2*K+2)-DMIO) 200,200,150 POLA 35

35 150 K :=K+I POLA 36
IF (K-t) 140,180,180 POLA 37

C POLA 38
C TEST FOR EXTRAPOLATION POLA 39
160 IF (N) 170,100,210 POLA 40

40 170 K: I POLA 41
GO TO 200 POLA 42

180 IF (N) 190,100,220 POLA 43
190 K:t=-I POLA 44
C POLA '.5

45 C EVERYTHING OK, GET ANSWER POLA 46
200 KK : K POLA 47

POLATE : XY(2*K-I)+(X-XY(2*K))*(XY(2*K+1)-XY(2*K-I))/(XY(2*K+2)-XY POLA 48
+(2*K)) POLA 49
RETURN POLA 50

50 C POLA SI
C POLATE FAILURE, SEARCH OUT OF BOUNDS POLA 52
210 POLATE : XY(I) POLA 53

GO TO 230 POLA 54
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220 POLATE : XY(2*M-1)
55 230 IF (NERR.GT.NPRMAX) GO TO 240

WRITE (6,250) KK,K,N,X,(XY(2*l),I:1,N)
C CALL ERRTRA

IF (NERR.EQ.NPRMAX) WRITE (6,260)
NERR : NERR+l

60 240 RETURN
C
C
250 FORMAT (16H ERROR IN POLATEiI6HOINITIAL INDEX :,16, IOX. 13HFINAL IN

+DEX :,16, OX 14HARRAY LENGTH :,16,l0X,10HARGU"ENT :,E14.6/20H0TABL
65 +E OF X VALUE :/(8E15.6))

260 rORMAT (34H0***** FURTHER MESSAGES SUPPRESSED)
END

SYMBOLIC REFEP NCE MAP (R:2)

ENTRY POINTS
5 POLATE

VARIABLES
163 DMIO
233 I
232 K

0
231

230
160
0

161
226
227
0
0

KK
M

N
NERR
NN
NPRMAX
POLATE
X
XX
XY

162 ZERO

FILE NAMES
TAPE6

DEF LINE
I

5N TYPE
REAL
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

REFERENCES
24

RELOCATION

F.P.

F.P.

ARRAY

REAL

MODE
FMT

F.P.
F.P.

MRRITES

INLINE FUNCTIONS
IABS

STATEMENT LABELS
33 10
37 110

TYPE
INTEGER

ARGS
I INTRIN

DEF LINE
23
25

DEF LINE

REFERENCES
22
22

REFERENCES
16

39

POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA
POLA

55
56
57
58
59
60
61
62
63
64
65
66
67
68

49 60

REFS
REFS
REFS

36
30

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEF!NED
REFS
REFS
REFS

56
REFS

34
56
18
46
35
17

2*19
16
16
55
15
55
23
29
14

4
DEFINED

23

DEFINED
DEFINED

'9
6*47
40
56
22

39
58

DEF I NED
58
25
34

DEFINED
25

DEFINED

12
56
29
56
43

DEFINED
36

42
59
1

DEFINED
47
47

29

30
DEFINED

1
43

2*56
DEF INED

1I
52
56

34

35
19

Is
59

31
17

46
54

DEFINED
II

54
DEFINED

6*47

56

12

58

52 54
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FUNCTION POLATE

STATEMENT LABELS
43 120

0 130 INACTIVE
55 140

0 150 INACTIVE
71 160
0 170 INACTIVE

77 180
0 190 INACTIVE

105 200
120 210
124 220
130 230
157 240
201 L50 FMT
221 260 FMT

LOOPS LABEL INDEX FA
136 I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
29 22 31
30 29
34 2*29 36
35 34
39 2*31
40 39
42 236
43 42
46 234 41
52 39
54 42
55 53
60 55
63 56
66 58

ROM-TO LENGTH PROPERTIES
56 56 108 EXT REFS

2348

10/21/80 14.29.35

156

3FTN 4,8+508 PAGE



76/176 OPT:O TRACE STATIC

SUBROUTINE PRINT I (DVHPRS TTT EPS22 EPP2 FVFR0,SIG2 REPS2,EPS02 EP
+2 GAP2 R22 ECREP2, PREPS2, IEPP ,OLDTE, PEP I OLDPG2, OLbPC2, OLIGP2, IGA
+P2,EPS6 ,MNRMNA)

IMPLIC'- REAL*8 (A-H,0-Z)

REAL NU , KRYIN

COMMON / FAST / A

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , NR : RADIAL

C
C
C

C

C
C
C
C
C
C
C
C
C

- ARRAYS

/ POINT
LDCIH
,LPOROS
,LARAD
,LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LUCH
,LUPOR
,LHGAPS
,LNFAIL
,LHGPC

/
,LURC
,LUPS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC
,LPOLEP
,LTCA
,LVCH I
, LZR02A
,LTRTRN
,LPLIGP
, LHGPR

,LCREPI
,LAXGAP
,LDELBP
,LDZHP
,LHCOEF
,LOLDUR
, LPECRP
,LPLDPG
,LRDCOI.
,LTCIDI
, LVCR
,LZRO28
,LIGAP
,LFLAG
,LHGPS

,LDLH
,LAXLEN
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCCDI
,LVDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

,LHA
,LBUI
,LDLPGE
,LEP
,LOLDPC
,LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
,LVFH

,LQDP
,LRTRNP

,LHL
,LBU2

,LPOAXG
,LTBAR
,LURF
, LVGH

,LRTRNO

( NA X 2 ) - ARRAYS

COMMON / POINT /
+ LANGR
+ *LREPS2

,LFGMGP ,LFMGR ,LHEMGP ,LHtGR ,LANG

( NA X 3 ) - ARRAYS

COMMON / POINT :
+ LEPP
+ ,LPEPSU
+ ,LRFEPP
+ ,LSIGi

( NR)

,LEPPP
,LPFPSV
,LRFPSV
,LEPSI

,LEPPSV
,LREPS
,LSIG

,LEPS
,LREPSV
,LNUDEP

,LEPSAV
,LREPSP
,LEPP I

,LFEPS
,LRFEPS

- ARRAYS

COMMON / POINT /
+ LAKI ,LAK2 ,LCRL ,LDPL ,LDPLH ,LDPN

5

I

10

(NA )

COMMON
+
+

+
+
+
+
+
+
+
+
+
+

+

+

+

I5

20

25

30

35 C
C
C

PRT I
PRT I
PRT I
PRTI
PRTI
PRTI
PRT I
PRT I
PRT I
PRT I
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
rEALCM
REALCM
REA' !M
REALCM
REALCM

C
C
C

50
C
C
C

FTN 4.8+508 10/21/80 14.29.35 PAGESUBROUTINE PRINTI I
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4
5
6
7
8
9
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2
3
4
5
6
7
8
9

t0
II
12
13
14
15
16
17
18
19
20
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
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43
44
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,LFMA
,LVPL+

,LFMGPR ,LHRL ,LTFB ,LTFR

( NR X 2 ) - ARRAYS

COMMON / POINT /
+ LF ,LFH ,LFN

( NR X NA ) - ARRAYS

f
+4
+4

COMMON / POINT /
ICCI
,LGNSIZ
,IR

( NAX6 ) -

,LCC2
,LPORSI
,LRAD

,LDENSF
,LPORS2

,LDENSP
,LTMPDS

,LDPI4
,LUO2LL

ARRAYS

COMMON / POINT /
+ LB ,LBR ,LBTOLD ,LCHEM

(NA X 8 ) - ARRAYS

COMMON / POINT /
+ LG

( IT ) - ARRAYS

+4
+4
+

+4

COMMON / POINT /

,LPRTI I
,LPRTI7
,LPRT5
,LTAFA

SLAMGPT
,LPRTI2
,LPRTIS
,LPRT6
,LTAGA

LACMFG
,LGASMO
,LPRT13
,LPRT2
,LPRT7
,LTSF

,LACMHE
,LHMGPT
,LPRT4
,LPRT2O
,LPRTe

,LACMH2
,LPIT
,LPRTI5
,LPRT3
,LPRT9

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIME

COMON / POINT /
+ LANSD, LFLXFC,
+ DECAY, HALF,

LPF
LRLEAS

LANSR, LDT,

BEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC ,IDG
+ TRAMPP ,ITEMP
+ ,IHLDN ,IPLSTC

LSTHIF, IX

)GSAJ
.CL
ISTRNN

,IPRG
,ITFS
,ISTRSS

,I 'FC
,ICFCSU

,TUFF

55

60

C
C
C

C
C
C

,LTFRK REALCM
REALCM
REALCM
REALCM
REALCM
REAL CM
REALCM
REALCM
REALCM
REALCM
REALCM

,LDPNPP REALCM
,LTMPMX REALCM

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
PEALCM
REALCM
REALCM
REALCM

,Lr:MN2 REALCM
,LPRTIO REALCM
,LPRT16 REALCM
,LPRT4 REACH
,LTAC REALCM

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
-EALCM
.REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

65

70

75

C
C
C

C
C
C

C
C
C80

85

C
C
C
C

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
76
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
91

90

95

100

C
C
C

C
C
C

105
C
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COMMON / REALS /

+ ,ANGT
+ ,BP
+ ,CFV
+ CPV
+ ,DCI HP
+ , DELTCR
+ ,DLROD
+ ,DRS

COMM ON/REALS /

,G
,GPTHM
,HDSHV
,HFU
,HGAP
,HPL
,NU
,PINP
,BC
,QAV

C0tION / REALS /

,SKTC
,SUHGP
,TC I
,TH20FR
,TPA
,TX
,USS
,XK7
,FNCK
,DISH

COMMON / INTEG
+ IQUIT
+ ,JJC
+ ,LMN
+ ,NRHI
+ CLOSEE

COMMON / INPTR
+

,AMFAIR
,AMFH20

AA(2C) ,AAN
,AMGR(2) ,AMGRH(2)
,AN2IN ,ARGIN
,BPP ,BR(6)
,CFVA ,CML
,CRDTT ,LRN
,DELBP ,DELBU
,DELTDB ,DELTFC
,DLTGC(26),DPH
,ENRICH ,EOLSR

FGPAVX
,FPOR
,GASES(
,GPTHP
,HEIN
,HGAPT
SOLIDD
,HPORV
,OXDROP
,PORO
,QF
,QPEAK

RFNVFF
,RMH
,SKTS
,SUMPOR
,TCO
,TITLE(
,TPAC
,TXA
,N
,YY
,FNCN

/
,IRI
,JPEAK

,NSTEP
,NSH

/ACOR
,AFGR
,AFARG
,AMFKRY

7)

,AIRIN ,AMGP(2) ,AGPH(Z)
,AHGRN2(2),AHNIT ,ANGI
,ARING ,AVGGI(8) ,8(6)
,BU ,'UOID ,CDG
,CODEID(15),C1VCCONVER(10)
,CVV ,CIH
,DELH ,DELT
,DELTJL ,HIC ,DLREL
,DPHF ,DPHFP ,DP31P
, C(l) ,FGIN ,FGPAVP

,FH2O ,FJJ(2)
,FPORI ,FRD
,GASIN ,GDEN
,GPTHPG(26) GR
,HFLL ,HILMDD
,HGV ,HI
,HGAPR
,HPU ,HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
,QSP ,RCI

,RHO
RP

,STRN
,SUMRG
,TFBC

12),TM
,TPLEN
,TXAL
,WT
,Z
,CWKF

,IT
,K
,MODLOP
,NIRITE
,Nw

,AFAL
,AFSW
,AMFFG
,AMFN2

,RHOF
,RSTRAN
SUCKK
,SUMTF
,TFC
,TN2FR
,TRANST
,TXC
,WTRAN
,ZR02NG

CWNF

,ITER
,KINDOR
,NAB
,N2
,NC

,AFCR
,AFTC
,AMFHE
,AMFXE

,FJJH(2)
,FRDH

,GPTH(26),
,HCRV
,HFLMP
,HMGP(2)

,H20MI
,PI
,PRTY
,RCO

,RHOG
,RSTRES
,SUMDH
,T
,TFGFR
,TOXO
,TSAT
,VISC
,XEIN
, X
,COLDMIK

,FMGP(2)
,FRDN

,GPTHE(26)
,HCV
, HFPER
,HP

,KRYIN
,PIN(26)
,PRT19

,RHOU02
,RTRAN
,SUMEXP
,TCAC
,THEFR
,TP
,TT
,VPLT
,XK6
,CLOS

,J
,KOXI
,NPLAST

IMDONE

,AFDN
,AGPC
,AMFH2

C
C
C

110

115

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCH
INPRCH
INPRCH
INPRCH
INPRCH

120 C

125

+

+
+
+
+
+
+
+
+
+

+

130

C

135

14 ,

145

+
+
+
+
+
+
+
+
+
+
+

98
99

100
101
102
103
104
105
106
107
108
109
lid

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
1?4
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5
6

C
C

150

155
C
C

+
+
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160

165

170

CATEXF
CPL
DCO(22)
D I SHSD
EXO
FQE
PPMH2O
OMPY (10 )
ROUGH
TIME(I01)
MELT
FOTMTL

,CRDT
,DE (22)
,DP(22)
FA
,GO(101)
,PPMN2
,RAPONIJ()
,SGAPF
,TOTL
,UOFD
,TREF

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNSIZ
,P2(101)
,RC

,TSINT
,VS
,CREPHR

,CTMAX(22)
,DEN
,DSPGN
,FLUX
,HDISH
,QEND(8)
,RDISH

,TN(101)
,X(328)
,ANRIN

+ ,BUIN(22) ,
+ ,CLDWKD ,
+ ,DCI(22) ,
+ ,DENG ,
+ ,ENRCH ,
+ ,FLXDP ,
+ ,HPLT ,I
+ ,QF(328) ,
+ ,ROUGHC ,
+ ,TCC ,
+ ,UBFS ,
+ ,RSNTR ,f
+ ,CLDWKS
+ ,CP

COMMON / !NPTI /
+ ,
+ ,JDLPR
+ ,MODE ,
+ ,NGAPC ,
+ ,NPLTAB ,t
+ ,NSTART ,
+ ,NUNITS ,
+ ,NXP ,
+ ,NR ,i
+ ,NCREEP ,
+ ,NWORDS ,

COMMON /EMFLGS/
+
+ ,IMFGAS

COMMON/PFRCS2/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEPS22
+ ,MPEPP2

ICM
IN
JN(8)
MODES
NGASR
READ
STOP
LACMOD
PLOT
NEWPRB
IAXSYM
WORDS

IMPOWR
IMCLAD

,IMSNCH

MODPG2
,MOIGP2
,MEREP2
,MFVFRO
,MEPP2
,MEPSO

COMMON /MATCNS/ AAHA(12)

COMMON /LACMDL/ MAXIDX ,

COMMON /VER/ VERS

COMMON/PHYPRO/FTMELT
+ ,CTRANE
+ ,DELOXY

,ICOR
PLANT

,JST 101)
,MTAPE
,NOFAILt
,NRESTk
,NT
,LACE(13)
,NTPLOT
,MECHAN
,!VARDM
,NNRDS

,IMFUEL
,IMGAPC

,I DBG

,MDBG
,NDBG
,NOPT
,NROLL
,NTA
, AFA I L
,NROD
,NCRACK
,NOFRAC
,NPRINT

,IMDENS
,IM93NC

,MODPC2
,MREPS2
,MEP2
,MDHPRS
,M 1G2
,NNNCRP

IDXGAS
1I5W

,NHEAL
,NFROD
,NPCYCL
,NSP
, NUCFC
,NNFAIL(22)
,NA
,NELAST
,ITREST

,IMRELO
,IMENRG

,MGAP2
,MPEPS2
,MR22
,MPEP2
,MEPS02

EMFLAG(20)

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

,CHEFUS
,BUP

,CTRAND
,COMP

CR

175
C

180

185

C
C

1904

C
C
C

!NPRCM
INPRCM
INPRCM
INPRCM
I NPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPICM
INPICH
INPICM
INPICH
INPICM
INPICM
INPICH1
INPICH
INPICM
INPICM
INPICM
INPICH
INP 1 Ch
INPICh
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICH
INPICM
INPICM
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

195

200

205

C

C
C

C

C

210

C
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FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -
BU -
COMP -
DELOXY -
CLADDING

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J.'KG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP (MW-S/KG-U)
PUO2 CONTENT (WT-PERCEN
CHANGE FROM THE OXYGEN CONCENTRATIONN OF AS RECiIlED

(KG OXYGEN/KG ZIRCALOY)

C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C

C THE FOLLOWING DATA STATEMENTS CONTAIN VARIOUS -.NVERSION FACTORS
C

DATA CINTMM / 25.4E0 / , CHRTDA / 24.E0 / CINTCM / 2.54EO /
DATA CMDTMS / 86.4E0 / , CPSTMP / 6894.7572E-6 /
DATA CINTOM / 2.54E-2 / , CFTTOM / 0.3048E0 / , CKSTPH / 737.34

C
TK(TTT) : (TTT+459.67E0)/1.8E0
CALL PGHEAD iCODEID,MJDLOP,TITLE)

C
C

RATE : 0.E+0
IF (ICOR.EQ.2) RATE : CRDTR*8760.EO
WRITE (6,190)
IF (IPLANT.LE.0) GO TO 140
GO TO (100 110,120,130), IPLANT

100 WRITE (6,200)
GO TO 140

110 WRITE (6,210)
GO TO 140

120 WRITE (6 220) COMP
GO TO 146

130 WRITE (6,230) COMP
140 CONTINUE

CI3TM3 : CINTOM**3
RUFFML : ROUGHF*I.E3
RUFCML : ROUGHC*I.E3

215

220

PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYP^O
PHYPRO
PHYPRO
PRTI
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRi :
PRTI
PRTI

/ PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRTI
PRT I
PRT I
PRTI
PRTI
PRTI

DIMENSION A(I)

INTEGER OLIGP2
DIMENSION TTT(MNA,MNR) EP522(MNA MNR,3),EPP2(MNA,HNR,3)

+ ,SIG2(MNAMNR,3)DREPS$(MNA 2),EPS02(MNA,MNR,3)
+ ,EP2(MNAMNR) GAP2(MNA),R2c(MNA,MNR),ECREP2(MNA,MNR)
+ ,OLDT2(MNAHN)
+ ,OLDPG2(MNA),OLDPC2(MNA),OLIGP2(MNA),IGAP2(MNA)
+ ,EPS0(MNA,MNR,3)
+ ,PEP2(MNA,MNR),PEPP2(MNA,MNR,3),PREPS2(iNA,2)
+ ,FVFRO(MNA,MNR) ,DVHPRS(MNAdNR)

225

230

235

C
240

245

250

255

260

265

7
8
9

10
I1
12
13
14
15
16
17
18
19
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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270

275

280

285

290

SIRUFC : ROUGHC*CINTMM
SIRUFF : ROUGHF*CINTMM
SHDSI : DISHSD*CINTM
BUINSI : BUIN(I)*CMDTS
DCOSI : DCO(I)*CINTCM
DCISI : DCI(I)*CINTCM
DPSI : DP(I)*CINTCH
DESI : DE(I)*CINTCH
FGPAVS : FGPAV*CPSTMP
HPLTSI : HPLT*CINTCMI
TOTLSI : TOTL*CFTTOM
RDISHS : RDISH*CINTCH
HDISHS : HDISH*CINTHM
RCSI : RC*CINTMM
CFS1 : CFV*CI3TM3
USSSI : VSS*CI3TM3
CPLSI : CPL*CINTCH
DSPGSI : DSPG:CINTCM
CPVSI : CPU*C13TM3
CVUSI : CVV*CI3TM3
DSPGWS : DSPGW*CINTMM
TCC : (DCO(l)-DCI(I))/2.E0
TCCSI : TCC*CINTMM
CDGSI = CDG*CINTtM/l.E3
CRDTSI : CRDT*CINTMM1I.E3
TSINTK : TK(TSINT)

IF (ICM.EQ.2) WRITE (6,240)
IF (ICM.EQ.4) WRITE (6,250)
IF (IUARDM..EQ.0) WRITE (6,260)
IF (IURRD!.EQ.0) WRITE (6,270)
IF (IUARDM.EQ.0) WRITE (6,280)
WRITE (6,400) SIRUFC,RUFCML
IF (IUARDM.EQ.0) WRITE (6,290)
IF (IVARDM.EQ.0) WRITE (6,300)
WRITE (6,310) HPLTSI,HPLT
WRITE (6,350) HDISHS HDISH
WRITE (6,360) SHDSi bISHSD
WRITE (6,370) RDISH ,RDISH
WRITE (6,380) RCSI,RC
WRITE (6,410) TSINTKTSINT
WRITE (6,340) DEN
WRITE (6,420) CFUSICFV
WRITE (6,390) SIRUFF,RUFFML
WRITE (6,320) TOTLSI,TOTL
WRITE (6,430) I+ECDH
WRITE (6,330) ENRCH
WRITE (6,500) SGAPF
WRITE (6,510) PPHH2O
WRITE (6.520) PPMN2
WRITE (6,440) CPLSICPL
WRITE (6,450) DSPGSI,DSPG
WRITE (6.460) DSPGWS,DSPGW

DCOSI,DCO( I)
DCISI,DCI(I)
TCC5I,TCC

CDGSICDG
DPSI,)P(I)

PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRTI
PRTI
PRT I
PRTI
PRTI
0RTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRI
PRTI
PRTI
PRTI
PRT I
PRTI

C

295

300

305

310

315

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

!I f

101
102
103
104
105
106
!07
106
109
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WRITE (6,470) VSSSI,VSS PRTI 110
320 WRITE (6,480) CPVSI,CPV PRT: i1

WRITE (6,490) VS PRTI 112
WRITE (6,550) CVVSI ClV PRTI 113
WRITE (6,560) FGPAVS,FGPAV PRTI 114
IF (IDXGAS.EQ.1) WRITE (6,570) PRTI 115

325 IF (IDXGAS.EQ.2) WRITE (6,580) PRTI 116
IF (IDXGAS.EQ.3) WRITE (6,590) PRTI 117
IF (IDXGAS.EQ.4) WRITE (6,600) PRTI 118
IF (IDXGAS.EQ.5) WRITE (6,610) PRTI 119
IF ':IDXGAS.EQ.6) WRITE (6,620) PRTI 120

330 IF (CRDT.GT.0.E0) WRITE (6,630) CRDTSI,CRDT PRTI 121
IF (BUIN(I).GT.O.EO.AND.IVARDM.EQ.0) WRITE (6,540) BUINSI,BUINii) PRTI 122
IF (IVARDM.EQ.0) WRITE (6,530) DESI,DE(I) PRTI 123

C PRTI 124
C PRTI 125

335 IF (IIARDM.EQ.0) 60 TO 160 PRTI 126
C PRTI 127

WRITE (6,640) PRTI 128
C PRTI 129

DO 150 I:2,NA PRTI 130
340 II : I-I PRTI 13;

C PRTI 132
BUINSI : BUIN(I)*CMDTMS PRTI 133
DESI : DE(I)*CINTMt PRTI 134
DCOSI : DCO(I)*CINTMM PRTI 135

345 DCISI : DCI(;)*CINTMM PRTI 136
DPSI : DP(I)*CINTM PRTI 137
GP : DCI(I;-DP(I) P'TI 138
GPSI : GP*CINTMM PTI 139
GPMIL : GP*I.E3 PRTI 140

31 WRITE (6 650) II,DESI DE(I.',DCOSI,DCO(I),DCISI,DCI(I),GPSI,GP1 PRTI 141
+5 LDPSItP(I),BUINS, UIN(I) PRTI 142

150 CONTINUE PRTI 143
160 CONTINUE PRTI 144

355 CALL PGHEAD (CODEID,tMODLOP, TI TLE) PRTI 146
C PRTI 1117

WRITE (6,660) PRTI 148
C PRTI 149
C PRTI ISO

360 IMPI : IM+I PRTI 151
DO 170 I:2,IMPI PRTI 152
II : I-1 PRTI 153

C PRTI 154
IF (I.EQ.52) CALL PGhEAD (CODEID,MODLOP,TITLE) PRTI 155

365 IF (I.EQ.52) WRITE (6,660) PRTI 156
C PRTI 157
C PRTI 158

G051 : GO(II)/CKSTPH PRTI 159
TWSI : TK(TW(II)) PRTI 160

370 POWSI : QMPY(II)/CFTTOM PRTI 161
P25I : P2(II)*CPSTMP PRTI 162
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TIMEHR : TIME(II)*CHRTDA PRTI 163
C PRTI 164

WRITE (6,670) IITIMEHR,TIME(II),POWSI,QMPY(II),P2SI,P2(II),TW PRTI 165
375 + SI,TW(II),GOSI,G6(II) PRTI 166

C PRTI 167
C PRTI 168
170 CONTINUE PRTI 169
C PRTI 170

380 IF (IMSWCH.EQ.0) GO TO 180 PRTI 171
C PRTI 172

CALL PGHEAD (CODEID,MODLOP,TITLE) PRTI 173
C PRTI 174

WRITE (6,680) PRTI 175
385 WRITE (6,690) IMPOWR,IMFUEL,IMDENS,IMRELO,IMCLAD,IMGAPC,1M934C,IME PRTI 176

+NRG, IMFGAS PRTI 177
C PRTI 178
180 CONTINUE PRTI 179
C PRTI 180

390 IF (IMPOWR.EQ.I) WRITE (6,700) PRTI 181
C PRTI 182

IF (INFUEL.EQ.I) WRITE (6,710) PRTI 183
C PRTI 184

IF (IMDENS.EQ.I) WRITE (6,720) PRTI 185
395 C PRTI 186

IF (IMRELO.EQ.1) WRITE (6,730) PRTI 187
C PRTI 188

IF (IMCLAD.EQ.I) WRITE (6,740) PRTI 189
C PRTI 190

400 IF (IMGAPC.EQ.I) WRITE (6,750) PRTI 191
C PRTI 192

IF (IM93WC.EQ.1) WRITE (6,760) PRTI 193
C PRTI 194

WRITE (6,770) TREF PRTI 195
405 C PRTI 196

IF (IMFGAS.EQ.1) WRITE (6,780) PRTI 197
C PRTI 198
C PRTI 199

RETUR PRTI 200
410 C PRTI 201

190 FORMAT (10X,12IHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX PRTI 202
+XXXXXXXXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX PRTI 203
+XXXXX) PRTI 204

200 FORMAT (4X,6H******,Z'HPWR SYSTEM U-235 RODS) PRTI 205
415 210 FORMAT (4X,6Hg****g,2 HBWR SYSTEM U-235 RODS) PRTI 206

220 FORMAT (4X,6H******,19'BPWR SYSTEM PU RODS,2X,7HCOMP : ,F7.4) PRTI 207
230 FORMAT (4X,6H****** 19HBWR SYSTEM PU RODS,2X 7HCOMP : ,F7.4) PRTI 208
240 FORMAT (4X,40H CLADDING MATERIAL IS ZIRCALOY-i ) PRTI 209
250 FORMAT (4X,40H CLADDING MATERIAL IS ZIRCALOY-4 ) PRTI 210

420 260 FORMAT (IH ,3X,47H CLADDING OUTSIDE DIAMETER, CM(IN.) , PRTI 211
+2X,IPE8.2,IH(,IPE8.2,IH)) PRTI 212

270 FORMAT (IH ,3X,47H CLADDING INSIDE DIAMETER, CM(IN.) , PRTI 213
+2X,IPE8.2,IH(,IPE8.2,IH)) PRTI 214

280 FORMAT (IH ,3X,47H CLADDING THICKNESS, MM(IN.) , PRTI 215
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425

430

435

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

510

520

530

540

+2X,IPE8.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,47H DIAMETRAL GAP THICKNESS,
+2X IPE8.2,IH(,IPE8.2,IH))
FORMAT (IN ,3X,47H FUEL PELLET DIAMETER,

+2X IPE8.2,IH(,IPE8.2,IH))
FO MAT (IN ,3X,47H FUEL PELLET LENGTH,
+2X,IPE8.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,47H FUEL STACK HEIGHT,
+2X IPE8.2,IH(,IPE8.2,IH))

FORMAt (IH ,3X,49H FUEL ENRICHMENT,
+ ,IPE8.2)
FORMAT (IH ,3X.47H FUEL PELLET TRUE DENSITY,

+2X, IPE8.2)
FORMAT (IH ,3X,47H FUEL PELLET DISH DEPTH,

+2X IPE8.2,IH(,IPE8.2,IH))
FORMAT (IN .3X,47H FUEL PELLET DISH SHOULDER WIDTH,

+2X IPE8.2,IH(,IPE8.2,IH))
FOANAT (IN ,3X,47H FUEL PELLET DISH SPERICAL RADIUS,

+2X IPE8.2, IH(,IPE8.2,IK))
F6 (AT IH ,3X,47H FUEL PELLET CORE RADIUS,
+2X IPE8.2,IH(,IPE8.2,IH))

FORMAT (IH ,3X,47H FUEL ARITHMETIC MEAN ROUGHNESS,
+2X IPE8.2,IH(,IPE8.2,IH))

FOMAT (IH ,3X,47H CLAD ARITHMETIC MEAN ROUGHNESS,
+2X IPES.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,47H FUEL PELLET SINTERING TEMPERATURE,

+2X,IPE8.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,47 FUEL VOLUME,

+2X,IPE8.2,IH(,IPE8.2,IH))
FORMAT (iN ,3X,47H FUEL DISH VOLUME FRACTION,

+2X IPE8.2)
FORMAT (IH ,3X,47H PLENUM LENGTH,

+2X IPE8.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,4'N PLENUM SPRING DIAMETER,

+2X,IPE8.2,IH(,iPi:8.2,I H)
FORMAT (IH ,3X, 4''H PLENUM SPRING WIRE DIAMETER,

+2X IPE8.2,IH(,IPt8.2,IN))
F6 "T (IH ,3X,47H PLENUM SPRING VOLUME,

+2X IPE8.2,IH(,IPE8.2,IH))
FORMAT (IH ,3X,47H PLENUM VOLUME,

+2X IPE6.2,IH(,IPE8.2,IH))
FORMAT (IN ,3X,47H PLENUM SPRING TURNS,

+2X,IPE8.2)
FORMAT (IN ,3X,47H FUEL FISSION ATOMS/100 FISSIONS,
+2X,IPE8.2)
FORMAT (IH ,3X,47H FUEL WATER CONCENTRATION,
+2X,IPE8.2)
FORMAT (IN ,3X,'47H FUEL NITROGEN CONCENTRATION,
.2X,IPE8.2)

FORMAT (IN ,3X, 47H CHANNEL EQUIVALENT DIAMETER,
+2X IPES.2,IN(,IPE8.2, IN))
FORMAT iH ,3X,47H INITIAL BURNUP, MS/KuU(MWD/MTU)
+2X. PE8.2,I~i,IPE8.2, IN))

445

450

MM(MILS)

CM(IN.)

CMlIN.) ,

M(FT.)

WEIGHT PCT

PERCENT

MM(IN.)

MM(IN.)

CM(IN.)

MM(IN.)

MM(MILS)

MM(MILS)

,;%(F) ,

CU.M(CU.IN.),

,

CM(IN.) ,

CMIN.)

MM( IN. )

CU.M(CU.IN.),

CU.M(CU.IN.),

,

PPM ,

PPM,

CMIN.)

455

460

PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRT I
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRT I
PRTI
PRT I
PRTI
PRTI
PRT0
PRTE
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI
PRTI

216
217
218
219
220
221
222
223
224
225
226
227
228
229
a30
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268

4 70

4 75
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550 FORMAT (IH ,3X,47H ROD TOTAL VOID VOLUME, CU.M(CU.IN.), PRTI 269
+2X IPE8.2,IN(,IPE8.2 IN)) PRTI 270

480 560 FOAAT (IH ,3X,47H RD INTERNAL PRESSUREMPA(PSIA) , PRTI 271
+2XIPE8.2.IH(,IPE8.2,IN)) PRTI 272

570 FORMAT (IH+,16X,124 HELIUM ) PRTI 273
580 FORMAT (IH+,16X,12H AIR ) PRTI 274
590 FORMAT (IH+,16X,12H NITROGEN ) PRTI 275

485 600 FORMAT (IH+,16X,12H FISSION GAS) PRTI 276
610 FORMAT (IH+,16X,12H ARGON ) PRTI 277
620 FORMAT (IH+,16X,12H MIXED GAS ) PRTI 278
630 FORMAT (IH ,3X,47H ROD CRUD THICKNESS, MM(MILS) , PRTI 279

+2X IPE8.2,IN( IPE8.2,IH)) PRTI 280
490 640 FOAMAT (/,8X,lH AXIAL 3X,13H EQUIV. DIAM.,7X IOH CLAD O.D.,9X,IOH PRTI 281

+CLAD I.D. 8X,IOH GAP(DIAM),8X,ICAl FUEL 0.6., X15H INITIAL BURNUP, PRTI 282
+/,8X,SH NbDE,4X,5H (MM),3X,5H (IN),5X,5H (MM),3X,5H (IN),6X,5H (MM PRTI 283
+),3X,SH (IN),5X,5H (MM),3X,6H(MILS),4X, H (MM),3X.5H (IN),3X,7H MW PRTI 284
+S/KG 3X,8H MWDiMTU,/) PRTI 285

495 650 FO T (IOX,12 5X 3(F6.2,2XF6.4,4X)F6.3,2X,F6.2,4XF6.2,2XF6.4,3 PRTI 286
+XIPE9.3,2X,iPE9.3' PRTI 287

660 FORMAT /4X,IIH POER-TIME,7X,5H TIME 16X 6H POWER, lOX 17H COOLAN PRTI 288
+T PRESSUR,3X,20H COOLANT INLET TEMP.,6X, 16H COOLANT MASS FLUX /,7 PRTI 289
+X,SH STEP 4X,6H (HRS),4X,7H (DAYS),5X,7H (KW/M),2X,8N (KW/FT), X,6 PRTI 290

500 +H (MPA) 2X,7H (PSIA),7X,4H (K),5X,4H (F),5X,12H (KG/S-M**2),2XA3H PRTI 291
+ (LBMiNA-FT2),/) PRTI 292

670 FORMAT (IH ,6X 13.5XF8.I,3X F7.2,5XF7.2,3XF6.2,6X,F6.2,3XF6.0, PRTI 293
+6X F6.0,3X,F6., 7X,F7.0,5XF4.0) PRTI 294

6e" FOMAT (// 30X,4 H THE USER HAS SPECIFIED THAT THE FOLLOWING SET,/ PRTI 295
505 +,30X 41HOF EVALUATION MODELS WILL BE USED IN THE,/,30X,45H ANALYS PRTI 296

+IS O THIS FUEL ROD , : 0 I15OFF , : I,8H IS ON. ,//) PRTI 297
690 FORMAT (IH ,54X,IOH IMPO4R :"I,/,,55X,IOH IMFUEL : ,Il,,,55X,10 PRTI 298

+H INDENS : IIt,,55XIOH IMRtLO : ,il,,,55X,IOH IMCLAD : ,II,/,, PRTI 299
+55XIOH IMGAPC : II/,,55X,I0H IM93IC : ,Il,/,,55X, IOH IMENRG = , PRTI 300

510 +11 /,,55XIOH IMF6AS : ,11) PRTI 301
700 FOAMA T ( IN /, IIX.'*2H THE INPUT POI4ER IS ASSUttEt TO BE BASED 01,437 PR TI 302

+H CONTINUOUS OPERATION AT MAXIMUM COREI38 POWER WITH MAXIMUM PEAK PRTI 303
+ING FACTOR AND,/,IIX 42H APPROPRIATE UNCERTAINTIES CONSIDERED. NO PRTI 304
+,40H CREDIT IS ASSUMED FOR GAMMA HEATING AND,16H GAMMA SMEARING./) PRTI 305

515 710 FORMAT (IN l0X,39H FUEL DEMENSIONAL CHANGES CONSIDER FUEL.44HW 5E PRTI 306
+LLING, DENSIFICATION THERMAL EXPANSION,,35H AND RELOCATION. FUEL PRTI 307
+15 CONSIDERED,/,lIX,39H INCOMPRESSIBLE FOR MECHANICAL RESPONSE,14H PRT 308
+ CALCULATIONS./) PR7I 309

720 FORMAT (IN IOX,40H THE FUEL DENSIFICATION IS CALCULATED AS,37H SP PR'1 310
520 +ECIFIED IN &EGULATORY GUIDE 1.126./) PP1I 311

730 FORMAT (IH ,IOX,37H THE FUEL RELOCATION IS CALCULATED AS,25H SPECI PTI 312
+FIED IN BNWL-1898. /) PRTI 313

740 FORMAT (IN lOX, 43H CLADDING DIMENSIONAL CHANGES CONSIDER ONLY, 43H PRTI 314
+ THERMAL EXPANSION AND ELASTIC DEFORMATION. /) PRTI 315

525 750 FORMAT N(I ,OX,44H GAP CONDUCTANCE IS BASE ON UNIFORM ANNULAR,35 PRTI 316
+H GAP MODEL WITH NO CREDIT GIVEN FOR,22H INTERFACIAL PRESSURE./) PRTI 317

760 FORMAT (IN IOX,37H THE THERMAL CONDUCTIVITY OF THE FUEL,38H IS EA PRTI 318
+SED 0 TEMPERATURE AND UNCRACKEDISH LOCAL DENSITY./) PRT! 319

770 FORMAT (IN ,IOX,35H THE STORED ENERGY IS NORMALIZED TO,F7.2,ION DE PRTI 320
530 +GREES Fi, PRTI 321
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780 FORMAT (IH ,10X,38H THE FISSION GAS RELEASE CONFORMS IITH,12H NURE PRTI
+G-0418.) PRTI
END PRTI

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PRINTI

VARIABLES
0 A
0 AAA
0 RAHA

24 AAN
0 ACOR
I AFAL
2 AFCR
3 AFDN
4 AFGR
5 AFSW
6 AFTC
7 AGPC

25 AIRIN
10 AtFAIR
II ANFARG
12 AFFG
13 AHFHE
14 AtFH2
15 A#FH2O
16 A9FKRY
17 AKFN2
20 A9FXE
26 AHGP
30 A#GPH
32 AHGR
34 ANGRH
36 A#GRN2
40 AIDT
41 ANGI
42 ANGT

2555 ANRIN
43 AN2IN
44 ARGIN
45 ARING
46 AVGQI
56 B
64 BP
65 BPP
66 BR

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
409

RELOCATION
ARRAY FAST
ARRAY REALS
ARRAY MATCNS

REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR

ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS

REALS
REALS
REALS
INPTR
REALS
REALS
REALS

ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS

322
323
324

226REF3
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
!SFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

9
110
202
110
156
156
156
156
156
156
156
156
110
156
156
156
156
156
156
156
156
156
110
110
110
110
1I0
110
110
110
156
110
110
110
110
110
110
110
110
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VARIABLES

21 BUIN
2353 BUINSI

75 BOLD
10 BUP
47 CATEXF
76 CDG

2376 CDGSI
606 CFTTON
77 CFV

100 CFVA
2366 CFVSI

3 CHEFS
601 CHRTDA
602 CINTCH

600 CINTI*I

605
2345

607
50

2556
609
603
101
102
606

11
121
122

2557
51

2370
604
134

2372
2560

52
53

2377
135

2554
136
54
2
4
5
6

37
2373
604*

CINTOM
CI3TM3
CKSTPH
CLDWKD
CLDWKS
CLOS
CMDTMS
CMOL
CODE ID

COIP
CONVC
COVER
CP
CPL
CPLSI
CPSTMP
CPU
CPUS I
CR
CRDT
CRDTR
CRDTSI
CRDTT
CREPHR
CRN
CTMAX
CTMELT
CTRANB
CTRANE
CTRANZ
Cu')
CUUS I
CIIHC

SN TYPE
REAL
REAL
REAL
;ZEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATE ION
REALS

ARRAY INPTR

REALS
PHYPRO
INPTR
REALS

REALS
REALS

PHYPRO

ARRAY

ARRAY

ARRAY

INPTR
I NPTR
REALS

REALS
REALS
REALS
PHYPRO
REALS
REALS
INPTR
INPTR

REALS

I NPTR
INPTR
INPTR

REALS
INPTR
REALS
INPTR
PHYPRO
PHYPRO
PHYPRO
PHYPRO
REALS

REALS

2*331
DEFINED

342
269

350
342

299
289

DEFINED
308

280

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
DEFS
283
REPS
289

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REPS
REPS

110
156
331
110
209
156
110
299
276
110
110
308
209
372
270

DEFINED
266
290
242
263
280
368
156
156
134*
269
110
110
134
209
110
110
156
156
316
274
110
320
156
156
156
330
110
156
110
156
209
209
209
209
110
322
131*

269
350

2 9
DEFINED

370
280

DEF I NED

DEFINED
271
242
267
34*3

DEFINED
281

DEFINED

282

288

242
272

268

277

286

348

263

273

278

345

285

243

364

275

279

3E6

DEFINED

DEFINED

355 382247

259

282
DEFINED

371
284

DEFINED

290
251

DEF I NED

205
DEF IIED

261

316
282

DEFINED
320
284

2*330

290

322
285
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VARIABLES
605 CWNF
102 DCI
140 DCIH
141 DCIHP

2355 DCISI
130 DCO

2354 DCOSI
156 DE
142 DELBP
143 DELBU
144 DELH
12 DELOXY

145 DELTA
204 DELTAZ
146 DELTCR
147 DELTDB
ISO DELTFC
151 DELTJL
232 DEN
233 DENG

2357 DESI
152 DHIC
607 DISH
234 DISHSD
15. " ̂ "L
154 JD
155 a.i C
235 DP
207 DPH
210 DPHF
21t DPHFP

2356 DPSI
212 DPWP
213 DRS
263 DSPG

2371 DSPGSI
264 DSPGW4

2374 DSPGWS
0 DVHPRS
0 ECREP2
I EtILAG

265 ENRCH
214 ENRICH
215 EOLSR
0 EPP2
0 EPSO
0 EPS02
0 EP522
0 EP2

266 EXO
267 FA
216 FC
7 FDELTA

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS

ARRAY INPTR
REALS
REALS

ARRAY INPTR

ARRAY INPTR
REALS
REALS
REALS
PHYPRO
REALS

ARRAY INPTR
REALS
REALS
REALS
REALS
INPTR
INPTR

REALS
REALS
INPTR
REALS
REALS

ARRAY REALS
ARRAY INPTR

REALS
REALS
REALS

REALS
REALS
INPTR

INPTR

ARRAY F.P.
ARRAY F.P.
ARRAY LACMDL

INPTR
REALS
REALS

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

INPTR
INPTR

ARRAY REALS
PHYPRO

271

350
270
350
273

287

DEFINED
287

DEFINED
332

296

271
295
270
343

345

345
344
344
350

350

350

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF=
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

134
156
110
110
296
156
295
156
110
110
110
209
I10
156
110
I10
I$0
110
156
156
332
110
1314
156
110
110
110
156
110
110
110
300
110
110
156
317
156
318
231
231
205
156
110
110
231
231
231
231
231
156
156
110
209

307

343DEFINED

303

300

DEFINED

273

346

272

347 350

350

268

272

350

283
DEFINED

286
DEFINED
DEFINED
DEFINED

312

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

346

317
283
318
286

1
1
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VARIABLES
217 FGIN
270 FGPAV
220 FGPAVP

2360 FGPAVS
221 FGPAVX

I FHEFUS
222 FH2O
223 FJJ
225 FJJH
271 FLUX
272 FLXDP
227 FMGP
602 FNCK
603 FNCN
2552 FOTMTL
231 FPOR
232 FPORI
273 FOE
233 FRD
?34 FRDH
235 FRDN
0 FTHELT
0 FUFRO

236 G
0 GAP2

237 GASES
246 GASIN
247 GDEN
274 GO

2407 GOS1
2403 GP
2405 GPtIIL
2404 GPSI
250 GPTH
302 GPTHE
334 GPTHI
335 GPTHP
336 GPTHPG
370 GR
441 GRNSIZ
371 HCRV
372 HCV
442 HDISH

2364 HDISHS
373 HDSHV
374 HEIN
375 HFLL
376 HFLHDB
377 HFLHP
400 HFPER
401 HFV
410 HtiAP
412 HGAPR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
INPTR
REALS

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

REALS
PHYPRO
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
REALS
I NPTR
REALS
REALS
INPTR
REALS
REALS
REALS
PHYPRO
F.P.

REALS
F.P.

REALS
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

274 323

DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

110
156
110
323
121
209
121
II
121
156
156
121
134
134
156
121
121
156
121
121
121
209
231
121
231
121
121
121
156
374
348
350
350
121
121
121
121
121
121
156
121
121
156
302
121
121
121
121
121
121
121
121
121

I

374
368

DEFINED
349
348

DEFINED

DEFINED

368
DEFINED

349
DEFINED
DEFINED

278
DEFINED

347

302
278
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VARIABLES
402 HGAPT
403 HGV
404 HI
405 HMGP
407 HP
413 HPL
443 HPLT

2361 HPLTSI
414 HPORV
415 HPV
411 HSOLID
416 HUPTAK
417 H20MI

2401 I

275
270
302

24
0

2
271
272
3
0

303
2402

4
4
2

23
7

10

5
0

2406
3

11
6
5

3014
273
6
0

264

265
305
30C
7

IAXSYM
I CFAC
ICFCSV
ICLOSE
ICH
I COR
I DBG
IDG
IDGSA)
IDXGAS
IGAP2
IHLDN
II

IM
INCLAD
INDENS
IMDONE
IMENRG
IMFGAS
I FUEL
IMGAPC
IMPOWR
IMPI
IPRELO
ISlICH
IM93NC
I PLANT
IPLSTC
IPRG
IQ
IQUIT
IRDOT
IRI
ISAVGS
ISTRNN
ISTRSS
15I1

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
REALS
REALS
REALS

ARRAY REALS
REALS
REALS
INPTR

ARRAY

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REALS
REALS
REALS
REALS
REALS

INPTI
PO NT
POINT
INTEG
INPTI
INPTI
INPTI
POINT
POINT
INPTI
F.P.

POINT

INPT I
EMFLGS
EMFLGS
INTEG
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS

EMFLGS
EMFLGS
EMFLGS
INPTI
POINT
POINT
INPTI
INTEG
POINT
INTEG
POINT
POINT
POINT
INPTI

301
275

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
5*350
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS.
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

121
121
121
121
121
121
156
301
121
121
121
121
121
340
362
175
102
102
148
175
175
175
102
102
175
231
102
350
340
175
189
189
148
189
189
189
189
189
36!
189
189
189
175
102
102
175
148
97

148
97
102
102
175

345
339

346
361

294

343
365

275
DEFINED

342
364

293
251

324
DEFINED

368
362
360
385
305

385
385
385
385
385

DEFINED
385
380
385
253

344
DEFINED

326

370

327

371

328

372

325
1

369

398
394

406
392
400
390
360
396

402
254

6*374
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VARIABLES
2 IT

300 ITCL
277 ITEMP
3 ITER

301 ITFS
276 ITRAMP
300 ITREST
276 IVARDM

274
275
302
267

4
10
5

11
6

21
7

10
II

420
216
215
216
217
220
215
152
153
221
125
120
253
256

14
10
II

21G
211
212
12
13

172
173
213

15
2

154
Il
0

261

IUFC
IVFF
IlORDS
IX
J
JDLPR
JJC
JN
JPEAK
JST
K
KINDOR
KOXI
KRYIN
LACE
LACMFG
LACMHE
LACMt2
LACMN2
LACHOD

LAK2
LAIGPT
LANG
LANGR
LANSD
LANSR
LARAD
LAXGAP
LAXLEN
LB
LBR
LBTOLD
LBU I
LBU2
LCCI
LCC2
LCHEM
LCPDLT
LCREPI
LCRL
LDCHLK
LDCI 
LDECAY

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

ARRAY

RELOCATION
INTEG
POINT
POINT
INTEG
POINT
POINT
INPTI
INPTI

POINT
POINT
INPTI
POINT
INTEG
INPTI
INTEG
INPTI
INTEG
INPTI
INTEG
INTEG
INTEG
REALS
INPTI
POINT
POINT
POINT
POINT
INPTI
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

?95 297 299 300 331

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
332

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

148
102
102
148
102
102
175
175
335
102
102
175
97
148
175
148
175
148
175
148
148
148
7

175
81
81
81
81
175
52
52
81
38
38
91
91
19
19
19
71
71
71
19
19
64
64
71
19
19
52
19
19

91

121
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VRRIADLES
16 LDELIP
17 LDENHX

174 LDENSF
175 LDENSP

3 LDLH
20 LDLPGE

155 LDPI
156 LDPLH
157 LDPN
176 LDPW4
1?7 LDPWPP
260 LDT
21 LDZ
22 LDZH
23 DZHP
24 LECREP
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS
133 LEPSAV
151 LEPSI
100 LEPI
167 LF
134 LFEPS
257 LFF
121 LFGIGP
170 LFH
110 LFLAG
254 LFLXFC
160 LFtA
161 LFKGPR
122 LFKGR
171 LFN
26 LGAP
222 LGAStO
200 LGNSIZ2
27 LGPTP

'I LlA
262 LH...F
30 LHCOEF
123 LHEHGP
101 LHGAPS
Il LIGPC
115 LHGPR
116 LGPS
5 L11

223 LHIGPT
124 LHNGR
162 LHRL
103 LUGAP

5N TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

19
19
64
64
19
19
52
52
52
64
64
91
19
19
19
19
19
44
44
44
44
44
44
44
19
59
44
91
38
59
19
91
52
52
38
59
19
81
64
19
19

91
19
38
19
19
19
19
19
81
38
52
19

10/21160 14.29.35 PAGE 17SUBROUTINE PRINTI



76i76 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
12 LNN

106 LNFAIL
146 LNUDEP
31 LOLAXG
32 LOLDPC
33 LOLDPG
34 LOLDTC
35 LOLDUR
36 LOLEPS
37 LOLFEP
$G4 LOLIGP
40 LPgXGP
41 LPC
42 LPECRP
43 LPEP

13 LPEPSV
255 LPF
136 LPFPSV
44 LPG
45 LPINT

224 LPIT
46 LPLDPC
47 LPLDPG
50 LPLDTC
51 LPLDUR

107 LPLIGP
52 LPOAXG
53 LPOFEP
54 LPOLEP
6 LPOROS

201 LPORSI
202 LPORS2
225 LPQT IO
226 LPRTIt
227 LPRTi2
230 LPRTI?
231 LPRT141
232 LPRTIS
233 LPRTI6
234 LPRTI7
235 LPRTI8
236 LPRT2
237 LPRT20
240 LPRT3
241 LPRT4
242 LPRTS
243 LPRT6
244 LPRT7
24 LPRTG
246 LPRT9
214 LQ
105 LQDP
206 LR

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
tNTECER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTE( R
I NTErcA
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
INTEG
PO:NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
PeINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

148

19

19
19
19
19
19
19
19
19
19
919
19
19
81
19
19
19
19
19
19
19
19
19

819
81

89
19

8:

8s
81
81
81

at

81

at

81
89
91
81
81
81

76

19
61

6'1
81
81
85
81
76
19

81
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
207 LRAD
55 LRDCOL
137 LREPS
141 LREPSP
140 LREPSV
126 LREPS2
143 LRFEPP
142 LRFEPS
144 LRFPSV
263 LRLEAS
113 LRTRNO
112 LRTRNP
145 LSIG
150 LSIGI
266 LSTHIF
247 LTAC
56 LTAF

250 LTAFA
57 LTAG

251 LTAGA
60 LTBAR
61 LTBLK
62 LTCA
63 LTCIDI
64 LTCODI
163 LTFB
164 LTFR
165 LTFRK
203 LTMPDS
205 LTMPMX
117 LTOXO
65 LTPS
102 LTRTRN
252 LTSF
7 LUFS

204 LU02LL
I LURC

66 LURF
67 LVCH
70 LUCHI
71 LVCR
72 LVDH
73 LVFH
74 LAUGH
166 LVPL
75 LVPOR
76 LZR02A
77 LZR028
'3 II
0 MAXIDX

166 MDBG
15 IMDHPRS

271 MECHAN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
INTEG
LACMDL
INPTI
PFRC52
INPTI

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

64
19
44
44
44
38
44
44
44
91
19
19
44
44
97
81
19

e1
19

81
19
19
19
19
19
52
52
52
64
64
19
19
19
81
19
64
19
19
19
19
19
19
19
19
52
19
19
19

140
205
175
195
175
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76/176 OPT:0 TRACE STATIC

VARIABLES
20 MEPP2
24 MEPS0
22 MEPS02
17 MEPS22
11 MEP2
10 MEREP2
14 MFVFRO
2 MGAP2
3 MIGAP2
0 MNA
0 MNR

170 MODE
171 MODES

14 MODLOP
I MODPC2
0 MODPG2
4 MOIGP2
13 MOLDT2
23 MPEPP2
6 MPEPS2
16 MPEP2
5 MREPS2
12 MR22
21 MSIG2
172 TAPE
7 MTTT

266 NA
15 NAB

233 NAFAIL
27 NC
272 NCRACK
274 NCREEP
173 NDBG
273 NELAST
270 NEb4PRD
26 NF
174 NFROD
175 NGAPC
176 NGASR
167 NHEAL.
234 NNFAIL
25 NNNCRP

177 NOFAIL
277 NOFRAC
200 NOPT
201 NPCYCL
16 NPLAST

263 NPLOT
202 NPLTAB
304 NPRINT
267 NR
203 NREAD
204 NRESTR

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFRCS2
PFRC52
PFRCS2
PFRC52
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2

F.P.
F.P.
INPTI
INPTI
INTEG
PFRCS2
PFRC 52
PFRCS2
PFRC52
PFRCS2
PFRCS2
PFRC52
PFRCS2
PFRC52
PFRCS2
INPTI
PFRCS2
INPTI
INTEG
INPTI
INTEG
INPTI
INPTI
INPTI
INPT I
INPTI
IMTEG
INPTI
INPTI
INPTI
INPTI

ARRAY INPTI
PFRCS2
INPTI
INPTI
INPTI
INPTI
INTEG
INPTI
INPTI
INPTI
INPTI
IMPTI
INPTI

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF'S
REFS
REFS
REFS
REFS
REFS
REFS
REFS

195
195
195
195
195
195
195
195
195

21*231
14x231

175
175
148
195
195
195
195
195
195
195
195
195
195
175
195
175
148
175
148
175
175
175
175
175
148
175
175
175
175
175
195
175
175
175
175
148
175
175
175
175
175
175

364

DEFINED
DEFINED

247

339

382

i
i

355
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
17 NRMI

265 NROD
205 NROLL
25 NSH
206 NSP
207 NSTART
20 NSTEP

210 NSTOP
211 NT
212 NTAPE
264 NTPLOT
421 NU
213 NUCFC
214 NUNITS
33! NORDS
363 NWRDS
21 NWRITE
262 NXP
22 N2
0 OLDPC2
0 OLDPG2
0 0LDT2
0 OLIGP2

422 OXDROP
423 OXIDE
424 PECDH
0 PEPP2
0 PEP2

425 PI
426 PIN
460 PINP
461 PORO

241 I POWSI
444 PPMH20
445 PPMN2
462 PR
0 PREPS2

463 PRESS
46k PRTY
465 PRTI9
446 P2

2412 P251
473 4AV
466 QC
613 BEND
623 OF
1333 QMPY
467 OP
474 PEAK
470 QSP
1500 RAPON
2344 RATE
:313 RC

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
RENL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INTEG
INPT I
INPTI
INTEG
INPT I
INPTI
INTEG
INPTI
INPTI
INPTI
INPTI
REALS
INPTI
INPTI
INPTI
INPTI
ItTEG
INPTI
INTEG

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

REALS
REALS
REALS

ARRAY F.P.
ARRAY F.P.

REALS
ARRAY REALS

REALS
REALS

INPTR
INPTR
REALS

ARRAY F.P.
REALS
REALS
REALS

ARRAY INPTR

REALS
REAiLS

ARRAY INPTR
ARRAY INPTR
ARRAY INPTR

REALS
REALS
REALS

ARRAY INPTR

INPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
PEFS
REFS
REFS
REFS
%EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

148
175
175
148
175
175
148
175
175
175
175
7

175
175
i75
175
148
175
148
231
231
231
230
121
121
121
231
231
121
121
121
121
374
156
156
121
231
121
121
121
156
374
121
121
156
156
156
121
121
121
156
250
156

121

I

DEFINED I

DEFINED
DEFINED
DEFINED

231

311
DEFINED
DEFINED

DEF I NED
314
315

DEFINED

371
DEFINED

370

251
279

I

370

374
371

374

305

SUBROUTINE PRINTS 10i21/40 14.29.35 PAGE
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VARIABLES
471 RCI
472 RCO

2365 RCSI
1514 RDISH
2363 RDISHS

0 REPS2
475 RFNVFF
476 RHO
477 RHOF
500 RHOG
501 RHOU02
502 RMH
1515 ROUGHC
1516 ROUGH
503 RP

2551 RSNTR
504 RSTRAN
505 RSTRES
506 RTRAN
2347 RUFCML
2346 RUFFML

0 R22
1517 SGAPF
2352 SHDSI

0 5IG2
2350 SIRUFC
2351 SIRUFF
507 SKTC
510 SKTS
511 STRN
512 SUCK
513 SUMDH
514 SUMEXP
515 SUMGP
516 SUMPOR
517 SUtRG
520 SUMTF
521 T
E22 TCAC
1520 TCC
2375 TCCSI
523 TCI
524 TCO
525 TFBC
526 TFC
527 TFGFR
530 THEFR
531 TH2OFR
1521 TIME
2413 TIMEHR
532 TITLE
546 TM
547 TN2FR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS

INPTR

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
REALS
REALS
REALS
REALS
REAL
REALS
INPTR
INPTR
REALS
I NPTR
REALS
REALS
REALS

F.P.
INPTR

F.P.

REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR

REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR

REALS
REALS
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

RtFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

121
121
305
156
304
231
134
134
134
134
134
134
156
156
134
156
134
134
134
298
309
231
156
303
231
298
309
134
134
134
134
134
134
134
134
134
134
134
134
156
297
134
134
134
134
134
134
134
156
374
134
134
134

DEFINED
277

DEF I NED
DEFINED

265
264

279
304
277

266
267

265
264

268

266
267

DEFINED
DEFINED
DEFINED

313
DEFINED
DEFINED
DEFINED
DEFINED

288
DEFINED

372
DEFINED

247

297
288

374
372
355

DEFINED

364

'87

382
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
1666 TOTIL
2362 TOTLSI
550 TOXO
551 TP
552 TPA
553 TPAC
554 TPLEN
555 TRANST
2553 TREF
556 TSAT
1667 TSINT
2400 TSINTK
557 TT
0 TTT

1670 TM
2410 TWSI
560 TX
561 TXA
562 TXAL
563 TXC

2035 UBFS
2036 UMELT
2037 UOFD

0 VERS
564 VISC
565 VPLT
2040 VS
566 USS
2367 VSSSI
600 VX
567 W
570 MT
571 WTRAN

2041 X
572 XEIN
573 XK6
574 XK7
575 YY
576 Z
577 ZRO2WG

FILE NAMES
TAPE6

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INPTR

REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
INPTR

ARRAY
ARRAY

ARRAY

MODE
FMT

REALS
F.P.
INPTR

REALS
REALS
REALS
REALS
I NPTR
INPTR
INPTR
VER
REALS
REALS
INPTR
REALS

REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS

WRITES
296
305
314
323
332
392

EXTERNALS
PGHEAD

TYPE ARGS
3

REFERENCES
247 355 364 382

310
276

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFC
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

156
310
134
134
134
134
134
134
156
134
156
306
134
231
156
374
134
134
134
134
156
156
156
207
134
134
156
134
319
134
134
134
134
156
134
134
134
134
134
134

255
298
307
316
325
350
396

252
297
306
315
324
337
394

276
DEFINED

404

291
DEFINED

DEFINED
369

DEFINED

321
281

DEFINED

306
291

1
374
369

319
281

257
299
308
317
326
357
398

259
300
309
318
327
365
400

261
301
310
31
328
374
402

293
302
311
320
329
384
404

294
303
312
321
330
385
406

295
304
313
322
331
390
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

INLINE FUNCTIONS
TK

TYPE
REAL

ARGS
i SF

DEF LINE
246

REFERENCES
291

STATEMENT LABELS
35 100
1 110
45 120
51 130
54 140
0 150

437 160
0 170

531 180
1234 190 FMT
1252 200 FMT
1257 210 FMT
1264 220 FMT
1272 230 FMT
1300 240 FMT
1306 250 FMT
1314 260 FMT
1325 270 FMT
1336 280 FMT
1347 290 FMT
1360 300 FMT
1371 310 FMT
1402 320 FMT
1413 330 FMT
1423 340 FMT
1433 350 FMT
1444 360 FMT
1455 370 FMT
1466 380 FMT
1477 390 FMT
1510 400 FMT
1521 410 FMT
1532 420 FMT
1543 430 FMT
1553 440 FMT
1564 450 FMT
1575 460 FMT
1606 470 FMT
1617 480 FMT
1630 490 FMT
1640 500 FMT
1650 510 FMT
1660 520 FMT
1670 530 FMT
1701 540 FMT
1712 550 FMT
1723 560 FMT
1734 570 FMT
1740 580 FMT

DEF LINE
255
257
259
261
262
352
353
378
388
411
414
415
4!6
417
418
419
420
422
424
426
428
430
432
434
436
438
440
442
444
446
448
450
452
454
456
458
460
462
464
466
468
470
472
474
476
478
480
482
483

REFERENCES
254
254
254
254
254
339
335
361
380
252
255
257
259
261
293
294
295
296
297
299
300
301
310
312
307
302
303
304
305
309
298
306
308
31i
316
317
318
319
320
321'
3,3
314
315
332
331
322
323
32'
325

369

256 258 260
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
1744 590 FMT
1750 600 FMT
1754 6!0 FMT
1760 620 FMT
1764 630 FMT
1775 640 FMT
2026 650 FMT
2036 660 FMT
2067 670 FMT
2100 680 FMT
2122 690 FMT
2146 700 FMT
2200 710 FMT
2225 720 FMT
2240 730 FMT
2251 740 FMT
2265 750 FMT
2302 760 FMT
2316 770 FMT
2326 780 FMT

LOOPS
366
450

LABEL
X50
170

COMMON BLOCKS
FAST
POINT
REALS
INTEG
INPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LACMDL
VER
PHYPRO

DEF LINE
484
485
486
487
488
490
495
497
502
504
507
511
515
519
521
523
525
527
529
531

INDEX
I
I

LENGTH
I

199
392
24

1393
197

10
22
12
21

I
11

FROM-TO
339 352
361 378

REFERENCES
326
327
328
329
330
337
350
357
374
384
385
390
392
394
396
398
400
402
404
406

LENGTH
508
508

365

PROPERTIES
EXT REFS
EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM
LENGTH
USED

24148
43538

1292
2283
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SUBROUTINE PP;;iT rWa!PRS TTT EPS?2 EPP2 FVFRO,SIG2 REPS2,EP502,EP
+2,GAP2,R22,9 .CREP2,FREPS2,PEPP ,OLDT ,PEPc,OLDPG2,OLPC2,OLIGP2,IGA
+P2, EPSO, "NR, NA)

IMPLICIT REAL*8 (A-H,O-Z)

REAL NU , KRYIN

COMMON / FAST / P

THE Cr.1MON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIO4ED ARRAYS - IT : TIME , NA : AXIAL , NR : RADIAL

( NA ) - ARRAYS

4
4
+4

+
+
+

+
+
+
+
+
+
+
4

COMMON / POINT
LDCA

,LPOROS
,LARAD
,LDZ
,LGAP
,LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LVCH
,LVPOR
,LHGAPS
,LNFAIL
,LHGPC

/
,LURC
,LUFS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC
,LPOLEP
,LTCA
,LVCHI
,LZRO2A
,LTRTRN
,LPL!SP
,LHGPR

,LCREPI
,LAXGAP
,LDELBP
,LDZHP
,LHCOEF
,LOLDUR
,LPECRP
,LPLDPG
,LRDCOL
,LTCIDI
,LVCR
,LZR02B
,LIGAP
,LFLAG
,LHGPS

,LDLH
,LAXLEN
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCODI
,LVDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

,LHA
,LBUI
,LDLPGE
,LEP
,LOLDPC
,LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
,LVFH

,LQDP
,LRTRNP

,LHL
,LBU2

,LPOAXG
,LTBAR
,LURF
,LUGH

,LRTRNO

( HA X 2 ) - ARRAYS

COMMON / POINT /
LANGR
,LREPS2

,LFGMGP ,LFMGR ,LHEMGP ,LHMGR ,LANG

( NA X 3 ) - ARRAYS

COMMON / POINT /
LEPP

,LPEPSU
,LRFEPP
,LSIGI

( NR )

,LEPPP
,LPFPSV
,LRFPSV
,LEPSI

,LEPPSV
,LREPS
,LSIG

,LEPS
,LREPSV
,LNUDEP

,LEPSAU
,LREPSP
,LEPPI

,LFEPS
,LRFEPS

- ARRAYS

COMMON / POINT /
LAKI ,LAK2 ,LCRL ,LDPL ,LDPLH ,LDPN

5
C
C
C

C

C
C
C
C
C
C
C
C
C

10

I

I5

20

30

35 C
C
C

PRT2
PRT2
PRT2
PRT?
PRT2
PRTZ
PRT2
PRT2
PRT2
PRT2
REALCM
REALCM
REALCM
REALCM
REAICM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAICM
REALCM
REALCM
REALCM
REALCM
REALCM
REAICM
REAICM
REALCM
REALCsi
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAICM
REAICM
REALCM
REALCM
REAL CM

+4
+4

C
C
C

4

4
4
+4

50
C
C
C
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+
+

,LFMA
,LVPL

,LFMGPR ,LHRL. ,LTFB ,LTFR

(NR X 2 ) - ARRAYS

COhHON / POINT /
IF ,LFH ,LFN

( NR X NA ) - ARRAYS

+
+

COMMON / POINT /
LCCI
,LGNStl
,LR

,LCC2
,LPORS I
,LRAD

,LDENSF
,LPORS2

,LDENSP
,LTMPDS

,LDPI4
,LU02LL

( NA X 6) - ARRAYS

COMMON / POINT /
LID

( NA X 8 ) - h4AYS

COMMON / POINT /

( IT ) - ARRAYS

COMMON / POINT /

+
+
+

,LPRTI I
,LPRTI7
,LPRT5
,LTAFA

,LBR ,LBTOLD

,LAMGPT
,LPRT 12
,LPRTI8
,LPRT6
,LTAGA

LACMFG
,LGASMO
,LPRTI3
,LPRT2
,LPRT7
,LTSF

,LCHEM

,LACMHE
,LHMGPT
,LPRTI4
,LPRT20
,LPRT8

,LACMH2
,LPIT
,LPRTI5
,LPRT3
,LPRT9

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIME

COMMON / PO IT /
+ LANSD, LFLXFC,
+ LDECAY, HALF,

LPF
LRLEAS

LANSR, LFF, LDT,

BEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC ,IDG
+ ,ITRAMP ,ITEMP
+ .IHLDN .IPLSTC

LSTHIF,

,IDGSAV
,ITCL
,ISTRNN

IX

,IPRG
,ITFS
,ISTRSS

IVFC
,ICFCSV

,TUFF

55

60

C
C
C

C
C
C

,LTFRK REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

,LDPNPP REALCM
,LTMPMX REALCM

REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALC
REALCM

,LACMN2 REALCM
,LPRT10 REALCM
,L"RTI6 REALCM
,LPRT4 REALCM
,LTAC REALCM

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCH
REALCM
REACH
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REACH
REALPCM
REAL CM

65

70

75

CL
C
C

C
C
C

C
C
C80

85

C
C
C
C90

95

100

C
C
C

C
C
C

105
C
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COMMON / REALS /
4
+ ,ANGT
+ , BP
4 ,CFV
+ ,CPv
+ ,DCIHP
+ ,DELTCR
+ ,DLROD
+ ,DRS

COMMON / REALS /

,G
,GPTHM
,HDSHV
,HFU
,HGAP
,HPL
,NU
,PINP
,QC
,QAV

COMMON / REALS /

,5KTC
,SUMGP
,TCI
,TH20FR
,TPA
,TX
,55
,XK7
,FNLK
,DISH

COMMON / INTEG
+ IQUIT
+ ,JJC
+ ,LMN
+ ,NRMI
+ CLOSEE

COMMON / INPTR

,AMFAIR
, AWFH20

AAA(20) ,AAN
, AMGR(2) , AMGRH(2)
,AN2IN MARGINN
,BPP ,BR(6)
,CFVA ,CHOL
,CRDTT ,CRN
,DELBP ,DELBU
,DELTDB ,DELTFC
,DLTGC(26),DPH
,ENRICH ,EOLSR

FGPAVX
,FPOR
,GASE5(
,GPTHP
,HEIN
,HGAPT
,HSOLID
,HPORU
,OXDROP
,PORO
,op
PEAKK

RFNUFF
,RAH
,5KTS
,SUMPOR
,TCO
,TITLE(
,TPAC
,TXA
,N
,YY
,FNCN

/
,IRI
,JPEAK

,NSTEP
,NSH

/ACOR
,AFGR
,AMFARG
,AMFKRY

7)

,AIRIN ,AMGP(2) ,AMGPH(2)
, AMGRN2(2),AMNDT ,ANG I
,ARING ,AVGQI(8) ,8(6)
,BU ,BUOLD ,CDG
,CODEID(15),CONVCCONVER(I0)
,Cvv ,CI
,DELH ,DELrf
,DELTJL ,DHIC ,DLREL
,DPHF ,DPHFP ,DPIP
,FC(I) ,FGIN ,FGPAVP

,FH2O ,FJJ(2)
,FPORI ,FRD
,GASIN ,GDEN
,GPTHPG(26) ,GR
,HFLL ,HFLMDR
,HGV ,HI
,HGAPR
,HPU ,HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
,QSP ,RCI

,RHO
,RP
,STRN
,SUMRG
,TFBC

12) TM
,TPLEN
,TXAL
,WT
,Z
,CWKF

IT
,K

,MODLOP
,NWR TE
,NF

,AFAL
,AFSW
,AMFFG
,AMFN2

, RHOF
,RSTRAN
,SUMCK
,SUMTF
,TFC
,TN2FR
,TRANST
,TXC
,WTRAN
,ZR02WG
,CWNF

,ITER
,KINDOR
,NAB
,N2
,NC

,AFCR
,AFTC
,AMFHE
,AMFXE

,FJJH(2)
FRDH

,GiTH(26)
,HCRV
,HFLMP
,HMGP(2)

,H20HI
,PI
,PRTY
,RCO

,RHOG
,RSTRES
,SUMDH
,T
,TFGFR
,TOXO
,TSAT
,UISC
,XEIN
,CX
, COLD4K

,FMGP(2)
FRDN

,G4THE(26)
,HCV
,HFPER
,HP

,KRYIN
,PIN(26)
,PRT19

,RHOUO2
,RTRAN
,SUIEXP
,TCAC
,THEFR
,TP
,TT
,VPLT
XK6
,CLOS

,J
,KOXI
,NPLAST
,IMDONE

,AFDN
,AGPC
,AMFH2

C
C
C

110

REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REALCH
REACH
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REACH
REALCM
REALCM
REALCM
REALCM
REAICM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCH
INPRCH
INPRCH
!NPRCH
INPRCH

115

120 C

125

+

+
+
+
+
+
+

+
+
+

+

130

C

135

140

I45

+
+
+
+
+
+
+
+
+
+

+

98
99
100
101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5
6

C
C

150

155
C
C

+
+
+
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160

165

170

CATEXF
CPL
DCO(22)
DISHSD
EXO
FOE
PPMH20
QMPY(101)
ROUGHF
TIME( 101)
MELT
FOTMTL

,CRDT
,DE (22)
,OP (22)

,GO(101)
,PPMN2
,RAPO(II)
,SGAPF
,TOTL
,UOFD
TREF

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNS IZ
,P2(10i)
,RC

,TS INT
,u5
,CREPHR

,CTMAX(22)
,DEN
,DSPGW
,FLUX
,HDISH
,.'END(8)
,RUISH

,TW( I 'I)
,X(328.
,ANRIN

+ ,BUIN(22)
+ , CLDWKD ,
+ .DCI(22)
+ , DENG
+ , ENRCH
+ ,FLXDP ,
+ ,HPLT
+ ,0F(328) ,
+ ,ROUGHC ,I
+ ,TCC ,
+ ,UF5 ,S
+ , RSNTR ,1
+ ,CLDWKS
+ ,CP ,

COMMON / INPTI /

+ ,JDLPR
+ ,MODE ,
+ ,NGAPC ,
+ ,NPLTAB ,
+ ,NSTART ,
+ ,NUNITS ,
+ ,NXP ,
+ ,NR ,
+ ,NCREEP ,
+ ,NNORDS ,

COMMON /EMFLGS/

+ , I MF GAS

COMMON/PFRC52/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEP522
+ ,MPEPP2

ICH
IM
JN(8)
MODES
NGASR
NREAD
NSTOP
LACMOD
NPLOT
NEWPRB
IAXSYM
WORDS

IMPOWR
,IMCLAD
, IMSWCH

, ICOR
, PLANT
,JST( 101)
,MTAPE
,NOFAIL
,NRESTR
,NT
,LACE(13)
,NTPLOT
,MECHAN
,IVARDM
,NIRDS

, IMFUEL
,IMGAPC

MODPG2
,M01GP2
,MEREP2
,MFUFRO
,MEPP2
,MEPSO

, IDBG
,IQ
MDBG
,NDBG
,NOPT
,NROLL
,NTAPE
,NAFAIL
,NROD
,NCRACK
,NOFRAC
,NPRINT

, IMDENS
,IM93WC

,lODPC2
,MREPS2
,MEP2
,MDHPRS
,MS IG2
,NNNCRP

, IDXGAS
, 15W
,NHEAL
,NFROD
,NPCYCL
,NSP
,NUCFC
,NNFAIL(22)
,NA
,NELAST
, ITREST

, IMRELO
, IMENRG

, MGAP2
,MPEPS2
,MR22
, MPEP2
,MEPS02

COMMON /MATCNSi AAHA(12)

COMMON /LACMDL/

COMMON /VER/ VERS

MAXIDX ,

COMMONiPHYPRO/FTMELT
+ ,CTRANE
+ , DELOXY

EMFLAG(20)

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

,CHEFUS
,BUP

,CTRANB
,COMP

CR

175
C

180

185

C
C

190

C
C
C

INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICH
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INP ICM
INPICM
INPICM
INP ICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPC
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

195

200

205

C

C
C

C

C

210

C
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FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -
BU -
COMP -
DELOXY -
CLADDING

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (J/KG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
Zk ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP (MW-S/KG-U)
PU02 CONTENT (lT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

COMMON / PNTPNL / IFIRST IAELM IAK, IARAA, IARE, I58, IBA,
+ IDASAV, IBASE, 15B, IBhA, IBD$V, IC%, ICC, ICRATE, ICRPG, IDISP,
+ IDISPC, IDSPSV, IEFSTR, IELM, IELSTN, ILSTNA, ILSTRA, IEL TR,
+ IPSLA, IEPSLM, IESTNV, IESTSV, J',J, IIPOS, IKSAVE, INADET, INDC,
+ lNDF, INDT, INODET, IOLDSE, IP5 RT, IPSSV, IPSTS, IR, IRA, IRBR
+ IRBRA, IRD, ISTRES ISTRSA, i'.B, .TCRP ITEC, ITEF, ITELM ITF&,
+ ITHET, ITHTAX, ITH5AV, ITHY'0, ITME, ITSTHR, ITSTSR, ITV, iWI
" IXKT, IXLOAD, IXLODA, IX'., IV, IYACF, IZ, LAST

COMMON / LIMITS / M' M2, NOEL, NOELF NOELC IDF NFF, NETOT
+ NEWF, NEWT, KA1, AAF, NARC, NART, NABF, NAbC, NABT, NAEC, NAEF,
+ NTAE, JAM, NAXBT, NAXB2, NAXB4, NFFI, NABF2, NABT2, XP, XR,
+ FRDEN, KZI ISSTOP, IPLAS, NKN, ICRPP, MAXT, KRNCHF, KRNCHC,
+ KRNCHT, N4 2, NC4, NF4, MAXA, NEW, NMX KRNCH, MCUD, IADJ, ICUT,
+ TIMEC TIMEF, ITI, STEP, NOLD, KPLAS, ICNT, RRAKR, IRAK, RAKSUM,
+ IPLEND, ISP, IRZ
COMMON / AXL / SUMM, SUMFF, SUMSAV, GROW

COMMON / BA / DELZA(40), NN, NCONN, NCNN, ITERD, FLXRD,
+ EAX(20)

DIMENSION A(i)

INTEGER OLIGP2
DIMENSION TTT(MNA,MNR) EPS22(MNAMNR,3),EPP2(MNA,MNR,3)

+ ,SIG2(MNA,MNR,3),REPS(MNA 2),EPS02(MNA,MNR,3)
+ ,EP2(MNA,MNR),GAP2(MNA),R22(MNA,MNR),ECREP2(MNA,MNR)
+ ,OLDT2(MNA,MNR)
+ ,OLDPG2(MNA),OLDPC2(MNA),OLIGP2(MNA),IGAP2(MNA)
+ ,EPSO(MNA,MNR,3)
+ ,PEP2(MNA,MNR),PEPP2(MNA,MNR,3),PREPS2(MNA,2)
+ ,FVFRO(MNA,MNR) ,DVHPRS(MNA,MNR)

ERAD(20),

THE FOLLOWING DATA STATEMENTS CONTAIN VARIOUS CONVERSION FACTORS

215

220

C
C
C
C
C
C
C
C
C
C
C
C
C
C

PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PELPT
PELPT
FELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2

225

230

235 C
C

240

245

250

C

C

C
C
C

7
8
9
10
II
12
13
14
15
16
17
18
19
2
3
4
5
6
7
8
9

10
II
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

255

260

C
C
C
C
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DATA CHRTOS / 3600.E0 / , CBHTI2 / 3.15284E0 / PRT2 48
DATA CHDTHS / 86.4E0 / PRT2 49
DATA CBHTWM / 5.6745E0 / , CPSTNM / 6894.757E0 / PRT2 50
DATA CHLTOM , CFTTH PRT2 51

274 + / 0.0254E-3, 0.3048E0 PRT2 52
C PRT2 53

DATA CFTTOM / 0.3048E0 / , CDATOS / 8.64E4 / , CINCH3 /I.6387E1/ PRT2 54
DATA CPSTMP / 6.894757E-3 / , CINTCH / 2.54E0 / PRT2 55

C PRT2 56
275 C PRT2 57

TCONV(TTT) : (TTT+459.67E0)/1.8E0 PRT2 58
C PRT2 59

IF (IMDONE.EQ.1) GO TO 360 PRT2 60
NRPI : NR+I PRT2 61

280 NRP2 : NR+2 PRT2 62
ITHI : IT-I PRT2 63

C PRT2 64
IF (IT.NE.I.OR.J.NE.JPEAK) GO TO 100 PRT2 65
IF (HECHAN.E.1) DLROD : SUM PRT2 66

285 DLRDSI : 25.4*DLROD PRT2 67
WRITE (6,400) DLRDSIDLROD PRT2 68

100 CONTINUE PRT2 69
IF (IT.EQ.I) GO TO 390 PRT2 70
IF (J.EQ.IRI+I) GO TO 220 PRT2 71

290 IF (J.NE.JPEAK.AND.JDLPR.EQ.1) GO TO 390 PRT2 72
C PRT2 73
C PRT2 74

CALL PGHEAD (CODEIDDODLOP,TITLE) PRT2 75
C PRT2 76

295 FULDEN : DE4/100.E+0 PRT2 77
A(LDENHX+J-1) : FULDEN PRT2 78
TPSEC : TP*CHRTOS PRT2 79
TSECON : T*CHRTOS PRT2 80
QC : QMPY(IT)*A(LQ+J-2+(M-I)*NA) PRT2 81

300 QCM : QC*CBHTW2 PRT2 82
BPP : A(LBUI+J-1) PRT2 83
BP : A(LEU2+J-1) PRT2 84
DELBP : A(LDELBP+J-1) PRT2 85
BPM : BP*CMDTMS PRT2 86

305 BPPI : BPPKCHDTHS PRT2 87
DELBPM : DELBP*CMDTMS PRT2 88

C PRT2 89
WT : A(LTBLK+J-1) PRT2 90
WTK : TCONV(WT) PRT2 91

310 C PRT2 92
OXIDE : A(LZR02+J-I)*12. PRT2 93

C PRT2 94
SIFLMP : HFLMP*CBHTWt PRT2 95

C PRT2 96
315 TOXO : AiLTOXO+J-I) PRT2 97

TOXOK : TCONV(TOXO) PRT2 98
C PRTZ 99

TCI : A(LTCIDI+J-1) PRT2 100
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TCO : A(LTCODI+J-1) PRT2 101
320 TCOM : TCONV(TCO) PRT2 102

TCIM : TCONV(TCI) PRT2 103
C PRT2 104

SIGAP : GPTHMtCHLTOM PRT2 105
HGAPT : A(LHGAPS+J-1) PRT2 106

325 HSOLID : A(LHGr3+J-1) PRT2 107
HGAP : A(LHGPC+J-1) PRT2 108
HGAPR : A(LHGPR+J-$) PRT2 109
HGAPSI : HGAPT*CBHTWM PRT2 110
IF (MECHAN.NE.I) PINBR : AMAXI(A(LPINT+J-2),0.E0) PRT2 III

330 IF (MECHAN.EQ.I) PINBR : A(IPRG+J-1) PRT2 112
PINSI : PINBR*CPSTNiI.E6 PRT2 113
TAGK : TCONV(A(LTAG+J-l)) PRT2 114
PRESG : PRESS*CPSTN PRT2 115
CGAPSI : GTHCON(GASES,TAGKPRESGSIGAP) PRT2 116

335 CONGAP : CGAPSI/(CBHTWnHCFTTh) PRT2 117
C PRT2 118

CPDLTX : A(LCPDLT+J-I)*2.32444 PRT2 119
TBARK : TCONV(A(LTBAR+J-1)) PRT2 120

C PRT2 121
340 QDPN : A(LQDP+J-2)/CFTTOM PRT2 122

TDAYS : TIME(ITHI)CDATOS PRT2 123
QPEAKH : QPEAKiCFTTOM PRT2 124
QAUM : QAV/CFTTOM PRT2 125
UO2LLX : O.EG PRT2 126

345 DPWX : 0.EO PRT2 127
DENSIX : 0.EO PRT2 128
GASCND : HGAP/HGAPT PRT2 129
CONCND : HSOLIDiHGAPT PRT2 =30
RADCND : HGAPR/HGAPT PRT2 131

350 RESI : I.E0/HGAPSI PRT2 132
RESIS : l.EO/HGAPT PRT2 133
TItDAY : TSECONiCDATOS PRT2 134
TOYS : TPSECiCDATOS PRT2 135
DELTP : T5ECON-TPSEC PRT2 136

355 DELDAY : DELTA/CDATOS PRT2 137
TSR : A(LTIPDS+NR*(J-1)) PRT2 138
TCL : A(LTHPDS+NR*(J)-I) PRT2 139
TCLK : TCONV(TCL) PRT2 140
TSRK : TCONV(TSR) PRT2 141

360 C PRT2 142
C PRT2 143

IF (MECHAN-2) 110,120,130 PRT2 144
110 CONTINUE PRT2 145

ERADSI : ERAD(J)*CPSTNM PRT2 146
365 EAXSI : EAX(J)*CPSTN PRT2 147

EPSII : A(ISTRNN+(J-I)*4+2)*100. PRT2 148
EPS2 : A(I5TRNN+(J-I)*4+3)*100. PRT2 149
EPS3 : A(ISTRNN+(J-l)*4)*100. PRT2 150
ARAD : A(IRD+NFFI*(J-I)+NF)-A(IDG+J-1) PRT2 151

370 TOTCR : EPSII PRT2 152
CREAP : A(IPLSTC+(J-l)*4+2)*100. PRT2 153
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EXPNR : A(IHLDN+(J-1)*4+2):100. PRT2 154
SIGI : A(ISTRSS+(J-l)*4+2)/l.E3 PRT2 155
5IGM28 : A(ISTRS+(J-I)*4+3)/l.E3 PRT2 156

375 SIG13D : A(ISTRSS+(J-I)*4)'I.E3 PRT2 157
SIGM1 : SIGMIB*CPSTMP*I.E3 PRT2 158
51GM2 : SI1M28*CPSTMP*l.E3 PRT2 159
SIGM3 : 51GH38*CPSTMP*I.E3 PRT2 160
GO TO 140 PRT2 161

380 120 CONTINUE PRT2 162
EPSII : A(LEPS+N2-1)*100. PRT2 163
EPS2 : A(LEPS+N2-I+NA)*100. PRT2 164
EPS3 : A(LEPS+N2-I+NA*2)*100. PRT2 165
ARAD : A(LARAD+N2) PRT2 166

385 TOTCR : EPSII PRT2 167
CREAP = A(LEPPSV+N2-1)*I00.E0 PQT2 168
EXPNR = TQTCR-CREAP PRT2 169
51GM : A(LSIG+2-1)/I.E3 PRT2 170
SIGM28 : A(LiG+42-I+NA)/I.E3 PRT2 171

390 S!GM38 : A(LSIG+ i2-l+NA*2)/I.E3 PRT2 172
SIGI : SIGM1I*CPTSTMP*I.E3 PRT2 173
SIGM2 : SIGM28*CPSTMP*I.E3 PRT2 174
51GM3 : SIGM38*CPSTMP*I.E3 PRT2 175
GO TO 140 PRT2 176

395 130 CONTINUE P2T2 177
ARAD : A(LARAD+N2) PRT2 '78
TOTCR : EPS22(N2,NRPI,2)*I.E2 PRT2 179
CREAP : EPP2(N2,NRPI,2)*i.E2 PRT2 180
EXPNR : TCTCR-C&E P PRT2 181

400 EPS3 : EDS22(N2 NRPI I)*I.E2 FRT2 182
EPSII : EPS22(N2,NRPI,2)*I.E2 PRT2 183
EPS2 : EPS22(N2,NRPI,3)*I.E2 PRT2 184
SIGM38 : StG2(N2,NRPI,1)1I.E3 PRT2 185
SIGMI : S1G2(42,NRPI,2)'l.E3 PRT2 186

405 SIGM28 : 5IG2(N2,NRPI,3)/I.E3 PRT2 187
SIGM : SIGMIB*CPSTMP*l.E3 PRi2 188
S1GM2 : SIGM28*CPSTIP*I.E3 PRT2 i84
SIGM3 : SIGM38*CPSTMP*I.E3 PRT2 190

140 CONTINUE PRT2 191
410 RADP2 : ARAD*0.2E0 PRT2 192

RADP4 : ARAD*0.4E0 PRT2 193
RADP6 : ARAD*0.6E0 PRT2 194
RADP8 : ARAD*0.8E0 PRT2 195
RADSR : ARAD PRT2 196

415 RADCL : RC PRT2 197
RADCLM : RADCL*CINTCM PRT2 198
RADP2M : RADP2*CINTCM PRT2 199
RADP4M : RADP4*CINTCM PRT2 200
RADP6M : RADP6*CINTCM PRT2 201

420 RADP8M : RADP8*CINTCM PRT2 202
RADSRM : RADSR*CINTCM PRT2 203
IF (MECHAN.NE.I) RCIH : A(LDCIH+N2)/2.EO PRT2 204
IF (MECHAh.NE.1) RCOH : RCIH+TCC*(I.0+A(LEPS+N2-I+2*NA)) PRT2 205
IF (1ECHAN.EQ.I) RCIH : A(IRD+NFFI*(J-I)+NF) PRi2 206
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425 IF (MECHAN.EQ.I) RCOH : A(IRD+NFFI*J-l) PRT2 207
ROX : RCOH+OXIDE PRT2 208
RCIHM : RCIH*CINTC PRT2 209
RCOHN : RCOH*CINTCH PRT2 210
ROXM : ROX*CINTCM PRT2 211

430 DO 150I :1,NR PRT2 212
L : NR+i-I PRT2 213
IJ : NR*(J-I)+L-I PRT2 214
DELRNG : -(A(LR+L)-A(LR+L-I)) PRT2 215
UO2LLX : UO2LLX+DELRNG*A(LUO2LL+IJ) PRT2 216

435 DPWX : DPWX+DELRNG*A(LDPW+IJ) PRT2 217
DENSIX : DENSIX+'LRNG*A(LDENSF+IJ) PRT2 218

ISO CONTINUE PRT2 219
DENR : DENSIX*lUO.EOiRP PRT2 220
SILR : DPIX*IOO.EO/RP PRT2 221

440 EXPR : UO2LLX*100.EOiRP PRT2 222
TOTER:DENR+SLR+EXPR PRT2 223

C PRT2 224
DO 170 IK:1,4 PRT2 225
IF: 5-!KPRT2 226

445 IF (I*0.00508E0*RP.LT.A(LRTRNP+J-1)) GO TO 180 PRT2 227
TFRC = 0.E0 PRT2 228

DJ 160 iJ:I 6 PRT2 229
B(IJ) : A(Lb+(J-2)*6+IJ-I) PRT2 230

160 TFRC : B(IJ)*(I*0.2)**(IJ-I)+TFRC PRT2 231
450 IF (I.EQ.1) TP2 : TFRC*I.8E0+32.E0 PRT2 232

IF (I.EQ.2) TP4 : TFRC*l.8E0+32.E0 PRT2 233
IF (I.EQ.3) TP6 : TFRC*I.8E0+32.E0 PRT2 234
IF (I.EQ.4) TP8 : TFRC*I.8E0+32.E0 PRT2 235

170 CONTINUE PRT2 236
455 GO TO 210 PRT2 237

180 CONTINUE PRT2 238
DO 200 IL:IK,4 PRT2 239
It : 5-IL PRT2 240
TFRC : 0.EO PWT2 241

460 DO 190 IJ:1,6 PRT2 242
BR(IJ) : A(LBR+(J-2)*6+IJ-I) PRT2 243

190 TFRC : BR(IJ)*(II*0.2)**(IJ-1)+TFRC PRT2 244
IF (II.EQ.I) TP2 : TFRC*I.8E0+32.E0 PRT2 245
IF (II.EQ.2) TP4 : TFRC*I.8E0+32.E0 PRT2 246

465 IF (II.EQ.3) TP6 : TFRC*l.8E0+32.E0 PRT2 247
IF (II.EQ.4) TP8 : TFRC*I.8E0+32.EO PRT2 248

200 CONTINUE PRT2 249
210 CONTINUE PRT2 250

TP2K : TCONV(TP2) PRT2 251
470 TP4* : TCONV(TP4) PRT2 252

TP6K : TCONV(TP6) PRT2 253
TP8K : TCONV(TP8) PRT2 254

C PRT2 255
WRITE (6,410) N2,ITI PRT2 256

475 WRITE (6,420) QAVMQAV PRT2 257
WRITE (6,430) QDPM,A(LQDP+J-2),QCM,QC PRT2 258
WRITE (6,440) QPEAKM,QPEAK PRT2 259
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AITE (6,450) TDAYS,TPSEC,BPPM BPP PRT2 260
WRITE (6,460) DELDAY,DELTP,DELPM DELBP PRT2 261

480 WRITE (6,470) TIMDAY,T5ECON,BPM,B PRT2 262
WRITE (6,480) PRT2 263
WRITE (6,490) RADCLM,RADCL,TCLK,TCL PRT2 264
WRITE (6,500) RADP2M,RADP2,TP2K,TP2 PRT2 265
WRITE (6,510) RADP4M,RADP4,TP4K,TP4 PRT2 266

485 WRITE (6,520) RADP6M,RADP6,TP6K,TP6 PRT2 267
WRITE (6,530) RADPBM,RAP8,TP8K,TP8 PRT2 268
WRITE (6,540) RADSRM,RADSR,TSRK TSR PRT2 269
WRITE (6,550) RCIHM,RCIH,TCIM,TCI PRT2 270
WRITE (6,560) RCOHM RCOH,TCOM,TCO PRT2 271

490 WRITE (6,570) ROXI,ROX,TOXOK,TOXO PRT2 272
WRITE (6,580) WTK,WT PRT2 273
WRITE (6,590) PRT2 274
WRITE (6,600) CGAPSI SIGM3,51GM38,EPS3,CONGAP,SIGM2,51GM26,EPS2 PRT2 275
WRITE (6,610) SIGMIbIGMIB,EPSII PRT2 276

495 WRITE (6,620) DENR, GAPSI PRT2 277
WRITE (6,630) SWLR,HGAPT PRT2 278
WRITE (6,640) EXPR PRT2 279
WRITE (6,650) RESI TOTFR,RESISSIFLMP,HFLMP PRT2 280
IF (MECHAN.NE.1) WAITE (6,660) PRT2 281

500 IF (MECHAN.EQ.I) WRITE (6,670) PRT2 282
IF (tECHAN.NE.1) WRITE (6,680) GASCND PRT2 283
IF (HECHAN.EQ.I) WRITE (6,690) GASCND ERADSDERAD(J) PRT2 284
IF (IECHAN.NE.I) WRITE (6,700) CREAP,CONCNL PRT2 285
IF (MECHAN.EQ.I) WRITE (6,710) CREAP,CONCND,EAXSI,EAX(J) PRT2 286

505 WRITE (6,720) EXPNR,RADCND PRT2 287
IF (MECHAN.NE.1) WRITE (6,730) TOTCR,PINSI,PINBR PRT2 288
IF (MECHAN.EQ.1) WRITE (6,740) TOTCR,PINSI,PINBR,A(ICFAC+J-I) PRT2 289

C PRT2 290
C PRT2 291

510 G0 TO 390 PRT2 292
220 CONTINUE PRT2 293
C PRT2 294

IF (IT.EQ.l) GO TO 390 PRT2 295
CALL PGHEAD (CODEIDMODLOP,TITLE) PRT2 296

515 C PRT2 297
BUSI : BU*CMDTMS PRT2 298

C PRT2 299
RFNCI : RFNVFF*CFV PRT2 300
TAGAK : TCONV(A(LTAGA+IT-l)) PRT2 301

520 TAFAK : TCONV(A(LTAFA+IT-1)) PRT2 A2
TSFK : TCONV(A(LTSF+IT-1)) PRT2 303
THVV : HPV+HGV+HDSHV+HCRV+RFNCI+HPORV PRT2 304
THVVI5 : THVV*CINCM3 PRT2 305
TPLENS : TCONV(TPLEN) PRT2 306

525 TCRKF : 0.EO PRT2 307
00 230 1:1 NT PRT2 308
TCRKF : TCRKF+(A(LTRTRN+I)+A(LTPS+I))/2.E0 PRT2 309

?30 CONTINUE PRT2 310
TCRKF : TCRKF/NT PRT2 311

530 IF 'NECHAN.EQ.I) TCRKF : A(LTAFA+ITMI) PRT2 312
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TCRKK : TCONV(TCRKF)
VFRCPL : HPViTHVV
VFRCCR :=HCRViTHVV
VFRCDS :=HDSHV/THVV
VFRCPR :=HPORV/THVV
VFRCRF : RFHCI/THVU
VFRCGP : HGVTHVV

TKRFR : O.15E0*TFGFR
TXEFR : O.85E0*TFGFR
TARFR : O.E O
TH2FR : .EO
TFGPCT : TFGFR*IOO.ED
PRSMPA : PRESS*CPSTHP

WRITE (6,780) ITHI
WRITE (6,790) BUSI,BU,THEFR,AMFHE,TH2FR,AMFH2
WRITE (6,810) TPLENS,TPLENVFRCPL,TN2FR,AMFN2
WRITE (6,620) TAGAK,A(LTAGA+ITMI) VFRCGP,TARFRAMFARG
WRITE (6,830) TSFK,A(LTSF+ITMI),VRCRFTKRFR,AMFKRY
WRITE (6,840) TAFAK,A(LTAFA+ITHI),UFRCDS,TXEFR,AMFXE
WRITE (6,850) TAFAK,A(LTAFA+ITMI),VFRCPR,TH2OFR,AMFH20
WRITE (6,900) TCRKKTCRKF,VFRCCR
WRITE (6,800) THVJSI,THVV,A(LGASMO+ITMI), eRSMPA,PRESS,TFGPCT
WRITE (6,940)
IF (MECHAN.EQ.2) WRITE (6,910)
IF (MECHAN.EQ.3) WRITE (6,920)
IF ("ECHAN.EQ.1) WRITE (6,930)
w Tr (6,860)

DO 280 I:l,NT
IMI : I-I
IF (MECHAN-2) 240,250,260
CONTINUE
EPSAX :=A(ISTRNN+I*4+3)*100.
EPSHPO :=A(ISTRNN+I*4+2)*100.
EPSHPI : A(ISTRNN+I*4+1)*100.
EPSRA : A(ISTRNN+1I*4)*100.
SIGAXB : A(ISTR55+I*4+3)
SGHPOB : A(ISTR55+I*4+2)
SGHPiD --A(ISTR55+I*4+1)
SIGRAW : A(ISTR55+I*4)
SIGR5 = SIGRAB*CPSTMP
3IGAX : SIGAXB*CPSTHP
SIGHPI SGHPIB*CPSTMP
SIGHPO : SGHPOB*CPSTMP
GO TO 270
CONTINUE
IMINA : IMI+NA
IMINA2 : IM1NA+kA
SIGRA : A(LSIG+IMINA2)*CPSTMP
SIGRAB : A(LSIG+ItiNA2)
SIGAX : A(LSIG+IMINA)*CPSTMP

535

C

540

C545

553

555

560 C

240
565

PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2
PRT2

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

570

575

250

560
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SIGAXB : A(LSIG+IMINA) PRT2 366
585 SIGHPO : A(LSIG+IMI)XCPSTMP PRT2 367

SIGHPI : SIGHPO PRT2 368
SGHPOB : A(LSIG+IHI) PRT2 369
SGHPIB : SGHPOB PRT2 370
EPSHPO : A(LEPS+IMI)*I.E2 PRT2 371

590 EPSHPI : EPSHPO PRT2 372
EPSRA : A:LEPS+IHINA2)*I.E2 PRT2 373
EPSAX : P(LEPS+IMINA)*I.E2 PRT2 '-1
GO TO ?r0 PRT2 375

260 ClNiINUE PRT2 376
595 IMI : 1 PRT2 377

3IGRAB = SIG2(IMI NRPI,1) PRT2 378
SIGRA : SIGRAB*CP TMP PRT2 379
SIGAXB : (SIG2(IMI,NRPI,3)+51G2(IMI,NRP2,3))/2.E0 PRT2 360
SIGAX : SIGAXB*CPSTMP PRT2 381

600 SGHPOB : SIG2(IMI,NRP2,2) PRT2 382
SGHPIB : SIG2(IM!,NRPI,2) PRT2 383
SIGHPO : SGHPOBZCPSTMP PRT2 384
SIGHPI : SGHPIB*CPSTMP PRT2 385
EPSHPO = iPS22(IMI,NRP2,2)*I.E2 PRT2 386

605 EPSHPI : EPS22(IHI,NRPI,2)*I.E2 PRT2 387
EPSRA : EP522(IMINRPI,I)*l.E2 PRT2 388
EPSAX : EPS22(IMI,NRPI,3)*I.E2 PRT2 389

270 CONTINUE PRT2 390
6RITE (6 870) I SIGRA SIGRAB SIGHPI,SGHPIBSIGHP0,SGHPOBSIGAX PRT2 391

610 + ,SIGAXDEPSRAENSHPIEPSHPO,EPSAX PRT2 392
280 CONTINUE PRT2 393
C PRT2 394

IF (MECHAN.NE.1) GO TO 290 PRT2 395
C PRT2 396

615 C OUTPUT PLENUM CLADDING STRESSES AND STRAINS PRT2 397
C PRT2 398

EPSRA : A(ISTRNN+4*NA)*100. PRT2 399
EPSHPI : A(ISTRNN+4*NA+1)*100. PRT2 400
EPSHPO : A(ISTRNN+4'4A+2"X100. PRT2 401

620 EPSAX : A(ISTRNN+4ENA+3)*100. PRT2 402
SIGRAB : A(ISTRSS+4*NA) PRT2 403
SGHPIB : A(ISTRSS+4*NA+1) PRT2 404
SGHP08 : A(ISTRSS+4*NA+2) PRT2 405
SIGAXB : A(ISTRSS+4*NA+3) PRT2 406

625 SIGRA : SIGRAB*CPSTMP PRT2 407
SIGHPI : SGHPIBDCPSTMP PRT2 408
SIGHPO : SGHPOB*CPSTMP PRT2 409
SIGAX : SIGAXB*CPSTMP PFT2 410
WRITE (6 770) SIGRASIGRAB,SIGHPI,SGHPIB,SIGHPO,SGHPO8,SIGAX,SIGAX PRT2 411

630 +BEPSRAEPSHPIEPSHPO,EPSAX PRT2 412
C PRT2 413
290 CONTINUE PRT2 414
C PRT2 415
C PRT2 416

635 WRITE (6,880) PRT2 417
C PRT2 418
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DO 340 I:2,NA PRT2 419
IMI : I--I PRT2 420
IF (MECHAN-2) 300,310,320 PRT2 421

640 300 CONT INUE PRT2 422
EPPRA : A(IPLSTC+(I-I)*'O*l00. PRT2 '423
EPPAX : A(IPLSTC+(I-I)*4+3)*100. PRT2 424
EPPHPO : A(IPLSTC+(I-1)*4+2)x100. PRT2 425
EPPHPI : A(IPLSTC+(I-I)*4+1)I100. PRT2 426

645 GO TO 330 PRT2 427
310 CONTINUE PRT2 428

IM2 : 1-2 PRT2 429
IM2NA : 1M2+NA PRT2 430
IM2NA2 : IM2NA+NA PRT2 431

650 EPPRA - A(LEPP+iM2NA2)*I.E2 PRT2 432
EPPAX : A(LEPP+IM2NA)*l.E2 PRT2 433
EPPHPI : A(LEPP+I1M2)*I.E2 PRT2 434
EPPHPO : EPPHPI PRT2 435
GO TO 330 PRT2 436

655 320 CONTINUE PRT2 437
EPPRA : EPP2(IMI,NRPIl)*I.E2 PRT2 438
EPPAX : EPP2(IMI,NRPI,3)*I.E2 PRT2 439
EPPHPI : EPP2(IMI,NRPI,2)*I.E2 PRT2 440
EPPHPO : EPP2(I.il,NRP2,2)*l.E2 PRT2 441

660 330 CONTINUE PRT2 442
IJ : NR*I-I PRT2 443
CPDLTX : A(LCPDLT+IM:)*2.32444E3 PRT2 444
TCAK : TCONV(A(LTCA+IMI)) PRT2 445
TBARK : TCONV(A(LTBAR+iMI)) PRT2 446

665 TFRK : TCONV(A(LTMPDS+IJ)) PRT2 447
TBLKK : TCONV(A(LTBLK+IMI)) PRT2 448

C PRT2 449
WRITE (6,890) IMI,TFRK,A(LTMPDS+IJ),TBARK,A(LTBAR+I1MI),TCAK,A( PRT2 450

+ LTCA+IMI),TBLKK,A(LTBLK+IMI),CPDLTX,EPPRA,EPPHPIEPPHPO,EPPAX PRT2 451
670 340 CONTINUE PRT2 452

C PRT2 453
IF (MECHAN.NE.1) GO TO 350 PRT2 454

C PRT2 455
C OUTPUT PLENUM CLAD STRAINS PRT2 456

675 C PRT2 457
EPPRA : A(IPLSTC+4*NA)*100. PRT2 458
EPPHPI : A(IPLSTC+4*NA+1)*100. PRT2 459
EPPHPO : A(IPLSTC+4*NA+2)*100. PRT2 460
EPPAX : A(IPLSTC+4*NA+3)*100. PRT2 461

680 WRITE (6,760) EPPRA,EPPHPI,EPPHPO,EPPAX PRT2 462
C PRT2 463
350 CONTINUE PRT2 464
C PRT2 465

IF (MECHAN.EQ.1) DLROD : SUMM PRT2 466
685 DLRDSI : DLROD*25.4 PRTC 467

WRITE (6,750) DLRDSI,DLROD PRT2 468
C PRT2 469
C PRT2 470

GO TO 390 PRT2 471

'I.,
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690 360 CONTINUE PRT2 472
C PRT2 473

CALL PGHEAD (CODEID,MODLOP,TITLE) PRT2 474
C PRT2 475

WRITE (6,950) PRT2 476
695 WRITE (6,960) PRT2 477

IF (NUNITS.EQ.I) WRITE (6,970) PRT2 478
IF (NUNITS.EQ.0) RITE (6,980) PRT2 479

C PRT2 480
DO 370 II:2,1M PRT2 481

700 IIT : Il-I PRT2 482
AAA(i) : TIME(II)/CONVER(il) PRT2 483
AAA(2) : A(LPRT2+IIT)*CONVER(2) PRT2 484
AAA(3) : A(LPRT3+IIT)*CONVER(3) PRT2 485
AAA(4) : (A(LPRT4+IIT)+CONVER(4))/CONVER(5) PRT2 486

705 AAA(5) : (A(LPRT5+IIT)+CONVER(4))/CONVER(5) PRT? 487
AAA(6) : (A(LPRT6+IIT)+CONVER(4))/CONVER(5) PRT2 488
AAA(7) : A(LPRT7+IIT)*CONVER(6) PRT2 489
AAA(8) : A(LPRT8+IIT)+CONVER(4))/CONVER(5) PRT2 490
AAA(9) : (A(LPRT9+IIT)+CONVER(4))ICONUER(5) PRT2 491

710 AAA(10) : (A(LPRTIO+IIT)+CONVER(4))/CONVER(5) PRT2 492
AAA(lI) : (A(LPRTII+IIT)+CONVER(4))/CONUER(5) PRT2 493
AAA(12) : A(LPRTI2+IIT)*CONVER(7) PRT2 494
AAA(13) : A(LPRTI3+IIT)*CONVER(7) PRT2 495
AAA(14) : A(LPRTI4+IIT)*CONVER(7) PRT2 496

115 AAA(15) : A(LPRTI5+IIT)*I00.E0 PRT2 497
AAA(16) : A(LPRTI6+IIT)*CONVER(9) PRT2 498
AAA(17) : A(LPRTI7+IIT)*CONVER(8) PRT2 499
AAA(!8) : A(LPIT+IIT)*CONVER(7) PRT2 500
AAA(19) : A(LPRTI8+IIT)*CONVER(6) PRT2 501

720 AAw(20) : A(LPRT20+IIT) PRT2 502
C PRT2 503

IF (NUNITS.EQ.1) WRITE (6,990) IIT,(AAA(I),I:I,20) PRT2 504
IF (NUNITS.EQ.0) WRITE (6,1000) IIT,(AAA(I),1:1,20) PRT2 505

C PRT2 506
725 370 CONTINUE PRT2 507

SR" : 100.E0 PRT2 508
DO 380 1:1,IM PRT2 509

380 SRM : AMINI(A(LPRTI5+I-1),SRM) PRT2 510
EOLSR : ADS(A(LPRTI5+IM-I)-SRM) PRT2 511

730 C PRT2 512
CALL PGIEAD (CODEID, MODLOP,TITLE) PRT2 513

C PRT2 514
WRITE (6,1010) EOLSR PRT2 516

C PRT2 S'6
735 WRITE (6,1020) TFGFR PRT2 517

C PRT2 518
WRITE (6,1030) PRTI9 PRT2 519

C PRT2 520
390 CONTINUE PRT2 521

740 RETURN PR12 522
C PRT2 523
400 FORMAT 1 i1o, 10X"ZERO POWER CLADDING AXIAL EXPANSION"," (ROOM TEMP PRT2 524
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+ERATURE REFERENCE) MM(IN)",FI0.2,3X,"(",F6.4,")") PRT2 525
410 FORMAT (/,IH ,40X,2IH AXIAL REGION NUMBER ,12,IOX,,16H PONER-TIME PRT2 526

745 +S'EP,13,/) PRT2 527
420 FORMAT (3X,"AVG. LINEAR HEAT RATING, KW/M(KWtFT)",3X,F6.2,"(",F6. PRT2 528

+2 ")") PRT2 529
430 FORMAT (3X,"LOCAL LINEAR HEAT RATING, KWM(KW/FT)",3X,F6.2 "(",F6. PRT2 530

+2,")",LOX 44H ROD SURFACE HEAT FLUX, W/M**2(BTU/HR-FT**2),2X,IPE8. PPT2 53'
750 +2,lH(,IPE&.2,IH)) PkT2 532

440 FORMAT (3X,"PEAK LINEAR HEAT RAT ING, KW/M(KW/FT)",3X,F6.2,"(",F6. PRT2 533
+2,")"/) PRT2 534

450 FORMAT (3X "STEP STARTS AT TIME, DAYS(SEC) F7.2,"(",,PE9.2,")", PRT2 535
+ISX,37HSTAATING BURNUP, MISKGU(!NC'MTU) ,6PEiI.4,IH(,F7.0,IH)) PRT2 536

755 460 FORMAT (3X,"TIME INCREMENT, DAY!'SEC) " F7.2,UCIPE5.2,U)U, PRT2 537
+15X,37HBURNUP INCREMENT, MtS/KGU(MWD/MTU) ,6PEii.4,IH( F7.0,IH)) PRT2 538

470 FORMAT (3X,"END STEP, DAYS(SEC) " F7.2,"(",lPE9.2,")", PRT2 539
+15X,37HEND STEP BURNUD MWSiKGU(MWD/MTU) ,6PEii.4 IH(,F7.0,IH)) PRT2 540

480 FORMAT (/52X,"RADIAL TEMPERATURE DISTRIBUTION"//29X,c7X,"RADIUS, C PRT2 541
760 +M(IN)",l7X,"TEMP, K(F)"/) PRT2 542

490 FORMAT (27X,"FUEL--CENTER ,5XF6,4,"("F7.4,")",I7XF5.0 PRT2 543
+,"(" F5.0,")") PRT2 544

500 FORMAT (27X,"FUEL--.2*RADIUS ",5X,F6.4,"(,F7.4,")",17X,F5.0 PRT2 545
+0(" F5.0,")") PRT2 546

765 510 F ORAT (27X,"FUEL--.4*RADIUS ",5X,F6.4,"(",F7.4,")",I7X,F5.0 PRT2 547
+,"(" F5.0,")") PRT2 548

520 FORMAT (27X,"FUEL--.6*RADIUS ",5X,F6.4,"(",F7.4,")",I7X,F5.0 PRT2 549
+,"(" F5.0,")") PRT2 550

530 FORMAT (27X,"FUEL--.P*RADIUS ",5X,F6.4,"(",F7.4,")",I7X,F5.0 PRT2 551
770 +,"(",F5.0,")") PRT2 552

54t+ FORMAT (27X,"FUEL--OUTER SURFACE ",5X,F6.4,"(U,F7.4,")",17X,F5.0 PRT2 553
+,"(" F5.0,")"/) PRT2 554

'0 FORMAT (23X,"CLADDING INNER SURFACE",5X,F6.4,"(",F7.4,")",17X,F5.0 PRT2 555
+,"(",F5.0,")") PRT2 556

775 560 FORMAT (27X,"CLADDING OUTER SURFACE",5XF6.4,"(",F7.4,")",17XF5.0 PRT2 557
+,"(",FS.n,")"/) PRT2 558

570 FORMAT (27X,"OXIDE SURFACE ",5XF6.4,"(",F7.4,")",17XF5.0 PRT2 559
+,"(",F5.0, *)"/) PRT2 560

580 FORMAT (27X,"COOLANT TEMPERATURE 37X,F5.0 (",F5.0,")"//) PRT2 561
780 590 FORMAT (3X," RADIAL GEOMETRY CHANGES * XX," INTERFAC PRT2 562

+E CONDITIONS ",X, STRESSES, MPA(K($!) ",6XSTRAINS, PC PRT2 563
+T ",) PRT2 564

600 FORMAT (3X,"PERCENT CHANGE IN" I8X,"GAS CONDUCTIVITY, WiM-K",8X IP PRT2 565
+E9.2,5X,"RADIAL "OPF6.1,"(",F6.2 ")",9XF5.2i3X,"FUEL RADIUS 6UE PRT2 566

785 + TO",30X,"(BTU/HR-T-F)",4X,"(",iP 9.2,")",4X,"AXIAL",3X, PF6.1,"( PRT2 567
+",F6.2,")",9X,F5.2) PRT2 568

610 FORMAT (83X,"HOOP" 4X,F6.1,"("F6.2,")",9XF5.2) PPT2 569
620 FORMAT (9X,"DENSIFICATION",6X,F6.3,4X,"GAP CONDUCTANCE, WhM2-K",8X PRT2 570

+,IPE9.2) PRT2 571
790 630 "^"GAT (9X,"SWELLING ",6XF6.3,I7X,"(BTU/HR-FT2-F)",3X,"(IPE PRT2 572

+9.2,")") PRT2 573
640 FORMAT (9X,"THERMAL EXPANSION",2X,F6.3) PRT2 574
650 FORMAT (27X,"-------" 3X,"INTERFACE RESISTANCE, M2-K/W",3X,IPE9.2 PRT2 575

+/10X " TOTAL ",L0X 0 P6.3,19X,"(HR-FT2-FiBTU) (",IPE9.2,")",4X "C PRT2 576
795 +LAD-COOLANT FI!) COEFFICIENT, W/ -K", 2X, El0.2/I07X,"(BTUHR-FTi-F PRT2 577
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+) (" E9.2,")"/) PRT2 578
660 FORMAT (3X "PCT CHANGE IN CLADDING ", 12X,"FRACTION CONDUCTANCE DUE PRT2 579

+ TO "/6X,"RADIUS DUE TO") PR12 23a
670 FORMAT (3X,"PCT CHANGE IN CLADDING " 12X,"FRACTION CONDUCTANCE DUE PRT2 581

800 + TO ",17X,"EFFECTIVE FUEL ELASTIC MObULI, PA(PSI)"/6X,"RADIUS DUE PRT2 582
+TO") PRT2 583

680 FORMAT (44X,"SAS CONDUCTANCE",IOX,F5.3) PRT2 584
690 FORMAT 144X,"jAS CONDUCTANCE",IOX,F5.3,32X,"RADIAL",IX,IPE9.2,"(", PRT2 585

+E9.2,")") PRT2 586
805 700 FORMAT (9X,"PERMANENT ",8X,F6.3,l0X,"CONTACT ",14X,F5.3) PRT2 587

710 FORMAT (9X,"PERMANENT "8X,F6.3,IOX,"CONTACT ",14X,F5.3,32X,"A PRT2 588
+XIAL ",IX,IPE9.2,"(".E9. ,")") PRT2 589

720 FORMAT (9X,"RECOVERABLE",OX.F6.3,IOX,"RADIATION ",14X,F5.3/27X,"- PRT2 590
+-------PRT2 591

810 730 FORMAT (9X " TOTAL ",B0X,F6.3,4X,"INTERF.CE PRESSURE, MPA",6XF6 PRT2 592
+.I/57X,"(P4I 461"") PRT2 593

740 FORMAT (9X " TOTAL " 10X,F6.3,4X,"INTERFACE PRESSURE MPA",6X,F6 PRT2 594
+.1 10X,"FUEL THERMAL CONDUCTIVITY"/57X,"(PSI)",4X,"(",F6.1,")",13X PRT2 595
+,"DEGRADATION FACTOR" F7.3./) PRT2 596

815 750 FORMAT (/10X,"CLADDIN6 AXIAL EXPANSION (ROOM TEMPERATURE REFERENCE PRT2 597
+), MM(IN)",FI0.2,3X,"(4,F6.4,")"/) PRT2 598

760 FORMAT (3X,"PLENUM",79XF5.2,6X,F5.2,3X,F5.2,5X,F5.2, PRT2 599
770 FORMAT (3X,"PLENUM",3X,F6.I,"(",F7.0,")",4X,F6.1,"(",F7.0,")",IX,F PRT2 600

+6.1,"(",F7.G,")",4X,F6.I,"(",F7.0,")",7X,F5.2,6XF5.2,3X,F5.2,5X,F PRT2 601
820 +5.2) PRT2 602

780 FORMAT (/,IH ,56X,16H POWER-TIME STEP,1 3) PRT2 6G3
790 FORMAT (/IOX,"BURNUP TO END OF TIME STEP,MWS/KGU(t#ID/MTU)",F9.0,"( PRT2 604

+",F7.0,")",24X "GAS COMPOSITION"/i18X,"COMPONENTS OF INTERNAL VOID PRT2 605
+ AND TEMPERATUAES",20X,"GA5",8X,"CUMULATIVE FRACTION"USX,"CURRENT PRT2 606

825 +MOLE"/79X,"COMPONENT",lOX,"RELEASED,",12X,"FRACYION'"/'6X,"ASSOCIAT PRT2 607
+ED" 12X "FRACTION"/17X "ITEM" 12X "TEMPERATURE, K(F)",6X,"TOTAL VO PRT2 608
+LUME",liX,"HE",16XF5.,16X,F4.3/ lX,"H",l7X,Fi.3,16X,F5.3) PRT2 609

800 FORMAT (/12X,33H TOTAL VOID VOLUME CU.CM(CU.IN.),7XF7.2,IH(,F6.3 PRT2 610
+,IH),7X,"CUMULATIVE QUANTITY OF FREE GAS IN THE ROD, MOLES",IX,IPE PRT2 611

830 +7.1/12X,37H ROD INTERNAL GAS PRESSURE, MPA(PSIA),4X,0PF6.3,IH(,F6. PRT2 612
+0,IH),7X,"CUMULATIVE FISSION GAS RELEASE, PERCENT",IIX FS.2//) PWT2 613

810 FORMAT (13X,"PLENUM ",5X,F5.0,"(",F5.0,")",I2X,F5.3,I7X, PRT? 614
+"N ",15XF5.3,16X,F5.3) PP12 615

820 FORMAT (13X "GAP ",5X,F5.0,"(",F5.0,")",12X,F5.3,17X, PRT2 616
835 +"AR ",15X F .3 16X,F5.3) PRT2 617

830 FORMAT (I5X "R6UGHNESS ",5X,F5.0,"(",F5.0,")",12X,F5.3,17X, PRT2 618
+"KR "15X .3,16X FS5.3) PRT2 619

840 FORMAT IiX "DISHEN ",5X,F5.0,"(",F5.0,")",12X,F5.3,17X, PRT2 620
+"XE ",15XF .3,16X,F5.3) PRT2 62'

840 850 FORMAT (IX "POROSITY ",5X,F5.fl,"(",F5.0,")",I?X,F5.3,17X, PRT2 622
+"H20",I5XF .3,16X,F5.3) PRT2 623

860 FORMAT (13X,"--------------------CLADDING STRESSES, MPA(PSI)------ PRT2 624
+--------------",9X,"-----CLADDING STRAINSPERCENT-----"/3X,"AXIAL" PRT2 625
+,9X,"RADIAL",22X,"HOOP",22X,"AXIAL",13X,"kADIAL",10X,"HOOP",9X,"AX PRT2 626

845 +IAL"/3X,"REGION",IOX,"ID",17X,"ID",14X,"OD",35X,"ID",9X,"ID",6X,"c PRT2 627
+D"/) PRT2 628

870 FORMAT (5X,12,5X,F6.1,"(",F7.0,")",4X,F6.1,"(",F7.0,")",IX,F6.l,"( PRT2 629
+",F7.0,")",4X,F6.1,"(",F7.0,")",7X,F5.2,6X,F5.2,3X,F5.2,5X,F5.2) PRT2 630
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900 FORMAT (/3X,"AXIAL",3X,"CENTERLINE",3X,"FUEL AVERAGE",2X."CLADDING PRT2 631
850 + AVERAGE",4X,7HC0OLANT,9X,6H5TORED,3X,6(IH-) 34b'CL iiisG PEE;;!ENT PRT2 432

+ STRAINSPERCENT,6(lH-)/3X,"REGION",2X,"TEMPiATURE",2X,"TEMPERATU Pwlo 633
+RE",6X,"TEMPERATURE",4X,IIHTEMPERATURE,7X.oHENERGY,9X,6iRADIALlOX PRT2 634
+,4HH00P,9X 5HAXIAL /14X,4HK(F),IOX,"K(F),l2X,"K(F)", lX,4HK(F),12 PRT2 635
+X,'HJ/KG I2X,2HID, X 2HID,6X,2HOD,/) PRT2 636

855 890 FORMAT ( XI2,3X,2 F4 .0,"",F5.0,")"X),2XF5.0,"r",F5.0 b)",3XF PRT2 637
+5.0,IH(,F5.0,IH) 6X,1PE8.2,7XOPF5.2,5XF5.2,3XF5.2,SXF .2) PRT2 638

900 FORMAT (13X,"CRAK 5X F7.0,"(",F5.0,")",12X,F5.3) PRT2 639
910 FORMAT (IH+,79X,18H FRACAS-I SUbCOk 1/) PRT2 60
920 FORMAT (IH+,79X,18H FRACAS-Il SUBCODE,/) PRT2 641

860 930 FORMAT (IH+,79X,18H PELET SUBCODE /) PRT2 642
940 FORMAT (IH ,35X,44H MECHANICAL PARAMETERS AND RESULTS USING THE) PRT2 643
950 FORMAT (//) PRT2 644
960 FORMAT (42X,IH*********,2X.30H PEAK POWER AXIAL NODE OUTPUT ,10H PRT2 645

+**********,/) PRT2 646
865 970 FORMAT (3X,53H TIME BURkUP POWER CLAD TEMP (F) GAP GAP FUE PRT2 647

+L,49H TEMP (F) CONT. CLAD STRESS TRAIN FUEL OD ,23H GAP F PRT2 648
+GAS ZR02 H2,/,2X,15H HOURS MIDIU,50H KW/FT OD. AVG ID. PRT2 649
+MILS (F) OD. AVG CENT ,50H PSI HOOP AXIAL PCT INCH PRT2 650
+ CONDCT PSI ,12H MIL PPM,/,IX,29HXXXXXXXX XXXXXXX XXXXX XXX PRT2 651

870 +XXX,52HXXXXXXXX XXXXXX XXXX XXXXXXXXXXXXXX XXXXX XXXXXXXXX,49HXXX PRT2 652
+XXXXXXXXX XXXXXXX XXXXXX XXXXX XXXXX XXXXXX ) PRT2 653

980 FORMAT (3X,53H TIME BURNUP POWER CLAD TEMP (K) GAP GAP FUE PRT2 654
+L 49H TEMP (K) CONT. CLAD STRESS STRAIN FUEL OD 23H GAP F PRT2 655
+GAS ZR02 H2 ,IH 16H SEC*E-3 MWS/KG,50H KW/M 0h. AVG ID. PRT2 656

875 + MM (K) Ob. AlitCENT ,50H MPA HOOP AXIAL PCT M PRTZ 657
+ CONDCT MPA ,12H MM PPM,/,IX,29HXXXXXXX XXXXXXXX XXXXX X PRT2 658
+XXXXX,52HXXXXXXXX XXXXXX XXXX XXXXXXXXXXXXXX XXXXX XXXXXXXXX,49HX PRT2 659
+XXXXXXXXXXX XXXXXXX XXXXXX XXXXX XXXXX XXXXXX ) PRT2 660

990 FORMAT (IH ,12,F6.0,F8.0,F6.2,3(F5.0),IX,F6.2,4(F5.0),IX,F6.0,IX,F PRT2 661
880 +7.0,F7.0,F7.4,F8.5,IXF7.0,IX,F5.0,F6.2,IX,F7.I) PRT2 662

1000 FORMAT (IH ,I2,F6.0,F8.OF6.2,3(F5.0),IXF6.2,4(F5.0),lX,F6.3,IX,F PRT2 663
+7.3,F7.3,F7.4,F8.6,IXF7.0,F6.3,F6.2,IX,F?.) PRT2 664

1010 FORMAT (//,40X,38H END OF LIFE STRAIN RANGE (PERCENT) - F9.4) PRT2 665
1020 FORMAT (//,40X,43H FISSION GAS CUMULATIVE FRACTION RELEA E : ,F8.6 PRT2 666

885 +,/) PRT2 667
1030 FORMAT (//,40X,30H ZR02W EIGHT GAIN ,(GM/M**2) :,F8.2,/) PRT2 668

END PRT2 669

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 PRINT2 1 740

VARIABLES SN TYPE RELOCATION
0 A REAL ARRAY FAST REFS 9 245 X99 301 302 303 308

311 315 318 319 324 325 326 327
329 330 332 337 338 340 356 357

I0/21/e80 1',29.35 PAGE 17SUBROUTINE PRINT2



SUBROUTINE PRINT2

VARIABLES

0 AAA

0
24
0

2
3
4
5
6
7

25
10
11
12
13
14
15
16
17
20
26
30
32
34
36
40
41
42

2555
43

5257

44
45
46

AAHA
AAN
ACOR
AFAL
AFCR
AFDN
AFGR
AFSN
AFTC
AGPC
AIRIN
ANFAIR
AMFARG
AMFFG
AMFHE
AMFH2O
AMFH20
AtIFKRY
AMFN2Y
AMFXE
AMGP
AMGPH
AMGR
AMGRH
AMGRN2
AMNDT
ANG1
ANGT
AKRIN
AN2IN
ARAD

ARGIN
ARING
AVGQI

SN TYPE

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REDt.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

REALS

HATCNS
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS

REALS
REALS
REALS

366
375
390
435
520
554
572
591
623
652
677
707
715

DEFINED
REFS
704
712
720

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

367
381
396
436
521
565
581
592
624
662
678
708
716
296
110
705
713

202
110
156
156
156
156
156
156
156
156
110
156
156
156
156
156
156
156
156
156
110
110
110
110
110
110
110
110
156
110
410
369
110
110
110

FTN 4.8+508

368
382
422
445
2*527
566
582
617
641
663
679
709
717

722
706
714

2*369
383
423
448
530
567
583
618
642
664
702
710
718

723
707
715

10/21/80

371
384
424
461
549
568
584
619
643
665
703
711
719

DEFINED
708
716

14.29.35

372
386
425
476
550
569
585
620
644
666
704
712
720

701
709
717

549

547
547
552
550
548
551

41 1
384

412
396

413 414

PAGE

373
388
2x433

507
551
570
587
621
650
4*668
705
713
728

702
710
718

18

374
389
434
519
552
571
589
622
651
676
706
714
729

703
711
719
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VARIABLES
56 B
64 BP

5205 BPM
65 BPP

5206 BPPH
66 BR
74 BU
21 BUIN
75 BUOLD
10 BUP

5337 BUSI
47 CATEYF

2726 CBHT4.1
2724 CBHTb2Z
2733 CDATOS

76 CDG
2731 CFTTM
2732 CFTTOM

77 CFV
100 CFVA

5223 CGAPSI
3 CHEFUS

2723 CHRTOS
2734 CINCN3
2736 CINTCM

50
2556
601
2725
2730

101
102
606

I1
5237
5224
121
122

2557
5225

51
2735

2727
134

2560
52
53

CLDWKD
CLDWKS
CLOS
CMDTMS
CHLTOI
CMOL
CODE ID
COLDPK
CODP
CONCND
CONGAP
CONC
CONVER

CP
CPDLTX
CPL
CPSTMP

CPSTNM
CPU
CR
CRDT
CRDTR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY REALS

REALS

ARRAY

ARRAY

ARRAY

ARRAY

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REALS

REALS
2EALS
I NPTR
REALS
PHYPRO

INPTR

REALS

REALS
REALS

PHYPRO

INPTR
INPTR
REALS

REALS
REALS
REALS
PHYPRO

REALS
REALS

INPTR

INPTR

REALS
INPTR
INPTR
INPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
428

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
R2FS

707
716

REFS
REFS
REFS
REFS
407
583
627

REFS
REFS
REFS
REFS
REFS

110
110
480
110
478
110
110
156
110
209
547
156
313
300
341
110
335
340
110
110
335
209
297
523
416
429
156
156
134
304
323
110
110
134
209
503
493
110
110

2*708
717
156
668
156
376
408
585
628
331
110
156
156
156

449
304

DEFINED
305

DEF I NED
462
516

DEF I NED

328
DEFINED

352

DEFINED
342
518

493

298
DEFINED

%17
DEFINED

305
DEFINED

293

504
DEFINED

701
2*709
718

DEFINED

377
544
597

DEFINED
333

DEFINED
%80
304
478
305

DEFINED
547

448
DEFINED

DEF 1NED

302

301

461

516

DEFINED

355

DEFINED

268

DEFINED 272

272

334

266

419 421

335
266
353

269
343

DEFINED

DEFINED
272
418
273

306
269

514

DEFINED
335

702
2*710
719

337

378
573
599
273
364

427

DEFINED 267

731

516

692

348

703
2*711

662

391
574
602

365

2*704
712

392
575
603

DEFINED

2*705
713

393
576
625

268

2*706
714

406
581
626
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VARIABLES
135 CRDTT

5261 CREAP

2554
136
54
2
4
5
6

137
604
605
102
140
141
130
156
142

5207
143

5245
144
12

5316
145
204
146
147
150
151

5244
0

232
233
5317
5235
152
607
234

5200
153
154

155
235
207
210
211
212

5234
213
263

CREPHR
CRN
CTHAX
CTHELT
CTRANB
CTRANE
CTRANZ
CVV
CIKF
CINF
DCI
DCIH
DCI HP
DCO
DE
DELBP
DELBPI
DELdU
DELDAY
DELH
DELOXY
DELRNG
DELTA
DELTAZ
DELTCR
DELTDB
DELTFC
DELTJL
DELTP
DELZA
DEN
DENG
DENR
DENSIX
DHIC
DISH
DISHSD
DLRDSI
DLREL
DLROD

DLTGC
DP
DPH
DPHF
DPHFP
DPWP
DPWX
DRS
DSPG

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS

INPTR
REALS

ARRAY INPTR
PHYPRO
PHYPRO
PhYPRO
PHYPRO
REALS
REALS
REALS

ARRAY INPTR
REALS
REALS

ARRAY INPTR
ARRAY INPTR

REALS

REALS

REALS
PHYPRO

REALS
ARRAY INPTR

REALS
REALS
REALS
REALS

ARRAY BA
I PTR
INPTR

REALS
REALS
INPTR

REALS
REALS

ARRAY REALS
ARRAY INPTR

REALS
REALS
REALS
REALS

REALS
INPTR

371 386DEFINED

303

50.4

DEFINED

REFS
REFS
398

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

110
387

156
110
156
209
209
209
209
110
134
134
156
110
110
156
156
110
479
110
479
110
209
434
110
156
110
110
110
110
355
246
156
156
441
436
110
134
156
286
110
110
284
110
156
110
110
110
110
435
110
156

399

306
DEFINED

DEFINED

435

479

DEFINED

295

495
438

686

285
684

439

503

479
306

355

436

DEFINED

DEFINED
DEFINED

DEFINED

286

DEFINED

433

354

438
346

285

685

345

436

685

686

435
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VARIABLES
264 DSPGN

0 DQHPRS
101 EAX

5253 EAXSI
0 ECREP2
I EMFLAG

265 ENRCH
214 ENRICH
215 EOLSR

5405 EPPAX
5407 EPPHPI

5406
5404

0

5366
5370
5367

5371
0
0

5254
5255

0

5256
0

55
5252

266
5262
5321
267
216

7
217
270
220
221

I
222
223
225
271
272

54
227
602
603
2552

231

EPPHPO
EPPRA
EPP2

EPSAX
EPSHPI
EPSHPO

EPSRA
EPSO
EPS02
EPSli
EPS2
EP522

EP33
EP2
ERAD
ERADSI
EXO
EXPNR
EXPR
FA
FC
DELTA
FGIN
FGPAV
FGPAUP
FGPAVX
FHEFUS
FH2O
FJJ
FJJH
FLUX
FLXDP
FLXRD
FMGP
FNCK
FNCN
FOTHTL
FPOR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INPTR

ARRAY F.P.
ARRAY BA

ARRAY F.P
ARRAY LACIss

INPTR
REALS
REALS

ARRAY F.P.

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F. P.

F. P.
BA

INPTR

INPTR
REALS
PHYPRO
REALS
INPTR
REALS
REALS
PHYPRO
REALS
REALS
REALS
INPTR
INPTR
BA
REALS
REALS
REALS
I NPTR
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
^EFS
REFS
REFS
677

REFS
REFS
REFS

DEFINED
REFS
REFS
REPS
619

REFS
REFS
REFS
REFS
REFS
REFS

606
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

156
254
246
504
254
205
156
110
110
668
653

668
668
254

609
609
590

609
254
254
370
493
254
607
493
254
246
502
IA6
505
441
156
110
209
110
156
110
121
209
121
121
121
156
156
246
121
134
134
156
121

DEFINED
365

DEFINED
DEFINED

733
630
668

680
680
396

629
629
609

629
DEFINED
DEFINED

385D
DEFINED

397
DEFINED
DEFINED
DEFINED

364
DEFINED

DEF I NED
497

1
504
365

1

DEF I NED
DEFINED

680

DEFINED
DEFINED

656

DEFINED
DEF I NED

629

DEFINED
I

494
367
400

368

502
364

372
DEFINED

657
65Z

659
656
659

607
605
589

606

381

604

729
642

DEFINED

643
641
657

565
567

DEF I NED

568

DEFINED
382
401

383

387
440

679
658

678
676

620
618
604

617

401

605

651
644

653
650
658

592
590
566

591

366
402
402

400

399
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'/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
232 FPORI
273 FOE
233 FRD
35 FRDEN

234 FRDH
235 FRDN

0 FTHELT
5201 FULDEN

0 FVFRO
236 G
0 GAP2

5236 GASCND
237 GASES
246 GASIN
247 GDEN
274 GO
250 GPTH
302 GPTHE
334 GPTHt
335 GPTHP
336 GPTHPS
370 GR
441 GRNSIZ
3 GROWI

371 HCRV
372 HCV
442 HDISH
373 HDSHV
374 HEIN
375 HFLL
376 HFLHDB
377 HFLMP
400 HFPER
401 HFU
410 HGAP
412 HGAPR

5216 HGAPSI
402 HGAPT

403
404
405
407
413
443
414
415
411
416
417

5313

HGV
HI
HHGP
HP
HPL
HPLT
HPORV
HPV
SOLID
HUPTAK
H2OtI
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RERL
REAL
INTEGER

RELOCATION
REALS
INPTR
REALS
LIMITS
REALS
REALS
PHYPRO

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

F.P.
REALS
F.P.

REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
AXL
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

REALS

REALS
REALS
REALS
REALS
REALS
INPTR
REALS
RELS
REA.S

REA, S

295
I

DEFINED
DEFINED

DEFINED
502
334

REFS
REFS
'EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*527
571

121
156
121
237
121
121
209
296
254
121
254
501
121
121
121
156
121
121
121
121
121
121
156
244
121
121
156
121
121
121
121
121
121
121
1?1

350
121
324
121
121
121
121
121
156
121
121
121
121
121
431
562
572

323

I
DEFINED 347

533

534

498

522

522

313

347
349
495
328

522

522
522
348

445
565
595

326
327
328
348 351

DEFINED
DEFINED
DEFINED

347

537

535
532

DEFINED

449
566
609

496

325

450
567
638

451
568
641

452
569
642

453
570
643
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76/176 3PT:0 TRACE STATIC FTN 4.8+508

VARIABLES

57
I
2
3
4

275
6
7

10
12
13
14
15

270
302

24
0
67

16
17
42
60
2
5

271
272
20
21
22
3

23
24
25
30
32
33
34
0
0

303
5332

36
5416

SN TYPE

I ADJ
IAELM
IAK
IARAA
IARE
IAXSYM
I BA
IBASAV
IBASE
I BBA

ICA
ICC
ICFAC
ICFCSV
CLOSE

I CNT
ICOR
ICRATE
ICRPG
ICRPP
I CUT
IDBG
IDF
IDG
IDGSAV
IDISP
IDISPC
IDSPSV
IDXGAS
IEFSTR
IELM
IELS.':'
IELSTR
IEPSLM
IESTNV
IESTSV
FIRST
IGAP2
IHLDN
II

IIPOS
IIT

5315 Ii

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NEGER
INTEGER

INTEGER
INTEGER

RELOCATION

LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INPTI
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
POINT
POINT
INTEG
INPTI
LIMITS
INPTI
PNTPNL
PNTPNL
LIMITS
LIMITS
I NPT I
LIMITS
POINT
POINT
PNTPNL
PNTPNL
PNTPNL
INPTI
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

ARRAY F.P.
POINT

PNTPNL.

INTEGER

722
644

DEFINED
727

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
709
717

DEFINED
REFS
665

647
430

237
227
227
227
227
175
227
227
227
227
227
227
227
102
102
148
175
237
175
227
.27
237
237
175
237
102
102
227
227
227
175
227
227
227
227
227
227
227
227
254
102
462
458
227
702
710
718
700
434
668

661
444

507

369

DEF I NED
372
463
699

703
711
719

435
DEHfNED

722
526

464

704
712
720

436
432

723
561

465

705
713
722

2*448
447

728
637

466

706
714
723

2*449
460

700

707
715

701

708
716

2*461
661
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761176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
5323 IK

37 IKSAVE
5331 IL
106 ILAST
26 ILSTHA
27 ILSTRA
4 IM
4 IMCLAD
2 IMDENS

23 IMDONE
7 IMENRG
10 IMFGAS
I IMFUEL
5 IMGAPC
0 IMPOlR
3 IMRELO

11 IMSI4CH
5365 IMI

5402
5403
5410
54i1
5412

6
40
41
42
43
44
45
5

40
73

304

273
31
4'
47
50
6
0

51
52
71
53
54
55

264
75

IMINA
IMINA2
1h2
ItI2NA
IM2NA2
IM931C
INADET
INDC
INDF
INDT
INODET
IOLDSE
IPLANT
IPLAS
IPLEND
IPLSTC

I rRG
;PSLA
I PSSRT
IPSSV
IPSTS
IS
IQUIT
IR
IRA
I RAK
I RBR
IRDR
I RD
IRDOT
I RZ

3N TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

PNTPNL

PNTPNL
PNTPNL
PNTPNL
IMPTI
EMFLGS
EMFLGS
INTEG
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS

EMFLGS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INPTI
LIMITS
LIMITS
POINT

POINT
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INPTI
INTEG
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
PNTPNL
POINT
LIMITS

DEFINED457

DEFINED

699

443

457

727

278

729

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
601
659

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
677

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

444
227
458
227
227
227
175
189
189
148
189
189
189
189
189
189
189
579
604
662
562
580
581
648
649
650
189
227
227
227
227
227
227
175
237
237
102
678
102
227
227
227
227
175
148
227
227
237
227
227
227
97

237

2*598
657

600
658

579

585
605
663
595
583
582
652
651

DEFINED

371
679
330

587
606
664
638
584
591

DEFINED
DEFINED

649

641

5a9
607
666

592
DEFINED

647
648

6.42

596
656
4*668

DEFINED
580

6.43 644 676

369 425
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76/176 OPT:O TRACE STATIC FTN 4.8+508

VARIABLES
I IRI

265 ISAVGS
5 IS8

1I 158B
74 ISP
37 I55TOP
56 ISTRES

305 ISTRNN

57
306

7
2

60
300

61
62
63
64

277
3

53
65

301
66
70
67
71
72

5177

276
300
73
74
75
76
63
276
274
275
302
267
77
100
10
102
103
104
105
4

ISTRSA
ISTRSS

15W
IT

ITCB
I TCL
ITCRP
I TEC
I TEF
ITELM
ITEMP
I TER
ITERD
I TFB
ITFS
ITHET
ITHSAV
ITHTAX
ITHXSV
ITME
ITM I

ITRAMP
ITREST
ITSTNR
ITSTSR
ITV
ITN
ITI
IVARDI
I VFC
IVFF
IWORDS
IX
I XKT
IXLOAD
IXLODA
I XRD
IY
IYACF
1J
J

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
INTEG
POINT
PNTPNL
PNTPNL
LIMITS
LIMITS
PNTPNL
POINT

PNTPNL
POINT

INPTI
INTEG

PNTPNL
POINT
PNTPNL
PNTPNL
PNTPNL
PNTPNL
POINT
INTEG
BA
PNTPNL
POINT
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

POINT
INPTI
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
INPTI
POINT
POINT
INPTI
POINT
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
INTEG

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

568
REFS
REFS
572
REFS
REFS
520
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
552

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

148
97

227
227
237
237
227
102
617
227
102
621
175
148
521
227
102
227
227
227
227
102
148
246
227
102
227
227
227
227
227
341
554
102
175
227
227
227
227
237
175
102
102
175
97

227
227
227
227
227
227
227
149

289

366
618

373
622

281

474
DEFINED

283

567

571

519

566

570

513

367
6;9

374
623

283

530
281

289

368
620

375
624

288

546

290

565

569

299

549

296

550 551

299 301
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES

24
10
35

5
11
6

21
7
12
10
11
66
55
45
44
46

420
36

5314
216
215
216
217
220
215
152
153
221
125
120
253
256

14
10
it

210
all
212
12
13

172
173
213

15
2

154
II

0

SN TYPE

JAM
JDLPR
JIIJ
JJC
JN
PEAK
JST
K
KA
KINDER
KOX I
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KRv'IN
KZI
L
LACE
LACHFG
LACMHE
LACMH2
LACMN2
LACMOD
LAKI
LAK2
LA#GPT
LANG
LANGR
LANSD
LANSR
LARAD
LAXGAP
LAXLEN
LB
LBR
LBTOLD
LBUI
LBU2
LCCI
LCC2
LCHEM
LCPDLT
LCREPI
LCRL
LDCHEK
LDCIH

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IN'EGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGEPR
1NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

ARRAY

RELOCATION

LIMITS
INPTI
PNTPNL
INTEG
INPTI
INTEG
INPTI
INTEG
LIMITS
INTEG
INTEG
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
REALS
LIMITS

INPTI
POINT
POINT
POINT
POINT
INPTI
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

302
325
340

2*369
432

FEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

303
326
356
371
445
237
175
227
148
175
148
175
148
237
148
148
237
237
237
237
237
7

237
432
175
81
81
81
81
175
52
52
81
38
38
91
91
19
19
19
71
71
71
19
19
64
P4
71
19
19
52
19
19

308
327
357
372
448

290

283

311
329
364
373
461

290

121

2*433 DEFINED

384

448
461

301
302

337

396

662

315
330
365
374
476

318
332
366
375
502

319
337
367
424
504

324
338
368
425
507

431
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76ul76 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
261 LDECAY

16 LDELBP
17 LDENMX

174 LDENSF
175 LDENSP
3 LDLH

20 LDLPGE
155 LDPL
156 LDPLH
157 LDPN
176 LDP4
177 LDP4IPP
260 LDT
21 LDZ
22 LDZH
23 LDZHP
24 LECREP
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS

133
151
100
167
134
257
121
170
110
254
160
16I
122
171
26

222
200

27
4

262
30
123
101
114
115
116
5

223
124

LEPSAV
LEPSI
LEPI
LF
LFEPS
LFF
LFGMGP
LFH
LFLAG
LFLXFC
LFMA
LFMGPR
LFMGR
LFN
LGAP
LGASIO
LGNSIZ
LGPTP
LHA
HALF
LHCOEF
LHEMGP
LHGAPS
LHGPC
LHGPR
LHGPS
LHL
LHMGPT
LH*GR

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IN', ~ER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

303
296
436

435

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

592
RcFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

652651

382

650

386

381 383 589 591

554

324
326
327
325
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
162 LHRL
103 LIGAP
12 LNN

106 LNFAIL
146 LNUDEP
31 LOt.AXG
32 LOLDPC
33 LOLDPG
34 LOLDTC
35 LOLDUR
36 LOLEPS
37 LOLFEP
104 LOLIGP
40 LPAXGP
41 LPC
42 LPECRP
43 LPEP
135 LPEPSU
255 LPF
136 LPFPSV
44 LPG
45 LPINT

224 LPIT
46 LPLDPC
47 LPLDPG
50 LPLDTC
SI LPLDUR
107 LPLIGP
52 LPOAXG
53 LPOFEP
54 LPOLEP
6 LPOROS

ZOI LPORSI
202 LPORS2
225 LPRTIO
226 LPRTII
227 LPRT12
230 LPRTI3
231 LPRTI4
232 LPRTIS
233 LPRTI6
?34 LPRTI?
235 LPRTI8
236 LPRT2
237 LPRT20
240 LPRT3
241 LPRT4
242 LPRT5
243 LPRT6
244 LPRT7
245 LPRT8
246 LPRT9
214 LQ

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
INTEG
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P INT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
P01NT
POINT
POINT
P01NT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

52
19

148
19
44
19
19
19
19
19
19
19
19
19
19
19
19
44
91
44
19
19
81
19
19
19
19
19
19
19
19
19
64
64
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
el
81
76

329
718

728 729

710
711
712
713
714
715
716
717
719
702
720
703
704
705
706
707
708
709
299
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
105 LQDP
206 LR
207 LRAD
55 LRDCOL
137 REPS
4t1 LREPSP
140 LREPSV
126 LREPS2
143 LRFEPP
142 LRFEPS
144 LRFPSV
263 LRLEAS
113 LRTRNO
112 LRTRNP
145 LSIG

ISO
266
247
56

250
57

251
60
61
62
63
64
163
164
165
203
205
117
65
102
252

7
204

I
66
67
70
71
72
73
74
166
75
76
77
13
52

L5G
L5THIF
LTAC
LTAF
LTAFA
LTAG
LTAGA
LTBAR
LTBLK
LTCA
LTCIDI
LTCODI
LTFB
LTFR
LTFRK
LTHPDS
LTtPiX
LTOXO
LTPS
LTRTRN
LTSF
LUFS
LUOZ2LL
LURC
LURF
LUCH
LUCHI
LVCR
LVDH
LUF H
LUGH
LUPL
LUP0R
LZR02A
LZRO28
M
MAXA

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGcR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
PONT
INTEG
LIMITS

476REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
584

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

19
64
64
19
44
44
44
38
44
44
44
91
19
19
44

585
44
97
81
19
81
19
81
19
19
19
19
19
52
52
52
64
64
19
19
19
81
19
64
19
19
19
19
19
19
19
19
52
19
19
19

148
237

340
2x433

445
388
587

520
332
519
338
308
663
318
319

356

315
527
527
521

58358389

530

549
664
666
668

357

582390

551

668
668

665

552

668

550

434

3'i
299

10/21/80 14.29.35 PAGESUBROUTINE PRINT2



76:176 OPT:0 TRACE STPTIC FTN 4.8+508

VARIABLES
0 MAXIDX

43 MAXT
56 "CUD
166 MDBG
15 MDHPRS

271 MECHAN

20
24
22
17
II
10
14
2
3
0
0

170
171

14

0

13
23
6

16
5

12
21
172
7
0

266

15
17
16
31
20
32
21
22

233
14
13
Is

MEPP2
MEPS0

NEPS22
NEP2
MEREP2
NPVFRO
MGAP2
MIGAP2
MNA
KNR
NODE
NODES
NODLOP
MODPC2
NODPG2
NO I GP2
MOLDT2
NPEPP2
MPEPS2
NPEP2
MREPS2
MR22
MSIG2
"TAPE
MTTT
MI
M2
NA

NAB
NABC
NABF
NABF2
NAST
NADT2
NAEC
NAEF
NAFA I L
MARC
NARF
NART

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
I NTEGER

RELOCATION
LACMDL
LIMITS
LIMITS
INPTI
PFRCS2
INPT I

PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
PFRCS2
F.P.
F .P.
INPT I
INPT I
INTEG
PFRCS2

PFRCS2
PFRCS2
PTRCS2
PFRCS2PFRCS2
PFRCS2
PFRCS2
PF RC 52
IMPTI
PFRCS2
LIMITS
LIMITS
IMPTI

INTEG
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
I NPT I
L LIMITS
LIMITS
L LIMITS

329
500
556

330
501
557

362
502
558

422
503
563

423
504
613

REFS
REFS
REFS
REFS
REFS
REFS
424
506
639
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RES
REFS
REFS
REFS
REFS
REFS
579
623
679
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REPS
REPS
REPS
REPS

205
237
237
175
195
175
425
507
672
195
195
195
195
195
195
"95
"95
"95

21*254
14X254

175
'75
148
195
"95
195195
195
195
195
195
195
"95
175
195
237
237
175
580
624

284
499
530
684~

DEFINED
DEFINED

293

299
617
637

i
i

514 731

382
618
648

383
619
649

389
620
676

390
621
677

148
237
237
23/
237
237
237
237
175
237
237
237

423
622
678
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76/176 OPT:0 TRACE STATIC. FTN 4.8+508

)AR TABLES
25 NAXBT
26 NAX82
27 NAXD4
27 NC
52 tACNN
SI NCONN

272 N(QACK
274 NCREEP
50 NC4
173 NDBG
273 NELAST
7 NETOT

53 NEW
10 NEWF

270 NEWPRB
I1 NEWT
26 NF
6 NFF

30 NFFI
47 NFF2
174 NFROD
SI NF4

175 NGAPC
176 NGASR
167 NHEAL
41 NKN
54 NMX
50 NN

234 NNFAIL
25 NNNCRP
2 NOEL
4 NOELC
3 NOELF

177 NOFAIL
277 NOFRAC
65 NOLD

200 NOPT
201 NPCYCL
16 NPLAST

263 NPLOT
202 NPLTAB
304 NPRINT
267 NR

203
204'

17
265
205
5175

READ
NRESTR
NRMI
NROD
NROLL
NRPI

5176 NRP2

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

RELOCATION
LIMITS
LIMITS
LIMITS
INTEG
BA
BA
INPTI
INPTI
LIMITS
I NPTI
INPTI
LIMITS
LIMITS
LIMITS
INPTI
LIMITS
INTEG
LIMITS
LIMITS
LIMITS
INPTI
LIMITS
INPTI
INPTI
INPTI
LIMITS
LIMITS
BA

ARRAY INPTI
PFRCS2
LIMITS
LIMITS
LIMITS
INPTI
INPT I
LIMITS
INPTI
INPTI
INTEG
INPT I
INPTI
INPT I
INPT I

INPT I
INPT I
INTEG
INPTI
INPTI

RE' S
R: FS
iEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
432

REFS
REFS
REFS
REFS
REFS
REFS
405
657

REFS

237
237
237
148
246
246
175
175
237
175
175
237
237
237
175
237
148
231
237
237
175
237
175
175
175
237
237
246
175
195
237
237
237
175
175
237
175
175
148
175
175
175
175
661
175
175
148
175
175
397
596
658
598

369

425369

279

398
598

DEFINED
600

424

280

400
601
279
604

356

401
605

659

357

402
606

DEFINED

430

403
607

280

431

404
656
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76u176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
25 NSH

206 NSP
207 NSTART
20 NSTEP

210 NSTOP
211 NT
23 NTAE

212 NTAPE
*4 NTPLOT
421 NU
213 NUCFC
214 NUNITS
301 NWORDS
303 NWRDS

21 NURITE
262 NXP
22 N2

0
0
0
0

422
423
424
0
0

425
426

5217
460

5220
461
444
445
462
0

5222
463

5364
464
465
446
473
5232
466

5204
5227
613
623
1333
467

OLDPC2
OLDPG2
OLDT2
OLIGP2
OXDROP
OXIDE
PECDH
PEPP2
PEP2
PI
PIN
PINR
PINP
PINSI
PORO
PPtH2O
PPMN2
PR
PREPS2
PRESG
PRESS
PRSMPA
PRTY
PRT 9
P2
QAV
QAVM
QC
9CM
QDPM
QEND
QF
QMPY
OP

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
INTEG
INPTI
INPTI
INTEG
INP TI
INPT I
LIMITS
INPTI
INPTI
REALS
INPTI
INPTI
INPTI
INPTI
INTEG
INPTI
INTEG

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.
F.P.
F.P.
F.P.

REALS
REALS
REALS
F.P.
F.P.

REALS
REALS

REALS

REALS
INPTR
INPTR
REALS
F.P.

REALS

REALS
REALS
INPTR
REALS

REALS

INPTR
INPTR
INPTR
REALS

529

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

389
403

REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF'S
REFS
REFS
REFS
REFS
REFS
REFS
REFS

148
175
175
148
175
175
237
175
175
7

175
175
175
175
148
175
148
390
404
254
254
254
253
121
121
121
254
254
121
121
331
121
506
121
156
156
121
254
334
121
554
121
121
156
121
475
121
476
476
156
156
156
121

383
39
423

384
400
474

386
401

697

388
402

723696

38i
396
405

DEFINED
DEFINED
DEFINED

254

426

DEFINED
DEFINED

506

507

DEFINED
DEFINED

333
DEFINED

I

311

382
397
422

DEFINED

DEFINED

507

DEFINED

1
333
544
544

DEFINED 329 33G

331

554

737

343
DEFINED

300
DEFINED
DEFINED

475
343
476
300
340

DEFINED 299

299
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76,176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
474 PEAK

5231 QPEAKM
470 QSP

5276 RADCL
5277 RADCLN
5240 RADCND
5271 RADP2
5300 RADP2M
52?? RADP4
5301 RADP4M
5213 RADPS
5302 RADP6M
5274 RADP8
5303 RADPM
5275 RADSR
5304 RADSRM

72 RAKSUM
1500 RAPO4
1513 RC
471 RCI
5305 RCIH
5310 RCIHM9
472 RCO

5306 RC0H
5311 RCONI1
1514 DISH

0 REPS2
5241 RESI
5242 RESIS
5340 RFNCI

475 RFNUFF
476 RHO
477 RHOF
500 RHOG
501 RHOU02
502 RMH

1515 ROUGHC
1516 ROUGH
5307 ROX
5312 ROXM

503 RP
70 RRAKR

2551 RSNTR
5'4 RSTRAN
505 RSTRES
506 RTRAN
0 R22

1517 SGAPF
5374 SGHPIB

5373 SGHPOD

5211 SIFLIMP

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
WEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

RELOCATE ION
REALS

REALS

LIMITS
I NPTR
INPTR
REALS

REALS

INPTR
F.P.

REALS
REALS
REALS
REALS
REALS
REALS
INPTR
INPTR

REALS
LIMITS
INPTR
REALS
REALS
REALS
F.P.
INPTR

REAL

REAL

477
342

342
DEFINED

482
DEFINED
DEFINED

483
DEF I NED

484

'*F85D
DEF I NED

486
DEFINED

487
DEFINED

DEFINED
416
349

DEFINED
417

DEFINED
418

DEFINED
419

DEFINED
420

DEFINED
421

415

410

411

412

413

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REPS

DEFINED
REFS

DEFINED
REFS

121
477
121
416
482
505
417
483
418
48"
419
485
420
486
421
497
237
156
156
121
423
488
121
426
489
156
254
498
498
522
134
134
134
134
134
134
156
156
429
490
134
23'
156
134
134
134
254
156
575
571
576
570
498

415

DEFINED

DEFINED

488
427

489
428

350
351

DEFINED

423

518

427
DEF I NED

428
DEFINED

DEFINED
DEF I NED
DEFINED

536
518

490
DEF I NED

439

DEF I NED

603
588
588
587

DEFINED

DEFINED
429
439

I

609
601
602
600
313

626
622
609
623

629

627
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SUBROUTINE PRINT2

VARIABLES SN TYPE
5215 SIGAP REAL
5377 SIGAX REAL
5372 SIGAXB REAL

5400 SIGHPI REAL
5401 SIGHPO REAL

5266 SIGN REAL
5263 SIGMIB REAL

5267 SIGM2 SEAL
5264 SIGM2 REAL

5270 5IGM3 REAL
5265 SIG35 REAL

5376 SIGMA REAL
5375 SIGRAB REAL

0 5IG2 REAL

507 SKTC REAL
510 SKTS REAL
5417 SRM REAL

64 STEP REAL
511 STRN REAL
512 SUCK REAL
513 SUMDH REAL
514 SUMEXP REAL

I SUMFF REAL
515 SUMGP REAL
0 SUM REAL

516 SUMPOR REAL
517 SUMRG REAL
2 SUMSAV REAL

520 SUMTF REAL
5320 SWLR REAL
521 T REAL
5342 TAFAK REAL
5341 TAGAK REAL
5221 TAGK REAL
5361 TARFR REAL
5226 TBARK REAL
5415 TBLKK REAL
522 TCAC REAL
5413 TCAK REAL
1520 TCC REAL
523 TCI REAL

5214 TCIM REAL
5247 TCL REAL
5250 TCLK REAL
524 TCO REAL

5213 TCOM REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY F.P.

REALS
REALS

LIMI'S
REAL i
REAL 5
REAL
REALS
AXL
REALS
AXL
REALS
REALS
AXLI
REALS

REALS

REALS

INPTR
REALS

REALS

FTN M.8+508

REFS
REFS
REFS

DEFINED
REFS
REFS
627
REFS
REFS
404

REFS
REFS
405

REFS
REFS
403

REFS
REFS

DEF I NED
REFS

601
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

334
609
574
569
609
586

494
376

493
377

493
378

609
573
572
254

DEF I NED
134
134
728
237
134
134
134
134
244
134
244
134
134
244
134
441
134
551
549
334
549
668
668
134
668
156
134
488
358
462
134
489

DEF I NED
629
599
584
629
609

DEFINED
391

DEF I NED
392

DEFINED
393

629
597
582
403

I

729

284

496
298
552

DEFINED
DEF I NED
DEFINED
DEFINED
DEF I NED

DEF I NED
423
321

DEFINED
482

DEFINED
320

DEFINED

10/21/80

$74
628
624
575

DEFINED

391
494

392
493

393
493

573
625
621
405

726

14,29.35

583
629

586
576

406
DEFINED

407
DEF I NED

408
DEF I NED

581
629

596

728

684

DEFINED

DEFINED
519
332
541
338
666

663

488
321

DEFINED
358
482
320

439

520

664

DEFINED

357

DEFINED

318

319

PAGE

599

603
585

373

374

375

597

323
DEFINED

609
598

DEFINED
629

376
406

377
407

378
408

DEFINED
609
596
404

DEFINED

34

628

626
602

388

389

390

625

6002*598



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
5347 TCRKF

5350
523 '
525
526
527

5363
5324

5345
5362
531
1243
1521

61
62

532
5357
546
547

5260

5322
1666
550
5212
551
552
553
554
5346
5202
5325
5333
5326
5334
5327
5335
5330
5336
555

2553
556

5203
5343
1667
5246
525'

TCRKK
TDAYS
TF'C
VFC
icGFR
T' GPCT
TFRC

TFRK
THEFR
THVUD

THVVSI
TH2FR
TH2OFR
TIMDAY
TIME
TIMEC
TIMEF
TITLE
TKRFR
TM
TN2FR
TOTCR

TOTFR
TOTL
TOXO
TOXOK
TP
TPA
TPAC
TPLEN
TPLENS
TPSEC
TP2
TP2K
TP4
TP4K
TP6
TP6K
TPA
TPBK
TRANST
TREF
TSAT
TSECON
TSFK
TSINT
TSR
TSRK

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

RELOCATION

REALS
REALS
REALS

REALS

REALS

INPTR
LIMITS
LIMITS
REALS

REALS
REALS

INPTR
REALS

REALS
REALS
REALS
REALS

REALS
INPTR
REALS

INPTR

REFS
529
REFS
REF5S
REFS
REFS
REFS
REFS
REFS
464
REFS
REFS
REFS
554

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
397
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

527
530
553
478
134
134
134
554
449
465
668
134
523

DEFINED
554
547
134
480
156
237
237
134
550
134
134
387

498
156
134
490
134
134
134
134
548
353
469
483
470
484
471
485
472
486
134
156
134
352
550
156
359
487

529

DEFINED
DEFINED

539
DEFINED

450
466

DEFINED
547
532
522

DEFINED
DEFINED

552
DEFINED

341

293
DEFINED

548
399

DEFINED

316
DEFINED

297

.24
DEF INED

354
+83

DEF INED
i84

DEFINED
4:5

DEFINtL
486

DEFINED

354
DEFINED

487
DEFINED

525 527DEFINED

735

453
449

535

462
459

536

463
462

537

553

353

543

452
446

692

507

DEF I NED

DEFINED
450

731

531

531
341

540
543
451

DEFI NED
665

523
542

352
701

514
539

506

441

490
316

548
524
478

DEFINED
469

DEFINED
470

DEFINED
147'

DEFINED
472

480
521

DEFINED
359

DEFINED 370 385

315

297
463

451

453

DEFINED

465

466

298

356
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
557 TT
0 TTT

1670 TM
560 TX
561 TXA
562 TXAL
563 TXC

5360 TXEFR
2035 UBFS
2036 UtELT
2037 UOFD
5233 U02LLX

0 VERS
5352 VFRCCR
5353 VFRCDS
5356 VFRCGP
5351 VFRCPL
5354 VFRCPR
5355 VFRCRF
564 VISC
565 VPLT

2040 VS
566 USS
600 VX
567 W
570 WT

5210 WTK
571 WTRAN

2041 X
572 XEIN
573 XK6
574 XK7
33 XP
34 XR

575 YY
576 Z
577 ZR02WG

FILE NAMES
TAPE6

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS

ARRAY F.P.
ARRAY INPTR

REALS
REALS
REALS
REALS

ARRAY

MODE
FMT

INPTR
INPTR
I NPTR

VER

REALS
REALS
INPTR
REALS
REALS
REALS
REALS

REALS
INPTR
REALS
REALS
REALS
LIMITS
LIMITS
REALS
REALS
REALS

WRITES
481
490
499
546
555
680
735

EXTERNALS
GTHCON
PGHEAD

TYPE ARGS
REAL 4

3

REFERENCES
334
293

I

540

DEFINED

533
534
537
532
535
536

REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

286
482
491
500
547
556
686
737

134
254
156
134
134
134
134
551
156
156
156
434
207
553
551
549
548
552
550
134
134
156
134
134
134
134
491
134
156
134
134
134
237
237
134
134
134

474
483
492
501
548
557
694

DEFINED

DEF I NED

440

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

309
DEFINED

475
484
493
502
549
558
695

308491
309

476
485
494
503
550
559
696

DEFINED

477
486
495
504
551
609
697

478
487
496
505
552
629
722

479
488
497
506
553
635
723

480
489
498
507
554
668
733

731
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

INLINE FUNCTIONS
ADS
AMAXI
AMINI
TCONQ

TYPE
REAL
REAL
REAL
REAL

ARGS
i INTRIN
0 INTRIN
0 INTRIN
SSF

DEF LINE REFERENCES
729
329
728

276 309
569
53'

STATEMENT LABELS
47 100

0 110
510 120
600 130
707 140

0 150
0 160
0 170

1173 180
0 190
0 200

1261 210
1445 220

0 230
0 240

1765 250
2047 260
2144 270

0 280
2233 290

0 300
2273 310
2324 320
2354 330

0 340
c454 350
2467 360

0 370
0 380

2702 390
3542 400 FMT
3557 410 FlT
3567 '20 FMT
3577 430 FMT
3616 440 FMT
3626 450 FMT
3644 460 FMT
3662 470 FMT
3700 480 FMT
3712 490 FMT
3723 500 FMT
373'i 510 FIT
3745 520 FMT
3756 530 FMT

INACTIVE

INACTIVE

INACTIVE

DEF LINE
287
363
380
395
409
437
449
454
456
462
467
468
511
528
564
578
594
608
611
632
640
646
655
660
670
682
690
725
728
739
742
744
746
748
751
753
755
757
759
761
763
765
767
769

REFERENCES
283
362
362
362
379
430
447
443
445
460
457
455
209
526
563
563
563
577
561
613
639
639
639
645
637
672
278
699
727
288
286
474
475
476
477
478
479
480
481
482
483
484
485
486

316
470
663

320
471
664

321
472
665

332
519
666

338
520

358
521

359
524

394

593

654

290 510 513 689
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STATEMENT LABELS
3767 540 FHT
4000 550 FMT
x011 560 FHT
4022 570 FMT
4033 580 FHT
4042 500 FHT
4061 600 FHT
4110 610 FHT
4116 620 FMT
4126 630 FMT
4136 640 FMT
4143 650 FHT
4171 660 FMT
4203 670 FHT
4222 680 FHT
4227 690 FMT
4237 700 FMT
4246 710 FMT
4260 720 FHT
4270 730 FMT
4302 740 FMT
4323 750 FMT
4336 760 FMT
4344 770 FMT
4362 780 FMT
4366 790 FMT
4436 800 FMT
4470 810 FHT
4502 820 FHT
4514 830 FHT
4526 840 FMT
4540 850 FMT
4552 860 FMT
4606 870 FMT
4624 880 FMT
4666 890 FMT
4703 900 FHT
4712 910 FMT
4716 920 FIT
4722 930 FMT
4726 940 FHT
4735 950 FMT
4737 960 FMT
4747 970 FMT
5023 980 FIT
5077 990 FHT
5112 1000 FMT
5125 1010 FHT
5134 1020 FHT
5143 1030 FMT

DEF LINE
771
773
775
777
779
780
783
787
788
790
792
793
797
799
802
803
805
806
808
810
812
815
817
818
821
822
828
832
834
836
838
840
842
847
849
855
857
858
859
860
861
862
863
865
872
879
881
883
884
886

REFERENCES
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
686
680
629
546
547
554
548
549
550
551
552
559
609
635
668
553
556
557
558
555
694
695
696
697
722
723
733
735
737
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LOOPS
1023
1100
1115
1175
1204
1521
1701
2237
2506
2655

LABEL
X50
170
160
200
I9 ~
230
280
3'+0
370
380

COMMON BLOCKS
FAST
POINT
REALS
INTEG
INPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LPCMDL
VER
PHYPRO
PNTPNL
LIMITS
AXL
BA

INDEX
I1K
IJ
IL
IJ
I
I
I
II
I

LENGTH

1

199
392

139.
197

le
22
12
21
1I12

71
62

4
85

FROt-TO
430 437
443 454
447 449
457 467
460 462
526 528
561 611
637 670
699 725
727 728

LENGTH
368
718
218
638
218
118

2508
1678
1438
78

P OPERTIES
OPT

EXT
EXT
EXi
EXT

INSTACK
EXT
EXT
EXT

INSTACK

REFS
REFS
REFS
REFS

REFS
REFS
REFS

EXITS NOT IN ER

NOT INNER

STATISTICS
PROGRAM LENGTH
SCh LABELED COMMON LENGTH

140000E SCM USED

54368
47118

2846
2505
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SUBROUTINE PWRDEP (ENRICHTM, IPLANT, IT,NDBG,PI,P2,P3) PWRD 2
C PWRD 3
C IMPLICIT REAL*8 (A-H,O-Z) PWRD 4
C PWRD 5

5 C n*':** :z** :::z:***** ****:::*z*********************u ****** PWRD 6
C PWRD 7
C THIS SUBROUTINE IS CALLED FROM FLUXD AND COMPUTES THE "LASER" PWRD 8
C POWER FACTORS PWRD 9
C PWRD 10

10 C z::: * u* zuu* * :*********** :* z ***************** ** **** **x**** PWRD 11
C INPUT ARGUMENTS PWRD 12
C **** ******:*:n* : *:n:::*:************************u*:**u***z PWRD 13
C PWRD 14
C ENRICH - FUEL ENRICHMENT (% U235' PWRD I5

15 C IPLANT - POWER PLANT TYPE INDEX PWRD 16
C IT - POWER-TIME STEP INDEX PWRD 17
C NDBG - DEBUG OUTPUT INDEX PWRD 18
C TM - TIME TO END OF STEP (HR) PWRD 19
C PWRD 20

20 C *x**x***E*** * * x ** ******x***x* * ** PWRD 21
C OUTPUT ARGUMENTS PWRD 22
C * *** ******************** **** ******* * PWRD 23
C PWRD 24
C FF - LASER TABEL FACTOR PWRD 25

25 C PI - LASER TABLE FACTOR PWRD 26
C P2 - LASER TABLE FACTOR PWRD 27
C P3 - LASER TABLE FACTOR PWRD 28
C PWRD 29
C :*:*****:xxxxxxx*x******************f***** : *****u**:** PWRD 30

30 C PWRD 31
GO TO (100 (10,120,130), IPLANT PWRD 32

C PIR U235 LAZ&R POWER DISTRIBUTION DATA PWRD 33
100 E : ENRICH/3.0 PWRD 34

IF (TM.GT.22100.) TM : 22100. PWRD 35
35 IF (E.GT.2.0) E : 2.0 PWRD S6

IF (E.LT.0.6667) E : 0.6667 PWRD 37
PI : 6.75298E-2+7.18469E-I*E-7.91543E-2xE*E+(1.82027E-3-1.56930E-3 PWRD 38
+*E+3.79892E-4*E*E)*TM+(- I .49195E-7+1.47074E-7*E-3.78156E-8*E*E)*TM PWRD 39
+*TM+(3.76922E-12-3.89070E-12*E+1.03291E-12*E*E)*TM*TM*TM PWRD 40

40 P2 : 2.79418-5.95252E-01*E+2.486!2E-01*E*E+(1.99999E-03-1.71031E-0 PWRD 41
+3*E+4.1?523E-04*E*E)*TM+(-2.69231E-07+2.52819E-07*E-6.45166E-08*E* PWRD 42
+E)*TM*TM+(.20611E-II-1.16197E-I,*E+3.03672E-12*E*E)*TM*TM*T+(-1. PWRD 43
+71I7OE-16+1.64471E-16*E-4.33757E-17*E*E)*TM*TM*TM*TM PWRD 44
P3 : 6.69661-.579519*E+EXP(.2669*E)-.598866*ALOG I.0-1.14923E-4*TM PWRD 45

45 ++4.2213E-4*TM/E) PWRD 46
GO TO 140 PWRD 47

C PWRD 48
C PIIRD '49
C BWR U235 LAZER POWER DISTRIBUTION DATA PWRD 50

50 C PWRD SI
110 E : ENRICH/2.1 PWRD 52

IF (TM.GT.29300.) TM : 29300. PWRD 53
IF (E.GT.I.6667) E : 1.6667 PWRD 54
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IF (E.LT.0.7143) E : 0.7143 PWRD 55
55 P1 : 57.9736E-02-19.7357E-02*E+14.5904E-02*E*E+(31.5340E-05-19.648 PWRD 56

+6E-05*E+42.0033E-06*E*E)*TM+(-79.4302E-10+68.4852E-10*E-17.8214E-1 PWRD 57
+0*E*E)*TM*TM PWRD 58
P2 : 29.7849E-01-17.4154E-02*E+(14.9830E-05+20.0363E-06*E)*TM+(-40 PWRD 59

+.4864E-10-14.4630E-I0*E)*TM*TM+(25.5171E-16+50.5413E-15*E)*TM*TM*T PWRD 60
60 +M PWRD 61

P3 : 3.39082-.370756*E+EXP(.203946*E)-.316945*ALOG(I.0-88.641E-06* PWRD 62
+TM+40.5904E-05*TM/E) PWRD 63
GO TO 140 PWRD 64

C PWRD 65
65 C PWRD 66

C PWR PU LAZER POWER DISTRIBUTION DATA PWRD 67
C PWRD 68
120 E : ENRICHi3.0 PWRD 69

IF (Tt.GT.22100.) TM : 22100. PWRD 70
70 IF (E.GT.3.3333) E : 3.3333 PWRD 71

IF (E.LT.0.6667) E : 0.6667 PWRD 72
P1 : 31.5018E-02+18.0792E-01*E-23.4942E-02*E*E+(74.3288E-05-54.201 PWRD 73
+OE-05*E+96.8590E-06*E*E)*TM+(-20.7791E-09+17.0359E-09*E-33.1132E-I PWRD 74
+0*E*E)*TM*TM PWRD 75

75 P2 : 28.6931E-01-13.6593E-02zE+79.1636E-03*E*E+(27.9790E-05-83.073 PWRD 76
+6E-06*E)*TM+(-89.6565E-10+31.51 7E-10*E)*TM*TM PWRD 77
P3 : 75.9989E-01-75.1603E-02*E+11.7085E-02*E*E+(-19.9554E-05+16.61 PWRD 78
+59E-05*E-31.8240E-06*E*E)*TM+(52.5990E-10-48.1300E-10*E+99.8960E-1 PWRD 79
+I*E*E)*TM*TM PWRD 80

80 GO TO 140 PWRD 81
C PWRD 82

C BWR PU LAZER POWER DISTRIBUTION DATA PWRD 84
C PWRD 85

85 130 E : ENRICR/3.0 PWRD 86
IF (TM.GT.29300.) TM : 29300. PWRD 87
IF (E.GT.2.) E : 2. PWRD 88
IF (E.LT.0.5) E : 0.5 PWRD 89
P1 : 27.2686E-02+13.3875E-01*E-26.3031E-02*E*E+(35.4470E-05-36.552 PWRD 90

90 +2E-05*E+96.4620E-06*E*E)*TM+(-62.7614E-10+78.1725E-10*E-23.4029E-I PWRD 91
+0*E*E)*TM*TM PWRD 92
P2 : 25.2374E-01+16.3499E-02*E+(27.7826E-05-12.2622E-05*E)*TM+(-47 PWRD 93

+.8085E-10+23.3993E-10*E)*TM*TM PWRJ94
P3 : 42.8215E-01-50.5500E-02*E+10.300E-02*E*E+(-86.5370E-06'10.432 PWRD 95

95 +OE-05*E-29.973E-06*E*E)*TM+(18.4450E-10-25.8100E-10*E+82.220E-1I*E PWRD 96
+*E)*TM*TM PWRD 97

140 CONTINUE PWRD 98
C PWRD 99
C SIMPSONS RULE INTERGRATI ,N OF POWER OVER PELLET RADIUS PWRD 100

100 C PWRD 101
OR : PI+2.0*P3 PWRD 102

DO 150 L:!,5 PWRD 103
R : SQRT((II.E+0-2.E+0*L)/f0.E+0) PWRD 104

150 OR : QR+,PI*R**P2+P3)*4.0 PWRD 105
105 DO 160 L:I,4 PWRD 106

R : SRT((I0.E+0-2.E+0*L'/IO.E+0) PWRD 107
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160

C

OR : QR+(PI*R**P2+P3)*2.0
OR : QR*0.0333333

IF (IPLANT.EQ.2.OR.IPLANT.EO.4) GO TO 170
FF : QR/7.7316069
P1 : P!/7.7316069
P3 : P3/7.7316069
GO TO 180

170 P1 : P1/4.4353724
P3 : P3/4.4353724
FF : OR/4.4353724

180 CONTINUE
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PURDEP

DEF LINE
I

REFERENCES
120

VARIADLES
716 E

0
722

0
0

720
0
0

SN TYPE
REAL

ENRICH

IPLANT
IT
L
NDBG
PI

0 P2

0 P3

717 OR

721
0

REA .
RE iL
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

F.P.

*UNUSED

*UNUSED

REAL

REAL

REAL

REAL
REAL

R
TM

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

REFS
9*55
87
36
87

REFS
DEFINED

REFS
DEFINED

REFS
DEFINED

REFS
DEFINED
REFS

92
REFS

DEFINED
REFS

DEFINED
REFS
REFS
2*61
3*94

35
4*58
88
51
88
33

Ill
31

I
103
1

101

I 04
104

101

104
101
104

34
69

DEFINED

36
3*6 1

53

51
117

2*110

106

104
37

107

104
44

107
104
107
6*37
3*72

1

12*37
70
3*92
54

68

DEFINED

DEFINED

107
55

DEFINED

107
61
108
107

DEFINED
10*40
3*75
34

15*40
71

9*94
68

3*44
9*72

DEFINED
70

85 DEFINED

1

102

112
72

113
77

III
108
103
2*44
3*77
52

105

115
89
40

116
94

117

106
52
86
69

EXTERNALS
ALOG
EXP

TYPE
REAL
REAL

ARGS
I LIBRARY
I LIBRARY

REFERENCES
44

I 444

110

115

120

PWRD
PWRD
PWRD
PWRD
PWRD
PWRD
PWRD
PIRD
PWRD
PWRD
PWRD
PWRD
PWRD
PWRD
PIRD

108
109
110
I11
112
113
114
115
116
117
118
119
120
121
122

53
5*75
33
71

54
9*77
35
85

112
58

113

115
75

116

61
61

3*55
3*89
86

6*58
3*92

SUBROUTINE PWRDEP FTN 4.8+508 I0/2I/80 14.29.35 PAGE 3
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SUBROUTINE PIRDEP

EXTERNALS TYPE
SORT REAL

STATEMENT LABELS
21 100

134 110
230 120
317 130
404 140

O 150
0 160

477 170
510 180

LOOPS LABEL INDEX
412 1C" L
435 16c L

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

ARGS REFERENCES
i LIBRARY 103 106

DEF LINE REFERENCES
33 31
51 31
68 31
85 31
97 46 63
104 102
107 105
115 110
118 114

FROM-TO LENGTH PROPERTIES
102 104 218
105 107 208

10121i80 14.29.35
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EXT REFS
EXT REFS
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1 SUBROUTiNE REPACK (FC,GRATIO,PINS) REPK 2
C REPK 3
C IMPLICIT REAL*8 (A-H,O-Z) REPK 4
C REPK 5

5 C **fl*********U*************************************l******** ** REPK 6
C REPK 7
C THIS SUBROUTINE IS CALLED FROM MAIN AND COMPUTES THE FUEL SURFACE REPK 8
C RELOCATION FACTOR REPK 9
C REPACK WAS CODED BY G A BERNA NOVEMBER 1977. REPK 10

'0 C REPK 11
C ******* ********************** ***********S*****************U*** REPK 12
C INPUT ARGUMENTS REPK 13
C *********x*************#****************** l***********f** REPK 14
C REPK 15

IS C GRATIO - RATIO OF COLD RADIAL GAP TO THE COLD PELLET RADIUS REPK 16
C PINS - STRUCTURAL INTERFACIAL PRESSURE (PSIA) REPK 17
C REPK 18
C S ** xxxxxxxx*xx*xx******* * Z***U**Z*****************Z**xx**** REPK 19
C OUTPUT ARGUMENTS REPK 20

20 C ******** * U*** *** ******************************************* REPK 22
C REPK ~ 22
C FC - RELOCATION FACTOR REP< 23
C REPK 24
C ** ***E ******* **$***********************x*******Z*********** REPK 25

25 C REPK26
DIMENSION FC(l) REPK 27
DATA SLOPE / 1.00E0 / , SLOP2 / 0.10E0 / , CLDRAT / 0.005E0 / REPK 28
DATA STAR / 500.E0 / REPK 29

C REPK 30
30 PRATIO : PINS/STAR REPK 31

FC(I) : SLOPE*(GRATIO-CLDRAT)Z(I.EO-PRPTIO) REPK 32
IF (PRATIO.LT.0.EO.OR.PRATIO.GE.I.EO) FC(l) :=O.EO REPK 33
IF (GRATIO.LT.CLDRAT) FC(I) : C.EO REPK 34
PIN : PINS REPK 35

35 IF (PINS.GT.STAR) PIN : STAR REPK 36
3 = ((PIN/STAR)*(GRATIO-CLDRAT))*SLOP2 REPK 37
FCi) : AMAXI(FC(I),B) REPK 38

100 CONTINUE REPK 39
RETURN REPK 40

40 END REPK 41

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 REPACK I 39

VARIABLES SN TYPE RELOCATION
56 8 REAL REFS 37 DEFINED 36
51 CLDRAT REAL REFS 31 33 36 DEFINED 21
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SUBROUTINE REPACK

VARIABLES SN TYPE
0 FC REAL

0 GRATIO REAL
55 PIN REAL

0 PINS REAL
54 PRATIO REAL
47 SLOPE REAL
50 SLOP2 REAL
52 STAR REAL

INLINE FUNCTIONS TYPE
AMAXI REAL

STATEMENT LABELS
0 100 INACTI

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY F.P. REFS

37
F.P. REFS

REFS
F.P. REFS

IV

ARGiS
0 INTRIN

DEF LINE
JE 38

5701

DEF LINE

REFS
REFS
REFS
REFS

REFERENCES
37

10/21/80 14.29.35

26

31
36
30
31
31
36
30

37

33
DEFINED

3+4
2*32

DEFINED
DEF I NED

2*35

DEFINED

36
34
35

DEFINED
27
27
36

I

DEFINED
35

DEFINED
30

DEFINED

31

2A

REFERENCES

47

PAGE 2

32 33

0
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SUBROUTINE RESTFS (NA NR EPP EP,ZRO2B NT UFS,CTMAX,POROSA 8U2 TCOD RESTFS 2
+IS,GPTP,R,RCI,RCO,TIMt,TtIDI ,GASES,PtES ,TMPDIS,DMi,REP ,RFtPS,0 RESTFS 3
+LEPSOLFEPS,OLDTC,OLDPG,OLDPCOLDURFPINT,NOIGAP,GASMOL) RESTFS 4

C RESTFS 5
5 C IMPLICIT REAL * 8 ( A-HO-Z ) RESTFS 6

C RESTFS 7
C *n**u* ssu::sn** n:::* ::s** **:'::** :::'!n*n* snss** ******u:**:**** RESTFS 8
C INPUT ARGUMENTS RESTFS 9
C *zs**:**::*** z*:***:g*nz** *******g::*:** :****************** RESTFS 10

10 C RESTFS 11
C 8U2 - BURtUP ( MNDiMTU) RESTFS 12
C CTMAX - MAXIMUM CLADDING TEMPERATURE REACHED DURING ROD LIFE (F) RESTFS 13
C DM1I - WORK ARRAY RESTS 14
C EP - EFFECTIVE PERMANENT STRAIN RESTFS 15

15 C EPP - HOOP, AXIAL & RADIAL PLASTIC STRAINS RESTFS 16
C GASES - MOLE FRACTION OF ROD GASES RESTFS 17
C GASMOL - GM-MOLES OF GAS IN THE ROD RESTFS 18
C GPTP - GAP THICKNESS (IN) DIAMETRAL THERMAL RESTFS 19
C NA - NUMBER OF AXIAL NODES RESTFS 20

20 C NOIGAP - OLD VALUES OF GAP CLOSUkE INDICIES RESTFS 21
C NR - NUMBER OF RADIAL NODES RESTFS 22
C OLDPC - OLD VALUES OF COOLANT PRESSURE (PSI) RESTFS 23
C OLDPG - OLD VALUES OF GAP PRESSURE (PSI) RESTFS 24
C OLDTC - OLD VALUES OF CLADDING AVERAGE TEMPERATURE (F) RESTFS 25

25 C OLDURF - OLD VALUES OF FUEL OUTSIDE SURFACE DISPLACEMENT (IN) RESTFS 26
C OLEPS - OLD VALUES OF CLADDING STRAIN RESTFS 27
C OLFEPS - OLD VALUES OF FUEL STRAIN RESTFS 28
C POROSA - VOLUME FRACTION OF FUEL POROSITY RESTFS 29
C PINT - INTERFACIAL PRESSURE (PSI) RESTFS 30

30 C PRESS - ROD GAS GAP PRESSURE (PSIA) RESTFS 31
C R - RADIUS TO EACH RADIAL NODE (IN) RESTFS 32
C RCI - RADIUS OF THE CLADDING INSIDE SURFACE (IN) RESTFS 33
C RCC - RADIUS OF THE CLADDING OUTSIDE SURFACE (IN) RESTFS 34
C REPS - RESIDUAL CLADDING STRAINS RESTFS 35

35 C RFEPS - RESIDUAL FUEL STRAINS RESTFS 36
C TCIDIS - CLADDING INSIDE SURFACE TEMPS0ATURE (F) RESTFS 37
C TCODIS - CLADDING OUTSIDE SURFACE TEMPERATURE (F) RESTFS 38
C TIME - TIME TO END OF STEP (SEC) RESTFS 39
C TMPDIS - FUEL TEMPERATURE DISTRIBUTION (F) RESTFS 40

40 C UFS - PERMANENT FUEL DISPLACEMENT (FT) RESTFS 41
C ZR028 - ZIRCALOY-OXIDE THICKNESS (FT) RESTFS 42
C RESTFS 43
C **** **n************************************:nxun***:*n** *n****:s*: RESTFS 44
C RESTFS 45

45 DIMENSION ZR02D(NA) ,UFS(NA) ,EPP(NA,3) ,EP(NA) RESTFS 46
+ ,CTMAX(NA) ,POROSA(NA) ,TCIDIS(NA) ,TCODIS(NA) RESTFS 47
+ ,GPTP(NA) ,8U2(NA) ,GASES(I) ,R(NR) RESTFS 48
+ ,TMPDIS(NR,1) ,DM4I(l) ,REPS(NAI) ,RFEPS(NA,1) RESTFS 49
+ ,OLEPS(I) ,OLFEPS(I) ,OLDTC(I) ,OLDPG(I) RESTFS 50

50 + ,OLDPC(I) ,OLDURF(I) ,PINT(I) ,NOIGAP(I) RESTFS 51
C RESTFS 52

DATA NTL / i / , TWELVE / 12.E0 / RESTFS 53
DATA NDEBUG / 0 / RESTFS 54
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C RESTFS 55
55 NAPI : NT+1 RESTFS 56

NRPI : NR+i RESTFS 57
NRP2 : NR+2 RESTFS 58
RCIF : RCIiTWELVE RESTFS 59
RCOF : RCO/TWELVE RESTFS 60

60 C RESTFS 61
C WRITE THE END OF STEP TIME (SEC) RESTFS 62
C RESTFS 63

WRITE (NTL) TIME RESTFS 64
C RESTFS 65

65 C WRITE THE NUMBER OF FRAPCON AXIAL NODES RESTFS 66
C RESTFS 67

WRITE (NTL) NT RESTFS 68
IF (NDEBUG.EQ.1) WRITE (6,210) NT RESTFS 69

C RESTFS 70
70 C WRITE THE ZIRCALOY-OXIDE THICKNESS OF THE CLADDING OUTSIDE SURFACE RESTFS 71

C IN INCHES RESTFS 72
C RESTFS 73

DO 100 K:2 NAPI RESTFS 74
100 DMtl(K) : IRO28(K)XTWELVE RESTFS 75

75 WRITE (NTL) (DMWI(K),K:2,NAPI) RESTFS 76
IF (NDEBUG.EQ.I) WRITE (6,220) (DIWI(K),K:2,NAPI) RESTFS 77

C RESTFS 78
C WRITE THE NET PERMANENT FUEL DEFORMATION DUE TO SWELLING AND RESTFS 79
C DENSIFICATION (FT) RESTFS 80

80 C RESTFS 81
WRITE (NTL) (UFS(K) K:I,NT) RESTFS 82
IF (NDEBUG.EQ.f) WRITE (6,230) (UFS(K),K:I,NT) RESTFS 83

C RESTFS 84
C WRITE THE CLADDING PLASTIC STRAINS INCLUDING CREEP RESTFS 85

85 C L :I HOOP RESTFS 86
C L :=2 AXIAL RESTFS 87
C L :3 RADIAL RESTFS R8
C RESTFS 89

DO 110 L:1,3 RESTFS 90
90 IF (NDEBUG.E.1) WRITE (6,240) ,PP(KK),KK:1,NT) RESTFS 91

10 WRITE (NTL) (EPP(K,L),K:I,NT) RESTFS 92
C RESTFS 93
C WRITE THE CLADDING EFFECTIVE PLASTIC STRAINS RESTFS 94
C RESTFS 95

95 WRITE (NTL) (EP(K) K:I,NT) RESTFS 96
IF (NDEUG.EQ.1) WITE (6,250) (EP(K),K:1,NT) RESTFS 97

C RESTFS 98
C WRITE THE CLADDING PEAK TEMPERATURE DURING OPERATION LIFE (F) RESTFS 99
C RESTFS 100

100 WRITE (NTL) (CTHAX(K) K:2,NAPI) RESTFS 101
IF (NDEBUG.E0.1) WRITS (6,260) (CThAX(K),K:2,NAPI) RESTFS 102

C RESTFS 103
C WRITE THE OPEN POROSITY OF EACH AXIAL NODE ( FRACTION OF PELLET ) RESTFS 104
C RESTFS 105

105 WRITE (NTL) (POROSA(K),K=1 NT) RESTFS 106
IF (NDEBUG.EQ.1) WRITE (6,280) (POROSA(K),K:i,NT) RESTFS 107

SUBROUTINE RESTFS 10/2140 14,29,35 PAGE 2



761176 OPT:0 TRACE STATIC FTN 4.8+508

C RESTFS 108
C WRITE THE FUEL DURNUP ( NW-SEC'KG ) RESTFS 109
C RESTFS 110

110 DO 120 K:2 NAPI RESTFS lIl
120 DMlb(K) : 1U2(K)*86.4E0 RESTFS 112

WRITE (NTL) (DMMI K).K:2,NAPI) RESTFS 113
IF (NDEBUG.EQ.I) WRITE (6,270) (DW*ItK),K:2,NAPli RESTFS 114

C RESTFS 115
115 C WRITE RADIAL NODES AT FUEL SURFACE , CLADDING INSIDE SURFACE , RESTFS 116

C CLADDING OUTSIDE SURFACE RESTFS 117
C RESTFS 118

WRITE (NTL) NRNRPINRP2 RESTFS 119
IF (NDEBUG.EQ.1) WRITE (6,290) NR,NRPI,NRP2 RESTFS 120

120 C RESTFS ill
C WRITE THE RADIUS TO EACH RADIAL NODE (FT) RESTFS 122
C RESTFS 123

DO 130 L:1,NR RESTFS 124
II : NR-L+i RESTFS 125

125 130 DMWI(L) : R(II)/TWELVE RESTFS 126
DMWI(NRPI) : RCIF RESTFS 127
DMWl(NRP2) : RCOF RESTFS 128
WRITE (NTL) (DMWI(L),L:I,NRP2) RESTFS 129
IF (NDEBUG.EQ.I) WRITE (6,300) (DMWI(L),L:INRP2) RESTFS 130

130 C RESTFS 131
C WRITE THE RADIAL TEMPERATURE DISTRIBUTION (F) RESTFS 132
C RESTFS 133

DO ISO K:I,NT RESTFS 134
DO 140 I:I,NR RESTFS 135

135 II : NR-Il RESTFS 136
140 DM4(I) : TMPDIS(II,K+1) RESTFS 137

DMIl(NRPI) : TCIDIS(K+1) RESTFS 138
DMW4(NRP2) : TCODIS(K+1) RESTFS 139
IF (NDEBUG.EQ.1) WRITE (6,310) (DMI(LL),LL:I,NRP2) RESTFS 140

1*0 150 WRITE (NTL) (Dt*l(L),L:1,NRP2) RESTFS 141
C RESTFS 142
C WRITE THE INTERNAL GAS PRESSURE (PSIA) RESTFS 143
C RESTFS 144

DO 160 K:$ NT IESTFS 145
145 160 DMWI(K) : 5RE5 RESTFS 146

WRITE (NTL) (DMIl(K),K:,NT) RESTFS 147
IF (NDEUG.EQ.1) WRITE (6,320) (DMI(K),K:I,NT) RESTFS 148

C RESTFS 149
C WRITE THE RADIAL GAS GAP (FT) RESTFS ISO

150 C RESTFS 151
DO 170 K:2,NAPI RESTFS 152

170 DMII(K) : GPTP(K)/24.E0 RESTFS 153
WRITE (NTL) (DMWI(K),K:2,NAPI) RESTFS 154
IF (NDEBUG.EQ.1) WRITE (6,330) (DMtl(K),K:2,NAPI) RESTFS 155

155 C RESTFS 156
C WRITE THE GM-MOLES OF GAS IN THE ROD RESTFS 157
C RESTFS 158

WRITE (NTL) GASMOL RESTFS 159
IF (NDEBUG.EQ.I) WRITE (6,340) GASMOL RESTFS 160
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16C C RESTFS 161
C WRITE THE MOLE FRACTION OF ROD GASES(I) RESTFS 162
C 1: 1 HELIUM RESTFS 163
C I : 2 ARGON RESTFS 164
C 1: 3 KRYPTON RESTFS 165

165 C I : 4 XENON RESTFS 166
C 1: 5 HYDROGEN RESTFS 167
C I : 6 AIR RESTFS 168
C I : 7 WATER VAPOR RESTFS 169
C RESTFS 170

170 W'ATE (4TL) (GASESI) 1:',7) RESTFS 171
IF (A30LG.EQ.1) WkIT& (6,350) (GASES(I),I:1,7) RESTFS 172

C RESTFS 173
C WRITE THE RESIDUAL CLADDING STRAINS RESTFS 174
C RESTFS 175

175 DO 180 L:1,3 RESTFS 176
IF (NDEBUG.EQ.1) WRITE (6,360) (REPS(KK,L),KK:I,NT) RESTFS 177

180 WRITE (NTL) (REPS(K;L),K:l,NT) RESTFS 178
C RESTFS 179
C WRITE THE RESIDUAL FUEL STRAINS RESTFS 180

180 C RESTFS 181
DO 190 L:1,3 RESTFS 182
IF (NDEBUG.EQ.I) WRITE (6,370) (RFEPS(KK,L),KK:l,NT) RESTFS 183

190 WRITE (NTL) (RFEPS(K,L),K:I,NT) RESTFS 184
C RESTFS 185

185 C WRITE THE OLD VALUES OF CLADDING STRAIN RESTFS 186
C RESTFS 187

WRITE (NTL) (OLEPS(K) K-1,NT) RESTFS 188
IF (NDEBUG.EQ.I) WRITS (6,380) (OLEPS(K),K:l,NT) RESTFS 189

C RESTFS 190
190 C WRITE THE OLD VALUES OF FUEL STRAIN RESTFS 191

C RESTFS 192
WRITE (NTL) (OLFEPS(K),K:1 NT) RESTFS 193
IF (NDEBUG.EQ.1) WRITE (6,390) (OLFEPS(K),K:l,NT) RESTFS 194

C RESTFS 195
195 C WRITE THE OLD CLADDING AVERAGE TEt cRATURES RESTFS 196

C RESTFS 197
WRITE (NTL) (OLDTC(K) K-1,NT) RESTFS 198
IF (NDEBUG.EQ.:) WRITS (6,400 (OLDTC(K,,K:I,NT) RESTFS 199

C RESTFS 200
200 C WRITE THE OLD GAP PRESSURES RESTFS 201

C RESTFS 202
WRITE (NTL) (OLDPG(K) K-1,NT) RESTFS 203
IF (NDEBUG.EQ.1) RITE (6,410) (C! DPG'C),K:1,NT) RESTFS 204

C RESTFS 205
205 C WRITE THE OLD COOLANT PRESSURES RESTFS 206

C RESTFS 207
WRITE (NTL) (OLDPC(K) K:1,NT) RESTFS 208
IF (NDEBUG.EQ.I) WRITE (6,420) (OLDPC(K),K:bNT) RESTFS 209

C RESTFS 210
210 C WRITE THE OLD FUEL RADIAL DISPLACEMENTS RESTFS 211

C RESTFS 212
WRITE (NTL) (OLDURF(K),K:I,NT) RESTFS 213

10/21180 14.29.35 PAGESUROUT INE RESTFS
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IF (NDEDUG.EQ.I) WRITE (6,430)

WRITE THE INTERFACIAL PRESSURE

WRITE (NTL) (PINT(K),K:INT)
IF (NDEBUG.EQ.J) WRITE (6,440)

WRITE THE GAP CLOSURE INDICIES

WRITE (NTL) (NOIGAP(K),K:INT)
IF (NDEBUG.EQ.I) WRITE (6,450)

(OLDURF(K).K: ,NT)

(PINT(K),K: ,NT)

(NOIGAP(K),K:INT)

2i5

220

225

FORMAT
+2.5,6H
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(// 5X,46H A FRAP-T RESTART HAS BEEN WRITTEN AT
(SEC) //)
(IH ,5H NUMBER OF AXIAL NODES IS ,13)
(IH ,35H ZIRCALOY-OXIDE THICKNESS (IN) ,/al
(IH ,35H FUEL PERMANEN' SURFACE DISP (FT) s/tII
(IH ,35H CLADDING EPP,1,1
(IH ,35H CLADDING EP'- ,/aI
(IH ,35H MAXIMUM CLADuING AVERAGE TEMP (K) ,/,Il
(IH ,35H BURNUP (MS/KG) ,/,11
(IH ,35H OPEN POROSITY FRACTION ,/al
(IH ,35H NR , NR+I NR+2 ,/,31
(IH ,35H RADIUS TO EACH NODE (FT) ,/,1
(IH ,35H RADIAL TEMP. DIST (F) ,/,l
(IH ,35H INTERNAL GAS PRESSURE (PSIA) ,/,l
(IH ,35H RADIAL GAP THICKNESS (FT) ,/,1
(IN ,35H GM-MOLES OF GAS ,/,11
(IH ,35H MOLE FRACTIONS OF GAS ,/,1
(IH ,35H RESIDUAL CLADDING STRAINS ,/,l
(IH ,35H RESIDUAL FUEL STRAINS ,/,I
(IH ,35H OLD CLADDING STRAINS ,/,l
(IH ,35H OLD FUEL STRAINS ,/,l
(IN ,35H OLD CLADDING AVE. TEMPS. (F) ,/,i
(IH ,35H OLD GAP PRESSURE (PSI) ,/,l
(IH .35H OLD COOLANT PRESSURE (PSI) ,/,l
(IN ,35H OLD FUEL SURFACE D'SP. (IN) s/al
(I ,35H INTERFACIAL PRESSURE (PSI) ,tll
(IN ,35H OLD IGAP'S ,/,ll

TIME :

I(IX,EII.
I(IX,EII.
I(IX,EI I
I(IXEII.
I(IX,ElI
I(IX,EII.
S( IXElII
15)
I(IXEII
1(1X,ElI
I(IXEII
I(IXEII
I(IXEII
I(XEIi
I(IX,EII.
I( IXEI I
I( IXEI.
I( IXEI I
I( IXEl I
IXElI
I(IXEII.
( IXEII
( IXEII
IiX,15)

RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS
RESTS
RESTFS
RESTFS
RESTFS
RESTFS
RESTFS

,Et RESTS
RESTFS
RESTFS

.4)) RESTFS

.4)) RESTFS

.4)) RESTFS

.4)) RESTS

.4)) RESTFS

.4)) RESTFS
.4)) RESTF5

RESTS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTFS
.4)) RESTF5

RESTFS
RESTFS

WRITE 6,200) TINE

RETURN230

235

240

C
200

210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

250

214
2'5
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
'42
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

255
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CARD MR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

REFERENCE
REFERENCE
REFERENCE
REFERENCE
REFERENCE
REFERENCE
REFERENCE
REFERENCE

OUTSIDE
OUTSIDE
OUTSIDE
OUTSIDE
OUTSIDE
OUTSIDE
OUTSIDE
OUTSIDE

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
v RESTFS

VARIABLES
0 BU2
0 CTMAX
0 DMNI

0
0
0
0
0

1510

1507
1504

EP
EPP
GASE5
GASKOL
GPTP
I

II
K

1506 KK
1505 L

1511
0

1471

LL
NA
NAP I

DEF LINE

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
INTEGER

REFERENCES
230

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

F.P.

75
76

112
113
153
154
170
171

I
I
I
I
I
I
I
I

DMWI
DMI
DMNI
DM1I1
DM4I
DM1I1

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

BOUNDS.
BOUNDS.
BOUNDS.
BOUNDS.
BOUNDS.
BOUNDS.
BOUNDS.
BOUNDS.

128

127

129

136

REFS
REFS
REFS

139
DEFINED

'37
REFS
REFS
REFS
REFS
REFS
REPS
171

REFS
REFS

96
136
154
198
218

82
110
153
197
217

REFS
REFS
1Ti
140

REFS
REFS
REFS

45
45
45

140
I

138
45
45
45

158
45
135

125
2*74
100
137
177
202
222

91
112
154
198
218

90
91

182
175
139

12*45
73

III
100
75

146
74

145
95
90

170
159
152
136

136
75

101
138
183
203
223

95
113
177
202
222
176
124
183
181

DEFINED
DEFINED

75

DEFINED
101
76
147
III
152
96
91

171
DEF I NED
DEFINED

170

DEFINED
76

105
145
187
207

DEFINED
96

133
183
203
223
182
125

DEFINED

13)

76

I
DEFINED

112
153
125

DEFINED
DEFINED
DEFINED

171

124
81

106
146
188
208

73
100
144
187
207

DEFINED
128
89

100

113
154
126

DEFINED

135
82

2*111
147
192
212
75

101
146
188
208

90
129
123

101

134

91
112

2*152
193
213
76
105
147
192
212

176
140
128

110

170

95
113
153
197
217
81

106
151
193
213

182
176
129

112
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VARIABLES

714 NDEBUG

0
0

1500
1501

NO I GAP
NR

NRPI
NRP2

0 NT

712 MTL

0
0
0
0
0
0
0
0
0
0
0

1502
0

1503
0
0
0
0
0
0

713
0
0

SN TYPE RELOCATION

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

ARRAY F.P.
F.P.

F.P.

INTEGER

OLDPC
OLDPG
OLDTC
OLDURF
OLEPS
OLFEPS
PINT
POROSA
PRESS
R
RCIF
RC IF
RCO
RCOF
REPS
RFEPS
TCIDIS
TCODIS
TIME
TMPDIS
TWELVE
UFS
ZR02B

FILE NAMES
TAPE6

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

VARIABLES USED AS FILE NAIES,

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

WRITES
119
188

SEE ABOVE

113
REFS

113
176
218
REFS
REFS

13'.
REFS
REFS
140

REFS
95
176
197
217

DEFINED
95
153
202

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

68
129
193

151
68

119
182
223
45

2*45
135
118
118

DEFINED
55
91
177
198
218
52

100
158
207
45
45
45
45
45
45
45
45
145
45
58
126
59
127
45
45
45
45
63
45
58
45
45

76
139
198

153
76
129
188

DEFINED
222
56

DEFINED

I.)
57
67

105
182
202
222

I/O REFS
105
170
212
207
202
197
212
187
192
217
105

DEFINED
125

DEFINED
DEFINED
DEFINED
DEFINED

176
182
137
138
226
136
59
81
74

82
147
203

STATEMENT LABELS
0 100
0 110

DEF LINE
74
91

REFERENCES
73
89

101
159
208

123

56
138

90
146
192
212

81
140
192

106
171
213

124

139

91
147
193
213

91
146
197

154
82
139
193
53

223
57
I

126
127

68
106
183
203
223

63
112
177
217
208
203
198
213
188
193
218
106

DEF I NED

58

59
177
183

DEFINED
DEFINED
DEFINED
DEFINED

74
82

DEFINED

90
154
208

DEFINED
90
147
198

DEFINED
118

137
128

81
133
187
207

DEFINED
67
118
183
222

DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINE

DEFINED
DEFINED

125
DEFINED

96
159
213

55
96

154
203

I
119

DEFINED
129

82
144
188
208

75
128
187

I
I
I
I
I
I
I
I

DEFINED

101
171
218

52

106
176
223

113
182
226
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STATEMENT LABELS
0 120
0 130
0 140
0 150
0 160
0 170
0 180
0 190

1207 200 FMT
1220 210 FMT
1226 220 FMT
1235 230 FMT
1244 240 FMT
1253 250 FMT
1262 260 FMT
1271 270 FMT
1300 280 FMT
1307 290 FMT
1315 300 FMT
1324 310 FMT
1333 320 FMT
1342 330 FMT
1351 340 FMT
1360 350 FMT
1367 360 FMT
1376 370 FMT
1405 380 FMT
1414 390 FMT
1423 400 FMT
1432 410 FMT
1441 420 FMT
1450 430 FMT
1457 440 FMT
1466 450 FMT

DEF LINE
Il
125
136
140
145
152
177
183
232
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

REFERENCES
110
123
134
133
144
151
175
181
226

68
76
82
90
96

101
113
106
119
129
139
147
154
159
171
176
182
188
193
198
203
208
213
218
223

LOOPS
44

111
214
251
310
312
355
402
445
476

LABEL
100
110
120
130
I50
140
160
170
180
190

INDEX
K
L
K
L
K
I
K
K
L
L

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

FROM-TO
73 74
89 91
110 tIII
123 125
133 140
134 136
144 145
151 152
o75 177
181 183

15658

LENGTH
58

258
5H
I H
438
128
58
58

278
278

PROPERTIES
INSTACK

EXT REFS
INSTACK
INSTACK

EXT REFS NOT INNER
INSTACK
INSTACK
STACK

EXT
EXT

REFS
REFS

885
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SUBROUTINE RMESH (NRMESH,NR,R,RCNRMI,PI,RP,NA) RMESH 2
C RMESH 3
C S$*E *******************************************************Z***** RMESH 4
C RMESH 5

5 C THIS SUBROUTINE IS CALLED FROM FRPCON AND COMPUTES THE RADIAL RMESH 6
C NODES TO BE USED FOR COMPUTATION AND OUTPUT. THIS WAS CODED BY RMESH 7
C G.A.BERNA IN JANUARY 1979. RMESH 8
C RMESH 9
C * ******** ******* ********************************************** RMESH 10

10 C INPUT ARGUMENTS R'ESH 11
C * ************U****** **U** *** ** ************** ************* RMESH 12
C RMESH 13
C NA - NUMBER OF AXIAL NODES PLUS ONE RMESH 14
C NR - NUMBER OF RADIAL NODES RMESH 15

I5 C NRMESH - NODALIZATION INDEX RMESH 16
C : 0, EQUAL AREA MESH RMESH 11
C : I, EQUAL SPACING MESH QMESHi I8
C : 2, USER INPUT MESH RMESH 19
C NRMI - NUMBER OF RADIAL NODES MINUS ONE RMESH 20

20 C PI - CONSTANT 3.1415926 RME5H 21
C RC - RADIUS OF THE THERMOCOUPLE HOLF (IN) RMESH 22
C RP - RADIUS OF THE FUEL PELLET (IN) RMESH 23
C RMESH24
C ****** xx********** * U* WZ****************************** RMESH 25

25 C OUTPUT ARGUMENTS RMESH 26
C * ** * * * * * * * ********* **** *Z** ** * x* *******t******** RMESH 27
C RMESH 28
C R - RADII OF THE SPECIFIED NODALIZATION RMESH 29
C RESH 30

30 C *** ********************************************************x**** RME5H 3t
C RMESH 32

DIME;SION R(NR) RMESH 33
C RMESH 34

R(Il) : RC RMESH 35
35 R(NR) : RP RMESH 36

C RMESH 37
IF (NRMESH.EQ.1) GO TO 110 RMESH 38

C RME5H 39
C THE FOLLOWING CODING COMPUTES NODALIZATION BASED ON EQUAL AREAS RMESH 40

40 C BETWEEN NUDES PMESH 41
C RMESH 42

ARING : (RP*RP-RC*RC)/NRMI RMESH 43
DO 100 I:2,NRMI RMESH 44
Rii) : SQRT(R(I-I)**2+ARING) RMESH 45

45 100 CONTINUE RMESH 46
C RMESH 47
110 CONTINUE RMESH 48
C RMESH 49
C THE FOLLOWING CODING COMPUTES NODALIZATION BASED ON EQUAL SPACING RMESH 50

50 C BETWEEN NODES RME5H 51
C RMESH 52

SPACE : (RP-RC)/NRMI RMESH 53
DO 120 I:2,NRMI RMESH 54
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Rif) : R(1-I)+SPACE
CONTINUE

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 RMESH i 58

VARIABLES SN TYPE RELOCATION
63 ARING REAL
64I INTEGER
0 NA INTEGER *UNUSED F.P.
0 NR INTEGER F.P.
0 NRMESH INTEGER F.P.
0 NRMI INTEGER F.P.
0 P1 REAL *UNUSED F.P.
0 R REAL ARRAY F.P.

0 RC REAL F.P.
0 RP REAL F.P.

65 SPACE REAL

EXTERNALS TYPE ARGS REFEREN
SORT REAL I LIBRARY 44

STATEMENT LABELS DEF LINE REFE
0 100 45 43

42 110 47 37
0 120 55 53

LOOPS LABEL INDEX FROM-TO LENGTH
30 100 1 43 45 118
51 120 53 55 68

STATISTICS
PROGRAM LENGTH 74B 60

1400008 SCM USED

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
#4

REFS
REFS
REFS

CES

RENCES

PRO

I N!

PERTIES

STACK

44
2*44

32
37
42

1
32
514
34
35
54

EXT REFS

55 120
C
C

RMESH
RMESH
RMESH
RMESH
RMESH
RMESH

55
56
57
58
59
60

DEFINED
2*54

35
DEFi 'ED

44

2*42
2*42

DEFINED

53
42

DEFINED

DEFINED
I

52

54

52
52
52

43

I

53

DEF I NED

DEFINED
DEFINED

DEFINED

I
34 35

10'21/80SUBROUTINE RMESH FTN 4,8+5O8 14.29.35 PAGE
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SUBROUTINE SCC (CESIUM CESUMO,CRAKI,CTHICK,DELTAT,HSTRES,HSTRS0,10 SCC 2
+DINE,IODINO,TCLAD,TCLAbO,CRAKL) SCC 3

C 5CC 4
C IMPLICIT REAL*8 ( A-H, 0-Z ) SCC 5

5 C SCC 6
C SUBROUTINE SCC CALCULATES CRACK LENGTH AS A FUNCTION OF STRESS, SCC 7
C TEMPERATURE AND CORROSION PRODUCT CONTENT. SCC 8
C *** PART OF FRAIL FAILURE PACKAGE *** SCC 9
C SCC 10

10 C SCC 11
C -- INPUT ARGUMENTS -- SCC 12
C SCC 13
C CESIUM CLADDING CESIUM CONTENT ( KG/M2 ) SCC 14
C CESUMO CLADDING CESIUM CONTENT DURING PREVIOUS TIMESTEP SCC 15

15 C CRAKI INITIAL CRACK LENGTH THROUGH CLADDING ( M ) SCC 16
C DELTAT TIMESTEP LENGTH ( SEC ) SCC 17
C HSTRES CLADDING HOOP STRESS ( N/M2 ) SCC 18
C HSTRSO CLADDING HOOP STRESS DURING PREVIOUS TIMESTEP SCC 19
C IODINE CLADDING IODINE CONTENT ( KG/M2 ) SCC 20

20 C IODINO CLADDING IODINE CONTENT DURING PREVIOUS TIMESTEP SCC 21
C TCLAD CLADDING TEMPERATURE ( DEG K ) SCC 22
C TCLADO CLADDING TEMPERATURE DURING PREVIOUS TIMESTEP 5CC 23
C 5CC 24
C 5CC 25

25 C -- OUTPUT ARGUMENTS -- 5CC 26
C 5CC 27
C CRAKL CRACK LENGTH ( M ) CC 28
C 5CC 29
C 5CC 30

30 REAL IODINE, IODINO SCC 31
DATA Y, Y4 FTO / 1.29E0, 2.76523E0, O.EO / 5CC 32
DATA Al, A , A3 / 3.832779896E-23, .75E0, 1.80674+E4 / 5CC 33

C DATA Y, Y4 FTO / 1.29D0, 2.76923D0, 0.00 / 5CC 34
C DATA Al, A2, A3 / 3.832779896D-23, .75D0, 1.806744D4 / 5CC 35

35 DATA N/ 1i / SCC 36
DATA CDAM / .0 / 5CC 37

C 5CC 38
C 5CC 39

COMPAR :=I./CTHICK 5CC 40
40 FSUMI : 0. 5CC 41

FSUM2 : 0. 5CC 42
C 5CC 43
C CALCULATE F(T) : CRACK VELOCITYi(CRACK LENGTH)**2 5CC 44
C 5CC 45

45 FT : AI*Y4*(IODINE**A2)*(HSTRE5**4)*EXP(-A3,TCLAD) 5CC 46
FTO : AI*Y4*(IODINO*A2)*(HSTR0**4)*EXP(-A3.TCLADO) 5CC 47
IF (N.GT.0) GO TO 100 5CC 48

C 5CC 49
C INTEGRATE F(') USING TRAPEZOIDAL RULE SCC 50

50 C SCC 51
CDAM : CDAM+.5SDELTAT*(FT+FTO) 5CC 52

C 5CC 53
C CALCULATE NEW CRACK LENGTH 5CC 54
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C 5CC 55
55 STOR : I./cRAKI-CDAM 5CC 56

IF (STOR.LE.COMPAR) GO TO 1405 CC 57
CRAKL : storeO R 5CC 58
GO TO 150 5CC 59

00 CONTINUE 5CC 60
60 C 5CC 61

C INTEGRATE F(T) USING SIHP5ON'S RULE 5CC 62
C 5CC 63

L : 2*N-1 5CC 64
DO 110 1:1,L,2 SCC 65

65 H : HSTRSO+(HSTRES-HSTRSO)*I/(2.*N) SCC 66
CORR : IODINO+(IODINE-IODINO)*I1(2.*N) 5CC 67
TC : TCLADO+(TCLAD-TCLADO)*I/(2.*N) 5CC 68
FSUMI : FSUHI+AI*Y4*(CORR**A2)*(H**4)*EXP(-A3/TC) 5CC 69

110 CONTINUE 5CC 70
70 IF (N.LT.2) GO TO 130 5CC 71

L : N-1 5CC 72
DO 120 1:1,L 5CC 73
H : HSTR5O+(HSTRE5-H5TR5O)*I/N 5CC 74
CORR : IODINO+(IODINE-IODINO)*I/N 5CC 75

75 TC : TCLADO+(TCLAD-TCLADO)*I/N 5CC 76
FSUM2 : FSUM2+AI*Y4*(CORR**A2)*(H**4)*EXP(-A3/TC) 5CC 77

120 CONTINUE 5CC 78
130 CONTINUE 5CC 79

CDAM : DELTAT*(FT+FTO+2.*FSUM2+4.*FSUMI)/(6.*N)+CDAM 5CC 80
80 C 5CC 81

C CALCULATE NEW CRACK LENGTH 5CC 82
C 5CC 83

STOR : 1./CAKI-CDAM 5CC 84
IF (STOR.LE. CuhX" GO TO 140 5CC 85

85 CRAKL : i./STOR 5CC 86
GO TO 150 5CC 87

140 CRAKL : CTHICK 5CC 88
150 CONTINUE 5CC 89
C 5CC 90

90 C 5CC 91
RETURN 5CC 92
END 5CC 93

SYMBOLIC REFERENCE HAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 5CC I 91

VARIABLES SN TYPE RELOCATION
266 Al REAL REFS 45 46 68 76 DEFINED 32
267 A2 REAL REFS 45 46 68 76 DEFINED 32
270 A3 REAL REFS 45 46 68 76 DEFINED 32
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VARIABLES
272 CDAM

0
0

300
310
0
0
0
0

301
302
303
265
307
0
0

306

0
0

305
271

304
311
0
0

263
264

CESIUM
CESUNO
CONPAR
CORR
CRAKI
CRAKL
CTHICK
DELTAT
FSUMI
FSUM2
FT
FTO
H
HSTRES
HSTRSO
I

IODINE
IODINO
L
N

STOR
TC
TCLAD
TCLADO
Y
Y4

EXTERNALS
EXP

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

REAL
REAL
INTEGER
INTEGER

REAL
REAL
REAL
REAL

* REAL
REAL

TYPE
REAL

STATEMENT LABELS
73 100

0 110
0 .20

214 130
242 140
245 150

RELOCATION

*UNUSED
*UNUSED

ARGS
I LIBRARY

DEF LINE
59
69
77
78
87
88

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

REFS
79

DEFINED
DEFINED

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

73
REFS
REFS
REFS
REFS

DEFINED
REFS

REFERENCES
'45

REFERENCES
47
64
72
70
56
58

PROPERTIES
EXT REFS
EXT REFS

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
3278

79 83SI

I
56
68
55

39
51
68
76
51
51
68
45
46
65
64
30
30
64
47
74
56
68
45
46
31
45

68

55

84
76
83
57
87
79
79
79
79
79
76
65

2*65
66
72
45
46
72
63
75
57
76
67

2*67

46

39
66
1

67

40
41
45
31
65
I NED
IP D
73

DEFINED
DEFINED
DEFINED

65
DEFINED
DEFINED
DEFINED
DEFINED
DEFIED
DEFINED
DEFINED

73
2*73
67

66
2*66

DEFINED
65
79
84

DEF I NED
75

2*75

68

DEF
DEF

36

74

68
76

46
73

74

DEFINED

75

I

70

55

DEFINED
DEFINED

7'
67
35

DEFINED
75
I
I

DEFINED

SI

83

74
2774
63
66

DEFINED
85
67

DEFINED
DEFINED

76

46 76

LOOPS
100
153

LABEL
110
120

INDEX
I
I

31

FROM-TO
64 69
72 77

84
86

LENGTH
438
408

10i2140 14.29.35 PAGE 3SUBROUTINE SCC
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SUBROUTINE SETUP (MNA, MNR)

SETUP IS CALLED FROM MAIN AND IS USED TO READ AND PROCESS INPUT
AND TO SET UP THE POINTERS FOR DYNAMICALLY DIMENSIONED ARRAYS

IMPLICIT REAL * 8 ( A-H,0-Z )

REAL NU , KRYIN

COMMON / FAST / A

C
C
C
C
C
C

C

C
C
C
C
C
C
C
C
C

COMMON / POINT
LDCI I
,LPOROS
,LARAD
,LDZ
,LGAP
, LOLDPG
,LPAXGP
,LPINT
,LPOFEP
,LTBLK
,LUCH
,LVPOR
,LHGAPS
,LNFAIL
,LHGPC

/
,LURC
*LUFS
,LCPDLT
,LDZH
,LGPTP
,LOLDTC
,LPC
,LPLDPC
,LPOLEP
,LTCA
,LVCHI
,LZR02A
,LTRTRN
,LPLIGP
,LHGPR

,LCREPI
,LAXGAP
, LDELBP
,LDZHP
,LHCOEF
,LOLDUR
,LPECRP
,LPLDPG
,LRDCOL
,LTCIDI
,LVCR
,LZRO2e
,LIGAP
,LFLAG
,LHGPS

,LDLH
,LAXLEN4
,LDENMX
,LECREP
,LOLAXG
,LOLEPS
,LPEP
,LPLDTC
,LTAF
,LTCODI
,LUDH
,LEPI
,LOLIGP
,LDCHEK
,LTOXO

LBUI
,LDLPGE
,LEP
, LOLDPC
,LOLFEP
,LPG
,LPLDUR
,LTAG
,LTPS
, L tcH

,LQDP
,LRTRNP

,LHL
,LBU2

*LPOAXG
,LTBAR
,LURF
,LUGH

,LRTRNO

NA X 2 ) - ARRAYS

COMMON / POINT /
+ LANGR
+ ,LREPS2

" LFGMGP ,LFIGR .LHEMGP , LHMGR ,LANG

( NA X 3) - ARRAYS

COMMON
+

+
4

/ POINT /
LEPP
,LPEPSV
,LRFEPP
,LSIGI

,LEP P
,LPFPSV
,LRFPSV
,LEPSI

,LEPPSV
,LREPS
,LSIG

,tEPS
,LREPSV
,LNUDEP

,LEPSAV
, LREPSP
,LEPPI

,LFEPS
,LRFEPS

NR 1 - ARRAYS

COMMON / POINT /

I

5

10

THE COMMON /POINT/ CONTAINS THE POINTERS FOR THE DYNAMICALLY
DIMENSIONED ARRAYS - IT : TIME , NA : AXIAL , HR :=RADIAL

( NA ) - ARRAYS

15

20

25

30

+$

+
+

+
+4
+
+

35
C
C
C

40O

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCI
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
RFALCM

C
C
C

45

50 C
C
C

SUBROUTINE SETUP 1012 140 14.29,35 PAGE I
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+
+

LAKII
,LFMA
,LVPL

, LAK2
,LFMGPR

( NR X 2 ) - ARRAYS

COMMON / POINT /
+ LF ,LFH

( NR X NA ) - ARRAYS

4

COMMON / POINT /
LCCI
,LGNSIZ
,LR

,LCC2
,LPORSI
,LRAD

( NA X 6) - ARRAYS

COMMON / POINT /
+ LB

( NAX8 )

,LBR

- ARRAYS

COMMON / POINT /
LQ

( IT ) - ARRAYS

COMMON / POINT /

+
+
+

+

,LPRTI I
,LPRTI7
,LPRT5
,LTAFA

,LAMGPT
,LPRTI2
,LPRTI8
,LPRT6
,LTAGA

ANS GAS RELEASE MODEL ARRAY - RADIAL * AXIAL * TIME

4
+

COMMON / POINT /
LANSD, LFL
DECAY, L.I

8XFC,
LF,

BEYER-HANN GAS RELEASE ARRAYS - AXIAL * TIME

COMMON / POINT /
+ IRDOT, ISAVGS,

RADIAL MODEL ARRAYS

COMMON / POINT /
+ ICFAC 1,DG
+ TRAMPP ,ITEMP
+ ,IHLDN ,IPLSTC

55

60

,LCRL
,LHRL

C
C
C

C
C
C

! LDPL
,LTFD

,LDPLH
,LTFR

65

, LDPN
,LTFRK

,LFN

,LDENSF
,LPORS2

70

75

80

,LDENSP
,LTMPDS

C
C
C

C
C
C

C
C
C

,LDP4
,LU02LL

,LDPNIP
,LTMPMX

,LBTOLD ,LCHEM

85

90

C
C
C
C

LACMFG
,LGASMO
,LPRTI3
,LPRT2
,L'RT7
,LT5F

,LC"MME
,L: dGPT
,LPRT14
,LPRT20
,LPRT8

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM

,LACt*2
,LPIT
,LPRTIS
,LPRT3
,LPRT9

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
7c

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

95

,LACMN2
,LPRT10
,LPRT16
,LPRT4
,LTAC

100

LPF
LRLSAS

C
C
C

C
C
C

LANSR, OFF, LDT,

105

IXLSTHIF,

I IDGSAV
,ITCL
,ISTRNN

,IPRG
,ITFS
,ISTRSS

IVFC
ICFCSV

,11FF

SUBROUTINE SETUP 10121480 14.29.35 PAGE
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CONMCN /IREALS /

,ANGT
,DP
,CFV
,CPU
,DCIMP
, DELTCR
, DLROD
,DRS

COMMON / REALS

,G
,GPTHM

HDSHV
HFV

,HGAP
,HPL
,NU
,PINP
,QC
, QAV

COMMON / REALS

,SKTC
,SUGP
,TC I
,TH2OFR
,TPA
,TX
,V55
,XK7
,FNCK
,DISH

COMMON / INTEG
+ IQUIT
+ ,JJC
+ ,Lt*4
+ ,NRMI
+ CLOSEE

COMMON / INPTR
+
+ ,ArAIR

AAA(20) , AAN
,AMGR(2) ,AMGRH(2)
,AN2ZI ,ARGIN
BPP ,R.6)

,CFVA ,CMOL
,CRDTT ,CRN
,DELBP ,DELBU
,DELTDB ,DELTFC
,DLTGC(26),DPH
,ENRICH ,EOLSR

/ FGPAVX
,FPOR
,GASESi7)
,GPTHP
,HEIN
,HGAPT

0HSOLID
, HPORV
,OXDROP
,PORO
,QP
PEAKK

/ RFNVFF
,RMH
.SKTS
,SU POR
,TCO
,TITLE 12)
,TPAC
,TXA
,N
, YY
,FNCN

/
,IRI ,
, JPEAK ,
,M ,
STEPP ,
,NSH ,

/ACOR B

,AFGR ,
,AtFARG ,

,AIRIN ,AMGP(2) ,AtIGPH(2)
,ANGRN2(2),ADT ,ANGI
,ARING ,AVGQI(8) ,B(6)
,BU , BUOLD ,CDG
,CODEID(15) CONVCCONUER(I10)
,CIAJ ,CIH
,DELH ,DELT
,DELTJL ,DHIC ,DLREL
,DPHF , DPHFP ,DPP
,FC(I) ,FGIN ,FGPAVP

,FH20 ,FJJ(2)
,FPOR' ,FRD
,GASIN ,GDEN
,GPTHPG(26) ,GR
,HFLL ,HFLhDB
,HGV ,HI
,HGAPR
,HPV ,HUPTAK
,OXIDE ,PECDH
,PR ,PRESS
,QSP ,RC I

,RHO
,RP
,STRN
SURG

,TFDC
,TM
,TPLEN
,TXAL

,WT
Z

,CNKF

IT
K
MODLOP
N WRITE
NF

AFAL
AFSW
AMFFG

, RHOF
,RSTRAN
,SUMCK
,SUMTF
, TFC
,TN2FR
,TRANST
,TXC
,NTRAN
, ZR02WG
,CNNF

,ITER
,KINDOR
,NAB
, N2
,NC

,AFCR
,AFTC
, PMFHE

,FJJH(2)
FRDH

,G6TH(26)
,HCRV
,MFLMP

,HMGP 2)

,H20I
,PI
,PRTY
,RCO

, RHOG
,RSTRES
,SUMDH
,T
,TFGFR
,TOXO
, TSAT
,VISC
XEIN
,VX
,COLDIK

,FMGP(2)
FRON

,GITHE(26)
,CV
, FPER
,HP

,KRYIN
,PIN(26)
,PRTI9

, RHOU02
,RTRAN
,SUMEXP
,TCAC
,THEFR
,TP
, TT
,VPIT
,XK6
,CLOS

,J
,KOXI
,NPLAST
,IMDONE

,AFON
,AGPC
,AtlFH2

110

C
C
C
C

4
4
4
4

4
4
4

+4
+4

115

120

REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAL CM
REALCM
REALCM
REAL CM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REALCM
REAL CM
REALCM
REALCM
REALCM
REALCM
REALCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INTGCM
INPRCM
INPRCM
INPRCM
INPRCM

C

125

130

+
+
+
+

++
+
+
+

++

C
X35

140

+
+

+
+
+

+
+
+
+

+

+

97
98
99

100
101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
2
3
4
5
6
7
8
9
2
3
4
5

145

C
C

ISO

I55 C
C

SUBROUTINE SETUP 10121/@0 I4.29.35 PAGE 3
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160

165

170

AMFKRY
CATEXF
CPL
DCO(22)
DISHSD
EXO
FOE
PPt*120
QMPY(101)
ROUGHF
TIME(101)
UMELT
FOTMTL

,AMFN2

,CRDT
DE (22)
,DP(22)
,FA
,GO(101)
,PPHN2
,RAPONi(II)
,SGAPF
,TOTIL
,UOFD
,TREF

A$FXE

,CRDTR
,DELTAZ(22)
,DSPG
,FGPAV
,GRNSIZ
,P2(101)
,RC

,TSINT
,VS
,CREPHR

,CThAX(22)
DEN

,DSPGW
,FLUX
DISHH
,QEND(8)
,RDISH

,TWi101)
,X(328)
,ANRIN

+ , AMFH2O
+ ,RUIN(22) ,
+ ,CLDWKD ,
+ ,DCI(22) ,
+ ,DENG ,
+ ,ENRCH ,
+ ,FLXDP ,
+ ,HPLT ,
+ ,QF(328) ,
+ ,ROUGHC ,
+ ,TCC ,
+ ,UBFS ,
+ ,RSNTR ,
+ ,CLDWKS
+ ,CP ,

COMMON / INPTI /
+ ,
+ ,JDLPR
+ ,MODE ,
+ ,NGAPC ,
+ ,NPLTABD ,
+ ,NSTART ,
+ ,NUNITS ,
+ ,NXP ,
+ ,NR t
+ ,NCREEP ,
+ ,NORDS ,

COMON /EMFLGS/
+
+ ,IMFGAS

COMtONPFRCS2/
+ ,MIGAP2
+ ,MTTT
+ ,MOLDT2
+ ,MEPS22
+ ,MPEPP2

1CM
IM
JN(8)
MODES
NGASR
READ
NSTOP
LACMOD
NPLOTD
NEWPRB
IAXSYM
IbORDS

IMPOWR
IMCLAD

, 1MSWCH

MODPG2
,MOIGP2
,MEREP2
,MFVFRO
,MEPP2
,MEPSO

COMMON /KATCNS/ AAHA(12)

COMMON iLACMDLi MAXIDX

COMMON tVER/ VERS

COMMON/PHYPROiFTMELT
+ ,CTRANE
+ , DELOXY

,ICOR
PLANT

,JST(101)
,MTAPE
,NOFA IL
,NRESTR
,NT
,LACE(13)
,NTPLOT
, MECHAN
,IVARDM
,NWRDS

, IMFUEL
,IMGAPC

, I D3G
,ic
,MDOG
,NDBG
,NOPT
ROLLL
,NTAPE
,NAFAIL
,NROD
,NCRACK
,NOFRAC
PRINTT

, IMDENS
,IM93WC

,MODPC2
,MREPS2
,MEP2
,MDHPRS
,MSIG2
,NNNCRP

,IDXGAS
,9SN
HEALL
,NFROD
,NPCYCL
,NSP
,NUCFC
,NNFAIL(22)
,NA
,NELAST
,ITREST

, IMRELO
,IMENRG

,MGAP2
,MPEPS2
,MR22
,MPEP2
,MEPS02

E PLAG(20)

,FHEFUS
,CTRANZ

,CTMELT
,FDELTA

,CHEr US
,BUP

,CTRAND
,CO"P

CR
175 C

180

185

190

C
C

195

C
C
C

INPRCM
I NPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
INPRCM
I NPRCM
INPRCM
ItIPRCM
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
INPIC4
INPICM
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICH
INPICM
INPICM
INPICM
INPICM
INPICM
INPICM
PHYPRO
PHYPRO
PHYPRO
PHYPRO

200

205

C

C
C

C

C
210
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FTMELT -
FHEFUS -
CTMELT -
CHEFUS -
CTRANB -
CTRANE -
CTRANZ -
FDELTA -
BU -
COMP -
DELOXY -
CLADDING

76x176 OPT:0 TRACE STATIC FTN 4.8+508

U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
UO2 OR MIXED OXIDE FUEL HEAT OF FUSION (JiKG)
ZR CLAD MELTING POINT (K)
ZR CLAD HEAT OF FUSION (JIKG).
START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K)
ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K)
LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K)
BURNUP (MW-S/KG-U)
PUC2 CONTENT (WT-PERCENT)
CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED

(KG OXYGEN/KG ZIRCALOY)

C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
CO MON /

+4

+
+
+
+

GRSPTR /
,NUARS
,NUAR I0
,NVAR15
,NVAR2O
,NVAR25
,NUAR30
,NVAR35

CO#*1ON/PFCM12/
4

+
+
+
+
+

4

DIMENSION IA(I) ,
DIMENSION AFRCS2(l)

EQUIVALENCE ( A(l)
EQUIVALENCE ( A()

DATA LENGTH

NVARI
,NVAR6
,WARI I
,NVAR 16
,NVAR21
,NVAR26
, NVAR31
,NVAR36

, NVAR2
,NVAR7
,NVAR 12
,NWARI7
,NVAR22
,NVAR27
,NUAR32
,NVAR37

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP

, NiLi
,NC
,NLL
,NCC

,NVAR3
,NVAR8
,NVAR13
,NVAR 8
,NVAR23
,NVAR28
,NVAR33
,LGRASS

,NPI
,NDCNCK
,NSLOPE
, !F I
,NECRP2
,NE
,NSTRTT

,NNUDPP
,NMN
,NGG
,NNU
,NAA
,NNFF

,NVAR4
,NVAR9
,NWAR 14
,NVAR19
, VAR24

NVAR29
,NVAR34

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
, ALFDT
,NHH
,NBD
,NDD
,NEE
,NEI

AM)

* IA(I) )
, AFRCS2(l)

/ 0
)

/

READ IN THE DIMENSIONAL PARAMETERS

215

220
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PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

6
7
8
9

10

12
13
14
15
16
17
18
1918

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

DIMENSION IRAbI(20)

225
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230

235

C
C

245

250

255

C

C

C

C
C
C
C
C265
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NAMELIST t FRPCN / IAXSYM ,IM ,MECHAN ,NA SETUP 57
+ ,NC ,NF ,NGASR ,NR SETUP 58

C SETUP 5
CALL MEMSET (0.E0,ACOR,1397) SETUP 60

270 CALL NEMSET (0,0CM,197) SETUP 61
C SETUP 62

NTPLOT : 17 SETUP 63
PLOT : 21 SETUP 64
NXP :8 SETUP 65

275 C SETUP 66
C SETUP 67

CALL MEMSET (0.E0,AAA 393) SETUP 68
CALL NEMSET (0,IQUIT,s4) SETUP 69

C SETUP 70
280 C ZERO OUT THE POINTER PART OF THE A-ARRAY SETUP 71

C SETUP 72
CALL MEMSET (0.E0,A,300) SETUP 73

C SETUP 74
READ (5,130) (TITLEi.),I:1,12) SETUP 75

285 IF (EOF(5)) 110,100 SETUP 76
100 CONTINUE SETUP 77

IMDONE = 0 SETUP 78
MECHAN : 0 SETUP 79
NC :=4 SETUP 80

290 NF : 5 SETUP 81
NGASR : 0 SETUP 82
NWORDS : 0 SETUP 83

C SETUP 84
WORDS : 0 SETUP 85

?95 NWRDS : 0 SETUP 86
NWORDS : 0 SETUP 87

C SETUP 88
READ (5,FRPCN) SETUP 89

C SETUP 90
300 WRITE (6,FRPCN) SETUP 91

C SETUP 92
C THE FOLLOWING CALL TO POINTR COMPUTES THE POINTERS FOR THE ARRAYS SETUP 93
C WHICH ARE DYNAMICALLY DIMENSIONED SETUP 94
C SETUP 95

305 CALL POINTR (IM,NANR,LENGTHsECHAN,IQUIT,NC,NF,NGASR,NORDS, IORD SETUP 96
+S,NWRDS,MNAHNR) SETUP 97

C SETUP 98
IF (IQUIT.EG.1) GO TO 120 SETUP 99
ICLOSE : 2000 SETUP 100

310 NA : IA(2) SETUP 101
NAB : 2 SETUP 102
NT : IA(2)-I SETUP 103

C SETUP 104
C THE FOLLOWING CALL TO INITAL INITIALIZES VARIABLES BASED ON INPUT SETUP 105

315 C SETUP 106
CALL INITAL (AFRCS2(MDHPRS) AFRCS2(MTTT),AFRCS2(MEPS24),AFRCS2(MEP SETUP 107
+P2),AFRCS2(HFUFRO),AFRCS2(M IG2),AFRCS2(MREPS2),AFRCS2(MEPS02),AFR SETUP 108
+CS2(KEP2),AFRCS2(MGAP2),AFRC52(MR22),AFRCS2(MEREP2),AFRCS2(MPEPS2) SETUP 109

SUBROUTINE SETUP 10 i21/f80 1.29.3S PAGE
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+,AFRCS2(MPEPP2),AFRCS2(MOLDT2),AFRCS2(MPEP2) AFRCS2(MODPG2),AFRCS2 SETUP 110
320 +(MODPC2),AFRCS2(MOIGP2),AFRC2(MGAP2),AFRCS2(MEPSO),MNR,MNA) SETUP IlIl

C SETUP 112
IF (IQUIT.EQ.1) GO TO 120 SETUP 113

C SETUP 114
C THE FOLLOWING CALL TO PLTINP READS IN THE PLOT INPUT SETUP 115

325 C SETUP 116
CALL PLTINP (NTPLOT,NPLOT,CODEID,TIME(IM),NT,NROD,IRAWI,MODLOPTIT SETUP 117

+LE) SETUP 118
C SETUP 119
C THE FOLLOWING CALL THE AXPIEF COMPUTES THE AXIAL POWER PROFILE SETUP 120

330 C SETUP 121
CALL AXHEF (AUGQIDELTAZ,FA,A(LQ),QF,X,IQ,IR1,JJC,JN,JPEAK,NT,CODE SETUP 122

+ID,NUNITS, "ODLOP,END,NA,NXP,A(LDLH),A(LHA),A(LHL),TITLE) SETUP 123
C SETUP 124

IF (NNFAIL(i).EQ.0) NNFAIL(I) : JPEAK-l SETUP 125
335 C SETUP 126

IF (IPLANT.EQ.-I) WRITE (6, 140) (RAPOW(I),I:l,NR) SETUP 127
C SETUP 128

WRITE (6,150) NR,(A(LR+'-I),I:lNR) SETUP 129
C SETUP 130

340 WRITE (6,160) AIRIN,AN2IN,ARGIN,FGIN,HEIN SETUP 131
C SETUP 132

GO TO 120 SETUP 133
C SETUP 134
110 CONTINUE SETUP 135

345 C SETUP 136
IQUIT : I SETUP 137

C SETUP 138
120 CONTINUE SETUP 139

C SETUP 14'
350 RETURN SETUP 1l4l

C SETUP 142
C SETUP 143
130 FORMAT (12A4) SETUP 144
140 FORMAT (8X,49H THE RADIAL POWER PROFILE FROM THE SURFACE TO THE,10 SETUP 145

355 +H CENTER IS,/,8X,18H RAPOW(I TO II) : ,II(2X,F7.4)) SETUP 146
150 FORMAT (5X,IOH R(I),I:=,,12,5X,2H: ,h (2X,F7.4)) SETUP 147
160 FORMAT (/i/,42X,52HXXXXXXXXXX INITIAL PLENUM GASES (MOLES) XXXX SETUP 148

+XXXXXX,//,3X,6HAIR : ,'12.5,4X,IIHNITROGEN : ,E12.5,4X,8HARGON : , SETUP 149
+El2.5,4X,14HFISSION GAS : ,E12.5,4X,9HHELIUM : ,E12.5) SETUP 150

360 END SETUP 151

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

310 1 IA ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.
312 1 IA ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.

10121480 14.29.3s PAGE 7SUBROUTINE SETUP
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 SETUP

VARIABLES
0 A
0 AAA
0 AAHA

24 AAN
0 ACOR
I AFAL
2 AFCR
3 AFDN
4 AFGR
0 AFRC52
5 AFSW
6 AFTC
7 AGPC

25 AIRIN
10 AMFAIR
11 AMFARG
12 AMFFG
13 AMFHE
14 AMFH2
15 AMFH2O
16 AMFKRY
17 AMFN2
20 AMF XE
26 AMGP
30 AMGPH
32 AMGR
34 AMGRH
36 AMGRN2
40 AMNDT
41 ANGI
42 ANGT

2555 ANRIN
43 AN2IN
44 ARGIN
45 ARING
46 AVGQI
56 B
64 BP
65 BPP
66 OR
74 TU
21 BUIN
75 DUOLD
10 SUP
47 CATEXF
76 CDG

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
350

RELOCATION
ARRAY FAST
ARRAY REALS
ARRAY MATCNS

REALS
INPTR
INPTR
INPTR
INPTR
INPTR

ARRAY FAST
INPTR
INPTR
INPTR
REALS
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR
INPTR

ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS
ARRAY REALS

REALS
REALS
REALS
INPTR
REALS
REALS
REALS

ARRAY REALS
ARRAY REALS

REALS
REALS

ARRAY REALS
REALS

ARRAY INPTR
REALS
PHYPRO
INPTR
REALS

257 258254
277

269

258

282 338

21*316

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

10
III
203
III
157
457
157
157
157
255
157
157
157
I

157
157
157
157
157
157
157
157
157
111
1I1
1I1
111
111
111

'57
111
111Ili
1I1
111
I11
I11
157
Ill

I'

210
157
III

340

340
340

331
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VARIABLES
77 CFV
100 CFVA
3 CHEFUS

50 CLDNKD
2556 CLDWKS
601 CLOS
10+ CHOL
102 CODEID
60( COLDWK

II COHP
121 CONVC
122 CONFER

2557 CP
51 CPL

13" CPV
2560 CR

52 CRDT
53 CRDTR
135 CRDTT

2554 CREPHR
136 CRN
54 CTMAX
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ

137 CVV
604 CIKF
605 CINF
102 DCI
140 DCIH
141 DCIHP
130 DCO
156 DE
142 DELBP
143 DELBU
144 DELH
12 DELOXY

145 DELTA
204 DELTAZ
146 DELTCR
147 DELTDB
150 DELTFC
151 DELTJL
232 DEN
233 DENG
152 DHIC
07 DISH
234 DISHSD
153 DLREL
154 DIROD
155 DLTGC
235 DP

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS
PHYPPO
INPTR
INPTR
REALS
REALS

ARRAY REALS
REALS
PHYPRO
REALS

ARRAY REALS
INPTR
INPTR
REALS
INPT
INPTR
I4PTR
REALS
INPTR
REAL S

ARRAY !NPTR
Ph.0'0
PHYPRO
PHYPRO
PHYPRO
REALS
REAM S
REALS

ARRAY INP"R
REALS
REALS

ARRAY INP'tR
ARRAY INTP

REALS
REALS
REALS
PHYaRO
REA,.S

ARRAY INPTR
REALS
REALS
REALS
REALS
INFTR
INPTR
REALS
REALS
INPTR
REAL:
REALS

ARRAY REALS
ARRAY INPTR

326 331

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REPS
REPS
REPS
REPS
REPS
REPS
REPS
REPS
REPS
REPS
REPS
REFS
REPS
REPS
REFS
REPS
REPS
REFS
REFS
REPS
REPS
REFS
REPS
REF5

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REPS
REFS

Ill
Ili
210
157
157
135
111
III
135
210

IiI
157
157
III
157
'57
157
III
157
II
157
210
210
210
210
III
135
135
157
III
111
I7
157
11

'I

157

III

I'!

13

157
IlIl111
I3
157Ill
''I
'II

'57

331
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VARIABLES
207 DPH
210 DPHF
211 DPHFP
212 DPMP
213 DRS
263 DSPG
264 DSPGW

I EKFLAG
265 ENRCH
214 ENRICH
215 EOLSR
266 EXO
267 FA
216 FC
7 FDELTA

217 F6IN
270 ! PAV
220 FGPAVP
221 FGPAVX

I FIEFUS
222 FH2O
223 FJJ
225 FJJH
271 FLUX
272 FLXDP
227 FMGP
602 FNCK
603 FNCN
2552 FOTMTL
231 FPOR
232 FPORI
273 FQE
233 FRD
234 FRDH
235 FRDN
0 FTHELT

236 G
237 GASES
246 GASIN
247 GDEN
274 GO
250 GPTH
302 GPTHE
334 GPtHI
335 GPTHP
336 GPTHPG
370 GR
44' GRNSIZ
371 HCRV
372 HCV
442 HDISH
373 HDSHV
374 HE;N

SN 'PE
REn.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RENL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

RELOCATION
REALS
REALS
REALS
REALS
REALS
r4P R
INPTR
LRCM2L
IN TR
REELS
REALS
INPTR
INPTR
REALS
PHYPRO
REALS
INPTR
REALS
REALS
+HYPRO
REALS
REALS
REALS
INPTR
INPTR
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR
REALS
REALS
REALS
PHYPRO
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
INPTR
REALS
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

I1
III
III
1ll
111
157
157
206
157
III
111
157
157
III
210
!I11
157
ill
122
210
122
122
122
157
157
122
135
135
157
122
122
157
122
122
122
210
122
122
122
122
15?
122
122
122
122
122
122
157
122
122
157
122
122

331

340

340
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VARIABLES
375 HFLL
376 HFLMDB
377 HFLMP
400 HFPER
401 HFV
410 HGAP
412 HGAPR
402 HGAPT
403 HGU
404 HI
404 MGP
407 HP
413 HPL.
4M3 HP;T
4 4 MF ORU
155 PV

4 i ; H5i3L1D
416 HUPTAK
417 H2OtI
522 t

0 IA
275 IHXSYM
270 ICFAC
302 ICFCSV

24 ICLOSE
0 ICM
1 ICOR
2 IDBG

271 IDG
272 IDGSAV
3 IDXGAS

303 IHLDN
4 IM
4 IMCLAD
2 IMDENS

23 IMDONE
7 IMENRG

10 IMFGAS
I IMFUEL
5 IMGAPC
0 IMPOSR
3 IMRELO
I IMSNCH
6 IN931C
5 IPLANT

304 IPLSTC
273 IPRG
6 IQU
0 IQUIT

523
264

1

IRAWI
IRDOT
IRI

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
.EAL
REAL
REAL
'EAL
Ir4TEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGtR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IN'EGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

RELOCATION
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS

ARRAY REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS

ARRAY FAST
INPTI
POINT
POINT
INTEG
INPTI
INPTI
INPTI
POINT
POINT
INPT I
POINT
INPTI
EMFLGS
EMFLGS
INTEG
EMFLG5
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
EMFLGS
INPTI
POINT
POINT
INPTI
INTEG

ARRAY
POINT
INTEG

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

122
122
122
122
122
122
122
122
122
122
122
122
122
157
122
122
122
122
122
289*
254
176
103
103
149
176
176
176
103
103
176
103
176
190
190
149
190
190
190
190
190
190
190
190
176
103
103
176
149
346
227
98

149

338
310

284DEFINED
312

336

309

338

326

336
257
266

DEFINED
270

266

DEFINED

336

331
278

326

331

305

287

305 308 322
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VARIABLES
265 ISAVGS
305 ISTRNN
306 ISTRSS
7 151
2 IT

300 ITCL
277 ITEMP
3 ITER

301 ITFS
276 ITRAMP
300 ITREST
276 IVARDM
274 IVFC
275 lVFF
302 I1ORDS
267 IX

10 JDLPR
5 JJC

Is JN
6 JPEAK

21 JST
7 K
10 KINDOR
I KOXI

420 KRYIN
216 LACE
215 LACMFG
216 LACMHE
217 LACM#H2
220 LACMN2
215 LACMOD
152 LAKI
153 LAK2
221 LAMGPT
125 LANG
120 LANGR
253 LANSD
256 LANSR

14 LARAD
10 LAXGAP
11 LAXLEN

210 LB
211 LBR
212 LBTOLD
12 LBUI
13 LBU2

172 LCCI
173 LCC2
213 LCHEM

15 LCPDLT
2 LCREPI

154 LCRL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
INPTI
INTEG
POINT
POINT
INTEG
POINT
POINT
INPTI
INPTI
POINT
POINT
INPTI
POINT
INTEG
INPTI
INTEG

ARRAY INPTI
!NTEG

ARRAY INPTI
INTEG
INTEG
INTEG
REALS

ARRAY INPTI
POINT
POINT
POINT
POINT
INPTI
POINT
POINT
POINT
POINT
POINT
FOINT
POINT
PONT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

98
103
103
176
149
103
103
149
103
103
176
176
103
103
176
98

149
176
149
176
149
176
149
149
149
8

176
82
82
82
82
176
53
53
82
39
39
92
92
20
20
20
72
72
72
20
20
65
65
72
20
20
53

305

331
331
331

DEFINED

334

122
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VARIABLES
IlIl LDCHEK

0 LDC IH
261 DECAY
16 LDELBP
17 LDENMX

174 LDENSF
175 LDENSP

3 LDLH
20 LDLPGE

155 LDPL
156 LDPLH
157 LDPN
176 LDPW
177 LDPWPP
260 LDT
21 LDZ
22 LDZH
23 LDZHP
24 LECREP

364 LENGTH
25 LEP
127 LEPP
130 LEPPP
131 LEPPSV
147 LEPPI
132 LEPS
133 LEPSAV
151 LEPSI
100 LEPI
167 LF
134 LFEPS
257 LFF
121 LFGMGP
170 LFH
110 LFLAG
254 LFLXFC
160 LFMA
161 LFMGPR
122 LFMGR
171 LFN
26 LGAP
222 LGASMO
200 LGNSIZ
27 LGPTP
45 GRASS

4 LHA
262 LHALF
30 LHCOEF
123 LHEMGP
101 INGAPS
1l4 LHGPC
115 LHGPR
116 LHGPS

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I41EGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
GRSPTR
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

20
20
92
20
20
65
65
20
20
53
53
53
65
65
92
20
20
20
20

305
20
45
45
45
45
45
45
45
20
60
45
92
39
60
20
92
53
53
39
60
20
82
65
20

229
20
92
20
39
20
20
20
20

260

331

DEFINED

33,
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VARIABLES
5 LHL

223 LHHGPT
124 LHNGR
162 LHRL
103 LIGAP
12 ONN

106 LNFAIL
146 LNUDEP
31 LOLAXG
32 LOLDPC
33 LOLDPG
34 LOLDTC
35 LOLDUR
36 LOLEPS
37 LOLFEP

104 LOLIGP
40 LPAXGP
41 LPC
42 LPECRP
43 LPEP

135 LPEPSV
255 LPF
136 LPFPSV
44 LPG
45 LPINT

224 LPIT
46 LPLDPC
47 LPLDPG
50 LPLDTC
51 LPLDUR
107 LPLIGP
52 LPOAXG
53 LPOFEP
54 L'OLEP
6 LPOROS

201 LPORSI
202 LPORS2
225 LPRTIO
226 LPRTII
227 LPRTI2
230 LPRTI3
231 LPRTI14
232 LPRTI5
233 LPRTI6
234 LPRTI7
235 LPRTI
236 LPRT2
237 LPRT20
240 LPRT3
?,41 LPRT41
242 LPRT5
243 LPRT6
244 LPRT7

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEG.R
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
P01NT
POINT
POINT
POINT
INTEG
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
PO1NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

331REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

20
82
39
53
20

149
20
45
20
20
20
20
20
20
20
20
20
20
20
20
45
92
45
20
20
82
20
20
20
20
20
20
20
20
20
65
65
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
245 LPRT8
246 LPRT9
214 LQ
105 LODP
206 LR
207 LRAD
55 LRDCOL

137 LREPS
141 LREPSP
140 LREPSV
126 LREPS2
143 LRFEPP
142 LRFEPS
144 LRFPSV
263 LRLEAS
113 LRTRNO
112 LRTRNP
145 LSIG
150 LSIGI
266 LSTHIF
247 LTAC
56 LTAF

250 LTAFA
57 LTAG

251 LTAGA
60 LTBAR
61 LTBLK
62 LTCA
63 LTCIDI
64 LTCODI
163 LTFB
164 LTFR
165 LTFRK
203 LTMPDS
205 LTMPMX
117 LTOXO
65 LTPS

102 LTRTRN
252 LTSF
7 LUFS

204 LU02LL
I LURC

66 LURF
67 LVCH
70 LUCHI
71 LVCR
72 LVDH
73 LVFH
74 LAUGH
166 LVPL
75 LVPOR
76 LZR02A
77 LZRO2D

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
P01NT
POINT
POINT
POINT
POINT
POINT
PO!NT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT

331

338

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
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76/176 OPT:0 TRACE STATIC FTN 4,8+508

VARIABLES
13 H
0 MAXIDX

166 MDDG
15 MDHPRS

271 MECHAN
20 MEPP2
24 MEPSO
22 MEPS02
17 MEPS22
I MEP2
10 MEREP2
14 iFUFRO
2 MGAP2
3 MIGAP2
0 MNA
0 "NR

170 MODE
171 MODES

14 MODLOP
i MODPC2
0 MODPG2
4 MOIGP2

13 "OLDT2
23 "PEPP2
6 MPEPS2

16 MPEP2
5 MREPS2
12 MR22
21 MSIG2
172 "TAPE
7 MTTT

266 NA
43 NAA
15 NAB

233 NAFAIL
25 NALFDT
33 NOD
27 NC
45 NCC
11 NCOEF

272 NCRACK
274 NCREEP
173 NDDG
5 NDCHCK

36 NDD
7 NDEP
12 NDSIGF
21 NE
16 NECRP2
41 NEE
44 NEI
273 NELAST
23 NEPP2

SN TYPC
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTE(ER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
;4TEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
INTEG
LACMDL
INPTI
PFRC52
INPTI
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRCS2
PFRC52
PFRCS2
PFRC52
F.P.
F.P.
INPTI
INPTI
INTEG
PFRC52
PFRC52
PFRCS2
PFRCS2
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
PFRC52
INPTI
PFRC52
INPTI
PFCM12
INTEG
INPTI
PFCM12
PFCM12
INTEG
PFCM12
PFCM12
INPTI
INPTI
INPTI
PFCM12
PFCM12
PFCM12
PFCHi12
PFCM12
PFCMt2I
PFCM12
PFCM12
INPTI
PFCM12

288

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
RED 5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

149
206
176
196
176
196
196
196
196
196
196
196
196
196
305
305
176
176
149
196
196
196
196
196
196
196
196
196
196
176
196
176
239
149
176
239
239
149
239
239
176
176
176
239
239
239
239
239
239
239
239
176
239

316
266
316
316
316
316
316
316
316
316
316
316
316

326
316
316
316
316
316
316
316
316
316
316

316
266

DEFINED

266

331

305

DEFINED
DEFINED

DEFINED

1I

DEFINED305

311

305

331

DEFINED

310

289
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
15 NEP2

270 NEWPRB
26 NF

174 NFROD
13 NFl
14 NFL

175 NGAPC
176 NGASR
35 NGG
167 NHEAL
30 NHH
42 NLL
34 NMM
32 NtN

234 NNFAIL
46 NNFF
31 NNN
25 NNNCRP
40 NNU
27 NNUDPP

177 NOFAIL
277 NOFRAC

26 NOLDPP
6 NOLSGF

200 NOPT
201 NPCYCL
0 NPIN
16 NPLAST

263 NPLOT
202 NPLTAB

I NPOUT
344 PRINT

2 NPI
3 NP2

267 NR
203 NREAD
204 NRESTR

17 NRMI
265 NROD
205 NROLL
25 NSH
10 NSLOPE

206 NSP
207 NSTART
20 NSTEP

210 NSTOP
24 NSTRTT

211 NT
212 NTAPE
20 NTN

264 NTPLOT
4 NTSAVE
17 NT2

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTFGER
INTEL,:R
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PFCMI2
INPTI
INTEG
INPTI
PFCM12
PFCM12
INPT I
INPT I
PFCM12
INPTI
PFCM 12
PFCM1I2
PFCMI2
PFCMI2

ARkr+Y INPT I
PFCMI2
PFCM12
PFRCS2
PFCM12
PFCMI2
INPTI
INPTI
PFCM12
PFCMI2
INPT I
INPTI
PFCMI2
INTEG
INPTI
INPT I
PFCMI2
INPTI
PFCM12
PFCeli
INPi
INPTI
INPTI
INTEG
INPTI
INPTI
INTEG

PFCMt12
INPTI
INPTI
INTEG
INPTI
PFCMI2
INPTI
INPTI
PFCMI2
INPTI
PFCMI2
PFCMI12

305

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REFc
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

239
176
149
176
239
239
176
176
239
176
239
239
239
239
176
239
239
196
239
239
176
176
239
239
176
176
239
149
176
176
239
176
239
239
176
176
176
149
176
176
149
239
176
176
149
176
239
176
176
239
176
234
239

305

DEFINED

DEFINED

305

290

291266

334

326

266

DEF I NED

DEF I NED

33

273

336 2*338

326

326

326

331

DEFINED

DEFINED

272
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76176 OPT:O TRACE STATIC FTN 4.8+58 

VARIABLES
421 NU
213 NUCFC
214 NUNITS
22 NV

0 NVARI
1 NVARIO
12 NVARII1
13 NVAR12
14 WVARR13
15 NVAR14
16 NVARI5
17 NVAR16
20 NVAR17
21 NVAR18
22 W4AR 19
I NVAR2

23 NVAR20
24 NVAR21
25 NVAR22
26 NVAR23
27 NVAR24
30 NVAR 25
31 NVAR26
32 NVAR27
33 NVAR28
34 NVAR 29
2 NVAR3

35 NVAR30
36 NVAR31
37 NVAR32
40 NVAR33
41 NVAR34
42 NVAR35
43 NVAR36
44 NVAR37
3 NVAR4
4 NVARS
5 NVAR6
6 NVAR7
7 NVAR8

10 NVAR9
37 NWl

301 NUORDS
303 NWRDS

21 NURITE
262 NXP
22 N2

422 OXDROP
423 OXIDE
424 PECDH
425 P:
426 PIN
460 PIMP

SN TYPE
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
INPT I
INPTI
PFCH 12
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSi (R
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
PfCN12
INPTI
IMPTI
INTEG
INPTI
INTEG
REALS
REALS
REALS
REALS

ARRAY REALS
REALS

122

331

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

8
176
176
239
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229229
229
229
239
176
176
149
176
149
122
122
122
122
122
122

305
305

331

DEFINED
DEFINED

DEFINED

2Q2
295

274
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76/176 OPT:0 TRACE STATIC FTN 4.8+5O8

VARIABLES
461 PORO
444 PPHN20
445 PPtM2
462 PR
463 PRESS
464 PRTY
465 PRTl9
446 P2
473 QAV
466 QC
613 QEND
623 OF
1333 QMPY
467 OP
474 PEAK
470 QSP

1500 RAPOI
1513 RC
471 RCI
472 RCO

1514 RDISH
475 RFNVFF
476 RHO
'*7? RHOF
500 RHOG
501 RHOUIO2
502 RMH
ISIS ROUGHC
1516 ROUGHF
503 RP

2551 RSNTR
504 RSTRAN
505 RSTRES
506 RTRAN
1517 SGAPF
597 SKTC
510 SKTS
511 STRN
512 SUtCK
513 SUttDH
514 SUEXP
515 SIMGP
516 SUMPOR
S17 SUMRG
520 SUMTF
521 T
522 TCAC
1520 TCC
523 TCI
524 TCO
525 TFBC
526 TFC
527 TFGFR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
INPTR
INPTR
REALS
REALS
REALS
REALS

ARRAY INPTR
REALS
REALS

ARRAY INPTR
ARRAY INPTR
ARRAY INPTR

REALS
REALS
REALS

ARRAY INPTR
I NP"'R
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
INPTR
REALS
INPTR
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RErS
REFS
REFS
REFS
REFS
REFS
REFS

122
157
157
122
122
122
122
157
12*
l22
157
157
157
122
122
122
157
157

122
157
135
135
135
135
135
135
157
157
135
157
135
135
135
157
135
135
135
135
135
135
135
135
135
135
135
135
157
135
135
135
135
135

331
331

336
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76/176 OPT:0 TRACE STATIC FTN ,8+508 

VARIABLES
530 THEFR
531 TH2OFR
1521 TIME
532 TITLE
546 TM
547 TN2FR
1666 TOTIL
550 TOXO
551 TP
552 TPA
553 TPAC
554 TPLEN
555 TRANST

2553 TREF
556 TSAT
1667 TSINT
557 TT
1670 TM
560 TX
561 TXA
562 TXAL
563 TXC

2035 UBFS
2036 UMELT
2037 UOFD

0 VERS
564 VISC
565 VPLT

2040 uS
566 uSS
600 VX
567 M
570 MT
571 UTRAN

2041 X
572 XEIN
573 XK6
574 XK7
575 YY
576 Z
577 ZR02NG

FILE NAMES
TAPE
TAPE6

EXTERNALS
AXHEF
EOF
INITAL
MEMSET
NEMSET
PLT IMP

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
REALS
REALS

ARRAY INPTR
ARRAY REALS

REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS
REALS
INPTR
REALS
INPTR
REALS

ARRAY INPTR
REALS
REALS
REALS
REALS
INPTR
INPTR
INPTR
VER
REALS
REALS
INPTR
REALS
REALS
REALS
REALS
REALS

ARRAY INPTR
REALS
REALS
REALS
REALS
REALS
REALS

MODE
MIXED
MIXED

READS
WRITES

TYPE ARGS
22

REAL 1
23

3
3
9

REFERENCES
331
285
316
269
270
326

326
326 331 DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

135
135
157
135
135
135
157
135
135
135
135
135
135
157
135
157
135
157
135
135
135
135
157
157
157
208
135
135
157
135
135
135
135
135
157
135
135
135
135
135
135

298
336

284
300

277
278

331

338 340

282
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

EXTERNALS
POINTR

NAMELISTS
FRPCN

TYPE ARGS
14

DEF LINE
266

REFERENCES
305

REFERENCES
298 300

STATEMENT LABELS
0 100

222 110
225 120
446 130 FMT
450 140 FMT
464 ISO FMT
471 160 FMT

INACTIVE
DEF LINE

286
344
348
353
354
356
357

REFERENCES
285
285
308
284
336
338
340

LOOPS
204

LABEL

CO I$ON BLOCKS
FAST
POINT
REALS
INTEG
I NPTR
INPTI
EMFLGS
PFRCS2
MATCNS
LACMDL
VER
PHYPRO
GRSPTR
PFCMI2

INDEX
I

LENGTH
I

199
392
24

1393
197

10
22
12
21

1
1I
38
39

FROM-TO
338 338

LENGTH
B oa

PROPERTIES
EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000B SCM USED

322 342

5478
44708

35$
2360

10/21/80 14.29.35 PAGESUMROUT INE SETUP



76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.29.35 PAGE

1 C SIN 2
C .......... ".............................................. ......... SIM 3
C SIM4
C SUBROUTINE SINSIN 5

5 C 5IMG 6
C PURPOSE 511M 7
C OBTAIN SOLUTION OF A SET OF SIMULTANEOUS LINEAR EQUATIONS, 51MG 8
C AX: SI1Q 9
C SING 10

10 C USAGE SI 11i
C CALL SIMQ(A,B,NKS) SING 12
C 5IMG 1'
C DESCRIPTION OF PARAMETERS 51MG 1+
C A - MATRIX OF COEFFICIENTS STORED COLUMNWISE. THESE ARE 5IM0 15

15 C DESTROYED IN THE COMPUTATION. THE SIZE OF MATRIX A IS SING $6
C N BY N. SIMQ 17
C 8 - VECTOR OF ORIGINAL CONSTANTS (LENGTH N). THESE ARE SIMG 18
C REPLACED BY FINAL SOLUTION VALUES VECTOR X. 5i11 9
C N - NUMBER OF EQUATIONS AND VARIABLES. N MUST BE .GT. ONE. SING 20

20 C KS - OUTPUT DIGIT SIN 21
C 0 FOR A NORMAL SOLUTION SING 22
C I FOR A SINGULAR SET OF EQUATIONS SING 23
C SING124
C REMARKS SING 25

25 C MATRIX A MUST BE GENERAL. SING 26
C IF MATRIX IS SINGULAR , SOLUTION VALUES ARE MEANINGLESS. SING 27
C AN ALTERNATIVE SOLUTION MAY BE OBTAINED BY USING MATRIX SING 28
C INVERSION (MINV) AND MATRIX PRODUCT (GMPRD). SING 29
C SING 30

30 C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED SIN 31
C NONE SING 32
C SING 33
C METHOD SIM 34
C METHOD OF SOLUTION IS BY ELIMINATION USING LARGEST PIVOTAL SING 35

35 C DIVISOR. EACH STAGE OF ELIMINATION CONSISTS OF INTERCHANGING SING 36
C ROWS WHEN NECESSARY TO AVOID DIVISION BY ZERO OR SMALL SIN 37
C ELEMENTS. SIMG 38
C THE FORWARD SOLUTION TO OBTAIN VARIABLE N IS DONE IN SIN 39
C N STAGES. THE BACK SOLUTION FOR THE OTHER VARIABLES IS SING 40

40 C CALCULATED BY SUCCESSIVE SUBSTITUTIONS. FINAL SOLUTION SIMG 41
C VALUES ARE DEVELOPED IN VECTOR B WITH VARIABLE I IN B(l), SING 42
C VARIABLE 2 IN 8(2),.,......, VARIABLE N IN B(N). SIN 43
C IF NO PIVOT CAN BE FOUND EXCEEDING A TOLERANCE OF 0.0, SIMG 44
C THE MATRIX IS CONSIDERED SINGULAR AND KS IS SET TO 1. THIS SIM 45

45 C TOLERANCE CAN BE MODIFIED BY REPLACING THE FIRST STATEMENT. SIN 46
C SIN 47
C .................... ........................,..................... SING 48

SUBROUTINE SING (A,B,NKS) SIM 49
C IMPLICIT REAL * 8 (A-H,O-Z) SIMG 50

50 DIMENSION A.l),B(Il) SIMG 51
C SING 52
C FORWARD SOLUTION SING 53
C SING 54



76u176 OPT:0 TRACE STATIC FTN 4.8+508

TOL : 0.0 5IM 055
55 KS :0 SIQ 56

JJ : -N SI Q 57
DO 170 J:1,N SIG 58
JY : J+I 5110 59
JJ : JJ+N+1 SIG 60

60 BIGA : 0 SINS 61
IT : JJ-J SIG 62

DO 110 I=J.N SING 63
C SING64
C SEARCH FOR MAXIMUM COEFFICIENT IN COLUMN 511G 65

65 C SINGM 66
IJ : 11+1 SING 6?
IF (ABS(DIGA)-ABS(A(IJ))) 100,110,110 SING 68

100 DIGA : A(IJ) SIN 69
IMAX : I IQ 70

70 110 CONTINUE SIMG71
C 51KG 72
C TEST FOR PIVOT LESS THAN TOLERANCE (SINGULAR MATRIX) SI1G 73
C SIG74

IF (ABS(BIGA)-TOL) 120,120,130 SING 75
75 120 KS : I 51NG 76

RETURN SIG 77
C 51KGIM 78
C INTERCHANGE ROWS IF NECESSARY SING 79
C soG 80

80 130 11 : J+N*(J-2) SIP 81
IT : IMAX-J SING 82

DO 140 K:JN 5I1G 83
11 : 11+N SIN 8
12 : II+1T SI11 85

85 SAVE : A(II) SING 86
A(1I) : A(12) 511G 87
A(i12 : SAVE SIN 88

C SINS 89
C DIVIDE EQUATION BY LEADING COEFFICIENT SIKG 90

90 C SIG 91
140 A(I) : A(iI)/BIGA SINS 92

SAVE : 8tIMAX) 511G 93
B(IMAX) : B(J) SIG94
BDJ) : SAVE/BIGA 511G 95

C SIG 96
C ELIMINATE NEXT VARIABLE 51KG 97
C SINS 98

IF kJ-N) 150,180,150 SIG 99
ISO 1O5 : N*(J-I) 511K 100

100 DO 170 IX:JY,N SI1K 101
IXJ : IQS+IX 5IMG 102
IT : J-IX SING 103

DO 160 JX:JY,N 51G 104
IXJX : N*(JX-l)+IX SING 105

105 JJX : IXJX+IT SIM 106
160 A(IXJX) : A(IXJX)-(A(IXJ)*A(JJX)) SING 107

10/21x80 14.24.35 PAGE 2SUBROUTINE SIMG
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170
C
C
C
100

190

B(IX) : 8(IX)-(B(J)*A(IXJ))

BACK SOLUTION

NY : N-1
IT N*N

DO 190 J:l,NY
IA Al1T-J
ID : N-J
IC : N

DO 190 K:1,J
8(I8) := (IB)-AiIA)*B(IC)
IA : IA-N
IC : IC-1

RETURN
END

SYMBOLIC REFERENCE NAP (R-2)

ENTRY POINTS
4 SIM

VARIABLES
0 A

0 8

247
251
267
270
271
252
253
260
250

261
262
264
254

256
245

244
265
263

DIGA
I
IA
I8
IC
IJ
I MAX
I 5
IT

IX
IXJ
XJX
II

12
J

JJ
JJX
JX

DEF LINE
48

SN TYPE
REAL

REAL

REFERENCES
76 121

RELOCATION
ARRAY F.P.

ARRAY F.P.

REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

110

115

120

SIM
SIM
SIM
SIMQ
SIM
SIN1
SIM
SIM0
SIM
SIM
SIM
SIM
SI1
SING
SIN1
5IM0

108
109
110
IlIl
112
113
114
115
116
I1?
118
119
120
121
122
123

9'
91

60

3*106
106

REFS
107

REFS
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
102

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

94
DEFINED
REFS
REFS
REFS

50
118
50
48
67
66
118

2*118
118
67
81

101
66
112
101
106
105
83
80
86
58
98
57
59
106
104

68

67
DEF I NED

92
93
74
69
119

DEF I NED
120
68
92

DEFINED
84

102
107

2*106
84
83
87
61
99

113
61

DEFINED
DEFINED

68
48
93
"4

DEFINED
DEFINED

145
DEFINED
DEFINED

93
99

105

104
DEFINED
DEFINED

85

DEFINED
62
102

DEFINED
105
103

85
86

2*107
107
94
62

114

116
66

DEFINED

114

2* 107
101
104
86

84
2*80
107

56

86
87

2*118
118

DEFINED

119

120

69

DEFINED

DEFINED

2*91

81
114

59

61 81

100

82
1'i5

93
117

10/21/40 14.2935 PAGE 3SUBROUTINE 5 SIO
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VARIABLES
246 JY
255 K

0 KS
0 N

266
257
243

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER

NY
SAVE
TOL

INLINE FUNCTIONS
ABS

STATEMENT LABELS
0 100

52 110
0 120

65 130
0 140
0 150
0 160
0 170

203 180
0 190

INTEGER
REAL
REAL

TYPE
REAL

ARGS
I

INACTIVE

INACTIVE

INACTIVE

RELOCATION

F.P.
F.P.

INTRIN

DEF LINE
68
70
75
80
91
99
106
107
111
120

DEF LINE

REFERENCES
67
62

2*74
74
82

2*98
103
57
98
113

REFS
DEFINED
DEFINED

REFS
98
116

REFS
REFS
REFS

REFERENCE
2*67

2*67

100

117

I NDEX
J
I
K
IX
JX
J
K

FROM-TO
57 107
62 70
82 91

100 107
103 106
113 120
117 120

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
1638
218
238
368
178
318
148

PROPERTIES
EXITS NOT INNER

OPT
OPT

NOT INNER
OPT

NOT INNER
OPT

33( 8

100
82
48
56
99

119
1'13
87
74

103
117
55
57
100

DEFINED
DEFINED

914
DEFINED

DEFINED

75
59
03
48

III
DEFINED

54

58

85

80
III

92

74

82
2*112

83
lI5

LOOPS
17
34
75
141
I5
211
223

LABEL
170
110
140
170
160
190
190

SUBROUTINE SiNG I0/21/80 14,29,35 PAGE
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SUBROUT INE STORE (BUI ,BUZCCI, CC2, DENSIP, DENSIF, DPtIPP,DPM POROSI, P STOR 2
+0R052, ZRO2A, ZRO2B, IR I,NANR, iNEAL,ANGRTAHPRTRANO, BU, BU&DTMP6i STORE 3
+5,TMPMAX) STORP4

C STORE 5
5 C IMPLICIT REAL * 8 ( A-H,0-Z ) STOR 6

C STORE 7
C ******* ***************************Z******************************* STOR 8
C STORE 9
C THIS SUBROUTINE IS CALLER FROM MAIN AND STORES CONVERGED VALUES STOR 10

10 C OF PARAMETERS WHICH ARE NECESSARY COR THE NEXT POWER-TIME STEP STOR 11
C STORE WAS CODED BY G A BERNA NOVEMBER 1977. STOR 12
C STOR 13
C ***z:m* z:****:***z***************:*********** **::::*::z* : ***** STOR 14
C STOR 15

15 C :***s****************z*:::x **:**** *****m*****m*m***************** STOR 16
C INPUT ARGUMENTS STOR 17
C * * ********************************* **U********** ********* *** STOR 18
C STOR 19
C ANG - CUMULATIVE N2 CONSENTRATION IN THE FUEL (MOLES) STORE 20

20 C BU - ROD BURNUP TO END OF POWER-TIME STEP (MWDiMTU) STOR 21
C BU2 - BURNUP (MtDiMTU) STOR 22
C CC2 - FISSION GAS CONSENTRATION (GM-MOLES) STOR 23
C DENSIF - DENSIFICATION (UNITLESS FRACTION) STOR 24
C DPW - SWELLING (UNITLESS FRACTION) STORE 25

25 C IRI - NUMBER OF AXIAL NODES PLUS ONE STOR 26
C NA - MAXIMUM NUMBER OF AXIAL NODES STOR 27
C NHEAL - FLAG TO TURN ON PERMANENT CRACK HEALING :0,OFF :ION STORE 28
C NR - MAXIMUM NUMBER OF RADIAL FUEL NODES STOR 29
C POR052 - POROSITY (UNITLESS FRACTION) STOR 30

30 C RTRANP - RADIUS TO WHERE CRACKING OCCURS (M) STOR 31
C TMPDIS - FUEL TEMPERATURE DISTRIBUTION (F) STOR 32
C ZR028 - ZIRCALOY OXIDE THICKNESS (FT) STORE 33
C STOR 34
C z ****:** ::*************:**:* :u**n*z* ***:*********::*:*** STOR 35

35 C OUTPUT ARGUMENTS STOR 36
C ****** ******* ********************** ************************* STOR 37
C STOR 38
C ANG - CUMULATIVE N2 CONSENTRATION IN THE FUEL (MOLES) STOR 39
C BUOLD - ROD BURNUP TO BEGINNING OF POWER-TIME STEP (MWD/MTU) STOR 40

40 C BUI - BURNUP (MD/MTU) STOR 41
C CCI - FISSION GAS CONSENTRATION (GM-MOLES) STOR 42
C DENSIP - DENSIFICATION (UNITLESS FRACTION) STOR 43
C DPWPP - SWELLING (UNITLESS FRACTION) STOR 44
C POR052 - POROSITY (UNITLESS FRACTION) STOR 45

45 C RTRANO - RADIUS TO WHERE CRACKING OCCURS (M) STOR 46
C TMPMAX - SET OF MAXIMUM FUEL TEMPERATURES EXPERIENCED (F) STORE 47
C ZRO2A - ZIRCALOY OXIDE THICKNESS (FT) STORE 48
C STORE 49
C ********************************************************:*********** STOR 50

50 C STOR 51
DIMENSION BUI'NA) ,BU2(NA) ,CCI(NRNA) STOR 52

+ ,CC2rNRNA) ,DPW(NRNA) ,DPWPP(NRNA) STORE 53
+ ,ZRO2B(NA) ,DENSIF(NR,NA) ,DENSIP(NR,NA) STOR ;4
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,POROSI (NR,NA) ,POR052(NRNA)
,ANG(NA,2) ,RTRANP(NA)
,TMPDIS(NR,NA) , TMPMAX(NR,NA)

,ZR32A(NA)
,RTRANO(NA)

DUOLD : BU
DO 100 II:2,IRI
BUIl) : 2(I1)
ZR02A.II) : ZR02B(II)
IF (NHEAL.EQ.I) RTRANOIIl) : AMAXkiRTRANO1II),RTRANP(II))
ANG(II,I) : ANG(II,2)

DO 100 1:1 NR
TMPMAX(III) : AIMAXi(TtPtiAX(, II),TMPDIS(I, II))
CCI(I,1I) : CC2(1,11)
POR05I.I,Il) :=POR052(, I)
DENSIP(1 II) = DENSIF(III)
DPWPP(I,II) : DPW(I,II)

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STORE

VARIABLES
0 ANG
0 ou
0 BUOLD
o BuIl
0 BU2
0 CCI
0 CC2
0 DENSIF
0 DENSIP
0 DPW4
0 DPWPP

104I I

103 11

0
0
0
0
0
0
0
0

IR I
NA
NHEAL
NR
PORO51
POR052
RTRANO
RTRANP

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

REFERENCES
71

RELOCATION
ARRAY F.P.

F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY
ARRAY
ARRAY
ARRAY

F.P.
F. P.
F.P.
F.P.
F.P.
F.P.
F.P.
F P.

+
+
+4

55

C
C

60

65

70 100

STORE
STOR
STOR
STOR
STOR
STOR
STOR
STOR
STORE
STOR
STOR
STOR
STOR
STOR
STORE
STOR
STORE
STOR
STORE

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7$
72
73

IREFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
2*69

REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS

51
59
SI
51
51
51
51

51
51
51SI

3*66
65

2*61
2*70
60

17*51
63

10*51
51
51
51
51

61

67

69
I

70

2*64

64
DEFINED

59
DEF I NED

61
DEFINED

67
69

DEFINED
70

DEF I NED
2*67

2*62
DEFINED
DEFINED
DEFINED
DEFINED

65
DEFINED

68
63
63

DEFINED

DEFINED

DEFINES:)
DEFINED

DEFINED

2*68

3*63
60

DEFiNED

DEFINED
DEFINED
DEFINED

2*70

2*68

I
68

63

SUBRcUT INE STORE I0/21/80 PAGE 2



SUBROUTINE STORE

VARIABLES SN TYPE
0 TMPDIS REAL
0 TMPMAX REAL
0 ZRO2A REAL
0 ZRO2 REAL

INLINE FUNCTIONS TYPE
AMAXI REAL

STATEMENT LABELS
0 $00

LOOPS LABEL INDEX
20 100 II
42 100 1

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY FP. REFS
ARRAY FP. REFS

P.AY FP, REFS
RNY FP. REFS

ARGS DEF LINE REFERENCE
0 INTRIN 63

DEF LINE REFERENCES
70 60 65

FROM-TO
60 70
65 70

1338

LENGTH PROP
608
338

10/21/0 14,24,35P

51
51
51
5l

66
CES

PERTIES

OPT

66
66

DEFINED
62

DEFINED
DEF I NED

I
DEFINED

I
I

'2
I

66

NOT INNER

91

3FTN 4,e+508 PAGE
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5

0

I5

20

25

C ***
C NOTE
C BOTH *CELMOD* AND *CSTRES* ARE IN 5.1. UNITS,
C 50 STRESSES ARE CONVERTED TO N/M**2 AND
C TEMPERATURES TO DEGREES KELVIN BEFORE CALLING
C THESE TWO ROUTINES.
C ***PROGRAMMED BY M.P. BOIN , NOV.18, 1974
C

T : (TEMP+459.67E+0)/l.8E+0
E : CELMOD(T,FNCK,CWKF,DELOXY)/6.894757E+3

C GET CURRENT YEILD STRESS GIVEN EPPLAS

SUBROUTINE STRAIN (SIG,EPS,EPPLAS,TEMP,RSTRAN,ANRIN,DELOXY,CWKF,C4
+NF,FNCK,FNCN)

IMPLICIT REAL*8 (A-HO-Z)

***THIS SUBROUTINE COMPUTES UNIAXIAL STRAIN GIVEN THE
STRESS AND PREVIOUS PLASTIC STAIN. ELASTIC UNLOADING
IS PRESCRIBED, AND THE CURRENT ( WORK-HARDENED )
YEILD STRESS 15 COMPUTED FROM THE PLASTIC STRAIN
AT EACH CALL. THE ELASTIC MODULUS IS OBTAINED
FROM FUNCTION *CELMOD*, AND THE LOCUS OF YEILD
STRESSES IS OBTAINED FROM SUBROUTINE *CSTRES*
WHICH COMPUTES STRESS FROM STRAIN IN MONOTONIC,
UNIAXIAL TENSION.
STRAIN IS CALLED FROM CLADP. COUPLE,AND STACK

****************3t**************************************************
INPUT ARGUMENTS
******************************************************************** X

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TES'
(HOOP STRAIN)/(RADIAL STRAIN)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/MXt2)
CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGENiKG ZIRCALOY)
EPPLAS - PREVIOUS VALUE OF PLASTIC STRAIN (IN/IN)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/M**2)
FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENINGi EXPONENT
RSTRAN - TRUE STRAIN RATE (I.'SEC)
SIG - STRESS (PSI)
TEMP - CLADDING AVERAGE TEMPERATURE (F)

X*X*xXXX**XXX*XXXXXXXX**X*XX*XXX**X********XX**XX*XXX****XXX*XXXX*X*
OUTPUT ARGUMENTS
****$XXXXXXXX*l XXXXXXXX*k*XX**s*X**XXX*XXXXX*X*XXX****XXX*XX*******

EPS - STRAIN (IN/IN)
EPPLAS - NEW VALUE OF PLASTIC STRAIN (IN/iN)

30

STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
5TRN
STRN
STRN
STRN
STRN
STRN
STN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN
STRN

35

45

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

50

FTN 4.8+508 10/21/80 14,29.35 PAGE I
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SIGY : 5800.0 STRN 55
55 EPSTST : -10.0E0 STRN 56

CUT : 1.0E-10 STRN 57
00 100 K:1,30 STRN 58
EPS : SIGY/E+EPPLAS STRN 59
IF (ABS(EPS-EPSTST).LT.CUT) GO TO 110 STRN 60

60 EPSTST : EPS STRN 61
CALL CSTRES (T, DELOXY,FNCK,FNCN,CWKF,C.NF,RSTRAN,EPS,SIGYPA) STRN 62
SIGY : SIGYPA/6894.7573 STRN 63

100 CONTINUE STRN 64
110 CONTINUE STRN 65

65 C CONVERT ANISOTROPIC EFFECTIVE YIELD STRESS STRN 66
C TO ISOTROPIC EFFECTIVE YIELD STRESS STRN 67

SIGY : SIGY/1.19 STRN 68
IF (SIG-SIGY) 120 120,130 STRN 69

120 EPS : EPPLAS+SIGi/ STRN 70
70 GO TO 140 STRN 71

130 SAG : SIG*6894.7573 STRN 72
C CONVERT ISOTROPIC EFFECTIVE STRESS TO ANISOTROPIC EFFECTIVE STRESS STRN 73

SAG : SAG*l.19 STRN 74
CALL CSTRAN (T, DELOXYFNCK,FNCN, CWKF,CWNF, RSTRAN, SAGEPS) STRN 75

75 C 5TRN 76
C THE ELASTIC COMPONENT OF STRAIN MUST BE CONSISTANT STRN 77
C WITH THE UNMODIFIED YIELD USED IN CSTRAN AND CSTRES. STRN 78
C THESE CHANGES ALLOW CONVERSION FROM ANIS0TROPIC STRN 79
C THEORY TO ISOTROPIC PLASTICITY. STRN 80

80 C STRN 81
EPPLAS : EPS-SIGX( .19)iE STRN 82

140 CONTINUE STRN 83
RETURN STRN 84
END STRN 85

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
'4 STRAIN I 83

VARIABLES SN TYPE RELOCATION
0 ANRIN REAL *UNUSED F.P. DEFINED I

176 CUB REAL REFS 59 DEFINED 56
0 CIKF REAL F.P. REFS 52 61 74 DEFINED
0 CWNF REAL F.P. REFS 61 74 DEFINED I
0 DELOXY REAL F.P. REFS 52 61 74 DEFINED

173 E REAL REFS 58 69 81 DEFINED 52
0 EPPLAS REAL F.P. REFS 58 69 DEFINED I 81
0 EPS REAL F.P. REFS 59 60 61 74 81

DEFINED I 58 69
175 EPSTST REAL REFS 59 DEFINED 55 60
0 FNCK REAL F.P. REFS 52 61 74 DEFINED

10/21f80 14.29.35 PAGE 2SUBROUTINE STRAIN



SUBROUTINE STRAIN

VARIABLES SN TYPE
0 FNCN REAL

177 K * INTEGER
0 RSTRAN REAL

201 SAG REAL
0 SIG REAL

174 SIGY REAL
200 SIGYPA REAL
172 T REAL

0 TEMP REAL

EXTERNALS TYPE
CELMOD REAL
CSTRAN
CSTRES

INLINE FUNCTIONS TYPE
ABS REAL

STATEMENT LABELS
0 100

66 110
0 120 INACTII

102 130
127 140

LOOPS LABEL INDEX
33 100 K

STATISTICS
PROGRAM LENGTH

14000G8 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P. REFS

DEFINED
F.P. REFS

REFS
F.P. REFS

REFS
REFS
REFS

ARGS
4
9
9

ARGS
I INTRIN

DEF LINE
63
64

JE 69
71
82

FROM-TO l
57 63

2169

REFERENCES
52
74
61

DEF LINE REF

REFERENCES
57
59

2*68
68
70

LENGTH PROP
328

REFS

10/21/80 14.29.35

61
57
61
73
68
58
61
52
51

74

74
74
69
67
62
61

DEFINED

FERENCES
59

PERTIES
EXT REFS EXITS

142

3

DEFINED

DEFINED
DEFINED

71
68

74
I

I
71
81

DEFINED

DEFINED

73
DEFINED

5.4

SI

I
62 6t

FTH 4.8+508 PAGE

I

0
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1 SUBROUTINE STRESS (SIG, DEP, EPPLAS, TEMP, RSTRAN,ANRIN, DELOXYCWKF,CW STRS 2
+NF,FNCK,FNCN) SIRS 3

C SIRS 4
C IMPLICIT REAL*O (A-H,O-Z) SIRS 5

5 C SCSTRS 6C **THIS SUBROUTINE COMPUTES STRESS GIVEN THE PREVIOUS STRS 7
C PLASTIC STRAIN VALUE AND AN INCREMENT OF PLASTIC SIRS 8
C STRAIN. THE ELASTIC MODULUS IS OBTAINED SIRS 9
C FROM FUNCTI(,N CELMOD* AND THE LOCUS OF YEILD SIRS 10

10 C STRESSES IS OBTAINED FR&1 SUBRGUTINE *CSTRES* SIRS 11
C WHICH COMPUTES STRESS FROM STRAIN IN MONOTONIC, SIRS '2
C UNIAXIAL TENSION. STRS 13
C STRESS IS CALLED FROM COUPLE AND STACK STRS 14
C SIRS I5

15 C :x:::x::x::::::::::::::::::::::::::::::x:::::::::::::::::::::::::::: SIRS 16
C INPUT ARGUMENTS SIRS 17
C * ** E**S*****Ufl*Z*EU*:::::>:::::::::::::::::::::::::::::::::::::: STRS 18
C SIRS '9
C ANRIN - COhiRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST SIRS 20

20 C HOOP STRAIN)/(RADIAL STRAIN) STRS 21
C CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (hx 2MtS21 STR. 22
C CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT STRS 23
C DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED STRS 24
C CLADDING (KG OXYGEN/KG ZIRCALOY) STRS 25

25 C DEP - INCREMENT OF PLASTIC STRAIN (IN/IN) SIRS 26
C EPPLAS - PREVIOUS VALUE OF PLASTIC STRAIN (IN/,N) STRS 27
C FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH C&3FFICIENT (N/MZ*2) SIRS 28
C FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT STRS 29
C RSTRAN - TRUE STRAIN RATE si/SEC) STRS 30

30 C TEMP - CLADDING AVERAGE TEMPERATURE (F) SIRS 31
C STRS 32
C ** *S*******Z*****::::::::::::: : Z* *sZ*::::::::: SIRS 33
C OUTPUT ARGUMEr'S STkS 34
C Z*::::::::::::::::::::::::::::4::::: SIRS 3535 C SIRS 36
C EPPLAS - NEW VALUE OF PLASTIC STRAIN (IN/IN) STRS 37
C SIG - STRESS (PSIA) STRS 38
C SIRS 39
C *** SIRS '.0

40 C NOTE STRS 41
C BOTH *CELMOD* AND *CSTRESZ ARE IN 5.1. UNITS, SIRS 42
C 5O STRESSES ARE CONVERTED TO N/tMl2 AND STRS 43
C TEMPERATURES TO DEGREES KELVIN BEFORE CALLING SIRS 44
C THESE TWO ROUTINES. STRS 45

45 C xx*PROGRAMMED BY M.P. BONN , NOV.18, 1974 . SIRS '6
C STRS 47

I : (TEMP+459.67E+0)/l.8E+0 STRS 48
E : CELMOD(T,FNCKCWKFDELOXY)/6.894757E+3 SIRS 49

C ***DEP SHOULD NEVER BE NEGATIVE**CHECK THIS HERE STRS 50
50 IF (DEP) I0I0,110 STRS 5

;00 WRITE (6,.140) DEP SRS 52
DEP = 0.0001 STRS 53

110 CONTINUE SIRS 54
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120
130
C
C

C
140

EPPLAS : EPPLAS+DEP
SIG : 5000.0
EPSTST : -1O.0EO
CUT : 1.0E-10

DO 120 K:, 30
EPS : SIGrE+EPPLAS
IF (ABS(EPS-EPSTST).LT.CUT) 60 TO 130
EPSTST : EPS
CALL CSTRES (T DELOXYFtCK,FNCNCUKFCNF,RSTRAN,EPS,SIGPA)
SIG : SIGPA/6844.7573
CONTINUE

CONT INUE
CONVERT ANISOTROPIC EFFECTIVE YIELD STRESS
TO ISOTROPIC EFFECTIVE YIELD STRESS

SIG : SI6/1.19
RETURN

FORMAT ( IHi,24X, i8 ERROR-NEGATIVE DEP/25X,6HDEP ,E I .4,32HWAS PA
+SSED TO SUBROUTINE*STRESS*,25X,44HDEP 1AS SET TO .0001- RESULTS NA
+Y BE INVALID)
END

SYMBOLIC REFERENCE NAP (R:2)

ENTRY POINTS
4 STRESS

VARIABLES
0 ANRIN

162 CUT
0 ClEF
0 CNF
C DELOXY
0 DEP

160 E
0 EPPLAS

164 EPS
161 EPSTST
0 FNCK
0 FNCN

163 K
0 RSTRAN
0 SIG

165 SIGPA
157 T

0 TENP

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

x INTEGER
REAL
REAL
REAL
REAL
REAL

REFERENCES
69

RELOCATION
*UNUSED F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

55

60

65

70

STRS
STRS
SIRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
SIRS
SIRS
STRS
SIRS
STRS
STRS

55
56
57
58
5S
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

I

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

1
60

62
48
50
59
54
60
60
48
62
58
62
59
62
48
47

DEFINED
62

DEF I NED
62
51

DEFINED
59
61

DEFINED
62

DEFINED

DEFINED
68
63
62

DEFINED

57
DEFINED

DEFINED
54
48

DEFINED
62
56

DEFINED
I

I
DEFINED

DEF INED
I

1

54
59

I
DEFINED

DEFINED
61

I

I 55 63 68
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SUBROUTINE STRESS

FILE MAMES MODE
TAPE6 FMT

EXTERNALS TYPE A
CELMOD REAL
CSTRES

INLINE FUNCTIONS TYPE A
ADS REAL

STATEMENT LABELS
0 100 INACTIVE

32 10
0 120

77 130
126 140 FMT

LOOPS LABEL INDEX FA
45 120 K

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

RT
4
9

RE

RO
5

76f176 OPT:O TRACE STATIC

WRITES 5t

S REFERENCES
E ~48

62

S DEF LINE REFERENCES
INTRIN 60

DEF LINE REFERENCES
51 50
53 2x50
64 58
65 60
71 51

M-TO LENGTH PROPERTIES
8 64 318 E

2008 128

FTN 4.8+508

XT REFS

10/21/80 14.29.35

EXITS
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SUBROUTINE SWELL (BP DEN DENSIF,DENSIP DPHFDPW,DPWPP,IT,J,NDBGPO SWEL 2
+ROSI,POROS2,BPP,R RAbAFN, TFR,TSINT,U6 L,NRM1I,NR,RSNTR,NA, COP,E SWEL 3
+PS02, IlDENS, DP, MN, MNR, MECHAN) SWEL 4

C SWEL 5
5 C iMPLICIT REAL * 8 (A-HO-Z) SWEL 6

C SWEL 7
C ***f** ****g********************** *****f**E*fl***fl** ** SWEL 8
C Sb4EL 9
C SWELL IS CALLED FROM MAIN. SWEL 10

10 C THIS ROUTINE COMPUTES THE FUEL RING DISPLACEMENTS WHICH INCLUDE SWEL 11
C THERMAL EXPANSION, IRRADIATION SWELLING, AND DENSIFICATION SWEL 12
C SWEL 13
C ******f*f*l****************fnns* nm: **:**:****:***:* SI4EL
C INPUT ARGUMENTS SWEL 15

15 C ::E*:**:t:: :,n* nn:::: *****:*uu** n***: ***** ****:n*******u:*xx** SWEL 16
C SWEL $7
C AFDN - ADDITIONAL DENSIFICATION FACTOR SWEL 18
C BP - BURNUP TO END OF POWER STEP (MWD/MTU) SWEL 19
C BPP - BURNUP TO BEGINNING OF POWER STEP (MWD/MTU) SWEL 20

20 C COMP - PUO2 CONTENT OF THE FUEL (WEIGHT %) iWEL 21
C DEN - PERCENT OF THEORETICAL DENSITY OF THE FUEL SkEL 22
C DENSIP - STORAGE OF PREVIOUS VALUES OF DENSIFICATION (M/M) SWEL 23
C DP - PELLET DIAMETER (IN) SWEL 24
C DPHF - FUEL DIAMETER INCLUDING EXPANSION, SWELLING, AND SWEL 25

25 C DENSIFICATION (IN) SWEL 26
C DPWPP - STORAGE OF PREVIOUS VALUES OF OUTWARD SWELLING (M/M) SWEL 27
C INDENS - EM SWITCH FOR DENSIFICATION SWEL 28
C IT - POWER STEP INDEX SWEL 29
C J - AXIAL INCREMENT INDEX SWEL 30

30 C NDBG - DEBUG INDEX SWEL 31
C NA - NUMBER OF AXIAL NODES SWEL 32
C NR - MAXIMUM NUMBER OF RADIAL NODES SWEL 33
C NRMI - MAXIMUM NUMBER OF RADIAL NODES MINUS ONE SWEL 34
C POROSI - POROSITY LEFT AT BEGINNING OF POWER STEP (M/M) SWEL 35

35 C R - COLD STATE FUEL RING RADII (IN) SWEL 36
C RSNTR - MAXIMUM DENSITY CHANGE DETERMINED BY A RESINTERING SWEL 31
C TEST OF 1973K FOR 24 HOUkS (KG/Mxx3) SWEL 38
C TFR - FUEL RING BOUNDARY TEMPERATURE (F) SWEL 39
C TSINT - SINTERING TEMPERATURE OF THE FUEL (K) SWEL 40

40 C U02LL - THERMAL EXPANSION OF FUEL RING (IN/IN) SWEL 41
C SWEL 42
C ****:*** sn:** **wm******************:zsuuz:**** ***: SWEL '43
C OUTPUT ARGUMENTS SWEL 44
C ******************************************************************* SWEL 45

'45 C SWEL '46
C DPW - OUTWARD SWELLING (M/M) SWEL 47
C DENSIF - DENSIFICATION (iM) SWEL 48
C EPS02 - TOTAL PERMANENT STRAINS DUE TO DENSIFICATION AND SWEL 49
C IRRADIAThON SWELLING AND IRRADIATION GROWTH (M/M) SWEL 50

50 C POROS2 - OSITY LEFT AFTER POWER STEP (M/M) SWEL 51
C RAD - ,,UT STATE FUEL RING RADII (IN) SWEL 52
C SWEL 53
C ********************************** ****uz s* SWEL S'4
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C SWEL 55
55 DIMENSION EPS02(MNA,MNR,3) SWEL 56

DIMENSION DPW(NR,NA) ,DENSIP(NR,NA) ,DENSIF(NR.NA) SWEL 57
+ ,DPMPP(NR,NA) ,POROSI(NRNA) ,PORO52%NR,NA) SWEL 58
+ ,R(NR) ,RAD(NR) ,TFR(NR) ,UJO2LL(NRNA) SWEL 59

C SWEL 60
60 C CONVERT BURNUP FROM MW-DAYiT TO MW-SECiKG SWEL 69

BU : BP*86.4 SWEL 62
BUP : BPP*86.4 SWEL 63

C SI4EL 64
IF (IKDENS.EQ.0) GO TO 900 SWEL 65

65 RHOI : ((COMP*11.46,100.0)+(.0-COMP,100.0)*10.97)*DEN,100.0 SWEL 66
RHO2 : RHOI+RSNTR/1000.E0 SNEL 67
IF (RSNTR.LE.0.E0) RHO2 : RHOI*96.5/DEN SWEL 68

100 CONTINUE SWEL 69
C S4WEL 70

70 FDENS : DEN*109.7 SWEL 71
IF (COMP.GT.0.E0) FDENS : (i.EO-COMP,100.E0)*FDENS+COMP*.146 SWEL 72

DO 940 L:9,NRMI SWEL 73
I : MR-L SWEL 74
PRVDEN : DENSIP(I,J)*l00.E0 SWEL 75

75 FTEMP : ((TFR(I)+TFR(Il+1)),2.+459.67),1.8 SWEL 76
C THE FOLLOWING CALL TO FSIELL CALCULATES ADDITIONAL SWELLING DUE TO SWEL 77
C SOLID AND GAS FISSION PRODUCTS FOR THIS TIlE STEP (+M**3/M**3) SNEL 78
C SWEL 7'

IF (BU.LT.5.184E5) GASWL O: .ED SWEL 80
80 IF (DU.LT.5.184E5) 5OLDSW : 0.EO SWEL 81

IF (BU.LT.5.184E5) GO TO 110 SWEL 82
C SWEL 83

CALL FSWELL (FDENS COMP,BUBUP,FTEMtIGASWL,SOLDSW) SWEL 84
DPW'hI,J) : (GASWL+OLDSW),3.+DPWPP(IJ) SWEL 85

85 C SWEL 86
110 CONTINUE SWEL 87
C SWEL 8
C THE FOLLOWING CALL TO FUDENS CALCULATES ADDITIONAL DENSIFICATION SWEL 89
C FOR THIS TIME STEP (-/M) SWEL 90

90 C SWEL 91
C IF THE BURNUP IS GREATER THAN 1I),000(WD/MTU),NO ADDITIONAL SWEL 92
C DENSIFICATION IS ASSUMED SREL 93
C SPEL 94

IF (BP.GT.90000.E0) GO TO 120 SWEL 95
95 DELDEN : FUDENS(FTEMP,BUFDENS,RSNTR, TSINTCOIPPRVDEN)*AFDNI SWEL 96

+ 00. SWEL 97
IF (IMDENS.EQ.9) DELDEN : EMDNSF(BP,DP,RHOI,RHO2)*AFDN/I00.EO SWEL 98
GO TO 130 SWEL 99

120 CONTINUE SWEL 100
100 DELDEN : 0.EO SWEL 101

130 CONTINUE SWEL 102
C SWEL 903

DELPOR : DELDEN+(GASWL+SOLDSW)3. SWEL 904
POROS2(I.J) : POROSI(I,J)+DELPOR SWEL 105

105 C POROSITY IS NOT ALLOWED TO GO NEGATIVE SWEL 106
IF (POROS2(I,J).LT.0.0) POROS2(1,J) : 0.0 SNEL 107

104'21180 14.29.35 PAGE 2
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IF (PORO52(IJ).LE.0.0) DELDEN : -POROSI(I ,J)-(GAS4L+SOLDSI4)i3
+ .

DENSIF(I,J) : DENSIP(IJ)+DELDEN
RAD(NR) : R(NR)*(i.E0+UO2LL(MRti 1;J)+DPW (NR$I,J)+DENSIF(NR1,J)

+ )
+ RAD$ : (R( I)-R(t+1))*(I.+1+ LL ( IJ)+DPW(I, J)+DENSIF(I, J)+RADi 

+
+ 1+1)

RAD2 : SORTiiR(l)iRil)-R(1+1)*Ril+1))*fl.+2.*iUO2LLiI,J)+DPN(I
+ ,J)+DENSIF(I,J)))+RAD(I+1)*RADI+1))

RAD(I) : AIAXI(RADI,RAD2)
140 CONTINUE

IF (MECHAN.NE.3) GO TO 160
DO 150 II:1,NR
IJ : NR-11+1

DO 150 IK:1,3
10EPS02N J-1, IJ, IK1 DPN(Il, J)+DENSIF(II, J)

950 CONT INUE
160 CONTINUE

DPHF : 2.0*RAD(1)
C
C

RETURN
END

SYtBOJIC

ENTRY POINTS
4 SWELL

VARIABLES SN
0 .IFDN
0 Po
o BPP

374 DU)

375 BUP
0 COP

407 DELDEN
410 DELPOR

0 DEAI
0 DENSIF

0 DENSIP
0 DP
0 DPNF

0 DP4IPP
0 EPS02

REFERENCE "AP (R:2)

DEF LINE REFERENCES
1 128

X TYPE
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION
F.P.
F.P.
F.P.

F.P.

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

F.P.
F.P.

FP.
F.P.
F.P.
F.P.

F, P.
F.P.

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

990

115

125

SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
5WEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL
SWEL

108
109
10

III
112

13
114
it5
116
117
118
119
120
121
122
123
124
125
126
127
128
929
130

61
6i
79
61
83

2*65
103
104
65
56
1

56
97

1
56

56
55

1

95

DEFINED
97

97
94

DEF I NED
80

DEFINED
3x71
109

DEFINED
67
10

109
74

DEFINED
125
110
84
84

DEFINED

DEFINED
97
1

81

62
83

DEFINED
103
70
12

109

112

DEFINED
1

I
DEFINED

83

95
95

DEFINED
114

DEFINED

114

122

100 107

1
122

122

SUBROUTINE SkEL L I /21/40 I',2!.35 PAGE 3
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VARIABLES
4C0 FDENS
404 FTEMP
405 GASIL
402 1

413
414
415
0
0
q

401
0
0
0
0
0
0

0
0
0

403
0
0

411
412
376
377
0

406
0
0
0

II
IJ
IK
IMDENS
IT
J

L
MECNAN
MNA
MNR
NA
NDBG
NR

NRMI
POROS I
POR052
PRVDEN
R
RAD

RADI
RAD2
RHO I
RH02
RSNTR
501DSNW
TFR
TSINT
U021L

EXTERNALS
EMDNSF
FSWELL
FUDE',
SQRT

INLINE FUNCTIONS
AMAXI

STATEMENT LABELS
46 100
126 110
152 120
155 130
0 140
0 ISO

SN TYPE
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

REAL
PEAL

TYPE
REAL

RELOCATION

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

*UNUSED

*UNUSED

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARGS
4
7
7
I LIBRARY

ARGS
0 INTRIN

DEF LINE
68
86
9,
101
117
i23

REFS
REFS
REFS
REFS
6*112
REFS
REFS
REFS
REFS

DEF I NED
REFS
3*112
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

116
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

71
83
83
74

9*114
120
122
122
64

74
3*114

73
118
55
55

7*56

10*56

72
56
56
Q5
56
56

116
116
66
97
66
83
56
95
56

83
95
8%

2*75
116

2*122
DEFINED
DEFINED

07

2*84
3* 12'P

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

73

3*110
104
106

DEF INED
110
112

DEFINED
DEFINED

67
DEFINED

67
04

2*75
DEFINED

110

REFERENCES
97
83
95
114

DEF LINE REFERENCES
116

REFERENCES
64
St
94
98
72
119

71

79
2*107

70

DEFINED
2* 106

2*107

DEFINED
75
107

2*104
73
119

95
DEFINED

103
2*84

DEFINED
DEF I NED

120
121

DEFINED

2*104
DEFINED

72
I
I

2*110

DEFINED
107
10?
74

2*112
2*114

112
114
97
66
95

103
DEFINED

112

2*109

4X114 DEFINED
125 DEFINED

3*1102*106
1

1 19

DEFINED
DEFINED

120

104 106

110I

DEFINEiu
67

DEFINED
107

1

114

65

I
DEFINED

DEFINED

80

SURROUTI14E SWELL 10/21/80 14.29.35 PAGE
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SUBROUTINE SWELL

STATEMENT LABELS
314 160

LOOPS LABEL INDEX
62 140 L

267 150 II
274 150 IK

STATISTICS
PROGRAM LENGTH

1400006 SCM USED

76f176 OPT:0 TRACE STATIC

DEF L INE REFERENCES
124 118

FROM-TO LENGTH PROPERTIES
72 11? 2008 EXT REFS
119 123 24B NOT INNER
?I1 123 148 OPT

5078
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5

10

I5

20

25

I

30

35

SUBROUTINE TAPEGN (BUI,ZRO2A,ANGRTRANOCCIPOROSIDENSIPDPNPP,0L
+DPG,OLEPS,OLFEPSOLDTC,OLDPC,OLDURF,OLIGAP,REPS,RFEPSEPPEP,SIG,E
+PS,CTMAX,CHEMNANRIRIN7, IT,NREAD,NRESTR,NROLL,GASE ,P3,N6,MECHA
+N,IQUITTIME,bTOLD,ITREST,NMORDS,LENGTH,NGASR,AGRASS,LGRAiS)

THIS SUBROUTINE 15 CALLED FROM MAIN AND IS USED WHEN EITHER
WRITING OR READING A FRAPCON RESTART TAPE. FRAPCON WRITES ON TAPE2
AND READS FROM YAPE3.

IMPLICIT REAL*B (A-H,C-Z)

********************************************************************
INPUT OR OUTPUT ARGUMENTS
**********************************************xx*xxx****************

AGRASS - ARRAY OF NODALLY DEPENDENT VARIABLES IN FASTiGRASS MODEL
ANG - N2 CONSENTRATION (GM-MOLES)
BTOLD - PREVIOUS B VALUES FOR DDLF
BTtiLD - PREVIOUS B VALUES FOR DDLF
But - BURNUP (MWD/MTU)
CCI - FISSION GAS CONSENTRATION (GM-MOLES)
CHEM - STORAGE OF IODINE CESIUM , HYDROGEN ETC
CTMAX - MAXIMUM TEMPERATURE EXPERIENCED BY THE CLADDING (K)
DENSIP - FUEL DENSIFICATION STRAIN
DPWPP - FUEL SWELLING STRAIN
CP - EFFECTIVE PLASTIC STRAIN
EPS - CLADDING STRAIN
EPP - PLASTIC STRAIN
GASES - MOLE FRACTI1t OF THE SEVEN ROD GASES
IQUIT - TERMINATOR INDEX
IRI - NUMBER OF AXIAL NODES PLUS "FEN

- II - TIME STEP INDEX
ITREST - RESTART ITERATION AT WHICH THE RESTART IS TO BEGIN
LENGTH - THE TOTAL LENGTH OF THE A ARRAY
LGRASS - STARTING LOCATION OF AGRASS ARRAY IN A ARRAY
ITREST - RESTART ITERATION AT WHICH THE RESTART IS TO BEGIN
MECH#IN - MECHANICS PACKAGE INDEX

1, PNL - PELET
= 2, ItEL - FRACAS - I
= 3, INEL - FRACAS - II
NA - NUMBER OF AXIAL NODES PLUS ONE
NGASR - GAS MODEL INDICATOR
NR - NUMBER OF RADIAL NODES
NREAD - RESTART READ INDEX
NRESTR - RESTART WRITE INDEX
NROLL - REWIND INDEX FOR RESTART WRITES
NWORDS - NUMBER OF STORAGE LOCATIONS REQUIRED FOR FAST GRASS
N3 - THREE
N6 - SIX
N7 - SEVEN

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

50

FTN 4,0+500 10121/80 14.29.35 PAGE I

2
3
4
5
6
7
8
9I010

i1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

-S
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OLDPC
OLDPG
OLDTC
OLDURF
OLEPS
OLFEPS
OLUAP
POROSI
REPS
RFEPS
tRTRANO
SIG
ZR02A

DIMENSION
+
+

+
+
+
+
+

DATA

OLD VALUES OF COOLANT PRESSURE (PSIA)
OLD VALUES OF ROD GAS PRESSURE (PSIA)
OLD VALUES OF CLADDING AVERAGE TEMPERATURE (F)
OLD VALUES OF FUEL SURFACE DISPLACEMENTS (IN)
OLD VALUES OF CLADDING STRAIN
OLD VALUES OF FUEL STRAIN
OLD VALUES OF GAP CLOSURE INDEX
FUEL POROSITY
RESIDUAL CLADDING STRAIN
RESIDUAL FUEL STRAIN
RADIUS TO THE CRACK REGION (M)
CLADDING STRESS (PSIA)
ZIRCALOY OXIDE THICKNESS

BUK(NA) ,ZR02PkNA)
,RTRANO(NA) ,CCI(dR,NA)
,DENSIP(NR,NA) ,DPNPP(NR,NA)
,OLEPS(NA) ,OLFEPS NA)
,OLDPC(NA) ,OLDURFiNA)
,REPS (NA.N3) ,RFEPS MAN3)
,EP(NA) ,SI (NA,N3)
,CTMAX(NA) ,CHEM(NA,N6)
,AGRASS(NNORDS),BTOLD(NA,N6)

NTAPS / 2 / , NTAPI / 3 /'

,ANG(NA, 1)
,POROSI(NRNA)
,OLDPG(NA)
,OLDTC(NA)
,OLIGAP(NA1
,EPP(NA,N3)
,EPS(NA,N3)
,GASESN7)

C TPI5 SUBROUTINE WRITES ON UNIT TAPE2 AND READS FROM UNIT TAPE3
C THIS SUBROUTINE WRITES ON UNIT TAPE2 AND READS FROM UNIT TAPE3

NAXN : NA-1
IIT IT-I

C
C THE FOLLOkING SET OF WRITE STATEMENTS WRITE R? TART TAPE FOR
C FRAPCON
C

IF (NRESTR.EQ.0) GO TO 120
IF (NROLL.EQ.1) GO TO 100
REWIND NTAPS

100 CONTINUE
C

WRITE (NTAPS) TIME,IIT
WRITE (NTAPS) (BUl(J),ZR02A(J),ANG(J,I),RTRANO(J),J:2,IRI)
WRITE (NTAPS) ((CCl(L,J),POROSI(L,J),DENSIP(L,J),DPWPP(LJ),J:2,IR

+1),L:I,NR)
C

WRITE (NTAPS) (OLEPS(J),OLFEPS(J),LDTC(J),LDPG(J),OLDPC(J),OLDUR
+F(J),OLIGAP(J),J:1,NAXN)

DO 110 L:I,N3
110 WRITE (NTAPS) (REPS(J,L),RFEPS(J,L),EPP(J,L),EP(J),SIGiJ,L3,EP

+ S(J,L),J:I,NAXN)
WRITE (NTAPS) NWORDS,LENGTH,(rBTOLD(JL),J:2,IRg),L:IN6)
IF (IIT.GT.0) WRITE (6,170) LIT

C
C THE FOLLOWING SET OF STATEMENTS READ IN THE FRAPCON GENERATED

55

60

C
C
C
C
C
C
C
C
C
C
C
C
C
C

65

70

75

C

C
80

85

90

-
-
-
-
-
-
-
-
-
-
-

-
-

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
I APE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPF
,TiPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

95

100

105

10121180 14.29.35 PAGE
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59
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62
63
64
65
66
67
68
6Q
70
71
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73
74
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76
77
78
79
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82
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87
88
89
90
91

93
94
95
96

98
99
100
101
102
103
104
105
106
107
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C DATA FOR RESTARTING FRAPCON TAPE 108
C TAPE 109
120 CONTINUE TAPE 1II

110 IF (NREAD.EQ.0) GO TO 160 TAPE l1l
N :=0 TAPE 112
REWIND NTAPI TAPE 113

!30 READ (NTAPI) STIME,IIT TAPE 114
N : N+1 TAPE 115

115 WRITE (6,180) STIMENTIME TAPE '16
C TAPE 117

READ (NTAPI) (BUI(J),ZRO2A(J),ANG(J,lb.RTRANO(J) J:2,IRI) RAPE 118
READ (NTAPI) ((CCI(L,JhPOROS(L,J),DENSIP(L,J),bP(LJ),J:2,IRI TAPE 119
+) L:1,NR) TAPE 120

120 RAD (NTAPI) (OLEPS(J,OLFEPS(JOLDTCJ),OLDPG(JOLDPC(JOLDURF TAPE 121
+(J),OLIGAP(J),J:,NAXN) TAPE I23

DO 140 L:=IN3 TAPE 123
140 READ (NTAPI) (REPS(J,L),RFEPS(JL),EPP(J,L),EP(J),SIG(JL),EPS TAPE 124

+ (J,L) J:1,NAXN) TAPE 125
125 READ (NTAPI) NNORDS,LENGTH,(BTOLD(JL).J.2,IRI),L:IN6) TAPE 126

IRSTAR : 1 TAPE 127
IF (NGASR.EQ.-2) CALL GRASS6 (AGRASS(LGRASS),NWORDS) TAPE 128
IRSTAR : 0 TAPE 129

C TAPE 130
130 C TAPE 131

IF (IIT.GT.ITREST) GO TO 150 TAPE 132
IF (IIT.LT.ITREST) GO TO 130 TAPE 133
WRITE (6,190) STIME TAPE 134
GO TO 166 TAPE 135

135 150 CONTINUE T PE 136
WRITE (6,'00) TAPE 137
IQUIT : 1 TAPE 138

160 CONTINUE TAPE 139
C TAPE I'40

140C RETURN TAPE 141
C TAPE 1142
C"P ORMAT (/,5X.52H RESTART INFORMATION HAS BEEN WRITTEN AT POWER STE TAPE 143

,13,/) TAPE 144
it ( 91AT (/.,5X, 7HSTIME: ,E12.5.2X,3HN- 13,2X.6HTIME: ,E12.5,I) TAPE 145

145 1 FORMAT (5X,3914 FRAPCON WILL BE RESTARTED FROM TIME : ,¬12.5) TAPE 146
Z0O FORMAT (//,5X,70H***** RESTART WAS ATTEMPTED AT A TIME GREATER THA TAPE 147

+N THE SPECIFIED TIME .'' TAPE 148
END TAPE 149

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 TAPEGN I 140

SUBROUTINE TAPEGN W021/00 14.29.3S PAGE 3
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VARIABLES
0 AGRASS
0 A+4G
0 BTOtD
0 Bus
0 CCI
0 CHENl
0 CTKAX
0 DENSIP
0 DPMPP
0 EP
0 EPP
0 EPS
0 GASES

705 IIT
0 IQuiT

712 IRSTAR
0 IRI

0
0

706

IT
ITREST
J

707 L

0
0
0

710
0

704
0
0
0
0
0

453

LENGTH
LGRASS
MECHAN
N
NA
NAXN
NGASR
NR
NREAD
NRESTR
NROLL
NTAPI

452 NAPS

0
0
0
0
0
0
0
0
0
0
0
0

4IORDS
N3
N6
N?
ODPC
OLDPG
ODTC
OLDURF
OLEPS
OLFEPS
011GAP
POROSS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY FP.
ARRAY F.P.

F.P.

F.P.

F.P.
F.P.

*UNUSED

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

F.P.
F.P.
FP.

F.P.

F.P.
F.P.
F. P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

REFS
REFS
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
REFS

DEFINED
REFS
REFS
REFS
7*120
103

REFS
DEFINED

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
S23

DEFINED
101

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

68
68
6G8
68
68
68
68
68
68
68
68
68
68
93

126
94

83
131
4*94

6*123
11?
4*95
95
103
127

114
24*68

98
127
4*68
110
88
89
78
125
78
103
68

5*68
2*68
68
68
68
68
68
68
68
68
68

127
944
103
94
95

DE INED
DEFINED

95
95

101
101
101

DEF I NED
2*104
137
126
95

DEFINED
132
4*95
125
118

5*10i
100

DEFINED
DEFINED

115
82

101
DEFINED

95
DEFINED
DEFINED
DEFINED
1/0 REFS

I/O REFS

103
100
103

DEFINED
98
98
98
98
98
98
98
95

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

S
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

131

103

DEFINED
7*98

DEFINED
120
103
103

DEFINED
DEFINED

120

IIL558

i
112

90

127
122
'25
I

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

S
13
11

25

II

523

123

'455
558

5532

117
125
117
li8

118
558
123
123
123

DEFINED

558

103
95
125

5*123
122

114

DEFINED

I

83 113

l25

4*117
98

4*118
101

125
125

82

117

93 95

120

98

DEFINED
DEFINED
DEFINED

S
S

125

120
i20
120
120
120
120
120
118

5UIIOT I NETAPEGN l0/2traa 14-29.3S PAGE 4
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VARIABLES
0 REPS
0 RFEPS
0 RTRANO
0 SIG

711 STIME
0 TIME
0 ZR02A

FILE NAMES
TAPE6
VARIABLES

EXTERNALS
GRASS6

STATEMENT LABELS
31 100

0 1:0
216 120
225 130

0 140
437 150
444 160
645 170 F,
655 180 F
663 190 FP
672 200 F,

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT
USED AS

MT
MT
MT
MT

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

NRITE5
FILE NAMES, SEE ABOVE

TYPE ARGS REFERENCES
2 127

DEF L INE REFERENCES
91 69
101 100
109 88
113 132
123 122
135 131
138 110
142 104
144 115
145 133
146 136

REFS
REFS
REFS
REFS
REFS
REFS
REFS

104

134

FROM-TO
94 94
95 95
95 95
98 98

100 101
101 101
103 1G3

118 118
118 118
120 120
122 123
123 123
125 12S

LENGTH
168
238
178
248
30
208
138
168
238
178
248
308
208
138

PROPERTIES
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT

REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

NOT INNER

NOT INNER

NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
7348

68
68
68
68

115
93
68

115

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

;01
101
94
101
133
115
04

133

113

1

123
123
117
123

117

136

LOOPS
36
61
62
III
141
144
174
236
261
262
311
341
344
374

LABEL

110

140

INDEX
J
L
J
J
L
J
L
J
L
J
J
L
J
L

SUBROUTINE TAPEGN 10/21/80 14.29.35 PAGE 5
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FUNCTION TERP (TTTI,TD,N)

DIMENSION TI(I), TD(I)

THIS SUBROUTINE INTERPOLATES TO FIND A VALUE
TERP FROM THE TD (DEPENDENT) ARRAY TO CORRESPOND TO THE
VALUE TT FROM THE TI (INDEPENDENT) ARRAY. N IS THE NUMBER
OF VALUES PRESENT IN THE TI OR TD ARRAYS.

THE ROUTINE IS CAPABLE OF HANDLING AN INDEPENDENT ARRAY
ARRANGED IN EITHER INCREASING OR DECREASING ORDER. TO
SPEED SOLUTION ON LARGE ARRAYS, THE ARRAYS ARE SUBDIVIDED
INTO TWO OR FOUR SUB-ARRAYS TO ENHANCE THE SORTING.

N02 : N/2
IF tTL(I).GT.TI(N)) GO TO 210
IF (TT.LE.TI(l)) GO TO 170
IF (TT.GE.TI(N)) GO TO 180
IF (TT.GE.TI(NO2)) GO TO 120
IF (N.LE.12) GO TO 110
N01 : N02/2
IF (TT.GE.TI(NOI)) GO TO 100
JI : I
J2 : N0)
GO TO 150

100 CONTINUE
JI : NOI
J2 : N02
GO TO 150

110 CONTINUE
J1 : I
J : NO2
GO TO 150

120 CONTINUE
IF (N.LE.12) GO TO 140
N03 : (N02+N)/2
IF (TT.GE.TI(NO3)) GO TO 130
JI : N02
J2 : N03
GO TO 150

130 CONTINUE
JI : N03
J2 : N
GO TO 150

140 CONTINUE
J2: N02
J2 N

150 CONTINUE
DO 160 J:JI,J2
IF (TT-Th(J)) 200,190,160

160 CONTINUE
GO TO 180

5

10

C

C
C
C
C
C
C
C
C
C
C
C
CI5

20

30

35

50

i TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TFRP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP

FUNCTION TERP FTN 4.8+508 10/21/80 14.29.35 PAGE I

2
3
4
5
6
7
8
9

10
it
12
13
14
15
16
'7
18
'9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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170 TERP : TDil) TERP 55
55 RETURN TERP 56

100 TERP : TD(N) TERP 57
RETURN TERP 58

190 TERP : TD(J) TERP 59
RETURN TERP 60

60 200 CONTINUE TERP 61
TERP : TD(J-l)+(TD(J)-TD(J-1))*(TT-TI(J-Ili)/TI(J)-TI(J-1)) TERP 62
RETURN TERP 63

210 IF (TT.GE.TII)) GO TO 170 TERP 64
IF (TT.LE.TI(N)) GO TO 180 TERP 65

65 IF (TT.LE.Th(N02)) GO TO 240 TERP 66
IF (N.LE.12) GO TO 230 TERP 67
NOI : N02/2 TERP 68
IF (TT.LE.TI(NOI)) GO TO 220 TERP 69
J1 : 1 TERP 70

70 J2 : NOI TERP 71
GO TO 270 TERP 72

220 CONTINUE TERP 73
JI : N01 TERP 74
J2 : N02 TERP 75

75 GO TO 270 TERP 76
230 CONTINUE TERP 77

JI : I TERP 78
J2 : N02 TERP 79
GO TO 270 TERP 80

80 240 CONTINUE TERP 81
IF (N.LE.12) GO TO 260 TERP 82
N03 : (N02+N)i2 TERP 83
IF (TT.LE.Tb(NO3)) GO TO 250 TERP 64
JI : N02 YERP 85

85 J2 : N03 TERP 86
GO TO 270 TERP 87

250 CONTINUE TERP 88
J1 : N03 TERP 89
J2 : N TERP Q0

90 GO TO 270 TERP 91
260 CONTINUE TERP 92

JI1: N02 TERP 93
J2 : N TERP 14

270 CONTINUE TERP 95
95 DO 280 J:JI,J2 TERP 96

IF (TT-TI(J)) 280190,200 TERP 97
280 CONTINUE TERP 98

GO TO 180 TERP 99
END TERP 100

SY1bOL IC REFERENCE MAP (R:2)

101-21/80 14.29.3 PAGE 2FUNCTION TERP



FUNCTION TERP

ENTRY POINTS DEF LINE
5 TERP I

VARIABLES SN TYFc
304 J INTEGER
301 JI INTEGER

302 J2 INTEGER

0 N INTEGER

300

277

303

0

276
0

NOI

N02

N03

TD

TERP
TI

0 TT

STATEMENT LABELS
51i 00
57 110
65 120
105 130
113 140
120 150
0 160

133 170
131 180
144 190
151 200
163 210
215 220
223 230
231 240
251 250
257 260
264 270
0 280

LOOPS LABEL 1
122 160
266 280

INTEGER

INTEGER

INTEGER

REAL

REAL
REAL

A

A

REAL

INDEX
J
J

FRO
5
9

76/176 OPT:0 TRACE STATIC

REFERENCES
55 57 59

RELOCATION
REF 5
REF.V

43
REFS

44
F.P. REFS

48
DEFINED
REFS

DEFINED
REFS

65
DEFINED
REFS

DEFINED
RRAY F.P. REFS

DEFINED
DEFINED

RRAY F.P. P~FS
51

DEFINED
F.P. REFS

63
DEFINED

DEF LINE REFERENCES
27 23
31 ?1
35 20
42 38
46 36
49 26 30
52 50 51
54 18 63
56 19 53
58 5' 96
60 Si 96
63 17
72 68
76 66
80 65
87 83
91 81
94 71 75
97 95 96

H-TO LENGTH PROPERTIE
0 52 78 INSTACK
5 9/ 78 INSTACK

10/21/80 14.29.35

62

51
50
47
50
43
:6
56

2?
22
20
67
16
38
37
3

54
3

3*61
1

18
64

58
95
69
95
70
17
64

25
67
22
74

40
82
54

56
2*17
63

19
65

41

98

79 86

6*61
DEFINED

73
DEFINED

74
19
66

28

29
78

43

56

56
18
644

20
68

96
24
77
25
78
21
81

68

33
82

63

58

61
19
65

23
83

DEFINED
28

29
85
36
82

70

37
84

85

3*61

20
68

38
96

50
32
88
33
89
37
89

73

39
92

88

23
83

51

45

90

EXITS
EXITS

3

95
39
92
40
93
44
93

47

38
96

61

FTN 4.8+508 PAGE

I

ES
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PROGRAM LENGTH
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SUBROUTINE TMPSUB (Z,YYW,NR,TPS,RP,TFR QDP,NDBG,RC,BTOLD,8,R,J,IT TMPSUB 2
+,NA,GAPC,GAPH,GAPTRFSH,GASES,TRANST,ITERRIQUIT,RTRAN,BR RTRANO,R TMPSUB 3
+TRANP,FOTMTL,TTTPOR052,TRTRANVOLSTRMECHANCFAC, IM93WCDTMELTMN TMPSUB 4
+A,MNIR) TMPSUB 5

5 C TMPSUB 6
C TMPSUB 7
C IMPLICIT REAL * 8 ( A-H,O-Z ) TMPSUB 8
C TMPSUB 9
C ****** ****** ** ** ** ** * * ********* TMPSUB 10

10 C 1iOSUB 11
C THIS SUBROUTINi COMPUTES THE FUEL TEMPERATURE DI5TRI8UT!ON USING TMP:UB 12
C THE COEFFICIENTS B FROM THE PNL SUPPLIED ROUTINE DDLF. TMPSCB 13
C TMPSUB IS CALLED FROM MAIN AN) WAS CODED BY G A BERNA IN APRIL '78 TMPSUC 14
C TMPSUB 15

15 C ** **** *** ;.* * **** *** *Z********** ** *************** TMPSUB 16
C INPUT ARGUMENTS TMPUB 17
C *************** ***** ****************** *************** TMPSUB 18
C TMPSUB 19
C CFri - CONDUCTIVITY FACTOR TMPSUB 20

20 C FTMELT - FUEL MELT TEMPERATURE (K. TMPSUB 21
C GAPC - AS FABRICATED RADICAL GAF (M) TMPSUB 22
C GAPH - UNRELOCATED RADIAL GAP (Mi. TMPSUB 23
C GAPT - RELOCATED RADIAL GAP (M) TMP5UB 24
C GASES - ARRAY OF THE SEVEN GAS MOLE FRACTIONS TMPSUB 25

25 C (I) : HELIUM TMPSUB 26
C (2) : ARGON TMPSUB 27
C (3) = KRYPTON TMPSUB 28
C (4) : XENON TMPSUB 29
C (5; : HYDROGEN TMPSUB 30

30 C (6) : AIC TMPSUB 31
C (7) : WATER VAPOR TMPSUB 32
C J - AXIAL NODE INDEX TMPSU8 33
C IM93WC - EM SWITCH FOR FUEL THERMAL CONDUCTIVITY TMPSUB 34
C IT - POWER-TIME STEP INDEX TMPSUB 35

35 C ITERR - GAS LOOP ITERATION INDEX TMPSUB 36
C MECHAN - FLAG FOR MECHANICAL MODEL CHOICE TMPSUB 37
C NA - NUMBER OF AXIAL NCDE5 TMPSLB 38
C NDBG - DEBUG INDEX TMP5UB 39
C NR - NUMBER OF RADIAL NODES TMPSUB 40

40 C POR052 - LINEAR POROSITY FRACTION OF THE FUEL TMPSUB 41
C QDP - POWER (KW/FT) TMPSUB 42
C R - FUEL NODE RADII (IN) TMPSUB 43
C RFSH - AS FABRICATED PELLET RADIUS (M, TMPSUB 44
C RP - RADIUS OF THE PELLET (IN) TMP5UB 45

45 C RC - PELLET CORE RADIUS (IN) TMPSUB 46
C FOTMTL - FUEL OXYGEN TO METAL RATIO (ATOMS OXYGEN/ATOMS METAL) TMPSUB '4
C RTRANO - MAXIMUM PREVIOUS VALUE OF RTRAN ATTAINED (M) TMPSUC 48
C TPS - FUEL SURFACE TEMPERATURE (F) TMPSUB 9
C TRANST - TEMPERATURE ABOVE WHICH NO CRACKING 15 ASSUMED ) TMP5UB

50 C VOLSTR - VOLUME STRAIN DUE TO RELOCATION (DELTA-V/VOLUME) TMPSLB 51
C W - FLUX DEPRESSION COEFFICIENT (I/M**2) TMtP'B 52

YY - FLUX DEPRESSION COEFFICIENT (I/M) IrPSUB 53
f. Z - FLUX DEPRESSION COEFFICIENT TMPSUB 54
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C THPSUB FS
55 C **TH*********************************** ** TMPSUB 36

C OUTPUT ARGUMENTS TMPSUB 57
C ***** *** ****** * * * THPSUB 58
C THPSUB 59
C B - MWR COEFFICIENTS FOR TEMPERNTURF CALCULATION ( F/H ) TMPSUB 60

60 C BR - B VALUES FOR INNER FUEL REGION TMPSUB 61
C TOLD - PREVIOUS B VALUES TMPSUB 62
C IQUIT - CODE STOP INDEX TMPSUB 63
C RTRAN - RADIUS OUT TO THE REGION WHERE CRACKS BEGIN (H) TMPSUB 64
C RTRANP - STORAGE FJR AXIAL VALUES OF RTRAN (H) THPSUB 65

65 C TFR - FUEL NODt TEMPERATURES (F) THPSUB 66
C TRTRAN - TEMPERATURE AT THE RESTRUCTURED RADIUS, RTRAN (F) THPSUB 67
C THPSUB 66
C *** " * *************************************** *************** THPSUB 69
C TMPSUB 70

70 DIMENSION B(6) ,BTOLD(NA,6) ,BR(6) TMPSUB 71
DIMENSION TFR(NR),R(NR) ,POR052(NRNA) THPSUB 72
DIMENSION GASES(7) THPSUB 73
DIMENSION RTRANO(NA) , RTRANP(NA) TMPSUB 74
DIMENSION TRTRAN(NA) TMPSUB 75

75 DIMENSION TTT(MNAMNR) THPSUB 76
C TMPSUB 77

Rif : RC*0.0254 THPSUB 78
TFS : (TPS-32.E0)/1.8 TMPSUB 79
RD : RP*0.0254 THPSUB 80

80 RTRAN : 0.E0 TMPSUB 81
RID : RII/RD TMPSUB 82
POW : QDP*3280.84 THPSUB 83

C TMPSUB 84
C THE FOLLOWING COMPUTE.; THE AVERAGE FRACTIONAL DENSITY OF THE FUEL THPSUB 85

85 C AT AN AXIAL NODE CONSIDERING INITIAL DENSITY AND ANY DENSIFICATION THPSUB 86
C AND IRRADIATION SWELLIN5. TMP-'JB 87
C TMP 'IR 88

FDEN : 0.E0 THPS- 8 89
RPS :=RP**2-RC**2 TMPSUB 90

90 DO 100 1:2,NR TMPSUB 9'
FDEN : FDEN+PORO52(I-IJ)*(R(I-1)*R(I-I)-R(I)*R(I))/RP5 TF13UB 92

100 CONTINUE TMPSUB 93
FDEN : I.E-3.E0*FDEN TMPSUB 94

C THP5UB 95
95 C THPSUD 96

C THE FOLLOWING CALL TO DDLF COMPUTES THE MWR COEFFICIENTS THPSUB 97
C THPSUB 98

CALL DDLF (TFSRII RDPOW,ZYY,W,B,JFDENBTOLDITNA,GAPCGAPHGA THPSUB 99
+PTRFSHGASESTRANST,ITERRIQUITRTRAN,BRRTRANO,FOTHTL,MECHANCFA THPSUB 100

100 +CVOLSTR,1H93WC,FTHELT) TMPSUB 101
C THPSUB 102
C THPSUB 103

RTRANP(J) : RTRAN THP5UB 104
NRMI : NR-I THPSUB 105

05 DO 120 1:l,NRMI THPSUB 106
IF (R(I)*0.0254EO.LT.RTRPN) GO TO 130 THPSUR 107
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TFRC : 0.E0 TMPSUB .08
TTRT4 : 0.EO TMPSUB 109

DO 110 IJ:1,6 TMSUB 110
lie IF (I.EQ.NRHI.AND.RTRAN.GT.O.EO) TTRTN : B(IJ)*(RTRAN/RD)* TMP5t2 Il

+ *(IJ-l)+TTRTN TMPSUB 112
110 TFRC : B(IJ)*(R(I)/RP)**(IJ-I)+TFRC TMPSUB 113

TFR(I) : TFRC*I.8E0+32.EO TMPSUB 114
IK : NR+I-I THPSUB 115

115 IF (MECHAN.EQ.3) TTT(J-I,IK) : TFR(I) TMPSUB 116
120 CONTINUE THPSUB 117

TRTRAN(J) : TTRTN*I.8E0+3?.E0 TP5UB 118
TFR(NR) : B(I)+B(2)*RID+Br')*RID**2+B(4)*RID**3+B(5)*RID**'t+B(6)*R TPSUD 119

+D**5 THPSUB 120
120 TFR(NR) : TFR(NR)*l.8E0+32.E0 TMPSUB 121

IF (RTRAN.LE.0.E0) TRTRAN(J) : 'FR(NR) TMPSUB 122
IF (ECHAN.EQ.3) TTT(J-l,I) TFR(NR) TMP5UB 123

C TMPSUB 124
GO TO 160 TMPSUB 125

125 130 CONTINUE TtIPSUB 126
DO 150 I1INRMI TMPSUB 127
TFRC =0.EO TMPSUB 128
TTRTN : 0.EO TMPSUB 129

'0 140 IJ:1,6 TMPSUB !30
130 IF (II.EQ.NRMI) TTRTN : BR(IJ)*(RTRANiRD)**(IJ-I)+TTRTN TMPSUB 131

14U TFRC : BR(IJ)*(R(II)/RP)**(IJ-I)+TFRC TMPSUB 132
TFR(II) : TFRC*I.8E0+32.EO TMPSUB 133
IK : NR+I-I1 TMPSUB 134
IF (MECHAN.EQ.3) TTT(J-I,IK) : TFRiJI) TMPSUB 135

135 150 CONTINUE TMPSUB 136
TFR(NR) : BR(I)+BR(2)*RID+3R(3)*RID**2+BR(4)*RID**3+BR(5)*RID**4+B TMPSUB 137
+R(6)*RID**5 TMPSUB 138
TRTRAN(J) : TTRTN*I.8E0+32.EO THPSUB 139
TFR(NR) : TFR(NR)*I.8E0+32.E0 TMPSUB 140

140 IF (HECHAN.EQ.3) TTT(J-I,I) : TFR(NR) TMPSUB 141
C TMPSUB 142
160 CONTINUE TMPSUB 143

RETURN TMPSUB 144
END TMPSUB 145

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 TIIPSUB I 143

UARIl8LES SN TYPE RELOCATION
0 P REAL ARRAY F.P. REFS 70 98 110 112 6*118

DEFINED I
0 9R PCFL ARRAY F.P. REFS 70 98 130 131 6*136

DEFINED I

5l ROUTINE TMPSUB 10/21/80 14.29.35 PAGE 3
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VARIABLES.
0 TOLD
0 CFAC

473 FDEN
0 FOTMTL
0 FTMELT
0 GAPC
0 GAPH
0 GAPT
0 GASES

475 I

503 It

501
502
0
0
0
0
U

:J
1K
IM93NC
QUIT
IT
ITERR
J

0 MECHAN

0
0
0

0
0

476
0

.72
0
0

0
470
0

471
466
0

474
0

0
0
0

MNA
MNR
NA

NDBG
NP

NRMI
POR052
POW
GDP
R

RC
RD
RF5H
RID
RI I
RP
RPS
RTRAN

RTRANO
RTRANP
TFR

477 TFRC

467 TFS

SN TYPE
REAL
REAL
REAL
RFAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER

INTEGER
INTEGER
INTEGE
INTEGER
INTEGER
INTEGER
INTEGEP

INTE iER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL

REAL

RELOCATION
ARRAY F.P.

F.P.

F.P.
F.P.
F.P.
i. .
F.P.

ARRAY F.P.

*UNUSED

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

126
REFS

DEFINED
REFS
REFS
REFS
RE:5S
p FS
Rt-PS
REtS5
134

REFS
DEFINED

REFS
REFS
REFS

DEFINED
DEFINED

REFS
122

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
140
139

REFS
127

REFS

70
98
91
98
98
98
98
98
72

5*91
DEFINED

130
126

?* $10
115
98
98
98
93
91
138
98

75
75
70
I

3*71
133
105

71
98
02
71

77
81
98

5*118
81
79
3'
98

73
73
71

DEFINED

112
131
98

DEFINED

1
112

133

88

113

134

91

98
DEFINED

93
DEFINED
DEFINED
DEFINED
DEFI NED
DEFINED

98
106
90

131

2*1I2
134

DEFINED
DEFINED
DEFINED
DEFINED

98
140
115

DEFINED
DEFINED

71

90
136
110
91

DEFINED
iJEI INED

4*91

89
98

DEFINED
5*136

98
89

DEFINED
103
80
98

DEFINED
115

113

DEFINED

93

DEFINED
1

98

I

DEFINED
110
105
132

2 130
DEFINED

103
DEFINED

122

2*73

104
2*139
126

DEFINED
82

106

DEFINED
110

DEFINED
DEFINED

112
89
106

DEFINED

120
I ',

131

109 1292*131 DEFINED
114 133

121

114 115

122117

140

98

118
DEFINED
DEFINED

2*120

104

121

115

134

74

1 14
140
130

112

!30

81
77

131

2*110

103
121
118

132

131

79

1

130

DEFINED

DEFINED

121

122
120

DEFINED

78

134
132

107

139
136

112
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VARIABLES
0 TPS
0 TRAtbT
0 TRTUAN

500 TTRTN

0
0
0
0
0

TTT
VOLSTR
N
YY
z

EXTERNALS
DDLF

SN TYPE
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

RELOCATION
F.P.
F.P.

ARRAY F.P.

ARRAY F.P.
F.P.
F.P.
F.P.
F.P.

TYKE ARGS
30

STATEMENT LABELS
0 100
0 110
3 120

273 130
0 140
0 '50

411 160

DEF LINE
92
112
I !
125
131
135
142

REFERENCES
98

REFERENCE
90

109
105
106
129
126
124

FROM-TO
90 92
i05 116
105 112
126 135
129 131

LENGTH
138
638
308
56B
278

PROPERTIES
OPT

EXT REFS
EXT REFS
EXT REFS
EXT REFS

EXITS NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH

I40000B SCM USED

if

REFS
REFS
REFS
REFS
128

REFS
REFS
REFS
REFS
REFS

7a
98
74

110
130
75
98
98
98
98

DEFINED
DEFINED
DEFtNED

117

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

130
117
138

115

171
DEFINED

122

138
108

134

110

140

LOOPS
45
142
154
275
303

LABEL
100E
120
110
I50
140

INDEX

iIJ
II
IJ

541E 353
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SUBROUTINE TOTGAS (GASFR,AANAIRIN,ANGI,AN2IN,ARGIN,FGIN,HEIN,H20M TOTG 2
+I,KRYIN,NDBG,ITNGASRXEINTFGFRTHEFRTN2FR,TH2OFR,IRI,FMGR,HMGR, TOTG 3
+FMGP,HMGP,AMFHE,ACMFGACMN2,ACMHE,ACMH2OGASMOL,AMFH2,ANG,ANGRAMG TOTG 4
+PT,HMGPTANGT,AMFFG,N2,AFKRY,AIFXE,AMFN2,NREAD) TOTG 5

5 C TOTG 6
C IMPLICIT PEAL*8 (A-H,O-Z) TOTG 7
C TOTG 8

REAL KRYIN TOTG 9
C TOTG 10

10 C ****************************** ************************* TOTG II
C TOTG 12
C THE SUBROUTINE TOTGAS CALCULATES THE CUMULATIVE GAS RELEASE OF TOTG 13
C FISSION GAS, HELIUM, AND NITROGEN FOR THE ENTIRE ROD . TK' TOTAL TO'G 14
C MOLES OF GAS AND MOLE FRACTIONS ARE ALSO COMPUTED. TOTG

I5 C TOTGAS 15 CALLED FROM MAIN AND WAS CODED FOR FRAPCON BY 3 A BERNA TOTG 16
C IN OCTOBER 1977 USING THE ROUTINE OF THE SAME NAME IN FRAPS TO7I 17
C TOTG 18
C ******************************************************: ******** TOTG 19
C TOTG 20

20 DIMENSION GASFR(7) ,AMGP(2) ,AMGPH(2) ,AMGR(2) ,AM 3RH(2) TOTG 21
+ ,AMGRN2(2),FJJ(2) ,FJJH(2) ,ANG(N2,I),FMGR(N2,I) TOTG 22
+ ,HMGR(N2,l) ,FMGP(N2,1) ,HMGP(N2,I) TOTG 23
+ ,AMGPT(I) ,HMGPT(I) ,ACMFG(i) ,ACMHE(I) ,ACMN2(l) ,ACME20(l) TOTG 24
+ ,ANGR(N2,1) TOTG 25

25 C TOTG 26
C **************************************************#************ TOTG 27
C INPUT ARGUMENTS TOTG 28
C **************************************** ********************** TOTG 29
C TOTG 30
C AAN - MOLE FRACTION OF AIR AND NITROGEN TOTG 31
C AIRIN - INITIAL MOLES OF AIR IN THE ROD TOTG 32
C AMFH2 - ABSOLUTE MOLE FRACTION OF HYDROGEN TOTG 33
C ANG - CUMULATIVE N2 CONSENTRATION IN FUEL PER POWER STEP(MOLES) TOTG 34
C ANGI - INITIAL NITROGEN CONSENTRATION IN THE FUEL (MOLES) TOTG 35

35 C ANGR - NITROGEN RELEASE PER NODE & POWER STEP (MOLES) TOTG 36
C AN2IN - INITIAL MOLES OF N2 IN THE ROD TOTG 37
C ARG!T - INITIAL MOLES OF ARGON IN THE ROD TOTG 38
C FGIN - INITIAL MOLES OF FISSION GAS IN THE ROD TOTG 39
C Ft(.P - FISSION GAS PRODUCTION FOR EACH NODE (HOLES) TOTG 40

40 C FMGQ - CUMULATIVE FISSION GAS RELEASE PER NODE & TIME STEP(MOLES TOTG 41
C GA5FI - MOLE FRACTIONS OF GAS CONSTITUENTS TOTG 42
C I - H:IUM TOTG 43
C 2 - A26ON TOTG 44
C 3 - KRYPTON TOTG 45

45 C 4 - XENON TOTG 46
C 5 - HYDROGEN TOTG 47
C 6 - NITROGEN CG 48
C 7 - WATER VAPOR TOTG 49
C HEIN - INITIAL MOLES OF HELIUM IN THE ROD TOTG 50

50 C HMGP - HELIUM PRODUCTION FOR EACH NODE (MOLES) TOTG 51
C HMGR - CUMULATIVE HELIUM TELEASE PER NODE Z TIME STEP (MOLES) TOTG 52
C H2OMI - INITIAL WATER CONTENT IN THE FUEL (MOLES) TOTG 53
C IRI - NUMBER OF AXIAL NODES PLUS ONE TOTG 54
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IT - POWER-TIME STEP INDEX
KRYIN - INITIAL MOLES OF KRYPTON IN THE ROD
NDBG - DEBUG OUTPUT INDEX
NGASR - FISSION GAS RELEASE MODEL INDEX
: 0 , MACDONALD-WE!SMAN
: !, BOOTH DIFFUSION
NREAD - RESTART READ INDEX
NTSTEP - TIME STEP INDEX
N2 - MAXIMUM NUHHBER OF AXIAL NODES
XEIN - INITIAL MOLES OF XENON IN THE ROD

OUTPUT ARGUMENTS

55

60

65

70

IL
IF
IF
IF
IF
IF
IF
IF

CUMULATIVE FISSION GAS RELEASE ( GRAM-HOLES
CUMULATIVE NITROGEN RELEASE ( GRAM-HOLES )
CUMULATIVE HELIUM RELEASE ( GRAM-HOIES )
CUMULATIVE WATER VAPOQ RELEASE t GRAM-MOLES)
ABSOLUTE MOLE FRACTION OF FISSION GAS (GRAM-MOLES)
ABSOLUTE MOLE FRACTION OF HELIUh
ABSOLUTE MOLE FRACTION OF KRYPTON
ABSOLUTE MOLE FRACTION OF NITROGEN
ABSOLUTE MOLE FRACTION OF XENON
CUMULATIVE FISSION GAS PRODUCTION (GM-MOLES)
NITROGEN CONSENTRATION (GM-MOLES)
GRAM-MOLES OF GAS IN ROD J
CUMULATIVE HELIUM PRODUCTION (GM-MOLES)
CUMULATIVE FISSION GAS FRACTION RELEASE
CUMULATIVE HELIUM FRACTION RELEASE
CUMULATIVE WATER VAPOR FRACTION RELEASE
CUMULATIVE NITROGEN FRACTION RELEASE

: IT-1
(IT.EQ.l) IL : IT
(NREAD.EQ.I) IL : IT
(NREAD.EQ.I.AND.IT.LE.3) AMGP(I) :0.EO
(NREAD. O.I.AND.I1.LE.3) AMGPH(I) : 0.EO
(NREAD.EQ.I.AND.IT.LE.3) FJJH(I) : 0.EO
(NREAD.EO.I.AND.IT.LE.3) FJJ(I) : 0.EO
(NREAD.EQ.I.AND.IT.LE.3) AMGRN2(I) :0.EO
DO 110 LT:ILIT
I : 2+LT-IT
AMGR(I) : 0.0
AMGRH(I) : 0.0
AMGRN2(I) : 0.0
ANGT : 0.0
AMGP(i) : 0.EO
AMGPH(I) : 0.EO

DO 100 JJ:2,IRI

ACMFG
ACMN2
ACMHE
ACMH2O
AMFFG
AMFHE
AMFKRY
AMF 12
AMFXE
AMGPT
ANGT
GASMOL
HMGPT
TFGFR
THEFR
TH2OFR
TN2FR

75

80

85

90

95

TOTG
TOTG
TOTG
TC~ G
TO'i
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
64
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107

100

105
C
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C TOTG 106
AMGR(I) :AHGR(I)iFt1GR(JJ,I) TOTG 109
AMGRH(I : AGRH(L)+HtGR(JJ,I) TOTG 110

;10 AMGP(I) : A14P(I)+FMGP(JJ,I) TOTG III
AMGPH(I) : 'MGPh(I)+HMGP(JJI) TOTG 112
ANGT : ANG'+ANG(JJ,2) TOTG 113

100 AMGRN2(I) : AMGRN2(I)+ANGR(JJI) TOTG 114
FJJ(!;: A$(I)/AlGP(I) TOTG 115

115 FJJH(I) : AV6RH(I)/AMGPH(I) TOTG 116
110 CONTINUE TOTG 117

IF (IT.GT.I) GO TO 120 TOTG 118
AMGPT(I) : AMGP(2) TOTG 119
HGPT(i) : AMGPH(2) T'TG 120

120 ACMFG(!T) : AMGR(2) TOi. ;21
ACMHE(IT) - AMGRH(2) TOTG 122
ACHN2(IT) : AMGRN2(2) TOTG 123
GO TO 130 TOTG 124

120 AMGPT(IT) : AMGPT(IT-I)+AMGP(2)-AMGP(I) TOTG 125
i25 HGPT(!T) : HHGPT(IT-I)+AMGPH(2)-AMGPH(I) TOTG 12r

C TOTG 117
C CALCULATION OF CUMULATIVE FISSION GAS: HELIUM AND NITROGEN TOTG 128
C RELEASES IN GRAM-HOLES TOTG 129
C TOTG 130

130 FGR : 2.0*(FJJ(2)*AMGP(2)-FJJ(I)*AMGP(I))/(AMGP(2)*(I.-FJJ:2))+AMG TOTG 131
+P(I)*(l.-FJJ(I))) TOTG 132
IF (NGASR.EQ.-I) ACHFG(IT) : ACMFG(Ia-l)+(AMGPT(IT-I)+AMGPT(IT)-2. TOTG 133

+*ACHFG(IT-I))*FGR/(FGR+2.) TOTG 134
IF (NGASR.GE.0) ACHFG(IT) : ACMFG(IT-I)+AMGR(2) TOTG 135

135 IF (NGASR.EQ.-2) ACMFG(IT) : ACHFG(IT-I)+AMGR(2) TOTG 136
74R : 2.*(FJJH(2)*AMGPH(2)-FJJH(I)*AMGPH(I))/(AMGPH(2)*(I.-FJJH(2) TOTG 137
+)+Hh;tZ4(I)*(I.-FJJH(I))) TOTG 138
ACMHE(11' : ACMHE(!T-I)+(HMGPT(IT-1)+HMGPT(IT)-2.*ACtHE(IT-I))*Fh TOTC 139
+/(FHR+2.) TOTG 140

140 ACHN2(IT) :NINI((ACNN2(IT-I)+AMGRN2'2)-AMGRN2(i)),ANGI) TOTG 14i
IF (ACHE(IT).GT.HMGPT(IT)) ACMHE(IT) : HHGPT(iT) TOTG 142
IF (ACHFG(IT).GT.AMGPT(:T)) ACHFG'IT) AMGPT(IT) TUTG 143

130 CONTINUE TOTG 144
C TOTG 145

145 C CALCULATION OF TOTAL MOLES OF GAS IN GAP TOTG 146
C TOTG 147

GASMOL : AIRIN+..?GIN+HEIN+FGIN+AN2IN+ACHFG(IT)+ACMHE(IT)+ACMN2(IT) TOTG 14R
++ActH2O(IT) TOTG 149

C TOTG 150
150 C CALCULATION OF MOLE FRACTIONS OF GAP GASES TOTG 151

C TOTG 152
AMFFG : (ACHFG(IT)+FGIN)/GASMOL TOTG 153
AMFAIR : AIRIN/GASMOL TOTG 154
AMFN? : (ACHN2(:T)+AN21N)/GAStOL TOTG 155

155 GASFR(I) : (ACMHE(IT)+HEIN)/GASHOL TOTG 156
GASFR(2) : ARGIN/GASHOL TOTG 157
GASFR(7) : ACMH2O(IT),GASOL TOTG 158
GASFR(3) : (0.15*ACMFG(IT)+KRYIN)/GASHOL TOTG 159
GASFR(4) : (0.85*ACMFG(IT)+XEIN)/GASHCL TOTG 160
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AAN : AMFAIR+AMFN2
GASFR(5) : AMFH2
GASFR(6) : AAN
AMFHE : GASFR(I)
AMFXE : GASFR(4)
AMFKRY :=GASFR(3)

C
C CALCULATION OF CUMULATIVE FRACTION RELEASES
C

IF (ABS(AMGPT(IT)).GT.0.E0) TFGFR : ACMFG(IT)/AMGPT(IT)
IF (ABS(HMGPT(IT)).GT.0.EO) THEFR : ACMHE(IT)/HMGPT(IT)
IF (ABS(ANGI).GT.0.E0) TN2FR : ACMN2(IT)/ANGI
IF (ABS(H20MI).GT.Q.E0) TH2OFR : ACMH2O(IT)/H20MI

C
RETURN
END

SYMBOLI

ENTRY POINTS
4 TOTGAS

VARIABLES
0 AAN
0 ACMFG

0

0
0

0
504
0
0
0
0
0
0

505

507

0

511

513

ACMHE

ACMH2O
ACMN2

AIRIN
AMFAIR
AMFFG
AMFHE
AMFH2
AMFKRY
AMFN2
AMFXE
AMGP

AMGPH

AMGPT

AMGR

AMGRH

C REFERENCE MAP (R:2)

DEF LINE REFERENCES
1 174

SN TYPE
REAL
REAL

REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL

REAL

RELOCATION
F.P.

ARRAY F.P.

ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY

ARRAY

ARRAY F.P.

ARRAY

ARRAY

160

165

170

175

TOTG
TOTG
TOTG
TO TG
YOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG
TOTG

161
162
163
164
165
166
v '7
168
169
170
171
172
173
174
175
176

147
132

170

1

152
134

REFS
REFS
156
135

REFS
DEFINED
REFS
REFS

DEFINED
REFS
REFS

DEFINED
DEFINED
REFS

FINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

162
20
159
142
20

20
20

147
160

161

160

20
92
20
93
20

20
99
20

DEFINED
2*132
169

2*138
121
147
140
122
153

DEFINED
152
163

DEFINED
165

DEFINED
164
110
103
III
104
124
118
i08
108
109

I 3'
134

DEFINED

141
136
157
147
140

DEFINED
153

I I'
114
110
115
III

2*132
124
114

115

160
135

147
141
172
154

154

118

119

2*142

120

121

142
120

155

DEFINED
171

2* 124'

2*125

2*169

134

DEFINED

4*130

4*I36

135

100 109
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VARIABLES SN TYPE
515 AMGRN2 REAL

0 ANG REAL
0 ANGI REAL
0 ANGR REAL
0 ANGT REAL
0 AN2IN REAL
0 ARGIN REAL
0 FGIN REAL

502 FGR REAL
503 FHR REAL
517 FJJ REAL
521 FJJH REAL
0 FMGP REAL
0 FHGR REAL
0 GASFR REAL

0 GASMOL REAL

0 HEIN REAL
0 HMGP kEAL
0 HMGPT REAL

0 HMGR REAL
0 H20MI REAL

500 1 INTEGER

476 IL INTEGER
0 IRI INTEGER
0 IT INTEGER

501

0
477
0
0
0

0
0
0
0
0
0

INLINE

JJ

KRY IN
LT
NDBG

NREAD

N2
TFGFR
THEFR
TH20FR
TN2FR
XEIN

FUNCTIONS
ABS
AMINI

INTEGER

REAL
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

76/176 OPT:0 TRACE

RELOCATION
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

*UNUSED

ARGS
I INTRIN
0 INTRIN

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

DEF LINE

10/21/80 14.29.35

REFS 20
''3

REFS 20
REFS 140
REFS 20
REF5 112
REFS 147
IEFS 147
REFS 147
REFS 2*132
REFS 2*138
REFS 20
REFS 20
REFS 20
REFS 20
REPS 20
156 157

REFS 152
159 DEFINED

REFS 147
REFS 20
REFS 20

DEFINED
REFS 20
REFS 2*172
REFS 99
3*110 3*111
REFS 97
REFS 105
REF 5 89

96 97
2*125 5*132
4* 147 152
3*170 171
REFS 108

DEFINED 105
REFS 8
REFS 98

DEFINED I
REFS 132
REFS 91

DEFINED
REFS 6*20

DEFINED I
DEFINED I
DEFINED I
DEFINED I

REFS 159

REFERENCES
169 170
I '0

96 101113

112
2*171

I.3
DEFINED

154
156
152

DEFINED
DEFINED

4*130
4*136
110
108
163
158
153

155
III
125
119
109

DEF I NED
100

3,9113
DEFINED
DEFINED

2*90
98

2*134
154
172
109

158
DEFINED

134
92

DEFINED
169
170
172
171

DEFINED

171

122

DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED

130
136

DEFINED
DEFINED
DEFINED
DEFINED

164
159
154
147

DEFINED
DEFINED

2*138
125

DEFINED
I

101
3*114

89

91
117

2*135
155

DEFINED
110

DEFINED
97

135
93

2*140

I

I

102
1I

95
94
I

165
161
155

2*141

103
3*115

90

92
120

5* 138
157

III

DEFINED
94

DEFINED

112

114
115

DEFINED
162
156

2*170

1

157

104
DEFINED

91

93
121

2* 140
I58

112

5
5

'55

158

3* 108
98

94
122

4* 141
159

113

3*109

95
2*124
4* 142
3*169

96

1

172
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STATEMENT LABELS
0 100
0 110

202 120
321 130

LOOPS LABEL INDEX
64 110 LT
105 100 JJ

STATISTICS
PROGRAM LENGTH

140000E SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
113 105
116 97
124 117
143 123

FROM-TO LENGTH PROPERTIES
97 116 718
105 113 378 OPT

5378

FTN 4.8+508

ES

10/21/80 14.29.35

NOT INNER

351
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I

0.,0.,0.,0.,0., i., 1., 1 .1.0.,
0.,0.,0.,0.,0.,0.,I., I.,0., I,
1.,I.,I.11.,1.,1 .,l.,1 1.,1.1 .,
I.,I., I., I .,1.,11 9., 1., ., ., I.,

/ 500.0000, 3000.0000,

500.0000,
32*0.,

300.0000,
12*0.,
1073.0000,
1073.0000,
1083.0000,

0.0000.
800.0000,

.20000E-01,
.12000E-01,
.60000E-0 I.
.40000E+00,
.10000E+00,

0. ,
.12500E-0?,
.37000E+10,
.94000E-01,

0.0000,

1090.0000,

0.0000,
0.0000,
0.0000,
0.0000,

1090.0000,

0.0000,

0.000,

1300.01(00,

0.0!00,
0.0'100,
0.:000,
0.0000,

1170.0000,

0. ,
.16000E-04,

0. ,
0. ,
0. ,
025000E-05,

0. ,
0. ,
0. ,

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.0000,

0.0000,

0.0000,

0.0000,
0.0000,
0.0000,
0.0000,
U.0000,

,0.
, 0. ,
, 0.,5*0. ,
, 0.,12*0.,
, 0.,12*0.,
, 0. ,
, 0.,8*0. ,
, 0.,12*0.,
,0., 108*0.,

+
+

+ 0*I./
YATA TL

+ 8*0.,

+
+
+
+
+
+
+

+

* 316*0./
DATA C

+
+

5

10

C
C

C
C
C
C
C
C

c

PROGRAM DRIVER (INPUTOUTPUT,TAPE55:INPUT,TAPE6:OUTPUTTAPEI:512,T
+APE2:512,TAPE3:512,TAPE5:512,TAPE17:512,TAPE18:512,TAPE19:512,TAPE
+20:512,TAPE21:512,TAPE22:512,TAPE25:512,TAPE30:512,TAPE44:512,TAPE
+45:512,TAPE46:512,TAPE99:512)

PROGRAM TO CALCULATE MEANS AND VARIANCES OF FRAPCON OUTPUTS GIVEN
INPUT UNCERTAINTY DISTRIeUTIONS. ESPONSE SURFACE METHOD
15 USED TO OBTAIN RESUtirS.

COMMON /DE NBL/ FACTOR(100),C(4,4,100),TL(4,100),LRE5(100),
+ NODE(I00),LFAC(100),LTYPELPB,AMU(4,100),D(40,40),NRUN,NFAC,
+ ALPHA(100),IPRINTICON(15,15),IFLAG,ICOUNT,NTIMEISTARTNRE5
+ ,iUW:RT
LEVEL 2,FACjR
DIMENSION CI(4,4,15),C2(4,4,29)
DIMENSION C3(4,4,40)
DIMENSION LSTCDC(6)
DATA LSTCDC /0,0,0,7777,0,20/
DATA ALPHA'100*0./
DATA ((AMU(I,J),I:1,4),J:1,100)/100*(0.,I.,0.,3.)/
DATA C3 /640*0./
DATA FACTOR /1.,0., 1.,0.,0.,0.,0.,0.,0.,0.,

15

20

25

30

35

45

50
+
+
+
+
+
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UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVEi2
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDR I VER
UDRiVER
UDRIVER
DESNBL
DE5NBL
DESNBL
DESNBL
DESNBL
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
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55

60

+

+
+

+
+
DA+C

+
+
+

+.

+
+
+
+.

+

+

+.

+

+.

+

+

+

.'0000E+02, 0. , 0.

.25000E+02, 0. , 0.

.10000E+03, 0. , 0.

.10100E+01, 0. , 0.

.10000E+00, 0. , 0.

.20000E+00, 0. , 0.

.20000E+00, 0. , 0.
.50000E+06, 0. , 0.
.10000E+00, 0. , 0.
.50000E+00, 0. , 0.
.10000E+00, 0. , 0.
.20000E+00, 0. , 0.
.29000E+08, 0. , 0.
.80000E-0I, 0. , 0.

-.91000E+00, .12500E-02, 0.
.49400E+01, -.41250E-02, 0.
.1000E+00 0. , 0.
9.0E+9,0.,0.,0.,28*0.,
-0.00068,1.61E-5,0.,0.,12*0.,
.05,0.,0.,0.,12*0.,
.25000E+00, 0. , 0.
.10000E+02, 0. , 0.
.10000E-02, 0. , 0.
.10000E 02, 0. , 0.
.67000E-02, 0. , 0.
.34000E-uI, 0. , 0.
.34000E-01, 0. , 0.
.10000E-02, 0. , 0.
.34000E-01,0 . , 0.
.10000E-02, 0. , 0.
.10000E-02, 0. , 0.
.10000E-02, 0. , 0.
.10000E+00, 0. , 0.
.10000E+0, 0. , 0.
.34000E-01, 0. , 0.
.10000E-02, 0. , 0.
.34000E-0 I, 0. , 0.
.50000E-04, 0. , 0.
.67000E-01, 0. , 0.
.80000E-01, 0. , 0.

CALL SYSTEMC i115,tSTCDC)

DC 100 1:1,4
DO 100 J:I,4

DO 100 K:17,31
C(IJ.K):DO 110 1:1-.

DO 110 J:1,4
DO 110K :3.?,6G

DO 120 1:1,.
De 120 :;,,*

0.
0.
0.,4*0. ,
0., 12*0.,
0. ,12*0,
0., 12*0./
0.
0.,8*0. ,
0.,
0.,8*0. ,
0.
0.,8*0.
0., 12*0.,
0. ,
0.
0.
0.,32*0.,

UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDR I VER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDR I VER
UDRIVER
UDRIVER
DRIVER
DRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UPRIVER
UDRIVER
UDRIVER
UDR I VER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRI9ER
UDRIVER
UDR I VER
UDRIVER
UDRIVER
UDRIVER
UDR I VER
UDR I VER
UDR I VER
UDRIVER
UDR I VER
UDRIVER
UDRIVER
UPRIVER
UDRIVER
UDRIVER
UDRIVER
UDRI VER
UDR I VER
DRIVER

uDR I VER

, 0.,12*0.,
9 0.,12*0.,
9 0.,12*0.,
, 0.,12*0./
, 0.,12*0.,
, 0. ,12*0,

0.,12*0. ,
0.,12*0.,

, 0.,12*0.,
, 0.,12*0.,
9 0.,12*0.,
, 0., 12*0.,
, 0.,12*0.,

0.,12*0.,
, 0.,12*0.,
, .,12*0.,

, 0.,60*0.,
9 0.,12*0.,
9 0.,28*0.,
,0.,156*0./

65

70

75

80

85

90

95

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
6e
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103

C

C

l00 100

105

FTN 4.8+508 10/21/40 X4.29.35 PAGE 2PROGRAM DRIVER
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DO 120 K:61,100
C(I,J,K) : C3(IJ,K-60)

THE ABOVE DATA CONSTITUTES THE DEFAULT UNCERTAINTY FACTORS AND WAS
OF NECCESITY STORED IN A ROOT SEGMENT

IUNC" 15 'n FLAG FOR AN UNCERTAINTY ANALYSIS.
AND PRtJrnfl FLOW FOR AN UNCERTAINTY ANALY513 15
IN DRIVER AND SUBROUTINE RUNFRP.

TN LOGIC
COhNAINED ENTIRELY

READ (55,160) IUNCRT
IF (IUNCRT.EQ.I) GO Ta 30
CALL ECHOI (55,6,5:
CALL FRPCON (IAXSYM)
IF (IAXSYM.E.1 CALL AXDRIV
GO TO 150

130 CALL ECHOI (S,6,99)
CALL READIN
CALL ECHOI (99,6,5)
CALL DESIGN
CALL RUNFRP
REWIND 99
CALL READIN
CALL ECHOI (99,6.5)
CALL DESi G!

DO 140 K:1,100
14G ALPHA(K) :=0.

ICOUNT : 0
CALL FRPCON (IAXSYM)
IF (IFLAG.EQ.) GO TO 150
CALL NAMES
CALL ANSWER

150 CONTINUE
STOP

C
160 FORMAT (15)

END

120
C
C
C
C
C
C
C
C

14.29.35PROGRAM DRIVER

CARD NR. SEVEQ!TY

23
45

I
I

DETAILS

DESNBL
C

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.
Dlii" VARIABLE LIST EXCEEDS ITEM LIST, EXCESS VARIABLES NOT INITIALIZED.

SYMBOLIC REFERENCE MAP (R:2)

110

115

10/21/80

UDiIVER
UDRIVdR
UDRIVER
UDRIVER
UD IVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
DRIVER
UDRIVER
UDRIVER
UDRIVER
DRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRiVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER
UDRIVER

PAGE 3

120

125

130

135

I.0

jI 4
10'
106
107

110
ill
112
113
114
115
116
117
IS
119
120
121
122
123
124
125
126
127
=28
129
130
131
132
133

135
136
137
138
139
140
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ENTRY POINTS
25462 DRIVER

VARIABLES
10464 ALPHA
4542 AMU

144 C
25706 Cl
26266 C2
27206 C3
5362 D

0 FACTOR
25702 I
25705 IAXSYM
10631 ICON
11173 ICOUNT
11172 IFLAG
10630 PRINT
11175 ISTART
11177 IUNCRT
25703 J
25704 K

4374
4541
4064
30406
4540
10463
"230
11176
'0462
11 174
jr44

LFAC
LPB
LRES
LSTCCC
LTYPE
NFAC
NODE
NRES
NRUN
NTIME
TL

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
NTEGER
INTEGER
k'AL

REFERENCES

RELOCATION
ARRAY DESNBL
ARRAY DESNBL
ARRAY ncSNBL
ARRAY
ARRAV
ARRAY
ARRAY DESNBL
ARRAY DESNBL

ARRAY

ARRAY

ARRAY
,iRRAY

ARRAY

ARRAY

DESNBL
DESNBL
DE5NBL
DE5NPL
DE5NBL
DESNBL

DE5NBL
DE5NBL
DESNBL

DESNBL
DESNBL
DE5NBL
DESNBL
DE5NBL
DESNBL
DESNHL

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
;07

REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

I5
15
I5
20
20
21
15
15

2*100
120

15
I5
I5
15
15
15

2*100
2*100
'32
I5
15
15
22
15
15
15
15
15
I5
I5

DEFINED
DEFINED
DEFINED

100
104
108

1?
2*10'
121

DEFINED
136

118
2* 104
2*104

95

DEFINED

24
25
4j

DEFI NED
DEFINED
DEFINED

DEFINED
2* 106
135

100
60
78
26

27
DEFINED

104

97

108

101 105 c

134

DEFINED
2*108
2*108

DEFINED

117
DEFINED

133
98

DEFINED
102
99

106
103

23

33

FILE NAMES
0 INPUT

2054 OUTPUT
4130 TAPE.I

10410 TAPE;?
11464 TSPE:B
12540 TAFF19
5204 TAPE:
13614 TAPr20
14670 TFPE21
15744 TAPE22
17020 TAPE25
6260 TAPE3

20074 TAPE30
21150 TAPE44
22224 TAPE45
23300 TAPE46
7334 TAPES

MODE

PROGRAM DRIVER 14.25.35 PAGE 4
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FILE NAMES
0 TAPE55

2054 TAPE6
24354 TAPE99

EXTERNALS
ANSWER
AXDRIU
DES IN
ECHO
FRPCON
NAMES
READIN
RUNFRP
SYSTEMC

STATEMENT LABELS
0 100
0 110
0 120

25575 130
0 140

25641 150
25672 160 FMT

TYPE HRGS REFERENCES
0 138
0 121
0 126
3 119
I 120
0 137
0 124
0 127
2 95

DEF LINE REFERENCES
100 97
1:4 101
I00 105
123 118
!33 132
139 122
142 117

INDEX
I
J
K
I
J
K
I
J
K
K

FROM-TO
97 100
98 100
99 100

101 104
102 104
103 104
105 108
106 108
107 108
132 133

COMMON BLOCKS LENGTH
DESNBL 4736 LCM

STATISTICS
PROCRAM LENGTH
BUFFER LENGTH
LCM -ABELED COMMON LENGTH

1400008 SCM USED

44508
23744 8
112008

LENGTH
! 8

14;
/E

218
I4B
7H

218
I48
7H
4H

PROPERTIES
NOT INNER
NOT INNER

INSTACK
NOT INNER
NOT INNER

INSTACK
NOT INAER
NOT INNER

INSTACK
INSTACK

234U
10212
4736

MODE
FMT READS

MOTION

117

128

131
123
135

129

125 30

99
103
107

98
102
106

.36

LOOPS
05467
25471
25473
25512
25514
25516
25535
25537
25541
25621

LABEL
100
100
100
1,0
110
i0

120
120
120
140

PROGRAh DRIVER 10/21/80 $4.29.35 PAGE 5
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5

C
C
C
C
C

I SUBROUTINE READIN

SUBROUTINE STORES DEFAULT UNCERTAINTY VALUES AND READS IN NEW VALUES
AND OTHER INPUT DATA VIA NAM"LIST INPUT.
THIS SUBROUTINE IS CALLED FROM DRIVER

COMMON /DESNBL/ FACTOR.I00),C(4,4,I00),TL(4,100),LRE5(100),
+ NODE(100),4FAC( I00),LTYPE,LPB,AMU(4, 100),D(40,4C),NRJN, NFAC,
+ ALP'A(100),IPRINT,ICON(15),IFLAGICOUNT,NTIME,I5TART,NRES
+ ,IUNCRT
LEVEL 2,FACTOR
DIMENSION NAH(4,I00),LAM(2)

SUBROUTINE READS IN DATA IN NAMELIST FORMAT
NAMELIST I "IN"
NAMELST /IN/ FACTOR,CTL,LRES, NODE,..FAC,LTYE,LPi,AMU,IPRINT

+, IFLAG, ISTART
DATA LAM/7HFACTOR(,5H) 15 /
DATA NAM(I, I)/40HFUEL SPECIFIC HEAT /
DATA NAM(I, 2)/40HFUEL THERMAL CONDUCTIVITY /
DATA NAM(I, 3)/40HFUEL EMISSIVITY /
DATA NAM(I, 4)/40HFUEL THERMAL EXPANSION /
DATA NAM(I, 5)/40HFUEL ELASTIC MODULUS /
DATA NAM(I, 6)/40HFUEL POISSON'S RATIO /
DATA NAM(I, 7)/40HFUEL CREEP /
DATA NAM(I, 8)/40HFUEL FRACTURE STRENGTH /
DATA NAM(l, 9)/40HFUEL SWELLING /
DATA NAM( I, 10)/40HFUEL RESTRUCTURING /
DATA NAM( 1,I)/40HFUEL DENSIFICATION /
DATA NAM(1,12)/40HFI55ION GAS RELEASE /
DATA NAM(I,13)/40HCLADDING SPECIFIC HEAT /
DATA NAM(II4)/40HCLADDING THERMAL CONDUCTUVUTY /
DATA NAM(1,I5)/40HZIRC OXIDE EMISSIVITY /
DATA NAM(1,16)/40HZIRC OXIDE THERMAL CONDUCTIVITY /
DATA NAM(I,17)/40HCLADDING PXIAL THERMAL EXPANSION /
DATA NAM(I,18)/40HCLADDING DiaMETRAL THERMAL EXPANSION /
DATA NAM(I,19)/40HCLADDING ELASTIC MODULUS /
DATA NAM( I,20)/40HCLADDING STRENGTH C3FFFICIENT /
DATA NAM(1,2I)/40HCLALDING CIRC. RUPTURE STRAIN /
DATA NAM(I,22)/40HCLADDING MEYER HARDNESS /
DATA NAM(I,23)/u OHCLADDING CREEP RATE /
DATA NAM(I,24)OiHCLADDING POISSON'S RATIO /
DATA NAM(1,25)/'+OHCLADDING OXIDATION /
DATA NAM(1,26)/40HGAS THERMAL CONDUCTIVITY /
DATA NAM(l,27),4 0HGAS VISCOSITY /
DATA NAMr ,'R/40HGAP HEAT TRANSFER /
DATA NAM(I,?9)/40HALPHA - BETA TRANSITION TEMPERATURE /
DATA NAM(I,30)/40HPELLET STACK HEIGHT /
DATA NAM(I,31)/40HCLADDING OUTER DIAMETER /
DATA NAM(1,32)/40HFUEL DENSITY /
DATA NAM(I,33)/40HPELLET SHOULDER RADIUS /
DATA NAM(I,34)/40HPELLET DISH DEPTH /
DATA NAM(I,35)/40HPELLET HEIGHT /
DATA NAM(1,36)/40HPELLET DISH VOLUME /

10

15

C
C

20

25

30

35

40

45

50
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UREADIN
UREADIN
UREALI&
UREADIN
UREADIN
UREADIN
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
JREADIN
UREADIN
UREADIN
UREALIN
UREADIN
UREADIN
UREADIN
UREADIN
UREA1IN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADII
UREADIN
UREADIN
URrADIN
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57

60

65

70

75

80
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

NAM(I,37)/40HPELLET OUTER RADIUS
NAM(I,38)/40HCLADDING INNER RADIUS
NAM( I,39)/40HCLADDING OUTER RADIUS
NAM( I,40)/40HCLADDING ROUGHNESS
NAM(I,41)/40HFUEL ROUGHNESS
NAM(l,42)/40HAMOUNT OF GAS IN ROD
NAM( I,43)/40HPLENUM VOLUME
NAM(I,44)/40HCOLD PRESSURE
NAt(I,45)/40HMOLE FRACTIONS OF GAS COMPONENTS
NAM(1,46)/40HNORMALLY NOT USED
NAM(1,47)/40HINITIAL TEMPERATURE ESTIMATE
NAM(I,48)/40HPOWER HISTORY
NAM(I,49)/40HANS DECAY HEAT CURVE
NAM(I,50)/40HNORMALLY NOT USED
NAt(1,51)/40HCHF FACTOR
NAM(I,52)/40HNORMALLY NOT USED
NAM(1,53)/40:iNORMALLY NOT USED
NAM(1,54)/40HNORMALLY NOT USED
NAM(1,55)/40HNORMALLY NOT USED
NAM(I,56)/40HNORMALLY NOT USED
NAM(1,57)/40HNORMALLY NOT USED
NAMil,58)/40HNORMALLY NOT USED
NAM(1,59)/40HNORMALLY NOT USED
NAM(1,60)/40HNORMALLY NOT USED
NAM(1,61)/40HPLENUM LENGTH
NAM(1,62)/40HEQUIVALENT HEATED DIAMETER
NAM( 1,63)/40HDIAMEYER OF SPRING, OUTSIDE
NAM(I,64)/40HDIAMETER OF SPRING WIRE
NAM(I,65)/40HFUEL ENRICHMENT
N.M(I,66)/40HMA55 FLOW RATE
NAM( I,67)/40HSYSTEM PRESSURE
NAM(b,68)/40HAXIAL HEAT NORMALIZATION FACTORS
NAM(1,69)/40HFUEL STACK HEIGHT
NAM(1,70)/40HINLET WATER TEMPERATURE
NAM(1,71)/40HTOTAL SPRING TURNS
NAM(1,72)/40HINITIAL FUEL BURNUP
NAM( I,73)/40HTEXTURE FACTOR
NAM( 1,74)/40HCOLD WORK
NAM(I,75)/40HWEICMT PERCENT PU02
NAM(1,76)/40HINITIAL CRUD THICKNESS
NAM(1,77)/40HCRUD BUILDUP RATE
NAM( I,78)/40HPOROSITY CORRECTION
NAM(I,79)/40HFAST NEUTRON FLUX
NAM'I,80)/40HINITIAL GRAIN SIZE
NAM(I,81)/40HFUEL INITIAL WATER CONTENT
NAM(I,82)/40HFUEL INITIAL NITROGEN CONTENT
WAM(1,83)/40HNORM. HEAT FLUX AT TOP OF FUEL STACK
NAM(1,84)/40HPELLET CORE RADIUS
NAM(1,85)/40HFI55ION GAS ATOMS PER 100 FISSIONS
NAM(I,86)/40HFUEL SINTERING TEMPERATURE
NAM(I,87)/40HCLADDING OXIDE FAILURE CRITERION
NAM(I,88)/40HNORMALLY NOT USED
NAM(i,89)/4OHNORMALLY NOT USED

14.29.35 PAGE10/21/80

UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
READINGN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADiN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN

2

85

90

51
52
53
54
55
56
57
58
59
60
61
62
63
64
E5
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

95

100

105
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DATA NAM(I,90)/40HNORMALLY NOT USED /
DATA NAM(l,91)/40HNORMALLY NOT USED /
DATA NAM(1,92)/40HNORMALLY NOT USED /
DATA NAM(i,93)/40HNORMALLY NOT USED /
DATA NAM(1,94)/40HNORMALLY NOT USED /
DATA NAM(1,95)/40HNORMALLY NOT USED /
DATA NAM(1,96)/40HNORMALLY NOT USED /
DATA NAM(i,97)/40HNORItIALLY NOT USED
DATA NAM(l,98)/40HNORMALLY NOT USED /
DATA NAM(l,99)/40HNORMALLY NOT USED /
DATA NAM(l,IC3)/40HNORMALLY NOT USED

DO 100 1:1,100
100 LFAC(I) : 0

DO HO1 1:1,100
LRES(I) : 0

110 NODE(I) : I
LTYPE : I
LPB : 0
IPRINT : 0
IFLAG : 0
ISTART : 0
READ (99,1N)
WRITE (6,IN)
K : I

DO 120 1:1,100
IF (LFAC(I).GT.0) WRITE (6,130) LAM(I),K,LAM(2),(NAM(J LFAC(I)

+ ),J:1,4)
120 IF (LFAC(I).GT.0) K : K+I

RETURN
C
130 FORMAT (IH ,A7,12,A5,4A10)

END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

DESNBL
FUEL SPE
FUEL THE
FUEL EMI
FUEL THE
FUEL ELA
FUEL P01
FUEL CRE
FUEL FRA
FUEL SE
FUEL RES
FUEL DEN
FI5513N
CLADDING
CLADDING

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTEra INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED

INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUrCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.

110

115

120

125

130

135

UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN
UREADIN

104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

i5
18
19
20
21
2c
23
24
25
26
27
28
29
30
31

SUBROUTINE READIN 10/21/60 14.29.35 PAGE 3
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CARD NR.
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
544
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
7r

16
77
78
79
80
81
82
83
84

SEVERITY
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Ii

I
I
I
I
I
I
I
I
I
I

DETAILS
ZIRC OXI
ZIRC OXI
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
CLADDING
GAS THER
GAS VISC
GAP HEAT
ALPHA -
PELLET 5
CLADDING
FUEL DEN
PELLET 5
PELLET D
PELLET H
PELLET D
PELLET 0
CLADDING
CLADDING
CLADDING
FUEL ROU
AMOUNT 0
PLENUM V
COLD PRE
MOLE FRA
NORMALLY
INITIAL
POWER HI
ANS DECA
NORMALLY
CHF FACT
NORMALLY
NORMALLY
NORMALLY
NORMALLY
NORMALLY
NORMAL!''
NORMALL'
NORMALLY
NORMALLY
PLENUM L
EQUIVAL
DIAMETER
DIAMETER
FUEL ENR
MASS FLO
SYSTEM P

DIAGNOSIS OF PROBLEM
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CO.SfANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH COI4 TANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERItH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANi .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.
HOLLERITH CONSTANT .GT.

10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
0 CHARACTERS,
10 CHARACTERS,
i0 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,
10 CHARACTERS,

EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARA i'Q5S
EXCESS CHARACTEkiC
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS CHARACTERS
EXCESS S"QACTERS
EXCESS CHARkC'vRS

INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
O'ITIALIZED
INITiALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZri
INITIALi.D
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED
INITIALIZED

INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
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CARD NR.
85
86
87
88
89
90
9'
9?
93
94
95
96
97
98
99
100
101
102
103
104
105

SEVERITY
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I

I

I

DETAILS
AXIAL HE
FUEL STA
INLET WA
TOTAL SP
INITIAL
TEXTURE
COLD WOR
WEIGHT P
INITIAL
CRUD BUI
POROSITY
FAST NEU
INITIAL
FUEL INI
FUEL INI
NORM. HE
PELLET C
FISSION
FUEL SIN
CLADDING

DIAGNOS:- OF PROBLEM
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .;T. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .G1. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 11 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLL7RITH CONSTANT .GT. . CHARACTERS,
HOLLLRITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
HOLLERITH CONSTANT .GT. 10 CHARACTERS,
*** DUE TO THE MANY ERRORS NOTED, ONLY

EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALiZED
EXCESS CHARACTERS INITIALLED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
EXCESS CHARACTERS INITIALIZED
THOSE WHICH ARE FATAL WILL BE

0

INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WJRDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
INTO SUCCEEDING WORDS.
LISTED HEREAFTER.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
2 READIN

VARIABLES
10464 ALPHA
4542 AMU
I44 C

5362 D
0 FACTOR

155 I

10631
11173
11172
10630
11175
11177

157
156

1000
4374
4541
4064
4540
160

I CON
ICOUNT
IFLAG
IPRINT
START
IUNCRT
J
K
LAM
LFAC
LPB
LRE5
LTYPE
NAM

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER'
INTEGER
INTEGE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
INTEGER

REFERENCES
135

RELOCATION
ARRAY DE5NBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL

ARRAY DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL

ARR. H
ARRAY DESNBL

DESNBL
ARRAY DESNBL

DE5NBL
ARRAY

15
15

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

7
7
7
7
7

119
118
7
7

7
7
7

132
132
12
7
7
7
7
12

134
1I

121
120

15
15
15

DEFINED
134

2*132
15
IS
15
15

132

15
122
131

DEFINED
DEFINED
DEFINED

132
DEFINED
DEFINED

2*132
DEFINED
DEFINED
DEFINED
DEFINED

2*132

126
1?5
127

130
17

134
124
121
123
10

134

DEFINED

19

119

21

SUBROUTINE READIN 10/21/80 14.29.35 PAGE 5
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UARIABLES

10463
4230

11176
10462
11174
3244

SN TYPE

NFAC
NODE
NRE5
NRUN
NTIME
TL

FILE NAMES
TAPE6
TAPE99

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

ARRAY

ARRAY

MODE
MIXED
NAME

DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL

WRITES
READS

22
30
38
46
54
62
70
78
86
94

102
110

REFS
REFS
REFS
REFS
PEF5
REFS

129
128

23
31
39
47
55
63
71
79
87
95
103
III
7
7
7
7
7
7

132

i5 DEFINED

NAMELISTS
IN

DEF LINE
15

REFERENCES
128

STATEMENT LABELS
0 100
0 110
0 120

152 130 FMT

DEF LINE
119
122
134
137

REFERENCES
118
120
131
132

LOOPS
5

13
43
51

LABEL
100
110
120

COMMON BLOCKS
DESNBL

INDEX
i
I

J

LENGTH
4736

FROM-TO
118 119
120 122
131 134
132 132

LENGTH
4H
6H

318
I B

PROPERTIES
INSTACK
INSTACK

EXT REFS
EXT REFS

NOT INNER

LCM

STATISTICS
PROGRAM LErGTH
LCM LABELED CannON LENGTH

140000B SCM USED

24
32
40
48
56
64
72
80
88
96

104
112

25
33
41
49
57
65
73
81
89
97
105
113

26
34
42
50
58
66
74
82
90
98
106
114

122

27
35
4'
51
59
67
75
83
91
99

107
i+'5

28
36
44
52
60
68
76
84
92
100
108
116

29
37
45
53
61
69
77
85
93

101
109
117

15

129

10028
112008

10/21/60 14.29.35 PAGE 6SUBROUTINE READIN
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100
C
C
C

C
C
C
C
C
C

ISUM : 0
DO 110 1:1,60

110 IF (LFAC'l).GT.0) 15UM : 15U+1
NFAC : ISUM
IF (NFAC.GT.15) LTYPE : I

C
C NECESSARY NUtIBER OF RUNS
C

DO 120 1:1,6
IF (NFAC.LT.2**I) GO ro 130

120 CONTINUE
130 NRUN : 2**I

IEXP : I
IP : NFAC-IEXP

C
C BRANCH HERE FOR PLACKETT BURMAN
C

IF (LPB.EQ.I) GO TO 230
C
C DETERMINE INITIAL PART OF TWO LEVEL DESIGN
C

DO 160 J:IIEXP
1:1
JEXP : 2**(IEXP-J)
JMI : 2**(J-I)

DO 160 L:I,JEXP

5

I

10

15

20

25

30

35

50

SUBROUTINE DESIGN

SUBROUTINE DETERMINES EXPERIMENTAL DESIGN MATRIX AND CONFOUNDING
ARRAY (IF NECESSARY) FOR USER INPUT LIST OF FACTORS (LFAC) AND TYPE
RESPONSE EQUATION DESIRED(LTYPE).
THIS SUBROUTINE 15 CALLED FROM DRIVER

COMMON /DESNBL/ FACTOR(100),C(4,4,100),TL(4,100),LRES(100),
+ NODE(100),LFAC(100),LTYPE,LPB,AMU(4,ri0),D(40,40),NRUN,NFAC,
+ ALPHA(100),IPRINT,ICON(15,15),IFLAG,ICOUNT,NTIME,ISTART,NRES
+ ,IUNCRT
LEVEL 2,FACTOR
DIMENSION IGEN(40,12),il(12),I2(12),ID(I?),IDOLD(l2),IDR(12)
DIMENSION ISTORE(12)
DIMENSION IAL(12)
DIMENSION PBI2(II),PB20(19),NAM(5)
DATA NAM /2HF(,2H): IH),3H)F(,4H****/
DATA (ID(LL),LL:l,12) / s1,2,,0,0,0,0,0,,00,0/
DATA P812/I ., I.,-I ., I*., .5.-:.- -.,I1. - ./DATADATA PH20/1 ., i ., -I.,-1., I ., I., I., 1.,-I ., .,-I .,1.",-1.,-1.",-I.,-1 .,

+l., I.,-I. /
DO 100 1:1,12

DO 100 J:1,40
IGEN(J,1) =:0

NUMBER OF FACTORS

SUBROUTINE DESIGN 10/21/80 14.29.35 PAGE I

UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGNN
IL)ES I GN
LESNBL
DESNBL
DE5NBL
DESNBL
DESNBL
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDE5IGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDF5IGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN

i
i
i

i
f

I
t
I
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DO 140 K:I,JMI
D(I,J) : I.
I : 1+1
DO 150 K:I,JMI
D(I,J) : -I.
I : 1+1

CONTINUE

COMPLETE BALANCE OF DESIGN

IF (IEXP.GE.NFAC) GO TO 370
IF (IPRINT.EQ.1) WRITE (6,840)
NEWJ : IEXP+I
IMI IEXP-1
IM2 : IEXP-2
IM3 : IEXP-3

DO 180 J:IIMII
JPI : J+I

DO 180 K:JPI,IEXP
DO 170 I:INRUN
D(ENEWJ) : D(I,J)*D(IK)

IGEN(NEWJ-IEXPI) : J
IGEN(NEWJ-IEXP,2) : KE
IGEN(NEWJ-IEXP,3) : NEWJ
IF (IPRINT.EQ.I) WRITE (6,850) NAM(I),NEWJ,NAM(2),NAM(I),J
,NAM(4),K,NAM(3)
IF (NEWJ.EQ.NFAC) GO TO 370
NEWJ : NEWJ+I

DO 200 J:1,1M2
JPI : J+I

DO 200 K:JPI,IMi
KPI : K+I

DO 200 L:KPIIEXP
DO 190 I:1,NRUN
D(I,NEWJ) : D(I,J)*D(I,K)*D(I,L)

IGEN(NEWJ-IEXPI) : J
IGEN(NEWJ-IEXP,2) : K
IGEN(NEWJ-IEXP,3) : L
IGEN(NEWJ-IEXP,4) : NEWJ
IF (IPRINT.EQ.1) WRITE (6,860) NAM(),NEWJNAM(2),NAM(
I ),J, NP1(4),K,NAM(4),L,NAM(3)
IF (IeWJ.EQ.NFAC) GO TO 370
NEWJ : NEWJ+1

DO 220 J:I,1M3
JPI : J+I

DO 220 K:JPI,IM2
KPI : K+l

DO 220 L:KPI,IMI
LPI : L+I

DO 220 M:LPI,IEXP
DO 210 I:I,NRUN
D(ENEWJ,I) : ,J)'D(I,K)*D(IL)*D(IM)

IGEN(NEWJ-IEXP,I) : J

55

60

140

I50
160
C
C
C

DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
UDE5IGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDE5IGN
UDE5IGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN

70

170
75

80
180

85

190

90

95
200

100

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

105 210
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IGEN(NEWJ-IEXP,2) : K
IGEN(NEWJ-IEXP,3) : L1
IGEN(NEWJ-IEXP,4) - H
IGEN(NEWJ-IEXP,5) : NEWJ
IF (IPRINT.EQ.I) WRITE (6,870) NAM(l),NEWJ,NAM(2),
NAM(I),J,NAH(4),K,NAM(4),LNAH(4),H,NAM(3)
IF (NEWJ.EQ.NFAC) GO TO 370
NEWJ : NEWJ+I

PLACKETT-BURMAN DESIGN

CONTINUE
IF (NFAC.LE.II)
IF (NFAC.LE.19)
IF (NFAC.LE.23)
IF (NFAC.LE.39)

GO TO 240
GO TO 290
GO TO 240
GO TO 290

PLACKETf-BURMAN DESIGN FOR 11 FACTORS IN 12 RUNS

DO 250 1:I 611
u(II) : PI2(1)
DO 270 J:2, II

DO 270 1:1,11
IF (I I.EQ.0) GO TO 260
D(I,j) : D(I-I,J-I)
GO TO 270
D(I,J) : D(I+I0,J-I)
CONTINUE

DO 280 J:19,I
D(12,J) : -1.

NI : 12
NJ : I"
NRUN : 01
IF (NFAC.S' I' GO TO 340
GO TO 370

PLACKETT-BURMAN DESIGN FOR 19 FACTORS IN 20 RUNS

DO 300 1:1,19
D(I,I) : P820(I)
DO 320 J:2,19

DO 320 1:1,19
IF (I-I.EQ.0) GO TO 310
D(1,J) : D(I-1,J-l)
GO TO 320
D(I,J) : D(1+18,J-P)
CONTINUE

DO 330 J:1,19
D(20,J) : -1.

NI : 20
NJ : 19
NRUN : NI
IF (NFAC.GT.19' GO TO 340

110

i

115
220
C
C
C
230

DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
UDiSIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
UDE21G*i

120

125

C
C
C
240
250

130

X35

260
270

280

140

145

C
C
C
290
300

104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
ISO
151
152
153
154
155
156

150

X55

310
32C

330
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160
C
C
C
340

165

350

360

C
C
C
370

170

GO TO 370

DOUBLING ROUTINE

DO 350 1:1,NI
iO 350 J:I,NJ
D(I+NI,J) : D(I,J)
D(IJ+NJ) : D(IJ)
D(I+NI,J+NJ) : -D(I,J)

DO 360 I:1,NI
D(I,2*NJ+I) : 1.
D(I+NI,2*NJ+I) : -I.

NRUN : 2*NI

ADD FOLDOVER DESIGN

IF (LTYPE.NE.2.AND.LTYPE.NE.4) GO TO 470
IF (NFAC.LE.2) GO TO 470

DO 380 I:1,NRUN
DO 380 J:I,NFAC
D(I+NRUN,J) : -D(IJ)

NRUN : 2*NRUN
DO 390 L:1,12
ISTORE(L) : IGEN(IL)
DO 450 K:2,IP
LSUM : 0

DO 400 L:1,12
IF (IGEN(K,L).GT.0) LSUM : LSUM+I

IF (LSUM.EQ.4) GO TO 436
DO 410 L:1,12
11(L) : ISTORE(L)
12(L) : IGEN(K,L)

CALL PROD (11,12 IAL)
DO 420 L:1,II
IGEN(K-I,L) : IAL(L)

GO TO 450
DO 443 L:1,12
IGEN(K-I,L) : IGEN(K,L)

CONTINUE
DO4 60 L:1,12
IGEN(IP,L) : 0

IP : IP-I

ADD QUADRATIC DESIGN

IF (LTYPE.NE.3.AND.LTYPE.NE.4) GO TO 510
RAD : (NRUN**2+2*NPUN*NFAC+NRUN)**0.5
ALP : ((NRUN-RAD)/(-2.))**0.5
NFAC2 : 2*NFAC

DO 480 I:1,NFAC2
DO 480 J:I,NFAC
D(NRUN+IJ) : 0.

DO4 90 J:I,NFAC

175

180 380

390

185

400

190

DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
1b6
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

195

200

205

210

410

420

430
440
450

460

C
C
C
470

480
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490

500
C
C
C

D(NRUN+2*J-I,J) : ALP
D(NRUN+2*J,J) : -ALP

NRUN : NRUN+2*NFAC+I
DO 500 J:I,NFAC
D(NRUN,J) : 0.

WRITE DESIGN MATRIX "D"

510 IF (LPB.EQ.1) GO TO 520
WRITE (6,880) NFAC,IP
IF 'LTYPE.EQ.2) WRITE (6,890)
IF (LTYPE.EQ.3) WRITE (6,900)
IF (LTYPE.EQ.4) WRITE (6,910)
GO TO 530

c20 WRITE (6,920) NFAC,NRUN
530 WRITE (6,930) (I,I:I, FAC)

NFACP2 : NFAC+2
WRITE (6,940) (NAM(5),1:1,NFACP2)

DO 540 1:1,NRUN
540 WRITE (6,950) I,(D(I,J),J:I,NFAC)

IF (LTYPE.GE.3) WRITE (6,960) ALP
C
C WRITE DESIGN GENERATORS
C

DO 550 1:1,15
DO 550 J:1,15

550 ICON(I,J) : 0
IF (LPB.iQ.I) RETURN
IF (NFAC.GT.15) RETURN
IF dIPRINT.EQ.1) WRITE (6,970)

DO 560 I:1,40
IF (IGEN(I,I).EQ.0) GO TO 570

560 IF (IPRINT.EQ.1) WRITE (6,1010) (IGEN(1,J),J:1,12)
570 WRITE (6,980)
C
C CALL SUB IDEA TO GET 2**F PATTERN OF COMBINATIONS OF DESIGN
C GENERATORS NECESSARY TO FORM ALL DEFINING RELATIONS
C
C
C WRITE DEFINING RELATIONS AND THEIR 2 AND 2 FACTOR ALIASES

NUMBER : 2**IP-I-IP
IF (IPRINT.EQ.I) WRITE (6,990)

C
C WRITE I AND 2 FACTOR ALIASES OF GENERATORS
C

NCOr :
DO 660 I:1,IP
K5UM : 0
IF (IPRINT.EQ.1) WRITE (6,1010) (IGE.d I,L),L:1,12)
IF (IPRINT.EQ.1) WRITE (6,1020)

DO 610 K:l,NFAC
DO 580 J:1,12

215

225

230

235

DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDEIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESICN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDE5IGN
DESIGN
UESI GN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDES' N
UDE5IGN

250

255

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
226
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

260

265
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580

270

590

275

12(J) : IGEN(I,J)
IAL(J) : 0
11(J) : 0

11(1) : K
CALL PROD (II,12,IAL)
LSUM : 0

DO 590 N:1,12
IF (IFLkN).GT.0) LSUM : LSUM+I

IF (LSUM.GT.2) GO TO 610
KSUM : KSUM+I
IF (ICON(KK).GT.0) GO TO 600
ICON(K,K) : NCON
ICON(IAL(I),IAL(2)) : NCbN
NCON : NCON+I
GO TO 610
ICON(IAL(i),IAL(2)) : 1CON(K,K)
IF (IPRINT.EQ.I.AND.LSUM.LE.2) W4'TE (6,1030) K,(IAL(J),J:

+ 1,12)
NFACMI : NFAC-I

DO 650 K:I,NFACMII
'PI : K+i

DO 650 J:KPI,NFAC
DO 620 M:1,12
IAL(M) : 0
12(M) : IGEN(I,1)
11(M) = 0

11(1) : K
11(2) : J
CALL PROD (dl,12,IAL)
LSUM : 0

DO 630 N:1,12
IF (IA1(N).GT.0) L5UM = LSUM+1

IF (LSUM.GT.2) GO TO 650
KSUM : KSkr+ 1
IF (KSUM.GT.3) GO TO 660
IF (ICON(K J).GT.0.OR.1CON(IAL(U),1AL(2)).GT.0) GO TO

* 640
ICON(K,J) : NCON
ICON(IALtI),IAL(2)) :_NCON
NCON : NCON+ I
GO TO 650
IF (ICON(K,J).GT.0) ICONtIRiHL),IAL(2)) : ICON(KJ)
IF (ICO:iiA;iL),IAL(2)).GT.0) ICON(KJ) : ICON(IAL(I),

+ IAL(2))
IF (IPRINT.EQ.I.AND.LSUM.LE.2I WRITE '6,1040) K,J,i1AL

+ (N),N:l,i2)
CONTINUE

IF (NUMBER.LT.I) GO TO 820
DC 810 :1i,NUMBER
KSUM : 0

FOR" DEFINING RELATION' - IDN

UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDES I6N
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDE5IGN
UDES~ -
UDESI .I
UDESiGN
UDESiGN
UDESIGN
UDESIGN
UDE5IGN
UDESIGN
UDE5IGN
UDESIGN
UDESIGN
UDESIGN
JDE20~N
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDE5I GN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDE5IGN
UDESIGN
UDESIGN
UDESIGN
UDES I GN
UDESIGMN
DESIGN
DESIGN
DESIGN
DESIGN N

280
600
610

285

290
620

295

630

300

305

263
264
265
266
267
268
269
270
271
272
273
27'4
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
3"4
315

310

640

650

660

315
C
C
C
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DO 670 K:1,12
IDR(K : 0
DO 680 K:1,12
11(K) : IGEN(ID(I),K)
12(K) :=IGEN(ID(2),K)
DO 700 J:3,12
CALL PROD (II,12,IDg)
IF (ID(J).EQ.0) GO TO 710

DO 690 K:l,12
11(K) : IDR(K)
IDR(K) : 0
12(K) : IGEN(ID(J),K)

CONTINUE
IF (IPRINT.EQ.1) WRITE (6,1010)
IF (IPRINT.EQ.1) WRITE (6,1000)

DO 720 KK:1,:2
IDOLD(KK) : ID(KK)

CALL IDEA (IDOLD,IP,ID)
IF (IPRINT.EQ.l) WRITE (6.1020)

(IDR(K),K:I,12)
(ID(K),K:1,12)

FIND I F CTOR ALIPSES AND WRITE IF ALIAS 15 2 FACTORS OR LESS

DO 760 K:',NFAC
DO 730 J:1,12
12(J) :=IDR(J)
IAL(J) : 0
11(J) = 0

11(1) : K
CALL PROD (II,12,IAL)
LSUM : 0

DO 740 N:1,12
IF (IAL(N).GT.0) LSU = LSUM+I

IF (LSUM.GT.2) GO TO 760
KSUM : KSUM+l
IF (ICON(K,K).GT.0) GO TO 750
ICON(KK) :=NCON
ICON(IAL(l),IAL(2)) : NCON
NCON : NCON+1
GO TO 760
ICON(IAL(I),IAL(2)) =ICON(K,K)
IF (IPRINT.EQ.I.AND.L5UM.LE.2) WRITE (6,1030) K,(IAL(J),J:

+ 1,12)

FIND 2 FACTOR A'.ASES ANi WRITE IF ALIAS 15 2 FACTORS OR LESS

NFACHI : NFAC-I
DO 800 K:l,NFACn I
KPI : K+1

DO 800 J: PI,NFAC
DO 770 M:I,12
IAL(M) 0
12(M) IDR(M)
1(M) : 0

320 670

680

325

330 690
700
710

720335

340

C
C
C

3-45 730

350 740

355

UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESiGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGNN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
'.DESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
DESIGN

316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
:37
338
339
340
341
342
343
344
345
346
347
348
349
'50
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368

360

750
760

C
C
C

365

370
770
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11(1) : K
11(2) : J
CALL PROD (II,I2,IAL'
LSUM : 0

DO 780 N:1,12
IF (IAL(N).GT.0) LSUM : L.SUM+1

IF (LSUM.GT.2) GO TO 800
KSUM : KSU+I
IF iKSUM.GT.3) GO TO 810
IF (ICON(K,J).GT.O.OR.ICON(IAL(I),IAL(2)).GT.0) GO TO
790
ICON(K,J) : NCON
ICON(IAL(I),IAL(2)) : NCON
NCON : NCON+I
GO TO 800
IF (ICON(K,J).GT.0) ICON(IAL(I),IAL(2)) : ICON(K,J)
IF (ICON(IAL(I),IAL(2)).GT.0) ICON(K,J) : ICON(IAL(I),
IAL(2))
IF (IPRINi.EQ.I.AND.LSUM.LE.2) WRITE (6,1040) K,J,(IAL
(N),N:1,12)

810 CONTINUE
820 WRITE (6,1050)

WRITE (6,1060) (I,I:I,NFAC)
WRITE (6,940) (NAM(5),I:I,NFACP2)

DO 830 W:INFAC
830 WRITE (6,1670) N,(ICON(N,M),M:I,NFAC)

RETURN

FORMAT (19H FACTOR ASSIGNMENTS,/)
FORMAT (IH ,A2,12,A2,A2,II,A3,II,AI)
'ORMAT (IH ,A2, 12,A2,A2, I1,A3, I I,A3, I I,AI)
FORMAT (IH ,A2,12,A2,A2,IlA3,IlA3,IIA3,IIAI)
FORMAT (IHI,25H DESIGN MATRIX FOR A 2**(,12,IH-,12,22H) FRACTIONAL

+ FACTORIAL)
FOkHAT (IH ,24H INCLUDING FOLDOVER RUNS,/)
FORMAT (IH ,20H PLUS QUADRATIC RUNS,')
FORMAT (IN ,38H INCLUDING FOLDOVE AND QUADRATIC RUNS,/)
FORMAT (IH ,35H PLACKETT-BURMAN DESIGN MATRIX FOR ,12,I2H FACTORS

+ IN,13,5H RUNS,/)
FORMAT (IH ,8X,7HFACTORS/IH ,7H RUNS *,2014/8X,2014)
FORMAT (22A4)
FORMAT (15,4H * ,20F4.0/9H * ,20F4.0)
FORMAT (IH ,9H ALPHA : ,FI.4,/)
FORMAT (IN ,18H DESIGN GENERATORS,/)
FORMAT (IH )
FORMAT (IH,24H 2**P DEFINING RELATIONS,/)
FORMAT (H1 ,6H ID : ,1213)
FOR1Ai (IH ,7H IDR : ,1213)
FORMAT (IH ,IOX,8H ALIASES /)
FORMAT (IH ,IOX,13,3H : ,I3)
FORMAT (IH ,IOX,213,3H : ,1213)
FORMAT (IH ,I8H CONFOUNDING ARRAY,//)
FORMAT (IN ,4X,3H ' ,2014)

?5

780

380

DESIGN
DESIGN
UL-SIGN
UDESIGN
UDE5iGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDE5IGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
UDESIGN
)DESIGN
IDES IGN
DESIGN
JDESIGN
DESIGN
UDESIG14
DESIGN
UDESIGN
UDESIGN
DESIGN
DESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
UDESIGN
DESIGN
UDESIGN
UDESIGN

+

385

390

790

800
+

+

395

400

405

C
840

860
870
880

690
90:
910
920

410

369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
16

417
418
419
420
421

415

930
940
950
960
970
980
990
106
101G
1020
1030
1040
1050
1060

420
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1070 FORMAT (IH ,14,3H * ,1514)
END

CARD NR. SEVERITY DETAILS

17 I DESNBL

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
2 DESIGN

VARIABLES
2761 ALP
10Y64 ALPHA
4542 AMU

144 C
5362 D

0
2734

FACTOR
I

4042 IAL

10631 ICON

11173
3762

3776
4012

ICOUNT
ID

IDOLD
I DR

DEF L *E

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

REFERENCES
240 241

RELOCATION

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

DESNBL
DESNBL
DESNBL
DL3NBL

DESNBL

ARRAY

ARRPY

ARRAY

ARRAY
ARRAY

DESNBL

DESNBL

425 UDESIGN
UDESIGN

422
423

398

REFS
REFS
REFS
REFS
REFS
152

DEFINED
133
168

REFS
REFS

58
2*133

170
245
36
129
230

REFS
262
347

2*384
369

REFS
358
278
358
REFS
REFS
336

REFS
REFS

DEFINED

213
8
8
8
8

166
55
':6
170
8

2u
59

2* 146
171
262
50

145
231

15
294
350

2*387

8
2*381
281
383
8

13
DEFINED

13
'3

320

214

2*74
167
58

146
171
12
30

3*74
149

2*180
266
56

148
237
192
297
2*355
4*338

276
2*387

303
384

322
18

336
?5

.22

233

3*88
168

ISO
150
180

37
4*86

2*150
211
290
59
164
243
194

2*301
2*358
390

281
2*388
304
387

323

DEFINED
328

DEFINED

4*105
180
88
152
211

39
5*105
2*152
228
394
73
169
260
270

2*304
359

DEFINED

2*301
397
307
388

S26

335
332

207

131
232
105
155
213

40
2*127
2*166
2*232

DEFINED
87
178
314
273
2*307
374
267

2*307
DEFINED

308

330

343

133

127
166
214

55
130

2*167
239
22

104
209
394

2*278
4*308
377
289

2*308
239
354

333

150

131
167
217

56
2*i31
2*168

244
9

126
228
395

2*281
310

2*381
344

353
277
355

335

370
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VARIABLES
2737 IE:'P

11172
2772

2746
2747
2750
2740

IFLAG
IGEN

IMI
IMP2
IM3
IP

10630 PRINT

11175
4026
2736

11177
3732

ISTART
ISTORE
ISUM
IUNCRT
II

3746 12

2735 J

2741
2742
2751
2744

2771
2752

JEXP
JMI
JPI
K

KK
KP I

2766 KSUM

SN TYPE
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

RELOCATION

DESNBL
ARRAY

ARRAY

ARRAY

ARRAY

DE54BL

DESNBL

DESNBL

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

REFS
69
91

DEFI ED
REFS
REFS
262

DEF I NED
92

200
REFS
REFS
REFS
REFS

DEFINED
REFS
255
359
REFS
REFS
REPS
REF5
REFS

REFSDEFINED
328

REFS
DEFINED
REPS

75
106

2*166
232
301
344
390
135
232
359

REFS
REFS
REFS
REFS
100
269
303
329
359

DEFINED
285

REFS
REFS
286
REFS

67
89

109

68
90

110

90
194k

91
197

41
7?
92
40
8

13
266
24

106

70
82
97
184

41
8

262
390
8

14
30
8

13
190
345

13
191
24
78
III

2* 167
239
303
345

DEFINED
147
238
367
53
54
72
74
105

2*276
2*307
2*330
366
54

319
2*335

86
366
275

49
75
103

183
290
75

107

84
99

DEFINED
200
201
65

263

190
31

192
268
346
192
266

51
83

2*131
2*168
245

2*307
359
23
154
245

DEFINED
57
84
76
107

2*277
308
332
372
57

321
DEFINED

101

299

51
76
106

187
322
76
108

101
DEFINED

69
201

78
282

DEFINED
DEFINED

270
269
371
270
290
52
88

2* 133
2*160
2*266
308
373

49
165
265

51
DEFINED

99
78

III
2*281
310
333
381
72

327
334
287

300

64
77
107

191
323
77
109

DEFINED
68

222

93
310

183
28

294
291
372
294
323
55
89
136
211
267
310
381
70
179
282

52
DEFINED

85
187
282
320
346
383

84
332

367

352

66
86
108

197
330
89
10

67

2*254

III
332

30

325
292
373
325
330
58
93

2*150
2*213
268
326
383
82

210
287

71
88

191
286
2*322
2*353
2*387

99
333

DEFINED

379

336

245
337

260

242
333

347
293

347
343

71
98

2*152
2*214
282
330

2*387
97
212
324

83
90

194
292
2*323
2*354
388
184
341

85

374
322

374
370

74
105
155
217
293
2*343
388
128
216
342

98
93

2*197
301

2*326
2*358
390
264
365

100

380
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VARIABLES SN TYPE

2743 L INTEGER

4374
4541
2753
4064
2757

4540

2754

2767

4114

2765

LFAC
LPD
LPI
LRES
LSUM

LTYPE

M

N

NAM

NCON

2745 NENJ

10463 NFAC

2770 NFACNI
2763 NFACP2
2762 NFAC2
2755 NI

2756 NJ

4230 NODE
11176 NRES
10462 NRUN

11174 NTIME
2764 NUMBER
4056 PB12
4071 P020
2760 RAD
3244 TL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARRAY

DESNBL
DESNBL

DESNBL

DESNBL

ARRAY

DESNBL

ARRAY

ARRAY
ARRAY

ARRAY

DE5NBL
DE5NBL
DESNBL

DESNSL

DESNBL

DEFINED
REFS
2*183

DEFINED
196

REFS
REFS
REFS
REFS
REFS
310

DEFINED
350

REFS
DEFINED

REFS
2*370
REFS

DEFINED
REFS

DEFINED
REFS
355
305

REFS
88

105
114

REFS
113
179
227
341

DEFINED
REFS
REFS
REFS
REFS
172

REFS
DEFINED

REFS
REFS
REFS
3*206
231

REFS
REFS
REFS
REFS
REFS
REFS

FTN 4.8+508

261
88
187
53
199
8
8

103
8

187
350
185
375
8

32
105
371
273
272
16
17

277
356
356

74
89
106

DEFINED
8

119
206
228
364

31
285
230
209
139

DEFINED
165
138
8
8
8

207
DEFINED

8
313
16
16

207
8

275
91

2*190
86

262
30
45

DEFINED

188
351
187
377

2*176

109
397
297
296
5*78

278
383
385
75
90

107
66
32

120
208
229
367

365
395

DEFINED
158
137
167
157

73
211
39

314
127
146

DEFINED

299
93

2*191
101

221
102

273
359
271

2*205

III
DEFINED

310
310
6*93

279
384

76
91
108
81
37

121
210
232
394

DEFINED
DEFINED

208
164
156
168

87
213
139

DEFINED
DEFINED
DEFINED

206

315
102

2*194
182

14.29.35

352
105

2*197
186

2 40

274
377
273

223

289
103
350
349

7*111

303
385

2*77
2*92
109
96
41
122
212
241
396

284
229

166

170

104
214
158

254
19
20

282
378
295

224

2*290
288
377
376
230

304
DEFINED

78
93

2*110
114
64
140
215
264
397

364

168

171

178
2.5
172

PAGE

379
108
200
189

II

262
'93

297
390
297

225

291
368
390
390
395

305
259

80
95
1 1 1

80
159
216
284

298

348

233

369
397

2*397
396

354
279

81
96
113

95
177
222
287

169 171

180
217
181

181
227
215

10/21/@0
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FILE NAMES
TAPE6

EXTERNALS
IDEA
PROD

TYPE ARGS
3
3

STATEMENT LABELS
0 100
0 110
0 120

56 130
0 140
0 1I0
0 160
0 170
0 180
0 190
0 200
0 210
0 220

453 230
470 240
0 250

514 260
S21 270
0 280

552 290
0 300

576 310
603 320
0 330

634 340
0 350
0 360

706 370
0 380
0 390
0 400
0 410
0 420

1017 430
0 440

1027 450
0 460

1045 470
0 480
0 490
0 00

1143 510

DEF LINE
24
30
38
39
56
59
60
74
81
88
96
105
114
118
126
127
133
134
136
145
146
152
153
155
164
168
171
176
180
183
187
191
194
196
197
198
200
205
211
214
217
221

REFERENCES
336
192

REFERENCES
22
'9
36
37
54
57
49
73
70
87
82
I04
97
45
119
126
;30
128
135
120
145
149
147
154
140
164
169
64
178
182
186
189
193
188
196
184
199
176
209
212
216
205

MODE
FMT WRITES

227
262
393

65
228
263
394

78
230
282
395

93
232
310
397

III
233
332

270

222
242
333

294

223
245
337

325

224
246
359

347

225
255
390

374

86

101 103

53

72

84

99

121

129

122

148

159
165

80
179

132

151

95 113 141 160

195

177
210

SUBROUTINE DESIGN 10/21/80 14.29.35 PAGE 12
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STATEMENT LABELS
1165 520
1170 530

0 540
0 550
0 560

1323 570
0 580
0 590

1452 600
1460 610

0 620
0 630

1577 640
1617 650
1634 660

0 670
0 680
0 690
0 700

1722 710
0 720
0 730
0 740

2326 750
2034 760

0 770
0 780

2151 790
2171 800
2206 810
2212 820

0 830
2557 840 FMT
2563 850 FMT
2567 860 FIT
257'+ 870 FMT
2601 880 FMT
2611 890 FMT
2616 900 FMT
2622 910 FMT
2630 920 FMT
261+1 930 FIT
2646 940 FMT
2650 950 FIT
2655 960 FMT
2661 970 FMT
2665 980 FMT
2667 990 FMT
2674 1000 FMT
2677 1010 FMT
2702 1020 FMT
2705 1030 FMT
2710 1040 FMT

DEF LINE
227
228
232
239
245
246
268
273
281
282
291
297
307
310
312
320
323
330
331
332
335
345
350
358
359
371
377
387
390
392
393
397
400
401
402
403
404
406
407
408
409
411
412
413
414
415
416
417
418
419
420
421
422

REFERENCES
221
226
231
237
243
244
265
272
276
264
288
296
301
285
260
319
321
327
324
326
334
342
349
353
341
368
376
381
365
314
313
396
65
78
93
III
222
223
224
225
227
228
230
232
233
242
246
255
333
245
263
282
310

238

280

287
300

298 306

386

351

367
380

357

378

395

262
337
359
390

332

10/21/80 14.29.35 PAGE 13SUBROUTINE DESIGN
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STATEMENT LABELS
2714 1050 FMT
2720 1060 FMT
2723 1070 FMT

DEF LINE
423
424
425

REFERENCES
393
394
397

LOOPS
5
7

24
45
74

114
116
131
175
202
204
252
257
264
266
344
351
356
363
365
471
500
502
531
553
562
564
613
635
637
670
717
721
741
750
754
772
1007
1020
1034
1073
1075
Ill'
1133
1173
1207
1217
1222

LABEL
100
100
110
120
160
160
140
150
180
180
170
200
200
200
190
220
220
220
220
210
250
270
270
280
300
320
320
330
350
350
360
380
380
390
450
400
410
420
440
460
480
480
490
500

540

INDEX
I
J

J
L
K
K
J
K
I
J
K
L
I
J
K
L
M
I
I
J
I
J
I
J
I
J
I
J
I
I
J
L
K
L
L
L
L
L
I
J
J
J
I
I

J

5

E
E
N

E
E

E
E
E

E
E
E
E

NOT INNER

EXT REFS EXITS
EXT REFS NOT INNER
NOT INNER

FROM-TO
22 24
23 24
29 30
36 38
49 60
53 60
54 56
57 59
70 81
72 81
73 74
82 96
84 96
86 96
87 88
97 114
99 114

101 II'.
103 114
104 105
126 127
128 134
129 134
135 136
145 146
147 153
148 153
154 155
164 168
165 168
169 171
178 180
179 180
182 183
184 198
186 187
189 191
193 194
196 197
199 200
209 211
210 211
212 214
216 217
228 228
230 230
231 232
232 232

LENGTH
138
68
108
108
548
318
118
118
538
438
148
70B
60B
50B
16B

1068
768
66B
568
218
58

27B
228
68
58
278
228
68

318
248
138
168
108
58

628
I IB
118
68
68
68

148
78
148
78
48
48

218
118

PROPERTIES

INSTACK
INSTACK

INSTACK
INSTACK

INSTACK

OPT
INSTACK
INSTACK

OPT
INSTACK

OPT
OPT

INSTACK

INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

EXT REFS
EXT REFS

EXT REFS
EXT REFS
EXT REFS

EXT REFS
EXT REFS
EXT REFS
EXT REFS

EXITS
EXITS

EXITS
EXITS
EXITS

EXITS
EXITS
EXITS
EXITS

NOT
NOT

NOT
NOT
NOT

NOT
NOT
NOT
NOT

INNER
INNER

INNER
INNER
INNER

INNER
INNER
INNER
INNER

NOT INNER

NOT INNER

NOT INNER

NOT INNER

EXT REFS NUT INNER

NOT INNER

EXT REFS
EXT REFS
EXT REFS NOT INNER
EXT REFS

SUBROUTINE DESIGN 10/21/40 14.29.35 PAGE 14
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LOOPS
1246
1250
1275
1304
1342
1351
1372
1374
1417
1476
1503
1505
1532
1644
165C
1656
1674
1702
1734
1750
""52
1 /73
2052
2057
2061
2104
2217
2230
2240
2243

LABEL
550
550
560

660

610
580
590
650
650
620
630
810
670
680
700
690
7?0
760
730
740
800
800
770
780

830

COMMON BLOCKS
DESNBL

INDEX

IJ
I
J

L
K
J
N
K
J
M
N
I
K
K
J
K
KK
K
J
N
K
J
M
N
I
I
N
H

LENGTH
4736

FROM-TO
237 239
238 239
243 245
245 245
260 312
262 262
264 282
265 268
272 273
285 310
287 310
288 291
296 297
31* 392
319 320
321 223
324 331
327 330
334 335
341 359
342 345
349 350
365 390
367 390
368 371
376 377
394 394
395 395
396 397
397 397

LENGTH
138
68

258
IIB

2758
I$8
778
13B
78

1358
1258
131
78

3458
48

148
258
148
48

758
$8I
78

1338
1238
I$8
78
48
4B
218
118

PROPERTIES
N

INSTACK
E
E
E
E
E

OPT
INSTACK

E
E

OPT
INSTACK

E
INSTACK

OPT
E

OPT
INSTACK

C
'NSTACK
INSTACK

C
E

I NSTACK
I NSTACK

E
E
E
E

NOT INNER

EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
REFS
REFS

EXT REFS
EXT REFS

EXT REFS

EXT REFS

EXT REFS

EXT
EXT

EXT
EXT
EXT
EXT

REFS
REF5

REF5
REFS
REFS
REF5

EXITS NOT INNER

NOT INNER

NOT INNER

EXITS
EXITS

NOT INNER
NOT INNER

NOT INNER

EXITS NOT INNER

NOT INNER

EXITS
EXITS

NOT INNER
NOT INNER

NOT INNER

LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

I400008 SCM USED

-4I

-b

41218
112008

21 ?9
4736

10/21/80 14.29.35 PAGE 15SUBROUTINE DESIGN
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SUBROUTINE PROD (Il,12,IDR) UPROD 2
C UPROD 3
C SUBROUTINE FORMS THE PRODUCT OF TWO DEFINING RELATIONS (OR CONTRASTS UPROD 4
C ACCORDING TO THE DEFINITION OF D.R. MULTIPLICATION (A X A : 1). UPROD 5

5 C THIS SUBROUTINE IS CALLED FROM DESIGN UPRGIJ 6
C UPROD 7

DIMENSION 11(12) 12(12),IDR(12) UPROD 8
DO ICU L:I1I UPROD 9

100 IDR(L) : 0 LPROD 10
10 DO 120 1:1,!? UPROD 11

DO 120 J:I,12 UPROD 12
IF (II(I).EO.12(J)) GO TO 110 UPROD 13
GO TO 120 UPROD 14

110 11(1) : 0 UPROD 15
15 12(J) : 0 UPROD 16

120 CONTINUE UPROD 17
NEWI : I UPROD 18

DO 130 1:1,12 UPROD 19
IF (II(I).EQ.0) GO TO 130 UPROD 20

20 IDR(NEWI) : 11(1) UPROD 21
NEWI : NEWI+I UPROD 22

130 CONTINUE UPROD 23
DO 140 1:1 12 UPROD 24
IF (I2(I).Q.0) GO TO 140 UPROD 25

25 IDR(NEWI) : 12(1) UPROD 26
NEWI : NEWI+1 UPROD 27

140 CONTINUE UPROD 28
IF (IDR(I).LT.IDR(2)) RETURN UPROD 29
15W = IDRUI) UPROD 30

30 IDR(I) : IDR(2) UPROD 31
IDR(2) : ISW UPROD 32
RETUR'I UPROD 33
END UPROD 34

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 PROD I 28 32

VARIABLES SN TYRE RELOCATION
112 1 INTECFR REFS 12 14 19 20 24 25

DEFINED 10 18 23
0 IDR INTEGER ARRAY F.P. REFS 7 2*28 29 30 DEFINED I 9

20 25 30 3'
115 I15W INTEGER REFS 31 DEFINED 29

0 II INTEGER ARRAY F.P. REFS 7 12 19 20 DEFINED 1 14
0 12 INTEGER ARRAY F.P. REFS 7 12 24 25 DEFINED I 15

113 J INTEGER REFS 12 15 DEFINED 1I
III L INTEGER REFS 9 DEFINED 8

10/21/80 14.29.35 PAGE ISUBROUTINE PROD



SUBROUTINE PROD

VARIABLES SN TYPE
114 NEWI INTEGER

STATEMENT LABELS
0 100

27 110
34 120
56 130
73 140

LOOPS LABEL INDEX
1I 100 L
17 120 I
21 120 J
46 130 I
63 140 I

STATISTICS
PROGRAM LENGTH

140000D8 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
REFS

26

DEF LINE
9

14
16
22
27

FROM-TO L
89

10 16
11 16
18 22
23 27

13%d

REFERENCES
8

12
10
18
23

LENGTH PROI
4B IN

23B
168
13B
13B

II
19
24

PERTIES
STACK

OPT
OPT
OPT

10/21/80 14.29.35
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5

10

15

20

25

30

SYMBOLIC

ENTRY POINTS
4 IDEA

VARIABLES 5I
106 I

0 ID

0 IDOLD

112 IhJMi
113 IMJPI
107 IMI
U IP

110 J
III K

REFERENCE MAP (R:2)

DEF LINE REFERENCES
I 29

N TYPE
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

ARRAY

ARRAY

F. P.

F.P.

F.P.

SUBROUTINE IDEA (IDOLDIPID)
C
C SUBROUTINE FORMS THE (N+1) SEQUENCE OF ALL POSSIBLE COMBINATIONS OF
C N THINGS TAKEN FROM I TO N TIMES 6i'0EN THE NTH SEQUENCE.C
C THIS SUBROUTINE IS CALLED FROM DESIGN
C

DIMENSION ID(12) IDOLD(12)
DO 100 I:1, 1
IF (IDOLD(I).EQ.0) GO TO 110

100 CONTINUE
110 IMI : 1-I

DO 120 J:I,IMI
IF (IDOLD(I-J).EQ.IP-J+I) GO TO 120
GO TO 140

120 CONTINUE
DO 130 K:I,I

130 ID(K) : K
GO TO 180

140 IMJMI : I-I-J
DO 150 K:1,IMJMI
IF (IMJMI.EQ.0) GO TO 160

150 ID(K) : IDOLD(K)
160 ID(I-J) : IDOLD(I-J)+I

IMJPI : I-J+ I
DO 170 K:IMJPI,IMI
IF (IMJPI.G7.IMI) GO TO 180

170 ID(K) : ID(K-I)+i
180 CONTINUE

RETURN
END

UIDEA
UIDEA
UIDEA
IDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEP
UIDER
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA
UIDEA

2
3

5
6
7
8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

REFS
DEFINED
REFS

27
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

9
8
7

7
1

20
25
12
13

2*13
2*17

II

27

9

21
26
25

DEF I NED
19

2*22

13

DEFINED

13

DEFINED
DEFINED

26
1

2*23
2*27

2*23

22

16

22

19
24

DEFINED

24
DEFINED

19

17

23

1I

DEFINED
16

24

23

25
12
20

SUBROUTINE IDEA 10/21/80 I4.29.35 PAGE I
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STATEMENT LABELS
0 100
I7 110
32 120
0 130

45 140
0 150

62 160
0 170

105 180

DEF LINE
10
II
15
17
19
22
23
27
28

REFERENCES
3
9

12
16
14
20
21
25
18

LOOPS
1I
23
37
52
74

LABEL
100
120
130
150
170

INDEX

J
K
K
K

FROM-TO
8 10
12 15
16 17
20 22
25 27

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
58
128
48
78
SOB

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

1248

13

26

EXITS
EXITS

EXITS
EXITS

SUBROUTINE IDEA FTN '..8+508 10/21/80 14.29.35 PAGE
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I

CARD NR. SEVERITY DETAILS

28 1 DESNBL

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.

SYMBOLIC REFERENCE MAP (R:2)

5

10

SUBROUTINE DIALOG (TEMPF INDEXFDIALA,FDIALM)
C SUBROUTINE RETURNS THE iF,-OPRIATE UNCERTAINTY FACTOR TO BE USED IN
C THE CODE GIVEN TEMPERATURE (TEMPF) AND INDEX NUMBER. MUST BE CALLED
C AT EVERY POINT IN THE CODE WHERE FACTORS NEED TO BE APPLIED.
C
C NEW UNCERTAINTY FACTORS MAY BE ADDED BY ASSIGNING THEM AN UNUSED
C INDEX AND INCLUDING THE FOLLOWING TWO CARDS AT THE APPROPRIATE
C LOCATION IN THE CODE WHERE THE FACTOR 15 TO BE APPLIED.
C CALL DIALOT(PARAMETER,INDEX FDIALA,FDIALM)
C VARIABLE:(VARIABLE+FDIALA)*FDIALM
C WHERE
C VARIABLE 15 THE QUANTITY TO BE MODIFIED
C PARAMETER 15 SOMETHING THAT THE UNCERTAINTY FACTOR 15 A FUNCTION
C OF, FOR EXAMPLE TEMPERATURE
C INDEX 15 A NUMBER IDENTIFYING THE PARTICULAR FACTOR IN THE NAMELIST
C FDIALA AND FDIALM ARE THE RETURNED ADDITIVE OR MULTIPLICATIVE
C UNCERTAINTY FACTORS, RESPECTIVELY, AS THE CASE REQUIRES
C

COMMON /DESNBL/ FACTOR(100),C(4,4,100),TL(4,lOO),LRES(100),
+ NODE(100),LFAC(100),LTYPE,LPB,AMU(4,I0O),D(40,40),NRUNNFAC,
+ ALPHA(100),IPRINT,ICON(15,15),IFLAG,ICOUNT,NTIME,ISTARTNRES
+ IUNCRT
LEVEL 2,FACTOR

C
C FACTOR : 0 IMPLIES ADDITION
C FACTOR : I IMPLIES MULTIPLICATION
C

I : INDEX
DO 100 J:i,4
IF (TEMPF LT.TL(J,I).OR.TL(J,I).EQ.0) GO TO 110

100 CONTINUE
i10 FDIALA : C(I,JI)+TEMPF*(C(2,J,I)+TEMPF*(C(3,J,I)+TEMPF*C(4,J,I)))

FDIALA : ALPHA(I)*FDIALA
FDIALM : I.
IF (FACTOR(I).EQ.O.) RETURN
FDIALM : FDIALA+I.
FDIALA : 0.
RETURN
END

15

20

25

30

35

UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
DESNBL
DESNBL
DESNBL
DE5NBL
DESNBL
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UDIALOT
UD!ALOT
UDIALOT
UDIALOT

2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
16
19
2
3
4
5
6

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

FTN 4.8+5O8 1C/2l/8O 14.29.35 PAGESUBROUTINE DIALOT i
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ENTRY POINTS
4 DIALOT

VARIABLES
10464 ALPHA
4542 AMU

144 C
5362 D

0 FACTOR
0 FDIALA
0 FDIALM

55 1
10631 ICON
11173 COUNT
11172 IFLAG

0 INDEX
10630 IPRINT
11175 ISTART
11177 IUNCRT

56 J
4374 LFAC
4541 LPB
4064 LRES
4540 LTYPE
10463 NFAC
4230 NODE
11176 NRES
10462 NRUN
11174 NTIME

0 TEMPF
3244 TL

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEr-R
INTEG I
INTEGE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REFERENCES
35 38

RELOCATION
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESBL

F.P.
F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

DESNBL
DESNBL
DESNBL
F.P.

DE SNBL
DESNBL
DESNBL

DE5NBL
DESNBL
DESNBL
DESNBL
DE5NBL
DESNBL
DESNBL
DESNBL
DE5NBL

F.P.
DESNBL

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

STATEMENT LABELS
0 100

25 110

DEF LINE
31
32

REFERENCES
29
30

LOOPS
13

LABEL
100

COMMON BLOCKS
DESNBL

INDEX
J

LENGTH
4736

FROM-TO
29 31

LENGTH
I ID

PROPERTIES
INSTACK

ACM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

1400008 SCM USED

618
I 1200B

49
4736

33

4*32

35
DEFINED

36
33

23
36
34

4*32

DEFINED

32

19
19
19
19
19
33

2*30
19
19
19
28
19
19
19

2*30
19
19
19
19
19
19
19
19
19
30
19

35

33

DEFINED

4*32 DEFINED

37

3*32
2*30

DEFINED

EXITS

t1/21/80 14.29.35 PRGESUBROUTINE DIALOT 2
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5

I

10

15

20

25

30

35

SUBROUTINE RUNFRP
C
C TH13 SUBROUTINE CALLS AND EXECUTES FRAPTS THE REQUIRED NUMBER OF
C TIMES ACCORDING TO DESIGN. IF A RESTART FROM A PREVIOUS UNCERTAINTY
C ANALYSIS 15 BEING DONE, THE OLD DATA FILE (TAPE44) 15 READ AND THE
C ANALYSIS PICKED UP WHERE THE OLD RUN LEFT OFF. NEW RESULTS ARE
C WRITTEN TO TAPE45.
C ICOUNT 15 A COUNTER FOR THE CURRENT RUN BEING EXECUTED
C NTIME COUNTS THE PRINTOUT INTERVALS
C IFLAG EQUAL TO 0,1, OR 2 SIGNIFIES INPUT ONLY,INPUT PLUS
C NOMINAL RUN, OR COMPLETE UNCERTAINTY ANALYSIS, RESPECTIVELY
C START EQUAL TO I SIGNIFIES RESTART

THIS SUBROUTINE 15 CALLED FROM DRIVER
C

COMMON /DESNBLi FACTOR(IOC),C(4,4,100),TL(4,100),LRE5(100),
+ NODE(100),LFACil00),LTYPE,LPB,AMU(4,100),D(40,40),NRUN,NFAC,
+ ALPHA(100),IPRINT,ICON(I5,15),IFLAGIC0UNTNTIME,I5TART,NRES
+ ,IUNCRT
LEVEL 2,FACTOR
DIMENSION DUM(100)
NRES : 0

DO 100 1:1,100
100 IF (LRES(I).GT.0) NRES : NRES+1

IF (IFLAG.EQ.0) STOP
IF (ISTART.EQ.0) ICOUNT : 0
WRITE (45,210) NRUN,NRES,NFAC
IF (ISTART.EQ.0) GO TO 160
REWIND 44
READ (44,210) NRUNO,NRESO,NFACO
IF (NRES.NE.NRESO) GO TO 110
IF ('4FAC.NE.NFACO) GO TO 110
GO TO 120

110 WPITE (6,220) NRES,NRESO,NFAC,NFACO
STOP

120 CONTINUE
C
C READ OLD DATA FILE TIL EOF
C LOOK FOR OLD NTIME
C

NTMAX : I
13C READ (44,230) ICOUNT,NT,(DUM(I),I:I,NRE5)

IF (NT.GT.NTMAX) NTMAX : NT
IF (EOF(44)) 140,130

140 REWIND 44
REWIND 45
IF (NT.NE.NTMAX) ICOUNT : ICOUNT-1
PEAD (44,210) NRUNO,NRE5O.NFACO
W IZTE (45,210) NRUN,NRES,NFAC
ND;TA : ICOUNT*NTMAX

!0 '50 J:I,NDATA
READ (44,230) NDUMI,NDUM2,(DUM(I),1:I,NRES)

150 WRITE (45,230) NDUMI,NDUM2,(DUM(I),I:I,NRES)
160 IF ('FLAG.EQ.I) GO TO 200

URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP

40

45

50
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4
5
6
7
8
9
10
11
12
13
14
I5
2
3
4
5
6

17
18
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23
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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JCOUNT : ICOUNT+I
DO 190 I:JCOUNT,NRUN
ICOUNT : I

DO 170 K:1,100
ALPHA(K) : 0.
DO 180 J:I,NFAC
ALPHA(LFAC(J)) : D(I,J)

CALL FRPCON (IAXSYM)
REWIND I
REWIND 5
REWIND 6
CONTINUE

CONTINUE
RETURN

210 FORMAT (315)
220 FORMAT (IH ,35H ARNING: NUMBER OF NEW RESPONSES ( 12,40H) NOT EQU

+AL TO OLD NUMBER OF RESPONSES (,12,IH)/27H OR NUMBiR OF NEN FACTOR
+5 (,12,38H) NOT EQUAL TO OLD NUMBER OF FACTORS (,12, IH),/21H EXECU
+TION TERMINATED)

230 FORMAT (215,:10E12.5))
END

URUNFRP
Ur"NFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
L'RUNFRP
IRUNFRP
URUNFRP

URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP
URUNFRP

CARD NR. SEVERITY DETAILS

21 1 DESNBL

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
2 RUNFRP

VARIABLES
10464 ALPHA
45'42 AMU

144 C
5362 D
354 DUM
0 FACTOR

337 1

353
10631
11173

IAXSYM
I CON
ICOUNT

11172 IFLAG

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

* INTEGER
INTEGER
INTEGER

INTEGER

REFERENCES
67

RELOCATION
ARRAY DESNBL
ARRAY DESNBL
ARRAY DE5NBL
ARRAY DESNBL
ARRAY
ARRAY uESNBL

ARRAY DESNBL
DESNBL

DESNBL

55

60

170

180

190
200

C

65

70

75

51
5Z.
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
46

REFS

60DEFINED

60
52
19

41
41

15
15
15
15
20
15
23
22
61
15
15
56
15

58

DEF I NED

51
51

5141

52
52

56
55

DEFINED

60

49

53

25 41
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VARIABLES
10630 IPRINT
11175 ISTART
11177 IUNCRT
346 J
351 JCOUNT
352 K

4374 I.FAC
4541 LPB
4064 LRES
4540 LTYPE
345 NDATA
347 NDUMI
350 NDUM2

10463 NFAC
342 NFACO

4230 NODE
11176 NRES

341
10462
340

II 1743443
343

3244

NRESO
NRiJN
NRUNO
NT
NTIME
NTMAX
TL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGEC
REAL

RELOCATION
DESNBL
DESNBL
DESNBL

ARRAY

ARRAY

ARRAY

ARRAY

DESNBL
DESNBL
DESNBL
DESNBL

DESNBL

DESNBL
DESNBL

DESNBL

DESNBL

DESNBL

FILE NAMES
TAPE
TAPE44
TAOE45
TAPES
TAI E6

EXTERNALS
EOF
FRPCON

MODE

FMS
FIT

FMT

MOTION
READS
WRITES
MOTION
WRITES

TYPE ARGS
REAL I

I

REFERENCES
43
61

STATEMENT LABELS
0 100

45 110
52 120
55 130
0 140
0 150

134 160
0 170
0 180
0 190

202 200
302 210 FMT
304 220 FMT
332 230 FMT

INACTIVE

DEF LINE
23
33
35
41
44
52
53
58
60
65
66
69
70
74

REFERENCES
22
30
32
43
43
50
27
57
59
55
53
26
33
41

27
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

51
REFS

DEFINED
REFS
REFS
REFS
REFS

15
15
15

2*60
55
58
15
15
15
i5
50
52
52
15
31
15
15
52
30
15
29

2*42
15
42
15

DEFINED
DEFINED
DEFINED

60

23

DEFINED
DEFINED
DEFINED

26
33

23
DEFINED

33
26
47
46

46

50
54
57

49
51
51
31

DEFINED

26
21

DEFINED
480

DEFINED

49

59

33
29

30
23
29
55

41

DEFINED

48
47

33

59

62
29
26
63
33

40

47
52

MOTION

51
MOTION

MOTION
'#5

28

31

51

47

52
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PROPERTIES
INSTACK

EXT REFS
EXT REFS

Ik3TACK
NOT INNER

COMMON BLOCKS
DESNBL

LENGTH
4736 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

1400008 SCM USED

LOOPS
7

11%
143
147
'55

LABEL
I00E
150
190
170
180

INDEX

J

K
J

FROM-TO
22 23
50 52
55 65
57 58
59 60

LENGTH
lOB
I10

36B
4B

109

PAGE

5208
112008

336
4t 36
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SUBROUTINE NAMES UNAMES 2
C UNAMES 3
C SUBROUTINE USED TO WRITE THE NAMES OF THE RESPONSE OUTPUTS SELECTED UNAMES 4
C BY THE USER AND THE VA'.UES OF THOSE OUTPUTS AS GENERATED BY THE CODE UNAMES 5

5 C THIS SUBROUTINE 15 CALLED FROM DRIVER UNAMES 6
C UNAMES 7

COMMON /DESNBL/ FACI3R(100),C(4,4,100),TL(4,100),LRES(100), DESNBL 2
+ NODE(I00),LFAC(10).LTYPE,LPB,AMU(4,100),D(40,40),NRUNNFAC, DESNBL 3
+ ALPHA(I00),IPRINT,ILIN(I5,15),IFLAGICOUNT,NTIMEISTART,NRES DESNBL 4

10 + IUNCRT DESNBL 5
LdVEL 2,FACTOR DESNBL 6
DIMENSION DUM(100) UNAMES 9
DIMENSION NAM(4,24),LAM(3) UNAMES 10
DATA NAM(I, l)/40HZIRCALOY-OXIDE THICKNESS (H) / UNAMES 11

I5 DATA NAM(1, 2)/40HNET PERMANENT FUEL DEFORMATION / UNAMES 12
DATA NAM(I, 3)/140HCLADDING PLASTIC HOOP STRAIN / UNAMES 13
DATA NAM(i, 4)/40HCLADDING PLASTIC AXIAL 5T1 AIN / UNAMES 14
DATA NAM(I, 5)140HCLADDING PLASTIC RADIAL STRAIN / NAMES I5
DATA NAM(I, 6)/40HCLADDING PEAK OPER. TEMPERATURE (K) / UNAMES 16

20 DATA NAM(1, 7)/40HOPtN POROSITY / UNAMES I?
DATA NAM(I, 8)/40HFUEL BURNUP (MWD/MTU) / UNAMES 18
DATA NAM(I, 9)/140HFUEL CENTERLINE TEMPERATURE (K) / UNAMES 19
DATA NAM(I,10)/40HFUEL SURFACE TEMPERATURE (K) / UNAME5 20
DATA NAM(I,II)/4OHCLADDING INNER SURFACE TEMPERATURE (K) / UNAMES 21

25 DATA NA(1,12)/40HCLADDING OUTER SURFACE TEMPERATURE (K) / UNAMES 22
DATA NAM(1,13)/140HINTERNAL GAS PRESSURE (PA) / UNAMES 23
DATA NAM(I,14) 440HRADIAL GAS GAP (M) / UNAMES 24
DATA NAM(1,I15)/40HGM-MOLES GAS IN THE ROD / UNAMES 25
DATA NAM(I,16)/40HMOLE FRACTION OF GAS IN THE ROD / UNAME5 26

30 DATA NAM(1,17)/40HCLADDING RESIDUAL HOOP STRAINS / UNAMES 27
DATA NAM(l,18)/40HCLADDING RESIDUAL AXIAL STRAINS / UNAMES 28
DATA NAM(I,19)/40HCLADDING RESIDUAL RADIAL STRAINS / UNAMES 29
DATA NAM(1,20)/40HFUEL RESIDUAL HOOP STRAINS / UNAMES 30
DATA NAM(1,21)/40HFUEL RESIDUAL AXIAL STRAINS / UNAMES 31

35 DATA NAM(1,22)/40HFUEL RESIDUAL RADIAL STRAINS / NAMES 32
DATA NAM(1,23)/40HINTERFACE PRESSURE (PA) / UNAMES 33
DATA NAM(I,24)/40HCLADCING EFFECTIVE PLASTIC STRAIN / UNAMES 34
DATA LAM/9HRESPONSE ,4H 15 ,9H AT NODE / UNAME5 35
WRITE (6,160) UNAMES 36

40 DO 100 I:!,100 UNAMES 37
IF (LRES(I).EQ.0) GO TO 100 UNAME5 38
IF (LRES().EQ.13.OR.LRE5(I).EQ.15) WRITE (6,140) LAM(I),I,LAM UNAMES 39

+ (2),(NAM(J,LRE5Il)),J:1,4) UNAMES 40
IF (LRES(I).NE.13.AND.LRE5(I).NE.15) WRITE (6,150) LAM(I),i,LA UNAMES el

45 + M(2),(NAM(JLRES(I)),J:I,4),LAM(3),NODE(I) UNAMES 42
100 CONTINUE UNAMES 43

WRITE (6,180) UNAMES 44
WRITE (6,190) UNAMES 45
WRITE (6,200) (I,.:I,NRES) UNAMES 46

50 WRITE (6,210) UNAMES 47
REWIND 45 UNAMES 48
READ (45,130) NDUMINDUM2,NDUM3 UNAMES 49

110 READ (45,170) NDUMI,NDUM2,(DUM(I),I:l,NRES) U4AtES 50

SUBROUTINE NAMES 10/21/80 14.29.35 PAGE I
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WRITE (6,170) NDUMI,NDJM2,(DUM(I),I:I,NRES)
IF (EOF(45)) 120,110
RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(315)
(IH ,A9,I2,A4,4A10,/)
(IH ,A9,I2,A4,4AIO,A9,I2,/)
(IH1IOX,27HUNCERTAINTY ANA.YSIS OUTPUT,//)
(215,(IOE12.5))
(IH ,22HRESPONSE OUTPUT VALUES,/)
(IH ,23H RUN TIME RESPONSES:,/)
(IH ,(5X,10112))
(IN )

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

DESNBL
ZIRCALOY
NET PERM
CLADDING
CLADDING
CLADDING
CLADDING
OPEN POR
FUEL BUR
FUEL CEN
FUEL SUR
CLADDING
CLADDING
INTERNAL
RADIAL G
GM-MOLES
MOLE FRA
CLADDING
CLADDING
CLADDING
FUEL RE5
FUEL RES
FUEL RES
INTERFAC
CLADDING

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUaR IN LEVEL STATEMENTS.
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS ?NITI .17ED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIr .&D
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITI -lZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITInLIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EX.E3S CHARACTERS INITIALIZED
MtLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
tauLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT .GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED
HOLLERITH CONSTANT GT. 10 CHARACTERS, EXCESS CHARACTERS INITIALIZED

INTO
INTO
INTO
INTO
INTO
INTO
ITO
IHTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO

SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING
SUCCEEDING

SYMBOLIC REFERENCE MAP (R:2)

55

60

120
C
130
140
150
160
170
180
190
200
2:0

65

UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES
UNAMES

51
52
53
54
55
56
57
58
59
60
61
62
63
64

I
I
I
I
I
I
I

14
14
15
16
17
18
19
20
21
22
23
24
25
26
?7
28
29
30
31
32
33
34
35
36
37

WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
WORDS.
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ENTRY POINTS
2 NAMES

VARIABLES
10464 ALPHA
4542 AMU

144 C
5362 D
276 DUM
0 FACTOR

271 1

10631
11173
I172
10630
II175
I! 177

272
602

4374
4541
4064
4540
442

273
274
275

10463
4230

11176
10462
11174
3244

I CON
ICOUNT
IFLAG
IPRINT
ISTART
I UNCRT
J
LAM
LFAC
LPB
LRES
LTYPE
NAM

NDUMI
NDUM2
NDUM3
NFAC
NODE
NRES
NRUN
NTIME
TL

FILE NAMES
TAPE45
TAPE6

EXTERNALS
EOF

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

MODE
FMT
FMT

TYPE
REAL

REFERENCES
56

RELOCATION
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY DESNBL
ARRAY
ARRAY DESNBL

ARRAY DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL

ARRAY
ARRAY DESNBL

DESNBL
ARRAY DESNBL

DESNBL
ARRAY

DESNBL
ARRAY DESNBL

DESNBL
DESNBL
DESNBL

ARRAY DESNBL

READS
WRITES

ARGS
1

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

17
25
33

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

52
39

7
7
7
7

12
7

41
40
7
7
7
7
7
7

42
13
7
7
7
7

13
18
26
34
54
54
52
7
7
7
7
7
7

53
42

54
II

4*42
49

DEFINED

544
53

44 DEFINED
2*42 3*44

42
19
27
35

DEFINED
DEFINED

44
49

MOTION
44

44
20
28
36
52
52

51

51
47

REFERENCES
55

STATEMENT LABELS
64 100
113 110
0 120

230 130 F'IT
232 140 FMT
235 550 FMT
241 160 FMT

INACTIVE

DEF LINE
46
53
56
58
59
60
61

REFERENCES
40
55
55
52
42
44
39

53

44
38

53

49
54

42
DEFINED

3*44

DEFINED
21
29
37
53
53

54

14
22
30

15
23
31

16
24
32

41

48 50

10/21/40 ;4.29.35 PAGE 3SUBROUTINE NAMES
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STATEMENT LABELS
246 170 FMT
251 180 FMT
256 190 FMT
263 200 FMT
266 210 FMT

DEF LINE
62
63
64
65
66

REFERENCES
53
47
48
49
50

LOOPS
7

22
45
76

LABEL
100

COMMON BLOCKS
DESNBL

INDEX

J

I

LENGTH
4736

FROM-TO
40 i6
42 42
44 44
49 49

LENGTH
60 B
I lB
I B

PROPERTIES
EXT REFS
EXT REFS
EXT REFS
EXT REFS

NOT INNER

LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

1400008 SCM USED

605B
1 12008

389
4736

SUBROUTINE NAMES 10/21/80 14.29.35 PAGE 4
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5

C
C
C
C
C

i

10

15 C
C
C

100

110

C
C
C
120

25

30 C
C
C

13035

C
C
C

SUBROUTINE ANSWER

SUBROUTINE RETURNS THE RESPONSE SURFACE COEFFICIENTS AND ESTIMATED
MEANS AND VARIANCES.
THIS SUBROUTINE IS CALLED FROM DRIVER

COMMON /DESNBL/ FACTOR(100),C(4,4,l00),TL(4,IOO),LRES(100),
+ NODE(100),LFAC(100),LTYPE,LPB,AMU(4,00),D(40,40),NRUN,NFAC,
+ ALPHA(100),IPRINT,1C'N(15,15),IFLAG,ICOUNTNTIME,ISTARTNRE5
+ ,IUNCRT
LEVEL 2,FACTOR
DIMENSION DUM(100),Y(40,100)
DIMENSION DI(40),IJ'4,4,'O)
NTMI : NTIME-I

FIRST NESTED LOOP ON TIME INCREMENTS

DO 390 K:INTMI
REWIND 45
READ (45,400) NRUNONRE50,NFACO
READ (45,410) NCOUNT,NT,(DUM(I),I:I,NRE5)

DO 110 I:I,NRES
IF (NT.EQ.K) Y(NCOUNTI) : DUM(I)

IF (EOF(45)) 120,100

SECOND NESTED LOOP ON RESPONSES

DO 390 J:I NRES
WRITE (6,4'0) J,K

LOOP ON 80'5

SUM :=0.
DO 130 I:I,NRUN
SUM : SUM+Y(IJ)

80 : SUM/NRUN

LOOP FOR I'5

DO 150 L:I,NFAC
SUM : 0.
DIV : 0.

DO 140 I:INRUN
SUM : SUM+Y(IJ)*D(I,L)
DIV : D(I,L)*D(I,L)+DIV

DI(L) = SUM/DIV
LOOP FOR BIJ'S

DO 170 L:I,NFAC
DO 170 M:I,NFAC
SUM : 0.
DIV : 0.

140
150
C
C
C

50

10/21/80 14.29.35 PAGE 1SUBROUTINE ANSWER

UANSWER
UANSWER
ANSWER
ANSWER
UANSWER
ANSWER
DESNDL
DESNBL
DE5NDL
DESNHL
DESNHL
UANSWER
UANSWER
UANSWER
UANSWER
ANSWER
ANSWER
UANSWER
UANSWER
ANSWER
ANSWER
ANSWER
ANSWER
UANSWER
ANSWER
ANSWER
UANS WER
UANS WER
URNS WER
UANS WER
ANSWER
URNS WER
URNS WER
URNS WER
URNS WER
URNS WER
URNS WER
URNS WER
URNS WER
ANSWER
ANSWER
ANSWER
UANS WER
URNS WER
URNS WER
UANSWER
URNS WER
ANSWER
URNS WER
ANSWER
URNS WER
URNS WER
URNS WER
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55
160
170
C
C
C60

DO 160 I:1,NRUN
SUM : SUM+Y(I,J)*D(I,L)*D(I,M)
DIV :=DIV+D(I,L)*D(I,L)*D(1,M)*D(I,M)

BIJ(LM) : SUM/DIV

LOOP FOR REAL 8II'5

IF (LTYPE.LT.3) GO TO 210
AM : NRUN-2.*NFAC-1.
RAD : (AM**2+2.*AM*NFAC+AM)**0.5
ALP : ((AM-RAD)/(-2.))**0 5
CON : (NRUN-2.*NFAC-l.+2.'.ALP**2)/NRUN

DO 190 L:I,NFAC
SUM : 0.
DIV : 0.

DO 180 I:I,NRUN
SUM :=SUM+Y(I,J)*(D(IL)*D(I,L)-CON)
DIV : DIV+(D(I,L)*D(I,L)-CON)**2

BIJ(L,L) : SUM/DIV

CORRECTION FACTOR FOR 80 TO ACCOUNT FOR TRANSFORMATION OF XII'5

SUMC : 0.
DO 200 1:I,NFAC
SUMC : SUMC+BIJ(I,I)

80 : 0-CON*SUMC
NUMBER : NFAC*(NFHC+i)/2
IF (NFAC.GT.15.OR.LPB.EQ.I) GL, TO 270

DO 240M NUMBERR
LSUM : 0

DO 220 I:1,NFAC
IF (ICON(I,I).EQHM) LSUM : LSUM+I

NFACMI : WFAC- I
DO 240 I:I,NFACMI
IPI : 1+1

DO 240 N:IPI,NFAC
IF (ICON(I,N).EQ.M) LSUM : LSUM+i
IF (LSUM.GT.I.AND.ICON(I,N).EO.M) GO TO 230
GO TO 240
BIJ(I,N) : 0.
BIJ(N,I) :=0.
CONTINUE

IF (LTYPE.GT.2) GO 10 260
DO 250 I:I,NFAC
BIJ(I,I) : 0.

CONTINUE
GO TO 290

DO 280 L:I,NFAC
DO 280 M:I.,FAC
BIJ(L,M) =:0.

WRITE OUT COEFFICIENTS

65

70

75

180
190
C
C
C

200

21080

85 220

90

UANSWEk
ANSWER
U.NSWER
ANSWER
UANSWER
UANSWER
UANSWER
ANSWER
ANSWER
ANSWER
ANSWER
UANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
UANSWER
UANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
69
90
91
92
93
94
95
96
97
98
99

100
.01
102
103

95

100

230

240

250
260

270

280
C
C
C

105
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290

110

300

I5 C
C
C

WRITE (6,430) 80
WRITE (6,440)
WRITE (6,470) (BI(L),L:I,NFAC)
WRITE (6,450)
WRITE (6,460)

DO 30 M: I ,NFAC
WRITE (6,470) (BIJ(l.,H),L:I,NFAC)

WRITE (6,4-3)

CALCULATE MEANS AND VARIANCES

AMEAN2 : 0.
VAR : 0.
VAR2 = 0.
5UMIJ =0.

DO 310 1:I,NFAC
AMEAN2 : AMEAN2+BIJ(I,I)
VAR :=VAR+BI(I)**2
VAR2 : VAR2+2.*BI(I)*BIJ(I,I)*AMU(3,LFAC(I))/AMU(2,LFA

+ C(I))**I.5+BIJ(II)**2*AMU(4,LFAC(I)),AMU(2,LFAC(I))**
+ 2-BIJ(II)**2

IF (NFAC.EQ.1) GO TO 330
NFMI : NFAC-l

DO 320 I:1,NFMI
IPI : 1+1

DO 320 N:IPI,NFAC
5UMIJ : 5UMIJ+BIJ(I,N)**2

CONTINUE
VAR2 : VAR2+5UMIJ+VAR
AMEAN2 : 80+AMEAN2
WRITE (6,480) D0,AMEAN2,VARVAR2
WRITE (6,490)
IF (VAR2.EQ.0.) GO TO 390

DO 340 L:I,NFAC
TERM : DI(L)**2/VAR2
IF (TERM.GT.0.0I) WRITE (6,500) LTERM
DO 350 L:I,NFAC
TERM : BIJ(L,L)**2*(AMU(4,LFAC(L))/AMU(2,LFAC(L))**2-1

+ .)/VAR2
IF (TERM.GT.0.01) WRITE (6,510) L,L,TERM
DO 360 L:INFAC
TERM =-2.*BI(L)*BIJ(L,L)*AMU(3,LFAC(L);/AMU(2,LFAC(L))

+ **I.5/VAR2
IF (TERM.GT.0.01) WRITE (6,520) L,L,L,TERI

IF (NFAC.EQ.1) GO TO 380
DO 370 L:I,NFMi
LPI : L+I

DO 370 M:LPI,NFAC
TCRM : BIJ(L,M)**2/VAR2
IF (TERM.GT.0.01) WRITE (6,510) L,I,TERM

CONTINUE
CONTINUE

RETURN

120

125 310

130

135

320
330

140

340

X45

ANSWER
UANSHER
UANSNER
UANSNER
UANSNER
UANSHER
UANSNER
UANSNER
UANSNER
UANSNER
UANSWER
UANSWER
UANSNER
UAN54ER
UANSNER
ANSWER
ANSWER
UANSNER
ANSWER
ANSWER
ANSWER
UANSNER
ANSWER
ANSWER
ANSWER
URNSWER
ANSWER
ANSWER
ANSWER
UANSNER
UANSNER
UANSHER
ANSWER
UANSHER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
ANSWER
URNSWER
UANSNER
ANSWER
UANSHER
ANSWER
UANSHER
ANSWER
ANSWER
UANSNER
UANSNER
UANSNER
UANSNER

104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

350

360X50

'55
370
380
390
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160 C
400 FORMAT (315)
410 FORMAT (215,(OE12.5))
420 FORMAT (IH ,////,10H RESPONSE ,12,19H AT TIME INCREMENT ,12,/)
430 FORMAT (IH ,5HBO : ,E12.5,/)

165 440 FORMAT (IH ,8HBh(L) ,/)
450 FORMAT (IH )
460 FORMAT (IH IOHBIJ(L,M) :,/)
470 FORMAT ((1012.5))
480 FORMAT (IH ,8H MEAN : ,E12.5,9H MEAN2 : ,E12.5,7H VAR : ,E12.5,8H

170 +VAR2 : ,E12.5 /)
490 FORMAT (IH ,59H FRACTIONAL CONTRIBUTIONS TO THE VARIANCE GREATER T

+HAN 0.01,/)
500 FORMAT (IH ,3HBI(,12 4H) : F4.2)
510 FORMAT (IH ,4HBIJ(,I2,IH~ ,I,4H) : ,F4.2)

175 520 FORMAT (IH ,3H81(,12,6H)*BIJ(,12,IH,,12,4H) : ,F4.2)
END

CARD NR. SEVERIT' DETAILS

14 1 DESNBL

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
2 ANSWER

VARIABLES
1211 ALP

10464 ALPHA
'207 AM
.221 AMEAN2
4542 AMU
11234 BI

11304 BIJ

1203
144
1212
5362
1205

1230
0

80
C
CON
D
DIV

DUMl
FACTOR

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL.
REAL
REAL
REAL
REAL

REAL
REAL

REFERENCES
159

RELOCATION

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

DESNBL

DESNBL

DESNBL

DESNBL

DESNBL

UANSWER
UANSWER
UANSWER
UANSWER
UANSWER
UANSWER
ANSWER
URNSWER
UANSWER
ANSWER
ANSWER
ANSWER
URNSWER
URNSWER
ANSWER
ANSWER
ANSWER

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

148
103

REFS
REFS
REF5S
REFS
REFS

DEFINED
REFS
REFS

65
7

363
123
7

13
46
13

155

79
7

70
7

45
42
12
7

DEFINED

64
136

4*125
109

78
DEFINED

107

71
44
46
45
23
1I

DEFINED
137

2*144
124

113
57

136

79
2*45
56
53

DEFINED

136123

148

133
94

6G
DEFINED
2*148
125

123
72

137

DEFINED
2*55
57
56
21

I18

141

3*125
93

DEF I NED

65
4*56

71
68

144
o8

36 79

2*70
72
71

2*71

SUBROUTINE ANSWER 10/21/80 14.29.35 PAGE
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VARIABLES
1200 i

10631
11173
11172
10630
1217

11175
11177

201

1172
1204

4374
4541
1227
4064
1215
4540
1206

SN TYPE
INTEGER

I CON
ICOUNT
IFLAG
IPRINT
IPI
ISTART
IhNCRT
J

K
L

LFAC
LPB
LPI
LRES
LSUI
TYPE
Mt

1220 N

1176
10463

12;6
1175
1225
4230
11176

1174
10462

1173
I177

11174
1171
1214
1210
1202

NCOUNT
NFAC

NFACHI
NFAC__
NFMI
NODE
NRES
NRE50
NRUN

NRUNO
NT
NT IME
NTHI
NUMBER
RAD
SUM

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
N--tNTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

x INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

DESNBL
DESNBL
DESNBL
DESNBL

DESNBL
DESNBL

DESNBL
DESNHL

DESNBL

DESNBL

DESNBL

DESNBL
DESNBL

DE5NBL

DESNBL

2*45
90

131
54

3*55
91
133
69

4*56
93

77

REFS
3*70
94

DEFINED
84

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
2*71

2*146
DEFINED

143
REFS
REFS
REFS
REFS
REFS
REFS
REFS
113
154

REFS
DEFINED

REFS
REFS

66
101
132

REFS
DfIRED

REFS
REFS
REFS

DEFINED
REFS

69
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS

72
67

21
2*71
2*98
21
87
7
7
7
7

89
7
7

29
28
23
44

2*72
5*148

40
147
7
7

154
7

85
7

55
155

90
89
23
7

77
102
140
87
28

130
7
7

20
7

20
23
7

18
82
64
35

DEFINED
70

2*23
2%78

2* 123
22
97
85

132

35

29
2*45
103

3* 150
50

152
4*125

8l
DEFINED

90
61

2*56
156

91
132

DEFINED
40

2*80
109
143

DEFINED

152

35
2*85
124
34
122
90

DEFINED

44

DEFINED

109
153
66

2*44
88

11*125
43

130
91

88

55

18
55
113
'55
101

2*148

57
142

113

131

70

153

2*70
4*144

140

2*56
141
156
109

91
96
57

DEFINED

DEFINED

o5
51

93

85

91
102

90

103
112

83

90
82

133

62
86
122
154

21
50
81

112
147
86

DEFINED

51
84
113
151

129

63
89

128

21

65
97

129

DEFINED
14

DEFINED
DEFINED
DEFINED

36
33

36

21

14
80
63
44
35

2*65

46
41

55
44

57
52

70
55
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VARIABLES
1213 SUMC
1224 SUMIJ
1226 TERM

3244
1222
1223

TL
VAR
VAR2

1374 Y

FILE NAMES
TAPE45
TAPE6

EXTERNALS
EOF

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL

REAL

MODE
FMT
FMT

REAL

ARRAY

RELOCTION

DESNBL

ARRAY

READS
WRITES

137

AOG"
I

REFERENCES
24

STATEMENT LABELS
15 100
0 110
0 120
0 130
0 140
0 150
0 160
0 170
0 180
0 190
0 200

310 210
0 220

371 230
401 240
0 250

425 260
427 270
0 280

445 290
0 300
0 310
0 320

577 330
0 340
0 350
0 360
0 370

733 380
734 390
1072 400 FMT
1074 410 FMT
1077 420 FMT

INACTIVE

DEF LINE
21
23
28
35
45
46
J6
57
71
72
78
80
85
93
95
98
99

101
103
107
113
125
133
134
142
146
150
156
157
'58
161
162
163

REFERENCES
24
22
24
34
43
40
54
50
69
66
77
61
84
91
82
97
96
81

101
100
112
122
130
128
140
143
147
152
151
18
20
21
29

REFS
REFS
REFS
148

REFS
REFS
REFS
'55

REFS
DEFINED

78
133

2* 142
155
7

124
125

DEFINED
12
23

21
107
142

79
135

2*146

135
135
120
35

MOTION
108
146

DEFINED
DEFINED

2*150

137
137
125
44

19
109
150

76
121

2*156

DEFINED
139
135
55

110
156

141

124
144

20
29
138

78
133

L'FINED

119
141

70

II

148

114113

51

87 89 92

102

132

154

28 139
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STATEMENT LABELS
1106 430 FMT
lil 440 FMT
1l14 450 FMT
1116 460 FMT
1121 470 FMT
1124 480 FMT
i13'+ 490 FMT
1144 500 FMT
1150 510 FMT
1154 520 FMT

DEF LINE

165
166
167
168
169
;71
173
174
175

REFERENCES
07
108
110
III
199
137
138
142
146
I50

FROM-TO
18 158
22 23
28 158
34 35
40 46
43 45
50 57
51 57
54 56
66 72
69 71
77 78
82 95
84 85
87 95
89 95
97 98
101 103
102 103
112 113
122 125
130 133
132 133
140 142
143 146
147 150
152 156
154 156

LENGTH
7328

128
6738

78
338
208
508
428
258
368
228
68
678
108
438
338
58
148
68
13B
328
208
108
128
208
258
24B
l48

PROPERTIES
EXT REFS

EXT REFS

NOT INNER

NOT INNER
NOT INNER

NOT INNER

NOT INNER

NOT INNER

NOT INNER

LOOPS

25
44
52
66
74
123
125
'33
234

:',

~27:,23
327
344
351
417
430
432
465
514
556
563
616
632
654
706
713

LABEL
39C
110
390
130
150
140
173
170
160
190
180

240
220
240
240
250
280
280
300
310
320
320
340
350
360
170
370

NOT INNER

NOT INNER

INDE Y
K
I
J
I
L
I

L

I
L
I
I

I
I
N
I
L
M

M

II

I
N
L
L
L

M

L
L

COe LN bOCKS
DESNIL

LENGTH
4736 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON

1400008 SCM

I14

I13

156

EXT
EXT
NOT

EXT
EXT
EXT
EXT
EXT

REFS
REFS
INNER

REFS
REFS
REFS
REF S
REFS

NOT INNER

LENGTH
USED

144048
112008

5404
4 736

FTN 4.8+508 10/21/180 14.29.35 PAGESUBROUTINE ANSWER 7
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5

C
C
C
C

i

10

'5

20

25

30

35

C
C
C
100

C
C
C
110

C
C
C
120

130

140

C
C
C
150

C
C
C
160

40

SUBROUTINE WRITER (NA,NR,ZR028,UFS,EPP,EP,CTAX,PORO5A,8U2,TMPDIS,
+TCIDIS,TCODIS,PRESS,GPTP,GASMOLGASES,REPS,RFEPS,PINT)

THIS SUBROUTINE WRITES THE RESPONSES TO TAPE45. IT IS CALLED FROM
FRPCON AT THE SAME PLACE AS THE RESTART TAPE 15 CALLED.

DIMENSION Y(100)
DIMENSION ZR02BtI),UF5(I),EPF(NA,I),EP(I),CTAX.I),POROSA(I),

+ TMPDI5(NR,H),TCIDI5(I),TCODIS(i),GPTP(I),BU2(I),GASES(g),
+REPS(NA,I),RFEPS(NA,I),PINTiI)
COMMON /DESNBL/ FACTOR(100),C(4,4,I00),TL(4,100),LRE5(100),

+ NODE(100),LFAC(100),LTYPELPB,AMU(4,100),D(40,40),NRUN,NFAC,
+ ALPHA(100),IPRINT,ICON(15,15),IFLAG,IC0UNT,NTINE,ISTART,NRES
+ ,IUNCRT
LEU'L 2,FACTOR
DAT^ FT,PSI /0.30418,6.89475729E3/
TK(T) : (T+459.67E0)/I.8E0
IF (ICOUNT.EQ.0) GO TO 360
K : I

DO 350 1:1,100
IF (LRES(I).EQ.0) GO TO 350
GO TO (IJ0,I0,120,130,140,150,160,170,180,190,200,210,220,230

+ ,240,250,260,270,280,290,300,310,320,330), LRE5(I)

ZIRCALOY-OXIDE T'!CKNESS (M)

YiK) : ZR02B(NODE(I)+I)*FT
GO TO 340

NET PERMANENT FUEL DEFORMATION DUE TO SWELLING AND DENSIFICATION (N)

Y(K) : UFS(NODE(I))*FT
GO TO 340

CLADDING PLASTIC HOOP,IIIALRADIAL STRAINS

Y(K) : EPP(NODE(I),I)
GO TO 340
Y(K) : rPP(N0DE(I),2)
GO TO 340
Y(K) : EPP(NODE(I),3)
GO TO 340

CLADDING PEAK TEMPERATURE DURING OPERATION (K)

Y(K) : TK(CTNAX(NODE(I)+I))
GO TO 340

OPEN POROSITY

Y(K) : POROSA(NODE(I))
GO TO 340

UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
DESNBL
DESNBL
DESNBL
DESNBL
DESNBL
UWRITER
UWRITER
WRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
WRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
UWRITER
WRITER
UWRITER
UWRITER
UWRITER

50

C
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3
4
5
6
7
6
9

10
II
2
3
4
5
6

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
Sc
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55

60

65

70

75

80

C
C
170

C
C
C
C
180

190

200

210

C
C
C
220

C
C
C
230

C
C
C
240

C
C
C
250

C
C
C
2<00

270

280

C
C
C
290

300

310

FUEL BURNUP (MND/MTU)

Y(K) : BU2(NODE(I)+1)
GO TO 340

FUEL CENTERLINE, FUEL SURFACE, CLADDING INNER, CLADDING OUTER
SURFACE TEMPERATURES (K)

Y(K) : TK(TMPDIS(NR,NODE(I)+1))
GO TO 3q
Y(K) : it(TMPDIS(I,NODE(I)+I))
GO TO 340
Y(K) : TK(TCIDIS(NODE(I)+I))
GO TO 340
Y(K) : TK(TCODIS(NODE(I)+1))
GO TO 340

INTERNAL GAS PRESSURE (PA)

Y(K) : PRESS*PSI
GO TO 340

RADIAL GAS GAP (M)

Y(K) : GPTP(NODE(I)+1)*FT/24.0
GO TO 340

GM-MOLES GAS IN THE ROD

Y(K) : GASMOL
GO TO 340

MOLE FRACTION OG ROD GASES

Y(K) : GASES(NOD:(I))
GO TO 340

CLADDING RESIDUAL HOOP,AXIAL,RADIAL STRAINS

Y(K) : REPS(NODE(I),I)
GO TO 340
Y(K) : REPS(NODE(I),2)
GO TO 340
Y(K) : REPS(NODE(I),3)
GO TO 340

FUEL RESIDUAL HOOPAXIALRADIAL STRAINS

Y(K) : RFEPS(NODE(I),l)
GO TG 340
Y(K) : RFEPS(NODE(I),2)
60 TO 340
Y(K) : RFEPS(NODE(I),3)

85

90

UWRITER
WRITER
WRITER
WRITER
UWRITER
WRITER
WRITER
UNRITER
WRITER
WRITER
WRITER
UWRITER
UNRITER
WRITER
UWRITER
WRITER
UWRITER
WRITER
WRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
WRITER
WRITER
UNRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
UWRITER
WRITER
WRITER
UNRITER
WRITER
UWRITER
WRITER
UERITER
UWRITER
WRITER

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

95

100

105
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GO TO 340

INTERFACE PRESSURE

Y(K : PINT(NODE(I))*PSI
GO r 340

CLADDING EFFECTIVE PLASTIC STRAIN

Y(K) : EP(NODE(I))
K : K+I
CONTINUE

WRITE (45,370) ICOUNT,NTIME,(Y(I),I: 1,NRES)
RETURN

FORMAT (215,(10E12.5))
END

CARD NR. SEVERITY DETAILS

16 I DESNBL

DIAGNOSIS OF PROBLEM

NOT ALL ITEMS IN THIS COMMON BLOCK OCCUR IN LEVEL STATEMENTS.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 WRITER I 126

VARIABLES SN TYPE RELOCATION
10464 ALPHA REAL ARRAY DESNBL
4542 AMU REAL ARRAY DESNBL

0 DU2 REAL ARRAY F.P.
144 C REAL ARRAY DESNBL

0 CTMAX REAL ARRAY F.P.
5362 D REAL ARRAY DESNBL

0 EP REAL ARRAY F.P.
0 EPP REAL ARRAY F.P.
0 FACTOR REAL ARRAY DESNBL

326 FT REAL
0 GASES REAL ARRAY F.P.
0 GASMOL REAL F.P.
0 GPTP REAL ARRAY F.P.

345 I INTEGER

10631 ICON INTEGER ARRAY DESNBL

110

I$5

C
C
C
320

C
C
C
330
340
350

360
C
370

120

WRITER
UNRITER
UWRITER
UWR'tER
WRITER
UIRITER
WRITER
UWRITER
WRITER
UWRITER
UWRITER
UWRITER
WRITER
UWRITER
WRITER
UWRITER
UWRITER

104
105
106
107
108
109
110
IlIl
112
113
114
115
116

17
118
119
120

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS

46
88
116

REFS

II
II
8

II
8

II
8
8

II
27
8

83
8

21
51
93

119
11

56

46

116
37
15
32
88

DEFINED
78
22
56
95

DEFINED

DEFINED

DEFINED

DEFINED
39

78
DEFINED

DEFINED
27
62
9?
20

41

DEFINED

I
32
64
102
119

DEFINED

16

37
66

104

39
68

106

41
78
III

SUBROUTINE WRITER !a/'21/60 14.29.35 PAGE 3
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VARIABLES
11173 ICOUNT
11172 IFLAG
10630 IPRINT
11175 ISTART
11177 IUNCRT
344 K

4374 LFAC
4541 LPB
4064 LRES
4540 TYPE

0 NA
10463 NFAC
4230 NODE

0 NR
11176 NRES
10462 NRUN
11174 NTIME

0 PINT
0 POROSA
0 PRESS

327 PSI
0 REPS
0 RFEPS
0 TCIDIS
0 TCODIS

3244 TL
0 TMPDI5
0 UFS

346 Y

0 ZR02B

FILE NAMES
TAPE45

INLINE FUNCTIONS
TK

STATEMENT LABELS
57 100
65 110
73 120

101 130
107 140
116 150
125 160

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

MODE
FMT

TYPE
REAL

RELOCATION
DESNBL
DESNBL
DESNBL
DESNHL
DESNBL

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

DESNBL
DESNBL
DESNBL
DESNBL
F.p.
DESNBL
DESNBL

F.P.
DESNBL
DESNHL
DESNBL
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
DESNBL
F.P.
F.P.

F.P.

WRITES

ARGS
1 SF

DEF LINE
27
32
37
39
41
46
51

DEF LINE
17

REFS
REFS
REFS
REFS
REFS
REFS

56
88
116

REFS
REFS
REFS
REFS
REFS
REFS
REFS

51
93

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

41
73

104
REFS

119

REFERENCES
46

REFERENCES
22
22
22
22
22
22
22

119

39
68
102
117

46
78

106

51
83
III

41
73

104

11
II
II
II
II
27
62
93

117
II
II
1I
II
3*8
II
1I
56
95
8

II
II
II
8
8

73
73
8
8
8
8

II
8
8
7

46
78
106
8

18

32
64
95

DEFINED

21

DEFINED

27
62
97
62
119

119
III

51
DEFINED

IlIl
93
132
66
68

62
32
119
51
83
III
27

39
68
106

37
66

104
1

41
78

III

37
66
97
19

22

1

32
64
102

DEFINED

DEFINED
DEFINED

I
DEFINED

95
104

DEFINED
DEFINED

64
DEFINED
DEFINED

56
88

116
DEFINED

46
88
116

I
i

DEFINED
DEFINED

16
97
106

DEF I NED

27
62
93

32
64
95

37
66
97

62

39
68
102

66 68

10/21/00 14.29.35 PAGESUBROUTINE WRITER

i

I

i



76/176 OPT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
133 170
141 180
152 190
163 200
172 210
201 220
206 230
215 240
221 250
227 260
235 270
243 280
252 290
260 300
266 310
275 320
303 330
310 340

313
325
336

350
360
370

LOOPS LABEL
15 350

COMMON BLOCKS
DESNBL

FMT

INDEX
I

DEF LINE
56
62
64
66
68
73
78
83
88
93
95
97
102
104
106
III
116
117

118
120
122

FROM-TO L
20 118

REFERENCES
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
28
65
98
20
18

119

LENGTH
3018

PROPERTIES
OPT

LENGTH
4736 LCH

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

140000E SCM USED

33
67

103
21

38
69
105

40
74

107

42
79
112

47
84

52
89

57
94

63
96

5538
1 12000

363
4736

SUBROUTINE WRITER 10/21/80 I4.29.35 PAGE 5
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SUBROUTINE ECHOI (NIT,NOTNDAT) UECH01 2
C ******************************************************************** UECHOI 3
C CODED BY R.C. GUENZLER - AUGUST 1972 UECHOI 4
C REVISED BY R.C.YOUNG SEPT 76 UECHOI 5

5 C **** * ****************************** UECHOI 6
C UECHOI 7

DIMENSION DATA (20) ECHO! 8
C UECHOI 9
C UECHOI 10

10 C UECHOI I
LINE : 0 UECHOI 12
L :0 UECHOI 13
REWIND NDAT UECH0i 14
WRITE (NOT,120) UECHOI 15

15 100 CONTINUE UECHOI 16
REAr (NIT,160) DATA UECHOI 17
IF (iOF(NIT).NE.0.) GO TO 110 UECHOI 18
WRIT! (NDAT, 160) DATA UECHO I 19
WRITE (NOT,1 30) DATA UECy01 20

20 L : L+1 UECHOi 21
LINE : LINE+I UECHOI 22
IF (LINE.LT.50) GO TO 100 UECHOI 23
WRITE (NOT,140) UECHO! 24
LINE : 0 UECHOI 25

25 G0 TO 100 UECHOI 26
110 WRITE (NOT,150) L UECHOI 27

REWIND NDAT UECHOI 28
RETURN UECHOI 29

C UECHOI 30
30 120 FORMAT (IHI,9X," I 2 3 4 5 UECHOI 31

+ 6 7 8",/,I0X, "23456789012345678901234567 UECHOI 32
+89012345678901234567890I234567890I234567890I234567890",/) UECHOI 33

130 FORMAT (IOX,20A4) UECHOI 34
140 FORMAT (IH0,9X," I 2 3 4 5 UECHOI 35

35 + 6 7 8" /,IOX,"123456789012345678901234567 UECHOI 36
+890123456789012345678901234567800 I234567890I 234567890", /, iHI, 9X, " UECHO I 37
+ I 2 3 4 5 6 UECHOI 38
+ 7 8" /,loX,"12345678901234567890123456789012345678901234 UECHOI 39
+5678901234567800 12345678901234567890",/) UECHOI 40

40 150 FORMAT (IHO,9X," 1 2 3 4 5 UECHOI 41
+ 6 7 8" /,I0X,"123456789012345678901234567 UECHOI 42
+89012345678901234567890 I2343678 0 12345678901234567890", /19," INPUT UECHOI 43
+ CARDS") UECHOI 44

160 FORMAT (20A4) UECHOI 45
45 END UECHOI 46

SYMBOLIC REFERENCE HAP (R:2)

SUBROUTINE ECHOl 10/21/80 14.29.35 PAGE I



SUBROUTINE ECHO

ENTRY POINTS DEF LINE
4 ECHOI I

VARIABLES SN TYPE
231 DATA REAL
230 L INTEGER
227 LINE INTEGER
0 NDAT INTEGER
0 NIT INTEGER
0 NOT INTEGER

VARIABLES USED AS F

EXTERNALS TYPE
EOF REAL

STATEMENT LABELS
17 100
4G 110
106 120 FMT
131 130 FMT
133 140 FMT
200 150 FMT
225 160 FMT

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

REFERENCES
28

RELO
ARRAY

FILE NAMES,

ARGS

DEF LINE
i5
26
30
33
34
40
44

2558

CATION

F.P. DE
F.P.
F.P. DES

SEE ABOVE

REFERENCES
17

REFERENCES
22
17
14
19
23
26
16

REF5
REF5
RE:
FFINE)
REFS
FFINED

7
20
21

17I

10/21/80 14.29.35

18
26
22

I/O REFS
DEFINED
It0 REFS

19
DEFINED
DEFINED

13

14

DEFINED
12
1I
18

1/0 REFS
19

18

173

2

16
20
21
27
16
23 26

FTN 4.8+508 PAGE
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F
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SUBROUTINE VOLUME 76/!76 OPT:0 TRACE STATIC FTN 4.8+50A 10/21/80 14.29.35 PAGE

I SUBROUTINE VOLUME (CRL,DCIHFDEN,DPHF,DPW,DENSIFDZHFPORI,HRL,R1 UOLM 2
+,TFR,UD2LL,VCH,VCRVDH,VFH,V6H,VPL,VPOR,I T,J,L,NDBG,FTMELT.C CVC' sVOLM 3
+I,NR,DZHP,NRtII,PI,GPTP,GAP) VOLH

C VOLM 5
5 C IMPLICIT REAL*8 (A-H,0-Z) 'IJLM 6

C V)LM 7
DIMENSION CRL(Ii ,DPW(NR, I) ,DZH l) ,HRL(I) ,RAD(I) ,TFR(I) VCLM 8

+ ,VCHU1) ,LIO2LL(NR,l) ,VDF(l) ,VFH(I) ,VGH(I) VUL1
+,VPOR(') ,VPL(l) ,DENSIF(NR,I) ,:HI(I) ,DZHP(') ,VCR(I) VOLM 10

10 +,GPTP(l),GAP(I) VOLM a
C VOL. 1
C VOLM 13
C THIE SUBROUTINE 15 CALLED FROM MAIN AND CALCULATES THE VOID VOLM 14
C VOLUMES INCLUDING CRACK, DISH, GAP, AND OPEN POROSITY VOLM 15

15 C VOLM 16
C VOLM 17
C *; *x*** *** ***** *********************************************** VOLM 18
C INPUT ARGUMENTS VOLM 19
C * ********************* ******* *********** ***** ******** VOLM 20

20 C VOLM 21
C CRL - COLD RING LENGTH (IN) VOLM 22
C DCIHF - CLADDING INSIDE DIAMETER (IN) VOLM 23
C DEN - TRUE DENSITY OF THE FUEL (( OF THEORETICAL) VOLM 24
C DENSIF - TOTAL DENSIFICATION BY RING + INCREMENT (IN/IN) VOL"I 25

25 C DPHF - DIAMETER OF THE PELLET HOT + SWELLED (IN) VOLM 26
C DPW - TOTAL OUTWARD SWELLING BY RING + INCREMENT (IN/IN) VOLM 27
C FPORI - COLD FUEL OPEN POROSITY FRACTION VOLM 28
C FTMELT - FUEL MELT TEMPERATURE (K) VOLM 29
C GAP - HOT RADIAL STRUCTURAL GAP (IN) VOLM 30

30 C GPTP - HOT THERMAL GAP (IN) , DIAMETRAL VOLM 31
C IT - POWER STEP INDEX VOLM 32
C J - AXIAL NODE INDEX (LEVEL PLUS ONE) VOLM 33
C L - FUEL RING INDEX VOLM 34
C NDBG - DEBUG OUTPUT INDEX VOLM 35

35 C NR - MAXIMUM NUMBER OF RADIAL NODES VOLM 36
C NRMI - MAXIMUM NUMBER OF RADIAL NODES MINUS ONE VOLM 37
C P1 - THE CONSTANT 3.1415926 V)LM 38
C RAD - HOT FUEL RING RADIUS iIN) VaLM 39
C TCC - COLD STATE CLADDING THICKNESS (IN) VOLM 40

40 C TFR - TEMPERATURE OF FUEL RING BOUNDARY (F) VOLM 41
C U02LL - FUEL THERMAL EXPANSION PER RING (IN/IN) VOLM 42
C VOLM 43
C * ***z** ***** *** *4***U********** z***** ******************** 0OLM 44
C OUTPUT ARGUMENTS VOLM 45

45 C ****u * ***************** :*z*m***********z** ******** *** VOLH 46
C VOLM '#7
C DZH - MAXIMUM RING LENGTH OF AN INCRE':SNT (IN) VOLM 48
C DZHP - MAXIMUM PERMANENT AXIAL FUEL DISPLhCEMENT (IN) VOLM 49
C HRL - HOT RING LENGTH (IN) VolM 50

50 C VCH - VOLUME WITHIN THE CLADDING FOR AXIAL NODE J (CU IN) VOLM 51
C VCHI - HOT CLADDING VOLUME PER INCREMENT (CU IN) VOLM 52
C VCR - HOT CRACK VOLUME PER INCREMENT (CU IN) VOLM 53
C VDH - HOT DISH VOLUt1N PER INCREMENT (CU IN) VOLM 54
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C VFH - HOT FUEL VOLUME PER INCREMENT (CU IN) VOLM 55
55 C UGH - HOT GAP VOLUME PER INCREMENT (CU IN) VOLM 56

C VPL - FUEL VOLUME PER INCREMENT + RING (CU IN) VOLM 57
C VPOR - HOT OPEN POROSITY VOLUME (CU IN) VOLM 58
C VOLM 59
C **************************X**:**:* *:**************** ******** VOLM 63

60 C VOLM 61
C VOLM 62
C VOLK 63
C CALCULATION OF HOT PELLET HEIGHT (HRL(L)), MAXIMUM INCREMENT Vo'.M 64
C LENGTH (DZH(J)), CRACK VOLUME (VCR(J)), AND DISH VOLUME ('DH(J)) VOLM 65

65 C VOLM 66
TMELT : FTMELT*I.8E0-459.67E0 VOLM 67
DZH(J) : 0.E0 VOLM 68
DZHP(J) : 0.E0 VOL 69
VFH(J) : 0.EO VOLM 70

70 DO 100 L:1,NRMI VOLM 71
HRL(L) : CRL(L)*(i.+UO2LL(L,J)+DPW(L,J)+DENSIF(L,J)) V0Jt 72
IF (TFR(L).GE.TMELT.AND.L.GT.I) HRL(L) : HRL(L-l) VOLM 73
9Z : HRL(L)-CRL(L)*U02LL(L,J) VOLM 14
DZHP(J) : AMAXI(DZHP(j),DZ) VOLM 75

75 DZH(J) : AMAXI(DZH(J),HRL(L)) VOLM 76
VFH(J) : VFH(J)+HRL(L)*(RAD(L)*RAD(L)-RAD(L+i)*RAD(L+I)) VOLM 77

100 CONTINUE VOLM 78
VFH(J) : VFH(J)*PI VOLM 79
VDH(J) : PI*RAD(I)*RAD(I)*DZH(J)-VFH(J) VOLM 80

80 C VOLH 81
C CALCULATION OF HOT CLAD AND GAP VOLUMES VOLM 82
C VOLM 83

RI : (AMAXI(DPHFDCIHF))*0.5 VOLM 84
VCH(J) : PI*RI*RI*DZH(J) VOLM

85 GV : PI*DZH(J)*(2*DCIHF*GPTP(J)-GPTP(J)**2)/4.E0 VOLM 86
VGH(J) : AMAXI(0.EOGV) VOLM 87
CV : PI*DZH(J)*(DCIHF*GAP(J-I)-GAP(J-l)**2)-VGH(J) VOLK 88
VCR(J) : AMAXI(0.EOCV) VOLM 89
VCHI(J) : 2.E0*PI*RI*TCC VOLM 90

90 C VOLM 91
C CALCULATION OF OPEN POROSITY VOLUME VOLM 92
C VOLM 93

VPOR(J) : 0. VOLH 94
DO 110 L:INRMI VOLM 95

95 IF (TFR(L+t).LE.1472.) FPOR : FPORI VOLM 96
IF (TFR(L).LT.1472..AND.TFR(L+I).GT.1472.) FPOR : FPORI*(1472. VOLM 97

+ -TFR(L))/(TFR(L+I)-TFR(L))+0.5*FPORI*((TFR(L+I)-147.)/(TFR(L+ VOLM 98
+ 1)-TFR(L))) VOLM 99

IF (TFRtL+I).LE.2012..AND.TFR(L).GE.1472.) FPOR : .5*FPORI VOLM 100
100 IF (TFR(L).LT.2012..AND.TFR(L+I).GT.2012.) FPOR : .5*FPORI*((2 VOLM 101

+ 012.-TFR(L))/(TFR(L+I)-TFR(L))) VOLM 102
IF (TFR(L+1).LE.2912..AND.TFR(L).GE.2012.) FPOR : 0.0 V)LH 103
IF (TFR(L).LT.2912.EO.AND.TFR(L+i).GT.2912.E0) FPOR : 0.0 VILH 104
IF (TFR(L).GE.2912.E0) FPOR : 0.EO VOLM 105

105 VPOR(J) : VPOR(J)+VPL(L)*FPOR VOLM 106
110 CONTINUE VOLM 107

SUBROUTINE VOLUME 10/21/40 14.29.35 PAGE 2
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C
RETURN
END

VOLM
VOLM
VOLM

108
109
110

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 VOLUME

VARIABLES
0 CRL

300 CV
0 DCIHF
0 DEN
0 DENSIF
0 DPHF
0 DPW

275 DZ
0 DZH

0
301

0
0
0
0

277
0

0
0

DZHP
FPOR

FPORI
FTMELT
GAP
GPTP
GV
HRL

IT
J

O L

0
0
0
0

0
276
0
0

274
0

NDBG
NR
NRMI
P1

RAD
RI
TCC
TFR

THELT
U02LL

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

Iv.rEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
REAL

REAL
REAL
REAL
REAL

REAL
REAL

REFERENCES
108

ARRAY

*UNUSE
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

*UNUSE

*UNUSE

ARRAY

ARRAY

ARRAY

RELOCATION
F.P.

F.P.
D F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

D F.P.
F.P.

F.P.

D F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

85 87

68
99

DEFINED

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

103
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS
2*76
89

REFS
2*99

DF'INED
r..-INED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
2*103
REFS
REFS

74
100

7
88
83

7
83
7

74
7

7
105
104
95
66
7
7

86
7

67
2*78

93
5*71

5*100

3*7
70
78

7
2*84

89
7

104
'2
7

102

71
DEFINED

85

71
DEF I NED

71
DEFINED

75
67
74

DEFINED

2*96
DEFINED

2*87
2*85

DEFINED
72
71

68
3*79

2* 105
4*72
2*102

70

DEFINED
9"
79

4*76
89

DEFINED
72

DEFINED
DEFINED

71

73
87
87

DEFINED

DEFINED
73
79
75

DEFINED
95

99

DEFINED
DEFINED

85
73
72

69
2*64

DEFINED
3*73

2* 103
94

DEFINED
84

2*79
DEFINED

1
95

66
73

DEFINED

DEFINED

I

84

96

100

75

3*71
3*85

75
104

85

DEFINED
83

8*96

DEFINED

76

2*74
4*67

95

2*75
88

8*96

73
86

5*76
105

87

2*99

89

5*100

SUBROUTINE VOLUME 10/2 1/0 14.29,35 PAGE 3
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VARIABLES
0 VCH
0 VCHI
0 VCR
0 VDH
0 VFH

0
0
0

VGH
VPL
VPOR

INLINE FUNCTIONS
AMAXI

STATEMENT LAPELS
0 100
0 110

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

TYPE
REAL

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY
ARRAY
ARRAY

ARGS
0 INTRIN

DEF LINE
77
106

F.P.
F.P.
F.P.

DEF LINE

REFS
REFS
REFS
REFS
REFS

76
REFS
REFS
REFS

REFERENCES
74

REFERENCES
70
94

INDEX
L
L

FROM-TO
70 77
94 106

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
458
658

PROPERTIES
OPT
OPT

3678

7
7
7
7
7

78
7
7
7

75

84
89
88
79
79

DEFINED
DEFINED
DEFINED
DEFINED

76

87
105
105

83

78

LOOPS
30
173

LABEL
100
110

DEFINED
DEFINED
DEFINED

86

1
i
i

DEFINED

86

93

69

105

B

SUBROUTINE VOLUME 10/21/80 14.29.35 PAGE
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MODIFICATIONS / CONTROL CARDS UPDATE 1.3-508.

STRAIN *CALL MATCNS

STRESS *CALL MATCNS

CORRECTION

MATCNS
CONVSF
CLOSE
FR2PTR

IDENTS ARE LISTED IN CHRONOLOGICAL ORDER OF INSERTION

STRANI
FCRNCH
EQUAL I

CREPT
CRAPX
EQUAL2

CRIIP
FPRES
GAPTX

STRESS
PRINT
AXRCH2

STRAIN
FCM12
TRNSF2

DECKS ARE LISTED

YANKSIS
STRESS
RATIO
CONVTR

IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE 15 CREATED BY THIS UPDATE

TIDY
CREEP
PELLFT
FC2PTR

MATCNS
CONVSF
CLOSE
FR2PTR

STRANI
FCRNCH
E3UALI

CREPT
CRAPX
EQUAL2

CR1 IP
FPRES
GAPTX

STRESI
PRINT
AXRCH2

STRAIN
FCMI2
TRNSF2

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANKI$S
STRESS
RATIO
CONVTR

TIDY
CREEP
PELLET
FC2PTR

MATCNS
CONVSF
CLOSE
FR2PTR

COMMON DECKS ENCOUNTERED

MATCNS

STRAIN 27

26STRESS

TIDY
CREEP
PELLET
FC2PTR

STRESS
RATIO
CONVTR

STRANI
FCRNCH
EQUAL I

CREPT
CRAPX
EQUAL2

CRIIP
FPRES
GAPTX

5TRESI
PRINT
AXRCH2

STRAIN
FCM12
TRNSF2

10/21/80 14.31.45. PF.GE IUNLABELED OLDPL



DECKS WRITTEN TO COMPILE FILE UD ZIE 1.3-508.

TIDY STRANI CREPI CRIIP STRESS TRAIN 5TRESS CREEP
CONVSF FCRNCH CRAPX FPRES PRINT FCt:2 RATIO PELLET
CLOSE EQUAL EQUAL GAPTX AXRCH2 TRNSF2 CONVTR FC2PTR
FR2PTR

THIS UPDATE REQUIRED 344008 WORDS OF CORE.

9

10/21/180 14.31.45. PAGE 2UNLABELED OLDPL
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SUBROUTINE STRANI (TK SAG,AEPS,8,C)
C IMPLICIT REAL8 (A-H,3-1)
C *** TEMP PROVIDED BY "STRAIN" 15 IN KELVIN

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STRANI

VARIABLES
0 A
0 B
0C
0 EPS
0 SAG
0 TK

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
4

RELOCATION
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.
*UNUSED F.P.

STATISTICS
PROGRAM LENGTH

140000B SCM USED

5

STRANI
STRANI
STRANI
STRANI
STRANI

2
3
4
5
6

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

7H 7

10/21/80 14.31.46 PAGE iSUBROUTINE STRANI

I

1
I
I
I
i
1
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FUNCTION CREPI (TEDOT,ZTCPHI,ECREEP)
C IMPLICIT REAL*8 (A-H,O-Z)

CREPI : 0.0
RETURN

5 END

SSVHOLIC REFERENCE MAP (R:2)

ENTRY POINT
5 CREPI

VARIABLES
12 CREPI
0 ECREEP
0 EDOT
0 PHI
0 T
0 TC
0 z

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REt-c"54CES
4

RELOCATION

*UNUSED
*UNUSED
*UNUSED
*UNUSED
*UNUSED
*UNUSED

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

STATISTICS
PROGRAM LENGTH

I400008 SCM USED

CREPT
CREPT
CREPT
CREPT
CREPI

2
3
4
5
6

DEFINED
DEFINED
i$FINED
DEFINED
DEFINED
DEFINED
DEFINED

3
1
i
i
i
I
i

138 II
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I SUBROUTINE CRIIP (SIG,DPDTTTC,PHI,ECREEPJTYPE,N3)
C ***THIS STEADY-STATE CREEP DATA 15 FOR ZIRCALOY AT 300 K
C AS TAKEN FROM THE AOIGINAL PAPER BY IBRAHIM
C IMPLICIT REALt6 (A-H,0i-Z)

5 C TEMP PASSED IN HERE 15 IN FAHRENEIET
TF : TC
IF (N3.EQ.0) TF : TEMPKF(TC)

C SIGGY : 3600.0*( DPDT/5.0E-04 )**0.3333
C IF(JTYPE.EQ.I.AND. TF.GE. 2046.0 ) SI= SIGGY

10 C SIGGY : 3600.0*( DPDT/5.0E-04 )**0.3333
C IF(JTYPE.EQ.I.AND. TF.GE.2046.0 ) SIG : SIGGY
C IF(JTYPE.EQ.I.AND. TF.LT 2046.0 ) SIG : DPDT/I.OE-12

IF (JTYPE.EQ.2) 5I( = DPDT(4.OE-10)
C CREEP RATE VS. STRESS, FROM BOHABOY ET AL

I5 IF (JTYPE.EQ.I) SIG : (DPDT:1.937E-7)**I.370
IF (JTYPE.EQ.I.AND.TF.GE.2813.0) SIG : (DPDT/3.742E-8)**0.:01
IF (JTYPE.EQ.I.AND.TF.GE.3002.0) SIG : (DPDT/1.271E-9)**0.588
IF (JTYPE.EO.I.AND.TF.GE.3182.0) SIG : (DPDT/3.149E-9)**0.5682

C THE FOLLOWING CARD WAS ADDED TO ELIMINATE FUEL CREEP
20 IF (JTYPE.EQ.I) SIG : 1.0E28

IF (N3.EG.0) SIG = P5I5(51G)
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CRIIP

VARIABLES
0 DPDT

0
0

0

0

ECREEP
JTYPE

43
rii
SIG

0 T
0 TC

140 TF

EXTERNALS
PSIS
TEMPKF

DEF LINE

SN TYPE
REAL

REAL
INTEGER

INTEGER
REAL
REAL

REAL
REAL
REAL

TYPE
REAL
REAL

REFERENCES
22

RELOCATION
F.P.

*UNU5ED

*UNUSED

*UNUSED

ARGS

F.P.
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

REFS
DEFINED
DEFINED

REFS
DEFINED

REFS
DEFINED
REFS

18
DEFINED
REFS
REFS

13

13

7

2'
20

6
16

21 DEFINED

DEFINED
21

REFERENCES
21
7

CRIIP
CRIIP
CRIIP
CRIIP
CRII P
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIlIP
CRIIP

2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
'4

'5

15

16

16

18

18

15

17

17

13

DEFINED

20

7
17

DEFINED
18

16 17

6

SUBROUTINE CRIIP 10/21/80 14.31.46 PAGE I

I



SUPROUTINE CRIIP 76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.31.46

STATISTICS
PROGRAM LENGTH

140000B SCH USED
1418 97

PAGE 2
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g00
C

SUBROUTINE STRESI (TK EPSSIGY,EI)
IMPLICIT REAL*8 (A-H,O-t)
xx* TEMP PROVIDED BY "STRAIN" IS IN KELVIN

THIS CUTS OUT ALL FUEL PLASTICITY
SIGY : $2.E30
RETURN
CONTINUE

RETURN
END

SYMBOLIC REFERENCE NAP (R:2)

ENTRY POINTS
4 STRESS

VARIABLES
0 EPS
0 El
0 SIGY
0 TK

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL

REFERENCES
7 10

RELOCATION
*UNUSED F.P.
*UNUSED F.P.

F.P.
*UNUSED F.P.

STATEMENT LABELS
0 100

STATISTICS
PROGRAM LENGTH

1400008

INACTIVE

SCM USED

DEF LINE
8

138

REFERENCES

II

I

5

C
C
C
C

10

STRESI
STRESI
STRESI
STRESI
STRESI
STRESI
STRESI
STRESI
STRESS
STRESI
STRESI

2
3

5
6
7
8
9

10
1I
12

DEFINED
DEFINED
DEFINED
DEFINED

6

SUBROUTINE STRESI 10/21/80 14.31.46 PAGE 1

i
i
i



76/176 OPT:0 TRACE STATIC FTN 4.8+508

SUBROUTINE STRAINX (SIG,EPS,EPPLAS,TEMP,EI,JTYPE,N3) STRAIN 2
C STRAIN 3
C ***THIS SUBROUTINE COMPUTES UNIAXIAL STRAIN GIVEN THE STRAIN 4
C STRESS AND PREVIOUS PLASTIC STAIN. ELASTIC UNLOADING STRAIN 5

5 C 15 PRESCRIBED AND THE CURRENT ( WORK-HARDENED ) STRAIN 6
C YEILD STRESS IS COMPUTED FROM THE PLASTIC STRAIN STRAIN 7
C AT EACH CALL. THE LOCUS OF YIELD STRAIN 8
C STRESSES 15 OBTAINED FROM SUBROUTINE *CSTRES* STRAIN 9
C WHICH COMPUTES STRESS FROM STRAIN IN MONOTONIC, STRAIN 10

10 C UNIAXIAL TENSION. STRAIN 11
C INPUT STRAIN 12
C SIG : STRESS STRAIN 13
C EPPLAS : PREVIOUS PLASTIC STRAIN (IN/IN) STRAIN 14
C TEMP : TEMPERATURE STRAIN 15

15 C E : YOUNGS 'sODULUS STRAIN 16
C JTYPE INDiCATES FUEL OR CLADDING STRAIN 17
C N3 INDICATES SI OR BRITTISH UNITS STRAIN 18
C OUTPUT STRAIN 19
C EPS : STRAIN (IN/IN) STRAIN 20

20 C EPPLAS : NEW VALUE OF PLASTIC STRAIN (IN/IN) STRAIN 21
C *** STRAIN 22
C NO' E STRAIN 23
C BOTH *CELMOD* AND *CSTRES* ARE IN 5.1. UNITS, STRAIN 24
C ***PROGRAMMED BY M.P. BOHN , NOV.18, 1974 . STRAIN 25

25 C STRAIN 26
C MATCNS 2
C THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL PROPERTIES MATCNS 3
C USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM MATCNS 4
C MATCNS 5

30 COMMON /MATCNS/ ANRIN ,COMP ,CWKF ,CWNF ,DELOXY ,FLUX MATCNS 6
+ , FNCK ,FNCN ,FOTMTL ,FRDEN ,FTMELT ,RSTRAN MATCNS 7

C MATCNS 8
C ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST MATCNS 9
C (HOOP STRAIN'/(RADIAL STRAIN) MATCNS 10

35 C COMP - PUO2 CONTENT (WTt) MATCNS 11
C CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/M**2) MATCNS 12
C CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT MATCNS 13
C DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED MATCNS 14
C CLADDING (KG OXYGEN/KG ZIRCALOY) MATCNS 15

40 C FLUX - FAST NEUTRON FLUX (N/M**2-SEC) MATCNS 16
C FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENt (N/M**2) MATCNS 17
C FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT HATCNS 18
C FOTMTL - FUEL OXYGEN TO METAL RAITO MATCNS 19
C FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY) MATCNS 20

45 C FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K) MATCNS 21
C RSTRAN - TRUE STRAIN RATE (1/SEC) MATCNS 22
C MATCNS 23
C MATCNS 24
C IMPLICIT REAL*8 (N-'1,O-Z) STRAIN 28

50 T : TEMP STRAIN 29
IF (N3.EQ.1) T : TEMPS(TEMP) STRAIN 30

C GET CURRENT YEILD STRESS GIVEN EPPLAS STRAIN 31
SIGY : 5000.0 STRAIN 32

10/21/80 14.31.46 PAGE
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SIGY : PSIS(SIGY) STRAIN 33
55 E : El STRAIN 34

IF (N3.EQ.1) E : PSIS(EI) STRAIN 35
IF (N3.EQ.I) SIG : PS15(51G) STRAIN 36

DO 100 K:1,30 STRAIN 37
EPS : SIGY/E+EPPLAS STRAIN 38

60 IF (JTYPE.EQ.I) CALL STRESI (T,EP ,SIGY,E) STRAIN 39
IF (JTYPE.EQ.2) CALL CSTRES (T,DLOXY,FNCKFNCNCKF,CWNF,RSTR STRAIN 40

+ AN,EPS,SIGY) STRAIN 41
100 CONTINUE STRAIN 42
C CONVERT ANISOTROPIC EFFECTIVE YIELD STRESS STRAIN 43

65 C TO ISOTROPIC EFFECTIVE YIELD STRESS STRAIN 44
IF (JTYPE.EQ.2) SIGY : SIGY/l.19 STRAIN 4S
IF (SIG-SIGY) 110,110,120 STRAIN 4b

110 EPS : EPPLAS+SIG/E STRAIN 4-
GO TO 130 STRAIN 48

70 120 SAG : SIG STRAIN 49
IF (JTYPE.EQ.I) CALL STRANI (T SAG,A,EPSBC) STRAIN 50

C CONVERT ISOTROPIC EFFECTIVE STRESS TO ANISOTROPIC EFFECTIVE STRESS STRAIN 51
SAG : SAG*I.19 STRAIN 52
IF (JTYPE.EQ.2) CALL CSTRAN (T,DELOXY,FNCK,FNCN,CWKF,CWNF,RSTRAN,5 STRAIN 53

75 +AG,EPS) STRAIN 54
C STRAIN 55
C THE ELASTIC COMPONENT OF STRAIN MUST BE CONSISTANT STRAIN 56
C WITH THE UNMODIFIED YIELD USED IN CSTRAN AND CSTRES. STRAIN 57
C THESE CHANGES ALLOW CONVERSION FROM ANISOTROPIC STRAIN 58

80 C THEORY TO ISOTROPIC PLASTICITY. STRAIN 59
C STRAIN 60

EPPi.1S : EPS-SIG*(I.19)/E STRAIN 61
130 CONTINUE STRAIN 62

IF (N3.EQ.1) SIG : PSIB(SIG) STRAIN 63
85 RETURN STRAIN 64

END STRAIN 65

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 STRAINX I 85

VARIABLES SN TYPE RELOCATION
215 A * REAL REFS 71
0 ANRIN REAL MATCNS REFS 30

216 8 * REAL REFS 71
217 C * REAL REFS 71

I COMP REAL MATCNS REFS 30
2 CWKF REAL MATCNS REFS 30 61 74
3 CWNF REAL MATCNS REFS 30 61 74
4 DELOXY REAL MATCNS REFS 30 61 74

212 E REAL REFS 59 60 68 82 DEFINED 55 56

SUBROUTINE STRAINX 10/21180 14.31.46 PAGE 2



SUBROUTINE STRAINX

VARIABLES
0 EPPLAS
0 EPS

0
5
6
7

10
I1
12
0

213
0

13
214
0

El
FLUX
FNCK
FNCN
FOTMTL
FRDEN
FTMELT
JTYPE

K
N3
RSTRAN
SAG
SIG

211 SIGY

210
0

T
TEMP

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

* INTEGER
INTEGER
REAL
REAL
REAL

RELOCATION
F.P.
F.P.

F.P.
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
F.P.

F.P.
MATCNS

F.P.

REAL

REAL
REAL F.P.

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

59
60

55
30
30
30
30
30
30
60

1
58
51
30
71
57

5154
53
60
50

68
61
59
56

DEFINED
71
68

DEFINED

I
74

82
82

i

61
61

61

56
61
73
67
57
59
54
61
51

66

57
74
74
68
84
60
66
71

DEFINED

71 74

84 DEFINED

70
82

66

DEFINED

DEFINED
70

61

74
1

EXTERNALS
CSTRAN
CSTRES
PSIB
PS15
STRANI
STRESI
TEMPS

STATEMENT LABELS
0 100
0 110

103 120
131 130

RE
RE

RE

TYPE ARGS
9
9

AL I
AL I

6
4

AL I

INACTIVE

REFERENCES
74
61
84
54
71
60
51

DEF LINE
63
68
70
83

REFERENCES
58
2*67
67
69

LOOPS LABEL
44 100

COMMON BLOCKS
MATCNS

INDEX
K

LENGTH
12

FROI-TO
58 63

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

LENGTH
218

2278
148

PROPERTIES
EXT REFS

151
12

1

73
84

67

50

56 57

51

I
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i

THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL
USED IN FRACAS !, FRVCAS 2, FRAIL, AND AXISYM

COMMON /MATCNS/ ANRIN
+ , FNCK

,COMP
,FNCN

,CWKF ,CWNF
,FOTMTL ,FRDEN

PROPERTIES

,DELOXY ,FLUX
,FTMELT ,RSTRAN

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST
(HOOP STRAIN)/(RADIAL STRAIN)
COMP - PU02 CONTENT (WT%)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (H**2/M**2)
CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGEN/KG ZIRCPLOY)
FLUX - FAST NEUTRON FLUX (N/M**2-SEC)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/H**2)
FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT
FOTMTL - FUEL OXYGEN TO METAL RAITO
FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY)
FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
RSTRAN - TRUE STRAIN RATE (1/SEC)

IMPLICIT REAL*8 (A-H,O-Z)
T : TEMP
IF (N3.EQ.1) T : TEMPS(TEMP)

E = CELMOD( T,AA,88,CC ) DELETE
E = E/6894.7573 DELETE
***DEP SHOULD NEVER BE NEGATIVE**CHECK THIS HERE

5

10

15

14.31.46

SUBROUTINE STRESSX (SIGEPPLASDEPTEMP,EI,JTYPEN3)

***ThI5 SUBROUTINE COMPUTES STRESS GIVEN THE PREVIOUS
PLASTIC STRAIN VALUE AND AN INCREMENT OF PLASTIC
STRAIN. THE LOCUS OF YIELD
STRESSES 15 OBTAINED FROM SUBROUTINE *CSTRES*
WHICH COMPUTES STRESS FROM STRAIN IN MONOTONIC,
UNIAXIAL TENSION.
INPUT
EPPLAS : PREVIOUS PLAST!' STRAIN (IN/IN)
DEP : INCREMENT OF PLASTIC STRAIN (IN/IN)
TEMP : TEMPERATUR
E : YOUNGS MODULUS
OUTPUT
SIG : STRESS
EPPLAS : NEW VALUE OF PLASTIC STRAIN (IN/IN)
***
NOTE
BOTH *CELMOD* AND *CSTRES* ARE IN r.:. UNITS,
50 STRESSES ARE CONVERTED TO N/t*2 AND
TEMPERATURES TO DEGREES tKELJIN BEFORE CALLING
THESE TWO ROUTINES.
***PROGRAMMED BY M.P. BOHN , NOV.18, 1974.

PAGE I

20

25

30

35

40

50
C
C
C

10/21/80

STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRES
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
MATCNS
MATCNS
HATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
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IF (DEP) 100,110,110
100 WRITE (6,130) DEP

DEP :-0.0001
110 CONTINUE

E : El
EPPLAS : EPPLAS+DEP
516 : 5000.0
516 : PS15(SIG)
IF (N3.EQ.1) E : PSIS'EI)

DO 120 K:1,30
EPS : SIGiE+EPPLAS
IF (JrYPE.EQ.1) CALL STRESI (T,EPS,S
IF (JTYPE.EQ.2) CALL CSTRES (T,DELOX

+ AN,EPS,51G)
120 CONTINUE
C CONVERT ANISOTROPIC EFFECTIVE YIELD STRESS
C TO ISOTROPIC EFFECTIVE YIELD STRESS

IF (JTYPE.EQ.2) SIG : SIGi1.19
IF (N3.EQ.1) SIG P518(SIG)
RETURN

C
130

55

60

65

FORMAT (IHI,24X,I8HERROR-NEGATIVE DEP/25X,6HDEP : ,E I.4,32HNAS PA
+55ED TO SUBROUTINE*5TRE55*/25X,44HDEP WAS5 SET TO .0001- RESULTS MA
+Y BE INVALID)

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STRESSX

DEF LINE
I

REFERENCES
73

VARIABLES
0 ANRIN
I COMP
2 CWKF
3 CWNF
4 DELOXY
0 DEP

160 E
0 EPPLAS

162 EPS
0 El
5 FLUX
6 FNCK
7 FNCN

10 FOTMTL
I FRDEN
12 FTMELT
0 JTYPE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

RELOCATION
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS

F.P.

F.P.

F.P.
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

29
29
29
29
29
54
64
59
65
58
29
29
29
29
29
29
65

66
66
66
55
65
64
66
62

66
66

66

59
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
58

64
1

71 DEFINED

IG,E)
Y,FNCK,FNCN,CNKF,CNNF,RSTR

70

75

STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

62
59

56

SUBROUTINE STRESSX I3/21/80 14.31.46 PAGE 2
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SUBROUTINE

VARIABLES SN
161 K * 1

0 N3
13 RSTRAN
0 SIG F

157 TF
0 TEMP F

FILE NAMES
TAPE6 I

STRESSX

TYPE
INTEGER
INTEGER
REAL
REAL

REAL
REAL

MODE
FMT

EXTERNALS TYPE AF
CSTRES
P5I8 REAL
P5I5 REAL
STRESS
TEMPS REAL

STATEMENT LABELS
0 100 INACTIVE

26 110
0 120

135 130 FMT

LOOPS LABEL INDEX FR
51 120 K

COMMON BLOCKS LENGTH
MATCNS 12

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

76/176 OPT:O TRACE STATIC

RELOCATION
DEFINED

F.P. REFS
MATCNS REFS
F.P. REFS

F.P.

RGS
9

I.

DEF LINE
55
57
68
75

ROM-TO
63 68

172B
14B8

DEFINED
REFS
REFS

WRITES

REFERENCES
66
72
61
65
50

REFERENCES
54

2*54
63
55

LENGTH PRO
218

10/21/80 14.31.46

63
50
29
61

65
49

55

62

PERTIES
EXT REFS

122
12

PAGE

62
66
64
60
66
50

3

72

65
61

DEFINED
DEFINED

DEFIED

66
71
49
I

71
72
50

72

FTN i.8+508

I
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SUBROUTINE CREEPX (SIG,EDOT,Z,TC.PHIECREEP,JTYPE) CREEP 2
C IMPLi:IT REAL*8 (A-H,O-Z) CRtEP 3
C ROOTIN4G FOR ROOTS CREEP 4

FI(T) : CREPI(T,EDOT,Z,TC,PHI,ECREEP) CREEP 5
5 F2(T) : CRAPX(T,EDOT,Z,TC,PHI,ECREEP) CREEP 6

C CREEP 7
C CREEP 8
C A MODIFIED FALSE POSITION ROUTINE OPERATING OVER THE INTERVAL ALPH CREEP 9
C BETA WITH INCREMENT DX IDs: 10

10 C CREEP 11
ALPHA : 0.OEO CREEP 12
BETA : 100000. CREEP 13
DX : 10000. CREEP 14
CUT - 5.0 CREEP 15

15 CUTI : CUT CREEP 16
N : 0 CREEP 17

C CREEP 18
A : ALPHA CREEP 19
B : A+DX CREEP 20

20 IF (JTYPE.EQ.I) FOFA : Fi(A) CREEP 21
IF (JTYPE.EQ.2) FOFA : F2(A) CREEP 22

100 IF (JTYPE.EQ.I) FOFB : FI(B) CREEP 23
IF (JTYPE.EQ.2) FOFB : F2(B) CREEP 24

C WRITE(6,80) AFOFABFOFB CREEP 25
25 IF (FOFA*FOFB) 110,170,194 CREEP 26

110 CONTINUE CREEP 27
C HAVING BRACKETED A ROOT 1HE SOLUTION ITERATION COMENCES CREEP 28
C CREEP 29
120 X : (A*FOFB-B*FOFA)/(FOFB-FOFA) CREEP 30

30 N : N+ CREEP 31
IF (N.LT.300) GO TO 130 CREEP 32
WRITE (6,2201 CREEP 33
STOP CREEP 34

C GO TO 24 CREEP 35
35 130 IF (JTYPE.EQ.I) FOFX : Fl(X) CREEP 36

IF (JTYPE.EQ.2) FOFX : F2(X) CREEP 37
C WRITE(6L80) X,FOFX CREEP 38
C TEST THE POSSIBILITY OF THE ITERATION LOOP LANDING ON A ROOT AT X CREEP 39
C OR PASSING BY THE ROOT CREEP 40

40 IF (FOFX*FOFA) 150,160,140 CREEP 41
140 CONTINUE CREEP 42
C THE ROOT IS STILL BRACKETED AND THE ITERATION LOOP CONTINUES CREEP 43
C CREEP 44

A :_X CREEP 45
45 FOFA : FOFX CREEP 46

FOFB : .5*FOFB CREEP 47
IF ((ABS(B-A).GT.CUT).AND.(ABS(FOFX).GT.CUTI)) GO TO 120 Ci:EP 48
VX : X C' .EP 49
GO TO 210 CREEP 50

50 150 CONTINUE CREEP 51
C THE ITERATION SCHEME HAS REBRACKETED THE ROOT-THE BOUNDS ARE CREEP 52
C ADJUSTED AND THE LOOP CONTINUES CREEP 53
C CREEP 54

SUBROUTINE CREEPX 10/21/40 14.31.45 PAGE I
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B : X CREEP 55
55 FOFB : FOFX CREEP 56

FOFA : .5*FOFA CREEP 57
IF r(ABS(B-A).GT.CUT).AND.(AB5(FOFX).GT.CUTI)) GO TO 120 CREEP 58
UX = X C..~EP 59
GO TO 210 CREEP 60

60 160 CONTINUE CREEP 61
C THE ITERATION SCHEME HAS LANDED ON A ROOT AT (X,FOFX) CREEP 62
C CREEP 63

IF (AB5(FOFA).EQ.0.OEO) GO TO 180 CREEP 64
vX : X CREEP 65

65 GO TO 210 CREEP 66
170 CONTINUE CREEP 67
C THE BRACKETING OPERATION HAS FOUND A ROOT CREEP 68
C CREEP 69

IF (FOFA.EQ.0.0E0) GO TO 180 CREEP 70
70 C THE BRACKETING OPERATION HAS FOUND A ROOT AT (B,FOFB) CREEP 71

VX = B CREEP 72
GO TO 210 CREEP 73

180 CONTINUE CREEP 74
C IF THIS 15 THE FIRST BRACKET STEP THEN F(ALPHA):0. IF OTHERWISE CREEP 75

75 C THE PREVIOUS STEP 15 IN ERROR AT FOF3 CREEP 76
WRITE (6,230) A CREEP 77
GO TO 2;0 CREEP 78

190 CONTINUE CREEP 79
C THE ROUTINE HAS NOT YE BRACKETED A ROOT-ADJUST THE VARIABLES TO CREEP 80

80 C THE NEXT MESH AND CONT 'UE, ALSO TEST TO SEE IF THE INTERVAL HAS CREEP 81
C BEEN EXCEEDED CREEP 82

A: B CREEP 83
B : B+DX CREEP 84
FOFA : FOFB CREEP 85

85 IF (A.GT.BETA) GO TO 200 CREEP 86
GO TO 100 CREEP 87

200 CONTINUE CREEP 88
C THE BRACKETING OPERATION HAS OVERRUN THE INTERVAL CREEP 89

WRITE (6,240) CREEP 90
90 STOP CREEP 91

210 CONTINUE CREEP 92
C WRITE(6,74) VX,N CREEP 93

5IG : VX CREEP 94
RETURN CREEP 95

95 C CREEP 96
220 FORMAT (65H- THE ITERATION SCHEME HAS PASSED 100 STEPS--EXECUTION CREEP 97

+TERMINATED) CREEP 98
230 FORMAT (41H, INI TIAL DATA CONTAINS A ROOT AT ALPHA:,E!5.6) CREEP 99
240 FORMAT (48H THE BRACKET OPERATION HAS OVERRUN THE INTERVAL) CREEP 100

100 END CREEP 101
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SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 CREEPX

VARIABLES SN TYPE
373 A REAL

365 ALPHA REAL
374 B REAL

366 BETA REAL
370 CUT REAL
371 CUTI REAL
367 DX REAL
0 ECREEP REAL

0 EDOT REAL

375 FOFA REAL

376 FOFB REAL

400 FOFX REAL

0 JTYPE INTEGER

372 N INTEGER
0 PHI REAL

0 51G REAL
0 TC REAL

401 VX REAL
377 X REAL

0 Z REAL

MAP (R:2)

REFERENCES
94

RELOCATION

F.P.

r.P.

F.P.

F.P.

F.P.
F.P.

F.P.

FILE NAMES
TAPE6

EXTERNALS
CRAPX
CREPI

INLINE FUNCTIONS
ABS
FI
F2

MODE
FMT

TYPE
REAL
REAL

TYPE
REAL
REAL
REAL

ARGS
6
6

ARGS

Z

WRITES

REFERENCES
21
20

DEF LINE
INTRIN

SF 4
SF 5

3?

2?
22

REFERENCES
2*47
20
21

57

71

76

8?

REFS
85

REFS
REFS

83
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

46
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED

19
DEFINED

18
22

DEFINED
85
15
47
19
20

20
I

25
20
25
55
40
35
20
I

30
20
I

20
I

93
35
29
20

20
18

DEFINED
23
19

DEFINED
47
57
83
21

21

2*29
21

2*29

45
36
21

31
21

93
21

DEFINED
36

21

21
44

29
54
12
57

DEFINED
DEFINED

22

22

40
45
46

47

22

DEFINED
22

22

48
44

22

29
82

47
83

DEFINED
15
13
23

23

56
56
84

55

23

26
23

23

58
48

23

36

36

69

22

47

57

35

35

63
84

DEFINED

57

35

30
35

35

64
54

35

23

36

36

36

71
58

36

76

36
35

2*57
22
23

89

63
35
36
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STATEMENT LABELS
60 100
0 110

113 120
132 130
0 140

205 150
226 160
235 170
243 180
247 190
263 200
270 Z10
332 220 FMT
342 230 FMT
351 240 FMT

INACTIVE

INACTIVE

DEF LINE
22
26
29
35
41
50
60
66
73
78
87
91
96
98
99

REFERENCES
86
25
47
31
40
40
40
25
63
25
85
49
32
76
89

STATISTICS
PROGRAM LENGTH

140000B SCM USED

57

69

59 65 72

4026 258

77

10/21/80 14.31.46 PAGESUBROUTINE CREEPX
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C
C
C TEMPS CHANGES FAHRENHEIT TEMPERATURES TO KELVIN
C
C **:*:*

FUNCTION TEMPS (T)
TEMPS : (T+459.67)X(5./9.)
RETURN
END

SYMBOLIC REFERENCE MAP (A:2)

ENTRY POINTS
5 TEMPS

VARIABLES
0 T

20 TEMPS

DEF LINE
r

SN TYPE
REAL
REAL

REFERENCES
8

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

140000E SCM USED

5

CONVSF
CONVSF
CONVSF
CONVSF
CONV SF
CONVSF
CONVSF
CONVSF
CONVSF

2
3
4
5
6
7
8
9

10

REFS
DEFINED

218

7
7

17

DEFINED 6

10/21/80 14.31.46 PAGE IFUNCTION TEMPS
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FUNCTION Tf::PKF (T)

TEMPKF CONVERTS TEMPERATURES FROM KELVIN TO FAHRENHEIT

T -
TEMPKF -

INPUT TEMPERATURE (K)
OUTPUT TEMPERATURE (F)

C
C
C
C
C
C
C
C
C
C

C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 TEMPKF

VARIABLES
0 T
16 TEMPKF

DEF LINE

SN TYPE
REAL
REAL

REFERENCES
14

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

140000@ SC USED

I

5

TEMPKF : l.8E0*T-459.67E0

RETURN
EN1

10

I5

CONVSF
CONVSF
CONV5F
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF
CONVSF

II
12
13
14
15
16
17
18
19
20
21
22
23
24
25

REF5
DEFINED

178

12
12

I5

DEFINED

10/21/40 14.31.46 PAGE IFUNCTION TEMPKF
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C
C
C PSIS CHANGES PSI TO NEWTONS/METER**2
C
5C ******

FUNCTION P515 (PSI)
P515 = PSI*6894.7572
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 PSIS

VARIABLES
0 PSI

14 P515

DEF LINE
6

SN TYPE
REAL
REAL

REFERENCES
8

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCM U.ED
158

5

CON5F
CONV5F
CONVSF
CONUSF
CONVSF
CONV5F
CONI)SF
CONVSF
CON5F

26

20
29
30
31
32
33
34

REFS
DEFINED

7
7

DEFINED 6

FUNCTION PSIS 10/21/80 14.31.46 PAGE 1
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C
C
C P5I8 CHANGES NENTONS/METER**2
C
C *f**Ux

FUNCTION P5I8 (PSI)
PSIS : PSI/6d94.7572
RETURN
END

SYMBOLIC REFERENCE NAP (R:2)

ENTRY POINTS
5 P!+aq

VARIABLES
0 PSI

14 P510

DEF LINE
6

SN TYPE
REAL
REAL

REFERENCES
a

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

TO PSI

CONVSF
CONVSF
CONVSF
CONVSF
COIIVSF
CONVSF
CONVSF
CONVSF
CONVSF

35
36
37
3d
39
40
41
42
43

REFS
DEFINED

158

7
7

DEFINED 6

FUNICT ION PSI D FTN 4.8+508 10!21/80 14.31.46 PAGE I
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SUBROUTINE FCRNCH (5'GPG DTIME FVFRO,DVTOT,DV)
C SIG : INPUT RADIAL !'TRESt AT PELLET CLAD INTERFACE (PSI)
C PG : INPUT GAP GAS PRESSURE (PSI)
C DTIME : INPUT TIME STEP SIZE (tRS)

5 C FUFRO : INPUT INITIAL FUEL VOID FRACTION
C DVTOT : INPUT FUEL VOID FRACTION THAT HAS BEEN REMOVE
C : SUM OF PERMANENT PLASTIC STRAINS IN 3 DIRECTIONS
C FVFRO + DYTOT : INPUT REMAINING FUEL VOID FRACTION
C DV : OUTPUT CHANGE IN VCLUME

10 C THE CONSTANT A 15 THE FUEL PELLETE STIFFENER KNOB (A IS INVERSLY
C PROPORTIONAL TO THE STIFFNESS). THE CONSTANT B 15 THE INTERFACE
C PRESSURE SENSITIVITY KNOB (B 15 PROPORTIONAL TO THE SENSITIVEITY).
C DV 15 ZERO IF THERE 15 NO REMAINING RELOCATION OR IF THE INTERFACE
C PRESSURE IS POSITIVE.

15 DV: 0.0
FVFR : FVFRO+DVTOT
IF (FVFR.LE.0.0) GO TO 100
SM : SIG+PG+1000.
IF (SM.GE.0.0: GO TO 100

20 5M : -SM
A : 1.0E-17
8 :4.5
BETA DTIME*A*((SM)**B)
DV : -FVFR*(I.E0-EXP(-BETA))

25 100 RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FCRNCH

VARIABLES
63 A
64B B
65 BETA
0 DTIME
0 DV
0 DUTOT

61 FVFR
0 FVFRO
0 PG
0 1G

62 Sri

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
25

RELOCATION

F.P.
F.P.
F.P.

F.P
F.P.
F.P.

EXTERNALS
EXP

TYPE
REAL

ARGS REFERENCES
I LIBRARY 24

FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNC;1
FCRNCH
FCRNCH
FCRNCH
FCRNCH
FCRNCH

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
2c
23
24
25
26
27

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

23
23
24
23

16
17
16
18
18
19

DEFINED
DEFINED
DEFINED
DEFINED

I5
DEFINED

24
DEFINED
DEFINED
DEFINED

20

21
22
23
I

24

DEFINED

23

16

DEFINED 16 20

10/21'80 14.31.46 PAGE ISUBROUTINE FCRNCH



SUBROUTINE FCRNCH

STATEMENT LABELS
46 100

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
25 17 19

FTN 4.8+508

668

PAGE 21/21/80 14.31.46
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FUNCTION CRAPX (SAG EDOT,T,TC,PHI,ECREEP) CRAPX 2
C IMPLICIT REAL*O (A-H,6-Z) CRAPX 3
C CREEP COMPUTES EFFECTIVE STRESS AS A FUNCTION OF CRAPX 4
C THE CREEP STRAIN RATE, TEMPERATURE, FAST CRAPX 5

5 C NEUTRON FLUX AND ACCUMULATED TOTAL CREEP STRAIN CRAPX 6
C INPUT CRAPX 7
C EDOT : CREEP STRAIN RATE (It/HR) CRAPX 8
C TC : CLADDING TEMPERATURE (F) CRAPX 9
C T : TIME (HR) NOT USED IN THIS VERSION CRAPX 10

10 C CRAPX 11
C PHI : FLUX (NEUTRONS/M*x?/5EC) CRAPX 12
C ECREEP : TOTAL ACCUMULATED CREEP STRAIN (DIMENSIONLESS) CRAPX 13
C OUTPUT CRAPX 14
C 51G : EFFECTIVE STRESS (PSI) CRAPX 15

15 C CRAPX 16
C THE CREEP RATE EQUATION USED IN THIS SUBRO'JTINE WAS BASED ON : CRAPX 17
C THE TIME AND STRESS DEPENDENCE TAKEN FROM "INREACTOR TUBULAR CRAPX 18
C CREEP OF ZIRCALOY-2 AT 260 TO 3000", E.F. IBRHAIM, ,. NUCL. MATER CRAPX 19
C VOL 46 (1973) PP 169-182 CRAPX 20

20 C THE FLUX DEPENDENCE WAS BASED ON ROSS-ROSS h.D HUNT, J. NUCL. CRAPX 21
C MATER. VOL 26 (1968) PP 2 - 17 CRAPX 22
C THE TEMPERATURE DEPENDENCE, DEPX(-QIRT), WAS BASED ON A VALUE CRAPX 23
C OF Q : 10000 CAL/MOLE NEAR 573K FROM FIDLERIS, AECL-4766 CRAPX 24
C CRAPX 25

25 C CODED BY M.P.BOHN, DEC.28,1975 BASED ON THE MATPRO CRAPX 26
C FUNCTION 'CCRPR' CRAPX 27
C CRAPX 28
C WRITE(6,2) SAG EDOT,TC,PHI,ECREEP CRAPX 29

SIG : SAG*6894.7573 CRAPX 30
30 DPDT : EDOTi3600.0 CRAPX 31

TCI : 5.0*(TC-32.0)/9.0+273.15 CRAPX 32
8 : 725.2 CRAPX 33
C : 4.967E-08 CRAPX 34
AK = 5.129E-29 CRAPX 35

35 R : 1.987 CRAPX 36
E : ECREEP CRAPX 37
Al : SQRT(E*DPDT/2.0)/(AK*PHI) CRAPX 38
A2 : EXP(I000U.0/(R*TCI)) CRAPX 39
A3 : AI*A2 CRAPX 40

40 IF (T.EQ.0.EC) GO TO 100 CRAPX 41
A4 : SIG+B*EXP(C*SIG) CRAPX 42
TIME : T*3600.0 CRAPX 43
CRAPX : DPDT-AK*PHI*A4*(I.0/A2)/SQRT(TIME) CRAPX 44
RETURN CRAPX 45

45 100 CONTINUE CRAPX 46
CRAPX : A3-B*EXP(C*SIG)-SIG CRAPX 47
RETURN CRAPX 48

C CRAPX 49
END CRAPX 50
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CRAPX

VARIABLES
146 AK
151 Al
152 A2
153 A3
154 A4
144 8
145 C
140 CRAPX
142 DPDT
150 E
0 ECREEP
0 EDOT
0 PHI

147 R
0 SAG

141 SIG
0 T
0 TC

143 TCI
155 TIME

EXTERNALS
EXP
SQRT

STATEMENT LABELS
103 100

STATISTICS
PROGRAM LENGTH

I400008

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

SCM USED

REFERENCES
44 47

RELOCATION

F.P.
F.P.
F.P.

F.P.

F.P.
F.P

ARGS
I LIBRARY
I LIBRARY

DEF LINE
45

?EFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFERENCES
38
37

REFERENCES
40

1568

37
39
39
46
43
41
41
43
37
37
36
30
37
38
29

2*41
40
31
38
43

43
DEFINED

43
DEFINED
DEFINED

46
46
46
43

DEFINED
DEFINED
DEFINED

43
DEFINED
DEFINED

2*46
42

DEFINED
DEFINED
DEFINED

34

38

32
33

30

29
1

DEFINED
37

DEFINED
39
4'

DEFINED
DEFINED

DEFINED
36

DEFINED

DEFINED
DEFINED

31
42

41
43

46
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SUBROUTINE PRESS (SIGMDVDOTTIMETPHICRAPJTYPEN3)
TC : T
IF (N3.EQ.0) TC : TEMPKF(T)
SIGGY : DVDOTi5.DE-08
IF (JTYPE.EQ.I.AND.TC.GE.2C46.26) SIGH : SIGGY
IF (JTYPE.EQ.I.AND.TC.LT.2O46.26) SIGH : !.E+27
IF (JTYPE.F9.2 SIGH .E+27
IF :N3.EQ.0) SIGH : PS15(SGM)
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FPRESS

VARIABLES
0 CRAP
0 VDOT
0 TYPE
0 N3
0 PHI

57 SIGGY
0 SIGH
0 T

56 TC
0 TIME

EXTERNALS
PSI S
TEMPKF

STATISTICS
PROGRAM L.:GTH

1400008

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

SCM USED

REFERENCES
9

RELOCATION
*UNUSED F.P.

F.P.
F.P.
F.P.

*UNUSED F.P.

F.P.
F.P.

*UNUSED

ARGS

F.P.

REFERENCES
8
3

608

I

5

10

FPRES
FPRES
FPRES
FPRES
FPRES
FPRES
FPRES
FPRES
FPRE5
FPRES

2
3
4
5
6
7
8
9

10
II

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED

I
4
5
3
I
5
8
2
5
I

DEFINED
6
8

DEFINED
DEFINED

3
6

1
7

DEFINED

4
1D

DEFINED
DEFINED

IDEFINED
I

5

2

6

3

7 8
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SUBROUTINE PRINTS (5IG EPS,EPP EP,ECREEP,MI,N2,M3,R,T,PG,PC,FVFRO,
+DVHPRSMNRMNAALFDTEP502,EP5)

DIMENSICN T(MNA,MNR),EPS(MNA,MNR,3),EPP(NNA,MNR,3)
+ ,SIG(MNA,MNR,3)
+ ,EP(MNA,MNR), R(NNA,MNR),ECREEP(INA,MNR)
+ ,FVFRO(MNA MNR) ,DVHPRS(NNA,MNR)
+ ,PG(MNA) ,C(MNA) ,ALFDT(MNA,MNR,3) ,EP502(MNA,MNR,3)
+ ,EPSO(MNA,MNR,3)

+

+

WRITE (6 130)
DO 10 J:1 ml
WRITE (6 140)

DO 16 I:I,M2
WRITE (6,140) R(JI) (EPS(JI,M),M:1,3),(EPP(J,I,M),M:1,3)
,(SIG(JI,N),M:1,3),6VHPRS(J,I),FVFR0(J, I)
CONTINUE

WRITE (6,150)
DO 110 1:1,M2
WRITE (6,140) PG(J),PC(J),(ALFDT(J,I,t),M:1,3),(EP502(J,i,
P)N,M:1,3), (EP50(J, I, ),M:1,3)
CONTINUE

CONTINUE
RETURN

C
130 FORMAT (IHI,7X,IHR,8X,4HEPSR,7X,4HEP5H,7X,4HEP5A,7X,4HEPPR,7X,4HEP

+PH,7X,4HEPPA,7X,4H5IGR,7X,4H5IGH,7X,4HSIGA,6X,6HDVHPR5,6X,5HFVFRO,
+/,IH,12X,2HEP,7X,6HECREEP,9X,2HPG,9X,2HPC)

140 FORMAT (IH .12EII.3)
150 FORMAT (IHO)

END

C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PRINTS

VARIABLES
0 ALFDT
0 DVHPRS
0 ECREEP
0 EP
0 EPP
0 EPS
0 EPSO
0 EPS02
0 FVFRO

274 I
273 J

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER

REFERENCES
24

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

I

5

10 C

15

100

20

110
120

25

30

PRINTS
PRINT
PRINTS
PRINTS
PRINT
PRINTMI
PRINTS
PRINT
PRINT
PRINTS
PRINTh
PRINT
PRINT
PRINT
PRINTS
PRINT
PRINTMI
PRINT
PRINTS
PRINTS
PRINTS
PRINT
PRINTMI
PRINT
PRINT
PRINTS
PRINTS
PRINTMI
PRINTS
PRINTS
PRINTS

REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

4
4
4
4
4
4
4
4
4

6*15
6*15

20
I5

DEFINED
DEFINED

15
I5
20
20
I5

3*20
5*20

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

'

14
12

19
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VARIABLES
275 M

0 MNA
0 MNR
0 MI
0 M2
0 M3
0 PC
0 PG
0 R
0 SIG
0 T

FILE NAMES
TAPE6

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL

RELOCATION

*UNUSED
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

MODE
FMT

F.P.
F.P.
FP.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

WRITES

STATEMENT LABELS
0 100
0 110
0 120

247 130 FMT
266 140 FMT
271 150 FMT

LOOPS
17
23
33
50
65
:16
125
142
157

LABEL
120
100

i10

INDEX
J

M
M
M
I

M
M
M

DEF LINE
17
22
23
26
29
30

FROM-TO
12 23
14 17
15 15
15 15
15 15
19 22
20 20
20 20
20 20

REFERENCES
14
19
12
I'
15
13

LENGTH
1638
678
138
138
138
618
138
138
138

20
18

PROPERTIES
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

NOT INNER
NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

395REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

I

3*20
14*4
12*4
12
14

4
4
4
4
4

13

3*20
DEFINED
DEFINED
DEFINED

'9

20
20
15
15

DEFINED

15

DEFINED
I
I

DEFINED

DEFINED
DEFINED
DEFINED
DEF INED

18 20

315E 205
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SUBROUTINE FCM12 (NN,DLROD,DLREL JJJ,RELAX,DTIME TIMENI N2,N3 N4
+1I ,2,13iM4,M5,M6,KFLAG,ELASTCCRACKVX,PGPCT, PS,EPP,$1GRE'SE
+PS6 ECREEP &P bZGAP,R,IGAP OLbT,OLDPGOLDPC,6LIGAP,FVFRODVHPRS,E
+P2,EPP2,ECREP2,OLDEPP,AFCI2,NA,NR,MNA)

COM11ON/PPC11 2/

4

+

+

++

C
INTEGER

+
C

REAL
+
+
+
+
+4
+4
+4

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
,N11
,NWJ
,NLL
,NCC

CRACK
,OLIGAP( NA)

,ELASTC
,RELAX

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NIN
,NGG
,NU
,NAA
,NFF

,1

DZ(MNA) ,DVHPRS(MNA,NR)
,ECREP2(KNA,NR),EP(dNA,NR)
,EPP(MNANR,3) ,EPP2(dNA,NR,3)
,EP5O(hNANR,3),FVFRO(HNA,NR)
,OLDPC(1NA) ,OLDPG(HNA)
,PC(1NA) ,PG(dNA)
,REPS(HNA,2) ,51G(MNANR,3)
,AFC112(I)

C WRITE(6,2)
P1 : 3.1415926

C ***COMPUTE GAP ASSUMING NO PCI
F : 1.0E0

DO 100 J:JJJ,NN
DELTA : R(J,M4)-R(JM4-1)

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
,NALFDT
,Nisi
,NBB
,NDD
,NEE
,NEI

GAP(MNA)

,ECREEP( NA,NR>
,EP2(HNANR)
,EPS(MNANR,3)
,GAP(HNA)
,OLDT(HNA,NR)
,R( NANR)
,T(tNA,NR)

C
C 1005 FORMAT(IX,5120)

GAP(J) :=GAPTX(NI,N2,N3,N4,J,M2,M3,M4,M5,M6,FZDELTA,DELTEZ,RE
+ LAXDTIMETIME,KFLAG,F,ELASTCCRACK, DVHPRSECREEPECREP2,EPEP
+ 2,EPP,EPP2,EPS,EP50,FVFR0,OLDPCOLDPG,OLDTPC,PG,R,SIG,TAFCMI
+ 2(NPIN),AFCHI2(NPOUT),AFCH12(NT2),AFC1I2,NANR,MNA)

C NRITE(6,3) J, GAP(J)
IGAP(J) : 0
IF (GAP(J).LE.0.0) IGAP(J) : 1

100 CONTINUE
C IGAP:1 IF GAP IS CLOSED
C ***TEST FOR CLOSED GAP AND RE-SOLVE AS NECESSARY

DO 130 J:JJJNN
IF (IGAP(J).NE.1) GO TO 120

C NGDE J IS IN CONTACT
C IF GAP HAS JUST CLOSED, SEEK POINT OF CLOSURE

C5

i

10

I5

20

25

30

35

45

50
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IF (OLIGAP(J).NE.0) GO TO 110 FCMI2 55
55 C FCMI2 56

CALL CLOSEX (NI,N2,N3,N4,J,M2,H3,H4,H5,6,FZ,DELTA,DELTEZ,RELA FCMI2 57
+ XDTIMETIME,KFLAGELASTCCRACK,UX,DVHPRS,ECREEPECREP2 EPEP2 FCMI2 58
+ ,EPPEPP2,EPS,EPSO,FVFRO,OLDPCOLDPG,0LDTPC,PGR,REP5,SIG;TA FCHI2 59
+ FCM1INA,NR,KNA) FCMI2 60

60 CALL EQUALI (EP,EP2,JNR,MNA) FCI2 61
CALL EQUALI (ECREEPECREP2,J,NR,MNA) FCHI2 62
CALL EQUAL2 (EPPEPP2,JNR,MNA) FCMI2 63

110 CONTINUE FCI2 64
C OBTAIN COUPLED SOLUTION FCHI2 65

65 L2 :H2 FCHI2 66
L3 : M3 FCM12 67
L4 : M4 FCHI2 68
FZ : -PC(J)*PI*R(J,M3)**2 FCMI2 69
DELTEZ : REPS(J,1 )-REPS(J,2) FCMI2 70

70 C FCI2 71
CALL RATIO (NIN2,N3,N4,J L2,L3,L4,L5,L6,FZ,DELTA,tELTEZRELAX FCHI2 72

+ ,DTIMETIME,KFLAG URO,ELASTC CRACKDVHPRSECREEPECREP2,EPEP2 FCMI2 73
+ ,EPPEPP2,EPS,EPS6,F)FRO,OLD4COLDPGOLDT,PCPGRSIG,T,AFCMI2 FCH12 74
+ (NPI),AFCMI2(NP?),AFCMI2(NT5AVE),AFCMI2(NTN),AFCHI2,NA,NR,MNA) FCHI2 75

75 CALL EQUALI (EP,EP2,JNRMNA) FCHI2 76
CALL EQUALI (ECREEP,ECREP2,J,NR,MNA) FCMI2 77
CALL EQUAL2 (EPP,EPP2,J,NRMNA) FCMIZ 78
GO TO 130 FCM12 79

*******OPEN GAP SOLUTION 15 APPROPRIATE FCHI2 80
80 120 CONTINUE FCMI2 81

CALL EQUALI (EP,EP2,J,NRMNA) FCMI2 82
CALL EQUALI (ECREEP,ECREP2,JNR,tNA) FCM12 83
CALL EQUAL (EPP,EPP2,JNR,INA) FC12 84
REPS(J,1 ) : EPS(JM4-1,3) FCM12 85

85 REPS(J,2) : EP5(J,H4,3) FCHI2 66
C FCMI2 87
130 CONTINUE FCHI2 88

C ***COMPUTE NEW ROD LENGTH AND DISPLACEMENT FCMI2 89
C BETWEEN FUEL STACK AND 'JPPER END OF CLAD FCMI2 90

90 DLROD : 0.0 FCMI2 91
DLREL : 0.0 FCHI2 92

DO 140 N:JJJ,NN FCMI2 93
DLROD : DLROD+EPS(NH3,3)*DZ(N) FCMI2 94

C FCMI2 95
95 DLREL : DLREL+(EP5(N,M3,3)-EPS(NM4-1,3))*DZ(N) FCMI2 96

140 CONTINUE FCMI2 97
RETURN FCMI2 98

C FCM12 99
END FCM12 B00

SYMBOLIC REFERENCE MAP (R:2)

10/21/80 14.31.46 PAGE 2SUBROUTINE FCH12
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REFERENCES
97
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VARIABLES
0 AFCM?12
0 CRACK

672 DELTA
674 DELTEZ

0 DLREL
0 DLROD
0 DTIME
0 DVHPRS
0 DZ
0 ECREEP

0 ECREP2

0 ELASTC
0 EP

0 EPP

0 EPP2

0 EPS

0 EP50
0 EP2

670 F
0 FUFRO

673 FZ
0 GAP
0 IGAP

671 J

0
0

675
676
677
700
701

0

0
0
0

0

JJJ
KFL.G
L2
L3

L5
L6
MNA

MI
M2
M3

1 .

SN TYPE
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

INTEGER
REAL

REAL

REAL

REAL

REAL
REAL

REAL
REAL
REAL
REAL
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

RELOCATION
ARRAY F.P.

F.P.

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

*UNUSED

F. P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEF I NED
REFS

DEFINED
REFS
2*95
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

60
77

DEFINED
4EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

71
DEFINED
DEFINED

REFS
REFS

DEFINED
REFS

24
21
40
40
95
93
40
24
24
24
I

24

21
24

I
24

DEFINED
24
24

40
24
40
24
?1
2*37
61
81
36
36
40
71
71
71
71
71

2*21
75

40
40

2*37

4*40
40
56
56

DEF I NED
DEFINED

56
40
93
40

40

40
40

40

40

40
I

40
40

DEFINED
40
56
46
51

2*40
62
82
50
50
56

DEFINED
DEFINED
DEFINED

2I*24
76

56
56

40

56
56
71
71

71
71
56
95
56

56

56
56

56

56

56

56
56

35
56
71

DEFINED
DEFINED

45
2*68
83

92
71
65
66
67

40
77

65
66

56

5*71
71

DEFINED
DEFINED

91
90

DEFINED
71

DEFINED
61

61

71
60

62

62

71

71
60

71
DEFINED

2*46
2*69
2*84

DEFINED
DEFINED

56
81

DEFINED
68

67

DEFINED
DEFINED

37
69
95
93

DEFINED
71

71

DEFINED
71

71

71

e4

DEFINED
71

DEFINED
68
40
45
51
71

2*85

I

60
82

93

84

3

7

76

76

1
75

77

77

85

7
75

82

82

81

83

83

93

81

46
54
.11

56
76

6261
83

95

85 95
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VARiABLES

0
0

703
0

43
25
33
45
I1
5

36
7

12
21
16
41
44
23
I5
46
13
14
35
30
42
34
32
0

31
27
26
6
0
I
2
3
0

10
24
20
4

17
40
22
37
0
0
0
0
0

SN TYPE

M15
M6
N
NA
NAA
NALFDT
N8B
"CC
NCOEF
NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NE I
NEPP2
NEP2
NFF
NF I
NF2
NGG
NHH
NLL

NMN
NN
NNN
NNUDPP
NOLDPP
NOLSGF
NPIN
NPOUT
NP I
NP2
NR

NSLOPE
NSTRTT
NTN
NTSAVE
NT2
NU
NV
NW
NI
N2
N3
N4
OLDEPP

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

*UNUSED

F.P.
F.P.

F.P.
PFCMI2
PFCM12
PFCMI2
PFCM12
PFCMa2
PFCMI2
PFCM12
PFCM12
PFCM12
PFCM12
PFCMI2
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCMI2
PFCM12
PFCM 12
PFCM 12
PFCM 12
PFCMI2
PFCM12
PFCMI2
F.P.

PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCM 12
PFCMI2
PFCM12
PFCM 12
F.P.

PFCM12
PFCMI2
PFCM12
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCM12
F.P.
F.P.
F.P.
F.P.
F.P.

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

75
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

0
40
40
2*93
40
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

36
6
6
6
6
6
6
6
6

14*24
76
6
6
6
6
6
6
6
6
6

40
40
40
40
1

56
56

3*95
56

50

40
40
71
71
40
77

DEFINED
DEFINED
DEFINED

71

92

56
81

I

92
DEFINED

DEFINED

60
82

61
83

71
71
40

62 71

56
56
56
56

71
71
71
71

DEFINED
DEFINED
DEFINES
DEFINED
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VARIABLES
0 OLDPC
0 OLDPG
0 OLDT
0 OLIGAP
0 PC

0
667
0

0
0
0
0
0

102
0

PG
PI
R

RELAX
REPS
5G
T
TIME
URO
vX

SN TYPE
REAL
REAL
REAL
INTEGER
REAL

REAL
REAL
REAL

INTEGER
REAL
REAL
REAL
REAL

* REAL
REAL

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY F.P.

ARRAY F.P.

F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.

F.P.

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

24
24
24
21
24

1
24
6e
24
1

21
24
24
24
40
71
56

40
40
40
54
40

40
DEFINED

2*37

40
56
40
40
56

DEFINED

56
56
56

DEFINED
56

56
33
40

56
2*69
56
56
71

71
71
71
6

68

DEFINED
DEFINED
DEFINED

71

71 DEFINED

56

71
DEFINED

71
71

DEFINED

68

DEFINED
D I

DEFINED
DEFINED

1

EXTERNALS
CLOSEX
EQUALI
EQUAL
GAPTX
RATIO

STATEMENT LABELS
0 100

220 110
334 120
373 130

0 140

TYPE ARGS
43
5
5

REAL 45
46

DEF LINE
47
63
80
9'
96

REFERENCES
56
60
62
40
71

REFERENCES
36
54
51
50
92

LOOPS
21

117
404

LABEL
100
130
140

COMMON BLOCKS
PFCM12

INDEX
J
J
N

LENGTH
39

FROM-iO
36 47
50 87
92 96

STATISTICS
PROGRAM LENGTH
SCM LABELED COMrIN LENGTH

1400008 SCM USED

74

238

PROPERTIES
EXT REF5
EXT REFS

OPT

12008
478

1

71

I

61
77

85

75
83

76 81 82

78
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SUBROUTINE RATIO (NIN2,N3,N4,I,H2,M3,M4,M5,6,FZ,DELTA,DELTEZ,REL
+AX,DTIMETIMEKFLAGURO,ELASTCCRACKDVHDRSECREEP,ECREP2,EP,EP2,E
+PPEPP2,EPS,EP50,FVFROOLDPC,OLDPG,OLDT,PC,PG,R,SIGTPI,P2,TSAVE,
+TN, AFCM12, NA, NR, MNA)

COMMON/PFCMI2/

+
+
+
+
4
4

+
+
+

+
+

INTEGER

REAL
+4

CRACK

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
,NMM
,NNI
,NLL
,NCC

ELASTC

DVHPRS(MNA,NR)
,EP(NNA,NR)
,EPP2(MNA,NR,3)
,FVFRO(MNA,MR)
,OLDT(MNA,NR)
,Ri ".,NMR)
,PI(INA)
,TN(MNA,MR)

,NP I
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,MNUDPP
,NMN
,NGG
,NU
,NAA
,NFF

,NP2
,NOLSGF
,NCOEF
,MF2
,NT2
,NV
,NALFDT
,NHH
,NBB
,NDD
,NEE
,NE

,RELAX

,ECREEP(MNA,NR)
,EP2(MNA,NR)
,EPS(MNA,NR,3)
,OLDPC(INA)
,PC(MNA)
,51 G(MNA,HR,3)
,P2(MNA)
,AFCMI2(I)

KLK : 0
DO 100 J:M2,t3

100 TSAVE(J: : OLDT(I,J)
PGSAV : OLDPG(I)
PCSAV : OLDPC(I)
DTSAVE : DTINE
TMSAV : TIME
CALL EQUALI( EP2,EPI,NR,MNA)
CALL EQUAL2 (EPP2,EPP,INRMNA)
CALL EQUALS (ECREP2,ECREEP,1,NR,MNA)

110 CONTINUE
KLK : KLK+1
IF (KLK.GT.5) WRITE (6,190) KLK
IF (KLK.GT.5) WRITE (6,200)
IF (KLK.GT.5) STOP

C KKK : 4**(KLK-l)
KKK = 2**(KLK-1)
N4 :0
OLTIME : TMSA

C CUT DOWN CREEP STEP SIZE
If (KLK.GT.1) WRITE (6,190) KLK
IF (RELAX.NE.1u GO TO 140

,ECREP2 (NA,NR)
,EPP(INA,NR,3)
,EPS0(MNA,NR,3)
,OL DPG (MNA)
,PG(MNA)
,T( MNA,NR)
,TSAVE(NR)

C

5
C

10

I FCN 12
RATIO
RATIO
RATIO
RAT IO
RATIO
RATIO
RATIO
RATIO
RATIO
Ri 10
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATI10
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RAT I
RATIO 0
RATIO
RATIO

I5

20
C

C

+
+
+

+
+

30

35

40

50
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DO 130 K5:I,KKK RATIO 54
55 RKK : KKK RATIO 55

DTIM2 : DTSAVE/RKK RATIO 56
TIM2 : OLTIME+DTIM2*(K5-I) RATIO 57
P1(I) : PG(I) RATIO 58
P2(I) : PC(I) RATIO 59

60 DO 120 J:M2,13 RATIO 60
120 TN(I,J) : T(I,J) RATIO 61
C RATIO 62

CALL PELLET (NI,N2,N3,N4,IM2,3,M4,M5,M6,FZ,DELTADELTEZRELA RATIO 63
+ X,DTIM2,TIM2,KFLAG,UR 6,ELASTC,CRACK,DVHPRSECREP2,EP2,EPP2,EPS RATIO 64

65 + ,EPSO,FVFRO,PI,P2,R,SIG,TN,AFCMI2(NE),AFCM12(NV),AFCM12(NALFDT RATIO 65
+ ),AFCMI2(NSTRTT),AFCMI2,NA,NR,MNI ) RATIO 6b

IF (N4.NE.I) GO TO 130 RATIO 67
IF (K5.EQ.1) GO TO 110 RATIO 68
TMSAV : TIM2 RATIO 69

70 DTSAVE : DTSAVE-DTIM2*(K5-I) RATIO 70
KLK : I RATIO 71
GO TO 110 RATIO 72

130 CONTINUE RATIO 73
GO TO 180 RATIO 74

75 C CUT DOWN PLASTICITY LOADSTEP RATIO 75
140 CONTINUE RATIO 76

DO $10 K5:IKKK RATIO 77
RKK : KKK RATIO 78
RKS: KS RATIO 79

80 F : RKS'RKK RATIO 80
P1(I) : PGSAV+F*(PG(l)-PGSAV) RATIO 81
P2(I) : PCSAV+F*(PC(I)-PGSAV) RATIO 82
DTIM2 : DTSAVE/RKK RATIO 83
TIM2 : OLTIME+DTh2*(RK5-l.) RATIO 84

85 DO 150 J:M2,M3 RATIO 85
ISO TH(I,J) : TSAVE(J)+F*(T(I,J)-TSAVE(J)) RATIO 86

IF (KLK.GT.1 WRITE (6,210) PI(I),P2(I) RATIO 67
IF (KLK.GT .) WRITE (6,210) (TN(I,),M:12,M3) RATIO 88

C RATIO 89
90 CALL PELLLI (NI,N2,N3,N4,IM2,t3,M4,M5,M6,FZ,DELTADELTEZRELA RATIO 90

+ XDTIM2,TIM2,KFLAG,URO,ELASTC,CRACK,DVHPR5,ECREP2,EP2,EPP2,EPS RATIO 91
+ ,EPS0,FVFRO,PI,P2,R,SIG,TN,AFCMI2(NE),AFCM12(Nv),AFCM12(NAL.T RATIO 92
+ ),AFCMI2(NSTRTT),AFCMI2,NA,NR,MNA) RATIO 93

IF (N4.NE.1) GO TO 170 RATIO 94
95 IF (K5.EQ.1) GO TO 110 RATIO 95

KLK = I RATIO 96
DO 160 J:M2,M3 RATIO 97

160 TSAVE(J) : TSAVE(J)+((K5-I)/RKK)*(T(I,J)-TSAVE(J)) RATIO 98
PGSAV : PGSAV+((K5-1)/RKK)*(PG(I)-PGSAV) RATIO 99tuO PCSAV : PCSPN+((K5-l),RKK)*(PC(I)-PCSAV) RATIO 100
GO TO 110 RATIO 101

170 CONTINUE PATIO 102
C UPDATE PREMANENT PLASTIC STRAINS RATIO 103
180 CONTINUE RATIO 104

105 'ETURN RATIO 105
C RATIO 106
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FORMAT (IHI,5X,I7HSTEP SIZE CHANGED,I5,5HTIMES)
FORMAT (IHO,46HRESULTS INVALID -- CREEP STEP TOO LARGE
FORMAT (IH0,5X,10F12.4)
END

RATIO
) RATIO

RATIO
RATIO

SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 RATIO 2

VARIABLES SN TYPE
0 AFCMI2 REAL
0 CRACK INTEGER
C DELTA REAL
0 DELTEZ REAL
0 DTIME REAL

672 DTIM2 REAL

664 DTSAVE REAL
0 DVHPRS REAL
0 ECREEP REAL
0 ECREP2 REAL
0 ELASTC INTEGER
0 EP REAL
0 EPP REAL
0 EPP2 REAL
0 EPS REAL
0 EPSO REAL
0 EP2 REAL

675 F REAL
0 FVFRO REAL
0 FZ REAL
0 1 INTEGER

66i

0
666
660

670

676
G?

0

0

J

KFLAG
KKK
KLK

K5

M
"NA

M2

M3

MAP (R:2)

REFERENCES
105

RELOCATION
ARRAY F.P.

F.P.
F.P.
F.P.
F.P.

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

190
200
210

110

,07
108
109
110

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*59
90

REFS
85

REFS
REFS
REFS

88
REFS

100
REFS
REFS

DEFINED
REFS

DEFINED
REFS

24
22
63
63
37
57
56
56
24
24
24
22
24
24
24
24
24
24
81
24
63
34

2*61
98

2*34
97
63
54
43

DEFINED
57

DEFINED
88

21*24
2

33
2

33

70

2

2

2

5*63
63
90
90

DEFINED
63
83
70
63
41
41
63
39
40
40
63
63
39
82
63
90
35
63
99

2*61

90

2:."44
32
68
54

DEFINED
39

60

60

5*90
90

DEFINED
DEFINED

2
70

83
90

DEFINED
63
90

DEFINED
DEFINED

63
90
90
63
86
90

DEFINED
36

2*8
100
4*86

DEFINED
77
45
43
70
77
88
40

63

63

DEFINED
DEFINED

2
2

84

DEFINED
DEF I NED

2
90

DEFINED
2
2

90
DEFINED
DEFINED

90
DEFINED
DEFINED

2
39

2*82
DEFINED

4*98

2
78
46
71
79

41

85

85

2
2

90

37
2

DEFINED
2

DEFINED
2
2

DEFINED
80
2

40
2*86
2

DEFINED

DEFINED
48
96
95

63

88

88

2*58
88

60

41
2*87

33

48
2*52

98

07

99

97

97

90

90

90
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VARIABLES

MV
M5
M6
NA
NAA
NALFDT
NBB
NCC
NCOEF
NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NEI
NEPP2
NEP2
NFF
NF I
NF2
NGG
NHH
NLL
NMM

NNN
NNUDPP
NOLDPP
NOLSGF
NPIN
NPOUT
NPI
NP2
NR

NSLOPE
NSTRTT
NTN
NTSAVE
NT2
NU
NV
NN
NI
N2
N3
N4P
OLDPC
OLDPG
OLDT

SN TYPE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I' sEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

RELOCATION

ARRAY
ARRAY
ARRAY

F.P.
F.P.
F.P.
F.P.

PFCMI2
PFCMI2
PFCM12
PFCM!
PFCMI12
PFCMI2
PFC!4 12
PFCMI12
PFCH12
PFCMI2
PFCMI2
PFCM12
PFCMI2
PFCM12
PFCM12
PFCM12
PFCMI2
PFCM12
PFCMI2
PFCM12
PFCM12
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCM12
PFCM12
PFCMI2
PFCM12
F.P.

PFCMI2
PFCM12
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCMI2
PFCMI2
F.P.
F. P.
F.P.
F.P.
F.P.
F.P.
F.P.

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
DEFINED
DEFINED

2
2
2
2

2
63
63
63
63
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

16*24
2
7
7
7
7
7
7
7
7

63
63
63
63
24
24
24

90

90

4140

90

90

9063

DEFINED

DEFINED
DEFINED
DEFINED

90
DEFINED
DEFINED
DEFINED

2
2
2

94
2
2
2

2 49
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VARIABLES SN TYPE
667 OLTIME REAL

0 PC REAL
663 PCSAV REAL

0 PG REAL
662 PGSAV REAL

0 P1 REAL

0 P2 REAL

0 R REAL
0 RELAX INTEGER

671 RKK REAL

674 RK5 REAL
0 SIG REAL
0 T REAL
0 TIME REAL

673 TIM2 REAL
665 TMSAV REAL

0 TN REAL

0 TSAVE REAL
0 URO REAL

FILE NAMES MODE
TAPE6 FMT

EXTERNALS TYPE
EQUAL I
EQUAL2
PELLET

STATEMENT LABELS
0 100

73 110
0 120

262 130
267 140
0 150
0 160

503 170
507 180
637 190 Fl
6111 200 Fl
653 210 Fl

LOOPS LABEL J
IS 100%

137 1300
161 120%
271 170
324 ISO
354

IT
IT
MT

INDEX
J
K5
J
KS
J
M

A

A

A

A

A

76/176 OPT:0 TRACE STATIC

RELOCATION
REFS

RRAY F.P. REFS
REFS

RRAY F.P. REFS
REFS

RRAY F.P. REFS
81

RRAY F.P. REFS
82

RRAY F.P. REFS
F.P. REFS

ARRAY
ARRAY

ARRAY

ARRAY

ARGS
5
5

40

DEF LINE
34
42
61
73
76
86
98
102
104
107
108
109

FROM-TO L
33 34
54 73
60 61
77 102
85 86
8888

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

REFS
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

86
REFS
REFS

WRITES

REFERENCES
39
40
63

REFERENCES
33
68
60
54
53
85
97
77
74
44
45
87

LENGTH PROF
68 IN!

1268
68 IN!

2158
108 IN!
118

FTN 4.8+508

57
24

2*82
24

2*81
24

24

24
22
56
55
80
24
24
38
63
50
24

24
63

84
59

2*100
58

2*99
63

63

63
53
80
78
84
63
61

DEFINED
69

DEFINED
63

2*86
90

52

DEFINED

DEFINED
81

DEFINED
87

87

90
63
83

DEFINED
90
86
2

90
38
88

2*98
DEFINED

87

10/21/80

50
100
36
99
35
90

90

DEFINED
90
98

79
DEFINED

98

DEFINED
69
90

DEF I NED
2

14.31.46

DEFINED
100

DEFINED
99

DEFINED

DEFINED

2
DEFINED

99

2
DEFINED

57

DEFINED

2

88

41

90

72

67

95

94

52

88

PERTIES
STACK

EXT REFS
STACK

EXT REFS
STACK

EXT REFS

101

EXITS

EXITS

NOT INNER

NOT INNER

PAGE 5

2

2

2

2

58

59

2
100

2

84

2

34

61

98
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LOOPS
453

LABEL
160

COMMON BLOCKS
PFCMI2

INDEX

LENGTH
39

FROM-TO
97 98

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

LENGTH
128

10718
478

PROPERTIES
INSTACK

569
39

PAGE 6
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SUBROUTINE PELLET (NIN2,N3,N4,I,M2,13,M4,M5,M6,FZ,DELTA,DELTEZ,RE
+LAXDTIMETIME,KFLAG,URO ELASTC CRACK,DVHPRSECREP2,EP2,EPP2,EPS,E
+P50,FVFRO,PGPC,R,51GT, ,V,ALFDTSTRTOT,AFCMI2,NA,NR,MNA)

COMMON/PFCMI2/

+
+
+
+
+
+
+.
+
+
+

REAL DVHPRS(MNANR)
+ ,EP2(MNA,NR)
+

,FUFRO(MNANR)
,R( NA,NR)
,E(MNA,NR)
,STRTOT(MNA,NR,3)

NPIN
,NPCUi
,NTSAVE
,NDFP
INDSIGF

,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
,NMM
,NW4
,NLL
,NCC

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NMN
,NGG
,NU
,NAA
,NFF

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
,NALFDT
,NHH
,NBB
,NDD
,NEE
,NEI

ELASTC , CRACK

,ECREP2(MNANR)
EPP2(MNA,NR,3)

, PS(MNANR,3)
,PG(MNA)
,SIG(MNA,NR,3)
,V(MNANR)
,AFCMI2( I)

THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL
USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM

COMMON iMATCNS/ ANRIN
+ ,FNCK

,COMP
,FNCN

,CNKF ,CNNF
,FOTMTL ,FRDEN

,EPSO(MNA,NR,3)
,PC(MNA)
,T(MNA,NR)
,ALFDT(MNA,NR,3)

PROPERTIES

,DELOXY ,FLUX
,FTMELT ,RSTRAN

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST
(HOOP STRAIN)/(RADIAL STRAIN)
COMP - PU02 CONTENT (WT%)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2/M**2)
CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXNGEN/KG ZIRCALOY)
FLUX - FAST NEUTRON FLUX (N/M**2-SEC)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/M**2)
FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT
FOTMTL - FUEL OXYGEN TO METAL RAITO
FRDEN - (FUEL AC'JAL DENSITY)/(FUEL THEORITICAL DENSITY)
FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
RSTRAN - TRUE STRAIN RATE (I/SEC)

I C

C5

RATIO
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET

IlIl
2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

10

15

20 C

C
INTEGER

25

RELAX

+
+
+

30 C
C
C
C
C

35

40

45

50
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C PELLET 54
5m C COMPUTE MATERIAL PROPERTIES HERE PELLET 55

C PELLET 56
DO 130 J:M2,M3 PELLET 57
TT : T(I,J) PELLET 58
IF (M4.EQ.0) JTYPE : NI PELLET 59

60 IF (M4.NE.0.AND.J.LT,4) JTYPE : I PELLET 60
IF (M4.NE.O.ND.J.GE.M4) JTYPE : 2 PELLET 61
IF (N3.EQ.I) Tt : TEMPS(TT) PELLET 62
IF (JTYPE.EQ.2 GO TO 110 PELLET 63
E(I,J) : FELMOL(TT,FRDEN,FOTMTL,COMP) PELLET 64

E5 FACMOT : 0.0 PELLET 65
IF (TT.GT.FTMELT) FACMOT : 1.0 PELLET 66

DO 100 JI:I,3 PELLET 67
100 ALFDT(I,JJI) : FTHEXP(TT,FACMOT) PELLET 68

U(I,J) : FPOIR(TT,COMP) PELLET 69
70 GO TO 120 PELLET 70

110 CALL CTHEXP (TT,CATHEXCDTHEX) PELLET 71
ALFDT(I,J,I) : CDTHEX PELLET 72
ALFDT(I,J,2) : CDTHEX PELLET 73
ALFDT(I,J,3) : CATHEX PELLET 74

75 E(IJ) : CELMOD(TTFNCKCWKFDELOX') PELLET 75
CR : CSHEAR(TTFNCKCKFDELOXY) PELLET 76
U(IJ) : E(I,J)/(2*CR)-I. PELLET 77

120 IF (N3.EQ.I) E(I,J) : PSIB(E(I J)) PELLET 78
STRTOT(I,J,1) : ALFDT(I,J,I)+Ei50(I,J,I) PELLET 79

80 STRTOT(I,J,2) : ALFDT(I,J,2)+EPSG IJ,2) PELLET 80
STRTOT(1,J,3) : ALFDT(IJ,3)+EP5O(I,J,3) PELLET 81

130 CONTINUE PELLET 82
C PELLET 83

M5 : 0 PELLET 84
85 M6 : 0 PELLET 85

IF ((M4.EQ.0).AND.(NI.EQ.2)) GO TO 150 PELLET 86
C TO BYPASS CRACKING SET CRACK : 0 PELLET 87

IF (CRACK.EQ.0) GO TO 150 PELLET 88
C TO SET RADIAL ANDiOR AXIAL CRACKING LET M5 AND/OR M6 K-1 BELOW PELLET 89

90 C OTHERWISE LET M5 AND/OR M6 REMAIN ZERO PELLET 90
MPEL : M4-1 PELLET 91
IF (M4.EQ.0) MPEL : M3 PELLET 92
RCRACK : R(I,MPEL)/2. PELLET 93

DO 140 N:M1PEL PELLET 94
95 IF (R(IN).LT.RCRACK) GO TO 140 PELLET 95

MS : N PELLET 96
M6 :=N PELLET 97
GO TO 150 PELLET 96

140 CONTINUE PELLET 99
100 150 CONTINUE PELLET 100

C PELLET 101
C PELLET I 0

CALL AXRACH (NIN2,N3,N4,I1M2,3,M4 M5,M6,FZ DELTADELTEZ:RELAXDT PEL'.ET 103
+IMETIMEKFLAGURO,ELASTC,6HPRSE,ECREP2,EP2,EPP2,EPSFVFRO,PC,PG PELLET 104

105 +,R,5IGSTRTOT,TV,AFCM1I2(NCOEF),AFCMI2(NDCHCK),AFCMI2(NDEP),.FCM12 PELLET 105
+(NDSIGF),AFCM1I2(NOLSGF),AFCtq2(KSLOPE),AFCMI2(NNUDPP),AFCMi2(NOLDP PELLET 106
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C
C
C
160

+P), AFCM2, NA, NR, MNA)

IF (N4.EQ.l) GO TO 160

CRACK ITRAT ION REMOVED

CONTINUE
RETURN
END

CARD NR. SEVERITY DETAILS

110 I 160

DIAGNOSIS OF PROBLEM

THIS IF DEGENERATES INTO A SIMPLE TRANSFER TO THE LABEL INDICATED.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PELLET

VARIABLES
0 AFCMI12
0 ALFDT

0
501
502

I
503
0
2
3
4
0
0
0
0
0

0
0
0
0
0
0

477

ANRIN
CATHEX
CDTHEX
COMP
CR
CRACK
CNKF
CiNF
DELOXY
DELTA
DELTEZ
DTIME
DVHPRS
E

ECREP2
ELASTC
EPP2
EPS
EPSO
EP2
FACMOT

DEF LINE
2

5N TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
R'AL

REAL
I NTEGER
REAL
REAL
REAL
REAL
REAL

REFERENCES
115

RELOCATION
ARRAY F.P.
ARRAY F.P.

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

MATCNS

MATCNS

F.P.
MATCNS
MATCNS
MATCNS
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

110

C
C

15s

PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET
PELLET

107
108
109
110
III
112
113
I'4
115
116

2
81 DEFINED 2 68

REFS
REFS

72
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

75
REFS
REFS
REFS
REFS
REFS
REFS
REFS

23
23
73
35
71
71
35
77
21
35
35
35
103
103
103
23
23
7P
23
21
23
23
23
23
68

2

9*103
79
74

74
72
64

DEFINED
88
75

75
DEFINED
DEFINED
DEFINED

103
77

1C3
103
103
103
79

103
DEFINED

DEFINED
80

73
69
76

DEFINED
76

76
2
2
c

DEFIEb
7e

DEFINED
DEFINED
DEFINED
DEFINED

80
DEFINED

65

2
103

2
2
22

81
2

66

DEFINED

DEFINED

2

2
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VARIABLES
5 FLUX
6 FNCK
7 FNCN

10 FOTMTL
11 FRDEN
12 FTMELTo FVFRO

0 FZ
0 1

474 J

476
500
0
0

504
0
0
0

0
0

506
0

43
25
33
45
II
5

36
7

12
21
16
41
44
23
15
46
13
14
35
30
42
34
32
31
27
26

JTYPE
4i
KFLAG
MNA
MPEL
M2
M3
M4

M5
M6
N
NA
NAA
NALFDT
NOB
NCC
NCOEF
NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NEI
NEPP2
NEP2
NFF
NF I
NF2
NGG
NHH
NLL
NMM
NMN
NNN
NNUDPP
NOLDPP

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

RELOCATION
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS
MATCNS

ARRAY F.P.
F.P.
F.P.

INTEGER

INTEGEVR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IhTrGER
INTEGErP
INTEGER
INTEGER

F.1'
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
PFCMII2
PFCMI2
PFCMI12
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI12
PFCMI2
PFCMI2
PFC 1I2
PFCMI2
PFCMI12
PFCM1I2
PFCMI2
PFCMI12
PFCMI12
PFCMI12
PFCMI12
PFCMI12
PFCMI2
PFCM 12
PFCMI2
PFCMI12
PFCMI2
PFCMI12

/6

2

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

75
103

REFS
73

DEFINED
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RiFS

35
35
35
35
35
35
23
103
58
2*77

DEFINED
58
74
51
6?
68
103

16*23
93
57
57
59
2

103
103
95

103
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

73
93

74
95

75

64
64
66
103

DEFINED
64

2*78
2

60
75

DEFINED
DEFINED
DEFINED

101
94
103
92

2*60

DEFINED
DEFINED

96
DEFINED

69
3*80

61

72
3*81

69
3*80

64
2*78

60

2
91
2

DEFINED
86

84
85

DEFINED

DEFINED
2

68
3*79

61
?*77

67
2

DEFINED
DEFINED
DEFINED

03
2*61

2
2

97
2

72
3*81

68
3*79

2
91

96
97
94

103

103
103

103
103

103
103
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VARIABLES
6 NOLSGF
0 NPIN
I NPOUT
2 NPI
3 NP2
0 NR
10 NSLOPE
24 NSTRTT
20 nTN

4 NTSAVE
17 NT2
40 NU
22 NV
37 NW
0 NI
0 N2
0 N3
0 N4
0 PC
0 PG
0 R

505 RCRACK
0 RELAX
13 RSTRAN
0 SIG
0 STRTOT
0 T
0 TIME

475 TT

0
0

URO
V

EXTERNALS
AXRACH
CELMOD
CSHEAR
CTHEXP
FELMOD
FPOIR
FTHEXP
PSIB
TEMPS

STATEMENT LABELS
0 100

104 110
143 120
0 130

246 140
252 150
0 160

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION
PFCM12
PFCM12
PFCM12
PFCM12
PFCM12
F.P.

PFCM12
PFCM 12
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCM12
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
MATCNS

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.

F.P.
ARRAY F.P.

TYPE ARGS
45

REAL 4
REAL 4

3
REAL 4
REAL 2
REAL 2
REAL I
REAL I

INACTIVE

REFERENCES
103
75
76
71
64
69
68
78
62

DEF LINE
68
71
78
2
99
100
114

REFERENCES
67
63
70
57
94
86
110

103

2

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
!EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

76
REFS
REFS

6
6
6
6
6

14*23
6
6
6
6
6
6
6
6

59
103
62

103
23
23
23
95
21
35
23
23
23

103
62

DEFINED
103
23

103
103

86
DEF I NED

78
110
103
103
93

DEFINED
103

103
103
58

DEF I NED
64
58

DEFINED
103

DEFINED

103
2

103
DEFINED
DEFINED
DEFINED

95
93

DEFINED

DEFINED
DEFINED

103
2

66
62

2
DEFINED

2

2

DEFINED

DEFINED
2
2
2

103 DEFINED

2

2

2
2

DEFINED

68

79
2

69

69

80

71

77

81

75

95
88 98
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I5
64
233

SUBROUTINE PELLET

LABEL
130E
100
140

COMMON BLOCKS
PFCM12
MATCNS

INDEX
J
Ji
N

LENGTH
39
12

76/176 OPT:0 TRACE STATIC

FROM-TO
57 82
67 68
94 99

LENGTH
1648

118
168

PROPERTIES
EXT REFS
EXT REFS

GPT EXITS

FTN 4.8+508 10/21/80 14.3!.46

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000EB SCM USED

PAGE

5668
638

6

374
51
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SUBROUTINE CLOSEX (NINZN3,N4,J,2,M3,4,MSM6,FZ,DELTADELTEZRE
+LAX DTIME,TIMEKFLAGELASTC,CRACKVX,DVHPRSECREEP,ECREP2,EP,EP2,E
+PP,EPP2,EPS,EPS0,FVFRO,OLDPC,OLDPG,OLDT,PC,PG,R,REPS,5IG,T,AFCMI2,
+NA,NR,MNA)

COMMON/PFCM12/

+

+
+
+
+

+
+
+
+
+

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
, NMM
,NN
,NLL
,NCC

,NP I
,NDCHCK
SLOPEE
,NFI
,NECRP2

NE
,NSTRTT
,NNUDPP
,NKN
,NGG
,NU
,NAA
,NFF

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
,NALFDT
,NHH
,NBB
,NDD
,NEE
,NE I

INTEGER CRACK , ELASTC , RELAX

REAL DUQPRS(IM*A,MR)
,EP(HNA,NR)
,EPP2(MNANR,3)
,FVFRO(MNANR)
,OLDT(MNANR)
,R(MNA,NR)
,T(MNANR)

,ECREEP(MNANR)
,EP2(MNA,NR)
,EPS(MNA,NR,3)
,OLDPC(MNA)
,PC(MNA)
,REPS(MNA,2)
,AFCM12(l)

,ECREP2(MNA,NR)
,EPP(MNA,NR,3)
,EPSO(MNA,NR,3)
,OLDPG(MNA)
,PG(MNA)
,SIG(MNA,NR,3)

F(Q) : GAPTX(NIN2,N3,N4,J,H2,H3,M4,M5,M6,FZDELTA,DELTEZ,RELAX,DT
+IMETIMEKFLAG,QELASTC,CRACKDVHPRS,ECREEPECREP2,EP,EP2,EPP,EPP2
+,EPS,EPSO,FVFRO,OLDPC,OLDPG,OLDT,PC,PG,R,SIG,T,AFCMI2(NPIN),AFCMI2
+(NPOUT),AFCM1I2(NT2),AFCM12,NA,NR,MNA)

ROOTING FOR ROOTS
WRITE(6,2)

A MODIFIED FALSE POSITION ROUTINE OPERATING OVER THE INTERVAL ALPH
BETA WITH INCREMENT DX

ALPHA : 0.000
VX : 0.EO
BETA : 1.0E+00
DX : 0.5
CUT : -I.E-10
IF (N3.EQ.0) CUT : -2.54E-12
N: 0

A : ALPHA
B : A+DX
FOFA : F(A)

C

5
C

I

10

15

c0
C

C

25

30

+
+4
+4
+4

+4
C

35
C
C
C
C
C
C
C

PELLET
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE

50 C
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100 FOFB : F(B) CLOSE 54
55 IF (FOFA*FOFB) 110,170,190 CLOSE 55

110 CONTINUE CLOSE 56
C HAVING BRACKETED A ROCT THE SOLUTION ITERATION COMMENCES CLOSE 57
C CLOSE 58
120 x : (f*FOFB-B*FOFA)/(FOFB-FOFA) CLOSE 59

60 N : N+1 CLOSE 60
IF (N.LT.100) GO TO 130 CLOSE 61
WRITE (6 230) CLOSE 62
GO TO 226 CLOSE 63

130 FOFX : F(X) CLOSE 64
65 C TEST THE POSSIBILITY OF THE ITERATION LOOP LANDING ON A ROOT AT X CLOSE 65

C OR PASSING BY THE ROOT CLOSE 66
IF (FOFX*FOFA) 150,160,140 CLOSE 67

140 CONTINUE CLOSE 68
C THE ROOT I5 STILL 42ACKETED AND THE ITERATION LOOP CONTINUES CLOSE 69

70 C CLOSE 70
A : X CLOSE 71
FOFA : FOFX CLOSE 72
FOFB : .54FOFB CLOSE 73
IF (cOFX.LT.CUT.OR.FOFX.GT.0.E0) GO TO 120 CLOSE 74

75 VX : X CLOSE 75
GO TO 210 CLOSE 76

150 CONTINUE CLOSE 77
C THE ITERiTION SCHEME HAS REBRACKETED THE ROOT-THE BOUNDS ARE CLOSE 78
C ADJUSTED MND THE LOOP CONTINUES CLOSE 79

80 C CLOSE 80
B : X CLOSE S
FOFB : FOFX CLOSE 82
FOFA : .5*FOFA CLOSE 83
IF (FOFX.LT.CUT.OR.FOFX.GT.0.EO) GO Tu 120 CLOSE 84

85 UX : X CLOSE 85
GO TO 210 CLOSE 86

160 CONTINUE CLOSE 87
C THE ITERATION SCHEME HAS LANDED ON A ROOT AT (X,FOFX) CLOSE 88
C CLOSE 89

90 IF (ABS(FOFA).EQ.0.ODO) GO TO 180 CLOSE 90
VX : X CLOSE 91
GO TO 210 CLOSE 92

170 CONTINUE CLOSE 93
C THE BRACKETING OPERATION HAS FOUND A ROOT CLOSE 94

95 C CLOSE 95
IF (FOFA.EQ.0.ODO) GO TO 180 CLOSE 96

C THE BRACKETING OPERATION HAS FOUNT A LOOT AT (B,FOFB) CLOSE 97
UX : B CLOSE 98
GO TO 210 CLOSE 99

100 180 CONTINUE CLOSE 100
C IF THIS 15 THE FIRS- BRACKET STEP THEN F(ALPHA):0. IF OTHERWISE CLOSE 101
C THE PREVIOUS STEP 15 IN ERROR AT -OFB CLOSE 102

WRITE (6,240) A CLOSE 103
GO TO 210 CLOSE 104

105 190 CONTINUE CLOSE 105
C BEEN EXCEEDED CLOSE 106

10/21/80 14.31.46 PAGESUBROUTINE CLOSEX
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110

115

120

125
C
230

240
130 250

SYMBOLIC

C THE ROUTINE HAS NOT YET BRACKETED A ROOT-ADJUST THE
C THE NEXT MESH AND CONTINUE, ALSO TEST TO SEE IF THE

A:B
8 : B+DX
FOFA : FOFB
IF (A.GT.BETA) GO TO 200
GO TO 100

200 CONTINUE
C THE BRACKETING OPERATION HAS OVERRUN THE INTERVAL

WRITE (6,250)
210 CONTINUE
C RESET PLASTIC STRAINS ONCE ROOT IS FOUND
C UPDATE RESIDUAL STRAINS AT THIS POINT
C REPS(J,I) IS AXIAL STRAIN AT OUTSIDE OF PELLET
C REPS(J,2) 15 AXIAL STRAIN AT INSIDE OF CLADDING

REPS(J,I) : EP5(J,M4-1,3)
REPS(J,2) : EPS(JM4,3)

220 CONTINUE
RETURN

VARIABLES TO
INTERVAL HAS

FORMAT (65H- THE ITERATION SCHEME HAS PASSED 100 STEPS--EXECUTION
+TERMINATED)
FORMAT (':H, INITIAL DATA CONTAINS A ROOT AT ALPHA:,E15.6)
FORMAT (48H THE BRACKET OPERATION HAS OVERRUN THE INTERVAL)
EN')

REFERENCE HAP (R:2)

ENTRY POINTS
4 CLOSEX

DEF LINE
2

REFERENCES
125

VARIABLES
1007 A

0
1002
1010

1003
0

1005
0
0
0
0

1004
0
0
0

SN TYPE
REAL

AFCM12
ALPHA
B

BETA
CRACK
CUT
DELTA
DELTEZ
DTIME
DVHPRS
DX
ECREEP
ECREP2
ELASTC

REAL
REAL
REAL

REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

RELOCATION

ARRAY

ARRAY

ARRAY
ARRAY

F.P.

F.P.

F.P.
r.P.
F.P.
F.P.

F.P.
F.P.
F.P.

REFS
DEFINED

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

52
51
24
51
54
52
112
22
74
53
53
53
24
52
24
24
22

53
71
453

DEFINED
59
61

DEFINED
53
84
54
54
54
53
110
53
53
53

4*64 DEFINED

CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE

107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

103 11259
109
4*54

43
98

110
45
54

DEFINED
64
64
64
54

DEFINED
54
54
54

109

64
47

DEFI ED
DEFINED
DEFINED

64
46
64
64
64

110

DEFINED
8
2
2
2

DEFINED

DEFINED
DEFINED
DEFINED

2

2

2

2
2
2
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VARIABLES
0 EPP
0 EPP2
0 EPP2
o EPS

0
0

1011

EP50
EP2
FOFA

1012 FOFP

1014 FOFX

0
0
0

0
0
0
0
0

0
0

1006
0

43
25
33
45
11
5

36
7

12
21
16
41
44
23
15
46
13
14
35
30
42
34
32
31
27
26

FUFRO
FZ
J

KFLAG
MNA
M2
M3
M4

M5
M6
N
NA
NAA
NALFDT
NHH
NCC
NCOEF
NDCHCK
NDD
NDEP
NDSIGF
NE
NECRP2
NEE
NEI
NEPP2
NEP2
NFF
NF
NF2
NGG
NHH
NLL
NMM
NMN
NNN
NNUDPP
MOLDP

SN TYPE
REAL
QEAL
REAL
REAL

REAL
REAL
REAL

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY
ARRAY

F.P.
F.P.

REAL

REAL

REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I4TEGER
INTEG Q
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
PFCMI2
PFCM 12
PFCMI12
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCMII2
PFCM 12
PFCM12
PFCM12
PFCMI2
PFCM12
PFCMI2
PFCM 12
PFCMII2
PFCM12
PFCM12
PFCM12
PFCP 12
PFCM 12
PFCMI2
PFCM 12

54
54
S4
54

54
C"u

67
83
73

64
64
64
6k,

64
64
83
1 11
Ill

DEFINED
DEFINED
DEFINED

122

DEFINED
DEFINED

90

DEFINED

2
2
2

123

2
2

96

53
53
53
53

53
53
2*59
72

2*59

REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS

DEFINED
REFS

82
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF 3
REFS

24
24
24
24
2
24
24
55
53
55

67
64
24
53
53
2

53
19*24
53
53
53
2

53
53
60
53
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

7
7
77

82

54
64
64

64
54
64
64
64

64
64

DEFINED
64

DEFINED
2

2*123

2
DEFINED

2
2

123

2

2

64
DEF I NED

2* 122

DEFINED
64

DEFINED
DEFINED

122

DEFINED
DEFINED

49
DEFINED

73

72

53
54
54

54
53
54
54
54

54
54
61
54

2
2

60
2
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VARIABLES
6 NOLSGF
0 NPIN
I NPOUT
2 NPI
3 NP2
0 NR

10 NSLOPE
24 NSTRTT
20 NTN
4 NTSAVE

17 NT2
40 NU
22 NV
37 NN
0 NI
0 N2
0 N3
0 N4
0 OLDPC
0 OLDPG
0 OLDT
0 PC
0 PG
0 R
0 RELAX
0 REPS
0 SIG
0 T
0 TIME
0 VX

1013 X

FILE NAMES
TAPE6

EXTERNALS
GAPTX

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
PFCMI2
PFCMI2
PFCI12
PFCM12
PFCMI2
F.P.
PFCMI2
PFCM12
PFCM12
PFCMI2
PFCM12
PFCH12
PFCM12
PFCI12
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRA F.P.
ARRAY F.P.

Fr.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.

MODE
FMT

TYPE ARGS
REAL 45

WRITES

REFERENCES
53

INLINE FUNCTIONS
ABS
F

STATEMENT LABELS
145 100

0 110
255 140
273 130

0 10
420 I'.^
436 160
445 170
453 180

TYPE
REAL
REAL

ARGS

INACTIVE

INACTIVE

INTRIN
SF

DEF LINE
54
56
55
64
68
77
87
93

100

DEF LINE

32

REFERENCES
113
55
74
61
67
67
67
55
90

REFERENCES
90
53

96

53
53

33

64
64

DEFINED 2

64

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED

62

7
7
7
7
7

14*24
7
7
7
7
7
7
7
7

53
53
48
53
24
24
24
24
24
24
22
24
24
24
53
2

64
59

103

-j

54
54
53
54
53
53
53
53
53
53
53

DEFINED
53
53
54
44
71

54

64
64
54
64
54
54
54
54
54
54
54
2

54
54
64
75
75

DEFINED
DEFINED

DEFINED
6.4
64
64
64
64
64
64

122
64
64

DEFINED
85
81

2
2

DEFINED
2

DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

123
DEFINED
DEFINED

2
91
85

2

2
2
2
2
2
2
2

2
2

98
91

116

64
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STATEMENT LABELS
*57 190
473 200
476 210
517 220
746 230 FMT
756 240 FMT
765 250 FMT

DEF LINE
105
114
117
124
127
129
130

EFERENCES
55
112
76
63
62
103
116

COMMON BLOCKS
PFCM12

LENGTH
39

STATiSTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

86 99

PAGE

104

6

10158
1*7B

525
39
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100

SUBROUTINE EQUALI (ABKKNR,NA)
REAL A(NA NR1,B(NA,NR)

DO 100 I:I,NR
A(KK,1) = B(KK,I)

RETURN
EN?

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 EQUAL

VARRIABLES
0 A
0 a

23 I
0 KK
0 NA
0 NR

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER

STATEMENT LABELS
0 100

REFERENCES
5

RELOCATION
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.
F.P.

DEF LINE
4

REFERENCES
3

LOOPS
13

LABEL
100

INDEX
I

FROM-TO
3'4

STATISTICS
PROGRAM LENGTH

140000B SCM USED

LENGTH
68

31B

PROPERTIES
INSTACK

25

I

5

EQUAL I
EQUAL I
EQUAL i
EQUAL I
EQUAL I
EQUAL

2
3

5
6
7

REFS
REFS
REFS
REFS
REFS
REFS

2
2

2*4
2*4
2*2
2*2

DEFINED
4

DEFINED
DEFINED
DEFINED

3

4

i

DEFINED
3

DEFINED

10/21/40 14.31.46 PAGE 1SUBROUTINE EQUAL
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100

SUBROUTiNE EQUAL2 (A,BKKNRNA)
REAL A(NANR,3),B(4ANR,3)

DO 100 1:1,NR
DO 100 J:1,3
A(KK,IJ) : B(KK,I,J)

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 EQUAL

VARIABLES
0 A
0 8

35 1
36 J
0 KK
0 NA
0 NR

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
6

RELOCATION
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.
F.P.

STATEMENT LABELS
0 100

DEF LINE
5

REFERENCES
3

LOOPS
15
17

LABEL
100
900

INDEX
I
J

FROM-TO
35
4 5

LENGTH
I SB
IOD

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

PROPER '*S
NOT INNER

INSTACK

36

5

EQUAL2
EQUAL2
EQUAL2
EQUAL2
EQUAL2
EQUAL2
EQUAL2

2
3

5
6
7
8

REFS
REFS
REFS
REFS
REFS
REFS
REFS

2
2

2*5
2*5
2*5
2*2
2*2

DEFINED
5

DEFINED
DEFINED
DEFINED
DEFINED

3

5
1

I
DEFINED

3
4

DEFINED

4

SUBROUTINE EQUAL2 10/21/80 14.31.46 PAGE 1
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FUNCTION GAPTX (NIN2,N3,N4,Jt2,M3,H4,M5,M6,FZDELTADELTEZRELAX
+,DTIME,TIMEKFLAG,F,ELASTC,CRACKDVHPRS,ECREEP,ECREP2,EPEP2,EPP,E
+PP2,EPS,EP5O,FUFRO,OLDPC,OLDPG,OLDTPC,PG,R,5IG,T,PIN,POUT,T2,AFCM
+12,NA,NR,MNA)

5
NPIN
,NPOUT
,NTSAVE
,NDEP
,ND5IGF
,NEP2
,NTN
,NEPP2
,NOLDPP
, NNN
, NMM
,NW
,NLL
,NCC

,NPI
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NMN
,NGG
,NU
,NAA
,NFF

,NP2
,NOLSGF
,NCOEF
,K=2
,NT2
,NV
,NALFDT
,NHH
,NBB
,NDD
,NEE
,NEI

C
COMMONiPFCM12/

+
+
4
+

+
4
4
4

+
4

+

INTEGER CRACK , E

REAL DVHPRS(MNA,NR)
+ ,EP(HNA,NR)
+ ,EPP2(MNAHR 3)
+ ,FVFRO(MNANR )
+ ,OLDT(MNf,,D'O
+ ,R(MNANR)
+ ,PIN(INA)
+ ,AFCMI2(i)

,ECREP2(MNA,NR)
,EPP'MNA,NR,3)
,EP50(MNA,NR,j)
,OLDPG(TINA)
,PG(MNA)
,T(MNA,NR)
,T2(MNA,NR)

C
DT : DTIME
IF (RELAX.NE.I) G TO 110
DT : F*DTIME
PIN(J) : PG(J)
POUT(J) : PC(J)

DO 100 I:M2,H3
T2(J,I) : T(J,I)

100 CONTINUE
GO TO 130

110 CONTINUE
PIN(J) : OLDPG(J)+F*(PG(J)-OLDPG(J))
POUT(J) : OLDPC(J)+F*(PC(J)-OLDPC(J))

DO 120 I:N2,t3
120 T2(J,I) : OLDT(J,I)+F*(T(J,I)-OLDT(J,I))
C IRITE(6,99) PIN(J), POUT(J)
C IRITE(6,99) ( T2(J,I) 1:2, "3 )
C WRITE(6,99) ( OLDT(J,), 1:H2,M3 )
C WRITE(6,99) ( T(JI), 1:2,M3 )
C ***COMPUTE GAPS ASSUMING NO PCMI
C 15 THIS THE RIGHT PLACE FOR # 6
130 CONTINUE

P1 : 3.1415926

GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
'o.rTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX
GAPTX

LASTC , RELAX

,ECREEP(MNA,NR)
,EP2(MNA,NR)
,EPS(MNA,NR,3)
,OLDPC(MNA)
,PC(MNA)
S IG(MNANR,3)
,POUT(MNA)

10

15

20 C

C

25

30

35

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

45

50
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C GET FUEL RADIAL DISPLACEMENT GAPTX 55
55 C NOTE THAT FOR CYLINDER, OUTSIDE PRESSURE 15 PIN(J) GAPTX 56

C 50 E TEMP CHANGE THIS HERE GAPTX 57
TPIN : PIN(J) GAPTX 58
TPOUT : POUT(J) GAPTX 59
POUT(J) : PIN(J) GAPTX 60

60 FZ : -(PI*R(J,M4-I)**2)*POUT(J) GAPTX 61
L2 : M2 GAPTX 62
L3 : M4-1 GAPTX 63
L4 : 0 GAPTX 64
Ni : I GAPTX 65

65 C GAPTX 66
CALL RATIO (NI,N2,N3,N4J,L2 L3,L4,LSL6,FZ,DELTA DELTEZ RELAXDT GAPTX 67

+1 IME KFLAG URO ELASTC, CRACK, bVHPRS, ECREEP, ECREP2, EP, EP2, APP, EPP2,$ GAPTX 68
+PS,EI5,FVRO6,LDPCLDPG,OLDTPOUTPINR,SIGT2,AFCMI2(NPI),AFCHI GAPTX 69
+2(NP2),AFCMI2(NTSAVE),AFCH12(NTN),AFCMI2,NA,NR,MNA) GAPTX 70

70 URF :URO GAPTX 71
C GET CLAD INSIDE RADIAL DISPLACEMENT GAPTX 72
C NOW CHANGE PRESSURE ARRAY BACK GAPTX 73

PIN(J) : TP!N GAPTX 74
POUT(J) : TPOUT GAPTX 75

75 L2 :=M4 GAPTX 76
L3 : M3 GAPTX 77
L4 : 0 GAPTX 78
NI : 2 GAPTX 79
FZ : (PI*R(J,M4)**2)*PIN(J)-(PI*R(J,M3)**2)*POUT(J) GAPTX 80

80 C GAPTX 81
CALL RATIO (NI,N2,N3,N4,J,L2 L3,L4,L5,L6,FZ,DELTA DELTEZ RELAX,DT GAPTX 82

+TIME, KFLAG, URO ELASTC, CRACK, DVHPRS, ECREEP, ECREP2, EP, EP2, tPP, EPP2,$ GAPTX 83
+PSEPSO,FVFRO,6LDPCOLDPGOLDT,POUTPINR,SIGT2,AFCMI2(NPI),AFCNI GAPTX 84
+2(NP2),AFCMI2(NTSAVE),AFCMI2(NTN),AFCMI2,NA,NR,MNA) GAPTX 85

85 URC : R(J,M4)*E^5(J M4,2) GAPTX 86
GAPTX : URC+DELTA-UAF GAPTX 87

C IRITE(6,I00) F, GAPT GAPTX 88
RETURN GAPTX 89

C GAPTX 90
90 END GAPTX 91

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 GAPTX I 88

VARIABLES SN TYPE RELOCATION
0 AFCM12 REAL ARRAY F.P. REFS 23 5*66 5*81 DEFINED 1
0 CRACK INTEGER F.P. REFS 21 66 81 DEFINED 1
0 DELTA REAL F.P. REFS 66 81 86 DEFINED I
0 DELTEZ REAL F.P. REFS 66 81 DEFINED 1

475 DT REAL REFS 66 81 DEFINED 32 34

10/21/'80 14.31.46 PAGE 2FUNCTION GAPTX
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VARIABLES
0 DTIME
0 DUVPRS
0 ECREEP
0 ECREP2
0 ELASTC
0 EP
0 EPP
0 EPP2
0 EPS
0 EPSO
0 EP2
0 F
0 FZFRO
O FZ

474 GAPTX
476 I
0J

0
502
503
504
505
506
0
0
0
0

0
0
0

43
25
33
45
11
5

36
7

12
21
16
41
44
23
15
46
13
14
35
30

KFLAG
L2
L3
LS
L5
L6
MNA
M2
M3
M4

M5
M6
NA
NAA
NALFDT

NCC
NCOEF
NDCHCK
NDD
NDEP
ND51GF
NE
NECRP2
NEE
NEI
NEPP2
NEP2
NFF
NFl
NF2
NGG
NHH

SN TYPE
REAL
REAL
REAL.
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INT'IER
INThGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

*UUSED
*UNUSED

F.P.
F.P.
F.P.

PFCMII2
PFCHI2
PFCMI2
PFCHM12
PFCMII2
PFCMI2
PFCMII2
PFCMII2
PFCMII2
PFCMI2
PFCMII2
PFCMII2
PFCMI2
PFCM12
PFCMI12
PFCHI2
PFCMI12
PFCHM12
PFCMI2
PFCMI2

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS

DEF I NED
REFS
REFS

58
2*85

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

32
23
23
23
21
23
23
23
23
23
23
34
23
66
86

2*38
2*35
2*59

DEFINED
66
66
66
66
66
66

21*23
37
37
60

66
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

34
66
66
66
66
66
66
66
66
66
66
42
66
81

4*45
2*36
2*60

1
81
81
81
81
81
81
66
44
44
62

DEFINED
81
81
81
81
81
81
81
81

81
43
81

DEFINED

DEFINED
2*38
66

DEFINED
DEFINED
DEFINED

81
61
76
75

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

85
DEFINED
DEFINED

45
DEFINED

37
4*42
73

61
62
63

DEFINED
DEF I NED

79
79

I

I

DEF I NED
IDEFINED
1

60

44
4*43

74

75
76
77

DEFINED
2*85

81 DEFINED

4*45
4x79

57
81

I

79

I
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VARIABLES
42 NIL
34 NMM
32 NMN
31 NNN
27 NNUDPP
26 NOLDPP
6 NOLSGF
0 NPIN
I NPOUT
2 NPI
3 NP2
0 NR

10 NSLOPE
24 NSTRTT
20 NTN

4 NTSAVE
17 NT2
40 NU
22 NV
37 NW
0 NI
0 N2
0 N3
0 N4
0 OLDPC
0 OLDPG
0 OLOT
0 PC
0 PG

477 PI
0 PIN

0 POUT

0 R

0
0
0
0

500
501

U
511
510
537

RELAX
SIG
T
TIME
TPIN
TPOUT
T2
1RC
URF
URO

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
PFCMI2
PFCMI2
PFCMI12
PFCMI12
PFCMI2
PFCMII2
PFCMII2
PFCMI2
PFCMI2
PFCMI12
PFCMI2
F.P.

PFCMI12
PFCMI12
PFCMI2
PFCMI2
PFCMI2
PFCMI12
PFCMI12
PFCMI2
F.P.
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY

ARRAY

ARRAY
ARRAY

F.P.

F.P.

F.P.

F.P.
F.P.
F .
F. F.

F.P.

EXTERNALS
RATIO

TYPE ARGS
46

STATEMENT LABELS
0 100

52 110

DEF LINE
39
'1

REFERENCES
66

REFERENCES
37
33

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS5
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

6
6
6
6
6
6
6
6
6
6
6

15*23
6
6
6
6
6
6
6
6

66
66
66
66
23
23
23
23
23
60
23

23

23

21
23
23
S6
73
74
23
86
86
66

I

78

66
66
66

66
66

81
81
81
81
2*43
2*42
2*45
36
35
2*79
57
s5
5o
36
60

33
66
38
81

DEFINED
DEFINED

66
DEFINED
DEFINED

70

81
81
81

81
81

DEFINED
DEFINED
DEFINED
DEFINED

66
66
66
43
42

DEFINED
59
42
60
43
66

66
81
45

DEFINED
57
58
81
85
70
81

DEFINED

8181
DEFINED
DEFINED

53
66
73
66
53

2*79

81
DEFINED
DEFINED

DEFINED

DEFINED
DEFINED
DEFINED

I
I

79

79
70
81

DEFINED
I
I

I

81

85

1

81

38 45
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STATEMENT LABELS
0 120

104 130

DEF (.tNE
45
52

REFERENCES
44
40

LOOPS
40
72

LABEL
!00
120

COMMON 8LOCKS
PFCNII1

INDEX
1

LENGTH
39

FROM-TO
37 39
'44 45

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000B SCH USED

LENGTH
10 8
'ID

5258
478

PROPERTIES
INSTHCK
INSTACK

341
39

PAGE 5
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SUBROUTINE AXRACH (NiN2,N3,N4,0,H2,H3,H'4,H5,M6,FZDELTADELTEZRE
+LAX,DTIME TIKE,KFLAG,UROELASTCDVHPRS, ,CREP2,E2,EPP2,EPSFUFRO
+,PCPGR,51G,ALFDT,T,U,COEF,DCHECK,DEP,DSIGF,OLSIGF,SLOPE,NUDEPP,O
+LDEPP,AFCM12,NARMNA)

COMMON/PFCM 12'
+

+
+
+
+
+
+
+
+
+

INTEGER DCHECK(I,NR)

REAL DVHPRS(MNANR)
+ ,EP2(MNA,NR)
+ ,FVFRO(MNA,NR)
+ ,R(MNA,NR)
* ,T(HNA,NR)
+ ,OLDEPP(I,NR,3)
+ ,OLSIGF(INR)
+ ,AFCMI2(I)

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN

,NLL
,NCC

, ELASTC

,NP I
,NDCHCK
,NSLOPE
,NFI
,NECRP2
,NEI
,NSTRTT
,NNUDPP
,N1N
,NGG
,NU
,NAA
,NFF

,NP2
,NOLSGF
,NCOEF
,NF2
,NT2
,NV
,NALFDT
,NHH
,NB8
,NDD
,NEE
,NE I

Q , RELAX

,E(NA,NR)
EPP2(MNA,NR,3)

,PC(MNA)
,SIG(KNA,NR,3)
V(MNA,NR)

,6EP(I,NR)
,SLOPE(I,NR)

,ECREP2(MNA,NR)
,EPS(MNA,NR,3)

,PG (NA)
,ALFDT(MNANR,3)
COEF(I,NR)

,DPGF(I,NR)
,NUDEPP( 1,NR,3)

AXRACH 15 CALLFD FROM PELLET

INPUT ARC1 MENTS

ALFDT - THERMAL EXPANSION STRAIN ( RADIAL, HOOP, AND AXIAL )
DELTA -
DELTEZ -
DEPP - INCREMENT OF PLASTIC STRAIN
E - YOUNG'S MODULUS (PSIAPASCALS)
FUFRO - INITIAL FUEL VOID FRACTION DUE TO RELOCATION
FZ -
I - CURRENT AXIAL NODE NUMBER
IT - POWER-TIME STEP INDEX
M2 - INSIDE RADIAL NODE NUMBER OF REGION UNDER CONSIDERATION
M3 - OUTSIDE RADIAL NODE NUMBER OF REGION UNDER CONSIDERATION
M4 - INSIDE CLADDING RADIAL NODE NUMBER
M5 - NODE WHERE RADIAL CRACK STARTS

4 "1
5 C

10

I5

20

AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2

C

C

25

30
C
C

35

45

50

SUBROUTINE AXRACH FIN 4.8+508 10/21/80 14.31.46 PAGE I
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M6
NA
NDBG
NR
NI
N3
N4
PC
PG
PI
R
T
V

76/176 OPT:0 TRACE STATIC

- NODE WHERE AXIAL CRACK STARTS
- NUMBER OF AXIAL NODES
- DEBUG INDEX
- NUMBER OF RADIAL NODES

- INPUT UNITS INDEX, : 0 SI UNITS, :

FTN 4.8+508

BRITISH UNITS

COOLANT CHANNEL PRESSURE (PSIA,PASCALS)
ROD INTERNAL GAS PRESSURE (PSIA,PASCALS)
THE CONSTANT 3. 415726
NODE POINT RADII (IN,M)
NODE POINT TEMPERATURES (F,K)
POISSON'S RATIO

55

60

65

70

75

AA
B8
CC
DD
EE
U
URO
N
ECREP2
El
EP2
EPP2
EPS
DVHPRS
FLAG
NCOUNT
FF
F'
F2
GG
HH
IFLAGI
IQUIT
LL
MM
MN
NN
SIG

TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER
TRANSFER

MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX

WORK
WORK
WORK
WORK
WORK
WORK

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

- TRANSFER MATRIX WORK ARRAY
- EFFECTIVE CREEP STRAINS
- TRANSFER ATRIX WORK ARRAY

TIME INDEPENDENT EFFECTIVE PLASTIC STRAINS
- RADIAL, HOOP, AND AXIAL PLASTIC STRAIN

- RADIAL, HOOP, AND AXIAL STRAIN
- VOLUME STRAIN FROM FUEL CRUNCH
- REAL SWITCHES USED IN FUEL CRUNCH
- INTEGER SWITCHES USED IN FUEL CRUNCH
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- HOLLOW FLAG :0 WHEN FUEL IS HOLLOW, : I WHEN SOLID
- TERMINATOR INDEX
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- TRANSFER MATRIX WORK ARRAY
- RADIAL, HOOP, AND AXIAL STRESS (PSIA,PASCALS)

IF ((RELAX.EQ.I).AND.(DTIME.NE.0)) GO TO 130
C CHECKEK FOR ELASTIC SOLUTIONt**

DO 100 I:M2,M3
DEP(1,I) : 0.0

i
-
-
-
-
-

-

OUTPUT ARGUMENTSX*xxxxxxxxxX*xxxX*xxxxxX*xX*xxXXXXXX*xxXXXXX*xxX*xxx
OUTPUT ARGUMENTS
*********************2tt:3%****%tttttttttttttttttttttttttttttttttttt

80

85

90

95

100

105

IO/2I/80 14.31.46 PAGE

AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCK2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCd2
AXRCH2

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
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DO 100 J:1,3 AXRCH2 108
OLDEPP(l,I,J) : 0.0 AXRCH2 109
NUDEPP(I,I,J) : 0.0 AXRCH2 110

110 100 CONTINUE AXRCH2 II
C AXRCH2 112
C AXRCH2 113

CALL TRANSF (NI,N2,N3,N4,Q,M2,M3,M4,M5,M6,FZ,DELTA,DELTEZUROPC(Q AXRCH2 114
+),PG(Q),ALFDT,E,EPP2,EPS,OLDEPP,,SIGV, AFCM1I2(NFI),AFCMI2(NF2),AF AXRCH2 115

115 +CM12(ND),AFCMI2(NU),AFCMI2(NN),AFCMI2(NAA),AFCMI2(NCC),AFCMI2(NEE AXRCH2 116
+) AFCM12(NEI),AFCMI2(NFF),AFCMI2(NLL),AFCMI2(NBB),AFCM1I(NGG),AFCM AXRCH2 117
+I(NHH),AFCMHI(NM),AFCM1I(NNN),AFCI2(NNN),NA,NR,MNA) AXRCH2 118

C AXRCH2 119
C AXRCH2 120

120 C ELASTC : I INDICATES ELASTIC SOLUTION AXRCH2 121
C AXRCH2 122
C AXRCH2 123

IF ((RELAX.EQ.I).OR.(ELASTC.EQ.I)) RETURN AXRCH2 124
DO 110 J:H2,M3 AXRCH2 125

125 EPI : EP2(Q,J) AXRCH2 126
TCI : T(Q,J) AXRCH2 127
SIGR : SIG(Q,J,I) AXRCH2 128
SIGH : SIG(Q,J,2) AXRCH2 129
SIGZ : SIG(Q,J,3) AXRCH2 130

130 TAU : 0.0 AXRCH2 131
SIGEF' : 0.707107*SQRT((SIGH-5IGZ)**2+(5IGZ-S1GR)**2+(S1GR-SIG AXRCH2 132

+ H)**2+6.0*TAU**2) AXRCH2 133
IF (M4.EQ.0) JTYPE : NI AXRCH2 134
IF (K4.NE.0.AND.J.LT.M4) JTYPE : I H X;H2 135

135 IF (M4.NE.0.AND.J.GE.M4) JTYPE : 2 AXRCH2 136
CALL STRAINX (SIGEFI,DUM,EPITCIE(QJ),JTYPE,N3) AXRCH2 t37
DEPI : EPI-EP2(Q,J) AXRCH2 138
IF (DEPI.GT.0.0) GO TO 130 AXRCH2 139

110 CONTINUE AXRCH2 140
140 DO 120 J:M2,M3 AXRCH2 141

DEP(l,J) : 0.0 AXRCH2 142
DO 120 1:1,3 AXRCH2 143

120 NUDEPP(I,J,I) : 0.0 AXRCH2 144
ITER : 0 AXRCH2 145

145 GO TO 360 AXRCH2 146
C AXRCH2 147
C AXRCH2 148
C AXRCH2 149
C ***PLASTIC SOLUTION STARTS HERE AXRCH2 ISO

ISO C AXRCH2 151
C AXRCH2 152
C AXRCH2 153
C ASSUME PLASTIC STRAIN INCREMENTS AXRCH2 154
C AXRCH2 155

155 130 DO 140 J:12,413 AXRCH2 156
DCHECK(I,J) : 0 AXRCH2 157
NUDEPP(IJ,I) : 0.0 AXRCH2 158
NUDEPPtI,J,2) : 0.0 AXRCH2 159
NUDEPP(I,J,3) : 0.0 AXRCH2 160
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160 DVHPRS(QJ) : EPP2(Q,J,l)+EPP2(Q,J,2)+EPP2(QJ,3) AXRCH2 161
IF (KFLA6.EQ.I.AND.(OLDEPP(I,J,1).EQ.0..0R.OLDEPP(i,J,2).EQ.0. AXRCH2 162

+ )) DCHECK(IJ) := AXRCH2 163
IF (RELAX.EQ.0) DCHECK(IbJ) : I AXRCH2 164
IF (RELAX.EQ.0) RATIO : 10.0 AXRCH2 165

165 IF (KFLAG.EQ.I.OR.RELAX.EQ.0) GO TO 140 AXRCH2 166
OLDEPP(lbJ,I) : 0.0000001 XRCH2 167
OLDEPP(IJ,2) = -0.0000002 AXRCH2 168
OLDEPP(IJ,3) : -0.0000002 AXRCH2 169

140 CONTINUE AXRCH2 170
170 C ***START ITERATIVE SOLUTION HERE AXRCH2 171

C BASED ON NEW VALUES OF PLASTIC STRAIN INCREMENTS AXRCH2 172
ITER : I AXRCH2 173

C CALCULATE ALL OLD EFFECTIVE STRESSES HERE AXRCH2 174
C IF EET ITERATION SCHEME IS BEING UTILIZED AXRCH2 175

175 IF (RELAX.NE.0) GO TO 160 AXRCH2 176
DO 150 J:M2,M3 AXRCH2 177
EPI : EP2(Q,J) AXRCH2 178
IF (M4.EQ.0) JTYPE : NI AXRCH2 179
IF (M4.NE.0.AND.J.LT.4) JTYPE :=I AXRCH2 180

180 !F (M4.NE.0.AND.J.GE.M4) JTYPE : 2 AXRCH2 181
(ALL STRESSX (OLSIGF(IJ),EPI,0.000,T(Q,J),E(QJ),JTYPEN3) AXRCH2 182
EPI : EP2(QJ) AXKCH2 183
CALL STRESSX (DSIGF(bJ)hEPI,0.000IbT(Q,J),E(Q,J),JTYPEN3) AXRCH2 184
SLOPE(lbJ) : (DSIGF(IJ)-OLSIGF(iJ))/0.0001 AXRCH2 185

185 COEF(IJ) = 2.0*(I.0+V(Q,J))/(3.0*E(0,J)) AXRCH2 186
ISO CONTINUE AXRCH2 187
160 CONTINUE AXRCH2 188
C AXRCH2 189
C ******** MAIN PLASTIC/CREEP ITERATION LOOP STARTS HERE AXRCH2 190

190 C LOOP UNTIL PLASTIC STRAIN INCREMENTS CONVERGE FOR ALL NODES AXRCH2 191
C XRCH2 '92
170 CONTINUE AXRCH2 193
C COMPUTE "PSEUDO-ELASTIC SOLUTION HERE AXRCH2 194
C AXRCha 195

195 C AXRCH2 .96
CALL TRANSF (NI,N2,N3,N4,Q,M2,M3 M4,M5,M6,FZ,DELTA,DELTEZ URO PC(Q AXRCH2 197
+),PG(Q) ALFDT,EEPP2,EPS,0LDEPP,R,SIGVAFCM12(NFIAFCMI (NF),AF AXRCH2 198
+CMI2(NDDb),AFCMI2(NU),AFCMI2(NW).AFCMI2(NAA)bAFCM12(NCC) AFCMI2(NEE AXRCH2 199
+) AFCM12(NEI) AFCMI2(NFF) AFCMI2(NLL) AFCMIr(9'B),AFCMI2(NGG AFCM AXRCH2 200

200 +I2(NHH).AFCMI'(NMM),AFCMI2(NMN),AFCMI2(NNN),NA,NR,MNA) AXRCH2 201
C AXRCH2 202
C AXRCH2 203
C ***NW GET NEW DISPLACEMENTS AND STRESSES BASED ON AXRCH2 204
C NEW PLASTIC STRAIN INCREMENTS AXRCH2 205

205 C AT THIS FOINT IN PROGRAM, "PSEUDO-ELASTIC SOLUTION AXRCH2 206
C FOR ASSUMED OLDEPP'S HAS BEEN FOUND. AXRCH2 207
C ***GET EFFECTIVE STRESS FOR EACH NODE AXRCH2 208
C BASED ON ASSUMED PLASTIC STRAIN INCREMENTS AXRCH2 209

RPTIO : 0.0 AXRCH2 210
210 C AXRCH2 211

C INSIDE LOOP OF PLASTIC ITERATION SCHEME AXRCH2 212
C LOOP OVER ALL NODES TO GET NEW PLASTIC STRAIN INCREMENTS AXRCH2 213
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C AXRCH2 214
DO 310 J:M2,t3 AXRCH2 215

215 SIGR : SIG(0,J,I) AXRCH2 216
SIGH : SIG(0,J,2) AXRCH2 217
SIGZ : SIG(0,J,3) AXRCH2 218
TAU : 0.0 AXRCH2 219
IF (RELAX.NE.0) GO TO 200 AXRCH2 220

220 C AXRCH2 221
C ISOTROPIC PLASTIC STRAIN-TOTAL STRAIN SCHEME STARTS HERE AXRCH2 222
C AXRCH2 223

EMODR : (SIGR-U(Q,J)*(SIGH+SIGZ))/E(Q,J)+OLDEPP(1,J,1) AXRCH2 224
EMODH : (SIGH-U(Q,J)*(SIGR+SIGZ)),E(Q,J)+OLDEPP(I,J,2) AXRCH2 225

225 EMODZ : (SIGZ-UIQJ)*(SIGR+SIGH))/E(QJ)+OLDEPP(I,J,3) AXRCH2 226
EMODRZ : 0.0 AXRCH2 227
EET : 0.471405*SQRT((EMODH-EMODR)**2+(EMODR-EMODZ)**2+(EMODZ-E AXRCH2 228

+ MODH)**2+6.0*EMODRZ**2) AXRCH2 229
C CHECK TO SEE IF OLD YIELD STRESS (AT NEW TEMP) HAS BEEN AXRCH2 230

230 C EXCEEDED. AXRCH2 231
SIGEFF : 0.707107*SQRT((SIGH-SIGZ)**2+(SIGZ-SIGR)**2+(SIGR-SIG AXRCH2 232

+ H)**2+6.0*TAU**2) AXRCH2 233
IF (SIGEFF.GT.OLSIGF(IJ)) GO TO 180 AXRCH2 234
DEP(I,J) : 0.0 AXRCH2 235

235 OLDEPP(IJ,1) : 0.0 AXRCH2 236
OLDEPP(I,J,2) : 0.0 AXRCH2 237
OLDEPP(I,J,3) : 0.0 AXRCH2 238
NUDEPP(,J,I) : 0.0 AXRCH2 239
NUDEPP(1,J,2) : 0.0 AXRCH2 240

240 NUDEPP(lJ,3) : 0.0 AXRCH2 241
DCHECK(IJ) : I AXRCH2 242
GO TO 310 AXRCH2 243

C OLD YIELD STRESS HAS BEEN EXCEEDED. DEP(J) MUST BE POSITIVE. AXRCH2 244
180 CONTINUE AXRCH2 245

245 DEP(l,J) : (EET-COEF(IJ)*OLSIGF(I,J))/(I.0+COEF(1,J)*SLOPE(I AXRCH2 246
+ j)) -XRCH2 247

C CHECK MAGNITUDE OF DEP(J) HXRCH2 248
IF (06P(I J).GE.0.0) GO TO 190 AXRCH2 249
WRITE (6,380) AXRCH2 250

250 WRITE (6,420) J,DEP(I,J',EET COEF(I,J) OLSIGF(IJ),SLOPE(I,J) AXRCH2 251
WRITE (6,390) Q,ITERSIGEFF, iGRSIGH, IGZ,EP2(Q,J) AXRCH2 252
WRITE (6,400) T(QJ),E(Q.J),(OLDEPP(IJKO),KO:1,3),(NUDEPP(I, AXRCH2 253

+ JKO),KO:1,3) AXRCH2 254
QUIT : I AXRCH2 255

255 STOP "NEGATIVE DEP IN AXRACH" AXRCH2 256
190 EM : (EMODH+EMODZ+EMODR)/3.0 AXRCH2 257

NUDEPP(I,J,2) : (DEP(IJ)/EET)*(EMODH-EM) AXRCH2 258
NUDEPP(I,J,3) : (DEP(I J)/EET)*(EMODZ-EM) AXRCH2 259
NUDEPP(I JI) : -NUDEP (I,J 3)-NUDEPP(1,J,2) AXRCH2 260

260 C CHECK IAGNITUD& OF DEP(J). IF THI IS LESS THAN 1.0E-06, DON'T AXRCH2 261
C WANT TO KEEP ITERATING TO TIGHT TOLERANCE. 50 DIFFERENCE AXRCH2 262
C BETWEEN OLD AND NUDEPP'S NOT CHECKED (IE, RATIO NOT UPDATED ) AXRCH2 263
C BUT NUDEPP'S ARE COMPUTED AS LONG AS FURTHER ITERATIONS ARE AXRCH2 264
C REQUIRED AT OTHER NODES. AXRCH2 265

265 IF (DEP(IJ).LT.I.OE-12) GO TO 310 AXRCH2 266
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GO TO :70 AXRCH2 267
200 CONTINUE AXRCH2 268
C ISOTROPIC CREEP CALCULATIONS AXRCH2 269

IF (RELAX.NE.1) GO TO 230 AXRCH2 270
270 DEP(1,J) : 0.47140452*SQRT(OLDEPP(,JI)-OLDEPP(IJ,2))**2+(0 AXRCH2 271

+ LDEPP(I,J,2)-OLDEPP(IJ,3))**2+(OLDEPP(I,J,3)-OLDEPP(I,J,I))** AXRCH2 272
+ 2) AXRCH2 A

DEPDOT : DEP(l,J)/DTIME AXRCH2 ?74
D) : OLDEPP(IJ 1)+OLDEPP(I,J,2)+OLDEPP(IJ,3) AX1CH2 0-5

275 DVDOT : DV/DTIK& AXRCH2 2'r
IF ((K4.EQ.0).AND.(NI.EQ.l)) GO TO 220 AXRCH2 277
IF ((N4.NE.0).AND.(J.LT.M4)) GO TO 210 AXRCH2 278

C AXRCH2 279
C CLADDING CREEP - CONSTANT VOLUtE AXRCH2 280

280 PHI : 2.4E+17 AXRCH2 281
CRPE : SCREP2(QJ)+DEP(IJ) AXRCH2 282
TYPE : 2 AXRCH2 283
CALL CRIIP (SIGEFFDEPDOTTIMET(QJ),PHI,CRPEJTYPE) AXRCH2 284
SI : SIGR-(SIGR+SIGH+SIGZ)/3. AXRCH2 285

285 52 : SIGH-(SIGR+SIGH+SIGZ)/3. AXRCH2 286
53 : SIGZ-(SIGR+SIGH+SIGZ)/3. AXRCH2 287
IF (SIGEFF.LT.I.0) SIGEFF : 1.00 AXRCH2 288
NUDEPI'(I,J,2) : 1.5*DEP(IJ)*S2'SIGEFF AXRCH2 289
NUDEPP(I,J,3) : 1.5*DEPI,J)*53/SIGEFF AXRCH2 290

290 NUDEPP(1,J,1) : -NUDEPP(I,J,3)-NUDEPPtI,J,2) AXRCH2 291
GO TO 220 AXRCH2 292

C AXRCH2 293
C FUEL IN CONTACT WITH CLAD - FUEL CRUNCH I5 CONSIDERED AXRCH2 294
210 CONTINUE AXRCH2 295

295 CALL FCRNCH (SIG(Q,M4,I),PG(Q),DTINE,FVFRO(Q,J),DVHPRS(Q,J),DV AXRCH2 296
+ ) AXRCH2 297

C AXRCH2 298
C FUEL CREEP IS NOT CALCULATED IN THIS VERSION OF FRACAS AXRCH2 299
C IF FUEL CREEP ,THEN NUDEPP : DV/3 + 1.5*DEP*S'SIGEFF AXRCH2 300

300 C SEE CLAD CREEP CALCULATION ABOVE AXRCH2 301
C AXRCH2 302

NUDEPP(IJ,1) : DU/3. AXRCH2 303
NUDEPP(IJ,2) : DV/3. AXRCH2 304
NUDEPP(I,J,3) : DV/3. AXRCH2 305

305 IF riTER.LT.25) GO TO 220 AXRCH2 30<
NUDEPP(I,J,l) : iNUDEPP(I.Jl)+OLDEPP(I,.,,I))/2. AXRCH2 307
NUDEPP(:,J,2) : (NUDEPP(IJ,2)+OLDEPP(l,J,2))/2. AXRCH2 308
NUDEPP(I,J,3) : (NUDEPP(l,J,3)+OLDEPP(l,J,3))/2. AXRCH2 309

220 CONTINUE AXRCH2 310
310 C AXRCH2 311

C DO NOT CHECK CONVERGENCE IF DEP AND DV ARE TOO SMALL AXRCH2 312
C AXRCH2 313

DV : 05(fV) AXRCH2 314
IF ((iLEP(IJ).LT.A.E-12).AND.(DV.LT.I.E-12)1 GO TO 310 AXRCH2 315

315 C AXRCH2 316
GO TO 270 AXRCH2 317

230 CONTINUE AXRCH2 3'8
C ANISOTROPIC PLASTIC STRAIN SCHEME STARTS HERE AXRCH2 319
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IF (RELAX.NE.2) GO TO 260 AXRCH2 320
320 C ** HILL'S THEORY OF ANISOTROPY, NO PLASTIC VOLUME CHANGE AXRCH2 321

IF (M4.EQ.0) TYPE : NI AXRCH2 322
IF (M4.NE.0.AND.J.LT.4) TVPE : I AXRCH2 323
IF (M4.NE.0.AND.J.GE.W4) JTYPE : 2 AXRCH2 324
IF (JTYPE.NE.1) GO TO 240 AXRCH2 325

325 Al2 : 0.5 AXRCH2 326
A23 : 0.5 AXRCH2 32?
A31 : 0.5 AXRCH2 328
GO TO 250 AXRCH2 329

240 CONTINUE AXRCH2 330
330 Al2 : 0.5 AXRCH2 330

A23 : 0.5 AXRCH2 332A31 : 0.5 AXRCH2 333
A12 : 0.15 AXRCH2 334
A23 : 0.74 AXRCH2 335

335 A31 : 0.26 AXRCH2 336
Al2 : 0.142 AXRCH2 337
A23 : 0.758 AXRCH2 338
A31 : 0.242 AXRCH2 339
Al2 : 0.203 AXRCH2 340

310 A23 : 0.655 AXRCH2 34iI
A31 : 0.345 AXRCH2 342

250 CONTINUE AXRCH2 3 3
G : Al2*A23+A23*A31+A3I*Al AXRCH2 344
DEP(iJ) : A12*(A23*LDEPP(I.i,,)-A31*OLDEPP(I J,2))**2+A23*(A AXRCH2 345

345 + 31*LDEPP(I, J, 2) -AI2*OLDEPP(I, J,3))**2+A31*(A*LDEPP(IJ,3)- AXRCH2 346
+ A23*OLDEPP(lJl))**2 AXRCH2 347

DEP(l,J) : S6RT(DEP(l,J))/G AXRCH2 348
EPI : EP2(Q,J) AXRCH2 349
CALL STRESSX (SIGEF EPI,DEP(Q J),T(QJ),E(Q J) JTYPE N3) AXRCH2 350

350 NUDEPP(IJ,i) : (AI2*(SIGR-SIGH)-A3l*(SIGZ-4IGk))*DE6(1,J)/SIG AXRCH2 351
+ EF AXRCH2 ?J

NUDEPP(lJ,2) : (A23*(SIGH-SIGZ)-A12*(SIGR-SIGH))*DEP(I,J)/SIG AXRCH2 353
+ EF AXRCH2 354

NUDEPP(I,J,3) : -NUDEPP(1,J,I)-NUDEPP(l,J,2) AXRCH2 355
355 SIGEFF SIGEF AXRCH2 356

SIG" : 0 0 AXRCH2 357
DUDOT : L -0 AXRCH2 358
IF (DEP(lJ).LT.I.OE-12) GO TO 310 AXRCH2 359
GO TO 270 AXRCH2 360

360 260 CONTINUE AXRCH2 361
270 CONTINUE AXRCH2 362C AXRCH2 6
C ***START CONVERGENCE CHECK HERE **** AXRCH2 364

CAXRCH2 365
365 C ***CHECK MAGNITUDE OF DEP AND CUT STET SIZE IF G.T. 1.00 AXRCH2 366

IF (DEP(Il,J).GT.0.001E0) N4 : I AXRCH2 367
IF (DEP(l,J).GT.0.001) 1WRIE (6,420) J,SIGEFF,SIGM,DEP(IJ),DV AXRCH2 368

+ DOT,(NUDEPP(lJKO) KO:,3) AXRCH2 369
IF (DEP(lJ).6T.0.061) WRITE (6,420) J,(OLDEPP(I,J,KO),KO:1,3) AXRCH2 370

370 + ,(EPP2(Q,J,KO),KO:I 3),ECREP2(Q,J) AXRCH2 37c
IF (DEP(l,J).GT.0.061) WRITE (6,420) J,Sl,52,53,SIGR,SIGH,SIGZ AXRCH2 372
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IF (DEP(IJ).GT.0.00IE0) RETURN AXRCH2 373
IF (ITER.LT.490) GO TO 280 AXRCH2 374
IF (J.EQ.) WRITE (6 410) ITER AXRCH2 375

375 WRITE (6,420) JSIGEiF,SIGM,DEP(I,J),DVDOT,(NUDEPP(I,J,KO),KO: AXRCH2 376
+ 1,3) AXRCH? 377

280 CONTINUE AXRCH2 378
IF (DCHECK(I J).EQ.1) GO TO 300 AXRCH2 379

20 290 K6:1,3 AXRCH2 380
380 IF (OLDEPP(IJ,KO).EQ.0.) GO TO 300 AXRCH2 381

290 CONTINUE AXRCH2 382
RATIO : (NUDEPP(I,J,1)-OLDEPP(I,J,I))/OLDEPP(I,J,I) AXRCH2 3E3
RATI02 : (NUDEPP(I,J,2)-OLDEPP(I,J,2))/OLDEPP(I,J,2) AXRCH2 384
RATI03 : (NUDEPP(IJ,3)-OLDEPP(IJ,3))/OLDEPP(IJ,3) AXRCH2 385

385 RATIOI : ABS(RATI0I) AXRCH2 386
RATI02 : ADS(RATI02) AXRCH2 387
RATI03 : ABS(RATI03) AXRCH2 388
RATIO : AMAXI(RATIO,RATIOI,RATI02,RATI03) PXRCH2 389
GO TO 310 AXRCH2 390

390 C THIS STATEMENT SHOULD ONLY BE REACHED IF OLD VALUE OF DEP AXRCH2 391
C WAS ZERO (IE, ELASTIC ) AND NEW VALUE 15 NON-ZERO. THIS AXRCH2 392
C FORCES AT LEAST ONE MORE ITERATiON. AXRCH2 393
300 RATIO : 10.0 AXRCH? 394

DCHECK(I,J) : 0 AXRCH2 395
395 310 CONTINUE AXRCH2 396

C AXRCH2 397
C END INSIDE ITERATION LOOP AXRCH2 398
C AXRCH2 399

IF (RATIO-0.00010) 360.360,320 AXRCH2 400
400 320 ITER : ;TER+I AXRCH2 401

IF (ITER-500) 330 350,350 AXRCH2 402
330 DO 340 J:M2,Mi AXRCH2 403

OLDEPP(IJ,I) : NUDEPP(I,J,I) AXRCH2 404
OLDEPP(I,J,2) : NUDEPP(I,J,2) AxRCH2 405

405 340 OLDEPP(l,J,3) : NUDEPP(I,J,3) AXRCH2 406
GO TO 170 AXRCH2 407

C AXRCH2 408
C *** MAIN PLASTIC/CREEP ITERATION LOOP ENDS HERE AXRCH2 409
C AXRCH2 410

410 350 CONTINUE AXR(H2 411
WRITE (6,430) ITER AXRCH2 412

C ***THE ROUTINE DID NOT CONVERGE, AND AXRCH2 413
C ***AN ERROR MESSAGE IS PRINTED AXRCH2 414
C ***PROGRAM IS TERMINATED AXRCH2 415

415 WRITE (6,440) AXRCH2 416
IQUIT : $ AXRCH2 417

C ***PLASTIC SOLUTION COMPLETE AXRCH2 418
360 CONTINUE AXRCH2 419

DO 370 J:M2,M3 AXRCH2 420
420 EPP2(,JI) : EPP2(Q,JI)+NUDEPP(IJ,1) AXRCH2 421

EPP2(QJ,2) : EPP2(QJ,2)+NUDEPP(l,J,2) AXRCH2 422
EPP2(Q,J,3) : EPP2(Q,J,3)+NUDEPP(I,J,3) AXRCH2 423
IF (RELAX.NE.I) EP2(QJ) : EP2(QJ)+DEP(I,J) AXRCH2 424
IF (RELAX.EQ.I) ECREP2(Q,J) : ECREP2(Q,J)+DEP(IJ) AXRCH2 425
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IF (RELAX.F9.I) DUHPRS(QJ) : EPP2(Q,JI)+EPP2(QJ,2)+EPP2(Q,J
+ ,3)

370 CONTINUE
RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(IHO,4X 5HERROR,/33H NEGATIVE DEP CALCULATED IN STACK)
(3H0:,13,6HITER: ,I4,5E20.5)
(IH0,5E20.5)
(IH0,4X,7HITER : ,13)
(10,15,lOX, 7E15.6)
(IH0,20H DID NOT CONVERGE IN,IX,I4,IX,:IH ITERATIONS)
(IH ,12H IN AXRACH )

AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2
AXRCH2

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXRACH

VARIABLES
0 AFCHI2
0 ALFDT

2501 A$2

2502 A23

2503 A31

0
2475

0

0
0
0

2471
2455

0
0

2454
2472

2473
0
0

COEF
CRPE
DCHECK

DELTA
DELTEZ
DEP

DEPDOT
DEPTH
DSIGF
DTIME
DUll
DV

DVDOT
DVHPRS
E

DEF LINE
I

5N TYPE
REAL
REAL
REAL

REFERENCES
123 372

RELOCATION
ARRAY F.P.
ARRAY F.P.

REAL

REAL

REAL
REAL
INTEGER

REAL
REAL
REAL

REAL
REAL
REAL
REAL

* REAL
REAL

REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

F.P.

F.P.

F.P.
c.P.
F.P.

F.P.
F.P.

F.P.
F.P.

425

430
C
380
390
400
410
420
430
440

435

426
427
428
429
430
431
432
433
434
435
436
437
438

428

REFS
REFS
REFS
333

REFS
337
REFS
338
REFS
REFS
REFS
241

REFS
REFS
REFS
281
358
424
344
REFS
REFS
REFS
REFS
REFS
REF;

DEFINED
REFS
REFS
REFS

330

334

335

325

331

332

185

161

23
23

2*343
336
2*343
340
2*343
341
23

283
21

394
113
113
23

288
366

DEFINED
347
283
138
23

103
136
275
274
367
23
23

17*113
113

3*344
339

3*344

3*344

2*245
DEFINED

378

196
196
248
289
2*367

D I

DEFINED
DEFINED

183
273

295
313
375
295
113

17*196
196
350

352

350

250
281

DEFINED

DEFINED
DEFINED

250
314
369
106

273
137
184
275

302

DEFINED
DEFINED

136

DEFINED
DEFINED

352

DEFINED

DEFINED

DEFINED

257
347
371
141

DEFINED
295

303

181

163

DEFINED

326

327

156

258
?94
372
234

DEFINED

304

357
160
183

265
350
375
245

273
352
423
270

313

425
185

314

196
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VARIABLES

0
2464

0
2470
2461
2460
2463
2462

0

0
2444

ECREP2
EET
ELASTC
EM
EMODH
EMODR
EMODRZ
EMODZ
EPP2

EPS
EPA

0 EP2

0
0

2504
2442
2467
2456

FUFRO
FZ
G
I
IQUIT
I TER

2443 J

2453 JTYPE

0
2466

KFLAG
KO

0 MNR
0 M2

0 M3

0 M4

0 M5

SN TYPE

REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F. P.
F.P.

F.P.

F.P.

F.P.

227

223
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
422
REFS
REFS

DEFINED
REFS
423

REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
134
158
177
215
235
248

7*270
3*290

314
2*352
374
2*403
4*425
402

REFS
DEFINED

321
REFS
REFS

DEFINED
REFS
REFS
214

REFS
214
REFS
196

DEFINED
REFS

23
245
21

257
2*227
2*227
227
2*227

23
3*425

23
136
125
23

DEFINED
23
113
347
106
254
251
144
108
135
159
179
21!
236

5*250
273

2*295
322

3*354
3*375
2*404

DEFINED
419
136
133
322
161

2*252
2*252
14*23

105
402
105
402
113
276

I
113

225
281
250
123
258
256
256

DEFINED
256
113

DEFINED
113
137
177
125
I

295
196

DEFINED
108
416
305
172
109
136

4*160
180
217
237
251

3*274
302
323
358
378
2*405
107

181
134
323
165
367
367
113
113
419
113
419
133

2*277

196

252
369
257

DEFINED
DEF I NED

257
DEFINED

226
258

3*160
1

196
181
182
137
423

DEFINED
DEF I NED

343
109

373
400
125
137

3*161
3*181
3*223
238

4*252
277
303

7*344
366
380

3*420
124

183
135

DEFINED
2*369
2*369
196
124

DEFINED
124

DEFINED
2* 134
295

DEFINED

349
424
258

1
256

DEFINED
223

DEFI.:ED
19;
420

DEFINED
183
348
177

421

251 348

420
422

143

374

126
141
163
182

3*224
239
2*257
2*281
304

2*347
4*367
3*382
3*421

140

283
178

375
375

DEFINED
140

140

2*135
321

DEFINED
DEFINED
DEFINED

225
369
421

1
349

182

DEFINED

127
:43
166

3*183
3*225

240
2*258

283
3*306

348
5*369
3*383
3*422
155

324
179

380
379

155

I 35

178
2*322

105

401

128
156
167

3X184
233
241

3*259
2*288
3*307
3*349
2*371
3*384
3*423
176

142

411

129
157
168

3*185
234

5*245
265

2*289
3*308
2*350
372
394

3*424
214

349
180

176

176

2*179
2*323

196

196

2*180
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VARIABLES
0 K6
0 NA

43 NAA
25 NALFDT
33 NDBO
45 NCC
11 NCOEF
5 NDCHCK

36 NDD
7 NDEP
12 NDSIGF
21 NE
16 NECRP2
41 NEE
44 NEI
23 NEPP2
15 NEP2
46 NFF
13 NFl
14 NF2
35 NGG
30 NH
42 NIL
34 NHMM
32 NMN
31 NNN
27 NNUDPP
26 NOLDPP
6 NOL5GF
0 NP!N
I NPOUT
2 NPI
3 NP2
0 NR
10 NSLOPE
24 NSTRTT
20 NTN
4 NTSAVE
17 NT2
40 NU
0 NUDEPP

22
37

0

0
0

NV
NM
NI

N2
N3

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGLR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

RELOCATION
F.P.
F.P.

PFCM12
PFCM12
PFCM12
PFCMI2
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCMI2
PFCM12
PFCM12
PFCM12
PFCM12
PFCMI2
PFCMI2
PFCM12
PFCM12
PFCM12
PFCMII2
PFCM12
PFCM12
PFCM12
PFCM12
PFCM12
PFFCM12
PFCM 112
F.P.
PFCM12
PFCM12
PFCM12
PFCM12
PFCtIi?
PFCM12

ARRAY F.P.

PFCM12
PFCM 12
F.P.

F.P.
F.P.

DEFINED
DEFINED

196

I
I

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*354
405
157
259
307

REFS
REFS
REFS

DEFINED
REFS
REFS

DEF I NED

113
113
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

21
6
6
6
6
6
6

23
367
420
158
288
308
6
6

113
I

113
113
I

196
196
113

113
113

113

113
113

113
113
113
113
113
113
113
113
113

19*23

113
252
375
421
159
289
350

113
133

196
136

196
196

196

196
196

196
196
196
196
196
196
196
196
196

113

196
2*259
382
422
238
290
352

196
178

DEFINED
181

196

2*290
383

DEF I NED
239
302
354

196

I
183

DEFINED

306
384

240
303

196

308
404
143
258
306

307
403
109
257
304

321

349
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VARIABLESo N.4
0 OLDEPP

0 OLSIGF

0
0

2474
0

0
2457
2507
2510
2511

0

PC
PG
PHI
0

R
RATIO
RATIO 01
RATI102
RAT 103
RELAX

0 SIG

2505
2465

2506
2446

SIGEF
SIGEFF

SIGEFI
SIGH

SIGM
SIGR

245U SIGZ

0
2476
2477
2500

0

2451
2445

0
0
0

SLOPE
SI
52
53
T

TAU
TCI
TIME
URUI
U

FILE NAMES
TAPE6

SN TYPE
INTEGER
REAL

REAL

REAL
REAL
REAL
INTEGER

REAL
REAL
REAL
REAL
REAL
INTEGER

REAL

REAL
REAL

REAL
REAL

REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

MODE
FMT

RELOCATION
F.P.

ARRAY F.P.

ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

F.P.

ARRAY F.P.

F.P.

ARRAY F.P.

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.
F.P.
F.P.

WRITES
375

REFS
REFS
252
380
167

REFS
DEFINED
REFS
REFS
REFS
REFS
136

3*196
2*252
2*421
REFS
REFS
REFS
REFS
REFS
REFS
219

DEF I NED
REFS
216

REFS
REFS
375

REFS
REFS
2*285
REFS
REFS
285

REFS
285

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED

249
411

113
23

6*270
2*382
168
23

23
23

283
21
137
215
281

2*422
23

388
385
386
387
21

269

23
217
349
233

DEFINED
136

2*131
286
367

2*131
286

2*131
2*286

23
371
288
289
23

131
136
283
113
23
1

250
415

196
113

3*274
2*383

235
181

113
113

DEFINED
3x113
4*160
216
283
2*423
113
399
388
388
388
103
319

113
295
350
251
231

DEFINED
223
350
375
223
2*350
223
350
245

DEFINED
371
371
126

231
DEFINED
DEFINED

196
113

251

DEFINED
2*161

306
2*384
236
184

196
196
280
125
177
217
4*295
2*424
196

DEFINED
DEFINED
DEFINED
DEFINED

123
423

127
DEF I NED

352
283
287
131
224

2*352
DEFINED

224D
352
224
352
250
284

DEFINED
DEFINED

181

DEFINED
126

1
DEFINED

185

252

196
307

DEFINED
237
233

DEFINED
295

126
2*181
2*223
348

4*425
DEFINED

164
382
383
384
163
424

128
I

355
287
355

225
371
356
225
371
225
371

DEFINED

285
286
I P3

130

366
223
308

403
245

DEFINED

127
182

2*224
3*349

DEFINED

209
385
386
387
164
425

129

288

2*231
DEFINED

2*231
DEFINED

2*231
DEFINED

252

218

i
196

367 369

224
6*344
108
404
250

225
369
!66
405

120
2*183
2*225
2*369

I

388

165

196

289

251
128

251
127
251
129
184

283

129
2*185
2*251
2*420

393

175

215

367

284
216

2*284
215
284
217

349

225224

371 374
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EXTERNALS
C9I1P
FCRNi~
SORT
STRAINX
STRESSX
TRANSF

INLINE FUNCTIONS
ABS
AMAXI

RE

TYPE ARGS
7
6

AL I LIBRARY
7
7

44

TYPE
REAL
REAL

ARGS

0
INTRIN
INTRIN

REFERENCES
283
295
131
136
181
113

DEF LINE

227

183
196

REFERENCES
313
388

STATEMENT LABELS
0 100
0 110
0 120

320 130
402 140
0 ISO

503 160
504 :70
767 180
1066 190
1120 200
1251 210
1321 220
1332 230
1365 240
1416 250
1524 260
1525 270
1657 280

0 290
1730 300
1735 310

0 320
0 330
0 340

1771 350
2000 360

0 370
2352 380 FHT
2361 390 FMT
2365 1100 FIT
2370 410 FMT
2373 420 FMT
2376 430 FMT
2404 440 FMT

INACTIVE
INACTIVE

DEF LINE
110
139
143
155
169
186
187
192
244
256
267
294
309
317
329
342
360
361
377
381
393
395
400
402
405
410
418
427
430
431
432
433
434
435
436

REFERENCES
105
124
140
103
155
176
175
406
233
248
219
277
276
269
324
328
319
266
373
379
378
214
399
401
402

2*40I
145
419
249
251
252
374
250
411
415

FROM-TO
105 110
107 110
1241 139

LENGTH
228
138

1068

PROPERTIES
NOT INNER

OPT
EXT REFS

231

385

270

386

347

387

107

142
138
165

305

359

291

316

380
242 265 314 358

2*399

389

LOOPS
23
27

167

LABEL
100
100
110

367

INDEX
I
J
J

369 371 375

EXITS

SUBROUTINE AXRACH 10/21i80 14,31.46 PAGE 13
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LOOPS
277
303
322
413
623
1033
1046
1541
1562
1575
1643
1664
1752
2002

LABEL
120
120
140
I50
310

290
340
370

COMMON BLOCKS
PFCM 12

INDEX
J

J
J
J
KO
KO
KO
KO
KO
KO
KO
J
J

LENGTH
39

FROM-TO
140 143
142 143
155 169
176 186
214 395
252 252
252 252
367 367
369 369
369 369
375 375
379 381
402 405
419 427

LENGTH
I5 B
68

639
678

11158
11B
I IB
I IB
118
13B
I lB
78

15B
568

PROPERTIES
NOT

IN5TACK
OPT

EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT

INSTACK E
OPT
OPT

INNER

REFS
REFS NOT INNER
REFS
REFS
REFS
REFS
REFS
REFS

X I TS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

31148
47D

1612
39
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SUBROUTINE TRANSF (NI N2,N3,N4 I M2,h3,H4,M5,M6,FZDELTA,DELTEZ UR
+0,PCPGALFDTEEPP2,EPSDEPP, ,-GU,F,,F2,DD,U,NAACCEEEI,-F,
+LL, B, GG,HHMMMN,NNNANRMNA)

COMMON/PFCM 12/

+
+
+
+
+
4

+
+
+
+
+

NPIN
,NPOUT
,NTSAVE
,NDEP
,NDSIGF
,NEP2
,NTN
,NEPP2
,NOLDPP
,NNN
, NMM

,NLL
,NCC

REAL ALFDT(MNA NR,3)
+ ,EPS(MNA,NA,3)
+ ,SIG(MNA,NR,3)
+ ,F2(1,NR)
+ ,4(NR,4)
+ ,EE(NQ,3,3)
+ ,LL(NR,3,3)
+ ,HH(1,NR,3)
+ ,NN(1,NR,3)
+ ,Q®(3)

,NPI
,NiCHC

,NFI
,NECRP2
,NE
,NSTRTT
,NNUDPP
,NMN
, NGG
,NU
,NAA
,NFF

,E(MNA,NR)
,DEPP(I,NR,3)
V(MNA NR)

,6D(NRi)
,AA(NR,3,3)
,EI(NR,3,3)
,BB(INR,3)
,MM(3,NR,3)
,PP(3,3)

,NP2
,NOLSGF
,NCOEF
,NF2

,NT2
,NV

,4ALFDT
,NHH

,NBB
,NDD
,NEE
,NE I

EPP2(MNANR,3)
,R(MNA,NR)
,FI(I,NR)

,U(NR,4)
,CC(NR,3,3)
,FF(NR,3,3)
,GG(I,NR,3)
,MN( I,NR,3)
,PPI(3,3)

TRANSF IS CALLED FROM AXRACH AND SOLVES FOR GENERALIZED PLAIN
STRAIN OF HOLLOW AND SOLID CYLINDERS IN THE ELASTIC CASE

********************************************************************
INPUT ARGUMENTS
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*tXXXXXXXXXXXXXXXXX

ALFDT - THERMAL EXPANSION STRAIN ( RADIAL, HOOP, AND AXIAL )
DELTA -
DELTEZ -
DEPP - INCREMENT OF PLASTIC STRAIN
E - YOUNG'S MODULUS (PSIA,PASCALS)
ECREP2 - EFFECTIVE CREEP STRAINS
EP2 - TIME INDEPENDENT EFFECTIVE PLASTIC STRAINS
EPP2 - RADIAL, HOOP, AND AXIAL PLASTIC STRAIN
EPS - RADIAL, HOOP, AND AXIAL STRAIN
FZ -
I - CURRENT AXIAL NODE NUMBER
IQUIT - TERMINATOR INDEX
IT - POWER-TIME STEP INDEX
M2 - INSIDE RADIAL NODE NUMBER OF REGION UNDER CONSIDERATION

C

I TAeSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2?
TRNSF2
TRNSF2
TRNSF2
TRN5PF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRI5F2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2

10

t5

C
20

25

30

35

40

45

50

SUBROUTINE TRANSF FTN 4.8+508 10/21/80 14.31.46 rAGE I

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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OUTSIDE RADIAL NODE NUMBER OF REGION UNDER CONSIDERATION
INSIDE CLADDING RADIAL NODE NUMBER
NODE WHERE RADIAL CRACK STARTS
NODE WHERE AXIAL CRACK STARTS
NUMBER OF AXIAL NODES
DEBUG INDEX
NUMBER OF RADIAL NODES

55

60

65

70

75
********************************************************************
OUTPUT ARGUMENTS
* * **:* * * :: :u* :*:*:** *u x * xxx'at4* : *********."!s * :*z* * 

TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
HOLLOW FLAG :0 WHEN
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK
TRANSFER ;ATRIX WORK
TRANSFER MATRIX WORK
TRANSFER MATRIX WORK

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
FUEL IS
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

HOLLOW, :=I WHEN SOLID

DET3(A1I,A21,A31,AI2,A22 A32,A13 A23,A33) : +(AII*A22*A33+AI2*A23*
+A31+A13*A32*A21)-(A3,*A2$*Al3+A3i*A23*All+A33*A12*A21)

PI : 3.1415926
UISUM : 0.0
U2SUM : 0.0

M3
M4
M5
M6
NA
NDBG
NR
NI
N2
N?
N4
PC
PG
PI
SIG
R
T
URO
U

- INPUT UNITS INDEX, : 0 S1 UNITS, : I BRITISH UNITS

- COOLANT CHANNEL PRESSURE (PSIA,PASCALS)
- ROD INTERNAL GAS PRESSURE (PSIAPASCALS)
- THE CONSTANT 3.1415726
- RADIAL, HOOP, AND AXIAL STRESS (PSIA,PASCALS)
- NODE POINT RADII (IN,i)
- NODE POINT TEMPERATURES (F,K)

- POISSON'S RATIO

-
-
-
-
-
-
-
-

80

85

AA
BB
CC
DD
EE
El
FF
Fl
F2
GG
HH
IFLAGI
LL
MM
MN
NN
U
w

90

TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2
TRNSF2

95

100

C
C
C
C

C

105
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56
57
58
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61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
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103
104
105
106
107
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U35M : 0.0 TRNSF2 108
U4SUM : 0.0 TRNSF2 109

C FIRST COMPUTE ALL TRANSFER MATRICES TRNSF2 110
110 M3MI : M3-1 TRNSF2 III

M4M1 : M4-1 TRNSF2 112
IFLAGI : 0 TRNSF2 113
IF :R(I N2).GE..0001I.AND.N3.EQ.I) GO TO 110 TRN5F2 114
IF (N3.iQ.0) GO TO 100 TRNSF2 115

115 IFLAGI : 1 TRNSF2 116
R(I,M2) : I.OE-04 TRNSF2 I?
GO TO 110 TRNSF2 118

100 IF (R(IM2).GE..2794E-05) GO TO 110 TRNSF2 119
IFLAGI : I TRNSF2 120

120 R(I,M2) : 2.54E-06 TRNSF2 121
110 CONTINUE TRNSF2 122

DO 120 J:M2,M3M1 TRNSF2 123
IF (J.EQ.M4MI1) GO TO 120 TRNSF2 124
RI : R(I,J) TRNSF2 125

125 R2 : R(I J+1) TRNSF2 126
DR : R2-41 TRNSF2 127
D2R : R2*R2-RI*RI TRNSF2 128
D3R : R2*R2*R2-RI*RI*RI TRNSF2 129
FI(l,J) : 2.0*PI*(R2*D2R,2.0-D3R/3.0),DR TRNSF2 130

130 F2(1,J) : 2.0*PI*(D3R/3.0-RI*D2R/2.0)/DR TRNSF2 131
V2 : V(IJ+I) TRNSF2 132

VI : V(I,J) TRNSF2 133
E2 : E(I,J+1) TRNSF2 134
El : E(I,J) TRNSF2 135

135 C ** COMPATIBILITY EQUATION TRNSF2 136
EE(J,1,1) : -V2/(E2*DR)-(1.0+V2)/(2.0*E2*R2) TRNSF2 137
EE(J,1,2) : I./(E2*DR)+(I.0+V2)/(2.0*E2*R2) TRNSF2 130
EE(J,1,3) : -V2/(E2*DR) TRNSF2 139
FF(JIl,) : -(VI/(EI*DR)-(I.0+VI)'(2.0*EI*RI)) TRNSF2 140

140 FF(J,1,2) : -(-1./(EI*DR)+(I.0+VI)/(2.0*EI*RI)) TRNSF2 141
FF(J,1,3) : -(V1/(EI*DR)) TRNSF2 142
JP : J+I TRNSF2 143
TT : (ALFDT(I,JP,2)+EPP2(I,JP,2))*(I./DR 0.5/R2) TRNSF2 144
TT : TT+(ALFDT(I,J,2)+EPP2(I,J,2))*(-I./DR+0.5/RI) TRNSF2 145

145 TT : TT+(ALFDT(I,JPI)+EPP2(I,JP,I))*(-0.5/R2) TRNSF2 146
TT : TT+(ALFDT(IJ,)+EPP2( 1,J,I))*(-0.5/RI) TRNSF2 147
GG(I,J I) : -TT TRNSF2 148
55 : D&PP(1,JP,2)*(I.O/DR+0.5/R2) TRNSF2 149
55 = SS+DEPP(I,J,2)*(-I.O/DR+0.5/RI) TRNSF2 ISO

150 55 : S5+DEPP(I,JPl)*(-0.5/R2) TRNSF2 151
55 : SS+DEPP(lJI)*(-0.5/RI) TRNSF2 152
HH(lJ,I) :-55 TRNSF2 153

C ***EQUILIDBIUM IN RADIAL DIRECTION TRNSF2 154
EE(J,2,I) : (l.O/DR+0.5/R2) TRNSF2 155

155 EE(J,2,2) : -0.5/R2 TRNSF2 156
EE(J,2,3) : 0.0 TRNSF2 157
FF(J,2,1) : (I.0/DR-0.5/RI) TRNSF2 158
FF(J,2,2) : 0.5/RI TRNSF2 159
FF(J,2,3) : 0,0 TRNSF2 160

I0/21/80 14.31.46 PAGE 3SUBROUTINE TRANSF



76/176 OPT:0 TRACE STATIC FTN 4.8+508

160 GG(I,J,2) : 0.0 TRNSF2 161
HH(l,J,2) : 0.0 TRNSF2 162

C ***CONSTANT AXIAL STRAIN CONDITION TRNSF2 163
EE(J,3,1) : -V2'E2 TRNSF2 164

C CHECK THESE NEXT TWO CARDS----- THEY WERE DUPED WRONG HAYBE TRNSF2 165
165 EE(J,3,2) : -V2'E2 TRNSF2 166

EE(J,3,3) : l.0/E2 TRNSF2 167
FF(J,3,1) : -VI/EI TRNSF2 168
FF(J,3,2) : -VIiEI TRNSF2 169
FF(J,3,3) : 1.0/El TRNSF2 170

170 GG(l,J,3) : -ALFDT(I,JP,3)-EPP2(IJP,3)+ALFDT(I,J,3)+EPP2(I,J, TRNSF2 171
+ 3) TRNSF2 172

HH(l,J,3) : -DEPP:I,JP,3)+DEPP(l,J,3) TRNSF2 ;73
IF (NI.EQ.3) GG(I,J,3) : ALFDT(I,J,3)-ALFDT(I,JP,3) TRNSF2 174
IF (NI.EQ.3) HHil,J,3) : 0.0 TRNSF2 175

175 C ***INVERSION OF EE GOES HERE TRNSF2 176
All : EE(J,1,1) TRNSF2 177
A12 : EE(J,I,2) TRNSF2 178
AR3 : EE(J,l,3) TRNSF2 179
A21 : EE(J,2,1) TRNSF2 180

180 A22 : EE(J,2,2) TRNSF2 181
A23 : EE(J,2,3) TRNSF2 182
A31 : EE(J,3,I) TRNSF2 183
A32 : EE(J,3,2) TRNSF2 184
A33 = EE(J,3,3) TRNSF2 185

185 DENOH : DET3(AliA21,A31,A12,A22,A32,A13,A23,A33) TRNSF2 186
VI = 1.0 TRNSF2 187
V2 : 0.0 TRNSF2 188
V3 = 0.0 TRNSF2 189
XI = DET3(VI,V2,V3,A12,A22 A32,A13,A23,A33)/DENO TRNSF2 190

190 X2 : Dt:T3(AII,A2IA31,VIV ,V3,A13,A23,A33)/DENOt TRNSF2 191
X3 = DET3(AIlA21,A31,Al2,A22,A32,VI,U2,3)/DENOI TRNSF2 192
E1(J,1,1) : XI TRNSF2 123
EI(J,2,l) : X2 TRNSF2 194
EI(J,3,l) : X3 TRNSF2 195

195 VI : 0.0 TRNSF2 196
V2 : 1.0 TRNSF2 197
V3 = 0.0 TRNSF2 198
XI = DET3(VI,V2 V3,A12,A22 A32,Al3,A23,A33)/DENOt TRNSF2 199
X2 : DET3(AlIAibA31,VlVi,13,A13,A23,A33)'DENOI TRNSF2 200

200 X3 : DET3(All,A21,A31,Al2,A22,A32,VI,V2,U3)/DENOM TRNSF2 201
EI(J,1,2) : XI TRNSF2 202
EI(J,2,2) : X2 TRN5=2 203
EI(J,3,2) = X3 TRPSF2 204
2I0 : 0.0 RNSF2 205

205 V2 : 0.0 TRNSF2 206
V3 : 1.0 TRNSF2 207
XI : DET3(VI,V2 V3,A12,A22 A32,Al3,A23,A33)3ENt TRNSF2 208
X2 : DET3(AlI,Ail,A31,VI VVU3,AI3,A23,A33)/DENOt TRNSF2 209
X3 :=DET3tAIl,A21,431,AI2,A2,A32,'JI, 2,V3)/DENOH "RNSF2 210

210 EI(J,1,3) : XI 145P2 211
EI(J,2,3) : X2 TRtCF2 212
EI(J,3,3) : X3 TRNSF2 213
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C TRNSF2 214
120 CONTINUE TRNSF2 215

215 C ***COMPUTE TRANSFER MATICES HERE TRNSF2 216
DO 140 J:M2,M3MI TRNSF2 217
IF (J.EQ.M4MI) GO TO 140 TRNSF2 218

DO 130 K:1,3 TRNSF2 219
MM(I, IK) : 0.0 TRtSF2 220

220 DO 130 M:1,3 TRNSF2 221
MM(I,JK) : MM(I,J,K)+EI(J,K,M)*GG(I,J,M) TRNSF2 222
LL(J,K,H) : 0.0 TRNSF2 223

DO 130 L:1,3 TRNSF2 224
LL(J,KM) : LL(J,KM)+EI(JKL)*FF(J,LH) TRNSF2 225

225 130 CONTINUE TRNSF2 226
140 CONTINUE TRNSF2 227

DO 160 J:M2,M3MI TRNSF2 228
!F (J.EQ.M4MI) GO TO 160 TRNSF2 229

DO ISO K:1,3 TRNSF2 230
230 NN(I J,K) : 0.0 TRNSF2 231

SO 150 M:1,3 TRNSF2 232
NN(I,J,K) : NN(l,J,K)+EI(JK,M)*HH(IJ,H) TRNSF2 233

150 CONTINUE TRNSF2 234
160 CONTINUE TRNSF2 235

235 C ***ADD MM AND NN TO GET TRANSFER RELATION IN FORM TRNSF2 236
C TRNSF2 237
C SIG(J+I) :_LL( ) SIG(,:) + MN TRNSF2 238
C TRNSF2 239

DO 180 j:M2,M3M1 TRNSF2 240
240 IF iJ.EQ.M4M1I) GO TO 180 TRNSF2 241

DO 170 K:1,3 TRNSF2 242
170 MN(l,JK) : MM(I,J,K)+NN(i4J,K) TRNSF2 243
180 CONTINUE TRNSF2 244
C TRNSF2 245

245 C TRNSF2 246
C ***TRANSFER MAitICES FOR CRACKED ANNUAL TRNSF2 247
C M5 15 NODE NUMBER WHERE RADIAL CRACK STARTS TRNSF2 248
C TRNSF2 249

IF (M5.EQ.0) GO TO 200 TRNSF2 250
250 IF (M4.EQ.0) NON : H3-I TRNSF2 251

IF (M4.NE.0) NON : M4-2 TRNSF2 252
DO 190 J:M5,NON TRNSF2 253
LL(J,1,1) : R(I,J)/R(1,J+I) TRNSF2 254
LL(J,1,2) : 0.0 TRNSF2 255

255 LL(J,1,3) : 0.0 TRNSF2 256
LL(J,2,3) : 0.0 TRNSF2 257
L(J,2,2) : 0.0 TRNSF2 258
LL(J,2,3) : 0.0 TRNSF2 259
LL(J,3,l) : V(I,J+1)*R(IJ)iR(I,J+1)-U(I,J)*E(I,J+I)iE(I,J) TRNSF2 260

260 LL(J,3,?) : -V(I,J)*E(I,J+l)/E(I,J) TRNSF2 261
LL(J,3,3) : E(I,J+I)iE(IJ) TRNSF2 262
MN(I,J,I) : -(I.0-R(IJ)/R(I,J+i))*PG TRNSF2 263
MN(I,J,2) : -PG TRNSF2 264
MN(l,J,3) : E(I,J+i)*(EPP2(IJ,3)+DEPP(I,J,3)+ALFDT(I,J,3)-EPP TRNSF2 265

265 + 2(I,J+I,3)-DEPP(IJ+1,3,-ALFDT(I,J+1,3))-V(IJ+I)*(-2.0+RI,J) TRNSF2 266
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+ /R(I,J+1))*PG TRNSF2 267
190 CONTINUE TRNSF2 268
200 CONTINUE TRNSF2 269
C ***CALCULATION OF CRACKED RING DISPLACEMENT COEFF"5 TRNSF2 270

270 IF (M5.EQ.0) GO TO 250 TRNSF2 271
IF (M4.EQ.0) NAN : M3 TRNSF2 272
IF (M4.NE.0) NAN : M4-1 TRNSF2 273

DO 210 J:MS,NAN TRNSF2 274
El : E(I,J) TRNSF2 275

275 E2 : E(I,J+l) TRNSF2 276
E5 : E(I,MS) TRNSF2 277
VI : V(IJ) TRNSF2 X78
V2 : V(I,J+I) TRNSF2 279
V5 : V(I,5) TRNSF2 280

280 RI : R(I,J) TRNSF2 281
R2 : R(I,J+I) TRNSF2 282
R5 : R(I,MS) TRNSF2 283
W(J,1) : -V5*EI/E5+VI*R5/RI TRNSF2 284
W(J,2) : -V5*EI/E5 TRNSF2 285

285 W(J,3) : E/ES TRNSF2 286
W(J,4) : EI*(ALFDTI ,IS53)+EPP2'I .5,3)+DEPP(I,M5,3))-VIPG-VI TRNSF2 287

+ *PG*(I.0-R5/RI)-(ALFDT(I,J,3)+EPP2(I,J,3)+DEPP(IJ,3))*EI TRNSF2 288
IF (J.NE.M5) GO TO 210 TRNSF2 289
W(JI) : 0.0 TRNSF2 290

290 1(J,2) : 0.0 TRNSF2 291
W(J,3) : 1.0 TRNSF2 292
(J,4) : 0.0 TRNSF2 293

210 CONTINUE TRNSF2 294
IF (M4.NE.0) NON : M4-2 TRNSF2 295

295 IF (M4.EQ.0) NON : M3-I TRNSF2 296
DO 230 J:M5,NON TRN5F2 297
El : E(1,J) TRNSF2 298
E2 : E(IJ+1) TRNSF2 299
E5 : E(I,MS) TRNSF2 300

300 Vi : V(I,J) TRNSF2 301
E2 : V(1,J+1) TRNSF2 302
V5 : V(I,MS) TRNSF2 303
RI : R(I,J) TRNSF2 304
R2 : R(I,J+I) TRNSF2 305

305 R5 : R(IMS) TRNSF2 306
DR2 : 0.5*(R2-RI) TRNSF2 307
IF (M6.4E.0.AND.J.LT.M6) GO TO 220 TRNSF2 308

C RING CRACKED 11OTH AXIALLY AND RADIALLY TRNSF2 309
U(J ) : DR2*(R5/(R2*E2)+R/(RI*E)) TRNSF2 310

310 U(J,2) : 0.0 TRNSF2 306
U(J,3) : 0.0 TRNSF2 312
U(J,4) : -PG*(I.0-RS/R2)/E2-PG*(I.0-RI/RI)/E+2.0*V2*PG/E?+2.0 TRNSF2 313

+ *VI*PG/EI+ALFDT(I,J,I)+EPP2iI,J,I)+DEPP(I,J,I)+ALFDT(I,J+I,I)+ TRN5F2 314
+ FPP2(1IJ+1,1)+DEPP(,J+1,) TRNSF2 315

315 U(J,4) : U(J,4)*DR2 TRNSF2 316
GO TO 230 TRNSF2 317

220 CONTINUE TRNSF2 318
C RING CRACKED ONLY RADIALLY TRNSF2 319
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U(J.I) : RS/(E2*R2)+R5/(EI*RI)-U2*W(J+I,1)/E2-VI*W(J,1)/EI TRNSF2 320
320 U(J,l) : U(J,I)*DR2 TRNSF2 321

U(J,2) : -U2*W(J+I,2)/E2-Vl*WIJ,2)/El TRNSF2 322
U(J,2) : U(J,2)*DR2 TRNSF2 323
U(J,3) : -V2*W(J+1,3)/E2-VI*IIJ,3)/El TRNSF2 324
U(J,3) : U(J,3)*DR2 TRNSF2 325

325 U(J 4) = -PG*(I.0-R5/R2),F2-PG*(I.0-R5/R1)/El+V2*PG/E2+VI*PG/E TRNSF2 326
+ I-V2*W(J+1,4)/E2-VI*W(J,4)/El+ALFDT(IJ+,i)+EPP2(IJ+IaI)+DEP TRNSF2 327
+ P(IJ+l,I)+ALFDT(IJ,1)+EPP2(I,J,I)+DEPP(I,J,l) TRNSF2 328

U(J 4) : U(J,4)*DR2 TRNSF2 329
230 CONTINUE TRNSF2 330

330 UISUM : 0.0 TRNSF2 331
U2SUM : 0.0 TRNSF2 332
U3SUM : 0.0 TRNSF2 333
U4SUM : 0.0 TRNSF2 334

DO 240 J:MSNON *INSF2 335
335 UISUM : UISUM+U(J,1) TRNSF2 336

U2SUM : U2SUM+U(J,2) TRNSF2 337
U35UM : U35UM+U(J,3) TRNSF2 338
U45UM : U45UM+U(J,4) TRNSF2 339

240 CONTINUE TRNSF2 340
340 250 CONTINUE TRNSF2 341

C TRNSF2 342
C TRNSF2 343
C ***TRANSFER MATRICES ACROSS SURFACE OF DISCONTINUITY TRNSF2 344
C M4 IS NODE NUMBER OF INSIDE OF CLADDING TRNSF2 345

345 C TRNSF2 346
IF (M4.EQ.0) GO TO 270 TRNSF2 347
M4MI : M4-1 TRNSF2 348

C ZERO INTEGRATING ARRAYS TRNSF2 349
FI(I,M4M1) : 0.0 TRNSF2 350

350 F2(l,M4MI1) : 0.0 TRNSF2 351
C TRNSF2 352

IF (MS.NE.0) M4MI : MS TRNSF2 353
C TRNSF2 354

El : E(1,M4M1) TRNSF2 355
355 E2 : E(M ) TRNSF2 356

CI : V(IM4M1) TRNSF2 357
V2 : V(IM4) TRNSF2 358
RI : R(IM4MI) TRNSF2 359
R2 : R(,4) TRNSF2 360

360 R3 : R(IM4-i) TRNSF2 361
C ** FILL TRANSFER ARRAYS AT INTERFACE "ANNULUS" TRNSF2 362

PPI, ) : -VI*RV/(E(*R2)IWIUM/R2 TRNSF2 363
PPI,2) : R(EI*R2)+U2SUM/R2TRNSF2 364
PP,3) : -VIRI/(E*R2)+U35UM/R2 TRNSF2 365

365 PP(2,1) : -Vl/)E TRNSF2 366
PP(2,2) : -VI/El RTRNSF2 367
PP(2,3) : 1.0/E2 STRNSF2 368
PP(3,1) : RI/(R3*E2) TRNSF2 369
PP(3,2) : 0.0 TRNSF2 370

370 PP(3,3) : 0.0 TRNSF2 371
00(1) = -(ALFDTi,"4,2)+EPP2(IM4,2)+DEPP(I,M4,2))+R~itALFDTtI,M4M TRNSF2 372

10/21/80 14.31.46 PAGE ?SUBROUTINE TRANSF



SUBROUTINE TRANSF 76/176 OPT:O TRACE STATIC FTN 4.8+508 10/21/80 14.31.46 FAGE 8

+1 2)+EPP2(I,M4M1I2)+DEPP(I M4M1I,2))/R2-DELTA/R2+U4SUM/R2 TRNSF2 373
0(2) : -(ALFDT(i M4,3)+EP2(I1,M43)+DEPP(I,M4,3))+(ALFDT(I,M4M1,3 TRNSF2 374
+)+EPP2(I1,4M1,3)+bEPP(Il,M4M,3))-DELEZ TRNSF2 375

375 00(3) : -PG*(l.0-RI/R3),E2 TRNSF2 376
DEN : E2/(Io.0-V2 2) TRNSF2 3 T8
PPI(,)TRNSF2 377
PPI(1,2) : 0.0 TRNSF2 379
PPI(1,3) : (I.0-V2*V2)*DEN TRNSF2 380

380 PPI(2,1) : DEN TRNSF2 381
PPI(2,2) : V2*DEN TRNSF2 382
PPI(2,3) : U2*(I.0+V2)*DEN TRNSF2 383
PPI(3,1) : V2*DEN TRNSF2 384
PPI(3,2) : DEN TRNSF2 385

85 PPI(3,3) : PPI(2,3) TRNSF2 386
M4M1 : M4-I TRNSF2 387

DO 260 L:1,3 TRNSF2 388
HN(I M4MIL) : 0.0 TRNSF2 389

:266h:1,3 TRNSF2 390
390 LL(M4MI,L,h) : 0.0 TRNSF2 391

MN(I 14M1IL) : :N(I,14MI,L)+PPI(L,M)*QQ(M) TRNSF2 392
66 266 K=1,3 TRNSF2 393
LL(260 L,1) : LL(M4MI,l,H)+PP(L,K)*PP(K,H) TRNSF2 394

260 CONTI& TRNSF2 395
395 270 CONTINUE TRNSF2 396

C ** SWEEP ACROSS CYLINDER TO GET RECURRENCE RELATION OF THE FORM TRNSF2 397
C TRNSF2 39

SIG(M3) : AA(M3-1)*SIG(M2) + 88(M3-I) TRNSF2 399
C TRNSF2 40

400 DO 280 K:1,3 TRNSF2 401
88(I 1M2K) : MN(I,12,K) TRNSF2 402

280 Me:1,3 TRNSF2 403
280 AA(M2,K,M) : LL(M2,K,t) TRNSF2 404

M2P1 : M2+1 TRNSF2 405
405 IF (M3.EQ.M2PI) GO TO 340 TRNSF2 406

DO 330 J:M2PI,M3M1 TRNSF2 407
JKJ : J-I TRNSF2 408
IF (M5.EQ.0) GO TO 290 TRNSF2 409
IF (M4.NE.0.AND.J.EQ.M4hI) JKJ = M5-I TRNSF2 410

410 290 CONTINUE TRNSF2 411
DO 320 K:$,3 TRNSF2 412
8B(1,J,K) : 0.0 TRNSF2 413

66 300 L:1,3 TRNSF2 414
300 DD(I,J,K) : 88(I,J,K)+LL(JK,L)*88(I,JKJ,L' TRNSF2 415

915 88(1,J,K) : B8(I,J,K)+MN(I,J,K) TRNSF2 416
DO 320 M:1,3 TRNSF2 417
AA(JK,M) : 0.0 TRI' 2 418

DO 310 L:1,3 TRh F2 419
310 AA(J,K,M) : AA(J,K,M)+LL(J,K,L)*AA(JKJ,!LM) TQNSF2 420

420 320 CONTINUE TRNSF2 421
330 CONTINUE TRNSF2 422
:40 CONTINUE TRNSF2 423
C TRNSF2 4?4
C TRNSF2 4LS
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425 C ** AXIAL FORCE BOUNDARY CONDITION TRNSF2 426
C AXIAL CRACK STARTS AT NODE M6 TRNSF2 427
C TRNSF2 428

DO 350 K:1,3 TRNSF2 429
DD(I K) : F;(IH2)*BB(IM2,K) TRNSF2 430

430 bo 350 :1,3 TRNSF2 431
350 CC(IK,M) : F2(l,M2)*AA(H2,KH) TRNSF2 432

CC(1,1l,) :LCC(I,1,1)+Fl(lM2) TRNSF2 433
CC(I,2,2) : CC(I,2,2)+FI(I,M2) TRNSF2 434
CC(I,3,3) : CC(I,3,3)+F',1 M2) TRNSF2 435

435 IF (H2Pl.GT.M3M) GO TJ '400 TRNSF2 436
DC 390 J:h2PI,3M TRNSF2 437
K : 3 TRNSF2 438
IF (M6.EQ.0) GO TO 360 TRNSF2 439
IF (M4.EQ.0) NON : M3-I TRNSF2 440

440 IF (M4.NE.0) NON : M4-2 TRNSF2 441
IF (J.GE.M6.AND.J.LE.NON) GO TO 380 TRNSF2 442

360 CONTINUE TRNSF2 443
DO 370 M:1,3 TRNSF2 444
CC(I,K,H) : CC(I,K,M)+F(l,J)*AA(J-IK,1)+F2(l,J)*AA(J,K,M TRNSF2 445

445 + ) TRNSF2 446
370 CONTINUE TRNSF2 447

DD(I K) : DD(I,K)+Fl(I, )*88(l,J-I,K)+F2(l,J)*HH(i,J,K) TRNSF2 448
GO TO 390 TRNSF2 449

380 CONTINUE TRNSF2 450
450 DD(I,K) : DD(I,K)-PG*PI*(R(I,J+I)**2-R(I,J)**2) TRNSF2 451

390 CONTINUE TRNSF2 452
400 CONTINUE TRNSF2 453
C ** SET UP THREE SIMULTANEOUS EQUATIONS TRNSF2 454

All : AA(M3MI,lI) TRNSF2 455
455 Al2 : AA(M3MI,1,2) TRNSF2 456

A13 : AA(M3M1,1,3) TRNSF2 457
VI : -PC-DB(l,3Ml,l) TRNSF2 458
A21 : 1.0 TRNSF2 459
A22 : 0.0 TRNSF2 460

460 IF (IFLAGI.EQ.l) A22 : -1.0 TRNSF2 461
A23 : 0.0 TRNSF2 462
V2 : -Pi TRNSF2 463
IF (IFLAGI.EQ.I)1)2 : 0.0 TRNSF2 464
A31 : CC(I,3,1) TRNSF2 465

465 A32 : CC(I,3,2) TRNSF2 466
A33 : CC(I,3,3) TRNSF2 467
V3 : FZ-DD(i,3) TRNSF2 46¬
DENOM : DET3(AlIA21,A31,A12,A22,A32,A13,A23,A33) TRNSF2 46C
XI : DET3(ViV2,V3,AI2,A22 A32,Al3,A23,A33)/DENOM TRNSF2 47U

470 X2 : DET3(All,A2l,A31,VIV ,V3,A13,A23,A33)/DENOM TRNSF2 471
X3 : DET3(All,A2lA31,Al2,A22,A32,V,U2,V3)/DENM TRNSF2 472
SIG(I,M2,1): XI TRNSF2 473
SIG(I,2,2) : X2 TRNSF2 474
SIG(I M2,3) : X3 TRNSF2 475

475 J : hi TRNSF2 476
EPS(IJ,1) : (SIG(IJI)-U(IJ)*(SIG(IJ,2)+SIG(IJ,3)))/E(IJ)+EP TRNSF2 477
+P2(IJl)+DEPP(I,J,l)+ALFDT(I,J.') TRNSF2 478

10/21/80 14.31.46 PAGESUBROUTINE TRANSF



76/176 OPT:0 TRACE STATIC FTN 4.8+508

EPS(1,J,2) : (SIG(I J,2)-V(IJ)*(SIG(I,J,l)+SIG(!,J,3)))/E(I,J)+EP TRNSF2 479
+P2I,J,2)+DEPP(I,J,2)+ALFDT(I,J,2) TRNSF2 480

480 EPS(I,J,3) : (SIG(IJ,3)-(,I J)*(SIG(I,J,2)+SIG(I,J,1)))/E(I,J)+EP TRNSF2 481
+P2(I,J,3)+DEPP(I,J,3)+ALFDT(IJ,3) TRNSF2 482

C ** GET STRESSES AT EACH NODE TRNSF2 83
DO 430 J:M2PI,M3 TRNSF2 484

DO 420 K:1,3 TRNSF2 485
485 SIG(I,J,K) : 0.0 TRNSF2 486

DO 410 L:1,3 TRNSF2 487
410 SIG(I,J,K) : SIG(IJK)+AA(J-I,KL)*SIG(I,M2,L) TRNSF2 488

SIG(I,J K) :SIG(I,J,K)+88(lJ-I,K) TRNSF2 489
420 CONTINUE TRNSF2 490

490 EPS(I J,l) : (SIG(I,J,1)-V(I,J)*(SIG(I,J,2)+SIG(I,J,3)))/EcI,J TRNSF2 491
+ )+EPP2(I J,I)+DEPP(I,J I)+ALFDT(I J I) TRNSF2 492

EPS(I J,22) : (SIG(IJ,2)-V(I,J)*(SG(IJl)+5IG(I,J,33)))E(I,J TRNSF2 493
+ )+EPP2(IJ,2,+DEPP(I,J,2)+ALFDT(IJ,2) TRNSF2 494

EPS(IJ,3) : (SIG(I,J,3)-U(I,J)*(SIG(I,J,2)+51G(I,J,i)))iE(I,J TRNSF2 495
495 + )+EPP2(I,J,3)+DEPP(l,J,3)+ALFDT(I,J,3) TRNSF2 496

430 CONTINUE TRNSF2 497
IF (M6.EQ,0) GO TO 450 TRNSF2 498
IF (M4.EQ.0) NON : M3 TRNSF2 499
IF (M4.NE.0) NON : M4-1 TRNSF2 500

500 N6 : P6+1 TRNSF2 501
DO 440 J:N6,NON TRNSF2 502
SIG(I,J 3) : -PG TRNSF2 503

440 CONTINUE TRNSF2 504
450 CONTINUE TRNSF2 505

505 IF (M5.NE.0) URO : R(I,M5)*EPS(I,M5,2)+UI5UM*SIG(I,M5,i)+U2UM*SIG TRNSF2 506
+(I,M5,2)+U35UM*SIG(I,MS,3)+U45UM TRN5F2 507
IF (M5.EQ.0) URO : R(I,M3)*EPS(I,M3,2) TRNSF2 508

C RITE(6,I15) URO TRNSF2 509
RETURN TRNSF2 510

510 C TRNSF2 511
END TRNSF2 512

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 TRANSF I 509

VARIABLES SN TYPE RELOCATION
0 AA REAL ARRAY F.P. REFS 20 2*419 431 2*444 454 455 456

487 DEFINED I 403 417 419
0 ALFDT REAL ARRAY F.P. REFS 20 143 144 145 146 2*170 2*173

2*264 2*286 2*312 2*325 2*371 2*373 476 478
480 490 492 494 DEFINED I

3555 All REAL REFS 2*185 2*190 2*191 2*199 2*200 2*208 2*209
2*468 2*470 2*471 DEFINED 176 454

3556 Al REAL REFS 2*185 2*189 2*191 2*198 2*200 2*207 2*209
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VARIABLES

3557 A13

3560 A21

3561 A22

3562 A23

3563 A31

3564 A32

3565 A33

0 BB

0 CC

0 DD

0 DELTA
0 DELTEZ

3605 DEN

3566 DENOII

0 DEPP

3543 DR

3603

3544
3545

0

DR2

D2R
D3R
E

0 EE

0

0

0

3551

El

EPP2

EPS

El

SN TYPE

REAL

REAL

REAL

REAL

REAL

REAL

REAL

REAL

REAL

REAL

REAL
REAL
REAL

REAL

REAL

REAL

REAL

REAL
REAL
REAL

REAL

REAL

REAL

REAL

REAL

RELOCAT ION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

2*468
REFS
2*468
REFS
2*468
REFS
2*468
REFS
2*468
REFS
2X468
REFS
2*468
REFS
2*468
REFS

DEFINED
REFS
466

REFS
447

REFS
REFS
REFS

DEFINED
REFS
208

REFS
2*286
49C
REFS

141
DEFINED
REFS

DEFINED
REFS
REFS
REFS
274
476

DEFINED
REFS
182
154

REFS
193

REFS
2*286
490
REFS
480
REFS
284

2*469
2*185
2*469
2*185
2*470
2*185
2*469
2x185
2*469
2*185
2*470
2*185
2*469
2*185
2*469

20

20
DEFINED

20
450
371
373
379
376
189
209
20

2*312
492
1a9
143
126
309
306
129
129
20

275
478

20
183
155
20

1941
20

2*312
492
20

490
2*139
285

2*471
2*189
2*470
2*190
2*471
2*189
2*471
?*189
2*470
2*190
2*471
2* 189
2*471
2*189
2*470
2*414
401
432
11

447

DEFINED
DEFINED

380

190
469
148

2*325
494
130
144

315

130
130
133
276
480

176
184
156
221
201
143

2*325
494
505
492

2* 140
2*286

DEFINED
2*190

DEFINED
2*191

DEF I NED
2*191

DEFINED
2*190

DEFINED
2*191

DEFINED
2*191

DEFINED
2* 190

DEFINED
415
412
433
431
450

381

191
470
149

2*371
DEFINED

136
148

320

DEFINED
DEFINED

1341
297
490

177
DEFINED

163
224
202
144

2*371
DEFINED

507
494
141
309

177
2*198

178
2*199

179
2*198

180
2*198
181

2* 199
182

2* 198
183

2* 198
184
429
414
434
432
467

382

198
471
I50

2*373
1

137
149

322

127
128

2*259
298
492

178
1

165
232
203
145

2*373
1

DEFINED

167
2*312

455
2* 199
456
2*200
458
2*200
459

2* 199
461
2*200

464
2*200
465
2*199
466

2*447
415
444
433

DEF I NED

383

199
DEFINED

151
476

138
1541

324

2*260
299
494

179
136
166

DEFINED
210
146
476

168
2*319

2*207

2*208

2*207
460

2*207

2*208

2*207

2*207

457

464
43411

384

200
185

2*172
478

139
157

328

2*261
354

180
137

211
2*170
478

476

169
32

2*208

2*209

2*209

2*208

2*209

2*209

2*208

488

465
444
429

207
468
2*264
480

140

264
355

181
138

192
212

2*264
480

478

283
323
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76/i76 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES

3550 E2

3600
0

0
0

E5
FF

FZ
F'

0 F2

0 GG

0 1*

0 I

3537 IFLAGI
3540 J

3607
3552

JKJ
JP

3573 K

SN TYPE

REAL

REAL
REAL

REAL
REAL

REAL

REAL

REAL

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

INTEGER

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

3*325
DEFINED

REFS
2*312

DEFINED
REFS
REFS

157
REFS
REFS

DEFINED
REFS

DEFINED
REFS
173

REFS
174

REFS
132

2*173
275

4x286
304
358

2*433
467
3*487

DEFINED
REFS
REFS
133
142
155
165
174
183
210
228
256

11*264
284
297
310

3*323
407

4x444
3*488
227
475
REFS
REFS

DEFINED
REFS

362
134

2*136
2*319
133
283
20
158
467
20

20
20

20

363
274
2*137
321
275
284
e24
159

DEFINED
432
129
429
130
221

232

113
133

2*253
276
297
305
359

2*434
472
2*488

460
123
134

2*144
156
166
176
184
211
230
257
274
285
298
311

2*324
409

4x447
9*490
239
483
414
2*143
142
219

116
134

6*259
277
298
4*312
360

2*444
473

8*490

463
124
136

2*146
157
167
177
192
212

'*232
258
275

4*286
300
7*312
9*325
412

2*450
9*492
252
501
419

2*145

3*221

364
297
138
323
298
285

DEFINED
167

433
349
431
350

DEFINED

DEFINED

118
2*143
3*260
278
299

4*325
4*371
2*447

474
8*492

DEFINED
125
137
147
158
168
178
193
217
240
7*259
277
288
301

2*315
2*328
3*414
9*476
9*494
273

DEFINED
148

365
354
163

3*325
355

DEF I NED

168

366

165
368

276
139
169

434

120
2*144
2*261
279
300
354
4*373
4x450
8*476
8x494

112
129
138
149
159
169
179
194
219
3*242
4*260
278
289
303
3*319
335
3*415
9*478
502
296

407
150

222

147

152

124
2*145
2*262
280
301
355
429
464
8*478
502

I15
130
139
I51
160

3*170
180
201

4*221
3*253
3*261
280
290
304
2*320
336
417

9*480
DEFINED

334

409
2* 170

230

367

166
375

299
140

447

309
376

1I

160 170

161

125
2*146
8*264
281
302
356
431
465

8*480
5*595

119
131
140
152
161

2*172
181
202
222
254
3*262
281
291
307

3*321
337

3*419
485
122
406

172

3*232

172

131
4*170
274
282
303
357

2*432
466
485
2*507

132
141
154
163

2x173
182
203
4x224
255
263
283
292
309

2x322
338

2x441
3x487
216
436

173

3*242

SUBROUTINE TRANSF 10/21/80 14.31.46 PAGE



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES

3575 L

0 LI

3574 t

0
0

0
0

SN TYPE RELOCATION

INTEGER

REAL ARRAY F.P.

INTEGER

MM
MN

REAL
REAL

"NA
M2

3606 M2PI

0 M3

3535 M311

0 M4

3536 M4MI

0 M5

0 M6

0
43
25

3577
33
45
11
5

36
7

12
21
16
41
44

NA
NAA
NALFDT
NAN
N88
NCC
NCOEF
NDCHCK
NDD
NDEP
NDSIGF
NE
NELRP2
NEE
NE I

ARRAY
ARRAY

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

F.P.
F. P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

*UNUSED F.P.
PFCMI2
PFCMI2

PFCMI2
PFCMI12
PFCMI2
PFCMI12
PFCMI12
PFCMI12
PFCMI2
PFCMI2
PFCMI12
PFCMI12
PFCMI12

2*393
2*429

DEFINED
4 7
REFS
2*4'87
REFS

DEFINED
257

REFS
21403
389

REFS
REFS
262
REFS
REFS
239
434

DEFINED
REFS

DEFINED
REFS
498

REFS
454

REFS
346
386

DEF I NED
REFS
356
409

REFS
3286
408

REFS
DEFINED
DEFINED

REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*401
2*431
218
484
2*224

DEFINED
20

258
2*221

417
402
20
20

263
7*20
113

2*401
472
I

405
404
110

2*507
122
455
III
347
409
I

123
358

DEFINED
249
288
409
2*307

5
5
5

273
5
5
5
5
5
5
5
5
5
5

2*403
4*444
229

388
223
224
222
259
222
3*419
416
221
391
264

DEFINED
116

2*403
473

406

250
DEFINED

216
456
250
355
439

217
3*371
I'
252
296

6*505
438

DEFINED

412
4*447
241

390
387
393
224
260
3*224
2*431
430
242
401
388

118
404
474

435

271
1

227
457

2*251
357

2*440

228
3*373

347
270
299
507
441

271

3*414
2*450
392

3x391
413
403
253
261
2*232
4*444
443

DEFINED
'4,5
391

120
2*429
475

436

295

239
DEFINED

271
359
498

240
388
352
273
302

DEFINED
497

272

3*415
485
400

3*393
418
414
254
390
390

DEFINED

i
DEFINED

122
2*431
487

483

405

406
110

2*272
360

2*499

349
390
386
276
305

5
500

417
3*487

411

2*414
486
419
255
393

2*391
220

219

216
432

439

435

2*294
3*371

350
2*391

279
334

3*419
3*488
428

2*419

256

3*393
231

221
242

227
433

483

436

Z95
3*373

354
2*393

282
2*352

10/21/80 14,31.46 PAGE 13SUBROUTINE TRANSF



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
23 NEPP2
15 NEP2
46 NFP
13 NFl
14 NF2
35 NGG
30 NHH
42 NLL
34 NMM
32 NMN
0 NN

31 WNN
21 NNUDPP
26 NOLDPP
6 NOLSGF

3576 NON

0

2
3
0
10
24
20
4

17
40
22
37
0
0
0
0

3610
0
0

NPIN
NPOUT
NPI
NP2
NR
NSLOPE
NSTRTT
NTN
NTSAVE
NT2
NU
NV
NW
NI
N2
N3
N04
N6
PC
PG

3530 PtI
3611 PP

3622 PPI

3633
0

00
R

3541 RI

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REAL
REAL

REAL

REAL
REAL

RELOCATION
PFCMI2
PFCMI12
PFCMI2
PFCMI2
PFCMI12
PFCMII2
PFCMI12
PFCMI2
PFCMI12
PFCMI12

ARRAY F.P.
PFCMI2
PFCMI2
PFCMI2
PFCMI2

PFCMI2
PFCMI2
PFCMI2
PFCMI2
F.P.
PFCMI2
PFCMI2
PFCMI2
PFCMI2
PFCMI12
PFCMI12
PFCMI2
PFCMtI2
F.P.

*UNUSED F.P.
F.P.

*UNUSED F.P.

F.P.
F.P.

ARRAY

ARRAY

ARRAY
ARRAY F.P.

REAL

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
499
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
450

REFS
REFS
366

REFS
379

REFS
REFS
2*262
358

DEFINED
REFS
146
309
371

5
5
5
5
5
5
5
5
5
5

20
5
5
5
5

252
250

5
5
5
5

25*20
5
S
5
5
5
5
SS
5

173

113I

501
457
262
462
129
20

367
20

380
20
20

2*264
359

126
149
312
375

I

501
439

232

440

DEFINED

441
4?95 498

230232

296
251

DEFINED

174

114

DEFINED
DEFI NED

263D
502
130
393
368
385
381
391
113
280
360
116

2*127
151
319

DEFINED

242

334
294

DEFINED

DEFINED

500
1

264
DEFINED

450
DEFINED

369
391
382

DEFINED
118
281

2*450
120

3*128
157
325
124

i

i

2*286
I

DEFINED
362
370
393
383
371
124
282
505

130
158
362
280

4*312

104
363

DEFINED
384
373
125
303
507

139
283
363
303

4*325

377
385
375

2*253
304

140
286
364
358

375

365

378

2*259
305

144
306
368
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SUBROUTINE TRANSF

VARIABLES SN TYPE
3542 R2 REAL

3604
3602

0

3554

3553

0

0
353'
3532
3533
3534

0

R3
R5

516

REAL
REAL

REAL

REAL

REAL

REAL

55

TT

U

URO
UISUM
U25M
U35UM
U'SU1M
V

3547 VI

3546 U2

3567 V3

3601 V5
0 N

3570

3571

3572

XI

X2

X3

INLINE FUNCTIONS
DET3

REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL

REAL
PEAL

REAL

REAL

REPL

TYPE
REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARGS
9 SF

REFS
145
319

DEFINED
REFS
REFS

DEFINED
F.P. REFS

3*492
485

REFS
150

REFS
145

F.P. REFS
336
312
325

F.P. DEFINED
REFS
REFS
REF5
REFS

F.P. REFS
278
478

REFS
2*191
2*286
365
195

REFS
2*191

319
383
205

REFS
2*208
206

REFS
F.P. REFS

DEFINED
291

REFS
207

REFS
208

REFS
209

EF LINE REFERENCES
101 185

208

10/21/80 14.31.46

.26
148
325
125
368
283
282
20

3*494
487
149
151
144
146
20

337
315
328

I
335
336
337
338
2C
279
480
2*139
2*198
312
366
204
2*136
2*198
321

2*469
278
2*189
2*209
467
283
20

292
192
469
193
470
194
471

189
209

2*127
150

2*362
281
375
286
305

3*476
3*505
488
150

145

315
338
319

505
362
363
364
371
131
300
490
140

2*199
319
2*469
277
137

2*199
323

2*470
301

2*190
2x469

284
2*319
283

201

202

203

190
468

3*128
154

2*363
304

DEFINED
2*309

3*478
DEFINED

502
51

146

320
DEFINED

320

507
505
505
505
505
132
301
492
141

2*200
321

2*470
300
138

2*200
2*325
2*471
357

2*191
2*470

DEFINED
2*321
284

210

211

212

191
469

129
155

2*364
359
360

2*312

3*480
I

152

147

322
I

321

DEFINED
DEFINED
DEFINED
DEFINED

2*259
302
494
167

2*207
323

2*471
356
163

2*207
2*376

DEFINED
462

2*198
2*471

279
2*323
285

472

473

474

198
470

136
306

3*371

2*319

2*487
472

DEFINED

DEFINED

324
309
322

105
106
107
108
260
356

DEFINED
168

2*208
2*325

DEF I NED
457
165

2*208
2*379

131
463

2*199
DEFINED

302
2*325
286

DEFINED

DEFINED

DEFINED

199
471

137
309

2*325

488
473

148

143

328
310
323

330
331
332
333
264
357

1
2*189
2*209
362
132

2*189
2*209
381
187

2*200
188

289

189

190

191

200

I5

143
312

3*496
474

149

144

335
311
324

335
336
337
338
277
476

2* 190
283
364
186

2*190
312

2*382
196

2*207
197

290

198

199

200

207

FTN M.8+508 PAGE



76/176 OPT:0 TRACE STATIC FTN 4.8+J8 1

STATEMENT LABEi.S
63 100

102 110
1107 120

0 130
1174 140

0 150
1234 160

0 170
1256 183

0 190
1416 200
1571 210
17k1 220
2054 230

0 240
2115 250

0 260
2'35 270

0 28C
2506 290

0 300
0 310
0 320
0 330

2600 340
0 350

2703 360
0 370

2736 380
2751 390
2755 400

0 410
0 420
0 430
0 440

3453 450

DEF LINE
118
12;
214
225
226
233
234
242
243
267
2C9
293
317
329
339
343
39&
395
403
410
414
419
420
421
422
431
442
446
449
451
452
487
489
496
503
504

REFERENCES
114
I li
122
'18
216
229
227
241
239
252
249
273
307
296
334
270
387
346
400
408
413
418
411
406
t05
428
438
443
441
436
435
486
484
483
501
497

FROM-TO
122 214
216 226
218 225
220 225
223 225
227 234
203 233
231 233
239 243
24! 242
252 207
273 293
296 329
334 339

LENGTH
10068

638
528
419
15B
368
258
14B8
208

78
1208
1428
2513
238

PROPERTIES
OPT

I

OPT

OPT

INSTACK
OPT
OPT
OPT
OPT

NOT
NOT
NOT

NOT
NOT

INNER
INNER
INNER

iNNER
INNER

NOT INNE

118

223

Is,
123
220
25'
231
228

240

288

316

389 392

416

430

LOOPS
1114

1121
1127
1150
1201
1206
1214
1241
1246
1275
1432
1606
2071

LABEL
120
140
130
130
130
160
150
I50
180
170
190
210
?30
240

INDEX
J
J
K
M
L
J
K
M
J
K
J
J
J
J
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

LOOPS
2364
2372
24!1
2437
2446
2471
2510
2516
2541
2551
2602
2612
2662
2705
3275
3277
3307
344

LABEL
260
260
260
280
280
330
320
300
320
310
350
350
390
370
430
420
410
440

COMMON BLOCKS
PFCM12

INDEX

M
K
K
M
J
K
L
M
L
K
M
J
M
J
K
L
J

LENGTH
39

FROM-TO
387 394
389 394
392 394
400 403
402 403
406 421
411 420
413 414
416 420
418 419
428 431
430 431
436 451
443 446
483 496
484 489
486 487
501 503

LENGTH
508
378
158
228
108

1068
648
148
308
158
258
128
728
168

1268
478
238
108

PROPERTIES
NOT
NOT

OPT

INSTACK

OPT

OPT

INSTACK

OPT

OPT
INSTACK

INNER
INNER

NOT INNER

NOT INNER
NOT INNER

NO) INNER

NOT INNER

NOT INNER

NOT
NOT

INNER
INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

43658
'178

2293
39

10121/40 14.31.46 PAGE 17SUBROUTINE TRANSF



76/176 OPT:0 TRACE STATIC FTN 4.8+508

I

ENTRY POINTS
4 CONVTR

VARIABLES
36 1
0 $2
0 M3
0 NPUT
0 R

DEF LINE

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REFERENCES
7

'ELOCATION

ARRAY

F.P.
F.P.
F.P.
F.P.

STATEMENT LABELS
0 100

24 110
0 120

DEF LINE
6
8

10

REFERENCES
4
3
8

LOOPS
14
26

LABEL
100
120

INDEX
I
I

FROM-TO
46
a 10

LENGTH
68
68

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

PROPERTIES
INSTACK
INSTACK

36

5

10

CONTR
CONVTR
CONVTR
CONVTR
CONTR
CONUTR
CONVTR
CONUTR
CONVTR
CONVTR
CONUTR
CON4TR

2
3
4
5
6
7
8
9
10
11
12
13

I$

REFS
REFS
REFS
REFS
REFS

2*5
4

2

2*9
8
4

DEFINED
5

DEFINED
DEFINED

9

84
I

DEFINED

DEFINED I 5 9

SUBROUTINE CONVTR 10/21/40 14.31.46 PAGE I

SUBROUTINE CONVTR (RNPUT,M2,M3)
REAL Ril,M3)
IF (NPUT.EQ.1) GO TO 110

DO 100 I:M2,M3
R(I,I) : R(I,I)i.0254

100 CONTINUE
RETURN

110 DO 120 I:M2,H3
R(I,I) : R(I,I)*.0254

120 CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)



76/176 OPT:0 TRACE STATIC

5

10

15

20

NAXN :
NRP :,
NAXRAD
NAXRD3
NINR -
NINR3
NR3 :
NR4 :

4
1

8

FTN 4.8+508

SUBROUTINE FC2PTR (NA,NRNWRDS,LENGTH)
************'X********x******
SUBROUTINE TO COMPUTE LOCATION OF NODALLY
INTERNAL TO FRACAS2 (WORK ARRAYS)

NA : NUMBER OF AXIAL NODES -- INPUT
NR : NUMBER OF RADIO. L NODES -- INPUT
NAXN : NUMBER OF (NA) VARIABLES
NRAD : NUMBER OF (NR) VARIABLES
NAXRAD : NUMBER OF (NA,NR) VARIABLES
NAXRD3 : NUMBER OF (NA,NR,3) VARIABLES
NINR : NUMBER OF (I,NR) VARIABLES
NINR3 : NUMBER OF (INR,3) VARIABLES
NR3 : NUMBER OF (4#,3) VARIABLES
NR4 : NUMBER OF (NR,4) VARIABLES
NR33 : NUMBER OF (NR,3,3) VARIABLES
NUAR : TOTAL NUMBER OF VARIABLES
NURDS : TOTAL NUMBER OF WORDS IN AFCM12
****xx***************

THE POINTERS IN IFCMI2 ARE:
IFCMI2(I) : PIN IFCH12(21) :
IFCM12(2) : POUT IFC1I2(22) :
IFCMI2(3) : P1 IFCM12(23) :
IFCMI2(4) : P2 IFCMI2(24) :
IFCMI2(5) : TSAVE IFCM12(25) :
IFCM12(6) : DCHECK IFCM12(26) =
IFCM12(7) : OLSIGF IFCM12(27) -
IFCM12(8) : DEP IFCMI2(28) :
IFCM12(9) : SLOPE IFCM12(29) :
IFCM12(10) : COEF IFCMI2(30) -
IFCN12(II) : DSIGF IFCMI2(31) :
IFCMI2(12) : Fl IFCM12(32) :
IFCM12(13) : F2 IFCM12(33) :
IFCM12(14) : EP2 IFCM12(34) :
IFCMI2(15) : ECREP2 IFCMI2(35) -
IFCMI2(16) : T2 IFCMI2(36) :
IFCM12(17) : TN IFCMI2(37) :
IFCHI2(18) : E IFCH12(38) :
IFCMI2(19) : V IFCHI2(39) I
IFCM12(20) : EP92

M***!*C*CC*M3********
COHMON/PCChil2/ IFCMI2(39)

6
3

:8

2

Y DEPENDENT VARIABLES

T

ARRAY

STRTOT
ALFDT
OLDEPP
NUDEPP
HH
NN
MN
BB
MM
GG
DD
W"
U
EE
LL
AA
El
CC
FF

14.31.46 PAGE I10/21/0

FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR

25

30

35

45

50

I-



76/176 OPT:0 TRACE STATIC FTN 4.8+508

NR33 : 6 FC2PTR 55
55 NVAR : 39 FC2PTR 56

NNRDS : NAXN*NA+NRAD*NR+NAXRAD*NA*NR+NAXRD3*NA*NR*3+NINR*NR+NINR3* FC2PTR 57
+NR*3+NR3*NR*3+NR4*NR*4+NR33*NR*3*3 FC2PTR 58

C FC2PTR 59
C FC2PTR 60

60 C COMPUTE POINTERS FOR (NA) VARIABLES FC2PTR 61
C FC2PTR 62

IFCMI2(I) : LENGTH+I FC2PTR 63
NBEG : 2 FC2PTR 64
NEND : NAXN+1 FC2PTR 65

65 DO 100 I:NBEGNEND FC2PTR 66
IFCMI2(I) : IFCMI2(I-I)+NA FC2PTR 67

100 CONTINUE FC2PTR 68
C FC2PTR 69
C COMPUTE POINTERS FOR (NR) AND (INR) VARIABLES FC2PTR 70

70 C VC2PTR 71
NBEG : NEND+I FC2PTR 72
NEND : NEND+NRAD+NINR FC2PTR 73

DO 110 I:NBEG,NEND FC2PTR 74
IFCMI2iI) : IFCMI2(1-I)+NR FC2PTR 75

75 110 CONTINUE FC2PTR 76
C FC2PTR 77
C COMPUTE POINTERS FOR (NANR) VARIABLES FC2PTR 78
C FC2PTR 79

NBEG : NEND+I FC2PTR 80
80 MEND : NEND+NAXRAD FC2PTR 81

DO 120 I:NBEG,NEND FC2PTR 82
IFCMI2(I) : IFCMI2(1-l)+NA*NR FC2PTR 83

120 CONTINUE FC2PTR 84
C FC2PTR 85

85 C COMPUTE POINTERS FOR (NANR,3) VARIABLES FC2PTR 86
C FC2PTR 87

NBEG : NEND+I FC2PTR 88
NEND : NEND+NRXRD3 FC2PTR 89

DO 130 I:NBEG,NEND FC2PTR 90
90 IFCMI2(I) : IFCMI2(I-I)+NA*NR*3 FC2PTR 91

130 CONTINUE FC2PTR 92
C FC2PTR 93
C COMPUTER POINTERS FOR (I,NR,3) AND (NR,3) VARIABLES F 2PTR 94
C FL2PTR 95

95 NBEG : NEND+1 FC2PTR 96
NEND : NEND+NINR3+NR3 FC2PTR 97

DO1 40 I:NBEG,NEND FC2PTR 98
IFCMI2(I) : IFCMI2(I-1)+NR*3 FC2PTR 99

140 CONTINUE FC2PTR 100
100 C FC2PTR 101

C COMPUTE POINTERS FOR (NR,4) VARIABLES FC2PTR 102
C FC2PTR 103

NBEG : NEND+I FC2PTR 104
NEND : NEND+NR4 FC2PTR 105

105 DO ISO I:NBEGNEND FC2PTR 106
IFCMI2(I) : IFCMI2(I-I)+NR*4 FC2PTR 107
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150
C
C
C

160
C

C
170
180

CONTINUE

COMPUTE POINTERS FOR (NR,3,3) VARIABLES

NBEG :=NEND+1
NEND : NVAR

DO 160 I:NBEG,NEND
IFCM12(I) : IFCMI2(1-1)+NR*3*3
CONTINUE

WRITE (6,170) (I,IFCMI2(I),I:I,NVAR)
WRITE (6,180) NWRDS
RETURN

FORMAT (1X,15,5X 15)
FORMAT (IX, "NWRD IS",I10)
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FC2PTR

VARIABLES
273 1

0 IFC912

0
0

257
261
262
271

LENGTH
NA
NAXN
NAXRAD
NAXRD3
NBEG

272 NEND

0 NR

260
265
267
266
270
0

NRAD
NR3
NR33
NR'I
NVAR
NWRDS

DEF LINE
1

SN TYPE
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

REFERENCES
119

RELOCATION

ARRAY

INTEGER

INTEGER
a 'EGER
INTEGER
INTEGER
INTEGER
INTEGER

PFCMI2

F.P.
F. P.

F. P.

F.P.

110

115

120

FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR
FC2PTR

108
109
110
III
112
113
114
115
I '6
117
118
119
120
121
122
123
124

REFS
2*117
113

REFS
114
98

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

87
105
96

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS

2*66
DEF I NED

117
44
117
106
62

3*56
56
56
56
65
63
65

104
8*56

1
56
56
56
56
112
116

2*90
91

82
66

90
46
48
49
89
87
73
96
64

90

2*74
65

66
DEFINED

114
DEFINED

66
64
80
88
73
71
71
89
113
112
74

72
96

DEFINED
104
117

DEFINED

2*82
73

74
62

I
82

DEFINED
DEFINED
DEFINED

81
79
72
95

DEFINED

82

DEFINED
DEFINED

DEFINED
DEFINED1EIND

2*98
89

90
74

DEFINED

97
95
79
97
72

98

2*106
97

98
82

105
103
80
103
80

106

2*114
105

106
90

113
III
81
104
88

I 14

47
52

53
55
56
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VARIABLES
263 NINR
264 NINR3

FILE NAMES
TAPE6

SN TYPE
INTEGER
INTEGER

RELOCATION

MODE
FMT WRITES

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140
0 150
0 160

251 170 FMT
254 180 FMT

LOOPS
64

102
117
135
'55
173
210
222

LABEL
100
110
120
130
140
150
160

COMMON BLOCKS
PFCMI2

INDEX
I
I
I
I
I
I
I

LENGTH
39

DEF LINE
67
75
83
91
99

107
115
121
122

FROM-TO
65 67
73 75
81 83
89 91
97 99

105 107
113 115
117 117

REFERENCES
65
73
81
89
97

105
X13
117
I18

LENGTH
68
68
78

108
78
68
78
78

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

I40000B SCM USED

REFS
REFS

56
56

72
96

117

DEFINED
DEFINED

50
51

3068
478

196
39
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SUBROUTINE FR2PTR (NA,NRINORDS,LENGTH)
xxx*x****************Xx*
SUBROUTINE TO COMPUTE LOCATION OF NODALLY
PASSED TO FRACAS2 FROM FRAPCON

DEPENDENT VARIABLES

NA : NUMBER OF AXIAL NODES -- INPUT
NR : NUMBER OF RADIAL NODES -- INPUT
NAXN : NUMBER OF (NA) VARIABLES
NA2 : NUMBER OF (NA,2) VARIABLES
NAXRAD : NUMBER OF (NA,NR) VARIABLES
NAXRD3 : NUMBER OF (NA,NR,3) VARIABLES
NVAR : TOTAL NUMBER OF VARIABLES
WORDS : TOTAL NUMBER OF WORDS IN AFRCS2 ARRAY
**********************

THE POINTERS IN IFRCS2 ARE:
IFRCS2(l) : OLDPG2
IFRCS2(2) : OLDPC2
IFRCS2(3) : GAP2
IFRCS2(4) : IGAP2
IFRCS2(5) : OLIGP2
IFRCS2(6) : REPS2
IFRCS2(7) : PREPS2
LFRCS2(8) : TTT
IFRCS2(9) : ECREP2
IFRCS2(10) : EP2
IFRCS2(21) : EPSO

COMMON /PFRCS2/ IFRCS2(21)

IFRCS2(II)
IFRCS2(12)
IFRCS2(13)
IFRCS2(14)
IFRCS2(15)
IFRCS2(16)
IFRCS2( I?)
IFRCS2(18)
IFRCS2( 19)
IFRCS2(20)

R22
OLDT2
FVFRO
DVHPRS
PEP2
EP522
EPP2
SIG2
EPS02
PEPP2

NNNCRP

NAXN :=5
NA2 = 2
NAXRAD : 8
NAXRD3 : 6
NVAR : 21
WORDS : NAXN*NA+NA2*NA*2+NAXRhI3NA*NR+NAXRD3*NA*NR*3

COMPUTE POINTERS FOR (NA) VARIABLES

IFRCS2(I) : I
NBEG : 2
NEND : NAXN+I

DO 100 I:NBEGNEND
IFRCS2(I) : IFRCS2(I-1)+NA
CONTINUE

COMPUTE POINTERS FOR (NR,2)

NBEG :
NEND

DO

NEND+ I
NEND+NA2
110 I:NBEG,NEND

I

5

10

15

20

25

30
C

35

40

cR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
Fr2PTR
FRZPTR

C
C
C
C

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
2
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

45

50

100
C
C
C
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110
C
C
C

120
C
C
C

130

140
C
C

IFRCS2(I) : IFRCS2(I-I)+NA*2
CONTINUE

COMPUTE POINTERS FOR (NA,NR) VARIABLES

NBEG : NEND+I
NEND : NEND+NAXRAD

DO 120 I:NBEG,NEND
IFRCS2(i) : IFRCS2(I-1)+NA*NR
CONTINUE

COMPUTE POINTERS FOR (NANR,3) VARIABLES

NBEG : NEND+1
NEND : NVAR

DO 130 I:NBEGNEND
IFRCS2(I) : IFRCS2(I-I)+NA*NR*3
CONTINUE
110 140I : I, NVAR
IFRCS2(I) : IFRCS2(I)+LENGTH
CONTINUE

WRITE (6,150) (I IFRCS2(I),I:I,NVAR)
WRITE (6,160) IHORDS
RETURN

80 C
150 FORMAT (IX,15,5X,15)
160 FORMAT (IX,"I4ORDS I5",II0)

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FR2PTR

VARIABLES
201 I

0 IFRCS2

0
0
0

172
174
175
173

II4ORDS
LENGTH
NA

NAXN
NAXRAD
NAXRD3
NA2

DEF LINE

SN TYPE
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
79

RELOCATION

ARRAY PFRCS2

F.P.
F.P.
F.P.

55

60

65

70

75

FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR
FR2PTR

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

REFS
DEFINED
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

2x46
45
30
42
78
73

4*37
I

37
37
37
37

2*54
53
46
46

DEFINED
DEFINED

46

44
60

DEFINED
52

2*73
72
70
70

2*62
61
54
54

54

DEFINED
DEFINED

35
DEFINED

2*77
77
73
73

2*70
69
62
62
37

62

32
34

33

77

70
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VARIABLES SN TYPE
177 NBEG INTEGER

20J N.ND INTEGER

25 NNNCRP INTEGER
0 NR INTEGER

176 NUAR INTEGER

FILE NAMES MODE
TAPE6 FMT

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

164 150 FMT
167 160 FMT

LOOPS LABEL INDEX
42 100 I
57 110 I
74 120
112 130 1
124 140 I
135 1

COMMON BLOCKS LENGTH
PFRCS2 22

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGT

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION

PFRCS2
F.P.

DEF LINE
47
55
63
71
74
81
82

RO#I-TO
45 47
53 55
61 63
69 71
72 74
77 77

2128
H 268

WRITES

REFERENCES
45
53
61
69
72
77
78

LENGTH PROI
68 IN!
6B IN~
78 IN!

108 IN
68 IN!
78

REFS
59

REFS
67

REFS
REFS
REFS

77

PERTIES
STACK
STACK
STACK
STACK
STACK

10/21/80 14.31.46

45
67
45
69
30
2*37
68

78

EXT REFS

138
22

53

51
DEFINED

62
72

61

52
44

70
77

3

69

53
52

DEFINED
DEFINED

DEFINED

59
60

3
36

4#3

60
68

51

61

FTN 4.8+508 PAGE



X4.32.25.MODIFICATIONS / CONTROL CARDS

PELET
PELET
PELET

*CALL
*CALL
*CALL

COMC
PELPT
PELCOM

PELET
PELET
PELET

66
71
72

ABOUND *CALL PELCOM

ALOAD
ALOAD

ASOLVE
ASOLVE
ASOLVE

*CALL
*CALL

*CALL
*CAL L
*CALL

PELCOM
COC

PELPT
PELCOM
COMC

ASTRES *CALL PELCOM

BOUND *CALL PELCOM

EFFECT $CALL PELCOMI

INPAXL
INPAXL

INPUT

KREEP
KREEP

LOAD
LOAD

*CALL
*CALL

PELCOM
COMC

*CALL PELCOM

*CALL
*CALL

*CALL
*CALL

PELPT
PELCOM

PELCOM
COMC

ABOUND

ALOAD
ALOAD

ASOLVE
A50LVE
ASOLVE

ASTRES

11

17
26

5
6

11

8

9

15
16

7

BOUND

EFFECT

I NPAXL
INPAXL

INPUT

KREEP
KREEP

LOAD
LOAD

19
20

UPDATE 1.3-508. I0/2I/80UNLABELED OLDPL PAGE I



MODIFICATIONS / CONTROL CARDS

RATE
RATE

SOLVET
SOLVET
SOLVET

*CALL PELCOM
*CALL COHC

*CALL
*CALL
*CALL

PELPT
PELCOM
COlC

STFAXL *CALL PELCOM
STFAXL *CALL COIC

STIFF *CALL PELCOMI
STIFF *CALL COMC

STRES *CALL PELCOM

CORRECTION IDENTS ARE LISTCy IN CHRONOLOGICAL ORDER OF INSERTION

TIDY
ASOLVE
KREEP
STFAXL

COliC
ASTRES
LOAD
STIFF

DECKS ARE LISTED IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE IS CREATED BY THIS UPDATE

YANKSSS
ALOAD
INPUT
SORTP

TIDY
ASOLVE
KREEP
STFAXL

COMC
ASTRES
LOAD
STIFF

PELPT
BOUND
MOVEAA
STRES

PELCOMI
DMCHB
MOVEKA
TEMPA

GRATE
ERF
RADIAL
TEMPB

PELET
EFFECT
RATE
TEMPC

ABOUND
INPAXL
SOLVET
TEMPD

RATE
RATE

50LVET
SOLVET
SOLVET

13
14

15
16
17

14
20

16
19

15

STFAXL
STFAXL

STIFF
STIFF

SIRES

PELPT
BOUND
MOVEAA
STRES

PELCOM
DMCHB
MOVEKA
TEMPA

RATE
ERF
RADIAL
TEMPB

PELET
EFFECT
RATE
-EMPC

ABOUND
INPAXL
50LVET
TEMPD

ALOAD
INPUT
SORTP

UPDATE 1.3-508. 10/21/80 14.32.25.UNLABELED OLDPL PAGE 2



DECK LIST AS WRITTEN, IF NEWPL UPDATE 1.3-508.

DECK LIST AS WRITTEN TO SEQt NTIAL NEWPL

YANKSS
ALOAD
INPUT
SORTP

TIDY
ASOLVE
KREEP
STFA :L

Colic
ASTRES
LOAD
STIFF

PELPT
BOUND
MOVEAA
STRES

PELCOM
DMCHB
MOVEKA
TEMPA

RATE
ERF
RADIAL
TEMPB

PELET
EFFECT
RATE
TEMPC

ABOUND
INPAXL
50LVET
TEMPD

COMMON DECKS ENCOUNTERED

COMC PELPT PELCOM RATE

DECKS WRITTEN TO COMPILE FILE

TIDY
ERF
RADIAL
TEMPS

PELET
EFFECT
RATE
TEMPC

ABOUND
INPAXL
50LVET
TEMPD

ALOAD
INPUT
SORTP

ASOLVE
KREEP
STFAXL

ASTRES
LOAD
STIFF

BOUND
MOVEAA
STRES

DMCHB
MOVEKA
TEMPA

THIS UPDATE REQUIRED 345008 WORD; OF CORE.
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SUBROUTINE PELET (TTME RD,DISPC EFSTR DSPSV,BD,TCI TCO,NA TELM,T, PELET 2
+TBLK TPLEN TINLET,RFX iXTP COMP6,TREFI KZPRESTO,F DENRX1,RXOIXT PELET 3
+OP,RL,NOELb,NABFD,NTAtDNAACDNFFID,NFb,NCD,NSH,NAB2D,TCBTFB,TEC, PELET 4
+TEF, TV,XRD,PRG, AXLEN,HLDNPLSTC,STRNN,STRSS) PELET 5

5 C PELET 6
C PELET 7
C PELET IS THE FINITE ELEMENT MECHANICAL MODEL FROM BATTELLE"S PACIFIC PELET 8
C NORTHWEST LABS" GAPCON-THERMAL-3 CODE. PARTS OF THE MODEL HAVE PELET 9
C BEEN REWRITTEN FOR THIS VERSION. PELET 10

10 C THE PELET MECHANICAL ROUTINE INCLUDES THE FOLLOWING SUBROUTINES PELET 11
C ABOUND ALOAD ASOLVE ASTRES BOUND DMCHB EFFECT PELET 12
C INPAXL INPUT KREEP LOAD PELET RATE SOLVET PELET 13
C SORTP STFAXL STIFF STRES TEMPA TEMPB TEMPC PELET 14
C TEMPD PELET 15

15 C PELET 16
C THE SUBROUTINE RADIAL IS ALSO A PART OF THE PNL MECHANICS-RELOCATION PELET 17
C PACKAGE IN FRAPCON-2. PELET 18
C PELET 19
C PELET 20

20 C PELET IS CALLED FROM MAIN PELET 21
C PELET 22
C PELET 23
C THE FOLLOWING VARIABLES ARE DEFINED IN SUBROUTINE POINTR PELET 24
C PELET 25

25 C NF : NUMBER OF RADIAL BOUNDARIES IN THE FUEL PELET 26
C NC : NUMBER OF RADIAL BOUNDARIES IN THE CLADDING PELET 27
C NA : NUMBER OF AXIAL REGIONS PELET 28
C NT :NA PELET 29
C NA : NA+I PELET 30

30 C NABF : NA+1 PELET 31
C NABI : NA+2 PELET 32
C NFF:TOTAL NODES IN RADIAL MECHANICAL MODEL PELET 33
C NF4:TOTAL D.O.F. IN RADIAL MODEL OF FUEL PELET 34
C NC4:TOTAL D.O.F. IN RADIAL MODEL OF CLAD PELET 35

35 C NFF2:NUMBER OF D.O.F. IN COMBINED FUEL-CLAD MODEL PELET 36
C PLUS 4. PELET 37
C NELC:NUMBER OF RADIAL CLAD ELEMENTS PELET 38
C NOE!F:NUMBER OF RADIAL FUEL ELEMENTS PELET 39
C NOELC:TOTAL NUMBER OF RADIAL ELEMENTS PELET 40

40 C NFFI:TOTAL NUMBER OF RADIAL BOUNDARIES PELET 41
C PELET 42
C AXIAL CALCULATION PARAMETERS PELET 43
C PELET 44
C NARF:NUMBER OF AXIAL REGIONS IN THE FUEL PELET 45

45 C NART:NARC:TOTRL NUMBER OF AXIAL REAGIONS PELET 46
C NABTNABF:NUMBER OF AZIAL BOUNDARIES IN CLAD AND FUEL,RESPECTIVELY PELET 47
C NAXBT:TOTAL NUMBER OF AXIAL BOUNDARIES PELET 48
C NAXB2:TOTAL NUMBER OF NODES IN AXIAL MODEL PELET 49
C NAXB4:TOTAL NUMBER OF D.O.F. IN AXIAL MODEL PELET 50

50 C NAEF:NUMBER OF ELEMENTS IN AXIAL FUEL MODEL PELET 51
C NAEC:NUMBER OF ELEMENTS IN AXIAL CLAD MODEL PELET 52
C NTAE:TOTAL NUMBER OF ELEMENTS IN THE AXIAL MODEL PELET 53
C PELET 54
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55

65

70

75

80

85

90

95

100

C
C
C
C
C
C
C
C
C
C

60

PARAMETERS FOR CHOLESKY (MINIMUM-SPACE) STORAGE OF STIFFNESS
MATRICES

MAXF:TOTAL NUMBER OF STORAGE LOCATIONS REQUIRED FOR THE FUEL
RADIAL STIFFNESS MATRIX
MAXC:STORAGE REQUIRED FOR RADIAL CLAD MATRIX
MAXT:STORAGE FOR COMBINED FUEL-CLAD RADIAL MATRIX
MAXA:STORAGE FOR THE AXIAL MODEL MATRIX

COMMON / AXL / SUMM, SUMFF, SUMSAV, GROWI
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR,

+ ERAD(20), EAX(20)
COMMON/FEP/HHF,NT,KKZZZ,ISTOP,RDOLD(20),RRSIN(20)
+,PIMOLD,POUTLD,POLD,NTOLD(20)
+ ICHNG,STEPS

COMMON iSTFMATi B(4,6),C(4,6)bBT(6,4),PROD(4,6),XKBAR('6,6)
COMMON / FAST / A(I)
DIMENSION IA(I), D(i)
EQUIVALENCE (A(U),IA(ID(il))
COMMON /PNTPNL/IFIRST IAELM,IAK,IARRA,IARE ISBIBA,IBASAV,IBASE,

+ ISBB,IBBA,IBBSV ICAICC,ICRATE,ICRPG IDIS6 IDISPC,IDSPSV,
+ IEFSTR,IELM,IELSTNILSTNA,ILSTRAIELSTRIPkLA,IEPSLM,IESTNV,
+ IESTSVJIIJ,IIPOS IKSAVEIMADET,INDC,INDF,INDTINODET,IOLDSE,
+ IPSSRTIPSSV IPSTSIR,IRAIRIR IRBRA,IRDI5TRESISTRSAITCD,
+ ITCRP ITEC,ITEF,ITELM,ITFb, ITHT ITHTAXITHSAV,ITHXSV,ITME,
+ ITSTR ,ITSTSRITV, ITW,IXKT,IXLOAD,IXLODA,IXRD,
+IY,IYACF IZILAST
COMMON /6EOPAR/ RFI,RFO,RCI,RCO,TREF,DELRDELZ,ZDEL,KKA,P;N,POUT,P

+DEL,COMP
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, I4FF, NETOT, NE
+IF,NEWT,KA,NARF,NARC NARTNABFNABC,NABT,NAEC,NAEF,NTAE,JAM,NAXBT,
+NAXB2,NAXB4,NFFI,NAB2,NAbT2, CPCR,FRDEN,KZI, SSTOP,IPLAS,NKN
+,ICRPP,MAXT,KRNCHF,KRNCHCKRNCHT,NFF2,NC4,NF4,MAXA,NEW, N
+MX,KRNCHMCUD, IADJIICUT,TIMEC,TIMEF, ITISTEPNOLD
+, KPLAS,ICNT,RRAKR,IRAKRAKSUM,IPLEND, IP
is IRZ
COMMON /LASTIC/ E,XNU,ALPHA
COMMON /CONTNT/ PI
COMMON /TAPES/ NIN NOUT,NSCQi NSCR2,ITPI,ITP2
COMMON / PRSSV / P&SINC(20) PR55(20)
DIMENSION PRG(NA)
DIMENSION TELM(NOELD,NABFD,2),TW(NTAED,2)
DIMENSION TTME(3)
DIMENSION EFSTR(NOELD, U, DSPSV(NOELD,)
DIMENSION DISPC(NFFID, I),RD(NFFID, I)
DIMENSION TCI(NA),TCO(NA)
DIMENSION 8D(6,NA)
DIMENSION TCD(2,UTFB(2,TEC(NCD,IbT.EF(NrDUXRD(NFFI

+ TV(I)
DIMENSION AXLEN(NA)
DIMENSION PLSTC(4,MASTRNN(4,NA), STRSS(4,NA)b HLDN(4,NA)

PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
CCMC
CGMC
COMC
COMC
COMC
PELET
PELET
PELET
PELET
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELPT
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET

105
C
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IR2 : IT : TINE STEP COUNTER
J : AX!AL NODE COUNTER IN "dAIN"
KZI : KZ : ITER : GAS LOOP COUNTER
ISTOP : CONVERGENCE HAS BEEN REACHED ON GAS LOOP IF ISTOP
ICUT : IF ISTOP : ITER, CREEP IS CALLED AND THEN ICUT SAYS
TO TIME CUT INTERNALLY
NSH : FLAG FOR TIME HARDENING : 0
STRAIN HARDENING : I

IF
IF

I TER
WHETHER

(IRZ.EQ.i) CALL MOVEKA (0,PRSINC,40)
(IRZ.EQ.I) CALL tOVEKA (0,PLSTC,4*NA)
00 100 I:I,NARF
PRINC(I) : PRHUI)-PR5(I)
PRtS(i) : PRG(1)
CON'I NUE

THE FOLLOWING REPLACEMENT STATEMENTS ELIMiiiATE ERROR MESSAGES-
-- VARIABLE APPEARS IN COMMON AND AS F.P.

RCI : RXI
RCO : RXO
RFS : RFX
PFO : RFS
NT : NA-1
NF : NFD
NC : fCD
NFl : NF-1
CI : NC-I

NOELF : (NF-I)E2
NOELC : (NC-l)*2
NARF : NABF-l
NABC : NABT
NARC :=NARCD
HART MARC
NAEC : NTAE-NAEF
ISTOP : IXTOP
ISSTOP : I
TREF : TREFD
COMP : COMPD
PI : 3.141592654

RFI : RC

CALL TEMPA (TCB,TFB,TBLKTINLETTPLENNABT)

!i0

115

C
C
C
C
C
C
C
C
C
C
C
C
C
C120

-i

125
100
C
C
C
C130

I35

140

145

I50

PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELLET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET
PELET

86
87
88
89
90
91
92
93
94
97
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
I!I
I I
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

155

C
C
C

C

C
C
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160 C TEF AND TEC ARE THE TEMPERATURE ARRAYS CALCULATE') AT ThE XIAL PELET 139
C POSITIONS WHERE FRAPCON SUPPLIES THE VALUES FOR THE B ARRAYS. PELET 140
C TC8 AND TF8 ARE THE TEMPERATURES AT THE AXIAL BOUNDARIES AT THE PELET 141
C INSIDE AND OUTSIDE SURFACES ONLY.(SO THEY ARE DIMENSIONED ONLY PELET 142
C TO 2 X 20, 2 IN THE RADIAL DIRECTION. PELET 143

165 C PELET 144
DO 120 I:2,NA rELET 145

DO 10 J:INFFI PELET 146
110 XRD(J) - (RD(J,I)+RD(J I+1))/2. PELET 147

CALL TEMPB XRD,TEC(I,I),TEF(I,i),NFNCBD(I,I-I);fCI(I),TCOI PELET 140
170 + ),TV(I)) PELET -2

120 CONTINUE PELET ISO
CALL TEMPC (NF,NC .' NCI NTTPLEN TINLET,TBLK,TECTEF,TCB,TF8) PELET 151
CALL TMrD (NTNOLU NE,NFFIDNOELbNTAED,TELMTREF,TFB,RD,TCBTW, PELET 152
+NART,NAbF,NF1,NCl,I Z,TEC:TEFTVNF,NC) PELET 153

175 JAM :0 PELE7 154
ICNT : 0 PELEIT 155
KPLAS : 0 PELET 156
RAKSUI : 0. PELET 1ST
ISP : 0 PELET 158

180 CALL SECOND (THI) PELET 159
C PELET 160
C ALL INPUT AND INITIALIZE CALCULATIONS. PELET 161

FRDEN : rFDEN PELET 162
IF (IRZ.EQ.1) GO TO 130 PELET 163

185 PINNED : PRESTO PELET 164
POUTNW : EXTP PELET 165
PNEW : POUTNW-PINNEW PELET 166
PIN : PINNEI-PINOLD PELET 167
POUT t POUTNW-POUTLD PELET 168

190 PDEL : PNEW-POLD PELT 169
IF (KZ.NE.ISTOP) GO TO 140 PELET 170
POLD: PNE PE-ET 171
POUTLD : POUTNW PELET 172
PINOLD : PINNED PELET 173

195 GO TO 140 PELET 174
130 PIN : PRESTO PELET 175

POUT : EXTP PELET 176
PDEL : EXTP-PRESTO PELET 177
POLD : PDEL PELET 178

200 PINOLD : PIN PELET 179
POUTLD : POUT PELET 180

140 CONTINUE PELET 181
C PELET 182

IPREV : 0 PELET 183
205 ICUT : 0 PELET 184

IADJ : I PELET 185
TIMEF : TTME(3) PELET 186
TIMEN : TTME(2) PELET 187
IDF : 0 PELET 188

210 IF (IRZ.GT.1) GO TO ISO PELET 189
JAM : I PELET 190
DELF : RD(NF,I)/FLOAT(NF-I) PELET 191

SUBROUIINE PELET I0/21/80 PAGE
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DELC : (RD(NFFI,1)-RD(NF+l,I))/FLOAT(NC-I) PELET 192
DELZ : (DELF+DELC)/2. PELET 193

215 CALL INPAXL (D(IAELMH)D(IR),D(IRA),D(1Y),D(IYACF),D(INADET),RD,NAB PELET 194
+T2,NFFI) PELET 195
CALL INPUT (D(IELM),D(INODET)) PELET 196

150 CONTINUE PELET 197
C PELET 198

220 C PELET 199
C THE NKN LOOP CONTROLS THE CALCULATION AND UPGRADING OF THE TOTAL 5 PELET 200
C AND STRAINS. AFTER TEMPERATURE CONVERGENCE THIS LOOP IS PELET 201
C EXCUTED TWICE. THE FIRST ITERATION AFTER CONVERGENCE CALCULATES PELET 202
C AND ADDS IN TEE CURRENT ELASTIC INCREMENTS. THEN AND ONLY THEN PELET 203

225 C 15 SUBROUTINE CREEP CALLED TO CALCULATE THE CREEP-PLASTIC PELET 204
C INCREMENTS. PELET 205
C PELET 206

DO 330 NKN:1,2 PELET 207
IKL : I PELET 208

230 160 CONTINUE PELET 209
IF ICUT.EQ.I) IKL : IADJ PELET 210
STEP : (TIMEF-TIMEN)/FLOAT(IADJ) PELET 211

C PELET 212
C TIME CUTTING LOOP FOR CREEP PELET 213

235 C PELET 214
DO 270 ITI:l,IKL PELET 215
CALL MOVEKA (0,D(ITCRP),4*NOEL*NARC) PELET 216
KZI : KZ PELET 217
IPLAS : 0 PELET 218

240 IRAK : 0 PELET 219
IF (NKN.EQ.I) GO TO 210 PELET 220

170 CONTINUE PELET 221
IF (ICUT.EQ.0) GO TO 180 PELET 222
TTtE(2) : TIMEN+FLOAT(ITI-l)*5TEP PELET 223

245 TIMEC : TTHE(2) PELET 224
TTME(3) : TTME(2)+STEP PELET 225

180 CONTINUE PELET 226
IPLAS : 0 PELET 227
CALL SECOND (TM2) PELET 228

250 TMDEL : TH2-TMI PELET 229
WRITE (6,360) TMDEL PELET 230
IF ('MDEL.LT.25.) GO TO 190 PELET 231
WRITE (6,376) TMDEL PELET 232
STOP PELET 233

255 190 CONTINUE PELET 234
CALL KREEP (D(ITSTSR).D(IEFSTR),D(ITSTNR).TELM,TTME,D'ITCR PELET 235

+ P),D(ICRPGD(ICRATENOEL,NARC,NSH) PELET 236
DO 200 I:1,NARF PELET 237

00 200 J:I,NOEL PELET 238
260 EFSTR(J,I) : D(IEFSTR+NOEL*(I-I)+J-1) PELET 239

200 CONTINUE PELET 240
210 CONTINUE PELET 241
C PELET 242
C THE KKA LOOP CONTROLS THE RADIAL-AXIAL-RADIAL CHAINED SOLUTION PELET 243

265 C THE KA LOOP RUNS THROUGH ALL AXIAL REGIONSCALLING FOR PELET 244

10/21/80 14.32.27 PAGE 5SUBROUTINE PELET
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C RADIAL CALCULATIONS FOR CONTACT AND PRESELECTED REGIONS PELET 245
C PELET 246

DO 240 KKA:1,2 PELET 247
IF (KKA.EQ.I) GO TO 230 PELET 248

270 DO 220 KA:l,NARC PELET 249
CALL STIFF (D(IELH),D(IR) D(IZ),RD,NFFID(INODET), PELET 250

+ D(IXKT),D(IEPSLM),D(ISTRES),D(IARE),BtIRBR),D(IXLO PELET 251
+ AD),DIKSAVE),D(ICC) NOELTELMNABF) PELET 252

CALL BOUND (D(IXKT),D(INODET),MAXT) PELET 253
275 IPREV : ICUT PELET 254

CALL SOLVET (DkIS8),D(ISDB) D(INODET),D(IXKT) D(IC PELET 255
+ C),D(ITHET) DdILSTRA) TELMDb(IR),D(IARAA),D(IRBRA) PELET 256
+ ,NOEL,D(IBB5V),D(IESTSV),NFF2,MAXT,NARF,D(IESTNV), PELET 257
+ NABF) PELET 258

280 IF (ICUT.EQ.I.AND.IPREV.EQ.0) GO TO 160 PELET 259
220 CONTINUE PELET 260
230 CONTINUE PELET 26'

IF (KKA.EQ.2) GO TO 240 PELET 262
CALL STFAXL (D(IAELN),D(IAK),DIARAA) D(IPSLA),D(INADE PELET 263

285 + T),D(IRA),D(IRBRA),D(ISTRSA),T1,NTAE,b(IXLODA),D(IYACF PELET 264
+ ),R(ICA)) PELET 265

CALL ABOUND (D(IAK),D(IDISP),D(INADET)) PELET 266
CALL ASOLVE (D(IBA),DIBBA),D(INADET),D(IAK),TW,D(IBAS PELET 267

+ AU)) PELET 268
290 240 CONTINUE PELET 269

C PELET 270
C INTERPOLATE AND ADD IN RADIAL DISPLACEMENTS TO THE RD ARRAY PELET 271
C PELET 272

LO : I PELET 273
295 NFPI NF+l PELET 274

DO 260 I:1,NARC PELET 275
DO 250 J:LONFFI PELET 276
DSP : DISPC(J,I) PELET 277
IF (ISSTOP.NE.I) GO TO 250 PELET 278

300 IF (ISSTOP.EQ.I.AND.NKN.EQ.1) DSPSV(J,I) : DSP PELET 279
IF (NKN.EQ.2.AND.KPLAS.EQ.1) RD(J,I) : RD(J,I)-DSP PELET 280

+ SV(JI) PELET 281
RD(J,I) : RD(J,I)+DSP PELET 282

250 CONTINUE PELET 283
305 C DECISION POINT FOR PLASTICITY ITERATION PELET 284

260 CONTINUE PELET 285
IF (ISSTOP.NE.1) GO TO 340 PELET 286
IF (KPLAS.GT.0.AND.KPLAS.LT.IPLEND) GO TO 170 PELET 287
IF (KPLAS.EQ.IPLEND.AND.IPLAS.EQ.I) GO TO 170 PELET 288

310 IF (KPLAS.EQ.IPLEND.AND.ISP.EQ.1) GO TO 170 PELET 289
270 CONTINUE PELET 290

DO 320 JC:i,NARC PELET 291
C PELET 292
C THE FOLLOWING STRESS AND STRAIN ARRAYS ARE USED IN RADIAL AND FOR PELET 293

315 C THE OUTPUT PELET 294
C PELET 295
C LBL I5 THE INDEX OF RADIAL STRESS IN THE CLAD ID ELEMENT, AXIAL PELET 296
C LEVEL JC PELET 297
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C LBLN 15 THE INDEX OF RADIAL STRAIN PELET 298
320 C PELET 299

LBL : ITSTSR+(JC-1)*NOEL*4+NOELF*4 PELET 300
LBLN : ITSTNR+(JC-l)*NOELt4+NOELF*4 PELET 301

C PELET 302
STRSS(I.JC) : (D(LBL)+D(tBL+4))/2. PELET 303

325 STRSS(2,JC) : (D(LBL+1)+D(LBL+5))/2. PELET 304
STRSS(4,JC) : (D(LBL+2)+D(LDL+6))'2. PELET 305

C :.. r 306
STRNNIl,JC) : (D(LBLN)+D(LDLN+4))'2. PELET 307
STRNN(2,JC) : (D(LBLN+I)+D(LBLN+)3/2. PELET 308

330 STRNN(4,JC) : (D(LBLN+2)+D(LBLN+6))12. PELET 309
C PELET 310
C LBLO IS THE INDEX OF HOOP STRESS IN THE CLAD OD ELEMENT, PELET 31!
C AXIAL LEVEL JC PELET 312
C LBLON IS THE INDEX OF HOOP STRAIN PELET 313

335 C PELET 314
LBLO : LBL+(NOELC-2)*4+1 PELET 315
LBLON : LBLN+(NOELC-2)*4+1 PELET 316

C PELET 317
STRSS(3,JC) : (D(LBL0)+D(LBLO+4))/2. PELET 318

340 STRNN(3,JC) : (D(LBLON)+D(LBLON+4))12. PELET 319
C PELET 320
C SAVE ELASTIC STRAINS PELET 321

IF (NKN.EQ.2) GO TO 290 PELET 322
DO 280 JN:1,4 PELET 323

345 HLDN(JN JC) : STRNN(JN,JC) PELET 324
280 CONTINUE JPELET 325
290 CONTINUE PELET 326
C PELET 327
C FIND PLASTIC STRAINS PELET 328

350 IF (NKN.EQ.1) GO TO 310 PELET 329
DO 300 JN:1,4 PELET 330
PLSTC(JNJC) :STRNN(JN,JC)-HLDN(JN,JC) PELET 331

300 CONTINUE PELET 332
310 CONTINUE PELET 333

355 C PELET 334
320 CONTINUE PELET 335
330 CONTINUE PELET 336
340 CONTINUE PELET 337
C PELET 338

360 C UNRAD 15 UNIRRADIATED LENGTH OF CLAD PELET 339
C RAD IS IRRADIATED LENGTH OF CLAD PELET 340
C PELET 341

UNRAD : 0.0 PELET 342
RAD : 0.0 PELET 343

365 DO 350 I:2,NA PELET 34:
UNRAD : DELZA(I)+UNRAD PELET 345
RAD : DELZA(I)*AXLEN(I)+RAD PELET 346

350 CONTINUE PELET 347
C PELET 348

370 GROW : RAD-UNRAD PELET 349
C PELET 350

SUBROUTINE PELET 10/21/80 14.32.27 PAGE 7
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CALL MOVEKA (O,D(IDISPC),NFFI*NABT) PELET
RETURN PELET

PELET
PELET

FORMAT (25X,"TIME EXPIRED IN PELET :",F8.3) PELET
FORMAT (5X,"PELET TIME LIMIT - CREEP CORRECTION TOO LARGE",5X,"TIM PELET
+E EXPIRED :,F8.3) PELET
END PELET

CARD NR. SEVERITY DETAILS

228
236
268
270

I
I
I
I

DIAGNOSIS OF PROBLEM

CONTROL VARIABLE
CONTROL VARIABLE
CONTROL VARIABLE
CONTROL VARIABLE

IN
IN
IN
IN

COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PELET

VARIABLES
0 A
2 ALPHA
0 AXLEN
0 B
0 bD

60 BT
30 C
14 COMP
0 COMPD

33 CP
34 CR

0 D

1532
153,

5
6
0
0

1540
0
0

102

DELC
DELF
DELR
DELZ
DELZA
DISPC
DSP
DSPSU
E
EAX

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
373

RELOCATION
ARRAY FAST

LASTIC
ARRAY F.P.
ARRAY STFMAT
ARRAY F.P.
:RRAY STFMAT
ARRAY STFMAT

GEOPAR
F.P.

LIMITS
LIMITS

ARRAY FAST

ARRAY
ARRAY

ARRAY

ARRAY

GEOPAR
GEOPAR
BA
F.P.

F.P.
LAST IC
BA

375
C
C
360
370

35'
352
353
354
355
3S6
357
358

73REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
12*271
2*326
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

71
91

104
70

101
70
70
82
150
84
84
72

2*274
2*328

214
214
82
82
65
99

300
98
91
65

367

169

DEFINED
DEFINED

73
r3*276
2*329

DEFINED
DEFINED

DEF I NED
366
298
303
301

DEFINED

DEF I NED

ISO
15

6*215
11*284
2*330
213
212

214
367

DEFINED
DEFINED
DEFINED

237
5*288
2*340

6*256
2*324
372

2*217
3*287
2*339

2
248

1

260
2*325

300

SUBROUTINE PELET I0/2I/8O 14.32.27 PAGE 8
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VARIABLES
0 EFSTR

56 ERAD
0 EXTP
0 FFDEN

55 FLXR
35 FRsEN
3 GROWl
0 HHF
0 HLDN

1516 1

0
57

2
3
4
6
7

10
12
13
14
15

103
67
16
17
42
60

5
20
21
22
23
24
25
30
32
33
34
0

36
5533
37
106
26
27
40
41
42

IA
I ADJ
IAELM
I AK
IARfA
IARE
I BA
IBASAU
IBASE
I BBA
IDDSV

ICC
ICHNG
ICNT
ICRATE
ICRPG
ICRPP
I CUT

I DF
IDISP
IDISPC
IDSPSV
IEFSTR
IELM
IELSTN
IELSTR
IEPSLM
IESTN
IESTSV
FIRST
IIPOS
IKL
IKSA4E
ILAST
ILSTNA
ILSTRA
INADET
INDC
I 4DF

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY F.P.
ARRAY BA

F.P.
F.P.

BA
LIMITS
AXL
FEP

ARRAY F.P.

ARRAY FAST
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
FEP
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS

LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
3*301

296
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

98
65
186
183
65
84
64
67
105

3*124
2*303
365

72
84
74
74
74
74
74
74
74
74
74
74
74
67
84
74
74
84
84

205
84
74
74
74
74
74
74
74
74
74
74
74
74

236
74
74
74
74
74
74
74

DEFINED

197
DEFINED

DEFINED
DEFINED

352
2*125
366

73
231
215
284
276
271
288
288

288
276
284
271

DEFINED
256256

231

DEFINED
287
372

256
217

271
276
276

DEFINED
271

276
215

260

DEFINED198

183
370

DEFINED
2*168
2*367

232
284
287
284

345
2*260
123

i
6''69

DEFINED

DEFINED

298
166

300
258

206

288

276

176

275 280243

209

260
271

231

287284 288
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VARIABLES
43 INDT
44 INODET
45 IOLDSE
40 IPLAS
73 IPLEND

1527 IPREV
31 IPSLA
46 IPSSRT
47 IPSSV
50 IPSTS
51 IR
52 IRA
71 IRAK
53 IRBR
54 IRBRA
55 IRD
75 IRZ
5 ISO

11 158B
74 ISP
37 ISSTOP
3 ISTOP

56 ISTRES
57 ISTRSA
53 ISTRT
60 ITC8
61 ITCRP
62 !TEC
63 IUVF
64 I'iLM
54 ,TER
65 ITFP
66 ITHET
70 ITHSAV
67 ITHTAX
71 ITHXSV
63 ITI
72 ITME

'* ITPI
5 ITP2

73 ITSTNR
74 ITSTSR
75 ITV
76 ITN
77 IXKT

100 IXLOAD
101 IXLODA
102 1XRD
0 IXTOP

103 IV
104 IYACF
105 IZ

1522 J

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
'4TEGER
INTEGER
INTEGER
i4TEcFR
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
PNTPNL
PNTPNL
PNTPNL
LIMITS
LIMITS

PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
FEP
PNTPNL
PNTPNL
BA
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
BA
PNTPNL
PNTFNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
TAPES
TAPES
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
F.P.
PNTPNL
PNTPNL
PNTPNL

274

239
310
275

248

271

DEFINED
309
204

271
284
240

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RFFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

276

74
714
74
84
84

280
74
74
74
74
74
74
84
74
74
74
84
74
74
84
84
67
74
74
75
74
74
74
74
74
65
74
74
74
74
74
84
74
93
93
74
74
74
74
74
74
74
74
147
74
74
74

3*168

217

309
308

DEFINED
284

215
215

DEFINED
271
276

121
276
276
310
299
191
271
284

237

184

DEFINED

122

DEFINED
300

DEFINED

210

148

173

179
307
147

256

276

DEFINED 236

322
321

276

256
256

271
271
284

DEFINED
215
215
271

2*260 298 300 3*301 2*303
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VARIABLES

24
1541

35
1546

12
10
2

66

55
45
44
46
0

36
1542
1'43
1544
1545
1536

52
43
56

0

17
16
0

31
20
32

0
21
22
14

0
13
15
25
26
27

0
52

1521
50

7
53

SN TYPE

JAM
JC

JIIJ
JN
KA
KKA
KKZZZ
KPLAS

KRNCH
KRNCHC
KRNCHF
KRNCHT

KZ I
LDL
LBLN
LBLO
LBLON
LO
MAXA
MAXT
MCUD
NA

NABC
NABF
NABFD
NADF2
NABT
NABT2
NAB2D
NAEC
NAEF
NARC

NARCD
NARF
HART
NAXBT
NAXB2
NAXB4
NC

NCD
NCNN
NCONN
NCI
NC4
NETOT
NEWl

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

*UNUSED

LIMITS

PNTPNL

LIMITS
GEOPAR
FEP
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
F.P.
LIMITS

LIMITS
LIMITS
LIMITS

F.P.

LIMITS
LIMITS
F.P.
LIMITS
LIMITS
LIMITS
F.P.
LIMITS
LIMITS
LIMITS

F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

F.P.
BA
BA

LIMITS
LIMITS
LIMITS

DEFINED
REFS
REFS
330

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

166
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

328
312

167
84

321
339

74
2*345

84
82
67
84
177
84
84
e4
84

191
84

2*324
2*328
2*339
2*340
297
84
e4
84
95

365
84
84
96
84
84
84

84
e48%
144
144
84
84
e4
84
84
84
137
102
65
65
172
84
84
84

326
DEFINED

351

268

310

259
DEFINED

322
340

3*352
DEFINED

269

301

238
DEFINED

2x325
2*329

DEF I NED
DEF I NED
DEFINED

4*105

297
175
3'4
2*345

DEFINED
270
283

2*308

DEFINED
238

2*326
2*330
336
337
294

2*100
DEFINED
DEFINED

DEFINED

143
215

DEFINED
146
145

DEFINED
123
173

139

137

173

DEFINED
DEFINED

321
322

276

101
I

143
173
I

157

146

237

1
258

DEFINED

141

DEFINED

DEFINED

211
325

3'352

344

DEFINED

309

336
337

104

271

372

256

276
145

169

1

139

122

276

135

270 312

142DEFINED

172 173 213

173
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UARIABLES
10 NEWF
II NEWT
0 NF

0
6

30
0

47
1537
520
5'
0

41

54
50
2

4
0
3

65
I
2
3
0
I

23
0

57
C-5
0

1524
54
0

1526
56
12
55

1525
0
0

110
0

24
1550
72
0
2
3
0

NFD
NFF
NFF I
NFFID
NFF2D
NFPI
NFl
NF4
NIN
NKN

NMX
NN
NOEL

NOELC
NOELD
NOELF
NOLD
NOUT
NSCRI
NSCR2
NSH
NT
NTAE
NTAED
NTOLD
PDEL
PI
PIN
PINNED
PINOLD
PLSTC
PNEW
POLD
POUT
POUTLD
POUTNN
PRESTO
PRG
PROD
PRS I NC
PRSS
RAD
RAKSUM
RC
RCI
RCO
RD

SN TYPE
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REaL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS

F.P.
LIMITS
LIMITS
F.P.

LIMITS

LIMITS
TAPES
LIMITS

LIMITS
BA
LIMITS

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

LIMITS
F.P.
LIMITS
LIMITS
TAPES
TAPES
TAPES
F.P.

FEP
LIMITS
F.P.
FEP
GEOPAR
CONTNT
GEOPAR

FEP
F.P.

FEP
GEOPAR
rEP

F.P.
F.P.
STFMAT
PRSSV
PRSSV

LIMITS
F.P.
GEOPAR
GEOPAR
F.P.

REFS
REFS
REFS
213

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS
321

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

84
84
84

295
102
84
81*
2x99

84
295
172
84
93
84

228
84
65
84

322
4
96
84
84
93
93
93

256
67
84
96
67
82
92
82
187
67
105
190
67
82
67
187
185
95
70
94
94

367
84
155
8?
82
99

138
DEFINED

136

167
102
276

173

241

237

336
2*98
321
173

DEFINED
172
146
173

199
DEFINED

200
188
188
122
192
190
201
189
189
196
124

121
124
370

DEFINEL
DEFINED
DEFINED
DEFINED
2*168

173

297 372

172

271
I

140
136

DEFINED

213
173

DEFINED

300

256

337
173
322

1
173
284

DEFINED

DEFINED
151

DEFINED
194

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

193
198
125

DEFINED
DEFINED
DEFINED

178

131
132
173

350

169

I

215
DEFINED

138

301

259

DEFINED
DEFINED
DEFINED

DEFINED

I

190

188
DEF I NED

194

187
192
189
193

DEFINED
DEFINED
DEFINED

124
i25
364

212

276

343

260

141
I

140

135

271

198

196
185
200
352

199
197
201
186

I

367

2*213 271

10/21/40 14.32.27 PAGESUBROUTINE PELET



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES

4
0

1517
0

70
30
0
0

64
104
0

0

0
2
0
0
0
0
0
0
0

0
61
62

1530
0

1535
1523
1534

0
4
0
0

0
0

1547
140

I
0
7

Si TYPE

RDOLD
RFI
RFO
RFS
RFX
RRAKR
RRSIN
RXI
RXO
STEP
STEPS
STRNN

STRSS
SUMFF
SUM
SUMSAV
TBLK
TCB
TCI
TCO
TEC
TEF
TELM

TF8
TIMEC
TIMEF
TIME
TINLET
TMDEL
TtI
TM2
TPLEN
TREF
TREFD
TIME

TV
TM
UNRAD
XKBAR
XNU
XRD
ZDEL

FILE NAMES
TAPE6

EXTERNALS
ABOUND
ASOLVE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

FEP
GEOPAR
GEOPAR

F.P.
LIMITS
FEP
F.P.
F.P.
LIMITS
FEP
F.P.

F.P.
AXL
AXL
AXL
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
LIMITS
LIMITS

F.P.

F.P.
GEOPAR
F.P.
F.P.

F.P.
F.P.

STFMAT
LAST IC
F.P.
GEOPAR

WRITES

TYPE ARGS
3
6

301
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
330

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

251

303
67
82
82

134
133
84
67
131
132
84
67

105
340
105
64
64
64
157
102
100
100
102
102
96

102
84
84

232
157
251
180
249
157
82
149
97

102
96

366
70
9I
102
82

253

DEFINED

DEF I NED
DEF I NED
DEFINED
DEFINED

DEFINED
DEFINED

244

345

DEFINED

172
157
169
169
169
169
173

157
DEFINED

232
244
172
252
250
250
172
173

DEFINED
207
24
169
173
370

169

REFERENCES
28'
288

I 301 303

155
134
133
I

328

326

329

339

DEFINED

DEFINED

324

'73

173
173
271

173

207
208

DEFINED

i

I
i

i

I

325

DEFINED

DEFINED
DEFINED

276

DEFINED

250

246

352

DEFINED
172

DEFINED
DEFINED

172
172
256

172
245

DEFINED
DEFINED
DEFINED

253

DEFINED
DEFINED

208
246
173
284

DEFINED

DEFINED

'
149

245

DEFINED
288
363

246

I
DEFINED

366

256

I

i 168
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EXTERNALS
BOUND
INPAX
INPUT
KREEP
MOVEKA
SECOND
SOLVET
STFAXL
STIFF
TEMPA
TEMPB
TEMPC
TEMPD

INLINE FUNCTIONS
FLOAT

TYPE ARGS
3
9
2

11
3
I,19

13
17
6
9
12
22

TYPE
REAL

ARGS
I INTRIN

REFERENCES
274
215
217
256
121
180
276
284
271
157
169
172
173

DEF LINE

122
249

REFERENCES
212

STATEMENT LABELS
0 100
0 110
0 120

304 130
322 140
410 150
415 160
447 170
464 1I0
505 190
0 200

545 210
0 220

651 230
723 240
1000 250

0 260
0 270
0 280

1145 290
0 300

1162 310
0 320
0 330

1171 340
0 350

1472 360 FMT
1477 370 FMT

DEF LINE
126
168
171
196
202
218
230
242
247
255
261
262
281
282
290
304
306
311
346
347
353
354
356
357
358
368
376
377

REFERENCES
123
167
166
184
191
210
280
308
243
252
258
241
270
269
268
297
296
236
344
343
:51
350
312
228
307
365
251
253

FROM-TO
123 126
166 171
i67 168
228 357
236 311

LENGTH
I18
328
108

5568
405B

PROPERTIES
INSTACK

EXT REFS NOT INNER
INSTACK

EXT REFS
EXT REFS

EXITS
EXITS

NOT INNER
NOT INNER

237

213

372

232

310

195

309

259

283
299

LOOPS
33

142
144
412
427

LABEL
100
120
110
330
270

INDEX
I
I
J
NKN
ITI

10/21/80 14.32.27 PAGE 14SUBROUTINE PELET
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LOOPS
525
527
547
554
735
737

1036
1135
1152
1177

LABEL
200
200
240
220
260
250
320
280
300
350

COMMON BLOCKS
AXL
BA
FEP
STFMAT
FAST
PNTPNL
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
PRSSV

INDEX
I
J
KKA
KA
I
J
JC
JN
JN
I

LENGTH
4

86
69

132
I

71
13
62

3

6
40

FROM-TO
258 261
259 261
268 290
270 281
296 306
297 304
312 356
344 346
351 353
365 368

LENGTH
178
128

1578
748
SIB
449
127B
78
78
128

PROPERTIES

INSTACK

OPT

INSTACK
INSTACK
INSTACK

NOT INNER

EXT
EXT
NOT

REFS
REFS
INNER

EXITS
EXITS

NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

140000 SCM
LENGTH
USED

16308
7508

920
488
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T
C

D

A

T

5

C
C
C
C
C
C
C
C

I

10

15

C

25
C
C

30
g00
C
C
C
C35

40

SUBROUTINE ABOUND (AKDISPANADET) ABOUND
ABOUND

HE PURPOSE OF THIS SUBROUTINE IS TO DEFINE THE INITIAL BOUNDARY ABOUND
ONDITIONS FOR THE AXIAL FINITE ELEMENT MODEL. IT USES THE ABOUND
TIFFNESS OTRIX AK(I,J) WHERE I,J:ARE EQUAL TO THE TOTAL ABOUND
DEGREES OF .<EEDOM IN THE PROBLEM ABOUND

ABOUND
BOUND 15 CALLED FROM PELET ABOUND

ABOUND
COMMON /GEOPAR/ RFI,RFO,RCI,RCO,TREF,trLR,DELZ,ZDEL,KKA,PIN,POUT,P PELCOM
+DEL,COMP PELCOM
COMMON/LIMITS/ NF, NC, NOEL, NOELF, OELC, IDF: NFF, NETOT, NE PELCOM
+WF,NEWTKA,NARF,NARC,NARTNABF,NABC,NABTNAEC,NAEF,NTAE,JAMNAXBT, PELCOM
+NAXB2,NAXB4,NFFI,NABF2,NABT2, CP.CR FRDEN,KZI,IS5TOP,IPLAS,NKN PELCOM
+,ICRPP MAXT,KRNCHF,KRNCHC,KRNCHT,NFF2,N4,NF4,MAXA,NEW, N PELCOM
+MX,KRN H MCUDIADJ,ICUT,TIMEC,TIMEF,ITI STEP,NOLD PELCOM
+, KPLASICNT,RRAKR,IRAK,RAKSUM,IPLEND, IP PELCOM
+,IRZ PELCOM
COMMON /LASTIC/ E,XNU,ALPHA PELCOM
COMMON /CONTNT/ PI PELCOM
COMMON /TAPES/ NIN,NOUT,NSCRI,NSCR2,ITPI,ITP2 PELCOM

ABOUND
DIMENSION AK(I) DISPA(I), NADET(I) ABOUND
DIMENSION LKNT($6) ABOUND
INTEGER BND(4) ABOUND

ABOUND
ABOUND

LKNT(I) : I ABOUND
DO 100 1:2,26 ABOUND
LKNT(I) : LKNT(I-1)+I ABOUND
CONTINUE ABOUND

ABOUND
ABOUND

HIS 15 THE TOTAL DEGREES OF FREEDOM ABOUND
ABOUND

BND(I) : I ABOUND
BND(2) : NABF+1 ABOUND
BND(3) : NABF*2+1 ABOUND
BND(4) : NABF*2+NABT+l ABOUND

ABOUND
DO 130 1:1,4 ABOUND
lOUT : BND(I) ABOUND
It : NADET(IOUT)+I ABOUND

ABOUND
MM : MCUD ABOUND
IF (II.GE.KRNCH) MM : MCUD-(II-KRNCH)-1 ABOUND

DO 110 KM:l,MM ABOUND
IM : (it-l)*MCUD+KM ABOUND
NM : II-KRNCH ABOUND
IF (NM.GT.0) IM : IM-LKNT(NM) ABOUND
AK(IM) : 0.0 ABOUND
CONTINUE ABOUND

MA : MCUD-l ABOUND

C

C
45

50

110

SUBROUTINE ABOUND 10/21/80 PAGE I
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3
4
5
6
7
8
9

10
2
3
4
5
6
7
8
9

10
11
12
13
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
36
39
40
41
42
43
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55

10r21i80

ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND
ABOUND

ENTRY POINTS
4 ABOUND

VARIABLES
0 AK
2 ALPHA

221 BND
14 COMP
33 CP
34 CR
5 DELR
6 DELZ
0 DISPA
GE

35 FRDEN
156 I
57 IADJ
67 ICNT
42 ICRPP
60 ICUT
5 IDF

160 Ii

166 IJ
163 IM

'57
40

I OUT
IPLAS

DEF LINE

SN TYPE
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

REFERENCES
70

RELOCATION
ARRAY F.P.

LASTIC
ARRAY

GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR

ARRAY F.P.
LASTIC
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS

IF (II.LE.MA) MA : IlI-1
5 DO 120 KM:I,MA

IJ : II-KM
IM : MCUD*(IJ-I)+II-IJ+1
IF (IJ.GT.KRNCH) IM : IM-LKNT(IJ-KRNCH)
AK(IM) : 0.0

D 120 CONTINUE
IM : (II-1)*MCUD+i

NM : II-KRNCH
IF (NM.GT.0) IN : IM-LKNT(NM)
AK(IM) : 1.0
DISPA(II) : 0.0

130 CONTINUE
C
C HAVE COMPUTED THE CORRECT BOUNDARY CONDITION
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

60

65

70

PAGE

44
45
46
47
49
49
50
S5
52
53
54

56
57
58
59
60
61

51

36

59

37

DEFINED

DEFINED

DEFINED

DEFINED

38

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

62
REFS
REFS

DEFINED
REFS
REFS

39

23
19
25
10
12
12
10
10
23
19
12

3*30
12
12
12
12
12

2*46
65

2*57
50
48
43
12

65

41

48
DEFINED

2*58
51
50

DEFINED

49
43

DEFINED
58
57
42

2*5%

56
59
58

56

63
61

6157

64
63

I

I
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VARIABLES
73 IPLEND
71 IRAK
75 IRZ
74 ISP
37 ISSTOP
63 ITI

4 iTPI
5 ITP2

24 JAM
12 KA
10 KKA

162 KM
66 KPLAS
55 KRNCH
45 KRNCHC
44 KR4CHF
46 KRNCHT
36 KZI
167 LKNT

165
52
43
56

17
16
31
20
32
0

21
22
14
13
15
15
26
27

50
7

53
10
II
0
6

30
47
51
0

41
164

MA
MAXA
MAXT
"CUD

NABC
NABF
NABF2NADP2NAST
NABT2
NADET
NAEC
NAEF
NARC
NARF
'ART

NAXBT
NAXB2
NAX84
NC
NC4
'4ETOT
1EN
NEs.F
NEN I
NF
NFF
NFFI
NFF2
NF4
NIN
NKN
Nm

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
I NEGER
it (EGER
I kTEGER
INTEGER
INTEGER
INTEGE
INTEGER
14EGER
INTEGER

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES
LIMITS
LIMITS
GEOPAR

ARRAY

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

L:MiTS
IMITS

LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
L I I TS
LIMITS
TAPES
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REPS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

12
12
12
12
12
12
21
21
12
12
10
48
12
12
12
12
12
12
24
28
54
12
12
12
47
12
'2
12
12
12
23
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
21
12

2*50

56 DEFINED

30
30
55

45
DEFINED

37

39

43

50

DEFINED

46
45

38

DEFINED

2*63 DEFINED

47

2*58

55

62

6358

53

48e
46

39

53 57 61

49 62
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UARICBLES
54 NMX
2 NOEL
4 NOELC
3 NOELF

65 MOLD
I NOUT
2 NSCPI
3 NSCR2

23 NTAE
13 PDEL

0 PI
II PIN
12 POUT
72 RAKSUH
2 RCI
3 RCO
0 RFI
I RFO

70 RRAKR
64 STEP
61 TIMEC
62 TIMEF

4 TREF
I XNU
' ZDEL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

STATEMENT LABELS
0 100
0 110
0 120
0 130

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
GEOPAR
LASTIC
GEOPAR

DEF LINE
31
52
60
66

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF'S
REFS
REFS
REFS
REFS
REFS

REFERENCES
29
47
55
41

LOOPS
13
37
56

107

LABEL
100
130
110
120

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES

INDEX
I
I
KM
KM

LENGTH
13
62

3
I
6

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

FROM-TO
29 31
41 66
47 52
55 60

LENGTH
USED

LENGTH
68

1158
208
228

2338
1258

PROPERTIES
I NSTACK

NOT INNER
OPT
OPT

X55
85

12
12
12
12
12
21
21
21
12
10
20
i0
10
12
10
10
10
10
12
12
12
12
10
19
10
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SUBROUTINE ALOAD (AELM ARAA BA,NADET RBRA,RA,TM,CA,THETAX,XLOADA,Y ALOAD 2
+ACF,TCRP,NOELD,NTAED,BDA,NAbTD,ARE,RBRTSTSR,RD,Y,NFFID,NAB2D,THXS ALOAD 3
+V) ALOAD 4

C ALOAD 5
5 C PURPOSE OF THIS SUBROUTINE 15 TO DEFINE THE AXIAL AND RADIAL LOADS ALOAD 6

C FOR THE SOLUTION OF THE AXIAL PROBLEM ALOAD 7
C COMPUTE THE CORRECT CONCENTRATED NODAL LOADS FOR ALOAD 8
C A. APPLIED LOADS ALOAD 9
C B.THERMAL LOADS ALOAD 10

10 C C.CREEP LOADS ALOAD 11
C D.ELASTIC LOADS ALOAD 12
C ALOAD 13
C ALOAD 15 CALLED FROM ASO VE ALOAD 14
C ALOAD 15

15 C ALOAD 16
COMMON /GEOPAR/ RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL,KKA,PIN,POUT,P PELCOM 2
+DEL,COMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4
+WF,NEWT,KA,NARF,NARCNART NABF,NABC NABT NAEC,NAEF,NTAE,JAM,NAXBT, PELCOM 5

20 +NAXB2,NAXB4,NFFI,NABF2,NAhT2, C ,CR 'RDEN,KZIISSTOP,IPLAS,NKN PELCOM 6
+,ICRPPMAXT,KRNCHF,KRNCHC,KRNCHT,NFF2,NC4,NF4,MAXA,NEW, N PELCOM 7
+MX,KRNCHMCUD,IADJ,ICUT,TIMEC,TIMEF,ITISTEP,NOLD PELCOM 8
+, KPLAS,ICNT,RRAKR,IRAK,RAKSUM,IPLEND, SP PELCOM 9
+,IRZ PELCOM 10

25 COMMON /LASTIC/ E,XNU,ALPHA PELCOM 11
COMMON /CONTNTi PI PELCOM 12
COMMON /TAPES/ NIN,NOUT,NSCRI NSCR2,ITPI,ITP2 PELCOM 13
DIMENSION RA(i), YACF(I), NADtT(I), BBA(I) BA(I), Tb(NTAED,2), AR ALOAD 18

+AA(I) RBRA(I),XLOADA(6,4,I),THERM(6),AELMI(3,I) ALOAD 19
30 DIMENSION NNA(3), IBN(4), CA(4,4,l), THETAX(4,1) ALOAD 20

DIMENSION AVCRP(4), TCRP(4,NOELD,I) ALOAD 21
DIMENSION TSTSR(4,NOELD,I), RD(NFFID,I), Y(NAB2D,I) ALOAD 22
DIMENSION ARE(I), RBR(I) ALOAD 23
DIMENSION THXSV(4,I) ALOAD 24

35 C ALOAD 25
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2

+ ERAD(20), EAX(20) COMC 3
COMMONeFEP/HHF,NT,KKZZZ,ISTOP,RDOLD(20,RRSIN(20) COMC 4
+,PINOLD,POUTLD,POLD,NTOLD(20) COMC 5

40 + ,ICHNG,STEPS COMC 6
C ALOAD 27
C NKN - PLASTIC-ELASTIC IDENTIFIER FROM PELET ALOAD 28
C POUT - SYSTEM PRESSURE ALOAD 29
C PIN - ROD PRESSURE ALOAD 30

45 C RCO - CLAD OUTER RADIUS ALOAD 31
C RCI - CLAD INNER RADIUS ALOAD 32
C ALPHA - THERMAL STRAIN ALOAD 33
C AVCRP - CREEP STRAIN ALOAD 34
C ALOAD 35

50 C ALOAD 36
CALL MOVEKA (0,AVCRP,4) ALOAD 37
CALL MOVEKA (0,THETAX,4*NTAE) ALOAD 38

DO 100 1:1,6 ALOAD 39

10121480 14.32.27 PAGESUBROUTINE ALOAD
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THERM(I) : 0,0 ALOAD 40
55 100 CONTINUE ALOAD 41

IF (NKN.EQ.2) GO TO 120 ALOAD 42
NOUT : 2*NABF+NABT+i ALOAD 43

C ALOAD 44
C NOW COMPUTE THE AXIA. LOAD ALOAD 45

60 C NOW DIVIDE OVER ALL uF THIS AXIAL CLAD NODES ALOAD 46
C TOTAL NODAL LINE LENGTH ALOAD 47
C ALOAD 48
C COMPUTE THE LINE LOAD ALOAD 49
C ALOAD 50

65 SIG : POUT*PIRC**2-PIN*PI*RCI*2 ALOAD 51
XLINE : PI*(2*(RCI+RCO)) ALOAD 52
ZF : SIGiXLINE ALOAD 53
ZF : -ZF ALOAD 54
WIN : 2*NABF+NABT ALOAD 55

70 11 : NADET(NIN) ALOAD 56
C MUST ADD I TO 11 FOR VERTICAL D.O.F. ALOAD 57

BBA(II+I) : BBA(II+I)+ZF*2*PI*RCI ALOAD 58
BA(II+I) : BBA(II+I) ALOAD 59
NOUT : 2*(NABF+NABT) ALOAD 60

75 II : NADET(NOUT) ALOAD 61
33A(II+1) :=BBA(II+1)+ZF*2*PI*RCO ALOAD 62
BA(II+) : BBA(IIl) ALCAD 63

C HAVE NOW COMPUTED THE LOAD VECTOR COMPONENTS DUE TO EXTERNAL ALOAD 64
C PRESSURE NOW COMPUTE THE THERMAL EXPANSION LOADS. ALOAD 65

80 C ALOAD 66
C ALOAD 67
C NOW COMPUTE THE RADIAL PRESSURE LOADS ALOAD 68
C ALOAD 69

START : 2*NABF ALOAD 70
85 FRO : PI*2.0*RCO*POUT ALOAD 71

FRI : PI*2.0*RCI*PIN ALOAD 72
KIN : NSTART ALOAD 73
KOUT : NIN ALOAD 74

DO 110 I:iNART ALOAD 75
90 KIN : KIN+i ALOAD 76

KOUT : KOUT+1 ALOAD 77
II : NADET(KIN) ALOAD 78
III : NADET(KIN+1) ALOAP 79
IJ : NADET(KOUT) ALOAD 80

95 IJJ : NADET(KOUT+I) ALOAD 81
FI : FRI*(YACF(KIN+I)-YACF(KIN))/2.O ALOAD 82
FO : -FRO*(YACF(KOUT+I)-YACF(KOUT))/2.0 ALOAD 83
BBA(II) = BBA(II)+FI ALOAD 84
BA(II) : BBA(II) ALOAD 85

100 BA(III) : BBA(Ii)+FI ALOAD 86
BA(III) : BBA(III) ALOAD 87
BBA(IJ) : BBA(IJ)+FO ALOAD 88
BA(IJ) : BBA(IJ) ALOAD 89
BBA(IJJ) : BBA(IJJ)+FO ALOAD 90

105 BA(IJJ) : BBA(IJJ) ALOAD 91
I10 CONTINUE ALOAD 92
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110

115

t

t
c

120

125

130

135

140

145

120 CONTINUE
BIGT : 0.0

DO 130 I:1,4
BIGT : BIGT+RBR(I)

130 CONTINUE
DO 310 K:I,NTAE

C
IF (NKN.EQ.2) GO TO 180

C CALL TERP FOR ALPHA USING THE WEIGHTED TEMPERATURES TW(K)
C

IF (K.GT.NAEF) GO TO 160
LA : (K+3)/4
IT : 4*LA
BIG : 0.0

DO 150 I:1,4
FAC : RBRA(IT-I+I)/BIGT
TWW : TWI(T-I+l,NEW)
TWC : (TWW-32.)/I.8

C DEGREES K FOR CALLS TO MATPRO ROUTINES
TWK : TWC+273.15
ALPHA : FTHEXP(TIK 0)
IF (IRZ.GT.I) GO T 140
THET : ALPHA*FAC
BIG : BIG+THET
GO TO 150

140 CONTINUE
ALPHI : ALPHA
TLD : iTW(IT-I+I,NOLD)-32.)/l.8+273.15
ALPHI = FTHEXP(TLD 0)
THET : (ALPHI-ALPH )*FAC
BIG : BIG+TiIET

150 CONTINUE
THET : BIG
GO TO 180

160 CONTINUE
TWW : TW(KNEW)
TWC : (TWW-32.)/i.8
TNK : TWC+273.15
CALL CTHEXP (TWK,ALPHA,0.0)
IF (IRZ.GT.I) GO TO 170
THET : ALPHA
GO TO 180

170 TLD : (TW(KNLD)-32.)/.8+273.15
ALPHI : ALPHA
CALL CTHEXP (TLDALPH2,0.0)
THET : ALPHI-ALPH2

180 CONTINUE
IF (NKN.EQ.2) THET : 0.0
IF ;NKN.EQ.I) GO TO 240

C
C COMPUTE BOUNDARY LIMITS rOR AVERAGING OF FINE MESH CREEP RESULTS
C
C COMPUTE FUEL FIRST THEN CLAD

ALCAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
LOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
RLOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALOAD
ALGAD

ISO

155
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94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
III
112
113
S14
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

i

i

i

i

t
f
t
I
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160 C ALOAD 146
IF (K.GT.NAEF) GO TO 190 ALOAD 147
LA : (K+3)/4 ALOAD 148
LLI : (NF-I)*2-3 ALOAD 149
LL2 : (NF-I)*2 ALOAD 150

165 GO TO 200 ALOAD 151
190 CONTINUE ALOAD 152

LA : (K+3)/4-NAEF/4 ALOAD 153
LLI : NOELF+I ALOAD 154
LL2 : NOEL ALOAD 155

170 200 CONTINUE ALOAD 156
DO 230 1:1,4 ALOAD 1;7
AVCRP(I) : 0.0 ALOAD 158
TA : 0.0 ALOAD 159

DO 210 JK:LLI,LL2 ALOAD 160
175 TA : ARE(JK)*RBR(JK)+TA ALOAD 161

210 CONTINUE ALOAD 162
DO 220 JK:LLI,LL2 ALOAD 163
AVCRP(I) : AVCRP(I)+TCRP(I,JK,LA)*ARE(JK)*RBR(JK)/TA ALOAD 164

220 CONTINUE ALOAD 165
180 230 CONTINUE ALOAD 166

C ALOAD 167
240 CONTINUE ALOAD 168

PR : 2*PI*ARAA(K)*RBRA(K) ALOAD 169
C ALOAD 170

185 DO 270 1:1,6 ALOAD 171
THERM(I) : 0.0 ALOAD 172
SUM : 0.0 ALOAD 173

DO 250 J:1,3 ALOAD 174
5 : PR*XLOADA:t,J,K)*THET ALOAD 175

190 SUM :5UM+S ALOAD 176
250 CONTINUE ALOAD 177
C ALOAD 170
C ADD CREEP STRAIN TO LOAD VECTOR ALOAD 179
C ALOAD 180

195 SCUM : 0.0 ALOAD 181
DO 260 J:1,4 ALOAD 182
SC : PR*XLOADA(I,J,K)*AVCRP(J) ALOAD 183
SCUM : SCUM+SC ALOAD 184

260 CONTINUE ALOAD 185
200 SUM : SCUM+SUM ALOAD 186

THERM(l) : SUM ALOAD 187
270 CONTINUE ALOAD 188
C ALOAD 189

DO 280 1:1,3 ALOAD 190
205 THETAX(I K) : THET ALOAD 191

IF (NKN.tQ.I.AND.ISSTOP.EQ.1) THXSV(I,K) : THETAX(I,K) ALOAD 192
280 CONTINUE ALOAD 193
C ALOAD 194

THETAX(4,K) : 0.0 ALOAD 195
210 C ADD CREEP STRAIN TO STRESS CORRECTION TERM ALOAD 106

C ALOAD 198
DO 290 1:1,14 ALOAD 198
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THETAX(IK) : THETAX(1,K)+AVCRP(I) AL3AD 199
290 CONTINUE ALOAD 200

215 C NON COMPUTE THE CORRECT D.O.F. AND POSITION IN THE LOAD ALOAD 201
C ALOAD 202

NNAi() : AELM(I,K) ALOAD 203
NNA(2) : AELM(2,K) ALOAD 204
NNA(3) : AELM(3,K) ALOAD 205

220 C ALOAD 206
DO 300 1:1,3 ALOAD 207
J : 2*1-1 ALOAD 208
NNI : NNA(I) ALOAD 209
11 : NADET(NNI) ALOAD 210

225 BBA('I) : BBA(II)+THERM(J) ALOAD 211
DAMI" : BBA(II) ALOAD 212
BBA(II+l) : BBA(!I+I)+THERM(J+1) ALOAD 213
BA(11+1) : BBA(II+1) ALOAD 214

300 CONTINUE ALOAD 215
230 310 CONTINUE ALOAD 216

C ALOAD 217
C ZERO OUT BOUNDARY CONDITIONS ALOAD 218

IBN(l) : I ALOAD 219
IDN(2) : NABF+I ALOAD 220

235 IDN(3) : NABF*2+1 ALOAD 221
IBN(4) : NABF*2+NABT+t ALOAD 222

DO 320 I:I,4 ALOAD 223
LOUT : IBNi) ALOAD 224
II : NADET(IOUT)+1 ALOAD 225

240 8f(11) : 0.0 ALOAD 226
BBA(II) : b.Q ALOAD 227

320 CONTINUE ALOAD 228
DO 330 I:I,NABF ALOAD 229
NI : NADET(I+NABF)+1 ALOAD 230

245 J : 2*NABF+I ALOAD 231
N2 : NADET(J)+l 'LOAD 232
BBA(NI) : BBA(NI)+BBA(N2) LOAD 233
BBA(N2) : 0.0 P.LOAD 234
BA(NI) : 88A(NI) ALOAD 235

250 BA(N2) : 0.0 ALOAD 236
330 CONTINUE ALOAD 237
C ALOAD 238

RETURN ALOAD 239
END ALOAD 240

SYMBOLIC REFERENCE "AP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 ALOAD I 253

'I
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VARIABLES
0 REIN
2 ALPHA

1071
1073

0
0

1127

ALPHI
ALPH2
ARAA
ARE
AVCRP

o BA

0 BBA

1063
1057

0
14
33
34

5
6
0
0

102
56

1064
1055
55

1056
35

1041
1046

0
1040

57
1123

103
67
42
60
5

1044

105
1053

DIG
BIGT
CA
COMP
CP
CR
DELR
DELZ
DELZA
E
EAX
ERAD
FAC
Fl
FLXR
FO
FRDEN
FRI
FRO
HF
I

I ADJ
IBN
ICNG
ICNT
ICRPP
I CUT
IDF
II

III
IJ

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
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RELOCATION
ARRAY F.P.

LASTIC

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F.P.

F.P.

F.P.
GFIPAR
L .TITS
LIMITS
GEOPAR
GEOPAR
BA
LASTIC
BA
BA

BA

LIMITS

FEP

LIMITS

FEP
LIMITS
LIMITS
LIMITS
LIMITS

INTEGER
INTEGER

RtFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
103

REFS
100
227
968

248
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
186
223
121

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*226

92
REFS
REFS

28
25
127
136
136
28
33
31
172
28
105
28

101
228
100

130
110
30
16
18
18
16
16
36
25
36
36
129
98
36
102
18
96
97
38
54
189
238
171
18
30
38
18
18
18
18

2*72
2*227
224
2*100
2*102

217
129

ls2
183
175
51
178

DEFINED
226
72
102

2*247
102

137
122

DEFINED

136
100

104

DEFINED
DEFINED

110
197
244
185

238

2*73
2*228
239

2*101
2*103

218
133

DEFINED
152

DEFINED
178
178

i
228
73
103
249
104

139
DEP I NED

DEFINED

DEFINED

DEFINED

I0/21/80

219
145

133
DEFINED

I
DEFINED

197

73
?40
76

104
DEF I NED

225

DEFINED
108

122
96

97

86
85

$22
201
245
204

DEFINED

2*76
240

DEFINED
!EFINED

123
205

DEFINED
212

233

2*77
241

93
94

PAGE 6

i
X50

DEFINED
147

150
135

213

77
249
77
105

227

120
110

99
250
96
225
72

241

101

99
226
76

247

137130

134
2*206

53
221

234

2*98
DEFINED

172
3*213

89
237

235

2*99
70

3*178
222
109
243

236

2*225
75
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VARIABLES
1054 IJJ
1107 LOUT
40 IPLAS
73 IPLEND
71 IRAKL
75 IRZ
74 ISP
37 ISSTOP
3 STOP

53 ISTRT
1062 IT

54 ITER
63 ITI

4 ITPI
5 ITP2

1102 1

24
1077
1060

12
1050

10
2

1051
66
55
45
44
46
36

1061
1074
1075
52
43
56
17
16

JAM
JK
KR

KA
KIN
KKA
KKZZZ
KOUT
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
LA
LLI
LL2
MAXA
MAXT
MCUD
NABC
NABF

31 NABF2
20 NAST
0 NAUTD

32 NABT2
0 NAD2D
0 NADET

21
22
I1
13

NAEC
NAEF
NARC
NARF

SN TYPE
NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION'

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
FEP
BA

BA
LIMITS
TAPES
TAPES

LIMITS

LIMITS

GEOPAR
FEP

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

*UNUSED

ARRAY

LIMITS
LIMITS
F.P.

LIMITS
F.P.
F.P.

LIMITS
LIMITS
LIMNIS
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

REFS
REFS
REFS2* '83
1.8

REPS
REPS
REPS
REPS
REPS
REPSREFS
REFS
REFS
REFS
REFS
REPS

REFS
REFS
REFS
REFS
REPS
REFS
REFSEFSND
REFS
REFSREFSREPS

R26
DEP I NED

REFS
REFS
REFS
2241
REPS
REPS
REPS
REPS

2*104
239
18
18
18
18
18
18
38
36
122
36
18
27
27
189
188
!8

2*175
117
189
219
18
90
16
38
91
18
18
18
18
18
1e

119
174
174
18
18
18
18
18

243
18
18

I
18
32
28

239
18
l8
18
1e

2* 105
DEFINED

DEFINED
238

126

123

2*197
196

3*178
118
197

DEFINED

92

178
177
177

57
244

57

DEFINED
70

244

117

134 DEFINED 119

227
245

DEFINED
142
205
112

174
149

2*206

177
161
209

2*96 DEFINED

2*97 DEFINED

DEF I NED
DEF I NED
DEFINED

69
245

69

I
75

246

161

118
163
164

74

74

92
DEFINED

162
168
169

236

93
I

167

162
2*213

167
217

87

88

90

91

167

234 235

9Q4 95
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VARIABLES
15 MART
25 NAXBT
26 NAXB2
27 NAXB4
I NC

52 NCNN
51 NCONN
50 NC.
7 NE'0T

53 NEW
10 NE4FP
II NEWT
0 NF
6 NFF

30 NFFI
0 NFFID

47 NFF2
51 NF4

0 NIN
41 NKN
54 NMX
50 NN

1120 NNA
1106 NNI

2 NOEL
4 NOELC
0 MOELD
3 NOELF

65 NOLD
I NOUT
2 NSCRI
3 NSCR2

1045 NSTART
I NT

23 NTRE
0 NTAED
57 NTOLD

1150 Ni
1111 N2

13 PDEL
0 Pt

I1
54
56
12
55

1100
0

72
0
0
2

PIN
PINOLD
POLD
POUT
POUTLD
PR
RA
RAKSUM
RBRA
RORA
RCI

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
BA
BA
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
L I HITS
F.P.
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
BA

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

LIMITS
LIMITS
F.P.
LIMITS
LIMITS
TAPES
TAPES
TAPES

FEP
LIMITS
F.P.

FEP

GEOPAR
CONTNT

GEOPAR
FEP
FEP
GEOPAR
FEP

F.P.
LIMITS
F.P.
F.P.

GEOPAR

89REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
1EFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
183

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

18
18
18
18
18
36
36
18
18
18
18
18
18
18
18
32
18
18
27
18
18
36
30

224
18
18
31
18
18
27
27
27
87
38
18
28
38

2*247
247

16
26

16
38
38
16
38

189
28
18
33
28
16

DEFINED

217

142

164

1

69
155

218

123

163

DEFINED

70
56

223
DEF I NED

169

32
168
134
75

DEFINED

52
DEFINED

88
114

DEFINED
223

DEFINED

149
DEFINED

206

I

57 74

112
I

DEFINED
250

244
DEFINED 246

66

86

85

762*65

65

65

197
DEFINED

175
110
65

85 86

183DEFINED
1

178
122
66

DEFINED
183
72

I
DEFINED

86
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SUBROUTINE ALOAD

VARIABLES SN TYPE
3 RCO REAL
0 RD REAL
4 RDOLD REAL
0 RFI REAL
I RFO REAL

70 RRAKR REAL
30 RRSIN REAL

1103 5 REAL
1105 SC REAL
1104 SCUM REAL
1041 SIG REAL

64 STEP REAL
104 STEPS REAL

1101 SUM REAL
1076 TA REAL

0 TCRP REAL
i12 THERM REAL

1070 THET REAL

0 THETAX REAL

0 THXSV REAL
61 TIIIEC REAL
62 TIME REAL

1072 TLD REAL
4 TREF REAL
0 TSTSR REAL
0 TN REAL

1066 TWC REAL
1067 T1K REAL
1065 TMM REAL
1042 XLINE REAL

0 XLOADA REAL
i XNU REAL
0 Y REAL
0 YACF REAL
7 ZDEL REAL

1043 ZF REAL

EXTERNALS TYPE
CTHEXP
FTHEXP REAL
MOVEKA

STATEMENT LABELS
0 100
0 110

225 120
0 130

317 140
344 150
353 160

76/176 OPT:0 TRACE

RELOCATION
GEOPAR

ARRAY F.P.
ARRAY FEP

GEOPAR
GEOPAR
LIMITS

ARRAY FEP

LIMITS
FEP

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARGSR
3
13

3

DEF LINE
55

106
107
III
132
138
141

F.P.

F.P.

F.P.
LIMITS
LIMITS

GEOPAR
F.P.
F.P.

F.P.
LAST IC
F.P.
F.P.
GEOPAR

REFERENCES
145
127
5,

REFERENCES
53
89
56

109
128
121
117

STATIC

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
139

REFS
209

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
!EFS
REFS
REFS
REFS

FTN 4.8+508

16
32
38
16
16
18
38

190
198
198
67
18
38

190
175

31
28

130
147
30

213
34
18
18

135
16
32
28

1
126
127
124
67
28
25
32
28
16
68

65
DEF I NED

DEF I NED
DEFINED

200
DEFINED

200
178
178
225
137
152
52

DEFINED

151

DEFINED
123

144
145
143

DEFINED
189

DEFINED
2*96

72

10/21/80 14.32.27

66
I

189
197

DEFINED
65

201
DEFINED
DEFINED

227
189
154
206

DEFINED

134

DEFINED
DEFINED
DEFINED

66
197

I
2*97

76

76

'95

DEFINED
173

DEFINED
205

213

206

142

124
126
123

DEFINED

DEFINED

DEFINED

85

198

187
'75

54
DEFINED

DEFINED

149

149

143
144
142

I

D

151
135
52

131

PAGE

190

186
129

1

200

201
136

205

68

6

67
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STATEMENT LABELS
400 170
417 180
445 190
457 20"

0 210
0 220
0 230

520 240
0 250
0 260
0 270
0 280
0 290
0 300
0 310
0 320
0 330

DEF LINE
140
153
166
170
176
179
180
182
191
199
202
207
214
229
230
242
251

REFERENCES
146
114
161
165
174
177
171
155
188
196
185
204
212
221
112
237
243

LOOPS
24

137
231
241
260
461
467
500
526
534
555
605
630
655
730
747

LABEL
100E
110
130
310
150
230
210
220
270
250
260
280
290
300
320
330

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
BA
FEP

INDEX
I
I
I
K
I
I
JK
JK
I
J
J
I
I
I
I
I

LENGTH

62
3

1

6
86
69

FROM-TO
53 55
89 106

109 111
112 230
121 138
171 80
174 176
177 179
185 202
188 191
196 199
204 20
212 214
221 229
237 242
243 251

LENGTH

658
68

4518
678
368

78
148
558
158
58
178
78

328
158
305

PROPERTIES
INSTACK

OPT
INSTACK

INSTACK
OPT

OPT
OPT
OPT

INSTACK
OPT
OPT
OPT

EXT
EXT
NOT

REFS
REFS
INNER

NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

140 148

LENGTH
USED

1227B
3608

663
240
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SUBROUTINE ASOLVE (BA,BBA,NADETAK,TN,BASAVE) ASOLVE 2
C ASOLVE 3

COMMON /PNTPNL/ IFIRST, IAELM, IAK, IARAA, IARE, 158, IBA, IBASAV, BASE, PELPT 2
+ ISBB,IBBA,IBBSV ICAICC,ICRATE,ICRPGIDISP IDISPC IDSPSV, PELPT 3

5 + IEFSTR,IELM,IELSTN,ILSTNA,ILSTRA,IELSTR IPSLA,IEP$LMIESTNV PELPT 4
+ IESTSV,JIIJ,IIP05,IKSAUE,INADETINDC,INF INDTINODET,IOLDS&, PELPT 5
+ IPSSRT,IPSSV,IPSTSIR,IRA,IRBRIRBRA,IRD,ISTRESISTRSA,ITCB, PELPT 6
+ ITCRP ITEC ITEF,ITELM,ITFB,ITHET ITHTAX,ITHSARITHXSV,ITME, PELPT 7
+ ITSTNi ITSISR,1TV, TN,IXKT,IXLOAb,IXLODA,IXRD, PELPT 8

10 +IY,IYACFIZ ILAST PELPT 9
COMMON /GEOIAR/ RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL,KKA,PIN,POUT,P PELCOM 2
+DEL,COMP PELCOM 3
COMMON/LIMITS/ NF NC, NOfL, NOELF, NOELC, IDF, NFF, JETOT, NE PELCOM 4

+WF, NEWTKA,NARF,NARC,NART NABFNABC NABT,NAEC,NAEF,I =,JAM,NAXBT, PELCOM 5
15 +NAXB2,NAXB4,NFFI,NABF2,NABT2, CACRFRDEN,KZI,ISS PIPLAS,NKN PELCOM 6

+, ICRPA MAXT,KRNCHKRNCHC,KRNCHT,NFF2,NCNP4,,MAXA,NEII, N PELCOM 7
+MX,KRNCHMCUDIADJ,ICUT,TIMEC,TIMEF,ITISTEPNOLD PELCOM 8
+, KPLAS, CNT,RRAKR,IRAK,RAKSUM,IPLEND, IP PELCOM 9
+,IRZ PELCOM 10

20 COMMON /LASTICi E,XNU,ALPHA PELCOM 11
COMMON /CONTNT/ PI PELCOM 12
COMMON /TAPES/ NIN,NOUT,NSCRI,NSCR2,ITPI,ITP2 PELCOM 13
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2

+ ERAD(20), EAX(20) COMC 3
25 COMMON/FEP/HHF,NT,KKZZZ,ISTOP,RDOLD(20),RRSIN(20) COMC 4

+,PINOLD,POUTLDPOLD,NTOLD(20) COMC 5
+ ,ICHNG, STEPS COMC 6

DIMENSION AK(l) ASOLVE 7
DIMENSION NADET(I), BBA(l), BA(I) ASOLVE 8

30 DIMENSION BASAVEI) ASOLVE 9
COMMON / FAST / D(I) ASOLVE 10
COMMON / PRSSV / PRSINC(20), PRSS(20) ASOLVE I1

C ASOLVE 12
C ASOLVE IS CALLED FROM PELET ASOLVE 13

35 C ASOLVE 14
C PRS1NC - INCREMENTAL CHANGE IN PELLET-CLAD INTERFACIAL PRESSURE ASOLVE 15
C DELZA - LENGTH OF AXIAL REGION A50LVE 16
C BA - DISPLACEMENT ARRAY OR LOAD ARRAY ASOLVE 17
C BBA - AXIAL MODEL LOADS ASOLVE 18

40 C ASOLVE 19
C PSEUDO-ELASTIC LOAD STEP. ASOLVE 20

IF (IRAK.NE.I) G0 TO 120 ASOLVE 21
DO 100 KK:I,NTAE ASOLVE 22
IBAS : (KK-U)*4+ITHXSV-I ASOLVE 23

45 IBASTH : (KK-1)*4+ITHTAX-I ASOLVE 24
DO 100 JJ:1,4 ASOLVE 25
D(IBASTH+JJ) : D(IBAS+JJ)*(I.-RRAKR) ASOLVE 26

lCD CONTINUE ASOLVE 27
DO il0 J:l,NAXB4 ASOLVE 28

50 BA(J) : BASAVE(J)*(I.-RRAKR) ASOLVE 29
110 CONTINUE ASOLVE 30

GO TO 150 ASOLVE 31
120 CONTINUE ASOLUE 32

SUBROUTINE ASOLVE 10/21/00 14.32.27 PAGE I
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CALL MOVEKA (0,BA NAXD4) ASOLVE 33
55 CALL MOVEKA (0,BBA,NAXD4) ASOLVE 34

CALL MOVEKA (0,D(ILSTRA),4*NTAE) ASOLVE 35
CALL MOVEKA (0,D(ILSTNA),4*NTAE) ASOLVE 36
IF (NKN.EQ.2) GO TO 140 ASOLVE 37

C ADD IN RADIAL LOADS FROM RADIAL MODEL EST, OF INTERFACIAL PRESSURE ASOLVE 38
60 DO 130 1:1 NARF SOLVE 39

III : I+NAbF+i SOLVE 40
II : IlIl-1 ASOLVE 41
INN : NADET(III) ASOLVE 42
IN : NADET(II) ASOLVE 43

65 JJ : III+NABF ASOLVE 44
ICNN : NADET(JJ) ASOLVE 45
J : II+NABF ASOLVE 46
ICN : NADET(J) ASOLVE 47
RLOD : PRSINC(I)RRFO*PI*DELZA(I) A50LVE 48

70 DDA(INN) : BBA(INN)-RLOD ASOLVE 49
BBA(IN) = BBA(IN)-RLOD ASOLVE 50
BA(INN) : BA(INN)-RLOD ASOLVE 51
BA(IN) : BA(IN)-RLOD ASOLVE 52
BBA(ICNN) : BBA(ICNN)+RLOD ASOLVE 53

75 BBA(ICN) : BBA(ICN)+RLOD A50LVE 54
BA(ICNN) : BA(ICNN)+RLOD ASOLVE 55
BA(ICN) : BA(ICN)+RLOD ASOLVE 56

130 CONTINUE ASOLVE 57
140 CONTINUE ASOLVE 58

80 CALL ALOAD (D(IAELM),D(IARAA),D(IBA) i)(INADET),D(IRBRA) D.IRA),TN, ASOLVE 59
+D(ICA),D(ITHTAX),D(IXLODA),D(IYACF),(ITCRP),NOEL,NTAE,(IBBA),NAB ASOLVE 60
+T,D(IME),D(IRBR),D(ITSTSR),D(IRD),D(IY),NFFI,NABT2,D ITHXSV)) ASOLVE 61

150 CONTINUE ASOLVE 62
C SAVE CONVERGED LOAD VALUES ASOLVE 63

85 IF (NKN.NE.I.OR.ISSTOP.NE.I) GO TO 170 ASOLVE 64
DO 160 I:INAX4 ASOLVE 65
BASAVEI) : BA(I) ASOLVE 66

160 CONTINUE ASOLVE 67
170 CONTINUE ASOLVE 68

90 C CALL SOLUTION ROUTINE (BA:LOAD ARRAY GOING IN,:DISPLACEMENT ARRAY ASOLVE 69
C COMING OUT) ASOLVE 70

MUD : 25 ASOLVE 71
IF (NAXB4.LT.37) MUD : NAXB4-I ASOLVE 72
IOP : I ASOLVE 73

95 CALL DMCHB (DAAK,NAXB4,I,MUD,I0 I.E-14) ASOLVE 74
C RETRIEVE DISPLACEMENTS OF FUEL NODE$ IN CONTACT ASOLVE 75

DO 180 I:1,NABF ASOLVE 76
NI : NADET(I+NABF)+I ASOLVE 77
JJ : 2*NABF+I ASOLVE 78

100 N2 = NADET(JJ)+I ASOLVE 79
BA(N2) : DA(NI) ASOLVE 80
BBA(N2) : BBA(NI) ASOLVE 81

180 CONTINUE ASOLVE 82
CALL ASTRES (D(IAELM),D(IBA) D(IDISP),D(ILSTRA),D(ILSTNA),DIPSLA) ASOLVE 83

105 +,D(INADET),D(ISTRSA),DDICA),b(ITHTAX),NAX84) ASOLVE 8'
RETURN ASOLVE 85
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END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 ASOLVE

VARIABLES
o AK
2 ALPHA
0 BA

0
0

14
33
34

0

5
6
0
0

102
56
55
35
0

442

57

2
3
4
6

436
7
10

437
12
13
14
15

103
450
447

BASAVE
PHA

COMP
CP
CR
D

DELR
DELZ
DELZA
E
EAX
ERAD
FLXR
FRDEN
HHF
I

I ADJ
IAELH
IAK
IARAA
I ARE
I BA
IBAS
IBASAV
I BASE
IBASTH
I BBA

ICA
ICC
ICHNG
ICN
I CNN

DEF LINE

SN TYPE
RE'gL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

REFERENCES
106

RELOCATION
ARRAY F.P.

LASTIC
ARRAY F.P.

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

F. P.
F.P.

GEOPAR
LIMITS
LIMITS
FAST

GEOPAR
GEOPAR
BA
LASTIC
BA
BA
BA
LIMITS
FEP

LIMITS
ONTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
FEP

ASOLVE 86

95

54
DEFINED

50
55
70

47

DEFINED

72

DEFINED
70
71

56

71,
73

73
50

I
71
74

57

87
76

76
72

87
74
75

18*80

75
102

10X104

69

REFS
REFS
REFS

95
77

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

28
20
29

101
101
-3
29
I'

13
13
31
47
11
I
23
20
23
23
23
13
25
61
60
13
3
3
3
3
3

47
3
3

47
3
3
3
3

25
2*75
2*74

2*87
97

98 99

104

104
44

2*69
86

80

80
80
80

DEFINED

DEFINED
80

80

2*77
2*76

104

DEFINED
DEFINED

68
66
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VARIABLES
67 ICNT
16 ICRATE
17 ICRPG
42 ICRPP
60 ICUT
S IDF

20 IDISP
21 IDISPC
22 IDSPSV
23 IEFSTR
24 IELM
25 IELSTN
30 IELSTR
32 IEPSLM
33 IESTNV
34 IESTSV
0 FIRST

444 11
443 ill
36 IIPOS
37 IKSAVE
106 ILAST
26 ILSTNA
27 ILSTRA

446 IN
40 INADET
41 INDC
42 INDF
43 INDT

445 INN
44 INODET
45 IOLDSE

453 lOP
40 IPLAS
73 IPLEND
31 IPSLA
46 IPSSRT
47 1 iV
50 !PSTS
51 IR
52 IRA
71 IRAK
53 IRBR
54 IRBRA
55 IRD
75 IRZ
5 IS

1I IS8
74 ISP
37 ISSTOP
3 ISTOP

56 ISTRES
57 ISTRSA

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
PNTP4L
PNTPNL
LIMITS
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTFNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL

LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
FEP
PNTPNL
PNTPNL

REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

13
3
3

13
13
13
3
3
3
3
3
3
3
3
3
3
3

64
62
3
3
3
3
3

2*71
3
3
3
3

2*70
3
3

95
13
13
3
3
3
3
3
3

13
3
3
3

13
3
3

13
13
25
3
3

104

67
63

57
56
2*73
80

DEFINED
65

104
104

DEFINED
0'

2*72 DEFINED

DEFINED

104

80
42
80
80
80

85

62
DEFINED 61

63
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VARIABLES
53 ISTRT
60 ITCB
61 ITCRP
62 ITEC
63 ITEF
64 ITEM
54 ITER
65 ITFP
66 ITHET
70 ITHSAV
67 ITHTAX
71 ITHXSV
63 ITI
72 ITKE

4 ITPI
5 ITP2

73 ITSTNR
74 TSTSR
75 ITU
76 ITN
77 IXKT
100 IXLOAD
101 IXLODA
102 IXRD
103 IY
104 IYACF
105 I2
441 J
24 JAM
35 JIIJ

440 JJ
12 Kf

435 KK
10 KKA
2 KKZZZ

66 KPLAS
55 KRNCH
45 KRNCHC
44 KRNCHF
46 KRNCHT
36 KZ1
52 MAXA
43 MAXT
56 MCUD
452 MUD
17 NABC
16 NABF
31 NA3F2
20 NABT
32 NABT2
0 NADET

21 NAEC

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I4TEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
BA
PNTPNL
PNTPNL
Pt TPNL
PNPNL
PN1PNL
BA
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
TAPES
TAPES
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

LIMITS
PNTPNL

LIMITS

GEOPAR
FEP
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

ARRAY

INTEGER

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS

80

REFS
REFS
REFS
REF3
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

23
3
3
3
3
3

23
3
3
3
3
3

13
3
22
22
3
3
3
3
3
3
3
3
3
3
3

2*50
13
3

?*47
13
44
11
25
13
13
13
13
13
13
13
13
13
95
13
13
13
13
13
29
1

13

10445
44

80

80

80
80

68

66

DEFINED

61

80
80

DEF I NED

100

DEFINED

92

65

67

65 c9

49

DEFINED

43

93

67

80
80
63

9897

6866

D9

98 100
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VARIABLES
22 NAEF
14 NARC
13 NARF
15 HART
25 NAXBT
26 NAXB2
27 NAXB4

52
51
50
7

53
10
I
0
6

30
47
51
0

41
54
50
2
4
3

65

2
3

23
57

454
455

13
0

II
54
56
12
55
0

24
72
2
3
4
0

451

MCN
NCNN
NCONN
NC4
NETOT
NEW
NEWF
NEWT
NF
NFF
NFFI
NFF2
NF4
NIN
NKN
NMX
NN
NOEL
NOELC
NOELF
MOLD
NOUT
NSCRI
NSCR2
NT
NTAE
TOLD
NI
N2
PDEL
PI
PIN
PINOLD
POLD
POUT
POUTLD
PRSINC
PRSS
RAKSUH
RC I
RCO
RDOLD
RF I
RFO
RLOD

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

ARRAY

ARRAY
ARRAY

ARRAY

LIMITS
BA
BA
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAFES
LIMITS
LIMITS
BA
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES
TAPES
FEP
LIMITS
FEP

GEOPAR
CONTNT
GEOPAR
FEP
FEP
GEOPAR
FEP
PRESS
PRSSV
LIMITS
GEOPAR
GEOPAR
FEP
GEOPAR
GEOPAR

60

49 55 86 2*93 95

REFS
REFS
REFS
REFS
REFS
REFS
REFS

104
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

13
13
13
13
13
13
13

13
23
23
13
13
13
13
13
13
13
13
13

:322
13
13
23
13
13
13
13
22
22
22
25
13
25

101
101

11
21
1I
25
25
Ii
25
32
32
13
11
11
25
1I
11
70

85

80

58

80

43

102
102

56

DEFINED
DEFINED

57 80

98
100

69

69

69
71 72 73 75 76
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SUBROUTINE ASOLVE

VARIABLES

70
30
64

104
61
62
4
0
I
7

RRAKR
RRSIN
STEP
STEPS
TIMEC
TIHEF
TREF
TN
XNU
ZDEL

SN TYPE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC FTN 4.8+508

RELOCATION

ARRAY
LIMITS
FEP
LIMITS
FEP
LIMITS
LIMITS
GEOPAR

F.P.
LAST IC
GEOPAR

77
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
13
25
13
25
13
13
11
80
20
1I

69
47

DEFINED
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50

1

EXTERNALS
ALOAD
ASTRES
DHCHB
MOVEKA

STATEMENT LABELS
0 100
0 110

55 120
0 130

175 140
235 150
0 160

253 170
0 180

LOOPS
I4
26
44

104
244
272

LABEL
100
100
110
130
160
180

COMMON BLOCKS
PNTPNL
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
BA
FEP
FAST
PRSSV

TYPE ARGS
24
11
7
3

DEF LINE
48
51
53
78
79
83
88
89

103

INDEX
KK
JJ
J
I
I

LENGTH
71
13
62
3
6
6

86
69
0

40

FROM-TO
43 48
46 48
49 51
60 78
86 88
97 103

REFERENCES
80
104
95
54

REFERENCES
43
49
42
60
58
52
86
85
97

LENGTH
268
118
78
70B
68
238

55

PROPERTIES
NOT INNER

INSTACK
INSTACK

OPT
INSTACK

OPT

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

140000B SCM

56 57

LENGTH
USED

5058
5408

325
352
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SUBROUTINE ASTRES (AELM,BA.DISPA,ELSTSA,ELSTNA,EPSLA,NADET,STRSA,C ASTRES 2
+A,THETAXNAXBTD) ASTRES 3

C ASTRES 4
C PURPOSE OF THIS SUBROUTINE IS TO COMPUTE THE STRESSES AND ASTRES 5

5 C STRAINS IN THE AXIAL FUEL MODEL FOR BOTH THE FUEL AND THE CLAD ASTRES 6
C ASTRES 7
C ASTRES IS CALLED FROM ASOLVE ASTRES 8
C ASTRES 9

COMMON / AXL / SUMM, SUMFF SUMSAV GROW ASTRES 10
10 COMMON /GEOPiR/ RFI,RFO,RCI,RCOTRtF,DELRDELZ,ZDEL,KKA,PIN,POUT,P PELCOM 2

+DEL,COMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4

+WF,NEWT,KA,NARF,NARCNART NABF,NABC,NABT,NAEC,NAEF,NTAE,JAM, NAXBT, PELCOM 5
+NAXB2,NAXB4,NFFI,NABF2 NABT2, CPCRFRDEN,KZI,ISSTOPIPLASNKN PELCOM 6

15 +,ICRPP MAXT,KRNCHFKRNLHCKRNCHT,NFF2,NC4,NF4,MAXA,NEW, N PELCOM 7
+MX,KRNH,MCUD,IADJ,ICUT,TIMEC,TIMEFITISTEPNOLD PELCOM 8
+, KPLAS,ICNTRRAKRIRAK,RAKSUM,IPLEND, IP PELCOM 9
+,IRZ PELCOM 10
COMMON /LASTIC/ E XNU,ALPHA PELCOM 12

20 COMMON /CONTNT/ P1 SELCOM 12
COMMON /TAPES/ NIN,NOUTNSCRI,NSCR2,ITPI ITP2 iELCOM 13
DIMENSION AELM(3,flb NN(3), NADETUI, DI Pi6, BAI), EPSLA(4,6,1) ASTRES 12

+, STRSA(4,6,l), ELSTNA(4,I), ELSTSA(4,) ASTRES 13
C ASTRES 14

25 DIMENSION CA(4,4,1), THETAX(4,n, DISPA(NAXBTD) ASTRES IS
C ASTRES 16
C ELSTSA - INCREMENTAL ELEMENT STRESSES ASTRES 17
C ELSTNA - INCREMENTAL ELEMENT STRAINS ASTRES 18
C AELM - INCREMENTAL AXIAL ELEMENT NODE NUMBERS ASTRES 19
C ASTRES 20
C ASTRES 21

DO 140 K:l,NTAE ASTRES 22
NN(l) : AELM(I,K) ASTRES 23
NN(2) : AELM(2,K) ASTRES 24

35 NN(3) : AELM(3,K) ASTRES 25
DO 100 1:1,3 ASTRES 26
J : I*2-1 ASTRES 27
NNI : NN(I) ASTRES 28
IN : NADET(NNI) ASTRES 29

40 DISP(J) : BA(IN) ASTRES 30
DISP(J+1) : BA(IN+1) ASTRES 31

100 CONTINUE ASTRES 32
C ASTRES 33

DO 130 1:1,4 ASTRES 34
45 5 : 0.0 ASTRES 35

55 : 0.0 ASTRES 36
DO 110 J:1,6 ASTRES 37

C ASTRES 38
C COMPUTE THE STRAINS ASTRES 39

50 C ASTRES 40
5 : S+EPSLA(I,J,K)*DISP(J) ASTRES 41

C ASTRES 42
C COMPUTE THE STRESSES ASTRES 43
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C

110
C
C
C

55 : SS+5TRSA(I,J,K)*DISP(J)
CONTINUE

ELEMENT STRAIN

C 5U8TRA

120

130
140
C
C
C

150
C
C
C

ELSTNA(IK) : 5
ICT OFF THERMAL STRESS

5IG0 : 0.0
DO 120 11:1,4
5IG0 : SIGO+CAdIII,K)*THETAX(II,K)
CONTINUE

ELSTSA(I,K) :=55-SIGO
CONTINUE

CONTINUE

RETAIN AXIAL DISPLACEMENTS OF THE TOP OF THE CLAD (SUMM) AND THE
TOP OF THE FUEL (SUtMFF)

IF (ISSTOP.NE.1) GO TO 150
SUMM : SUMM+DA(NAXB4)
IiANT = NADET(NABF2)+1
SUMFF : SUMFF+BA(INANT)
CONTINUE

HAVE NOW COMPUTED THE STRESSES AND STRAINS INT THE
AXIAL MODEL

RETURN

END

SYMBOLIC REFERENCE MAP (R:2'

ENTRY POINTS
4 ASTRES

VARIABLES
0 AELM
2 ALPHA
0 BA

0
14
33
34
5
6

174
0
0

CA
COMP
CP
CR
DELR
DELZ
DISP
DISPA
E

DEF LINE
i

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
80

RELOCATION
ARRAY F.P.

LASTIC
ARRAY F.P.

ARRAY

ARRAY
ARRAY

F.P.
GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR

F.P.
LASTIC

55

60

65

70

75

80

ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES
ASTRES

44
45
46
47
48
49
50
51

C3

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

33

40

34REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

35

73

22
19
22
1

25
10
12
12
10
10
22
25
19

DEFINED

DEFINED

75

51
DEFINED

55

i

DEFINED
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VARIABLES
0 ELSTNA
0 ELSTSA
0 EPSLA

35 FRDEN
3 GROW

160 1

57
67
42
60
5

167
163
40
73
71
75
74
37
63

4
5

170
161
24

157

12
10
66
55
45
44
46
36
52
43
56
?

16
31
20
32
0

21
22
14
13
15
25
0

26

I ADJ
ICNT
ICRPP
I CUT
I DF
II
IN
IPLAS
IPLEND
I RIK
IRZ
I SP
ISSTOP
ITI
ITPI
ITP2
WANT
J
JAM
K

KA
KKA
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
MAXA
MAXT
MCUD
MABC
NABF
NABF2
NABT
NART2
NADET
NAEC
NAEF
MARC
NARF
NART
NAXDT
NAXBTD
NAXB2

SN TYPE
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

LIMITS
AXL

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES

LIMITS

LIMITS
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

ARRAY F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

F.P.
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

66
REFS
REFS
REFS
REFS
REFS
REFS
RPSF
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

22
22
22
12
9

37
36
12
12
12
12
12

2*64
40
12
12
12
12
12
12
12
21
21
75
40
12
33

DEFINED
12
10
12
12
12
12
12
12
12
12
12
12
12
12
12
12
22
12
12
12
12
12
12
25
12

DEFINED
DEFINED

5'

38
44

DEFINED
41

DEFINED

51

63
DEFINED

60
66
1

55

39

72

DEFINED
41

34
32

74
2*51

35

2*55 DEFINED

51

7T

39

DEFINED

74 DEFINED

60

55

37

60

47

2*64
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VARIABLES
27 NAXBe4

i NC
50 NC4
7 METOT

53 NEW
10 NEWF
II NEWT
0 4F
6 NFF

30 NFFI
47 NFF2
51 NF4
0 NIN

41 NKN
54 PIX

171 MN
162 NI
2 NOEL
4 NOELC
3 NOELF

65 NOLD
I NOUT
2 NSCRI
3 NSCR2

23 NTAE
13 PDEL
0 PI

II PIN
12 POUT
72 RAKSUM
2 RCI
3 RCO
0 RFI
I RFO

70 RRAKR
164 S
166 SIGO
165 55
64 STEP
0 STRSA
I SUMFF
0 SUPit
2 SUMSAV
0 THETAX

61 TIMEC
62 TIKEF

4 TREF
I XNU
7 ZDEL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
LIMITS
LIMITS

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAP
GcuPAR
rEOPAR
LIMITS

ARRAY

ARRAY

LIMITS
F.P.
AXL
AXL
AXL
F.P.
LIMITS
LIMITS
GEOPAR
LASTIC
GEOPAR

STATEMENT LABELS
0 100
0 110

DEF LINE
42
56

REFERENCES
36
47

73REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

12
12
12
12
12
12
12
12
12
12
12
12
21
12
12
22
39
12
12
12
12
21
21
21
12
10
20
10
10
12
10
10
10
10
12
51
64
55
12
22
9
9
9

25
12
12
10
19
10

33 3438
DEFINED

35DEFINED
38

32

60
66
66

55
75
73

6y.

51
64
55

DEFINED
DEFINED
DEFINED

DEFINED
DEF I NED
DEFINED

DEFINED

45
62
46

I
75
73

I
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STATEMENT LABELS
0 120
0 130
0 140

156 150

DEF LINE
65
67
68
76

REFERENCES
63
44
32
72

LOOW5
11
27
53
61

112

LABEL
140
100
130
110
120

COMMON BLOCKS
AXL
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES

INDEX
K
I
I
J
II

LENGTH
4

13
62
3

6

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

140000 SCM
LENGrH
USED

FROM-TO
32 66
36 42
44 67
47 56
63 65

2178
1318

LENGTH
1258
228
608
218
128

PROPERTIES
NOT INNER

OPT
NOT INNER

OPT
INSTACK

143
89

SUBROUTINE ASTRES 10/21480 14.32.27 PAGE 5
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I

XKT
NODET

- RADIAL MODEL STIFFNESS ARRAY
- DEGREE OF FREEDOM ARRAY

AXIAL DISPLACEMENTS ON THE BOTTOM OF THE MODEL ARE FORCED TO
VANISH.

LKNT(I) : I
LKNT(2) : 3
LKNT(3) : 6
LKNT(4) : 10
LKNT(5) : 15
LKNT(6) : 21
N _ NF+NC

DO 120 I:I,N
II : NOBET(I)+i
IIMI : II-1
LOUT :8
IF (II.GE.KRNCHT) LOU
1111 : 8*(11-1)+1
IF (II.GT.KRNCHT) III
III : 1111

DO 100 IK:I,LOUT
XKT(IIII) : 0.0
1111 : 1111+1
CONTINUE

ISDN : 11-7
IF (II.LT.8) ISDN I

IT : 7-II+KRNCHT

I : IIIl-LKNTII-KRhCHT)

C

C
C
C

5

SUBROUTINE BOUND (XKT,NODET,MAXTD)

DIMENSION XKT(MAXTD),LKNT(6),NODET( I)

BOUND IS CALLED FROM PELET
COMMiON GEOPAR/ RFI,RFO,RCI,RCO,TREF,DELRDELZ,ZDEL,KKAPINPOUT.P

+DEL, COMP
COMMON/LIMITS/ NF, NC, NOEL NOELF NOELC, IDF, NFF, NETOT, NE
+WF,NENTKANARF,NARC MART NABF,NABCNABT,NAECNAEFNTAE JAM,NAXBT,
+NAXB2,NAXB4,NFFI, NAB2 NABT2, CPCRFRDEN,KZI, ISSTO , IPLASNKN
+,ICRPP MAXT,KRNCHF,KRNbHCKRNCHT,NFF2,NC4,NF4,MAXA,NEW, N
+MtX, KRb, MCUD, IADJ, ICUT, T IEC, T ItEF, I T!I STEP, NOLD
+, KPLASiCNT, RAKR, IRAK,RAKSUM, IPLEND, I P
+ IRZ

COMMON /LASTIC/ E XNU,ALPHA
COMMON /CONTNT/ P1
COMMON /TAPES/ NIN,NOUT,NSCRI,NSCR2,ITPI,ITP2

PURPOSE OF THIS SUBROUTINE IS TO DEFINE THE BOUNDARY CONDITIONS
AND TO MODIFY THE STIFFNESS MATRIX FOR THE FUEL
THE CLAD, OR THE COMBINED SYSTEM.

BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOPI
PELCOM
PELCOM
PELCOM
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND

10

I5

20

25

C
C
C
C
C
C
C
C
C
C
C
C
C
C

30

35

40

2
3
4
5
6
7
2
3
4
5
6
7
8
9

10
II
12
13
9

10
11
12
13
14
15
16
17
18
Is
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

50
100

SUBROUTINE BOUND 10/21ia0 PAGE I
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110

120
C
C
C
C

DO 110 IL:ISDNIIM,
III : 8*(IL-I)+II-IL+l
IF (IL.GT.KRNCHT) !III: III-LKNTdIL-rRNCHT)
XKTiIII) : 0.0
CONTINUE

XKTdII) : 1.0
CONTINUE

HAVE COMPUTED THE CORRECT STIFFNESS MATRIX FOR FUEL CONTACTING THE
CLAD.

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 BOUND

VARIABLES
2 ALPHA

14 COMP
33 CP
34 CR
S DELR
6 DELZ
G E

35 FRDEN
130 I
57 IADJ
67 ICNT
42 ICRPP
60 ICUT
5 IDF

131 II

141
134

132
135
136
140
40
73
71
75

137
74

III
till

IIt$
III
iK
IL
IPLAS
IPLEND
IRAK
IRZ
ISDN
ISP

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
65

RELOCATION
LASTIC
GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR
LASTIC
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

INTEGER
INTEGER

INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

LIMITS
LIMITS
LIMITS
LIMITS

LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

50
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

16
7
9
9
7
7

16
9

41
9
9
9
99Q

42
41
56
46

54
59
48

2*55
9
9
9
9

54
9

DEFINED

57
47

DEFINED
49

DEFINED 42
DEFINED 47

2*56 DEFINED

DEFINED 52

55

so

65

BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND

44
45
46
47
48
49
50
S5
52
53
54
55
56

2*46

55
50

52

56
DEFINED

53

45

55

54

53

10/2l/60SUBROUTINE BOUND PAGE 2



76/176 OPT:O TRACE STATIC FTN 4.8+508

VARIABLES
37 ISSTOP
63 ITI
4 ITPI
5 ITP2

24 JAM
12 KA
10 KKA
66 KPLAS
55 t:RNCh
45 KRNCHC
44 KRNCHF
46 KRNCHI
36 KZI
142 LKNT

133
52
43
0

56
12?
17
16
31
20
32
21
22
14
13
15
25
26
27
I

50
7

53
10
1I
0
6

30
47
51
0

41
54
0
2
4
3

65

LOUT
MAXA
MAXT
MAX TD
"CUD
N
NABC
NABF
NABF2
NABT
NABT2
NAEC
NAEF
HARC
NARF
MART
NAXBT
NAXB2
NAXB4
NC
NC4
NETOT
NEW
NEF
NEWT
NF
NFF
NFFI
NFF2
W4
NIN
NKN
NMX
NODET
NOEL
NOELC
NOELF
HOLD

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
iiEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
TAPES
TAPES
LIMITS
LIMITS
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

ARRAY

ARRAY

LIMITS
LIMITS
F.P.

LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMIT'
LIMIT;;
LIM!T.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
F.p.

LIMITS
LIMITS
LIMITS
LIMITS

REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

36
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF:
REFS
REFS
REF"
REF
PCFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2X56

56 DEFINED46
38

DEFINED

DEF I NED

DEFINED

33

I

39

35

41 DEFINED

39

39

10/21480 14.32.27 PAGE 3SUBRDUT INE BOUND

i



76,176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
I NOUT
2 NSCRI
3 NSCR2

23 NTAE
13 PDEtL
0 PI
I PIN
12 POUT
72 .AKSUM
2 RCI
3 RCO
0 RFI
I RFO

70 RRAKR
64 STEP
61 TIMEC
62 TIMEF

4 TREF
0 XKT
I XNU
7 ZDEL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

STATEMENT LABELS
0 100
0 110
0 120

RELOCATION
TAPES
TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
GEOPAR

ARRAY F.P.
LASTIC
GEOPAR

DEF LINE
51
58
60

REFERENCES

ao

LOOPS
30
61

101

LABEL
120
100
110

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES

INDEX
I
IK
IL

LENGTH
13
62
3
I
6

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

FROM-TO
40 60
48 51
54 58

LENGTH
USED

LENGTH
758
78
168

1558
1258

PROPERTIES
NOT INNER

I NSTACK
OPT

103
85

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

18
18
18

7
1777
9
7
7
7
7
9
9
9
9
7
3

16
7

DEFINED I 57
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SUBROUTINE DMCHB (R,AMN,MUD,IOP,EPS) DMCHB 2
C .................................................................. DMCHB 3
C DMCHB 4
C DMCHB IS CALLED FROM SOLVET, ASOLVE DMCHB 5

5 C DMCHB 6
C SUBROUTINE DMCHB DMCHB 7
C DMCHB 8
C PURPOSE DMCHB 9
C FOR A GIVEN POSITIVE-DEFINITE M BY M MATRIX A WITH SYMMETRIC DMCHB 10

10 C BAND STRUCTURE AND - IF NECESSARY - A GIVEN GENERAL M BY N DMCHB 11
C MATRIX R, THE FOLLOWING CALCULATIONS (DEPENDENT ON THE DMCHB 12
C VALUE OF THE DECISION PARAMETER lOP) ARE PERFORMED DMCHB 13
C (1) MATRIX A IS FACTORIZED (IF lOP IS NOT NEGATIVE), THAT DMCHB 14
C MEANS BAND MATRIX TU WITH UPPER CODIAGONALS ONLY IS DMCHB 15

15 C GEkERATED ON THE LOCATIONS OF A SUCH THAT DMCHB 16
C TRANSPOSE(TU)*TU:A. DMCHB 17
C (2) MATRIX R IS MULTIPLIED ON THE LEFT BY INVERSEkTU) DMCHB 18
C AND/OR INVERSE(TRANSPOSE(TU)) AND THE RESULT IS STORED DMCHB 19
C IN THE LOCATIONS OF R. DMCHB 20

20 C THIS SUBROUTINE ESPECIALLY CAN BE USED TO SOLVE THE SYSTEM DMCHB 21
C OF SIMULTANEOUS LINEAR EQUATIONS A*X:R WITH POSITIVE- DMCHB 22
C DEFINITE COEFFICIENT MATRIX A OF SYMMETRIC BAND STRUCTURE. DMCHB 23
C DMCHB 24
C USAGE DMCHB 25

25 C CALL DMCHB (R,'.,MNMUD,IOP,EPS,IER) DMCHB 26
C DMCHB 27
C DESCRIPTION 4W PARAMETERS DMCHB 28
C R - INPUT IN CASES IOP:-3,-2,-1,1,2,3 DOUBLE PRECISION DMCHB 29
C M BY N RIGHT HAND SIDE MATRIX, DMCHB 30

30 C IN CASE IOP:0 IRRELEVANT. DMCHB 31
C OUTPUT IN CASES IOP:1,-I INVERSE(A)*R, DMCHB 32
C IN CASES IOP:2,-2 !NVERSE(TU)*R, DMCHB 33
C IN CASES IOP:3,-3 INVERSE(TRANSPOSE(TU))*R, DMCHB 34
C IN CASE IOP:0 UNCHANGED. DMCHB 35

35 C A - INPUT IN CASES IOP:0,1,2,3 DOUBLE PRECISION M BY M DMCHB 36
C POSITIVE-DEFINITE COEFFICIENT MATRIX OF DMCHB 37
C SYMMETRIC BAND STRUCTURE STORED IN DMCHB 38
C COMPRESSED FORM (SEE REMARKS), DMCHB 39
C IN CASES IOP:-l,-2,-3 DOUBLE PRECISION M BY M DMCHB 40

40 C BAND MATRIX TU WITH UPPER CGDIAGONALS ONLY, DMCHB 41
C STORED IN COMPRESSED FORM (SEE REMARKS). DMCHB 42
C OUTPUT IN ALL CASES BAND MATRIX TU WITH UPPER DMCHB 43
C CODIAGONALS ONLY, STORED IN COMPRESSED FORM DMCHB 44
C (THAT MEANS UNCHANGED IF IOP:-l,-2,-3). DMCHB 45

45 C M - INPUT VALUE SPECIFYING THE NUMBER OF ROWS AND DMCHB 46
C COLUMNS OF A AND THE NUMBER OF ROWS OF R. DMCHB 47
C N - INPUT VALUE SPECIFYING THE NUMBER OF COLUMNS OF R DMCHB 48
C (IRRELEVANT IN CASE IOP:0). DMCHB 449
C MUD - INPUT VALUE SPECIFYING THE NUMBER OF UPPER DMCHB 50

50 C CODIAGONALS OF A. DMCHB 51
C lOP - ONE OF THE VALUES -3,-2,-1,0,1,2,3 GIVEN AS INPUT DMCHB 52
C AND USED AS IECISIIN PARAMETER. DMCHB 53
C EPS - SINGLE PRECISION INPUT VALUE USED AS RELATiVE DMCHB 54
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C TOLERANCE FOR TEST ON LOSS OF SIGNIFICANT DIGITS. DMCHB 55
55 C IER - RESULTING ERROR PARAMETER CODED AS FOLLOWS DMCHB 56

C IER:O - NO ERROR, DMCHB 57
C IER:-1 - NO RESULT BECAUSE OF WRONG INPUT DMCHB 58
C PARAMETERS MMUD,lOP (SEE REMARKS), DtCHB 59
C OR BECAUSE OF A NONPOSITIVE RADICAND AT DMCHB 60

60 C SOME FACTORIZATION STEP, DMCHB 61
C OR BECAUSE OF A ZERO DIAGONAL ELEMENT DMCHB 62
C AT SOME DIVISION STEP. DMCHB 63
C IER:K - WARNING DUE TO POSSIBLE LOSS OF S.GNIFI- DMCHB 64
C CANCE INDICATED AT FACTORIZATION STEP K+1 DMCHB 65

65 C WHERE RADICAND WAS NO LONGER GREATER DMCHB 66
C THAN EPS*A(K+IK+I). DMCHB 67
C D'C4'8 68
C REMARKS DhCri, 69
C UPPER PART OF SYMMETRIC BAND MATRIX A CONSISTING OF MAIN DMCHB 70

70 C DIAGONAL AND MUD UPPER CODIAGONALS (RESP. BAND MATRIX TU DMCHB 71
C CONSISTING OF MAIN DIAGONAL AND MUD UPPER CODIAGONALS) DMCHB 72
C 15 ASSUMED TO BE STORED IN COMPRESSED FORM I.E. ROWWISE DMCHB 73
C IN TOTALLY NEEDED M+MUD*(2M-MUD-l)i2 SUCCESSIVE STORAGE DMCHB 74
C LOCATIONS. ON RETURN UPPER BAND FACTOR TU (ON THE LOCATIONS DMCHB 75

7S C OF A) IS STORED IN THE SAME WAY. DMCHB 76
C RIGHT HAND SIDE MATRIX R IS ASSUMED TO BE STORED COLUMNWISE DMCHB 77
C IN N*M SUCCESSIVE STORAGE LOCATIONS. ON RETURN RESULT MATRIX DMCHB 78
C INVERSE(A)*R OR INVERSE(TU)*R OR INVERSE(TRANSPOSE(TU))*R DMCHB 79
C IS STORED COLUMt4NISE TOO ON THE LOCATIONS OF R. DMCHB 80

80 C INPUT PARAMETERS M, MUD, LOP SHOULD SATISFY THE FOLLOWING DMCHB 81
C RESTRICTIONS MUD NOT LESS THAN ZERO, DMCHB 82
C I+MUD NOT GREATER THAN M, DHCHB 83
C ABS(IOP) NOT GREATER THAN 3. DMCHB 84
C NO ACTION BESIDES ERROR MESSAGE IER:-1 TAKES PLACE IF THESE DMCHB 85

85 C RESTRICTIONS ARE NOT SATISFIED. DMCHB 86
C THE PROCEDURE GIVES RESULTS IF THE RESTRICTIONS ON INPUT DMCHB 87
C PARAMETERS ARE SATISFIED, IF RADICANDS AT ALL FACTORiZATION DMCHB 88
C STEPS ARE POSITIVE AND/OR ;F ALL DIAGONAL ELEMENTS OF DMCHB 89
C UPPER BAND FACTOR TU ARE NONZERO. DMCHB 90

90 C DMCHB 91
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED DMCHB 92
C NONE DMCHB 93
C DMCHB 94
C METHOD DMCHB 95

95 C FACTORIZATION IS DONE USING CHOLESKY-5 SQUARE-ROOT METHOD, DMCHB 96
C WHICH GENERATES THE UPPER BOND MATRIX TU SUCH THAT DMCHB 97
C TRANSPOSE(TU)*TU:A. TU IS RETURNED AS RESULT ON THE DMCHB 98
C LOCATIONS OF A. FURTHER, DEPENDENT ON THE ACTUAL VALUE OF DMCHB 99
C lOP, DIVISION OF R BY TRANSPOSE(TU) ANDiOR TU IS PERFORMED DMCHB 100

100 C AND THE RESULT IS RETURNED ON THE LOCATIONS OF R. DMCHB 101
C FOR REFERENCE, SEE H. RUTISHAUSER, ALGORITHMUS I - LINEARES DMCHB 102
C GLEICHUNGSSYSTEM MIT SYMMETRISCHER POSITIV-DEFINITER DMCHB 103
C BANDMATRIX NACH CHOLESKY - , COMPUTING (ARCHIVES FOR DMCHB 104
C ELECTRONIC COMPUTING), VOL.1, 155.1 (1966), PP.77-78. DMCHB 105

105 C DMCHB 106
C .................................................................. DMCHB 107
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C DMCHB 108
C DMCHB 109

DIMENSION R(75), A(500) DMCHB 110
110 C DMCHB HiI

C TEST ON WRONG INPUT PARAMETERS DMCHB 112
IF (IABS(IOP)-3) 100,100,490 DMCHB 113

100 IF (MUD) 490.11001,0 DMCHB 114
110 MC : MUD+l DMCHB lI;

115 IF (M-MC) 490,120,120 DMCHB 116
120 MR : H-MUD DMCHB 117
C DMCHBi e8
C MC IS THE MAXIMUM NUMBER OF ELEMENTS IN THE ROWS OF ARRAY A DMCHB II
C MR IS THE INDEX OF THE LAST RON IN ARRAY A WITH MC ELEMENTS DMCHB 120

120 C DMCHD 121
C * ** 33333**E 333****************3%*************************** DMCHB 122
C DMCHB 123
C START FACTORIZATION OF MATRIX A DMCHB 124

IF (lOP) 300,130,130 DMCHB 125
125 130 lEND : 0 DMCHB 126

LLDST : MUD DMCHB 127
DO 290 K:l,H DMCHB 128
IST : IEND+1 DMCHB 129
lEND : IST+MUD DMCHB 130

130 J : K-MR DMCHB 131
1i (J) 150 150,140 DMCHB 132

140 IEND : IEN6-J DHCHB 133
$50 IF (J-I) 170,170,160 DMCHB 134
160 LLDST : LLDST-I DMCHB 135

135 170 LMAX : MUD DMCHD 136
J : MC-K DMCHB 137
IF (J) 190,190,180 DMCHB 138

180 LMAX : LMAX-J DMCHB 139
190 IDL: 0 DMCHB 140

140 TOL = A(IST)*EPS DhCHB 141
C DMCHB 142
C START FACTORIZATION-LOOP OVER K-TH ROW DMCHB 143

DO 290 I:IST,IEND DMCHB 144
SUM : O.DO DMCHB 145

145 IF (LMAX) 230,230,200 DMCHB 146
C DHCHB l'47
C PREPARE INNER LOOP DMCHB 148
200 LL = IST DMCHB 149

LLD : LLDST DMCHB 150
ISO C DMCHB 151

C START INNER LOOP DMCHB 152
DO 220 L:I LMAX DMCHB 153
LL : LL-LLb DMCHB 154
LLL :=LL+ID DMCHB 155

155 SUM = SUM+ALL)*A(LLL) DMCHB 156
IF (LLD-MUD) 210;220,220 DMCHD 157

210 LLD = LLD+I DMCHB 158
220 CONTINUE DMCH8 159
C END OF INNER LOOP DMCHB 160
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C
C
230

C
C
240
C
C
250

C
C
260
C
C
270

260
290
C
C
C
C
C
C
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160

165

C PREPARE MATRIX DIVISIONS
IF (lOP) 300,500,300

300 ID : H*M
LEND : IABS'iOP)-2
IF (IENI) 3I0,40,310

C
C
C
C
C
310

320
C
C

C
C

* * * * * ****** ***** * ** * * * ** * ** ** * ** * *:** * * * * * * 

START DIVISION BY TRANSPOSE OF MATRIX TU (TU IS STORED IN
LOCATIONS OF A)

IST : I
LMAX : 0
J : -MR
LLDST -MUD

DO 400 K:I,M
PIV : M(IST)
IF (PIV) 320,490,320
PIV : I.0/PIV

STA-T BACKSUBSTITUTION-LOOP FOR K-TH ROW OF MATRIX R
DO 360 I:KID, M
SUM : 0.0D
IF (LMAX) 360,360,330

PREPARE INNER LOOP

TRANSFORM ELEMENT A(I)
SUM : AU)-SUM
IF (1-IST) 240,240,260

A(I) IS DIAGONAL ELEMENT. ERROR TEST.
IF (SUM) 490,490,250

COMPUTATION OF PIVOT ELEMENT
PIV : SQRT(SUM)
A(I) : PtV
PIV : 5.0/PIV
GO TO 270

A(I) IS NOT DIAGONAL ELEMENT
A(I) : SUM*PIV

UPDATE ID AND LMAX
ID : ID+I
IF (ID-J) 290,290,280
LMAX : LMAX-I
CONTINUE

END OF FACTORIZATION-LOOP OVER K-IH ROW
END OF FACTORIZATION OF MATRIX A

***** * X X* XX X XX X X ************* * X ** X X*XX************

10/21/80

DMCHa
DMCHa
DMC;'.
DMCHa
DMCHa
DMCHa
DMCHa
DMCHa
DMCBBa
DMCHa

DMCHa
DMCHa
DMCHa
DMCHa
DMCHa
DMCHa

DtC8

DMCHa
DMCHD
DWCHO
DMCHa
DMCHa

DMCHa
DMCHa
DMCHa
DMCHD
DMCHB
DWCHB
DMCHa
DMCNDB

DMCHBDHCHB
DMCHB

SCHD
Dt1CHB3

DMCHB
DMCHB
DMCHB
DMCHB

DMCHa
DMCHa
DMCHa
DMCHa
DDMCHB

DMCHBa
DMCHB
DMCHa
DMCHa

DtICHD
D3tCH8
DKCHD
DMCH18
L)MCHB
DKCHB

170

PAGE

175

180

585

190

195

200

161
162
163
164
165
166
167
16n
569
170
171
172
173
174
175
176
177
178
179
I r
181
162
183
184
105
186
187
188
169
190
191
192:
94

- 596
197
198
199
200
201
202
203
204
205
206
207
208
209
210
255
212
213

" " " f .

205

P

.

''
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330 LL : IST DMCHB 214
LLL : I DMCHB 215

215 LLD : LLDST DMCHB 216
C DMCHB 217
C START INNER LOOP DMCHB 218

DO 350 L:1 LMAX DMCHB 219
LL : LL-LL6  DMCHB 220

220 L : LLL-1 DMCHB 221
SUM : SUM+A(LL)*R(LLL) DMCHF 222
IF (LLD-MUD) 340,350,350 DMCHB 223

340 LLD : LLD+I DMCHB 224
350 CONTINUE DMCHB 225

225 C END OF INNER LOOP DMCHB 226
C DMCHB 227
C TRANSFORM ELEMENT R(I) DMCHB 228
360 R(I) : PIV*(R(I)-SUM) DMCHB 229
C END OF BACKSUBSTITUTION-LOOP FOR K-TH RON OF MATRIX R DMCHB 230

230 C DMCHB 231
C UPDATE PARAMETERS LMAX, IST AND LLDST DMCHB 232

IF (MC-K) 380,380,37 DMCHB 233
370 LMAX :=K DMCHB 234
380 IST : IST+MC DMCHB 235

235 J : J+1 DMCHB 236
IF (J) 400,400.390 DMCHB 237

390 IST : IST-J DMCHB 238
LLDST : LLDST-l DMCHB 239

400 CONTINUE DMCHB 240
240 C DMCHB 241

C END OF DIVISION BY TRANSPOSE OF MATRIX TU DMCHB 242
C DMCHB 243
C * ** XX*XX X X**** * * * ** ** ****** ****************** 1t DMCHB 244
C DMCHB 245

245 C START DIVISION BY MATRi' TU (TL IS STORED ON LOCATIONS OF A) DMCHB ?46
IF (LEND) 410,410,500 DMCHB 247

410 1ST : +(MUD*(M+M-MC))/2+i DMCHB 248
LMAX : 0 DMCHB 249
K : M DMCHB 250

250 420 lEND : IST-I DMCHB 251
IST : IEND-LMAX DMCHB 252
PIV : A(IST) DMCHB 253
IF (PIV) 430,490,4;0 DMCHB 254

430 PIV : l.0/PIV DMCHB 255
255 L : IST+l DMCHB 256

C DMCHB 257
C START BACKSUBSTITUTION-LOOP FOR K-TH ROW OF MATRIX R DMCHB 258

DO 460 I:K,ID,M DMCHB :59
SUM : 0.DO DMCHB 260

260 IF (LMAX) 460,460,440 DMCHB 261
440 LLL : IDMCHB 262
C DMCHB 26?
C START INNER LOOP DMCHB 264

DO 450 LL:L,lEND DMCHB 265
265 LLL : LLL+1 DMCHB 266
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450
C
C
C
460
C
C
C

470
480

C
C
C
C
C
C
C
490
500

SUM : SUM+A(LL)*R(LLL)
END OF INNER LOOP

TRANSFORM ELEMENT R(1)
R(I) : PIV*(R(I)-SUM)

END OF BACKSUBSTITUTION-LOOP FOR K-TH ROW OF MATRIX R

UPDATE PARAMETERS LMAX AND K
IF (K-MR) 480,480,470
LMAX : LMAX+i
K : K-1
IF (K) 500,500,420

END OF DIVISION BY MATRIX TU

ERROR EXIT IN CASE OF WRONG INPUT PARAMETERS OR PIVOT ELEMENT
LESS THAN OR EQUAL TO ZERO

CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 DMCHB

VARIABLES
0 A

0 EPS
454 I

452 ID

444 lEND

0
447

I OP
IST

450 J

460
456

L
LL

DEF LINE
1

SN TYPE
REAL

REAL
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

REFERENCES
286

RELOCATION
ARRAY F.P.

F. P.

F.P.

270

275

280

285

DMCHB
DMCHB
DMCHB
DMCHD
DhCHB
DhCHB
DhCHB
DMCHD
DMCHB
DMCHB
DMCHB
DhCHB
DhCHB
DMCHD
DhCHB
DCHB
DMCHB
DhCHB
DMCHB
DhCHB
DMCHB
DMCHB

267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
286

203 221REFS
266

REFS
REFS
2*270
REFS

DEFINED
REFS

DEFINED
REFS
REFS

234
234

REFS
236

REFS
276

REFS
REFS

DEFINED

109
DEFINED

I'40
162

DEF I NED
154
139
128
125
112
129
237
237
131
237
130
277
264
153
148

252

261

140

DEFINED
163
143
178
178
132
129
124
140
250
247
132

DEFINED
136

DEFINED
DEFINED

154
153

258

2*155
170

I
170
208
179
190
143
132
189
143
252
251
133
130
208
127
152
155
213

162
175

175
258
208

192
191
191
148
255

137
136
232
202
218
219
219

246
250

DEFINED
163

DEFINED

138
200
233
249
255
221
264

251

1
203
128

179
235
258
276

266

213
198

235

274
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VARIABLES SN TYPE
457 LLD INTEGER

445 LLDST INTEGER

461 LLL INTEGER

451 LMAX INTEGER

0

442

443
0

0
462

0

455

M

MC

MR
MUD

N
PIV

R

SUm

453 TOL *

EXTERNALS
SQRT

INLINE FUNCTIONS
IABS

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

S6 ISO
0 160

63 370

0 'eo
75 190
0 200
0 210

134 220
140 230
0 240
0 250

162 260
166 270
0 280

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
REAL

REAL

REAL

REAL

TYPE
REAL

TYPE
INTEGER

INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE

INACTIVE

INACTIVE

INACTIVE
INACTIVE

INACTIVE
INACTIVE

INACTIVE

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARGS
I LIBRARY

ARGS
I INTRI'

DEF LI'4E
113

Iv,

1 6
132
133
134
135
138
139
148
157
158
162
166
169
175
178
180

F.P.

F.P.

F.P.

F.P.

REFS
DEFINED

REFS
20
REFS

DEFINED
REFS
260
248

REFS
249

REFS
DEFINED

REFS
REFS
201

REFS
REFS
254'
254

REFS
DEF I NED
REFS
266
259

DEFINED

REFERENCES
169

DEF LINE REFERENCES
112

FIN 4.8+508

153
149
134
238
155
154
138
275
275
115
258
115
114
130
113
222
190
170
270

109

155
270
266
140

156
157
149

220
214
145

DEFINED

116
DEFINED

136

200
114
247

DEFINED
171

DEFINED

221
228
162

DEFINED

10/21/80 14.32.27

157
215
215

221
220
152
135

127
I

232

274
116

DEFINED
1

175
169

226
270
166
144

219
223
238

265
261
180
138

190

234

DEFINED
126

1

204
171

266

169
155

222

DEFINED

266
265
210
180

202

247

116
129

205
203

270

175
162

191

REFERENCES
2*112
2*113
2*115
2*124

131
2*131
133

2*133
137

2*137
145
156
152 2*156

2*145
2*163
166
163
172
179

PAGE

223

126

218
'99

208

135

228
205

7

134

251
233

3*247

156

253
252

221
209

228
221
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STATEMENT LABELS
176 290
207 300

0 310
0 320
0 330
0 340

275 350
301 360

0 370
315 380

0 390
330 400
336 410
350 420

0 430
0 440
0 450

413 460
0 470

427 480
435 490
436 500

INACTIVE
INACTIVE
INACTIVE
INACTIVE

INACTIVE

INACTIVE

INACTIVE
INACTIVE

INACTI VE

DEF LINE
181
190
198
205
213
223
224
228
233
234'
237
239
247
250
254'
261
266
270
275
276
285
286

REFERENCES
127
124'

2*192
2*204
210
222
218
208
232
2*232
236
202
192
277

2*253
260
264
258
274
2*274

112
189

FROM-TO
127 181
143 181
152 158
202 239
208 228
218 224
258 270
264 266

LENGTH
1448
766
228

1018
44B
218
278
i08

PROPERTIES

OPT

OPT

INSTACK

EXT REFS
EXT REFS

EXITS
NOT INNER

NOT INNER

EX ITS
EXITS

NO INNER
NOT INNER

NOT INNER

STATISTICS
PROGRAM LENtTH

I4000O8 SCM USED

2*179

2*222
2X210

2*260

LOOPS
40
103
115
232
243
257
372
402

LABEL
290
290
220
400
360
350
460
450

113
246

INDEX
K
I
L
K
I
L
I
LL

115
2*277

2*166 253

5128 330
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FUNCTION ERF (Z) ERF 2
C EVALUATES ERF(Z) BY KUKI CONTINUED FRACTION EXPANSIONS ERF 3
C FOR ANY REAL VALUES OF Z ERF 4

IF (2) 110,100,110 ERF 5
5 100 CALC : 0.0 ERF 6

GO TO 180 ERF 7
110 V : ABS(Z) ERF 8

IF (V-4.17) 130,130,120 ERF 9
120 CALC : 1.0 ERF 10

10 GO TO 160 ERF 1i
130 5: VXV ERF 12

IF (V-1.51) 150 150,140 ERF 13
140 CFL : 0.56418956*V/(S+0.5-0.5/(S+2.5-3.0/(5+4.5-7.5/(5+6.5-10.8031 ERF 14

+34/(5+4.2690240))))) ERF IS
15 CALC : 1.0-CFL*EXP(-S) ERF 16

GO TO 160 ERF 17
ISO CFS : 1.1283792-1.1600697*5/(5+10.215980-167.17295/(5+9.8102679+20 ERF 18

+1.38669/(+11.569899+31.227929/(5-1.7730436+64.244197/(5+5.5781859 ERF 19
+))))) ERF 20

20 CALC : VECFS ERF 21
160 IF (2) 170,170,180 ERF 22
170 CALC : -CALC ERF 23
180 ERF : CALC ERF 24

RETURN ERF 25
25 END ERF 26

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 ERF I 24

VARIABLES SN TYPE RELOCATION
146 CALC REAL REFS 22 23 DEFINED 5 9 15 20

151 CFL REAL REFS 15 DEFINED 13
152 CFS REAL REFS 20 DEFINED 17
145 ERF REAL DEFINED 23
150 5 REAL REFS 5*13 15 6*17 DEFINED 1I
147 V REAL REFS 8 2*11 12 13 20

DEFINED 7
0 Z REAL F.P. REFS 4 7 21 DEFINED

EXTERNALS TYPE ARGS REFERENCES
EXP REAL I LIBRARY I5

INLINE F JNCTIONS TYPE ARGS DEF LINE REFERENCES
ABS REAL I INTRIN 7

FUNCTION ERF 10/21/80 14.32.27 PAGE I



FUNCTION ERF

STATEMENT LABELS
0 100 INACTI

15 10
0 120 INACT I

26 130
0 140 INACTI

61 150
103 160
0 170 INACTI

110 180

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

IVE

VE

VE

VE

76/176 OPT:0 TRACE STATIC

DEF L INE REFERENCES
5 4
7 2x4
9 8

1I 2*8
13 12
17 2*12
21 10 16
22 2x21
23 6 21

1538

FTN 4.8+508 10/21/80 14.32.27

107

PAGE



76/176 YPT:0 TRACE STATIC FTN 4.8+508

SUBROUTINE EFFECT (EFSTR,TSTSRNAXL,NRAD) EFFECT 2
C EFFECT 3
C EFFECT IS CALLED FROM KREEP EFFECT 4
C EFFECT 5

5 C PURPOSE OF THIS SUBROUTINE IS TO COMPUTE THE EFFECTIVE STRESS EFFECT 6
C THE EFFECTIVE STRESS IS COMPUTED A NEGLECTING SHEAR EFFECT 7
C EFFECT 8

COMMON /GEOPARi RFIRFORCI,RCO,TREFDELR,DELZZDEL,KKA,PINPOUT,P PELCOM 2
+DEL, COIP PELCOM 3

10 COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4
+F,NEWTKANARF,NARC NARTNABFNABCNABTNAEC,NAEF NTAE JAM,NAXBT, PELCOM 5
+NAXB2,NAXB4,NFFI,NAB#2,NAbT2, C, CR, FRDEN,KZI,ISSTO , IPLAS,NKN PELCOM 6
+, ICRPP, MAXTI KRNCHFKRNCHC, KRNCHT, NFFNC4, NF4, MAXA, NEW, N PELCOM 7
+MX,KRNCH,MCUDIADJ,ICUT,TIMEC,TIMEF,ITISTEP,NOLD PELCOM B

15 +, KPLAS,ICNTRRAKR,IRAKRAKSUM,IPLEND, IP PELCOM 9
+,IRZ PELCOI 10
COMMO PLASTIC / EXNUALPHA PELCOM 11
COMMON /CONTNT/ P1 PELCOM 12
COMMON /TAPES/ NINNOUT,NSCRI,NSCR2,ITPI,ITP2 PEICOM 13

20 DIMENSION EFSTR(NRADI) EFFECT 10
DIMENSION TSTSR(4,NRAD,1) EFFECT 11

C EFFECT 12
C CPCR - CLADDING ANISOTROPY ADJUSTMENT EFFECT 13
C EFSTR - EFFECTIVE STRESS IN ELEMENT EFFECT 14

25 C TSTSR - TOTAL STRESS ARRAY EFFECT 15
DO 110 J:1,NAXL EFFECT 16

DO 100 I:l,NRAD EFFECT 17
EFSTR(I,J) : SQRT(CR/(CR+i.)*(TSTSR(3,I,J)-TSTSR(2,I,J)l** EFFECT 18

+32+(CR/(CP*(CR+1.)))*(TSTSR(2,I,J)-TSTSR(I,I,J))**2+1./(CR+ EFFECT 19
30 + 1.)*ITSTSR(1,I,J)-TSTSR(3,I,J))**2) EFFECT 20

EFFECT 21100 CONTINUE EFFECT 22
110 CONTINUE EFFECT 23

RETURN EFFECT 24
35 END EFFECT 25

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
% EFFECT I 3%

VARIABLES SN TYPE RELOCATION
2 ALPHA REAL LASTIC REFS 17

14 COMP REAL GEOPAR REFS 8
33 CP REAL LIMITS REFS 10 28
34 CR REAL LIMITS REFS 10 5*28
5 DELR REAL GEOPAR REFS 8
6 DELZ REAL GEOPAR REFS 8
0 E REAL LASTIC REFS 17

SUBROUTINE EFFECT I0/21/00 14,32.27 PAGE I
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VARIABLES
0 EFSTR

35 FRDEN
53 1
57 IADJ
67 ICkT
42 ICRPP
60 ICUT

5 IDF
40 IPLAS
73 IPLEND
71 IRAK
75 IRZ
74 ISP
37 ISSTOP
63 ITI

4 ITPI
5 ITP2

52 J
24 JAM
12 KA
10 KKA
66 KPLAS
55 KRNCH
45 KRNCHC
44 KRNCHF
46 KRNCHT
36 KZI
52 MAXA
43 MAXT
56 MCUD
17 NABC
16 NABF
31 NABF2
20 NABT
32 NABT2
21 NAEC
22 NAEF
14 NARC
13 MARE
IS MART
25 NAXBT
26 NAXS2
27 NAXD4
0 MAXL
I NC

50 NC4
7 NETOT

53 NEW
10 NEWF
11 NEWT
O NF
6 NFF

30 MPFI

SN TYPE
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY F.P.

LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES

LIMITS
LIMItS
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

DEFINED

DEFINED

I

2?

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

20
10

7*28
10
10
10
10
10
10
10
10
10
10
10
10
19
i9

7x0
to
10
to
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

26
10
10
10
10
10
10
10
10
10

DEFINED

DEFINED I
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VARIABLES
*7 NFF2
51 NF4

0 NIN
41 NKN
54 NMX
2 NOEL
4 NOELC
3 NOELF

65 NOLD
I NOUT
0 NRAD
2 NSCRI
3 NSCR2

23 NTAE
13 PDEL
0 P1

II PIN
12 POUT
72 RAKSUM
2 RCI
3 RCO
0 RFI
I RFO

70 RRAKR
64 STEP
61 TIMEC
62 TIMEF

4 TREF
0 TSTSR
I XNU
7 ZDEL

EXTERNALS
SORT

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

RELOCATION
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES

F.P.
TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
GEOPAR

ARRAY F.P.
LASTIC
GEOPAR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

10
i0
19
10
10
10
10
10
10
t9
20
t9
19
10
8
18
8
8

t0
8
8
8
8

10
10
10
10
8

21
17
8

21

6x28 DEFINED

ARGS REFERENCES
I LIBRARY 28

STATEMENT LABELS
0 100
0 110

DEF LINE
32
33

REFERENCES
27
26

LOOPS
13
15

LABEL
r10
100

COtMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTENT
TAPES

INDEX
J
I

LENGTH
13
62

3

6

FROM-TO
26 33
27 32

LENGTH
318
248

PROPERTIES
EXT REFS
EXT REFS

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

DEFINED I

618
1258

49
85

SUBROUTINE EFFECT 10/21/80 14.32.27 PAGE 3
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SUBROUTINE EFFECT

STATISTICS
1400008 SCK USED
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SUBROUTINE INPAXL (AELM,RRA,YYACF,NADETRD,NAB2D,NFFeD) INPAXL 2
C INPAXI 3
C INPAXL IS CALLED FROM PELET INPAXL
C INPAXL 5

5 C PURPOSE IS TO CREATE NODAL AND ELEMENT INFORMATION FOR THE INPAXL 6
C AXIAL INTRACTION ANALYSIS INPAXL 7
C LNPAXL 8
C COMPUTE THE NUMBER OF ELEMENTS IN THE FUEL INPAXL 9
C NABC:NUMBER OF AXIAL BOUNDS IN THE CLAD INPAXL 10

10 C NABF:NUMBER OF AXIAL BOUNDS IN THE FUEL INPAXL 11
C NARF:NUMBER OF AXIAL REGIONS IN THE FUEL INPAXL 12
C NAEF:-AMBER OF ELEMENTS IN AXIAL FUEL MODEL INPAXL 13
C INPAXL 14

COMMONN /GEOPARi RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL,KKAPIN,POUTP PELCOM 2
15 +DEL, COME' PELCOM 3

COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4
+bF,NENT KANARF,NARC, NART NABFNABCNABT,NAECNAEFNTAE JAM,NAXBT, PELCOM 5
+NAXB2,NAX4,NFFI ,NABF2,NAhT2, CP CR,FRDEN,KZI, ISSTOP, IPLAS,NKN PELCOM 6
+,ICRPP MAXT,KRNCHF,KRNCHC KRNCHT,NFF2,NC4,NF4,MAXA,NEW, N PELCOM 7

20 +MX.KR H, MCUD, IADJ, ICUT, TIMEC, TIMEF, ITI, STEP, NOLD PELCOtI 8
+, KPLAS, ICNTDRRAKR, IRAK,RAKSUM, IPLEND, ISP PELCOM 9
+,IRZ PELCOM 10

COMMON PLASTIC.' EXNUALPHA PELCOM II
COMMON /CONTNT/ PI PELCOM 12

25 COMMON TAPES/ NIN,NOUTtISCRINSCR2, ITPI, ITP2 PELCOM 13
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2

+ ERAD(20), EAX(20) COMC 3
COMMON/FEP/HHF,NT,KKZZZ, ISTOP,RDOLD(20),RRSIN(20) COMC 4
+, PINOLD, POUTLD, POLD,NTOLD(20) COMC 5

30 + ,ICHNG,STEPS COMC 6
DIMENSION AELM(3, I) INPAXL I7
DIMENSION RA(I) YACF(I), NADETI) I.4PAXL 18
DIMENSION Y(NAB2D,I), RD(NFF'D, I), R(I) INPAXL 19

C INPAXL 20
35 C NAEC:NUMBER OF ELEMENTS IN AXIAL CLAD MODEL INPAXL 21

C INPAXL 22
C MODIFICATIONS NEEDED FOR ADDING 4 ELEMENT QUAD. INPAXL 23

NATOTF : 2*NABC+2*NABF 'NPAXL 24
LL : 0 INPAXL 25

40 DO 110 K:I,NTAE,4 INPAXL 26
LL : LL+l INPAXL 27
L : LL INPAXL 28
LMF : NABF+L INPAXL 29
LMFF NATOTF+L INPAXL 30

45 IF (L.LE.NARF) GO TO 100 INPAXL 31
IF (L.EQ.NABF) LL : NABF*2+1 INPAXL 32
L : LL INPAXL 33
LMF : L+NABC INPAXL 34
LMFF : LL+2*NABC+NARF INPAXL 35

50 100 CONTINUE INPAXL 36
AELM(1,K) : L INPAXL 37
AELM(2,K) : LMF INPAXL 38
AELM(3,K) : LMFF INPAXL 39
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AELM(I,K+i) : LMF INPAXL 40
55 AELM(2,K+I) : LMF+I INPAXL 41

AELM(3,K+1) : AELM(3,K) INPAXL 42
AELM(IlK+2) : AELM(2,K+i) INPAXI 43
AELM(2,K+2) : L+1 INPAXL 44
AELM(3,K+2) : AELM(3,K) INPAXI 45

60 AELM(i,K+3) : L+i INPAXL 46
RELh(2,K+3) : L INPAXL 47
AELM(3,K+3) =AELM(3,K) INPAXL 48

110 CONTINUE INPAXL 49
C INPAXL 50

65 C DEFINE AN AXIAL ELEMENT ARRAY INPAXL 51
C AELM(K I) K:ELEMENT NUMBER I:NODE NUMBERS ASSOCIATED WITH K INPAXL 52
C COMPUTE THE ELEMENT AND NODAL CONFIGURATION INPAXL 53
C INPAXL 54
C INPAX .c

70 C CREATE THE DEGREE OF FREEDOM ARRAY FOR THE FUEL INPAXL 56
C INPAXL 57
C CREATO NADE() FOR CORNER MODES INP,$XL 58

NADEiI) : I INPAXL 59
NADET(2) : 9 INPAXL 60

75 DO ;20 K:3,NABF INPAXL 61
NADET(K) : 25+(K-3)*12 INtAXL 62

120 CONTINUE IhtAXL 63
L : NAHF+3 INPAXL 64
KK : NABF+NABF INPAXL 65

80 NADET(NABF+1) : 3 INHIXL 66
NADET(NABF+2) : 7 INPAXL 67

DO 130 K:L,KK INPAXL 68
NADET(K) : 23+(K-L)*12 INPAXL 69

130 CONTINUE INPAXL 70
85 L : 2*NABF+3 INPAXL 71

KK : NABF*2+NABF INPAXL 72
IJ : NABF*2+I INPAXL 73
NADET(IJ) : 11 INPAXL 74
NADET(IJ+I) : 19 ;NPAXL 75

90 DO 140 K:L,KK INPAXL 7u
NADET(K) : 3i+(K-L)*12 INPAXL 77

140 CONTINUE INPAXL 78
NADFT(KK+I) : NADET(KK)+6 INPAXL 79
L : 2*NABF+NABC+3 INPAXL 80

95 KK : NABF*2+2*NABC-i INPAXL 81
IJ : NABF*2+NABr+1 INPAXL 82
NADET(IJ) : 13 INPAXL 83
NADET(IJ+i) : 17 INPAXL 84

DO 150 K:LKK INPAXL 85
100 NADET(K) = 29+12*(K-L) INPAXL 86

150 CONTINUE INPAXL 87
NADET(KK+i) : NADET(KK)+6 INPAXL 88

C CREATE NADET FOR MID NODIS START WITH THE FUEL INPAXL 89
L = 2*NABF+2*NABC+2 INPAXL 90

105 KK :NABF*2+2*NABC+NARF INPAXL 91
IJ : NABF*2+2*NABC+I INPAXL 92
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NADET(IJ) : 5 INPAXL 93
DO 160 K:LKK INPAXL 94
NADETiK) : 21+12*(K-L) INPAXL 95

110 160 CONTINUE INPAXL 96
L : 2*NABF+2*NABC+NARF+2 INPAXL 97
KK = (NABF+NABC+NARF)*2 INPAXL 98
IJ : L-I INPAXL 99
NAD!T(IJ) = 15 INPAXL 100

115 DO 170 K:LKK INPAXL 101
NADET(K) : 27+tK-L)*12 INPAXL 102

170 CONTINUE INPAXL 103
NADET(KK+I) : NADET(KK)+6 INPAXL 104

C HAVE NOW CREATED NADET( ) FOR FOUR CST ELEMENTS INPAXL 105
120 C FOR EACH AXIAL REGION FOR BOTH THE FUEL AND THE :LAD INPAXL 106

C INPAXI 107
C CREATE A RADIAL ARRAY WITH NODAL VALUES FOR THE AXIAL MODEL INPAXL 108
C INPAXL 109
C RA(4*NP3T) INPAXL 110

125 Y(Ill) : 0.0 INPAXL I11
DO 180 J:2,NABF2 INPAXL 112
Y(J,l) : Y(J-I,1)+DELZA(J-I) INPAXL 113
NABFI : J-NABF INPAXL 114
IF (J.GT.NABF) Y(J,I) : Y(NABFI,I) INPAXL 115

130 180 CONTINUE INPAXL 116
Y(I,2) : 0.0 INPAXL 117

DO 190 J:2,NABT2 INPAXL 118
Y(J,2) : Y(J-1,2)+DELZA(J-11 INPAXL 119
NABTI : J-NABT INPAXL 120

135 IF (J.GT.NABT) Y(J,2) : Y(NABTI,2) INPAXL 121
190 CONTINUE INPAXL 122

K :0 INPAXL 123
DO 210 I:1,4 INPAXL 124
NNN : NABF INPAXL 125

140 IF (I . .2) NNN : NW.BT INPAXL 126
NA : I INPAXL 127
IF iI.EO.2' NA = NF IPAXL 128
IF (I.EQ.3) NA : N+ INPAXL 129
IF (I.E0.4) NA : Nf+NL INPAXL 130

145 L : K+1 INPAXL 131
DO 200 J:INNN INPAXL 132
K : K+1 INPAXL 133
RA(K) : RD(NAJ) INPAXL 134
NUP : I INPAXL 135

ISO IF 'I.GT.2) NUP : 2 INPAXL 136
YACF(K) : Y(J,NUP) INPAXL 137

200 CONTINUE INPAXL 138
210 CONTINUE INPAXL 139
C INPAXL 140

155 C INPAXL 141
RETURN INPAXL 142
END INPAXL 143
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CARD HR. SEVERITY DETAILS

74 NADET
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DIAGNOSIS OF PROBLEM

ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS.

I0i2 /80

SYMBOLIC REFERENCE MAP (R:?)

ENTRY POINTS
4 INPAXL

VARIABLES
0 AELM

2
14
33
34

5
6
0
0

102
56
55
35

0
535

57
103
67
42
60

5
531

40
73
71
75
74
37

3
53
54
63

14
5

532

ALPHA
COMP
CP
CR
DELR
DEL Z
DELZA
E
EAX
GRAD
FLXR
FRDEN
HHFliMI

I ADJ
ICHNG
ICNT
ICRPP
I CUT
IDF
I .

IPLAS
IPLEND
I RAK
IRZ
ISP
ISSTOP
ISTOP
ISTRT
I TER
ITI
ITPI
ITP2
J

UEF LINE

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
156

RELOCATION
ARRAY F.P.

LASTIC.
GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR

ARRAY BA
LASTIC

ARRAY BA
ARRAY BA

BA
LIMITS
FEP

LIMITS
FEP
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
FEP
BA
BA
LIMITS
TAPES
TAPES

57
52
60

59
53
61

62
54
62

55 56

133

56
51
59

127

142

89
96

REFS
DEFINED

57
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

31

58
23
14
16
16
14
14
26
23
26
26
26
16
28
140
138
16
28
16
16
16
16
88
87
16
16
16
16
16
16
28
26
26
16
25
25

3*127

150143

97
106

2*129

144

98
113

3*133

107

'34

114

2* 135
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VARIABLES

24
524

12
530

10
2

66

45
44
46
36

525

SN TYPE

JAM
K

KA
KK

KKA
KKZZZ
KPLAS
KRNCH
:tQNCHC
IRNCHF
KRNCHT
KZL
L

523 LL

526
527
52
43
56

537
17

LMF
LMFF
MAXA
MAXIT
'CUD
NA
NABC

1I. NADF

533
31
20

534
32
0
0

21
22
14
13
15

522
25
26

NAAFI
NABF2
NABT
NABTI
NABT2
NAB2D
NADET

NAEC
NAEF
MARC
NARF
HART
NATOTF
NAXBT
NAX 82

RELOCATION

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTECER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

I NTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

146
LIMITS

LIMITS

GEOPAR
FEP
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

2*56
2*83
151
108

2*57
2*91

I15

151
REFS
REFS

58
2*100

DEF INED
'37

REFS
REFS
2*118
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

60
108
78

REFS
46

REFS
REFS
REFS
REFS
REFS
REFS
REPS
104

REFS
80

104
REFS
REFS
REFS
REFS
REFS
REFS
REFS

74
93
116

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

115

DEFINED
16

51
2*59

2*109
40
147
16
82

DEFINED
14
28
16
16
16
16
16
16
43
61
109
85
41'

52
53
16
16
16
148
16

105
16
81
105
129
16
!6

'35
16
33
32
76
97
118
16
16
16
16
16
44
16
16

126

52
60

2*116
75

90
79

44
82
113
94
42

54
DEFINED

DEFINED
38

106
38
85
106

DEFINED
126
134

DEFINED
132

DEFINED
93
80
98

132

53
61
145
82

2*93
86

45
83

115
104
47

55
44

141
48

III
43

2*86
Il
128

135
134

I
102
81
100

55
2*76
148
99

2*102
105

48
91

DEFINED
145

DEFINED

54
2*62
147
90

9I9
95

46
90
116
III
49

DEFINED
49

142
49
112
2*46
87
112

LIMITS
LIMITS
LIMITS

L IMI TS

L IMI TS

108
il2

51
99
42

39

58
100
47

43

ARRAY

143
"4

75
94
128

144
95

78
95
129

LIlTS
LIMITS

LIMITS
F.P.
F.P.

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS

96

2*79
96

139

140

I18
83
102

10545

1
89

109

DEFINED
88
107

II

73
91

114

DEFINED 38

112
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VARIABLES
27 NAXB4
I NC

52 NCNN
SI NCONN
50 NC4
7 NETOT

53 NEW
10 NEWF
11 NEWT
0 NF
6 NFF

30 NFFI
0 NFFID

47 NFF2
SI NF4
0 NIN

41 NKN
54 NMX
50 NN

536 NNN
2 NOEL
4 NOELC
3 NOELF

65 NOLD
I NOUT
2 NSCRI
3 NSCR2
I NT

23 NTAE
57 TOLD

540 NUP
13 PDEL
0 P1

11 PIN
54 PINOLD
56 POLD
12 POUT
55 POUTLD

0 R
0 RA

72 RAKSUM
2 RCI
3 RCO
0 RD
4 ROOLD
0 RFI
I RFO

70 RRAKR
30 RRSIN
64 STEP
104 STEPS
61 TIMEC
62 TIMEF

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
BA
BA
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.
L I MITS
LIMITS
TAPES
LIMITS
LIMITS
BA

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES
TAPES
FEP
LIMITS
FEP

GEOPAR
CONTNT
GEOPAR
FEP
FEP
GEOPR;
FEP
F.P.
F.P.
LIMITS
GEOPAR
GEOPAR
F.P.

FEP
GEOPAR
GEOPAR
LIMITS
FEP
LIMITS
FEP
LIMITS
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

16
16
26
26
16
16
16
16
16
16
16
16
33
16
16
25
16
16
26
146
16
16
16
16
25
25
25
28
16
28
151

14
24
14
28
28
14
28
33
32
16
14
i4
33
28
14
14
16
28
16
28
16
16

144

142

DEFINED

DEFINED

40

DEFINED

DEFINED
DEFINED

148

140

I50

148

1

139

149

DEFINED
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VARIABLES
4 TREF
I XNU
0 Y

0
7

VACF
ZDEL

SN TYPE
REAL
REAL
REAL

REAL
REAL

STATEMENT LABELS
56 100

0 110
0 120
0 130
0 140
0 150
0 160
0 170
0 180
0 190
0 200
0 210

RELOCATION
GEOPAR
LASTIC

ARRAY F.P.

ARRAY F.P.
GEOPAR

DEF LINE
50
63
77
84
92

101
110
117
130
136
152
153

REFS
REFS
REFS

DEFINED
REFS
REFS

REFERENCES
45
40
75
82
90
99

108
115
126
132
146
138

LOOPS
22

147
173
222
261
315
345
364
407
433
467

LABEL
Il h
120
130
140
I50
160
170
180
190
210
200

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
BA
FEP

INDEX
K
K
K
K
K
K
K
J
J
I
J

LENGTH
13
62

3

6
86
69

FROM-TO
40 63
75 77
82 84
90 92
99 101
108 110
115 117
126 130
132 136
138 153
146 152

LENGTH
1178
78
78
78
78
78
78

168
208
648
258

PROPERTIES
OPT

INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

OPT
OPT

NOT INNER
OPT

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

14
23
33

32
14

127
125

DEFPIhED

129
127

I

133
129
151

135
131

151
133 135

5768
3608

382
240
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SUBROUTINE INPUT (ELM NODET) INPUT 2
DIMENSION ELM(3,I),NOET(I) INPUT 3

C INPUT 4
C INPUT IS CALLED FROM PELET INPUT 5

5 C INPUT 6
COMMON /GEOPAR/ RFI,RFO,RCI,RCO,TREFDELRDELZ,ZDEL,KKA,PIN,POUT,P PELCOM 2

+DEL, COMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4
+WFNEWT,KA,NARF,NARC,NART NABF, 1BC,NABT,NAECNAEF,NTAE,JAM,NAXBT, PELCOM 5

10 +NAXB2,NAXB4,NFF I ,NABF2,NABT2, CP CR,FRDEN,KZI, ISSTOP, IPLAS,NKN PELCOM 6
+, ICRPP MAXT,KRNCHF,KRNCHC,KRNCHT,NFF2,NC4,NF4,MAXA,NEW, N PELCOM 7
+MX,KRNbHIMCUDIADJ,ICUT,TIMEC,TIMEF,ITI STEP,NOLD PELCOM 8
+, KPLAS, ICNT,RRAKR, IRAK,RAKSUM, IPLEND, ISP PELCOM 9
+,IRZ PELCOM 10

15 COMMON /LASTIC/ E,XNU,ALPHA PELCOM 11
COMMON 'CONTNT/ PI PELCOM 12
COMMON iTAPESi NIN,NOUT,NSCRI,NSCR2,ITPI,ITP2 PELCOM 13

C INPUT 8
C COMPUTE ELEMENT INCIDENSE AND ELEMENT NUMBERING SCHEMES INPUT 9

CO C ELM(JI),I:ELEMENT, J:COORDINATE NO. INPUT 10
C INPUT 11
C COMPUTE NODE POINT NUMBERS FOR EACH ELEMENT INPUT 12
C INPUT 13

L : 0 INPUT 14
25 DO 100 K:I,N0EL,2 INPUT IS

L : L+1 INPUT 16
IF (K.EQ.(NOELF+I)) L : L+I INPUT 17
ELM(I,K) : L INPUT 1
ELM(2,K) : NF+NC+L+l INPUT 19

30 ELM(3,K) : NF+NC+L INPUT 20
ELM(2,K+l) : L INPUT 21
ELM(2,K+i) : L+l INPUT 22
ELM(3,K+I) : ELM(2,K) INPUT 23

100 CONTINUE INPUT 24
35 C INPUT 25

C NOW HAVE ELEMENT NODAL INCIDENCES. INPUT 26
C INPUT 27

J :=l INPUT 28
C INPUT 29

40 C FIRST LOAD THE NODET ARRAY FOR THE FUEL IN SEQUENTIAL ORDER FROM INPUT 30
C THE FUEL CENTER TO THE SURFACE INPUT 31
C INPUT 32

DO 110 I:I,NF INPUT 33
NODET(NF+NC+I) : J INPUT 34

45 J : J+2 INPUI 35
NODET(I) : J INPUT 36
J : J+2 INPUT 37

110 CONTINUE INPUT 38
C INPUT 39

50 C NOW REORDER THE FIRST ELEMENT BY ROTATING THE VALUES FOR NODET INPUT 40
C ONE NODE COUNTERCLOCKWISE AROUND THE ELEMENT INPUT 41
C INPUT 42

NSAVE : NODET(I) INPUT 43

SUBROUTINE INPUT 10/21/00 14.32.27 PAGE 1
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5s

ENTRY POINTS
4 INPUT

VARIABLES
2 ALPHA
14 COMP
33 CP
34 CR
5 DELR
6 DELZ
0 EL
O ELM

35
ISO
57
67
42
60
5

40
73
71
75
74

FRDEN
I
IADJ
I CNT
ICRPP
I CUT
I1F
IPLAS
IPLEND
IRAK
IRZ
ISP

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
72

RELOCATION
LASTIC
GEOPAR
LIMITS
LIMITS
GEOPAR
GE3PAR
LASTIC

ARRAY F.P.

LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

31
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

t5
6
8
8
6
6
I5
2

32
8

44
8
8
8
8
6
8
8
8
8
8

33
33

DEFINED

2*66

! 28

2*67 DEFINED

NODETi) : NODET(NF+NC+I)
5 NODET(Nr+NC+I) :=NODET(NF+NC+2)

NODET(NF+NC+2) : NSAVE
C
C SET THE FIRST NODES OF THE CLAD EQUAL TO THE LAST NODES OF THE FUEL
C

NODET(NF+1) : NODET(NF)
NODETtNF+NC+NF+I) :NODET(NF+NC+NF)

C
C ORDER THE CLAD NODETS FROM THE INNER TO THE OUTER SURFACES
C

SDO 120 I:2,NC
NODET(NF+I) : NODET(NF+I-I)+4
NODET(NF+NC+NF+I) :=NODET(NF+NC+NF+I-I)+4

120 CONTINUE
C
C
C

RETURN
C

END

SYMBOLIC REFERENCE MAP (R:2)

60

INPUT
INPUT
INPUT
INPUT
I NPUT
INPUT
INPUT
INPUT
I NPI IT
It .
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
I NPUT
I NPUT
INPUT
INPUT

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

30

6543

SUBROUT INE INPUT I0/21/80 14.32.27 PAGE
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VARIABLES
37 ISSTOP
63 ITI

4 ITPI
5 ITP2

147 J

24
146

12
10
66
55
45
4k
46
36

145

52
43
56

16
31
20
32
21
22
14
13
15
25
26
27

50
7

53
10
11
0

6
30
47
51
0

41
54
0

JAM
KA

KA
KKA
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
L

MAXA
MAXI
MCUD
NABC
NABF
NRBF2
NABT
NADT2
NAEC
NAEF

NARF
MART
NAXBT
NAXB2
NAX84
NC

NC4
NETOT
Nt
NEWF
NEWT
NF

NFF
NFFI
NFF2
NF4
NIN
NKN
NMX
NODET

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
TAPES
TAPES

LIMITS

LIMITS
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
TA^rS5
LIMITS
LIMITS
F.P.

47

3029

REFS
REFS
REFS
REFS
REFS

47
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*61

REFS
REFS
REFS
REFS
REFS
REFS

56
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

67

38

32 2*33

8
8

17
17
44

8
27
25
8
6
8
8
8
8
8
8

26
2'1
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

65
8
8
8
8
8
8

2*60
8
8
8
8
'7
8
8

DEFINED

45

Z8

27
26

DEFINED

31

30

54

'44

60
54

28
27

31

30 2*55 5644

43
4*67

55
46

29
4*61

53
1

5430
2*66

54
44

2*55

61
55

66
56
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VARIABLES

2
4
3

65
!i151
2
3

23
!3
0
I!
12
72
2
3
0

70
64
61
62

7

SN TYPE

NOEL
NOELC
NOELF
NOLD
NOUT
NSAVE
NSCRI
NSCR2
NTAE
PDEL
PI
PIN
POUT
RAKSUM
RCI
RCO
RF I
RFO
RRAKR
STEP
TIMEC
TIME
TREF
XNU
ZDEL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

STATEMENT LABELS
0 loo
0 HlO
0 120

RELOCATION

DEF LINE
34
48
68

LIMITS
LIMITS
LIMITS
LIMITS
TAPES

TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
GEOPAR
LAST IC
GEOPAR

REFERENCES
25
43
65

LOOPS
13
63
130

LABEL
100
110
120

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES

INDEX
K
I
I

LENGTH
13
62
3
I
6

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1l0000B SCM
LENGTH
USED

FROM-TO
25 "4
43 48
65 68

LENGTH
44B
16B
148

1658
1258

PROPERTIES
OPT
OPT
OPT

117
85

66
25

27

DEFINED

67

53

60
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS

61
8
8
8
8

17
56
17
17
8
6

16
6
6
8
E
6
6
6
8
8
8
8
6

15
6
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SUBROUTINE KREEP (GSTR,EFSTRCRP, TELM,TMETCRP,CRPGCRATE,NRAD.NAX KREEP 2
+L.NSH) KREEP 3

C KREEP 4
C KREEP IS CALLED FROM PELET KREEP 5

5 C KCREEP 6
C PURPOSE OF THIS SUBROUTINE IS TO COMPUTE THE CORRECTION TO KREEP 7
C DISPLACEMENTS STRESSES AND STRAINS CAUSED BY CREEP IN THE FUEL AND KREEP 8
C CLADDING. THIS SUBROUTINE ASSUMES CONTROL OF THE SOLUTION KREEP 9
C ALGORITHM FROM PELLET AT THE START OF THE NEW TIME STEP KREEP 10

10 C BASE UPON THE GENERALIZED STRESSES COMPUTED IN THIS ROUTINE KEEP I1
C SUBROUTINE. RATE IS CALLED THIS SUBROUTINE COMPUTES INCREMENTED KREEP 12
C CREEP STAINS BASED UPON STRAIN: HARDENING OR TIME HARDENING KREEP 13
C OPTIONS. A SET OF EQUIVALENT CRODAL LOADS ARE COMPUTED. KREEP 14
C DEFINE NEW VARIABLES KREEP 15

15 C GSTR(I,I,J):STRESS VALUES FOR EACH ELEMENT. 9REEP 16
C GSTR(2,I,J):STRESS VALUES FOR EACH ELEMENT. KREEP 17
C GSTR(3 I,J):STRESS VALUES FOR EACH ELEMENT. KREEP 18
C EFSTR(IJ):EFFECTUVE STRESS I:RADIAL ELEMENT POSITION KREEP 19
C J:ARIAL ELEMENT POSITION KREEP 20

20 C CRP(II J):CREEP STRAIN COMPUTED FROM EQUIVALENT CREEP KREEP 21
C DISPLACEMENTS. KREEP 22
C CRP(21 J):CREEP STRAIN COMPUTED FROM EQUIVALENT CREEP KREEP 23
C DISPLACEMENTS. KREEP 24
C CRP(31,J):CREEP STRAIN COMPUTED FROM EQUIVALENT CREEP KREEP 25

25 C DISPLACEMENTS. KREEP 26
C KREEP 27
C CRATE(I J):CREEP STRAIN COMPUTED FROM RATE-USED TO COMPUTE THE KREEP 28
C INPUT LOAD VECTOR KREEP 29
C DEPT(lI,,J):NCREMENTAL CREEP STRAINS TRANFORMED TO THE KREEP 30

30 C R THETA AND Z COORDINATES KREEP 31
C DEPT(2,I,J):INCREMENTAL CREEP STRAINS TRANFORMED TO THE KREEP 32
C R THETA AND Z COORDINATES KREEP 33
C DEPT(3,I,J):INCREMENTAL CREEP STRAINS TRANSFORMED TO THE KREEP 34
C R THETA AND Z COORDINATES KREEP 35

35 C DEPT(4,I,J):INCREMENTAL CREEP STRAINS TRANSFORMED TO THE KREEP 36
C R THETA AND Z COORDINATES KREEP 37
C NSH:l MEANS STRAIN HARDENING IS USED NSH:0 MEANS IT IS NOT KREEP 38
C AND A TIME HARDENING IS USED. KREEP 39

40 COMMON / FAST / D(I) KREEP 401
COMMON /PNTPNL/IFIRST ,IAELM, IRK, IARAA, IRRE, ISB, IBA, IBASA4,JIBASE, PELT1

+ ISBBIBBAiBSV ICA ICC4ICRATE,ICRPGIDISP,DISPC IDSPSV, PELPT 3
+ IEFSTR,IELM,IEL$TNILSTNA ILSTRA,IELSTR IPSLA,IEPSLM,IESTNV PELPT 4
+ IESTSV,JIIJIIPOS IKSAVEINADET ,INDC,IN6FINDT INODETIIOLDS&, PELPT 5

45 + IPSSRT,IPSSVIPSTS IR,IRA 1IRBR,IRBRA,IRD,ISTRE ,ISTRSA,ITCB, PELPT 6
+ ITCRP,ITEC,ITEFITELM,ITFB,ITHETITHTAX,ITHSAV,ITHXSV,ITME, PELPT 7
+ ITSTNRiTSTSRITVITW, IXKT,IXLOAD,IXLODA,IXRD, PELPT 8
+IY,IYCF IZ ILAST PELPT 9
COMMON /'E '/ RFIRFORCI,RCO,TREF,DELR,DELZ,ZDEL,KKA,PIN,POUT,P PELCOM 2

50 +DELCOMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF NOELC, IDF, NFF, NETOT, NE PELCOM 4

+IF, NEWT, KA, NARF,HNARC, NART NABF, NABCNABT, NAEC, HAEF NTAE, JAM,HNAXBT, PELCOM 5
+NAXB2,NAXB4,NFFI,NAPi,2.NAhT2, CP,CR,FRDENKZIISSTOP, IPLAS,NKN PELCOM 6

I0/2I/ O 14.32.27 PAGE I
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55

60
C

+,ICRPP MAXT.KRNCHFKRNCHC KRNCHT,NFF2,NC4, NF4, MAXANEW, N
+#IX, K~tb t.CUD IADJ, ICUT, T IIEC, T IIEF,dIf STEPDHNOLD
+, KPLAS, ICNTR AKR, IRAK, RAKS1, IPLEN, $IP V
+, IRZ

COMMON 'LASTIC/ EXNU,ALPHA
C WAON /CONTNT/ P1
COMMON /TAPES/ NINNOUT,NSCRINSCR2,ITPIITP2

DIMENSION TtE(5)
DIMENSION GSTR(4,NRADi), EFSTR(NRAD, I), CRP(4,NRAD, f), TELM(NRAD,
+NAXL,2)
DIMENSION CRATE(NRAD, ) CRPG(NRAD, I), TCRP(4,NRADI)
CALL MOVEKA (0,EFSTR,NOL*NARC)
CALL MOVEKA (0,CRATENOEL*NARC)
CALL MOVEKA (0,CRPG,NOEL*NARC)

COMPUTE EFFECTIVE STRESS

CALL EFFECT (EFSTRD(ITSTSR),NARCNOEL)

NAXL:ARIAL DIMENSION OF THE STRESS AND STRAIN ARRAY
NRAD: RADIAL DIMENSION OF THE STRESS AND STRAIN ARRAY.

NOW COMPUTE CREEP STRAINS
COMPUTE INCREMENTAL VALUE OF GENERALIZED STRAIN INCREMENT

CONE : CR/(CR+l.0)
CTWO : CRi(CP*(CR+1.0))
CTHR : 1.0/(CR+1.0)
GEE : CONE*CTWO+CTbI*CTHR+CTHR*CONE

DO I10 J:I,NAXL
DO 100 I:1,NRAD
CRR : CRP(I,IJ)
CRT : CRP(2,IJ)
CRZ : CRP(3,I J)
ATEST : ADS(C9P (1, J))
IF (ATEST.LT.I.OE-16) GO TO 100
DEPE : ( .0/GEE)*(CONE*(CTO*CRZ-CTHR*CRT)**2+CTNO*(CTHR*C

+ RT-CONE*CRR)**2+CTHR*(CONE*CRR-CTWO*CRZ)**2)**0.5
CRPG'I,J) : DEPE
CONTINUE

CONTINUE

HAVE COMPUTED THE GENERALIZED STRAIN INCREMENT MODIFIED FOR THE
HILLS ANISOTROPY COEFFICIENT R AND P.

CALL RATE (NSH CRAT .TlETELM D(IEFSTR),D(ICRPG),NAXLNRADD(IPSTS
+),D(IPSSV),D(IPSSRT),D(JIIJ).b(IIPOS),D(IOLDSE),bI8A E))

L:TIME INCREMENT
TIME:TIME ARRAY
TEMPIJ)TEMPERATURE ARRAY IN KALVIN

65

70

75

C
C
C

C
C
C
C
C
C
C

80

85

90

4 PELCOM
PELCOM
PELCOI
PELCOM
PELCO1
PELCOM
PEL CO 1
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KEEP

7
8
9

10
11
12
13
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
8v
85
86
87
88
89

95
00

110
C
C
C
C

100

105

C
C
C
C
C
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120
1 30
C

MUST COMPUTE SIMILAR RESULTS FOR THE FUEL
NOW USE MODIFIED PRANDLE REURS FLOW RULES TO COMPUTE STRAIN
INCP."ENTS

00 130 J:I,NAXL
DO 120 I NRAD
IF (ESTR(l,J).LT.10.) GO TO 120
A : CRATE(I.J)'EFSTR(I J)
TCRP(I1, J) : A*((CP+CR)/(CP*(5.+CR))*GSTR(1,IJ)-CR/(CP*(

+ CR+I.))*6STR(2,I,J)-I.01(CR+5.0)*GSTR(3,I,J))
TCRP(2,1J) : &*(CR*(CP+I.0)/(CP*(CR+1.0))*GSTR(2,I,J)-CR/

+ (CP*(CR+1.0))*GSTR(I,1 J)-CRt CR+5.0)*GSTR(3,IJ))
TCRP(3,IJ) : A*(GSTR(3,I,J)-CR/(CR+1,.0)*GSTR(2,I.J)-=.0/

+ CR+.50)*GSTRd1.I,J))
CONTINUE

CONTINUE

RETURN
END

SYBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 KREEP

VARIABLES
345 A
2 ALPHA

343 ATEST
14 COMP

33" CONE
33 CP
34 CR
0 CRATE
0 CRP

0
340
34 1
342
334
333

0
5
6

344
0
0

CRPG
CRR
CRT
CRZ
CTHR
CTI4O
D
DELR
DELZ
DEPE
E
EFSTR

DEF LINE
i

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REA'.
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
124

RELOCATION

LASTIC

GEOPAR

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

LIMITS
LIMITS
F.P.
F.P.

F.P.

FAST
GEOPAR
GEOPAR

PLASTIC
F.P.

110

C
C
C
C

'5

X20

125

KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP
KREEP

90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108

114DEFINED

80
3*517

82
114
88

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

1!5
58
90
49
2*83

51
51
65
63
I

65
2*91
2*91
2*91
2x63
2*83

40
49
49
93
58
63
I

117

DEFINED

3*91
81

2*80
67
86

68
DEFINED
DEFINED
DEFINED

3*91
3*95
72

DEFINED

66

5x55
DEF I NED

89

119

DEFINED
3*115

2*85
100
87

DEFINED
86
87
88

DEFINED
DEF I NED

9*100

9'

72

6*117
1

3*119

1

82
81

113 114
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VARIABLES
35 FRDEN

335 GEE
0 GSTR

337 I

57

2
3
4
6
7

10
12
13
14
15
67
16
17
42
60
5

20
21
22
23
24
25
30
32
33
34
0

36
37
106
26
27
40
41
42
43
44
45
40
73
31
46
47
50
51
52

I ADJ
IAELM
IAK
IARAA
I ARE
IBA
IBASAU
I BASE
I BBA
IB5V
ICA
ICC
ICNT
ICRATE
ICRPG
ICRPP
I CUT
IDF
IDISP
IDISPC
IDSPSV
IEFSTR
IELM
IELSTN
IELSTR
IEPSLtM
IESTNU
IESTSV
FIRST
IIPOS
IKSAVE
ILAST
ILSTNA
ILSTRA
INADET
INDC
INDF
INOT
I NODET
IOLDSE
IPLAS
IPLEND
IPSLA
IPSSRT
IPSSV
IPSTS
IR
IRA

SN TYPE
REAL
REAL
REAL
INTEGER

RELOCATION
LIMITS

ARRAY

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

F.P.

LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPfL.
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
LI ITS
PN1'NL
PNTPNL
PNTPNL
PNTPNL
PNTPNL.
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

DEFINED
3*115

87
4*119

83
3*117

88
DEFINED

3*119
89
85

DEFINED
93
112

I
113 2*114

REFS
REFS
REFS
REFS
4*115
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

51
9,
63
86

4x11?
SI
41
41
41
41
41
41
41
41
41
41
41
51
41
41
51
51
51
41
41
4i
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
4
41
41
41
51
5'
41
41
41
41
41
41

100

100

100

100

100

100
100
100
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VARIABLES
71 IRAK
53 IRBR
54 IRDRA
55 IRD
75 IRZ
5 IS8

Ii 1588
74 ISP
37 ISSTOP
56 ISTRES
57 ISTRSA
60 ITCb
61 ITCRP
62 ITEC
63 ITEF
64 ITELM
65 ITF'D
66 ITHET
70 ITHSAU
67 ITHTAX
7I ITHXSV
63 ITI
72 ITME
k ITPI
5 ITP2

73 ITSTNR
74 ITSTSR
75 ITV
76 ITN
77 IXKT
100 IXLOAD
101 IXLODA
102 IXRD
103 IY
104 IYACF
105 IZ
336 J

24
35
12
10
66
55
45
44
46
36
52
43
56
17
16

JAM
JIIJ
KA
KKA
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZi
MAXA
MAXIT
"CUD
NABC
NABF

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
iNTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIhITS
PNTPNL
TAPES
TAPES
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

LIMITS
PNTPNL
LIMITS
GEOPR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF S
REFS
REFS
REFS
4*115
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

51
41
41
41
51
41
41
Si
51
41
41
41
41
41
41
41
41
41
41
41
41
SI
41
60
60
41
41
41
41
41
41
41
41
41
41
41
86

4*117
51
41
51
49
51
51
51
5'
5'
51
51
51
5,
51
51

87
4*119

88
DEFINED

100

89
84

93
l1l

113 2*14
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VARIABLS
31 NAF2
20 HAST
32 NADT2
21 NAEC
22 NAEF
14 MARC
13 HARP
15 NART
25 NAXDT
26 NAXB2
27 NAXB4
0 HAXI
I NC

50 NC4
7 NETOT

53 NEW
10 NEWF
I NEWT
0 NF
6 NFF

30 NFFI
47 NFF2
51 NF4
0 NIN

41 NKN
54 NMX
2 NOEL
4 NOELC
3 NOELF

65 NOLD
I NOUT
0 NRAD

2
3
n'

23
13
0

ii
12
72
2
3
0
I

70
64
0
0

61
62
0

NSCkI
NSCR2
NSH
Ht4AE
PDEL
PI
PIN
POUT
RAKSUM
RCI
RCO
RF I
RFO
RRAKR
STEP
TCRP
TELM
TIMEC
TIMEF
TME

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY
ARRAY

ARRAY

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
F.P.

TAPES
TAPES
F.P.

LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS
LIMITS
F.P.
F.P.

LIMITS
LIMITS

F.P.

72

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

51
51
5'
51
SI
51
5'
51
51
51
SI
63
51
51
51
51
51
SI
51
51
51
51
51
60
51
51
51
51
51
51
60

4*63
I

60
60
100
5'
49
5Q
4.
49
51
49
49
49
49
51
51
65
63
51
51
62

DEFINED I

66

84

66

3*65

DEFINED

DEFINED
100

100

67

100

67

85

I

DEFINED

DEFINED

68

III

68

100

{15
I

72

112

117 119
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VARIABLES
V TREF
I XNU
7 ZDEL

EXTERNAL S
EFFECT
MOVEKA
RATE

SN TYPE
REAL
REAL
REAL

RELOCATION
GEOPAR
LASTIC
GEOPAR

TYPE ARGS
4
3

I5

REFERENCES
72
66

100

INLINE FUNCTIONS
ABS

STATEMENT LABELS
131 100

0 110
250 120

0 130

TYPE
REAL

ARGS
i INTRIN

DEF LINE
9'1
95
'21
122

DEF LINE

REFERENCES
35
84
112
III

REFERENCES
89

90

113

LOOPS
56
60

171
173

'ABEL
I I'
100
130
120

COMMON BLOCKS
FAST
PNTPNL
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES

INDEX
J
I
J
I

LENGTH
I

71
13
62
3
I
6

FROM-TO
84 95
85 94
III 122
112 121

LENGTH
618
54B
658
608

PRIOPERT IES
EXT REFS
EXT REFS
NOT INNER

OPT

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000 SCM USED

REFS
REFS
REFS

67

49
58
49

68

3715
2358

249
157
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SUBROUTINE LOAD (ARE,B,Bb,NODET,R,RBR,THETEO,TELM,XLOAD,ELM,NOELD, LOAD 2
+TCRP, NABFD, THSAV) LOAD 3

CC LOAD !S CALLED FROM SOLVET LOAD 5
5 C LOAD 6

C PURPOSE OF THIS SUBROUTINE IS TO COMPUTE THE COMBINED LOAD VECTOR LOAD 7
C FOR SOLUTION LOAD 8
C FOLLOWING LOADS ARE ALL COMBINED INTO THE BASED VECTOR LOAD 9
C APPLIED LOADS LOAD 10

10 C THERMAL LOADS LOAD 11
C CREEP LOADS LOAD 12
C PLASTIC LOADS LOAD 13
C LOAD l'4

DIMENSION TCRP(4,HNELD, ') LOAD 15
15 DIMENSION THRMSV(50),TH3AV(4,NOELD,I) LOAD 16

DIMENSION ARE(I),B(I),BB(I),NODET:1),R(I.)RBR(H), LOAD 17
+TELM(NOELD,NABFD 1),XLOAD(6,4,I),THERM(6),ELM(3 1),THETEO(4,I) LOAD 18
COMMON /GEOPAR 4FI, RFO,RCI, RCO, TREF, DELR, DELZ, fDEL, KKA, PIN, POUT, P PELCOM 2

+DEL, COMP PELCOM 3
20 COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4

+1F,NEWT,KA,NARF,NARC,NAR, NABF,NABC,NABT,NAEC,NAEF,NTAE,JAM.NAXBT, PELCOM 5
+NAXB2,NAXB4,NFFI,NABF2,NABT2, CP CR,FRDEN,KZI, ISSTOP, IPLASNKN PELCOM 6
+, ICRPP,HMAXT, KRNCHF, KRNCHC KRNCHT, NFF2, NC4, NF4, 1AXA, NEW, N PELCOM 7
+MX,KRNCH,tMCUD,IADJ,ICUT,TIMEC,TIMEF,ITI,STEP,NOLD PELCOM 8

25 +, KPLAS,ICNT,RRAKR,IRAK,RAKSUM,IPLEND,ISP PELCOM 9
+,IRZ PELCOM 10
COMMON 'LASTICi EXNU,ALPHA PELCOM 11
COMMON 'CONTNT/ P# PELCOM 12
COMMON 'TAPES' NIN,NOUT,NSCRI,NSCR2,ITPI, ITP2 PELCOM 13

30 COMMON ., BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2
+ ERAD(20), EAX(20) COMC 3
COMMON/FEP/HHF,NTKKZZZ,ISTOPRDOLD(20),RRSIN(20) COMC 4

+, PI.OLD, POUTLD, POLD, NTOLD (20) COMC 5
+ ,iCHNG,STEPS COMC 6

35 C LOAD 21
DIMENSION NNA(3) LOAD 22

C LOAD 23
C PIN - POD PRESSURE LOAD 24
C POUT - SYSTEM PRESSURE LOAD 25

40 C B - RADIAL MODEL DISPLACEMENTS LOAD 26
C BB - RADIAL MODEL LOADS LOAD 27
C ALPHA - THERMAL STRAIN LOAD 28
C LOAD 29
C LOAD 30

45 CALL KOVEKA (0,THETEO,'4*NOEL) LOAD 31
DO 100 1:1,6 LOAD 32
THERM(I) : 0.0 LOAD 33

100 CONTINUE LOAD 34
IF (NKN.EQ.2) GO TO 120 LOAD 35

50 FRAO : PI*2.0*R(NF+NC)*POUT*DELZ,2.0 LOAD 36
FRAI : PI*2.0*R(NF+1)*PIN*DELZ/2.0 LOAD 37

C LOAD 38
C LOAD 39
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C COMPUTE THE COMBINED LOAD VECTOR FOR CLAD CONTACT-CONTINUED SYSTEM LOAD 40
55 C LOAD 41

II = NODET(NFFI) LOAD 42
IJ = NODET(NFF) LOAD 43
88(11) : -FRAO LOAD 44
8B8I() : -FRAO LOAD 45

60 8(11) : -FRAO LOAD 46
B(IJ) : -FRAO LOAD 47
II : NODET(NF+l) LOAD 48
IJ = NODET(NFFI+NF+I) LOAD 49
88(11) : FRAI LOAD 50

65 BB(IJ) : FRAI LOAD 51
B(IJ) : FRAI LOAD 52

C LOAD 53
IF (KKA.EQ.2) GO TO 120 LOAD 54

C IN A SIMILAR MANNER THE AXIAL LOAD VECTOR FOR TH FUEL AND CLAD LOAD 55
70 C MUST BE CREATED LOAD 56

C PAXL: AXIAL LOAD IN CLAD DUE TO EXTERNAL PRESSURE LOAD 57
C LOAD 58

PAXL : ((POUT*PI*RC**2)-(PIN*PI*RCI**2)) LOAD 59
C LOAD 60

75 C CLAD ELEMENTS DUE TO EXTERNAL PRESSURE NOW DIVIDE THE AXIAL LOADS LOAD 61
C OVER THE NUMBER OF ELEMENTS ALONG THE TOP SURFACE OF THE CLAD LOAD 62
C MODEL. THIS CAN BEST BE DONE BY COMPUTING NODAL LOAD CIRCLES. LOAD 63
C DEFINE LiMITS FOR THE DEGREES OF FREEDOM IN THE LOAD VECTOR LOAD 64
C LOAD 65

80 LL : 2*NF+NC+l LOAD 66
LU : 2*(NF+NC)-l LOAD 67

C LOAD 68
C COMPUTE LOAD VECTOR FOR THE CLAD ALONG NODAL CIRCLES BASE STRESS LOAD 69
C CALCULATIONS ON THE RADIAL POSITION LOAD 70

85 C LOAD 71
TOT : PI*(R(NFF)**2-R(LL)**2) LOAD 72
SIG : -PAXL/TOT LOAD 73

C LOAD 74
DO 110 I:LLLU LOAD 75

90 AREA : PI*(R(I+1)**2-R(i)**2) LOAD 76
XLINE PI*(2.*R(I+1)+2.*R(I)) LOAD 77

C LOAD 78
C COMPUTE LINE LOAD FOR NODE I LOAD 79
C LOAD 80

95 ZF : SIG*AREA'XLINE LOAD 81
ZF5 : ZF*PI*2.*R(I) LOAD 82
ZFE : ZF*PI*2.*R(I+1) LOAD 83

C LOAD 84
C NOTE MUST INDEX D.O.F. TO AXIAL DIRECTION LOAD 85

100 C LOAD 86
IN : NODET(I)+I LOAD 87
INN : NODET(I+1)+i LOAD 88
BB(IN) : BB(IN)+ZFS LOAD 89
B(I) : BB(IN) LOAD 90

105 BB(INN) : BB(INN)+ZFE LOAD 91
B(INN) : 88(INN) :GAD 92
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110 CONTINUE LOAD 93
C LOAD 94
C HAVE COMPUTED AXIAL LOADS DUE TO PRESSURE DIFFERENTIAL LOAD 95

no0 C LOAD 96
C NON COMPUTE THERAL LOAD VECTOR. USING XLOAD(IJKI) LOAD 97
C LOAD 98
120 CONTINUE LOAD 99

SUMTHF : 0.0 LOAD 100
115 DO 170 KI:I,NOEL LOAD 101

C LOAD 102
IF (NKN.EQ.2) GO TO 160 LOAD 103

C LOAD 104
TC : TELH(KIKANEW) LOAD 105

120 IF (KI.GT.NOELF) GO TO 140 LOAD 106
TCC : (TC-32.)/t.8 LOAD 107

C DEGREES K FOR CALLS TO MATPRO ROUTINES LOAD 108
TCK : TCC+273.15 LOAD 109
ALPHA : FTHEXP(TCK,0) LOAD 110

125 IF (IRZ.GT.I) GO TO 130 LOAD III
THET : ALPHA LOAD 112
GO TO 160 LOAD 113

130 ALPHI - ALPHA LOAD 114
TLD : (TELH(KI,KANOLD)-32.)/l.8+273.15 LOAD 115

130 TLD : (TELHkKIKANOLD)-32.)/1.8+273.15 LOAD 116
ALPH2 : FTHEXP(TLD,0) LOAD 117
THET : ALPHI-ALPH2 LOAD 118
GO TO 160 LOAD 119

140 CONTINUE LOAD 120
135 TCC : (TC-32.)/I.8 LOAD 121

TCK : TCC+273.15 LOAD 122
CALL CTHEXP (TCKO.0,ALPHA) LOAD 123
IF (IRZ.GT.1) GO TO 150 LOAD 124
THET : ALPHA LOAD 125

140 GO TO 160 LOAD 126
ISO ALPHI : ALPHA LOAD 127

TLD : (TELH(KI,KANOLD)-32.)/1.8+273.15 LOAD 128
CALL CTHEXP (TLD,6 .0,ALPH2) LOAD 129
THET : ALPHI-ALPH2 LOAD 130

145 160 CONTINUE LOAD 131
IF (NKN.EQ.2) THET : 0.0 LOAD 132
THRtSU(KI) : THET LOAD 133
IF (KI.GT.NOELF) GO TO 170 LOAD 134
SUMTHF : SUMTHF+THET LOAD 135

ISO 170 CONTINUE LOAD 136
THAVF : SUMTHF/FLOAT(NOELF) LOAD 137

DO 240 KI:I,NOEL LOAD 138
THET : THAVF LOAD 139
IF (KI.GT.NOELF) THET : THRMSV(KI) LOAD 140

155 C LOAD 141
PR : 2.0*PI*ARE(KI)*RBR(KI) LOAD 142

C LOAD 143
DC 200 I:I.4 LOAD 144
SUM : 0.f LOAD 145
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160 DO 180 J:1,3 LOAD 146
5 : PR*XLOAD(i,JKI)*THET LOAD 147
SUM : SUM+S LOAD 148

180 CONTINUE LOAD 149
SCUM : 0.0 LOAD 150

165 DO 190 J:1,4 LOAD 151
SC : PR*XLOAD(k,J,KI)*TCRP(JKI,KA) LOAD 152
SCUM : SCUM+SC LOAD 153

X90 CONTINUE LOAD 154
SUM : SUM+SCUM LOAD 155

170 THERM(I) : SUM LOAD 156
200 CONTINUE LOAD 157
C LOAD 158
C C NOW COMPUTE THE CORRECT DEGREES OF FREEDOM AND POSITION IN THE LOAD 159
C DISPLACEMENT ARRAY OR D.O.F. TO MERGE THE INTO THE LOAD VECTORS LOAD 160

175 DO 210 1:1 3 LOAD 161
THETEO(IKi) : THET LOAD 162
IF (NKN.EQ.I.AND.ISSTOP.EQ.I.AND.KKA.EQ.2) THSAV(I,KIKA) LOAD 163

+ : THETEO(I,KI) LOAD 164
210 CONTINUE LOAD 165

180 THETEO(4,KI) : 0.0 LOAD 166
C ADD CRE'P STRAIN TO STRESS CORRECTION TERM LOAD 167

DO 220 K:1,4 LOAD 168
THETEO(K,KI) : THETEO(K,KI)+TCRP(K,KI,KA) LOAD 169

220 CONTINUE LOAD 170
185 C NOW HAVE STRAIN CORRECTION TERM FOR LOAD AND STRESS LOAD 171

C FOR THE FUEL, THE CLAD, AND THE COMBINED CASE LOAD 172
C LOAD I?3

NNA.I) : ELM(I,KI) LOAD 174
NNA(2) : ELM(2,KI) LOAD 175

190 NNA(3) : ELM(3,KI) LOAD 176
C LOAD 177
C LOAD 178
C COMPUTE LOAD VECT3R FOR CONTACT BETWEEN FUEL AND CLAD LOAD 179
C LOAD 180

195 DO 230 1:1,3 LOAD 181
J : 2*1-1 LOAD 182
NNI : NNA(I) LOAD 183
II : NODET(NNI) LOAD 184
BB(11) : BB(II)+THERM(J) LOAD 185

200 88t i+1) : BB(I +1)+THERM(J+1) LOAD 186
B(I) : BB(I) LOAD 187
B(I+1) : BB(I+1) LOAD 188

230 CONTINUE LOAD 189
240 CONTINUE LOAD 190

205 C LOAD 191
II : NF+NC LOAD 19:

DO 250 1:1,11 LOAD 193
IN : NODET(I)+I LOAD 194
BB(IN) = 0.0 LOAD 195

210 B(IN) : 0.0 LOAD 196
250 CONTINUE LOAD 197

RETURN LOAD 198

SUBROUTINE LOAD 10/21/80 14,32.27 PAGE
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END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 LOAD

VARIABLES
2 ALPHA

722
724

0
705

0

ALPH I
ALPH2
ARE
AREA
B

0 BB

14
33
34
5
6
0
0

102
0

56
55

675
674
35

0
673

57
103
67
42
60

5
676

677
712
713

40

COMP
CP
CR
DELR
DELZ
DELZA
E
EAX
ELM
ERAD
FLXR
FRA I
FRAO
FRDEN
HHF
I

I ADJ
I CHNG
ICNT
ICRPP
I CUT
IDF
II

IJ
IN
INN
IPLAS

DEF LINE
1

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
212

RELOCATION
LAST C

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.

F.P.

F.P.

GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR
BA
LASTIC
BA
F.P.

BA
BA

LIMITS
FEP

LIMITS
FEP
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS

LORD 199

128

DEFINED

DEFINED
90

210
104

200

137

128
DEFINED

1

60

105
58

209

139

141
131

61

106
59

66

'99
64

200
65

51

REFS
DEF I NED
REFS
REFS
REFS
REFS
REFS

106
REFS

201
103

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

161
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS

207
REFS
REFS
REFS
REFS

27
124
132
132
16
95
16

201
16

202
105

18
20
20
18
18
30
27
30
16
30
30
64
58
20
32
47

166
46
20
32
20
20
20
20
58

DEFINED
59

2*103
2*105

20

126

144
143
156

DEFIi4ED
DEFINED

202
:03

DEFINED
199

50

188

65
59

2*90
170
89

60
56
61

2* 104
2*106

I

50

189

66
60

2*91
176
158

64
62
65

209
DEFINED

190

DEFINED
61

96
2*177

175

2*199
198
66

210
102

DEFINED

51
DEFINED

97
196
'95

2 200
206

DEFINED
DEFINED

101
197
207

102
208

\ ,.

2*201

57
101

63
208

10/21i8O 14,32.27 PAGE 5SUBROUTINE LOAD
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VARIABLES SN
73 IPLEND
71 IRAK
75 IRZ
74 ISP
37 ISSTOP
3 ISTOP

53 ISTRT
54 ITER
63 ITI

4 ITPI
5 ITP2

730 J

24
734
12

JAM
K
KA

715 KI

10
2

66
55
45

46
36

701
702
52
43
56
17
16
0

31
20
32
21
22
14
13
'5
25
26
27

52
SI
50

7
53

KKA
KKZZZ
KPLAS
KRNCH
KRNCKC
KRNCHF
KRNCHT
KZl
LL
LU
MAXA
MAXT
MCUD
NABC
NABF
NABFD
NABF2
NABT
NABT2
NAEC
NAEF
NARC
HARP
HART
NAXBT
NAXD2
NAXB14
NC
NCNN
NCONN
NC4
NETOT
NEWl

TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
FEP
BA
BA
LIMITS
TAPES
TAPES

LIMITS

LIMITS

GEOPAR
FEP
LIMITS
LIMITS
LIMIT S
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
BA
A
LIMITS
LIMITS
LIMITS

138

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
196

REFS
REFS
REFS
183

REFS
2*154
188

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
REPS

20
20
20
20
20
32
30
30
20
29
29

161

20
3*183

20

119
2*156
189

18
32
20
20

N
20
20
86
89
20
20
20
20
20
16
20
20
20

20
20
20
20
20
20
20
20
3030
20
20
20

160

166

147
180

I99

182
129

129
2*166

DEFINED
177

DEFINED
81

165

177

148
3*183

200

130

130
176
115

125

177

2*166

DEFINED
119

120
161
190
68

89
DEFINED

DEFINED

50

DEFINED

142

142
2*177
152

80

I

80 81 206

119

SUBROUTINE LOAD 10/21 /e0 PAGE 6
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VARIABLES
10 NEWF
11 NEWT
0 NF

6
30
47
51
0

41
54
50

1026
735
0

2
4
0
3

65

2
3

23
57

700
13
0

11
54
56
12
55

726
0

72
0
2
3
4
0

70
30

731
733
732
704

64

NFF
NFF I
NFF2
NF4
NIN
NKN
NMX
NN
NNA
NNI
NODET

NOEL
NOELC
NOELD
NOELF
MOLD
NOUT
NSCRI
NSCR2
NT
NTAE
NTOLD
PAXL
PDEL
PI

PIN
PINOLD
POLD
POUT
POUTLD
PR
R

RAKSUM
ROR
RCI
RCO
RDOLD
RFI
RFO
RRAKR
RRSIN
S
SC
SCUM
SIG
STEP

SN TYPE
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
BA

F.P.

LIMITS
LIMITS
F.P.

LIMITS
LIMITS
CAPES
TAPES
TAPES
PEP
LIMITS
FEP

GEOPAR
CONTNT

GEOPAR
FEP
FEP
GEOPAP
FEP

F.P.

LIMITS
F.P.

GEOPAR
GEOPAR
FEP
GEOPAR
GEOPAR
LIMITS
FEP

LIMITS

50

57
56

51

86
63

80 8162

REFS
REFS
REFS

206
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
198

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

96
REFS
REFS
REFS
REFS
REFS
REFS
REFS

97
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

20
20
20

20
20
20
20
29
20
20
30
36
198
16

208
20
20
14
20
20
29
29
29
32
20
32
87
18
28
97
18
32
32
18
32
161
16

DEFINED
20
16
18
18
32
18
18
20
32
'62
167

'5
20

63

177

189

63

152

190

101 102

146

186

I
154

117

197
DEFINED

56
DEFINED

45

15
120
12Q

DEFINED

50
156

51

50

166
50
1

156
73
73

DEFINED
DEFINED

169
DEFINED

DEFINED
197
57

i
115

16
148
130

73

51

73

73

DEFINED
51

DEFINED

161
166

DEFINED
87

86 9'

DEFINED
151
142

2*73

156
2*86

16.

2*91 96

167
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VARIABLES
104 STEPS
727 SUM
714 SUMTHF
716 TC
717 TCC
720 TCK
0 TCRP
0 TELtM

725
i020
721

THAVF
THERM
THE T

0 THETEO

736
0

61
62

723
703

4
706
0

7
707
7:1
710

THRMSV
THSAV
THIEC
TIME
TLD
TOT
TREF
XL: ME
XL GAD
XNU
ZDEL
ZF
ZFE
ZFS

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
FEP

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F.P.

F.P.
LIMITS
LIMITS

GEOPAR

F.P.
LASTIC
GEOPAR

EXTERNALS
CTHEXP
FTHEXP
1OCEKA

TYPE ARGS
3

REAL 2
3

REFERENCES
37

124
45

INLI'4E FUNCTIONS TYPE
FLOAT REAL

ARGS
INTRIN

DEF LINE REFERENCES
151

STATEMENT LABELS
0 100
0 110

222 120
264 130
320 140
340 150
361 160
377 170
0 180
0 ?0
0 200
0 210
0 220
0 230

DEF LINE
48

107
113
128
134
141
145
150
163
168
171
179
1184
203

REFERENCES
46
89
49

125
120
138
117
115
160
165
158
175
182
195

DEF
DEF
DEF
DEFI

170
INED
INED
INED
INED
183
129

162 169DEFINED
114
119
121
123

DEFINED
130

DEFINED
176
154
183

REFS
RE"S
Rf FS
F' FS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

139
REFS

180
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

159
149

135
136

142

47
DEFINED

DEFINED

32
162
149
121
123
124

14
16

153
16

147
144
16

183
15
15
20
20

131
87
18
95
16
27
18
96
105
103

169
151
135
136
137
166
119

DE''NED
199
149
146
45

154
DEFINED

143
DEFINED

DEFINED
161

97
DEFINED
DEFINED

170
126

'51
200
161
'53
177

DEF I NED
1

DEFINED
9.;

91
166

147
177

I 176

130 1MF

DEFINED

143
131

DEFINED
97
96

68

127
148

133 1'0

SUBROUTINE LOAD I O/2 $'$ 14.32,27 PAGE 8
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STATEMENT LABELS
0 240
0 250

LOOPS
22

147
226
407
424
430
451
504
533
563
625

LABEL
100
110
170
240
200
180
190
210
220
230
250

COMMON LOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
BA
PEP

DEF Li4e
204'
211

INDEX
I
I
K'I
KI
I
J
J
I
K
I

LENGTH
13
62

3
I
6

86
69

FROM-TO
%6 480
89 107

'45 ;5
152 204
158 171
160 163
165 168
175179
182 184
195 203
207 211

REFERENCES
152
207

LENGTH
58

528
1548
2118
568
158
208
238
128
328
128

PROPERTIES
INSTACK

OPT
CXT REFS
NIT INNER
NUT INNER

OPT
OPT
OPT

INSTACK
OPT

INSTACK

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

11028
3608

578
240

SUROUT iNE LOAD I0/2It80 PAGE
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SUBROUTINE MOVEKA (K.IAN)
DIMENSION IA(N)

DO 100 :1,N
IA(I' : K

100 CONTINUE
RETURN
END

SYtBOL IC REFERENCE MAP (R:2)

ENTRY POINTS
4 MOVEKA

VARIABLES
20 I

0 IA
0 K
0 N

DEF LINE

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
6

RELOCATION

ARRAY F.P.
F.P.
F. P.

STATEMENT LABELS
0 100

DEF LINE
5

REFERENCES
3

LOOPS LABEL
1i 100

INDEX
I

FROM-TO
35

LENGTH
68

PROPERTIES
INSTACK

STAT IST ICS
PROGRAM LENGTH

1400008 SCM USED

5

MOVEKA
MOVEKA
MOVEKA
NOVEKA
MOVEKA
MOVEKA
MOVEKA

2
3
4
S
6
7
8

REFS
REFS
REFS
REFS

4

4
2

DEFINED
DEFINED
DEFINED

3

3

DEFINED

4

1

258 21

SUDROUTINE MOVEKA 10/'21/eu 14.32.27 PAGE 1
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SUBROUTINE RADIAL (CFAC DENDG OGSAV EAXERAD FRAC ITER NA NF NFFI RADIAL 2
R +PRGRADIUS, RPSIGC, SIG , TCL, TbtP, TF , TRAMP, VFC, VF , VFCt.DiNS ,DP RADIAL 3

+,R. RCNR.PtATC,CFCSV) RADIAL '4
C RADIAL 5
C RADIAL 6

DIMENSION TEMP2, A. RADIUSNA) VPF(HA) VFC(NA), CFACHA), RADIAL 7
+ ERAD A) EAX(NA) PRG' ADGNA) D FNA), DGAVF(NA), RADIAL 8
+ TCL(2,NA. TFS(2,NA), TRAtIP(NA) RADIAL 9
DIMENSION R(NA), DENSF(NA), DPW(NA PLSTC(4,HA) RADIAL 10

10 C RADIAL I
INTEGER NEW, OLD RADIAL 12

C RADIAL 13
C INPUT VARIABLES RADIAL I3
C RADIAL Is

I5 C DZN - U02 PERCENT THEORETICA DENSITY RADIAL 16
C DENSF - ARRAY OF DENSIFICATION VALUES RADIAL 17
C DPW - ARRAY OF SWELLING VALUES RADIAL 18
C PLSTC - CLADDING PLASTIC STRAINS RADIAL 19
C FRAC - GAS CONDUCTIVITY / PURE HELIUM CONDUCTIVITY RADIAL 20

20 C NA - NUMBER OF AXIAL REGIONS IN FUEL RADIAL 21
C NF - NUMBER OF RADIAL NODES IN FUEL IN PELET MODEL RADIAL 22
C NR - NUMBER OF RADIAL NODES IN FUEL IN INEL MODELS RADIAL 23
C TEMP - FUEL CENTERLINE AND SURFACE TEMPERATURES (F) RADIAL 24
C RADIUS - CLADDING INSIDE SURFACE RADIUS (INCHES) RADIAL 25

25 C RC - COLD CLAD ID (INCHES) RADIAL 26
C RP - COLD FUEL RADIUS (INCHES) RADIAL 27
C SIGC - EFFECTIVE CRACK ROUGHNESS INCHES) RADIAL 28
C SIGG - EFFECTIVE GAP ROUGHNESS (INCHES) RADIAL 29
C RADIAL 30

30 C RADIAL 31
C OUTPUT VARIABLES RADIAL 32
C RADIAL 33
C CFAC - U02 THERMAL CONDUCTIVITY MULTIPLIER RADIAL 34
C ERAD - RADIAL U02 ELASTIC MODULUS (PSI) RADIAL 35

35 C EAX - AXIAL U02 ELASTIC MODULUS (PSI) RADIAL 36
C PRG - HYDROSTATIC INTERFACIAL PRESSURE(PSI) RADIAL 37
C RADIAL 38
C RADIAL 39
C INTERNAL VARIABLES RADIAL 40

40 C RADIAL 41
C CINTER - INTERCEPT OF CFAC VS PRG EQUATION RADIAL 42
C CSLOPE - SLOPE OF CFAC VS PRG EQUATION RADIAL 43
C DG - EFFECTIVE GAP WIDTH (INCHES) RADIAL 44
C VFF - VOID FRACTION WITHIN FUEL RADIAL 45

45 C VFC - VOID FRACTION WITHIN CLADDING ID RADIAL 46
C TCL - FUEL CENTERLINE TEMPERATURE (C) RADIAL 47
C TFS - FUEL SURFACE TEMPERATURE (C) RADIAL 48
C RFS - FUEL RADIUS (INCHES) RADIAL 49
C RCI - CLADDING INNER RADIUS (INCHES) RADIAL 50

50 C HFUL - UO2 MEYER HARDNESS RADIAL 51
C DELRNG - DELTA RADIUS PER FUEL RING RADIAL 52
C DNS - CHANGE IN RADIUS DUE TO DENSIFICATION RADIAL 53
C SWL - CHANGE IN RADIUS DUE TO SWELLING RADIAL 54



SUBROUTINE RADIAL 76u176 OPT:0 TRACE STATIC FTN M.8+508 10'21/80

C
C

60

55

4

+

C

C
C

+

C

C EF
C AX

C
C AD

C AD

C

RP
RC

65

70

75

80

PAGE

85

90

PEST - ESTIMATED FUEL RADIUS AFTER SWELLING AND DENSIFICATION RADIAL
EST - ESTIMATED CLAD ID AFTER CREEP RADIAL

RADIAL
EXPND(T) 1 -.723E-4+6.797E-6*T+2.896E-9*T*T RADIAL
MHARD(TKDEN) : 3*l.7E8*SaRT(l.-2.62*(I.-DEN))*EXPt-380..'(1.987*TK RADIAL

) ) RADIAL
TD : DENu100. RADIAL
RCRL : .56 RADIAL
RADCL : 0.56 RADIAL
CNUN : 6. RADIAL
HCL : I.E5 RADIAL
PI : 4.*ATAN(I.) RADIAL

RADIAL
NEW : RADIAL
OLD: 2 RADIAL
IF (ITER/2*2.EQ.ITER) NEW : 2 RADIAL
IF (NEW.EQ.2) OLD : I RADIAL

RADIAL
RADIAL

DO 280 JRAD:2,NA RADIAL
T'L(NEWJRAD) : (TEKP(i,JRAD)-32.),1.8 RADIAL
TFS(NEk,JKAD) : tTEMP(2,JRD)-32.),l.8 RADIAL
IF (ITER.GT.1) TCL(NEWJRAD) : 0.8*TCL(NEWJRAD)+0.2*TCLiOLD.J RADIAL
RAD) RADIAL
IF (ITER.GT.1) TFS(NEW,JRAD) : 0.8*TFS(NEW,JRAD)+0.2*TFS(OLD,J RADIAL
RAD) RAbIAL
TUOL : (TCL(NEWJRAD)+TFS(4EW,JRAD)),2. RADIAL

RADIAL
DNS : 0 . RADIAL
SAIL :0.0 RADIAL

FECTS OF SWELLING AND DENSIFICATION ARE AVERAGED FOR EACH RADIAL
IAL REGION RADIAL

DO 100 I:I.NR RADIAL
L : NR+1-I RADIAL
IJ : NR*(JRAD-I)+L-I RADIAL
DELRNG : -'R(l+L)-R(L)) RADIAL
DNS : DNS+DELRNG*DENSF(I+IJ) RADIAL
SWL : SWL+DELRNG*DPW I+IJ) RADIAL
CONTINUE RADIAL

RADIAL
D IN EFFECTS OF SWELLING AND DEN IFICATION RADIAL

RPEST : SWL+DNS+RP RADIAL
D IN EFFECTS OF CLADDING CREEP RADIAL

RCEST : RC*tI.+PLSTC(2,JRAD)) RADIAL
SIGG = (RCEST-RPEST).P. RADIAL
SIGC : (RCEST-RPEST),. RADIAL

RADIAL
RFS : Rr*(I.O+EXPND(TVQL)n RADIAL
RCI : RADIUS((JRAD-I)*NFFI+NF+i) RADIAL
IRAD : 0 RADIAL
OGS : DGSAV JRAD) RADIAL
DOG : .2 RADIAL
IFAIL : 0 RADIAL

95

100

105

P 55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
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110 CONTINUE RADIAL 108
K = 0 RADIAL 109

120 CONTINUE RADIAL 110
110 K : K+I RADIAL Il

C RADIAL 112
ARAG : .5I(l.-EGS1) RADIAL 113
PRG(JRAD) : HCL*ARAG.(I.-ARAG) RADIAL 114

C RADIAL 115
115 DG(JRAD) : DGS*SIGG*SQRT(2.) RADIAL 116

RFSMT : RCI-DG(JRAD) RADIAL 117
TK : TVOL+273. RADIAL 118
IF TK.GT.1000.) TK : 1000. RADIAL 119
HFUL : MHARD(TK, TP) RADIAL 120

120 HFUL : HFUL/6894. RADIAL 121
A : 2.896E-9*TVOL*TVOL+6.797E-6*TVOL RADIAL 122
VA : PI*(RFSMT*RFSMT-RFS*RFS) RADIAL 123
CIRCLE : 2.*RCRL*PI*RFSMT RADIAL 124
RADL : CNUM*RADCL*RFSMT RADIAL 125

125 D : VA/(CIRCL+RADL) RADIAL 126
DS : D/(SIGC*SQRT(2.) RADIAL 127
A : .5*(I.-ERF(DS)) RADIAL 128
PRF : HFULEA/(I.-R) RADIAL 129

C RADIAL 130
130 PDI : PRF-PRG(JRAD) RADIAL 131

PERRY : .01 RADIAL 132
IF (K.LT.4) GO TO 130 RADIAL 133
PTST : ADSDGS-ZC),ZC RADIAL 134
IF (PTST.LE.PERR) GO TO 210 RADIAL 135

135 130 CONTINUE RADIAL 136
IF (K.GT.3) GO TO 170 RADIAL 137
IF (K.EQ.1) GO TO 140 RADIAL 138
IF (K.EQ.2) GO TO 150 RADIAL 139
IF K.EQ.3) GO TO 160 RADIAL 140

140 140 CONTINUE RADIAL 141
ZA = DGS PADIAL 142
FA : PDIF RADIAL 143
DGS : DGS+DDG RADIAL 144
GO TO 120 RADIAL 145

145 150 CONTINUE RADIAL 146
ZD :=DGS RADIAL 147
FA = PDIF RADIAL 148
DG5 : DGS-2.*DDG RADIAL 149
GO TO 120 RADIAL ISO

150 160 CONTINUE RADIAL 151
ZC : DG5 RADIAL 152
FC = PDIF RADIAL 153
GO TO 180 RADIAL 154

170 CONTINUE RADIAL 155
155 ZA : Z8 RADIAL 156

ZD : ZC RADIAL 157
ZC : DG5 RADIAL 158
FA : F RADIAL 159
F : FC RADIAL 160

SUBROUTINE RADIAL 10r21100 14,32,27 PAGE 3
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160 FC : PDIF RADIA+, 161
180 CONTINUE RADIAL 162

AMBI :(ZC-ZB)/(ZB-ZA) RADIAL 163
DELTI (ZC-ZA)/(ZB-ZA) RADIAL 164
G1:AMBI*AMB1*FA-DELTI*DELTl*FB+(DELTI+AMti)*FC RADIAL 165

165 Cl : AMBI*(AMBItFA-DELTI*FD+FC) RADIAL 166
XI:-2.*DELTI*FC RADIAL 167
5 : GI*GI-4.*DELT1*C1*FC RADIAL 168
IF 5.GE.0.) GO TO 200 RADIAL 169

190 CONTINUE RADIAL 170
170 IFAIL : IFAIL+l RADIAL 171

DGS : FLOAT(IFAIL)*.5 RADIAL 172
IF (IFAIL.GT.IC) GO TO 220 RADIAL 173
GO TO 110 RADIAL 174

200 CONTINUE RADIAL 175
175 5 : SQRT(S) RADIAL 176

IF (Gl.LT.0.) 5 : -5 RADIAL 177
AMB : XI/(G$+S) RADIAL 178
Z : ZC+AMB*(ZC-ZD) RADIAL 179
065 : Z RDA 8

180 IF (DGS.LT.O.) GO TO 190 RADIAL 181
GO TO 120 RADIAL 182

210 CONTINUE RADIAL 183
DGSAV(JRAD) : DGS RADIAL 184
IRAD : I RADIAL 185

185 GO TO 230 RADIAL 186
22C CONTINUE RADIAL 187
C RADIAL 188
230 CONTINUE RADIAL 189

VFF(JRAD) : 100.*((RCI-DG(JRAD))**2-RFS*RFS)/(RCI-DGJRADf**2 RADIAL 490
190 VFC(JRAD) : 100.*(RCI*RCI-RFS*RFS)/(RCI*RCI) RADIAL 191

C RADIAL 192
C CFAC CORRELATION FROM RODS 1,2,3 OF IFA-432 AND ROD 6 OF IFA-513 RADIAL 193
C SEE REPORT -- PNL-2709, FIG 17,18 RADIAL 194
C RADIAL 195

195 CFRAC : 1.-FRAC RADIAL 196
CINTER : 0.53-0.14*CFRAC-0.40*CFRAC**? RADIAL 197
CSLOPE : 0.29+0.08*CFRAC+0.04*CFRAC** RADIAL 198

C RADIAL 199
IF (PRG(JRAD).LT.0.) WRITE (6,*) "PRG NEGATIVE" RADIAL 200

200 IF (PRG(JRAD).LT.0.) PRGJRAD) = 50. RADIAL 201
PASCAL =:ALOG10(PRG(JRAD)*6895.+1.) RADIAL 202
CFAC(JRAD) : CSLOPE*(PASCAL-6.0)+CINTE! RADIAL 203
IF (CFAC(JRAD).LT.0.3) CFAC(JRAD) : 0.3 RADIAL 204
IF (CFAC(JRAD).GT.I.) CFAC(JRAD) : 1. RADIAL 205

205 C RADIAL 206
C VFCC : VFC FOR COLD ROD RADIAL 207

VRATIO : VFC(JRAD)/JFCC RADIAL 208
C TRAMP : TEMP AT WHICH "LOCKUP" OCCURS RADIAL 209
C LIMIT IS PERCENT GAP STILL OPEN WHEN FUE. MODULI REALLY RADIAL 210

210 C START TO CLIMB RADIAL 211
LIMIT : 0.85 RADIAL 212
IF (URATIO.GE.VLIMIT) TRAMP(JRAD) : TUOL RADIAL 213

SUBROUTINE RADIPL 10/2/8o 14,32.27 PE
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C RADIAL 214
RATIO : (TVOL-TRAMP(JRAD)i/280. RADIAL 215

215 C RADIAL 216
C EAX, ERAD CORRELATIONS FROM PNL-2709 RADIAL 217
C RADIAL 218

IF (VFC(JRAD).LT.3.5) GO TO 240 RADIAL 219
VF35 : VFC(JRAD)-3.5 RADIAL ?20

220 ZI : 9.73-0.29*VF35+0.016*VF35*z2 RADIAL 2 1
Z2 : 8.61-0.03*VF35 RADIAL 222
GO TO 250 RADIAL 223

240 CONTINUE RADIAL 224
ZI : ll.0-0.43*VFC(JRAD)+0.0189*QFC(JRAD)**2 RADIAL 225

225 Z2 : 10.5-0.54*VFC(JRAD) RADIAL 226
250 CONTINUE RADIAL 227

Z : ZI*RATIO+Z2*(I.-RATIO) RADIAL 220
C RADIAL 229

IF (VFF(JRAD).JT.4.5 GO TO 260 RADIAL 230
230 VF45 : VFF(JRAD)-4.5 RADIAL 231

YI : 9.29-0.08*VF45 RADIAL 232
Y2 : 8.96-0.08*VF45 RADIAL 233
GO TO 270 RADIAL 234

260 CONTINUE RADIAL 235
235 YI : II.5-0.91*VFF(JRAD)+0.093*VFF(JRAD)**2 RADIAL 236

Y2 : 10.6-0.68*FF(JRAD)+0.070*VFF(JRAD)XX2 RADIAL 237
270 CONTINUE RADIAL 238

Y : YI*RATIO+Y2$(I.-RATIO) RADIAL 239
IF (RATIO.GT.I.) Y : YI RADIAL 240

240 IF (RATIO.LT.0.) Y : Y2 RADIAL 241
IF (RATIO.GT.I.) Z : ZI RADIAL 242
IF (RATIO.LT.O.) Z : Z2 RADIAL 243

C LIMITS ON Z AND Y TO ENABLE FINITE ELEMENT ANALYSIS RADIAL 244
IF (Y.LT.8.84) Y 8.84 RADIAL 245

245 IF (Q.LT.8.84) Z = 8.84 RADIAL 246C RADIAL 247
C Z,Y : LOGARITHMS OF EAXERAD (PASCALS) RADIAL 248

EAXUJRAD) : I0.*Z/.6895. RADIAL 249
ERAD(JRAD) : 10.**Y/6895. RADIAL 250250 C RADIAL 251
EAX JRAD) : EAX(JRAD)/2. RADIAL 252
ERAD(JRAD) : ERAD(JRAD)/8. RADIAL 253

C MODIFICATION OF MODULI NECESSARY TO CORRELATE RESULTS FROM PNL-2709 RADIAL 254
C WITH PELET FINITE ELEMENT MODEL RADIAL 255

255 C RADIAL 256
280 CONTINUE RADIAL 257
C RADIAL 258
C RADIAL 259

ERAD(I) : ERAD(2) RADIAL 260
260 EAX(I) : EAX(2) RADIAL 261

C REGION NA+l IS PLENUM - LOW MODULUS RADIAL 262
ERAD(NA+1) : _.ES RADIAL 263
EAX(NA+I) : I.E5 RADIAL 264

C RADIAL 265265 RETURN RADIAL 266

SUBROUTINE RADIAL 10/2 t/i0 PAGE 5
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END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 RADIAL

VARIABLES
1205 A
1233 AMB
1225 AM I
1201 ARAG

0 CFAC

0 CFC5V
1235 CFRAC
1236 CINTER
1207 CIRCL
1155 CNUM
1237 CSLOPE
1230 CI
1211 D
1176 DDG
1167 DELRNG
1226 DELTI

0 DEN
0 DENSF
0 DG

1175 OGS

0 DGSAV
1162 DNS

0 DPW
1212 DS

0 EAX

0 ERAD

1221
1223
1224

0
1227
1156
1204
1164
1177

FA
FP
FC

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL

REFERENCES
265

RELOCATION

ARRAY

*UNUSED

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

REAL
REAL
REAL

FRAC
GI
HCL
HFUL
I
IFA IL

REAL
REAL
REAL
REAL
INTEGER
INTEGER

F.P.

REFS
REFS
REFS
REFS
REFS
204

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

151
171

REFS
REFS
REFS
REFS
REFS

260
REFS

259
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

2*128
178

3*164
2*113

6

1
2*196
202
125
124
202
167
126
143
90

3*164
60
9
6

112
157
179
6

90
9

127
6

263
6

262
164
156
159
152
195

2*167
113
120
87

170

DEFINED
DEFINED

2*165
DEFINED

203

2*197
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

148
91

165
DEFINED

90
116
115
18

104
95
91

DEF I NED
251

252

165
164
164
160

DEFINED
176

DE% INED
128

DEFINED
Il

121
177

DEFINED
112
204

DEFINED
196
123
63

197
165
125

DEFINED
DEFINED

166
I

DEFINED
2X189

133
183

DEFINED
DEFINED
DEFINED

126
260

259

DEFINED
165
165

1
177
64

DEFINED
66

1 72

RADIAL

127

162

DEFINED

195

202 203

163

115
146
143

105
89

167

DEFINED
141

DEFINED

82

DEFINED

DEFINED

142
DEFINED

166

DEFINED

DEFINED

143
104

183
90

158
147
167

148
148

251248

249

159

164

119

DEFINED 106 170

SUBROUTINE RADIAL 10!21.50 14.32.27 6
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SUBROUTINE RADIAL

VARIABLES SN TYPE
1166 IJ INTEGER
1174 IRAD INTEGER

0 ITER INTEGER
1160 JRAD INTEGER

1200 K INTEGER

1165 L INTEGER
0 NA INTEGER

1150 NEW INTEGER

0 NF INTEGER
0 NFFI INTEGER
0 NR INTEGER

1151 OLD INTEGER
1240 PASCAL REAL
1214 PDIF REAL
1215 PERR RENL
1157 P1 REAL

0 PLSTC REAL
1213 PRF REAL

0 PRG REAL

1216 PTST REAL
0 R REAL

1154 RADCL REAL
0 RADIUS REAL

1210 RADL REAL
1243 RATIO REAL

0 RC REAL
1171 RCEST REAL
1173 RCI REAL
1153 RCRL REAL
1172 RFS REAL
1202 RFSMT REAL

0 RP REAL
1170 RPEST REAL
1232 S REAL

0 SIGC REAL
0 SIGG REAL

1163 51L REAL
0 TCL REAL

1152 TD REAL
0 TEMP REAL
0 TFS REAL

1203 TK REAL

76/176 OPT:0 TRACE STATIC

RELOCATION

F.P.

F.P.

F.P.
F.P.
FP.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

F.P.

F.p.

F.P.

F.P.

F.P.

F.P.

F. P.
F.P.

F.P.

F. P.
F.P,.

REFS
DEFINED
REFS
REFS
102
190
212

2*235
DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEF INED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
176

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

FTN 4.8+508

90
103
2*69
2*74
104
199
214
2*236

73
110
108
88
13*t,

II
67
102
102
86
11

202
142
134
122
9

130
6

134

124
6

125
2*227
214

97
98

116
123

2X122
2*122

95
98

168

126
115
9'
6

II9
6
6

118

9'
184
76

2*75
113

2*200
218
248

132
110
2*89
4x9

70
69

DEF I NED
DEFINED

8?
76

DEFINED
147

DEFINED
123
97

DEF I NED
130
113

DEFINED
2*89

DEFINED
102

DEFINED
2*238

DEFINED
99

2*189
DEFINED

2* 189
123
101
00
175

DEFINED
DEFINED

95
2*76

DEF I NED
74

2*78
119

DEFINED

78
3*76
115
201
219
249

136

DEFINED
73

74

I
I

88
78

201
152
131

DEFINED
DEFINED

128
199
200
133

DEFINED
62

DEFINED
124
239

DEFINED
4*190

61
2*190

124
DEFINED
DEFINED

176

I

DEFINED
80
60
75
80

DEFINED

S0/21/80

88

DEFINED
3*78
116
202
2*224
2*251

137

87
262

75

DEFINED
DEFINED

160

65
1

200

240

97
DEFINED

DEFINED
DEFINED

95
177

99
98
83

DEFINED

DEFINED
DEFINED

117

7

88
183

2*204
229

97
3*189

207
230

139

2*78 2*80

I
2*80
130

2*203
225
2*252

138

263

2*76

68

DEFINED

201

241

102

101
116

DEFINED

91

I IS

70

130

167 175

74

75

76

78
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VARIABLES
0 TRAMP

1161 TUOL

1206
0

0
0

1244
1247
1242
1241
1231
1252
1250
1451
1234

1220
1222
1217

1245
1246

VA
VFC

VFCC
VFF

VF35
VF45
VLIMIT
VRATIO
XI
Y
YI
Y2
Z

ZA
Z8
ZC

ZI
Z2

FILE NAMES
TAPE6

EXTERNALS
ALOG0!
ATAN
ERF
EXP
SORT

SN TYPE
REAL
REAL

REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL

MODE
FREE

TYPE
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY F.P.

ARRAY F.P.

F.P.
ARRAY F.P.

An RITES

ARGS
LIBRARY
LIBRARY
LIBRARY
LIBRARY
L LIBRARY

REFERENCES
201
65
112
119
115

INLINE FU
ADS
EXPN.I
FLO'1T
M W'16

45 TYPE
REAL
REAL
REAL
INTEGER

ARGS

2

INTRIN
SF

INTRIN
SF

DEF LINE

58

REFERENCES
133
101
171
119

STATEMENT L BELS
0 100

207 110
212 120
343 130
360 140
371 150
402 160
410 170
425 180
465 190

DEF LINE
92

107
109
135
140
145
150
154
161
169

REFERENCES
86
173
144
132
137
138
1,49
136
153
180

r.

I
212

219

REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

242
REF S
REFS
REFS

DEFINED
REFS
REFS

6
3*101

80
125
6

207
6

2*220
231
212
212
177
244
238
238
179
245
162
155

2*133
151
227
227

214
117

DEFINED
207
190

DEFINED
229
189
221
232

DEFINED
DEFINED
DEFINED

249
239
240
245

2*163
2*162
156
157
241
242

2*236

219
230

DEFINED
3*121

122
218

3
230

DEFINED
DEFiNED

211
207
166

DEFINED
DEFINED
DEFINED

248

DEFINED
163
162

DEFINED
DEFINED

240235
235
236
Ti78
155

DEFINED
2*178

231
23e

DEFINED

141
178
163

220221

199

146

241

156

224
225

127

119 126 175

149 181
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STATEtENT LABELS
477 200
523 210
532 220
533 230
656 240
671 250
716 260
733 270
0 280

DtF LINE
174
182
186
188
223
226
234
237
256

REFERENCES
168
134
172
185
218

233
73

FROM-TO
73 256
86 92

LENGTH
7438

PROPERTIES
EXT REFS

OPT
NOT INNER

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LOOPS
44
113

LABEL
280
100

INDEX
JRAD
I

13568 750

SUBROUTINE RADIAL 31/21i80 14.32.27 PAGE 9
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50

+

I

DO 110 J:INAXL
DO 110 I:LOW,NRAD
TEMPK = (TELM(I,J,NEW)-32.0)/,.8+273.0
CWK =:128260.-146.5*TEMPK+.1378*TEMPK**2-.0728E-3*TEMPK**3
CWN :_-l.715E-2+.3583E-3*TEMPK-.7638E-6*TEMPK**2+.4954E-9*
TEMPK**3
PSTS(I,J) : CIK*(CRPG(I,J))**CWN

5

C
C
C
C
C
C
C
C
C

SUBROUTINE RATE (NSHCRATE,DtM1,TELM,SECRPG,NAXL,NRAD,PSTS,PSSU,
+PSSRT,IJI POSOLDSE, BASE)

RATE IS CALLED FROM KREEP

SUBROUTINE RATE CALCULATES THE GENERALIZED STRAIN INCREMENT
CRATE(I,J) FOR EACH ELEMENT FOR CREEP OR PLASTIC LOAD STEPS.
THESE INCREMENTS ARE ALLOCATED TO THE R, THETA, AND Z DIRECTIONS
IN SUBROUTINE CREEP (TCRP(IUJK)) THE TCRP"S ARE TRANSLATED
TO NODAL LOADS IN SUBROUTINES LOr'D AND ALOAD.

COMMON /GEOPARI RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL, KKA,PIN,POUT,P
+DEL,COMP
COMMON/LiMITS INF NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE
+WFNEWT,KA,NARF, NRC,NARTNABF,NABC,NABT,NAECNAEF,NTAE,JAM,NAXBT,
+NAXB2,NAXB4,NFFI,NABF2,NAbT2, CPCR FR1 EN,KZI,ISSTOP,IPLASNKN
+,ICRPP MAXT,KRNCHF,KRNCHCKRNCHTNFF2,N&4,NF4,MAXANEW, N
+MX,KRNLHMCUD,IADJ,ICUT,TIMEC,TIMEFITI STEP,NOLD
+, KPLAS,ICNT,RRAKRIRAK,RAKSUMIPLEND,I-P
+, IRZ
COMMON /LASTIC/ E,XNU,ALPHA
COMMON ICONTNT/ P1
COMMON /TAPES/ NIN,NOUT,NSCRI,NSCR2,ITPI,ITP2
COMMON ' BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR,

+ ERAD(20), EAX(20)
COMMON/FEP/HHF,NT,KKZZZ,ISTOPRDOLD(20),RRSIN(20)
+,PINOLD,POUTLD,POLD,NTOLD(20)
+ ,ICHNG,STEPS

COMMON / MATCNS / ANRIN, DCOMP, CWKF, CWNF, DELOXV, FLUX, FNCK,
+ FNCN FOTMTL, DRFDEN, FTMELT, RSTRAN
DIMENSION TELM(NRAD,NAXL,2), CRATE(NRAD,I), TIME(5), SE(NRAD,I)
DIMENSION CRPG(NRAD, I)
DIMENSION PSTS(NRAD,I) OLDSE(NRAD,IU,PSSV(I),PSSRT(I),IJuI),

+ IPOSI),BASEil), DTIM (5)

At* PHI CREEP MODEL JANUARY 1978 VERSIONS**
DATA CI/3310./ C2/.0044:",C3/5.96E141, C5.'l.05E-4/ ,C6/6.36E4./,

+C7/l.OE-5/,C81.5E3/,C9/65.77/,CIO/640.0/,Ciii7.18E-7/

SE - ELEMENT EFFECTIVE STRESS
CRATE - INCREMENTAL STRAIN

IPLAS : 0
LOW : NOELF+l
BIGT 0.0

10

15

25

30

35 C
C

C
C
C
C

RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
ROTE
PE.COM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
COMC
CONC
COMC
COMC
COMC
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE

2
3
4
5
6
7
8
9

10
it
12
2
3
4
5
6
7
8
9

10

12
13
2
3
4
5
6

15
16
17
18
19
20
21
22
23
24
25

27
2?28
29
30
31
32
33
34
35
36
37
38
39

45
C

SUBROUTINE RATE FTN 4,8+5O8 I0/21/80 14.32.27 PAGE I

C



76i176 OPT:0 TRACE STATIC FTN 4.8+508

IF (PSTS(I,J).GT.SE(I,J)) GO TO 110 RATE 40
55 IPLAS : I RATE 41

REST : SE(I,J)-PSTS(I,J) RATE 4;2
IF (BIGT,..TREST) BIGT : REST RATE 43

C CALCULATION OF INITIAL CONDITIONS FOR PLASTICITV RATE 44
IF (KPLAS.NE.0) GO TO 100 RATE 45

60 ICNT :=ICNT+1 PATE 16
IJ(ICNT) : (J-I)*NRAD+I RATE 47
PSSVICNT) : SE(I,J)-PSTS(IJ) RATE 48
BASEiICNT) : SE(I,J)-OLDSE(IJ) RATE 49
GO TO 110 RATE 50

65 100 CONTINUE RATE 51
TF : TELh(IJ,NEW) RATE 52

C DEGREES K FOR CALLS TO MATPRO ROUTINES RATE 53
TK : (TF-32.)/I.8+273.15 RATE 54
E : CELMOD(TK,FNCKCWKF,DELOXY) RATE 55

70 C I PSI : 6.8948 KPA *** RATE 56
E : E/6894.8 RATE 57
CRATE(I J) = ((SE(I,J)-PSTS(I,J))/E)*1.6 RATE 58

110 CONTINUE RATE 59
IRAK : 0 RATE 60

r. C DECISION POINT FOR PSEUDO-ELASTIC LOAD STEPS. IPLAS:1 IS THE RATE 61
C SIGNAL THAT PLASTICITY HAS OCCURRED. sPLAS IS A COUNTERAND RATE 62
C KPLAS:IPLEND SIGNALS THE END OF THE PLASTICITY ITERATIONS. RATE 63

IPLEND : ICNT+1 RATE 64
IF (IPLAS.EQ.I.AND.BIGT.LT.500.) IPLAS : 0 RATE 65

80 IF (KPLAS.GE.IPLEND.AND.IPLAS.EQ.0) CALL MOVEKA (0,CRATE,NOEL*NARC RATE 66
4) RATE 67
IF (KPLAS.EQ.0.AND.IPLAS.EQ.0) GO TO 140 RATE 68
IF (KPLAS.GE.2.AND.IPLAS.EQ.1) GO TO 140 RATE 69
IF (KPLAS.GE.2.AND.IPLAS.EQ.0) KPLAS : KPLAS+l RATE 70

85 IF KPLAS.GT.IPLEND) GO TO 140 RATE 71
IF (KPLAS.EQ.1) KPLAS : 2 RATE 72
IF (KPLAS.EQ.0.AND.IPLAS.EQ.1) KPLAS = RATE 73

C SORT PLASTIC ELEMENTS IN ASCENDING ORDER OF PLASTICITY. RATE 74
IF KPLAS.EQ.I) CALL SORTP (PSSVICNT,PSSRTIPOS) RATE 75

90 C START OF LOAD STEP CALCULATION. THE QUANTITY (I.-RRAKR) IS THE RATE 76
C FRACTION OF TOTAL LOAD STEP TO BE TAKEN. IRAK:I IS THE SIGNAL RATE 77
C TO TAKE A PSEUDO-ELASTIC LOAD STEP. RAKSUM IS THE CUMULATIVE FRACT RATE 78
C OF THE TOTAL LOAD STEP, RATE 79

IRAK :I RATE 80
95 IT : ICNT-KPLAS+I RATE 81

IF (IT.LE.0) IT = I RATE 92
IG : IPOS(IT) RATE 83

DC 120 J:INAXL RATE 84
DO 120 I:LO,NRAD RATE 85

100 ITEST : J-I)*NRAD+I RATE 86
IF (ITEST.EQ.IJIG)) GO TO 130 RATE 87

120 CONTINUE RATE 88
!30 CONTINUE RATE 89

IF (KPLAS.EQ.1) RRAKR : PSSRT(IT)/BASE(IG) RATE 90
105 IF (KPLAS.GT.1) RRAKR : 1.-(PSTS(I,J)-SE(I,J))/BASE(IG) RATE 91

RApSUM : RAKSUM+(I.-RRAKR) RATE 92

SUBROUT INE RATE 10,21,80 14.32,27 PAGE
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140
C
C
C
C

125

X50

IF (KPLAS.EQ.IPLEND) RRAKR : RAKSUM
IF (KPLAS.EQ.IPLEND.AND.RAKSUM.GT.I.0) RRAKR
CONTINUE

DECISION TO SKIP THE CREEP CALCULATION. ISP:l IS
THAT THIS IS THE LAST PSEUDO-ELASTIC STEP.

IF
IF
IF
IF

1.0

THE SIGNAL

(KPLAS.EQ.IPLEND) ISP : ISP+l
(KPLAS.GT.0.AND.KPLAS.LT.IPLEND) GO TO 270
(KPLAS.Ew.IPLEND.AND.IPLAS.EQ.1) GO TO 270
(KPLAS.EQ.IPLEND.AND.ISP.EQ.I) GO TO 270

GAS : UNIVERSAL GAS CONSTANT, CAL/MOLE-DEG F

GAS : 1.987
NNN : (NF+NC-2)*2
N : (NABT-1)
M = IRZ

DO 150 1:1 3
TIME(I) : 6TIME(I)*24.0
CONT INUE

DLTM = TIME(3)-TIME(2)
STRAIN HARDENING OPTION DECISION POINT
STRAIN HARDENING OPTION VARIABLE : NSH
NSH : I MEANS THE STRAIN HARDENING OPTION IS USED

IF (NSH.EQ.I.AND.M.GT.I) GO TO 190

DO 180 J:1,N
C CONVERT FLUX FROM NEU/M**2-SEC TO NEUCM**2-SEC

FFLUX : FLXR*I.0E-4
ILO : NOELF+I

DO 180 l:ILO,NNN
TEMK : (TELM(I,J,NEN)-32.0)x/.8+273.0

C
C
C
C ZR CREEP CALCULATION (P.J. PANKASKIE)
C *** PNL CREEP MODEL JANUARY 1978 VERSION
C
C TIME HARDENING

CTO : C10*EXP(-CIl*SE(I,J))
BELT CTO-TE*

C CHANGES RECOMMENDED BY LASSE MATTILA
TNH : -1.0
IF (DELT.GE.0.0) TNH : 1.0

C
QA : C6-0.44*SE(I,J)
OI : C8-.038*SE(I,J)
TAE : -(C6*(l.-TNH)+Q*(I.+TNH))/(2.*GAS*TEMK)
IF (FFLUX.LE,10.) GO TO 160
CFF : 0.85*ALOG(FFLUXi
GO TO $70

110

115

RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
Rtsii
RATE
RATE
RATE
RA-E
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
R^TE
RAT
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE

120

C
C
C

C
C
C
C

C

130

135

140

145

93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
,09
110
III
112
113
114
115
116
117
118
119
120
'21
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

150

I55
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160 160 CONTINUE RATE 146
CFF : (QA/(4.*GAS*CTO))*(3.-CTO/TEMK) RATE 147

I' CONTINUE RATE 148
FAE : (CFF-C9)*(I.+'NH)/2. RATE 149
ATERM : EXP(TAE+FAE: RATE 150

165 5CR : C3*nTERMt((I.-TNH)*S1NH(C5*5E(IJ))+(I.+TNH)*5INH(C7 RATE 151
+ *SE(I,J)))/2. RATE 152

DLTC : CI*(EXP(-C2*TiME(2))-EXP(-C2*TIME(3))) RATE 153
CRATF't I1 : SCR*(DLTC+DLTM) RATE 154

180 COeaINUt RATE 155
170 GO TO 250 RATE 156

- RATE i?
C CHANGES TO ALLOW FOR STRAIN HARDENING OPTION RATE I58
C RATE 159
C START STRAIN HARDENING OPTION RATE 160

175 C RATE 161
190 CONTINUE RATE 162

DO 7'40 J:1,N RATE 163
00 240 I:ILO,NNN RATE 164

C CONVERT FLUX FROM NEU/M**2-SEC TO NEU/CM**2-SEC RATE 165
180 FFLUX : FLXR*I.OE-4 RATE 166

TEMK : (TELM(bJ,NEW)-32.0)/I1.8+273.0 RATE 167
RATE 168

ZETA : TIME(3) RATE 169
200 CONTINUE RATE 170

185 C RATE 17;
C STRAIN HARDENING RATE 172

CTO : CIO*(I.+.021*AL3G(I.+FLUX!6.E12))*EXP(-Cll*_¬(IJ)) RATE 173
DELT CTO-TEMK RATE 174

C CHANGES RECOMMENDED BY LASSE MATTILA RATE 175
130 TNH : -1.0 RATE 176

IF (DELT.GE.0.0) TNM : 1.0 RATE 177
C RATE 178

GA : C6-.061*SE(I,J) RATE 179
01 : C6-.038*5E(*,J) RATE 180

195 TAE : -(C6*(I.-T!4H)+QI*(I.+TNH))/i2.*GAS?.TEHK) RATE 181
IF (FFLUX.LE.10.) GO TO 2;0 RATE 182
CFF : 0.85*ALOG(FFLUX) RATE 183
GO TO 220 RATE 184

210 CONTINUE RATE 185
200 CFF : (8A/(, *GAS*CT3))*(3.-CTO/TEMK) RATE 186

220 CONTINUE RATE 187
FAE : (CFF-C9*(I.+TNH)/2. RABE 188
ATERM : EXP(TAE+FAE) RATE 189
SCR : C3*ATERM*((I.-TNH)*SINH(C5*SE(I,J))+(I.+TNH'*SINh(C7 RATE 190

205 + *3E(1,J))),2. RAN 191
TCI : Cl*(I.-EXP(-C2*ZETA)) RATE 192
TRCI : C1*C2*EXP(-C2*ZETA) RATE 193
CSTRI : SCR*'ZETA+TCI) RATE 194
DCSTI : SCR*(..O+TRCI) RATE 195

210 ERROR : CRPG(IJ)-CSTRI RATE 196
XFACT : 0.001*CRPG(I,J) RC,7E 197
ABERR = AD5(ERROR) PATE 198
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215

ENTRY POINTS
4 RATE

VARIABLES
1324 AERR

2 A #1A
0 HNRIN

1312 ATERM
0 BASE

1256 BIGT
1310 CFF

14 COMP
33 CP
34 CR
0 CRATE
0 CRPG

1320 CSTRI
1330 CSTR2
1302 CTO
1262 CWK

DEF LINE
I

5N TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
237

RELOCATION

LAST IC
MATCNS

ARRAY

ARRAY
ARRAY

F.P.

GEOPAR
LIMITS
LIMITS
F.P.
F.P.

-EF5

R -5
REFS
REFS
REF5
REFc'
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5

2*200 DEFINED

'F (ABERR.LT.XFACT) GO T% 230
H =ERROR/DCSTI
ZETA : ZETA+H
GO TO 200

230 CONTINUE
C
C NOW COMPARE INCREMENTAL STRAIN INCREMENT FOR STRAIN HARDENING
C MODE
C

ZETAN : ZETA+DLTM
C
C COMPUTE INCREMENTAL STRAIN FOR TIME STEP
C

TC2 : CI*(I.-EXP(-C2*ZETAN))
CSTR2 : SCR*(ZETAN+TC2)
CRATE(IJ) : CSTR2-CSTRI

C
240 CONTINUE
250 CONTINUE

DO 260 I:LOW,NRAD
DO 260 J:I,NAXL
OLDSE(IJ) : 5E(I,J)

260 CONTINUE
270 CONTINUE

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

220

225

230

235

RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RP.TE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

212213
21
29
165
33
57
163
12
14
14
31
32

210
228
149
53

DEFINED

204
104
79

202

80
53

228
DEFINED

2*161
DEFINED

63
DEFINED

105
DEFINED
DEFINED

DEFINED
210

DEFINED
227
188
50

164
DEFINED

45
158

211
208

203

57
161

i2
DEFINED

197 200

168
I

148

228

187
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VARIABLES
2 CWKF

1263 CWN
3 CNNF

1202 Cl
1212 CIO
1213 CII
1203 C2
1204 C3
1205 C5
1206 C6
1207 C7
1210 C8
1211 C9

I DCOMP
1321 DCST:

4 DELOXY
5 DELR

1303 DELT
6 ELZ
0 IELZA

1314 DLTC
1276 DLTM
I DRFDEN
0 DTIME
0 E

102 EAX
56 ERAD

1322 ERROR
1311 FAE
1277 FFLUX

5
55
6
7

10
35
12

1272
1325

0
1260

57

67

42
60

5

FLtIX
FL';R
FN K
Fk".N
FOtMTL
FRDEN
FTHELT
GAS
H
HHF
I

I ADJ
ICHNG
ICNT

ICRPP
IC, I
I DF

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
WEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
HATCNS

MATCNS

MATCNS

MATCNS
GEOPAR

ARRAY

ARRAY

ARRAY
ARRAY

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
;NTEGER
INTEGER

GEOPAR
BA

MATCNS
F.P.

LAST IC
BA
BA

MATCNS
BA
MATCNS
MATCNS
MATCNS
LIMITS
MATCNS

FEP

LIMITS
FEP
LIMITS

LIMITS
LIMITS
LIMITS

51
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
rkFS
R1FS
REFS
REt5S
REF3
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFI 'ED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

66
155
210
139

REFS
REFS
REFS

95
REFS
REFS
REFS

DEFINED

DEFINED

DEFINED

29
53
29
167
148
148

2*167
165
165
154
165
155
163
29

214
29
12

152
12
24
168
168
29
33
21
24
24
212
164
157
137
29
24
29
29
29
14
29
156
215
26
49
3*72

2*165
211
178

14
26
14

DEFINED
14
14
14

37

37

37

69
DEFINED

206
187
187
206
204
204
156
204
194
202

DEFINED
69

191

DEFINED
222

126
71

214
203
158
180

137
69

161
DEFINED

2*53
100
168
228
232

60
60

149 188

207
DEFINED
DEFINED
2*207

DEFINES)
DEFINELi

193
DEFINED
DEFINED
DEFINED

128

226
37
37

226
37
37
195
37
37
27

DEFINED

157
DEFINED

DEFINED
72

DEFINED
DEFINED

187

209

69
I

DEFINED

210
163
196

71

202
197

180

195
214

2*54
2*105
181

2*234

61

200

2*56
2*126
187

DEFINED

62

DEFINED

61
140
193
48

63

2*62
148
194
99

78

2*63
154

2*204
125

89
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SUBROUTINE RATF

VAPiABLES
;270 IG

0 IJ
1300 ILO

40 IPLAS

73 IPLEND

0
71
75
74
37
3

53
1267

54
1271
63
4
5

1257

24
12
10
2

66

55
45
44
46
36

1255
1275
52
43
56

1274
17
16
31
20
32
21
22
14
13
I5

1P05
I RAK
IRZ
I SP
I55TOP
ISTOP
I5TRT
IT
ITER
ITEST
ITI
ITPI
I TP2
J

JAM
KA
KKA
KKZZZ
KPLAS

KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
LONW
M
MAXA
MAXT
MCUD
N
NABC
NABF
NABF2
NABT
NABT2
NAEC
NAEF
NARC
NARF
NART

5N TYPE
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
I NTF.ER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGE 1
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARRAY

F.P.

LIMITS

LIMITS

F.P.
LIMITS
LIMITS
LIMITS
LIMITS
FEP
BA

BA

LIMiTZ
TAPES
TAPES

LIMITS
LIMITS
GEOPAR
FED
LI. ..3

LIMI5 
LIMIT'
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

REFS
REFS
REFS
REFS

116
REFS
116

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

66
2*165

211
233

REFS
REFS
REFS
REFS
REFS

86
114

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

101
33
139

14
DEFINED

14
117
33
14
14
14
14
26
24
96
24

101
14
23
23
49

3*72
168
228

14
14
i2
26
14
87

2*115
14
14
14
14
14
48
133

14
14
14

135
14
14
14
14
14
14
14
14
14
14

FTN 4.9+549

104
101
178
79
43
80

DEFINED
89

DEFINED
124
14

97

DEFINED

2*53
100
181

2*234

59
89
116

99
DEFINED

177

105
DEFINED
DEFINED

80
55
85
78
97
74

117

104

10/21/80

DEFINED

138
82
79
107

DEFINED
94

DEFINED

DEFINED

14.32.27

97
61

83

108

I1

114

95

100

2*54
2*105
187

DEFINED

80
95

1 1

232
124

DEFINED

2*56
140
193
47

82
104

DEFINED

61
148
194
98

83
105
84

DEFINED

123

123

80

PAGE 7

114

87

115

96

2*62
154

2*204
135

2*84
107
86

2*63
'55
210
177

85
108
87
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fir..' IA"._E5
25 NAXBT
26 NAXB2
27 NAXB4
0 NAXL
I NC

52 NCNN
51 NCONN
50 NC4
7 NETOT

53 NEW
10 NEWF
'I NEWT
0 NF
6 NFF

30 NFcI
47 NFF2
51 NF4
0 NIN

41 tiVN
54 NMX
50 NN

1273 NNN
2 NOEL
k NOELC
3 NOELF

65 NOLD
I NOUT
0 NRAD

2
3
0

23
57
0

13
0

II
54
56
12
55
0
0
0

1305
1306

7?
2
3
4

NSCRI
NSCR2
NSH
NT
N TAE
NTO'.D
OLDSE
PDEL
PI
PIN
PINOL
POLD
PO'T
POUTLD
PSSRT
PSSV
PSTS

QA
AI
RAKSUM
RCI
WCO
PDOLD

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEitR
INTFGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTE5ER
INTEGER
!NTEGER

iNTEGER
INTEG R
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REA.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REX.
REAL
PEAL

RELOCATION
LIMITS
LIMITS
LIMITS
F.P.
LIMITS
BA
BA
LIMITS
LIMITS
UNITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
LIMITS
LIMITS
BA

LIMITS
LIMITS
LIMITS
LIMITS
TAPES
F.P.

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

TAPE
TAPES
F.P.

FEP
LIMITS
FEP
F.P.

GEOPAr.
CON:NT
GEOPIAR
FEP
FEP
GE(?AR
FEP
F.P.
F.P.
F.P.

LIMITS
GEOPAR
GEOPAR
PEP

233

140

DEFINED

181

REFS
REFS
RSFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REt S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS5
REFS
REFS
REFS
232

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RCF5
REFS
REF3
REFS
REF'
R%' S
R!p 5
FEFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

14
14
14
31
14
24
24
14
14
14
14
14
14
14
14
14
14
23
14
14
24
139

14
14
14
14
23

3*31
DEFINED

23
23
133
26
14
26
33
12
22
12
26
26
12
26
33
33
33
I

161
156

14
12
12
26

98

66

DEFINED

47
122

49

122

122178
80

138

2*33 99 10032
1

DEFIED

63

09
89
54
53

200
195
106

61

234

62
72

193
194

DEFINED

DEFINED

104
DEFINED

56

DEFINED
DEFINED

107

I

DEFINED

o2

154
155
108

105

106
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SUBROUTINE RATE

VARIABLES SN TYPE
1264 REST REPL

0 RFI REAL
1 RFO REAL

70 RRAKR REAL
30 RRSIN REAL
13 RSTRAN REAL

1313 5CR REAL
0 SE REAL

64 STEP
104 STEPS

1307 TAE
1316 TC
I32 TC2

0 TELM

1301 TEMK

1261 TEMPK
1c65 TF
133' TIMF

61 TIMEC
62 TIME

266 TK
1304 TNH

1317 TRCI
4 TREF

1323 XFACT
I XNU
7 ZDEL

1315 ZETA

1326 ZETAN

EXTERNALS
ALOG
CELMOD
EXP
MOVEKA
SINH
5ORTP

INLINE FUNCTIONS
AES

STATEMENT LABELS
135 100
166 110
0 120

320 130
363 140

REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
RE aL
RE IL
REALREAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL

TYPE
REAL

76/176 OPT:0 TRACE

RELOCATION

GEOPAR
GEOPA
LIMITS

ARRAY FEP
MATCNS

ARRAY .

LIMITS
FEP

ARRAY

ARRAY

ARGS
I LIBRARY

4
I LIBRARY
3
I LIBRARY

4

ARG5
I INTRIN

DEF LINE
65
73
I O
103
109

F.P.

LIMITS
LIMITS

GEOPAR

PLASTIC
GEOPAR

REERENCES
158
69

148
80

2*165
89

DEF LINE

REFERENC
59
47
98

101
82

E 5TflTIC

REFS
REFS
REFS
REFS
REFS
REFS
REFS
:48
'34
REFS

REFS
REFS
REFSREFS

DEFINED
EFP5

DEF I NED
REFS
EF5

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

187

164

2*204

REF

ES

FTN 4.8+508

2*57
12
12
14
26
29
168
31

154
DEFINED

14
26

16"'
20d
227

31
1

149
140
3*50

68
31
14
14
69

2*156
151
209
12

213
21
12

206
183
226

DEFINED

106

208
54
155

20?
DEFIT ED
DEFINED

49

156
181
3*51

DEFINED
2*128

DEFINED
163
152

DEFINED

DEFINED

207
215
227

10/21/80 14.32.27

56

DEFINED

209
56

2*165

DEFINED
206
226

66

161

DEFINED
66

2* 167

68
2*165
190
207

211

208

DEFINED

104

227
62
187

156

140

188

49

03

2*195
191

105

DEFINED
63
193

195

181

195

DEFINED

202

215

222

I97

167 203 206 207

FERENCES
212

48
99

83

54

85

PAGs 9

107

165
72

194

108

204
105

2*204

200

126

2*204

226



76/176 3PT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
0 150

543 160
552 170

0 180
642 190
665 200
752 210
761 220
1075 230

0 240
1127 250

0 260
1147 270

DEF LINE
127
160
162
169
176
184
199
201
217
230
231
2'5
236

REFERENCES
125
157
159
135
133
216
196
198
213
177
170
232
115

LOOPS
24
26
300
302
424
444
454
644
646

1131
1133

LAiEL
110
110
120
120
150
180
180
240
240
260
260

COMMON BLOCKS
GEOPAR
LIMITS
LAST IC
CONTNT
TAPES
BA
FEP
MATCNS

INDEX
J
I
J

IIJ
I
J
I

J

LENGTH
13
62
3
6
6

86
69
12

FROM-TO
47 73
48 73
98 102
99 In?
125 127
135 169
139 169
177 230
178 230
232 235
233 235

LENGTH
150B
1438
17B
123
6

174b
161F
262B
255B
ISB
oB0

PROPERTI'.5

INSTACK
INSTACK

INSTACK

EXT REFS
EXT REFS
EXITS
EXITS

EXT
EXT
EXT
EXT
NOT

REFS
REFS
REFS
REFS
INNER

NUS INNER

NOT INNER

NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

139

178

233
116 117

LENGTH
USED

1415E
374H

781
252
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SUBROUTINE SOLVET (B,BB,NODETXKT,CC,THETEO,ELSTSA,TELM,R,ARAA,RBR 5OLVFY 2
+A,NOELD,BBSVESTSV,NFF2D,MAXTD,NARFD,ESTNV,NABFD) SOLVET 3
INTEGER BASE,BASS,BASN SOLVET 4
DIMENSION ELST5A(4,1), R(I) SOLVEi 5

5 DIMENSION TELM(NOELD,NABFD 2) SOLV'.T 6
DIMENSION XKT(I),NODET(I),b(I),BB(I),CC(4,4,1), SOLV-T 7

+THETEO(4,1) 5OLET 8
DIMENSION RQAA(I), RBRA(I) 50LV;iT 9
DIMENSION BBSV(NFF2D,NARFD),ESTSV(4,NOELD,NARFD),E3TNV(4,NOELD, 50LVET 10

10 + NARFD) 50LVET II
C 50LVET 12
C SOLVET 15 CALLED FROM PELET SOLVET 13
C SOLVET 14

COMMON /PNTPNL/IFIRSTIAELM,IAK,JARAAIARE,ISB,IBA,IBrSAV,IBASE, FELPT 2
15 + I58,IBBA,IBB5V,ICA,ICC,ICRATE,ICRPG,IDI5P,IDI5PC,Ir5P5V, PELPT I

+ IEFSTR,IELM,IELSTN,ILSTNA,ILSTRA IELSTR,IPSLA,IEPSLII,IESTNV, PELPT 4
+ IESTSV,JIIJ,IIPOSIKSAVE,INADET,INDC,INDF,INDT,INODET,IOLDSE, PCtLT 5
+ IPSSRT,IP55V,IPSTS, R,IRA,IRBR,IkRRA,IRD,I5TRES,I5TRSA ITCB, PELPT 6
+ ITCRP,ITEC,ITEF,ITELiI,ITFB,ITHET,ITHTAXITH5AV,ITHXSV. dME, PELPT 7

20 + ITSTNR,ITSTSR,ITV,ITW,IXKT, IXOAD,IXLODA,IXRD, PELPT 6
+IY,IYACF,IZ,ILAST PELPT 9
COMMON /GEOPPR/ RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL,KKA,PiN,POUT,P PELCOM 2
+DEL,COMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4

25 +WF,NEWT,KA,NARF,NARCNART NABF,NABC,NABT,NAEC,NAEF,NTAE,JA d,NAXBT, PELCOM 5
+NAXB2,NAXB4,NFF!,NABF2,NAhT2, CP,CRFRDEN,KZI,I55tOPI'LA5,NKN PELCOM 6
+,ICRPP,MAXT,KRNCHF,KRNCHC,KRNChTAFF2,NC4,NF4,MAXA,NEW, N PELCOM 7
+MX,KRNCHMCUD,IADJ,ICUT,TIMEC,TIMEF,IT!,STEP,NOLD PELCOM 8
+, KPLAS,ICNT,RRAKR,IRAK,RAKSUM,IPLEND,ISP PELCOM 9

30 +,IRZ PELCOM 10
COMMON /LASTIC/ E,XNU,ALPHA PELCOM HI
COMMON /CONTNT/ Pl PELCOM 12
COMMON /TAPES' NIN,NOUT,NSCRI,N5CR2,ITPI,ITP2 PELCOM 13
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2

35 + ERAD(20), EAX(20) COMC 3
COMMON/FEP/HHF,NT,KKZZZ,ISTOP,RDOLD(20),kRSIN(20) COMC 4
+,PIN(LD,POUTLD,POLD,NTOLD(20) COMC 5
+ ,ICHNG,STEPS COMC 6

C SOLVET 18
40 COMMON / FAST / D(I) 50LVET 19

C 50LVET 20
C SOLVET 21
C EST5'J - SAVED VALUES INCREMENTAL STRESS 50LVET 22
C ESTNU - SAVED VALUES INCREMENTAL STRAIN 50LVET

45 C KKA - RADIAL-AXIAL LOOP IDENTIFIER FROM PELET 50LVET 24
CALL MOVEKA (0,BNFF2) 50LVET 25
CALL MOVEKA (0,88,NFF2) SOLVET 26
CALL 5OVEKA (0,D(IELSTR),NOEL*4) COLVET 27
CALL MOVEKA (0,D(IELSTN),NOEL*4) SOLVET 28

50 IF (KKA.EQ.2) GO TO 100 5OLVET 29
CALL MOVEKA (0,ELSTSA,4*NTAE) 50LVET 30

100 CONTINUE SOLVET 31
MIN : NF+NC+I 50LVET 32
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MAX : 2*NF+NC-I SOLVET 33
55 MM : 4KA SQLVET 34

C SUBTRACT OFF THE LAST ELASTIC STRESS-STRAIN INCREMENTS TO 5OLVET 35
C PREPARE FOR PLASTIC CALCULATION. 5OLVET 36

IF (KPLAS.NE.I) GO TO 120 C)LVET 37
DO 110 J:I,NOEL SCLVET 38

60 BASN : ITStNR-I-r(KA-I)*NOEL*4+4*(J-I) 5OLVET 39
BP55 : IT5TSR-i+(KA-I)*NOEL*4+4*(J-I) 5OLVET 40

DO :10 K:1,4 5OLVET 41
D'8A55+K) : D(BA55+K)-ESTSVCK,J,KA) SOLVET 42
D(BASN+K) : D(BASN+K)-ESTNV(K,J,KA) 5OLVET 43

65 1:0 CONTINUE SOLVET 44
120 CONTINUE SOLVET 45

IF (IRAK.EQ.0) GO TO IS0 O5LVET 46
C PSEUDO-ELASTIC LOAD STEP. 5OLVET 47

DO 130 J:l,NHX SOLVET 48
70 B(J) : BBSV(J,KA)*(I.-RRAKR) 5OLVET 49

130 CONTINUE SOLVET 50
DO 140 KK:I,NOEL SOLVET 51
IbASTH : NOEL*4*(KA-I)+4*(KK-I)+ITHiSAV-I 5OLVET 52

DC 140 JJ:1,4 5OLVET 53
75 THETEO(JJ,KK) : D(IBASTH+JJ)*dl.-RRAKR) 5OLVET 54

140 CONTINUE SOLVET 55
GO TO 220 5LVET 56

150 CONTINUE SOLVET 57
C IMPOSt AXIAL STRESSES (SKIP FOR KKA:I) SOLVET 58

80 IF (KKA.EQ.I) GO TO 2!0 SOLVET 59
IF (KA.EQ.NARC) GO TO 180 5OLVET 60

C AVERAGE WME AXIAL STRESS IN THE FUEL 5OLVET 61
AVGSTS : 0.0 5OLVET 62
ITST : 4*NARC 5OLVET 63

85 IF (HM.EO.ITST) GO TO !80 SOLVET 64
TA : ARAA(MM)*RBRA(MH)+ARAA(MM-I)*RBRA(MM-!)+ARAA(Mt-2)*RBRA(Ht-2) SOLVET 65
++ARAA(Mt-3)*RBRA(tl-3) SOLVET 66

DO 160 11:1,4 5OLVET 67
MK : MM-(II-l) SOLVET 68

90 WI : ARAA(MK)*RBRA(lK)/TA SOLVET 69
AVGSTS : AUG5TS+WI*LLSTSA(3,MK) SOLUET 70

160 CONTINUE SOLVET 71
C IMPOSE AXIAL STRESSES ON THE FUEL SOLVET 72

DO 170 I:HIN,MAX SOLVET 73
95 AREA : R(I+I)**2-R(I)**2 SOLVET 74

XLINE : 2.0*R(I)+R(I+I)) 5OLVET 75
ZINT : AVGST5*AREAiXLINE SOLVET 76
FS : ZINT*PI*2.0*R(I) SOLVET 77

ZFE : ZINT*R(I+I)*2.0*PI SOLVET 78
100 IN : NODET(I)+I SOLVET 79

INN : NODET(I+1)+1 SOLVET 80
BB(IN) : BB(IN)+ZF5 5OLVET 81
B(IN) : BB(IN) SOLVET 8?
BB(INN) : BB(INN)+ZFE 5OLVET 83

105 B(INN) : BB(INN) 5OLVET 84
170 CONTINUE SOLVET 85
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I@0 CONTINUE SOLVET 86
C AVERAGE THE AXIAL STRESS FOR THE CLAD AND IMPOSE IT 5OLVET 07

MM -:MM+NAEF 50LVET 88
I;0 AVGSTS : 0.0 SOLVET 89

TA : ARAA(MM)*RBRAtMM)+ARAA(MM-I)*RBRA(MM-I)+ARAA(MM-2)*RBRA(MM-2) SOLVET 90
++ARAA(MM-3)*RBRA( N-3) SOLVET 91

DO 190 II=1,' SOLVET 92
MK : MM-(II"-) SOLVET 93

115 WI :=ARAR'P()*RBRA(MK)/TA SOLVET 94
AVG5TS : AVGSTS+NI*ELST5A(3,MK) SOLVET 95

190 CONTINUE SOLVET 96
MAX : 2*NF+NC+i SOLVET 97
MAXX : NFF-I SOLVET 98

1?0 DO 200 I:P .AMAXX .OLVET 99
AREA : R(irI)**2-R(I)**2 SULYviT ICO
XLINE : 2.0*(R(I)+R(I+1)) 5OLVET 101
ZINT : AVGSTS*AREAiXLINE 5OLVEt 102
ZFS : ZINT*PI*2.0*R(I) SOLVET 103

12S ZFE : ZINT*R(I+I)*2.0PI 5OLVET 104
IN : NODET(I)+I 5OLVET 1,
INN : NODET(I+I)+I 5OLVET 106
BB(I4) :=BB(IN)+ZFS 5LVET 107
B(IN) :-DB(IN) 50LVE1 108

130 BB(INN) B(INN)+ZFE 50LVET 109
B(INN) : bB(INN) 5OLVET 110

200 CONTINUE SOLVET II
210 CONTINUE SOLVED 112
C SOLVET 113

135 C PREPARE INPUT ARRAY FOR SOLUTION 5OLVET 114
C 5OLVET 115
C u.:QTE LOAD VECTOR SOLVET 116
C SOLVE] 117

CALL LOh' (DiIARF,,BBBNODET.D(IR),DDIRBR),D(ITHET),TELMD(IXL( D SOLVET 118
40 +),D(IELM),NOFL,iL(ITCRP),NABF,DiITHSAV)) SOLVET 119

220 CONTINUE SOLVET 120
IF (I55TOP.NE.1) GO TO 240 SOLVET 121
IF (NKN.NE.I) GO TO 24% ,50LVET 122
IF (KKA.NE.2) GO TO 240 SOLVED 123

145 DO 230 J:I,NFF2 SOLVET 124
BB5V(JKA) : BB(J) SOLVET 125

230 CONTINUE 5OLVET 126
240 CONTINUE SOLVET ''

IDF : ISOLVET 128
ISO C SOLVET 129

lOP : I SOLVET 130
CALL DMCHB (BXKTNtXI,7,IOPI.E-I4) 5OLVET 131

C 5OLVET 132
CALL STRESS (B,D(IELM),D(IELSTN),D(IELSTR),D(IEPSLM),NODET CC,THETE SOLVE 133

155 +O,D(ISTRES),D(IT5TNR),D(ITSTSR),D(ILSTRA),D(ILSTNA;,NOELb(IDISPC) SOLVET 134
+,NFFI,D(IARAA),D(IRBRA)) SOLVET 135

C SOLVED 136
IF (NKN.NE.I.OR.ISSTOP.NE.I.OR.KKA.NE.2) GO TO 260 5OLVET 137

DO 250 J:I,NOEL SOLVET 138
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250
260
C
C
C
C

BASE :=IEL5TR-I+44(J-l)
BASH : IELSTN-;+4*(J-I)

DO 250 K:I,4
ESTSV(K,J,KA) : D(BASE+K)
ESTNV(K,J,KA) : D(BASN+K)
CONTINUE

CONTINUE

RETURN

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 5OLVET

VARIABLES
2 ALPHA
0 ARAA

745
736

AREA
AVGST5

0 8

723
725
724
0

0
0

14
33
34
0

0
0
0

102
0

56

BASE
BASN
BASS8855

BBSV
CC
COHP
CD
CR
D

DELR
DELZ
DELZA
E
EAX
ELSTSA
ERAD

DEF LINE
1

SN TYPE
REAL
REAL

REAL
REAL

REAL

INTEGER
INTEGER
INTEGER
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
171

RELOCATION
LAST IC

ARRAY F.P.

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.

F.P.

F.P.
F.P.

GEOPAR
LIMITS
LIMITS
FAST

GEOPAR
GEOPAR
BA
LAST IC
BA
F.P.

BA

160

165

170

C

5OL'tT
50LVET
SOLVET
50 LVFT
5CLVE T
5OLtI.T
5OLVEi
50LVET
50LVET
50LVET
5OLVET
50LVET
5OLVE r
50LVET

139
140
141
142
143
144
145
146
147
148
149
I50
151
152

REFS
REFS

DEFINED
REFS
REFS

110
REFS

DEFINED
REFS
REFS5
REF5
REFS
129
104

REFS
REFS
REFS
REF5
REFS
REFS
12*154
P'EFS
REFS
REFS
REF5
REFS
REFS
REFS

115

121
DEFINED

154
129

60

104
DEFINED

146

31
8

97
91
116
6
3
3
3
3
6

130
128
9
6

22
24
24
40
163
22
22
34
31
34

4
34

4*86

123
97

46
70
163
2*64
2*63

47
131
130
70

154

486
164

51

83

131

161

105
1

90

DEFINED
116

139
03

DEFINED
164

DEFiNF9
102
139

DEFINED
DEFINED

49
DEFINED

91

4*111

95
123

152
105
160

DEFINED
61
103
146

I'.

63
63

116

91

128
102

8*13975

DEFINED
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VARIABLES
0 ESTNV
0 E5TSV

55 FLXR
35 FRDEN
0 HHF

7441 I

57

2
3
4
6
7

10
734
12
13
14
15

103
67
16
17
42
60
5

20
21
22
23
24
25
30
32
33
34
0

741
36
37

106
26
27
752
40
41
42
43

753
44
45

755

I ADJ
IAELM
IAK
IARAA
I ARE
I BA
IBASAV
IBASE
IBASTH
I BBA
IBB5V
ICA
ICC
ICHNG
I CNT
ICRATE
ICRPG
ICRPP
I CUT
I DF
IDISP
IDISPC
IDSPSV
IEFSTR
I ELM
IELSTN
IELSTR
IEPSLM
IESTNV
IEST5V
IFIRST
II
IIPOS
Iec5A(D
ILAST
ILSTNA
I LSTR'
IN
INADET
I NDC
I NDF
INDT
INN
INODET
I0LDSE
0P

SN TYPE
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY F.P.
ARRAY F.P.

LIMITS
FEP

LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
FEP
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL
PNTPNL
PNTPNL

PNTPNL
PNTPNL

REFS
REFS
REFS
REFS
REF5
REFS
2*122
REFS
REFS
REF5
REFS
REF5
REF5
REF5
REFS
REF5
REF5
REFS
REFS
REF5
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REF5
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REF5
REFS
REFS
REF5
REFS
REFS
REFS
REFS

9
9

34
24
36

2*95
124
24
14
14
14
14
14
14
14
75
14
14
14
14
36
24
14
1"
24
24
24
14
14
14
14
14
14
14
14
14
14
14
89
14
14
14
14
14

2*10&'
14
14
14
14

2*104
14
14

152

64
63

2*96
125

DEFINED
DEFINED

98
126

I
I

99
127

164
163

100
DEFINED

154
139

DEFINED

DEFINED

73

149

154

139
49
48

154

114

154
154

24103

2*105

DEFINED

154
154
154

DEFINED

2*128

2*130

161
160

88 113

2*129 DEFINED

2*131 DEFINED

151

103
94

2*121
120

100

101

X26

127
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VARIABLES
40 IPLAS
73 IPLEND
31 IPSLA
46 IPSSRT
47 IPSSV
SO IPSTS
51 IR
52 IRA
71 IRAK
53 IRBR
54 IRBRA
55 IRD
75 IRZ
5 ISB

11 1588
74 ISP
37 155TOP
3 STOP

56 ISTRES
57 ISTRSA
53 ISTRT
60 ITCB
61 ITCRP
62 ITEC
63 ITEF
6't ITELM
54 ITER
65 ITFB
66 ITHET
70 ITHSAV
67 ITHTAX
71 ITI;ASV
63 ITI
72 ITHE

4 ITPI
; ITP2

737 ITST
73 ITSTNR
74 IT5TSR
75 ITV
76 ITN
77 IXKT
100 'XLOAD
101 IXLODA
102 IXRD
103 IY
104 IYACF
105 IZ
731 J

24
35

735

jAM
Ji1 J
JJ

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
LIMITS
PNTPNL
PNTPN L
PNTPNL
LIMITS
PNTPNL
PNTPNL
LIMITS
LIMITS
FEP
PNTPNL
PNTPNL
BA
PNTFNL
PNTPNL
PNTPNL
PNTPNL
PNTPNL
BA
PNTPNL
PNTPNL
PNTPNL
PNTPNL
NTPNL
LI9!TS
PNTPNL
TAPES
TAPES

PNTPNL
PNTPNL
PNTPNL
NTPNL

Pf TPNL
Pt TPNL
P iTPNL
P ITPNL.
Pt TPNL
Pt TPNL
P+ TPNL

LIMITS
PNTPNL

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
161

REFS
REFS
REFS

24
24
14
14
14
14
i4
14
24
14
14
14
24
14
14
24
24
36
14
14
34
14
14
14
14
14
34
14
14
14
14
14
24
14
33
33
85
14
14
14
14
14
14
14
14
14
14
14
60
163
24
14

2 *75

139

67
139
154

142

154

139

139
73

DEFINED
60
61

158

139

84
154
154

139

61
16'.

DEFINED

63
DEFINED

64
59

2*70
69

74

2* 146
145

160
159
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VARIABLES
732 K
12 KA

733
10
2

66
55
A5
44
46
36

727
52
43
0

754
56

726
742
730

17
16
0

31
20
32
21
22
14
13
0

15
25
26
27

52
5'
50
7

53
10

0
6

30
47
0

0
41

KK
KKA
KKZZZ
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
MAX
MAXA
MAXT
MAXTD
MAXX
MCU D
MIN
MK
MM

NABC
NABF
NABFD
NABF2
NABT
NABT2
NAEC
NAEF
MARC
KARF
NARFD
MART
NAXBT
MAX 82
NMXB4
NC
NCNN
NCONN
NC4
NETOT
NEW
NENF
NEWT
NF
NFF
NFFI
NFF2
NFF2D

MIN
NKV

SN TYPE
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
'NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGEV
INTER
I NTErjER
iNrFGER
INT'GER
IbTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

LIMITS

GEOPAR
FEP
LIMITS
LIMITS
LUNITS
LIMITS
LIMITS
LIMITS

*UNUSED

LIMITS
LIMITS
F.P.

LIMITS

LIMITS
LIMITS

F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

F.P.
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
BA
BA
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.
LIMITS
TAPES
LIMITS

3*64
55
146
75
50

2*163
60

163
DEFINED

80

2*164
61
164
72

144

DEFINED
63

158

58

62
64

162
70

REFS
REFS

73
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
QEFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF:
REFS
REFS

3*63
24
81
73
22
36
24
24
24
24
24
24
94
24
24
1

120
24
94

2*90
85
55
24
24
5

24
24
24
24
24
24
24
3*9
24
24
24
24
24
34
34
24
24
24
24
24
24
24
24
24
9

24
33
24

118

119

120

DEFINED

DEFINED
91
8*86
109

139
DEFINED

53
2*115

89
116
109

DEFINED

DEFINED
8*111

54

89
114

114

109
81

DEFINED

53 118

118

145

53
119
154
46

DEFINED

143

47
1

156
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VARIABLES
54 NMX
50 NN
0 NODET

2 NOEL

4
0
3

65

2
3

23
57
13
0

11
54
56
12
55
0

72
0

2
3
4
0

70
30
64

104
740
0
0

61
L.4

743
0

746

7
751
750
747

NOELC
NOELD
NOELF
NOL
NOUT
NSCRI
NSCR2
NT
NTAE
NTOLD
PDEL
PI
PIN
PINOLD
POLD
POUT
POUItD
R

RAKSUM
r'AA

RCI
RCO
RDOL D
RFI
RFO
RRAKR
RRSIN
STEP
5TFP5
TA
TELt"
THETEO
TIMEC
TIMEF
TREF
NI
YKT
XL INE
XNU
ZDEL
ZFE
ZF5S
7.NT

SN TYPE
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTFGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
R.AL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
Rt.AL
REAL
REAL
REAL
REAL
RE At.
REAL.
REAL
REAL

"ELOCAT ION
LIMITS
BA

ARRAY F .'.

ARRAY

ARRAY

ARRAY

ARRAY

",NYA

ARRAY
ARRAY

ARRAY

LIMITS

LIMITS
F.P.
LIMITS
LIMITS
TAPES
TAPES
TAPES
FEP
LIMITS
FEP
GEOPAR
CONTNT
GEOPAR
FEP
FEP
GEOPAR
FEP

F.P.

LIMITS
F.P.

GEOPAR
GcOPAR

GEOPAR
GEOPAR
LIMITS
FEP
LIMITS
FEP

F.P.
F.P.

LIMITS
LIMITS
GEOPAR

F.P.

LASTiC
GEOPAR

REFS
REF5
REF5

DEFINED
REFS

73
REFS
REFS
REF5
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

124
REFS
REFS

DEFINED
REFS
REF3
REFS
REFS
REFS
REF5S
REFS
REFS
REFS
REFS
REF5
REF5S
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5S
REF5S
REF5S
REF5

24
34
6
1

24
139
24

5
24
24
33
33
33
36
24
36
22
32
22
36
36
22
36
4

125
24
8

22
22
36
22
22
24
36
24
36
90

5
6

24
24
22
901

6
97
31
22

104.
'02

69

100

48
X54

2*9 DEFINED

51

98

2*95
DEFINED

4*86

70

115
139
154

116
152
123

130
128
40

152

i01

49
159

126

59

127

60

139

61

154

72

99

2*96

90

124

98

4*I II

125

99

115

2*122

75

DEFINED
DEF I Nr:
DEFINED

DEFINED
DCF INED
DEFINED

DEFINED
DEFINED

124

III

75

115

122

125
1 24

DEFINED

90

96

99
98
125 97

10/21/80 14.32.27 PAGE 8SUBROUTINE 5OLVET

i



76/176 OPT:0 TRACE STATIC FTN 4.9508 0

EXTERNALS
DMCHB
LCAD
MOVEKA
STRES

STATEMENT LABELS
46 100
0 110

127 120
0 130
0 140

174 150
0 160
0 170

316 180
0 190
0 200

436 210
463 220
0 230

506 240
0 250

617 260

LOOPS
64
102
133
146
156
225
245
336
365
476
562
574

LABEL
110
110
130
i40
140
160
170
190
200
230
250
250

COMMON BLOCKS
FtTPNL
GEOPAR
LIMITS
LA-,TIC
COtTNT
TAPS
BA
FEP
FAST

TYPE ARGS

14
3

18

I;4DEX

J
KK
JJ
II
I
II
I
J
J
K

LENGTH
71
13
62
3
6
6

86
69
1

DEF LINE
52
65
66
7i
to
78
92
106
107
117
i 3'
13;
141
147
148
165
166

FROM-TO
55 65
62 65
69 71
72 76
74 76
88 92
94 !06
113 117
120 132
145 147
159 165
162 '65

REFERENCES
152
139
46
154

REFERENCES
50
59
58
69
72
67
b6
94
81
113
I 0
80
77

145
142
159
158

LENGTH
428
21B
I IB
24B
I18
16B
50B
168
50B

78
34B
17B

62

74

143
162

PROPERTIES
NOT IP4ER

OPT
INSTACK

NOT INNER
INSTACK

OPT
OPT
OPT
OPT

INSTACK
NOT INNER

OPT

STATISTICS
PROGRAM LENGTH
SCM L1B5LED COMMON LENGTH

49 51

1026B
4705

534
312
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SUBROUTINE SORTP (XN,IIPOS) SORTP 2
C SORTP 3
C 5ORTP IS CALLED FROM RATE SORTP 4
C SORTP 5

5 C 1HS ROUTINE SuRTS THE ELEMENTS OF THE INPUT VECTOR X AND PUTS THE SORTP 6
C ELEMENTh INTO THE VECTOR Y. IT ALSO CAP'IES ALONG THE INDEX NUMBE SORTP 7
C OF EACH ORDERED OBSEPVATION--THAT IS, iT CARRIES ALONG THE POSITIO SORTP 3
C THE I-TH ORDERED OBSERVATION (FOR iCH I) AS IT WAS IN THE ORIGINA SORTP 9
C UNORDERED DATA VECTOR X. THESE POSITIONS ARE PLACED IN THE VECTOR SORT? 10

10 C THIS ROUTINE 15 USEFUL IN ATTEMPTING TO LOCATE THE MINIMUM, THE MA SORTP 11
C OR SOME OTHER ORDERED OBSERVATION OF INTEREST iN THE ORIGINAL UNOR SOCTP 12
C INPUT VECTOR X. SORTP 13
C THE INPUT TO THIS ROUTINE 15 THE SINGLE PRECISION VECTOR X OF SORTP 14
C (UNSORTED) OBSERVATIONS, THE INTEGER VALUE N (: SAMPLE SIZE), SOR':P I5

15 C AN EMPTY SINGLE PRECISION VECTOR Y INTO WHICH THE SORTED OBSERVATI SORT? 16
C ILL BE PLACED, AND AN EMPTY SINGLE PRECISION VECTOR XPOS INTO WHI SORTP 17
C POSITIONS OF THE SORTED OBSERVATIONS WILL BE PLACED. SORTP 18
C THE OUTPUT FROM THIS ROUTINE 15 THE SINGLE PRECISION VECTOR Y INTO SCRTP 19
C THE SORTEL OBSERVATIONS HAVE BEEN PLACED, AND THE SINGLE PRECISION SORTP 20

20 C XPOS INTO Wf'CH THE POSITIONS OF THE SORTED OBSERVATIONS HAVE BEEN 5ORTP 21
C RESTRICTIONS ON THE MAXIMUM A1'_.nnsLr VALUE OF N--THE DIMENSIONS 5ORTP 22
C OF VECTORS !U AND IL (DEFINE' AND USED INTERNALLY WITHIN THIS ROUT 3ORTP 23
C DETERMINE THE MAXIMUM ALLOVDBLE VALUE OF N FOR THIS SORTP 24
C ROUTINE. IF 'U AND IL EPCH HAVE DIMENSION K, THEN N MAY NOT EXCEE SORTP 25

25 C 2**(K+1) - I. OR THIS ROUTINE AS WRITTEN, THE DIMENSIONS OF IU A SORTP 26
C HAVE BEEN SET TO 36, TiUS THE MAX'IAUM ALLOWABLE VALUE OF N 15 5ORTP 27
C APPROXIMATELY 137 MILLION. SINC. THIS EXCEEDS THE MAXIMUM ALLOWAB 5ORTP 28
C VALUE FOR AN INTEGFW VARIABLE IN MANY COMPUTERS, AND SINCE A SORT SCRTP 29
C BILLION ELEMENTS iS PRESENTLY IMPRACTICAL AND UNLIKELY, THEREFORE 3GRTF 30

3U C TEST FOR WHETHER THE INPUT SAMPLE SIZE N EXCEEDS 137 BILLION HAS B SORTP 31
C INCORPORATED INTO THIS ROUTINE. IT !5 THUS ASSUMED THAT THERE 15 5ORTP 32
C (PRACTICAL) RESTRICTION ON THE MAXIMUM VALUE OF N FOR THIS ROUTINE SORTP 33
C PRINTING--NONE UNLESS AN ERROR CONDITION EXISTS SORTP 34
C THIS ROUTINE IS SINGLE PRECISION IN INTERNAL OPERATION. 50RTP 35

35 C SUBROUTINES NEEDED--NONE SORTP 36
C SORTING METHOD--BINARY SORT SOkTP 37
C REFERENCE--CACM MARCH 1969, PAGE 186 (BINARY SORT ALGORITHM BY RIC SORTP 38
C C. SINGLETON. 5ORTP 39
C --CACM JANUARY 1970, PAGE 54. 5ORTP '+0

4+0 C --CACM OCTOBER 1970, PAGE 62'I. SORTP 4+1
C -- JACM JANUARY 1961, PAGE 41. SORTP 42
C WRITTEN BY JAMES J. FILLIBEN, STATISTICAL ENGINEERING LABORATORY ( SORTP 43
C NATIONAL BUREAU OF STANDARDS, WASHINGTON, D.C. 20234 JUNE 19 5RTP 44

DIMENSION X(l),Y(I),IP05(1) SORTP 45
45 COMMON /I (DF' i ,IRD 5ORTP 46

DIMENS3N IU(36),IL(36) SORTP 47
C CHECK THE INPUT ARGUMENTS FOR ERRORS SORTF 48

IPR : 6 SORTP 49
IF (N.LT.l) GO TO 120 SORTP 50

50 IF (N.EQ.1) GO TO 130 SORTP 51
HOLD : X(I) SORTP 52

DO 100 I:2,N ?.'QTP 53
IF (X(I).NE.HOLD) G0 TO 140 50('P 54
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100 CONTINUE SORTP 55
55 RITE (IPR,300) HOLD 5ORTP 56

DO 110 1-1,N 5ORTP 9
Y(I) : X(I) 5QTP 58
IPOS(I) : I 50RTP 59

110 CONTINUE 5ORTP 60
60 RETURN 5ORTP 61

120 WRITE (IPR,310) 5ORTP 6?
WRITE (IPR,330) ' 5ORTP 6;
RETURN 5ORTP 64

130 WRITE (IPR,320) 5ORTP 65
65 Y(I) : XUi) 5ORTP 66

IPO5(I1 : 1.0 5ORTP 67
RETURN 5ORTP 68

140 CONTINUE 5ORTP 69
C 5ORTP 70

70 C COPY tHE VECTOR X INTO THE VECTOR Y 5ORTP 71
DO 150 I:1,N 5ORTP 72
Y(I) : X(I) 5CRTP 73

150 CONTINUE 5ORTP 74
C 5ORTP 75

75 C DEFINE THE IPOS (POSITION) VECTOR. BEFCRE SORTING, THIS WILL 5ORTP 76
C BE A VECTOR WHOSE I-TH ELEMENT 15 EQUAL TO 1. 5ORTP 77
C 5ORTP 78

DO 160 I:1,N 5ORTP 79
IPOS(I) : I 5ORTP 80

8u 160 CONTINUE 5ORTP 81
C 5ORTP 82
C CHECK TO 5EE IF THE INPUT VECTOR 15 ALREADY SORTED 5ORTP 83
C 5ORTP 84

Nl : N-I 5ORTP 85
85 DO 170 I:INHI O5RTP 86

IPI : 1+1 50RTP 87
IF (Y(I).LE.Y(IPI)) GO TO 170 5ORTP 88
GO TO 180 5ORTP 89

170 CONTINUE 5ORTP 90
90 RETURN 5ORTP 91

180 M : I 501 TP 92
1 : 5ORTP 93
J :N 5ORTP 94

190 IF (I.GE.J) CO TO 260 5ORTP 95
95 200 KI = O5ORTP 56

MID : (I+J)/2 O5RTP 97
AHED :=Y(MID, 5ORTP 98
IHED : IPOS(lID) 5ORTP 99
IF (Y(I).LE.AMED) GO TO 210 5ORTP 100

100 Y(MID) - 1'1) 5ORTP 101
IPOS(MID) : IPOS(I) 5ORTP 102
Y(I) : PdED 5ORTP 103
IPOS(I) : IMED 5ORTP 104
AIMED = Y(MID) SORT! 105

10S IMED : IPOS(MID) 5ORTP IU6
210 L :=J 5ORTP '07

SUBROUTINE SORTP 10/21/80 14.32 27 PAGE 2



76/176 OPT:0 TRACE STATIC FTN 4.8+508

IF .Y(J).GE.AMED) GO TO 230 SORTP 108
Y(hID) : Y(J) SORTP 109
IPOS(MID) : IPOS(J) SORTP 110

110 Y(J) : AHED SORTP III
IPO5(J) : IMED SORTP 112
AMEtD : Y(MID) SORTP 113
IMED : IPOS(MID) 50RTP 114
IF (Y(I).LE.AMED) GO TO 230 SORTP 115

115 Y(MID) : Y(I) 50RTP 116
IPOS(MID) : IPOS(I) 50RTP 117
Y(I) : AHED 50RTP 118
IPOS(*) :=IMED 50RTP 119
AHED : Y(MID) 50RTP 120

120 IMED : IPOS(MID) 50RTP 121
GO TO 230 SORTP 122

220 Y(L) : Y(K) 50RTP 123
IPOS(L) : IPOS(K) SORTP 124
Y(K) : TT 5ORTR 125

125 IPOS(K) : ITT 50RTP 126
230 L : L-I 50RTP 127

IF (Y(L).GT.AMED) GO TO 230 50RTP 128
TT : Y(L) 50RTP 129
ITT : IPOS(L) 50RTP 130

130 240 K : K+I SORTP 131
IF (Y(K).LT.AMED) GO TO 240 50RTP 132
IF (K.LE.L) GO TO 220 50RTP 133
LMI : L-I SORTP 134
JMK : J-K 50RTP 135

135 IF (LMI.LE.JMK) GO TO 250 50RTP 136
IL(M) : 1 50RTP 137
IU(M) : L 50RTP 138
I: OK50RrP 139
M =M+1 5ORTP 140

140 GO TO 270 50RTP 141
250 IL(M) :K 5ORTP 142

IU(M) :=J 5ORTP 143
J = L 5ORTP 144
M =M+1 50RTP 145

145 GO TO 270 SORTP i46
260 M : M-I SORTP 147

IF (M.EQ.0) RETURN 50RTP 148
I = IL(M) 50RTP 149
J : IU(M) SORTP 150

150 270 JMI : J-I 50RTP 151
IF (JMI.GE.1l) GO TO 200 50RTP 152
IF (I.EQ.I) GO TO 190 50RTP 153
I : I-I 50RTP 154

280 1 i -1+1 50RTP 155
155 IF (I.EQ.J) GO TO 260 50RTP 156

AHED : Y(I+I) 50RTP 157
IMED :=IPOS(I+1) 50RTP 158
IF (Y(I).LE.AMED) GO TO 280 50RTP 159
K : I SORTP 160
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160 290 Y(K+I) : Y(K)
IP05(K+I) : IP05(K)
K : K-I
IF (AMED.LT.Y(K)) GO TO 290
Y(K+I) : AMED

165 IPOS(K+I) : IMED
GO TO 280

C
300 FORMAT (IH ,108H***1* NON-FATAL DIAGNOSTIC--THE FIRST INPUT ARGUM

+ENT (A VECTOR) TO THE SORTP SUBROUTINE HAS ALL ELEMENTS :,E15.8,6
170 +H *****)

310 FORMAT (IH -91H***** FATAL ERROR--THE SECOND INPUT ARGUMENT TO THE
+ SORTP SJb.OUTINE 15 NON-POSITIVE *****)

320 FORMAT (IH IOOH***** NON-FATAL DIAGNOSTIC--THE SECOND INPUT ARGUM
+ENT TO THE ORTP SUBROUTINE tiAS THE VALUE I *****)

175 330 FORMAT (IH ,35H***** THE VALUE OF THE ARGUMENT 15 ,18,6H *****)
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 SORTP

VARIABLES
611 AIMED

60
602

HOLD
I

665 IL
6;2 IMED

0 IPOS

0 IPR

604

615
621
606

IPi
IRD
ITT
IU
J

DEF LINE

SN TYPE
REAL

REFERENCES
60 63

RELOCATION

REAL
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY F.P.

IODEV

IODEV

ARRAY

67

REFS
131
119

REF5
REFS

94
114
152

D'iFINED
148

REFS
REFS
113

REFS
120
66
123

REF5
64

REFS
REFS
REFS
REF5
REF5
III

90

99
158
156
53
53
95

115
153
52
153
46

103
120
44
123
79
125
45

87
45
125
46
94
1?4

147

102
163

55
2*57
96
116
154
56

154
148
III
157
98
129
101
161

DEFINED

DEFINED

DEFINED
149
96

142

107
164

DEFINED
2*58
99
117
155
71

DEFINED
118

101
157
103
165
486

129
DEFINED

106
150

110
DEFINED

51
2*72
100
118
156
78

i36
165

105
161
109

I/0 REFS

137
107
155

SORTP
5ORTP
5ORTP
SORTP
SORTP
SORTP
5ORTP
5ORTP
5ORTP
5ORTP
5ORTP
5ORTP
5ORTP
5ORTP
SORTP
5ORTP
5ORTP

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

117
104

86
102
136
158
92

98

113
16

116

127
112

87
103
150
159
138

105

116
58
118

114
97

2*79
101
133
157
85

141
DEFINED

109
DEFINED

III

55

142
108

DEFINED

61 62

109
93

110
143
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VARIABLES

620
617
607

Jgil
JMK
K

613 L

616
605

L9I
M

610 MID

0 N

603
614
0

NMI
TT
X

SN TYPE

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
REAL
REAL

REAL

76/176 OPT:0 TRACE STATIC FfN 4.8+508

RELOCATION

F.P.

ARRAY

ARRAY

F.P.

F.P.

VARIABLES USED AS FILE NAMES, SEE ABOVE

STATEMENT LABELS
G 100
0 110

'+7 120
55 130
67 140
0 150
0 160

124 170
131 180
137 190
143 200
213 210
303 220
322 230
341 ?':
377 250
4'_ 260
t25 270
440 280
462 290
523 300 FHT
542 310 FMT
555 320 FMT
571 330 FMT

DEF LINE
54
59
61
64
68
73
80
89
91
94
95
106
122
126
130
141
146
150
154
160
168
171
173
175

REFERENCES
52
56
49
50
53
71
78
85
88
152
151
99
132
107
131
135
94

140
158
163
55
61
64
62

149
REFS
REFS
REFS
134
165

REFS
133

REFS
REFS
147

REF5
109

DEFINED
REFS
64

REFS
REF5
REFS

DEFINED
REFS

108
131
65
122

151
135
122
138

DEFINED
122
137
135
136
148
97
112
96
49
93
85
124
44

44
112
156
72

124

10/21/80 I4.32.27 PAGE

130
162
162
128
126

142
139
104
119

DEFINED
DEFINEn

123
141
95
123
143

DEFINED
137
149
98
113

50
DEFINED
DEFINED
DEFINED

51

2*87
114
158
100
160

131
163

129

144
144
105
120

150
134
124

'i160

126
DEFINED

133
139

DEFINED
100
115

52
1

84
128
53

97
115
160
102
164

125
2*161
159
127
106

141
91

101
116

56

57

99
119
163
108

71 78

7265

100
122

DEFINED
110

104
127

I 5

107
128
57

i17

87

121114

155
145
166

127

5

132
164

132

146
146
108
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LOOPS
23
35
71

101
113

LABEL
100E
110
150
160
170

COMMON BLOCKS
IOCEV

INDEX
1
I

LENGTH
2

FROM-TO
52 54
56 59
71 73
78 80
85 89

LENGTH
6B
I06
68
58
X48

STATiSTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

I400UOB SCM USED

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

OPT

487
2

EXITS

EXITS
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C
C
C
C
C
C
C
C
C
C

CALL MOVEKA (0,AK,MAXA)
C DEFINE CORRECTION ARRAY

LKNT(I) : I
DO IOC 1:2,26
LKNT(!) : LKNT(I-1)+I

100 CONTINUE
KRNCH : NAXB4-24
MCUD : 26
IF (NAXB4.LT.37) MCUD : NAXB4
IF (NAXB4.LT.37) KRNCH : MCUD-2

I

C

30

35

C
C
C

5

SUBROUTINE STFAXL (AELM,AK,ARAA,EPSLA,NADET,RARBRA,STRSA,TW,NTAED
+,XLOADA,YACF,CA)

STFAXL 15 CALLED FROM PELET

PURPOSE OF THE SUBROUTINE 15 TO COMPUTE THE AXIAL STIFFNESS
MODEL FOR THE FURL AND FOR THE CLAD.
FORM THE ELEMENT STIFFNESS MATRIX AND MERGE THEM INTO THE TOTAL
MATRIX BASED UPON CONTACT CRITERIA(ICON.EQ.I) NOT THAT CONTACT
ALONG THE AXIS OF THE FUEL PIN MUST BE KNOWN INORDER TO DEFINE
THE MERGING OPERATION OF THE TOTAL STIFFNESS MATRIX.

COMMON 'GEOPAR/ RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZT) L,KKA,PINFOUT,P
+DEL,COMP
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE
+WF,NEWT,KA,NARF,NARC,HART,NABF,NABC,NABT,NAEC,NAEF,NTAE,JAM,NAXBT,
+NAXB2,NAXB4,NFFI,NABF2,NABT2, CPCR,FRDEN,KZI,I55TOP,IPLAS,NKN
+,ICRPP,MAXTKRNCHF,KRNCHC,KRNCHT,NFF2,NC4,NF4,MHXA,NEW, N
+MX,KRNCH,MCUD,IADJ,ICUT,TIMEC,TIMEF,ITI,STEP,NOLD
+, KPLAS,ICNTRRAKRIRAK,RAKSUM,IPLEND,ISP
+, IRZ
COMMON /LASTIC/ E,XNU,ALPHA
COMMON /CONTNT/ P1
COMMON /TAPES/ N!N,NOUT,NSCRI,NSCR2,ITPI,ITP2

DIMENSION AKBAR(6,6)
DIMENSION AELM(3,1) RA(I), TW(NTAED,2), YACF(I
+),NADET(I),AK(I),EFSLA(4,6,I),STRS
+A(4,6,I), XLOADA(6,4,I), RBRA(I), ARAA(I)
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR,

+ ERAD(20), EAX(20)'
COMMON/FEP/HHF,NT,KKZZZ,ISTOP,RDeLD(20),RR51N(20)
+,PINOLD,POUTLD,POLD,NTOLD(20)
+ ,ICHNG,STEPS
COMMON /STFMAT/ B(4,6),C(4,6),BT(6,4),PROD(4,6),XKBAR(6,6)
COMMON / MATCNS / ANRIN, DCOMP, CWKF, CWNF, DELOXY, FLUX, FNCK,

+ FNCN, FOTMTL, DRFDEN, FTMELT, RSTRAN
EQUIVALENCE (AKBAR(I,I),XKBAR(I,I))
DIMENSION CA(4,4,1)
DIMENSION LKNT(26)

CRAD,EAX - FUEL ELASTIC MODULI FROM SUBROUTINE RADIAL

10

i5

20

25

STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
COMC
COMC
COMC
COMC
COMC
STFAXL
STFAXL
5TFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
5TFAXL
STFAXL
STFAXL

2
3
4
5
6
7
8
9

10
II
12
13
2
3
4
5
6
7
8
9

10
11
12
13
I5
16
17
18
15
2
3
4
5
6

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

50
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DO 380 K:INTAE STFAXL 40
55 NI: AELM(;,K) STFAXL 41

N2 : AELrit2,K) STFAXL 42
N3 AELM(3,K) STFAXL 43
RI : RANI) STFAXL 44
R2 : RA(N2) 5TFAXL 45

60 ZI : YACF(NI) 5TFAXL 46
Z2 : YACF(N2) STFAXL 47

C COMPUTE LOCATION OF QUADRILATRIAL MID NODE BASED ON CORNER STFAXL 48
C COORDINATES. STFAXL 49

LL : (K-(K/4)*4) STFAXL 50
65 KL : LL STFAXL 51

IF (KL.EQ.0) KL : 4 5TFAXL 52
IF (KL.GT.1) G3 TO 110 STFAXL 53
R3 (RI+R2)/2.0 5TFAXL 54
NN2 AELM(2,K+I) STFAXL 55

70 ZZ2 YACF(NN2) STFAXL 56
Z3 (ZZ2+Z2)/2.0 STFAXL 57

110 CONTINUE STFAXL 58
C STFAXL 59
C FORM MEAN VALUE LOCATION COORDINATES CENTRuiD OF EACH ELEMENT STFAXL 60

75 C STFAXL 61
RBAR : (RI+R2+R3)/3.0 STFAXL 62
AREA : (R2*Z3+RI*Z2+R3*ZI-R2'*LI-R3*Z2-RI*Z3)/2.0 5TFAXL 63

C STFAXL 64
C COMPUTE AREA COORDINATE AND COEF. 5TFAXL 65

80 C STFAXL 66
8I: Z2-Z3 STFAXL 67
82:Z3-ZI STFAXL 68
83 : ZI-Z2 STFAXL 69
Al : R3-R2 5TFAXL 70

85 A2 RI-R3 5TFAXL 71
A3 R2-RI 5TFAXL 72
XLI : 1.0/3.0 STFAXL 73
XL2 1./3. 5TFAXL 74
XL3 : 1./3. STFAXL 75

90 C STFAXL 76
C COMPUTE THE B MATRIX STFAXL 77
C STFAXL 78

8(1,1) : BI STFAXL 79
B(2,1) 2.*AREA*XLI/RBAR STFAXL 80

95 B(3,1) : 0.0 STFAXL 81
8(4,1) Al STFAXL 82
8(1,2) : 0.0 STFAXL 83
8(2,2) : 0.0 STFAXL 84
B(3,2) Al STFAXL 85

100 B(4,2) : BI 5TFAXL 86
8(1,3) 82 STFAXL 87
8(2,3) 2.*AREA*XL2/RBAR STFAXL 88
B(3,3) 0.0 STFAXL 89
8(4,3) A2 STFAXL 90

105 9(1,4) =0.0 STFAXL 91
B(2,4) : 0.0 5TFAXL 92
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8(3,4) : A2 STFAXL 93
B (4 , 4 ) : B2 STFAXL 94
B(i,5) : 83 STFAXL 95

110 B(2,5) : 2.*AREA*XL3/RBAR STFAXL 96
B(3,5) : 0.0 STFAXL 97
B(4,5) : A3 STFAXL 98
B(I,6) : 0.0 STFAXL 99
B(2,6) : 0.0 STFAXL 100

115 8(3,6) : A3 STFAXL 101
B(4,6) : 83 STFAXL 102

DO 120 J:I,6 STFFXL 103
DO 120 I:1,4S TFAXL 104
B(I,J) : B(I,J)/(2.*AREA) STFAXL 105

120 120 CONTINUE STFAXL 106
C STFAXL 107
C NOW FOR THE C MATRIX STFAXL 108
C STHAXL 109

TF : TN(K,NEN) 5TFAXL 110
125 IF (K.GT.NAEF) GO TO 130 STFAXL IlIl

C EA AND XNUA ARE AXIAL E AND XNU STFAXL 112
C ER AND XNUR ARE RADIAL E AND XNU 5TFAXL 113
C ERAT 15 RATIO OF ER TO EA STFAXL 114

XNUR : .25 5TFAXL 115
130 XNUA : .25 STFAXL 116

KAX : (K/4)+i STFAXL 117
ER : ERAD(KAX) STFAXL 118
EA : EAX(KAX) STFAXL 119
IF (ER.LT.I.E5) ER :-I.E5 STFAXL 120

135 IF (EA.LT.I.E5) EA : I.E5 STFAXL 121
C FUEL STIFFNESS STFAXL 122

ERAT : ER/EA STFAXL 123
CONST : ERAT*XPUA*XNUA STFAXL 124
COEFA ER'(I.+XNUR)/(I.-XNUR-2.*CONST) STFAXL 125

140 C(Il,I) : COEFA*(I.-CONST) STFAXL 126
C(2,1) : COEFA*(XNUR+CON5T) STFAXL 127
C(3,I) : COEFA*XNUA*(I.+XNUR) STFAXL 128
C(4,1) : 0.0 STFAXL 129
C(1,2) : C(2,I) STFAXL 130

145 C(2,2) : C(l,1) STFAXL 131
C(3,2) : C(3,I) STFAXL 132
C(4,2) = 0.0 STFAXL 133
C(1,3) : C(3,!) STFAXL 134
C(2,3): C'3,2) STFAXL 135

150 C(3,3) : COEFA*(I.-XNUR*XNUR)/ERAT STFAXL 136
C(4,3) : J.0 STFAXL 137
C(1,4) 0.0 STFAXL 138
C(2,4) : 0.0 STFAXL 139
C(3,4) : 0.0 STFAXL 140

155 C(4,4) : COEFA*(I.+XNUR)*(I.-XNUR-2.*CONST)/(ERAT*2.*(I.+XNUA) STFAXL 141
+ ) STFAXL 142

GO TO 160 STFAXL 143
130 CONTINUE STFAXL 144
C STFAXL 145
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160 C DEGREES K FOR hATPRO CALL STFAXL 146
C 6894.8 PA PER PSI 5TFAXL 147

TK : (TF-32.)/1.8+273.15 STFAXL 148
E : CELMOD(TKFNCK,CKF,DELOXY)/6894.8 STFAXL 149
XNU = E/(2.*(CSHEAR(TK,FNCK,CWKF,DELOXY)/6894.8))-1. STFAXL 150

165 COEF : E/((I.+XNU)*(I.-2.*XNU)) STFAXL 151
DO 150 J:1,4 STFAXL 152

DO 140 1:1,3 STFAXL 153
C(IJ) : XNU*COEF STFAXL 154
IF (I.EO.J) C(IJ) : (I.-XNU)*COEF STFAXL 155

170 IF (J.EQ.4) C(I,J) : 0.0 STFAXL 156
140 CONTINUE STFAXL 157

C(4,J) : 0.0 STFAXL 158
150 CONTINUE STFAXL 159

C(4,4) - ((I.-2.*XNU)/2.,$COEF STFAXL 160
175 160 CONTINUE STFAXL 161

C STFAXL 162
C NOW COMPUTE THE TRANSPOSE OF B STFAXL 163
C STFAXL 164

DO 170 J:1,4S TFAXL 165
180 DO 170 1:1,6 STFAXL 166

BT(I,J) : B(J,I) STFAXL 167
170 CONTINUE STFAXL 168
C STFAXL 169
C NOW COMPUTE ELEMENTAL STIFFNESS MATRIX FIRST FORM MATRIX STFAXL 170

185 C PRODUCT ;**T*C*B STFAXL 171
C STFAXL 172

DO 190 JJ:1,6 STFAXL 173
DO 190 111:1,4 5tFAXL 174
5tM : 0.0 STFAXL 175

190 PRJD(III,JJ) = 0.0 STFAXL 176
DO 180 JJJ:1,4 STFAXL 177
5 : C(III,JJJ)*8(JJJ,JJ) STFAXL 178
SUM : SUM+5 STFAXL 179

180 CONTINUE STFAXL 180
195 rROD(III,JJ) : SUM 5TFAXL 181

190 CONTINUE STFAXL 182
C STFAXL 183
C NOW FORM THE FINIL PRODUCT STFAXL 184
C 5TrAXL 185

200 DO 220 J:1,6 STtAXL 186
DO 210 1:1,6 STFAXL 187
AKBAR(I J) : 0.0 STFAXL 188

DO 200 11:1,4 STFAXL 189
AKBAR(I J) : AKBAR(I,J)+BT(I,II)*PROD(II,J) STFAXL 190

205 200 CONTINUE STFAXL 191
AKBAR(I,J) : AKBAR(I,J)*RBARP .*PI*AREA STFAXL 192

210 CONTINUE STFAXL 193
220 CONTINUE 5TFAXL 194
C 5TFAXL 195

210 C FORM AN ARRAY OF ALL THE AXIAL ELEMENTS 5TFAXL 196
C 5TFAXL 197

IF (K.GT.NAEF) GO TO 260 STFAXL 198
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L : 0 STFAXL 199
LL : 0 5TFAXL 200

215 C STFAXL 201
DO 250 1:1,6 5TFAXL 202
IF (L.GE.2) L : 0 STFAXL 203
NNN : NADET(NI) STFAXL 204
IF (I.GT.2) NNN : NADET(N2) 5FAXL 205

220 IF (I.GT.4) ANN : NADET(N3) STFAXL 206
LL : 0 STFAXL 207

C STFAXL 208
DO 240 J:I 6 5TFAXL 209
IF (LL.GE. ) LL : 0 STFAXL 210

225 ND : NADET(NI) STFAXL 211
IF (J.GT.2) ND : NADET(N2) STFAXL 212
IF (J.GT.4) ND : NADET(N3) STFAXL 213

CSTFAXL 214
C COMPUTE COORDINATES OF THE MASTER STIFFNESS MATRIX FOR THE FUEL STFAXL 215

230 C STFAXL 216
11 : NNN+L STFAXL 217
JJ : ND+LL STFAXL 218
IF (II.GT.JJ) GO TO 230 STFAXL 219
III : MCUD*(II-l)+JJ-1I+1 STFAXL 22J

235 IF (II.GT.KRNCH, III :III-LKNT(II-KRNCH) STFAXL 221
AK(III) : AK(III)+AKBAR(I,J) STFAXL 222

230 CONTINUE STFAXL 223
LL : LL+1 5TFAXL 224

240 CONTINUE STFAXL 225
240 L : L+1 STFAXL 226

250 CONTINUE STFAXL 227
GO TO 300 STFAXL 228

260 CONTINUE STFAXL 229
L : 0 STFAXL 230

245 LL : 0 STFAXL 231
DO 290 1:1,6 STFAXL 232
IF (L.GE.2) L : 0 STFAXL 233
NNN : NADET(NI) STFAXL 234
IF (I.GT.2) NNN : NADET(N2) STFAXL 235

250 IF (I.GT.4) NNN : NADET(N3) STFAXL 236
LL : 0 STFAXL 237

DO 280 J:1,6 STFAXL 238
IF (LL.GE.2) LL : 0 STFAXL 239
ND : NADET(NI) STFAXL 240

255 IF (J.GT.2) ND : NADET(N2) STFAXL 241
IF (J.GT.4) ND : NADET(N3) STFAXL 242

C STFAXL 243
C COMPUTE THE COORDINATES OF MASTER AXIAL STIFFNESS FOR THE CLAD STFAXL 244
C STFAXL 245

260 11 : NNN+L STFAXL 246
JJ : ND+LL STFAXL 247
IF (II.GT.JJ) GO TO 270 STFAXL 248
III : MCUD*(1I-1)+JJ-I1+I STFAXL 249
IF (II.GT.KRNCH) III : III-LKNT(II-KRNCH) STFAXL 250

265 AK(III) : AK(I1I)+AKBAR(IJ) STFAXL 251
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270 CONTINUE STFAXL 252
LL : LL+I STFAXL 253

280 CCNTINUE 5TFAXL 254
L : L+1 STFAXL 255

270 290 CONTINUE STFAXL 256
300 CONTINUE STFAXL 257
C HAVE MERGED TOTAL STIFFNESS FOR THE FUEL AND CLADAXIAL MODEL STFAXL 258
C STFAXL 259
C NOW DELELOPE THE STEE55 AND STRAIN MATRIX FOR EA H AXIAL STFAXL 260

275 C ELEMENT STFAXL 261
C STFAXL 2(2

DO 320 J:1,6 STFAXL 263
DO 310 1:1,4 STFAXL 264
EPSLA(I,JK) : B(1,J) STFAXL 265

280 STRSA(IJK) : PROD(I,J) STFAXL 266
310 CONTINUE STFAXL 267
320 CONTINUE STFAXL 268
C STFAXL 269
C DEFINE LOAD VECTOR INNER PRODUCT XLOADA STFAXL 270

285 C STFAXL 271
DO 350 J:1,45 TFAXL 272

DO 340 1:1,6 STFAXL 273
SUM : 0.0 STFAXL 274

DO 330 11:1,4 5TFAXL 275
290 SUM : SUM+BT(I,II)*C(IIJ) STFAXL 276

330 CONTINUE 5TFAXL 277
XLOADAtIJK) : SUM STFAXL 278

340 CONTINUE 5TFAXL 279
350 CONTINUE 5TFAXL 280

295 C STFAXL 281
C COMPUTE THE AREA 5TFAXL 282
C STFAXL 283

ARAA(K) : AREA STFAXL 284
C STFAXL 285

300 C COMPUTE MEAN RADIUS 5TFAXL 286
C STFAXL 287

RBRA(K) : RBAR STFAXL 288
DO 370 J:1,4 STFAXL 289

DO 360 1:1,4 5TFAXL 290
305 CA(IJ,K) : C(I,J) STFAXL 291

360 CONTINUE STFAXL 292
370 CONTINUE STFAXL 293
380 CONTINUE 5TFAXL 294
C STFAXL 295

310 DO 450 I:INABF STFAXL 296
JJ : 1+NABF STFAXL 297
NI : NADET(JJ)+l STFAXL 298
J : 2*NABF+I 5TFAXL 299
N2 : NADET(J)+l STFAXL 300

315 ISAVI : MCUD*(NI-I)+I STFAXL 301
IF (NI.GT.KRNCH: ISAVI : iSAVI-LKNT(NI-KRNCH) STFAXL 302
I5AV2 : MCUD*(N2-1)+l 5TFAXL 303
:F (N2.GT.KRNCH) ISAV2 : 15AV2-LKNT(N2-KRNCH) STFAXL 304
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5A1I : AK(ISAVI) STFAXL 305
320 5AV2 : AK(ISAV2) STFAXL 306

C INTRODUCE CONSTRAINTS ON CLADDIk6 STFAXL 307
MAX N2-NI-I STFAXL 308

DO 390 KM:I,MAX STFAXL 309
IJ : (NI+KM-I)*MCUD+N2-NI+I-KM STFAXL 310

325 IM : (NI-I)*MCUD+KM+I STFAXL 311
NM : NI-KRNCH STFAXL 312
IF (NM.GT. ) iM : IM-LKNT(MM) STFAXL 313
NJ : N2-KRNCH ;FAXL 314
I: NI+KM STFAR' 315

330 IF (II.GT.KRNCH) IJ : IJ-LKNT(II-KRNCH) STFA.. 316
AK(IM) : AK(IM)+AKIIJ) STFP.L 317

390 CONTINUE STFAXL 318
IN : MCUD-(N2-NI)-I STFA ( 319
II IN+N2 STFAXL 320

335 IF (II.GT.NAXB4) IN : IN-(II-NAXB4) STFAXL 321
DO 400 KM:l,'N STFAXL 322
IM : (NI-l)*MCuU+'?-NIlI+KM STFAXL 323
IJ : (N2-1)*MCUD+l+,M STFAXL 324
NM NI-KRNCH STFAXL 325

340 IF 4M.GT.0) IM : IM-LVNT(NM) STFAXL 326
NJ : N2-KRNCH 5TFAYL 327
IF (NJ.GT.0) IJ : IJ-LKi tT(hJ) 5TFAXL 328
AK(IM) : AK(IM)+AK(IJ) 5TFAXL 329

400 CONTINUE STFAXL 330
345 C STFAXL 33.

C NON INTERCHANGE COLS 5TFAXL 332
INN : NI-ISTFAXL 333
IN MCUD-(N2-NI)-I STFAXL 334
IF (INN.LT.IN) IN : INN 5TFAXL 335

350 IF (IN.LE.0) GO TO 420 5TFAXL 336
C STFAXL 337

DO 410 KM:I,IN STFAXL 338
: NI-KM STFAXL 339

IM MCUD*(II-I)+I+KM STFAXL 340
355 IF (II.GT.KRN-.H) IM : IM-LKNT(II-KRNCH) STFAXL 341

IJ IM+(N2-NI) STFAXL 342
AK(IM) : AK(IM)+hK"'J) STFAXL 343

410 CONTINUE STFAXL 344
420 CONTINUE STFAXL 345

360 C STFAXL 346
C STFAXL 347
C NO ZERO OUT TERMS ROW STFAXL 349

MM MCUD STFAXL 349
IF (N2.GE.KRNCH) MM : MCUD-(N2-KRNCH)-I STFAXL 35u

365 DO 430 KM:I,MM STFA'. 351
IM : (N2-I)*MCUD+KM STFAXL 352
Nt1 N2-KRNCH STFAXL 353
IF NtM.GT.0) IM : IM-LKNTiNM) STFAXL 354
A$IkM) : 0.0 5TFAXL 355

370 '430 CONTINUE 5TFAXL 356
C ZERO OuT COI. TFAYL 357
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MA : CUD-I
IF (N2.LE.tA) hA : N2-l

DO 440 KM:I,MA
375 It: N2-Kl

IM : CUD*(I-1)+N2-II+1
IF (II.GT.KRNCH) IMt: Ih-LKNT(II-KRNCH)
AK.I-) 0.0

440 CONTINUE
380 - NOW PUT A 1.0 ON DIAGONAL

AK(ISAV2) : 1.0
AK(I5AUI) S: AVI+5AV2

450 CONTINUE
RETURN

385 END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STFAXL

VARIABLES
0 AELM

0 AK

140 AKBAR

2
0
0

1621

1620
!626
1627

0

60
162?
1623
1624

30

ALPHA
ANR I N
ARAA
AREA

Al

A3
B

BT
BI
B2
H3
C

DEF LINE
I

SN TYPE
REAL

REAL

REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

R FERE4CES
84

PELOCATION
ARRAY F.P.

ARRAY F.P.

ARRAY 5TFtAT

LA5TIC
MATCNS

ARRAY F.P.

ARRAY STFMAT

ARRAY STFMAT

ARRAY STFMAT

STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL
STFAXL

358
359
360
36!
362
363
364
365
366
367
368
369
370
371

6956

236

381
204
206

110

REFS
DEFINED

REFS
2*343
357

REF5
DEFINED

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
100
108
116

REFS
REFS
REFS
REFS
REFS
290
'45
'53

27
1

27
2*357
369
26

202
22
36
27
94
77
96
104
112
35
93

101
109
119
35
93

101
109
35

305
146
154

57

265
236
382
206

298
119

84
85
86
192
96

104
112

55

44
DEFINED

378
38

204

DEFINED
102

99
107
''5
119
94
102
110

204
100
108
116
144

DEFINED
147
155

DEF
DEF
DEF

319
265

X36

296

279
97

105
1 13

320
331

265

298

98
106
114

INED
INED
INED
181
95

103
I lI

2*331
343

99
107
115

181290
DEFINED
DEFINED
DEFINED

145
140
148
168

DEFINED
81
82
83
146
141
149
169

146
: 10
150
170

I49
143
151
172

lip
152
174
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VARIABLES
0 CA

l( t6 COEF
' 4 COEFA

14
It .3

3.3
34
2
3
14
4
5
6
0

it
0

1641
102
0

1640
56

1642
5

55
6
7

10
35
12
0

1601

57
103
67
42
60
5

1654

COMP
CONST
CP
CR
CWKF
CWNF
DCOMP
DELOXY
DELR
DELZ
DE'.ZA
DRFDEN
E
EA
EAX
EPSLA
ER
ERAD
ERAT
FLUX
FLXR
FNCK
FNCN
FOTMTL
F."'EN
FTMtL7
HHF

iADJ
ICHNG
ICNT
'CRPP
iCUT
I DF
II

1650 III

1666 11

1667 IM

5N TYPE
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
PFOL
REAL
INT.GER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
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RELOCATION
ARRAY F.P.

ARRAY

ARRAY
ARRAY

ARRAY

GEOPAR

LIMITS
LIMITS
MATCNS
MATCNS
MATCNS
MATCNS
GEOPAR
GEOPAR
BA
MATCNS
LASTIC

BA
F.P.

BA

HATCNS
BA
HATCNS
MATCNS
MATCNS
LIMITS
HATCN5
FEP

LIMITS
FEP
LIMITS
LIMITS
LIMITS
LIMITS

INTEGER

INTEGER

INTEGER

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RF5
REFS
REFS
REF"'
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
3*204
2*279

DEFINED
278

REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*290

DEFINED
375

REFS
DEFINED

REFS
DEFINED

REFS
368
340

39
168
140
139

13
139

15
15
36
36
36
36
13
13
30
'r6
22
135
30
27

13L(
30
138
36
30
36
36
36
15
36
32

3*48
2*206
2*280

47
287

15
32
I5
15
15
'5

2*20"
2*330
203

190
188
330
324
327
369
354

FTN 4.8+508

DEFINED
169
141

140

163

163

164
137
133

DEFINED
'37
132
150

163

2*119
219
290
118
304

233
2*335
231

192
234
331
330

2*331
377
355

I
174
142

141

164

164

165
DEFINED

139

155

10/21/80

305
DEFINED

150

155

DEF I NED
'33

279
DEFINED

DEFINED

I4.32.27

I45
I5"

DEFINED

163
135

132

137

164

168
220
292
167
310

2*2*:

260

195
235
342
338
340
378
366

2*169
236

2*305
180

2*235
2*355
Z89

235
263
343
342

2*343
DEFINED

368

170
249
311
201

262
2*376
329

2*236
264
357
356
355
325
376

PAGE *

138

134

2*181
250
313
216

2*263
2*377
334

264

356
327
377

202
265

246

353

2*265

2*357
337
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VARIABLES
1672 IN

1673
40
73
7i
75

1660
1661

74
37
3

53
54
63
4
5

1633

2.
1647

1652
1602

12
1637

10
2

1613
1665

66
55

45
44
46
36

1655

INN
;PLAS
IPLEAD
I RAK
IRZ
ISAVI
ISAV2
ISP
I5: 3P
STOP
ISTRT
I TER
ITI
ITPI
I TP2
J

JAM
JJ

JJJ
K

KA
KAX
KKA
KKZZZ
KL
KM

KPLAS
KRNCH

KRNCHC
KRNCHF
KRNCHT
KZI
L

1676 LKNT

1612 LL

1675 MA

SN TYPE
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEG.
INTEGER

INTEGER
INTEGt:R

I WTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGEP
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

RELOCATION

LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
FEP
BA
BA
LIMITS
TAPES
TAPES

LIMITS

LIMITS

GEOPAR
FEP

LIMITS
LIhITS

LIM115
LIMIN5
LIMITS
LIMITS

ARRAY

352

316
3l8

REFS
DEFINED

REFS
REFS
nFF5
RE S
REF S
REF S
RE'S
RE? S
R'dFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
3*204
2*279

DEFINED
286
REFS
REFS

312
REFS
REFS

131
DEF I NED

REFS
REFS
REFS
REFS
REFS
REFS

366
REFS
REFS
2*330

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
330

DEFINED
REFS

DEFINE)
253

REFS

334
333

2*349
15
15
13
1t

316
318

15
15
32
30
30
15
24
24

2*119
2*206
2*2?0
'17
303

15
190

DEFINED
2* 192

55
212
54
15

132
13
32
66

2*324
375

15
15

339
50
15
15
15
15

217
213
40

340
46
65
64

267
373

335
335

DEFINED

319
32')

168
226
290
166
313

192
187

DEFINE)J
56

279

133

67
325

DEH NED

2*235
341
53

231
217
48

342
48

224
214

37;.

336
348
347

382
38'

2*169
227
292
'79

195
232
191
57

?RC

DEFINAI

DEFINED
329
323

2*264
2*355

240
240
235
355

232
221

DEFINED

349
349

DEFINED
DEFINED

2*170
236

2*305
200

233
261

2*64
292

131

65
337
336

2*316
2*364

247
244
26-
3(3

238
224

372

350

315
317

172
2r5
314
223

234
311

69
296

2*181
256

252

262

'24
302

66
338
352

2*318
367

260
247
316
377

253
238

202
265

277

263

125
305

354
374

328

327

267
255

353
365

326
2*377

269
269
318

261
L,)

373
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VARIABLES
1664 MAX
52 MAXA
43 MAXT
56 MCUD

1674
17
16
31
20
32

0

21
22
14
13
15
25
26
27

52
51
50

1657

7
53
10
11
0
6

30
47
51
0

1671
41

1670
54
50

1656

1615
2
4
3

65

2

MM
NABC
NABF
NABF2
NABT
NABT2
NADET

NAE"
NAEt
NAR.
NARF
NART
NAXBT
NAXB2
NAXB4
NC
NCNN
NCONN
NC'
ND

NETOT
NEW
NEWF
NEWt
NF
NFF
NFFI
NFF2
NF4
NIN
NJ
NKN
NM
NMX
NN
NNN

NN2
NOEL
NOELC
NOELF
NOLD
NOUT
NSCRI

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER

INTER
INTEGER
INTE 3ER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTE(dR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

LIMITS
LIMITS
LIMITS

ARRAY

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
BA
BA
LIMITS

LIMI IS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES

LIMITS

LIMITS
BA

LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES

REFS
REFS
REFS
REFS
325
366

REFS
REFS
REFS
EF5S
REFS
REFS
REFS
248

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REF-
255
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

249
REFS
REFS
REFS
REFS
REFS
REFS
REFS

323
15
15
15

332
372
365

15
15
15
15
15
27

249
1

15
15
15
15
15
15
15
I5
15
30
30
15

232
256

15
15
15
15
15
15
I5
15
15
24

2*342
15

2*327
15
30

231
250
70
IS
15
15
15
24
24

DEFINED
44

53
337
376

DEFINED

310

218
250

125

50

261

317
263

263
346

51
36t

313

220
255

324
364

315
354
c^

225
256

234
338

DEFINED
363

311

219
254

212

226
312

227
314

2*368 DEFINED

532*52

DEFINED

2*335

124

225 227 254

328 341DEFINED

2*340

260

DEFINED

DEFINED 218

326

219

69

339

220

367

248
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VARIABLES
3 NSCR2
I NT

23 NTAE
0 NTAED

57 NTOLD
1603 NI

1604 N2

1605
13
0

II
54
56
12
55
110
0

72
1620

0
2
3
4
0

70
30
13

1606

N3
PDEL
PI
PIN
PINOLD
POLD
POUT
POUTLD
PROD
RA
RAKSUM
RBA

RBRA
RCI
RCO
RDOLD
RFI
RFO
RRAKR
RRSIN
PSTRAN
Ri

1607 R2

1614
1653
1662
1663

64
104
0

1651

1634
61
62

1645
4
0

R3
5
SAVI
5AV2
STEP
STEPS
5TRSA
SUM

TF
TIMEC
TIMEF
TK
TREF
TN

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RE AL
"EAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
KEAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
TAPES
FEP
LIM TS
F.P.

ARRAY FEP

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

GEOPAR
CONTNT
GEOPAR
FEP
FEP
GEOPAR
FEP
STFMAT

F.P.
LIMITS

F.P.
GEOPAR
GEOPAR
FEP
GEOPAR
GEOPAR
LIMITS
FEP
MATCN5

LIMITS
FEP
F.P.

LIMITS
LIMITS

GEOPAR
F.P.

54
DEFINED

60
2*324
348
61

324
356
56

227

REFS
REFS
REFS
REFS
REFS
REFS
2*316
339
REFS
2*318

341
376

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
288

REFS
REFS
REFS
REFS
REFS
REFS

24
32
15
27
32
58

322
347
59

322
348

DEFINED
220

13
23
13
32
32
13
32
35
27
15
94
76
27
13
13
32
13
13
15
32
36
68
58
68
59
76
193
382
382

15
32
27
193
290
162

15
15

163
13
27

248
329

DEFINED

334
367

DEFINED

254
333
55

255
337

2*373

206

315
2*337
312
317
338
375

57

218
325
353
219
328

2*364
314
250

DEFINED
DEFINED

206

225
326
356
226
333
366

256

190
3

302

195

302

204
58

102

DEFINED

76

76

2*77
DEFINED
DEFINED
DEFINED

DEFINED
195

DEFINED

164

124

280
59

110

2*77

84
192
319
320

290

124

DEFINED

DEFINED

86

86

85

85

280
292

68DEFINED

DEFINED 189 193

162

SUBROUTINE STFAXL 10/21/80 I4.32.27 PAGE

i



76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
140 XKBAR
0 XLOADA

1630 XLI
1631 XL2
1632 XL3

I XNU

1636
1635

0
7

1616
1610
1611
1617

XNUA
XNUR

YACF
ZDEL
ZZ2
ZI
Z2
Z3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY STFMAT
ARRAY F.P.

LAST IC

ARRAY F.P.
GEOPAR

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

35
27
94
102
110
22
164

2*138
2*139
129
27
13
71

2*77
71

2*77

EXTERNALS
CELMOD
C5HEAR
MOVEKA

STATEMENT LABELS
0 100

132 110
0 120

434 130
0 140
0 150

521 '60
0 170
0 180
0 190
0 200
0 210
0 220

751 230
0 240
0 250

765 260
1071 270

0 280
0 290

1104 300
0 310
0 320
0 330
0 340
0 350
0 360
0 370
0 380
0 390

TYPE
REAL
REAL

ARGS
4
4
3

DEF LINE
49
72

120
158
171
173
175
182
194
196
205
207
208
237
239
241
243
266
268
27C
271
281
282
291
293
294
306
307
308
332

REFERENCES
163
164
44

REFERENCES
47
67
117
125
167

157
179
191
187
203
201
200
233
223
216
212
262
252
246
242
278
277
289
287
286
304
303
54

323

292
38

DEFINED
DEFINED
DEFINED
DEFINED

2*165

142
141

60

DEFINED
82
2*77
81

87
88
89
168

'55
142

61

70
83
81
82

169

DEFINED
2*150

70 DEFINED

174

130
2*155

DEFINED
83

DEFINED

60
DEFINED

71

1

61

I18

180

188
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STATEMENT LABELS
0 400
0 410

1455 420
0 430
0 440
0 450

DEF LINE

358
359
370
379
383

REFERENCES
336
352
350
365
374
310

LOOPS
21
47

270
272
462
464
523
525
542
544
553
603
605
613
653
677
77:
1017
1106
1110
1132
1134
1140
1176
1200
1220
1271
1351
1426
1466
1517

LABEL
100
380
120
120
150
140
170
170
190
190
180
220
210
200
250
240
290
280
320
310
350
340
330
370
360
450
390
400
410
430
440

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
BA
FEP
STFMAT
MATCNS

INDEX

K
J
I
J
I
J
I
JJ
III
JJJ
J
I
II
I
J
I
J
J
I
J
I
II
J
I
I
KM
KM
KM
KM
KM

LENGTH

13

62
3

1

6
86
69
132
12

FROM-TO
47 49
54 308

117 120
118 120
166 173
167 171
179 182
180 182
187 196
188 196
191 194
200 208
201 207
203 205
216 241
223 239
246 270
252 268
277 282
278 281
286 294
287 293
289 291
303 307
304 306
310 383
323 332
336 344
352 358
365 370
374 379

LENGTH
68

I11478
148
78

318
228
I58
108
378
32B
148
378
328
138

1108
578
1108
578
22B
158
348
278
128
158
108

3328
438
368
268
208
228

PROPERTIES
INSTACK

INSTACK

OPT

INSTACK

OPT

OPT

OPT

OPT

OPT

I NSTACK

I NSTACK

N

OPT
OPT
OPT
OPT
OPT

EXT REFS
NOT INNER

NOT 'NNER

NOT INNER

NOT
NOT

NOT
NOT

NOT INNER

INNER
INNER

INNER
INNER

NOT INNER

NOT INNER

NOT INNER

NOT INNER
NOT INNER

NOT INNER

NOT INNER
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000B SCM UED

2005B
6008

1029
384
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SUBROUTINE STIFF (ELM,R,Z,RDNFFID,NODET,XKT,EPSLM,~TRESS,ARE,RBR, 5T ;F 2
+XLOAD,XKSAVE,CC,NOELD,TELM,NABFD) STIFF 3

C STIFF 4
C STIFF 15 CALLED FROM PELET 5IFF 5

5 C ?iIFF 6
C PURPOSE OF THIS SUBROUTINE 15 TO CALCULATE THE STIFFNESS MATRICES aTIFF 7
C FOR FUEL-CLAD COMBINED SYSTEM (XKT) STIFF 8
C STIFF 9
C STIFF 10

10 DIMENSION R(I),Z(I),LKNT(6),ELM(3 I) NODET(I),XKT(I), STIFF II
+TELM(NOELD,NABF), ),EPSLM(4,6,1),STRESS(4,6,I) STIFF 12
DIMENSION ARE(W), RBR(I), XLOAD(6,4,1), XKSAVE(6,6,1), CC(4,4,1) STIFF 13
DIMENSION RD(NFFID,I) STIFF 14

C STIFF 15
15 COMMON /GEOPAR/ RFIRFO,nCIRCO,TREF,DELR,DELZZDELKKAPINPOUTP PELCOM 2

+DEL,COMP PELCOM 3
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE PELCOM 4
+NF,NENT,KANARFNARC,NART,r1ABF,NABC,NABT,NAEC,NAEF,NTAE,JAMNAXBT, PELCOM 5
+NAXB2,NAXB4,NFFINABF2,NABT2, CPCRFRDENKZI,ISSTOPIPLAS,NKN PELCOM 6

20 +,1ICRPP,MAXT,KRNCHF,KRNCHC,KRNCHT,NFF2,NC4,NF4,MAXA,NEW, N PELCOM 7
+MX,KRNCH,MCUD,IADJ,ICUT,TIMEC,TIMEFITISTEPNOLD PELCOM 8
+, KPLAS,ICNTRRAKRIRAK,1:AKSUM,IPLEND,ISP PELCOM 9
+,IRZ PELCOM 10
COMMON /LASTIC/ LXNU,ALPHA PELCOM 11

25 COMMON /CONTNT/ PI PELCOM 12
COMMON /TAPES/ NINNOUTNSCRI,N5CR2,ITPI,ITP2 PELCOM 13
COMMON /STFMAT/ B(4,6),C(4,6),BT(6,4),PROD(4,6),XKBAR(6,6) STIFF 17

C STIFF 18
COMMON / BA / DELZA(40), NN, NCONN, NCNN, ISTRT, ITER, FLXR, COMC 2

30 + ERAD(20), EAX(20) COMC 3
COMMON/FEP/HHF,NT,KKZZZ,ISTOP,RDOLD(20),RRSIN(20) COMC 4
+,PINOLD,POUTLD,POLD,NTOLD(20) COMC 5
+ ,ICHNGSTEPS COMC 6

C STIF: 20
35 COMMON / MATCNS / ANRIN, DCOMP, CWKF, CWNF, DELOXY, FLUX, FNCK, STIFF 21

+ FNCN, FOTMTL, DRFDEN, FTMELT, RSTRAN STIfF 22
C STI:F 23
C ERAD.EAX - FUEL ELASTIC MODULI FROM SUBROUTINE RADIAL STI:F 24
C STIFF 25

40 DO 100 J:I,NFFI STiFF 26
Z(J) : 0.0 STiFF 27
Z(J+NFFI) I FLZ STIFF 28
R(J) : (Rr JJKA)+RD(J,KA+1))/2. STIFF 29
R(J+NFFI) : R(J) ST.FF 30

45 100 CONTINUE STIFF 31
LKNT(I) : I STIFF 32
LKNT(2) : 3 STIFF 33
LKNT(3) - 6 511FF 34
LKNT(4) : 10 51IFF 35

50 LKNT(5_ - 15 ST'FF 36
LKNT(4) : 21 STICF 37
KRNCHF : NF4-6 STIFF 38
KRNCHC : NC4-6 STIFU 39
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NMX : 4*NFFI-4 STIFF 40
55 KRNCHT = NMX-6 STIFF 41

NF4 : NF*4 STIFF 42
C STIFF 43
C FORM STIFFNESS MATRIX ON ELEMENT BY ELEMENT BASIS AND MERGE INTO STIFF 44
C TOTAL STIFFNESS MATRIX. STRESS MATRIX WILL ALSO BE FORMED STIFF 45

60 C STIFF 46
CALL MOVEKA (0,5TRE55,24*NOEL) STIFF 47
CALL MOVEKA (0,XKTMAXT) STIFF 48

C STIFF 49
DO 380 KI:I,NOEL STIFF 50

65 NI : ELM(I,KI) STIFF 51
N2 : ELM(2,KI) STIFF 52
N3 = ELM(3,KI) STIFF 53
RI = R(NI) STIFF 54
R2 = R(N2) STIFF 55

70 R3 : R(N3) STIFF 56
ZI = Z(NI) STIFF 57
Z2 : Z(N2) STIFF 58
Z3 : Z(N3) STIFF 59

C FORM MEAN VALUE LOCATION COORDINATES (CENTROID OF EACH ELEMENT) STIFF 60
75 RBAR : (RI+R2+R3)/3.0 STIFF 61

AREA : (R2*Z3+RI*Z2+R3*ZI-R2*ZI-R3*Z2-RI*Z3)/2.0 STIFF 62
C COMPUTE AREA COORDINATE AND COEFFICIENT STIFF 63

81 : Z2-Z3 STIFF 64
82 : Z3-ZI STIFF 65

80 83 : ZI-Z2 STIFF 66
Al - R3-R2 STIFF 67
A2 = RI-R3 STIFF 68
A3 = R2-RI STIFF 69
XLI : 1.0/3.0 STIFF 70

85 XL2 : 1.0/3.0 STIFF 71
XL3 : I.P/3.0 STIFF 72

C STIFF 73
C COMPUTE THE B MATRIX STIFF 74
C STIFF 75

90 8(1,1) :BI STIFF 76
B(2,1) : 2.0*AREA*XLI/RBAR STIFF 77
8(3,1) : 0.0 STIFF 78
8(4,1) : Al STIFF 79
B(1,2) : 0.0 STIFF 80

95 8(2,2) : 0.0 STIFF 81
8(3,2) : Al STIFF 82
8(4,2) : 81 STIFF 83
8(1,3) : 82 STIFF 84
8(2,3) : 2.0*AREA*XL2/RBAR STIFF 85

100 8(3,3) : 0.0 STIFF 86
8(4,3) = A2 STIFF 87
8(1,4) = 0.0 STIFF e8
8(2,4) : 0.0 STIFF 89
3(3,4) : A2 STIFF 90

105 8(4,4) : 82 STIFF 91
8(1,5) : 83 STIFF 92

SUBROUTINE STIFF 10/21/80 PAGE 2



76/176 OPT:0 TRACE STATIC FTN 4.8+508

8(2,5) : 2.0*AREA*XL3/RBAR STIFF 93
8(3,5) : ($.0 STIFF 94
B(4,5) : A3 STIFF 95

110 8(1,6) : 0.0 STIFF 96
8(2,6) : 0.0 STIFF 97
B(3,6) : A3 STIFF 98
B(4,6) : 83 STIFF 99

00 120 J:1,6 STIFF 100
115 DO 110 1:1,4 STIFF 101

B(IJ) : B(I,J)/(2.0*AREA) STIFF 102
110 CONTINUE STIFF 103
120 CONTINUE STIFF 104
C STIFF 105

120 C NOW FOR THE C MATRIX STIFF 106
C STIFF 107

TF : TELH(KIKANEW) STIFF 108
IF (KI.GT.NOELF) GO TO 130 STIFF 109

C EA AND XNUA ARE AXIAL E AND XNU STIFF 110
125 C ER AND XNUR Arc RADIAL E AND XNU STIFF IlIl

C ERAT 15 RATE OF ER TO EA STIFF !12
XNUR .25 STIFF 113
XNUA .25 STIFF i14
ER : !RAD(KA) STIFF 115

130 EA : EAX(KA) STIFF 116
IF (Ek.LT.I.E5) ER =:I.E5 STIFF 117
IF (EA.LT.I.E5) EA =:I.E5 STIFF 118

C FUEL STIFFNESS STIFF 119
ERAT : ER/EA STIFF 120

135 CONST = ERAT*XNUA*XNUA STIFF 12;
COEFA : ER/(I.+XNUR)/(I.-XNUR-2.*CONST) STIFF 122
C(I,I) : COEFA*(I.-CONST) STIFF 123
C(2,I) : COEFA*(XNUR+CONST) STIFF 124
C(3,I) : COEFA*XNUA*(I.+XNUR) STIFF 125

140 C(4,I) : 0.0 STIFF 126
C(1,2) : C(2,I) STIFF 127
C(2,2) : C(I,I) STIFF 128
C(3,2) : C(3,I) STIFF 129
C(4,2) : 0.0 STIFF 130

145 C(1,3) : C(3,1) STIFF 131
C(2,3) : C(3,2) STIFF 132
C(3,3) : C0EFA*(I.-XNUR*XNUR)/ERAT STIFF 133
C(4,3) : 0.0 STIFF 134
C(l,4) : 0.0 STIFF 135

150 C(2,4) : 0.0 STIFF 136
C(3,4) : 0.0 STIFF 137
C(4,4) : COEFA*(I.+XNUR)*(I.-XNUR-2.*CONST)/(ERAT*2.*(I.+XNUA) STIFF 138

+ ) STIFF 139
GO TO 160 ST!FF 140

155 130 CONTINUE STIFF 141
C STIFF 142
C DEGREES K FOR MAtPRO CALL STIFF 143
C 6894.8 PA PER PSI STIFF 144

TK : (TF-32.)/l.8+273.15 STIFF 145
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160 E : CELMOD(TK,FNCK,CWKF DELOXY)/6894.8 STIFF 146
XNU : E/(2.*(CSHEAR(TK, NCKCKF,DELOXY)/6894.8))-l. STIFF 147
COEF : E,((I.+XNU)*(I.-2.*XNU)) STIFF 148

DO 150 J:1,3 STIFF 149
C(4,J) : 0.0 STIFF 150

165 C(J,4) : 0.0 STIFF 151
DO 140 1:1,3 STIFF 152
CI,J) : XNU*COEF STIFF 153
IF (I.EQ.J) C(I,J) : (I.0-XNU)*COEF STIFF 154

140 CONTINUE STIFF 155
170 ISO CONTINUE STIFF 156

C(4,4) : ((1.0-2.0*XNU)/2.0)*COEF STIFF 157
160 CONTINUE STIFF 158
C STIFF 159
C NOW COMPUTE THE TRANSPOSE OF B STIFF 160

175 C STI.:F 161
DO 180 J:1,4 STIFF 162

DO 170 1:1,6 STIFF 163
BT(I,J) : B(JI) STIFF 164

170 CONTINUF STIFF 165
180 180 CONTINUE STIFF 166

C STIFF 167
C NOW COMPUTE ELEMENT STIFFNESS MATRIX FIRST FORM MATRIX 511FF 168
C STIFF 169
C PRODUCT BT*C*B STIFF 170

185 C STIFF 171
DO 210 JJ:1,6 STIFF 172

DO 200 111:1,4 STIFF 173
SUM : 0.0 STIFF 174

DO 190 JJJ:1,4 STIFF 175
190 5 : C(III,JJJ)*B(JJJ,JJ) STIFF 176

SUM : 5UM+5 STIFF 177
190 CONTINUE STIFF 178

PROD(III,JJ) : SUM STIFF 179
200 CONTINUE STIFF 180

195 210 CONTINUE STIFF 181
C STIFF 182
C NOW FORM FINAL PRODUCT STIFF 183
C STIFF 184

DO 240 J:1,6 STIFF 185
200 DO 230 1:1,6 STIFF 186

SUM : 0.0 STIFF 187
DO 220 11:1,4 STIFF 188
5 : BT(I,II)*PROD(IIJ) STIFF 189
SUM : SUM+5 STIFF 190

205 220 CONTINUE STIFF 191
XKBAR(I,J) : SUM STIFF 192
XKBAR'IJ) : XKBAR(IJ)*RBAR*2.0*PI*AREA STIFF 193

230 CONTINUE STIFF 194
240 CONTINUE STIFF 195

210 C STIFF 196
C STIFF 197
C SET UP STIFFNESS FOR CONTACT CORRELATION BETWEEN THE FUEL ANr STIFF 198
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C CLAD 5T'-t199
C MIFF 200

215 K :=0 STIFF 201
KK :0 STIFF 202

DO 260 1:1,6 STIFF 203
IF (K.GE.2) K : 0 STIFF 204
NNN : NODET(NI) STIFF 205

220 IF (1.GT.2) NNN : NODET(N2) STIFF 206
IF (I.GT.4) NNN : NODET(N3) STIFF 207
KK : 0 STIFF 208

DO 250 J:1,b STIFF 209
IF (KK.GE.2) KK : 0 STIFF 210

225 ND : NODET(NI) STIFF 211
IF (J.GT.2) ND : NODET(N2) STIFF 212
IF (J.GT.4) ND : NODET(N3) STIFF 213

C STIFF 214
C COMPUTE COORDINATES FOR THE MASTER STIFFNESS MATRIX FOR THE TOTAL STIFF 215

230 C STIFF 216
II : NNN+K STIFF 217
.'J : ND+KK STIFF 218
KK : KK+l STIFF 219
IF (JJ.LT.II) GO TO 250 STIFF 220

235 III : 8*(II-1)+JJ-II+1 STIFF 221
IF (II.GT.KRNCHT) III : III-LKNT(hI-KRNCHT) STIFF 222
XKT(III) : XKT(III)+XKBAR(I,J) STIFF 223

250 CONTINUE STIFF 224
K : K+I STIFF 225

240 260 CONTINUE STIFF 226
C DEVELOPE STRESS AND STRAIN MATRIX USING PROD(I J) AND B(1,J) STIFF 227
C 'HERE STRESSES COME FROM 5:PROD(1,J)*DI5PLACEMENTS AND STRAINS STIFF 228
C ARE EPSOLON:?ROD(I,J) STIFF 229
C STIFF 230

245 C CREATE STRAIN MATRIX EPSLM(,IJ,K) WHERE K 15 THE VALUE OF STIFF 231
C THE ELEMENT NO. STIFF 232
C STIFF 233
C CREATE STRESS MATRIX STRESS(I,JK) STIFF 234
C STIFF 235

250 DO 280 J:1,6 STIFF 236
DO 270 I:1,4 STIFF 237
EPSLH(I,J,KI) :=B.I,J) STIFF 238
STRESS(IJKI) : PRODiIJ) STIFF 239

270 CONTINUE STIFF 240
255 280 CONTINUE STIFF 241

C STIFF 242
C DEFINE THE ARRAY XLOAD(I,JKI). STIFF 243
C 511FF 244

DO 310 J:1,4 STIFF 245
260 DO 300 1:1,6 STIFF 246

SUM : 0. STIFF 247
DO 290 11:1,4 STIFF 248
SUM : SUM+BT(UII)*C(II,J) STIFF 249

290 CONTINUE STIFF 250
265 XLOAD(I,J,KI) : SUM STIFF 251
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27

ENTRY POINTS
4 STIFF

VARIABLES
2 ALPHA
0 ANRIN
0 ARE

1174 AREA

1200
1201
1202

Al
A2
A3

DEF LINE

5N TYPE
REAL
REAL
REAL
REAL

REFERENCES
298

RELOCATION
LASTIC
MATCNS

ARRAY F.P.

REAL
REAL
REAL

300 CONTINUE
310 CONTINUE
C
C COMPUTE AREA ARRAY FOR EACH ELEMENT.

D C
ARE(KI) : AREA

C
C COMPUTE MEAN RADIUS ARRAY
C

5 RBR(KI) : RBAR
C

IF (K1.EQ.NOELF+1) GO TO 320
GO TO 350

320 CONTINUE
C
C SAVE THE STIFFNESS MATRIX FOR THE INTERFACIAL ELEMENT.
C

DO 340 1:1,6
DO 330 J:1,6
XKSAVE(IJI) =:XKBAR(.,J)

330 CONTINUE
340 CONTINUE
C
350 CONTINUE
C MATERIALS INFORMATION FOR THERMAL STRESS CORRECTION

DO 370 J:1,4
DO 360 1:1,4
CC(I,J,KI) : CIJ)

360 CONTINUE
370 CONTINUE
380 CONTINUE
C

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

275

280

285

290

295

STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
?80
281
282
283
284
285

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

24
35
12
91
76
93
101
109

DEFINED
99

96
104
112

271
116107

DEFINED
DEFINED
DEFINED

207 271

81
82
83
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VARIABLES
0 B

60
1175
1176
1177

30

0
1220
1216

14
1215

33
34
2
3
1+
4
5
6
0

1I
0

1213
102
0
0

1212
56

1214
5

55
6
7

10
35
12
0

1206

57
103
67
4?

BT
81
82
83
C

Cc
COEF
COEFA

COMP
CONST
CP
CR
CWKF
C WNF
DCOMP
DELOXY
DELR
DELZ
DELZA
DRFDEN
E
EA
EAX
ELM
EPSLM
ER
ERAD
ERAT
FLUX
FLXR
FNCK
FNCN
FOTMTL
FRDEN
FIMELT

LnDJ

I(NT
I ;RPP

SN TYPE
REAL

REAL
REAL
REAL
REAL
RE IL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REfL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
ARRAY STFMAT

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

STFMAT

STFMAT

F.P.

GEOPAR

LIMITS
LIMITS
MATCNS
MATCNS
MATCNS
MATCNS
GEOPAR
GEOPAR
BA
MATCNS
LAST IC

BA
F.P.
F.P.

BA

MATCNS
BA
MPTCNS
BiATCNS
MATCNS
LIMITS
MATCNS
FEP

LIMITS
FEP
LIMITS
LIMITS

95
103
''l

96
104
112

178
92
100
108

REFS
DEFINED

97
105
113

REFS
REFS
REFS
REFS
REFS
263
142
150

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
PEFS
bEF5
REFS
REFS
REFS
REFS
REFS
REFS
220
2*293
260

REFS
REF5
REFS
REF5

27
90
98
106
116
27
90
98
106
27

293
143
151
12

167
137
136

15
136

17
17
35
35
35
35
15
15
29
35
24
132
29
10
10

131
29
135
35
29
35
35
35
17
35
31

2*116
221

DEFINED
283

17
31
17
17

116
91
99
107

203
97
105
113
141

DEFINED
144
152

DEFINED
168
138

138

161

162
DEFINED

66

136

152

190
93
101
109

DEFINED
78
79
80

143
138
146
165
293

DEFINED
147

152

DEFINED
130

67
252

DEFINED

DEFINED

252
94
102
110

178

145
139
147
167

162
152

DEFINED

160
132

DEFINED

129

146
140
1468
168

190
141
149
171

137

160

160

161
134
130
65

DEF I NED
134
129
147

160

167
237
115
292

263
DEFINED
DEFINED
DEFINED

X42
137
145
164

I 1
171
139

135

'

131

161

134

2*168
2*252

166

2*178
2*253

177

203
263
200

206
265
217

2*207
2*285

25'
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VARIABLES
60 ICUT

5 IDF
1226 11

1222 III

4+0
73
71
75
74
37

3
53
54
63

4
5

1160

24
1221
1224
1227

12
1161

i .'A5
IPLiND
IRAN
IRZ
I5FP
I55TOP
ISTOP
ISTRT
ITER
ITI
ITPI
ITF2
J

JAM
JJ
JJJ
K
KA
KI

1230 KK

t0
2

66
55
45
44
46
36

1233

52
43
56
17
16
0

31
20
32
21
22

KKA
KKZZZ
KPLAS
KRNCH
KRNCHC
KRNCHF

MHT
KZl
LtNT

MAO
MAXT
MCU,
NAB(
NAB'
NABFD
NABF2
NABT
NABT2
NAEC
NAEF

SN TYPE
INTEGER
INTEGER
INTEGER

RELOCATION
LIMITS
LIMITS

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEI FR
INTEGER
INTEGE !.
INTEGEc
INTEGE

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
FEP
BA
BA
LIMITS
TAPES
TAPES

LIMITS

LIMITS

ARRAY

GEOPAR
FEP
LIMITS
LIMITS
LIMITS
',ITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

REFS
REFS
REFS

DEFINED
REFS
236

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
167
237

DEFINED
259
REFS
REFS
REFS
REFS
REFS
REPS
265

REFS
233

REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

50
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*237 DEFINED

2*236

187

17
17

2*203
202
190

17
17
17
17
17
17
31
29
29
17
26
26
41

2*168
2*252

40
284+
17

190
2*190
218

17
65

271
224

234
231
193

42
2*178
2*253

114
291

193
DEFINED

231
2't43
66

275
232

53
52

DEFINED

DEFINED

2*235
262
236

3*43
203
263
163

234
189
239
122
67

277
233

DEFINED
DEFINED
2*236

236

62

DEFINED

I64
226
2*293
223

15
31
17
17
17
17
17
17
10

517
17
17
17
17
17

I0

17
17
17

'7

'7

235

165
227

250

232

239

253

224

2*44
206
265
176

235

DEFINED
129
122
293

DEFINED

2*116
2*207
2*285
199

DEFINED

215
130
123

DEFINED
216

186

218

252
64

222

55

48
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VARIABLES
14 NARC
13 NARF
15 NART
25 NAXBT
26 NAXB2
27 NAXB4
I NC

52 NCNN
51 NCONN
50 4C

1232 ND
7 NETOT

53 NEW
10 NEWF
II NEWT

0 NF
6 NFF

30 NFFI
O NFFID

47 NFF2
51 NF4
0 NIN

41 NKN
54 NMX
50 NN

1231 NNN
0 NODET

2
4
0
3

65
1
2
3
1

?3
57
162
163
164

13
0

II
54
56
12
55

110
0

NOEL
NOELC
NOELD
NOELF
MOLD
NOUT
NSCRI
N5CR2
NT
NTAE
TOLD
NI
N2
N3
PDEL
PI
PIN
PI'IOLD
POLD
POUT
POUTLD
PROD
R

72 RAKSUM

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
BA
BA
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.

LIMITS
LIMITS
TAPES
LIMITS
LIMITS
BA

ARRAY

ARRAY

ARRAY
ARRAY

REAL

F.P.

LIMITS
LIMITS

F.P.
LIMITS
LIMITS
TAPES
TAPES
TAPES
FEP
LIMITS
FEP

GEOPAR
CONTNT
GEOPAR
FEP
FEP
GEOPAR
FEP
STFMAT
F.P.

LIMITS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REc
REFS5
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

17
17
17
17
17
17
17
29
29
17

232
17
17
17
17
17
17
17
13
17
17
26
17
17
2

231
10
1

17
17
10
17
17
26
26
26
31
17
31
68
69
70
15
25
15

31
31
15
31
27
10

1
17

53
DEFINFE

40
DEFINED

52

55

DEFINED
219

227

54

226

DEFINED

DEFINED

219
220

42
1

56

54

61

220
221

221
225 226

2
277

227

DEFINED
123

71
72
73

219
220
221

207

225
226
227

DEFINED
DEFINED
DEFINED

65
66
67

203
44
43

253
68
44

DEFINED
69

193
70
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
1173 RBAR

0
2
3
0
4
0

70
30
13

1165
1166
1167
1225

64
104
0

1223

0
1207

61
62

1217
4

140
G
0
0

1203
1204
1205

I

1211
1210

RBR
FCC I
RCO
RD
RDOLD
RFI
RFO
RRAKR
RRSIN
RSTRAN
RI
R2
R3
5
STEP
STEPS
5TRESS
SUM

TELM
TF
TIMEC
TIMEF
TK
TREF
XKBAR
XKSAVE
XKT
XLOAD
XL I
,,L2
XL3
XHU

XNUA
XNUR

0 Z

7
170
171
172

ZDEL
ZI
Z2
Z3

SN TYPE
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REP L
REAL
PEAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL

REAL
REAL
REAL
REAL

RELOCATION

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRHY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

F.P.
GEOPAR
GEOPAR

F.P.
FEP
GEOPAR
GEOPAR
LIMITS
FEP
MATCNS

LIMITS
rco
F.P.

F.P.

LIMITS
LIMITS

GEOPAR
STFMAT
F.P.
F.P.
F.P.

LAST IC

F.P.

GEOPAR

REFS
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
QEF5
REFS

DEF ITIED
REFS
REFS

DEFINED
REFS

42
REFS
REFS
REFS
REFS

91
75
12
15
15
13

31
15
15
17
31
35
75
75
75

191
17
31
10

191
188

10
159

17
17

160
15
27
12
10
12
91
99
107
24
161

2*135
2*136
127
10

15
2*76
2*76
2*76

99

DEFINED

107

2*43 DEFINED

2*76
2*76
2*76
204

61
193
191
122

DEFINED

161

207
DEFINED

62
DEFINED
DEFINED
DEFINED
DEFINED

2*162

139
138

71

79
78
78

82
81
81

DEFINED

DEFINED
20i
201

DEFINED
122

DEFINED

237

237

84
85
86
167

152
139

72

80
80
79

207

275

I

83
83
82

190

206
204

1

159

285
285

DEFINED
265

168

DEFINED
2* 147

73 DEFINED

DEFINED 71
DEFINED 72
DEFIV.'1 73

EXTERNALS
CELMOD
CSHEAR
MOVEKA

TYPE
REAL
REAL

ARIi5
t
4
3

REFERENCES
160
161
61

275

DEFINED
DEFINED
DEFINED

203

253
263
261

68
69
70

265
261

DEFINED

I

206

237

207

171

128
2*152

62

41
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
0 100
0 110
0 120

443 130
0 140
0 150

525 160
0 170
0 180
0 190
0 200
0 210
0 220
0 230
0 240

753 250
0 260
0 270
0 280
0 290
0 300
0 310

1060 320
0 330
0 340

1100 350
0 360
0 370
0 380

DEF LINE
45

117
118
155
169
170
172
179
180
192
194
195
205
206
209
238
240
254
255
264
266
267
279
286
287
289
294
295
296

REFERENCES
40
115
114
123
166
163
154
177
176
189
187
186
202
200
199
223
217
251
250
262
260
259
277
284
283
278
292
291

64

FROM-TO
40 45
64 296

114 118
115 117
163 170
166 169
176 180
177 179
186 195
187 194
189 192
199 209
200 208
202 205
217 240
223 238
250 255
251 254
259 267
260 266
262 264

LENGTH
218

10168
14C
78
268
158
158
108
348
278
148
428
358
I48

1078
568
228

348
278
128

PROPERTIES
OPT

INSTACK

OPT

IN5TACK

OPT

OPT

OPT

OPT

INSTACK

5

EXT REFS NOT INNER
NOT INNER

NOT INNER

NOT INNER

NOT INNER
NOT INNER

NOT INNER
NOT INNER

NOT INNER

NOT INNER

NOT
NuT

INNER
INNER

LOOPS
16

104
300
302
471
477
527
531
546
550
554
604
606
612
654
700
765
767

1011
1013
1017

LABEL
100
380
120
110
ISO
140
180
1 70
210
200
190
240
230
220
260
250
280
270
310
300
290

INDEX
J
KI
J
I
J
I
J
I
JJ
III
JJJ
J
I
11
I
J
J
I
J
I
II
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LOOP5
1062
1064
1102
1104

LABEL
340E
330
370
360

COMMON BLOCKS
GEOPAR
LIMITS
LASTIC
CONTNT
TAPES
STFMAT
BA
FEP
MATCNS

INDEX
I
J
J
I

LENGTH
13
62
3
1
6

132
86
69
12

FROM-TO
283 287
284 286
291 295
292 294

LENGTH
15B
lOB
258
10B

PROPERTIES
NOT INNER

I NSTACK
NOT INNER

INSTACK

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM
LENGTH
USED

1301 B
600E

705
384

SUBROUTINE STIFF 10/21/80 14.32.27 PAGE



76/176 OPT:0 TRACE STATIC FTN 4.8+508

C
C
C
C
C
C
C
C
C
C
C

DIMENSION B(I),ELM(3,I),EPSLM(4,6,I),ELSTN(4,
+NODET(I),5TRE55(4,6, I)
DIMENSION NN(3), CC(4,4,I), THETEO(4,I)
DIMENSION DISP(6),DISPC(NFFID I)
DIMENSION TSTNR(4,NOELD,I), TST5R(4,NOELD,I),

+4,1)
DIMENSION ARAA(I), RBRA(I)

1 ),ELSTRS(4, 1),

ELSTSR(4,1), E

DO 210 KI:I,NOEL
NN(I) : ELM(I,KI)
NN(2) : ELM(2,KI)
AN(3) : ELM(3,KI)

DO 100 1:1,3
J : 1*2-I
NNI : NN(I)
IN : NODET(NNI)
DISP(J) : B(IN)
DISP(J+1) : B(IN+1)
IDN : NNI
IF (NNI.GT.NFFID) IDN
DISPC(IDN,KA) =B(IN)
CONTINUE

USE ELEMENT NODAL DISPLACEMENTS
AND STRESSES

NNI-NFFID

TO OBTAIN ELEMENT STRAINS

i

STRESS
STRES
STRES
STRESS
STRESS

LSTN.: ;TRE5
5TRES
STRE5
STRESS
STRESS
STRESS
STRESS
STRES
STRESS
STRESS
STRESS
STORES
STRES
STRESS
STRES
STRES
STRESS
STRESS
STRES
STRESS
3TRES
5.RE5
STRES

5

SUBROUTINE STRES (B,ELM,ELSTN,ELSTRS,EPSLM,NODET,CC,THETEO, STRESS,
+TSTNR,TSTSR,ELSTSA,ELSTNA,NOELD,DISPCNFFID,ARAA,RBRA)

STRES IS CALLED FROM SOLVET

THIS SUBROUTINE CALCULATES THE INCREMENTAL ELEMENT STRAINS (ELSTN)
AND STRESSES (ELSTRS) FROM THE NODAL DISPLACEMENTS(BB OR BC)
NOTE THAT THE STRESS EQUIVALENT OF iHE ELEMENT THERMAL STRAINS
(THETEO) ARE SUBTRACTED OFF. THE INCREMENTAL STRESSES AND STRAINS
ARE ADDED TO THE TOTAL STRESS-STRAIN ARRAY-TSTSR, TSTNR.

BEGIN LOOP FOR ADDING THE INCREMENTAL STRESSES AND STRAINS TO THE
TOTAL ARRAY

COMMON /GEOPAR/ RFI,RFO,RCI,RCO,TREF,DELR,DELZ,ZDEL,KKA,PIN,POU,,P
+DEL,COMP
COMMON/LIMITS/ NF, NC, NOEL, NOELF, NOELC, IDF, NFF, NETOT, NE
+WF,NEWT,KA,NARFNARC,NART,NABF,NABC,NABT,NAEC,NAEF,NTAEJAM,NAXBT,
+NAXB2,NAXB4,NFFI,NABF2,NABT2, CPCR,FRDENKZI,ISSTOP,IPLAS,NKN
+,ICRPP,MAXT,KRNCHF,KRNCHC,KRNCHT,NFF2,NC',NF4,MAXA,NEW, N
+MX,KRNCH,MCUD,IADJ,ICUT,TIMEC,TIMEF,ITI STEP,NOLD
+, KPLAS,ICNT,RRAKR,IRAK,RAKSUM,IPLEND,IS
+,IRZ
COMMON /LASTIC/ E,XNU,ALPHA
COMMON /CONTNT/ PI
COMMON TAPES/ NIN,NOUTNSCRI,N5CR2,ITPI,ITP2

10

15

20

25
C

30

35
C

STORES
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STRESS
STREL
STRE5
STRESS
STRE5
PELCOM
PELCOM
PELCOi
PELCOM
PELCOM
PELCOM
PELCCHM
PELCOM
PELCOM
PELCOM
PELCOM
PELCOM

C

45

50
100
C
C
C
C

SUBROiTINE SIRES 10/21/90 PAGE i
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7
8
9
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II
12
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2
3
4
5
6
7
8
9
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43
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DO 130 I:1,4 SIRES 44
55 5 : 0.0 STRES 45

55 : 0.0 STRES 46
DO 110 J:1,6 SIRES 47

C STRES 48
C COMPUTE STRAIN SIRES 49

60 C STRES 50
5 :=S+EPSLM(I,J,KI)*DISP(J) SIRES 51

C STRES 52
C CPMPUTE STRESSES STRES 53
C STRES 54

65 55 : 55+STRESS(IJ,KI)*DISP(J) SIRES 55
110 CONTINUE STRESS 56
C STRES 57
C ELEMENT STRAIN STRES 58

ELSTN(I,KI) =:S SIRES 59
70 C SIRES 60

C ELEMENT STRESS STRES 61
C STRES 62

SIGO : 0.0 SIRES 63
DO 120 11:1,4 SIRES 64

75 SIGO : SIGO+CC(I,II,KI)*THETEO(IIKI) SIRES 65
120 CONTINUE SIRES 66

ELSTRS(I,KI) : 55--5IGO STRES 67
130 CONTINUE SIRES 68

IF tISSIOP.NE.I.OR.KKA.EQ.I) GO TO 210 STRES 69
80 DO 200 1:1,4 STRES 70

IF (IRZ.EQ.I.AND.NKN.EQ.I.AND.ISSOTP.EQ.I) GO TO 140 SIRES 71
GO TO 170 STRES 72

!40 CONTINUE STRES 73
IF (I.EQ.3) GO TO 150 SIRES 74

85 TSTNR(I,KIKA) : ELSTN(I,KI) STRES 75
TSTSR(I1,KIKA) : ELSTRS(I,KI) SIRES 76
GO TO 00 SIRES 77

150 MM : 4*KA STRE5 78
IF (K!.GT.NOELF) MM : 4*KA+NAEF SIRES 79

90 C STRES 80
C STRES 81
C MUST DEFINE A VOLUME WEIGHT FOR AXIAL STRESS TO MESH WITH TOTAL 5T STRES 82

STS: 0.0 STRES 83
STN : 0.0 STRES 84

95 TA : ARAA(MM)*RBRA(MM)+ARAA(HM-I)*RBRA(tIM-I)+ARAA(MM-2)*RB STRES 85
+ RA(MM-2)+ARAA(MM-3)*RBRA(MM-3) STRES 86

DO 160 11:1,4 STRES 87
MK : MM-(II-I) SIRES 88
WI : ARAA(MK)*RBRA(MK)/TA STRES 89

100 5T5 : STS+WI*ELSTSA(3,MK) STRES 90
ST N STN+WI*ELSTNA(3,MK) STRES 9$

160 CONTINUE STRES 92
TSTNR(3,KI,KA) : STN SIRES 93
TSTSR(3,KI,KA) 55T5 STRES 94

105 ELSTN(3,KI) = 5TN STRESS 95
ELSTRS(3,KI) : 5T5 STRES 96
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GO TO 200 STRES 97
170 IF (I.EQ.3) GO TO 180 STRES 98

TSTNR(IKIKA) : TSTNR(I,KIKA)+ELSTN(I,KI) STRES 99
110 TSTSR(I,KI,KA) : TSTSR(I,KIKA)+ELSTRS(1,KI) STRES 100

GO TO 200 STRES 101
180 MM : 4*KA STRES 102

IF (KI.GT.NOELF) MM= :4*KA+NAEF STRES 103
STS : 0.0 SIRES 104

115 STN : 0.0 STRES 105
TA : ARAA(MH)*RBRA(MM)+ARAA(t-I)*RBRA(MM-I)+ARAA(MM-2)*RB STRES 106

+ RA(NM-2)+ARAA(MM-3)*RBRA(I-3) STRES 107
DO 190 iI:1,4 SIRES 108
MK : NM-(II-I) 5TRES 109

120 WI : ARAA(MK)*RBRA(MK)/TA STRES 110
STS : STS+NI*ELSTSA(3,MK) STRES III
STN : STN+N1*ELSTNA(3,MK) SIRES 112

190 CONTINUE STRES 113
TSTNR(3,KIKA) : TSTNR(I,KI,KA)+5TN STORES 114

125 ELSTRS(3,KI) : STS STRES I'S
ELSTN(3,KI) : 5TN SIRES 116
TSTSR(3,KI,KA) : ISTSR(IKI,KA)+5TS STRES 117

200 CONTINUE STRES 118
IF (KA.EQ.NARC.AND.KI.LE.NOELF) TSTSR 3,KI,KA) : 0.0 STRESS 119

130 210 CONTINUE STRE5 120
C STRESS 121
C TIME CUTTING FOR CREEP CALCULATIONS SIRES 122
C SKIP TIME CUTTING FOR ELASTIC AND PLASTIC CALCULATIONS. STRES 123
C TIME CUTTING FOR CREEP CALCULATIONS STRES 124

i35 C SKIP TIME CUTTING FOR ELASTIC AND PLASTIC CALCULATIONS SIRES 125
IF (KPLAS.GT.0.AND.KPLAS.LT.IPLEND) GO TO 250 SIRES 126
IF (KPLAS.EQ.!PLEND.AND.IPLAS.EO.I) GO TO 250 SIRES 127
IF iKPLAS.EQ.IPLEND.AND.ISP.EQ.I) GO0TO 250 SIRES 128
IF (ISSTOP.NE.I) GO TO 250 SIRES 129

140 IF (ICUT.EQ.I.AND.KKA.EQ.2) GO0TO 220 SIRES 130
IF (NKN.NE.2) GO TO 240 SIRES 131
IF (ICUT.EQ.1) GO TO 240 SIRES 132

220 CONTINUE SIRES 133
IF (KA.EQ.I) BSCHK : 0.0 SIRES 134

145 IF (KA.EQ.9) BIG : 0.0 SIRES 135
DO 230 1:1,NOEL SIRES 136
BIGCHK : ABS(TSTSR(2,I,KA)) SIRES 137
CHK : ABS(ELSTRS(2,I)/TSTSR(2,IKA)) SIRES 138
IF (CHK.LT.BSCHK.OR.BIGCHK.LT.2000.) GO TO 230 SIRES 139

950 IF (BIGCHK.LT.5000..AND.I.LE.NOELF) GO TO 230 SIRES 140
BSCHK : CHK SIRES 141
BIG : BIGCHK SIRES 142
MAXI : I SIRES 143
KASV : KA SIRES 144

155 230 CONTINUE SIRES 145
IF (KA.NE.NARC) GO TO 240 SIRES 146
IF (BIG.LT.2000) GO TO 250 SIRES 147
IF (ICUT.EQ.I) GO TO 240 SIRES 148
IF (BSCHK.LT..05) GO TO 240 SIRES 149
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160

ENTRY POINTS
4 STRESS

VARIABLES
2 ALPHA
0 ARAA

0
660
661
657
0

662
14
33
34
5
6

670
0
0
0
0

0
0

0
0

35
640

B
BIG
BIGCHK
BSCHK
CC
CHK
COMP
CP
CR
DELR
DELZ
DISP
DISPC
E
ELM
ELSTN

ELSTNA
ELSTRS

ELST5A
EPSLM
FRDEN
I

DEF LINE

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
INTEGER

REFERENCES
167

RELOCATION
LASTIC

ARRAY F.P.

ARRAY F.P.

ARRAv F.P.

GEOPAR
LIMITS
LIMITS
GEOPAR
GEOPAR

ARRAY
ARRAY F.P.

LASTIC
ARRAY F.P.
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

LIMITS

D IADJ : IFIX(BSCHKi0.05)
ICUT : I
IF (IADJ.GT.0) WRITE (E,260) KASU,MAXIIADJ
IF (IADJ.EQ.1) GO TO 240
STEP = (TIMEF-TIMEC)/FLOATIADJ-l)

240 CONTINUE
250 CONTINUE

RETURN
C
C
C
260 FORMAT (5X,"CREEP CORRECTION 15 TOO LARGE IN REGION",15,"ELEMENT",

+15,"REQUIRED SUB5TEP5:",15)
END

SYMBOLIC REFERENCE MAP (R:2)

169

170

STORES
STRES
STRES
5TRES
STORES
STRES
STRESS
STRES
STRES
STRES
STRESS
STRES
STRESS
STRESS

150
151
152
153
154
155
156
157
158
159
160
Ibi
162
163

REF5
REF 5

DEFINED
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

126
REFS
REFS

106
REFS
REFS
REFS
REFS

84

23
33
1

27
'57
149
149
29
149

14
16
16
14
1.
0
30
23
27
27

31
27
125

31
27
16
41

2*85

4*95

44
DEFINED

150
159
75

151

61
DEFINED

36
85

101
86

100
61

42
2*86

99

45
145
152
160

DEFINED
DEFINED

65

37
109

122
110

121
DEFINED

61
108

4*116

48
152

DEFINED
DEFINED

I
148

DEFINED
48

38
DEFINED

DEFINED
148

DEFINED

65
3*109

I

151

45

6
69

120

DEFINED

147
144

DEFINED

DEFINED

69
3*110

105

77

75
124

77
127
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VARIABLES

57
67
42
60
5

644
650
643

40
73
71
75
74
37
63
41
5

641
24
12

I ADJ
ICNT
ICRPP
I CUT
IDF
I DN
II
IN
IPLAS
IPLEND
I RAK
IRZ
ISP
ISSTOP
ITI
ITPI
ITP2
J
JAM
KA

664 KASV
637 KI

10
66
55
45
44
46
36
52

663
43
56

655

KKA
KPLAS
KRNCH
KRNCHC
KRNCHF
KRNCHT
KZI
MAXA
MAX I
MAXT
MCUD
MK

651 MM

17
16
31
20
32
21
22
14
13

NABC
NABF
NABF2
NABT
NABT2
NAEC
NAEF
NARC
NARF

SN TYPE RELOCATION

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I NTEGER
INTEGER
INTEGER
INTEGEk
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

I NTEGE
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
TAPES
TAPES

LIMITS
LIMITS

GEOPAR
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

LIMITS
LIMITS

LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS

147
146

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFP5
REFS
REFS

104
144

REFS
REFS

77
3* 109

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS

DEFINED
REFS
112

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*148

16
16
16
16
16
48

2*75
44
16
16
16
16
16
16
16
25
25
44
16
16

2*109
145
162
36

2*85
3*110

35
14
16
16
16
16
16
16
16

162
16
16

2*99
98

8*95
113
16
16
16
16
16
16
16
16
16

150

140

DEFINED
98
45
137
136

81
138
79

45

48
2*110

147
DEFINED

37
2*86
113

79
2*136

DEFINED

100
119
98

89
129

142

46
119
48

137

81

2*61

85
112
148
154
38
89

2*124

140
137

54DEFINED

164

158

47
DEFINED
DEFINED

8040

DEFINED

DEFINED

74
43

160

161

97 118

138

139

153

163

2*65 DEFINED

88
2*124
156

65
104
126

86
113
154

61
103
125

138

41

89
2*127

69
105

2*127

57

103
2*129

2*75
106

2*129

153

101

8*116

2*120

119

121

DEFINED

122

88 89

113
156
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VARIABLES
15 NART
25 NAXBT
26 NAXB2
27 NAXB4
I NC

50 NC4
7 NETOT

53 NEW
10 NEWF
II NEWT
0 NF
6 NFF

30 NFFI
0 NFFID

47 NFF2
51 NF4
0 NIN

41 NKN
54 NMX

665 NN
642 NNI
0 NODET
2 NOEL
4 NOELC
G NOELD
3 NOELF

65 NOLD
I NOUT
2 NSCRI
3 NSCR2

23 NTAE
13 PDEL
0 P1

II PIN
12 POUT
72 RAKSUM
0 RBRA

2
3
0

70
645
647
646
64

653

0
652

RCI
RCO
RF I
RFO
RRAKR

SIGO
55
STEP
STN

STRESS
STS

654 TA

5N TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
!NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL

ARRAY

ARRAY

ARRAY

ARRAY

RELOCATION
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
LIMITS
F.P.
LIMITS
LIMIT
TAPES
LIMITS
LIMITS

F.P.
LIMITS
LIMITS
F.P.

LIMITS
LIMITS
TAPES
TAPES
TAPES
LIMITS
GEOPAR
CONTNT
GEOPAR
GEOPAR
LIMITS
F.P.

GEOPAR
GEOPAR
GEOPAR
GEOPAR
LIMITS

LIMITS

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS

16
16
16
16
16
16
16
16
16
16
16
16
16
30
16
16
25
16
16
29
43
27
16
16

2*31
16
16
25
25
25
16
14

'4
14
14
16
33
1

14
14
14
14
16

61
75
65
16

101
94
27
100
93
99

2*47 DEFINED

81

42
46
43
35

DEFINED
89

4*95

69
77
77

DEFINED
103
101
65

104
100
120

141

DEFINED
2*'7

DEFINED
146

I'+

113

99

DEFINED
DEFINED
DEFINED

164
105
115

DEFINED
106
114

DEFINED

36
DEFINED

1

129

4*116

55
73
56

122
122
1

121
121
95

37
42

ISO

120

61
75
65

124

125

116

38

126

127
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VARIABLES
o THETEO

61 TIMEC
62 TIMEF
4 TREF
0 TSTNR

0 TSTSR

656

7

NI
XNU
ZDEL

FILE NAMES
TAPE6

5N TYPE
REAL
REAL
REAL
REAL
REAL

REAL

RELOCATION
ARRAY F.P.

LIMITS
LIMITS
GEOPAR

ARRAY F.P.

ARRAY

REAL
REAL
REAL

MODE
FMT

F.P.

LAST IC
GEOPAR

WRITES

INLINE FUNCTIONS
ADS
FLOAT
IFIX

TYPE
REAL
REAL
INTEGER

ARGS
INTRIN
INTRIN
INTRIN

DEF LINE REFERENCES
147
164
160

STATEMENT LABELS
0 100
0 110
0 120
0 130

171 140
212 150
0 16C

303 170
325 180
0 190

421 200
435 210
477 220
547 230
610 240
611 250
622 260 FMT

LOOPS
Is
33
72
100
131
161
237
352
511

LABEL
210
100
130
110
120
200
160
190
230

COMMON CLOCKS
GEOPAR
LIMITS

DEF LINE
49
66
76
78
83
88

102
108
112
123
128
130
143
'55
165
166
171

INDEX
KI
I
I
J
II
I
II
II
I

LENGTH
13
62

FROM-TO
35 130
40 49
54 78
57 66
74 76
80 128
97 102
118 123
146 155

REFERENCES
40
57
74
54
81
84
97
82
108
118
80
35

140
146
141
136
162

LENGTH
4238
358
608
218
121'

2438
228
228
4'18

87
79

149
142
i37

PROPERTIES
NOT

OPT

OPT
INSTACK

OPT
OPT
OPT

NOT INNER

NOT INNER

REFS
REFS
REFS
REFS
REFS

109
REFS

DEFINED
REFS
REFS
REFS

29
16
16
14
31
124
31

100
23
14

75
164
164

109

110
86
101

DEFINED

124

127
104
121

DEFINED

147
110
122

162

85
I '.

14D
I 27

DEFINED

103

120
1c"9
99

X48

III107

150
156
138

158
139

159
157

163

INNER
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COMMON BLOC'S
LASTIC
CONTNT
TAPES

LENGTH
3
6
6

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1430008 SCM USED

7608
1258

496
85

PAGE 8
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SUBROUTINE TEMPA (TCB,TFBTBLK,TINLETT0LENNABT)

TEMPA 15 CALLED FROM PELET

DIMENSION TCB(2,NABT),TFB(2,NABT)
TEMPA CALCULATES TCB + TFB AT TOP ANI BOTTOM

NABT - NUMBER OF AXIAL BOUNDARIES
TBLK - TEMPERATURE OF THE COOLANT
TCB - CLAD TEMP ARRAY AT AXIAL BOUNDARIES
TFB - FUEL TEMP ARRAY AT AXIAL BOUNDARIES
TINLET - INLET COOLANT TEMPERATURE
TPLEN - PLENUM TEMPERATURE

TCB(II) : TI
I T ( 2 , I ) : T I
TFB(I,I) :TI

'73(.:'- iY

T(.v it4ABT) :-
TCB(2,NABT) :
RETURN
EPD

OF STACK

NLET
NLET
NLET
%"-ET
TPLEN
TBLK

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 TEMPA

VARIABLES
0 NABT
0 TBLK
0 TCB
0 TFB
0 TINLET
0 TPLEN

DEF LINE

SN TYPE
INTEGER
REAL
REAL
REAL
REAL
REAL

REFERENCES
2'

RELOCATION
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.

F.P.
F.P.

STATISTICS
PROGRAM LENGTH

I400008B SCM USED

5

C
C
C

C
C
C
C
C
C
C
C
C

10

I5

20

i TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPA
TEMPH
TEMPA

REFS
REFS
REF5
REF5
REFS
REFS

2*5
20
5
5

15
19

32B

19
DEFINED
DEF I NED
DEFINED

16
DEFINED

26

20

17

DEFINED

15
17
18

1

16

DEFINED

'9

1

SUBROUTINE TEMPA 10/21/80 14.32.27 PAGE I
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SUBROUTINE TEMPB (RDTECTEF,NF,NCBI,TCITCOTV) TEMPB 2
DIMENSION RD(Il),TEC(NC),TEF(NF),BI(6),X(6) TEMPS 3

C TEMPB 4
C TEMPB 15 CALLED FROi PELET TEMPB 5

5 C TEMPB 6
C TEMPB CALCULATES REGION TEMPERATURFS TEMPS 7
C TEMPB 8
C l - 8 ARRAY 'ROM DDLF TEMPB 9
C RD - RADIUSA RRAY TEMPB 10

0 C TCI - TEJ1'.RATURE OF THE CLAD INNER SURFACE TEMPB 11
C TCO - TEMPERATURE OF THE CLAD OUTER SURFACE TEMPB 12
C TEC - ;LAD TEMP APRAY AT AXIAL REGIONS TEMPS 13
C TEe - FUEL TEMP ARRAY AT AXIAL REGIONS TEMPB 14
C TV TEMPERATURE AT THE CENTER OF THE AXIAL REGION TEMPB IS

15 C TEMPB 16
DO 110 J:I.NF TEMPB 17
TEF(J) : 0.0 TEMPB 18
X(I) : I. TEMPO 19
X(2) : RD(J)/RD(NF) TEMPS 20

20 X(3) : X(2)*X(2) TEMPB 21
X(4) : X(2)*X(3) TEMPS 22
X(5) : X(2)*X(4) TEMPB 23
X(6) : X(2)*X(5) TEMPSO24

DO 100 K:1,6 TEMPB 25
25 BB ::81(K) TEMPS 26

TEF(J) : TEF(J)+OOZX(K) TEMPO 27
100 CONTINUE iEMPB 28

TEF(J) : TEF(J)*I.8+32. TEMPO 29
110 CONTINUE TEMPS 30

30 TEC(I) : TCI TEMPO 31
DIF : (TCI-TCO)/FLOAT(NC-I) TEMPO 32

DO 120 I:2,NC TEMPO 33
120 TEC(I) : TEC(I-I)-DIF TEMPO 34
C TV 15 TOE TEMPERATURE AT THE CENTER OF EACH AXIAL REGION IN THE FUEL TEMPO 35

35 TV : 0.0 TEMPO 36
X(I) : 1. TEMPO 37
YY : (RD(I)+RD(NF))/2. TEMPO 38
X(2) : YY/RD(NF) TEMPS 39
X(3) : X(2)*X(2) TEMPO 40
X(4) : X(3)*X(2) TEMPB 41
X(5) : X(4)*X(2) TEMPO 42
X(6) : X(5)*X(2) TEMPO 43

DO 130 K:1,6 TEMPSO44
88 : P1(K) TEMPO 45

45 TV : Ti 8*X(K) TEMPO 46
130 CONTINUE TEMPO 47

T : . .8+32. TEMPO 48
RETURN TEMPS 49
END TEMPS 5u
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 TEMPB

VARIABLES
157 BB

0 B
160 DIF
161 I
155 J
156 K
0 NC
0 NF

0
0
0
0
0

0
163

RD
TCI
TCO
TEC
TEF

TV
X

162 YY

DEF LINE

SN TYPE
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REAL
REAL
REAL
REAL
REAL

REAL
REAL

REFERENCES
48

RELOCATION

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.
F.P.
F.F.
F.P.
F.P.

F.P.

REAL

INLINE FUNCTIONS
FLOAT

STATEMENT LABELS
0 100
0 1i'
0 120
0 130

TYPE
REAL

ARGS
INTRIN

DEF LINE
27
29
33
46

DEF LINE REFERENCES
31

REFERENCES
24
16
32
43

PROPERTIES
NOT INNER

INSTACK
INSTACK
INSTACK

STATISTICS
PROGRAM LENGTH

140000B SCM USED
206B

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
kfFS
RFFS
-5

WEFS
REFS

28
REFS
REFS
2*40

EF
'+2

REFS

26
2

33
2*33

17
25
2
2

1
2

30
31
2
2

45
2

2*41
22

38

45
25

DEFINED
DEFINED

'9
26
31
16

2*19
31

DEFINED
33
26

47
2*20
2*42
23

DEFINED

DEFINED
44
31
32
2*26

44
32
19

2*37
DEFINED

I
DEFINED

28

DEFINED
2*21

45
36

16
24

25
DEFINED

2*28
45

DEFINED
37

38

I

2*22
DEIlNED

38

43
DEFINED
DEFINED

I
38

DEFINED

30

35
2*23
18
39

33
17

45
26
19
Li)

37

LOOPS
I I
36
72

131

LABEL
110
100
120
130

26

47
2*39
20
41

INDEX
J
K
I
K

FROM-TO
16 ?9
24 27
32 33
43 46

LENGTH
468
12B
5B
128

SUBROUTINE TEMPB 10/2l/80 14.32.27 PAGE
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SUBROUTINE TEMPC (NF,NC,NFI,NCI,NT,TPLEN,TINLET,TBLKitC,TEF,TCB,T TEMPC 2
+FB) TEMPC 3

C TEMPC 4
C TEMPC 15 CALLED FROM PELET TEMPC 5

5 C TEMPC 6
C TEMPC 7
C TEMPC CALCULATES BOUNDARY TEMPERATURES TEMPC 8
C TEMPC 9
C NC - NUMBER OF RADIAL BOUNDARIES IN CLAD TEMPC 10

10 C NF - NUMBER OF RADIAL BOUNDARIES IN FUEL TEMPC 11
C NT - NUMFR OF AXIAL REGIONS TEMPC 12
C TCB - CLAD tEMP ARRAY AT AXIAL BOUNDARIES TEMPC 13
C TF8 - FUEL TEMP ARRAY AT AXIAL BOUNDARIES TEMPC 14
C TEC - CLAD TEMP ARRAY AT AXIAL REGIONS TEMPC 15

15 C TEF - FUEL TEMP ARRAY AT AXIAL REGIONS TEMPC 16
C TBLK - TEMPERATURE OF THE COOLANT TEMPC 17
C TINLET - INLET COOLANT TEMPERATURE TEMPC 18
C TPLEN - PLENUM TEMPERATURE TEMPC 19
C TEMPC 20

20 DIMENSION TEC(NC,I),TEF(NFI),TCB(2,l),TFB(2,I) TEMPC 21
NTI : NT+I TEMPC 22
NT2 : NT+2 TEMPC 23

C LOADS ARRAY REPRESENTING AREA OVER FUEL WITH PLENUM TEMPERATURE TEMPC 24
DO 100 I:I,NF,NFI TEMPC 25

25 TEF(I,NT2) : TEF(I,NTI) TEMPC 26
100 CONTINUE TEMPC 27
C TEMPERATURES OF BOTTOM HALF-INCH REGION TEMPC 28

DO 110 I:1,NF TEMPC 29
TEF(I,1) : TEF(I,2) TEMPC 30

30 110 CONTINUE TEMPC 31
DO 120 I:1,NC TEMPC 32
TEC(I,I) : TECtI,2) TEMPC 33

120 CONTINUE TEMPC 34
C TEMPERATURES OF CL0DDING AROUND PLENUM TEMPC 35

35 DO 130 I:1,NC TEMPC 36
TEC(INT2) : 1EC(I,NTI) TEMPC 37

130 CONTINUE TEMPC 38
C CALCULATE "BOUNDARY" TEMPERATURES AT SURFACE AND CENTERLINE OF FUEL TEMPC 39
C AND SURFACES OF CLADDING FROM "REGION" TEMPERATURES TEMPC 40

40 DO 140 J:I,NTI TEMPC 41
TCB(I,J+!) : (TEC(I,J)+TEC(I,J+I))/2. TEMPC 42
TCB(2,J+I) : (TEC(NC,J)+TEC(NCJ+I))/2. TEMPC 43
TFB(I,J+I) : (TEF(1,J)+TEF(1,J+1))/2. TEMPC 44
TFB(2,J+I) :-(TEF(NFJ)+TEF(NF,J+I))/2. TEMPC 45

45 140 CONTINUE TEMPC 46
RETURN TEMPC 47
END TEMPC 48



76/176 OPT:0 TRACE STATIC FTN 4.8+508

SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 TEMPC I

VARIABLES SN TYPE
140 I INTEGER

141 J INTEGER
0 NC INTEGER
0 NCI INTEGER
0 NF INTEGER
0 NFl INTEGER
0 NT INTEGER

136 NTI INTEGER
137 NT2 INTEGER

0 TBLK REAL
0 TCB REAL
0 TEC REAL

0 TEF REAL

0 TFB REAL
0 TINLET REAL
0 TPLEN REAL

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140

LOOPS LABEL INDEX
23 100 I
37 110 I
50 1201
61 130 I
74 140 J

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

MAP (R:2)

REFERENCES
E6

RELOCATION

*UNUSED

*UNUSED
ARRAY
ARRAY

ARRAY

ARRAY
*UNUSED
*UNUSED

DEF LINE
26
30
33
37
45

FROM-TO 1
24 26
28 30
31 33
35 37
40 45

1768

REFS
31

REFS
F.P. REFS
F.P. DEFINED
F.P. REFS
F.P. REFS
F.P. REFS

REFS
REFS

F.P. DEFINED
F.P. REFS
F.P. REFS

DEFINE
F.P. REFS

DEFINED
F.P. REFS
F.P. DEFINED
F.P. DEFINED

REFERENCES
24
28
31
35
40

LENGTH PROPERTIE
128 I1STACK
78 INSTACK
78 INSTACK
11B INSTACK
358 OPT

126

2*25
35

3*41
20
1

20
24
21
25
25
2

20
20

20

20
1
1

DEFINED

DEF I NED
DEFINED

DEFINED

24

40
I

i

282*29

3*42
31

24
DEFINED

22
36
36

DEFINED
32
32
25
25

DEFINED

2*32

3*43
35

28
1

DEFINED
40

DEFINED

36
36
36
29
29
1

2*36

3*44
2*42

2*44

1
DEFINED

22

41
2*41

2*43

43

21

S

SUBROUTINE TENPC 10/21/80 14.32.27 PAGE 2
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SUBROUTINE TEMPD (NTK,N NFFID,NOELDNTAEDTELM,TREF,TFBRD,TCB,TN
+,NARTNABFNFI,NCI,IRZTECTEF,TV,NFNC)
DIMENSION TELM(NOELD,NABF,2),RD(NFFID,I),TCB(2,I),TFB(2,I),

+ TN(NTAED,2),TEF(NF,I),TEC(NCI),TV(I)

TEMPD 15 CALLED FROM PELET

TEMPD CALCULATES FUEL AND CLADDING ELEMENT TEMPERATURES FOR USE BY
PELET.

5

I0

I5

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

F(19 C)

RADIAL MODEL

FUEL

NTI : NT+i
IF (IRZ.NE.I) GO TO 130

C INITIALIZE TEMPERATURE ARRAY -
DO 120 I:1,NART

DO 100 M:I,NFI
J :=2*M-l
TELM(JI,K) :=TREF
TELM(J+I,I,K) :=TREF

100 CONTINUE
NO : 2*NFI

DO 110 M:1,NCI
J :22*M-I+NO
TELM(J,I,K) :=TREF
TELM(J+I,I,K) :=TREF

110 CONTINUE
120 CONTINUE
130 CONTINUE

DO 170 I:INABF
IF (I.EQ.NABF) GO TO 150

C LOADS RADIAL ELEMENT ARRAY IN F
DO 140 J:I,NFI
JO : 2*J-I
TELM(JO,I,N) : (2.*TEF(J,I>+TEF(J+II))i3.
TELM(JO+I,I,N) : (TEF(J,I)+2.*TEF(J+I,I))/3.
CONTINUE

CONTINUE
LOADS RADIAL ELEMENT ARRAY IN CLADDING

NO : 2*NFI
DO 160 J:INCI

IRZ
K-
N -
NC
NF
RD
TCB
TFB
TEC
TEF
TEL
TRE
TN

- TIME STEP COUNTER
NOLD
NEW

- NUMBER OF RADIAL BOUNDARIES IN CLAD
- NUMBER OF RADIAL BOUNDARIES IN FUEL
- RADIUS ARRAY
1 - CLAD TEMP ARRAY AT AXIAL BOUNDARIES

- FUEL TEMP ARRAY AT AXIAL BOUNDARIES
- CLAD TEMP ARRAY AT AXIAL REGIONS
- FUEL TEMP ARRAY AT AXIAL REGIONS
M - FINITE ELEMENT TEMPERATURES
F - REFERENCE TEMPERATURE, USUALLY 70 F
- FINITE ELEMENT TEMPERATURES

20

25

30

35

i TEMPD
TEMPO
TEMPD
TEMPO
TEMPD
TEMPO
TEMPD
TEMPO
TEMPI)
TEMPD
TEMPO
TEMPD
TEMPO
TEMPD
TEMPO
TEMPO
TEMPO
TEMPD
TEMPO
TEMPD
TEMPO
TEMPO
TEMPO
TEMPD
TEMPO
TEMPO
TEMPO
TEMPD
TEMPO
TEMPO
TEMPO
TEMPD
TEMPD
TEMPO
TEMPO
TEMPD
TEMPO
TEMPO
TEMPO
TEMPO
TEMPO
TEMPO
TEMPD
TEMPD
TEMPO
TEMPD
TEMPD
TEMPD
TEMPD
TEMPO
TEMPO
TEMPD
TEMPD

45

50
140
150
C

SUBROUTINE TEMPI) 10/21/80 14.32.27 PAGE I
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54
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JO : 2*J-l+NO TEMPD 55
55 TELM(JOIN) : (2.*TEC(J,I)+TEC(J+ 1,I))/3. TEMPD 56

TELM(JO+I,IN) : (TEC(JI)+2.*TEC(J+II))/3. TEMPD 57
160 CONTINUE TEMPD 58
170 CONTINUE TEMPD 59

IF (IRZ.NE.l) GO TO 190 TEMPD 60
60 C INITIALIZE TEMPERATURE ARRAY -AXIAL MODEL TEMPD 61

DO 180 J:INTAED TEMPD 62
TW(J,K) : TREF TEMPD 63

180 CONTINUE TEMPD64
190 CONTINUE TEMPD 65

65 C LOADS AXIAL ELEMENT ARRAY - CLADDING TEMPD 66
DO 200 I:INABF TEMPD 67
Al : TCB(2,I) TEMPD 68
A2 : TCB(2,1+1) TEMPO 69
A3 : TCB(Il,I+I) TEMPO 70

70 A4 : TCB( 11) TEMPO 71
TAV : 0.25*(Al+A2+A3+A4) TEMPD 72
J : I+(I-I)*4+4*NTI TEMPD 73
TW(JN) : (TAV+A4+AI)/3. TEMPO 74
TW(J+I,N) : (TAV+AI+A2)/3. TEMPO 75

75 TW(J+2,N) : (TAV+A2+A3)/3. TEMPO 76
TW(J+3,N) : (TAV+A3+A4)/3. TEMPO 77

200 CONTINUE TEMPO 78
C LOADS AXIAL ELEMENT ARRAY IN FUEL TEMPD 79
C FOR REGION I IN THE FUEL TEMPD 80

80 1 : 1 TEMPO 81
Al : TFB(2,I) TEMPO B2
A2 : TFB(2,1+1) TEMPO 83
A3 : TFB(1,i+1) TEMPDI84
A4 : TFB(II) TEMPO 85

85 TAV : 0.25*(Al+R2+A3+A4) TEMPO 86
TW(I,N) : (TAV+AI+A4)/3. TEMPI) 87
TW(2,N) : (TAV+AI+A2)/3. TEMPO 88
TW(3,N) : (TAV+A2+A3)/3. TEMPD 89
TW(4,N) : (TAV+A3+A4)/3. TEMPI) 90

90 C FOR REGIONS TWO THRU THE TOP OF THE FUEL TEMPO 91
DO 210 I:2,NTI TEMPO 92
Al : TFB(2,1) TEMPD 93
A2 : TFB(2,I+1) TEMPO 94
A3 : TFD(I,I+l) TEMPO 95

95 A4 : TFB(I,I) TEMPO 96
L : 1+(I-l)*4 TEMPO 97
TW(L,N) : (TV(I)+AI+A4)/3. TEMPD 98
TW(L+l,N) : (TV(I)+AI+A2)/3. TEMPO 99
TW(L+2,N) : (T(I)+A2+A3)/3. TEMPO 100

100 TW(L+3,N) : (TV(I)+A3+A4)/3. TEMPO 101
210 CONTINUE TEMPD 102
C TEMPO 103

RETURN TEMPO 104
END TEMPD 105

SUBROUTINE TEMPI) 10/21/80 14.32.27 PAGE 2
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 TEMPD 1 103

VARIABLES
505 Al

506 A2

507 A3

510 AV.

500 I

5N TYPE
REAL

REAL

REAL

REAL

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REAL

REAL
REAL
REAL

RELOCATION

F.P.

F.P.

0
502

504
0

512
501
0

0
0
0
0
0
0
0

503
0
0
0

477
0

511

0

0
0
0

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

REFS
98

REFS
99

REFS
100

REFS
100

REFS
3*55
82
9?
80

REFS
REFS

54
DEFINED

REFS
REFS

DEFINED
REFS
REFS
REFS

76
100

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

89
REFS

DEFINED
REFS
REFS
REFS

47

71
DEFINED

71
DEFINED

71
DEFINED

71
DEFINED

31
3*56
83
98
91
26
31

2*55
30
47
31

97
30
47
86

DEFINED
3

28
3

35
3
3

29
36
3

25
3

72
3

73
DEFINED

3
1

3
3

48

73
67
74
68
75
69
73
70
32
67
84
99

59
32

2*56
36
48
32

98
36
48
87

1
42

DEFINED
DEFINED

53
DEFINED
DEFINED

34
54

DEFINED
DEFINED

61
91

DEFINED
74
71
67

2*55
2*47

DEFINED
55

74
81
75
82
76
83
76
84
37
68
92
100

DEFINED
37
62
45
55
37

99
DEFINED

5i
88

43
1

DEFINED

45
DEFINED

DEFINED
DEFINED

1
75
85
68

2*56
2*48

56

85
92
85
93
85
94
85
95
38
69
93

DEFINED

38
73
53
56
38

100
29
56
89

66

52
34

1
25

76

69

DEFINED
DEFINED

31

86

87

88

86

43
70
94
28

46
74
61

DEr INED
62

DEFINED
35
73
97

DEFINED

DEFINED
52

86

70

I
32

87

88

89

89

3*47
72
95
42

2*47
75
72
46

97

90

99

97

3*48
81
96
66

2*48
76

54

96

74
98

1

75
99

87

37

88

38

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

IRZ
J

JO
K

L
M
N

NABF
NART
NC
NC I
NF
NFFID
NF I
NO
NOELD
NT
NTAED
NTI
RD
TAV

TCB

TEC
TEF
TELM

SUBROUTINE TEMPI) 10/21/80 14.32.27 PAGE 3
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SUBROUTINE TEMPD

VARIABLES SN TYPE
0 TFB REAL

0 TREF REAL

0 TV REAL

0 TN REAL

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY F.P. REFS

94
F.P. REFS

DEFINED
ARRAY F.P. RF5

DEFIP
ARRAY P.P. r.

or.
10r,

10/21/80 14.32.27

3
95
31

3
1
3

86

81
DEFINED

32

97

DEFINED
87

82
1

37

98

88

83

38

99

62
89

9284

62

100

73
97

74
98

STATEMENT LABELS
0 100
0 110
0 120

107 130
0 140

151 i50
0 160
0 170
0 180

230 190
0 200
u 210

LOOPS LABEL INDEX
30 120 I
32 100 H
60 17t 0i

lII 170 1
116 140 J
155 160 J
220 180 J
232 270 I
404 210

STATISTICS
PROGRAM LENGTH

1400008 SCH USED

DEF LINE
33
39
40
41
49
50
57
58
63
64
77

101

FROM-TO L
28 40
29 33
35 39
42 58
45 49
53 57
61 63
66 77
91 101

6168

REFERENCES
29
35
28
26
45
43
53
42
61
59
66
91

LENGTH PROP
568
228
238
1028
328
338
78 INS
658
628

PERTIES

OPT
OPT

OPT
OPT
STACK
OPT
OPT

NOT INNER

NOT INNER

398

4

93

75
99

FTN 4.8+508 PAGE

I

i



MODIFICATIONS / CONTROL CARDS

AXIWRT *CALL MATCNS AXIWRT

CORRECTION IDE4TS ARE LISTED IN CHRONOLOGICAL ORDER 09 INSERTION

TIDY
AX5CRP
CPFORC
RADFRC
XLFRC

MATCNS
CLOSAX
GAPTST
STRNAD
XLLOK

AXIZIN
ELAST
IFPRES
STRNAV
CRIIP

AXILOAD
ELEMI
KTIE
STRSAV
AXDRIV

AXIMODL
EOCALC
NULOAD
SIGCLC
AXIWRT

ZCOR
FILL
PASPSI
TEMPFK

AX12
GAPADD
AXPLAS
TF

AXIOUT
GAPSEM
PSIPAS
XGAPSM

DECKS ARE LISTED IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE IS CREATED BY THIS UPDATE

YANKISS
AXlOUT
GAPSEM
PSIPAS
XGAPSM

TIDY
AXSCRP
GPFORC
RADFRC
XLFRC

MIiCNS
'LOSAX
G APT ST
STRNAD
XLLOK

AX121 N
EAST
IFPRES
STRNAV
CRIIP

AXILOAD
ELEMI
KTIE
STRSAV
AXDkIV

AXIMODL
EOCALC
NULOAD
SIGCLC
AXIIRT

ZCOR
FILL
PA5PSI
TEMPFK

AX 12
GAPADD
AXPLAS
TF

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANKS%%S
AX I OUT
GAPSEM
PSIPAS
XGAPSM

TIDY
AXSCRP
GPFORC
RADFRC
XLFRC

MATCNS
CLOSAX
GAPTST
STRNAD
XLLOK

COMMON DECKS ENCOUNTERED

MATCN5

AX121N
ELAST
IFPRES
STRNAV
CR1 IP

AXILOAD
ELEMI
KTIE
STRSPV
AXLRIV

AXIMODL
EOCALC
NULOAD
SIGCLC
AXi RT

ZCOR
FILL
PASPSI
TEMPFK

AX12
GAPADD
AXPLAS
TF

UNLABELED OLDPL UPDATE 1.3-508. 10/21/80 14.33.01 . PAGE I



UNLABELED OLDPL

TIDY
CLOSAX
GAPTST
STRNAD
XLLOK

AX121N
ELAST
IFPRES
STRNAV
CRIIP

DECKS WRITTEN TO COMPILE FILE

AXILOAD
ELEHI
KTIE
STRSAV
AXDRIV

AXIMOOL
EOCALC
NULOAD
SIGCLC
AXIWRT

ZCOR
FILl.
PASPSI
TEMPFK

AX 12
GAPADD
AXPLAS
TF

UPDATE 1.3--508.

AX I OUT
GAPSEM
PS I PAS
XGAPSH

PAGE 2

AX5CRP
GPFORC
RADFRC
XLFRC

THIS UPDATE REQUIRED 345008 WORDS OF CORE.

I0.,21/80 14.33.01.
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I

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXI2IN

DEF LINE REFERENCES
17

VARIABLES
0 :Aa2
0 IUNIT
0 L
0 LOADS'
0 M
0 N
0 NNELEM
0 NNODES
0 NTIES
0 NUNGAP
0 NUMX

VARIAB

T

M

P

BBL

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
TATEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ES USED AS

RELOCATION
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

FILE NAMES, SEE ABOVE

DEFINED
DEFINED

REFS
DEFINED
REFS
REFS

DEFINED
REFS

DEFINED
DEFINED
DEFINED

I0
1

2*11
2*11

16
16

5
4

2*11
14
12
12
12

DEFINED
15
10
16

I/O REFS
3*12

15
DEFINED

1

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

6

C

5

10

C

15

SUBROUTINE AXI2IN (NM,L,IAXI2.UMGAP,NNODES,NNELEM,LOADST,NUMX,NT
+1ESIUNIT)

IUNIT : 20
IAXI2 : I
N : II
REWIND IUNIT
M: 3
L : 12
NUMGAP : L
NNODES : (M+N)*L4(H+N-2)*(L-l)
NNELEM = ( A-I)*(L-I)+iM-I)*(L-I))*4+L

LOADST : I
NTIES : M
NUMX : 2*NNODES
RETURN
END

AX121N
AX121N
AX12 IN
AX121N
AX121N
AX121N
AX121N
AX121N
AX121N
AX121N
AX12 IN
AX 121N4
AX121N
AXI2IN
AX121N
AX12 IN
AX12 IN
AX12 IN

7
DEFINED

DEFINED

Ii

538

9

8

SUBROUTINE AX12IN 10/21/40 14.33.04 PAGE i
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I

5

10

15

25

A

T
P
0

I
C
C
N
I
I
I
L
L
H
N
N
M
N
P
P
P
R
S

TiTI
T
T
ZI

T

30

35

C
50

.' : f ,

SUBROUTINE AXILOD (CLADRCOORD NELEI,I'RES IUNIT,IZPRES,LLOADST H AXILOAD
+,N,NNELEMNLOAD2,NNODES,NTPS,PC,PG,PPR.5FC, ,5PDAFC,TTCLADITCLA62 AXILOAD
+,TP,THICK,ZPRES) AXILOAD

AXILOAD
***********************************':***************************** AXILOAD
XiLOAD AXILOAD
*********************************1tx***************************** AXILOAD
HIS ROUTINE WRITES TO TAPE THE AXILOAD
RES5URE AND TEMPERATURE LOADS FO.4 THE EXECUTION AXILOAD
F THE 2-D FINITE ELEMENT CODE- AXISYM - AT EACH LOADSTEP AXILOAD

AXILOAD
AXILOAD

****************************4************** **************** ** AXILOAD
AXILOAD

NPUTS AXILOAD
LADR - (R) CLAD RADIUS AXILOAD
OORD - (R) CLAD COORDINATES FROM AXIMODL AXILOAD
ELEM - (I) NODE MESH FROM AXIMODL AXILOAD
PRES - (1) WORK ARRAY FROM AXIMODL AXILOAD
UNIT - (I) TAPE UNIT WHERE LOADS ARE TO BE WRITTEN AXILOAD
ZPRES -(I) WORK ARRAY FROM AXIMODL AXILOAD

-(1) NO. OF AXIAL NODES AXILOAD
OADST -(I) LOADSTEP AXILOAD

-(I) NO. OF NODES IN THE CLAD AXILOAD
-(I) NO.OF NODES IN THE FUEL AXILOHD

NELEM -(I) NO.OF ELEMENTS AXILOAD
NODES -(i) NO.OF NODES AXILOAD
TPS -(I) NO. OF CREEP STEPS AXILOAD
C -(R) COOLANT PRESSURE AXILOAD
G -(R) GAS PRESSURE AXILOAD
RESFC -(R) WORK VALUES FROM AXIMODL AXILOAD

-(R) RADIAL LOCATIONS OF INPUT TEMPERATURES(FUEL ONLY) AXILOAD
PDAFC -(R) WORK ARRAY FROM AXIMODL AXILOAD
CLADI -(R) CLAD INSIDE TEMPERATURE AXILOAD
CLAD2 -(R) CLAD OUTSIDE TEMPERATURE AXILOAD
P -(R) TEMPERATURES AT THE R VALUES (FUEL ONLY) AXILOAD
HICK -(R) CLADDING THICKNESS AXILOAD
PRES -(R) WORK ARRAY FROM AXIMODL AXILOAD

AXILOHi
UTPUTS AXILOAD

AXILOAD
- (R) WORK ARRAY AXILOAD

AXILOAD
AXILOAD

DIMENSION SPDAFC(2),PRESFC(L,3),IPRE5(L 3),TP(NTPS) AXILOAD
DIMENSION COORD(NNODES,2),NELEM(NNELEMi),RELEM(4),R(NTPS) AXILOAD
DIMENSION T(NNELEM) AXILOAD
DIMENSION ZPRES(N),IZPRES(N) AXILOAD

AXILOAD
DT : TCLAD2-TCLADI AXILOAD
REWIND IUNIT AXILOAD
FZ : 0. AXILOAD
CLADI : CLADR-THICK AXIL)AD

2
3
4
5
6
7
8
9

10
11
12
13
I '
15
kS
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

10/21/80 PAGE i
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55

60

C
NLKP.(5 : 3*L+N-I
NLOAD2 : NLOADS*2
WRITE (IUNIT,190) NLOADS

DO 100 1:1,L
C

FRI : -PG*PRESFC(I I)
FR2 : PG*PRESFC(I, )
FR3 : -PC*PRESFC(I,3)
IF (I.E®.L) FZ : ZPRES(N*i(-PG)
WRITE (IUNIT,200) IPRE5(I,1),FRI,FZ
FZ : 0.
WRITE (IUNIT,200) IPRES(I,2),FR2,FZ

100 WRITE (IUNIT,200) IPRES(I,3),FR3,FZ
FR : 0.
NHI : N-1

DO 110 I:I,NlI
FZ : ZPRES(I)*(-PG)

i10 WRITE (IUNIT,200) IZPRES(I),FR,FZ
C
C
C COMPUTE TEMPERATURE OF EACH NODE
C

KI -M+N-2
DO 140I 1:1,KI

DO 120 J:1,4
K2 : J+(I-I)*4
RELEM(J) : 0.

DO 120 K:1,3
RELEM(J) : COORD(NELEM(K2,K),1)/3.+RELE(J)

120 CONTINUE
K5 : (H+N-2)*4
K4 : L- I

DO 130 J:1,K4
DO 130 K:1,4
IF (I.LT.N) CALL TF (RELEt(K),R,TP,NTP5-TC)
IF (I.GE.N) TC : TCLADI+((RELEH(K)-CLADI)/THICK)*DT
K2 : K+(I-I)*4+(J-I)*K5

130 T(K2) : TC
140 CONTINUE

K5 : NNELEM-L
WRITE (IUNIT,210) K5

DO 150 1:1,K5
150 WRITE (IUNIT,210) I,T(1)

IF (LOADST.GT.1) GO TO 180
REWIND 25
READ (25,210) NDSPS
WRITE (IUNIT,210) NDSPS

DO 160 1:1 NDSPS
READ (25,290) J,IU,UU

160 WRITE (IUNIT,220) J,IU,UU
READ (25,210) NTIES
WRITE (IUNIT,210) NTIES

65

70

75

80

85

90

AXILOAD
AXILOAD
AXILOAD
PXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXI OAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AX LOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AX I'.OAD
AXILOAD

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

95

100

105

SUBROUTINE AXILOD 10/21/80 14,33.04 PAGE 2
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DO 170 I:l,NTIES
READ (25,210) J
WRITE (IUNIT,210) J

170 CONTINUE
180 SPDA : SPDAFC(2)*PC-SPDAFC(l)*PG

SPDA : -SPDA
WRITE (IUNIT,230) SPDA
REWIND I NIT
RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(15,5X,2F10.5)
(15,5X,2E20.5)
(15,5X,F10.5)
(215,F10.5)
(F10.5)

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXILOD

VARIP8LES
511 CLADI
0 CLADR
0 COORD

507 DT
517 FR
514 FRI
515 FR2
516 FR3
510 FZ

513 1

0
531
0

IPRES
IU
IUNIT

0 IZPRES
522 J

524
521
523
526
525

K
KI
K2
K4
KS

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
115

RELOCATION

ARRAY

ARRAY

ARRAY

F.P.
F.P.

F. P.

F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

65
REFS

71
DEFINED
REFS
REFS

DEFINED
72
I14

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

90
53
46
90
72
64
66
67
64
71
60
72
58
45
104I 0'
95

48
80
79
83
78
63
87
91

DEFINED
DEFINED

83
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

66

61
80
70
64

DEFINED
I/0 REFS

97

72
81
87
89

DEFINED
92

DEFINED
95

110

115

120

C
190
200
210
220
230

AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD
AXILOAD

108
109
110
IlI
112
113
114
115
116
117
118
119
120
121
122
123

53
I

DEFINED
50
68
60
61
62
67

62
89
78
66
103
51
101

DEFINED
2*83
103
90
77

DEFINED
86
96

52 63

6766
2*97
107
6

DEFINED

64
91

102
DEFINED

64
106

104

DEFINED

72

63
90
96
67

57
104

I
91
108

91

80

DEFINED

66
109

109

82

67
113

88

91

85
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VARIABLES
0 L

0
0
0

530
0

512
0

520
0
0

533
0
0
0

0
0

535
534
0
0

527
0
0
0
0

532
0

SN TYPE
INTEGER

LOADST
M
N

NDSPS
NELEM
NLOADS
NLOAD2
NMI
NNELEM
NNODES
NTIES
NTPS
PC
PG

PRESFC
R
RELEM
SPDA
SPDAFC
T
TC
TCLADI
TCLAD2
THICK
TP
UU
ZPRES

FILE NAMES
TAPE25
VARIABLES

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT
USED AS

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

FILE NAMES,

RELOCATION
F.P.

F.F.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

READS
SEE ABOVE

EXTERNALS
TF

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140
0 150
0 160
0 170

320 180
470 190 FMT
473 200 FMT
476 210 FMT
501 220 FMT

TYPE ARGS REFERENCES
89

DEF LINE REFERENCES
67 58
72 70
84 79
92 87
93 78
97 96

104 102
110 107
III 98
117 57
118 64
119 95
120 103

6I
69

86

77

REFS
DEFINED
REFS
REFS
REFS

90
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

85 89

2*45

98
77

2*48
DEFINED

101
46
56

70
46
46
106
45
62
60

45
46
46
112
45
47
89
50
50
53
45

104
48

100

55

DEFINED
85
55
I

102
83
57
56

DEFINED
47

DEF I NED
107
46

III
61

6i
89
83
113

2*111
97
92
90

DEFINED
90
89

DEF I NED
63

103

58

DEFINED
63

DEFINED
DEFINED
DCF!NED

69
9v

DEFINED
89

DEFINED
63

61
DEFINED

89
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

I
DEFINED
DEFINED

103
71

105

100
I

55

108

II

lil

DEFINED

DEFINED
112

DEFINED

105
DEFINED

71

62

90
I''

90

DEFINED

MOTION

81 83

92

I

99

82
88

66
97

104

67
100

72
101 105 106 109

SUBROUTINE AXILOD I0/21/80 14.33.04 PAGE
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STATEMENT LABELS
504 230 FMT

DEF LINE
121

REFERENCES
113

FROM-TO
58 67
70 72
78 93
79 84
82 84
87 92
88 92
96 97

102 104
10, 110

LENGTH
468
138

1038
258
128
408
338
1GB
78
78

PROPERTIES
EXT
EXT
EXT
NOT

INSTACK
EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS NOT INNER
INNER

REFS NOT INNER
REFS
REFS
REF5
REF5

.ATISTICS
PROGRAM LENGTH

140000B SCM USED
6018

LOOPS
40
115
136
140
150
176
200
250
273
310

LABEL
100
110
140
120
120
130
130
150
:60
170

INDEX
I
I
I
J
K
J
K
I
I
I

10/21/80 14.33.04SUBROUTINE A , t D PAGE 5
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C G

C
C TI
C W

5

10

'5

20

C
C

I
I
h.

F
N

I

25

30

35

to

E

1
F

50

10/21/80 PAGE

SUBROUTINE AXIMDL (CRCOORDDI5H,NELEMGIPRESIZPRESLLENGTH,LTY AXIMODL
+PE,M,MATI,MAT2,N,NNELEMNNDESNTIESNUMGAPNIN2,N3,PRESFC,5H,SPD AXIMODL
+AFC,T,ZPRE5) AXIMODL

AXIMODL
AXIMODL AXIMODL

.K ak .KX X >KX X X*XX .K:K::: :: X : AXIMODL
THE AXIMODL SUBROUTINE SETS UP THE AXIMODL
FINITE ELEMENT MESH FOR THE 2-D AXISYM AALYSIS AXIMODL
:Ka *** K K: *:K* * aK X K .KKK K X c KX* AXIMODL

AXIMODL
INPUTS AXIMODL

AXIMODL
CR - (R) CLADDING OUTSIDE RADIUS(SI OR BRITISH) AXIMODL
DISH - (R) DISF: DEPTH (ST OR BRITISH) AXIMODL
Z - (R) COLD GAP (SI OR BRITISH) AXIMOOL
L - (I) NO. OF PXIAL NODES AXIMODL
LENGTH- (R) PELLET LENGTH/2. AXIMODL

AIMODL
M - (I) NO. OF NODES IN THE CLAD AXIMODL
M - (1) NO. OF NODES IN THE FUEL AXIMODL
NNELEM - (I) NO. OF ELEMENTS AXIMODL
NNODES- (1) NO. OF NODES AXIMODL
NITES - (1) NO. 0' TIEP AXIMODL
NUMGAP- (I) !n.O * F LEMENTS AXIMODL
NUMX - (1) NU. ut NODES X 2. AXIMODL
NI - (I) :N+M AXIMODL
N2 - (1) :N+M-1 AXIMODL
N3 - (1) :L-IAXIMODL
5H - (R) PELLET SHOULDER WIDTH (51 OR BRITISH) AXIMODL
T - (R) CLADDING THICKNESS (51 OR BRITISH) AXIMODL
OUTPUTS AXIMODL
COORD - (R) AXIMODL
NEL:. - (I) AXIMODL
IPRES - (I) AXIhODL
IZPRES - (I) AXIMODL
TYPE - (I) AXIMODL
IATI - (1) AXIMODL
IAT2 - (I) AXIMODL
PRESFC - (R) AXIMODL
5PDAFC - (R) AXIMODL
IPRES - (R) AXIMODL

AXIMODL
REAL LENGTH AXIMODL
INTEGER NELEM(NNELEM,3),LTYPE(NNELEM),MATI(NI,L),MAT2'N2,N3) AXIMODL
REAL COORD.NODE5,2) ,PRE5FC(NUHGAP,3),5PDAFC(2) AXIMODL
DIMENSION ZPRE5(N),IZPRE5(N) AXIMODL
INTEGER IPRES(NUMGAP,3) AXIMODL

DATA PI'3.l4159265/ AXIMODL
ENERATE COORDINATES CMATi AND FILL GRID WITH NODES AXIMODL
RF : CR-T-G AXIMODL

AXIMODL
HIS ROUTINE SETS UP THE FINITE ELEMENT MESH AND AXIMODL
ILL ONLY BE CALLED ONCE AXiMODL

2
3
4
5
6
7
8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54



SUBROUTINE AXINDL

C

C
C
C
C

C

C
C
100
C
C

110

120

130

95

140

100 C
C

76/176 OPT:0 TRACE STATIC FTN ..8+508

55

60

KI : +M
DO 100 1:1,L

DO 100 J:B,KI
IF (J.LE.t) R : (CR-T-G)*FLOAT(J-1)/FLOAT(N-B)
IF (J.GT.4) R : CR-T+FLOAT((J-N-1))*T/FLOATiM-1)
Z : FLOA1(I-B)*LENGTH/FLOAT(L-I)

ZCOR 15 THE CORRECTION TO THE AXIAL END COORDINATE
TO ACCOUNT FOR DISHING

IF (I.EQ.L.AND.J.LE.N) Z : Z-ZCOR(RRP,SH,DISH)
MATI(JI) : J+(I-B)*(2*(N+M-1)
COORD(MATI(JI),I) : R
COORD(MATI(JI),2) : Z

IF (J.EQ.N) IPRES(I,I) : MATB(J,I)
NPI : N+I
IF (J.EQ.NPB) IPRES(1,2) = MATB(JI)
IF (J.EQ.KI) IPRES(I,3) : MATI(J,I)

CONTINUE

DO 130 I:B,N
RI : COORD(MATI(I,B),I)
R2 : COORD(MATI(I+,I),I)
QI = 0.
02 : 0.
IF (I.EQ.N) G^ TO 110
QI : 2.*PI*((R_**3-RI*3)3.-R2(R2**2-RI*2),2.)/(RI-R2)
IF (1.EQ.1) GO TO 120
R2 : RI
RI : COORD(MATI(I-1,1),1)
02 : 2.*Pit(RI(R2**2-RI**2)/2.-(R2**3-RI**3)/3.)/(RB-R2)
ZPRES(I) 01+02
IZPRES(I) : MATI(I,L)
CONTINUE
DO 140 I:I,L

DO 140 J:I,3
PRESFC(I,J) : LENGTH/FLOAT(L-I)*PIZi.*COORD(IPRES(I,J),1)
IF (I.EQ.I.OR.I.EQ.L) PRESFC.I,J) : PRtSPC(iJ)/2.
CONTINUE

SPDAFCiU) : PI*COORD(MATB(N+i,L),1)**2
SPDAFC(2) : PI*COORDHPATB(KI,L),1:t*2

GENERATE MAT2 COORDINATES AND FILL GRID
K2 : L-1
K3 : M+N-1

DO 150 I:$,i2
DO 150 J:BK3
IF (J.LT.N) MAT2(J,I) : N+M+J+(I-I)*(2*(N+M-1))

10/21/Re

AXIMODI
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIM1OL
AXIt.JDL
AXIMODL
AXIMODL
AXIMODL
AX I MODI.
AXIMOTL
AXIMOOL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXI MOOL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMOOL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
'iX IMODL
AXI HO BL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL

65

70

75

80

85

90

PAGE

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
'CO
101
102
103
104
105
106
107

105
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110

SET BOUNDARY CONDITIONS

NNODES : (H+N)*L+(H+N-2)*(L-l)
REWIND 25
NDISPS : H+N+L
UU : 0.0
KI - M+N

+

I'5

IF (J.EQ.N) MAT2(J,I) : 0
Z : (FLOAT(I-I)+.5)*LENGTH/FLOAT(L-I)
IF (J.GT.N) MAT2(JI) : N+M+J-1+(I-I)*(2*(N+M-I))
IF (J.LE.N) R : (CR-T-G)*(FLOAT(J-l)/FLOAT(N-l)+0.5/FLOAT(
N-I))
IF (J.GT.N) R : CR-T+(0.5+FLOHT(J-N-1))*T/FLOAT(M-I)
IF (J.NE.N) COORD(MAT2(JI),l) : R
IF (J.NE.N) COORD(MAT2(J,I),2) : Z
CONTINUE

DO 160 I:1,K3
DO 160 J:$,K2
IF (I.EQ.N) GO TO 160
IF (I.LT.N) NN : I+(I-I)*4+(J-I)*(N+H-2)'4
IF (I.GT.N) NN : I+(I-2)*4+(J-l)*(N+M-2)*4
NELEM(NN,I) : MATI(I,J)
NELE(NN+1,l) : MATI(I,J+1)
NELEt(NN+2,I) :=MATI(I+I,J+I)
NELEM(NN+3,1) : MATI(I+l,J)
NELEt(NN,3) : NELEN(NN+I,l)
NELEM(NN+1,3) : NELEt(NN+2,1)
NELEM(NN+2,3) : NELEH(NN+3,1)
NELE(NN+3,3) : NELEM(NNI)
NELEH(NN,2) : MAT2(I,J)
NELEM(NN+1,2) : MAT2(1,J)
NELEM(NN+2,2) : MAT2(IJ)
NELEI(NN+3,2) : MAT2(I,J)
IF (I.LT.N) LTYPE(NN) : 6HPELLET
IF (I.LT.N) LTYPE(NN+I) : 6HPELLET
IF (I.LT.N) LTYPE(NN+2) 6HPELLET
IF (I.LT.N) LTYPE(NN+3) : 6HPELLET
IF (I.GT.N) LTYPE(NN) : 4HCLAD
IF (I.GT.N) LTYPE(NN+I) :4HCLAD
IF (I.GT.N) LTYPE(NN+2) : 4HCLAD
IF (I.GT.N) LTYPE(NN+3) : 4HCLAD
CONTINUE

DO 170 1:1,L
NN : NNELEM-L+I
LTYPE(NN) : 3HGAP
IF (I.EQ.I.OR.I.EQ.L) LTYPE(NN) : 7HGAP END
K4 : (N-I)*4+(I-1)*((N-1)*4+(M-l)*4)
IF (K4.GT.NNELEM) K4 :-(N-I)*4+(I-2)*((N-I)*4+(M-I)*4)-i
NELEI(NNI) : NELEM(K4,)
NELEM(NN,2) : NELEH(NN,I)+I
NELEM(NN,3) : I
CONTINUE

150

AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODI
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIM')DL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL

120

125

130

135

160

145

150
170
C
C
C

I55

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
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160

C
165

170

180

190

175

180

200
C
C

C
210

76/176 OPT:0 TRACE STATIC FTN '4.8+508

K2 : (H+N-I)*2
NTIES : M
ITWO = 2
LONE : I

WRITE (25,210) NDISPS
DO 180 I:1 KI
WRITE (25,10) I,ITWO,UU
CONTINUE
DO 190 I:1 NNODE5,K2
WRITE (25,1r0) I,IONE,UU
CONTINUE

K3 : NNODES-M+1
WRITE (25,210) M

DO 200 I:K3,NNODES
WRITE (25,210) I

RETURN

FORMAT (215,F10.5)
END

10/21/80

AXIMODL
AXIMODL
AXI MODL
A) I MODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODL
AXIMODIL
AXIMODL
AXIMODL
AXIMODL
AXIMODL

SYIBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXIHDL

VARIABLES
0 COORD

0 CR

0
0

1057

1077
0

1076
0

1060

DISH
G
I

IONE
IPRES
I TWO
IZPRES
J

DEF LINE

SN TYPE
REAL

REFERENCES
178

RELOCATION
ARRAY F.P.

REAL

REAL
REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.

F.P.

PAGE

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

98REFS
DEFINED
REFS

DEFINED
REFS
REFS
REFS
2*73
2*95
118
130
138
170
142

REFS
REFS
REFS
REFS
REFS
2*72

9945

50

65
50
60
80

4*96
2*119
131
139
175
166
170
47
167
46

2*58
2*73

80
67
58

DEFINED
58
65
81

2*1I6
2*1 20
132
140

DEFINED
169

DEFINED
95

DEFINED
DEFINED

2*59
2*95

81
68
59

1
110
2*66
84

107
121
133
143
56
174
163

DEFINED
162

65
2*96

88
113
110

DEFINED
67
86
108
122
134

2*145
79

91
2*66

3*106

95
114
112

I
68
88

2*109
123
135
146
93

70

67
2* 107

2*70
90
113
124
136
147
104

2*72
2*91
114
129
137
167
116

72 73

68
3*109

2*70
2*110
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VARIABLES

1056
1670
1071
1073

0

0
0

SN TYPE

KI
K2
K3
K4
L

LENGTH
LTYPE

0 M

0 MATI

0 MAT2

0 N

1074
0

NDISPS
NELEM

1072 NN

0
0

1063
0
0
0
0
0

1011

0
1066
1067
1061

1055
1064
1065

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REAL
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
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RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

INTEGER

NNELEM
NNODES
NPI
NTIES
NUIGAP
NI
N2
N3
PI

PRESFC
QI
02
R

RP
RI
R2

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL

ARRAY

FP.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

2*112
124
105

REFS
REFS
REFS
REFS
REFS

96
2*155
REFS
REFS
137

REFS
119
161

REFS
81

124
REFS

DEFINED
REFS

71
3*110

134
2*147
REFS
REFS

DEFINED
127
150

REFS
2*128
136

2* 149
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
112

REFS
REFS
REFS

2*1I3
129
117
57

104
105
147
44
98
157
43
44
138
55
120
172
44
88

DEFINED
44

2*46
79

2*112
135

2*155
165
44

128

121
129
137
ISO
2*44

45
72

45
44
44
44
85
48
45
90
90
65

65
3*85
4*85

2*114
130

73
II7
116
148
56
99

DEFINED
60

DEFINED
139
59
146
173
67
91

113
106
55
84
113
136
157

DEFINED
125
121
129

122
130

DEFINED
143
169

DEFINED
161
47

DEFINED
DEFINED
DEFINED

89

96
DEFINED
DEFINED

67

DEFINED
87
3*89

119
131

99
169
174

DEFINED
60
102

1
95

1
140
66

147
DEF I NED

68
98
66

114
107
2*58
98
114
137
159
157
126
122
130

123
131
139
119
147
172
71

DEFINED

95

DEFINED
82
83

113

50
4*89

DEFINED

10r21r80

120
132

166
DEFINED
DEFINED

146
65
108

108
133
144
103

2*155
1

70
99

129
109
2*59
103
118
138
160

127
123
131

124
132
140
120

DEFINED
174

98

85
89

DEFINED

DEFINED
81

PAGE 5

123
94

159

95
145

136

121
DEFINED

DEFINED
102
103
147
91
142

DEFINED
134
145

2*106
157

72
121

130

65
3* 106
2*119
139

DEFINED

128
124
132

2*125
133
144
143

DEFINED

110

112
160

80
123

132

70
3*109
133

2*146

149
126
149

2*127
135
148

155

99

95

58

80
87

122
57

55
160
172

93
143

I
135

2*109
159

73
122

131

66
107

2*120
140I'0

148
125
148

2*126
134
145

I

96

59

88

i
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VARIABLES
0 SN
0 SPDAFC
0 T

1075
1062

0

UU
z
ZPRES

FILE NAMES
TAPE25

EXTERNALS
ZCOR

INLINE FUNCTIONS
FLOAT

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL

MODE
FMT

TYPE
REAL

TYPE
REAL

RELOCATION
F.P.

ARRAY F.P.
F.P.

ARRAY F.P.

ARGS
4

ARGS
I INTRIN

WRITES

REFERENCES
65

DEF LINE

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

165

REFERENCES
2*58

STATEMENT LABELS
0 100

206 110
224 120
0 130
0 140
0 150

625 160
0 170
0 180
0 190
0 200

1043 210 FMT

DEF LINE
76
87
90
92
97
115
141
151
168
171
175
180

REFERENCES
56
84
86
79
93
104
116
142
166
169
I74
165

FROM-TO
56 76
57 76
79 92
93 97
94 97
104 115
105 115
116 141
II7 111
142 151
166 168
169 171
174 175

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
1238
1168
628
328
258
1058
1008
2008
1738
508
58
68
58

PROPERTIES
EXT
EXT

OPT

OF r

OPT

OPT
OPT

REFS
REFS

NOT INER

NOT INNER

NOT INNER

NOT INNER

EXT
EXT
EXT

REFS
REFS
REF5

13148

99
2*112

65
45
50
1

167
65
46

167

2*59

DEFINED
DEFINED

58

170
68

DEFINED

170

2*60

2*59

DEFINED
114
I

173

95

98
110

158
DEFINED

90

175

2*108

65 10860

MOTION

3*110

57

156

2*112

94
105
117 118

167

LOOPS
30
32
155

241
243
324
326
433
435
635
745
754
772

170

LABEL
100
100
130
140
140
150
150
160
160
170
180
190
200

173

INDEX
I
J
I
I
J
I
J
I
J
I
I
I
I

175
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FUNCTION ZCOR (R,RP,SHDISH)
Y : RP-SH
IF (R.GE.RP-5H) ZCOR : 0.0
;F (R.GE.RP-5H) RETURN
CR : (DISH**2+Y**2)/(2.*DISH
ZCOR : SQRT(CR**2-R**2)+DISH-CR
RETURN
END

SYMBOLIC kEFERENCE HAP (R:2)

ENTRY POINTS
5 ZCOR

VARIABLES
46 CR

0 DISH
0 R
0 RP
0 SH

45 Y
44 ZCOR

EXTERNALS
SQRT

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REHL
REAL

TYPE
REAL

REFERENCES
4

RELOCATION

F.P.
F.P.
F.P.
F.P.

7

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

ARGS REFERENCES
I LIBRARY 6

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

5

ZCOR
ZCOR
ZCOR
ZCOR
ZCOR
ZCOR
ZCOR
ZCOR

2
3

5
6
7
8
9

e*6
2*5
3
2
2
5
3

DEFINED
6
4
3
3

DEFINED
6

5
DEFINED

6

4
2

i
DEFINED
DEFINED
DEFINED

47B 39

. . , .
i . _,. _

:,.q.A ... .
Iii "......,.....i .. :1'. :.. '::..:.. .. ? ' ::.: "'.!".:i :l P"". :i:;,i..../.:: :a.":.: '' S.' :>d.: ., \?":.: -' :

FUNCTION ZCOR 14.33.04 PAGE I
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I
1
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SUBROUTINE AXI2 (ALFDT,CLOSE,COEFC00RDDELDELGAPDELOLDDEP I,.D AXI2 2
+PH, PLASDTIMEE,ECREEP ELEM,EP,EPP,F,FIF2,GFLAG,ICLOSE ID, IhN,1 AXI2 3
+UNIT,IXLSET,KPRINTLOAD5T,LST,LTYPE,MATPRO,MBNDOL,NCRPNDISPSNELE AX12 4
+MNEWWT,NNODES,NSIZEX,NTIESNLOAD2,NUMGAP,NUNITNUMX,NUMYOLDEPP,O AXI2 5

5 +LDGAPOLSIGF,OURLAP,"G,PCPFLAG,PRESFC,SIGMA,SLOPE,SPDA,TC,TIETIM AXI2 6
+ETYPEV) AXI2 7

C AXI2 8
C ********* *********************************************u***** AXI2 9
C AXISYM AX12 10

10 C AXI2 I1
C THE AXISYM PROGRAM PERFORMS A TWO DIMENSIONAL R-Z AXI2 12
C ANALYSIS OF A SINGLE FUEL PELLET AND ITS ASSOCIATED AX12 13
C CLADDING ,ASSUMING AXISYMMETRY AXI2 14
C AXI2 15

15 C ************x********Z***Z****************************x*x** AX12 16
C AXI2 17
C INPUT ARGUMENTS AXI2 18
C AXI2 19
C **************************************************************** AXI2 20

20 C AXI2 21
C BU(R) - BURNUP AXI2 22
C CFLUX(R) - CLADDING FLUX AXI2 23
C CLOSE(R) - LOADST FRACTiON AT CLOSURE AS DETERMINED BY FRACAS-Il AXI2 24
C AXI2 25

25 C COMP(R) - AXI2 26
C AXI2 27
C COORD(R)- MESH NODAL COORDiNATES SUPPLIED BY SUBROUTINE AXIMODL AXI2 28
C AXI2 29
C DTIME(R)- CREEP TIME INCREMENT AX12 30

30 C AX12 31
C ELEM(I)-MESH NODALIZATION AXI2 32
C AX12 33
C FACMOT(R)- AXI2 34
C AX12 35

35 C FLUX(R)- AXI2 36
C AX12 37
C FRADEN(R)- AXI2 38
C AXI2 39
C FTMELT(R)- AX12 40

40 C AXI2 41
C GFLAG( )-IF GFLAG:I,ONLY AN ELASTIC SOLUTION 15 AXI2 42
C CALCULATEDGFLAG:0 ELASTIC-PLASTIC SOLUTION AXI2 43
C 15 CALCULATED AX12 44
C AXI2 '45

45 C ICLOSE()-LOADST WHERE FRACAS II PREDICTS GCP CLOSURE AX12 46
C AX12 47
C IUNIT(I)-TAPE UNIT WHERE LOADS ARE WRITTEN AX12 48
C AXI2 49
C KINDOR()- AXI2 50

50 C AXI2 SI
C KPRINTI):0 FOR NORMAL OUTPUT; :1 FOR DEBUG AXI2 52
C AX12 53
C LST(I):500 - NO. OF ITERATIONS ALLOWED FOR AXIS CONVERGENCE AXI2 54
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55

60

65

70

75

80

**NOTE* ALL
COEF (R) -
CRPSUM (R) -
CTMAX (R) -
DCHECK (R) -
DELOLD (R) -
DE. (R) -
DI (R) -
DSIGF(R) -
E (R) -
ECREEP (R) -
EP (R) -
EPP(R) -
F (R) -
Fl (R) -
F2 (R) -
ID (1) -

INDICES ARE I-AXIAL ,2- RADIAL ,3-HOOP **
AXI2 WORK ARRAY-
AXI2 WORK ARRAY-I5 USED DURING CREEP
AXI2 WORK ARRAY-
AXI2 WORK ARRAY-
EOCALC WORK ARRAY-CONTAINS OLD GAP SIZES
AXI2 WORK ARRAY-
AXI2 WORK ARRAY- CONTAINS BOUNDARY CONDITIONS
AXI2 WORK ARRAY-
AXI2 WORK ARRAY- CONTAINS YOUNG'S MODULUS
AXI2 WORK ARRAY- CONTAINS CUMMULA'!VE EFFECTIVE CREEP
RETURNS EQUIVELENT PLASTIC STRAIN
RETURNS CUMMULATIVE PLASTIC AND CREEP STRAINS
AXI2 WORK ARRAY - CONTAINS APPLIED FORCES
RETURNS NODAL DISPLACEMENTS IN METERS OR INCHES
AXI2 WORK ARRAY - CONTAINS APPLIED FORCES
AXI2 WORK ARRAY -

LTYPE(I) - CONTAINS ELEMENT TYPESSPECIFIED IN AXIMODL

NCRP(I) - NO. OF CREEP STEPS PER LOAD STEP

NELEM(1) - NO. OF ELEMENTS

NNODES(I) - NO. OF NODES

NTIE5i() - NO. OF TIED NODES

NUMG^P(I) - NO. OF GAP ELEMENTS

NUNIT(I) - INDICATES 51 OR BRITISH UNITS
NUNIT : I -BBRITISH
NUNIT : 0 - SI

NUMX(I) - :2xNNODES

FLAG(I) - :0 ELASTIC-PLASTIC SOLUTION
PFLAG - :1 EALSTIC SOLUTION ONLY

PRESFC(R) - FORCE INFLUENCE CONSTANTS SUPPLIED BY AXIMODL

RSTRAN(?) -

TIME(R) : TIME IN SECONDS
TIMECL(R) : TIME IN SECONDS

OUTPUTS
xx***xxxxxxxx**x::x*xxx***xxx*xxxxx ****xxxxxx*x*x*xx*xx**xxx**xxxxx

85

90

95

AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
1X12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
9'
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

100

105

FTN 4.8+508 10/21/80 PAGE
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110

PELLET : 6HPELLET
CLAD = 4HCLAD
GAP 3HGAP
GAPEND : 7HGAP END

115

C
C
C
C
C
C

C
C
C
C
C
C
C

IXLSET (1) - INDEX TELLING CODE IF AXIAL LOCKUP HAS OCCURED
LOADST (1) - AXI2 COUNTER FOR LOPDSTEP
N:'4iT (R) - WORK ARRAY USED IN EOCALC
NS:ZE' (1) - AXi2 LIMIT ON LEVEL2 ARRAY K
NUDEPP (1) - RETURNS INCREMENTS OF PLASTIC STRAIN
NUMY (1) - AXI2 LIMIT ON LEVEL2 ARRAY K
OLDEPP (R) - LAST VALUES OF PLASTIC STRAIN
OLDGAP (R) - OLD GAP SIZES
OLSIGF (R) - AX12 WORK ARRAY -
SIGMA (R) - RETURNS STRESSES IN EITHER N/iM*2 OR PSI(I-Z,2-R,3-H
SLOPE (R) - AXI2 WORK ARRA '
SPDA (R) - AX12-AXIAL LOAD
TC (R) - AXI2- ELEMENT TEMPERATURES
TIE (R) - AXI2- TIED NODES
U (R) - AXI2- POISSON'S RATIO

REAL K KI,K2
REAL 6PH(NUMGAP),DEL(NUMGAP),DPLAS(NUMGAP),NEWWT(NUNGAP)
REAL TYPE(NUMGAP), DELGAP(NUMGAP),OVRLAP(NUMGAP)
INTEGER GAP,PELLET,CLAD, ELEMGAPENDPFLAGGFLAGTIE
INTEGER RELAX
INTEGER IGAP(NUMGAP)
REAL ALFDT(NELEM,3),COEF(NELEM) CQORD(NNODES,2)
REAL DELOLD(NUMGAP),DEP(NELEM),6I(NDISPS)
DIMENSION ELEM(NELEM,3),EP(NELEM),EPP(NELEM,4)
DIMENSION F(NUMX) FI(NUMX),F2(NLOAD2)
DIMENSION LTYPE(NELEM),ID(NDISPS)
DIMENSION OLDEPP(NELEM,4),OLDGAP(NUMGAP)
REAL 0LSIGF(NELEM),5IGMa(NELEM,4)
DIMENSION SLOPE(NELEM),TC(NELEM),TIE(NTIES),V(NELEM)
DIMENSION E(NELEM) , ECREEP(NELEM)
REAL PRESFC(NUHGAP,3), MATPRO(II)
COMMON/DOT/K(900,60)
LEVEL2,K

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST
(HOOP STRAIN)/(RADIAL STRAIN)
COMP - PUO2 CONTENT (WT;)
CWKF - EFFECTIVE COLD WORN FOR STRENGTH COEFFICIENT (M**2/M**2)
CWNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGEN/KG ZIRCALOV)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/M**2)
FNCN - EFFECTIVE FAST FLUE.ICE FOR STRAIN HARDENING EXPONENT
FOTMTL - FUEL OXYGEN TO METAL RAITO
FRDEN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY)
FTMELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K)
RSTRAN - TRUE STRAIN RATE (1/SEC)

120

125

130

X35

140

145

AX 12
AX 12
1Il2
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
"X 12
AX :2
AX 12
AX12
AX 12
AX 12
AXi2
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AXi2
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX 12
AX12
:X 12

AX 12
AX 12
AX 12
AX 12

108
109
110
IlIl
112
113
114
115
116
117
118
119
120
121
122
123
124
125
'26
127
128
129
130
131
132
133
134
135
13b
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
i59
160

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

150

'55
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160 C :*mx u:*uxx usx* uu:***::u:::uxxxxx AXI2 161
NSIZEX : 900 AXI2 162
NUtY : 60 AXI2 163
KPOKNT : NCRP AXI2 164

C AXI2 165
165 C THE FOLLOWING CARDS ARE GAP CONSTANTS HXI2 166

C AXI2 167
15AVE : I AXI2 168
ICLOSE : 1000 AXI2 169
RELAX : 0 AXI2 170

170 BETAI : 40: AXI2 171
KI - 0. AXI2 172
IF (LOADST.GT.1) GO TO 130 AXI2 173
ISAVE : 0 AXI2 174

DO 100 I:I,NUtGAP AXI2 175
175 100 IGAP(I) : 0 AXI2 176

NUMGAP : 0 AXI2 177
CALL FILL (NLOAD2,F2) AXI2 178
IXLSET : 0 AXI2 179

C IXLSET INDICATES !F AXIAL LOCKUP HAS OCCURED AX12 180
180 C AXI2 181

DO 110 I:INELE AXi2 182
C AXI2 183
C AXI2 184

EP(I) : 0.0 AXI2 185
185 ECREEP(I) : 0.0 AXI2 186

DO 110 J:1,- AXI2 187
EPPiI,J) : 1.0 AXI2 188

110 CONTINUE AXI2 189
CALL FILL (NELEMDEP) AXI2 190

190 C AXI2 191
C IF THE SOLUTION INCLUDES PLASTICITY SET PFLAG:I AXI2 192
C IF THE SOLUTION INCLUDES A GAP ELEMENT SET GFLAG:I AXI2 193
C AXI2 194

NUHX : 2.0*NNODES AXI2 195
195 IF (NUtX.GT.NSIZEX) WRITE (6,330) AXI2 196

IF (NUX.GT.N5IZEX) STOP AXI2 197
HAND : 0 AXI2 198

DO 120 I:1,NELEM AXI2 199
LL = I AXI2 200

200 C AXI2 201
C AXI2 202
C AXI2 203
C LGAP(LL) CONTAINS GAP ELEMENT NUMBERS AXI2 204
C K VALUES FOR THE 1ST AND LAST GAP ELEMENTS ARE 0.5 * OTHER AXI2 205

205 C K VALUES AX12 206
C AXI2 207

IF (LTYPE(LL).EO.GAP.OR.LTYPE(LL).EQ.GAPEND) NUMGAP : NUMGAP+I AXI2 208
C ***COMPUTE BANDWIDTH HERE AXI2 209

IF (IAB5(ELEM(LL,1)-ELEM(LL,2)).GT.MBAND) BAND : IABS(ELEt(LL AXI2 210
210 + ,I)-ELEM(LL,2)) AXI2 211

IF (LTYPE(LL).EQ.GAP.OR.LTYPE(LL).EQ.GAPEND) GO TO 120 AXI2 212
IF (IABS(ELEM(LL,2)-ELEM(LL,3r.GT.MBAND) BAND : IABS(ELEM(LL AXI2 213

SUBROUTINE AXI2 10/"1/80 14.33.04 PAGE 4
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+ ,2h-ELEM(LL 3)) AXI2 214
IF (IABS(EL M(LL,3)-ELEM(LL,l)).GT.MBAND) MBAND : IABS(ELEM(LL AXI2 215

215 + ,3)-ELEM(LL,l)) )X12 216
120 CONTINUE eXI2 217

MBAND : 2*(MBAND+i) A, 12 218
IF (MBAND.GT.NUMY) GO TO 300 AX'2 219
CALL FILL (NUMGAP,OLDGAP) AXA? 220

220 130 CONTINUE AXP3 221
CALL NULOAD (CLOSE ICLOSE IGAP,ISHVE,IUNIT IXLSET KIK2,LOADST MBA AXIa 222
+ND,MBNDOLMATPRO,NbISPS,NELEM,NLOADS NLOAD NNODE NTEMPS NTIES,NU AX12 223
+MGAPNUMXNUMY,NUNITALFDTCOORDDI,bELOLD,E,ELEMEPP,F,F2,IDLTYP AXI2 224
+E,OLbEPP,5PDA,TC,TIE,V) AXI2 225

225 IFLAG : 0 AX12 226
C AXI2 227
C ***TO HERE, F(I) CONTAINS TERMS DUE TO APPLIED LOADS, THERMAL AX12 228
C STRAINS, OLD TOTAL PLASTIC STRAIN COMPONENTS, AND DUE TO AXI2 229
C THE SPECIFIED DISPLACEMENTS TRANSPOSED TO THE R.H.S. AXI2 230

230 C VECTOR F(I) IS NOT CHANGED DURING THE ITERATION FOR AXI2 231
C THE NEW PLASTIC TRAIN INCREMENTS. AXI2 232

AX12 233
DO 140 I:l,NUMX AX12 234

140 Fl(l) : F(I) AXI2 235
235 C AXI2 236

C SOLVE SYSTEM OF EQUATIONS FOR DISPLACEMENTSkFI) AXI2 237
C AXI2 238

CALL ELAST (Fl NUMX,MBAND,0) AXI2 239
C ***COMPUTE STRES ES HERE **** AXI2 240

240 REWIND 18 AXI2 241
CALL SIGCLC (NELEM,LTYPE,GAP,GAPEND,ELEMALFDT,EPP,OLDEPP,FI,51GMA AXI2 242
+,V,E,KPRINT,NUMX,IFLAG) AXI2 243
IF (ICLOSE.EQ.-I) GO TO 230 AXI2 244

C AXI2 245
245 C CHECK FOR GAPCLOSURE AT THE CENTERNODE AXI2 246

C AXI2 247
CLOSE = 2. AXI2 248
CALL GPFORC (FI,NUMXGAPSIZ,FORCE,IGAP,NUMGAP,IXLSET,CLOSE) AXI2 249
IF (GAPSIZ.GE.0..AND.IXLSET.EQ.0) GO TO 240 AXI2 250

250 IF (FORCE.GE.0.) GO TO 190 AXI2 251
IF (IXLSET.EQ.I) GO TO 240 AX12 252

C AXI2 253
C AXI2 254
C THE FOLLOWING CODING 15 EXECUTED IF THE GAP WAS FORMERLY OPEN AXI2 255

255 C AND THE MIDDLE GAP ELEMENT 15 NOW CLOSED AXI2 256
C ALL THE GAP ELEMENTS ARE FORCED CLOSED AND THE MIDDLE AXI2 257
C GAP ELELIST,1300-1500 AX12 258
C IF VALIDCLOSURE 15 FORCED EVERYWHERE AXI2 259
C IF NOT VALID, CLOSURE AT EACH GAP NODE 15 DETERMINED AXI2 260

260 C NUMERICALLY IN THE SUBROUTINE AXPLAS. AX02 261
C AX12 262
C ALSO, IF VALID, THE ROOT FINDER ROUTiNE CLOSEX DETERMINES AXI2 263
C WHERE CLOSURE JUST OCCURS IN ORDER TO ENFORCE AXIAL LOCKUP AXI2 264
C AXI2 265

265 C AXI2 266

SUBROUTINE AXI2 IO/2 4G 414.33.04 RAGE 5
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ISAVE : 0 AXI2 267
CLOSE : 1.0 AX12 268
ICLOSE : LOADST AX12 269
N : NLOADS+NTEMP5+3 AXI2 270

270 DO 150 I:I,N AXI2 271
150 BACKSPACE IUNIT AXI2 272

BALL NULOAD (CLOSE,ICL05E,IGAPD5AVE,IUNITIXLSETKIK2,LOADSTMBA AXI2 273
ND,MBNDOL,MATPRO,NDISPS,NELEM,NLOADSNLOAD2,NNODES,NTEMPSNTIES,NU AX12 274
+MGAPNUt XNUtYUNIT,ALFDT,COORD,DI,DELOLD,E,ELEM,EPP,F,F2,ID,LTYP AXI2 275

275 +E,OLDEPP,5PDA,TC,TIE,V) AXI2 276
C AXI2 277

DO 160 I:1,NUMX AXI2 278
160 FlI) : F(I) AXI2 279

CALL. ELAST (FINUMX,MBAND,0) AX12 280
280 CALL GPFORC (FI,NUMX,GAPSIZ,FORCE,IGAPNUKGAP,IXLSET,CLOSE) AXI? 281

IF (FORCE.GT.0.0) GO T: 40 AXI2 282
DO 170 I:1,N AXI? 283

170 BACKSPACE IUNIT AX12 284
ICLOSE : LOADST AX12 285

285 CALL CLOSAX (CLOSE, CLOSE IGAP,ISAVEIUNIT IXLSET KIK2,LOADSTMBA AX12 286
+NDMBNDOL,MATPRO,NDISPS,NtLEM,NLOADS,NLOAD ,NNODE ,NTEMP5,NTIES,NU AXI2 287
+MGAP,NUMX,NUMY,NUNIT,ALFDT,COORD,DI,DELOLD,E,ELEM,EPP,F,FI,F2,ID,L AXI2 288
+TYPE,OLDEPP,5PDA,TC,TIE,V) AX12 289

DO '80 1:I,NUMGAP AXI2 290
290 180 IGAP(I) : I AXI2 291

CALL XLLOK (NUMGAP,FI,NUMX) AX12 292
ICLOSE : -, AX12 293
IXLSET : I AXI2 294
REWIND 19 AXI2 295

295 GO TO 130 AXI2 296
190 IXLSET : 0 AXI2 297

ICLOSE : 1000. AXI2 298
DO 200 I:I,NUMGAP AXI2 299

200 IGAP(I) : 0 AXI2 300
300 DO 210 1:1,N AX12 301

210 BACKSPACE IUNIT AXI2 302
ISAVE : 0 AX12 303
CALL NULOAD (CLOSE,ICLOSE,[GAP, 5AVEIUNIT IXLSET KI,K2,LOADST,MBA AXI2 304
+ND,MBNDOL,MATPRO,NDISPSNELEM,NLOADS,NLOAD ,NNODES,NTEMPS,NTIES,NU AXI2 305

305 +MGAP,NUMX,NUMY,NUNIT,ALFDT,COORD,DI,DELOLD,E,ELEM,EPP,F,F2,ID,LTYP AXI2 306
+E,OLDEPPSPDATC,TIE,V) AX12 307

DO 220 I:I,NUMX AX12 308
220 FI.I) : F(I) AXI2 309

CALL ELa.3T (FI,NUMX,MBAND,0) AX12 310
310 GO TO 24: AX12 311

230 ICLOSE :=I AXI2 312
240 CONTINUE AXI2 313

ITER : I AXI2 314
IF (PFLAG.EQ.0.AND.IXLET.E.1) GO TO 280 AX12 315

315 IF (GFLAG.EQ.I.AND.IXLSET.NE.1) G0 TO 260 AX12 316
C AXI2 317
C AX12 318
C THE INITIAL TEST FOR EFFECTIVE STRESS 15 VALID ONLY IF NO GAP AXI2 319

SUBROUTINE AXI2 10/21/60 14.33.04 PAGE 6
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C INTERATION IS EIKN MADE AXI2 320
320 C AXI2 321

DO 250 J: ,ELEM AX12 322
IF (LTYPE(J).EQ.PELLET.OR.LTYPE(J).EQ.GAP.OR.LTYPE(J).EQ.GAPEN AXI2 323

+ D) GO TO250 AX12 324
EPI : EP(J) AX12 325

325 TCI TC(J) AXI2 326
SIGZ : SIGMA(J,1) AXI2 327
SIGR : SIGMA(J,2) AX12 328
SIGH : SIGMA(J,3) AXI2 329
TAU : SIGMA(J,4) AX12 330

330 SIGEFI : 0.707107*SQRT((SIGH-SIGZ)**2+(SIGZ-5IGR)**2+(SIGR-SIG AX12 331
+ H)**2+6.0*TAU**2) AXI2 332

El : E(J) AXI2 333
IF (NUNIT.EQ.0) El : PASPSI(EI) AXI2 334
IF (NUNIT.EQ.0) TCI : TEMPKF(TCI) AX12 335

335 Tr (NUNIT.EQ.0) SIGEFI : PASPSI(SIGEFI) AX12 336
JTYPE : I AX12 337
IF (LTYPE(J).EQ.CLAD) JTYPE : 2 AX12 338
CALL STRAINX (SIGEFI,DUM,EPI,TCI,EI,JTYPE,NUNIT) AXI2 339
DEPTH : EPI-EP(J) AXI2 340

340 IF (DEPI.GT.0.0) GO TO 260 AX12 341
250 CONTINUE AXI2 342

CALL FILL (NELEM,DEP) AXI2 343
GO TO 280 AX12 344

260 CALL AXPLAS (GFLAG,IFLAG,ITER,IXLSET,KI,MATPRO,Mr,.NDNDISPS,NELEM AXI2 345
345 +NTIESNUtGAP,NUHX,NUNIT,PFLAG,RATIO,RELAX,TIME,rLFDT,COEF,DEP,DI,b AXI2 346

+TIME,E,ECREEPELEN,EP,EPPF,FI,ID,LTYPE,OLDEPPOLDCAP,OLSIGFSIGMA AXI2 347
+,SLOPE,TC,TIE,V) AXI2 348

C AX12 349
C AXI2 350

350 C THE EOCALC SUBROUTINE CALCULATES THE NEW ED TERMS FROM THE LAST AX12 351
C DISPLACEMENT CALCULATIONS FOR THE GAP CLOSU4E ITERATION AXI2 352
C AX12 353
C AXI2 354

IF (GFLAG.NE.0.AND.IXLSET.NE.1) CALL EOCALC (KIK2,OLDGAP,BETAI,PF AX12 355
355 +LAG,FI,NUMGAP,RATIO,DELOLD,KPRINT,NUMX,DPH,DEL,DPLAS,TYPE,DELGAPO AXI2 356

+VRLAP,NEIWT) AXI2 357
IF (RATIO-0.0001) 280,280,270 AXI2 358

270 ITER : ITER+1 AX12 359
C AXI2 360

360 C AX12 361
C LST 15 THE MAXIMUM NUMBER OF ITERATIONS ALLOWED AX12 362
C AX12 363

IF (ITER.LE.LST) GO TO 260 AX12 364
WRITE (6,340) ITER AX12 365

365 C **SEVEN THO ROUTINE DID NOT CONVERGE AXI2 366
C ***LAST COMPUTED VALUES ARE RETURNED, AND AXI2 367
C ***AN ERROR MESSAGE IS PRINTED AX12 368

CALL AXIOUT (ALFDT,CLAD,DTIME,E,ELEM,cPP,FI,GAP,GAPENDIXLSET,KI,K AXI2 369
+PRINTLOADST,LTYPE,NELEM,NNODESNUMGAP,NUMX,NUNIT,OLZEPP,PGPC,PRE AX12 370

370 +SFC,RELAX,5IGMA,SPDA,rC,TIME,v) AX12 371
RETURN AXI2 372
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C ***PLASTIC SOLUTION COMPLETE AXI2 373
280 DO 290 J:1,NELEM AXI2 374

IF (LTYPE(J).EQ.GAP.OR.LTYPE(J).EQ.GAPEND) GO TO 290 AXI2 375
375 EPP(J,I) : EPP(Jl)+OLDEPP(J,I) AXI2 376

EPP(J,2) : EPP(J,2)+OLDEPP(J,2) AXI2 377
EPP(J,3) : EPP(J,3)+OLDEPP(J,3) AXI2 378
EPPiJ 4) : EPP(J 4)+OLDEPP(J,4) AXI2 379
IF CR&LAX.NE.I) P(J) : EP;JMcE?(J) AXI2 380

380 IF (RELAX.EQ.I) ECREEP(J) : ECREEP(J)+DEP(J) AXI2 381
290 CONTINUE AX12 382

IF (RELAX.EQ.0) CALL AXIOUT (ALFDT,CLAD,DTIMEEELEM,EPPFI,GAPGA AXIZ ?83
+PEND,IXLSET,KI,KPRINTLOADSTLTYPE,NELEMNNODESNUMGAP,NUMXNUNIT, AXI2 384
+OLDEPP,PG,PC,PRESFC,RELAX,SIGMASPDA,TC,TIME,V) AXI2 385

385 IF (RELAX.NE.0.AND.KRPKNT.EQ.0) CALL AXIOUT (ALFDTCLAiDDTIME,EEL AXI2 386
+E3,EPPRLGAPGAPEND, IXLSETKIKPRINTLAADSTLTYPE,NELE ,UNNODESNU AX12 387
+MPi XNUNITOLlEPPPGPCPRESFC, R.LAX, 5IGNASPDA,TCTI1EV) AX12 388

300 CNTINUC AXI2 389
IF (DTIME.EQ.0.0.OR.KRPKNT.EQ.0) GO TO 320 AXI2 390

390 IF (KRPKNT.EQ.NCRP) G0 TO 310 AXI2 391
REWIND 18 AXI2 392
CALL STRNAD (NELEM,LTYPE, GAP,GAPEND,ELEM,OLDEPPF,NJMX) AXI2 393

310 RELAX : I AX12 394
TIME : TIME+DTIME AXI2 395

395 KRPKNT : KRPKNT-I AXI2 396
IFLAG : 0 AXI2 397
ITER =I AXI2 398
GO TO 260 AXI2 399

320 LOADST : LOADST+i AXI2 400
400 RETURN AXI2 40I

AXI2 402
330 FORMAT (IHI,9X,15HT00 ANY NODES ) AXI2 403
3'0 FORMAT (IH0,20H DID NOT CONVERGE IN, IX,i4, IX,IIH ITERATIONS) AXI2 404

END AX2 405

SYOtLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 AXI2 371 40U

VARIABLES SN TYPE RELOCATION
SALCDT REAL ARRAY F.P. REFS 128 221 241 272 285 303

368 382 385 DEFINED I
2207 BETAt REAL REFS 35'1 DEFINE) 170
2202 CLAD INTEGER REFS 125 337 368 362 385

DEFINED 157
0 CLOSE REAL F.P. REFS 221 248 272 280 285 303

DEFINED 1 247 267
0 C0cF REAL ARRAY F.P. REFS 128 344 DEFINED i
0 CJORD REAL ARRAY F.P. REFS 128 221 272 285 303
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SUBROUTINE AX12

VARIABLES SN TYPE

0 DEL REAL
0 DELGAP REAL
0 DELOLD REAL

0 DEP REAL

2235 DEPTH REAL
0 DI REAL

0 DPH REAL
0 DPLAS REAL
0 TIME REAL

2234 DUM * REAL
0 E REAL

0 ECREEP REAL
0 ELEM INTEGER

0

0

2223
2232

0

2220
0

0

2200

2203

2217
0

22I0

0

0

2216
0

2206

EP

EPP

REAL

REAL

EP I
El
F

FORCE
FI

F2

GAP

GAPEND

GAPS I Z
GFLAG
I

ICLOSE

ID

FLAG
I GAP

ISAVE

REk-L
REAL
REAL

REAL
REAL

REAL

INTEGER

INTEGER

REAL
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

A
A
A

A

76/176 OPT:0 TRAC

RELOCATION

RRAY F.P.
lrAY F.P.
RRAY F.P.

RRAY F.P.

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARk

ARRAY

ARRiY

ARRAY

ARRAY

ARRAY

F.P.

F. P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F. P.

E STATIC

DEF I NED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REF
REFS
REFS

DEFINED
REFS
REFS
344

REFS
REFS
272

DEFINED
REFS

DEFINED
REFS
368

DEFINED
REFS
REFS
REFS
308

REFS
REFS
291

DEFINED
REFS

DEFINED
REFS
382

REFS
382

REPS
REFS
REFS
290
27P

REFS
DEFINED

REFS
DEFINED

REFS
REFS

DEFINED
REFS

FTN 4.8+508

123
124
129

129

340
129

123
123
344

338
136
368
136
125
285

130

130
375

338
333
131
344
248
131
309

131

125
385
125
385
248
IF2
175
299
277
221

132

241
127

221

354
354
221

189

DE? I NED
221

354
354
368

221
382
344
i30
303

324
184
221
376
187
339
338
221
292
250
238
344
234
177

207
392
207
392
2149
315
184

2*308
282
243
168
221

344
221
175
272

10/21/80

DEFINED
DEFINED

272

342

339
272

DEFINED
DEFINED

382

241
385
380
4*209
344

339
379
241
377
375

DEFINED
DEFINED

234
DEFINED

280
241
354
278
221

211
DEFINED

211
DEFINED

280
344
185

DEFINED
289
272
268
272

DEFINED
248
290
285

285

344

285

385

272
DEFINED
DEFINED

4*212
368

344

272
378
376
324
332
272

1
281
248
368
3G8
272

241
158
241
159

354
187
174
298
285
284
285

225
272
299
303

14.33.04

303

379

303

389

285
1

4*214
382

379

285
382
377

333
278

279
382

285

322

322

DEFINED
199
181
300
303
292
303

396
280

DEFINED

PAGE 9

354

380

394

303

185
221
385

332

380
241
392

303
385
378

285

280
385

303

?58

368

2*234
198
3C'

297
344

285

167

303

285

374

374

2R278
233

311

303

173
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VARIABLES SN TYPE

222k ITER INTEGER

0 IUNIT INTEGER

0 IXLSET INTEGER

2211 J

??33
0
0

2205
2176

2177
2213

0

0
0

0

2212

0
2221

0
0

0

0
2214

0

0

0
2215

0

0

,i YPE
K
KPRINT

KRPKNT
KI

LL

LOADST

LST
TYPE

MATPRO

BAND

MBNDOL
N
NCRP
ND I SPS

NELEM

NEWT
NLOADS
NLOAD2

NNODES

NS IZEX
NTEMPS
NTIES

NUMGAP

I'TEGER

INTEGER
REAL
INTEGER

INTEGER
REAL

REAL
INTEGER

INTEGER

INTEGER
INTEGER

REAL

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

REAL
INTEGER
INTEGER

INTEGER

INTEGER
INTEGEP
INTEGER

INTEGER

76/176 OPT:0 TRACE STATIC

RELOCATION

F.P.

F.P.

ARRAN

ARRAY

ARRAY

ARRAY

DOT
F.P.

F.P.

F.P.
F.P

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

FTN 4.8+508

266
REFS
397
REFS

1/0 REFS
REFS

303
DEFINED
REFS
329
3*378
REFS
REFS
REFS

DEFINE D
REFS
REF
368

REFS
REFS

DEFINED
REFS
368

REFS
REFS

303
392

REFS
DEFINED

REFS
272

DEFINED
bcFS
REPS
REFS
REFS

DEFINED
REFS
2*136

303
392

REFS
REFS
REFS

DEFINED
REFS

382
REFS
REFS
REFS

DEFINE:;
REFS

207

302
344

221
271
221
314

187
332
3*379
338
122
241

385
122
382
122

2*2C7
199
172
382
363
132

3*322
DEFINED

137

209
279
197
221
270
163
129

2*128
181
321

DEFINED
123
221
131

128
385
195
221
135

1
4*123
219

358

272
283
248
315
178

3*322
337
3*380

DEFINED
138
354

389
221
385
221

4*209

221
385

DEFINED
2*207
337

1
221

2;2
285
209
272
282
390
132

129
189
342

354
269
177

194
DEFINED

196
269
221

3*124
221

363

285
301
249
344
293
324
339

DEF I NED
336
139
368

350
212

DEFiNED
272

2*211

268
399

1
2*211
344

272

214
303
212
285
300

DEFINED
221

3*130
198
344

DEFINED
272
221

221
1

DEFINED
272
272

127
248

364

303

251
354
296
325
2*374
186
337

382

395
285
171
285
4*212

272
DEF I NED

221
368

285

217
309
214
303

DEFINED

272

132
221
368

285
272

272

285
285

129
272

I0/2 1/0 14.33.04

DEFINED

DEFINED

272
368

326
3*375
?21

385

DEFINED
303

303
4*214

284

241

363

218
344
217

DEFINED
269

285

133
241
373

303
285

285

161
303
303

133
280

PAGE

313

1

280
382

327
3*37(
37?

163
344

354

285
399

272
382

344

221

344

3*135
285
385

368

174
289

10

358

285
385

228
34 SI"

395
354

303

285
385

238

303

2*134
272
382

303

303

344

137
285

i
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VARIABLES SN TYPE

0 NUMX

0

0

0

a
0
0
0

2201
0
0
0

2236
2204

2231
2227

0

2226
2225

0
0

2230
0

2224
0

0

0
0

NUMY

NUN IT

OLDEPP

OLDGAP
OLS I GF
OURLAP
PC
PELLET
PFLAG
PG
PRESFC
RATIO
RELAX

SIGEFI
SIGH
SIGMA

SIGR
SIG4
SLOPE
SPDA

TAU
TC

TCI
TIE

TIME

TYPE
V

76/176 OPT:0 TRACE S..!C

RELOCATION

INTEGER

INTEGER

INTEGER

REAL

REAL
REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER

REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL

REAL
INTEGER

REAL

REAL
REAL

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

F.F.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

291
DEFINED

REFS
2408
307

DEFINED
REFS

DEFINED
REFS
338
REFS
368

DEFINED
REFS
REFS
REFS
REFS
REF
REFS
REFS
REFS
REFS
REFS

DEFIED
REFS
REFS
REFS
368

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
368

REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
368

FTN 4.8+508

298

2*131
272
309

218

221
344
133
375

'33
34
44

368
125
125
368
137
344
126
169
335

2*330
134
382

2*330
2*330
135
221

330
135
382
334
125
1

344

124'
135
382

3b 3
176
195
277
3+4
194

162
272
368
221
376

219
344
354
382
322
314
382
368
354
344
393
338

DEFINED
241
385

DEFINED
DEFINED

344
272

DEFINED
221
385
338
135

368
394
354
221
385

IO/2ii80 14.33.04

344
207
196
279
354

272

285
382
241
377

344
DEFINED
DEFINED

385
DEFINED

344
385
382
357
368

DEFINED
328
326

DEFINED
327
3?6

DEFIP D
285

329
272

DEFINED
DEFINED

221

382

DEFINED
241

DEFINED

354

221
280
368

285

303
385
272
378

354

DEFINED
156
354

DEFINED
385

379

330

327

303

285

325
272

385

272

368

233
285
382

303

333
DEFINED

?85
382

DEFINED

1

DEFINED
1

OEF:!nED

380

335

328

368

303

334
285

394

285

FILE NAMES
TAPE18
TAPE19
TAPE6
VARIABLES

MODE
ti'..
MCI

FMT NRITEL
USED AS FILE NAMES, SEE ABOVE

PAGE

382

238
291
385

334
1

303
385

2382

II

385

241
303
392

3'5

344
392

2*385

329

385382

325

303

240
294
195

344

391

364

303
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EXTERNALS
AX OUT
AXPLAS
CLOSAX
ELAST
EOCALC
FILL
GPFORC
NULOAD
PASPSI
SIGCLC
SORT
STRAINX
STRNAD
TEMPKF
XLLOK

INLINE FUNCTIONS
IABS

RE

RE

RE

TYPE ARGS
29
39
40

4
18
2
8

39
AL I

15
AL IL

7
8

AL I
3

TYPE
INTEGER

LIBRARY

ARGS
I INTRIN

REFERENCES
368
3 44
285
238
354
177
248
221
333
241
330
338
392
334
291

DEF LINE

382

279

189
280
272
335

REFERENCES
2X209

STATEMENT LABELS
0 100
0 110

201 120
220 130
0 140
0 150
0 160
0 170
0 180

645 190
0 200
0 210
0 220

767 230
772 240
1120 250
1132 260

0 270
1324 280
1366 290
1507 300
1534 310
1550 320
2150 330 FMT
2154 340 FMT

INACTIVE

DEF LINE
'75
188
216
220
234
271
278
283
290
296
299
301
308
311
312
341'
344
358
373
381
388
393
399
402
403

REFERENCES
174
181
198
172
233
270
277
282
289
250
298
300
307
243
249
321
315
357
314
373
218
390
389
195
364

FROM-TO
174 175
181 188
186 188
198 216
233 234

LENGTH
'45

208
78

468
5H

PROPERTIES
INSTACK

NOT INNER
INSTACK

OPT
INSTACK

385

309

219

303

342

2*214

186
211
295

251
322
340

343
374

285

363

310

398

2*357

LOOPS
50
67
75
136
305

LABEL
100
110
110
120
140

INDEX
I
J
I
I
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LOOPS LABEL INDEX FROt-TO
407 150 1 270 271
477 160 1 277 278
527 170 I 282 283
623 180 1 289 290
653 200 I 298 299
661 210 1 300 301
753 220 I 307 309

1011 250 J 321 341
1325 290 J 373 381

COMMON BLOCKS LENGTH
DOT 54000 LCM

STATISTICS
PROGRAM LENGTH 23328
LCM LABELED COMMON LENGTH 1513608

1400008 SCM USED

OPT:0 TRACE STATIC

LENGTH PROPERTIES
58
58 INSTACK
58
48 INSTACK
48 INSTACK
5B
5B INSTACK

1128
448 OPT

10/21/80 14.33.04

EXT REFS

EXT REFS

EXT REFS

EXT REFS

5i22
54000

PAGE 13

EXITS
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SUBROUTINE AXIOUT (ALFDT,CLADDTIME,EELEMEPP,FI,GAPGAPEND,IXLSE AXIOUT 2
+T,KI,KPRINT,LOAD5T,LTYPE NELEM,NNODES,NUMGAP,NUMX,NUNIT,OLDEPP,PG, AXIOUT 3
+PC,PRESFC,RELAX,SIGMA,SPATC,TIME,V) AXIOUT 4
INTEGER CLADGAPEND,GAP,ELEM(NELEM,3),LTYPE(NELEM),RELAX AXIOUT 5

5 REAL ALFDT(NELEM,3),EPP(NELEM,4),FI(NUMX),OLDEPP(NELEM,4) AXIOUT 6
REAL SIGMA(NELEM,4) V(NELEM),E(NELEM),TC(NELEM),KI AXIOUT 7
REAL PRESFC NUMGAP, ) AXIOUT 8

C AXIOUT 9
C AXIOUT 10

10 C AXIOUT II
C THIS SUBROUTINE CONTROLS AXISYM OUTPUT AXIOUT 12
C AXIOUT 13
C AXIOUT I5
C AXIOUT 15

15 IF (RELAX.NE.0) GO TO 110 AXIOUT 16
WRITE (6,280) AXIOUT 17
IP : LOADST-l AXIOUT 18
CALL AX121N (N,M,L,15,16,17,18,19,II0,IIl,112) AXIOUT 19
WRITE (6,230) IP AXIOUT 20

20 WRITE (6,240) PG,PC AXIOUT 21
WRITE (6,250) AXIOUT 22
NX : (N-I)*4+(M-1)*4 AXIOUT 23
WRITE (6,260) AXIOUT 24

DO 100 I:1,NX AXIOUT 25
25 100 WRITE (6,270) I,TC(l),E(I),V(I),ALFDT(II),ALFDT(I,2),ALFDT(1, AXIOUT 26

+ 3) AXIOUT 27
WRITE (6,290) AXIOUT 28
GO TO 120 AXIOUT 29

110 WRITE (6,300) TIME AXIOUT 30
30 WRITE (6,310) AXIOUT 31

120 CONTINUE AXIOUT 32
REWIND 30 AXIOUT 33
WRITE (6,320) AXIOUT 34

DO 130 I:I,NELEM,4 AXIOUT 35
35 IF (LTYPE(I).EQ.CLAD) NSV : I AXIOUT 36

IF (LTYPE(I).EQ.CLAD) GO TO 140 AXIOUT 37
CALL STRSAV (SIGMA I,5IGZAV,SIGRAV,SIGHAV,TAUAVNELEM) AXIOUT 38
CALL STRNAV (I,SIGkAV,SIGRAV,SIGHAV,TAUAV,EI,E2,E3,E4,NELEM,E, AXIOUT 39

+ V,EPP,ALFDT) AXIOUT 40
40 13 : 1+3 AXIOUT 41

WRITE (6,330) I,13,5IGZAV,SIGRAV,SIGHAV,TAUAV AXIOUT 42
130 WRITE (30) I,EI,E2,E3,E4 AXIOUT 43
140 CONTINUE AXIOUT 44

WRITE (6,340) AXIOUT 45
45 WRITE (6,350) AXIOUT 46

REWIND 30 AXIOUT 47
NP : NSV-I AXIOUT 48

DO 150 1:1,NP,4 AXIOUT 49
READ (30) J,EI,E2,E3,E4 AXIOUT 50

50 J3 : J+3 AXIOUT 51
150 WRITE (6,330) J,J3,EI,E2,E3,E4 AXIOUT 52

WRITE (6,360) AXIOUT 53
REWIND 30 AXIOUT 54
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K : 0 AXIOUT 55
55 WRITE (6,320) AXIOUT 56

DO 160 I:NSV,NELEM,4 AXIOUT 57
IF (LTYPE(I).NE.CLAD) GO TO 160 AXIOUT 58
CALL STRSAV (SIGMA I,SIGZAV,SIGRAV,SIGHA,TAUAU,NELEM) AXIOUT 59
CALL STRNAU (I,SIG1A,SIGRAV,SIGHAV,TAUAV,Et,E2,E3,E4,NELEM,E, AXIOUT 60

60 + V,EPP,ALFDT) AXIOUT 61
13 : 1+3 AXIOUT 62
WRITE (6,330) I,13,SIGZAV SIGRAV,SIGHAV,TAUAV AXIOUT 63
WRI TE (30) :,I3,EI,E2,E3,t4 AXIOUT 64
K : K4! AXIOUT 65

65 160 CONTINUE AXIOUT 66
REWIND 30 AXIOUT 67
WRITE (6,370) AXIOUT 68
WRITE (6,350) AXIOUT 69

DO 170 I:$,K AXIOUT 70
70 READ (30) J J3,El E2,E3 E4 AXIOUT 71

170 WRITE (6,336) J,J5,EI,Ec,E3,E4 AXIOUT 72
REWIND 30 AXIOUT 73
WRITE (6,380) AXIOUT 74
WRITE (6 350) AXIOUT 75

75 DO 160 I:1,K AXIOUT 76
READ (30) JJ3 AXIOUT 77

DO 180 L:J,J3 AXIOUT 78
IF (EPP(L,1).EQ.0.0.AND.EPP(L,2).EQ.0.0.AND.EPP(L,3).EO.0. AXIOUT 79

+ 0.AND.EPP(L 4).EQ.0.0) GO TO 180 AXIOUT 80
80 WRITE (6,39) L,(EPP(L,LI),LI:1,4) AXIOUT 81

180 CONTINUE AXIOUT 82
CALL IFPRES (IXLSET,FI,NUtGAP,PRESFC,KI,NUMX,NELEM) AXIOUT 83
WRITE (6,400) AXIOUT 84

C AXIOUT 85
85 WRITE (6 410) AXIOUT 86

DO 1 0 I:I,NUMGAP AXIOUT 87
NN : NELEM-NUMGAP+I AXIOUT 88
NX : ELEM(NN,I) AXIOUT 89
DR : FI(NX*2-I) AXIOUT 90

90 DZ : FI(NX*2) AXIOUT 91
190 WRITE (6,440) NX,DR,DZ AXIOUT 92
C AXIOUT 93
C FUEL END AXIOUT 94
C AXIOUT ?s

95 NI : 4-1 AXIOUT 96
DO 200 I:l,NI AXIOUT 97
NX : NX-1 AXIOUT 98
DR : FI(NX*2-1) AXIOUT 99
DZ : FI(NX*2) AXIOUT 100

100 200 WRITE (6,440) NX,DR,DZ AXIOt1T 101
WRITE (6,420) AXIO'JT 102

C AXIOUT 103
C CLADDING DISPLACEMENT AXIOUT 104

WRITE (6,410) AXIOUT 105
105 DO 210 1:1,NUMGAP AXIOUT 106

NN : NELEM-NUMGAP+I AXIOUT 107
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NX : ELEl(NN,2) AXIOUT 108
NO : NX+M-I AXIOUT 109
DR : FI(NX*2-I) AXIUUT 110

110 DZ : FI(NX*2) AXIO0T II
DRO : FI(N0*2-l) AXIOUT 112
DZO : FI(N0*2) AXIOUT 113

210 WRITE (6 430) NXDR,DZ,NO,DRO,DZO AXIOUT 114
IF (KPRINT.Ni.2) RETURN AXIOUT 115

115 WRITE (6,450) AXIOUT 116
WRITE (6 320) AXIOUT 117

DO 2 0 :1,NELEM AXIOUT 118
IF (LTYPE(I).EQ.GAP.OR.LTYPE(I).EQ.GAPEKD) GO TO 220 AXIOUT 119
WRITE (6,390) I,(SIGMA(IJ),J:1,4) AXIOUT 120

120 220 CONTINUE AXIOUT 121
RETURN AXIOUT 122

C AXIOUT 123
230 FORMAT (IHO,9X,13H POWER STEP :,12) AXIOUT 124
240 FORMAT (IHO,IOX,22HFISSION GAS PRESSURE :,F7.2,lOX,18HCOOLANT PRES AXIOUT 125

125 +SURE :,F7.2) AXIOUT 126
250 FORMAT (/// IHO,6X,56HRADIAL VARIATION IN TEMPERATURE AND MATERIAL AXIOUT 127

+ PROPERTIES) AXIOUT 128
260 FORMAT (IH0,31X,7HELASTIC,4X,9HP0ISSON'S,4X,15HTHERMAL STRAINS,/,I AXIOUT 129

+H0,8X,7HELEMENTI3H TEMPERATURE,3X,7HMODULUS,5X,5HRAT10,7X,5HAXIA AXIOUT 130
130 +L,7X,6HRADIAL,7X,4HHOOP) AXIOUT 131

270 FORMAT (IH0,9X,13,4X,FI0.2,5E12.5) AXIOUT 132
280 FORMAT (IHI,20X,46*************************************** ,2!H*** AXIOUT 133

+******************,/,IH0.30X,42HELASTIC-PLASTIC(TIME-INDEPENDENT) AXIOUT 134
+RESULTS ) AXIOUT 135

135 290 FORMAT (1H1,20X,39HFUEL CENTERLINE STRESSES(4-CST AVERAGE)) AXIOUT 136
300 FORMAT (IHi,10X,53H******** ********** ***** AXIOUT 137

+**** ,/,20X 13HCREEP RESULTS,8H TIME - x12.3) AXIOUT 138
310 FORMAT ('HO ,0X,39HFUEL CENTERLINE STREShES(4-CST AVERAGE)) AXIOUT 139
320 FORMAT (4H0 ,6HELEMENTS,12X,12HAXIAL STRESS,13XI3HRADIAL STRESS AXIOUT 140

140 ','?X, IIHHOOP STRESS,14X,16HR-Z SHEAR STRESS) AXIOUT 141
330 fURMAT (IH0,15,IH-,13,4E25.5) AXIOUT 142
340 FORMAT (IH0,20X,38HFUEL CENTERLINE STRAINS(4-CST AVERAGE)) AXIOUT 143
350 FORMAT (4H0 ,8HELEMENTS,12XI2HAXIAL STRAIN,13X,1I3HRADIAL STRAIN AXIOUT 144

+,12X,IIHHOOP STRAIN,I4X,16HR-Z SHEaR STRAIN) AXIOUT 145
145 360 FORMAT (IHO,20X,33HCLADDING STRESSES (4-CST AVERAGE)) AXIOUT 146

370 FORMAT (IH0,20X,38HCLADDING TOTAL STRAINS (4-CST AVERAGE)) AXIOUT 147
380 FORMAT (IH0,20X,40HCLADDING PLASTIC STRAIN FOR EACH ELEMENT,/,IHO, AXIOUT 148

+20X,37H-**-QNLY NON-ZERO VALUES ARE PRINTED ) AXIOUT 149
390 FORMAT (IHO,15,5X,4E25.5) AXIOUT 150

150 400 FORMAT (IH0,20X,26HFUEL SURFACE DISPLACEMENTS) AXIOUT 151
410 FORMAT (IHO,5H NODE,20XI9HRADIAL DISPLACEMENT,6X,I8HAXIAL DISPLAC AXIOUT 152

+EMENT) AXIOUT !53
420 FORMAT (IHO,20X 30HCLADDING SURFACE DISPLACEMENTS) AXIOUT 154
430 FORMAT (IH0,I5,4X,2E25.5,/,IH0,15,5X,2E25.5) AXIOUT 155

155 440 FORMAT (IHO,15,5X,2E25.5) AXIOUT 156
450 FORMAT (IHO,26HSTRESSES FOR EVERY ELEMENT) AXIOUT 157

END AXIOUT 158
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 RXIOUT

VARIABLES
0 ALFDT
0 CLAD

1370 DR
1374 DRO

0 DTIME
1371 DZ
1375 DZO

0 E
0 ELEMI
0 EPP

1355 El

1356 E2

1357 E3

1360 E4

0 Fl

0
0

1347

1332
0

1343
1344
1345
1361
1336
1337
1340
1341
1342
1363

1364
1365

0
0

1335
0

GAP
GAPEND
I

;P
iXLSET
110
III
112
13
is
;7
18
19
J

J3
K
KPR I NT
KI
L
LOADST

DEF LINE

SN TYPE
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL

REAL

REAL

REAL

REAL

REAL

REFERENCES
114 121

RELOCATION
ARRAY F.P.

F.P.

*UNUSED

ARRAY
ARRAY
ARRAY

ARRAY

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

F.P.
F.P.

F.P.

109

110

98

99

71

71

71

71

99

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
110

REFS
REFS
REFS

42
106
69

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

5
4

91
113
1

91
113
6
4
5

38
49
38
49
38
49
38
49
5

III
4
4

7*25
57

2*118
75
19
82
18
18
18
41
18
18
@8
18
18
50
49
51
64
114
6

18
17

3*25
35

100
DEFINED

100
DEFINED

25
88
38

42
70
42
70
42
70
42
70
82
112
118
118
2*35
58

2*119
86

DEFINED
DEF I NED

62

51
70
71
69

DEFINED
82
4*78

DEFINED

38
36
113
IlIl

113
112
38
107
59

51

51

51

51

89
DEFINED
DEFINED
DEFINED

36
59

DEFINED
96
17

63

71
76
77
75

DEFINED
2*80

59
57

DEFINED

DEFINED

59
DEFINED

4*78

59

59

59

59

90

I

37
61
24
105

DEFINED
DEFINED

89

90

DEFINED

80

63

63

63

63

98

38
62
34
117

DEFINED

77
119

DEFINED
DEFINED

I
DEFINED

109

40
63
48

41
87
56

61

119

50
54

77

70
64

76
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VARIABLES
0 LTYPE

1366
1334
1333

0

1367
0

1373
1362
1350

0

0
0

1346

1372
0
0
0
0
0

1353
0

1352
1351

0
1354

0
0
0

LI
M
N
NELEM

NN
NNODES
NO
NP
NSV
NUMGAP

NUHX
NUNIT
NX

NI
OLDEPP
PC
PG
PRESFC
RELAX
SIGHAV
SIGMA
SIGRAV
SIGZAV
SPDA
TAUAV
TC
TIME
U

FILE NAMES
TAPE30

TAPE6

SN TYPE
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY F.P.

F.P.

*UNUSED

*UNUSED

ARRAY

ARRAY

ARRAY

*UNUSED

ARRAY

ARRAY

MODE
UNFMT

FMT

F.P.

F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

WRITES
MOTION
WR I TES

30
67
100

EXTERNALS
AX12 IN
IFPRES
STRNAV
STRSAV

STATEMENT LABELS
0 100

64 110

TYPE ARGS
1I
7

14
7

DEF LINE
25
29

REFERENCES
18
82
38
37

REFERENCES
24
15

2*11857

34
106

87

DEFINED

35
87

38 56

REFS
DEFINED

REFS
REFS
REFS
REFS

58
DEF I NED
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
100
97

REFS
REFS
REFP5
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

4
I

80
18
l8
?*4
59

88
1IIlil

48
47
7

5

24
108
107
96
5

20
20
7
4

37
6

37
37

37
6

29
6

42
32
16
33
68
101

35

DEFINED
22
22
3*5
82

107

112
DEFINED

56
82

82

89
139

DEFINED
DEFINED
DEFINED
DEFINED

82
15
38
37
38
38

38
25

DEFINED
25

36

80
108
95
4*6
87

DEFINED

113
47

DEFINED
86

DEFINED

90
10

95

DEFINED
DEFINED

41
58
41
41

41
DEFINED

38

37
117

106

108

105

63
46
19
41
71

104

i

READS
53
20
44
73
i13

106

49
66
21
45
74
115

98
22

99
88

97
DEFINED

59
DEFINED

59
59

59

DEFINED

91
113

1
1

58
119
58
58

58
1

59

70
72
23
51
80
116

62
62

62

76

59
58

25
52
83
119

27
55
85

29
62
9I
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STATEMENT LABELS
71 120
0 130

134 140
o 150

223 160
0 170
'2 18C
o 190
0 200
0 210

503 220
1067 230 FMT
1073 240 FMT
1103 250 FMT
1113 260 FMT
1131 270 FMT
1135 280 FMT
1153 290 FMT
1161 300 FMT
1174 310 FMT
1202 320 FMT
1215 330 FMT
1220 340 FMT
1226 350 FMT
1241 360 FMT
1247 370 FMT
1255 380 FMT
1270 390 FMT
1273 400 FMT
1300 410 FMT
1307 420 FMT
1315 430 FMT
1322 440 FMT
1325 450 FMT

DEF LINE
31
42
43
51
65
71
81
91
100
113
120
123
124
126
128
131
132
135
136
138
139
141
142
143
145
146
147
149
I50
151
153
154
155
156

REFERENCES
28
34
36
48
56
69
75
86
96
105
117

19
20
21
23
25
16
27
29
30
33
41
44
45
52
67
73
80
83
85

101
113
91

115

FROM-TO
24 25
34 42
48 51
56 65
69 71
75 81
77 81
80 80
86 91
96 100
105 113
117 120
119 119

LENGTH
20B
348
12b
33B
7B

438
34B
I lB
21B
I58
338
30B
I lB

PROPERTIES
EXT
EXT
EXT
EXT
EXT
EXT
EXT
ENT
EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

EXITS

NOT INNER
NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH

140000B SCM USED
X4658

57

77 78

118

55
51

116
62 71

68

I;9

104

100

LOOPS
40
77

147
173
236
255
261
276
341
367
412
456
467

LABEL
100
130
150
160
170
180
180

190
200
210
220

INDEX
I
I
I
1
I
I

LI

I
I
J
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SUBROUINE AXSCRP (HELEM,NNODES ELEMCOORD,NUMGAPLTYPE,N,M,L) AXSCRP 2
INTEGER ELEM(NELEM,3) LTYPE(NELbI) AXSCP 3
REAL COORD(NNODES,2),bLOCK(13) AX5Ck 4
STAR : lOH********** AXSCR' 5

5 DO 100 1:1,13 AXSCRP 6
100 BLOCK(I) : STAR AXSCRP 7

WRITE (6,130) BLOCK AXSCRP 8
WRITE (6,140) BLOCK AXSCRP 9
WRITE (6,160) (BLOCK(I),I:1,10) AXSCRP 10

10 WRITE (6,150) (8LOCKU),I:1,l0) AXSCRP 11
WRITE (6,160) (BLOCK(I)';I:,110) AXSCRP 12
WRITE (6,140) BLOCK AXSCRP 13
WRITE (6,140) BLOCK AXSCRP 14
WRITE (6,170) AXSCRP 15

I5 NN : NELEM-NUMGAP AXSCRP 16
WRITE (6,180) NNODES,NN,NUMGAP AXSCRP 17
WRITE (6,190) N,M,L AXSCRP 18
WRITE (6,200) AXSCRP 19
WRITE (6,210) AXSCRP 20

20 DO 110 1:1 NELEM AXSCRP 21
110 WRITE (6,250) I,(ELEM(I,J),J:l,3),LTYPE(I) AXSCRP 22

WRITE (6,230) AXSCRP 23
DO 120 I:1,NNODES PX5CRP 24

120 WRITE (6,240) I,C00RD(I,I),COORD(I,2) AXSCRP 25
25 RETURN AXSCRP 26

C AXSCRP 27
130 FOR:IAT (Ili ,13A10) AXSCRP 28
140 FORMAT (:H ,13A10) AXSCRP 29
IC3 FORMAT (IH ,5A10,5X,20H AXISYM OUTPUT ,5X,5A10) AXSCRP 30

30 160 FORMAT (IH ,5A10,30X,5A10) AXSCRP 31
170 FORMAT (l0' 40N,40HAXI5YM FINITE ELEMENT MODEL DESCRIPTION ) AXSCRP 32
180 FORMAT (/1,H0 NUMBER OF NODES :,13 / I5HOTHE NUMBER OF 50HAXISYMM AXSCRP 33

+ETRIC CON$TANT-STRAIN-TRIANGULAR ELEMENTS :,13,/,38HOTHE NUMBER OF AXSCRP 34
+ BILINEAR GAP ELEMENTS :,12) AXSCRP 35

35 190 FORMAT (IHO,/,IH0,5X,10HTHERE ARE ,12,61H NODES IN THE RADIAL DIRE AXSCRP 36
+CTION DEFINING THE FUEL MIDPLANE AND,/,X,12," NODES IN THE RADIAL AXSCRP 37
+ DIRECTION DEFINING THE PLANE OF SYMMETRY IN THE CLADDING ",/,IH0 AXSCRP 38
+,5X,24HIN THE Z-DIRECTION ARE ,12,32H NODES ALONG THE FUEL CENTER AXSCRP 39
+LINE) AXSCRP 40

40 200 FORMAT (IH0,20X,28HELEMENT NODAL CONNECTIVITY ) AXSCRP 41
210 FORMAT (IH0,14HELEMENT NUMBER,3X,13H NODALIZATION,lOX,I3HELEMENT T AXSCRP 42

+YPE ) AXSCRP 43
220 FORMAT (5X,15,5X,315,12X,A10) AXSCRP 44
230 FORMAT (lIHI,30X,I7HNODAL COORDINATES,/,IH0,20X,4HNODE,lOX,IHR,lOX, AXSCRP 45

45 +1HZ) AXSCRP 46
240 FORMAT (IH ,20X,I4,5X,2Fl0.7) AXSCRP 47

END AXSCRP 48
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXSCRP

VARIABLES
364 BLOCK

0
0

361

363
0
0
0
0
0

362
0
0

360

rOORD
El EM
I

J
L
LTYPE
M
N
NELEM
NN
NNODES
NUMGAP
STAR

DEF LINE

SN TYPE
REAL

REAL
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REFERENCES
25

RELOCATION
ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F. P.

FILE NAMES
TAPE6

STATEMENT LABELS
0 100
0 110
0 120

227 130 FMT
231 140 FMT
233 150 FMT
241 160 FMT
244 170 FMT
253 180 FMT
273 190 FMT
326 200 FMT
333 210 FMT
342 220 FMT
345 230 FMT
354 240 FMT

DEF LINE
6

21
24
27
28
29
30
31
32
35
40
41
43
44
46

REFERENCES
5

20
23
7
8

10
9

14
16
17
18
19
21
22
24

PROPERTIES
INSTACK

EXT REFS
EXT REFS
EXT REFS

NOT INNER

REFS
13

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

103
DEFIKED

3
2
6
5

21
17
2

17
17
2*2
16
3

15
6

7
6

2x24
21

9
9

DEFINED
DEFINED

21
DEFINED
DEFINED

15
DEF I NED

16
16

DEFINED

8

DEFINED
DEFINED

10
I0
21

DEFINED

20
15
23

DEFINED
4

It

3*24
23

3*21
20

MODE
FMT

9

i
i
i
I

I

DEFINED

DEFINED
I

WRITES
16

7
17

I

i

8
18

9
19

10
21

II
22

12
24

13

13

II

LOOPS
17
60
63

110

LABEL
100
110

120

INDEX
I
J
I

FROM-TO
56

20 21
21 21
23 24

LENGTH
48

248
I lB
X28
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STATISTICS
PROGRAM LENGTH

1400008 SCM USED
4108
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SUBROUTINE CLOSAX (CLOSE ICLOSE IGAPISAVE,IUNIT IXLSET KIK2,LOAD CLOSAX 2
+5TMBAND,MBNDOL,MATPRO,NISPS NELEN,NLOADS NLO.Dc NNODES NTEMPS,NT CLOSAX 3
+IES,NUMGAP,NUMX,NUMY NUNITAL DTCOORDDI, ELOLD, ,ELEM,EPP,F,FIF CLOSAX 4
+2,ID,LTYPE,OLDEPP SPA ,TCTIEV) CLOSAX 5

5 INTEGER GAP,GAPEND,CLAD,ELEM(NELEM,3),IB(NDISPS), TIE(NTIES) CLOSAX 6
INTEGER LTYPE(NELEM) IGAP(NUMGAP) CLOSAX 7
REAL F(NUMX),F2(NLOA2),DELOLD(NUMGAP),TC(NELEM) CLOSAX 8
REAL OLDEPP(NELEM,4),E(NELEM),V(NELEM),ALFDT(NELEM,3) CLOSAX 9
REAL MATPRO(9) Fk(NUMX) CLOSAX 10

10 REAL COORD(NN0D&S,2),EPP(NELEM,4),DI(NDISPS),K,KI,K2 CLOSAX 11
COMMON/DOT/ K(900,60) CLOSAX 12
LEVEL, K CLOSAX 13
DATA GAP,GAPEND,CLAD/3HGAP,7HGAP END ,4HCLAD / CLOSAX 14

C CLOSAX I5
15 C CLOSAX 16

C THIS ROOT FINDER 15 USED TO FIND THE ELASTIC LOAD AT WHICH CLOSAX 17
C CLOSURE OCCURS. CLOSAX 18
C CLOSAX I9
C CLOSAX 20

20 Q(W) : GAPTST(W CLOSE IGAPI5RVEIUNIT IXLSETKI,K2,LOADSTtMBAND, CLOSAX 21
+MBNDOL,MATPRO,NDISPS, NLEM,NLOADSNLOAD2,NNODES, NTEMPSNTIESNUMGA CLOSAX 22
+PNUMX, .UMYNUNIT,ALFDTCOORD,DIDELOLD,EELEM,EPPFFI,F2,ID,LTYP CL35AX 23
+E,OLDEPPSPDATCTIEV) CLOSAX 24

C ROOTING FO ROOTS CLOSAX 25
25 C WRITE(6,2) CLOSAY 26

C CLOSA- 27
C CLOSAX 28
C A MODIFIED FALSE POSITION ROUTINE OPERATING OVER THE INTERVAL ALPH CLOSAX 29
C BCTA WITH INCREMENT DX CL0SAX 30

30 C CLOSAX 31
ALPHA : 0.0D0 CLOSAX 32
BETA : I.OE+00 CLOSAX 33
DX : 0.5 CLOSAX 34
CUT : 1.0E-09 CLOSAX 35

35 IF (IUNIT.EO.0) CUT : 2.54E-11 CLO5AX 36
N:0 CLOSAX 37

C CLOSAX 38
A = ALPHA CLOSAX 39
B : N+DX CLOSAX 40

40 FOFA : 0(A) CLAQAX 41
100 FOFB :-0(8) CLOSAX 42

IF (FOFA*FOFB) 110,:70,190 CLOSAX 43
110 CONTINUE CLOSAX 44
C HAVING BRACKETED A ROOT THE SOLUTION ITERATION COMMENCES CLOSAX 45

45 C CLOSAX 46
120 X : '0FB-BZFOFA)'(FOFB-FOFA) CLOSAX 47

N :=N+1 CLOSAX 48
IF (N.LT.25) GO TO 130 CLO5AX 49
WRITE (6,230) CLOSAX 50

50 GO TO 220 CLOSAX 51
130 FOFX = 3(X) CLOSAX 52
C TEST THE POSSIBILITY OF THE ITERATION LOOP LANDING AN A ROOT AT X CLOSAX 53
C OR PASSING BY THE ROOT CLOSAX 54
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?40
C
C

60

150
C
C
C

70

160
C
C

170
C
C

IF (FOFX*FOFA) 150,160,140
CONTINUE

THE ROOT 15 STILL BRACKETED AND THE ITERATION LOOP CONTINUES

A : X
FOFA : FOFX
IF (AB5(FOFX).GT.CUT) GO TO 120
VX : X
GO TO 210
CONTINUE

THE ITERATION SCHEME HAS REBRACKETED THE ROOT-THE BOUNDS ARE
ADJUSTED AND THE LOOP CONTINUES

B : X
FOFB : FOFX
IF (ABS(FOFX).GT.CUT) GO TO 120
VX : X
GO TO 210
CONTINUE

THE ITERATION SCHEME HAS LANDED ON A ROOT AT (XFOFX)

IF (AB5i.=OFA).EQ.0.OD0) GO TO 160
VX : X
GO TO 210
CONT I i SE

THE BRACKETING OPERATION HAS FOUND A ROOT

IF (FQFA.EQ.0.0D0) GO TO 180
' : BRACKETING OPERATION Hf5 FOUND A R007 AT (B,FOFB)

VX : B
GO TO 210

180 CONTINUE
C IF THIS 15 THE FIRST BRACKET STEP THEN F(ALPHA):0. IF OTHERWISE
C THE PREViOUS STEP 15 IN ERROR AT FOFB

WRITE (6,24(' A
GO TO 210

'40 CONTINUE
e. BEEN EXCEEDED
C THE ROUTINE HAS NOT YET BRACKETED A ROOT-ADJUST THE VARIABLES TI
C THE NEXT MESH AND CONTINUE, ALSO TEST TO SEE IF THE INTERVAL HAS

B : B+DX
FOFA : FOFB
IF (A.GT.BETA) GO TO 200
GO TO 100

200 CONTINUE
C THE BRACKETING ADERATION HAS OVERRUN THE INTERVAL

WRITE (6,250)
GO TO 210

210 CONTINUE
220 CONTINUE

RETURN
C

55

75

80

85

90

CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CL05AX
CLOSAX
CL05AX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CL05AX
CLOSAX
CLOSAX
CLOSAX
CLO5SP
CLOSAX
CLOSAX
CL05AX
CLOSAX
CLOSAX
CLOSAX
CL05AX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLO5AX
CLOSAX
CLOSAX
CLOSAX
CLOSAX

55
56
57
58
59
60
61
62
63
64
65
66
67
66

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

95

100

105
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230 FORMAT (67H- THE ITERATION SCHEME HAS PASSED 25 STEPS-- EXECUTION
+ TERMINATED )

240 FORMAT (41H, INITIAL DATA CONTAINS A ROOT AT ALPHA:,E15.6)
110 250 FORMAT (48H THE BRACKET OPERATION HAS OVERRUN THE INTERVAL)

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CLOSAX

DEF LINE
I

REFERENCES
105

VARIABLES
705 A

0
700
706

701
632
0
0

703
0
0

702
0
0
0
0

707

710
712

0
0

630
631

SN TYPE
REAL

PLFDT
ALPHA

BETA
CLAD
CLOSE
COORD
CUT
DELOLD
DI
DX
E
ELEM
EPP
F
FOFA

FOFB
FOFX

F'
F2
GAP
GAPEND
ICLOSE
ID
I GAP
ISAVE
IUNIT
IXLSET
K
KI
K2
LOADST

REAL
REAL
REAL

REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL

RELOCATION

ARRAY

*UNUSED
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

F.P.

F. P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

REAL
REAL

REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

DOT
F.P.
F.P.
F.P.

REFS
DEFINED

REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

39
38
8

38
41
39
97
5
I

10
60
7

10
39
8
5

10
7

42
40
42
54
51
9
7
5
5

40
5
6

40
35
40
10
10
10
40

40
58
40

DEFINED
46
67

DEFINED
DEFINED

40
69
40
40
95
40
40
40
40

2*46
59

2*L6
59

40
40

DEFIkD
DEF74ED

41
40
40
41
40
41
I!
40
40
41

51 DEFINED

CLOSAX
CLOSAX
CLOSAX
CLOSAX
CLOSAX

108
109
110
III
112

88 9746
94
41
31
83
95
32
13

41
DEFINED

41
41

DEE INED
41
41
41
41
54
96
96
60

41
41
13
13
51
41
41
51
41
51
12
41
41
51

94

51
34
51
51
33
51
51
51
51
75

DEF I NED
68

51
51

DEFINED
51
51

DEFINED
51

DEFINED

51
51

DEFINED

95

DEFINED
35

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

81

41
69

DEFINED
DEFINED

DEFINED
DEFINED

DEFINED

DEFINED
DEFINED

68

I

SUBROUTINE CLOSAX 10/21/80 14.33.04 PAGE 3

I



SUBROUTINE CLOSAX

VARIABLES
0 TYPE
0 MATPRO
0 MBAND
0 MBNDOL

704 N
0 NDISPS

0 NELEM

0
0
0
0
0
0

NLOADS
NLOAD2
NNODES
NTEMPS
NTIES
NUMGAP

0 NUMX

0
0
0
0
0
0
0

713
711

NUMY
NUNIT
OLDEPP
SPDA
TC
TIE
V
VX
X

FILE NAMES
TAPE6

EXTERNALS
GAPTST

INLINE FUNCTIONS
ABS
0

STATEMENT LABELS
126 100

0 110
226 120
244 130
0 140

357 150
373 160
402 170
410 180
414 190
430 200
433 210
434 220

SN TYPE
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEC:R
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL

MODE
FMT

TYPE
REAL

TYPE
REAL
REAL

INACTIVE

INACTIVE

76/176 OPT:0 TRACE STATIC FTN 4.8+508

RELOCATION
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.

F.P.

ARRAY

ARRAY
ARRAY
ARRAY

F.P.

F.P.
F.P.
F.P.
F.P.
r.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

51
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED

WRITES

ARGS
40

REFERENLCS
40

ARGS
I INTRIN
I SF

DEF LINE
41
43
46
51
55
63
72
78
85
90
99

103
104

DEF LINE

20

REFERENCES
98
42
60
48
54
54
54
42
75
42
97
62
50

REFERENCES
60
40

69

81

71

6
9

40
40
47
5
I
5

DEFINED
40
7

10
40

5
6

7
I

40
40
8

40
7
C.

8
61
51
46

40
40
41
41
48
10

6
I

41
40
40
41
40
7

9

41
41
40
41
40
40
40
70
58

41
41
51
51

DEFINED
40

7

51
41
41
51
41
40

40

51
51
41
51
41
41
41
76
61

89

i0/21/80

51
51

DEFINED
DEFINED

36
41

DEFINED
51
51

DEFINED
51
41

41

DEFINED
DEFINED

51
DEFINED

51
51
51
83
67

10188

51

69
41

75
51

77 102

PAGE 4

I
I

40 41

DEFINED
DEFINED

47
51

10

I
DEFINED
DEFINED

DEFINED
51

51

I
I

DEFINED
I

DEFINED
DEFINED
DEFINED

70

I

76

I
I

i
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STATEMENT LABELS
645 230 FMT
656 240 FMT
665 250 FMT

DEF LINE
107
109
110

REFERENCES
49
88

101

COMMON BLOCKS
DOT

LENGTH
54000 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

1400008 SCM USED

7148
1513608

PAGE

460
54000

5



76/176 OPT:0 TRACE STATIC FTN 4.8+508

SUBROUTINE ELAST (FINUMXMBAND,IFOR) ELAST 2
REAL Fk(NUMX) K ELAST 3
COMMON/DOT/K(900,60) ELAST 4
LEVEL2, K ELAST 5

5 C ELAST 6
C THIS ROUTINE IS A BANDED GAUSSIAN ELIMINATION EQUATION SOLVER ELAST 7
C ELAST 8

IF (IFOR.EQ.I) GO TO 130 ELAST 9
C ELAST 10

10 C ELAST II
C ***OBTAIN SOLUTION OF DISPLACEMENT EQUATIONS HERE ELAST 12
C FORWARD REDUCTION OF BANDED-FORMAT MATRIX ELAST 13

DO 120 N:l,NUMX ELAST 14
DO 110 L:2,MBAND ELAST 15

15 IF (K(NL).EQ.0.0) GO TO 110 ELAST 16
I : N+L-I ELAST 17
CC : K(NL)/K(N,l) ELAST 18
J : 0 ELAST 19

DO 100 KJ:L,MBAND ELAST 20
20 J = J+1 ELAST 21

100 K(I,J) : K(I,J)-CC*K(NKJ) ELAST 22
K(NL) : CC ELAST 23

110 CONTINUE ELAST 24
120 CONTINUE ELAST 25

25 C FORWARD REDUCTION OF CONSTANTS ELAST 26
130 DO 150 N:I,NUMX ELAST 27

DO 140 L:2,MBAND ELAST 28
IF (K(N,L).EQ.0.0) GO TO 140 ELAST 29
I : N+L-I ELAST 30

30 FI(I) : FI(I)-K(NL)*FI(N) ELAST 31
140 CONTINUE ELAST 32
150 FI(N) : FI(N)/K(N,1) ELAST 33
C SOLVE FOR UNKNOWNS BY BACK-SUBSTITUTION ELAST 34

DO 170 M:2,NUMX ELAST 35
35 N : NUMX+1-M ELAST 36

DO 160 L:2,MBAND ELAST 37
IF (K(N,L).EQ.0.0) GO TO 160 ELAST 38
KJ : N+L-l ELAST 39
FI(N) : FI(N)-K(N,L)*Fl KJ) ELAST 40

40 160 CONTINUE ELAST 41
170 CONTINUE ELAST 42

RETURN ELAST 43
END ELAST 44

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 ELAST I 42

SUBROUTINE ELAST l0/2i/80 14.33.04 PAGE I



SUBROUTINE ELAST

VARIABLES SN TYPE
155 CC REAL

0 Fl REAL

154 1 INTEGER
0 IFOR INTEGER

156 J INTEGER
0 K REAL

157 KJ INTEGER
153 L INTEGER

160 M INTEGER
0 MBAND INTEGER

152 N INTEGER

0 NUMX

76/176 OPT:0 TRACE

RELOCATION

ARRAY F.

F.

DOTARRAY

F.

F.INTEGER

STATEMENT LABELS DEF LIN
0 100 21

56 110 23
0 120 24

65 130 26
106 140 31

0 150 32
143 160 40
0 170 41

LOOPS LABEL INDFA FROM-TO
14 120 N 13 24
16 10 L 14 23
36 100 KJ 19 21
66 150 N 26 32
70 140 L 27 31
120 110 M 34 41
125 :10 L 36 40

COMMON BLOCKS LENGTH
DOT 54000 LCM

STATISTICS
PROGRAM LENGTH 1778
LCM LABELED COMMON LENGTH 1513608

1400008 SCM USED

E

STATIC

REFS
.P. REFS

32
REFS

.P. REFS
REFS
REFS

30
REFS
REFS

30
REFS

P. REF5
REFS
2*30
35

P. REFS
DEFINED

REFERENCES
19
14 15
13
8

27 28
26
36 37
34

LENGTH
SOB
43B
13B
30B
218
31B
218

FTN 4.8+508

21
2

39
2*21
8

20
2

32
21
15
37
35
14IS.'5

3*32

2
1

22
2*30

2*30
DEFINED

2*21
3

37
39
16
38

DEFINED
19
16
37

13

DEFINED
32

DEFINED

DEFINED
4

39
DEFINED

17
39
34
27

2*17
38

26

10/21/80

17
2*39

16

18
15

DEFINED
19
19

DEFINED

36
21
3*39

34

14.33.04

DEFINED

29

20
2*17
21
38
22
14

DEFINED
22

DEFINED

35

PROPERTIES
NOT INNER
NOT INNER

OPT
NOT INNER

OPT
NOT INNER

OPT

127
54000

PAGE 2

30

28

29
36

2*21
22

28
27

28
13

I
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SUBROUTINE ELEMI (P,Z,DISP,E,NU,KE,EPS0,FEPS0,AT,D,TT,RBAR,DELTA) ELEMI 2
C IMPLICIT REAL*8 (A-H, 0-Z) ELEMI 3

REAL NU,KE(6,6),BB(4,6),R(3),Z(3),A(3),B(3),C(3),D(4,4), ELEMI 4
+ TT(6,4),EPSO(4)FEPSO(6),DISP(6),AT(4,6) ELEMI 5

5 RDAR : (R(I)+R(2).',..0 ELEI 6
ZBAR : (Z(i)+Z'.+Z(3))/3.0 ELEMI 7
DELTA : R(2)*I(3)+R(I)*Z(2)+Z(l)*R(3)-(R(2)*Z(I)+R(3)*Z(2)+Z(3)*R( ELEMI 8

+1)) ELEMI 9
DELTA : DELT/2.O ELEMI 10

10 DOD : 2.0*DELTA ELEMI I1
C RITE(6,51) DELTA ELEMI 12

A(l) : R(2)*Z(3)-R(3)*Z(2) ELEMI 13
A(2) : R(3)*Z(I)-R(I)*Z(3) ELEMI 14
A(3) : R(I)*Z(2)-R(2)*Z(I) ELEMI 15

15 8(i) : Z(2)-Z(3) ELEMI 16
8(2) : Z(3)-Z(I) ELEMI 17
8(3) : Z(l)-Z(2) ELEMI 18
C(I) : R(3)-R(2) ELEMI 19
C(2) : R(I)-R(3) ELEMI 20

20 C(3) : R(2)-R(l) ELEMI 21
DO 100 K:1,3 ELEMI 22
J : 2*K-l ELEMI 23
JP : J+i ELEMI 24
BB(I,J) : 0.0 ELEMI 25

25 BBDIJP) : C(K)/DDD ELEMI 26
BB(2,J) : B(K)/DDD ELEMI 27
BB(2,JP) : 0.0 ELEMI 28
BB(3,J) : (A(K)/R8AR+B(K)+C(K)*ZBAR/RBAR)/DDD ELEMI 29
BB(3,JP) : 0.0 ELEMI 30

30 88(4,J) : C(K)'DDD ELEMI 31
100 BB(4,JP) : B(K)/DDD ELEMI 32
C RITE(6,50) ((BB(I,K),K:1,6),I:1,4) ELEMI 33

D(I,2) : NU/(I.0-NU) ELEMI 34
D(1,3) : Di1,2) ELEMI 35

35 D($,4) : 0.0 ELEMI 36
D(Z,I) : D(1,2) ELEMI 37
0(2,2) : 1.0 ELEMI 38
0(2,3) : Di1,2) ELEMI 39
Di1,1) : 1.0 ELEMI 40

40 D(2,4) : 0.0 ELEMI 41
D(3,1) : D(1,3) ELEMI 42
D(3,2) : D(2,3) ELEMI 43
D(3,3) : 1.0 ELEMI 44
D(3,4) = 0.0 ELEMI 45

45 D(4,1) : Di1,4) ELEMI 46
D(4,2) : 0(2,4) ELEMI 47
D(4,3) : Di3,4) ELEMI 48
D(4,4) : (1.0-2.0*NU)/(2.0*(I.0-NU)) ELEMI 4$

C NRITE(6,51) (( D(I,K),K:I,4),I:1,4) ELEMI CO
50 DO 110 1:1,4 ELEMI 51

DO 110 J:1,4 E.EMI 52
110 DI,J) : D(I,J)*E*(I.0-NU)/((i.0+NU1*(I.0-2.0*NU)) ELEMI 53

DO 120 1:1,6 ELEMI 54
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DO 120 K:1,4 ELEMI 55
TT(I,K) : 0.0 ELEMI 56

DO 120 J:1,4 ELEMI 57
TT(I,K) : TT(I,K)+BB(J,I)*D(J,K) ELEMI 58

120 CONTINUE ELEMI 59
C WRITE(4,51) ((TT(I,K),K:$,4),I:,6) ELEMI 60

60 AO 130 1:1,6 ELEMI 61
DO 130 K:1,6 ELEMI 62
KE(I,K) : 0.0 ELEMI 63

DO 130 J:1,4 ELEMI 64
130 KE(I,K) : KE(I,K)+TT(;.J)*BB(J,K) ELEMI 65

65 DO 140 1:1,6 ELEMI 66
DO !40 J:1,6 ELEMI 67

140 KEiJ,J) : KE(I,J)*6.283Id*RBAR*DELTA ELEMI 68
C bRITE(6,50) :(KE(iK),K:1,6),I:l,6) ELEMI 69
C *****THERMAL STRAIN r0RCES***** ELEMI 70

70 DO 160 1:1,6 ELEMI 71
FEPSO(I) : 0.0 ELEMI 72

DO 150 J:1,4 ELEMI 73
150 FEPSO(I) : FEPS0(I)+TT(1,J)*EPS0(J) ELEMI 74
C 14 FEPS0(I) :-6.28318*FEPS0(I)*RBAR*DELTA ELEMI 75

75 160 FEPSO(I) : +6.28318*FEPSG(I)*RBAR*DELTA ELEMI 76
DO 170 I:1,4 ELEMI 77

DO 170 K:1,6 ELEMI 78
AT(I K) : 0.0 ELEMI 79

80 170 J:1,4 ELEMI 80
80 170 AT(I,K) : AT(I,KI+D(I,J)*BB(J,K) ELEMI 81

RETURN ELEMI 82
C ELEMI 83

END ELEMI A4

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 ELEMI I 81

VARIABLES SN TYPE RELOCATION
474 A REAL ARRAY REFS 3 28 DEFINED 12 13 14
0 AT REAL ARRAY F.P. REFS 3 80 DEFIED I 78 80

477 B REAL ARRAY REFS 3 26 9 31 DEFINED I5 "o
17

444 BB REAL ARRAY REFS 3 57 64 30 DEFINED 24 25
26 27 28 29 30 31

502 C REAL ARRAY REFS 3 25 28 30 DEFINED 18 19
20

0 D REAL ARRAY F.P. REFS 3 34 3 38 41 4?45
46 47 52 57 80 DEFINED I 33
34 35 36 37 38 39 40 41
42 43 44 4S 46 47 48 52
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SUBROUTINE ELEMI

VARIABLES SN TYPR.
43' DDD REAL

0 DELTA REAL

0 DISP REAL
0 E REAL
0 EPSO REAL
0 FEPSO REAL

443 I INTEGER

441 J

442
440

76/176 OPT:O TRACE STATIC

RELOCATION

ARRAY

ARRAY
ARRAY

F.P.

F.P.
F.P.
F.P.
F.P.

INTEGER

INTEGER
INTEGER

JP
K

0 KE

0 NU
0 R

0 RBAR
0 TT

0 2

436 ZBAR

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140
0 ISO
0 160
0 170

LOOPS LABEL I
103 100 K
232 110
234 110
253 120I
255 120 K
263 I?0 J
306 I3Ni
310 130 K
316 130 J
340 140I
342 140 1

REAL

REAL
REAL

REAL
REAL

REAL

REAL

INDEX
K
IJ

IK
J

I
K
J

J

ARRAY

ARRAY

ARRAY

ARRAY

DEF LINE
31
52
58
64
67
73
75
80

FROM-TO L
21 31
50 52
51 52
53 58
54 58
56 58
60 64
61 6qt
63 64
65 67
66 67

F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

REFERENCES
21
50
53
60
65
72
70
76

LENGTH PROI
468
17B
128 IN
318
24B
138
308
238
128 IN!
158
108 IN!

REFS
DEFINED

REFS

REFS
REFS
REFS
REFS

75
REFS
3*73
65

REFS
2*64
63

REFS
REF S

3*57
61

REFS
67

REFS
REFS
2*19

REFS
REFS

57
REFS
2*16

REFS

10/21..80 1'.33.04

25
10
9

3
52
3
3

2*52
2*75
70
23

66

2
62
77
3

3
3

2*20
2*28
3

3
2*17
28

5'
54
61
66

77

PERTIES
OPT

26

10

DEFINED
DEFINED

73
73

55
78
76
.4

2X73
72
27
25

3x64

64

2*33
3*5

DEFINED
67
57

3*6
DEFINED
DEFINED

28

67

I

DEFINED
75

3*57
3*80

26
2*80
79
29
26
78

67

2*48
6*7
I

75
64

6*7

6

30

75

I
DEFINED

62
DEFINED

28
DEFINED

31
3*28
3*80

DEFINED

3*52
2*12

DEFINED
73

2*12

31

DEFINED

3*64
50

30
22

DEFINED
30

DEFINED

DEFINED
2*13

DEFINED

2*13

56
63

79

NOT
STACK

NOT
NOT

OPT
NOT
NOT

STACK
NOT

5 TACK

INNER

INNER
INNER

INNER
INNER

INNER

PAGE 3

I 7

71

2*67
53

2*52
51

23
31
21

62

1
2*!4

5
I

73

71
60

2*57
56

55
54

64

2*18

55

2*15

'5

FIN 4.6+506
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SUBROUTINE ELEMI

LOOPS LABEL INDEX
357 160 1
363 150 J
403 170 1
405 170 K
412 170 J

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

FROM-TO LENGTH PROPERTIES
70 75 22B NOT INNER
72 73 100 INSTACK
76 80 258 NOT INNER
77 80 208 NOT INNER
79 80 10B INSTACK

5358

FTN 4.e+508 10/21/80 14.33.04
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SUBROUTINE EOCALC (RI,R2 OLDGAP,BETAIPFLAGF,NUMGAP,RATIODELOLD, EOCALC 2
+KPRINTNUMXDPH,DEL,DPLAS,TYPE,DELGAP,OVRLAP,NEWWT) EOCALC 3

C EOCALC 4
C THIS SUBROUTINE CALCULATES THE EO STRAINS THAT ARE MULTIPLIED EOCALC 5

5 C BY THE SOFT GAP SPRING CONSTANT KI TO ADD EQUIVALENT NODAL FORCES EOCALC 6
C TO FORCE GAP CLOSURE. THESE FORCES ARE ADDED TO Fl IN GAPADD. EOCALC 7
C EOCALC 8

DIMENSION DPH(NUMGAP),NA(6),R(3),Z(3) EOCALC 9
DIMENSION U(4),F(NUMX),N(2),OLDGAP(NUMGAP) EOCALC 10

10 INTEGER PFLAG EOCALC II
REAL DELOLD(NUMGAP), DEL(NUMGAP),DPLAS(NUNGAP) EOCALC 12
REAL Ki,K2,TYPE(4UMGAP) EOCALC 13
REAL DELGAP(NUMGAP),OVRLAP(NUMGAP),NEWWT(NUMGAP) EOCALC 14
REAL K EOCALC I5

15 COMMON/DOT/K(900,50) EOCALC 16
LEVEL2,K EOCALC 17

CALL FILL (NUMGAPDPH) EOCALC 18
SUM : 0. EOCALC 19
PI : 3.141592654 EOCALC 20

20 REWIND 19 EOCALC 21
DO 130 NI:I,NUMGAP EOCALC 22
KI : RI EOCALC 23
K2 : R2 EOCALC 24

C SPRING STIFFNESSES OF END SPRINGS ARE 0.5 * OTHER SPRING EOCALC 25
25 C CONSTANTS EOCALC 26

RATIOI = 0. EOCALC 27
READ (19) R,ZNNACSSN,TYPE(NI) EOCALC 28
KI : KI*TYPE(NI) EOCALC 29
K2 : K2*TYPE(NI) EOCALC 30

30 DO 100 J:1,2 EOCALC 31
U(J*2-1) : F(N(J)*2-I) EOCALC 32
U(J*2) : F(N(J)*2) EOCALC 33

100 CONTINUE EOCALC 34
DEL(NI) : SQRT((R(2)-R(i))**2+(Z(2)-Z(I))**2) EOCALC 35

35 UNITI : (R(2)-R(l))/DEL(NI) EOCALC 36
UNITJ : (Z(2)-Z(I))/DEL(NI) EOCALC 37
DELR : (R(2)-R(I)+U(3)-U(I)'*UNITI EOCALC 38
DELZ : (Z(2)-Z(I)+U(4)-U(C))*UNITJ EOCALC 39

C EOCALC 40
40 C TO MAKE CLOSURE OCCUR AT SOME ?ER CENT EOCALC 41

C OF THE ORIGINAL GAP LENGTH SET DEL:DEL* PER CENT EOCALC 42
C EOCALC 43

OVRLAP(NI) : (DELR+DELZ)/DEL(NI) EOCALC 44
C EOCALC '+5

45 C E-EC : OURLAP EOCALC 46
C EOCALC 47

IF (PFLAG.EQ.0) DPLAS(NI) : 0. EOCALC 48
IF (PFLAG.EQ.0) GO TO 120 EOCALC 49
IF (TYPE(NI).EQ.I) GO TO 110 EOCALC 50

50 IF (NI.EQ.l) DPLAS(NI) : DPH(NI)* R(I))/DEL(NI) EOCALC 51
IF (NI.NE.l) DPLAS(NI) : DPH(NI-I)*(R(I))/DEL(NI) EOCALC 52
GO TO 120 EOCALC 53

110 DPLAS(NI) : (DPH(NI-I)+DPH(NI))*(RI)),(DEL(NI)*2.) EOCALC 54

SUBROUTINE EOCALC I0/21/80 14.33.04 PAGF I
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120 CONTINUE EOCALC 55
55 DELGAP(NI) : ((-K2+KI)/K2)*(OVRLAP(NI)+DPLAS(hi))-KI*OLDGAP(NI EOCALC 56

+ )/K2 EOCALC 57
IF (DELGAP(NI).LT.0.0.AND.OLDGAP(NI).EQ.0.0) GO TO 130 EOCALC 58
SUM : SUM+ABS(DELGAPtNI)) EOCALC 59

130 CONTINUE EOCALC 60
60 C IELAS:0 EOCALC 61

C DO 95 I:I,NUMGAP EOCALC 62
C IF(DPLAS(I).NE.0.) IELAS:1 EOCALC 63
C 95 CONTINUE EOCALC 64
C ZZZ:0.19 EOCALC 65

65 C ZZ:0. EOCALC 66
C DO 150 NI:I,NUIGAP EOCALC 67
C IF(DELOLD(NI ) .NE.0.0) EOCALC 68
C * ZZZ:ABS(UDELOLD(NI )-DELGAP(NI ))/DELOLD(NI )) EOCALC 69
C ZZZ:AMAXI(ZZ,ZZZ) EOCALC 70

70 C 150 CONTINUE EOCALC 71
C IF(ZZZ.GT.0.19) BETAI : BETAI-1. EOCALC 72
C IF(ZZZ.LT.0.'9) BETAI : BETAI + 1. EOCALC 73

BETA : BETAI EOCALC 74
DO 140 NI:iNUMGAP EOCALC 75

75 KI : RI*TYPE(NI) EOCALC 76
IF (SUM.EQ.0.0) SUM : 1. EOCALC 77
NENWT(NI) : AB5(DELGAP(NI)/SUM)**2 EOCALC 78
K2 : R2*TYPE(NI) EOCALC 79

C SPRING STIFFNESSES OF END SPRINGS ARE 0.5 * OTHER SPRING EOCALC 80
80 C CONSTANTS EOCALC 81

C IF(IELAS.EQ.O) EOCALC 82
C * DELGAP(NI):BB*DELGAP(NI) + (i.-88) * DELOLD(NI) EOCALC 83
C IF(IELAS.EQ.0) NEWT(NI) :1. EOCALC 84
C IF(IELAS.EQ.0) BETA:5. EOCALC 85

85 PRES : (OLDGAP(NI)-(VRLAP(NI)-I.)*DEL(NI))*Kl/(PI*(-.2762*2.) EOCALC 86
+ *.0548) EOCALC 87

OLDGAP(NI) O: LDGAP(NI)+DELGAP(NI)*BETA*NEWWT(NI) EOCALC 88
C OLDGAP(NI):OLDGAP(NI) + DELGAP(NI)*BETA EOCALC 89

IF (OURLAP(NI).GT.O.0.AND.OLDGAP(NI).LE.0) OLDGAP(NI) : 0.0 EOCALC 90
90 IF (OLDGAP(NI).NE.0.) RATI01 : ABS(DELGAP(NI)/OLDGAP(NI)) EOCALC 91

RATIO : AMAXI(RATIORATIOi) EOCALC 92
DELOLD(NI) : DELGAP(NI) EOCALC 93

140 CONTINUE EOCALC 94
RETURN EOCALC 95

95 END EOCALC 96

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 EOCALC 194

SUBROUTINE EOCALC 10/21/80 14.33.04 PAGE
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VARIABLES SN TYPE
326 BETA REAL
0 BETAI REAL

317 CS * REAL
0 DEL REAL

0 DELGAP REAL

0 DELOLD REAL
324 DELR REAL
325 DELZ REAL
0 DPH REAL

0 DPLAS REAL

0 F REAL
321 J INTEGER
0 K REAL
0 KPRINT INTEGER

311 KI REAL

312 K2 REAL
350 N INTEGER
330 NA INTEGER
0 NEWT REEL
0 NUMGAP INTEGER

0 NUMX INTEGER
315 NI INTEGER

OLDGAP

OURLAP
PFLAG
P1
PRES
R

RATIO
RAT 10I
RI
R2
SN
SUM
TYPE

U
UNITI
UNITJ
z

REAL

REAL
INTEGER
REAL

* REAL
REAL

REAL
REAL
REAL
REAL

* REAL
REAL
REAL

REAL
REAL
REAL
REAL

A

A

A

76/176 OPT:0 TRACE

RELOCATION

F.P.

RRAY F.P.

RRAY F.P.

RRAY P.P.

ARRAY

ARRAY

ARRAY

ARRAY
*UNUSED

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.

CDT
F.P.

F.P.
F.P.

F.P.

F.P.

F.P.
F.P.

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.

E STATIC

REFS
REFS

DEFINED
REFS

85
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

53
REFS
REFS
REFS

DEFINED
REFS

75
REFS
REFS
REFS
REFS
REFS

74
REFS
REFS

47
75

DEFINED
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REF''

DEFINED
RFFa
REF S

DEFINED
REFS
REFS
EF 3
REFS

10/21/80 14.33.04

87
73
27
11

DEFINED
13
1

11
43
43

81

I

9
2*31
14
1

12

12
9
8

13
8

DEFINED
9

27
49

2*77
21
9

13
10
85
85
8

27
91
9:
22
23
27
58
12

9
37
38
8

DEFINED
DEFINED

35

57
55

DEFINED
DEFINED
DEFINED

17

55

31
2*32

15

28

29
31

DEFINED
87
9

DEFINED
28

4*50
78
74
55
87
55
47

DEFINED

2*34

DEFINED
DEFINED

75
78

76
28
27

2*37
DEFINED
DEFINED

2*34

73
I

36
34
58

37
38
50

DEFINED

32
DEFINED

16

2*55

3*55
32
27

DEFINED
3*11

1
2?

4*51
31.85

57
89
85
48
19

2*35

26
DEFINED
DEFINED

77
29

2*38
35
36

2*36

43

77

92

51

DEFINED
30

85

DEFINED
DEFINED

34
4*53
4*87

85

89
DEFINED

2*37

91
90

DEFINED
49

DEFINED

50

87

2*53

47

DEFINED

23
27

77
3*13

35
4*55
3*89

87

DEFINED
I

50

18
75

31

2*38 DEFINED

3

51

90

50

53

92

51

28

78

21

22

29

17

0

0
0

3??
327

3';
31;
3
0

320
313
0

344
322
323
341

6
2*57
3* 90

89

51

2*43
58

2*92

2*90

43

53

7658
78

32

27

FTN 4,8+508 PAGE
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FILE NAMES
TAPEI9

EXTERNALS
FILL
SQRT

INLINE FUNCTIONS
ADS
AMAXI

STATEMENT LABELS
0 100

146 110
154 120
174 130
0 140

LOOPS
24
47

203

LABEL
130
100
140

MODE
UNFMT READS 27 MOTION 20

TYPE ARGS REFERENCES
2 17

REAL I LIBRARY 34

TYPE
REAL
REAL

INDEX
NI
J
NI

ARGS

0
INTRIN
INTRIN

DEF LINE
33
53
54
59
93

FROM-TO
21 59
30 33
74 93

DEF LINE

REFERENCES
30
49
486
21
74

LENGTH
1538

138
558

REFERENCES
58
91

77 90

52
57

PROPERTIES
EXT REFS

OPT
OPT

COMMON BLOCKS
DOT

LENGTH
45000 LCM

STAT IS','CS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

140003B SCM USED

NOT INNER

4408
1277108

288
45000

10/21/80 14.33.04 PAGESUBROUTINE EOCALC
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SUBROUTINE FILL (N,ARRAY)
DIMENSION ARRAY(I)

DO 100 I:1,N
ARRAY(lI) :0.0

100 CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FILL

VARIABLES
0 ARRAY

0 N

DEF LINE

SN TYPE
REAL
INTEGER
INTEGER

STATEMENT LABELS
0 100

REFERENCES
6

RELOCATION
ARRAY F.P.

F.P.

DEF LINE
5

REFERENCES
3

LOOPS LABEL
S100

INDEX
I

FROM-TO
35

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
58

238

PROPERTIES
INSTACK

19

5

FILIL
FILL
FIlL
F ' -
FILL
FILL
FILL

2
3
4
5
6
7
8

REFS
REFS
REFS

2
4
3

DEFINED
DEFINED
DEFINED

I
3

FTN 4.8+508 10/21/80 14.33.04SUBROUTINE FILL PAGE I
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1

15

20

I

ENTRY POINTS
4 GAPADD

VARIABLES
70 CS

0 F

0 KZ
66 KI

101
67

103

0
0
0

73
71
72
76

L
N
NA

NUMGAP
NUMX
OLUGAP

R
SN
Tr vp
2

DEF LINE

SN TYPE
REAL
REAL

REFERENCES
21

RELOCATION

ARRAY

REAL
REAL

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
REAL

REAL
REAL
REAL
REAL

F.P.

F.P.

AkRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.
F.P.

GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD
GAPADD

2
3
4
5

7
8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23

REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

19
19

19

16
7
8

8
I1
7

16
7

15
7
7
7
1
7
18
16
7

17
16
16
11
16

DEFINED
17

2*16

10
DEFINED

16

DEFINED

17
DEFINED

DEFINED
17
17

DEFINED
17

15
18

2"17

DEFINED

I17

15
DEFINED

18
15

15
18
18
1

18

$9
2*18

18

i5
19

DEFINED
2*19

19

DEFINED

10

15

SUBROUTINE GIPADD 10121/40 14.33.04 PAGE I

SUBROUTINE GAPADD (F,OLDGAP,KZ,NUMGAP,NUMX)
C
C THIS ROUTINE ADDS THE E-ZERO TERMS iO THE F-MATRIX
C FOR THE GAP CLOSURE ITERATION SCHEME.

5 C
C

DIMENSION F(NUMX),OLDGAP(NUMGAP),R(3),Z(3),L(2),NA(6)
REAL KI ,KZ
REWIND 19

D DO 100 N:I,NUMGAP
KI :=KZ

C
C SPRING STIFFNESSES OF END SPRINGS ARE 0.5 * OTHER SPRING
C CONSTANTS

READ (19) R,2,L,NA,CS,SN,TYPE
F(NA(I)) : F(NA(I))-Kl*CS*OLDGAP(N)*TYPE
F(NA(3))= :F(NA(3))+KI*CS*OLDGAP(N)*TYPE
F(NA(2)) : F(NA(2))-KI*SN*OLDGAP(N)*TYPE
F(NA(4)) : F(NA(4))+KI*SN*OLDGAP(N)fTYPE

100 CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

I



SUBROUTINE GAPADD

FILE NAMES MODE
TAPE19 UNFMT

STATEMENT LABELS
0 100

LOOPS LABEL INDEX
13 100 N

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

FRO
IC

76/176 OPT:0 TRACE STATIC

READS 15

DEF LINE REFERENCES
20 10

H-TO LENGTH PROPERTIES
0 20 378

1248

MOTION

FTN 4.8+508

9

I/21/i80 14,33.04

EXT REFS

84

PAGE 2
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SUBROUTINE GAPSEM (R,ZKZ,NIN2,KK, ISAVETYPE, IXLSET, ITEST, IGAP) GAPSEM 2
C GAPSEM 3
C THIS ROUTINE ASSEMtLES LOCAL STIFFNESS FOR A PARTICULAR GAPSEM 4
C GAP ELEMENT GAPSEM 5

5 C GAPSEM 6
C SMIN IS THE STIFFNESS OF THE SOFT SPRING GAPSEM 7
C GAPSEM 8
C A TAPE RECORD I5 MADE FOR EACH GAP ELEMENT OF GAPSEM 9
C RADIAL AND AXIAL COORDINATES GAPSEM 10

10 C END NODES GAPSEM 11
C GLOBAL MATRIX COORDINATES GAPSEM 12
C COS AND SIN OF ELEMENT ANGLE TO GLOBAL COORD MATES GAPSEM 13
C ELEMENT STIFFNESS IN GLOBAL COORDINATES GAPSE 14
C GAPSEM 15

15 C GAPSEM 16
REA KI ,KZ GAPSEM 17
REAL K GAPSEM 18
REAL KLOC GAPSEM 19
DIMENSION TK(4,4) R(3),Z(3),KK(6) ,TLOK(4,4) GAPSEM 20

20 COMMON/DOT/K(90O0) GAPSEM 21
LEVEL2,K GAPSEM 22

CALL FILL i16,TK) GAPSEM 23
CALL FILL (16,TLOK) GAPSEM 24
KLOC : 0.0 GAPSEM 25

25 IF (IXLSET.EQ.I.OR.ITEST.EQ.I) KLOC : KZ*1000.*TYPE GAPSEM 26
IF (IXLSET.EQ.I) CALL XGAPSM (TLOKKLOC) GAPSEM 27
KI : KZ GAPSEM 28

C GAPSEM 29
C SPRING STIFFNESSES OF END SPRINGS ARE 0.5 * OTHER SPRING GAPSEM 30

30 C CONSTANTS GAPSEM 31
RL : SQRT((R(2)-R(l))**2+IZ(2)-Z(I))**2) GAPSEM 32
CS : (R(2)-R(I))/RL GAPSEM 33
SN : (Z(2)-Z(I))/RL GAPSEM 34
SHIN : KI*I.E-07*TYPE GAPSEM 35

35 C GAPSEM 36
IF (IXLSET.EQ.I.OR.ITEST.EQ.I) SHIN : KLOC GAPSEM 37
IF (IGAP.EQ.0) SHIN : KI*I.E-07*TYPE GAPSEM 38

C GAPSEM 39
TK(Il,) : CS**2 GAPSEM 40

40 TK(1,2) : CS*SN GAPSEM 41
TKI,3) : -CS**2 GAPSEM 42
TK(I,4) : -CS*SN GAPSEM 43
TK(2,I) : CS*SN GAPSEM 44
TK(2,2) : SN**2 GAPSEM 45

45 TK(2,3) : -5N*CS GAPSEM 46
TK(2,4) : -SN**2 GAPSEM 47
TK(3,1) : -CS**2 GAPSEM 48
TK(3,2) : -CS*SN GAPSEM 49
TK(3,3) : CS**2 GAPSEM 50

50 TK(3,4) : CS*SN GAPSEM 51
TK(4,1) : -SN*CS GAPSEM 52
TK(4,2) : -SN**2 GAPSEM 53
TK(4,3) : SN*CS GAPSEM 54
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55

60

C

goo
C
C

C
C
C

65

C WRITEi

70

110

75 C

TK(4,4) : SN**2

DO 100 1:1,16
TK(I) : TK(l)*SMIN
CONTINUE

WRITE (19) R,Z,NI,NZ,KK,CS,SN,TYPE

GLOBAL ASSEMBLY IN BANDED FORMAT

DO 110 1:1,4
II : KK(I)

DO 110 J:=,14
6,1)II,JJ,ISAVE

JJ : KK(J)
IF (II.GT.JJ) GO TO 110
IF (JJ-II.GT.ISAVE) GO TO 110
K(IIJJ-+1) : K(IIJJ-II+1)+TK(J)+TLOK(IJ)
CONTINUE

RETURN

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GAPSEM

DEF LINE
I

REFERENCES
74

VARIABLES
252 CS

255
0

256
0
0
0

257
260
0
0

250
0

247
0
0
0

SN TYPE
REAL

I
I GAP
II
ISAVE
ITEST
IXLSET
J
JJ
K
KK
KLOC
KZ
KI
NI
N2
R

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
REAL
REAL
REAL
INTEGER
INTEGER
REAL

RELOCATION

F.P.

F.P.
F.P.
F.P.

ARRAY
ARRAY

ARRAY

DOT
F.P.

F.P.

F. P.
F. P.
F. P.

REFS
48

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS 61 DEFINED

SUBROUTINE GAPSEN 10/21/80

GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM
GAPSEM

39
49
32

2*57
37
70
71
25
25
69
70
17
19
18
16
16
61
61
19

40
50

66
DEFINED

71
DEFINED

26
2*72

71
20
61
26
25
34

DEFINED
DEFINED

2*31

42
53

DEFINED

DEFINED

I
DEFINED

67
DEFINED

72
69

DEFINED
DEFINED
DEFINED

41I
51

2*72

4*72

DEFINED
36

DEFINED
2*72
21
66
36
27
37

2*32

43
61

56

66

i

69
DEFINED
DEFINED

24
i

27

65

72
2

25

1

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

PAGE 2
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VARIABLES
251 RL
254 SHIN
253 SN

261 TK

301
0
0

TLOK
TYPE
2

FILE NAMES
TAPE 19

EXTERNALS
FILL
SQRT
XGAPSM

STATEMENT LABELS
0 100

207 110

SN TYPE
REAL
REAL
REAL

REAL

REAL
REAL
REAL

MODE
UNFMT

RELOCATION

ARRAY

ARRAY

ARRAY
F.P.
F.P

WRITES

TYPE ARGS
2

REAL I1
2

LIBRARY

DEF LINE
58
73

REFERENCES
22

e 31
26

REFERENCES
56
65

REFS
REFS
REFS

50
DEFINED
REFS

41
49

REFS
REFS
REFS

PROPERTIES
INSTACK

NOT INNER
OPT

COMMON BLOCKS
DOT

LENGTH
45000 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

140000 SCM USED

32
57
40
51
33
19
42
50
19
25
19

33
DEFINED

+2
52

22
43
51
23
3':

2*31

DEFINED
34
43
53

57
44
52
26
37

2*33

31
36
44
54

72
45
53
72
61
61

48
37
45
61

DEFINED
46
54

DEFINED
DEFINED

61

46

39
47
57

I
I

LOOPS
145
157
164

LABEL
100
110
110

INDEX
I
I
J

FROM-TO
56 58
65 73
67 73

67

LENGTH
66

368
2 69

70 71

325B
127710B8

213
45000

SUBRaUTINE GAPSEM 10/21/40 14.33.04 PAGE 3
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I

5

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GPFORC

VARIABLES
0 CLOSE

141 DEL
144 DELR
145 DELZ

0 F
0 FORCE
0 GAPSIZ

137 1
0 IGAP
0 IXLSET

140 J
167 N
161 NA
0 NUMGAP
0 NUMX

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
26

RELOCATION
F.P.

ARRAY

ARRAY

ARRAY
ARRAY

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

SUBROUTINE GPFORC (FNUMX,GAPSIZ, FORCE,IGAP,NUNGAP,IXLSET,CLOSE)
REAL R(3),Z(3) ,F(NUMX) , U(4)
INTEGER NA(6),N(2), IGAP(NUIIGAP)
GAPSIZ : -10.
REWIND 19

DO 110 I:I,NUMGAP
C
C THE FIRST GAP ELEMENT MUST CORRESPOND TO THE PELLET MIDPLANE
C

READ (19) RZNNA
DO 100 J:1,.
U(J*2-1) : F(N(J)*2-1)

100 U(J*2) : F(J(J)*2)
DEL : SQRT((R(2)-R(l))**2+(Z(2)-Z(I))**2)
UNITI : (R(2)-R(i))/DEL
UNITJ : (Z(2)-Z(I))/DEL
DELR = (R(2)-R(I)+U(3)-U(I))*UNITI
DELZ : (Z(2)-Z(1)+U(4)-U(2))*UNIT'
OURLAP : (DELR+DELZ)/DEL
IF (IXLSET.NE.I.AND.OVRLAP.LE.GAPSIZ.AND.CLOSE.EQ.2..AND.I.EQ.

+ NUfGAP) IGAP(I) :=I
IF (I.GT.1) GO TO 110
GAPSIZ = OVRLAP
FORCE :=GAPSIZ

110 CONTINUE
RETURN
END

10

15

20

GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC
GPFORC

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

20
15
19
19
2

20
2*20
3

20
2*12
3
3
3
2

DEFINED
16

DEFINED
DEFINED

12
24
24
22

DEFINED
DEFINED

2*13
12

DEFINED
6

DEFINED

19
17
18
13

DEFINED
DEF I NED

DEFINED
13
10
20

DEFINED

DEF I NED

I
6

20

11
DEFINED

DEFINED

14

I

23

10

SUBROUTINE GPFORC 10/21/40 14.33.04 PAGE I
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VARIABLES
146 OVRLAP
147 R
155 U
142 UNIT
143 UNIT
152 Z

FILE NAMES
TAPE 9

EXTERNALS
SQRT

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

MODE
UNFMT

TYPE
REAL

STATEMENT LABELS
0 100

115 110

RELOCATION

ARRAY
ARRAY

ARRAY

READS

ARGS
I LIBRARY

DEF LINE
13
25

REFERENCES
14

REFERENCES
II
6

REFS
REFS
REFS
REFS
REFS
REFS

20
2
2

17
18
2

23
2*14
2*17

DEFINED
DEFINED

2x14

10 MOTION

DEFINED
2*15
2*18

15
16

2*16

'9
2*17

DEFINED
DEF I NED

12

2*18 DEFINED

5

22

PROPERTIES
EXT REFS

INSTACK
NOT INNER

STATISTICS
PROGRAM LENGTH

140000 SCM USED
2058

LOOPS
i5
21

10
13

10

LABEL
110
100

INDEX
I
J

FROM-TO
6 25

ii 13

LENGTH
1038

128
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FUNCTION GAPTST (CLOSE ICLOSE IGAPISAVE,IUNIT IXLSET KI,K2,LOADST GAPTST 2
+ MBAND,MBNDOL,MATPRO,NhISPS,NELEMNLOADS NLOADc NNODE NTEMPS,NTIE GAPTST 3
+SNUMGAPNUMXNUMYNUNITALFDTC3ORD,DIbELOLDDELEM,EPP,FFI,F2, GAPTST 4
+Ib,LTYPE,OLDEPPSPDATC,TIEV) GAPTST 5
5INTEGERGAP,GAPENDCLADELEM(NELEM,3),ID(NDISPS), TE(NTIES) GAPTST 6
INTEGER LTYPE(NELEM),IGAP(NUMGAP) GAPTST 7
REAL F(NUMX),F2(NLOAD2),DELOL(NUMGAP),TC(NELEM) GAPTST 8
REAL OLDEP?(NELEM,4),E(NELEM),V(NELEM),ALFDT(NELEM,3) GAPTST 9
REAL MATPRO(9) FNIUMX) GAPTST 10

10 REAL COORD(NNODiS,2),EPP(NELEM,4),DI(NDISPS),K,KI,K2 GAPTST 11
COMMON/DOT/ K(900,60) GAPTST 12
LEVEL2,K GAPTST 13
DATA GAP,GAPENDCLADi3HGAP,7HGAP END ,4HCLAD / GAPTST 14

C GAPTST I5
15 C THIS FUNCTION DETERMINES FORCE IN THE CENTER GAP SPRING FOR GAPTST 16

C VARIOUS VALUES OF CLOSE, AS FOUND BY CLOSEX. GAPTST 17
C GAPTST 18

ISAVE : 0 GAPTST 19
N : NLOADS+NTEMPS+3 GAPTST 20

20 REWIND 22 GAPTST 21
DO 100 I-lNLOADS GAPTST 22

100 READ (22) JF2(J),KI,F2(KI) GAPTST 23
00 110 hI-,NTEMPS GAPTST 24

110 READ (22) J,TC(J) GAPTST 25
25 READ (22) SPDA GAPTST 26

CALL NULOAD (CLOSE ICLOSE,IGAP,ISAVE,IUNIT,IXLSET KIK2,LOADST,MBA GAPTST 27
+ND,MBNDOL,MATPRO,N6ISPS,NELEM,NLOAD5,NLOAD2,NNODE ,NTEMPS NTIES,NU GAPTST 28
+MGAPNIMX NUMY,NUNIT,ALFDT,COORD,DI,DELOLD,E,ELEM,EPPF,F ,ID,LTYP GAPTST 29
+EOLDEFP,.PDA,TCTIE,V) GAPTST 30

30 DO 120 I:1,N GAPIST 31
120 BACKSPACE UNIT GAPTST 32

DO 130 I:1,NUMX GAPTST 33
130 FI(I) : F(I? GAPTST 34

CALL ELAST (Fi ;, 1PAND,0) GAPTST 35
35 CALL GPFORC (FI,NUMX,GAPSIZ,FORCE,IGAP,NUMGAP,IXLSET,CLSE' GAPTST 36

GAPTST : FORCE GAPTST 37
RETURN GAPTST 38
END GAPTST 39

SYMBOLIC REFERENCE MAP (R:2)

ENTRY OIN15 DEF LINE REFERENCES
5 GAPTST I 37

VARIABLES SN TYPE RELOCATION
0 ALFDT REAL ARRAY F.P. REFS 8 26 DEFINED 1

301 CLAD INTEGER REFS 5 DEFINED 13
0 CLOSE REAL F.P. REFS 26 35 DEFINED I
0 COORD REAL ARRAY F.P. REFS 10 26 DEFINED I
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VAn I A1LMS
0 DELOLD
0 DI
0 E
0 ELEM
0 EPP
0 F

335 FORCE
0 Fl
0 F2

277 GAP
300 GAPEND
334 GAPSIZ
330 GAPTST
332 I

0 ICLOSE
O ID
0 IGAP
0 ISAVE
0 IUNIT
0 IXLSET

333 J
0 K
0 KI
0 K2
0 LOADST
0 TYPE
0 MATPRO
0 BAND
0 MBNDOL

331 N
0 NDISPS
0 NELEM

NLOADS
NLOAD2
NNODES
NTEMP5
NTIES
NUMGAP
NUMX

NUMY
NUNIT
OLDEPP
SPDA
TC
TIE
V

FILE NAMES
TAPE22
VARIABLES

SN TYPE
REHL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER

* REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
INTEGER
REAL

MODE
UNFMT
USED AS

RELOCATION
ARRkv F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

F.P.
ARRAY F.P.
ARRAY F.P.

F.P.
F.P.
F.P.

ARRAY DOT
F.P.
F.P.
F.P.

ARRAY F.P.
ARRAY F.P.

F.P.
F.P.

F.P.
F.P.

ARRAY

ARRAY
ARRAY
ARRAY

FILE NAMES,

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

READS
SEE ABOVE

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
kEFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

7
10
J

10
7

35
9
7
5
5

35
36

2*33
26
5
6

26
26
26
22
10
10
10
26
6
9

26
26
30
5
5
1

19
7

10
19
5
6
7
6

26
26
8

26
7
5
8

22

26
26
26
26
26
26
36
34
20

DEFINED
DEFINED

DEFINED
DEFINED

26
26

DEFINED
DEFINED

35
24
it
22
26

DEFINED
26
26
34

DEFINED
DEFINED

10
6

21
26
26
23
26
7
9

DEFINED
DEFINED

26
DEFINED

26
26
26

25

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

33

35
DEFINED

13
13

21

DEFINED
35

DEFINED
DEFINED

12
26

DEFINED

DEFINED
DEFINED
DEFINED

19
26
7

26
DEFINED
DEFINED

26
DEFINED

26
26

DEFINED

DEFINED
DEFINED
DEFINED

MOTION

I

I

DEFINED

DEF I NED

23

DEFINED
18

I/O REFS

22

DEFINED)
I

I
I
I

DEFINED
4*8

DEFINED
I
I

DEFINED
I

35
32

I
25

I

2*22

30

1

31

33

32

I
10 26

I

1

DEFINED
34

3
35
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EXTERNALS
ELAST
GPFORC
NULOAD

STATEMENT LABELS
0 100
0 110
0 120
0 130

TYPE ARmc
4
8

39

DEF LINE
22
24
31
33

REFERENCES

35
26

REFERENCES
21
23
30
32

PROPERTIES
EXT REFS
EXT REFS
EXT REFS

INSTACK

COMMON BLOCKS
DOT

LENGTH
54000 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

1400008 SCM USED

LOOPS
22
42

152
161

LABEL
100
110
120
130

INDEX
I
I
I
I

FA 'M-T0
21 22
23 24
30 31
32 33

LENGTH
168
11B
58
58

350E
1513608

232
54000
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SUBROUTINE IFPRES (IXLSETF,NUMGAP,PRESFCKI,NUMX,NELEM) IFPRES 2
INTEGER NA(6),N(2) IFPRES 3
REAL F(NUMX),PRESFC(NUMGAP,3),U(4),R(3),Z(3) IFPRES 4
REAL KI IFPRES 5

5 REWIND 19 IFPRES 6
IF (IXLSET.EQ.1) WRITE (6,130) IFPRES 7
IF (IXLSET.NE.1) WRITE (6,140) IFPRES 8

DO 120 I:1,NUMGAP IFPRES 9
READ (19) R,Z,N NA,CS,SN IFPRES 10

10 DO 100 J:$,t IFPRES 11
U(J*2-1) : F(N(J)*2-I) IFPRES 12

100 U(J*2) : F(N(J)*2) IFPRES 13
DEL : SQRT((R(2)-R(I))**2+(Z(2)-Z(I))**2) IFPRES 14
UNITI : (R(2)-R(l))/DEL IFPRES 15

I5 UNITJ : (Z(2)-Z(I))'DEL IFPRES 16
DELR : (R(2)-R(l)+U(3)-U(I))*UNITI IFPRES 17
DELZ : (Z(2)-Z(I)+U(4)-U(2))*UNITJ IFPRES 18
OVRLAP : (DELR+DELZ)/DEL IFPRES 19
NX : NELEM-NUGAP+I IFPRES 20

20 IF (IXLSET.EQ.I) GO TO 110 IFPRES 21
GAFjZ : OVRLAP*DEL IFPRES 22
WriTE (6,150) NX,GAPSZ IFPRES 23
60 TO 120 IFPRES 24

110 CONTINUE IFPRES 25
25 TYPE : 1. IFPRES 26

I (I.EQ.I.OR.I.EQ.NUMGAP) TYPE : 0.5 IFPRES 27
PRES : OVRLAP*KI*1000.*TYPE*DEL*I.0E+07/PRESFC(1,2) IFPRES 28
WRITE (6,160) NX,PRES IFPRES 29

120 CONTINUE IFPRES 30
30 RETURN IFPRE5 31

C IFPRES 32
130 FORMAT (28HOALL GAP ELEMENTS ARE CLOSED,',IHO,25H INTERFACE PRESSU IFPRES 33

+RES ARE ) IFPRES 34
140 FORMAT (IH0,30X,I0HGAP SIZES ) IFPRES 35

35 150 FORMAT (IHO,ISHFOR GAP ELEMENT,I4,ISH THE GAP SIZE :,E15.5) IFPRES 36
160 FORMAT (I10,15HFOR GAP ELEMENT, I4,2IHI TERFACE PRESSURE : ,E15.5) IFPRES 37

END IFPRES 38

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 IFPRES I 30

VARIABLES ;N TYPE RELOCATION
244 CS * REAL DEFINED 9
247 DEL REAL REFS 14 15 18 21 27

DEFINED 13
252 DELR REAL REFS 18 DEFINED 16
253 DELZ REAL REPS 18 DEFINED I7

SUBROUTINE IFPRES 10/21/0 PAGE I



SUBROUTINE IFPRES

VARIABLES
0 F

256 GAPSZ
243 I

0 IXLSET
246 J

0 KI
267 N
261 NA

0
0
0

255
254
260

0
275
245
257
271
250
251
300

NELEM
NUMGAP
NUMX
NX
OURLAP
PRES
PRESFC
R
SN
TYPE
U
UNITI
UNITJ
Z

SN TYPE
REAL
REAL
INTEGER
INTEGER
INTEGER
REAL
INTEGE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC FTN 4,8+508

RELOCATION
ARRAY F.P.

F.P.

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.
F.P.

F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

3
22
19
6

2*11
4
2
2

19
3
3

22
21
28

3
3
9

27
3
16
17
3

II
DEFINED

2*26
7

2*12
27
11

DEFINED
DEFINED

8
DEFINED

28
27

DEFINED
27

2*13

DEFINED
2*16

DEFINED
DEFINED

2*13

12
21
27
20

DEFINED
DEFINED

12
9
1

19

DEFINED
DEFINED

27
DEFINED

2X14

25
2*17

14
15

2*15

IO/21/80 14.33.04 PAGE 2

DEFINED

DEFINED
DEFINED

10
I

DEFINED

26

I

8
i

9

DEFINED

19
18

2*16

26
DEFINED

DEFINED

II

2*17 DEFINED

9

12

9

FILE NAMES
TAPE 19
TAPE6

EXTERNALS
SORT

STATEMENT LABELS
0 100

120 110
144 120
206 130 Ft
2!6 140 Ft
222 150 Ft
230 160 Ft

MODE
UNFMT
FMT

TYPE
REAL

'T
MT
MT
MT

READS
WRITES

ARGS
I LIBRARY

DEF LINE
12
24
29
32
34
35
36

REFERENCES
:3

REFERENCES
10
20

8
6
7

22
23

LOOPS
25
31

LABEL
120
100

INDEX

J

FROM-TO
8 29

10 12

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LENGTH
1228

128

3158

PROPERTIES
EXT REFS

INSTACK
NOT INNER

205

9
6

MOTION
7

5
22 28

23

I
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SUBROUTINE KTIE (NTIESTIE,MBANDNUMXNUY) KTIE 2
INTEGER TIE(I) KTIE 3
REAL K(900,60) KTIE 4
COMMON/DOT/K KTIE 5

5 LEVEL2,K KTIE 6
C KTIE 7
C KTIE 8
C THIS SUBROUTINE CHANGES THE STIFFNESS MATRIX TO ENFORCE CLADDING KTIE 9
C END CONDITIONS AT THE KIE 10

10 C KTIE I1
NMBAND : 0 KTIE 12
NMI : NTIES-1 KTIE 13
K2 :I KTIE 14
KI NUMX KTIE 15

I5 DO 100 I:INTIES KTIE 16
IF (TIE'.I).LT.KI) KI : TIEUI) KTIE 17

100 IF (TIE(I).GT.K2) K2 : TIE(i) KTIE 18
KI : KI-MBAND+1 KTIE 19
IF (KI.LE.0) KI : I KTIE 20

20 DO 150I 1:1,NMI KTIE 21
KT : IABS(TIE(NTIES)-TIE(l)) KTIE 22
IF ((MBAND+KT).GT.NMBAND) NMBAND : MBAND+KT KTIE 23
IF (NMBAND.GT.NUMX) NMBAND : NUMX KTIE 24
IF (NMBAND.GT.NUMY) WRITE (6,160) BAND KTIE 25

25 IF (NMBAND.GT.NUIY) STOP KTIE 26
C KTIE 27
C KTIE 28

DO 150 J:KI,K2 KTIE 29
II : TIE(NTIE5) KTIE 30

30 IF (J.NE.TIEI)) GO TO 110 KTIE 31
KL : IABS(II-J)+I KTIE 32
KZ : J KTIE 33
IF (J.GT.II) KZ : II KTIE 34
K(Il,1) : K(II,1)+K(KZKL) .TIE 35

35 110 IF (J.LT.II) GO TO 130 KTIE 36
JJ : J-II+l KTIE 37
IF (JJ.EQ.I) GO TO 150 KTIE 38
KL : TIE(I) KTIE 39
KZ : J-KL+I KTIE 40

40 IF (KL.GT.J) KZ : KL-J+I KTIE 41
IF (KL.GT.J) KL : J KTIE 42
IF (KZ.GT.NMBAND) GO TO 150 KTIE 43
IF (JJ.GT.NMBAND) GO TO 120 KTIE 44
K(IIJJ) : K(II,JJ)+K(KL,KZ) KTIE 445

45 120 K(KLKZ) : 0. KTIE 46
IF (J.EQ.TIE(I)) K(KL,KZ) : -K.II,JJ) KTIE 47
GO TO 150 KTIE 48

130 JJ : II-J+I KTIE 49
II : J KTIE SO

50 KZ : J-TIE(I)+I KTIE 51
IF (KZ.LE.0) GO TO 140 KTIE 52
IF (JJ.GT.NMBAND) GO TO 150 KTIE 53
K(II,JJ) : K(IIJJ)+K(TIE(I),KZ) KTIE 54
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K(TIE(I),KZ) : 0.
KL : TIEiI)
IF (J.EQ.TIE(I)) K(KL,KZ) : -K(IIJJ)
GO TO 150
K(II,JJ) : K(II,JJ)+KiJ,(TIE(I)-J+l))
K(J,(TIE(I)-J+I)) : 0.
CONTINUE

MBAND : NWDAND
RETURN

FORMAT (IHO.52HMBAND IS LARGER THEN MAX DIMENSIONS OF THE K-MATRIX
+ ,/,8H MBAND =,15)
END

SYMBOLIC

ENTRY POINTS
4 KTIE

VARIABLES So
332 1

335

334

34u

0

336

333
337

331

330
0

326

327
0
0
0
0

II

J

JJ

K

KL

KT
KZ

KI

K2
MOAND
NMBAND

NMI
Ni IES
NUMX
NUMY
TIE

REFERENCE MAP (R:2)

DEF LINE REFERENCES
I 62

iN TYPE
INTEGER

INTEGER

INTEGER

INTEGER

REAL

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

ARRAY DOT

F.P.

ARRAY

F .P.
F.P.
F.P.
F.P.

55

60

140

150

C
160

65

KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE
KTIE

55
56
57
58
59
60
61
62
63
64
65
66
67

5IREFS
53

DEF I NED
REFS

48
REFS
2140
2*59
REFS
2*58
REFS

56
54

REFS
56

REFS
REFS

54
REFS

18
REFS
REFS
REFS

61
REFS
!EF5
REFS
REFS
REFS

2x16
54
15
31

2*53
30

2*41
DEFINED

37
DEFINED

3
2*58
56
34

DEF I NED
2*22

34
56
16
19
17
18
22

DEF I NED
20
12
14
24
2

2*17
55
20

2*33
56
31
46
28
43
36
4

DEFINED
58
39
31

DEFINED
42

DEFINED
18

2a
2*22
23
II

DEFINED
15

2*23
25

2*16

2*44
49
36
56

2*53

46
46

45

21
56

2*34
2*58
32
48

2*44
48
5

34
59

2*40
38
21
44
32
19

DEFINED
24
24
22
12
21

DEFINED
DEFINED

2*17

46

39
2*58

56

2*53
53

46

38
59

36
29
35
50

52

2*44
45

44
55

46
39

DEFINED

17

42

DEFINED

30
58

35
DEFINED

33
49

46

2*34
44

41
41

45
33
28

13
DEFINED

25
23

29
1

2*21

53
50
16

51
40
14

61
43

0

30 38
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VARIABLES SN TYPE P.LOCATION

FILE NAMES
TAPE6

INLINE FUNCTIONS
IABS

TYPE
INTEGER

ARGS
I INTRIN

DEF LINE REFERENCES
2'

STATEMENT LABELS
0 100

123 110
171 120
207 130
260 140
277 150
314 160 FMT

DEF LINE
17
35
45
48
58
60
64

REFERENCES
15
30
43
35
51
20
24

PROPERTIES
OPT

EXT REFS
OPT

NOT INNER

COIt+ION BLOCKS
DOT

LENGTH
54000 LCM

STATISTICS
PROGRAM LENGTH
LCM LABELED COMMON LENGTH

140000B SCM USED

MODE
FMT

46
DEFINED

50

WRITES

53 54 55 56

31

58 59

LOOPS
22
45
74

LAPEL
100
150
150

INDEX
I
I
J

FROt-TO
15 17
20 60
28 60

37

LENGTH
X38

2408
2068

47 52 57

3708
151360B

248
54000
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5

10

15

20

ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST
(HOOP STRAIN)/(RADIAL STRAIN)
COMP - PUO2 CONTENT (WT;)
CWKF - EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT (M**2,M**2)
CWNF - EFFECTIVE COLD WORK FOR STRAIN HARPDNING EXPONENT
DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED
CLADDING (KG OXYGEN/KG ZIRCALOY)
FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFiCIENT (N/M**2)
FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT
FOTMTL - FEsEL OXYGEN TO METAL RAITO
FRDEN - (PJEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY)
FTMELT - UOL OR MIXED OXIDE FUEL MELTING POINTS (K)
RSTRAN - TRU. STRAIN RATE (i/SEC)

REWIND 22
ITEST : 0
IF (LOADST.EQ.ICLOSE) ITEST : I

***ZERO STRUCTURAL MATRIX AND FORCE MATRIX HERE****
NOT OPERATIVE FOR F

DO 100 I:I,NUMX
F(I) : 0.0

DO 100 J:I,NUMY
K(I,J) : 0.0

CALL FILL (NUMGAPDELOLD)
***READ NEW LOADS HARE FOR EACH LOADSTEP
TEMPORY

SUBROUTINE NULOAD (CLOSE ICLOSE IGRPISAVEIUNIT IXLSET KI,K2DLOA
+5T,MBAND, MBNDOL,MATPRONiISPSNLEM, NLOADS,NLOADc,NNODE NTEMPS NT
+IES,NUMGAPNUM;,NUMY,NUNIT,ALFDTCOORD,DI,DELOLD,E,ELEM, PPF, F, I
+DLT'PEOLDEPP, PDATCTIEV)
INTEGER GAP,GAPEND,CLAb,ELtM(NELEM,3),ID(NDISPS), TIE(NTIES)
INTEGER KK(6) ,LTYPE(NELEM'
INTEGER IGAP(NUMGAP)
REAL R(3),Z(3),EPS0(4),AT(4,6),D(4,4),TT(6,4),DISP(6),KE(6,6)
REAL FE(6),F(NUMX),F2(NLOAD2),DELOLD(NUMGAP),TC(NELEM)
REAL OLDEPP(NELEM,4),E(NELEM),V(NELEM),ALFDT(NELEM,3)
REAL MATPRO(II)

REAL COORD(NNODES,2),EPP(NELEM,4),DI(NDISPS),K,KI,K2
COMMON/DOT/ K(900,60)
LEVEL2 K
GAP : 3HGAP
GAPEND : 7HGAP END
CLAD : 4HCLAD
IF (LOADST.GT.I) MBAND : MBNDOL
COMP : MATPRO(2)
CWKF : MATPRO(3)
DELOXY : MATPRO(5)
FNCK : MATPRO(6)
FOTMTL : MATPRO(8)
FRDEN : MATPRO(9)
FTMELT : MATPRO(10)

30

35

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULO D
NULOAD
NULOAD
NULOAD
NULOAD
NULOA
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD

2
3
4
5
6

8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

C
C

50 100

C
C
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READ (IUNIT 340) NLOADS NULOAD 55
55 IF (NLOADS.tQ.0) GO TO 120 NULOAD 56

DO 110 I:I,NLOADS NULOAD 57
C NULOAD 58
C NULOAD 59
C NOD CODING FOR INCREMENTING LOADS FOR AXIAL LOCKUP NULOAD 60

60 C NULOAD 61
C Gs T KNOW IF LOADS NEED TO BE READ EACH TIME EITHER NULOAD 62
C NULOAD 63
C NULOAD 64

READ (IUNIT,350) NODEFRFZ NULOAD 65
65 L2 : 2*NODE NULOAD 66

LI : L2-1 NULOAD 67
L3 : I+NLOADS NULOAD 68
IF (LOADST.EQ.ICLOSE) F(LI) : (FR-F2(I))*CLOSE+F2(I) NULOAD 69
IF (LOADST.EQ.ICLOSE) F(L2) : (FZ-F2(L3))*CLOSE+F2(L3) NULOAD 70

70 IF (LOADST.EQ.ICLOSE) GO TO 110 NULOAD 71
F(LI) : FR NULOAD 72
F(L2) : FZ NULOAD 73
IF (ISAVE.EQ.I) WRITE (22) I,F2(I),L3,F2(L3) NULOAD 74
F2(I) : FR NULOAD 75

75 F2(L3) : FZ NULOAD 76
110 CONTINUE NULOAD 77
120 CONTINUE NULOAD 78

READ (IUNIT 360) NTEMPS NULOAD 79
DO 130 1:l,NTEMPS NULOAD 80

80 READ (IUNIT 360) NELTCC NULOAD 81
.1 tISAVE.E6.1) WRITE (22) NEL,TC(NEL) NULOAD 82
IF (LOADST.EQ.ICLOSE) TC(NEL) : TC(NEL)+CLOSE*(TCC-TC(ICL)) NULOAD 83
IF (LOADST.EQ.ICLOSE) GO TO 130 NULOAD 84
TC(NEL) : TCC NULOAD 85

85 130 CONTINUE NULOAD 86
LI : 4*NELEM NULOAD 87
CALL FILL (LIOLDEPP) NULOAD 86

DO 170 J:I,NELEM NULOAD 89
IF (LTYPE(J).EQ.GAP.OR.LTYPE(J).EQ.GAPEND) GO TO 170 NULOAD 90

90 TP : TC(J) NULOAD 91
IF (NUNIT.EQ.I) TP : TEMPFK(TP) NULOAD 92
IF (LTYPE(J).EQ.CLAD) GO TO 150 NULOAD 93
E(J) : FELMOD(TPFRDENFOTMTLCOMP) NULOAD 94
FACMOT : 0.0 NULOAD 95

95 IF (TP.GT.FTMELT) FACHOT : 1.0 NULOAD 96
C FACMOT IS THE FRACTION OF MOLTEN FUEL NULORD 97

V(J) : FPOIR(TP COMP) NULOAD 98
DO 140 I:=13 NULOAD 99

140 ALFDT(J,I) : FTHEXP(TP,FACMOT) NULOAD 100
100 GO TO 160 NULOAD 101

150 E(J) : CELMOD(TP,FNCKCWKFDELOXY) NULOAD 102
CR : CSHEAR(TPFNCKCWKF,DELOXY) NULOAD 103
V(J) : E(J)/(2.XCR)-1. NULOAD 104
CALL CTHEXP (TPCAYHEX,CDTHEX) NULOAD 105

105 ALFDT(J,I) : CATHEX NULOAD 106
ALFDT(J,2) : CDTHEX NULOAD 107
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ALFDT(Jt3) : CDTKEX NULOAD 108
160 CONTINUE NULOAD 109

IF (NUNIT.EQ.1) E(J) : PASPSI(E(J)) NULOAD 110
110 170 CONTINUE NULOAD III

REWIND 21 NULOAD 112
REWIND 18 NULOAD 113
REWIND 19 NULOAD 114
JI : I NULOAD 115

115 DO 190 N:lNELEM NULOAD 116
NI : ELEM(N,l) NULOAD 117
N2 : ELEM(N,2) NULOAD 118
N3 : ELEM(N 3) NULOAD 119
R(I) : COOR6(NI,1) NULOAD 120

120 R(2) : COORD(N2,I) NULOAD 121
R(3) : COORD(N3,I) NULOAD 122
Z(I) : COORD(NI,2) NULOAD 123
Z(2) : COORD(N2,2) NULOAD 124
Z(3) : COORD(N3,2) NULOAD 125

125 KK(2) : 2*ELEM(N,1) NULOAD 126
KK(4) : 2*ELEM(N,2) NULOAD 127
KK(6) : 2*ELEM(N,3) NULOAD 128
KK(I) : KK(2)-i NULOAD 129
KK(3) : KK(4)-I NULOAD 130

130 KV;5) : KK(6)-I NULOAD 131
C NULOAD 132
C NULOAD 133
C CAP ELEMENTS ARE ASSEMBLED IN GAPSEM NULOAD 134
C NULOAD 135

135 C NULOAD 136
C AS DONE NOW GAP ELEMENTS MUST BE NUMBERED LAST TO GET NULOAD 137
C CORRECT VALUES FOR KI 8 K2 OR TO OBTAIN CORRECT NUMBERS FOR NULOAD 138
C AVERAGE STRESSES NULOAD 139
C NULOAD 140

140 C NULOAD 141
FACT : 1.0 NULOAD 142
IF (LTYPE(N).EQ.GAPEND) FACT : 0.5 NULOAD 143
IF (LTYPE(N).EQ.GAP.OR.LTYPE(N).EQ.GAPEND) CALL GAPSEM (R,Z,KI NULOAD 144

+ ,NI,N2,KK,MBAND,FACT IXLSET ITESTIGAP(JI)) NULOAD '45
145 IF (i.TYPE(N).EQ.GAP.6R.LTYP (N).EQ.GAPENJ) JI : JI+I NULOAD 146

IF (LTYPE(N).EQ.GAP.OR.LTYPE(N).EQ.GAPEND) GO TO 190 NULOAD 147
C NULOAD 148

EPSO(I) : ALFDT(N,I)+EPP(N,I) NULOAD 149
EPSO(2) : ALFDT(N,2)+EPP(N,2) NULOAD 150

150 EPS0(3) : ALFDT(N,3)+EPP(N,3) NULOAD 151
EPSO(4) : EPP(N,4) NULOAD 152
CALL ELEMI (RZDISPE(N),V(N),KE,EPSO,FEATD,TT,RBAR,DELTA) NULOAD 153
WRITE (18) AT,D,TT,RbAR,DLTA NULOAD 154

DO 180 1:1,6 NULOAD I55
155 II : KK(I) NULOAD 156

F(II) : F(II)+FE(I) NULOAD 157
DO 180 J:1,6 NULOAD 158
JJ : KKiU) ti.L0AD 159
IF (II.GT.JJ) GO TO 180 NULOAD 160
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160 IF (JJ-II.GT.MBAND) GO 1 180 NULOAD 161
JJ : JJ-11+1 NULOAD 162
K(IIJJ) : K(II,JJ)+KE(I,J) NULOAD 163
KI : AMAXI(KIK(IIJJ)) NULOAD 164

180 CONTINUE NULOAD 165
165 190 CONTINUE NULOAD 166

C NULOAD 167
C NULOAD 168
C FOR KI ANL K2 TO BE CORRECT ALL GAP ELEMENTS MUST BE NUMBERED LAST NULOAD 169
C NJLOAD 170

170 C NULOAD 171
K2 : K1*10. NULOAD 172

C NULOAD 173
C TO CHANGE THE STIFFNESS OF THE GAP ELEMENT SPRING NULOAD 174
C A CHANGE MUST ALSO BE MADE IN GAPSEM NULOAD 175

175 KI : Ki*I.E-07 NULOAD 176
C NULOAD 177
C NULOAD 178
C ****** NULOAD 179
C ***SET DISPLACEMENT BOUNDARY CONDITIONS HERE**** NULOAD 180

180 REWIND 21 NULOAD 181
tEWIND 19 NULOAD 182

DO 200 I:I,NUMGAP NULOAD 183
R22 : K2 NULOAD 184
IF (IGAP(I).EQ.0) R22 : 0 NULOAD 185

185 IF (IXLSET.EQ.I) CALL XLFRC (FNUMGAPP22,NUMX,f) NULOAD 186
200 CONTINUE NULOAD 187

REWIND 19 NULOAD 188
DO 210 I:1,NUMGAP NULOAD 189
R22 : K2 NULOAD 190

190 IF IGAP(I).EQ.0) R22 : 0 NULOAD 191
IF (IXLSET.EQ.I.OR.ICLO5E.EQ.LOADST) CALL RADFRC (F,R22,NUMXI NULOAD 192

+ ) NULOAD 193
210 CONTINUE NULOAD 194

REWIND 19 NULOAD 195
195 IF (LOADST.GT.1) GO +0 230 NULOAD 196

READ (IUNIT 370) ND!SPS NULOAD 197
IF (NDISPS.&.0) GO TO 330 NULOAD 198

DO 220 I:INDISPS NULOAD 199
READ UNITT 380) NODEIDISPUU NULOAD 200

200 IF (IDISP.E6.1) ID(I) : 2*NODE-I NULOAD 201
IF (IDISP.EQ.2) ID(I) : 2NODE NULOAD 202
DI(I) : UU NULOAD 203

220 CONTINUE NULOAD 204
230 IF (NDISPS.EQ.0) GO TO 330 NULOAD 205

205 DO 270 I:I,NDISPS NULOAD 206
LL : ID(I) NULOAD 207
LLM : LL-I NULOAD 208
IF (LL.EQ.I) GO TO 250 NULOAD ,'09

DO 240 JJ:I,LLM NULOAD 210
210 J : LL-JJ+i NULOAD 211

IF (J.GT.MBAND) GO TO 240 NULOAD 212
F(JJ) : F(JJ)-K(JJ,J)*DI(i) NULOAD 213
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215

220

K(JJ,J) : 0.0
240 CONTINUE
250 CONTINUE

IF (LL.EQ.NUX) GO TO 270
LLP : LL+l

DO 260 JJ:LLP,NUMX
J : JJ-LL+I
IF (J.GT.MBAND) GO TO 260
F(JJ) : F(JJ)-K(LL,J)*DI(I)

260 CONTINUE
270 CONTINUE
C ZERO ALL ROWS WITH SPECIFIED DISPLACEMENTS

DO 280 I:1,4DISPS
LL : ID(I)
K(LLI) : 1.0
F(LL) : DI(I)

DO 280 J:2 MBAND
280 K(LL,J) : 6.0
C
C READ 4 OF CLAD NODES TO BE TIED IN THE Z-DIRECTION
C
C SAVE K MATRIX

IF (LOADST.GT.I) GO TO 300
READ (IUNIT,370) NTIES
IF (NTIES.EQ.0) GO TO 330

C MAXIMUM ALLOWABLE NTIES : 5
DO 290 I:1,NTIES
READ (IUNIT,370) TIE(I)

290 TIE(I) : TIE(I)*2
C
C SUBROUTINE KTIE ENFORC... END CONDITIONS FOR THE CLADDING
C AT THE PELLET-TO-PElLET INTERFACE
C
C

MBNDOL : MBAND
300 CALL KTIE (NTIESTIE,MBAND,NUMXNUY)
C
C
C SET F MATRIX MEMBERS AT EACH LOAD STEP TO ENFORCE CLAD END CONDITIO
C

READ (IUNIT 390) XSPDA
IF (ISAVE.E6.1) WRITE (22) SPDA
IF (ICLOSE.EQ.LOADST) SPDA : SPDA+(XSPDA-SPDA)*CLOSE
IF (ICLOSE.EQ.LOADST) GO TO 310
SPDA : XSPDA

310 CONTINUE
F(TIE(NTIES)' : SPDA+F(TIE(NTIES))
KT : NTIES-I

DO 320 1:1,KT
F(TIE(NTIES)) : F(TIE(NTIES))+F(TIE(I))

320 F(TIEiI)) : 0.0
330 CONTINUE

RETURN

225

230

235

240

NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
HULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NUL3AD
NULOAD
NULOAr
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD

250

255

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

260

265
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C
340
350
360

270 370
380
390

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END
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(515)
(15,5X,2E20.5)
(15,5X,2F10.2)
(15)
(215,FO. I)
(F10.5)

10/21/80

NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD
NULOAD

SYMBOLIC

ENTRY POINTS
4 NULOAD

VARIABLES SI
0 ALFDT

1556 AT
1512 CATHEX
1513 CDTHEX
1464 CLAD

0 CLOSE
1465 COMP

0 COORD

1511 CR
1466 CIKF
1606 D

0 DELOLD
1467 DELOXY
1523 DELTA

0 DI
1656 DISP

0 E

0 ELEM

0 EPP

1552 EP50
0 F

1510
1521
1730
1470
1471
1500

FACMOT
FACT
FE
FNCK
FOTITL
FR

REFERENCE

DEF LINE

IN TYPE
REAL

REAL
REAL
REAL
INTEGER
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEGER

REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

HAP (R:2)

REFERENCES
265

RELOCATION
RRRAY F.P.

ARRAY

F.P.

ARRAY F.P.

ARRAY
ARRAY F.P.

ARRAY F.P.
ARRAY
ARRAY F.P.

ARRAY F.P.

ARRAY F.P.

ARRAY
ARRAY F.P.

ARRAY

PAGE 6

267
268
269
270
271
272
273
274

IREFS
105

REFS
REFS
REFS
REFS
REFS
REFS
REF3

DEFINED
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS

101
REFS

DEFINED
REFS

DEFINED
REFS
REFS
2262
156

REFS
REFS
REFS
REFS
REFS
REFS

1

123

10
106
8

104
104
5

68
93
12

103
101

8
9

101
152
12
8

10
109
5
1

12

8
9

DEFINED
212
99

143
9

101
93
68

148
107
152
105
106
92
69
97
119

DEFINED
102
152
51
102
153
212
152
103

116

148

152
156
I

221
DEFINED
DEFINED

152
102

DEF I NED
71

99

124

202

93

127

149

153

107
DEFINED

82
DEFINED

120

102
DEFINED

153
DEFINED
DEFINED

221

109

117

149

DEFINED
185
48

228
94

141
156

DEFINED
23
74

DEFINED

DEFINED

122

DEFINED

DEFINED

125

151

149
212
69

262

150

17
255

19
121

20

1
21

228

152

118

150

148
191
68

259
95
142

22

DEFINE

126

150
221
71

263

151
259
72



SUBROUTINE NULOAD

VARIABLES SN TYPE
1472 FRDEN REAL
1471 InLLT REAL
1501 FZ REAL

0 F2 REAL

1462 GAP INTEGER

1463 GAPEND INTEGER

1475 1 INTEGER

0

0
1527

0
1524

0
1474

0

0
1476

1525

1514
0

1664
1536

1535
0

0
1531

1532
1533

0

0

1503
1502
1504

ICLOSE

ID
IDISP
I GAP
II

I SAVE
ITEST
IUNIT

IXLSET
J

JJ

JI
K

KE
KK

KT
KI

K2
LL

LLM
LLP
LOADST

LTYPE

LI
L2
L3

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTECt

INTEGER

INTEGER
REAL

REAL
INTEGER

INTEGER
REAL

REAL
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
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RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

F.P.

F.P.

F. P.

F.P.

F.P.

F.P.

F.P.

DOT

F.P.

F.P.

F.P.

F.P.
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REFS
REFS
REFS
REFS

75
REFS

DEFINED
REFS

DEFINED
REFS
155
201

2*241
154

REFS
255

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
199

REFS
REFS

101
211

DEF I NED
REFS
213

REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
227

REFS
REFS
REFS

191
REFS

DEF I NED
REFS
REFS
REFS

93
95
69

9

5
15
5

16
48
156
202
262
182
44

256
5

200
7

2*156
155
73
143

236
143
50

2*103
212
49
159
219
143
12
50
8
6

125
261
12

12
207
228
209
218
18

195
6
I

68
66

2*69

DEFINED
DEFINED

72
2*68

89

89

50
162
206
263
188
68

DEFINED
206
201
143
159

81
DEFINED
I/O REFS

240
185
2*89
105
213
88
160

2*221
145

13
162
152
128
126

DEF I NED
143
163
168.
208
230

DEFINED
DEFINED

44
235
2*89

71
69

2*73

7

74

24
25
75

2*69

143

142

67
184
212

DEFINED
198
69

226
DEFINED

184
160

254
43
54

253
191
90
106
220
157
161

DEFINED
DEFINED

14
213
162
129
127
260
163
175
189
210

DEFINED
207
217
68

255
92

87
12
75

DEFINED
2*73

145

143

2*68
185
221

47
205
70

DEFINED
199
190
161

DEFINED
44
64

DEFINED
92
107
221
210

2*162
158
114
162
227

130
128

171

DEFINED
216
206

69
256
142

DEFINED
DEFINED
DEFINED

64
DEFINED

146

145

2x73
190
226

56
225
82

DEFINED
2*162

78

93
2*109

230
219
163
161
145
163
230

143
129

175

217
226

70
DEFINED

2*143

66
65
67

196

146

74
191
228
79

239
83

200

1
163

97
158

229
210
209

212

'55
130

171
219

82
1

2*145

86

99
162

3*212
218

221

158

221

83

2*146

99
200
240
98

26.
191

201

80
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VARIABLES SN
0 MATPRO

0 BAND

0 MBNDOL
1515 N

0 NDISPS

1505 NEL
0 NELEM

0 NLOADS
0 4LOAD2
0 NNODES

1477 NODE
0 NTEMPS
0 NTIES

0 NUMGAP

0 NUMX

0 NUMY
0 NUNIT

1516 NI
1517 N2
1520 N3

0 OLDEPP
1544 R
1522 R3A
1526 R22

0 SPDA
0 TC

1506 TCC
0 TIE

1507 TP

1626 TT
1530 UU

0 V
1534 XSPDA
1547 Z

FILE NAMES
TAPE48
TAPE I
TAPE21
TAPE22
VARIABLES

TYPE
REAL

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REAL
INTEGER

REAL

REPL
REAL
REAL
REAL
REAL

MODE
UNFMT

RELOCATION
ARRAY F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.

F.P.

F.P.
F.P.

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.

F.P.

F.1.

WRITES
MOTION
MOTION

UNFMT NRITEE
USED AS FILE NAMES, SEE ABOVE

REFS
25

REFS
DEFINED

REFS
REFS
2*143

DEFINED
REFS

DEFINED
REFS
REFS

115
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

84
REFS
REFS

DEFINED
REFS
104

REFS
REFS
REFS
REFS
REFS

15?

73

II
DEFINED

143

18
116

2*145
115
5

2*81
5

DEFINED
55

9
12
65
79
5
I
7

9

49
91
119
120
121
ID
8

152
185
254
9

82
5

Q1
DEFa IEI

8
202

10
255
8

MOTION
181
180
8e

19

160
18

DEFINED
117

2*146

12
196
3*82
6
I

56
DEFINED
DEFINED

200
DEFINED

237
236
9

47

248
109
122
123
1' 4
87
143
153
191

2*255
81

84
241
240
93
90
52

DEFINED
52

Z57
143

112
187

254

23

247

127
151

205

142
2*152

225

20

211

li118
2*1486

197

84
9

67
I

201

239

51

185

LEFINED
DEFINED

143
143

DEFINED
DEFINED

152

DEFINED
259
2*82

DEFINED
248
241
95
91
153
199

DEFINED
DEFINED

152

21

220

247
125

2*149

198

DEFINED
4*10

DEFINED

DEFINED
78

248

182

191

DEFINED
DEFINED

118

DEF I NED

183
DEFINED

90

80
2*259

97

253
DEFINED

86

54

88

126
2*150

204

80
12

611
64

2*259

185

216

116
117

119

184

DEFINED

3*262

99

97

122

199

260

188

218

120

189
255

263

10:'

103

123

2*262

121

190
257
82

112

124

194

tOTIGN
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EXTERNALS
CELMOD
CSHEAR
CTHEXP
ELEMI
FEthOD
FILL
FPOIR
FTHEXP
GAPSEM
KTIE
PASPSI
RADFRC
TEMPFK
XLFRC

INLINE FUNCTIONS
AMAXI

TYPE
REAL
REAL

REAL

REAL
REAL

REAL

REAL

TYPE
REAL

ARGS
4
4
3

13
4
2
2
2
lI
5

4
i
5

ARGS
0 INTRIN

REFERENCES
101
102
104
152
93
51
97
99
143
x48
109
191
91
185

DEF LINE

87

REFERENCES
163

STATEMENT LABELS
0 100

176 110
202 120
234 130
0 140

320 150
347 160
357 170
614 180
623 190
0 200
0 210
0 220

744 230
1004 240
1010 250
1036 260
1042 270

0 280
0 290

1121 300
1153 310

0 320
1201 330
1433 34G FMT
1435 350 FMT
1440 360 FMT
1443 370 FMT
1445 380 FMT
1450 390 FMT

DEF LINE
50
76
77
85
99

101
I WE
110
164
165
186
193
203
204
214
215
222
223
230
241
248
%.58
263
264
267
268
269
270
271
272

REFERENCES
47
56
55
79
98
92

100
88
154
115
182
188
198
195
209
208
218
205
225
239
235
256
261
197
54
64
78
196
199
253

49
70

83

89
157
146

159 160

211

220
216
229

237204

80
236
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LOOPS LABEL INDEX FROM-TO
65 100 I 47 50
71 100 J 4950
115 110 1 56 76
206 130 1 79 85
250 170 J 88 110
307 140 1 98 99
374 190 N s15 165
550 180 I 154 164
561 180 J 157 164
642 200 I 182 186
665 210 I 188 193
721 220 I 198 203
750 270 I 205 223
763 240 JJ 209 214
1020 260 JJ 218 222
1047 280 1 225 230
1062 280 J 229 230
1104 290 1 239 241
1166 320 1 261 263

COMMON BLOCKS LENGTH
DOT 54000 LCM

STATISTICS
PROGRAM LENGTH 21378
LCM LABELED COMMON LENGTH 1513608

1400008 SCM USED

OPT:0 TRACE STATIC

LENGTH PROPERTIES
158 NOT
68 INSTACK

648 EXT
318 EXT
1128 EXT
78 EXT

2328 EXT
528 NOT
368 OPT
178 EXT
218 EXT
228 EXT
758 NOT
248 OPT
218 OPT
248 NOT
68 INSTACK
118 EXT
128 INSTACK

10/21/80 14.33.04

INNER

REFS
REFS
REFS
REFS
REFS
INNER

REFS
REFS
REFS
INNER

I NNER

REFS

NOT INNER

NOT INNER

1119
54000
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FUNCTION PASPSI 76/176 OPT:0 TRACE STATIC

FUNCTION PASPSI (PASCAL)
C ********
C THIS FUNCTION CHANGES PASCALS TO PSI
C
C *******U

PASPSI : PASCAL./6894.7572
RETURN
END

FTN +.8+508 10/21/80

PASPSI
PASPSI
PASPSI
PASPSI
PASPSI
PASPSI
PASPSI
PASPSI

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 PASPSI I 7

VARIABLES SN TYPE RELOCATION
0 PASCAL REAL F.P.

14 PASPSI REAL

STATISTICS
PROGRAM LENGTH 158 13

1400008 SCM USED

5

PAGE14.33.04

2
3
4
5
6
7
8
9

REFS
DEFINED

6
6

DEFINED

I

I
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SUBROUTINE AXPLAS (GFLAG,IFLAG ITER,IXLSET KI,MATPRO,MBAND,NDISPS AXPLAS 2
+NELEM.NTIESNUMGAP,NUMX,NUNITPFLAG,RATIO, ELAXTIME,ALFDT,COEF,DE AXPLAS 3
+PDI,TIMIEtE,ECREEP,ELEMEP,EPP,F,FI,ID,LTYPE,OLDEPP,OLDGAP,OLSIGF AXPLAS 4
+,5IGtlA,SLOP~E,TC, TIE,V) AXPLAS 5

5 C XFLAS 6
C THIS ROUTINE CALCULATES THE INCREMENTS OF PLASTIC AXPLAS 7
C OR CREEP STRAINS AS WELL AS THE PSEUDO LOADS FOR AXPLAS 8
C GAP CLOSURE AXPLAS 9
C AXPLAS 10

10 INTEGER LTYPE(NELEM) ELEM(NELEM,3),ID(NDISPS),TIE(NTIES) AXPLAS I1
INTEGER PELLET, CLAD, AP,GAPENDRELAX,GFLAG,PFLAG AXPLAS 12
REAL MATPRO(9),NUDEPP(4) EPP(NEEM,4) AXPLAS 13
REAL OLDEPP(NELEM4) , EP:NELEM) ,TC(NELEM) AXPLAS 14
REAL E(NELEM) ,OLSIGF(NELEM) ,SLOPE(NELEM) , COEF(NELEM) AXPLAS IS

15 REAL KI AXPLAS 16
REAL V(NELEM) ,FI(NUMX) ,F(NUMX) OLDGAP(NUMGAP) ,ECREEP(NELEM) AXPLAS 17
REAL DI(NDISPS) , SIGMA(NELEM,4),bEP(NELEM) ,ALFDT(NELEM,3) AXPLAS 18
GAP : 3HGAP AXPLAS 19
GAP:ND : 7HGAP END AXPLAS 20

20 CLAD : 4HCLAD AXPLAS 21
PELLET : 6HPELLET AXPLAS 22
IF (ITER.GT.I.OR.PFLAG.EQ.O) GO TO 130 AXPLAS 23

C ***PLASTIC SOLUTION STARTS HERE AXPLAS 24
C ASSUME PLASTIC STRAIN INCREMENTS AXPLAS 25

25 DO 100 J:I,NELEM AXPLAS 26
IF (LTYPE(J).EQ.PELLET.AND.RELAX.EQ.0) GO TO 100 AXPLAS 27
OLDEPP(J,1) : 1.0E-07 AXPLAS 28
OLDEPP(J,2) : 1.0E-07 AXPLAS 29
OLDEPP(J,3) : I.E-07 AXPLAS 30

30 OLDEPP(J,4) : 1.0E-07 AXPLAS 31
100 CONTINUE AXPLAS 32
C ***START ITERATIVE SOLUTION HERE AXPLAS 33
C BASED ON NEW VALUES OF PLASTIC STRAIN INCREMENTS AXPLAS 34
C CALCULATE ALL OLD EFFECTIVE STRESSES HERE AXPLAS 35

35 C IF EET ITERATION SCHEME 15 BEING UTILIZED AXPLA5 36
IF (RELAX.NE.0) GO TO 120 AXPLAS 37

DO 110 J:I,NELEM AXPLAS 38
IF (LTYPE(J).EQ.GAP.OR.LTYPE(J).E.GAPEND.R.LTPE(J).EQ.PELLE AXPLA5 39

+ T) GO TO 110 AXPLAS 40
40 EPI : EP(J) AXPLAS 41

TCI : TC(J) AXPLAS 42
El : E(J) AXPLAS 43
IF (NUNIT.EQ.0) TC; : TEMPKF(TCI) AXPLAS 44
JTYPE : I AXFP.A5 45

45 IF (LTYPE(J).EQ.CLAD) JTYPE : 2 AX'PAS 46
CALL STRESSX (OLSIGF(J),EPI,0.000,TCI,E;,JTYPE,NUNIT) AXPLAS 47
IF (NUNIT.EQ.0) OLSIGF(J) : SIPAS(CLSIGF(J)) AXPLAS 48

C WRITE(6,72) J,OLSIGF(J) AXPLAS 49
EPI : EP(J) AXPLAS 50

50 CALL STRESSX (DSIGF,EPI,0.P001,TCI,EI,JTYPE,NUNIT) AXPLAS 51
IF (NUNIT.EQ.0) '5IGF : PS!PAS(DSIGF) AXPLAS 5?
SLOPE(J) : (051C. -OLSIGF(J))/.0001 AXPLAS 53
COEF(J) : 2.0*(1.0+V(J))'(3.i'*E(J)) AXPLAS 54
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110 CONTINUE
120 CONTINUE
130 CONTINUE
C COMPUTE "PSEUDO-ELASTIC SOLUTION HERE
C ***FIRST ADD NEW TERMS TO VECTOR Fl(N) DUE TO INITIAL
C STRAINS CAUSED BY NEW PLASTIC STRAIN INCREMENTS

REWIND 18
DO 140 I:1 NUMX

140 FP(I) : F(i)
IF (PFLAG.EQ.0) GO TO 150
CALL STRNAD (NELEM,LTYPE,GAP,GAPEND,ELEM,OLDEPP,FI,NUMX)

C *U*RE-SET APPROPRIATE DISPLACEMENT CONDITIONS FOR Fl HERE

F-ZERO(OLDGAP) VALUES ARE ADDED TO F-MATRIX IN GAPADD
DELTA E-ZERO VALUES ARE CALCULATED & ADDED TO E-ZERO VALUES
IN THE SUBROUTINE EOCALC

IF (GFLAG.NE.0.AND.IXLSET.NE.I) CALL GAPADD (FI,OLDGAP,KI,NUMGAP,
+UX)

DO 160 I:l,NDISPS
LL : ID(I)
F'(LL) :DI()
CONTINUE

KT _ NTIES-1
DO 170 I1 KT
FI(TIE(NTIiS)) : . TIE(NTIE5))+FI(TIEI))
FiIMEiI)) : 0.

55

60

C
C
C
C
C
C
C
150

160

170
C
C ***NOW GET NEW DISPLACEMENTS AND STRESSES BASED ON
C NEW PLASTIC STRAIN INCREMENTS

IFLAG = I
CALL ELAST (FI,P 'MX,MBAND,IFLAG)

C AT THIS POINT IN PROGRAM, "PSEUDO-ELASTIC SOLUTION
C FOR ASSUMED OLDEPP'S HAS BEEN FOUND.
C ***GET EFFECTIVE STRESS FOR EACH NODE
C BASED ON ASSUMED PLASTIC STRAIN INCREMENTS

RATIO : 0.0
IF (PFLAG.EQ.0) RETURN

C NOW GET NEW PLASTIC STRAIN INCREMENTS
REWIND 18
CALL SIGCLC tNELEM,LTYPE,GAP,GAPEND,ELEM,ALFDT,EPP,OLDEPP,FI,SIGMA
+,V,EKPRINT,NUMXIFLAG)

uO 260 J:l,NELEM
IF (RELAX.NE.0.AND.LTYPE(J).NE.GAP.AND.LTYPE(J).NE.GAPEND) GO

+ TO0200
IF (LTYPE(J).EQ.GAP.OR.LTYPEJ).EQ.GAPEND.OR.LTYPE(J).EQ.PELLE

+ T) GO TO 260
C ISOTROPIC PLASTIC STRAIN-TOTAL STRAIN SCHEME STARTS HERE

SIGZ : SIGMA(J,l)
SIGR =:SIGMA(J,2)
SIGH : SIGMA(J,3)

N

AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPL AS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS

65

70

75

80

85

90

95

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
:04
10r
106
107

100

105
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TAU : SIGMA(J,4) AXPLAS 108
EMODZ : (SIGZ-V(j)*(SIGR+SIGH))IE(J)+OLDEPP(J,I) AXPLAS 109
EMODR : (SIGR-V(J)*(5IGH+S!GZ)),E(J)+OLDEPP(J,2) AXPLAS 110

110 EMODH : (SIGH-V(J)*(SIGR+SIGZ))/E(J)+OLDEPP(J,3) AXPLAS III
EMODRZ : TAU*(I.0+V(J))/E(J)+OLDEPP(J,4) AXPLAS 112
EET : 0.471405*SQRT((EMODH-EMODR)**2+(EMODR-EHODZ)**2+(EMODZ-E AXPLAS 113

+ MODH)**2+6.0*EMODR?**2) AXPLAS 114
SIGEFF : 0.707107*SQRT((SIGH-SIGZ)**2+(SIGZ-SIGR)**2+(SIGR-SIG AXPLAS 115

115 + H)**2+6.0*TAU**2) AXPLAS 116
C CHECK TO SEE IF OLD YIELD STRESS (AT NEW TEMP) :AS BEEN AXPLAS 117
C EXCEEDED. AXPLAS 118

IF (SIGEFF.GT.OLSIGF(J)) GO TO 180 AXPLAS 119
DEP(J) : 0.0 AXPLAS 120

120 NUDEPP(I) : 0.0 AXPLAS 121
NUDEPP(2) : 0.0 AXPLAS 122
NUDEPP(3) : 0.0 AXPLAS 123
NUDEPP(4) : 0.0 AXPLAS 124
NUDEPP(I) : (NUDEPP(I)+OLDCPP(J,I))/2. AXPLAS 125

125 NUDEPP(2) : (NUDEPP(2)+OLDEPP(J,2))/2. AXPLAS 126
NUDEPP(3) : (NUDEPP(3)+OLDEPP(J,3))/2. AXPLAS 127
NUDEPP(4) : (NUDEPP(4)+OLDEPP(J,4).2. AXPLAS 128
OLDEPP(JI) : C.G AXPLAS 129
OLDEPP(J,2) : 0.0 AXPLAS 130

130 OLDEPP(J,3) : 0.0 AXPLAS 131
OLDEPP(J,4) : 0.0 AXPLAS 132

C WRITE(6,9001) JSIGEFF, ( NUDEPP(J,KO),KO:1,4) AXPLAS 133
GO TO 260 AXPLAS 134

C OLD YIELD STRESS HAS BEEN EXCEEDED. DEP(J) MUST BE POSITIVE. AXPLAS 135
135 180 CONTINUE AXPLAS 136

DEP(J) : (EET-COEF(J)*OLSIGF(J))/(I.0+COEF(J)*SLOPE(J)) AXPLAS 137
C CHECK MAGNITUDE OF DEP(J) AXPLAS 138

IF (DEP(J).CE.0.0) GO TO 190 AXPLAS 139
WRITE (6,270) J AXPLAS 140

140 STOP AXPLAS 141
150 EM : (EMODH+EMODZ+EMODR)/3.0 AXPLAS 142

NUDEPP(I) : (DEP(J)/EET)*(EMODZ-EM) AXPLAS 143
NUDEPP(2) : (DEP(J)/EET)*(EHODR-EM) AXPLAS 144
NUDEPP(3) : -NUDEPPil)-NUDEPP(2) AXPLAS 145

145 NUDEPPQ4) : (DEP(J)/EET)*EMODRZ AXPLAS 146
NUDEPP(I) : (NUDE'P(I)+OLDEPP(J,1))/2. AXPLAS 147
NUDEP^(2) : (NUDEPP(2)+OLDEPP(J,2))/2. AXPLAS 148
NUDEPF(3) : (NUDEPP(3)+OLDEPP:J,3))/2. AXPLAS 149
NUDEPF(4) : (NUDEPP(4)+OLDEPP(J,4))/2. AXPLAS 150

ISO C CHECK MAGNIT ')E OF DEP(J). IF THIS IS LESS THAN I.0E-06, DON'T AXPLAS 151
C WANT TO KEEP ITERATING TO TIGHT TOLERANCE. 50 DIFFERENCE AXPLAS 152
C BETWEEN OLD AtD NUDEPP'S NOT CHECKED (IE, RATIO NOT UPDATED ) AXPLAS 153
C BUT NUDEPP'S ARE COHPUTED AS LONG AS FURTHER ITERATIONS ARE AXPLAS 154
C REQUIRED AT OTHER NODES. AXPLAS 155

155 IF (DEP(J).LT.I.OE-07) GO TO 260 AXPLAS 156
GO TO 230 AXPLAS 157

200 CONTINUE AXPLAS 158
C IS)TROPIC CREEP CALCULATIONS AXPLAS 159

IF (RELAX.NE.I) GO TO 210 AXPLAS 160
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160 SIGZ : SIGMA(J,1) AXPLAS 161
SIGR : SIGMA(J,2) AXPLAS 162
SIGH : SIGMA(J,3) AXPLAS 163
TAU : SIGMA(J,4) AXPLAS 164
EMODZ : (SIGZ-V(J)*(SIGR+SIG1))/E(J)+OLDEPP(J,1) AXPLAS 165

165 EMODR =(SIGR-V(J)*(SIGH+SIGZ))/E(J)+OLDEPP(J,2) AXPLAS 166
EMODH : (SIGH-V(J)*(SIGR+SIGZ))/E(J)+OLDEPP(J,3) AXPLAS 167
EMOD:Z = TAU*(l.D+V(J))/E(J)+OLDEPP(J,4) AXPLAS 168
DEP(J) = 0.47140452*SRT((OLDEPP(J,1)-OLDEPP(J,2))**2+(OiLEPP( AXPLAS 169

+ J,2)-OLDEPP(J,3')**2+(OLDEPP(J,3)-OLDEPP(J,l))**2+6.0*OLDEPP(J AXPLAS 170
170 + 4)**2) AXPLAS 171

6EPDOT : DEP(J)/DTIME AXPLAS 172
PHI : 2.4E+17 AXPLAS 173
CRAP : ECREEP(J)+DEP(J) AXPLAS 174

C CALL CREEP(SIGEFFDEPDOT,TIMETC(J),PHICRAP ) AXPLAS 175
175 C ***DEVIATOR STRESSES AXPLAS 176

CALL CRIIPX (SIGEFFDEPDOTTIMETC(J),PHICRAPLTYPE(J),NUNIT) AXPLAS 177
5M : (SIGH+SIGR+SIGZ)i3. AXPLAS 178
53 : SIGH-(SIGZ+SIGH+SIGR)/3. AXPLAS 179
IF (SM.GT.D.) SM : 0. AXPLAS 180

180 DV : OLDEPP(JI)+OLDEPP(J,2)+OLDEPP(J,3) AXPLAS 181
DV : ABS(DV) AXPLAS 182
DVDOT : DV/DTIME AXPLAS 183
CALL FPRESS (SIGHDVDOT,TIME,TC(J),PHI,CRAPLTYPE(J),NUNIT) AXPLAS 184
IF (LTYPE(J).EQ.PELLET) SIGEFF : 1.E+27 AXPLAS 185

185 IF (SIGEFF.LE.I.) SIGEFF : 1. AXPLAS 186
IF (SIGM.LE.I.) SIGH : 1. AXPLAS 187
51 : SIGZ-(SIGZ+SIGH+SIGR)/3.0 AXPLAS 188
52 : SIGR-(SIGZ+SIGH+S;GR)/3.0 AXPLAS 189
NUDEPP(I) : 1.5*DEP(J)*SI/SIGEFF AXPLAS 190

190 NUDEPP(2) : I.5*DEP(J)*S2/SIGEFF AXPLAS 191
NUDEPP(3) : 1.5*DEP(J)*S3/SIGEFF AXPLAS 192
NUDEPP(I) : 4JDEPP(I)+DV*SM/(3.0*SIGM) AXPLAS 193
NUDEPP(2) : NUDEPP(2)+DV*SM/(3.0*SIGM) AXPLAS 194
NUDEPP(3) : NUDEPP(3)+DV*SM,(3.0*SIGM) AXPLAS 195

195 NUDEPP(4) : 1.5*DEP(J)*TAU/SIGEFF AXPLAS 196
GO TO 230 AXPLAS 197

210 CONTINUE AXPLAS 198
C ANISOTROPIC PLASTIC STRAIN SCHEME STARTS HERE AXPLAS 199

IF (RELAX.NE.2) GO TO 220 AXPLAS 200
200 220 CONTINUE AXPLAS 201

230 CONTINUE AXPLAS 202
IF (OLDEPP(,1).NE.0.0.AND.OLDEPP(J,2).NE.0.0.AND.OLDEPP(J,3). AXPLAS 203

+ NE.0.0.AND.OLDEHP(J.4).NE.0.0) GO TO 240 AXPLAS 104
C THIS FORCES AT LEAST ONE ITERATION IF OLDEPPS ARF ZERO AXPLAS :05

205 RATIO : 10. AXPLAS 206
GO TO 250 AXPLAS 207

240 RATIO1 : (NUDEPP(l)-OLDEPP(J,1)),OLDEPP(J,1) AXPLAS 208
RATIO? :=(NJDEPP(2)-OLDEPP(J,2)),OLDEPPtJ,2) AXPLAS 209
RATIO3 : (NUDEPP(3)-OLDEPP(J,3))LDEPP(J,3) AXPLAS 210

210 RATIO : (NUDEPP(4)-OLDEPP(J.4)'/OLDEPP(J,4) AXPLAS 211
IF (ABS(NUDEPP(l)).LT.I.E-07.AND.ABS(OL)EPP(J.lfl.LT.,.E-07) R AXPLAS 212

+ ATIOI : 0. AXPLAS 213
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IF (ABS(*UDEPP(2)).LT.g.E-07.AND.ABS(OLDEPP(J,2)).LT.I.E-O7)
+ ATI02 : 0.

IF (ABS(NUDEPP(3)).LT.i.E-07.AND.ABS(OLDEPP(J,3)).LT.8.E-07)
+ ATIO3 : 0.

IF (ABS(NUDEPP(4)).LT.8.E-07.AND.ABS(OLDEPP(J,4)),.LT.,.E-07)
+ ATIO4 : 0.

RATI01 : ABS(RATIQ8)
RATIO2 : ABS(RATI02)
RATIO3 : ABS(RATI03)
RATI04 : ABS(RATI04)
RATIO : AMAXI(RATIORATIO8,RATI02,RATI03,RAT04)

250 OLDEPP(J,I) : NUDEPPi()
OLDEPP(J,2) : NUDEPP(2)
OLDEPP(J,3) : NUDEPP(3)
OLDEPP(J,4) : nrUDEPP( )

260 CONTINUE
RETURN

215

220

225

230
FORMAT (8H0,'4X,5HERROR,,43H NEGATIVE DEP CALCULATED IN STACK

+ .Ie)
END

R AXPLAS
AXPLAS

R AXPLAS
AXPLAS

R AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPLAS
AXPL AS
AXPLAS
AXPLAS
AXPLAS

CARD NR. SEVERITY DETAILS

8"!. 1 220

DIAGNOSIS OF PROBLEM

THIS IF DEGENERATES INTO A SIMPLE TRANSFER TO THE LABEL INDICATED.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXPLAS

VARIABLES
0 ALFDT

1421 CLAD
0 COEF

1453 CRAP
0 DEP

8*51
0

1431
0

1456

DEPDOT
DI
DSIGF
DTIME
DV

1457 DUDOT

DEF LINE

SN TYPE
REAL
INTEGER
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REFERENCES
93

RELOCATION
ARRAY F.P.

ARRAY F.P.

ARRAY F.P.

ARRAY F.P.

F.P.

REAL

C
270

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

REFS
REFS
REFS
REFS
REFS
173
136

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

17

14
176

17
189
168
176

17
50

171
181
180
183

96
45

2*136
183
138
190

DEFINED
77
51
182
182
181

DEFINED

DEFINED
TIFINED
DEFINED
JEFINED

142
191

171
DEFINED

52
DEFINED

192

20

173
143
195

DEFINED

193

I55
E

53

145
DEFINED

51

194

171
119

182
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VARIABLES SN TYPE
0 E REAL

0 ECREEP REAL
1 46 EET REAL

0 ELEM INTEGER
1450 EM REAL
1444 EMODN REAL
1443 EMODR REAL
1445 EMODRZ REAL
1442 EMODZ REAL

0 EP REAL
0 EPP REAL

1425 EPI REAL
1427 El REAL

0 F REAL
0 Fl REAL

1422 GAP INTEGER

1423 GAPEND INTEGER

0 GFLAG INTEGER
1432 I INTEGER

0 ID INTEGER
0 IFLAG INTEGER
0 ITER INTEGER
0 IXLSET INTEGER

1424 J INTEGER

JTYPE
KPR I NT
KT
KI
LL
TYPE

MATPRO
MOAND
NDISPS
NELEM

NILES
NUDEPP

INTEGER
* INTEGER

INTEGER
REAL
INTEGER
INTEGER

REAL
INTEGER
INTEGER
INTEGER

INTEGER
REAL

76/176 OPT:0 TRACE

RELOCATION
ARRAY F.P.

'iRRAY F.P.

ARRAY F.P.

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

F.P.

E STATIC

REFS
III

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS

41
2*99
3*110
128
143
161
171
191
213

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
3*101
REFS
REFS
REFS
REFS

37
REFS
PCr"5

FTN 4.8+508

14
164

16
136

10
142

2*112
2*112
112

2x112
13
12
46
46
16
16

I1
18
II
19

2*62
61
10
87
22
73
26
42

3*101
3*111
129
145
162

2*173
195
215
25
46
96
80
15
77
10

176
12
87
10

2*10
64
10
12

42
165
173
142
64

143
141
141
145
141
40
96
50
50
62
64
62
38

38

73
76
75
76
96

DEFINED
DEFINED

27
45
104
118
130
146
163

2*176
4*202
217
37
50

DEFINED
73

DEFINED
26
183

DEFINED
DEFINED

17
12
96
79
124

53
166

DEF I NED
143
96

DEF I NED
DEFINED

143
DEF I PFD

142
49

DEFINED
DEFINED
DEFINED
DEFINED

73
77
64

64

DEFINED
77
80

DEFINED
DEFINED

i

28
46
105
119
131
147

3*164
3* 180
2*207
224
98

DEFINED

79
DEFINED

76
3*38
184

1
75
3*13
98

2*81
125

10/21/80

96
167

I1
145

DEFINED
141
110

DEFINED
III

DEF INED
DEFINED

40
42
1

2*81
81
96

96

81

29
2*47
106
124

5*136
148

3*165
2*183
2*208
225

44

'1

45
DEFINED

DEFINED
4*14

DEFINED
DEFINED

126

30
49
107
125
138
149

3*166
184

2*209
226

45

64
I

I
2*16

I

127

6

110

PAGE14.33.04

108
DEFINED

DEFINED
1

166
109
167
108
I

49

87
82
99

99

82

165

164

96

101

101

1430
I435
1434

0
1433

0

0
0
0
0

0
1467

3*38
2*52
3*108
126
139
155

3*167
189

2*210
227

96

40
3*53
3*109
127
14:
160

8*68
I 0
211

2*99

3*17 25

146

109

112



SUBROUTINE AXPLAS

VARIABLES SN TYPE

0 NUMGAP INTEGER
0 NUMX INTEGER

0 NUNIT INTEGER

0 OLDEPP REAL

0 OLDGAP REAL
0 OL5IGF REAL

1420 PELLET INTEGER

0 PFLAG INTEGER
1452 PHI REAL

0 RATIO REAL
1463 RATIOI REAL
1464 RATI02 REAL
1465 RATI03 REAL
1466 RATIO4 REAL

0 RELAX INTEGER

1447 SIGEFF REAL

1440 SIGH REAL

1460 SIGH REAL

0 SIGMA REAL

1437 SIGR REAL

1436 SIGZ REAL

0 SLOPE REAL
1454 SM REAL
1461 51 REAL
1462 52 REAL
1455 53 REAL
1441 TAU REAL

0 TC REAL
1426 TCI REAL

0 TIE INTEGER
0 TIME REAL

76,176 OPT:0 TRACE STATIC

RELOCATION

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.
F.P.

147
209
226
125
147
194

REFS
REFS

DEFINED
REFS

DEF I NED
REFS
124
164

2*208
DEFINED

130
REFS
REFS

DEFINED
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
177

REFS
DEFINED
REFS
161

REFS
177

REFS
177

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

FTN 4.8+508

148
210
227
126
148
195
16

2*16
I

43

13
125
165

2*209

131
16
14

I11
21
1I

176
223
219
220
221
222

11I
118
114
108

2* 178
183
186

17
162
108
178
108
178

14
179
189
190
191
III

13
43
10

176

149
211

DEFINED
127
149

73
61

46

64
126
166

2*210
27

224
73
46
47
26

22
183

DEFINED
223
223
223
223
26

176
184
109
187
186

96
163
109
187
109

2*187
136
192

DEFINED
DEFINED
DEFINED

114
41
46

3*81
183

192
213
120
142
189

DEFINED
64

47

96
127
167
211
28

225
DEF I NED

4*7

38

63
DEFINED

D I
DEFINED
DEFINED
DEFINED
DEFINED

36

185
185
110
188
192

104
DEFINED

110
2*188
110
188

DEFINED
193
187
188
178
167
176
50
82

DEFINED

10/21/80

193
215
121
143
190

I
73

50

108
146

/*168
213
29

226
I

52

101

93
172
92

207
208
209
210
99

189

2*114
DEFINED

193

105

2*114
DEFINED

2*114
DEFINED

194

195
183

DEFINED
DEFINED

I

14.33.04

194
217
122
144
191

87

109
147

3*180
215
30

227

118

184

DEFINED

205
211
213
215
217
159

190

164
106
194

106

164
105
164
104
52

DEFINED

DEF I NED
DEFINED

41
1

PAGE

207
224
123
145
192

96

176

110
148

4*202
217
128

7

208
225
124
146
193

183

III
149

2*207

129

136

!95

166

1

223
219
220
221
222
199

191

165
162

107

165
161
165
160

177

160

166

166

179

107

43

163
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VARIABLES
0 1

SN TYPE
REAL

RELOCATION
ARRAY F.P.

FILE NAMES
TAPE$18
TAPE

EXTERNALS
CRIPX
ELAST
PRESS
GAPADD
PSIPAS
SIGCLC
SQRT
STRESSX
STRNAD
TEMPKF

INLINE FUNCTIONS
ADS

AMAXI

MODE

FNT

TYPE ARGS
8
4
8
5

REAL

REAL

REAL

TYPE
REAL

REAL

i
15
I LIBRARY
7
8
1

ARGS
I INTRIN

0 INTRIN

MOTION
WRITES

REFERENCES
176
87
183
73
47
96

e 112
46
64
43

DEF LINE

60
139

y3

114
50

REFERENCES
181
222
223

STATEMENT LABELS
55 100

157 110
163 120
164 130

0 140
212 150

0 160
0 170

530 180
546 190
623 200

1073 210
0 220

1074 230
1112 240
1215 250
1233 260
1365 270 FMT

INACTIVE

DEF LINE
31
54
55
56
62
73
78
82

135
141
157
197
200
201
207
224
228
231

REFERENCES
25
37
36
22
61
63
75
80

118
138
99

159
199
156
202
206

98
139

FROM-TO
25 31
37 54
61 62
75 78
80 82
98 228

LENGTH
30 B
768
58

128
7128

PROPERTIES
OPT

EXT REFS
INSTACK
INSTACK
INSTACK

EXT REFS

REFS
164

16
165

F3
166

96
i67

95

108
DEFINED

109
I

110 iii

168

2*211 2213 2x2 5 2*217 219

26
38

196

101

LOOPS
30
64

170
231
247
324

LABEL
100
110
140
160
170
260

INDEX
J
I
I
I

J

133 '55

SUBROUTINE AXPLAS 10/21/80 14.33.04 PAGE 8
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C
C
C

FUNCTION PSIPAS (PSI)

THIS FUNCTION CHANGES PSI TO PASCALS

C Z*****
PSIPAS : PSI*6894.7572
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 PSIPAS

VARIABLES
0 PSI

14 PSIPAS

DEF LINE
1

SN TYPE
REAL
REAL

REFERENCES
7

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCH USED

PSIPAS
PSIPAS
PSIPAS
PSIPAS
PS I PAS
PS I PAS
PSIPAS
PSIPAS

3
4
5
6
7
8

REFS
DEFINED

I58

6
6

13

DEFINED I

FUNCTION PSIPAS 10/21/80 14.33.04 PAGE I

I

5
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C
C
C
C

SUBROUTINE RADFRC (FK2,NUMXI)
REAL K2,KZ

REAL R(3),Z(3),F(NUMX)
INTEGER KK(6)

KZ = K2*100.
THIS ROUTINE ADDS FORCE CONSTANTS NECESSARY FOR
RADIAL LOCKUP AFTER COMPLETE CLOSURE

10 READ (19) RZ,NIN2,KK,CS,SNTYPE
DEL : SQRT((R(2)-R(i))**2+(Z(2)-Z(I))**2)
DEL : -DEL
F(KK(I)) : F(KK(I))-KZ*CS*DEL*TYPE
F(KK(3)) : F(KK(3))+KZ*CS*DEL*TYPE

15 F(KK(2)) : F(KK(2))-KZ*SN*DEL*TYPE
F(KK(4)) : F(KK(4))+KZ*SN*DEL*TYPE

100 CONTINUE
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 RADFRC

VARIABLES
100 CS
103 DEL

0 F

0
112

I
KK

75 KZ

0
0

76
77

104
101
102
107

DEF LINE
1

SN TYPE
REAL
REAL

REAL

INTEGER
INTEGER

REFERENCES
18

RELOCATION

ARRAY

*UNUSED
PRRAY

F.P.

F.P.

REAL

K2
NUMX
NI
N2
R
SN
TYPE
z

REAL
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

F.P.
F.P.

ARRAY

ARRAY

FILE NAMES
TAPE19

MODE
UNFMT READS 10

5

I RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC
RADFRC

14
13
12
13
13

DEFINED
14

14
14

REF5
REF5

DEFINED
REFS

DEFINED
DEFINED

REFS
DEFINED

REFS
DEFINED
REFS
REFS

DEFINED
DEFINED
REFS
REFS
REFS
REFS

2*13

10
15

15
15

2*15

13
12
11
3
1

4
10
2
5
2
3

10
10
3

15
13
3

13

16

16
16

2*16

16$5

5
DEFINED

2*11
16
14

2*11

DEFINED
I

DEFINED
DEFINED

15
DEFINED

10
10
16
10

DEFINED t0

SUBROUTINE RADFRC 10/21/80 14,33,04 PAGE I

2
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4
5
6
7
8
9

10
II
12
13
14
I5
16
17

19
20

I



SUBROUTINE RADFRC

EXTERNALS TYPE AA
SORT REAL

STATEMENT LABELS
0 100 INACTIVE

STAT ISICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STwIIC

RGS REFERENCES
I LIBRARY 11

DEF LINE REFERENCES
I7

I208

FTN 4,8+508 10/21/80 14.33.04

80
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C
C
C
C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STRNAD

VARIABLES
151 AT
231 D
137 DELTA
0 ELEM

257 EPSO
0 F

251 FE
0 GAP
0 GAPEND
_42 I

141 II
140 JJ

DEF LINE

SN TYPE
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
INTECER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
29

RELOCATION
ARRAY
ARRAY

ARRAY F.P.
ARRAY
ARRAY F.P.
ARRAY

F.P.
F.P.

5

i

10

I5

25

SUBROUTINE STRNAD (NELEM, LTYPE,G p, GAPEND, ELEM, OLDEP ),F,NUMX)

THIS SUBROUTINE CONVERTS ELEMENT STRAINS 10 EQUIVALE r
FORCES AND ADDS THEM TO THE FORCE VECTOR

INTEGER LTYPE(NELEM),GAP,GAPEND,ELEHMNELFM,3),KK(6)
REAL OLDEPP(NELEM,4),F(NUMX),AT(4,6),TT'6,4),D(4,4),FE(6)
REAL EPSO()

DO 120 N:INELEM
IF (LTYPE(N).EQ.GAP.OR.LTYPE(N).EQ.GAPEND) GO TJ 120
READ (18) ATDTTRBARDELTA
KK(2) : 2*ELEM(N,1)
KK( ) : 2*ELEM(N,2)
KK(6) : 2*ELEM(N,3)
KKil) : KK(2)-1
KK(3) : KK(4)-l
KKtS) : KK(6)-
EPSOil) : CLDEOP(N1)
EPSO(2) : OLDEPP(N,2)
EPSO(3) : OLDEPP(N,3)
EP50(4) : OLDEPP(N,4)

90 110 JJ:1,6
II : KK(JJi
FE(J ) = 0.0

DO IC0 1:1,
FE(JJ) : FE(JJ)+TT(JJI)*EPSU(I)*R8AR*DELTA*6.28318

F(II) : F(II)+FE(JJ)
CONTINUE

RETURN
END

100
110
120

STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
S'NNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD
STRNAD30

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

7

26
6
8
7
7
6
6

2*26
2*27
23

DEFINED
DEFINED
DEFINED

12
26
27

10
10

DEFINED
DEFINED

24

11
1I
1I
13

DEFIkED
JEFINED

27
DEFINED
DEFINED

25
23
3*26

I
18

DEFINED

27

DEFINED
'9
27
24

DEFINED

21
1

20

26

22

SUBROUTINE STRNAD 14.33.04 PAL' i

2
3
4
5
6
7
8
9
"3
I'
12
13
14
15
16
17
18
19
20
2'
22
3

24
25
26
27
.'8
2'
30
3 '



SUBROUTINE STRNAD

VARIABLES SN TYPE
143 KK INTEGER

0 LTYPE INTEGER
135 N INTEGER

0 NELEM INTEGER
0 NUMX INTEGER
0 OLDEPP REAL

136 REAR REAL
201 TT REAL

FILE NAMES MODE
TAPE18 UNFMT

STATEMENT LABELS
0 100
0 110

117 120

LOOPS LABEL INDEX
13 120 N
70 110 JJ
77 100 I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76'176 OPT:0 TRACE STATIC

RELOCATION
ARRAY REFS

DEFINED
ARRAY F.P. REFS

ARRAY

ARRAY

DEF LINE
26
27
28

FROM-TO l
9 28

22 27
25 26

3008

F.P.
F.P.
F.P.

REFS
21

REFS
REFS
REFS

DEFINED
REFS
REFS

READS

REFERENCES
25
22
9

LENGTH
1078
268
128

10/21/80 14.33.0+

6
12
6

2*10
DEF I NED

2*6
7
7
1

26
7

15
13

2*10
12
9
7

DEFINED
18

DEF I NED
26

II

10

PROPERTIES

INSTACK

2

23
16

18

16
14

DEFINED
13

9
1

19

DEFINED

17
15
1

DEF I NED

20

17

19 20

1

21

II

EXT REFS NOT INNER
NOT INNER

192

FTN 4.8+508 PAGE
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SUBROUTINE STRNAV (IISIGZAV,SIGRAV,SIGHAV,TAUAV,EI,E2,E3,E4,NELEM,
+E,V,EPP,A)
REAL E(NELEM),V(NELEM),EPP(NELEM,4),A(NELEM,3)

THIS ROUTINE CALCULATES AVERAGE STRAINS FOR A SET OF
4-CST ELEMENTS

EAV : (E(I)+V(I+I)+E(1+2)+E(1+3))/4.
EAU = (E(I)+E(I+1)+E(I+2)+E(I+3))/4.

El
E2
E3
E4

(SIGZAV-VAV*(SIGRAV+5IGHAV)).EAU
(SIGRAV-VAV*(SIGHAV+SIGZAV))tEAV
(SIGHAV-VAV*(SIGZAV+5IGRAV))/EAV
TAUAV*(3.0+VAV)/EAV

El : El+I(EPP(il)+EPP(I+I,I)+EPP(I+2,1)+EPP(I+3,3))/4.
E2 = E2+(EPP(I,2)+EPP(I+l,2)+EPP(I+2,2)+EPP(I+3,2))/4.
E3 : E3+(EPP(I,3)+EPP(I+1.3)+EPP(I+2,3)+EPP(I+3,3))/4.
E4 : E4+iEPP(1,4)+EPP(1,4)+EPP(I+2,4)+EPP(I+3,4))/4.
El : El+I(A(I,l)+AiI+I,l)+A(I+2,1)+A(I+3,l))/4.
E2 : E2+(A(1,2)+A(I+1,2)+A(I+2,2)+A(I+3,2))/4.
E3 = E3+(A(I,3)+A(I+l,3)+A(I+2,3)+A(I+3,3))/4.
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STRNAV

VARIABLES
0 A
0 E

161 EAV
0 EPP

0
0
0
0
0

0
0
0
0
0
0

160

El
E2
E3
E4
I

NELEM
SIGHAV
SIGRAV
SIGZAV
TAUAV
V
VAV

IDEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
23

ARRAY
ARRAY

ARRAY

ARRAY

RELOCATION
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

I

5
C
C
C
C

C10

15 C

20

STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV
STRNAV

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
4*21
REFS
REFS
REFS
REFS
REFS
REFS
REPS

3
3

3
I

16
17
18
19
4x8

4*22
43
11
11
11
14
3

11

4x20
4X9
12

4i16

20
21
22

DEFI NED

DEFINED
DEFINED

12
12
12

DEFINED
4*
12

4*21
DEFINED

13
4x17

DEFINED
DEFINED
DEFINED

13
13
13

DEFINED
13

4*22

14

II
14

4X17

DEFINED
DEFINED
DEFINED

14

DEFINED

DEFINED
4*19

11
12
13
19

4*18

DEFINED

1

9

16
17
18

4*19

8
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SUBROUTINE STRSAV (SIGMA,ISIGZAVSIGRAV,SIGHAVTAUAV.NELEM)
REAL SIGMA(NELEM.4)

C
C THIS SUBROUTINE AVERAGES STRESSES OVER 4-CST ELEMENTS
C

SIGZAV : (SIGMA(I,1)+SIGMA(I+l,I)+SIGMA(I+2,1)+SIGMA(I+3,1))/4.
SIGRAV : (SIGMA(l,2)+SIGMA(Il+,2)+SIGMA(1+2,2)+SIGMA(I+3,2)),4.
SIGHAV : (SIGMA(I,3)+SIGMA(I+1,3)+SIGMA(I+2,3)+SIGMAiI+3,3))/4.
TAUAV = (SIGMA(I,4)+SIGMA(I+1,4)+5IGMA(I+2,4)+SIGMA(I+3,4))/4.
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 STRSAV

VARIABLES
0 I
0 NELEM
0 SIGHAV
0 SIGMA

0
0
0

SIGRAV
SIGZAV
TAUAV

DEF LINE

SN TYPE
INTEGER
INTEGER
REAL
REAL

REAL
REAL
REAL

REFERENCES
10

RELOCATION
F.P.
F.P.
F.P.

ARRAY F.P.

F.P.
F.P.
F.P.

REFS
REFS

DEFINED
REFS

DEF I NED
DEFINED
DEFINED
DEFINEI

4*9 DEFINED4x7
DEFINED

8

426
2

2

7
6
9

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

5

10

STRSAV
STRSAV
STRSAV
STRSAV
STRSAV
STRSAV
STRSAV
STRS AV
STRSAV
STRS AV
STRSAV

2
3
4
5
6
7
8
9
10
lI
12

57B 47

SUBROUTINE STRSAV FTN 4.8+505 10/21/@0 PAGE i
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I SUBROUTINE SIGCLC (NELEM,LTYPE,GAP,GAPEND,ELEM.RALFDT,EPP,OLDEPPFI SIGCLC 2
+,SIGMAV,EKPRINT NUMX,IFLAG) SIGCLC 3
INTEGER LTYPE(NELEM),GAP,GAPEND,ELEM(NELEH,3) SIGCLC 4
REAL ALFDT(NELEM 3),EPP(NELEM,4) OLDEPP(NELEM,4) SIGCLC 5

5 REAL FI(NUMX) SIGMA(NELEM,4),V(NELEM),E(NELEM) SIGCLC 6
REAL EPSO(4),bISP(6),AT(4,6),D(4,4),TT(6,4),SIG(4) SIGCLC 7

DO 130 N:I,NELEM SIGCLC 8
IF (LTYPE(N).EQ.GAP.OR.LTYPE(N).EQ.GAPEND) GO TO 130 SIGCLC 9
NI : ELEM(N,1) SIGCLC 10

10 N2 : ELEM(N,2) SIGCLC 11
N3 : ELEM(N,3) SIGCLC 12
EPSO(i) : ALFDT(N,1)+EPP(N,l)+OLDEPP(N,1) SIGCLC 13
EP50(2) : ALFDT.:,2)+EPP(N,2)+OLDEPP(N,2) SIGCLC 14
EP50(3) : ALFDT(N,3)'EPP(N,3)+OLDEPP(N,3) SIGCLC 15

15 EPS0() : EPP(N,4)+OLDEPP(N,4) SIGCLC 16
DISP(i) : FI(2*NI-I) SIGCLC 17
D15P(2) : FI(2*NI) SIGCLC 18
DISP(3) : FI(2*N2-1) SIGCLC 19
DISP(4) : FI(2*N2) SIGCLC 20

20 DISP(5) : FI(2*N3-1) SIGCLC 21
DISP(6) : FI(2*N3) SIGCLC 22
READ (18) AT,D,TT SIGCLC 23

DO 120 I:1,4 SIGCLC 24
SIG(I) : 0.0 SIGCLC 25

25 DO 100 J:1,6 SIGCLC 26
100 SIG(I) : SIGtI)+AT(I,J)*DISP(J) SIGCLC 27

DO 110 J:1,4 SIGCLC 28
110 SIG(I) SIG(I)-D(IJ)*EPSO(J) SIGCLC 29

SIGMA(N,I) : SIGI) SIGCLC 30
30 120 CONTINUE SIGCLC 31

130 CONTINUE SIGCLC 32
RETURN SIGCLC 33
END SIGCLC ?4

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 SIGCLC I 32

VARIABLES SN TYPE RELOCATION
0 ALFDT REAL ARRAY F.P. REFS 4 12 13 14 DEFINED $

174 AT REAL ARRAY REFS 6 26 DEFINED 22
224 D REAL ARRAY REFS 6 28 DEFINED 22
166 DISP REAL ARRAY REFS 6 26 DEFINED 16 17 18 19

20 2
0 E REAL ARRAY F.P. REFS 3 DEFiNED 1
0 ELEM INTEGER ARRAY F.P. REFS 3 9 10 I DEFINED I
0 EPP REAL ARRAY F.P. REFS 4 12 13 14 15

DEFINED I

10/21480 14.33.04 PAGE iSUBROUTINE SIGCLC
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VARIABLES
162 EP50
0 Fl

0 GAP
0 GAPEND

160 I
0 IFLAG

161 J
0 PRINT
0 LTYPE

154 N

0 NELEM
0 NUMX

155 NI
156 N2
157 N3
0 OLDEPP

274 SIG

0 SIGMA
244 TT

0 V

FILE NAMES
TAPE 18

SN TYPE
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
!?TEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL

REAL
REAL
REAL

MODE
UNFMT

RELOCATION
ARRAY
ARRAY F.P.

F.P.
F.P.

*UNUSED F.P.

*UNUSED F.P.
ARRAY F.P.

F.P.
F.P.

ARRAY F.P.

ARRAY

ARRAY F.P.
ARRAY
ARRAY F.P.

READS

STATEMENT LABELS
0 100
0 110
0 120

141 130

LOOPS LABEL INDEX
13 130 N

105 120 I
111 100 J,
122 110 J

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

DEF LINE
26
28
30
31

FROM-TO L
7 31

23 30
25 26
27 28

3328

REFERENCES
25
27
23
7

LENGTH
1318
338

78
78

8

PROPERTIES
EeT REFS NOT INNER
NOT INNER

INSTACK
INSTACK

218

20
I5
21

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
2*15

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

28
REFS
REFS
REFS

6
5

3
3

24

2*26
I
3

2*8
29
2*3
5

16
18
20
4
I
6

5
6
5

28
16

8
8

3*26

2*28

2*8
Q

DEFINED

DEFINED
17
'9
21
12

26

DEFINED
DEFINED
DEFINED

DEF I NED
17

DEFINED
DEFINED

3*23

DEFINED

DEFINED
I0

7
3*5

DEFINED
DEFINED
DEFINED

13

28

22

12
18

2*29

25

11

7

9
10
Ii
14

29

29

13
19

DEFINED

27

3*12

DEFINED

15

DFFINED

3*13

1

10/21/80 14.33.04 PAGE 2SUBROUTINE SIGCLC
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FUNCTION 1EMPFK (T)
C *uu**x**
C THIS FUNCTION CHANGES FAHRENHEIT TEMPERATURES TO KELUIN
C
C C ********

TEMPFK : (T+459.67)*(5./9.)
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 TEMPFK

VARIABLES
0 T

20 TEMPFK

DEF LINE
1

SN TYPE
REAL
REAL

REFERENCES
7

RELOCATION
F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

TEMPFK
TEMPFK
TEMPFK
TEMPFK
TEMPFK
TEMPFK
TEMPFK
TEMPFK

P
3

5
6
7
8
9

REFS
DEFINED

218

6
6

17

DEFINED I

FUNCTION TEMPFK 10/21/80 14.33,04 PAGE I
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1 SUBROUTINE TF (XR,TNTPSTCI) TF 2
REAL XR(NTPS),T(NTPS) TF 3
NMAX : NTPS TF 4
NMI : NMAX-1 TF 5

5 IF (X.GT.R(NMAX)) WRITE (6,140) TF 6
IF (X.GT.R(NMAX)) STOP TF 7

DO 100 I:I,NMI TF 8
IF (X.LT.R(I)) GO TO 100 TF 9
IF (X.GT.R(I).AND.X.LT.R(I+1)) NI : I TF 10

10 IF (X.GT.RUI).AND.X.LT.R(I+I) GO TO 110 TF H
IF .GT.R(I).AND.X.GT.R(I+I)) GO TO 100 TF 12
IF (X.EQ.R(I)) TCI : T(I) TF 13
IF (X.EQ.R(I)) RETURN TF 14
IF (X.EQ.R(I+1)) TCI : TI+I) TF I5

15 IF (X.EQ.R(I+1)) RETURN TF 16
100 CONTINUE TF 17
C ***PARfROLIC INTERPOLATE TF 18
110 CONTIN.'E TVF 19

IF (NI.,E.I) GO TO 120 TF 20
20 A : R(1) TF 21

8 : R(2) TF 22
C : R(3) TF 23
TA : T(I) TF 24
TB : T(2) TF 25

25 TC : T(3) TF 26
GO TO 130 TF 27

120 CONTINUE TF 28
A : R(NI-I) TF 29
8 : R(NI) TF 30

30 C : R(NI+) TVF 31
TA : T(NI-l) TF 32
TB : T(NI) TF 33
TC : T(NI+I) TF 34

130 CONTINUE TF 35
35 TCI : TA*(X-B)*(X-C)/((A-B)*iA-C))+TB*(X-A)*(X-C)/((B-A)*(B-C))+TC TF 36

+*(X-A)*(X-B)/((C-A)*(C-B)) TF 37
RETURN TF 38

C TF 39
140 FORMAT (IHI,4XI6HERROR X GT RMAX ) TF 40

40 END TF 41

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 TF I 13 15 37

VARIABLES SN TYPE RELOCATION
212 A REAL REFS 6*35 DEFINED 20 28
213 8 REAL REFS 6*35 DEFINED 21 29

SUBROUTINE TF 00/21/80 14.33.04 PAGE I



SUBROUTINE TF

VARIABLES SN TYPE
214 C REAL
210 1 INTEGER

200' NMAX INTEGER
e07 NMI INTEGER
0 NTPS INTEGER

211 NI INTEGER

0 A REAL

0

215
216
217
0
0

T

TA
TB
TC
TC I
X

REAL

REAL
REAL
REAL
REAL
REAL

76/176 OPT:O TRACE STATIC

RELOCATION

ARRAY

ARRAY

F.P.

F.P.

F.P.

F.P.
F.P.

REFS
REFS

15
REFS
REFS
REFS
REFS

DEFINED
REFS

12
29

REFS
32

REFS
REFS
REFS

DEFINED
REFS

12

FTN 4.8+508

6*35
8

DEFINED
4
7

2*2
19
9
2
13
30
2

33
35
35
35

2
13

DEFINED
3*9

7
5

DEFINED
3

28

5
14

DEFINED
12

DEFINED
DEFINED
DEFINED
DEF I NED

12
5

14

22
2*10

6
4

DEFINED
29

6
15

!4

23
24
25
i4

6
!5

10/21/80

30
2x11

DEFINED

1
30

8
20

23

31
32
33
35
8

6*35

14.33.04

2x12

3

31

2*9
21

24

2*9
DEFINED

FILE NAMES ;E
TAPE6 FMT

STATEMENT lABELS
75 100

101 110
126 120
155 130
201 140 FMT

LOOPS LABEL INDEX
31 100 I

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

DEF LINE
16
18
27
34
39

FROM-TO l
7 16

WRITES

REFERENCES
7

10
19
26
5

LENGTH
478

PROPERTIES

165

PAGE 2

13

32

2*10
22

25

2*10
1

33

2*11
28

31

2*11

5

8 II

EXITS



SUBROUTINE XGAPSM

C
C
C
C
C

76/176 OPT:0 TRACE SVATIC FTN 4.8+508

SUBROUTINE XGAPSM (TLOKKLOC)
REAL KLOC
REAL TLOK(4,4)

THIS ROUTINE CALCULATES
AXIAL LOCKUP IN THE GAP

THE LOCAL STIFFNESS DUE TO
ELEMENT5

10

20

25

30

I

ENTRY POINTS
4 XGAPSM

VARIABLES
106 CS

105
110
0

107

DEL
I
KLOC
SN

0 TOOK

DEF L!NE

SN TYPE
REAL

x REAL
INTEGER
REAL
REAL

REAL

REFERENCES
29

RELOCATION

ARRAY

F.P.

F. P.

5

READ (21) DEL,CS,SN
0 SN: -SN

TLOK(I,1) : CS**2
TLOK(i,2) : CS*SN
TLOK(l,3) : -CS**2
TLOK((, 4)- -CS*SN

5 TLOK(2,1) : CS*SN
TLOK(2,2) : SN**2
TLOK(2,3) : -SN*CS
TLOK(2,4) : -SN**2
TLOK(3,I) : -CS**2
TLOK(3,2) : -CS*SN
TLOK(3,3) : CS**2
TLOK(3,4) : CS*SN
TLOK(4,I) : -SN*CS
TLOK(4,2) : -SN**2
TLOK(4,3) : SN*CS
TLOK(4,4) : SN**2

DO 100 1:1,16
100 TLOK(I) : TLOK(I)*KLOC

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

PAGE10/21/80

XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGA0 SM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XcAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM
XGAPSM

REFS
20

DEF I NED
REFS
REFS
REFS

DEFINED
REFS

14
22

1I
21
9

2*28
2

10
22
9
3

I5
23

12
22

DEFINED
28
12
23
10
28
16
24

13
23

27
DEFINED

14
24

DEFINED
17
25

17
9

1914
25

1
15
25

1
18
26

15
DEFINED

16
26

I1
19
28

17

12
20

18

13
21

I

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31



SUBROUTINE XGAPSM

FILE NAMES MODE
TAPE21 UNFMT

STATEMENT LABELS
0 100

LOOPS LABEL INDEX
71 100 I

STATISTICS
PROGRAM LENGTH

140000E SCM USED

76/176 OPT:O TRACE STATIC

READS 9

DEF LINE REFERENCES
28 27

FROM-TO LENGTH PROPERTIES
27 28 58 INSTACK

1148 76

FTN 4.8+508 PAGE10/21/80 14.33.04
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I

ENTRY POINTS
4 XLFRC

VARIABLES
71 CS
100 D
70 DEL
O F

0
106

I
KK

67 KZ

0
0
0

73
74
72
77
75
76

DEF LINE
1

SN TYPE
REAL
REAL
REAL
REAL

INTEGER
INTEGER

P.FERENCES
'7

RELOCATION

ARRAY

ARRAY

*UNUSED
ARRAY

F.P.

F.P.

REAL

K2
NUMGAP
NUMX
NI
N2
SN
TYPE
ZI
Z2

*
*

*
*

REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

*UNUSED
F.P.
F.P.
F.P.

REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS
DEFINED

REFS
DEFINED

REFS
DEFINED

REFS
DEFINED
DEFINED

REFS
REFS

DEF I NED
DEFINED

2 13

5 DEFINED

FILE NAMES
TAPEI9
TAPE2I

5

1I

SUBR3UTINE XLFRC (F,NUNGAP,K2,NUMXII)
REAL K2,KZ

REAL D6),F(NUMX)
INTEGER KK(6)

5 KZ : K2*100.
C
C THIS ROUTINE ADDS FORCE CONSTANTS NECESSARY FOR
C AXIAL LOCKUP
C

READ (21) DELCSSN
READ (19) D,NI,N2,KKZI Z2 TYPE
F(KK(I)) F(KK(I))-KZ*CS*bEL*TYPE
F(KK(3)) : F(KK(3))+KZ*CS*DEL*TYPE
F(KK(2)) : F(KK(2))-KZ*SN*DEL*TYPE
F(KK(')) : F(KK(4))+KZ*SN*DEL*TYPE

100 CONTINUE
RETURN
END

SYMBOLIC REFERENCE NAP (R:21

XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC
XLFRC

13
DEFINED

13
12
12

2*12

10DEFINED
11
14
13
13

2*13

15
14
14

2x14

14

DEFINED
15
I5

12
3
12
3

4
'1
2
5
2

3

li
14
12
1I
11

10

2*15

15

MOD
UNFMT
UNFMT

I

IDEFINED

15
13

DEFINED
14

READS
READS

II
10

10
IS DEFINED II

SUBROUTINE XLFRC 10/21/80 14.33.04 PAGE I
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SUBROUTINE XLFRC

STATEMENT LABELS
0 100 !NACTIVE

STATISTICS
PROGR AM LENGTH

14uG0B0SCM USED

76176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
16

I 148

FTN 4.8+508 10/21i80 14.33.04

76

PAGE 2
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I

SMrtBOLIC REFERENCE HAP (R:2)

ENTRY POINTS
4 XLLOK

VA'lIADLES
110 CS
122 DEL
120 DELR
121 DELZ
114 DISPRI
115 DISPR2
116 DISPZI
117 DISPZ2
0 Fl

123 KK

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEGER

REFERENCES
29

RELOCATION

ARRAY

ARRAY

F.P.

SUBROUTINE XLLOK (NUGAP,FINUMX)
INTEGER KK(6)

REAL R(3),Z(3),FI(NU(IX)
REWIND 21
REWIND 19

THIS ROUTINE CALCULATES AXIAL DISPLACEMENT IN THE GAP
SPRINGS FOR SETTING AXIAL LOCKUP

DO 100 MI:lNUMGAP
READ (19) RZNIN2,KK,CS,SN
UNITI : SN
UNITJ : -CS

DISPRI : FI(KK'I))
DISPR2 : FI(KK(3))
DISPZI : FI(KK(2))
DISPZ2 : FI(KK(4))

DELR : (R(2)+DI5PR2-(R(I'+DISPRI))*UNITI
DELZ =:(Z(2)+DISPZ2-(Z(bI+DISPZI))*UNITJ
DEL : DELR+DELZ

WRITE i21) DELUNITIUNITJ
CONTINUE

RETURN
END

5
C
C
C
C
C10

C
C

I5

20
C

C

C

100

XLLOK
XLLOK
XLLOK
XLLOK
XLLOC
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLCK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK
XLLOK30

2
3
4
5
6
7
6
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED

14
27
25
25
22
22
23
23
3
2
2

12

DEFINED
DEFINED
DEFINED
DEFINED
!EFINED
DEFINED
DEFINED
DEFINED

17

17

12
25
22
23
'7
18
19
20
18

18

19 20

SUBROUT INE XLLOK 10/21/80 PAGE I
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VARIABLES
105 MI
0 NUMGAP
0 NUMX

106 NI
107 N2
131 R
III SN
112 UNITI
113 UNITJ
134 Z

FILE NAMES
TAPE 19
TAPE21

SN TYPE
* INTEGER

INTEGER
INTEGER

* INTEGER
* INTEGER
REAL
REfL
REAL
REAL
REAL

RELOCATION

F.P.
F.P.

ARRAY

ARRAY

MODE
UNFMT
UNFMT

READS
WRITES

STATE"E4T LABELS
0 100

DEF LINE
28

REFERENCES
1I

LOOPS
15

LABEL
100

INDEX
MI

FE;OM-TO
'I 28

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
I458

LEIITH
468

PROPERTIES
EXT REFS

101

II

3
12
i2
3

13
22
23
3

DEFINED
REFS
REFS

DEFINED
DEFINED
REFS
REFS
REFS
REFS
REFS

12
27

DEFINED
DEFINED

2*22
DEFINED

27
27

2*23

I

DEFINED
12

DEFINED
DEFINED
DEFINED

12

13
14
12

MOTION
MOTION

5
4

SUBROUTINE XLLOK 10/21480 14.33.04 PAGE 2
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SUBROUTINE CRI!PX (SIG,DPDT,TTC,PHI,ECREEP,LTYPE,IUN!TI
CLAD : 4HCLAD
JTYPE :I
IF (LTYPE.EQ.ICLAD) JTYPE : 2

5 IF (IUNIT.FQ.0) TF : TEMPKF(TC)
C ***THIS STEADY-STATE CREEP DATA 15 FOR ZIRCALOY AT 300 K
C AS TAKEN FROM -HE ORIGINAL TAPER BY IBRAHIM
C IMPLICIT REAL*t (A-HO-Z)
C TEMP PASSED IN MERE 15 IN FAHRENEIET

10 TF :=TC
IF (JTYPE.EQ.Z SIG = DPDT/(4.OE-l0)

C CREEP RATE V5. StRESS, FROM BOHABOY ET AL
IF (JTYPF.EQ.1) SIG (DPDT/l.937E-7)**l.370
IF (JTYrE.EQ.l.h,.2.TF.GE.2813.0) SIG : (DPDT/3.742E-8)**0.901

15 IF (JTPE.EQ.I.AND.TF.GE.3002.0) SIG = (DPDT/1.271E-9)**0.588
IF (JTYPE.EQ.I.AND.TF.GE.3182.0) SIG : (DPDT/3.149E-9)**0.568,2
IF (IUNIT.EQ.0) S!G : PASPS!(51G)
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY DOINTS
4 CRIIPX

VARIA LES
0 DPDT

0
141

0
14

0
0
0

0
0

143

ECREEP
ICLAD
IUNIT
JTYPE

TYPE
PHI
SIG

T
TC
TF

EXTERNALS
PASPSI
TEMPKF

STATISTICS
PROGRAM LENGTH

140000E

DEF LINE
I

SN TYPE
REAL

REAL
INTEGER
INTEGER
INTEGER

INTEGER
REAL
REAL

REAL
REAL
REAL

TYPE
REAL
REAL

SCM USED

REFERENCES
18

RELOCATION
F.P.

*UNUSED

*UNUSED

*UNUSED

ARGS
1

1448

F.P.

F.P.

F.P.
F. P.
F.P.

F.P.
F.P.

REFERENCES
17
5

100

CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CRIIP
CR1IIP
CRIIP
CRItIP
CR!IP
CRI IP
CRIIP

2
3
4
5
6
7
8
9

10

'c
13
14
15
16
17
18
19

REFS
DEFINED
DEFINED
REFS
REF.,
RE F5

DEFINED
REFS

DEF I NED
REFS

16
DEFINED
REFS
REFS

!!

5
it
3
I4

!7
17

5
14

13

DEFINED
17
13

4
DEFINED

DEFINED

10
15

16

16

14

2
DEFINED

14

I

DEFINED
16

15

'5

EI

DEF INED

1413

5

I5

10

SUBROUTINE CRIIPX 10/21/80 PAGE I
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SUBROUTINE AXDRIV

REAL LENGTH

INTEGER ELEM , PFLAG , GFLAG , TIE

4
4
4
4
+4
+4
+4

C

C

C

)

DIMENSION SPDAFC(2) , IPRES(12,3),TIE(3)
DIMENSION TEMP(20),R(20)
DIMENSION MATI(14,12),MAT2(13,II),PRESFC(l2,3)
DIMENSION ZPRES( I), IPRES(I )
INTEGER IGAP(12)

REAL MATPRO(I I)
REAL DPH(12),DEL(IZ),DPLA5(12),TYPE(I2),DELGAP(I2)
REAL OVRLAP(12),NENNT(12)
DIMENSION ALFDT(540,3) , COEF(540)

,DELOLD(12) ,F(600) ,FI(600)
,EP(540) ,EPP(540,4) ,F2(92) ,OLDGAPi12
,OLDE0 P(540,4) ,1D(26) ,T(540)
,V(540) ,DI(26)
,DEP(540) ,E(540) ,ECREEP(540) ,SLOPE(5
,TC(540) ,SIGHA(540,4) ,OLSIGFi5401 ,ELEM(54
,LTYPE(540) ,COORD(300,2)

DATA K '46/

REWIND K

CALL AXI2IN (N,M,L,IAXINUMGAP,NNODES,NELEM,LOADSTNUMXNTIES,IUNI
+T)

LST : 500
KPRINT : I
TIME = 0.0
PFLAG : I
GFLAG :

READ (K,130) NPSTEPNTPS
WRITE (6,190) NPSTEP,NTPS

READ (K, 1701 (R(I),I:l,NTPS)
WRITE (6,200) (R(I),I:I,NTPS)

READ (K,170) SHDISH
WRITE (6,200) SHDISH

READ (K,140) CLADR,THICK,GAP,LENGTH,NUNIT
WRITE (Z,210) CLADR,THICK,GAP,LENGTH,NUNIT

DO 110 J:INPSTEP

READ (K,150) (MATPRO(I),I:I,Il)
WRITE (6,160) (MATPRO(I),1:1,II)

I

5

40)
0,3)

10

I5

20

25

C

C

C

C30

35

AXDRIV
AXDRIV
AXDRIV
AXDRIV
AXDRIUV
AXDRIV
AXDRIV
AXDRIV
AXDRIV
AXDRIUV
AXDRIV
AXDRIV
AXDRIV
AXDR IV
AXDRIV
AXDRIV
AXDRIV
AXDR I U
AXDRIV
AXDRIV
AXDRIV
AXDR I V
AXDR I I
AXDRIV
AXDRIV
AXDRIV
AXDRIUV
AXDRIV
AXDR I V
AXDRIV
AXDRIV
AXDRIV
AXDR I V
AXDRIV
AXDRIV
AXDRIV
AXDRIV
AXDR I V
AXDRIV
AXDRIV
AXDR I V
AXDRIV
AXDRIV
AXDRIV
RXDRIV
AXDRIV
AXDR I V
AXDRIV
AXDR I V
AXDR I V
AXDRIV
AXDRIV
AXDRIV

2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

C

C

C

C

C

C

C

50

SUBROUTINE AXDRIV FTN M.8+508 IO/21/80 14.33.04 PAGE I
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READ (K,180) CLOSE ICLOSE AXDRIV 55
55 WRITE (6,220) CLOSE,ICLOSE AXDRIV 56

C AXDRIV 57
READ (K,170) (TEMP(I),I:I,NTPS) AXDRIV 58
WRITE (6,200) (TEMP(I),I:I,NTPS) AXDRIV 59

C AXDRIV 60
60 C LENGTH IS THE PELLET LENGTH DIVIDED BY 2 AXDRIU 61

C AXDRIV 62
IF (EQF(5)) 120,100 AXDRIV 63

100 CONTINUE AXDRIV 64
READ (K,170) TCLADI,TCLAD2 AXDRIV 65

65 WRITE (6,200) TCLADI,TCLAD2 AXDRIV 66
C AXDRIV 67

READ (K,180) DTIME,NCRP AXDRIV 68
WRITE (6,220) DTIME,NCRP AXDRIV 69

C AXDRIV 70
70 READ (K,170) PG PC AXDRIV 71

WRITE (6,200) P6,PC AXDRIV 12
C AXDRIVU 73

NI : N+M AXDRIVU 74
N2 : N+M-l AXDRIU 75

75 N3 : L-I AXDRIV 76
C AXDRIV 77

IF (IAXI.E.1.AND.LOADST.EQ.i) CALL AXIMDL (CLADR,COORD,DISH E AXDRIV 78
+ LEM,GAP,IPRES,IZPRES,L,LEtGtH,LTYPE M,MATI,MAT2 N NELEM,NNODES AXDRIV 79
+ ,NTIES,NUMGAP,NI,N2,N3,PRESFC,SH,SP6AFC,THICK,ZhRtS) AXDRIV 80

80 C AXDRIV 81
IF (IAXI.EA.1) CALL AXILOD (CLADR COORD,ELEM,IPRES,IUNIT,IZPRE AXDRIU 82

+ S,LLOADST,M,N NELEM,NLOAD2,NNODES,NTPS,PC,PG,PRESFC,R,SPDAFC, AXDRIV 83
+ T,TCLADI,TCLAD2,TEMPTHICK,ZPRE5) AXDRIVU 84

C AXDRIV 85
85 IF (LOADST.EQ.I) CALL AXSCRP (NELEM,NNODES,ELEM,C00RD,NUMGAP,L AXDRIV 86

+ TYPEN,M L) AXDRIV 87
CALL AXII (ALFDT,CLOSE,COEFCOORD,DEL,DELGAP,DELOLD,DEP,DI,DPH AXDRIU 88

+ ,DPLA5,DTIME,E,ECREEP,ELEM,EPEPP,FFi,F2,GFLAG,ICL0SE,ID,I:AP AXDRIV 89
+ ,IUNIT,IXLSET,KPRINT,LOADST,LST,LTYPE,MATPRC,MBNDOL,NCRP,NDISP AXDRIV 90

90 + S,NELEM,NEWWT,NNODES,NSIZEX,NTIES,NLAD2,NUMGAP,NUNIT,NUMX,NUM AXDRIV 91
+ Y,OLDEPP,OLDGAP,OLSIGFQVRLAP,PG,PC,PFLAG,PRESFC,SIGMA,SLJPE,5 AXDRIV 92
+ PDA,TC,TIE,TIKE,TYPE,V) AXDRIV 93

C AXDRIV 94
110 CONTINUE AXDRIV 95

95 120 'ONTINUE AXDRIV 96
RETURN AXDRIV 97

C AXDRIV 98
130 FORMAT (215) AXDRIV 99
140 FORMAT (4E12.5 215) AXDRIV 100

100 150 FORMAT (11E12.4) AXDRIV 101
160 FORMAT (IH ,10E12.5) AXDRIV 102
170 FORMAT (8E12.5) AXDRIV 103
180 FORMAT (E12.5,15) AXDRIV 104
190 FORMAT (IH ,215) AXDRIV 105

105 Z00 FORMAT (IH ,8F10.5) AXDRIU 106
210 FORMAT (IH ,4F12.4,215) AXDRIV 107
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220 FORMAT (IN ,FIO.2,I5)
END

SYMBOLIC REFERENCE MAP (R:2)

10/21/80

AXDRIV
AXDRIV

ENTRY POINTS
2 AXDRIV

VARIABLES
5056 ALFDT
626 CLADR
633 CLOSE

10202 COEF
43136 COORD
4746 DEL
5012 DELGAP
11236 DELOLD
27452 DEP
?7420 DI

625 DISH
4732 DPH
4762 DPLAS
637 DTINE

30506 E
31542 ECREEP

655 ELEM
13532 EP
14566 EPP
11252 F
12402 Fl
20746 F2

630 GAP
602 GFLAG
623 1

606
634

25276
4703
4006
615
647

4670
632
366

617
605
600

IAXI
CLOSE
ID
I GAP
IPRES
UNIT
IXLSET
IZPRES
J
K

KPR I NT
L
LENGTH

DEF LINEO

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

* INTEGER
INTEGER

* INTEGER
INTEGFR

REFERENCES
96

RELOCATION
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

INTEGER
INTEGER
REAL

REFS
REF:
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
RE; 5
REF5
REFS
REFS

DEFINED
DEF I NED

5,
REFS
REFS
REFS

15
47
55
15
15
13
13
15
15
15
44
13
13
68
15
15
5

15
15
15
15
15
47
5

40
40
28
55
15
11
7

20
87
10
49
24
54
87
28
3

87
77
87
87
77
87
87
87
87
87
77
87
87
87
87
87
15
87
87
87
67
87
77
87
41
41
77
87
87
87
77
AI

77

1/0 REFS
57

DEFINED
75
47

PAGE 3

108
I09

46

87

81
DEFINED

81

DEFINED

DEFINED

77

DEFINED
DEFINED

51
51
81

DEFINED

81
87

81

26
64
32
77
77

DEFINED
54

43

67

81

46
35
52
52

37
67

81
DEFINED

85

57
57

87

58
58

40
70

85
46
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VARIABLES
612 LOADST
616 1ST

42102 LTYPE
604 M

4717 MATPRO
4122 MATI
4372 MAT2
650 MBNDOL
603 N
640 NCRP
651 NDISPS
611 NELEM

5042 NEI4WT
646 NLOAD2
610 NNODES
621 NPSTEP
652 NSIZEX
614 NTIES
622 NTPS

607
613
653
631
643
644
645

21116
21102
41046

5026
642
601
641

4611
4076
624

34666
32576

65'.
4004
25330
33632

635
636
4052
627

4001
620
4776
26364
4655

NUiGAP
NUMX
NUMY
NUNIT
NI
N2
N3
OLDEPP
OLDGAP
OL5IGF
OVRLAP
PC
PFLAG
PG
PRESFC
R
SH
SIGMA
SLOPE
SPDA
SPDAFC
T
TC
TCLADI
TCLAD2
TEMP
THICK
TIE
TIME
TYPE
V
ZPRES

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER

* INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

* INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

28
87
15
28
12
9
9

87
28
68
87
28
14

81
28
38
87
28
38
37
28
28
87
47
77
77
77
15
15
15
14
71
5

71
9
8

44
15
15
87
7

15
15
65
65
8

47
5

87
13
15
10

77
DEF I NED

77
73
52
77
77

73
87

77
87
87
77
49

77
40

77
87

87
DEFINED
DEFINED
DEFINED

87
87
87
87
81
87
81
77
41
77
87
87

77
81
87
81
81
58
77
7

DEFINED
87
87
77

8e
31
85
74
87

74
DEFINED

81

81
DEFINED

87
41

85

DEF I NED
73
74
75

85

87
77

DEF I NED

77
67

85

85
37

57

87

85

85

81

87

81
51

81

87

87

87
DEFINED

87
81
81

DEFINED

58

DEFINED
34

DEFINED
87

DEFINED
43

70

70

40

81

DEFINED
DEFINED

81
81
87
33

64
64

DEFINED
DEFINED

57
46

81
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FILE NAMES MODE
TAPE6 FMT

VARIABLES USED AS FILE NAMES,

EXTERNALS TYPE ARGS
AXILOD 25
AXIMDL 26
AX12 60
AXI2IN I
AXSCRP 9
EOF REAL i

STATEMENT LABELS DEF LINE
0 100 INACTIVE 63
0 110 94

153 120 95
546 130 FMT 98
550 140 FMT 99
553 ISO FMT 100
555 160 FMT 101
560 170 FMT 102
562 180 FMT 103
564 190 FMT 104
566 200 FMT 105
571 210 FMT 106
574 220 FMT 107

LOOPS LABEL INDEX FROM-TO l
53 110 J 49 94

STATISTICS
PROGRAM LENGTH 442668

1400008 SCM USED

10/21/80 14.33.04

WRITES
68

SEE ABOVE

REFERENCES
81
77
87
28
85
62

REFERENCES
62
49
6'
37
46
51
52
40
54
38
41
47
55

LENGTH PROP
77B

38
71

43
67

44

68

PERTIES

41

57

58

EXT REFS

18614

52 55 58 6544

65

70

71

EXITS

OPT:O TRACE STATIC FTN 4.8+5C5 PAGE 5
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SUBROUTINE AXIWRT (NUNIT HPLT,TMPDISTCLADITCLAD2,DTIME,NCRPPGP AXIbRT 2
+C,NOUT,NANR,JPEAKITGAiNPSTEPNTPS,R,SH,DISH,CLADR,1HICK.CLOSE, AXIWRT 3
CLOSES) AXIWRT 4

C AXII4RT 5
5 C IMPLICIT REAL * 8 (A-HO-Z) AXIIRT 6

C AXIWRT 7
C ******** **************************************************t AXIWRT 8
C AXIWRT 9
C THIS SUBROUITNE :S CALLED FROM MAIN AND 15 USED TO WRITE OUT AXIWRT 10

10 C THE INFORMATION FOR A RUN OF AXISYM SUBCODE AXIWRT It
C AXIWRT 12
C *************x ************ *** ************ AX I WRT 13
C INPUT ARGUMENTS AXIWRT 14
C ***************************************************** **********U AXIWRT 15

15 C AXIWRT 16
C CLADR - CLADDING OUTSIDE RADIUS (IN) AXIWRT I7
C CLOSE - LOAD STEP FRACTION AT CLOSURE FROM FRALAS-2 AXIWRT 18
C DISH - DISHING DEPTH (IN) AXIWRT 19
C DMIW - WORK ARRAY AXIWRT 20

20 C DTIME - CREEP TIME INCREMENT (HRS) AXIWRT 21
C GAP - COLD STATE RADIAL GAP (IN) AXIWRT 22
C HPLT - PELLET LENGTH (IN) AXIWRT 23
C ICLOSE - LOAD STEP WHERE FRACAS-2 PREDICTS CLOSURE AXIWRT 24
C IT - POIEP-TIME STEP INDEX AXIWRT 25

25 C JPEAK - AXIAL NODE NUMBER BEING ANALYZED ( PEAK POWER NODE ) AXIWRT 26
C NA - NUMBER OF AXIAL NODES AXIWRT 27
C NCRP - NUMBER OF CREEP STEPS PER LOAD STEP AXIbRT 28
C NOUT - OUTPUT WRITE UNIT NUMBER AXIWRT 29
C NPSTEP - NUMBER OF POWER-TIME STEPS AXIWRT 30

Li C NR - NUMBER OF RADIAL NODES AXIWRT 31
C NTPS - NUMBER OF TEMPERATURE POINTS IN THE FUEL AXIWRT 32
C NUNIT - UNITS :1, BRITISH :0, 51 AXIIRT 33
C PC - COOLANT CHANNEL PRESSURE PASCALSS) AXIWRT 34
C PG - ROD INTERNAL GAS PRESSURE (PASCALS) AXIWRT 35

35 C R - RADIAL NODE LOCATION WHERE TEMPERATURES ARE GIVEN (IN) AXIWRT 36
C SH - DISH SHOULDER WIDTH (IN) AXIWRT 37
C TCLADI - CLADDING INSIDE TEMPERATURE (F) AXIWRT 38
C TCLAD2 - CLADDING OUTSIDE TEMPERATURE (F) AXIWRT 39
C THICK - CLADDING THICKNESS (IN) AXIWRT 40

40 C TMPDIS - FUEL ROD TEMPERATURE DISTkIBUTION (F) AXIWRT 41
C AXIWRT '42
C ******* ******************X***************************** AXIURT 43
C MATCNS 2
C THE FOLLOWING COMMON BLOCK CONSISTES OF MATERIAL PROPERTIES MATCNS 3

45 C USED IN FRACAS I, FRACAS 2, FRAIL, AND AXISYM MATCNS 4
C MATCNS 5

COMMON /MATCNS/ ANRIN ,COMP ,CkKF ,CWNF ,DELOXY ,FLUX MATCNS 6
+ , FNCK ,FNCN ,FOTMTL ,FRDEN ,FTMELT ,RSTRAN MATCNSC MATCNS B

50 C ANRIN - CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSIL TEST MATCNS 9
C (HOOP STRAIN)/(RADIAL STRAIN) MATCNS 10
C COMP - PU02 CONTENT (WT%) MATCNS 11
C CWKF - EFFECTIVE COI.D WORK FOR STRENGTH COEFFICIENT (M**2/M**2) MATCNS 12

10/21/40 14.33.04 PAGE 1



SUBROUTINE AXIWRT 76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.33.04 PAGE

C CbNF - EFFECTIVE COLD WORK FOR STRAIN HARDENING EXPONENT MATCNS 13
55 C DELOXY - CHANGE FROM THE OXYGEN CONCENTRATION OF AS RECEIVED MATCNS 14

C CLADDING (KG OXYGEN/KG ZIRCALOY) MATCNS i5
C FLUX - FAST NEUTRON FLUX (N/M**2-SEC) MATCNS 16
C FNCK - EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT (N/Mt*2) MATCNS 17
C FNCN - EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING EXPONENT MATCNS 18

60 C FOTMTL - FUEL OXYGEN TO METAL RAITO MATCNS 19
C FR3EN - (FUEL ACTUAL DENSITY)/(FUEL THEORITICAL DENSITY) MATCNS 20
C FTHELT - U02 OR MIXED OXIDE FUEL MELTING POINTS (K) MATCNS 21
C RSTRAN - TRUE STRAIN RATE (ItSEC) MATCNS 22
C MATCNS 23

65 C MATCNS 24
C AXIWRT 45

DIMENSION TMPDIS(NR,NA) , R(NR) , DMIIlI) AXIWRT 46
C AXIWRT 47

REAL LENGTH AXIWRT 48
70 DTIMEH : DTIME/3600.E0 AXIWRT 49

C AXIWRT 50
IF (IT.GT.1) GO TO 1I0 AXIWRT 51

C AXIWRT 52
LENGTH ::4PLT/2.EO AXIWRT 53

75 C AXIWRT 54
DO 100 I:1,NR AXIWRT 55
II : NR-I+1 AXIWRT 56
DMWI(I) : R(II) AXIWRT 57

100 CONTINUE AXIWRT 58
80 C AXIWRT 59

C AXIWRT 60
WRITE (NOUT,130) NPSTEPNTPS AXIWRT 61

C AXIWRT 62
WRITE (NOUT,IF0) (DMWI(I),i:INTPS) AXIWRT 63

85 C AXIWRT 64
WRITE (NOUT,160) SHDISH AXIWRT 65

C AXINRT 66
WRITE (NOUT,140) CLADR,THICK,GAP,LENGTH,NUNIT AXIWRT 67

C AXIWRT 68
90 110 CONTINUE AX'WRT 69

C AXIWRT 70
RSTRAI : I.E-S AXIWRT 71

C AXIWRT 72
WRITE (NOUT,ISO) ANRIN,COMP,CWKF,CWNFDELOXY,FNCK,FNC,,FJTMTL,FRDE AXIWRT 73

95 +N,FTMELTRSTRAN AXIWRT 74
C AXI 4RT 75

WRITE (NOUT,170) CLOSE,ICLOSE AXIWRT 76
C AXIWRT 77

DO 120 I:1,NR AXIWRT 78
100 II : NR-I+ lAXIWRT 79

DMW(I) : TMPDIS(II,JPEAK) fXIWRT 80
120 CONTINUE AXIWRT 81
C AXINRT 82

WRITE (NOUT,160) (DMWIII),I:INTPS) AXIWRT 83
105 C AXIWRT 84

WRITE (NOUT,160) TCLADI,TCLAD2 AXIWRT 85
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WRITE (NOUT,170) DTIMEHNCRP

WRITE (NOUT,160) PG,PC

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(215)
(4E12.5 215)
(I IEI2.4)
(8E I2.5)
(E12.5, IS)

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 AXII4RT

VARIABLES
0 ANRIN
0 CLADR
0 CLOSE
i COMP
2 CWKF
3 CWNF
4 DELOXY
0 DISH

234 DMM11
0 DTIME

231 DTIMEH
5 FLUX
6 FNCK
7 FNCN

10 FOTMTL
11 FRDEN
12 FTMELT
0 GAP
0 HPLT

232 1

0
233
0
0

230
0
0
0

ICLOSE

IT
JPEAK
LENGTH
NA
NCRP
NOUT

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

REFERENCES
112

RELOCATION
MATCNS
F.P.
F.P.

MATCNS
MATCNS
MATCNS
MATCNS
F.P.

ARRAY
F.P.

MATCNS
MATCN5S
MATCNS
MATCNS
MATCN5S
MATCNS
F.P.
F.P.

INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
INTEGER
INTEGER

F.P.

F. P.
F. P.

F.P.
F.P.
F. P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

47
88
97
47
47
47
47
86
67
70
108
47
47
47
47
47
47
88
74
77
76
97
78
72

101
69
67
s08
I

94
DEFINED
DEFINED

94
94
94
94

DEFINED
84

DEFINED
DEFINED

94
94
94
94
94

DEFINED
DEFINED

78
84

DEFINED
101

DEF I NED
DEFIED

88
DEFINED
DEFINED
I/0 REFS

C

C
110

115

C

C
130
140
150
160
170

AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXIWRT
AXI RT

86
87
88
89
90
91
92
93
94
45
96
97
98

I
I

104

70

84
99
I

DEFINED
I
I

DEFINED
I
I

82

101

104

DEFINED

100
104

7"

74

84

78

101

100

86 88 94
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VARIABLES

0
0

0
0
0
0
0

13
0
0
0
0
0

SN TYCE

NPSTEP
NR

NTPS
NUNIT
PC
PG
R
RSTRAN
SH
TCLADI
TCLAD2
THICK
TMPDI S
VARIABLES

IN EGER
INTEGER

INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
USED AS

RELOCATION

F.P.
F.P.

ARRAY

ARRAY
FILE NAMES,

F.P.
F.P.
F.P.
F.P.
F.P.

MATCNS
F.P.
F.P.
F.P.
F.P.
F.P.

SEE ABOVE

STATEMENT LABELS
0 100

53 110
0 120

211 130 FMT
213 140 FMT
210 150 FMT
220 160 FMT
222 170 FMT

LOOPS
24
63

LABEL
100
120

COMMON BLOCKS
MATCNS

INDEX
I
I

LENGTH
12

DEF LINE
79
90
102
114
115
116
117
118

FtOM-TO
76 79
99 102

REFERENCES
76
72
99
82
88
94
8e4
97

LENGTH
I'IB
X38

86
108

PROPERTIES
INSTACK

OPT

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

97
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

110

100

DEFINED

104
82

2x67
I

82
88
110
110
67
47
86

106
106
88
67

106
DEFINED

76

84
DEFINED
DEFINED
DEFINED

78
94

DEFINED
DEFINED
DEFINED
DEFINED

101

108
1

77

104

DEFINED
DEFINED

DEFINED

1
92

1

104 106 110

245E
14B8

165
12

SUBROUTINE AXIWRT IO/21/80 14.33.04 PAGE
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MODIFICATIONS / CONTROL CARDS UPDATE 1.3-508.

CORRECTION DENTS ARE LISTED IN CHRONOLOGICAL ORDER OF INSERTION

TIDY
CCP
CHPTK
CSRPT
FCREP
FSWEL
ZTCN
EMFTN

PRP I D
CCRPR
CKMN
CSTRN
FELMD
FTHCN
EMCTN
EMCCP

PHYPR
CELST
'MHRD
CSTRS
FEMIS
FTHXP
EMCPR
EMCLM

CAGRId
CELMD
CMLMT
CSTRNI
FRACS
FUDNS
EMCXP
EMFXP

CANEL
CESID
COBLD
CTHCN
FGSRL
FVPRS
EMFCP
EMSTN

CANSO
CFATG
COROS
CTHXP
FHTPS
GTHCN
EMFD
EMGTN

CBRTL
CHITX
CSHER
CTXTR
FPOIR
GUSCO
EMFPR

CCLPS
CHSCP
CSIGM
FCP
FRSTR
ZOMIS
EMFS

DECKS ARE LISTED IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE 15 CREATED BY THIS UPDATE

YANKSSS TIDY PRPID PHYP
CCLPS CCP CCRPR CELS
CHSCP CHPTK CKtIN CMHR
CSIGM CSRPT CSTRN CSTR
FCP FCREP FELMD FEMI
FRSTR FSWEL FTHCN FTHX
ZOMIS ZTCN EMCTN EMCP
EMFS EMFTN EMCCP EMCL

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANKSS TIDY PRPID PHYP
CCLPS CCP CCRPR CELST
CHSCP CHPTK CKMN CMHRI
CSIGM CSRPT CSTRN CSTRS
FCP FCREP FELMD FEMIS
FRSTR FSWEL FTHCN FTHXP
ZOMIS ZTCN EMCTN EMCPR
EMFS EMFTN EMCCP EMCLM

R
T
!D
E5
S
IP
IR
,M

tR
iT
D
5S
P
'R
M

CAGRW
CELMD
CMLMT
CSTRNI
FRACS
FUDNS
EMCXP
EMFXP

CAGRW
CELMD
CMLMT
CSTRNI
FRACS
FUDNS
EMCXP
EMFXP

CANEL
CESID
COBLD
CTHCN
FGSRL
FVPRS
EMFCP
EMSTN

CANEL
CESID
COBLD
CTHCN
FGSRL
FVPRS
EMFCP
EMSTN

CANSO
CFATG
COROS
CTHXP
FHTPS
GTHCN
EMFD
EMGTN

CANSO
CFATG
COROS
CTHXP
FHTPS
GTICN
EMFD
EMGTN

CBRTL
CHITX
CSHER
CTXTR
FPOIR
GVSCO
EMFPR

CBRTL
CHITX
CSHER
CTXTR
FPOIR
GUSCO
EMFPR

UNLABELED OLDPL 10/21/40 14.33.59. PAGE 1
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UNLABELED OLDPL

TIDY
CCP
CHPTK
CSRPT
FCREP
FSWEL
ZTCN
EMFTN

PRP I D
CCRPR
CKHN
CSTRN
FELMD
FTHCN
EMCTN
EMCCP

DECKS WRITTEN TO COMPILE FILE

PHYPR
CELST
CMRD
CSTRS
FEMIS
FTHXP
EMCPR
EMCLM

CAGRN
CELMD
CHLMT
CSTRNI
FRACS
FUDNS
EMCXP
EMFXP

CANEL
CES I D
COLD
CTHCN
FGSRL
FVPRS
EMFCP
EMSTN

UPDATE 1.3-508.

CANSO
CFATG
COROS
CTHXP
FHTPS
GTHCN
EMFD
EMGTN

CBRTL
CHITX
CSHER
CTXTR
FPOIR
GVSCO
EMFPR

PAGE 2

CCLPS
CHSCP
CSIGM
FCP
FRSTR
ZOMIS
EMFS

THIS UPDATE REQUIRED 350008 WORDS OF CORE.

10/21/60 14.33.59.
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C
C
C
C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 PROPID

VARIABLES
0AR

34 CODEID
37 EMCODE
I EMFLAG

33 J
32 LOCIDX
0 MAXIDX

27 NMAX
31 OFF
30 ON

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

STATEMENT LABELS
0 100

REFERENCES
25

RELOCATION
ARRAY F.P.
ARRAY
ARRAY
ARRAY LACMDL

LACMDL

DEF LINE
24

REFERENCES
21

5

I

10

I5
C
C
C
C

C20

25
100

SUBROUTINE PROPID (A)

SUBROUTINE IDENTIFIES CURRENT MATERIAL PROPERTY MODULE MOD.NUMBER
AT TOP OF EACH PAGE OF PRINTOUT WHEN CALLED.

COMMON / LACMDL / MAXIDX, EMFLAG
DIMENSION CODEID(3), A(3)
DIMENSION EMCODE (3) ,

+ EMFLAG(I)
DATA NMAX /3 /,

+ ON /2HON /,
+ OFF /3HOFF/,
+ LOCIDX/ I /

* DATA STATEMENT BELOW SHOULD BE UPDATED EVERY TIME THE MATERIAL
* PROPERTY MODULE IS CHANGED. UPDATE ONLY THE MODIFICATION NUMBER.

DATA CODEID / 8H MAT PRO,8H MOD 1I ,8H REV I /,
+ EMCODE / 8H MAT PRO,8H MOD 11 ,8H EMODEL /

DO 100 J:lNMAX
IF (EMFLAG(LOCIDX).EQ.ON) A(J) : EMCODE(J)
IF (EMFLAG(LOCIDX).EQ.OFF) A(J) : CODEID(J)
CONTINUE

RETURN
END

PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID
PRPID

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

7
7
8
6

2*22
22
6

21
23
22

DEFINED
23
22
8

2*23
23

DEFINED
DEFINED
DEFINED

22
18
18
23
2!
10

IN
DEFINED
DEFINED

22
DEFINED
DEFINED

10
10
10

SUBROUTINE PROPID 10/21100 14.34.01 PAGE I
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3
4
5
6
7e
9

10

12
13
14
I5
16
17
18
19
20
21
22
23
24
25
26
27



SUBROUTINE PROPID

LOOPS LABEL INbiX F
11 100 J

COMMON BLOCKS LENGTH
LACMDL 2

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

ROM-TO LENGTH PROPERTIES
21 24 159 OPT
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I SUBROUTINE PHYPRP PHYPR 2
C PRYOR 3
C PHYPRP RETURNS U02, (U,PU)02, AND ZIRCALOY MELTING POINTS PHYPR 4
C AND HEATS OF FUSION, AND ZIRCONIUM AND ZIRCALOY ALPHA TO BETA PHYPR 5

5 C TRANSITION TEMPERATURES. PHYPR 6
C PHYPR 7

COMMON / PHYPRO / FTMELT FHEFUS CTMELT,CHEFUS,CTRAtiB, PHYPR 8
CTRANE,CTRANZ 5DELTA,BUCOMP,DELOXY PHYPR 9

C PHYPR ID
10 C FTMELT : OUTPUT U02 OR MIXED OXIDE FUEL MELTING POINTS (K) PHYPR 11

C FHEFUS : OUTPUT U02 OR MIXED OXIDE FUEL HEAT OF FUSION (J/KG) PHYPR 12
C CTMELT : OUTPUT ZR CLAD MELTING POINT (K) PHYPR 13
C CHEFUS : OUTPUT ZR CLAD HEAT OF FUSION (J/KG). PHYPR 14
C CTRANB : OUTPUT START OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K) PHYPR 15

15 C CTRANE : OUTPUT END OF ZR-4 ALPHA-BETA TRANSUS TEMPERATURE (K) PHYPR 16
C CTRANZ : OUTPUT ZR ISOTHERMAL ALPHA-BETA TRANSUS TEMPERATURE (K) PHYPR 17
C FDELTA : OUTPUT LIQUID-SOLID COEXISTENCE TEMPERATURE RANGE (K) PHYPR 18
C PHYPR 19
C Bl : INPUT BURNUP (MW-S/KG-U) PHYPR 20

20 C COMP : INPUT PU02 CONTENT (T4) PHYPR 21
C &ELOXY : INPUT OXYGEN CONCENTRATION - OXYGEN CONCENTRATION PHYPR 22
C OF AS RECEIVED LADDING (KG OXYGEN/KG ZIRCALOY) PHYPR 23
C PHYPR 24
C THE U02 AND ZR CLADDING MELT!NG POINTS AND HEATS iF FUSION ARE PHYPR 25

25 C TAKEN FROM THE FOLLOWING REFERENCES. U02 FUEL MEL'ING POINT OF PHYPR 26
C 3113K FROM H.C.BRASSFIELD ET AL GEMP-482. U02 HEAT OF FUSION PHYPR 27
C OF 17.7 KCAL/MOLE FkOM L.LEIBOWITZ ET AL, J.NUC.IAT. 39 P 115 PHYPR 28
C (1971). CLADDING MELTING POINT OF 2098 k FROM M.L. P'CKLESIMER PHYPR 29
C PRIVATE COMMUNICATION. CLADDING HEAT OF FUSION OF 4.9 KCAL/MOL PHYPR 30

30 C FROM BRASSFIELD ET AL, GEMP-482. PHYPR 31
C PHYPR 32
C BEGINNING AND END OF ALPHA-BETA TRANSUS ARE tROM DATA IN PHYPR 33
C FIGURE 111.33 OF ANL-76-49 PHYPR 34
C ISOTHERMAL ZIRCONIUM ALPHA-BETA TRANSUS TEMPERATURE 15 135 K PHYPR 35

35 C TAKEN FROM B.LUSTMAN & F.KERZE "THE METALLURGY OF ZIRCONIUM" PHYPR 36
C MCGRAW-HILL BOOK CO., NEW YORK, 1955 PHYPR 37
C PHYPR 38
C MIXED OXIDE MELTING POINT WAS OBTAINED FROM LYON ET AL, J. NUC. PHYPR 39
C MAT., 22 (1967) P 332 PHYPR 40

40 C PHYPR 41
C PHYPRO WAS CODED BY V.F. BATON IN MAY 1974 PHYPR 42
C MODIFIED BY C.S. OLSEN IN FEB. 1975 PHiPR 43
C MODIFIED BY B.W. BURNHAM IN NOV. 1977 PHYPR 44
C MODIFIED BY D.L. HAGRMAN IN JUNE 1979 PHYPR 45

'*5 C PHYPR 146
COMMON / LACMDL / MAXIDX, EMFLAG PHYPR 47
IMNSI3N EMFLAG(5) PHYPR 48

DATA ON / 2HON /, PHYPR 49
+ OFF / 3HOFF /, PHYPR 50

50 + LOCIDX / 2 / PHYPR 51
C PHYPR 52

SLDUS(C) : 2840.0-5.41395*C+7.468390E-3*C*C PHYPR 53
LIQDUS(C) : 2840.0-3.21860*C-1.448518E-2*C*C PHYPR 54

SUBROUTINE PHYPRP I0/21/80 14.34.01 PAGE 1
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C
100

C
110

FBU : 8U/86.4
IF (COMP.Gt.0.0) GO TO 100

FTKELT : 3113.15-32.0*FBUi0000.0
FDELTA : 1.0E-10
GO TO 110

Cl : COMP
FTKELT : SLDUS(CI)+273.15-32.0*FBU'0000.0
FDELTA : LIQDUS(Cl)-SLDUS(Cl)-32.0*FU,10000.0

FHEFUS : 27.4E+4
CTHELT : 2098.15
CHEFUS : 22.5E+04

C
4FOX : DELOXY+0.0012
CTRANB : 1094.+FOX*(-l.289E+03+WF0X*7.914E+05)
IF (WFOX.LT.0.025) GO TO 120
CTRANB : 1556.4+3.8281E+04*(WF0X-0.025)

120 CTRANE : 392.46*((100.*DELOXY+0.1242807)**2+3.1417)
IF (DELOXY.LT.4.7308937E-03) GO TC 130
CTRANE : (100.*DELOXY+0.12)*491.157+1081.7413

130 CONTINUE
CTRANZ : 1135.15

C
CALL DIALOT (DELOXY,29 FDIALAFDIALN)
CTRANB : (CTRANB+FDIALA)*FDIALH
CTRANE : (CTRANE+FDIALA)*FDIALM
CTRANZ : (CTRANZ+FDIALA)*FDIALM
RETURN
END

SYMBOLIC REFERENCE HAP (R:2)

ENTRY POINTS
2 PHYPRP

VARIABLES
10 BU
3 CHEFUS

it COMP
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ

203 CI
12 DELOXY
I EHFLAG

202 FBU

DEF LINE
I

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
83

RELOCATION
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

ARRAY
PHYPRO
LACMDL

55
C

60

65

70

75

80

PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR
PHYPR

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

7
7
7
7
7
7
7

3*62
7

46
57

54
DEFINED

55
DEFINED

80
81
82

6*63
69
47
62

67
61
66
INED
INED
I NED
INED
73

DEF
DEF
DEF
DEF

70
73
77
61
74

72
75
82

75

80
81

79

63 DEFINED

SUBROUTINE PHYPRP I0/21/80 14.34.01 PAGE 2
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VARIABLES
7 FDELTA

205 FDIALA
206 FDIALM
I FHEFUS
0 FTIELT

142 LOCIDX
0 MAXIDX

141 OFF
140 ON
204 WFOX

EXTERNALS
DIALOT

INLINE FUNCTIONS
LIQDUS
SLDUS

STATEMENT LABELS
20 100
50 110
77 120

115 130

SN TYPE
REAL
REAL
REAL
REAL
REAL

* INTEGER
INTEGER

* REAL
* REAL

REAL

RELOCATION
PHYPRO

PHYPRO
PHYPRO

LACHDL

TYPE ARGS
4

TYPE
INTEGER
REAL

ARGS
SF
SF

DEF LINE
61
65
73
76

REFERENCES
70

DEF LIVE
53
52

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEF I NED
DEFINED

REFS

REFERENCES
63
62

7
79
79

7
7

48
46
48
48

2*70

DEFINED
80
80

DEFINED
DEFINED

71

58
81
81
65
57

63
82
82

62

72 DEFINED

63

REFERENCES
55
59
71
74

COMMON BLOCKS
PHYPRO
LACMDL

LENGTH
I1
2

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

140000 SCM

69

LENGTH
USED

20 7B
I58

135
13

10/21/80 14.34.01 PAGE 3SUBROUTINE PHYPRP
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I C PHYPR 86
C PHYPR 87

FUNCTION CAGROW (CTEMP,CFLUXTIMECATEXFPCOLDW) CAGRW 2
C CAGRW 3

5 C CAGROW CALCULATES AXIAL CLADDING GROWTH STRAIN AS A FUNCTION OF CAGRW 4
C TEMPERATURE (CTEMP, FAST NEUTRON FLUX (CFLUX), TIME, CAGRW 5
C AXIAL TEXTURE FACTOR (CATEXF), AND COLD WORK (COLDW). CAGRW 6
C CAGRW 7
C CTEMP : INPUT CLADDING TEMPERATURE (K) CAGRW 8

i0 C CFLUX : INPUT FAST NEUTRON FLUX ((NEUTRONS/M**2)/S) CAGRW 9
C TIME : INPUT TIME AT TEMPERATURE (5) CAGRW 10
C CATEXF : INPUT TEXTURE FACTOR FOR THE AXIAL DIRECTION (UNITLESS) CAGRW 11
C COLDW : INPUT COLD WORK (METERS**2,METER**2) CAGRW 12
C CAGROW : OUTPUT AXIAL CLADDING GROWTH STRAIN (M/M) CAGRW 13

15 C CAGRW 14
C THE EQUATION USED IN THIS SUBROUTINE WAS BASED ON DATA FROM CAGRW 15
C (1) P.H. KREYNS QUOTED BY E. DUNCOMBE, J.E. MAYER AND W.A. COFFMAN CAGRW 16
C COMPARISONS WITH EXPERIMENT OF CALCULATED CHANGES AND CAGRW 17
C FAILURE ANALYSIS OF IRRADIATED BULK OXIDE FUEL TEST RODS CAGRW 18

20 C USING THE CYL O-I COMPUTER PROGRAM, WESTINGHOUSE REPORT CAGRW 19
C WAPD-TM-583, 1966 CAGRW 20
C (2) J.E. HARBOTTLE "THE TEMPERATURE AND NEUTRON DOSE DEPENDENCE CAGRW 21
C OF IRRADIATION GROWTH IN ZIRCALOY-2" IN ASTM-STP-484 (1970) CAGRW 22
C (3) R.C. DANIEL, "IN-PILE DIMENSIONAL CHANGES OF ZIRCALOY-4 TUBING CAGRW 23

25 C HAVING LOW HOOP STRESSES (LWBR DEVELOPMENT PROGRAM)", CAGRW 24
C NUCLEAR TECH. 14 (1972) CAGRW 25
C (4) R.B. ADAMSON FROM FIDLERIS, AECL-4766 CAGRW 26
C CAGRW 27
C CAGROW CODED BY D.L. HAGRMAN, AUGUST 1975 CAGRW 28

30 C CAGRW 29
T : CTEMP CAGRW 30
IF (T.GT.633.0) T : 633.0 CAGRW 31
IF (T .T.313.0) T : 313.0 CAGRW 32

C CAGRW 33
35 CAGROW : 1.407E-16*EXP(2.408E+2T)*SQRT(CFLUX*TIME)*(I.0-3.0*CATEX CAGRW 34

+F)*(I.0+0.02*COLDW) CAGRW 35
RETURN CAGRW 36
END CAGRW 37

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 CAGROW 3 37

VARIABLES SN TYPE RELOCATION
57 CAGROW REAL DEFINED 35
0 CATEXF REAL F.P. REFS 35 DEFINED 3
0 CFLUX REAL F.P. REFS 35 DEFINED 3
0 COLDW REAL F.P. REFS 35 DEFINED 3



FUNCTION

VARIABLES SN
0 CTEhP

60 T
0 TIME

EXTERNALS
EXP
SORT

STATISTICS
PROGRAM LENGTH

I40000B

N CAGRON

TYPE
REAL
REAL
REAL

TYPE
REAL
REAL

SCM USED

76/176 OPT:O TRACE STATIC

RELOCATION
F.P. REFS

REFS
F.P. REFS

ARGS REFERENCES
I LIBRARY 35
I LIBRARY 35

FTN 4.8+508

3'
32
35

DEFINED
33

DEFINED

618

3
35
3

PAGE

DEFINED

2

31 32 33

10/21480 14.34,01
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I C CAGRW 38
C CAGRW 39

SUBROUTINE CANAL (CFLUX,DELHCTEMP,RTEMP,FNCK,FNCN,CIKF,CWNF) CANEL 2
C CAEL 3

5 C CANEAL CALCULATES THE CHANGE IN EFFECTIVE FLUENCE AND CAMEL 4
C EFFECTIVE COLD WORK DURING A TIME STEP CAMEL 5
C CAMEL 6
C FNCK : OUTPUT EFFECTIVE FAST FLUENCE FOR STRENGTH COEFFICIENT CANEL 7
C AT TIME STEP FINISH (NEUTRONS/(M**2)) CAMEL 8

10 C FNCN : OUTPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CANEL 9
C EXPONENT AT TIME STEP FINISH (NEUTRONS/(M**2)) CAMEL 10
C CWKF : OUTPUT EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT CANEL 11
C AT TIME STEP FINISH (UNITLESS RATIO OF AREAS) CANEL 12
C CWNF : OUTPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CANEL 13

15 C EXPONENT AT TIME STEP FINISH (UNITLESS RATIO OF AREAS) CANEL 14
C CANEL IS
C CFLUX : INPUT FAST NEUTRON FLUX ((NEUTRONS/M**2)/S) CAMEL 16
C DELH : INPUT TIME STEP SIZE (5) CANEL 17
C CTEMP : INPUT CLADDING TEMPERATURE AT START OF TIME STEP (K) CANEL 18

20 C RTEMP : INPUT AVERAGE RATE OF CHANGE OF TEMPERATURE (K/5) CANEL 19
C FNCK : INPUT EFFECTIVE FAST FLUE'CE FOR STRENGTH COEFFICIENT CAMEL 20
C AT TIME STEP START (NEUTRONS/(M**2)) CAMEL 21
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CAMEL 22
C EXPONENT AT TIME STEP START (NEUTRONS/(M**2)) CAMEL 23

25 C CWKF : INPUT EFFECTIVE COLD WORK FOR STRENGTH COEFFICIENT CANEL 24
C AT TIME STEP START (UNITLESS RATIO OF AREAS) CAMEL 25
C CINF : IIPUT EFFECTIVE COLD W4 4K FOR STRAIN HARDENING CAMEL 26
C EXPONENT FAT TIME STEP START (l ITLESS RATIO OF AREAS) CAMEL 27
C CAMEL 28

30 C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CAMEL 29
C (I) A. A. BAUER, L. M. LOtkY, AND J. S. PERRIN, EVALUATING CAMEL 30
C STRENGTH AND DUCTILITY OF IRRADIATED ZIRCALOY. QUARTERLY CAMEL 31
C PROGRESS REPORT FOR APRIL THROUGH JUNE 1976, CAMEL 32
C BMI-NUREG-I956 (JULY 1976) CAMEL 33

35 C (2) A. A. BAUER, L. r. LOWRY, AND J. S. PERRIN, EVALUATING CAMEL 34
C STRENGTH AND DUCTILITY jF IRRADIATED ZIRCALOY. CAMEL 35
C QUARTERLY PROGRESS REPORT FOR JULY THROUGH CAMEL 36
C SEPTEMBER, 1976, BMI-NUREG-1961 (OCTOBER 1976) CAMEL 37
C (3) A. A. BAUER, L. M. LOWRY, AND J. S. PERRIN, EVALUATING CAMEL 38

40 C STRENGTH AND DUCTILITY OF IRRADIATED ZIRCALOY. QUARTERLY CAMEL 39
C PROGRESS REPORT FOR OCTOBER THROUGH DECEMBER 1976, CAMEL 40
C BMI-NUREG-1967 (JANUARY 1977) CAMEL 41
C CAMEL 42
C CODED BY D. L. HAGRMAN OCTOBER 1977 CAMEL 43

45 C MODIFIED BY G. A. REYMANN AND M. A. MORGAN MARCH 1978 CAMEL 44
C MODIFIED BY D. L. HAGRMAN JUNE 1978 CAMEL 45
C CAMEL 46

T : CTEMP CAMEL 47
C CAMEL 48

50 C UPDATE FLUENCE CAMEL 49
FNCK : FNCK+CFLUX*DELH CAMEL 50
FNCN : FNCN+CFLUX*DELH CAMEL 51

C CAMEL 52
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L ANNEALING MODEL CAMEL 53
55 IF (T.LE.5.OE+02) GO TO 140 CAMEL 54

IF (CWKF.LE.I.OE-20) 60 TO 100 CAEL 55
QK : 2.33E+18 CANEL 56
BK : (1.504E+00)*(I.OE+00+(2.2E-25)*FNCK) CAMEL 57
DISOK : QK*RTEMP*DELH*(T**(-7))*6.0 CAMEL 58

60 IF (ABS(DISOK).LT.I.OE-04) FNISOK : 1.0 CAMEL 59
IF (ABS(DISOK).GE.1.5E+O2) GO TO 130 CAMEL 60
IF (ABS(DISOK).GE.I.0E-04) FNISOK : (EXP(DI5OK)-I.0)'DI5OK CAMEL 61
CWKF : EXP(-BK*DELH*EXP(-QK*(T**(-6)))*FNISOK)*CWKF CAMEL 62

100 IF (CINF.LE.I.OE-20) GO TO 110 CAMEL 63
65 C CAEL 64

QN : 2.33E+18 CAMEL 65
BN = (1.504E+00)*(I.0E+00+(2.2E-25)*FNCN)*8.O CAMEL 66
DISON : QN*RTEMP*DELH*(T**(-7))*6.0 CAMEL 67
IF (AB5(DISON).LT.I.OE-04) FNISON 1.0 CAMEL 68

70 IF (AB5(DI50N).GE.I.OE-04) FNISON - (EXP(DISON)-I.0)/DISON CAMEL 69
IF (AB5(DI50N).GE.1.50E+02) GO TO 130 CAMEL 70
CWNF = EXF(-BN*DELH*EXP-QN*(T**(-6)))*FNISON)*CWNF CAMEL 71

110 IF (FNCK.LE.I.0E+14) GO TO 120 CAMEL 72
C CAMEL 73

75 BKI : 2.49E-06 CAMEL 74
QKI : 5.35E+23 CAMEL 75
D150KI = QKI*RTEMP*DELH*(T**(-9))*8.0 CAMEL 76
IF (ABS(DISOKI).LT.I.OE-04) FNISKI - 1.0 CAMEL 77
IF (ABS(DISOKI).GE.I.5E+02) GO TO '36 CAMEL 78

80 IF (ABS(DISOKI).GE.I.OE-04) FNISI : (EXP(DISOKI)-I.0)/DISOKI CAMEL 79
FNCK : FNCK I.OE+20 CAMEL 80
FNCK : (BKI*DiiH*(EXP(-QKI*(T**(-8))))*FNISKI+(FNCK)**(- I))**(-l) CAMEL 81
FNCK : FLCK*I.UE+20 CAMEL 82

C CAMEL 83
85 120 IF (FNCN.LE.I.OE+14) GO TO 14G CAMEL 84

DNI : BKI*1000. CAMEL 85
ONI : QKI CAMEL 86
FNISMI : FNISKI CAMEL 87
FNCN= FNCNI.0E+20 CAMEL 88

90 FNCN= (BMI*DELH*(EXP(-QNI*(T**(-8))))*E415NI+(FNCN)**(-1))**(-1) CAMEL 89
FNCN : FNCN*I.OE+20 CAMEL 90
GO TO 140 CAMEL 91

130 PRITE 150 CAMEL 92
C CAMEL 93

95 140 CONTINUE CAMEL 94
RETURN CAMEL 95

C CAMEL 96
150 FORMAT (51H TIME STEP TCO LARGE FOR CLADDING ANNEALING MODEL ) CAMEL 97

END CAMEL 98

SYMBOtIC REFERENCE MAP (R:2)

{.
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ENTRY POINTS
4 CANEAL

VARIABLES
412 BK
421 BKI
416 BN
425 BNI

0 CFLUX
0 CTEMP
0 CNKF
0 CNN=
0 DELN

413
423
417

0

DISOK
D150KI
DISON
FNCK

0 FNCN

424
427
414
420
411
422
415
426
0

410

FN15K1
FNISNI
FNISOK
FNISON
IKC
OKI
QN
ONI
RTEMP
T

FILE NAMES
OUTPUT

EXTERNALS
EXP

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT

TYPE
REAL

INLINE FUNCTIONS TYPE
ABS REAL

REFERENCES
96

RELOCATION

F.P.
F.P.
F.P.
F.P.
F.P.

F. P.

F. P.

F.P.

WRITES

ARGS REFERENCES
I LIBRARY 62

ARGS
INTRIN

DEF LINE

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

82
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

90

93

STATEMENT LABELS
103 100
163 110
253 120
317 130
322 140
362 150 FMT

DEF LINE
64
73
85
93
95
98

REFERENCES
56
64
73
61
55
93

63
82
72
90
51
48
56
64
51
90
60
78
69
51
3

52
3

82
90
63
72
59
77
68
90
59
55

DEFINED

DEFINED
86

DEF I NED
DEFINED

52
DEF I NED

63
72
52

DEFINED
61
79

3*70
58
51
67
52
88

DEFINED
DEFINED
DEF I NED

63
82
72

DEFINED
68
59
48

7?

58
DEFINED

67
86

DEFINED
3

DEFINED
DEFINED

59
3

3*62
3*80
71
73
81
85
89

DEFINED
88
60
69

DEFINED
87

DEFINED
87
77
63

77

75

3

3
3

63

DEF I NED
DEFINED
DEFINED

81
82
89
90
78

62
70
57

DEFINED
66

DEFINED
68

83

9'

63
72
68

59
77
68
82
83
90
91
80

76

3
72

2*63

REFERENCES
60
80

77

70

61

2*72

82

80

69

82

70

90

71

71
85

79
92

78 79
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STATISTICS
PROGRAM LENGTH

14000U SCM USED

76/176 OPT:) TRACE STATIC

4308 280

FTN 4.8+508 10/21/80 I1.314.01 PAGE



76u176 OPT:0 TRACE STATIC FTN 4.8+508

I C CANEL 99
C CANEL 100

SUBROUTINE CANIS0 (DEPIDEP2,DEP3,CTEMPFIP,F2P,F3PAID,A2D,A3D,AI CANSO 2
+5, A25, A3S. AlE, AZE, A3E) CANSO 3

5 C CANSO 4
C CANISO CALCULATES COEFFICIENTS OF ANISOTROPY FOR RELATING CANSO 5
C EFFECTIVE STRESS TO STRESS COMPONENTS AND RELATING CANSO 6
C EFFECTIVE STRAIN TO STRAIN COMPONENTS CANSO 7
C CANSO 8

10 C AIS : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANSO 9
C EFFECTIVE STRESS (UNITLESS) CANSO 10
C A2S : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANSO I
C EFFECTIVE STRESS (UNITLESS) CANSO 12
C A35 : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANSO 13

15 C EFFECTIVE STRESS (UNITLESS) CANSO 14
C CANSO 15
C THE FORM OF THE EQUATION FOR EFFECTIVE STRESS IS ASSUMED TO BE CANSO 16
C EFFECTIVE STRESS : ( AIS * (SIGMA I - SIGh; 2)442 + CANSO 17
C A25* (SIGMA 2 - SIGMA 3)**2 + CANSO 18

20 C A35 * (SIGMA 3 - SIGMA 1)**2 )**0.5 CANSO 19
C WHERE SIGMA I SIGMA 2 AND SIGMA 3 ARE PRINCIPAL AXIS CANSO 20
C STRESS COMPONENTS CANSO 21
C CANSO 22
C AIE : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANSO 23

25 C EFFECTIVE STRAIN CANSO 24
C A2E : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANS0 25
C EFFECTIVE STRAIN CANSO 26
C A3E : OUTPUT COEFFICIENT OF ANISOTROPY FOR CALCULATING CANSO 27
C EFFECTIVE STRAIN CANSO 28

30 C CANSO 29
C THE FORM OF THE EQUATION FOR EFFECTIVE STRAIN IS ASSUMED TO BE CANSO 30
C EFFECTIVE STRAIN : SUM OF EFFECTIVE STRAIN INCREMENTS CANSO 31
C CANSO 32
C WITH THE STRAIN INCREMENTS DEFINED IN TERMS OF STRAIN CANSO 33

35 C INCREMENT COMPONENTS BY CANSO 34
C CANSO 35
C DEL EFFECTIVE STRAIN : (I.0/(AIE*A2E + A2E*A3E + A3EAIE)) * CANSO 36
C AlE * WAE * DEPI - A3E * DEP2)**2) + CANSO 37
C A2E * (A3E * DEP2 - AlE * DEP3)**2) + CANSO 38

40 C A3E * (AlE * DEP3 - A2E * DEPI)**2))**0.5 CANSO 39
C CANSO '40
C WHERE DEPTH, DEP2 AND DEP3 ARE PLASTIC STRAIN INCREMENT CANSO 41
C COMPONENTS CAiNSO 42
C CANSO 43

45 C FIP : OUTPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 44
C BETWEEN BASAL POLES AND COORDINATE AXIS I AT THE END CANSO 45
C OF THE CURRENT TIME STEP CANSO 46
C F2P : OUTPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 4
C BETWEEN BASAL POLES AND COORDINATE AXIS 2 AT THE END CANSO 48

50 C OF THE CURRENT TIME STEP CANSO 49
C F3P : OUTPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 50
C BETWEEN BASAL POLES AND COORDINATE AXIS 3 AT THE END CANSO SI
C OF THE CURRENT TIME STEP CANSO 52
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C CANSO 53
55 C AID : OUTPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 54

C AT THE END OF THE CURRENT TIME STEP (UNITLESS) CANSO 55
C A2D : OUTPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 56
C AT THE END OF THE CURRENT TIME STEP (UNITLESS) CANSO 57
C A3D : OUTPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 58

60 C AT THE END OF THE CURRENT TIME STEP (UNITLESS) CANSO 59
C CANSO 60
C CTEMP : INPUT CLADDING TEMPERATURE (K) CANSO 61
C DEPt : INPUT CLADDING PLASTIC STRAIN INCREMENT ALONG I ST CANSO 62
C AXIS DURRING THE CURRENT TIME STEP (UNITLESS) CANSO 63

65 C DEP2 : INPUT CLADDING PLASTIC STRAIN INCREMENT ALONG 2 ND CANS 64
C AXIS DURING THE CURRENT TIME STEP (UNITLESS) CAN50 65
C DEP3 : INPUT CLADDING PLASTIC STRAIN INCREMENT ALONG 3 RD CANSO 66
C AXIS DURRING THE CURRENT TIME STEP (UNITLESS) CANSO 67
C FIP : INPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 68

70 C BETWEEN BASAL POLES AND COORDINATE AXIS I AT THE START CANSO 69
C OF THE CURR':NT TIME STEP CANSO 70
C F2P : INPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 71
C BETWEEN BASAL POLES AND COORDINATE AXIS 2 AT THE START CANSO 72
C OF THE CURRENT TIME STEP CANSO 73

75 C F3P : INPUT VOLUME WEIGHTED AVERAGE COSINE OF THE ANGLE CANSO 74
C BETWEEN BASAL POLES AND COORDINATE AXIS 3 AT THE START CANSO 75
C OF THE CURRENT TIME STEP CANSO 76
C AID : INPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 77
C AT THE START OF THE CURRENT TIME STEP. SET : 0.5 CANSO 78

80 C FOR THE FIRST STEP CANS 79
C A2D : INPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 80
C AT THE START OF THE CURRENT TIME STEP. SET : 0.5 CANSO 8l
C FOR THE FIRST STEP CANSO 82
C A3D : INPUT HIGH TEMPERATURE STRAIN ANISOTROPY COEFFICIENT CANSO 83

85 C AT THE START OF THE CURRENT TIME STEP. SET : 0.5 CANSO 84
C FOR THE FIRST STEP CANSO 85

SCANSO 86
C THE CORRELATIONS USED IN THIS SUBCODE ARE BASED ON DATA FROM: CANSO 87
C C. R. HANN ET. AL., TRANSIENT DEFORMATION PROPERTIES CANSO 88

90 C OF ZIRCALOY FOR LOCAL SIMULATION, NP-526, VOLUME 3 (MARCH 1978). CANH. 89
C CANSO 90
C CANISO WAS CODED BY D. L. HAGRMAN OCTOBER 1978 CANSO 91
C MODIFIED BY D. L. HAGRMAN IN JUNE 1979 CANSO 92
C CAN5O 93

95 C CANSO 94
C CONVERT F FACTORS TO APPROPRIATE ANISOTROPY COEFFECIENTS CANSO 95

A3P I : .5*F2P CANSO 96
A2P : I.5*FIP CANS0 97
AIP : I.5*F3P CANSO 98

100 C CANSO 99
SAO : 1.0 CANSO 100
IF (CTEMP.GE.1090.) SAO : 7.6060606-CTEMP*6.060606E-03 CANSO 101
IF (CTEMP.GE.1255.) SAO : 0.0 CANSO 102
SPO : I.0/(EXP((CTEMP-725.)/18.)+I.0) CANSO 103

105 RAC : -2.757+CTEMP*I.343E-02 CANSO 104
IF (C'EMP.LE.644.0) RAC : 0.52762 CANSO 105
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IF CTEMP.GE.1090.) RAC : 6.5174 CANSO 106
APN : 1.0 CANSO 107
IF (AIP.GT.1.48) APN : 0.0 CANSO 108

110 IF (A2P.GT.I.48) APN : 0.0 CANSO 109
IF (A3P.GT.I.48) APN : 0.0 CANSO 110
IF (AIP.LT.0.02) APN : 0.0 CANSOI I
IF (R2P.LT.0.02) RfN : 0.0 CANSO1 2
IF (A3P.LT.0.02) APN : 0.0 CANSO 113

115 ADN : 1.0 CANSO 114
IF (AID.GT.l.48) ADN : 1.0 CANSO 115
IF (A2D.GT.I.48) ADN : 0.0 CANSO 116
IF (A3D.GT.1.48) ADN : 0.0 CANSO 117
IF (AID.LT.0.02) ADN : 0.0 CANSO 118

120 IF (R2D.LT.0.02) ADN : 0.0 CANSO 119
iF (3D.LT.0.02) ADN : 0.0 CANSO 120
AIP : AIP-RAC*APN*DEP3 CANSO 121
A2P : AZP-RAC*APN*DEPI CANSO 122
A3P : A3P-RAC*APN*DEP2 CANSO 123

125 IF (AIP.GT.I.50) PRINT '00 CANSO 124
IF (A2P.GT.I.50) PRINT 110 CANSO 125
IF (A3P.GT.I.50) PRINT 120 CANSO 126
IF (AIP.LT.0.00) PRINT 130 CANSO 127
IF (A2P.LT.0.00) PRINT 140 CANSO 128

130 IF (A3P.LT.0.00) PRINT 150 CANSO 129
AID : IlD-RAC*ADN*DEP3 CANSO 130
AN :A2D-RAC*ADN*DEPI CANSO 131
A3D : A3D-RAC*ADN*DEP2 CANSO 132
IF (rID.GT.I.50) PRINT 100 CANSO 133

135 IF (42D.GT.I.50) PRINT 110 CANSO 134
IF .'3D.GT.I.50) PRINT 120 CANSO 135
IF (AtS.LT.0.00) PRINT 130 CANSO 136
IF (A2D.LT.0.00) PRINT 140 CN1S0 137
IF tA3D.LT.0.00) PRINT 150 CANSO 138

140 AlE : (AIP*SPO+AID*(I.0-SPO))*SAO+0.5*(I.0-SAO) CANSO 139
A2E (A2P*SPO+A2D*(I.0-SP0))*SAO+0.5*(I.0-SAO) CANSO 140
A3E (A3P*SPO+A3D*(1.0-SPO))*SAO+0.5*(I.0-SRO) CANSO 141
AIS : AIP*SA0+0.5*('.0-SAO) CANSO 142
A25 A2P*SA0+0.5*(I.0-5A0) CANSO 143

145 A35 : A3P*SA+0.5*(I.0-SA0) CANSO 144
C CR1450 I45
C CONVERT ANISOTROPY COEFFICITNTS TO F FACTORS CANSO 146

FIP : A2P/I.5 CAN50 147
F2P : A3P/1.5 CANSO 148

150 F3P : AIP/I.5 CANSO 149
C CR1450 ISO

RETURN CANSO0 151
C CR1450 152
100 FORMAT (94H ERROR IN ANISOTROPIC CLADDING DEFORMATION CANS0 153

155 + Al TOO LARGE. TRY SMALLER TIME STEPS.. CANSO 154
110 FORMAT (94H ERROR IN ANISOTROPIC CLADDING DEFORMATION CANSO 155

+ A2 TOO LARGE. TRY SMALLER TIME StEPS.) CANSO 156
120 FORMAT (94H ERROR IN ANISOTROPIC CLADDING DEFORMIATION CANSO 157

+ A3 fOO LARGE. TRY SMALLER TIME STEPS.) CANSO 158
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160 130

140

150
165

FORMAT (9kH ERROR IN ANiO0TROPIC CLADDING DEFORMATION
+ Al TOO SMALL. TRY SMALLER TIME STEPS.)
FORMAT (94H ERROR IN ANISti^OPIC CLADDING DEFORMATION

+ A2 TOO SMALL. TRY SMALLER TIME STEPS.)
FORMAT (94H ERROR IN ANISOTROPIC CLADDING DEFORMATION

+ A3 TOO SMALL. TRY SMALLER TIME STEPS.)
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POIN S DEF LINE REFERENCES
4 CANISO 3 152

VARIABLES SN TYPE RELOCAT
543 ADN REAL

542 APN REAL

0 AID REAL F.I

0 AlE REAL F.l
536 AIP REAL

0 AIS REAL F.P
0 A2D REAL F.P

0 A2E REAL F.I
535 A2P REAL

0 A25 REAL F.I
0 A3D REAL F.P

0 A3E REAL F.
534 A3P REAL

0 A35 REAL F.
0 CTEMP REAL F.

0 DEPI REAL F.
0 DEP2 REAL F.
0 DEP3 REAL F.
0 FIP REAL F.
0 F2P REAL F.F
0 F3P REAL F.

541 RAC REAL

537 SAO REAL

540 SPO REAL

ION

P.

P.

P.
P.

P.

REFS
118

REFS
III

REFS
DEFINED
DEFINED

REFS
I50

DEFINED
REFS

DEFINED
DEFINED
REFS
148

DEFINED
REFS

DEFINED
DEFINED

REFS
149

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

131
Ito
122
112
'16
3
3

109
DEFINED

3
117
3
3

110
DEFINED

3
118
3
3

III
DEFINED

3
2*102

3
123
124
122
98
97
99
122
105

2*140
i0I

2*140

CANSO
CANSO
CANSO
CANSO
CANSO
CANSO
CANSO

159
160
161
162
163
164
165

117

110

116

109

140

140

141

143

132
120
123
113
119
131
140
112
99
143
120
132
141
113
98
144
121
133
142
114
97
145
103

132
133
131

PEINED
DEFINED
DEFINED

123
106

2* 141
102

2*141

133
121
124
114
131

122
122

132

123
123

133

124
124

104

DEFINED
DEFINED
DEFINED

3
3
3

124
107

2*142
103

2*142

DEFINED

DEFINED

134

125

135

126

136

127

105

3
3
3

148
149
150
131

2*143

DEFINED

144

115

108

137

128

138

129

139

130

106

132

2*144

104

142

142 145

107

133

2*145
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FILE NAtES
OUTPUT

EXTERNALS
EXP

MODE
FMT

TYPE
REAL

STATEMENT LABELS
412 100 FMT
425 110 FMT
440 120 FMT
453 130 FMT
466 140 FMT
501 ISO FMT

WRITES
136

ARGS
I LIBRARY

DEF LINE
154
156
158
160
162
164

REFERENCES
104

REFERENCES
125
126
127
128
129
130

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

125
137

126
130

127
139

128 129 130 134

134
135
136
137
138
139

135

356

SUBROUTINE CANISO 10/21/40 14.34.01 PAGE 5
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i C CANSO 166
C CANSO 167

FUNCTION CBRTTL (AM5,Y8,Y88,Y9,Y99,YIOD,CTEMP,BWTFRO,RCOOL,AAI,ABI CBRTL 2
+,ACI,ADI,AEI,AFI,AGI,AHI,AI ,5) CBRTL 3

5 C CBRTL 4
C THE FUNCTION CBRTTL DESCRIBES THE ONSET OF ZIRCALOY CLADDING CBRTL 5
C EMBRITTLEMENT BY OXYGEN ABSORPTION. CBRTL 6
C CBRTL 7
C CBRTTL : OUTPUT CLADDING EMBRITTLEMENT INDEX. IF CBRTTL CBRTL 8

10 C .GT. 0.0 THE CLADDING IS CONSIDERED BRITTLE. CBRTL 9
C CBRTL 10
C AM5 : INPUT ORIGINAL CLADDING CLADDING WALL THICKNESS (M) CBRTL 11

i8 : INPUT OUTSIDE OXIDE THICKNESS (M) CBRTL 12
C Y88 : INPUT INSIDE OXIDE THICKNESS (M) CBRTL 13

15 C Y9 : INPUT OUTSIDE OXYGEN STABILIZED ALPHA THICKNESS (M) CBRTL 14
C Y99 : INPUT INSIDE OXYGEN STABILIZED ALPHA THICKNESS (M) CBRTLI 5
C YI00 : INPUT SUM OF OTHER INSIDE LAYFRS (M) CBRTL 16
C CTEMP : INPUT CLADDING TEMPERATURE (K, CBRTL 17
C DBTFRO : INPUT CLADDING AVERAGE OXYGEN CONCENTRATION IN EXCESS CBRTL 18

20 C OF AS-FABRICATED AMOUNT EIGHTT FRACTION) CBRTL 11
C RCOOL : INPUT COOLING RATE BEFORE QUENCH (K/S) CBRTL 20
C AAI-AII : INPUT OXYGEN CONCENTRATIONS IN PRIOR BETA AT NINE CBRTL 21
C EQUIDISTANT NODES. AAI IS THE CONCENTRATION AT THE CBRTL 22
C BETA/ALPHA+BETA INTERFACE AND All IS THE CBRTL 23

25 C CONCENTRATION AT CBRTL 24
C A) THE INNER CLADDING SURFACE FOR OUTSIDE OXIDATION CBRTL 25
C ONLY, OR CBRTL 26
C B) THE MINIMUM CONCENTRATION FOR TWO-SIDED OXIDATION CBRTL 27
C (WEIGHT FRACTION) CBRTL 28

30 C S : INPUT INDEX, 1.0 FOR OUTSIDE OXIDATION ONLY, CBRTL 29
C 2.0 FOR TWO-SIDED OXIDATION CBRTL 30
C CBRTL 31
C THE CORRELATIONS USED IN THIS FUNCTION ARE BASED ON THE CBRTL 32
C FOLLOWING REFERENCES. CBRTL 33

35 C (I) R.E. PANEL, JOURNAL OF NUCLEAR MATERIALS,50 (1974) CBRTL 34
C (2) H.M. CHUNG, A.M. GARDE, AND T.F. KASSNER -- CBRTL 35
C A. ANL-78-49 (JUNE 1978). CBRTL 36
C B. ANL-78-3 (JANUPRY 1978). CBRTL 37
C C. ANL-78-25 (MAY 1978). CBRTL 38

40 C (3) D.O. HOBSON AND P.L. RITTENHOUSE, ORNL-4758 (JAN. 1972). CBRTL 39
C (4) S.L. SEIFFERT AND R.R. HOBBINS, TFBP-TR-292 (OCTOBER 1978). CBRTL 40
C CBRTL 41
C CBRTTL WAS ORIGINALLY CODED BY G.A. REYMANN IN FEB. 1979. CBRTL 42
C CBRTL 43

45 DIMENSION AN(9) CBRTL 44
IF (CTEMP.LT.1244.0) GO TO 160 CBRTL 45
CBRTTL 0.0 CBRTL 46

C CBRTL 47
IF (RCOOL.GT.100.0) GO TO 140 CBRTL 48

50 C CBRTL '49
C LOW COOLING RATE CALCULATION CBRTL 50
C CBRTL 51

AN(l) :=RAt CBRTL 52

10/21/80 14.34.01 PAGE 1
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AN(2) : ABI CBRTL 53
55 AN(3) : ACI CBRTL 54

AN(4) : ADI CBRTL 55
AN(5) : AEI CBRTL 56
AN(6) : AFI CBRTL 57
AN(7) : AGI CBRTL 58

60 ANi8) : AHI CBRTL 59
AN(9) : All CBRTL 60

C CBRTL 61
Y2 = iAM5-2.*(Y8+Y88)/3.-(Y9+Y99)-YI00)*100.0/8.0 CBRTL 62

C Y2 : INTERNODAL SPACING IN THE BETA. CBRTL 63
65 IF (AN(l).LT.l.OE-02) GO TO 120 CBRTL 64

C CBRTL 65
00 O100 J:2,9 CBRTL 66
K :=J CBRTL 67
IF (AN(J).LT.I.OE-02) GO TO 110 CBRTL 68

70 100 CONTINUE CBRTL 69
C CBRTL 70
110 ANUMB : 9.0-FLOAT(K) CBRTL 71
C BCRIT : BETA THICKNESS WITH LESS THAN 1.0: OXYGEN BY WEIGHT. CBRTL 72

BCRIT : ANUMB*Y2+((.01-AN(K))/(AN(K-I)-AN(K)))*Y2 CBRTL 73
75 GO TO 130 CBRTL 74

120 BCRIT : 8.0*Y2 CBRTL 75
C CBRTL 76
130 BCRIT : S*BCRIT CBRTL 77

IF BCRIT.LT.0.03) CBRTTL : 1.0 CBRTL 78
80 GO TO 160 CBRTL 79

C CBRTL 80
C HIGH COOLING RATE CALCULATION CBRTL 81
C CBRTL 82
140 IF (CTEMP.GT.1700.0) CBRTTL : 1.0 CBRTL 83

85 IF (CTEMP.GT.1700.0) GO TO 160 CBRTL 84
C CBRTL 85

BCON : (BWTFRO+0.0012)*100.0 CBRTL 86
C BCON : AVERAGE CONCENTRATION IN THE BETA (WEIGHT PER CENT). CBRTL 87

IF (BCON.GT.0.65: CBRTTL : 1.0 CBRTL 88
90 C CBRTL 89

C CALCULATION OF SATURATION CONCENTRATION IN THE BETA FOLLOWS. CBRTL 90
C CBRTL 91

SAT : 0.12 CBRTL 92
C SAT : SATURATION CONCENTRATION IN THE BETA (WEIGHT PER CENT). CBRTL 93

95 IF (CTEMP.LT.1239.0) GO TO 150 CBRTL 94
SAT : -4.287E-03+SQRT((CTE1P/392.46)-3.1417) CBRTL 95
IF (CTEMP.LT.1373.0) GO TO !50 CBRTL 96
SAT : (CTEMP-1081.7)/491.'57 CBRTL 97

150 CONTINUE CBRTL 98
100 C CBRTL 99

BSAT : l.0E04*(BWTFRO+.0012)/SAT CBRTL 100
C BSAT : PER CENT OF SATURATION CONCENTRATION IN THE BETA. CBRTL 101

IF (BSAT.GT.90.0) CBRTTL : 1.0 CBRTL 102
C CBRTL 103

105 160 CONTINUE CBRTL 103
RETURN CBRTL 105
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END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CBRTTL

VARIABLES
o AA
0 ABI
0 ACI
0 ADI
0 AEI
0 AFI
0 AGI
0 AHI
0 All
0 AMS

243 AN

236
240
237
242
0

232
0

234
235
0
0

241
0

233
0
0
0
0

ANUMB
BCON
BCRIT
BSAT
BWTFRO
CBRTTL
CTEMP

J
K
RCOOL

SAT
Y100
Y2
Ye
Y88
Y9
Y99

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
106

RELOCATION
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

ARRAY

REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.
F.P.

F.P.

F.P.
F.P.
F.P.
F.P.

EXTERNALS
SORT

TYPE ARGS REFERENCES
REAL I LIBRARY 96

INLINE FUNCTIONS
FLOAT

STATEMENT LABELS
0 100

71 110

TYPE
REAL

ARGS
1 INTRIN

DEF LINE
70
72

DEF LINE REFERENCES
72

REFERENCES
67
69

CBRTL 106

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

55
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

53
54
55
56
57
58
59
60
61
63
45
56
74
89
78
103
87
47
46
3

68
72
49
78

101
63

2*74
63
63
63
63

DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

65
57

DEFINED
DEFINED

79
DEFINED

101
79
84

69
3*74

DEFINED
DEFINED
DEFINED
DEFINED

76
DEFINED
DEFINED
DEFINED
DEFINED

3
3
3
3
3
3
3
3
3
3

69
58
72
87

DEFINED
101

DEFINED
84
85

DEFINED
DEFINED

3
3

93
3

DEFINED
3
3
3

53
61

78

DEFINED
60

IC3
96

4

7.4

3
89
95

67
68

96

63

97 98

98
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STATEMENT LABELS
105 120
110 130
120 140
163 150
175 160

LOOPS LABEL INDEX
60 100 J

STATISTICS
PROGRAM LENGTH

140000B SCM USED

76/176 OPT:O TRACE STATIC

DEF LINE REFERENCES
76 65
78 75
84 49
99 95 97

105 46 80

FROM-TO LENGTH PROPERTIES
67 70 108 INSTACK

2548D

FTN 4.8+508 10/21/80 14.34.01

85

EXITS

172

PAGE
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FUNCTION CCLAPS (PTPGAPPTCGAPCMDPH,CTEKP)

PTCGAP
PTPGAP :
CMDPH
HARDNESS
CTEMP

INPUT PELLET TO CLADDING GAP (M)
INPUT LARGEST PELLET TO PELLET GAP IN NODE (M)
INPUT ROOM TEMPERATURE MIDIALL DIAMOND PYRAMID
NUMBER (KG/MILLIMETER**2)
INPUT CLADDING MESHPOINT TEMPERATURE (K)

5

10

15

CBRTL
CBRTL
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCL PS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS
CCLPS

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CCLAPS

VARIABLES
40 CCLAPS
0 CMDPH
0 CTEMP

41 PPSI
0 PTCGAP
0 PTPEAP

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
31

RELOCATION

F.P.
F.P.

*UNUSED F.P.
F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

CCLAPS : OUTPUT COLLAPSE PRESSURE (PA)

THE EQUATIONS USED IN THIS FUNCTION ARE BASED ON DATA FROM
(1) D. 0. HOBSON, QUARTERLY PROGRESS REPORT ON THE CREEPDONN
AND COLLAPSE OF ZIRCALOY FUEL CLADDING PROGRAM SPONSORED
BY THE NRC DIVISION OF REACTOR SAFETY RESEARCH FOR
JANUARY- MARCH 1976, ORNL/NUREG/TM-51
(2) D. 0. HOBSON QUARTERLY PROGRESS REPORT ON THE CREEPDONr
AND COLLAPSE OF ZIRCALOY FUEL CLADDING PROGRAM SPONSORED
BY THE NRC DIVISION OF REACTOR SAFETY RESEARCH FOR APRIL-
JUNE 1976, ORNL/NUREG/TM-52

CCLAPS CODED BY D. L. HAGRMAN JUNE 1977

PPSI :=15660.+PTPGAP/(2.I7E-04*PTPGAP-4.57E-07)+CMDPH*(-183.+CMDPH
+*(0.729-CMDPH*7.4E-04))-3.762*CTEMP

CCLAPS :=6895.0*PPSI

RETURN
END

20

25

30

C

C

107
108
2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

DEFINED
REFS
REFS
REFS

DEFINED
REFS

29
3*26
26
29

3
2*26

DEFINED
DEFINED
DEFINED

DEFINED

3
3

26

3
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1 C CCLPS 32
C CCLPS 33

FUNCTION CCP (CTEMP) CCP 2
C CCP 3

5 C CCP CALCULATES THE SPECIFIC HEAT AT CONSTANT PRESSURE CCP 4
C FOR ZIRCALOYS CCP 5
C CCP 6
C CCP = OUTPUT CLADDING SPECIFIC HEAT AT CONSTANT CCP 7
C PRESSURE (J/KG-K) CCP 8

10 C CTEMP : INPUT CLADDING TEMPERATURE (K) CCP 9
C CCP 10
C THIS CODE 15 BASED ON DATA FROM CCP 11
C (I) C. R. BROOKS AND E. E. STANSBURY, "THE SPECIFIC HEAT OF CCP 12
C OF ZIRCALOY-2 FROM 50 TO 700 Cu, JOURNAL OF NUCLEAR CCP 13

15 C MATERIALS 18 (1966) P 233 CCP 14
C (2) E. A. ELDRIDGE AND H. W. DEEM, SPECIFIC HEATS AND HEATS CCP 15
C OF TRANSFORMATION OF ZIRCALOY-2 AND LOW NICKEL ZIRCALOY-2 CCP 16
C PiI-1803 (MAY 31, 1967) CCP 17
C CCP 18

20 C CONVERSION FROM J/(KG*K) TO CAL/(GM*C) 15 CCP 19
C 2.39006D-4 (CAL/(GM*C))/(J/(KG*K)) CCP 20
C CCP 21
C ESTIMATED STANDARD ERROR OF THE PREDICTION OF CCP 22
C CCP FOR THE SPECIFIC HEAT OF ZIRCALOY CLADDING CCP 23

25 C SAMPLES -- (SUM OF SQUARED RESIDUALS/(NUMBER OF CCP 24
C RESIDUALS-DEGREES OF FREEDOM))**0.5 -- IS CCP 25
C () FOR TEMPERATURE LESS THAN 1090 K, IOJ/KG-K) CCP 26
C (2) FOR TEMPERATURE 1090 K TO 1300 K, 25J/KG-K) CCP 27
C (3) FOR TEMPERATURE ABOVE 1300 K , IOOJ'KG-K) CCP 28

30 C CCP 29
C CCP CODED BY R. L. MILLER OCTOBER 1974 CCP 30
C MODIFIED BY D. L. HAGRMAN MAY 1976 CCP 31
C CCP 32

COMMON / LACMDL / MAXIDX, EMFLAG CCP 33
35 DIMENSION EMFLAG(1) CCP 34

C CCP 35
DIMENSION CPDATA(26) CCP 36
DATA CPDATA/ 281., 300., 302., 400., 331.,640., CCP 37

+ 375.,1090., 502.,1093., 590.,1113., 615.,1133., CCP 38
40 + 719.,1153., 816.,1173., 770.,1193., 619.,1213., CCP 39

+ 469.,1233., 356.,1248. ' CCP 40
DATA NPCP, IU / 13,I/ CCP 41

C CCP 42
DATA ON / 2HON i, CCP 43

45 + OFF / 3HOFF i, CCP 44
+ LOCIDX / 4 / CCP 45
IF (EMFLAG(LOCIDX).EQ.ON) GO TO 110 CCP 46

C CCP 47
IF (CTEMP.GE.1248.0) GO TO 100 CCP 48

50 CCP = POLATE(CPDATA,CTEMP,NPCP,IU) CCP 49
GO TO 120 CCP 50

100 CCP : 356. CCP 51
GO TO 120 CCP 52
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110 CCP : EMCCP(CTEMP)
120 CONTINUE
C

CALL DIALOT (CTEMP,13,FDIALA,FDIALM)
CCP : (CCP+FDIALA)*FDIALM
RETURN
END

SYMBOLiC REFERENCE MAP (R:2)

ENTRY POINTS
5 CCP

VARIABLES
70 CCP
73 CPDATA
0 CTEMP
I EMPLAG

71 FDIALA
72 FDIALM
61 IU
64 LOCIDX
0 MAXIDX

60 NPCP
63 OFF
62 ON

EXTERNALS
DIALOT
EMCCP
POLATE

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTECER
INTEGER
INTEGER

* REAL
REAL

TYPE ARGS
4

REAL I
REAL 4

STATEMENT LABELS
24 100
30 110
35 120

REFERENCES
59

RELOCATION

F.P.
LACMDL

LACMDL

ARRAY

ARRAY

DEF LINE
52
54
55

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

REFERENCES
57
54
50

REFERENCES
49
47
51

COMMON BLOCKS
LACMDL

LENGTH
2

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

55

co

CCP
CCP
CCP
CCP
CCP
CCP
CCP

53
54
55
56
57
58
59

50
DEFINED

54
#47

58
37
49
34
57
57
50
47
34
50
44
47

52
38
57

DEFINED
50
50
35
58
58

DEFINED
DEFINED

DEFINED

DEFINED

54

DEFINED

58

3

42
44

53

1258
28

85
2
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I C CCP 60
C CCP 61

SUBROUTINE CCRPR (CTEMP,CHSTRS,CFLUX,DELT,STRNPHSTRNIH,STRANHRST CCRPR 2
+RNH) CCRPR 3

5 C CCRPR 4
C CCRPR CALCULATES THE PRIMARY AND IRRADIATION-CAUSED CCRPR 5
C CIRCUMFERENTIAL COMPONENTS OF CLADDING CREEP STRAIN CCRPR 6
C AS A FUNCTION OF CLADDING TEMPERATURETHE CIRCUMFERENTIAL CCRPR 7
C COMPONENT OF CLADDING STRESS, FAST NEUTRON FLUX, CCRPR 8

10 C TIME STEP SIZE, AND THE PRIMARY CIRCUMFERENTIAL CCRPR 9
C COMPONENT OF CLADDING STRAIN AT THE START OF A TIME CCRPR 10
C STEP. THE STRAIN RATE AT THE START OF THE TIME STEP CCRPR 11
C 15 ALSO CALCULATED. CCRPR 12
C CCRPR 13

15 C STRANH : OUTPUT TOTAL CIRCUMFERENTIAL COMPONENT OF CLADDING CCRPR 14
C CREEP STRAIN AT THE END OF A TIME STEP CCRPR 15
C (UNITLESS RATIO) CCRPR 16
C STRNPH OUTPUT PRIMARY PART OF CIRCUMFERENTIAL COMPONENT OF CCRPk 17
C CLADDING CREEP STRAIN AT THE END OF A TIME STEP CCRPR 18

20 C (UNITLESS RATIO) CCRPR 19
C STRNIH : OUTPUT IRRADIATION-CAUSED PART OF CURCUMFERENTIAL CCRPR 20
C COMPONENT OF CLADDING CREEP STRAIN Al THE END CCRPR 21
C OF A TIME STEP (UNITLESS RATIO) CCRPR 22
C RSTRNH : OUTPUT CIRCUMFERENTIAL COMPONENT OF CLADDING CCRPR 23

25 C CREEP STRAIN RATE AT THE INPUT PRIMARY CCRPR 24
C CIRCUMFERENTIAL CREEP STRAIN (S**(-1)) CCRPR 25
C UTRANH : OUTPUT EXPECTED STANDARD ERROR OF STRANH CCRPR 26
C CCRPR 27
C CTEMP : INPUT CLADDING TEMPERATURE (K) CCRPR 28

30 C CHSTRS : INPUT CIRCUMFERENTIAL COMPONENT OF CLADDING CCRPR 29
C STRESS (PA) CCRPR 30
C CFLUX INPUT FAST NEUTRON FLUX (NEUTRONS/((MX*2)'S)) CCRPR 31
C DELTA : INPUT TIME STEP SIZE (5) CCRPR 32
C STRNPH INPUT PRIMARY PART OF CIRCUMFERENTIAL CCRPR 33

35 C COMPONENT OF CLADDING CREEP STRAIN AT THE CCRPR 34
C START OF A TIME STEP (UNITLESS RATIO) CCRPR 35
C STRANH : INPUT CIRCUMFERENTIAL COMPONENT OF CLADDING CCRPR 36
C CREEP STRAIN AT THE START OF A TIME STEP CCRPR 37
C UNITLESS RATIO) CCRPR 38

40 C CCRPR 39
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CCRPR 40
C 1) D. 0. HOBSON CREEPDON OF ZIRCALOY FUEL CLADDING CCRPR 41
C INITIAL TESTS, O NL/NUREG/TM-181 (APRIL 1978) CCRPR 42
C 2) A. A. BAUER, L. M. LOWRY AND J. S. PERRIN, PROGRESS ON CCRPR 43

45 C EVALUATING STRENGTH AND DUCTILITY OF IRRADIATED ZIRCALOY CCRPR 44
C DURING JULY THROUGH SEPTEMBER 1975, BMI- 938 (SEPTEMBER CCRPR 45
C 1975) CCRPR 46
C (3) A. A. BAUER, L. M. LOWRY AND J. S. PERRIN, EVALUATING CCRPR 47
C STRENGTH "ND DUCTILITY OF IRRADIATED ZIRCALOY. QUARTERLY CCRPR 48

50 C PROGRESS REPORT JANUARY THROUGH MARCH 1977, BMI-NUREG-1971 CCRPR 49
C APRIL 1977) CCRPR 50
C (4) R. D. IARDA, V. FIDLERIS AND E. TEGHT500NIAN, DYNAMIC CCRPR 51
C STRAIN AGING DURING CREEP OF A-ZR, METALLURGICAL CCRPR 52

Io/21/e0 14.34.01 PAGE
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5S

ENTRY POINTS
4 CCRPR

VARIABLES
17% A
172 AG
175 B
176 C
0 CFLUX
0 CHSTRS
0 CTEMP
0 DELTA

173 EX
202 FDALM
201 FDIALA
203 FDIALH
200 RSTNIH
177 RSTNPH

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REA

* REAL
REAL
REAL
REAL
REAL

REFERENCES
80

RELOCATION

F.P.
F.P.
F.O.
F.P.

*UNDEF

C TRANiACTIONS 4 (1973) PP 1201-1206
5 C

C CCRPR WAS CODED BY C. E. DIXON JUNE 1975
C MODINICD BY G. A. REVMANN NOV :976
C MODIFIED BY D. L. HAGRMAN JAN 1980
C

0 T : CTEMP
IF (CTEP.LT.500.0) T : 500.0
IF (CTEMP.GT.645.0) T : 645.0
AG : 2.1427E+05+T*(-5.324E+02+T*(I.17889E-01+T*3.3486E-04))
EX : (EXP(-AQiT))/2.76E-07
A : (1.26E-12)*EX*(CKTRS**3.)/ABS(CHSTRS)
D : (1.81E-16)*EX*(CHSTRS**2.)
C : (2.20E-07)*(EXP(-5000.,T))*CHSTRS'(T**7)
RSTNPH : B*(A-STRNPH)
RSTNIH : 0.0
! CFLUX.GT.I.0E+00) RSTNIH : C*(CFLUX**0.65)
CALL DIALOT (CTEKPE3,FDIALA,FDALM)
RSTNPH : 'RSTNPH+FDIALA)*FDIALI
RSTNIM : (RSTNIH+FDIALA)*FDIAL:
STRNIH : RSTNIM*DELT+STRAN-STRNPH
STRNPH : (A-STRNPH)*(I.-EXP(-B*DELT))+STRNPH
STRANH : STRNPH+STRNIH
RSTRNH : RSTNPH+RSTNIH
UTRANH : STRANH/2.0

C
RETURN
END

SYMBOLIC REFERENCE MAP (':2:

60

65

70

75

80

CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR
CCRPR

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

65

66

68
64
68
70

2*70
2*65
6P

65
71
71
72
73
72

DEFINED
63

DEFINED
67

3
67
62

DEFINED
DEFINED

75
DEFINED

75
DEFINED
DEFINED

66
61
75
66

72
73
74
77

DEFINED
71

3
64

3
DEFINED

73

3

77
DEFINED

DEFINED
68

69
72

70 73

t1/21/80 14.34.01 PAGE
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VARIABLES
0 RSTR*HI
0 STRANH
0 STRNIH
0 STRNPH

171 T
204 UTRAN

EXTERNALS
DI ALOT
EXPO

INLINE FUNCTIONS
ABS

STATISTICS
PROGRAM LENGTH

1400008

SN TYPE
REAL
REAL
REAL
REAL
REAL

I REAL

RE

RELOCATION
F.P.
F.P.
F.P.
F.P.

TYPE ARGS
4

AL I LIBRARY

TYPE
REAL

ARGS
I INTRIN

SCM USED
2059

DEFINED
REFS
REFS
REFS
REFS

DEFINED

REFEkt'4CES
7'
64 67

DEF LINE REFERENCES
65

133

3
74
76
68
3x63
78

77
78

DEFINED
714
64

DEFINED
3

2x75
267

3
74
76

DEFINED

76

DEFINED
60

75

3
61

75
62

SUBROUTINE CCRPR IO/21/80 14.34.01 PAGE 3
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C
C

C

5 MATRIXCRS(I) : OUTPUT ELASTIC COMPLIANCE CONSTANTS (I/PA).
ELEMENTS ARE

( CRS(l) CRS(7) CRS(9)

CRS(?) CRS(2) CRS(8)

CRS(9) CRS(8) CRS(3)

(0

(0o

(0o

0

0

0

0

0

0

0 CRS( 4)

0

0

0

0

0

0

0 CRS(5)

0

0 )

0 )

0 )

0 )

0 )

0 CRS 6) )

WHERE DIRECTION I IS CIRCUMFERENTIAL OR TRANSVERSE
2 I5 AXIAL OR LONGITUDINAL
3 15 RADIAL OR NORMAL

COSTH2 : INPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE SQUARED
COSINE OF THETA (UNITLESS:
COSTH4 : INPUT VOLUME FRACi ON WEIGHTED AVERAGE OF THE
FOURTH POWER OF THE COSI, OF THETA (UNITLESS)
COSFI2 : INPUT VO.UNE FRACTION WEIGHTED AVERAGE OF THE SQUARED
COSINE OF ALPHA (UNITLESS RATIO)
COSFI4 : INPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
FOURTH POWER OF THE COSINE OF ALPHA (UNITLESS)
CT2CF2 : INPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE PRODUCT
OF THE SQUARED COSINE OF THETA AND THE SQUARED COSINE
OF ALPHA (UNITLESS)
CT2CF4 : INPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE PRODUCT
OF THE SQUARED COSINE OF THETA AND THE FOURTH POWER OF
THE COSINE OF ALPHA (UNITLESS)
CT4CF2 : INPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE PRODUCT
OF THE FOURTH POWER OF THE COSINE OF THETA AND THE

I

SUBROUTINE CELAST

5

10

15

SUBROUTINE CELAST (COSTH2,COSTH4,COSFI2,COSFI4,CT2CF2,CT2CF4,CT4CF
+2,CT4CF4,CTEMPFNCK,CWKF,DELOXY,CRS)

DIMENSION CC(l2),CSiI2),CR5(9)

CELAST CALCULATES ELASTIC COMPLIANCE CONSTANTS OF ZIRCALOY
FROM ORIENTATION PARAMETERS.

IN THE FOLLOWING, THETA IS THE ANGLE BETWEEN THE RADIAL
OR NORMAL DIRECTION OF THE SAMPLE AND THE BASAL POLE
DIRECTION. PHI IS THE ANGLE BETWEEN THE PROJECTION OF THE
BASAL POLE DIRECTION ONTO THE PLANE CONTAINING THE AXIAL
AND CIRCUMFERENTIAL DIRECTIONS AND THE CIRCUMFERENTIAL
DIRECTION. ALPHA IS THE COMPLEMENT OF PHI.

30

35

CCRPR
CCRPR
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST

50
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i
I

I
I
I

i

i

I

i
I
I
I
I
I
I
i
i
i
t
I
t

81
82

2
3
4
S
6
7
8
9

10
II
12
13
14
I5
16
17
18
19
20
21
22
23
214
25
26
27
28
29
30
31
32
33
314
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
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C SQUARED COSINE OF ALPHA (UNITLESS) CELST 53
55 C CT4CF4 : INPUT VOLUE FRACTION WEIGHTED AVERAGE OF THE PRODUCT CELST 54

C OF THE FOURTH POWER OF THE COSINE OF THETA AND THE CELST 55
C FOURTH POWER OF THE COSINE OF ALPHA (UNITLESS) CELST 56
C CTEMP : INPUT CLADDING TEMPERATURE (K) CELST 57
C FNCK : INPUT EFFECTIVE FAST FLUENCE (NEUT NS(M**2)) CELST 58

60 C CWKF : INPUT EFFECTIVE COLD WORK (UhI'LESS RATIO OF AREAS) CELST 59
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CELST 60
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CELST 61
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CELST 62
C CELST 63

65 C THE ELASTIC COMPLIANCE CONSTANTS ARE BASED ON DATA FROM CELST 64
C (1) L. R. BUNNELL G. B. MELLINGER AND J. L. BATES, HIGH CELST 65
C TEMPERATURE PROPERTIES OF ZIRCALOY - OXYGEN ALLOYS, EPRI CELST 66
C REPORT NP - 524 (1977) CELST 67
C (2) E. S. FISHER AND C. J. RENKEN, PHYSICAL REVIEW 135 2A CELST 68

70 C (20 JULY,1964) PP A482 - 494. CELST 69
C (3) P. E. ARMSTRONG AND H. L. BROWN, TRANSACTIONS OF THE CELST 70
C METALLURGICAL SOCIETY OF AIME 230 (AUGUST 1964) CELST 71
C PP 962-966 CELST 72
C (4) A. PADEL .;4D A. GROFF, JOURNAL OF NUCLEAR MATERIALS 59 CEIST 73

75 C (1976) PP 327 - 326 CELST 74
C (5) W. R. SMALLEY, SAXTON CORE II FUEL PERFORMANCE EVALUATION. CELST 75
C PART I: MATERIALS, WCAP-3385-56 (SEPTEMBER 1971) CELST 76
C CELST 77
C CE .AST WAS CODED BY D. L. HAGRMAN IN DECEMBER 1977 CELST 78

80 C CELST 79
CC(l) : 1.562E+11-4.484E+07*CTEMP CELST 80
CC(2) : 1.746E+11-3.282E+07*CTEMP CELST 81
CC(3) : 3.565E+10-l.281E+07*CTEMP CELST 82
CC(S) : 6.448E+10+CTEMP*(3.1882E+07-CTEMP*l.2318E+04) CELST 83

85 CC(6) : 6.518E+10-6.817E+05*CTEMP CELST 84
IF (CC(I).LT.(0.999*CC(5))) CC(S) : 0.999*CC(l) CELST 85
CC(4) : (CC(l)-CC(5))/2. CELST 86
FACTOR : (CC(1)-CC(5))*((CCl)+CC(S))*CC(2)-2*t(CC(6)**2))) CELST 87
CS(I) : 0.102841E-10+CTEMP*(-0.541683E-14+CTEMP*0.147552E-16) CELST 88

90 CS(2) : (CC(l)+CC(5))*(CC(l)-CC(5>).FACTOR CELST 89
C5(3) : 0.390354E-10+CTEMP*(-0.8li86E-14+CTEMP*0.2II523E-16) CL-ST 90
CS(4) : 1.DiCC(4) CELST 91
CS(5) : ((CC(6))**2-(CC()*CC(2)))/FACTOR CELST 92
CS(6) : (CC(5)-CC(I))*CC(6)tFACTOR CELST 93

95 B : (1.16E+11+CTEMP*1.037E+08)x5.7015 CELST 94
BS : (1.24E+11-CTEMP*0.406E+08)*5.7015 CELST 95
C2 : 1.0 CELST 96
IF (FNCK.GT.l.0E+22) C : 0.88*(1.0-EXP(-FNCK./I.0E+25))+EXP(-FNCK, CELST 97

+1.OE+25) CELST 98
100 C3 : -2.6E+10 CELST 99

CS(I) : C2/(I.0/CS(Il)+*DELOXY+C3*CWKF) CELST 100
CS(2) : C2/(I.O/CS(2)+B*DELOXY+C3*CWKF) CELST 101
CS(3) : C2/(l.0/CS(3)'BS*DELOXY) CELST 102
CS(5) : C2(I10/CS(S)+B*DELOXY+C3*CWKF) CELST 103

105 CS(6) : C2/(I.0,CS(6)+B*DELOXY+C3*CWKF) CELST 104
IF (CS(l).LT.(0.999*CS(5))) CS(S) : 0.999*CS(l) CELST 105
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CS(4) : 2*(C5'l)-CS(5)? CELST 106
CRS(I) : (COSFI4-2*CT2CF4+CT4CF4+2*CT2CF2-2*CT4CF2+COSTH4)*CS(I)+( CELST 107

+1.0-2*CO5FI2+CUSFI4-2*COSTH2+4*CT2CF2-2*CT2CF4+COSTH4-?*CT4CF2+CT4 CELST 108
110 +CF4)*CS(2)+(-COSF14+2*CT2CF4-CT4CF4+COSF12-3*CT2CF2+2*CT4CF2+COSTH CELST 109

+2-COSTH4)*(2*CS(6)+CS(3)) CELST 110
CRS(2) : (CO5FI4-2*CT2CF4+CT4CF4-2*COSFI2+2*CT2CF2+l.0)*CS(I)+(C05 CELST III
+FI4-2*CT2CF4+CT4CF4)*CS(2)+(CSF12-COSF4+2*CT2CF4-CT2CF2-CT4CF4)* CELST 112
+(2*CS(6)+CS(3)) CELST 113

115 CRS(3) : (1.0-2*COSTH2+COSTH4)*CS(I)+(COSTH2-COSTH4)*(2*CS(6)+CS(3 CELST 114
+')+COSTH4*CS(2) CELST 115
CRS'4) : (2*( .0-COSTH2-COSFI2)+6*CT2CF2-4*CT4CF2)*CS(I)+4*(CT2CF2 CELST 116
+-CT4CF2)*CS(2)+(COSTH2+COSFI2-5*CT2CF2+4*CT4CF2)*CS(3)+2*(-I.0+COS CELST 117
+TH2+COSF12-CTCF2)*CS(5)+8*(-CT2CF2+CT4CF2)*CS(6) CELST 118

120 CRS(5) : (CQSTH2-COSTH4+0.5*COSFI2-1.5*CT2CF2+CT4CF2)*CS(I)+(COSTH CELST 119
+2-COSTH4-CT2CF2+CT4CF2)*CS(2)+(I.0-4*COSTH2+4*COSTH4-COSFI2+5*CT2C CELST 120
+F2-4*CT4CF2)*0.25*CS(3)-0.5*(COSFI2-CT2CF2)*CS(5)-2*(CrSTH2-COSTH4 CELST 121
+-CT2CF2+CT4CF2)*CS(6) CELST 122
CRS(5) : 4.0*CRS(5) CELST 123

125 CRS(6) : (0.5*COSTH2+COSF2-COSF4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4 CELST 124
+)*CS(I)+(COSFI2-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*CS(2)+(I.0 CELST 125
+-4*COSFI2+4*COSF14-COSTH2+8*CT2CF2-8*CT2CF4-4*CT4CF2+4*CT4CF4)*0.2 CELST 126
+5*CS(3)-0.5*COSTH2*CS(5)-2.0*(COSF12-COSF4-2*CT2CF2+2*CT2CF4+CT4C CELST 127
+F2-CT4CF4)*CS(6) CELST 128

130 CRS(6) : 4.0*CRS(6) CELST 129
CRS(7) : (COSF12-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*CS I)+(CO CELST 130
+5F12-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*(CS(2)-CS(3))+COSTH2* CELST 131
+CS(5)+(I.0-COSTH2-2*COSF2+2*COSF14+4*CT2CF2-4*CT2CF4-2*CT4CF2+2*C CELST 132
+T4CF4)*CS(6) CELST 133

135 CRS(8) : (CT2CF2-CT4CF2)*(CS(I)+CS(2)-CS(3))+(I.0-COSTH2-COSFI2+CT CELST 134
+2CF2)*CS(5)+(COSTH2+COSF12-3*CT2CF2+2*CT4CF2)*CS(6) CELST 135
CRS(9) : (COSTH2-COSTH4-CT2CF2+CT4CF2)*(CS(I)+CS(2)-CS(3))+(COSFI2 CELST 136
+-CT2CF2)*CS(S)+(1.0-2*COSTH2+2*COSTH4-COSF12+3*CT2CF2-2*CT4CF2)*CS CELST 137
+(6) CELST 138

140 IF (CTEMP.LT.1090.) GO TO 130 CELST 139
C CELST 140
C CALCULATE A TO A p AN A + B TO R BONDARIES CELST '41

WFOX : DELOXY+0.00; 2 CELST 142
TAAB= :1094.+FOX*(-I.289Er'3+WFOX*7.914E+05) CELST 143

145 IF (WFOX.LT.0.025) GO TO 10 CELST 144
TAAB : 1556.4+3.8'8IE+04*(WF(X-0.025) CELST 145

100 TABB : 392.46*((lG0*DELOXY+0.1242807)**2+3.1417) CELST 146
IF (DELOXY.LT.4.7338937E-03) GO TO 110 CELST 147
TABB : (100*DELOXY%').12)*49'.157+1081,.7413 CELST 148

150 110 CONTINUE CELST 149
C CELST ISO

IF (CTEMP.LT.TAAB) GO TO 130 CELST 151
IF (CTEMP.GT.TABB) GO TO 120 CELST 152
CC(7) : 1.562E+11-4.484E+07*TAAB CELST 153

155 CC(8) : 1.746E+11-3.282E+07*TAAB CELST 154
CC(9) : 3.565E+10-I.281E+07*TAAB CELST 155
CC(lI) : 6.448E+10+TAAB*(3.!882E+07-TAAB*1.2318E+04) CELST 156
CC(12) : 6.518E+I0-6.817E+05*TAAB CELST 157
IF (CC(7).LT.(0.999*CC(Il))) CC(II) : 0.999*CC(7) CELST 158

SUIOT I NE CELAST I0?21/80 14.34.01 RAGE 3
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160 FXCTOR : (CC(7)-CC(Il))*((CC(7)+CC(ill))*CC(8)-2*((CC(12)**2))) CEIST 159
CS(7) : 0.102841E-10+TAA8*(-0.541683E-14+TAAB*0.147552E-16) CELST 160
CS(8) : (CC(7)+CCil))*(CC(7)-CC(ll))/FXCTOR CELST 161
CS(9) : 0.390354E-10+TAAB*(-0.81186E-I4+TAAB*0.211523E-,6) CELST 162
CS(.1) = ((CC(I2))**2-(CC(Il)*CC(8))),FXCTOR CELST 163

165 C5(12) : (CC(il)-CC(7))*CC(12),FXCTOR CELST 164
8T : (1.16E+11+TAAB*I.037E+08)*5.7015 CELST 165
DST : (1.24E+lI-TAAB*0 406E+08)*5.7015 CELST 166
C5i7) : C2/(I.0/CS(7)+DT*DELOXY+C3*CWKF) CELST 167
CS(8) : C2/(I.0/CS(8)+BT*DELOXY+C3*CKF) CELST 168

170 CS(9) : C2/f(.0/CS(9)+BST*DELOXY) CELST 169
CS(II) : C2/(I.O/CS(II)+8T*D¬LOXY+C3*CWKF) CELST 170
CS(12) : C2/(I.0/CS(l2)+8T*DELOXY+C3*CWKF) CELST 171
IF (CS(7).LT.(0.999*CS(II))) CS.ll) : 0.999*CS(7) CELST 172
CS(I0) : 2*(CS(7)-CS(II)) CELST 173

175 CLSI : (C)SFC4-2*CT2CF4+CT4CF4+2*CT2CF2-2(CT4CF2+COSTH4)*C (7)+(I. CELST 174
+0-2*COSF12+COSFI4-2*CQSTH2+4*CT2CF2-2*CT2CF4+COSTH4-2*CT4CF2+CT4CF CELST 175
+4)*CS(8)+(-COSFP4+2*CT2CF4-CT4CF4+COSF12-3*CT2CF2+2*CT4CF2+COSTH2- CELST 176
+COSTH4)*(2*CS(12)+CS(9)) CELST 177
CLS2 : (C0SFI4-2*CT2CF4+CT4CF4-2*COSFI2+2*CT2CF2+1.0)*CS(7)+(C0SFI CELST 178

180 +4-2*CT2CF4+CT4CF4)*CSi8 +(C05FI2-CQ5F14+2*CT2CF4-CT2CF2-CT4CF4)*(2 CELST 179
+*CS(12)+C5(9)) CELST 180
CLS3 : (1.0-2*COST '2+COSTH4)*CS(7)+(CSTH2-COSTH4)*(2*C5(12)+C5(9) CELST 181
+)+COSTH4*CS(8) CELST 182
CLS4 : (2*(I.0-COt n2-C05FI2)+6*CT2CF2-4*CT4CF2)*CS(7)+4*(CT2CF2-C CELST 183

185 +T4CF2)*CS(8)+(C0STH2+C0SFI2-5*CT2CF2+4*CT4CF2)*CS(9)+2*(-I.0+COSTH CELST 184
+2+COSF12-CT2CF2)*CS(II)+8*(-CT2CF2+CT4CF2)*CS(12) CELST 185
CLS5 : (COSTH2-COSTH4+0.5*COSFI2-I.5*CT2CF2+CT4CF2) CS(7)+(COSTH2- CELST 186
+COSTH4-CT2CF2+CT4CF2)*CS(8)+(I.0-4*COSTH2+4*COSTH4-COSFI2+5*CT2CF2 CELST 187
+-4*CT4CF2)*0.25*CS(9)-0.5*(COSFI2-CT2CF2)*C5(II)-2*(COSTH2-COSTH4- CELST 188

190 +CT2CF2+CT4CF2)*CS(12) CELST 189
CLS5 : CLS5*4.0 CELST 190
CLS6 : (0.5*CQSTH2+C SF12-C05FI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)* CELST 191

+CS(7)+(C05F 2-C05F 4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*CS(8)+(1.0-4 CELST 192
+*COSF 2+4*COSFI4-COSTH2+8*CT2CF2-8*CT2CF4-4*CT4CF2+4*CT4CF4)*0.25* CELST 193

195 +CS(9)-0.5*COSTH2*CS( II-2.0*(CO5FI2-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF CELST 194
+2-CT4CF4)*CS(12) CELST 195
CLS6 : CLS6*4.0 CELST 196
CLS7 : (COSF 2-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*CS(7)+(COSF CELST 197
+I2-COSFI4-2*CT2CF2+2*CT2CF4+CT4CF2-CT4CF4)*(CS(8)-CS(9))+CQSTH2*CS CELST 198

200 +(II)+(I.0-COSTH2-2*COSFI2+2*COSF14+4*CT2CF2-4*CT2CF4-2*CT4CF2+2*CT CELST 199
+4CF4)*CS(12) CELST 200
CLS8 : (CT2CF2-CT4CF2)*(CS(7)+CS(8)-CS(9))+(I.0-COSTH2-COSFI2+CT2C CELST 201
+F2)*CS(II)+(COSTH2+COSFI2-3*CT2CF2+2*CT4CF2)*CS(12) CELST 202
CLS9 : (C0STH2-COSTH4-CT2CF2+CT4CF2)*(CS(7)+CS(8)-CS(9))+(COSFI2-C CELST 203

205 +T2CF2)*CS( I)+(I.0-2*COSTH2+2*COSTH4-COSFI2+3*CT2CF2-2*CT4CF2)*CS( CELST 204
+12) CELST 205
CTSI : 9.21E+10-TABS*4.05E+07 CELST 206
CTS2 : CTSI CELST 207
CTS3 : CTSI CELST 208

210 CTS4 : 3.49E+10-TABS*i.66E+07 CELST 209
CTS5 : CTS4 CELST 210
CTS6 - CT54 CFST 211
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215

SYMBOLIC

ENTRY POINTS
4 CELAST

VARIABLES S
1612 B
1613 BS
1623 BST
1622 BT
1646 CC

REFERENCE MAP (R:2)

DEF LINE REFERENCES
3 247

8N TYPE
REAL
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

CTS7 : (2*CTS4*CTSIS/(2*CTS4-CTSI)
CTS8 : CTS7
CTS9 : CTS7
CRSi() : I.0/((5.0/CLSI)+(CTEMP-TAAB)*(CTSI-(I.0/CLSI))/(TABB-TAAB

+))
CRS(2) : I.Oi((I.O/CLS2)+(CTEMP-TAAB)*(CTS2-( I,.OiCLS2))/iTABB-TAPB

4))
CRS(3) : I.0/((I.O/CLS3)+(CTEMP-TAAB)*(CTS3-( I.O/CLS3))/(TABB-TAAB

+))
CRS(4) : .0/((I.0/CLS4)+(CTEMP-TAAB)*(CTS4-(I.0/CLS14))/(TABB-TAAB

4))
CRS(5) : 5.0/((I.0/CLS5)+(CTEMP-TRAB)*(CTSS-( I.0/CLS5))r(TABB-TAAB

+))
CRS(6) : I.0/((I.0/CLS6)+(CTEMP-TAAB)*(CTS6--I.0/CLS6))/(TABB-TAAB

4))
CRS(7) : .0/((I.0/CLS7)+(CTEMP-TAAB)*(CTS7-(I.0/CLS) )/(TABB-TAAB

4))CRS(8) : .0/(I(.0/CLS8)+(CTEMP-TAAB)*(CTS-(I.0/CLS8))/(TABB-TAAB

CRS(9) : 1.O/((I.O/CLS9)+(CTEMP-TAAB)*(CTS9-(Il.O/CLS9))/(TABB-THAB
+))
GO TO 130

CRS(I) : 1.O/(9.21E+10-CTEMP*4.05E+07)
CRS(2) : CRS(()
CRS(3) : CRS(5)
CRS(4) : 5.0/(3.49E+10-CTEMP*I.66E+07)
CRS(5) : CRS(4)
CRS(6) : CRS(4)
CRS(7) :_CRS(I)-0.5*CRS(4)
CRS(8) :=CR5(7)
CRS(9) :=CRS(7)
CONTINUE

RETURN
END

225

230

235 C
I20

240

CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST
CELST

245

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247

130
C

REFS
REFS
REFS
REFS
REFS
3*94

101
103
170
168
6

3*59

102
DEFINED
DEFINED

169
3*86

6*160

104
96
167
171
2187
4*162

105

172
6*88
3*164

95DEFINED

DEFINED
4*90

3*165

166
92 3*93
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VARIABLFS

1624
1625
1626
1627
1630
1631
1632
1633
1634

0

CLSI
CLS2
CLS3
CLS1*
CLS5
CLS6
C157
CL58
CLS9
COSFIE

0 COSFI14

0 COSTH2

0 COSTH4

0 CRS

1662 CS

0 CTEMP

1635
1636
1637
1640
1641
1642
1643
1644
1645

0

CTS I
CTS2
CTS3
CTS14
CT5
CTS6
CTS7
CTS8
CTS9
CT2CF2

0 CT2CF4

SN TYPE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL

REAL

REAL

RELOCATION

ARRAY

F.P.

F.P.

F.P.

F.P.

F.P.

ARRAY

REAL F.P.

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

F. P.

F.P.

DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
2x137
2x204
REFS
3*198
REFS
2*137
2*204
REFS
2*204
REFS
2*242

117
216
232
243
REFS
2*107
5*135
2*174
5*202

94
161
171

REFS
95

222
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
3x137
3*204
REFS
3*148

81
155

2*216
2*218
2*220
2x222

191
'97

- 228
2 230
2*232
2*108
2*175

DEFINED
3*108

DEFINED
2*108
2*175

DEFINED
3*108

DEFINED
6

243
120
218
236
244
6

4*108
5x137
4*175
5*204
101
162
172
81
96

224
3

208
218
220
211
224
226
214
230
232

3*108
3*175

DEFINED

DEFINED

82
156

DEFINED
DEFINED
DEFINED
DEFINED

2*224
2*226

DEFINED
DEFINED
DEFINED

2* 12
2*179

3
3*112

3
2*115
2*182

3
3*115

3
124
244
124
220
237

101
4*112
168

4*179
OFFINED

102
i63
173
82

140
226

209
DEFINED
DEFINED

212
DEFINED
DEFINED

215
DEF I NED
DEFINED
2*112
2*179

3
3*112

3

83
157
175
179
182
184

DEF I NED
DEFINED

198
202
204
3*117
3*184

4*125

3*1I7
3*184

8684
158

187
192

3*120
3*187

3*131

85
159

191
197

4*125
4*192

3*175

3*125
3*192

3*175

239
108
131
226
240

104
5*120
171

5*187
91
105
168

85
216
232

DEFINED

DEFINED

213

4 125
4*192

3*175

87

2*135
2*202

4*192

4*187

241
115
137
230
242

3*106
5*131
3*173
5*198

93
107
170

2*91
220
239

3*131
3*198

3*179

2*131
2*198

3*182

240
112
135
228
241

105
5*125
172

5*192

106
169

2*89
218
236

4*120

130
DEFINED

125
222
238

102
4*115
169

4*182
89
103
164
174
83
152
228

2*213
208
209

2*213
211
212
228
214
215
5*117
5*184

4*125

2*137

237
3

130
224
239

103
5*117

170
5*184

90
104
165

2*84
153
230

216

222

DEFINED

5*120
5*187

3*131

207

210

3*131
3*198

3*179

3*135
3*202
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SUBROUTINE CELAST

VARIABLES SN TYPE
0 CT4CF2 REAL

0

0

1614

1615

0

1611
0

1621
1617

CT4CF4

CNKF

C2

C3

DELOXY

FACTOR
FNCK
FXCTOR
TAAB

REAL

REAL

REAL

REAL

REAL

REAL
REAL
REAL
REAL

1620 TABB REAL

1616 WFOX REAL

EXTERNALS TYPE
EXP REAL

STATEMENT LABELS
563 100
602 110

1443 120
1501 130

STATISTICS
PROGRAM LENGTH

140000B SCM USED

76176 OPT:O TRACE STATIC

RELOCATION
F.P.

F.P.

F.P.

F.P.

F.P.

PIGS REFERENCES
I LIBRARY 2*98

DEF LINE REFERENCES
147 145
150 148
236 153
245 140

16768

REFS
3*175

DEFINED
REFS
3*198
REFS
172

REFS
170

REFS
172

REFS
148

DEFINED
REFS
REFS
REFS
REFS
2*163
2*226
REFS
224

REFS

152

FTN 4.8+508

3*108
4*184

3
3*108

DEFINED
101

DEFINED
101
171
101

DEFINED
101
149
3

90
3*98
162
152
166

2*228
153
226

2*144

4*117
4*187

3*112
3

102
3

102
172
102
100
102
168

93
DEFI NED

1614
154
167

?*230
207
228
145

4*120
4*192

4*125

104

103
DEFINED

104

103
169

94
3

165
155

2*216
2*232
210
230
146

10i21/80

4x125
3*198

3*131

105

104
97

105

104
170

DEFINED

DEFINED
156

2*218
DEF I NED

216
232

DEFINED

14,34.01

3*131
2*202

3*175

168

95
98
168

105
171

88

160
2*157
2*220

144
218

DEFINED
143

234

958

PAGE

2*135
2*204

3*179

169

168

169

143
172

158
2*222
146
220
147

7

2*137

4*192

171

169

171

147

'X161
2*224

222
149
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C CELST 248
C CELST 249

FUNCTION CELMOD (CTEMP,FNCK,CWKF,DELOXY) CELMD 2
C CELMD 3

5 C CELMOD CALCULATES CLADDING YOUNG'S MODULUS AS A FUNCTION CELMD 4
C OF TEMPERATURE, FAST NEUTRON FLUENCE, COLD WORK, AND AVERAGE CELMD 5
C OXYGEN CONCENTRATION. GRAIN ORIENTATION IS ASSUMED RANDOM. CELMD
C THE EXPECTED STANDARD ERROR IS COMPUTED BUT NOT RETURNED CELMD 7
C (UCELMD). CELMD 8

'0 C CELMD 9
C CELMOD : OUTPUT YOUNG'S MODULUS FOR ZIRCALOY 2 AND 4 CELMD 10
C WITH RANDOM TEXTURE (PA) CELMD 11
C UCELMD : OUTPUT STANDARD ERROR EXPECTED IN CELMOD (PA) CELMD 12
C NOT CURRENTLY RETURNED) CELMD 13

15 C CELMD 14
C CTEMP : INPUT CLADDING TEMPERATURE (K) CELMD I5
C FNCK : INPUT EFFECTIVE FAST FLUENCE LEUTRONS/(M3*2)) CELMD 16
C CWKF : INPUT EFFECTIVE COLD siORK (UNITLESi RATIO OF AREAS) CELMD 17
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CELMD 18

20 C OXIDE LAYEQ - AVERAGE OXYGEN CONCENTRATION OF CELMD 19
C AS-RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CELMD 20
C CELMD 21
C THE YOUNG"S MODULUS CALCULATED BY THIS FUNCTION IS BASED O CELMD 22
C DATA FROM THE FOLLOWING REFERENCES CELMD 23

5 C (1) L. R. BUNNELL, G. BHELLINGEQ AND J. L. BATES, HIGH CELMD 24
C TEMPERATURE PROPERTIES OF ZIRCALOY - OXYGEN ALLOYS, EPRI CELMD 25
C REPORT NP - 524 (1977). CELYD 26
C (2) E. S. FISHER AND C. J. RENKEN, PHYSICAL REVIEW ,35 2A CELMO 27
C (20 JULY 1964) PP A482 - 494. CELMD 28

30 C (3) P. E. ARMSTRONG AND H. L. BROWN, TRANSACTIONS Or THE CELMD 29
C METALLURGICAL SOCIETY OF AIME 230 (AUGUST 1964) CELMD 30
C PP 962 - 966 CELMD 31
C (4) A. PADEL AND A. GROFF, JOURNAL OF NUCLEAR MATERIALS 59 CELMD 32
C (1976) PP 325-326 CELMD 33

35 C (5) W. R. SMALLEY, SAXTON CORE II FUEL PERFORMANCE EVALUATION. CELMD 34
C PART I: MATERIALS, WCAP-3385-56 (SEPTEMBER 1971) CELMD 35
C CELMD 36
C THE EXPECTED STANDARD ERROR WAS DERIVED USING ADDITIONAL CELMD 37
C DATA FROM THE FOLLOWING REFERENCES CELMD 38

40 C (1) C. C. BUSBY AND C.R. WOODS (EDS.) "PROPERTIES OF ZIRCALOY-4 CELMD 39
C TUBING" USAEC REPORT WAPD-TM-585 (DECEMBER 1966) P 65 CELMD 40
C (2) Z. PASIC, M. PAVLOVIC AND G. SIMIS, CONFERENCE ON CELMD 41
C THE USE OF ZIRCONIUM ALLOYS IN NUCLEAR REACTORS, MARIANSKE CELMD 42
C LANZE, CZECH. CONF-681086 (1968) PP 277 - 284 CELMD 43

45 C (3) R. L. MEHAN, MODULUS OF ELASTICITY OF ZIRCALOY-2 BETWEEN CELMD 44
C ROOM TEMPERATURE AND 1000 F, KAPL-M-RLM-16 (JULY 1958) CELMD 45
C (4) D. 0. NORTHWOOD, I. M LONDON, AND L. E. BAHEN, JOURNAL CELMD 46
C OF NUCLEAR MATERIALS 55 (1975) PP 299-310 CELMD 47
C (5) F. R. SHOBER J. A. VAN ECHO, L. L. MARSH JR. AND CELMD 48

50 C J. R. KEELER, Ti MECHANICAL PROPERTIES OF ZIRCONIUM AND CELMD 49
C ZIRCALOY-2, b6I-1168 (1957) CELMD 50
C CELMD 51
C CELMOD WAS CODED BY R. L. MILLER IN MARCH 1974. CELMD 52
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C UPDATED AND CORRECTED BY B. W. BURNHAM IN OCTOBER 1975 CELMD 53
55 C MODIFIED BY 8. W. BURNHAM OCTOBER 1977 CELMD 54

C MODIFIED BY D. L. NAGRMAN DECEMBER 1977 CELMD 55
C CELMD 56

COMMON r LACMDL / MAXIDX, EMFLAG CELMD 57
DIMENSION EMFLAG(I) CELMD 58

60 C CELMD 59
DATA ON / 24HN /, CELMD 60

+ OFF / 3HOFF /, CELMD 61
+ LOCIDX / 5 / CELMD 62
IF (EMFLAG(LOCIDX).EQ.ON) GO TO 130 CELMD 63

65 C CELMD 64
C BEST ESTIMATE MODEL YOUNG'S MODULUS CELMD 65

Cl : (1.16E+11+CTEMP*l.037E+08)*5.7015 CELMD 66
C2 : 1.0 CELMD 67
IF (FNCK.GT.I.OE+22) C2 = 0.88*(I.0-EXP(-FNCKt1.0E+25))+EXP(-FNCK CELMD 68

70 +I.OE+25) CELMD 69
C3 : -2.6E+10 CELMD 70
CELMOD : (1.088E+11-5.475E+07*CTEMP+CI*DELOXY+C3*CWKF).'C2 CELMD 71
IF (CTEMP.LT.1090.) G($ TO 140 CELMD 72

C CELMD 73
75 C CALCULATE A TO A + B AND A + B TO B BOUNDARIES CELMD 74

WFOX : DELOXY+0.0012 CELMD 75
TRAB : 1094.+WFOX*(-1.289E+03+WFOX*7.914E+05) CELMD 76
IF (WFOX.LT.0.025) GO TO 100 CELMD 77
TRAB : 1556.4+3.8281E+04*(WFOX-0.025) CELMD 78

80 130 TABS : 392.46*((I00*DELOXY+0.1242807)**2+3.1417) CELMD 79
IF (DELOXY.LT.4.7308937E-03) GO TO 110 CELMD 80
TABB : (100*DELOXY+0.12)*491.157+1081.7413 CELMD 81

110 CONTINUE CELMD 82
C CELMD 83

85 IF (CTEMP.LT.TRAE) GG TO 140 CELMD 84
IF (CTEMP.GT.TABB) GO TO 120 CELMD 85
AMODL : (1.088E+11-5. :'5E+07*TAAB+CI*DELOXY+C3*CWKF)C2 CELMD 86
nMODR : 9.21E+10-TABB*4.')5E+07 CELMD 87
CELMOD :=AMODL+(CTEMP-TAAB)*(AMODR-AMODL) (TABB-TAAB) CELMD 88

90 GO TO 140 CELMD 89
120 CELMOD : 9.21E+10-CTEMP*4.05E+07 CELMD 90

GO TO 140 CELMD 91
C CELMD 92
C EM MO13EL YOUNG'S MODULUS CELMD 93

95 130 CELMOD : EMCLEM(CTEMP) CELMD 94
140 CONTINUE CELMD 95

IF (CELMOD.LT.I.0) CELMOD : 1.0 CELMD 96
UCELMD : 6.4E+09 CELMD 97

C CELMD 98
100 CALL DIALOT (CTEMP,19,FDIALA,FDIALM) CELMD 99

CELMOD : (CELMOD+FDIALA)*FDIALM CELMD 100
RETURN CELMD 10$
END CELMD 102
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CELMOD

VARIABLES
267 AMODL
270 AMODR
260 CELMOD

0 CTEMP

0
261
262
263
0

27'
27;

220
0

217
216
265
266
271
264

CW:F
Cl
C2
C3
DELOXY

EMFLAG
FD I ALA
FDIALM
FNCK
LOCIDX
MAXIDX
OFF
ON
TAAB
TABB
UCELMD
NFOX

DEF LINE
3

SN TYPE
REAL
REAL
REAL

REFERENCES
102

RELOCATION

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
INTEGER
INTEGER

* REAL
REAL
REAL
REAL

* REAL
REAL

F.P.

F.P.

F.P.

ARRAY LACMDL

F.P.

LACMDL

REFS
REFS
REFS

97
REFS

95
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

2*89
89
97
101
67
100
72
72
72
72
72
3

58
100
100
3*69

64
58
61
64
85
86
98

2*77

DEFINED
DEFINED

I01

72
DEFINED

87
87
87
87
76

59
101
101

DEFINED
DEFINED

DEFINED
87
88

78

87
88

DEFINED

73
3

DEF I NED
DEFINED
DEF I NED
DEFINED

80

64

3
61

61
2*89
89

72

05s

3
67
68
71
81

DEFINED
DEFINED

79 DEFINED

EXTERNALS
DIALOT
EMCLEM
EXP

STATEMENT LABELS
77 100
116 110
152 120
157 130
164 140

RE
RE

TYPE ARGS

AL I
AL I LIBRARY

DEF LINE
80
83
91
95
96

REFERENCES
100
95

2*69

REFERENCES
78
81
86
64
73

COMMON BLOCKS
LACMDL

LENGTH
2

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

89

86

91

89 91

69

87

77
80

76

79
82

85 90

L NGTH
USAD

2748
28

188
2
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SUBROUTINE CESIOD (TIME,FTMAXDELBU,DTIME,FTEMP,FRADENCSROID)

DIMENSION ROID(8),CS(5)

CESIOD CALCULATES THE AMOUNTS OF CESIUM AND IODINE ISOTOPES
AVAILABLE TO THE FUEL ROD GAP.

ROID(i) : OUTPUT NET SPECIFIC RELEASE OF IODINE
(KG IODINE /KG FUEL)
ROID(2) : OUTPUT NET SPECIFIC RELEASE OF IODINE 127
(KG IODINE 127/KG FUEL) STABLE
ROID(3) : OUTPUT NET SPECIFIC RELEASE OF IODINE 129
(KG IODiNE 129/KG FUEL) HALF LIFE 1.72E07 YEARS
ROID(4) : OUTPUT NET SPECIFIC RELEASE OF IODINE 131
(KG IODINE 131/KG FUEL) HALF LIFE 8.05 DAYS
ROID(S) : OUTPUT NET SPECIFIC RELEASE OF IODINE 132
(KG IODINE 132/KG FUEL) HALF LIFE 2.3 HOURS
ROID(6) : OUTPUT NET SPECIFIC RELEASE OF IODINE 133
(KG IODINE 133/KG FUEL) HALF LIFE 21 HOUR
ROID(7) : OUTPUT NET SPECIFIC RELEASE OF IODINE 134
(KG IODINE 134/KG FUEL) HALF LIFE 52 MINvuES
ROID(8) : OUTPU' NET SPECIFIC RELEASE OF IODINE 135
(MG IODINE 135/KG FJEL) HALF LIFE 6.7 HOURS
CS(l) : OUTPUT NET SPECIFIC RELEASE OF CESIUM
(KG CESIUMiKG FUEL
CS(2) : OUTPUT iT SPECIFIC RELEASE OF CESIUM 133
(KG CESIUM 133/Kr FUEL) STABLE
CS(3) : OUTPUT PET SPECIFIC RELEASE OF CESIUM 135
(KG CESIUM 135i.<G FUEL) HALF LIFE 2.9E06 YEARS
CS(4) : OUTP'eT NET SPECIFIC RELEASE OF CESIUM 137
(KG CESIUM 13V/KG FUEL) HALF LIFE 33 YEARS
CS(S) : OUTPUT NET SPECIFIC RELEASE OF CESIUM 138
(KG CESIUM l38/KG FUEL) HALF LIFE 32.2 MINUTES
FTMAX OUTPUT MAXIMUM TEMPERATURE ATTAINED BY THE
DURING OPEPATION TO THE END OF THE BURNUP STEP
CONSIDERED (K)

MESHPOINT

TIME : INPUT TIME AT OPERATING TEMPERATURE AT END OF STEP (5)
FTMAX : INPUT MAXIMUM TEMPERATURE ATTAINED BY THE MESHPOINT
DURING OPERATION PRIOR TO BURNUP STEP CONSIDERED (K)
DELBU : INPUT BURNUP DURING THE STEP CONSIDERED (MW-S/KG METAL)
DTIME : INPUT DURATION OF THE BURNUP STEP CONSIDERED (S)
FTEMP : INPUT FUEL MESHPOINT TEMPERATURE (K)
FRADEN : INPUT FRACTIONAL FUEL DENSITY (RATIO OF ACTUAL
DENSITY TO THEORETICAL DENSITY)

THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM
(1) J. BELLE URANIUM DIOXIDE. PROPERTIES AND NUCLEAR
APPLICATIONS (JULY 1961)
(2) S. KATCOFF NUCLEONICS 16 (APRIL 1958) PP 78-85
(3) 5. KATCOFF NUCLEONICS 18 (NOV 1960) PP 201-208

C
C

C
5

10

I5

25

30

35

40

I CELMD
CELMD
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CES'D
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID

45

50
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104
2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49
50
51
52
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C (4) D. F. RIDER, A SURVEY AND EVALUATION OF THERMAL FISSION CESID 53
55 C YIELDS FOR U-235, PU-239, U-233, AND PU-241 CESID 54

C GEAP-5356 (SEPT 1967) CESID 55
C CESID 56
C THIS MODEL IS FOR LWR REACTORS ONLY CESID 57
C CESID 58

60 C CESIOD WAS CODED BY D. L. HAGRMAN JANUARY 1977 CESID 59
C CESID 60

COMMON / PHYPRO / FTMELT FHEFUSCTMELT,CHEFUS,CTRANB, CESID 61
CTRAN ,CTRANZ,FDELTA,BU,COMP,DELOXY CESID 62

C CESID 63
65 C CESID 6'1

DATA YUID2 / 9.50E-12/, YL'.03 / 5.94E-11/, YUID4 / 3.10E-02 . CESID 65
DATA YUIDS / 4.30E-02/, YUID6 / 6.90E-02/, YUID7 / 7.90E-02 / CESID 66
DATA YUID8 / 6.10E-02/ CESID 67
DATA YUCS2 / 5.04E-10/, YUCS3 / 4.98E-10/, YUCS4 / 4.85E-10 / CESID 68

70 DATA YUCS5 / 6.60E-02/ CESID 69
DATA ALMD14/ 997E-071, ALMDI5' 5.17E-06/, ALMD16.' 8.37E-05 CESID 70
DATA ALMDI7/ 2.22E-04/, ALMD18/ 2.87E-05/, ALMDCS.' 3.59E-04 1 CESID 71

C CESID 72
C UNITS CONVERSION CESID 73

75 C CESID 74
B : BU*0.88 CESID 75
FISR : DELBU*0.88/il.732El9*DTIME) CESID 76

C CESID 77
IF (FTEMP.GT.FT AX) FThAX : FTEMP CESID 78

80 C CESID 79
C FIND DIFFUSION RADIUS AND DIFFUSION CONSTANTS CESID 80
C CESID 81

A : 3.03FRADEN*(10.0**(20.61-FRADEN*(67.90-46.0*FRADEN))) CESID 82
DMAX : 6.6E-06/EXP(3.6086E04/FTMAX) CESID 83

85 DNOW : 6.6E-06/EXO(3.6086E04/FTEMP) CESID 84
IF (FTMAX.LE.1I34.054) DMAX : I.OE-19 CESID 85
IF (FTEMP.LE.1134.054) DNOW =I.OE-19 CESID 86

C CESID 87
C FIND ESCAPE RATE COEFFICIENTS CESID 88

90 C CESID 89
ANUI4 : 3.0*((DNOW*ALMDI4)**0.5)/A CESID 90
ANUIS : 3.0*((DNOW*ALMDI5)**O.5)/A CESID 91
ANUI6 : 3.0*((DNOW*ALMDI6)**0.5)/A CESID 92
ANUI? : 3.0*((DNOW*ALMDI7)**0.5),A CESID 93

95 ANUJ8 : 3.0*((DNOW*ALMDI8)**0.5)/A CESID 94
ANUC5: 3.0*((DNON*ALMDC5)**0.5)/A CESID 95

C CESID 96
C FIND SPECIFIC RELEASE FOR LONG LIVED ISOTOPES CESID 97
C CESID 98

100 C CHECK FOR FUEL MELT CESID 99
C CESID 100

IF (FTMAX.LT.FTHELT) GO TO 110 CESID IOC
100 ROID(2) : YUID2*D CESID 102

roID(3) : YUID3*B CESID 103
105 CS(2) : YUCS2*B CESID 104

CS'3) : YUCS3*8 CESID 105
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C(4': YUCS4*B
GO TO 120

SPECIFIC RELEASES WITHOUT MELT FOLLOW

CHECK TO SEE IF RELEASE FRACTION IS GREATER THAN ONE

F : 2.257*((DMAX*TIME)**0.5),A-l.5*DMAX*TIMIE/A**2)
IF (F.GT.I.0) GO TO 100

ROID(2)
ROID(3)
C5(2)
CS(3)
CS(4) :

: YUID2*B*F
: YUID3*B*F
YUCS2*B*F
YUCS3*D*F
YUCS4*B*F

FIND SPECIFIC RELEASES FOR SHORT LIVED ISOTOPES

ROID(4)
ROID(5)
ROID(6)
ROID((7)
ROID(8)
CS(5) :

FISR*131*YUID4*ANUI4/((ANUI4- ALMD4)*ALMDI4)
: FISR*132*YUID5*ANUI5i((ANU5+ALMDI5)*ALMDI5)
: FISR*133*YUID6*ANUI6/((ANUI6+ALMDI6)*ALMDI6)
: FISR*134*YUID7*ANUI7/((ANUI7+ALMDI7)*ALMDI7)
: FISR*l?5*YUID8*ANUI8,((ANUI8+ALMDI8)*ALMDI8)
FISR*138*YUC55*ANUC5/((ANUC5+ALMDC5)*ALMDC5)

CALCULATE SUMS

ROID(I) : ROID(2)+ROID(3)+ROID(4)+ROID(5)+ROID(6)+ROID(7)+ROID(8)
CS.I) : CS(2)+CS(3)+CS(4)+CS(5)

RETURN
END

110

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CESIOD

VARIABLES
356 A

326
321
322
323
324
325
366
361

ALMDCS5
ALthD I
ALMD15
ALMD16
ALMD17
ALMD16
ANUCS
A#UI4

DEF LINE
3

SN TYPE
REAL

REFERENCES
137

RELOCATION

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

C
C
C
C
C
110

CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID
CESID

115
C

120

125

C
C
C
120

130

135

C
C
C

C

106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

REFS
DEF I NED
REFS
REFS
REF S
REFS
REFS
REFS
REFS
REFS

91
83
96
9$
92
93
94
05

2*130
2*125

92

2*130
2*125
2*126
2*127
2*128
2*129

DEFINED
DEFINED

9593

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

96
'I

9691,

72
71
7'
71
72
72

2*1I4
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VARIABLES
362 AWUI5
363 ANUI6
364 ANUI7
365 ANUI8
354 8

10
3

I1
0

2
I.
5
6
0

12
357
360

0
367

7

355

0
0
0
0
0

0
315
316
317
320
306
307
310
31'
312
313
314'

BU
CHEFUS
COMP
CS

CTMELT
C'RANB
CTRANE
CTRANZ
DEL BU
DELOXY
DMAX
DNOWJ

DTIME
F

FDELTA
FHEFUS
FISR

FRADEN
FTEMP
FTMAX
FTHELT
ROID

TIME
YUC52
YUC53
YUC54
YUC55
YUID2
YUID3
YUID4
YUID5
YUID6
YUID7
YUID8

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL.
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

RELOCATION

PHYPfO0
PHA PRO
PHYPRO
F.P.

PHYPRO
PHYPRO
PHYPRO
PHYPRO
F.P.

PHYPRO

F.P.

PHYPRO
PHYPRO

F.P.
F.P.
F.P.

PHYPRO
F.P.

F.P.

EXTERNALS
EXP

TYPE
REAL

ARGS REFERENCES
I LIBRARY 84

STATEMENT LABELS
132 100
153 110
215 120

DEF LINE
103
114
125

REFERENCES
115
102
108

92
93
94
95
X05

DEF I NED

DEFINED
130

106
76

3
X35

117107

105

118

106 107

REF 5
REFS
REFS
REFS
REFS
I'9

REFS
REFS
REFS
REFS

119
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
IFS
.EFS

REFSS
REFS

118
R C5S
RF5
REFS
REFS
REFS
REP-
REFS
REFS
REFS
REFS
REFS
REFS

2*126
21428
2*120
2x129

103
120
62
62
62
5

120
62
62
62
62
77
62

2*114

85
77
115
114
62
62
125
77

3*83
2*79
79
62
5

125
2*1!'4
105
106
107
130
103
104
125
126
127
128
129

DEFINED
DEFINED
DEFINED
DEFINED

104
121
76

4*135
121

DEFINED

DEFINED
92
87

DEFINED
117

126

DEFINED
85
84
102

7*134
126

DEFINED
119
120
121

DEFINED
117
118

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

3

86
94

119

128

DEFINED
102

3
128

96

121

130

95

120

129

3
DEFINED

103
129

84
93

3
118

127

3
87
86

DEFINED
127
3

DEFINED
DEFINED
DEFINED

70
DEFINED
DEFINED

66
67
67
67
68

3 79

104
134

117

69
69
69

66
66

85
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COMMON BLOCKS LENGTH
PHYPRO II

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

?617f OPT:O TRACE STATIC

3708
138

FTN M,8+508

22+8
Is
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I C CESID 138
C CESID 139

SUBROUTINE CFATIG (CTEMP,FFNCEHICOEF,HIEXP,THRSH.ALOCOFALOEXP) CFATG 2
C CFATG 3

5 C CFATIG CALCULATES COEFFICIENTS AND EXPONENTS FOR HIGH CFATG 4
C AND LOW CYCLE FATIGUE FAILURE EXPRESSIONS OF THE FOLLOWING CFATG 5
C FORMS. CFATG 6
C CFATG 7
C FOR HIGH CYCLE FAILURE IN ZIRCALOY CFATG 8

10 C DLiDN : HICOEF*iSTRESS INTENSITY CHANGE)**HIEXP CFATG 9
C FOR LOW CYCLE FAILURE IN ZIRCALOY CFATG 10
C DL/DN : ALOCOF*L*(PLASTIC STRAIN RANGE)**ALOEXP CFATG 11
C WHERE DL/DN 15 THE CHANGE IN CRACK LENGTH PER CYCLE (MiCYCLE) CFATG 12
C AND L IS THE CRACK LENGTH (M) CFATG 13

I5 C CFATG 14
C HICOEF : OUTPUT HIGH CYCLE EXPRESSION COEFFICIENT((M/CYCLE)/ CFATG 15
C (I.0E06 NEUTRONS/METER**I.5)**HIEXP) CFATG 16
C HIEXP : OUTPUT HIGH CYCLE EXPRESSION EXPONENT (UNITLESS) CFATG 17
C THRSH : OUTPUT MINIMUM STRESS INTENSITY FOR CRACK (MPA) CFATG 18

20 C ALOCOF : OUTPUT LOW CYCLE EXPRESSION COEFFICIENT (uM/CYCLE)/i) CFATG IQ
C ALOEXP OUTPUT LOW CYCLE EXPRESSION EXPONENT (UNITLESS) CFATG 20
C CFATG 21
C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURE (K) CFATG 22
C FFNCE : INPUT FAST NEUTRON FLUENCE (NEUTRONS/M**2) CFATG 23

25 C CFATG 2'4
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CFATG 25
C (I) V. S. RAO, NIGH CYCLE FATIGUE CRACK GROWTH OF TWO ZIRCONIUM CFATG 26
C ALLOYS, AE-486 (MARCH 1574) CFATG 27
C (2) T. J. WALKER AND J. N. KASS VARIATION OF ZIRCALOY FRACTURE CFATG 28

30 C TOUGHNESS IN IRRADIATION, ASTM-4TP-551, (1970) PP 320-354 CFATG 29
C (3) K. PETTERSSON, "LON CYCLE FATIGUE PROPERTIES OF ZIRCALOY CFATG 30
C CLADDING", J. NUCLEAR MATERIALS 56 (1975) PP 91-102. CFATG 31
C CFATG 32
C INPUT CTEMP IS NOT USED IN THIS VERSION OF CFATIG CFATG 33

35 C CFATG 34
C CODED BY D. L. HAGRMAN FEBRUARY 1977 CFATG 35
C UPDATED BY D.L. HAGRMAN SEPT 1977 CFATG 36
C CFATG 3?
C CFATG 38

40 C CALCULATE HIGH CYCLE CONSTANTS CFATG 39
C CFATG 40

HICOEF : 1.0165786E-25 CFATG 41
IF (FFNCE.GT.I.0E251 GO TO 100 CFATG 42
HICOEF 2.0E-Il*(l5.531432**(12.0*(EXP(-FFNCE/I.0E24)-l))) CFATG 43

45 100 HIEXP : 15.0-12.0*EXP(-FFNCE/1.0E24) CFATG 44
THRSH : 9.5 CFATG 45

C CFATG '46
C CALCULATE LOW CYCLE CONSTANTS CFATG 47
C CFATG 48

50 ALOCOF : 10.7 CFATG 49
ALOEXP =:1.67 CFATG 50

C CFATG S1
RETURN CFATG 52
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END

SYMBOLIC REFERENCE !AP (R:2)

ENTRY POINTS
4 CFATIG

VARIABLES
0 ALOCOF
0 ALOEXP
o CTEHP
0 FFNCE
0 HICOEF
0 HIEXP
0 THRSH

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
53

RELOCATION
F.P.
F.P.

*UNUSED FP.
F.P.
F.P.
F.P.
F.P.

EXTERNALS
EXP

TYPE
REAL

STATEMENT LABELS
27 100

ARGS
I LIBRARY

DEF LINE
45

REFERENCES
44

REFERENCES
43

STATISTICS
PROGRAM LENGTH

,400009 SCM USED
678

CFATG 53

DEFINED
DEFINED
DEFINED

REFS
DEFINED
DEFINED
DEFINED

3
3
3

43
3
3
3

50
51

44
42
45
46

45
44

DEFINED

45

3

SUBROUTINE CFATIG 10.12 l/80 14.,34, 01 PAGE
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1 C CFATG 54
C CFATG 55

SUBROUTINE CHITOX (Ti,T2,X2,XI,DT,XI2,XIIDROD2,DRODQ) CHITX 2
C CHITX 3

5 C CHITOX COMPUTES THE ZIRCALOY OXIDE AND XI LAYER THICKNESSES CHITX 4
C AT THE END OF A TIME STEP, THE POWER GENERATED IN THE CLADDING CHITX 5
C DURING THE TIME STEP DUE TO THE METAL-MATER CHEMICAL REACTION, CHITX 6
C AND THE DIAMETER OF THE REMAINING UNOXIDIZED PORTION OF THE CHITX 7
C ROD. CHITX 8

10 C CHITX 9
C X2 : OUTPUT ZRO2 THICKNESS AT THE END OF A TIME STEP (M) CHITX 10
C X12 : OUTPUT XI THICKNESS AT THE END OF A TIME STEP (M) CHITX 11
C DROD2 : OUTPUT OUTER DIAMETER OF UNOXIDIZED PART OF CLADDING CHITX 12
C AT THE END OF THE TIME STEP (M) CHITX 13

IS C (EXPANSION OF THE LATTICE DUE TO DISSOLVED OXYGEN IS CHITX 14
C NEGLECTED) CHITX I5
C Q : OUTPUT RATE OF HEAT GENERATION PER METER FOR A ROD OF CHITX 16
C INITIAL DIAMETER DROD (S1/M) CHITX 17
C CHITX 18

20 C TI : IP"> -u.. DINC TEMPERATURE AT START OF A TIME STEP (K) CHITX 19
C T2 : INPUT CLA7 -it, TEMPERATURE AT END OF A TIME STEP (K) CHITX 20
C XI : Ihrui Z;;% ;, ALKNESS AT START OF - TIME STEP (M) CHITX 21
C DT : INPUT TIME STEP DURATION (S) CHITX 22
C XII : INPUT XI THICKNESS AT STAPT OF A TIME STEP (M) CHITX 23

25 C DROD : INPUT UNOXIDIZED ROD OUTER DIAMETER (M) C' ITX 24
C CHITX 25
C THE CORRELATIONS WERE DERIVED FROM THE PARABOLIC RATE EQUATIONS CHITX 26
C OF J.V. CATHCART, ORNL/*UREG/TM-41 (AUGUST 1976) CHITX 27
C CHITX 28

30 C CHITOX WAS CODED BY G.A. REYMANN SEPTEMBER 1976 CHITX 29
C UPDATED BY G.A. REYMANN DEC 1976 CHITX :0
C CHITX 31
C CHITX 32

DATA RHOZ HRZ / 6.5E03 , 6.4E06/ CHITX 33
35 TAVE : (TI+T2)/2. CHITX 34

IF (TAVE.LT .I.0E03) GO TO 110 CHITX 35
C CHITX 36

X2 : SQRT((XI)XZ2+2.25E-06*EXP(-18063./TAVE)*DT) CHITX 37
X12 : SQRT((XII)**2+6.824E-5*EXP(-2.IE4,TAVE)*DT) CHITX 38

40 C CHITX 39
100 DROD2 : DRO0D-I,38*X2 CHITX 40

Q : 'RHOZ*HRZ*2,17*DROD*(X2-XI))/DT CHITX 41
GO Tu 120 CHITX 42

C CHITX '43
45 110 X2 : XI CHITX 44

X12 : XII CHITX 45
GO TO 100 CHIT;'46

C CHITX 47
120 RETURN CHITX 46

50 END CHITX 49
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SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 CHITOX 3

VARIABLES SN TYPE
3 DROD REAL
0 DROD2 REAL
0 DT REAL

101 HRZ REAL
0 0 REAL

100 RHOZ REAL
113 'AVE REAL.

0 TI REAL
0 T2 REAL
0 XI REAL
0 XII REAL
0 XI2 REAL
0 X2 REAL

EXTERNALS TYPE
EXP REAL
SORT REAL

STATEMENT LABELS
44 100
62 !10
71 120

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

MAP (R:2)

REFERENCES
49

RELOCATION
F.P.
F.P.
F.P.

FP.

ARGS
I LIBRARY
I LIBRARY

DEF LINE
41
45
49

1148

DEf

DEl

F.P.
F.P. F
F.p.
F.P. F
F.P. DEF
Fp. 

REFERENCES
38
38

REFERENCES
47
36
43

REFS
FINED
REFS
REFS
;FINED
REFS
REFS
REFS
REFS
REFS
REFS
;FINED
REFS

76

41
3

38
42
3

42
36
35
35
38
39
3

41

42
41
39

DEFINED
42

DEFINED
38

DEFINED
DEFINED

42
46
39
42

DEFINED

42
34

34
39
3
3

45
DEFINED

46
DEFINED

3

DEFINED

DEFINED

DEFINED
3

3

3

35

3

38

39
39

45

SUBROUTINE CHITOX FTN 4.8+508 I 0/21/80 14.34.,01 PAGE
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FUNCTION CHSCP (PPMHYD,CTEMP,ICOR,ICM,DCO,DCI,TIME,OXO,CHORG,PPMH
+20, DP)

CHSCP CALCULATES THE APPARENT ADDITION TO SPECIFIC MEAT
BECAUSE OF ENERGY USED IN SOLUTION OF HYDRIDES PRESENT
IN ZIRCALOYS

CHSCP : OUTPUT APPARENT ADDITION TO SPECIFIC HEAT BECAUSE
OF HYDRIDES PRESENT IN ZIRCALOYS (J/KG-K)

PP*HYD : INPUT CONCENTRATION OF HYDROGEN IN THE SAMPLE (PPM)
CTEMP : INPUT TEMPERATURE (K)

THE FOLLOWING INPUTS ARE USED ONLY IF PPMHYD 13
NOT A POSITIVE NUMBER (SEE CHUPTK DESCRIPTION

5

l0

I5

20

25

(2: ZIRC2, 4
ER (INCHES)
R (INCHES)

BHT (MG/DM1**2)
T (PPM)
)
INCHES)

: ZIRC4)

C THIS CODE IS BASED ON DATA FROM
C J. SCOTT, A CALORIMETRIC INVES iGATION OF ZIRCONIUM,
C TITANIUM AND ZIRCONIUM ALLOYS FROM 60 TO 960 C. PHD
C THESIS (UNIVERSITY OF TENNESSEE, 1957)
C
C CHSCP CODED BY D. L. HAGRMAN MAY 1976
C
C CONVERSION FROM J/(KG*K) TO CAL/(G*K) IS
C 2.39006E-04 (CAL/(G*C))i(J/(KG*K))
C
C ESTIMATED STANDARD ERROR OF THE PREDICTION OF
C CHSCP FOR THE APPARENT ADDITION TO SPECIFIC HEAT
C BECAUSE OF ENERGY USED IN SOLUTION OF HYDRIDES PRESENT
C IN ZIRCALOY CLADDING SAMPLES -- (SUM OF SQUARED
C RESIDUALS/(NUMBER OF RESIDUALS-DEGREES OF FREEiGM))*0.5 --
C IS HALF OF THE PREDICTED VALUE
C

A : I.332E05
B : 4.40IE03
C : 4.570E01
IF (PPHHYD.CT.0.0) GO TO 100
PPMHYD : CHUPTK(CTEMPICOR,ICM,DCO,DCI,TIME,NOXO,CHORG,PPMH2O,DP)

100 T : CTEMP

C
C

i

: INPUT REACTOR CHEMISTRY INDEX
FOR PIR
FOR BIR

: INPUT CLADDING MATERIAL INDEX
INPUT CLADDING OUTSIDE DIAMETER

: INPUT CLADDING INSIDE DIAMETE;
INPUT TIME AT TEMPERATURE (5)

: INPUT INITIAL OXIDE FILM WEIG
: INPUT INITIAL HYDROGEN CONTEN

INPUT FUEL WATER CONTENT (PPM)
: INPUT FUEL PELLET DIAMETER rII

30

ICOR
.GE.
.LT.2
ICM
DCO
DC I
TIME
NOXO
CHORG
PPMH20
DP

35

40

CHITX
CHITX
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CH5:P
C4SCP
C SCP
CrIsCP
CHSCP
CHSCP
CHSCP
-H5CP
LHSCP
CHSCP
CHSCP
L SCP
CHSCP
CHSCP
CH3CP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP

45

50

FIN 4.8+508 I0/2I/8O 14,34,01 PAGE I

5o
51
2
3
4
5
6

9
10
11
12
$3
14
15
16
17
18
19
20
21

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
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IF (PPtHYD.LE.0.0) PPtiHYD : 1.0
TSOL : B/(ALOG(A/PPMHYD))
CHSCP : C*A*B/(T**2)*EXP(-B/T)*(i/(EXP((T-TSOL)/(TSOL/50))+1))

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 CHSCP

VARIABLES
124 A
125 8
126 C
0 CHORG

123 CHSCP
0 CTEMP
0 DCI
0 DCO
0 DP
0 ICM
0 ICOR
0 PPMHYD
0 PPtH2O

127 T
0 TIME

130 TSOL
0 NOX0

EXTERNALS
ALOG
CHUPTK
EXP

STATEMENT LABELS
41 100

STATISTICS
PROGRAM LENGTH

140000B

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL
REAL

REFERENCES
58

RELOCATION

F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

ARGS
I LIBRARY

I0
I LIBRARY

DEF LINE
53

1318
SCM USED

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

RE ERENCES
55
5
2*56

REFERENCES
51

89

55

C

CHSCP
CHSCP
CHSCP
CHSCP
CHSCP
CHSCP

53
54
55
56
57
58

55
55
56
52
56
52
52
52
52
52
52
51
52
3*56
52

2156
52

56
2*56

DEFINED
DEFINED

53
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

54
DEFINED

DEFINED
DEFINED
I:EF INE D

48
49

3

DEFINED

DEFINED
DEFINED

50
3

DEFINED
3
3
3
3
3

55
3

53
3

55
3

3 52 54

FUNCTION CHSCP FTN 4.8+5O8 10/21/80 14.34.01 PAGE
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C CHSCP 59
C CHSCP 60

SUBROUTINE CHUPTK (CHORG,PPMH2O,DP,ICM,DCO,DCI,ICOR,ZRO2AI,ZR02BI, CHPTK 2
+TCOI,QCI,ZOXKI,CHYDAI,CHYDBI,CHCONC) CHPTK 3

5 C CHPTK 4
C CUPTh CaLCULATES AVERAGE CONCENTRATION OF HYDROGEN IN ZIRCALOY CHPTK 5
C CLADDING. CHPTK 6
C CHPTK 7
C CHCONC : OUTPUT AVERAGE CONCENTRATION OF CHPTK 8

10 C HYDROGEN N CLADDING AT END OF TIME STEP (PPM) CHPTK 9
C C YDBI : CUTPUT HYDROGEN FROM COOLANT IN CLADDING AT END CHPTK 10
C OF TIME STEP (Pc") CHPTK 11
C CHPTK 12
C CHC G : INPUT INITIAL HYDROGEN IN CLADDING (PPM) CHPTK 13

15 C PPNHO : INPUT INITIAL FUEL WATER CONTENT (PPM) CHPTK 14
C DP : INPUT FUEL PELLET DIAMETER (M) CHPTK 15
C ICM : INPUT CLADDING MATERIAL FLAG (ICM : 2 FOR ZIRCALOY 2, CHPTK 16
C ICM : 4 FOR ZIRCALOY 4) CHPTK 17
C DCO : INPUT CLADDING OUTSIDE DIAMETER (M) CHPTK 18

20 C DCI : INPUT CLADDING INSIDE DIAMETER (M) CHPTK 19
C ICOR : INPUT REACTOR CHEMISTRY .GE. 2 FOR PWR, LT. 2 FOR BWR CHPTK 20
C ZR02AI : INPUT OXIDE THICKNESS AT START OF CURRENT TIME STEP (M) CHPTK 21
C ZR02BI : INPUT OXIDE THICKNESS AT END OF CURRENT TIME STEP (M) CHPTK 22
C TCOI : INPUT ZR02-CO0LANT INTERFACE TEMPERATURE (K) CHPTK 23

25 C QCI = INPUT AXIAL INCREMENT HEAT FLUX (WATT/METER**2) CHPTK 24
C ZOXKI : INPUT ZIRCALOY OXIDE THERMAL CONDUCTIVITY (W/(M-K)) CHPTK 25
C CHYDAI : INPUT HYDROGEN FROM COOLANT IN CLADDING AT START CHPTK 26
C OF TIME STEP (PPM) CHPTK 27
C CHPTK 28

30 C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CHPTK 29
C (1) E. HILLNER HYDROGEN ABSORPTION IN ZIRCALOY DURING ACQUEOUS CHPTK 30
C CORROSION, EFFECT OF ENVIRONMENT, WESTINGHOUSE REPORT CHPTK 31
C WAPD-411 (1964) CHPTK 32
C (2) A. VAN DER LINDE, CALCULATION OF THE SAFE LIFETIME EXPECTANCY CHPTK 33

35 C OF ZIRCONIUM ALLOY CANNING IN THE FUEL ELEMENTS OF THE NERO CHPTK 34
C REACTOR, REPORT RCN-41 (1965) CHPTK 35
C (3) F. H. MEGERTH, C. P. RUIZ, U. E. WOLFF ZIRCALOY-CLAD U02 CHPTK 36
C FUEL ROD EVALUATION PROGRAM FINAL REPORT, GENERAL ELECTRIC CHPTK 37
C REPORT GEAP 10371 (1971) CHPTK 38

40 C (4) W. R. SMALLEY, SAXTON CORE II FUEL PERFORMANCE EVALUATION CHPTK 39
C PART I MATERIALS, WESTINGHOUSE REPORT WCAP-3385-56 (1971) CHPTK 40
C (5) W. R. SMALLEY, EVALUATION OF SAXTON CORE III FUEL CHPTK 41
C MATERIALS PERFORMANCE, WESTINGHOUSE REPORT WCAP-3385-57 CHPTK 42
C (1974) CHPTK 4?

45 C (6) E. HILLNER, CORROSION AND HYDRIDING PERFORMANCE OF ZIRCALOY CHPTK o4
C TUBING AFTER EXTENDED EXPOSURE IN THE SHIPPINGPORT PWR, CHPTK '5
C SYMPOSIUM ON ZIRCONIUM IN NUCLEAR APPLICATIONS, ASTM STP CHPTK 4;
C 551 (1974) CF/TK 4
C CHPTK 4

50 C THIS MODEL SHOULD NOT BE USED OUTSIDE THE TEMPERATURE RANGE CHPTK 19
C 523,15 - 673.15 K (250 - 400 C). CHPTK 30
C CHPTK 51
C CHUPTK CODED BY D. L. HAGRMAN FEBRUARY 1977 CHPTK 52
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C MODIFIED BY D. L. HAGRMAN JUNE 1978 CHPTK 53
55 C CHPTK 54

IF (TCOI.LE.366.5) GO TO 140 CHPTK 55
IF (ZR02AI.LE.0.0) ZR02AIl : 1.OE-10 CHPTK 56
TCOIC : TCOI+QCI*ZR02AI'ZOXKI CHPTK 57
NTRAN : 7.7490E-06xEXP -7.9OE02TCOIC) CHPTK 58

60 IF 'ICOR.GE.2) GO TO 100 CHPTK 59
C CHPTK 60
C BWR ENVIRONMENT CHPTK 61

A : 4.840E05*EXP(-1.945E-02*TCOI) CHPTK 62
IF (TCOI.LE.500.' A : 28.92887 CHPTK 63

65 P: 0.12 CHPTK 64
IF (ICM.LE.2) a : 0.29 CHPTK 65
GO TO 110 CHPTK 66

C CHPTK 67
C PHR ENVIRONMENT CHPTK 68

70 100 A : 1.203E02XEXPi-7.1l8E-03tTCOI1 CHPTK 69
IF TCOI.LE.500.) A : 3.424614 CHPTK 70
a 0,12 CHPTK 71
IF ICM.LE.2) B : 0.48 CHPTK 72

110 IF TCOI.GT.673.) A : 1.0 CHPTK 73
75 C : 1.0 CHPTK 74

IF (ICM.LE.2) C : I.0/8 CHPTK 75
C CHPTK 76
C FIND HYDROGEN UPTAKE FROM COOLANT DURING CURRENT TIME STEP CHPTK 77
C CHPTK 78

80 D = (9,0Et05)*DCO/(DCO**2-DCI**2) CHPTK 79
IF iZR02AI.GT.NTRAN) GO TO 130 CHPTK 80
IF ZR02BI.GE.NTRAN) GO TO 120 CHPTK 81

C CHPTK 82
C ALL OXIDATION PRETRANSITION CHPTK 83

85 CHUPC : D*(D(8*A))*(ZRO28I-ZR02AI) CHPTK 84
GO TO 150 CHPTK 85

C CHPTK 86
C PART OF OXIDATION PRETRANSITION CHPTK 87
120 CHUPC : D*((D/(8*A))*(NTRAN-ZR02A)+(C*I/(8*A))(ZR2BI-TRAN)) CHPTK 88

90 GO TO 150 CHPTK 89
C CHPTK 90
C ALL OXIDATION POST - TRANSITION CHPTK 91
130 CHUPC : DZ(C*B/(8*A))*'ZRO2BI-ZRJ2AI) CHPTK 92

GO TO 150 CHPTK 93
95 C CHPTK 94

140 CHUPC : 0.0 CHPTK 95
C CHPTK 96
C SUM HYDROGEN FROI COOLANT CHPTK 97
150 CHYDBI : CHYDA.+CHUPC CHPTK 98

100 C CHPTK 99
C SUM HYDROGEN FROM ALLOY, FUEL MOIS;URE AND COOLANT CHPTK 100

CHCONC : CHORG+0.186*PPMH2O*((DP**2)i(DCOt*2-DCI**2))+CHYDBI CHPTK 101
C CHPTK 102

RETURN CHPTK 103
105 END CHPTK 104

102p21/80 14,34,01 PAGE
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SYMBOLIC REFERENCE MAP

ENTRY POINTS DEF LINE
4 CHUPTK 3

VARIABLES SN TYPE
235 A REAL

236 B REAL

23? C REAL
o CHCONC REAL
0 CHORG REAL

241 CHUPC REAL
0 CHYDAI REAL
0 CHYDBI REAL

240 D REAL
0 DCI REAL
0 DCO REAL
0 DP REAL
0 IC" INTEGER
0 ICOR INTEGER
0 PPMH20 REAL
0 OCI REAL
0 TCOI REAL

233 TCOIC REAL
234 WTRAN REAL

0 ZOXKI REAL
0 ZR02AI REAL

0 ZR0281 REAL

EXTERNALS TYPE ARGS
EXP REAL

STATEMENT LABELS D
60 103

103 110
141 120
154 130
165 140
167 150

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

(R:2)

REFERENCES
104

RELOCATION

F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

LIBRARY

DEF LINE
70
74
89
93
96
99

REFS
71

REFS
72

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

F.P.
F.P.

DE
F.P.

REFERENCES
59

REFERENCES
60
67
82
81
56
86

REFS
REFS
FRNED
REPS

63

162

64

65

63

DEFINED

76

93

70

66

85
74
76
73
89
3

102
99
99

102
85
80

2*80
102
66
60
102
58
56
3

59
81
58
57
3

82

2*89

85

93
D 02

DEFINED
DEFINED
DEFINED
DEFINED

89
102
102

DEFINED
73

DEFINED
DEFINED
DEFINED

58

DEFINED
82

DEFINED
58
57
85

96

93

2*89

DEFINED

3
85
3
3

93
DEFINED
DEFINED

3
76
3
3
3

63

58
2*89
3

81

89

DEFINED

93

75

89

'9
DEFINED

3
3

DEFINED

64

DEFINED

85

93

80

3

71 7470

59

89

DEFINED

93

3

70

94

SUBROUTINE CHUPTK I0/2I/80 14.34.01 PAGE 3
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1 C CHPTK 105
C CHPTK 106

SUBROUTINE CKMN (CTEMP,DELOXY,FNCK,FNCN,CWKF,CWNF,RSTRAN,AK,AN,AM) CKMN 2
C CKMN 3

5 C CKMN CALCULATES PARAMETERS FOR THE CLADDING EQUATIJN OF STATE CKMN 4
C AS A FUNCTION OF TEMPERATURE, AVERAGE OXYGEN CONCENTRATION, CKMN 5
C FAST NEUTRON FLUENCE, AND COLD WORK. CKMN 6
C CK?*4 7
C AK : OUTPUT STRENGTH COEFFICIENT (PA) CKMN 8

10 C AN : OUTPUT STRAIN HARDENING EXPONENT (UNITLESS) CKMN 9
C AM : OUTPUT STRAIN RATE SENSITIVITY EXPONENT (UNITLESS) CKMN 10
C UM : ESTIMATED UNCERTAINTY OF AM CKMN 11
C NOT CURRENTLY RETURNED) CKMN 12
C UN : ESTIMATED UNCERTAINTY OF AN CKMN 13

15 C (NOT CURRENTLY RETURNED) CKHN 14
C NOTE AN - UN IS NEGATIVE NEAR 1000K CKMN 15
C UK = ESTIMATED UNCERTAINTY OF AK CKMN 16
C (NOT CURRENTLY RETURNED) CKMN 17
C CKMN 18

20 C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURE (K) CKMN 19
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CKMN 20
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CKMN 21
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CKMN 22
C FNCK : INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CKMN 23

25 C COEFFICIENT (NEUTRONS/(MX*2)) CKMN 24
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CKMN 25
C EXPONENT (NEUTRONS/(M'42)) CKMN 26
C CWKF : INPUT EFFECTIVE COLD WORK FOR STRENGTH CKMN 27
C COEFFICIENT (UNITLESS RATIO OF AREAS, CKMN 28

30 C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CKM 29
C EXPONENT (UNITLESS RATIO OF AREAS) CKMN 30
C RSTRAN : INPJT EFFECTIVE TRUE PLASTIC STRAIN RATE (5**(-1)) CKMN 31
C CKMN 32
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CKMN 33

35 C (1) C.R. WOODS, PROPERTIES OF ZIRCALOY-4 TUBING, WAPD-TM-585 CKMN 34
C (1966) CKMN 35
C (2) ULTIMATE STRENGTH DATA OF H.C. BRASSFIELD,ET AL. CKMtN 36
C GEMP-482($968) CKMN 37
C (3) A.L. BEMENT, JR., EFFECTS OF COLD WORK AND NEUTRON CKMN 38

40 C IRRADIATION ON THE TENSILE PROPERTIES OF ZIRCALOY-2, CKMN 39
C HW-74955 CKMN 40
C (4) A. COWAN AND W.J. LANGFORD J.NUCLEAR MATER. CKMN 41
C 30 (1969) PP 271-281 CKMN 42
C (5) L.M. HOWE AND W.R. THOMAS, J. NUCLEAR MATER. CKMN 43

45 C I (1960) P 248 CKMN 44
C (6) A. M. GARDE LIGHT-WATER-REACTOR SAFETY RESEARCH CKMN 45
C PROGRAM QUARTERLY PROGRESS REPORT APRIL - JUNE 1975 CKMN 46
C ANL-75-58 CKMN 47
C (7) A. M. GARDE LIGHT-WATER-REACTOR SAFETY RESEARCH CKMN 48

50 C PROGRAM QUARTERLY PROGRESS REPORT JULY - SEPTEMBER 1975 CKMN 49
C ANL-75-72 CKMN 50
C (8) R.L. MEHAN AND F.W. WIESINGER, MECHANICAL PROPERTIES CKMN 51
C OF ZIRCALOY-2, KAPL-2110 CKMN 52
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C (9) D. LEE AND W.A. BACKOFEN TMS-AIME 239 (1967) PP 1034-1040 CKMN 53
55 C (10) P. J. CRESCIMANNO, HIGH STRAIN RATE TENSILE TESTS CKMN 54

C OF ZIRCALOY AT 550F, WAPD-TM-1263 (FEBRUARY 1976). CKMN 55
C (II) C. R. HANN ET AL, TRANSIENT DEFORMATION PROPERTIES CKMN 56
C OF ZIRCALOY FOR LOCA SIMULATION, EPRI NP-526 CKMN 57
C VOLUME 3 (MARCH 1978) CKMN 58

60 C CKMN 59
C CODED BY D. L. HAGRMAN AUGUST 1977 CKMN 60
C MODIFIED BY G. A. REYMANN AND M. A. MORGAN MARCH 1978 CKMN 61
C MODIFIED BY D. L. HAGRMAN OCTOBER, 1978 CKN 62
C CKMN 63

65 T : CTEMP CKMN 64
C CKMN 65
C LIMIT STRAIN RATE TO A MINIMUM OF I.OE-05 CKMN 66

IF (RSTRAN.LT.I.OE-05) RSTRAN : 1.0E-05 CKMN 67
C CKMN 68

70 C FIND STRAIN RATE EXPONENT AM CKMN 69
IF (T.LE.730.) AM : 0.0k CKMN 70

C CKMN 71
A : 20.63172161 CKMN 72
8 : -0.07704552983 CKMN 73

75 C : 9.504843067E-05 CKMN 74
D : -3.860960716E-08 CKMN 75
IF (T.GT.730.) AM : A+T*(B+T*(C+T*D)) CKMN 76
IF (T.GE.900.) AM : -6.47E-02+T*2.203E-04 CKMN 77

C CKMN 78
80 C MODIFY STRAIN RATE EXPONENT, AM, IN ALPHA - BETA REGION CKMN 79

IF (RSTRAN.GE.6.34E-03) GO TO 110 CKMN 80
IF (T.LE.1090.0) GO TO 110 CKMN 81
IF (T.GE.1255.0) GO TO 110 CKMN 82
IF (T.GT.1172.5) GO TO 100 CKMN 83

85 All : AM+6.78E-2*ALOG(6.34E-3/RSTRAN)*((T-1090.)/82.5) CKMN 84
GO TO 110 CKMN 85

100 AM : AM+6.78E-2*ALOG(6.34E-3,RSTRAN)*(il255,-T),82.5) CKMN 86
C CKMN 87
C FIND UNCERTAINTY CKMN 88

90 110 IF (T.LE.700.) UM : 0.01 CKMN 89
IF (T.GT.700.) UM : -2.97992E-02+T*5.6856E-05 CKMN 90
IF (T.GT.900.) UM : 0.16XAM CKMN 91
AM : AM*EXP(-69.*DELOXY) CKMN 92

C CKMN 93
95 C FIND STRAIN HARDENING EXPONENT, AN CKMN 94

C CKMN 95
AN : -9.490E-02+T*(I.165E-03+T* -1.992E-06+T*9.558E-10)) CKMN 96
IF (T.GE.1099.0722) AN : -0.22655119+2.5E-04*T CKMN 97
IF (T.GE.1600.000) AN : 0.17344880 CKMII 98

100 C CKMN 99
C FIND UNCERTAINTY CKMN 100

IF (T.LE.700.) UN : 0.017 CKMN 101
IF (T.GT.700.) UN : -2.8405405E-02+T*6.4864864E-05 CKMN 102
IF (T.GT.1255.) UN : 0.053 CKi1N 103

105 AN : (8.47E-l*EXP(-3.92E+01*CWNF)+1.53E-0I+CINF*(-9.16E-02+CWNF*2 CKMN 104
+.29E-01))*EXP(-((FNCN)**0.33)/(3.73E+07+2.OE+08*CWNF))*AN CKMN 105



SUBROUTINE CKMNt

C
C

C
C

C
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AN : AN*(I.+r1250.-(1250. /(EXP(T-1380.)/20.)+I.)))*DELOXY)

FIND STRENGTH COEFFICIENT, AK
AK : 1.17628E+09+T*(4.54859E+05+T*(-3.28185E+03+T*l.72752))
IF (T.GE.750.0) AK : 2.5224880E+06*EXP(2.8500027E+06,T**2.0))
IF (T.GE.1090.) AK : 184.1376039E+06-.4345448E+05*T
IF (T.GE.1255.) AK : 4.330E+07+T* -6.685E+04+T*(3.7579+01-T*7.33E-

+03))
IF (T.GT.2100.) AK : 0.0

FIND UNCERTAINTY
IF (T.LE.700.) UK : 77.00E+06
IF (T.GT.700.) UK : 110.43693E+06-T*4.7767045E+04
IF (T.GT.800.) UK : AK/3.0
AK : AK*(I.0+5.46E-0I*CNKF)
AK : AK+FNCK*5.54E-18
AK : AK*(i.+i1120.-(990./(EXP((T-1301.5)/61.)+.)))*DELOXY)

CALL DIALOT (CTEMP,20,FDIALAFDIALM)
AK : (AK+FDIALA)*FDIALM
RETURN
END
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CKMN
CKMN
CKMN
CKMN
CKMN
CKIN
CKMN
CKMN
CKtN
C'*'N

CKMN
CKMN
CKMN
CKtiN
CKIN
CKMN
CKNCKMN

CKMN
CKtIN
CKMN

106
107
108
!09
110
lil
112
113
114
115
116
117
118
11?
120
121
122
123
124
125
126
127

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CKMN

VAR IABLES
4?3 A
0 AK

0 AM

0 AN

474
475
0
0
0

476
0

502
503

0
0
0

B
C
CTEMP
CWKF
CWNF
D
DELOXY
FD I ALA
FDIALM
FNCK
FNCN
RSTRAN

DEF LINE
3

SN TYPE
REAL
REAL

REFERENCES
127

RELOCATION

F.P.

REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.
F.P.
F.P.

110

115

120

125

REFS
REFS

DEFINED
122

REFS
77

REFS
105

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

123
112

93
93
3

126
113

DEFINED

97

77
120
3

123
85
78
105
107
77
77
65

121
4x105

77
3

125
125
122
105
68

115

DEFINED
121
110
126
87
85

107

DEFINED
DEFINED

125
DEFINED
DEFINED
DEFINED

107
126
126

DEFINED
DEFINED

81

121

3

73
122
III

92
87

DEFINED

74
75

DEFINED
3
3

76
123

3
3

85

71

98

3

99

3DEF I NED

87 DEFINED 3 68



SUBROUTINE CKtN

VARIABLES SN TYPE
472 T REAL

501 UK REAL
477 UM REAL
500 UN REAL

EXTERNALS TYPE
ALOG REAL
DIALOT
EXP REAL

STATEMENT LABELS
74 100
106 i10

STATISTICS
PROGRAM LENGTH

14000C SCM USED

76i176 OPT:0 TRACE STATIC

RELOCATION
REFS

87
2*103

11e
DEFINED
DEFINED
DEFINED

ARGS REFERENCES
i LIBRARY 85
4 125
I LIBRARY 93P

DEF LINE REFERENCES
87 84
90 81

5048

10/21/80 14.34,01

71
90
X04

2*119
118
90

102

4*77
2*91
107
120
119
91

103

2*78
92

3*110
123
120
92

104

82
3*97

2*111
DEFINED

83
2*98

2*112
65

84
99

4*113

87

2*105

82

107

83

III 123

86

3i4

85
102
115

fETN 4,8+500 PAGE
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I C
C

10

ENTRY POINTS
5 CMHARD

VARIABLES
46 CMHARD
0 CTEMP

50 FDIALA
51 FDIALM
47 T

EXTERNALS
DIALOT
EXP

STAT ITICS
PROGRAM LENGTH

1400008

DEF L NE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL

REFERENCES
27

RELOCATION

F.P.
REFS
REFS
REFS
REFS
REFS

TYPE ARGS REFERENCES
4 25

REAL I LIBRARY 23

SCM USED
528

FUNCTION CMHARD (CTEMP)
C

5 C THE ROUTINE CMHARD CALCULATES MEYER HARDNESS AS A FUNCTION OF
C CLADDING TEMPERATURE.
C
C CMHARD : OUTPUT MEYER HARDNESS OF ZIRCALOY CLADDING (N/M**2)
C

0 C CTEMP : INPUT CLADDING TEMPERATURE (K)
C
C THE EQUATIONS USED IN THIS FUNCTION ARE BASED ON DATA FROM
C (i) A. M. ROSS AND R. L. STOUTE HEAT TRANSFER COEFFICIENT
C BETWEEN U02 AND ZI;CALOY - 2, AECL - 1552 (JUNE 1962)

5 C (2) I. D. PEGGS AND D. P. GODIN, THE YIELD STRENGTH - HOT
C HARDNESS RELATIONSHIP OF ZIRCALOY - 4, JOURNPL OF NUCLEAR
C MATERIALS 57 PP 246 - 248 (1975)
C
C CMHARD WAS CODED BY V.F.BASTON It MAY 1974.
C MODIFIED BY M. A. MORGAN JUNE 197'
C

T : CTEMP
CMHARD :=EXP(2.6034E0 1-2.6394E-02$T+4.3502E-05*T**2-2.5621E-08$T**

+3)
CALL DIALOT (CTEMP,22,FDIALA,FDIALM)
CMHARD : (CMHARD+F6I'ALA)*FDIALM
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

15

25

CKMN
CKMN
CMHRD
CMHR
CMHRD
CMHRD
CMHRD
CMHRD
CMHRD
CMHRD
CMHRD
C HRD
CMHRD
C HRD
CMHRD
C"HRD
CMHRD
CtHRD
CKHRD
CMHRD
C HRD
CMHRD
CMHRD
CMHRD
CMHRD
CtHRD
CMHRD
CMHRD

'28
s292

3
4
5
6

8
Q
10
It
12
13
14
15
16
17
18
'9
.21

23
24
25
26
27

26
22
25
25

3x23

DEFINED
25
26
26

DEFINED

DEFINED
26

3

FUNCTION CMNARD 10/21/80 14.34.01 I

20
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SC Ct*IRD 28
C CMHRD 29

SUBROUTINE CML IMT (CTEMP, DELOXY, FNCKFNCN, CWKF, CWNF CINWID,CINRAD, CMLMT 2
+CDPRES, CAXRAD, CAXSTR, RSTRAN, DELTMP STRNYT STRNYE STNUE, STRNIE, ST S CMLMT 3

5 +RPT,STRRPE,CYLDSTCYLDSE,CULTSE,CASTE,CBkSST,CTSTRT) CMLMT 4
C CMLMT 5
C CMLIMT CALCULATES THE FOLLOWING LIMIT POINTS OF MECHANICAL CMLMT 6
C DEFORMATION. (1) TRUE TANGENTIAL STRESS AT BURST IS CMLMT 7
C CALCULATED AS A FUNCTION OF TEMPERATURE, FAST NEUTRON FLUENCE CMLMT 8

10 C AND COLD WORK. (2) TRUE TANGENTIAL STRAIN AT FAILURE CMLMT 9
C FOR AZIMUTHALLY SYMMETRIC DEFORMATION IS CALCULATED FROM THE CMLMT 10
C TRUE TANGENTIAL BURST STRESS, THE PRESSURE Al BURST, THE AXIAL CMLMT 11
C RADIUS OF CURVATURE AT BURST, THE AXIAL STRESS AT BURST AND CMLMT 12
C THE INITIAL MIDMALL RADIUS. (3) CLADDING STRESS AND STRAIN CLIMT 13

15 C AT THE TRANSITION BETWEEN ELASTIC AND PLASTIC DEFORMATION CMLMT 14
C (YIELD) ARE CALCULATED AS A FUNCTION OF TEMPERATURE CMLMT 15
C FAST NEUTRON ILUENCE, COLD WORK, AVERAGE OXYGEN CONCENTRATION CMLMT 16
C AND STRAIN RATE. (4) TYPICAL INSTABILITY STRAINS, CMLMT 17
C BURST PRESSURE (ENlGNEERING HOOP STRESS) AND CIRCUMFERENTIAL CMLMT 18

20 C ELONGATIONS AT FAILURE ARE ALSO CALCULATED AND RETURNED. CMLtT 19
C CMLMTT 20
C STRNYT : OUTPUT TRUE STRAIN AT YIELD (M/M) CMLMT 21
C STRNYE : OUTPUT ENGINEERING STRAIN AT YIELD IM/I) CMLMT 22
C STRNUE : OUTPUT UNIFORM STRAIN (M/M) CMLMT 23

25 C STRNIE : OUTPUT TYPICAL CIRCUMFERENTIAL ENGINEERING STRAIN CMLMT 24
C AT INSTABILITY (!!'M) CMLMT 25
C STSRPT : OUTPUT T'IJE TANGENTIAL FAILURE STRAIN FOR CMLMT 26
C AZIMUTHALLY SYMMEtRIC DEFORMA T ION ("/M' CMLMT 27
C STRRPE : OUTPUT TYPICAL CIRCUMFERENTIAL ENGINEERING CMLMT 28

30 C STRAIN AT RUPTURE(M/M) CMLMT 29
C CYLDST : OUTPUT TRUE YIELD STRENGTH (PA) CMLMT 30
C CYLDSE OUTPUT ENGINEERING YIELD STRENGTH (PA) CMLMT 31
C CULTSE : OUTPUT ENGINEERING ULTIMATE STRENGTH (PA) CMLMT 32
C CBRSST : OUTPUT EFFECTIVE TRUE TANGENTIAL STRESS AT BURST CMLMT 33

35 C FOR IDEALIZED SYMMETRIC DEFORMATION WITH CIRCUMFERENCE CMLMT 34
C EQUAL TO THE ACTUAL CLADDING CIRCUMFERENCE (PA) CMLMT 35
C CTSTRT : OUTPUT TRUE TANGENTIAL COMPONENT OF STRESS AT CMLMT 36
C BURST (PA) CMLMT 37
C CBRSTE : OUTPUT TYPICAL ENGINEERING HOOP STRESS AT BURST (PA) CMLMT 38

40 C UCTSTT : OUTPUT ESTIMATED UNCERTAINTY OF CTSTRT (PA) CMLMT 39
C (NOT CURRENTLY RETURNED) CMLMT 40
C CMLIT #41
C CTEMP : INPUT AVERAGE CLADDING TEMPERATURE (K) CMLMT 42
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CMLMT 43

45 C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CMLMT 44
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CMLMT 45
C FNCK : INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CMLMT 46
C COEFFICIENT (NEUTRONS/(M**2)) CMLMT 47
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CMLMT 48

50 C EXPONENT (NEUTRONS,(M**2)) CMLMT "9
C CWKF : INPUT EFFECTIVE COLD WORK FOR STRENGTH CMLMT 50
C COEFFICIENT (UNITLESS RATIO OF AREAS) CMLMT SI
C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN hARDENING CMLMT 52

10121/80 14.34,01 PAGE 1



76'176 OPT:O TRACE STATIC FTN 4.8+508 10t21t80 14.34.01 PAGE

C EXPONENT (UNITLESS RATIO OF AREAS) CMLMT 53
55 C CINMID : INPUT INITIAL CLADDiNG HALL THICKNESS (M) CMLMT 54

C CINRAD : INPUT INITIAL CLADDiNG MIDWALL RADIUS (M) CMLMT 55
C CDPRES : INPUT PRESSURE DIFFERENTIAL ACROSS CLADDING AT CMLMT 56
C BURST (PA) CMLMT 57
C AXRAD : INPUT AXIAL RADIUS OF CURVATURE (M) CMLMT 58

60 C CAXSTR : INPUT TRUE AXIAL STRESS (M). SET EQUAL TO ZERO CMLMT 59
C IN THE SUBCODE IF CAXRAD IS GREATER THAN 10 METERS CMLMT 60
C RSTRAN : INPUT STRAIN RATE. i.:5 CMLMT 61
C DELTMP : INPUT CIRCUMFERENTIAL TEMPERATURE VARIATION. CMLMT 62
C USED ONLY TO FIND TYPICAL VALUES (K) CMLMT 63

65 C CHINT 64
C ESTIMATED VALUES OF DELTMP ARE CMLMT 65
C (A) FOR CLADDING WITH EXTERNAL THERMOCOUPLES A4D IN FILM CMLMT 66
C BOILING DELTMP : 150K CMLMT 67
C (B) FOR CLADDING WITH INTERNAL HEATING IN STEAM AND CMLMT 68

70 C WITHOUT EXTERNAL THERMOCOUPLES CMLMT 69
C DELTMP : 10K IF THE TEMPERATURE IS ABOVE 1255K CMLMT 70
C : 50 ' (1255 - TEMPERATURE) t 165 + 10 IF CMLMT 71
C TEMPERATURE IS BETWEEN 1090 AND 1255K CMLMT 72
C : 50K IF TEMPERATURE IS BELONG 1090K CMLMT 73

75 C (C) FOR CLADDING IN A FURNACE CMLMT 74
C DELTMP : 10K CMLMT 75
C (D) FOR SELF - RESISTANCE HEATED CLADDING WITH COOL FILLER CMLMT 76
C DELTMP : (HEATING RATE)/1000K/S) * VALUES OF (B) CMLMT 77
C CMLMT 78

80 C THE SUBCODES USED IN THIS SUBROUTINE ARE CKMN AND CELMOD. CMLMT 79
C CML!IT 80
C CMLMT 81
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CMLMT 82
C (1) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM QUARTERLY CMLMT 83

85 C REPORT FOR APRIL - JUNE 1977, ORNL/NUREG/TM-135 (1977). CMLMT 84
C (Z) R. H. CHAPMAN J. L. CROILEY. A. W. LONGEST AND E. G. CMLMT 85
C SEHELL, EFFECT OF CREEP TIME AND HEATING RATE ON CMLMT 86
C DEFORMATION OF ZIRCALOY-4 TUBES TESTED IN STEAM WITH CMLMT 87
C INTERNAL HEATERS, ORNLiNUREG/TM-245 AND NUREG/CR-0345 CMLMT 88

90 C (1978). CMLMT 89
C (3) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM QUARTERLY CMLMT 90
C PROGRESS REPORT FOR APRIL - JINE 1976, CMLMT 91
C ORNL/NUREG/TM-74, (1977) CMLMT 92
C (4) R. H. CHAPMAN MULTIROD BURST TEST PROGRAM PROGRESS CMLMT 93

95 C REPORT FOR JULY - DECEMBER 1977. ORNL/NUREG/TM-200 AND CMLMT 94
C NUREG/CR-0103 (1978), CMLMT 95
C (5) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM PROGRESS CMLMT 96
C REPORT FOR JANUARY - MARCH 1978, ORNL/NUREG.TM-217 AND CLMT 97
C NUREG/CR-0225 (1978). CMLMT 98

100 C (6) R. H. CHAPMAN MULIROD BURST TEST PROGRAM QUARTERLY CMLMT 99
C PROGRESS REPORT FOA JANUARY - MARCH 1976, CMLMT 100
C ORNL'NUREG/TM-36 (1976). CMLMT 101
C (7) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM QUARTERLY CMLMT 102
C PROGRESS REPORT FOR OCTOBER - DECEMBER 1976, CMLMT 103

105 C ORNL/NUREGiTM-95 (1977). CMLMT 104
C (8) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM QUARTERLY CMLMT 105
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C PROGRESS REPORT FOR JANUARY - MARCH 1977, CMLMT 106
C ORNL.'NUREG/TM-108 (1977). CMLMT 107
C 17 D. 0. HOBSON AND P. L. RITTENHOUSE, DEFORMATION AND CMLMT 108

110 C RUPTURE BEHAVIOR OF LIGHT WATER REACTOR FUEL CLADDING, CMLMT 109
C ORNL-4727( $971) CMLMT 110
C (10) H. M. CHUNt3 AND T. F. KASSNER, DEFORMATION CHLMT III
C CHARACTERISTICS OF ZIRCALOY CLADDING IN VACUUM AND CHLMT 112
C STEAM UNDER TRANSIENT-HEATING CONDITIONS. SUMMARY CMLMT 113

115 C REPORT, ANL-77-31 AND NUREGCR-0344 (1978). CMLMT I14
C (11) A. A. BAUER, W. J. GALLAGHER L. M. LOWRY AND CMLMT 115
C A. J. MARKWORTH EVALUATING STREtTH AND DUCTILITY CMLMT 116
C OF IRRADIATED ZiRCALOY. QUARTERLY PROGRESS REPORT JULY CMLMT 117
C THROUGH SEPTEMBER 1977, BMI-NUREG-1985 (1977). CMLMT 118

120 C (12) T. F. COOK, . A. PLOGER AND R. R. HOBBINS, CHLMT 119
C POSTIRRADIATION EXAMINATION RESULTS FOR THE IRRADIATION CMLMT 120
C EFFECTS TEST IE-5, TREE-NUREG-1201 (1978). CMLMT 121
C (13) E. H. KARB RESULTS OF THE FR-2 NUCLEAR TESTS ON THE CMLMT 122
C BEHAVIOR OF ZIR&ALOY CLAD FUEL RODS, PAPER PRESENTED CMLMT 123

125 C CMLMT 125
C MEETING, GAITHERSBURG, MD, (1978). CHLMT 125
C (14) K. WIEHR AND HE. SCHMIDT, OUT-OF-PILE-VERSUCHE ZUM CMLMT 126
C AUFBLAHVORGANG VON ZIRKALOY-HULLEN, KFK 2345 (1977). CMLMT 127
C (15) K. IIEHR, F. ERBACHER, U. HARTEN, W. JUST, H. J. NEITZEL, CMLMT 128

130 C P. SCHAFFNER AND H. SCHMIDT, JAHRESKOLLOQUIUM 1977 DES CMLMT 129
C PROJECT NUKLEARE SICHERHEIT, KFK REPORT (1977). CMLMT 130
C CMLMT 131
C THE CORRELATION FOR TYPICAL ENGINERING HOOP STRESS AT BURST CMLMT 132
C AS TAKEN FROM CMLMT 133

135 C (I) J. D. KERRIGAN: FRAIL. A FUEL ROD SUBCODE, CHLHT I34
C SRD-137-76 (1976). CMLMT 135
C CMLMT 136
C MODIFIED BY 0. L. HAGRMAN MAY 1979 CMLMT 137
C CMLMT 138

140 CALL CKMN (CTEMP, lFLOXY, FNCK, FNCN, CIKF,CWNF, RSTRAN, AKIAN, AM) CMLMT i 39
ELMOD :=CELMOD(( ti ',FNCK,CWKF,DELOXY) CMLMT 140
T : CTEMP CMLMT 141
AG : AK*((RSTRAN/l.0E-03)Z*AM) CMLMT 142

C (tILHT P43
145 C CALCULATE STRAIN AT YIELD CMLMT 144

STRNYT : ((AG/EL"OD)* (I.0/(I.0-AN))) CMLMT 145
STRNYE : EXP(STRNYT)-1.0 CMLMT l46

C C L6T I47
C CALCULATE YIELD STRENGTH CMLMT 148

150 CYLDST : (AG/(ELMODt*AN))**(l.0/(I.0-AN)) CMLMT l49
CYLDSE : CYLDSTtEXP(STRNYT) CMLMT 150

C CMLMT 151
C CALCULATE STRAIN AT MAXIMUM ONE DIMENSIONAL LOAD CMLMT 152

STRNUT : AN/(I.0+AM) CHLMT 153
155 STRNUE : EXP(STRNUT)-I.0 CMLMT 154

C CHLHT 155
C CALCULATE ULTIMATE ENGINEERING STRENGTH CMLMT 156

CULTSE : (AG*(STRNUT**AN)),EXP(STRNUT) CMLMT 157
C CMLMT 158
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160 C CALCULATE TANGENTIAL COMPONENT OF TRUE STRESS AT BURST CMLMT 159
IF (T.LT.1050.) RATIO : 46.861429*EXP(-(1.9901087E -06(T**2))) CMLMT 160
IF (T.LE.750.0) RATIO : 1.36 CMLMT 161
IF (T.GE.1050.) RATIO : 7.7 CMLMT 162

C FIND ANNEALED STATE STRENGTH COEFFICIENT CMLMT 163
165 AKA : (AK/(1.+(1120,-(990./(EXP((T-1301.5)/61.)+I.)))*DELOXY)-(5.5 CMLMT 164

+4E-18)*FNCK)/( I .+0.546*CWKF) CMLMT 165
CTSTRT : RATIO*AKA+0.4*(5.54E-18*FNCK+0.546*CWKF*AKA) CMLMT 166

C CMLMT 167
C FIND UNCERTAINTY ESTIMATE FOR CTSTRT CMLMT 168

170 UCTSTT : 0.17*CTSTRT CMLMT 169
C CMLMT 170
C FIND TRUE TANGENTIAL FAILURE STRAIN FOR AZIMUTHALLY SYMMETRIC CMLMT 171
C DEFORMATION CMLMT 172

IF (CAXRAD.LT.I.OE-03) CAXRAD : I.OE-03 CILMT 173
175 IF (CAXRAD.GT.1.OE+01) CAXSTR : 0.0 CMLMT 174

AXFAC : CAXSTR*CINWID/(2.0*CDPRES:CAXRAD) CMLMT 175
STSRPT : ALOG((CTSTRT*CIKWID/(CDPRES*CINRAD))^*0.5+AXFAC*( .0+0.5* CMLMT 176
+AXFAC)) CMLMT 177

C CMLMT 178
180 C FIND TYPICAL CIRCUMFERENTIAL ENGINEERING STRAIN AT RUPTURE CMLMT 179

STRRPE : (iCTSTIT*CINWID/(CDPRES*C.NRAD))**0.5-t.0)*EXP(-0.01*DELT CMLMT 180
+MP) CMLMT 181

C CMLMT 182
C FIND EFFECTIVE TRUE TANGENTIAL STRESS AT BURST FOR IDEALIZED CMLMT 183

185 C SYMMETRIC DEFORMATION AND TYPICAL CIRCUMFERENTIAL STRAIN CMLMT 184
CBRSST : (CDPRES*CINRAD/CINWID)*Ut .0+STRRPE**,2.0) CMLMT 185

C CMLMT 186
C FIND TYPICAL CIRCUMFERENTIAL ENGINEERING STRAIk AT INSTABILITY CMLMT 187

STRNIE : ((AK*CINWID*(10.**(2.*AM))/(CDPRES*CINRAD*(0.866**(l.+AM+ CMLMT 188
190 +AN))))**0.5-I.0) CMLMT 189

IF (STRNIE.LT.0.05) STRNIE : 0.05 CMLMT 190
STRNIE : STRNIE*EXP(-0.01*DELTMP) CMLMT 191

C CMLMT 192
C FIND TYPICAL ENGINEERING HOOP STRESS AT BURST CMLMT 193

195 FT : (CTEMP-273.15)*1.8+32. CMLMT 194
CBRSTE : (10**(5.00E+00+FT*(3.27E-04-FT*(I. 14E-06-FT*2.56E-10))))/ CMLMT 195
+1.4505E-04 CMLMT 196
CALL DIALOT (CTEMP,21,FDIALAFDIALM) CMLMT 197
STSRPT : (STSRPT+FDIALA)*FDIAL CMLMT 198

200 RETURN CMLMT 199
END CMLMT 200

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CMLIMT 3 200

SUBROUTINE CMLIMT 1042140 14.34,01 PAGE
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VARIABLES
461 AG
454 AK
464 AKA
456 A"
455 Ai'
466 AXFAC

0 CAXRAD
0 CAXSTR
0 CBRSST
0 CBRSTE
0 CDPRES

0
0

CINRAD
CINWID

0 CTEMP

0
0
0
0
0
0
0
0

457
470
471
0
0

467
463
0
0
0

462
0
0
0
0

460
465

CTSTRT
CULTSE
C KF
CNNF
CYLDSE
CYLDST
DELOXY
DEL TIMP
ELMOD
FDIALA
FDIALM
FNCK
FNCN
FT
RATIO
RSTRAN
STRNIE
STRNUE
STRNUT
STRNYE
STRNYT
STRRPE
STSRPT
T
UCTSTT

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL

RELOCATION

F.P.
F.P.
F.P.
F.P.
F.P.

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

* REAL

F.P.
F.P.

F.P.

F.P.
F.P.
F. P.
F.P.
F.P.
F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.
F.P.

F.P.
F.P.
r.P.
F.P.

RFFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
REFS

DEF I NED
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEF I NED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED

146
140

2*167
140
140

2*177
174
176

3
3

176
3

177
176
3

140
3

170
3

140
140
3

151
140
181
146
198
198
140
140

3* 196
167
140
191

3
155
3

147
186
199

2*161
170

150
143

DEFINED
143
146

DEFINED
175

DEFINED
186
196
177

181
177

141

177
158
141

DEFINED
151

DEFINED
141
192
10(99
'99
141

DEFINED
DEFINED
DEFINED

143
192
155

2*158
147
151

DEFINED
DEFINED

162

EXTERNALS
ALOG
CELMOD
CKMN
DIALOT
EXP

TYPE
REAL
REAL

REAL

ARGS
I LIBRARY
4

t0
4
I LIBRARY

REFERENCES
177
141
140
198
147

158
165
165
154
*I50
176
176
3

181

186
181

142

181

165
3

3
165

DEFINED
DEFINED

165
3

1'95
161

wc INED
DEFINED

DEFINED

DEFINED
3
3

163

DEFINED
189

2x189
154

DEFINED
175

166

189
186

195

DEFINED

167

150
DEFINtED

3
141

167

162
3
3

154

3
181
177
165

143

158

3

189

DEFINED
89

198

3

DEFINED

3

DEFINED

163

189

199
DEFINED

174

3

167

3

3

192

142

151 '55 158 161 181 192
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761176 OPT:0 TRACE STATIC
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76/176 OPT:0 RACE STATIC FTN 4.8+508

C CMLMT 201
C CMLMT 202

SUBROUTINE COBILD (T' T2,DT,AM5,DRODPINTIPIP2,Y8,Y9,Y9A,Y9BAAO COBLD 2
+,ABO,ACO,ADOAEO,AFODALAHOAIO,AAi,V.BI,ACIADI,AEIAFI,AGIAHI,A COBLD 3

5 +II,WIPPERSAT,BWTFR,AL8) COBLD 4
C COZiLD 5
C *** COBILD IS VALID ONLY BETWEEN 1273 AND 1773 K *** COBLD 6
C COBLD 7
C THIS PROGRAM WAS ADAPTED FROM THE PROGRAM "GUILD5" WRITTEN BY COBLD a

10 C R.E. PANEL OF OAK RIDGE NATIONAL LABORATORY (ORNL). COBLD 9
C COBLD 10
C DATA AND ANALYSES FROM J.V. CATHCART OF ORNL ARE USED TO COMPUTE COBLD 11
C THE ZRO2 ND OXYGEN-STABILIZED ALPHA THICKNESSES ON THE CLADDING COBLD 12
C OUTER SURFACE AND SIMILAR EQUATIONS FROM P. HOFMANN OF THE COBLD 13

15 C KERNFORSCHUNGSZENTRUM KARLSRUHE (KF) FOR OXYGEN-STABILIZED COBLD 14
C ALPHA LAYERS ON THE CLADDING INNER SURFACE WHEN THERE IS FUEL COBLD 15
C PELLET-CLADDING MECHANICAL INTERACTION (PCMI). COBLD 16
C COBLD 17
C OXYGEN PROFILES ARE COMPUTED ON THE BASIS OF A COBLD 8

20 C FINITE DIFFERENCE METHOD ASSUMING THE TRANSIENT TO BE COMPOSED COBLD 19
C OF A SERIES OF ISOTHERMAL SEGMENTS. COBLD 20
C COBLD 21

DIMENSION AA(6),AB(6),AC(6).AD(6),AE(6),AF(6) 9 AG(6),AH(6),AI(6) COBLD 22
C COBLD 23

25 C TI : INPUT CLADDING TEMPERATURE AT START OF T!ME STEP (K). COBLD 24
C T2 : INPUT CLADDING TEMPERATURE AT END OF TIME STEP (K). COBLD 25
C DT = INPUT DURATION OF T;ME STEP (5). 0BLD 26
C AMS : INPUT WALL THICKNESS OF AS-FABRICATED ROD (M). COLD 27
C DROD : INPUT DIAMETER OF AS-FABRICATED ROD (M). CO&'_D 28

30 C PINT : INPUT PELLET-CLADDING INTERFACE PRESSURE (PA). COBLE 29
C COBLD 30
C IP : UTPUT/INPUT PCMI PARAMETER COBLD 31
C IP : 0 IMPLIES NO PCMI COBLD 32
C IP : I IMPLIES PCMI. COBLD 33

35 C IP2 :=OUTPUT/INPUT PCMI PARAMETER COBLD 34
C IP2 = 0 IMPLIES NO PCMI COBLD 35
C IP2 : 2 IMPLIES PCMI COBLL 36
C (THIS SECOND PCMI PARAMETER IS NEEDED TO CORRECTLY COBLD 37
C CALCULATE THE BETA THICKNESS WHEN PELLET-CLADDING COBLD 38

40 C CONTACT HAS BEEN MADE sND THEN BROKEN). COBLD 39
C Y8 : OUTPUT/INPUT OXIDE THICKNESS(M). COBLD 40
C Y9 : OUTPUT/INPUT THICKNESS OF OXYGEN-STABILIZED ALPHA COBLD 41
C NEAREST TO THE OUTER CLADDING SURFACE (M). COBLD 42
C Y9A : OUTPUT/INPUT THICKNESS OF OXYGEN-STABILIZED ALPHA COBLD 43

45 C NEAREST TO THE U02 FUEL (M). COBLD 44
C Y98 : OUTPUT/INPUT THICKNESS OF OXYGEN-STABILIZED ALPHA COBLD 45
C BETWEEN Y9 AND Y9A (M). COBLD 46
C AAO TO COBL 4?
C AIO : OUTPUT/INPUT OXYGEN CONCENTRATIONS AT EQUIDISTANT NODES COBLD 48

50 C IN THE BETA COBLD 49
C AAO : CONCENTRATION AT THE ALPHA-BETA INTERFACE AND CO&.D 50
C AIO : CONCENTRATION AT THE INNER BETA SURFACE IF COBLD SI
C THERE IS NO PCMI OR AT THE BETA MIDPOINT IF COBLD 52

10/21/80 I4.34,01 PAGE I



76i176 OPT:O TRACE STATIC FiN 4.8+508

C THERE IS PCI, COLD 53
55 C AAI TO COBLD 54

C All : OUTPUT/INPUT OXYGEN CONCENTRATIONS AT EQUIDISTANT NODES COBLD 55
C IN THE INNER HALF OF THE BETA IF THERE IS PChl. COBLD 56
C AAI : THE CONCENTRATION AT THE INNER ALPHA-BETA COBLD 57
C INTERFACE AND COBLD 58

60 C All : THE CONCENTRATION AT THE BETA MIDPOINT. COBLD 59
C ALL CONCENTRATIONS ARE IN WEIGHT FRACTION OF OXYGEN. COBLD 60
C WI : OUTPUT/INPUT OXYGEN UPTAKE THROUGH THE OUTER CLADDING COBLD 61
C SURFACE (KG/'**2). COBLD 62
C P : OUTPUT LINEAR 7iR GENERATED BY THE ZR+02 : ZRO2 COBLD 63

65 C REACTION(W/M). COBLD 64
C PERSAT : OUTPUT PER CENT SATURATION OF THE BETA (UNITLESS). COBLD 65
C BWTFR : OUTPUT AVERAGE OXYGEN CONCENTRATION IN BETA COBLD 66
C (WEIGHT FRACTION). COBLD 67
C AL8 : OUTPUT BETA THICKNESS (M. COBLD 68

70 C COBLD 69
C RECOMMENDED INPUT VALUES FOR A FRESH ROD ARE: COBLD 70
C PINT : 0.0 COBLD 71
C AAO TO AIO, ALL : 0.0012 COBLD 72
C AAI TO All, ALL : 0.0 COBLD 73

75 C Y8,Y9,Y9A Y9B, AND I ALL : 0.0 COBLD 74
C !P AND IP2, BOTH : 0.6 COBLD 75
C COBLD 76
C COBILL WAS CODED BY G.A. REYMANN IN JULY 1977. COBLD 77
C LAST UPDATED BY G.A. REYMANN IN APRIL 1979. COBLD 78

80 C COBLD 79
Y9A : 100.*Y9A COBLD 60
Y : 100.*Y9B COULD 81
Y8 : 100.*Y8 COBLD 82
Y9 : 100.*Y9 COBLD 83

85 WI : WI/10. COBLD 64
AG20 : 0.0 COBLD 85
tL80 : 0.0 COBLD 86

AMS :100.*AM5COBLD 87
C COBLDa8

90 IM Ni : INT(PINT) COBLD 89
IF (IPINT.NE.0) AMS : AM5/2. COBLD 90
YBI : (WI/(5.82*0.26))*0.0I COBLD 91

C COBLD 92
IF (IPINT.NE.0.AND.IP.EQ.0) GO TO 100 COBLD 93

95 IF (IPINT.EQ.0.AND.IP.NE.0) GO TO 110 COBLD 94
GO TO 120 COBLD 95

C COBLD 96
100 1P2 : 2 COBLD 97

AAI : AIO COBLD 98
100 ABI : (AHO+AIO)i2. COBLD 99

ACI AHO COBLD 100
ADI (AGO+AHO)/2. COBLD 101
AEI AGO COBLD 102
AFI (AFO+AGO)/2. COBLO 103

105 AG; : AFO COBLD 104
AHI : (AEO+AFO)/2. COBLD 105

SUBROUTINE COB1tD 10/21/40 14,34,01 PAGE



SUBROUTINE COBILD 76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.34.01 PAGE 3

All AEO COLD 106
AIO :AE COBLD 107
AHO (ADO+AEO)'2. COBLD 108

110 AGO ADO COBID 109
AFO : (ACO+ADO)/2. COBLD liu
AEO : ACO COBID III
ADO (ABO+ACO)i2. COBLD 112
ACO : ADO COBLD 113

115 ADO : (3.*AAO+6.*ABO-AEO)/8. COBLD 114
GO TO 120 COBLD 115

C COBLD 116
110 IP2: 0 COBLD 117

ABO : ACO COBLD 118
120 ACO AEO COBLD 119

ADO : AGO COBLD 120
AEO : (AIO+AtI)/2. COBLD 121
AFO AGI COLD 122
AGO : AEl COBLD 123

125 AHO : ACI COBLD 124
AIO : AAI COBLD 125
AAI : 0. COBLD 126
ABI : 0. COBLD 127
ACI : 0. COBLD 128

130 ADI : 0. COBLD 129
AEl : 0. COBLD 130
AFI : 0. COB&' 131
AGI : 0. COBLD 132
AHI : 0. COBLD 133

135 All : 0. COBLD 134
C COBLD 135
120 IP : 0 COBLD 136

AAii) : 100.*AA0 COBLD 137
ABMI) : 100.*ABO COBLD 138

140 ACil) 100.*ACO COBLD 139
ADI:) :100.*ADO COLD 140
AEiI) : I00.XAEO COBLD 141
AFiI) : 100.*AFO COBLD 142
AGI) : 130.*AGO COLD 143

145 AHii) : I00.*AHO COBLD 144
AiM) 100.*AIO COBLD 145
GO TO 140 COBLD 146

C COBLD 147
130 AAiI) : 100.*AAI COBLD 148

150 AB(I) : 100.*ABI COBLD 149
ACI) : 100.XACI COBLD 150
ADI) 100.tADI COBLD 151
AEil) I00.*AEI COBLD 152
AFiU) : lJ0.*AFI COBLD 153

155 FGil) : 100.*AGI COBLD 154
AHii) : 100.*AHI COBLD 155
Alii) : IOC.*All COBLD 156

C COBLD I5O
140 Att2 : l.OEIO cOBLD 158



76/176 OPT:0 TRACE STATIC FTN 4.8+508

160 C AM2 : ARTIFICIALLY LARGE MODULUS, COLD 159
AL2 : AM5-(I-IP)*(2.0*Y8/3,0+Y9)-IP*(Y9A+Y98) COBLD 160
IF (IP2.LT.I) AL2 : AL2-(Y9A+Y98) COBLD 161

C AL2 : BETA THICKNESS AT START OF EACH TIME STEP. COLD 162
C COBLD 163

165 AZ3 : DT'5.0 COBLD 164
C AZ3 IS THE TIME INCREMENT FOR THE INTEGRATION. COLD 165
C COBLD 166

AR : (T2-TI)iDT COBLD 167
C COBLD 168

170 YS : AZ3 COBLD 169
150 AZ8 :TI+AR*Y5-AZ3*AR/2 COB3 170
C AZ8 : AV. TEMP. DURING INCREMENT COBLD 171

IF (IP.EQ.1) GO TO 160 COBLD 172
C COBLD 173

175 Y6 : 2.0*(l.12569E-02)*EXP(-3.58908E04,(i.987*AZ8)) COLD 1714
Y7 : 2.00*0.761490*EXP-4.8'1418E0O4/(.987*AZ8n) COBLD 175

C COBLD 176
Y8 : SQRT(Y8**2+Y6*AZ3) COBLD 177

C Y8 : OXIDE LAYER THICKNESS AFTER INCREMENT. COLD 178
180 C COBLD 179

Y9 : SQRT(Y9**2+Y7*AZ3) COB&D 180
C Y9 : ALPHA LAYER THICKNESS AFTER INCREMENT COBLD 181
C COBLD 182

W2 : 2.0*0.16800*EXP(-39870.0/(I.987*PZ8)) COBL 183
185 C COBLD 184

WI : SQRT(Wb**2+W2*AZ3) COBLD 185
C i : TOTAL OXY. CONC. AFTER INCREMENT COBLD 186

W11 : Y8*(5.82)*.26 C3BLD 187
C W11 15 THE MINIMUM OXYGEN IN (GM/CM**2) NECESSARY TO FORM THE COBLD 188

190 C OXIDE LAYER. COBLO 189
IF ((WI-W11).LE.0.0) WI : WIl COBLD 190
IF (IP.EQ.0) GO TO 170 COBLD 191

C COBLD 192
160 Y7A : 0.32*EXP(-4.9E04/(I.987*AZ8fl COLLD 193

195 Y76 : 0.70*EXPE-4.4E04/(I.987*AZ8)) COBLD 194
C COBLD 195

Y9A : SQRT(Y9A**2+Y7A*AZ3) COBLD 196
Y96 : SQRT(Y98**2+Y7BtAZ3) COL 197

C COL 198
200 170 Y5 : Y5+AZ3 COBLD 199

IF r*5-DT) 150,150,180 COBID 200
C COBLD 241
180 CONTINUE COBLD 202

AZ8 : (Ti+T2)/2.0 COBLD 203
205 C AZ8 THE TEMPERATURE DURING THE INTERVAL, (K). COBLD 204

C COBLD 205
C IN STEPS 2100 TO 2106 THE BETA SATURATION CONCENTRATION IN COLD 206
C WEIGHT PER CENT IS CALCULATED. COBLD 207

ASI : 0.12 COBLD 208
210 IF (AZ8,LT.l239.0) GO TO 190 COBLD 209

ASI : -0.0042807+5RT(UAZ8392.46)-3.1417) COBL 210
IF (AZ8.LT.1373,) GO TO 190 COBLD 211

SUBROUTINE COAILD 1 O/21/IN 14.34.01 PAGE 4



76/176 OPT:O TRACE STATIC FTN 4.8+508

ASI : (AZ8-1081.7)/491.57 COBLD 212
190 CONTINUE COBLD 213

215 C COBLD 214
AL5 : (SORT(9.E00/8.))*(2.480E-02)*EXP(-2.820E04/(I.987?A28)) COBLD 215

C AL5 : D(OX IN BETA), (CM**2/SEC), DICK PERKINS '76 DATA COBLD 2i6
C COBLD 217

AL8 : AM5-il-IP)*(2.O*Y8/3.0+Y9)-IP*(Y9A+Y98) COBLD 218
220 IF (IP2.LT.1) AL8 : AL8-(Y9A+Y98) COBLD 219

IF (IP.EQ.0) ALBO : AL8 COBLD 220
C AL8 : BETA THICKNESS AT END OF EACH TIME STEP. COLD 221
C COBLD 222

AL4 : AL2-AL8 COLD 223
225 C AL4 : DELTA BETA DURING STEP COLD 224

C COBLD 225
AL7 : AL2/8.0 COBLD 226
IF (AL4.GT.AL7) GO TO 230 COBLD 227

C COBLD 228
?34 AH3 :=AL4/(2.0*AL2) COBLD 229

AM4 : (AL4**2)/(2.0*(AL2**2)) COBLD 230
AL6 : AL8/8.0 COBLD 231

C AL6 : H(X), THE DISTANCE INCREMENT FOR FD NETWORK. COBLD 232
C COLD 233

235 AMI : (AL6**2)/(AL5*AZ3) COBLD 234
IF (AMI.LT.2.0) GO TO 240 COLD 235
IF (AMI.LT.AM2) AM2 : AMI COLD 236

C STORES SMALLEST MODULUS FOR STABILITY CRITERION CHECK. COBLD 237
C COLD 238

240 C COBLD ?39
C IN STEPS 2260 TO 2320 THE INITIAL OXYGEN CONCENTRATIONS ARE COBLD 240
C CALCULATED BY PARABOLIC INTERPOLATION. THIS IS NECESSARY DUE TO COBLD 241
C THE DECREASE IN BETA THICKNESS AS THE OTHER LAYERS GROW. COBLD 242
C COBLD 243

245 AA(l) ASI COBLD 244
C COBLD 245

ABil) : AB(I)+7.*AM3*i4.*AC(I)-3.*AB(l)-ADl))+49.0t1AM4*(AD(I)+AB( COBLD 246
+1)-2.*AC(l)) COBLD 247

C COBLD 248
250 AC(l) : AC(I)+6.*AM3*4.*ADml)-3.*AC(Il)-AEl))+36.0*AM4*(AE(l)+AC( COBLD 249

+1)-2.*AD(l)) COBLD 250
C COBLD 251

ADl) : A, I)+5,*AM3*(4.*AE.I)-3.*AD(l)-AF(Il))+25.0*AM4*(AF(I)+AD( COBLD 252
+1)-2.*AE;i)) COBLD 253

255 C COBLD 254
AE(I) : AE(l)+4.*AM3*(4.*AF(i)-3.*AE(l)-AG(l))+16.0*AM4z(AG(l)+AE COBLD 255

+1)-2.*AF I)) COBLD 256
C COBLD 257

AF(l) : AF(l)+3.*AM3*(4.*AG(I)-3.*AF(I)-AH(l))+9.0*AM4*(AH(I)+AF(I COBLD 258
260 +)-2.*AGil)) COBLD 259

C CiBLD 260
AGIl) : AG(I)+2.*AM3*(4.*AH(l)-3.*AG(I)-AI(I))+4.0*AM4*(AlII)+AG(I COBLD 261
+)-2.*AH I)) COBLD 262

C COBLD 263
265 AH(I) : AH(I)+I.*AM3*(4.*Al(l)-3.*AH(I)-AH(l))+I.0*AM4*(AH(I)+AHiI COBLD 264
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+)-2.*A1l0)) COBLD 265
C COLD 266

DO 200 J:2,6 COBLD 267
c COLD 268

270 AA(J) : ASI COLD 269
AB(J) = (AA(J-I)+(AMI-2.)*AB(J-l)+AC(J-l))/(AMI) COBLD 270
AC(J) : (AB(J-I)+(AHI-2.)*AC(J-I)+AD(J-))/(AMI) COBLD 271
AD(J) : (AC(J-l)+(AMI-2.)*AD(J-I)+AE(J-1))i(AMI) COBLD 272
AE(J) : (AD(J-I)+(AMI-2.)*AE(J-1)+AF(J-1))/(AMI) COBLD 273

275 AF(J) : (AE(J-I)+(AMI-2.)*AF(J-I)+AG(J-l))/(AMI) COBLD 274
AG(J) : (AF(J-1)+(AHI-2.)*AG(J-l)+AH(J-1))/(AMI) COBLD 275
AH(J) : (AG(J-1)+(AMI-2.)*AH(J-I)+Al(J-1))/(AMI) COBLD 276
AI(J) : ((AMI-2.)*AI(J-I)+2.*AH(J-I))/AMI COBLD 277

C COLD 278
280 200 CONTINUE COLD 279

A02 : (6.4*9AL6)/300.0 COBLD 280
AQ2 : A02*(AA(6)+AI(6)+2.*(AC(6)+AE(6)+AG(6))+4.*(AB(6)+AD(6)+AF(6 COBLD 281

+)+AH(6))) COBLD 282
IF (IP.EQ.0) A020 : A02 COBLD 283

285 C A02 15 THE OXYGEN IN THE BETAGM/CH**2,(BY SIMPSON'S RULE). COLD 284
IF (IP.EQ.1) GO TO 210 COLD 285

C COLD 286
AAO :=AA(6)/00. COBLD 287
ABO : AB(6).I00. COBLD 288

290 ACO : AC(6)/100. COBLD 289
ADO : AD(6)i100. COBLD 290
AEOQ= AE(6).'100. COBLD 291
AFO = AF(6)/100. COBLD 292
AGO = AG(6)/100. COBLD 293

295 AHO AH(6)/100. COBLD 294
AIO = AI(6)/100. COBLD 295

C COLD 296
IF (IPINT.NE.0) IP : I COLD 297
IF (IP.EQ.1) GO TO 130 COLD 298

300 GO TO 220 COBLD 299
C COLD 300
210 AAI : AA(6)/100. COBLD 301

ABI: AB(6)i100. COBLD 302
ACI : AC(6)/100. COBLD 303

305 ADI : AD(6)/100. COBLD 304
AEI = AE(6)'100. COBLD 305
AFI : AF(6)/100. COBLD 306
AGI : AG(6)'100. COBLD 307
AHI : AH(6)/100. COBLD 308

310 All : AI(6)/I00. COBLD 309
Af5 : 2.0*AH5 COBLD 310
AL8 : AL8+AL80 COLD 311
A02 : AQ2+AQ20 COBLD _12

C COULD 3 3
315 220 PERSAT : I.0E04*AQ2/(A51*AL8*6.49) COBLD 313

C COLD 31S
Y8F _(NI/(5.82*0.26))*0.01 COBLD 316
P =:(6490.*6.45E06)*2.10*&ROD*(Y8F-Y8I),DT COBLD 317
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BWTFR : (A02t(6.49*AL8))-0.0012
IF (BUTFR.LT.0.0) BWTFR : 0.0

AWTFR : WEIGHT FRACTION OXYGEN IN
AWTFR TYPICALLY: 0.047.

C
C
C
C

THE ALPHA ZIRCALOY.

UNITS;

260 FORMAT (/20X,*DELTA BETA
+ - SORRY*)

270 FORMAT (//20X,*DIFFUSION I
+ TO ACCURATELY CALCULATE 0
END

I5 TOO LARGE FOR*,E15.S,%CC INCREMENTS

15 OCCURRING TOO RAPIDLY Fu THIS ROUTINE
OXYGEN CONCENTRATIONS - SORRY*)

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 COBILD

DEF LINE
3

REFERENCES
342

VARIABLES
1470 RA

VI

0
1476

0
0

SW TYPE
REAL

'-I
AAO
AP

ABI
A8O

1504 AC

0 ACI

REAL
REAL
REAL

REAL
REAL

REAL

REAL

RELOCATION
ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.

320

CONVERSION TO SI
Wl : 10.*bi
Y8 Y8.100.
Y9 : Y9/100.
Y9A = Y9A/100.
Y98 : Y98/100.
AMS : AM/100.
AL8 : L8/i100.
GO TO 250

CONTINUE
WRITE 260, DT
STOP

WRITE 270
STOP

CONTINUE
RETURN

325

330

335

C
230

C
240

C
250

C

340

345

ZOBD
COBLD
COBLD
COBLD
C OBLD
COBLD
COLD
COBLD
COBID
COBLD
COBID
COBLD
COBID
COBtO
COBL 0
COBLD
COBID
COLD
COBID
COBID
CL081D
COOL 0
COBL 0
COBLD
Co810
C 0810
CO8L 0
C 0810
COBLD
COLD

318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

REFS
DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
119

REFS
290

REFS

23
138
126
,5i
23
139
150
113
289
23

304
125

271
149
149
138

3*247
150

DEFINED
114

2*247
DEFINED

151

282
245

DEFINED
DEFINED

271
247
3

15

3*250
140

DEFINED

288
270
3
3

2 72
271
100
139

271
151
3

302

99
288
282

128
DEF I NED

272
250
101

127

289

303
3

273
272
129

302

303

115

282

304
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SUBROUTINE COBILD

VARIABLES SN TYPE
0 ACO REAL

1512 AD REAL

0 ADI REAL
0 ADO REAL

1520 AE REAL

0 AEO REALo AEO REAL

1526 AF REAL

0 AFI REAL
0 AFO REAL

1534 AG REAL

o AGI REALo R60 REAL

1542 AN REAL

0 AHI REAL
0 AHO REAL

1550 Al REAL

0 All REAL
0 AIO REAL

1442 AL2 REAL

1457 AL4 REAL
1456 ALS REAL
1463 AL6 REAL
1460 AL7 REAL

0 AL8 REAL

1436 AL@0 REAL
1464 AI REAL

1441 AM2 REAL
1461 A113 REAL

1462 AMI REAL

0 AMtS REAL

1466 A02 REAL

1435 A020 REAL

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

ARRAY

F.P.
F.P.

F.P.

S .P.,

REFS
DEF I NED

REFS
282

REFS
REFS
121

REFS
282

REFS
REFS

DEFINED
REFS

282
REFS
REFS
s23

REFS
282

REFS
REFS

DEFINED
REFS
282
REFF
REFS
125

REFS
310

REFS
REFS
126

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS

331
REFS
REFS
2*276
REFS
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

DEFINED
REFS

10/21/80 14.34,.01

III
3

23
291
152
109
291
23

292
124
106
3

23
293
1541
104
293
23

294
123
102
3

23
295
156
100
295
23

DEFINED
122
99

296
162
161
228
235
235
228
220

DEFINED
312
236

2*277
237
247
230
247
231
88
3

282
281
313

112
114

2*247
305

DEFINED
110

2*250
306
153
107
112

2*253
307

DEFINED
105

2*256
308
155
103
110

2*259
309

DEFINED
'01

2*262
146
157
100

224
162
230

DEFINED
281

DEFINED
221
3

DEFINED
2*237
2*278

DEFINED
250

250

91
88

28++
282

DEFINED

113
120

2*250
DEFINED

3
III

2*253
DEFINED
DEFINED

108
122

2*256
DEFINED

3
106

2*259
DEFINED
DEFINED

104
1241

2*262
DEFINED

3
102

2*265
157

DEFINED
122

227

231
216

DEFINED
227
224
219
87

2:271
DEFINED

159
253

253

161
91

313
313
86

119
290

3*253
141
102
141

3*256
142
3

109
292

3*259
143
104
143

3*262
144

3
121
294

5*265
145
106
145

277
278
3

146

230

DEFINED

232

232
220
221

2*272
235
237
256

256

219
311
315

28%

140

272
152
130

DEFINED

273
153
103
115

274
154
132

DEFINED

275
155
105
144

276
156
134

DEFINED

278

107
DEF I NED

231

224

312
312

2*273

259

259

311
330
319

FTN 4.8+5O8 PAGE
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307
3
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133
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265
309

3

282

135
3

315
331

2*2741

262

262

330

8

274
273

113

275
274
306
142

276
275

III

277
276
308

278
277

109

296

310
108

31Q

2*275

265

265
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VARIABLES
1444 AR
1455 ASI
1443 AZ3

1446 AZ8

0
0
Q

3WTFR
DROD
DT

0 IP

1437
0

1465

0
0
0
0
0
0

1452
1451
1445
1447
1450
1453
1454

0

1467
1440

0

IPINT
1 P2
J

P
PERSAT
PINT
TI
T2
WI4

WI4'
W2
Y5
Y6
Y7
Y7A
Y78
Y8

Y8F
Yet
Y9

0 Y9A

0 Y98

FILE NAIES
OUTPUT

EXTERNALS
EXP
SORT

INLINE FUNCTIONS
INT

SN TYPE
REAL
REAL
REAL

RELOCATION

REAL

REAL
REAL
REAL

INTEGER

INTEGER
INTEGER
INTEGER

REAL
RED'.
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

REAL

REAL

MODE
FMT

TYPE
REAL
REAL

TYPE
INTEGER

F.P.
F.P.
F.P.

F. P.

F.P.

F. P.
F.P.
F.P.
F.P.
F.P.
F.P.

F. P.

F.P.

F.P.

F.P.

wRITES

ARGS
I LIBRARY
I LIBRARY

ARGS
INTRIN

REFERENCES
175
178

DEF LINE

REFS
REFS
REFS
200

REFS
212

REFS
REFS
REFS

DEFINED
REFS
284

REFS
REFS
REFS
4*277

DEF IED
DEFINED
REFS
ki PS
REFS
REFS

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEF INED
REFS
REFS
REFS

DEFINED
REF S

DEFINED
REFS

DEFINED

335

176
181

REFERENCES
90

PAGE

l98

t.I

2*171
245
170
235
175
213
320
318
165
3

94
286

91
162
270
3*278

3
3

90
1

85
3

2*191
186
171
178
181
197
198
83
3

318
318
84
3

81
3

82
3

211
197

210

DEFINED
270
171

DEFINED
176
216

DEFINED
DEFINED

14.8

,5

94
220

4*271
DEFINED

318
315

DEFINED
171
204

92
85

DEFINED
DEFINED

200
DEFINED
DEFINED
DEFINED
DEFINED

161
83

DEFINED
DEFINED

161
84

161
81
161
82

168
315
178
165
184

DEFINED
3
3

261

2*161
DEFINED

95
DEFINED

4*272
268

3
204

DEFINED
186
186
188
184
201
175
176
19'4
195
178
178
317
92

181
18i
162
197
162
198

DEF I NED
181

'9%
17,4
319

318

173
3

298
3

4*273

DEFINED
3

191
191

DEFINED

188
326

219
327
197
328
198
329

338

184
186

209
186

195
204
320

335

192
'37

DEF I NED
98

4*274

3

317
325

170

2194

194
I97

2*2 19
298

90
18

4*275

221

4*276

I95
198

325

200

326

327

219 220

328

329

216
211
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STATEMENT LABELS
63 100

165 110
242 120
300 130
333 140
370 150
'c5 160
522 170

0 10
560 190

0 200
1143 210
1206 220
1265 230
1272 240
1277 250
1317 260 FMT
1330 270 FMT

INACTIVE

DEF LUME
90
118
137
149
159
171
194
200
203
214
280
302
315
334
338
341
344
346

REFERENCES
q4.

96
299
147

2*201
173
192
201
210
268
286
300
228
236
332
335
338

LABEL
200

INDEX
J

FROM-TO
268 280

STATISTICS
PROGRAM LENGTH

1400000 SCM USED

LENGTH
668

PROPERTIES
OPT

15568

116

LOOPS
764

SUBROUTINE COBILD 10x21/40 14,3#4,01 PAGE 10
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C COQLD 3418
C COBID 3'.9

SUBROUTINE CORROS (TCOI,QCI,ZR02AI,ZR02IZOXKI,ICOR,DELHI) COROS 2
5 C CORROS CALCULATES THE THICKNESS OF THE OXIDE LAYER ON COROS 3

C THE OUTSIDE OF ZIRCALOY CLADDING BETWEEN 366 AND 670 K COROS 5
C COR0S 6
C ZRO281 : OUTPUT NEW OXIDE THICKNESS (M) COROS 7
C COROS 8

10 C TCOI : INPUT ZR02-COOLANT INTERFACE TEMPERATURE (K) CORDS 9
C OCI : INPUT AXIAL INCREMENT HEAT FLUX (1/M**2) COROS 10
C ZR02AI : INPUT OXIDE THICKNESS AT END OF PREVIOUS TIME STEP (M) COROS 11
C ZOXKI : INPUT ZIRCONIUM OXIDE THERMAL CONDUCTIVITY (W/M-K) CORDS 12
C ICOR : INPUT REACTOR CHEMISTRY INDEX COROS 13

15 C .GE.2 FOR PWR CORDS 14
C .LT.2 FOR OAR COROS I5
C DELHI : INPUT TIME STEP (5) COROS 16
C COROS 16
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM COROS 18

20 C (1) A. VAN DER LINDE, CALCULATION OF THE SAFE LIFETIME EXPECTANCY COROS 19
C OF ZIRCONI'U ALLOY CANNING IN ThE FUEL ELEMENTS OF THE COROS 20
C NERO REACTOR RCN-4 (1965) CORO5 21
C (2) F. H. ME6ERTH C. P. RUIZ, U. E. WOLFF ZIRCALOY-CLAD U02 COROS 22
C C EL ROD EVALUA T I PROGRAM F INAL REPORT GEAP-10371 (1971) COROS 23

25 C (3) I. R. SMALLEY, SEXTON CORE II FUEL PERFORMANCE EVALUATION COROS 24
C PART It MATERIALS, WCAP-3385-56 (1971) COROS 25
C (4) W.R. SMALLEY, EVALUATION OF SAXTON CORE III FUEL COROS 26
C MATERIALS PERFORMANCE, bCAP-3385-57 (1974) COROS 27
C (5) E. HILLNER, CORROSION AND HYDRIDING PERFORMANCE OF ZIRCALOY COROS 28

30 C TUBING AFTER EXTENDED EXPOSURE IN THE SHIPPINGPORT PWR, COROS 29
C SYMPOSIUM ON ZIRCONIUM IN NUCLEAR APPLICATIONS, ASTM STP 551 COROS 30
C (1974) COROS 31
C COROS 32C THIS MODEL SHOULD NOT BE USED OUTSIDE THE TEMPERATURE RANGE COROS 33

35 C 523.15 - 673.15K (250-400 C) COROS 34
C COROS 35
C CONVERSION FROM (MG/DM**2) OXIDE WEIGT' GAIN TO: COROS 36C (1)OXIDE THICKNESS IN DM IS 6.3E-7 DM.(MG/DM**2) COROS 37
C (2)OXIDE THICKNESS IN MILS IS 2.5E-3 MILS/(MGDM**2) COROS 38

40 C (3)OXIDE THICKNESS IN MICROMETERS I5 .063 MICROMETER,(MG.'DMt*2) COROS 39
C COROS '.0
C CORROS WAS CODED BY D.L. HAGRMAN IN JANUARY 1977. COROS 41
C COROS 42

OXIDEI : 0.0 COROS 43
45 OXIDE2 : 0.0 COROS 44

C COROS '5
IF (TCOI.LE.366.5) GO TO 170 COROS 46
IF (ZR02AI.LE.0.0) ZR02AI :=I.OE-10 COROS 47
TCOIC : TCOI+QCI*ZRO2AIZOXKI COROS 48

50 WTRAN : 7.7490E-06*EXP(-7.90E02/TCOIC) COROS 49
IF (TCOI.GT.673.0) GO TO 110 COROS 50
IF (ICOR.GE.2) GO TO 100 COROS 51

C COROS 52

10/21r80 I14,3%,O1 PAGE i
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C 8WR ENVIRONMENT COROS 53
55 A : 4.840E05*EXP(-l.945E-02*TCOI1 COROS 54

IF (TCOI.LE.500.) A : 28.92887 COROS 55
GO TO 120 CORO 56

C PWR ENVIRONMENT COROS 58CORS 5860 100 A : 1.203E02*EXP(-7.II8E-03*TCOfl ?ROS 59
IF ('COI.LE.500.) A : 3.424614 COROS 60
GO TO 120 COROS 61

110 A : 1.0 COROS 63
65 C COROS 6

120 IF (ZR02AI.GT.WTRAN) GO TO 150 CORO5 65
C COROS 66

OXIDEI : ZR02AI COROS 67
00 130 1:1,2 COROS 68

70 130 OXIDEI : 4.976E-09XAxEXP(-1.566E041(TCOI+OCIXOXIDEI:ZOXKI))*( CORO. 69
+ DELHI/8.64E4)+ZR02AI**3.)**0,333 Cr45 70
IF (OXIDEI.LT.WTRAN) GO TO 180 .OROS 71

c COROS 72
OXIDE2 : ZRO2AI COROS 73

75 DO 140 1:1,2 COROS 74
140 OXIDE2 : 8.288E0l*AXEXP(-I.408E04/(TCOI+QCIXOIDE21ZOXKI))*DEL COROS 75

+ H1/8.64E04+((ZR02RI**3)(WTRAN**2)) COROS 76
GO TO 190 COROS 77

C COROS 78
80 150 OXIDE2-: . W2A COROS 79

DO 160 1:1,2 COROS 80
160 0X1DE2 : 8.288E01*A*EXP(-1,408E04/iTCO1+QC'*OXIDE2/ZOXKI))*DEL COROS 81

+ HI/8.64E04+ZRO2AI COROS 82
GO TO 190 COROS 83

85 170 ZR02BI : ZRO2AI CORDS 84
GO TO 2NOCORDS 85

180 ZRO28I : OXIDE! CORDS 86
GO TO 200 COROS 87

190 ZR028I : OXIDE2 COROS 88
90 200 CONTINUE COROS 89

C COROS 90
CALL DiALOT (TCOI,25,FDIALA,FDIAtM) COROS 9Q
ZR02BI : (ZR02I+FDIALA)*FDIALM COROS 92
RETURN COROS 93

95 END COROS 94

SYMtBOIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
'4 CORROS 3 9.4

SUBROUTINE CORROS 10/21/-80 $4 3'.O1 PAGE
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1%aIABLES
276 A

0 DELHI
300 FDIALA
301 FDIALM
277 1

0 ICOR
272 OXIDEI
273 OXIDE2

0 QC I
0 TCQI

274 TCOIC
275 NTRAN
0 Z3XKI
0 ZRO2AI

0 ZRO2BI

EXTERNALS
DIALOT
EXP

SN TYPE
REAL

RELOCAT ION

REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL

F.P.

F.P.

F .P,
F.P.

REAL
REAL

REAL
REAL
QEAL
RtAL
REAL

RE

F ,P.
F.P.

F.P.

TYPE ARGS
4

AL I LIBRARY

STATEMENT LABELS
61 100
76 110

101 120
0 130
0 140

162 150
0 160

206 170
212 180
216 190
221 200

DEF LINE
60
6.4
66
70
76
80
82
85
87
89
90

REFS
61

REFS
REFS
REFS

DEF I NED
REFS
REFS
REFS

80
REFS
REFS

70
REFS
REFS
REFS
REFS

80
REFS

REFERENCES

REFERENCES
2

57
69
75
66
81
47
72
78
86

PROPERTIES
EXT REFS
EXT REFS
EXT REFS

STATISTICS
PROGRAM LENGTH

1400005 SCM USED

70
64
70
92
92
69
52
70
76
82
49
47
76
50
66
49
48
82
93

76

76
93
93
75

DEFINED
72
82

70
49
82

DEFINED
72
70
49
85

DEFINED

70

56DEFINED

DEFINED

82

DEFINED
DEFINED

82
55

DEFINED

DEFINED
02
68
3

85

55

3

44
45

DEFINED
56

3

50
DEFINED

70
48
87

81
3

87
89

76
5'

.49
76
76
66

DEFINED
3

76

60

70
76

6I

68
7N4

3
60

55 60

3
7T4

89

76

93

82

LOOPS
110
140
166

LABEL
130
140
160

I NDEX
I
I
I

84
88

FROh-TO
69 70
75 76
81 82

LENGTH
18

208

3228 210

SUBROUTINE CORROS 10/21'8, 14.34.01 3
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FUNCTION CSHEAR (CTEMPFNCK,CKFDELOXY) CSHER 2
C CSHER 3
C CSHEAR CALCULATES THE SHEAR MODULUS OF ZIRCALOY-2 AND -4 CSHER 4
C AS A FUNCTION OF TEMPERATURE, FHST NEUTRON FLUENCE, CSHER 5

5 C COLD WORK, AND AVERAGE OXYGEN CONCENTRATION. GRAIN CSHER 6
C ORIENTATION IS A5SUhEZ RANDOM. 7
C THE EXPECTED STANDARD ERROR IS COMPUTED BUT NOT RETURNED CSHER 8
C (UCSHER) CSHER 9
C CSHER tO

10 C CSHEAR : OUTPUT SHEAR MODULUS FOR ZIRCALOY-2 AND -4 CSHER II
C WITH RANDOM TEXTURE (PA) CSHER 12
C USHER : OUTPUT STANDARD ERROR EXPECTED IN CSHEAR (PA) CSHER 13
C (NOT CURRENTLY RETURNED) CSHER 14
C CSHER '5

15 C CTEMP : INPUT CLADDING TEMPERATURE (K) CSHER 16
C FLACK : INPUT EFFECTIVE FAST FLUENCE (NEUTRONS/iM**2f) CSHER 17
C CWKF : INPUT EFFECTIVE COLD WORK (UNITLESS RATIO OF AREAS) CSHER 18
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CSHER 19
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CSHER 20

20 C AS-RECEIVED CLADDING (KG OXYGEN'KG ZIRCALOY) CSHER 21
C CSHER 22

C THE SHEAR MODULUS CALCULATED BY THIS FUNCTION IS BASED ON CSHER 23
C DATA FROM THE FOLLOWING REFERENCES CSHER 24
C CSHER 25

25 C (1) L. R. BUNNELL G. B. MELLINGER AND J. L. BATES, HIGH CSHER 26
C TEMPERATURE PROPEhTIES OF ZIRCALOY - OXYGEN ALLOYS, EPRI CSHER 27
C REPORT NP - 524 (1977) CSHER 28
C (2) E. S. FISHER AND C. J. RENKEN, PHYSICAL REVIEW 135 2A CSHER 29
C (20 JULY 1964) PP A482 - 494. CSHER 30

30 C (3) P. E. ARMSTRONG AND H. L. BROWN. TRANSACTIONS OF THE CSHER 31
C METALLURGICAL SOCIETY OF AIME 230 (AUGUST 1964) CSHER 32
C PP 962 - 966 CSHER 33
C (4) A. PADEL AND A. GROFF, JOURNAL OF NUCLEAR MATERIALS 59 CSHER 34
C (1976) PP 325 - 326. CSHER 35

35 C (5) W. R. SMALLEY, SAXTON CORE II FUEL PERFORMANCE EVALUATION. CSHER 36
C PART I: MATERIALS, WCAP-3385-56 :SEPTEMBER 1971) CSHER 37
C CSHER 38
C CSHEAR WAS CODED BY R. L. MILLER, JUNE 1974 CSHER 35
C MODIFIED BY D. L. HAGRMAN DECEMBER 1977 CSHER 40

'40 C CSKER '4,
Cl : 7.07E+11-CTEMP*2.315E+08 CSHER 42
C2 : 1.0 CSHER 43
IF (FNCK.GT.l.OE+22) C2 : 0.88*d(.0-EXP(-FNCK/I.OE+25))+EXP(-FNZK/ CSHER 44

+1.OE+25) CSHER 45
45 C3 : -,867E+10 CSHER 46

CSHEAR : (4.04E+10-2.168E+07*CTEMP+CI*DELOXY+C3*CbKF,/C2 CSHER 47
IF (CTEMP.LT.090.) GO TO 130 CSHER 48

C CSHER '49
C CALCULATE A TO A + B AND A + B TO B BOUNDARIES CSHER 50

50 WFOX : DELOXY+0,0012 CSHER 51
TAAB : 1094.+WFOX*(- .289E+03+WFOX*7.914E+05) CSHER r,
IF (WFOX.LT.0.025) GO TO 100 CSHER 53
TAAB =:1556.4+3.8281E+04*(WFOX-0.025) CSHER ;

I0/21/60 14.34.Ot PAGE t
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5i

ENTRY POINTS
5 CSKEAR

VARIABLES
247 AMGODL
250 AMODR
240 CSHEAR

0 CTEMP

0
241
242
243
0

252
253
0

245
246
251
244

Cb4 F
CI
C2
C3
DELOXY

FDIALA
FDaALtM
FNCK
TAAB
TABB
UCSHER
NFOX

DEF LINE
I

SN TYPE
REAL
REAL
REAL

REFERENCES
72

RELOCATION

REAL

REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

F.P.

REAL
REAL
REAL
REAL
REAL

* REAL
REAL

F.P.

100 TABB : 392.46$((I0O*DELOXY+0.1242807)**2+3,1417)
5 IF (DELOXY.LT.4.7308937E-03) GO TO 110

TABB : (I00*DELOXY+0.12)*491.157+1081.7413
110 CONTINUE
C

IF (CTEMP.LT.TAAB) GO TO 130
0 IF (CTEMP.GT.TABB) GO TO 120

AMODL : 4.04E+ 0-2.168E+07*TAAB+CI*DELOXY+C3*CNKFl:C2
AMODR : 3.49E+10-TABB*I.66E+07
CSHEAR : AiODL+(CTEMP-TAAB)*(AMODR-AMODLI(TABB-TAAB)
GO TO 130

120 CSHEAR : 3.49E+10-CTEMP*I.66E+07
130 CONTINUE

IF (CSHEAR.LT.I.0) CSHEHR : 1.0
UCSIER :=9.0E+09

C
CALL DIALOT (CTEN'Q 24,FDIiKA,FDIALM)
CSNEAR : (CSHEA +FDIALA)xFDIALM
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

CSiER
CSHER
CSHER
CSNER
CSHER
CSHER
CSHER
CSKER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER
CSHER

55
56
57
58
54
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

REFS
REFS
REFS
7t

REFS
70

REFS
REF S
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
"EFS

2*63
63
67

41
DEFINED

46
4r
46
46
41,

70
70

3*43
59
6C
66

2*51

DEF I NED
DEFINED

71

46
1

61
61
61
61
5o

71
71

DEFINED
61
62

65

63

61
62

DEFINED

47

DEFINED
DEFINED
DEFINED
DEFINED

54

1
2*63
63

53

67

6559

I
41
42
45
55

DEFINED
DEFINED

DEFINED

63

60

56

SI
54

50

61

53
56

FUNCTION CSHEAR I0/?1r$0 14,34.01 PAGE
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FUNCTION CSHEAR

EXTERNALS TYPE
DIALOT
EXP REAL

STATEMENT LABELS
73 100

112 110
146 120
152 130

STATISTICS
PROGRAM LENGTH

140000 SCM USED

76/176 OPT:O TRACE STATIC

ARGS REFERENCES
70

I LiBRARY 2X43

DEF LINE REFERENCES
54 52
57 55
65 60
66 47 59

FTN 4,8+508

2548

PAGE 310/21/80 14.34,01
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SUBROUTINE CSIGMA (CTEMP,DELOXY,ANRIN,FNCK,FNCN,CWKFCWNF,RSTRAN,S CSIGM2
+TRANT,5TREST,A 1,A2.Q3) CSIGM 3

C CSIG 4
C CSIGMA CALCULATES POWER LAW TRUE STRESS AS A FUNCTION OF CSIGM 5

5 C TRUE CLADDING STPHIN, TRUE CLADDING STRAIN RATE, CSIG 6
C CLADDING TEtPERATURE, AVERAGE OXYGEN CONCENTRATION CSIG 7
C IN CLADDING, FAST ,ETRON FLUENCE, AND COLD WORK CSIGM 8
C CSIG 9
C AlA2, AND A3 : OUTPUT COEFFICIENTS OF ANISOTROPY (UNITLESS) CSIGH 10

10 C SThEST : OUTPUT POWER L(.M TRUE STRESS (PA) CSIG 11
C CSIGM I2
C STRANT INPUT TRUE STRAIN (UNITLESS ) CSIGM i3
C RSTRAN INPUT TRUE STRAIN RATE (S#X(-I1' CSIGM 14
C CTEMP : iNPUT CLADDING MESHPOINT TEMPERATURE (K) CSIGI 15

15 C DELLXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CSIGM 16
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CSIGM 1?
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) C5GM 18
C ANRIN INPUT CONTRACTILE STRAIN RATIO DURING UNIAXIAL TENSILE CSIGH 19
C TEST. CIRCUMFERENTIAL STRAIN/RADIAL STRAIN. CSIG 20

20 C IF UNKNOWN, INPUT ZERO OR NEGATIVE NUMBER (M/M) CSIC1v i
C FNCK : INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CSIG 22
C COEFFICIENT (NEUTRONS.(M**2n CSIGK 23
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CSIGM 4
C EXPONENT (NEUTRONS/(MH*2f CSIGM 25

25 C CNKF INPUT EFFECTIVE COLD WORK FOR STRENGTH CSIGM 26
C COEFFICIENT (UNITLESS RATIO OF AREAS) CSIGM 27
C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CSIG 28
C EXPONENT (UNITLESS RATIO UF AREAS) CSIGM 29
C CSIGH 30

30 C CSIGH 31
C CONVERSION FROM PA TO PSI 1 31.4505E-04 (PSI/PA) CSIGH 32
C CSIG 33
C CSIGMA bA CODED BY M. BOHN AND MODIFIED BY D. L. HAGRMAN CSIG 34
C IN FEBRUHNY 1977 CSIGM 35

35 C MODIFIED BY D.-L. NAGRMAN-OCTOBER 1977 CSIGM 36
CSIGM 37

CALL CKMN (CTEMP,DELOXY,FNCK,FNCN,CWKF,CNF,RSTRAN,AK,AN,AM) CSIGM 3F
T : CTEMP CSIGM 39

C CSIGM 40
40 C ANISOTROPY CONSTANTS CSIGM 41

IF 'T.GT.1203.233) GO TO 100 CSIGM 42
IF (STRANT.GT.0.3) GO TO 100 CSIG 43
RR 2.65+T*(1.36E-03-T*2.27E-06) CSIGI 44
IF (STRANT.LT.0.15) GO TO 110 CSIGH 45

45 RR : 1.+(STRANT*(I.-RR)/2.25E-02)*(STRANT-3.0E-01) CSIG 46
GO TO 110 CSIG 47

100 RR 1.0 CSIG 48
110 IF (ANRIN.GT.0.) RR : ANRIN CSIG 49

Al : RR/(RR+1.0) CSIGH 50
50 A2 -(RR-5.4).'(4.4*(RR+1.0)) CSIGM c0

A3 1.0/(RR+1.01 CSIGM 52
C CSIGM 53

STkEST : AK*(STRANT**AN)1( RSTRANil.0E-3)**AM) CSIG 54

10/21/80 14.34.01 PAGE 1
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C
RETURN
END

CSIGH
CSIGM
CS1GH

55
56
57

SYhBOLIC REFERENCE MKP (R:2)

ENTRY POINTS
4 C'IGMA

VARIABLES
143 AK
145 AM
144 AN

0 ANRIN
0 Al
0 A2
o A3
0 CTEMP
0 CWKF
0 CWNF
0 DELOXY
0 FNCK
0 FNCN

147 RR

0
0
0

146

RSTRAN
STRANT
STREST
T

DEF LINE
I

SN TYPE
REAL
REAL
RErtL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
55

RELOCATION

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

REAL
REAL
REAL
REAL

FP.
F.P.
F. P.

51 DEFINED

EXTERNALS
CKN

TYPE ARGS
10

STATEMENT LABELS
51 100
54 110

DEF LINE
47
48

RE' ERENCES
3?

REFERENCES
41
44

STATISTICS
PROGRAM LENGTH

1400008 SCM USED
1508

55

RES
REFS
REFS
REFS

DEFINED
DEFINED
DEFINED

REFS
REFS
REFS
REFS
REF5
REFS
REFS

4F7
REFS
REFS

DEFINED
REVS

37
37
37

2*48

37
3?
37
37
37
37
45
48
37
42

41

53
53
53

DEFINED
49
50
51
38

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

2*49

53
44
53

2*43

DEFINED

I

2*50

DEFINED
2*45

DEFINED

43

1
53

38

DEF INED

42
46

SUBROUTINE CSIGMA 1 0/21/80 14.34,.0 1 PAGE

R
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I
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C CSIGM 58
C CSIGM 59

SUBROUTINE CSRUPT (CTEMPFNCN,CWHNF,DELTMPSTRRPE,USTRPESTRRPT,UST CSRPT 2
+RTP,USTRTN) CSRPT 3

5 C CSRPT '4
C CSRUPT CALCULATES THE FRACTIONAL INCREASE IN CLADDING CSRPT 5
C CIRCUMFERENCE AT FAILtURE IN A STEAM ENVIRONMENT AS A CSRPT 6
C FUNCTION OF TEMPERATURE, FAST NEUTRON FLUENCE, AND CSRPT 7
C COLD WORK. THE EXPECTED STANDARD ERROR IS ALSO RETURNED. CSRPT a

tO C CSRPT 9
C STRRPE : OUTPUT AVERAGE CIRCUMFERENTIAL ENGINEERING STRAIN CSRPT 10
C AT RUPTURE OMiM) CSRPT 11

USTRPE : OUTPUT EXPECTE" STANDARD ERROR IN STRRPE (M/M) CSRPT 12
C STRRPT : OUTPUT TRUE STRAIN AT RUPTURE (M/M) CSRPT 13

15 C USTRTP : OUTPUT POSITIVE STANDARD ERROR OF STRRPT WHICH CSRPT s4
C CORRESPONDS TO USTRPE (M/M) CSRPT 15
C USTRTN : OUTPUT kZ ATIVE STANDARD ERROR OF STRRPT WHICH CSRPT 16
C CORRESPONDS TO USTRPE ("/M) CSRPT 17
C CSRPT ID

20 C NOTE A NON-SYMMETRIC DISTRIBUTION IS OBTAINED IN TERMS OF CSRPT 19
C STREfS BECAUSE THE TRANSFORMATION FROM ENGINEERING STRESS CSRPT 20
C TO TRUE STRESS 15 NON-LINEAR C;PT ?1
C CSRPT 22
C CSRPT 23

25 C CTEMP : INPUT AVERAGE CLADDING TEMPERATURE (K) CSRPT 23
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CSRPT 25
C EXPONENT (NEUTRONS,(M**2)) CSRPT 26
C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CSRPT 27
C EXPONENT (UNITLESS RATIO OF AREAS) CSRPT 28

30 C DELTMP : INPUT CIRCUMFERENTIAL TEMPERATURE VARIATION CSRPT 29
C --HOTTEST LESS COLDEST TEMPERATURES (K) CSRPT 30
C ESTIMATED VALUES OF DELTMP ARE CSRPT 31
C (A) FOR CLADDING WITH EXTERNAL THERMOCOUPLES AND IN FILM CSRPT 32
C BOILING DELTMP : 150K CSRPT 33

35 C (B) FOR CLADDING WITH INTERNAL HEATING IN STEAM AND CSRPT 34
C WITHOUT EXTERNAL THERMOCOUPLES CSRPT 35
C DELTMP : 0 IF TEMPERATURE IS ABOVE 1255K CSRPT 36
C = 50 * (1255 - TEMPERATURE) / 165 IF CSRPT 37
C TEMPERATURE IS BETWEEN 1090 AND 1255K CSRPT 38

46 C : 50K IF TEMPERATURE 15 BELOW 1090K CSRPT 39
C (C) FOR CLADDING IN A FURNACE C5RPT 40

DELTMP :=OK CSRPT 41
C (D) FOR SELF - RESISTANCE HEATED CLADDING WITH COOL FILLER CSRPT 4e
C DELTMP : (HEATING RATE)/(1000K/5) * VALUES FROM (B) CSRFT 43

'45 C CSRPT '44
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM CSRPT 45
C (1) CC. BUSBY AND K.B. MARSH, HIGH TEMPERATURE DEFORMATION CSRPT 46
C BURST CHARACTERISTICS OF RECRYSTALLIZE3 ZIRCALOY- TUBING CSR PT 47
C WAPD-TM-900 (1970) CSRPT 48

50 C (2 D.G. HARDY, HICH TEMPERATURE EXPANSION AND RUPTURE CSRPT 49
C BEHAVIOR OF ZIRCALOY TUBING IN TOPICAL MEETING ON CSRPT 50
C WATER REACTOR SAFETY COHF-7303 (1931 CSRPT Si
C (3) D.O. HOBSON AND P.L. RITTENHOU3E. DEFORMATION AND RUPTURE CSRPT 5t
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C BEHAVIOR OF LIGHT WATER REACTOR FUEL CLADDING ORNL-4727 CSRPT 53
55 C (1971) CSRPT 54

C (4) D. 0. HOBSON, M. F. OSBORNE, AND G. W. PARKER, COMPARISON CSRPT 55
C OF RUPTURE DATA FROM IRRADIATED FUEL RODS AND UNIRRADIATED CSRPT 56
C CLADDING, NUCL. TECH. 17 (AUGUST 1971) P 49 CSRPT S7
C (5) R. A. LORENZ D. 0. HOBSON AND G. W. PARKER, FUEL ROD CSRPT 58

60 C FAILURE UNDER LOSS OF COOLANT CONDITIONS IN TREAT, NUCL. CSRPT 59
C TECH. 17 (AUGUST 1971) P 502 CSRPT 60
C (6) R. H. CHAPMAN, MULTIROD BUST TEST PROGRAM QUARTERLY CSRPT 61
C REPORT FOR JULY - SEPTEMBER, 1975, ORNL-TM-5154 CSRPT 62
C (DECEMBER 1975) CSRPT 63

65 C (7) R. H. CHAPMAN, MULTIROD BURST TEST PROGRAM QUARTERLY CSRPT 64
C REPORT FOR OCTOBER - DECEMBER, 1975, O NL/NUREG.TM-10 CSRPT 65
C MAY 1976) CSRPT 66
C (8) A. A. BAUERi L. H. LOWRY, AND J. S. PEP-TN, EVALUATING CSRPT 67
C TRENGTH AND DUTILITY OF IRRADIATED ZIRCAL Y. QUARTERLY CSRPT 68

70 C PROGRESS REPORT FOR JANUARY THROUGH MARCH, 1976, BMI-NUREG- CSRPT 69
C 1948 (MARCH 1976) CSRPT 70
C (9) A. L. BEMENT, JR., EFFECTS OF COLD WORK AND NEUTRON CSRPT 71
C IRRADIATION ON THE TENSILE PROPERTIES OF ZIRCALOY-2, CSRPT 72
C USAEC REPORT HW-74955 CSRPT 73

75 C CSRPT 74
C CODED BY D. L. HAGRMAN JULY 1976 CSRPT 75
C MODIFIED BY D.L. HAGRMAN JUNE 1978. CSRPT 76
C CSRPT 77

T : CTEMP CSRPT 78
80 C CALCULATE STRAIN AT RUPTURE FOR SYMMETRIC CASE CSRPT 79

P =:1.0 CSRPT 80
0Q: 1.0 CSRPT 81
IF (T.GT.1090.) GO TO 100 CSRPT 82
STRRPE 1 .98E-1+T*(4.16E-04+T*2.06E-07) CSRPT 83

85 P : (EXP(-2.IEOI*CWNF)+3.3E-OI),1.33 CSR~r 84
IF (FNCN.GE..0E21) Q =:(1.0+2.0*EXP(-FNCN/1.0E23 ))/3.O CSRPT 85
STRRPE STRRPE*P*Q CSRPT 86
GO TO 130 CSRPT 87

100 IF (T.GT.II70.) GO TO 110 CSRPT 88
90 STRRPE 9.06231055-T*7,491855E-03 CSRPT 89

GO TO 130 CSRPT 90
110 IF (T.GT .600.) GO TO 120 CSRPT 91

STRRPE -1.436+T*(2.0"5E-03-T*4.82E-07) CSRPT 92
GO TO 130 CSRPT 93

95 120 STRRPE 6.0208E-1 CSRPT 94
130 CONTINUE CSRPT 95
C CSRPT 96
C MODIFY STRAIN AT RUPTURE FOR TEMPERATURE GRADIENT EFFECTS CSRPT 97

0TRRPE : STRRPEXEXP(-.1 1E-02*DELTMP) CSRPT 98
100 C CSRPT 99

USTRPE : 8.0E-02 CSRPT 100
IF (T.LT.800.) GO TO 140 C5RPT 101
USTRPE : (3.6E-01/2.90E+02)*(T-8.00E+02)+8.OOE-02 CSRPT 102
IF (T.LT.1090.) GO TO 140 CSRPT 103

105 USTRPE -4.125E-03*(T-1.09E+03)+4.4E-01 CSRPT 104
IF (T.LT.1170.) GO TO 140 CSRPT 105

10/21/8O 14,34.01 PAGE
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140
C
C

USTRPE : 1,1E-01
IF (USTRPE.GT.(0.9*STRRPE)) USTRPE :=0.9*STRRPE

CONVERSION TO TRUE STRAINS FOLLOWS
STRRPT :=ALOG(l.0+STRRPE)
USTRTP : ALOGi .O+STRRPE+USTRPE1-STRRPT
USTRTN : STRRPT-ALOG(l.0+STRRPE-USTRPE)

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CSRUPT

VARIABLES
0 CTEMP
0 CNNF
0 DFLTMP
0 FNCN

232 P
233 Q

0 STRRPE

0 STRRPT
231 T

0 USTRPE

0
0

USTRTN
USTRTP

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL

REAL
REAL

REFERENCES
115

RELOCATION
F.P.
F.P.
F.P.
F.P.

F.P.

F.P.

FP.

F.P.
F.P.

EXTERNALS
ALOG
EXP

TYPE
REAL
REAL

STATEMENT LABELS
52 100
62 110
73 120
76 130
135 140

ARGS
I LIBRARY
I LIBRARY

DEF LINE
89
92
95
96

108

REFERENCES
III
85

REFERENCES
83
89
92
88

102
STATISTICS
PROGRAM LENGTH

140000B SCM USED
2348

X10

115
C

CSRPT
CSRPT
CSRPT
CSRPT
CSRPT
CSRPT
CSRPT
CSRPT
CSRPT
CSRPT

106
10?
106
l09
110
{lil
112
113
114
115

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

103
REFS
105

DEFINED
DEFINED

79
85

2*86
87
87
87

3
112
63

104
108
107

3
3

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

''3
84
113

105
112
108
113
112

3
3
3
3

81
82

2*108
87

DEFINED
89
106
113

85
96

I11
90
3

90
DEFINED
DEFINED

113
95

112
93
its
3

79
3

I 12
86

99

113
99

101

102

103

91
104

94
106

SUBROUTINE CSRUPT 10/-21.(00 14.34,01 PAGE 3
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C CSRPT 116
C CSRPT 117

SUBROUTINE CSTRAN (CTEMPDDELOXY,FNCK,FNCN,CNKF,CWNF,RSTRAN,STREST, CSTRN 2
+STRANT) CSTRN 3

5 C CSTRN 4
C CSTRAN CALCULATES CLADDING STRAIN AS A FUNCTION OF CSTRN S
C TRUE CLADDING STRESS, TRUE CLADDING STRAIN RATE, CSTRN 6
C CLADDING TEMPERATURE, AJERAE OXYGEN CONCENTRATION CSTRN 7
C IN CLADDING, 7AST NEUTRON FLUENCE, AND COLD WORK. CSTRN 8

IC C NO INTERNAL I.RATIONS ARE CONTAINED IN CSTRAN. IT IS CSTRN 9
C ASSUMED THAT THE USER WILL ITERATE THE INPUT VALUE CSTRN 10
C OF RSTRAN. SEE SUBCODE CSTRNI FOR ITERATED VERSION. CSTRN I1
C CSTRN 12
C STRANT : OUTPUT EFFECTIVE TRUE PLASTIC STRAIN (UNITLESS) CSTRN 13

15 C CSTRN 14
C STREST : INPUT EFFECTIVE TRUE STRESS (PA) CSTRN 15
C RSTRAN : INPUT EFFECTIVE TRUE PLASTIC STRAIN RATE (S**(-1)) CSTRN 16
C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURE (K) CSTRN 17
C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CSTRN 18

20 C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CSTRN 19
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CSTRN 20
C FNCK : INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CSTRN 21
C COEFFICIENT (NEUTRONS/,M**2)) CSTRN 22
C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CSTRN 23

25 C EXPONENT (NEUTRONS!(MZ*2)) CSTRN 24
C CWKF : INPUT EFFECTIVE COLD WORK FOR STRENGTH CSTRN 25
C COEFFICIENT (UNITLESS RATIO OF AREAS) CSTP' 26
C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CSTRN 27
C EXPONENT (UNITLESS RATIO OF AREAS) CSTRN 28

30 C CSTRN 29
C THE SUBCODE CKMN ISUSED IN THIS SUBROUTINE CSTRN 30
C CSTRN 31
C CONVERSION FROM PA TO PSI IS 1.4505E-04 (PSi/PA) CSTRN 32
C CSTRN 33

35 C CSTRAN WAS CODED BY R. L. MILLER AND R. R. HOBBINS CSTRN 34
C IN MARCH 1974 CSTRN 35
C MODIFIED BY D. L. HAGRMAN OCTOBER, 1978 CSTRN 36
C CSTRN 37

CALL CKMN (CTEMP,DELOXY,FNCK,FNCN,CWKF,CWNF,RSTRAN,AKAN,AM) CSTRN 38
40 STRANT : (STREST/'AK*(uRSTRAN/I .OE-03)**AM)))**( I .0/AN) CSTRN 39

C CSTRN 40
RETURN CSTRN 40
END CSTRN 42

SYMBOLIC REFERENCE PAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CSTRAN 3 42

10/21/00 14,34,01 PAGE I
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VARIABLES
63 AK
65 AM
64 i
0 CTEIP
0 CNKF
o CWNF
0 DELOXY
0 FNCK
0 FNCN
0 RSTRAN
0 STRANT
0 STREET

EXTERNALS
CKlN

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

TYPE ARGS
10

REFERENCES
39

STATISTICS
PROGRAM LENGTH

140008 SCM USED
668

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEES

DEFINED
REFS

39
39
39
39
39
39
39
39
39
39
3

40

40
40
40

DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

40
40

DEIINED

3
3
3
3
3
3

DEFINED

3

3

SUBROUTINE CSTRAN 10/21/e0 14.34.01 PAGE
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C CSTRN 43
C :STRN 44

SUBRCUJINE CSTRES (CTEMP,DELOXY,FNCKDNCN,CWKF,CWNFRSTRANSTRANT, CSTR5 2
+STREST) CSTRS 3

5 C CSTRS 4
C CSTRES CALCULATES CLADDING EFFECTIVE STRESS AS A FUNCTION OF =STRS 5
C TRUE CLADDING STRAIN, TRUE CLADDING STRAIN RATE, CSTRS 6
C CLADDING TEMPERATURE, AVERAGE OXYGEN CONCENTRATION CSTRS 7
C IN CLADDING, FAST NEUTCrN FLUtr 5, AND COLD WORV. CSTR5 8

10 C CSTRS 9
C 51,5T : OUTPUT EFFECTIVE TRUE STRESS (PA) CSTRS 10
C CSTRS II
C STRANT : INPUT EFFECTIVE TRUE PLASTIC STRAIN (UNITLE5S) CSTRS 12
C RSTRAN : INPUT EFFECTIVE TkUE PLASTIC STRAIN RATE (5**(-1)) CSTRS 13

15 C CTEMP : INPUT C ADDING MESHPOINT TEMPEPATURE (K) CSTRS 14
C DELOXY : INPUT A.CRAGE OXYGEN CONCENTRATiON EXCLUDING CSTRS 15
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CSTRS 16
C AS RECEIVED CLADDING (CG OXYGEN/KG ZIRCALOY) CSTRS 17
C FNCK : INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CSTR 18

2C C COEFFICIENT (NEUTRONS/(b**2)) CSTRS 19
C NCN : INPUT EFFCCTIVE FAST FLUENCE FOR STRAIN HARDENING CSTR5 20
C EXPONENT (NEUTRONS/(M**2)) CSTRS 21
C CWKF : INPUT EFFECTIVE COLD WORK FUR STRENGTH CSTRS 22
C COEFFICIENT (UNITLESS RATIO OF AREAS) C5TRS 23

25 C CWNF : INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CSTR5 24
C EXPONENT (UNITLESS RATIO OF ARIAS) CSTRS 25
C CSTRS 26
C THE SUBCODE CKMPI 1 USED IN THIS SUBROUTINE CSTRS 27

CSTR5 c8
30 C CONVERSION FROM PI. TO PSi 15 1.4505E-04 (P5/'A) CSTRS 29

C CSTRS 30
C CSTRES WAS ADAPTED FROM C5TRAN (A SUBROUTINE BY R.L. MILLER AND CSTRS 31
C P.R. HOBBINS' BY G.A. BERNA IN APRIL 1975 CSTRS 32
C MO'1IFIED BY P.L HAGRMPN OCTOBER I, 1978 C5TR5 33

35 C CSTRS 34
CALL CKMN (CTEh-,DELOXYFMCK,FNCN,CWKF,CWNF,RSTRAN,AK,AN,AM) CSTRS 35
ARG : Ak*((RSTRAN/I.0E-3)**AM) CSTRS 36
STREST : ARGx(STRANT**AN) CSTRS 37

C CSTRS 38
40 RETURN CSTRS 39

END CSTR5 40

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 CSTRES 3 40



76/176 OPT:O TRACE STAlIC

VARIABLES
60 AK
62 AM
61 AN
63 ARG
0 CTEMP
0 CWKF
0 CWNF
0 DELOXY
0 FNCK
0 FNCN
0 RSTRAN
0 STRANT
0 STREET

EXTERNALS
COMN

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCAlI :-

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

TYPE ARGS
10

REFERENCES
36

STATISTICS
PROGRAM LENGTH

1I00 8 SCM USED

REFS
REF5
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

36
36
36
38
36
36
36
36
36
36
36
38
3

37
37
38

DEF i.FD
DEFINE!
DEFINEi
DEFINED
DEFINED
DEFINED
DEFINED

37
DEFINED

38

37
3
3
3
3
3
3

DErit D
A

648

3

52

SUBROUTINE CSTRES FTN 4.8+508 10/21/80 14.34.01 'AGE
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I C CSTR5 41
C CSTRS 42

SUBROUTINc CSTRNI (DELH,CTEMP, DELOXY,FNCK,FNCN,CWKF,CWNF,STREST,ST CSTRNI 2
+RANT) CSTRNI 3

5 C CSTRNI 4
C CSTRNI CALCULATES CLADDING STRAIN AS A FUNCTION OF CSTRNI 5
C TRUE CLADDING STRESS, INITIAL TRUE CLADDING STRAIN, CSTRNI 6
C TIME STEP SIZE, CLADDING TEMPERATURE, AVERAGE OXYGEN C5Tk4I 7
C CONCENTRATION IN CLADDING, FAST NEUTRON FLUENCE, CSTRNa 8

10 C AND COLD WORK. CSTRNI 9
C CSTRNI 10
C STRANT : OUTPUT EFFECTIVE TRUE PLAS1IC STRAIN AT THE END OF CSTRNI i
C THE CURRENT TIE STEP (UNITLESS) CSTRNI 13
C C57R41 13

I5 C .TREST : INPUT EFFECTIVE TRUE STRES' (PA) C5TRNI 14
C STRANT : INPUT EFFECTIVE TRUE PLASTIC STRAIN AT THE START CSTRNI 15
C OF THE CURRENT TIME STEP (UNITLESS) CSTRNI 16
C DELH : INP'IT TIME STEP SIZE (5) CSTRNI 17
C CTEMP INFiT CLADDING NESHPOINT TEMPERATURE (K) CSTRNI 18

?' C DELOXY : INPUT AVERAGE OXYGEN CONCENTRATION EXCLUDING CSTRNI 19
C OXIDE LAYER - AVERAGE OXYGEN CONCENTRATION OF CSTRNI 20
C AS RECEIVED CLADDING (KG OXYGEN/KG ZIRCALOY) CSTRNI 21
C FNCK INPUT EFFECTIVE FAST FLUENCE FOR STRENGTH CSTRNI 22
C COEFFICIENT (NEUTRONS/(N**2)) CSTRNI 23

25 C FNCN : INPUT EFFECTIVE FAST FLUENCE FOR STRAIN HARDENING CSTRNI 24
C EXPONENT (NEUTRONS/(N**2)) CSTRNI 25
C CWKF : INPUT EFFECTIVE COLD WORK FOR STRENGTH CSTRNI 26
C COEFFICIENT (UNITLE55 RATIO OF AREAS) C5TRNI 27
C CWNF INPUT EFFECTIVE COLD WORK FOR STRAIN HARDENING CSTRNI 28

30 C EXPONENT (UNITLF55 RATIO OF AREAS) CSTRNI 29
C CSTRNI 30
C THE 5UBCGDE CKNN 15 USED IN THIS SUBRO'JTINE CSTRNI 31
C CSTRNI 32
C CONVERSION FROM PA TO PSI 15I .4505E-04 (PSI/PA) C5TRNI 33

35 C CSTRNI 34
C CSTRNI WAS CODED BY D. L. HAGRMAN OCTOBER 1977 CSTRNI 35
C MODIFIED BY D. L. HAGRMAN OCTOBER 1978 CSTRNI ?6
C CSTRNI 37

RSTRAN I : .0E-03 CSTRNI 38
40 CALL CKNN (CTEMP,DELOXY,FNCK,FNCN,CWKF,CWNF,RSTRAN,AK,AH,AN) CSTRNI 39

T : CTEMP CSTRNI 40
C CSTRNI 41

IF (STRANT.LT.I.OE-15) STRANT : l.0E-15 C5TRNI 42
STRAN4 :STRANT C51RNI 43

45 II : 0 CSTRNI 44
100 STRANT : ((ANiAN+I.0)*(I.0E-03)*((STREST/AK)**(ItAM))*DELH+(STRAN4 CSTRNI 45

+)**(AN/AM+I."))**(ANi(AN+AM)) CSTRNI 44
RSTRAN : (STRANT-STRAN4)/DELH CSTRNI 47

C CORRECT AM FOR REVISED RSTRAN IF NECESSARY C5TRNI 48
50 IF (T.LT.1090.) GO TO 140 CSTRNI 49

IF 'r.GT.1255.) GO TO 140 CSTRNI 53
ii (RSTRAN.GT.6.34E-03) GO TO 140 CSTRNI SI
II : 11+1 CSTRNI 52



SUBROUTINE CSTRNI

AM
IF

110 AM
GO

120 AM
130 AM

IF
C
140

7f-'76 OPT:O TRACE STATIC FTN 4.8+506

: -6.4E-02+T*2.203E-04
(1-1172.5) ll(J,110,120
AM+6.78E-02*ALOG(6.34E-03/RSTRAN)*((T-1090.)/82.5)

TO 130
Ah+6.'.3E-02*ALOG(6.34E-03/RSTRAN)*((1255.-T)/82.5)
AM+EXP(-69.*PELOXY)

iII.LT.10) GO TO 100

CONTINUE
RETURN
END

!Q'21i0

CSTRNI
CSTRNI
CS'RNI
CSTRNI
CSTRNI
CSTRNI
CSTRNI
CSTRNI
CSTRNI
CSTRNI
C5TRNI

53
54
55
56
57
58
59
60
61
62
63

SYMBOLIC REFERENCE MAP (R:2)

FNTRY POINTS
4 CSTRNI

DEF LINE
3

REFERENCES
63

VARIABLE5
221 AK
223 AM

222
0
0
0
0
0
0
0

226
220
0

2c5
0

224

5N TYPE
REAL
REAL

AN
CTEMP
CWKF
CWNF
DELH
DELOXY
FNCK
FNCN
I1
RS'RAN
5T'IANT
STRAN4
STREST
T

EXTERNALS
ALUG
CKtN
EXP

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

REAL

RELOCATION

F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

F. P.

F.P.

ARCS REFERENCES
I .JBRARY 56

10 40
I LIBRARY 59

STATEMENT LABELS
35 100
0 110

123 120
135 130
147 140

INACTIVE

DEF LINE
46
56
58
59
62

REFERErCES
60

2*55
55
57
co

55

60

2

REF5
REFS

DEFINED
REF5
REF5
REF5
' FS
&'F5
REF5
REF5
k'F5
REDS
RE'S
REF5
REF5
REFS
REFS

DEFINED

59
40
40
54
40
40
40
40
46
40
40
40
53
40
43
46
46
50
41

46
5*46
56

3*46
41

DEFINED
DEFINED

48
59

DEFINED
DEFINED

'0o
.22
44
46

A2FINED
51

56
58

DEFINED
3
3

DEFINED
DEFINED

3
3

DEFINED
56
46

DEFINED
3

54

58
9-

3

3
3

45
58

DEFINED
44

55

58

53
DEE iNED

3

56

39
43

5 1

51 52

PAGE
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I C CSTRNI 64
C CSTRNI 65

SUBROUTINE LTHCON (CTEMP,TIlh,FLUX,COLDWCCON,CDKT) CTHCN 2
C CTHCN 3

5 C CTHCfN CALCULATES CLPiJDING THERMAL CONDUCTIVITY AS A FUNCTION CTHCN 4
C OF TEMPERATURE, TIML. FLUX, AND COLD WORK CTHCN 5
C CTHCN 6
C CCON OUTPUT THERMAL CL:;uLtIVITY OF ZIRCALOY-4 (Wi-K) CTHCN 7
C CDKDT : OUTPUT DERIVATIVE OF THERMAL CONDUCTIVITY WITH CTHCN 8

10 C RESPECT TO oEMPE4ATURE CTHCN 9
C CTHCN 10
C CTEMF : INPUT CLADDING MESHPOINT TEdOERATURE (K) CTHCN II
C TIME INPUT TIME AT TEMPERATJRE FND FLLX (5) CTHCN 12
C FLUX INPUT FAST NEUTRON FLUX ((NEUTRtNS/M**2)/S) CTHCN 13

15 C COLDW : INPUT COLD WORK (UNITLE55 RATIO OF AREAS) CTHCN 14
C CTHCN 15
C THE EQUA'iON USED IN THIS SUBCOD 15 BF45ED ON DATA FROM CTHCN
C W.K. ANDERSON, C.J. BECK, A.R. KE'HART AND J.S. THEILACKER CTHCN I?
C ASTH-5TP-314, 1962, PP 62 - ^3 CTHCN 18

20 C J.N. CHIRIGO5, C. KA55, W.S. KIRK ND G.J. SALVAGGIO CTHCN 19
C FUEL ELEMENT FABRICATION, ACADEMIC 'RESS, 1961, PP 19 - 55 CTHCN 20
C A.D. FEITH, GEMP-669 (OCT 1966) CTHCN 21
C C.F. LVI$S AND H.W. DEEM, BMI-1273 (1,58) PP 7-9 CTHCN 22
C A.E. POWERS, KAPL-2146 (1961) CTHCN 23

25 C D.B. SCOTT, WCAP-3269-41 (1965) PP 5-9 CTHCN 24
C CTHCN 25
C THIS VERSION OF CTHCON DOES NOT USE TIME, FLUX OR COLDWORK CTHCN 26
C AS PARAMETERS iN CALCULATION OF ZIRCALOY THERMAL CONDUCTIVITY CTHCN 27
C CTHCN 28

30 C ONE STANDARD DEVIATION OF THIS FUNCTION : 1.01 W/M-K CTHCN 29
C CTHCN 30
C THIS VERSION OF CTHCON WAS DEVELOPED BY R.L. MILLER, DEC 1975 CTHCN 31
C LAST MODIFIED BY E.R. CARLSON IN JUNE 1978. CTHCN 32
C CTHCN 33

35 COMMON / LACMDL / MAXIDX, EMFLAG CTHCN 34
DIMENSION EMFLAG(I) CTHCN 35
DATA ON / 2HON i, CTHCN 36

+ OFF / 3HOFF /, CTHCN 37
+ LOCIDX / 7 / CTHCH 38

40 IF (EMFLAG(LOCIDX).EQ.ON) GO TO 100 CTHCN 39
C CTHCN 40

CCON : 7.511+CTEMP*(2.088E-2+CTEMP*(-I.450E S+CTEMP*7.668E-09)) CTHCN 41
CDKDT : 2.088E-2+CTEMP*(-2.9E-5+CTEMP*2.3E-6 CTHCN 42
GO TO 110 CTCN 43

45 C CTHCN 44
100 CALL EMCTON (CTEMP,TIME,FLUXCOLDW,CCON,CDKDT) CTHCN 45
110 CONTINUE CTHCN 46

CALL DiALOT (CTEMP,I4,FDIALA,FDIALM) CTHCN 47
CCON : (CCdN+FDIALA)*FDIALM CTHCN 48

50 RETURN CTHCN 49
END CTHCN 50

10/21/80 PAGE i
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SYMBOLIC REFERENCE HAP (R:2)

ENTRY POINTS
4 CTHCON

VARIABLES
0 CCON
0 CDKDT
0 COLD
0 CTEMP
I EMFLAG

100 FDIALA
101 FDIALM
0 FLUX

70 LOCIDX
0 MAXIDX

67 OFF
66 ON
0 TIME

EXTERNALS
DIAL01
EMCTON

DEF LINE
3

5N TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER

* REAL
REAL
REAL

TYPE ARGS
4
6

STATEMENT LABELS
27 100
42 110

REFERENCES
50

RELOCATION
F.P.
F.P.
F.P.
F.P.

ARRAY LACMPL

F.P.

LACMDL

F.p.

.CF LINE
46
47

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
Fd.':5

REFERENCES
48
46

REFERENCES
40
44

COMMON BLOCKS
LACMDL

LENGTH
2

STATISTICS
PROGRAM LENGTH
5CM LABELED COMMON

I40000B ESC-

DEFINED
3
3

46
40

3
43

48

46
46
46

3*42
35
48
48
46

35
37
40
46

49
DEFINED
DEFINED

2*43
36
49
49

DEFINED
DEFINED

DEFINED
DEFINED

DEFINED

49

3

3
37

37
3

LENGTH
USED

I02B
28

66
2
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5

I0

15

DATA CATHXD/
+ 3.52774E-03,
+ 3.50000E-03,
+ 3. 1900dE-03,
+ 3.210'JOE-03,
+ 2.8e31OE-03,
+ 2.0000.E-03,
+ I.3000OE-03,
+ I.13000E-33,
+ I. ItCCE.-d3,
+ 1.20000E-03,
+ 1.40000E-03,

1073.15
1093.15
1113.15
1133.15
1153.15
1173.15
1193.15
1213.15
1233.15
1253.15
1273.15

0.0 ,
3.53000E-03,
3.46000E-03,
3.33000E-03,
3.07000E-03,
S.50000E-U3,
1.50000E-03,
I.:6000E-03,
1.10000E-03,
I. 1300C;-03,
I.30000E-03,

293.15
1083.15
1103.15
1123.15
1143.15
1163.15
183.15
1203.15
1,23.15
1243.15
1263.15

DATA NPCATX, IU / 22,1 /

DATA DTHEXP/ 4.3480E-04,
+ 5.1395E-03, 1073.15, 5.220CE-03, 1083.15, 5.2500E-03,
+ 5.2800E-03, 1103.15, 5.2800E-03, 1113.15, 5.24U0E-03,
+ 5.2200E-03, 1133.15, 5.1500E-03, 1143.15, 5.0800E-03,

373.15,
1093.15,
1123.15,
1153.15,

SUBROUTINE CTHEXP (CTEMP,CATHEX,CDTHEX)

CTHEXP CALCULATES AXIAL AND DIAMETRAL THERMAL EXPANSION OF
ZIRCALOY LWR CLADDING.

CATHEX : OUTPUT AXIAL THERMAL EXPANSION OF :IRCALOY (H/M)
CDTHEX : OUTPUT DIAMETRAL THERMAL EXPANSION OF ZIRCALOY (M/i)

CTEMP = INPUT CLADDING ME5HPOINT TEMPERATURE (r)

DATA FOR THE CORRELATION FROM ROOM TEMPERATURE TO 1273K ARE
TAKEN FROM R.L. MEHAN AND F.N. WIE5INGER, "MECHANICAL PROPERiJES
OF ZIRCALOY-2", USAEC REPORT KPPL-2110 (1961), O.B. SCOTT,
"PHYSICAL AND MECHANICAL PROPERTIES OF ZIRCALOY-2 AND -4",
WCAP-3269-4I (1965), AND J.J. K=ARN5, "THERMAL EXPANSION
AND PREFERRED ORIENTATION IN Z WALOY'', WAPD- H-472 (1965)

ABOJE 1273K THE COEFFICIENT OF THERMAL EXPANSION USED 15 THE
CONSTANT VALUE 9.7E-06/K RECOMMENDED BY B. LUSTHAN AND F. KERZE,
"THE METAL'URGY OF ZIRCONIUM", MC GRAW-HILL BOOK COMPANY, NEW
YORK (1955) PAGE 355.

BETWEEN 1073 AND 1273K (APPROXIMATELY THE ALPHA-BETA TRANSITION
RANGE FOR ZIRCALOY) CTHEXP USES THE LINEAR INTERPOLATION ROUTINE
POLATE TO FIND THE THERMAL EXPANSION.

CTHEXP WAS ORIGINALLY CODED B. R.L. MILLER IN NOV. 1974.
LAST UPDATED BY G.A. REYMANN IN JUNE 1978.

DIMENSION CATHXD (44)
DIMENSION DTHEAP (44)

CTHCN
CTHCN
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CT-xP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
cT4XP
C"HXP
CTHXP
r.THXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CiHXP
CTHXP
CTHXP
CTHXP
CTHXP
LTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP

20

25

30

35
C

C

C
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+ 4.900E-03, 1163.15,
+ 4.IO"0E-03, 1193.15,
+ 2.9700E-03, 1223.15,
+ 2.8600E-03, 1253.15,

4.7000E-03, 1173.!5,
3.5000E-03, 12C3.15,
2.9200E-03, 1233.15,
2.8800E-03, 1263.15,

4.4500E-03,
3.1300E-0?s,
2.8700E-03,
2.9000E-0?,

1183.15,
1213.15,
1243.15,
1273.15/

C

C

C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CIHEXP

VARIABLES
0 CATHEX

143 CATHXD
0 CDTHEX
0 CTEMP

217
141
142
123
122
124

DTHEXP
FDIALA
FDIALM
IU
NPCATX
NPDEXP

DEF LINE
3

SN TYPE
REAL
OEAL
REAL
REAL

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER

REFERENCES
80

RELOCATION
F.P.

ARRAY
F.P.
F.P.

ARRAY

60
DATA NPDEXP, IU / 22,1

IF ;CTEMP.LE.I073.15) GO TO 100
IF (CTEMP.GE.1273.15) GO TO 110

CATHEA : POLATE(CATHXD,CTEMP,NPCATX,IU)
CDTHEX : POLATE(DTHEXP,CTEMP,NPDEXPsIU)
GO TO 120

CATHEX : -2.5060E-05+(CTEMP-273.15)*4.44!PE-06
CDTHEX : -2.3730E-04+(CTEMP-273.15)*6.7210E-06
GO TO 120

CATHEX : -8.300E-03+(CTEMP-273.15)*9.70E-06
CDTHEX :=-6.800E-03+(CTEMP-273.15)*9.70E-06
CONTINUE

'ALL DIALOT (CTEMP, 17,FDIALAFDIALtM)
CATHEX :='CATHEX+FDIALA)*FDIALI
CALL DIALOT (CTEMP, 18,FDIALA,FDIALH)
CDTHEX :=(CDTHEX+FDIALA)*FDIALM
RETURN
END

65

70

C
100

C
110

120
C75

60

CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP
CTHXP

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

76
77
78
79
80

REFS
REF5
REF5
REF5

73
REF5
REFS
REF5
REFS
REF5
REFS

77
32
79
61
76
33
76
76
64
64
65

DEFINED
64

DEFINED
62
78
65
77
77
65

DEFINED
DEFINED

68

69
68

3
DEFINED

3
64

DEFINED
DEFINED

78
78

DEFINED
48
59

64
35
65

3
50
79
79
48

73
69

77

79
72

59
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EXTERNALS
DfALOT
POLATE

STATEMENT LABELS
30 100
44 !10
57 120

TYPE ARGS
4

REAL 4

DEF LINE
68
72
74

REFERENCES
76
64

REFERENCES
61
62
66

STATISTICS
PROGRAM LENGTH

140000B SCM USED

78
65

70

2738

PAGE

187
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C
C

C

10

15

20

25

30

SQUARED

SQUARED

PRODUCT

PRODUCT

PRODUCT

PRODUCT

TENSTY : INPUT DIMENIONED ARRAY OF BASAL POLE INTENSITIES
FROM A POLE FIGURE. ELEMENT TENSTY(I,I) IS THE AVERAGE
INTENSITY FOR THETA FROM 0 TO 10 DEGREES P4D PHI
FROM 0 TO 10 DEGREES. ELEMENT TENSTY(1,2) 15 THE
AVERAGE INTENSITY FOR THETA FROM 0 TO 10 DEGREE5
AND PHI FROM 10 TO 20 DEGRttS. ETC. FOR iHE
ENTIRE POLE FIGURE. (ARBITRARY UNITS)

THE CALCULATION OF ORIENTATION PARAMETERS 15 BASED ON
AN APPROACH SUGGESTED BY THE FOLLOWING REFERENCES
(1) J. J. KCARMS, THERMAL EXPANSION AND PREFERRED ORIENTATION
IN ZIRCALOY, WAPD-TM-472 (NOV. 1965)
(2) H. 5. ROSENBAUM AND J. E. LEWIS, USE OF POLE FIGURE DATA

SU3ROUTINE CTXTUR (TENSTY,CO5TH2,CO TH4,CO5FI2,CO5FI4,CT2CF2,CT2CF
+4,C14CF2,CT4CF4)

DIMENSION TENSTY(9,9),CO52TH(9,9),CO54TH(9,9),CO52FI(9,9),
+C054FI(9,9),C2TC2F(9,9),C2TC4F(9,9),C4TC4F(9,9),AN(9),C2(9),C4(9),
+C4TC2F(9,9),B2(9),B4(9),CA(9)

CTXTUR CALCULATES ORIENTATION PARAMETERS FROM BASAL POLE
FIGURE INTENSITY GRIDS

IN THE FOLLOWING, THETA 15 THE ANGLE BETWEEN THE RADIAL
OR NORMAL DIRECTION OF THE SAMPLE AND THE BASAL POLE
DIRECTION. PHI 15 THE ANGLE BETWEEN THE PROJECTION OF THE
BASAL POLE DIRECTION ONTO THE PLANE CONTAINING THE AXIAL
AND CIRCUMFERENTIAL DIRECTIONS AND THE CIRCUMFERENTIAL
DIRECTION. ALPHA 15 THE COMPLEMENT OF PHI.

5

CO5TH2 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
COSINE OF THETA (UNITLE55)
CO5TH4 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
FOURTH POWER OF THE COSINE OF THETA (UNITLES5)
CO5FI2 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
COSINE OF ALPHA (UNITLE55 RATIO)
CO5Fl4 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
FOURTH POWER OF THE COSINE OF ALPHA (UNITLE55)
CT2CF2 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
OF THE SQUARED COSINE OF THETA AND THE SQUARED COSINE
OF ALPHA (UNITLE55)
CT2CF4 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
OF THE SQUARED COSINE OF THETA AND THE FOURTH POWER OF
THE COSINE OF ALPHA (UNITLE55)
CT4CF2 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
OF THE FOURTH POWER OF THE COSINE OF THETA AND THE
SQUARED COSINE OF ALPHA (UNITLE55)
CT4CF4 : OUTPUT VOLUME FRACTION WEIGHTED AVERAGE OF THE
OF THE FOURTH POWER OF THE COSIME OF THETA AND THE
FOURTH POWER OF THE COSINE OF ALPHA (UNITLE55)

35

40

I

50

CTHXP
CTHXP
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXrR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CT'TR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXIr
CTXT *
CTXT1
CTXTR

FTN 4.8+508 10/21/80 14.34.01 PAGE I
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TO COMPUTE ELASTICITY COEFFICIENTS OF ZIRCONIUM SHEET,
JOURNAL OF NUCLEAR MATERIALS 67 (1377) PP 273-282

CTXTUR WAS CODED BY D. L. HAGRMAN IN DECEMBER 1977

FIND ANGLES AT GRID CENTERS
DO 100 J:1,9
ANiJ) : (2*J-I)*8.726646E-G2
CA(J) := .570796-AN(J)

82(J) :
B4(J) :
C2(J) :
C4(J)

(COS(CA(J)))**2
(B2())**2
(COS(AN(J)))**2
(C2(J))**2

FIND NORMALiZATION CONSTANT
T(USTYN : 0.0

DO 110 J:I,9
DO 110 1I,9
TNSTYN : TNSTYN+TENTY(1,J

FIND RHO
DO

)*5IN(AN(I))

* SINE(THETA)
120 J:1,9

DO 120 1:1,9
TENSTY(I,J) : TENSTY(I,J)*51N(AN(I))/TN5TYN

FIND RHO * SINE(THETA) * ARGUMENT
DO 130 J:I,9

DO 130 1:1,9
CO52TH(I,J) : TEN5TY(I,J)*C2(1)
C054TH(I,J) : TEN5TY(I,J)*C4(I)
CO52FI(1,J) : TENSTY(I,J)*B2(J)
CO54FI(1,J) : TEN5TY(IJ)*B4(J)
C2TC2F(IJ) : TEN5TY(I,J)*C2(1)*B2(J)
C2TC4F(1,J) : TENSTY(I,J)*C2(I)*B4(J)
C4TC2F(1,J) : TENSTY(I,J)*C4(1)*B2(J)
C4TC4F(I,J) : TEN5TY(I,J)*C4(I)*B4(J)

FIND VOLUME WEIGHTED AVERAGES
C05TH2 : 0.0
C05TH4 : 0.0
CO5F12 : 0.0
C05FI4 : 0.0
CT2CF2 : 0.0
CT2CF4 : 0.0
T4CF2 : 0.0
CT4CF4 : 0.0

DO 140 J:1,9
DO 140 1:1,9
C05TH2 : C05TH2+CO52TH(I,J)
C05TH4 : CO5TH4+CO54TH(I,J)
CO5F12 : CO5F12+CO52FI(I,J)
C05FI4 : C05FI4+CO54FI(I,J)

55
C
C
C
C
C
C

60

C

65

100
C
C

'u

75

110
C
C

120
C
C80

85

90 130
C
C

CTXTR
CTXTP
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXiTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
61
82
83
84
85
86
87
89
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

95

100

105
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140
C

CT2CF2 : CT2CF2+C2TC2F(I,J)
CT2CF4 : CT2CF4+C2TC4F(IJ)
CT4CF2 : CT4CF2+C4TC2F'I,J)
CT4CF4 : CT4CF4+C4TC4F(I,J)

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CTXTLJR

VARIABLES
1371 AN

1545 82

1556
156"

0
0
0
0

544
302
665
423
0
0
0
0

1402

1006
1127
1413
1424
1250

331

B4
CA
C05FI2
C05F14
CO9TH2
CCSTH4
C052FI
CO32TH
C054FI
C054TH
CT2CF2
CT2CF4
CT4CF2
CT'CF4
C2

C2TC2F
C2TC4F
C4
C4 iC2F
C4TC4F
I

277 J

0 TENSTY

300 TNSTYN

DEF LINE
3

5N TYPE
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RoL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER

REAL

REAL

REFERENCES
112

RELOCATION
ARRAY

ARRAY

ARRA
ARRA'

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAt
ARRAY
ARRAY
ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

P.

10

CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR
CTXTR

106
107
108
109
110
III
112

REFS
DEFINED

REFS
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REF5
REF5
REF5
REFS

DEFINED
REFS
REFS
REF5
REFS
REF5
REFS
3*88
108

REFS
2*78
3*90
10

REF5
87

REFS

6
61
6

64
6
6

105
106
103
104
6
6
6
6

107
108
109
110
6

66
6
6
6
6
6

2*73
3*89
103
2*61
2*83
103

DEFINED
6

86
73

62

65

86
64

DEFINED
DEFINE:
DEFINED
DEFINED

105
103
106
104

DEFINED
DEFINED
DEFINED
DEFINED

67

107
108
84

109
110
3*78
3*90
110
2*62
2*84
104
60
73
89
78

6o

85

00

DEFINED
3
3
3
3

DEFINED
DEFINED
DEFINED
DEFINED

3
3
3
3

83

DEFINED
DEFINED

89
DEFINED
DEFINED

3*83
103

DEF.r4ED
2*64
3*65
105

71
78
90

DEFINED

65

61

73

87

90.
62
95
96
93
94
85
63
86
64
97
98
99
!00
87

87
88
90
84
90

3*84
104
72

2*65
3*86
106
76
83

DEFINED
70

78

89

DEFINED

105
106
103
104

107
108
109
110
88

DEFINED

2*35
'05
77

2*66
3*87
137
81
84
3

73

2*96
106
82

2*67
3*88
108
101
85
78

3*87
107
102
73

3*89
109

86
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EXTERNALS
C05
51 4

STATEMENT LABELS
0 103
0 110
0 120
0 130
0 140

TYPE
REAL
REAL

ARGS
I LIBRARY
I LIBRARY

DEF LINE
67
73
78
90

110

REFERENCES
64
73

REFERENCES
60
71
76
of0
101

FROM-TO
60 67
71 73
72 73
76 78
77 78
81 90
82 90

:01 110
102 110

LENGTH
328
178
128
178
12B
578
528
568
518

PROPERTIES

OPT

OPT

EXT
EXT
FT
EXT
EXT
NOT

REFS
RF'5
R.FS
REFS
REFS
INNER

NOT INNER

NOT INNER

NOT INNER

STAT 1511ICS
PROGRAM LENGTH

140008a SCM USED

66
78

72
77
82

102

LOOPS

47
51
70
72

113
212
214

LABE.-
100
110
110
120

130
130
140
140

INDEX

J
J
IJ
I
J
I
J
I

16238 9,5
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C CTXTR 113
C CTXTR 1'4

FUNCTION FCP (FTEMPFACMOT,FOTMTL) FCP 2
C FCP 3

5 C THE FUNCTION FCP 15 USED TO CALCULATE THE SPECIFIC HEAT CAPACITY FCP 4
C OF U02, PL'O2, AND (U,PU)02 FUELS AS A FUNCTION OF TEMPERATURE, FCP 5
C FRACTION OF FUEL WHICH 15 MOLTEN, PUO2 CONTENT, AND OXYGEN-TO- FCP 6
C METAL RATIO. FCP 7
C FCP 8

10 C FCP : OUTPUT FUEL SPECIFIC HEAT CAPACITY (J/(KG*K)) FCP 9
C FCP 10
C FTEMP : INPUT FUEL MESHPOINT TEMPERATURE (K) FCP II
C FACMOT INPUT FUEL FRACTION MOLTEN (UNITLE,3) FCP 12
C FACMOT : 1.0 - FUEL 15 ALL MOLTEN FCP 13

15 C FACMOT : 0.0 - FUEL 15 ALL SOLID FCP 14
C FOTITL : INPUT OXYGEN TO METAL RATIO (UNITLE55) FCP I5
C FOTMTL (ATOMS OXYGEN)/(ATOMS METAL) IF NOT KNOWN, FCP 16
C ENTER 2.0 FCP 17
C UFCP ESTIMATED STANDARD ERROR FOR U02 (J/(KGZK)) FCP 18

20 C NOT CURRENTLY RETURNED) FCP 19
C PUFCP : ESTIMATED STANDARD ERROR FOR PU02 (J/(KGSK)) FCP 20
C (NOT CURRENTLY RETURNED) FCP 21
C FCP 22
C THE EQUATIONS USED IN THIS FUNCTION ARE BASED ON DATA FROM; FCP 23

25 C (1) J.KERRISK AND D.CLIFTON, NUCLEAR TECHNOLOGY,16 (1972). FCP 24
r (2) O.KRUGER AND H.SAVAGE, JOURNAL OF CHEMICAL PHY5IC5,45 FCP 25

(1966). FCP 26
C FCP 2"
C THE EFrECT OF OXYGEN-TO-MI TAL RATIO WAS ES:MATED FROM FCP 28

30 C EQUATIONS PUBLISHED BY; FCP 29
C i3) C.AFFORTIT AND J.MARCON, REVUE INTERNATIONALE DES HAUTES FCP 30
C TEMPERATURES ET DES REFRACTAIRE5,7 (1970). FCP 31
C THE SPECIFIC HEAT CAPACITY OF MOLTEN U02 AS TAKEN FROM FCP 32
C (4) L.LEIBO4ITZ ET AL, JOURNAL OF NUCLEAR MATER4ALS,39 (1970) FCP 33

35 C FCP 34
C FCP WAS ORiGINALLY CODED BY U.F.BASTON IN MARCH 1974. FCP 35
C LAST MOD!FIED BY G.A.REYMANN IN MAY 1978. FCP 36
C FCP 37
C FCP 38

40 COt*MON ' PHYPRO / CTMELT,FHEFU5,CTMELT,CHEFU5,CTRANB, FCP 39
CTRANE,CTRANZ,FPELTA,BU,COMP, DELOXY FCP 40

C FCP 41
C THE PHYPRO COMMON BLOCK 15 SET B.' CALL TO THE SUBROUTINE FCP 42
C PHYPRO WHICH IS PART OF THE MATERIALS PROPERTIES PACKAGE FCP 43

45 C USED AT THE INEL. FCP 44
C QAeTITICS CONTAINED IN IT USED IN THIS SUBCODE ARE; FCP 45
C FThELT FUEL MELTING TEMPERATURE (K) FCP 46
C FD LTA LIQUID-SOLID COEX15TENCE TEMPERATURE (K) FCP 47
C COMP : PU02 CONTENT twT.% FCP 48

50 C WHEN THE FUNCT ION FCP 15 USED ALONE, NOT AS PART OF THE FCP 49
C INEL CODE, VALUES POR FTMELT, FDELTA, AND COMP MUSt BE FCP 58
C iNPUT. FCP 51
C FCP 5'
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DATA CIU ,C2U ,C3U ,THU ,EDU / 296.7 , 2.43E-02, 8.745E07,
+ 535.285, l.577F05 /

DATA CIPU,C2PU.C3PII.THPU,.DPU/ 347.4 , 3.95E-64 3.860E07,
+ 571.0 , I.967E00 /
CP:CiC2,C3,THED,T,FOTMTL) : Ci*(TH**2)*EXP(TH,/U/(T**.)*((EXP(T

+H/T)-i.)**2))+C2*T+(FOTMTL/2.)*(C3*ED/(6.314*i1'** )))*E> (-ED/(8.3
+14*T))

T : FTEMP
R : FACHOT
TM : FTMELT
FCOMP = COMPuI00.0
FCPMOL :=503.0

FCPMOL : SPECIFIC HEAT CAPACITY OF MOLTEN FUEL (J/(.G*K )

IF (T.GT.(TM+FDELrA)) cO TO 100

FCP : CP(CIU,C2U,3UTHU,EDUT,FOTHTL)*(I
+PUTHPUEDPU,T,FOTMTL)*FCOMP

IF , .LT.(TM-0.1)) GO TO 110
FCP : (1.0-R)*FCP+R*FCPMOL
GO TO 110

FCP : FCPMOL
LFCP : 2.0
PUFrr - 5.6

CALL LIALOT (FTEMP,I,FDIALA,FDIAL)M
FCP : (FCP+FDIALA)*FDIALM
RETURN
END

.0-FCO'iP)+CP(~I 0U,C2PU,C3

55

SYMBOLIC REFERENCE MAP (R=2)

ENTRY POINTS
5 FCP

VARIABLES
10 BU
3 CHEFUS
I COMP
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ

22C CIPU
213 CIU
221 C?PU

DE F LINE
3

SN TPE
REi'L
RE(.'
REA
REAL
REAL
REAL
REAL
REAL
UEAL
REAL

REFERENCES
64

RELOCATION
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

FCP
FCP
FCP
FCP
FCP
rCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP
FCP

60
C

65

70

C
C

C

C

75

C
100

C
410

85

53
c4

55
56
L7
58
59
60
61
62
63
64
65
56
67
68
69
70
71
72
73
74
75
76
77
78
7C'

81
82
63
84

REF5
REFS
PEF5
REF5
REFS
REFS
REFS
REF5
REFS
REF5

65

40
40
40
40
40

40
71
71
71

DEFINED
DEFINED
DEFINED

56
54
56
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VARIABLES
214 C2U
222 C3PU
215 C3U

12 DELOXY
224 EDPU
217 Su
U FACtICT

242 FCOMP
236 FCP
243 FCPMOL
7 FDELTA

246 FDIALA
247 FDIALM

I FHEFUS
0 FOTMTL
0 FTEMP
0 FTNELT

245 PUFCP
240 R
237 T
223 THPU
216 THU
241 TM
244 UFCP

EXTERNALS
DIALOT
EXP

SN TYPE
REAL
REAL
REAL
RFPL
tEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL

* REAL

RELOCATION

PHYPRO

r ..

PHYPRO

PHYPRO
F.P.
F.P.

PHYPRO

'EF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
- s5

REFS
REFS
REF5
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED

TYPE ARGS REFERENCES
4 82

REAL I LIBRARY 6*71

INLINE FUNCTIONS
CP

5TATEMFNT LABELS
134 "3
143 110

TYPt
REAL

ARGS
7 5F

DC LINE
i;as

DEF LINE
58

REFERENCES
69
74

REFERENCES
2*71

76

COMMON BLOCKS
PHYPRO

LENGTH
II

STATISTICS
PROGRAM LENGTH
SCM LABELED COMHt:'-N

140000B Cs.

54
56
54

71
71
71
40

2*71
2%'1
63

2*71
75
75
40
82
e2
40

2*71
62
40
80

2*75
69

3*71
347!
60
79

DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

83
78
69
83
83

DEFINED
82
64

DEFINED
12*71

DEFINED
DEFINED

74

75 78

56
54
3

65
DEFINED
DEFINED

3
DEFINED

63
74
56
54

DEFINED

8371
66

3

DEFINED 62

LENGTH
UCED

2508
138

16A
II
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C FCP 85
C FCP 86

FUNC'I.N FCREEP (FTEMP,FSTRES,FDEIS,FGRN,FIS,COM,FOt,TIME,ITTLAS FCREP 2
+T,PS1RES' FCREP 3

5 C FCREP 4
C THIS FUNCTION CALCULATES THE TOTAL CREEP FOR U02 C (U,PU)02 FCREP 5
C FUEL FCREP 6
C FCREP 7
C FTEMP : INPUT TEMPERATURE OF THE FUEL RING (K) FCREP 8
C FSTRES : INPUT STRESS (PA) FCREP 9
C FDENS : INPUT INITIAL DENSITY OF THE FUEL (KG/M**3) FCP.EP 10
C FERN : INPUT GRAIN SIZE (MICRONS) FCREP II
C FIS : INPUT FISSION RATE ((FIS5IONS/M**3)/S) FCREP 12
C COMP : INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FCREP 1:

15 C FOM : INPUT FUEL OXYGEN TO ETAL RATIO FCREP 14
C TIME : I.!OLiT TIME TO END OF iIME STEP (5) FCREP I5
C TLAST : INPUT TIME TO END OF LAST TIME STEP '5) FCREP 16
C PSTRES : INPUT STRESS ON FUEL DURING PREVIOUS TIME STEP (PA) FCREP 17
C L : INPUT FUEL RING INDEX (I - 10) FCREP 18

20 C IT : INPUT TIME 'EP NUMBER FCREP 19
C FCREP 20
C FCREEP : OUTPUT STRAIN RATE ((M/M)/S' FCREP 21
C FCREP 22
C FCREEP WAS DEVELOPED uSING THE FOLLOWING DATA FCREP 23

25 C BURTON AND REYNOLDS ACTh METALLI.'WGICA 21 (1973) FCREP 24
C SELTZER JOURNAL OF NUCLEHI MA'ERIAL5 34 ("7701 FCREP 25
C PERRaI BMi - 1899 (1971) FCREP 26
C POTEAT AND YUST ORNL-P-237. FCREP 27
C WOLFE AND KAUFMA4 WAPD - Th - 587 (1967) FCREP 28

30 C BOHABOY ET AL CLAP - 10'54 (1969) FCREP 29
C FCREP 30
C FCREEP WAS DEVELOPED AND CODED BY C. 5. OLSEN (NO')EMBER 1974). FCREP 31
C FCREEP WAS MODIFIED BY R. E. MASON (NOVEMBER 1978). FCREP 32
C FCREP 33

35 STRANS : 16547416.8/(FGRN**0.5714) FCREP 34
ROTH : 1I.45*COMP/100.+(I.-COMP/IC0.)*10.97 FCREP

O : 0.1*FDENS/ROTH FCREP 36
IF (IT.LE.I) XTIME : 0.0 FCREP 37
IF (COMP.GT.0.0) GO TO 110 FCREP 38

40 IF (FOM.LT.2.0) FOM : 2.0 FCREP 39
XLFOM : -ALOGIO(FOM-1.99999)/2.5 FCREP 40
QUI : 9000.0 FCREP 41
QU2 : 10000.0 FCREP 42
QI : QUI/(EXP(8.0*(I.0-XLFOM)/XLFOM)+.0)+36294.4 FCREP 43

45 02 : QU2/(EXP(8.0*(i.O- L;i) /XLF) + I .0)+56431.8 FCREP 44
C FCREP 45

IF 'FSTRES.GT.PSTRES) XTIME : TLAST FCREP 46
TTIME : TIME-XTIME FCREP 47
UPRURY : 2.5*EXP(-1.2E-06*TTIME)4 J FCREP 48

50 ERUF : 3.72264E-35*FIS*FSTRES*EAP(-2617.0/FTEMP) FCREP 49
IF (COMP.GT.0.0) GO TO 110 FCREP 50

C FCREP 51
C LOW STRESS U02 CREEP CALCULATION FCREP 52
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C FCREP 53
55 IF :F5TRES.GT.STRANS) GO TO 100 FCREP 54

UCi ' (0.391924+1.3lE-19*FIS)*FSTRES*EXP(-QI/F7EMP)/((-87.7+D)* FCREP 55
+FGRNa FCRE 56

C FCREP 57
FCREEP : u, 3jY* (UCREPL+ERUF) FCREP 58

60 GO TO 130 FCREP 59
100 CONTINUE FCRE 60

FCREP 61
C HIGH STRESS U02 CALCULATIONS FCREP 62
c FCREP 63

65 UCREPL : (0.391924+,.3gE-19*FI5)*STRAN5*EXP(-QI/TE:P/u((-87.7+D)* FCREP 64
+FGRN*FGRN) FCREP 65
UCREPH : 2.0391E-25*(FSTRES**4.5)*EXP(-Q2/FTEMP)/(-90.-.+D) FCREP 66

C FCREP 67
FCREEP : UPRURY*(UCREPL+UCREPH+ERUF) FCREP 68

70 GO TO 130 FCRE0  69
C FCREP 70
110 CONTINUE FCREP 71
C CALCULATION OF MIXED OXIDE CREEP FCREP 72
C FCREP 73

'5 C LOW STRESS (UPU)02 CALCULATIONS FCREP 74
FCREP 75

IF (F5TRE5.GT.5TRAN5) GO TO 120 FCREP 76
PCREPL : (0.1007+7.57E-20*FI5)*F5TRE5/(FGRN*FGRN)*EXP(-50327.!iFTE FCREP 77

+HP+33.3*(I.-.0I*D)+.014*COMP) FCREP 78
80 C FCREP 79

FCREEP PCREPL FCREP 80
C FCREP 81

GO TO 130 FCREP 82
120 CONTINUE FCREP 83

85 C FCREP 64
C HIGH STRESS (U,PU)02 CALCULATIONS FCREP 85
C FCREP 86

PCREPH 6.4691E-25*(FSTRES**4.5)*EXP(-70458.0/FTEMP+10.3*(1.-0.01 FCREP 87
+*D)+0.014*COMP) FCREP 88

90 PCREPL : (0.1007+7.57E-20'FIS)*5TRANS/(F RN*FGRN)*EXP(-50327.I/FTE ECREP 39
+MP+33.3*(I.-.01D)+.014*COMP) FCREP 90

C FCREP 91
FCREEP : PCREPL+PCREPH FCREP 92

C FCREP 93
95 C THE FOLLOWING CALCULATIONS PROVIDE THE UPPER AND LOWER BOUNDS FCREP 94

C TO THE CREEP RATE EQUAT'ONS AND ARE NOT AN OUTPUT OF THE FCREP 95
C FUNCTION FCREEP UNLESS THE USER DESIRES TO MODIFY THE FCREP 96
C SUBCODE APPROPRIATELY. FCREP 97
C FCREP 98

100 C UCREPH 15 THE UPPER PJUND FCREP 99
UCREPH FCREEP*I'.78 FCREP 100

C UCREPL 15 THE LOWER BOUND FCREP 101
UCREPL FCREEP*0.0562 FCREP 102

C FCREP 103
105 130 CONTINUE FCREP 104

CALL DIALOT (FTEMP,7,FDIALA,FDIALH) FCREP 105
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FCREEP
RETURN
END

: (F BEEP+FDIALA)*FDIALM FCREP
FCREP
FCREP

106
107
108

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 FCREEP

VARIABLES
0 COMP

415 D

426 ERUF
412 FCREEP

0
433
434

0

FDENS
FDIALA
FDIALM
FGRN

0 FIS

0
0

FOtI
FSTRES

0 FTEMP

0
432
431
0

420
421
422
423
414
413
0
0

424
430
42t
425
417
416

IT
PCREPH
PCREPL
PSTRES
0UI
QU2
0I
02
ROTH
STRANS
TIME
TLAST
TTIME
UCREPH
UCREPL
UPRURY
XLFOM
XTIrE

DEF LINE
3

5N TYPE
REAL

REFERENCES
108

RELOCATION
F.P.

REAL

REAL
REAL

REAL
REAL
REAL
REAL

REAL

REAL
REAL

REAL

F.P.

F.P.

F.P.

F.P.
F.P.

F.P.

F.. P

F.P.

INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REA!
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.
r.P.

51

67

DEFINED
IC7

78

78

88

8

50
DEFINED

90

90

69

3

81

REFS
DEFINED

REFS
DEFINED

REFS
REFS

93
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

88
REFS
106

REFS
REFS
REFS
REFS
REFS

RE.S
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFSREFS
REFS

2*36
3

56
37
59

101
107
37
106
106
35
3

50
3

40
47

DEFINED
50

DEFINED
38
93
81
47
44
45
56
67
37
55
48
47
49
69
59
59

2*44
48

39

65

69
103

DEFINED
107
107
2*56

56

41
50
3

56
3

DEFINED
DEFINED

93
DEFIt~
DEFINED
DEFINED

65
DEFINED
DEFINED

65
DEFINED
DEFINED
DEFINED
DEFINED

69
69

2*45
DEFINED

2*90

90

'0
67

78

2*78

78

3
5v:

67

78

44

90

77

88

78

90

2*65

65

DEFINED
55

65

3
88

DEFINED
3

42
43

DEFINED
45
36
77
3
3

48
67

DEFINED
DEFINED
DEFINED

38

90

DEFINED 35

103
101
56
49
41
47
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EXTERNALS TYPE
ALOGIO REAL
DIA'.OT
EXP REAL

STATEMENT LABELS
157 100
216 110
245 120
316 130

STATISTICS
PROGRAM LENGTH

140000B SCM USED

A/'i7' OPT:O TRnCE STATIC

ARGS REFERENCES
I LIBRARY 41
4 106
I LIBRARY 44 45

90

DEF LINE
,,

72
84

105

4358

REFERENCES
55
39
77
60

285

51

70

FTN 4.8+5G8

49 50

10/21/80 I4.!4.01
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I C FCREP 109
C FCREP 110

FUNCTION FELMOD (FTEMP,FRADENFOTMTLFCOMP) FELMD 2
C FELMD 3

5 C FELMOD CALCULATES FUEL ELASTIC MODULUS AS A FUNCTION OF FELMD 4
C TEMPERATURE, FRACTIONAL DENSITY, OXYGEN TO METAL RATIO AND r'-LMD 5
C PUO2 CONTENT FELA0 6
C FELMD 7
C FTEMP : INPUT FUEL TEMPEkdiTURE (K) FELMD 8

10 C FRADEN : INPUT FRACTIONAL FUEL DENSITY (RATIO OF ACTUAL FELMD 9
C DENSITY TO THEORETICAL DENSITY) FELMD 10
C FOTiTL : INPUT OXYGEN TO METAL RATIO OF FUEL (ATOMS OXYGEN/ FELMD 11
C ATOMS METAL) FELMD 12
C FCOMP : INPUT PU02 CONTENT OF FUEL (WEIGHT FRACTION) FELMD 13

15 C FELMD 14
C FELMOD : OUTPUT FUEL YOUNG'S MODULUS (N/M**2) FELMD 15
C UFELMD : OUTPUT STANDARD ERROR EXPECTED IN FELMOD (N/M**2) FELMD 16
C (NOT CURRENTLY RETURNED) FELMD 17
C FELMD 18

20 C THE EQUATIONS USED iN THIS FUNCTION ARE BASED ON DATA FROM FELMD 19
C (I) A. PADEL AND C. DE NOVION, J. NUCL. MAT. 33 (1969) FELMD 20
C PP 40 - 51 FELMD 21
C (2) J. BELLE AND B. LUSTHAN, FUEL ELEMENTS CONFERENCE, FELMD 22
C TID-7546 (1958) PP 480-481 FELMD Es

25 C (3) A. R. HALL, J. NUCL. MAT. 37 (1970) PP 314 - 323 FELMD 24
C FELMD 25
C FELMOD CODED BY V. F. BASTON MARCH 1974 FELMD 26
C MODIFIED BY C. 5. OLSEN IN FEBRUARY AND JULY 1975 FELMD 27
C MCt)IFIED BY D. L. HAGRMAN, E. T. LAATS, AND M. A. MORGAN FELMD 28

30 C JUNE 1977 FELMD 29
C FELMD 30

YS : 23.34EI0*(I.-(2.752*(I.-FRADEN)))*(I.-I.0915E-04*FTEMP) FELMD 31
UFELMD : 6.0E09 - FIELD 32
IF (FTEMP.LT.I.6E030) GO TO 100 FELMD 33

35 UFELMD : UFELMD+YS*(FTEMP-I.6E03)/6.0526E03 FELMD 34
IF (FTEMP.LT.3113.15) GO TO 100 FELMD 35
Y5 : I.E6 FELMD 36
UFELMD : 0.0 FELMD 37
GO TO 120 FELMD 38

40 100 UNSTOC : ABS(FOTMTL-2.0) FtLMD 39
IF (UNSTOC.GT.I.OE-03) GO TO 110 FELMD 40
IF (FCOMP.LT.I.OE-03) GO TO 120 FELMD 41

.10 B B =1.34 FELMD 42
IF (FOTI' L.LT.2.0) B : 1.75 FELMD 43

45 Y Y5*Er.P(-B*UN5T3C)*(I.+0.15*FCOMP) FELMD 44
UFELMD : (UFELMD**2+(Y-YS)**2)**0.5 FELMD 45
YS = Y FELMD +6

120 FELMOD : Y5FELMD l7
C FELMD 48

50 CALL DIALOT (FTEMP,5,FDiALA,FDIALM) FELMD 49
FELMOD : (FELMOD+FDIALA)*FDIALM FELMD 50
RETURN FELMD 51
END FELMD 52

10/21/80 PAGE i
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 FELMOD

VARIABLES
155 B
0 FCOMP

157 FDIALA
160 FDIALM
151 FELMOD
0 FOTMTL
0 FRADEN
0 FTEMP

153
154
156
152

UFELMD
UNSTOC
Y
YS

DEF LINE
3

SN TYPE
REAL
RE, L
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
52

RELOCATION

-. P.

F.P.
F.P.
F.P.

REAL
REAL
REAL
REAL

EXTERNALS
DIALOT
EXP

INLINE FUNCTIONS
ABS

STATEMENT LABELS
41 100
53 1.0

104 120

TYPE ARGS REFERENCES
4 50

REAL I LIBRARY 45

TYPE
REAL

ARGS
I INTRIN

DEF LINE
40
43
48

DEF LINE

REFERENCES
34
41
39

REFFRENCLS
40

36

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

REFS
REFS
REF5
REFS
REFS
REF5
REF5
REFS

DEFINED
REFS
REFS
REFS
REF5

47

45
42
50
50
51
40
32
32
3

35
41
46
35

DEFINED

51
51

DEFINED
44

DEFINED
34

46
45
47
45

43
DEFINED

48
DEFINED

3
35

DEFINED
DEFINED
DEFINED

46

44
3

51
3

36

33
40
45
486

50

35

DEFINED

38

32

46

37

161B 113
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5

!0

FEH155 : 0.78557+1.5263E-05*FTEMP
C
C THE FOLLOWING CALCULATIONS PROVIDE THE UPPER
C THE UPPER AND LOWER BOUNDS ARE NOT AN OUTPUT
C DESIRES TO MODIFY THE SUBCODE APPROPRIATELY.
C FE15U 15 THE UPPER BOUND

FEMI5U = FEMI55*(I.+0.06796)
C FENISL 15 THE LOWER BOUND

FEMISL :=FEMI55*(I.-0.06796)
100 CONTINUE

AND LOWER BOUNDS.
UNLESS THE USER

CALL DIALOT (FTEMP,3,FDIALAFDIALM)
FEM155: (FE155+FDIALA)*FDIALM
RETURN
EMD

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 FEHISS

VARIABLES
47 FDIALA
50 FDIALM
46 FEMISL
44 FE1I55
45 FEN15U
0 FTEMP

EXTERNALS
DIALOT

DEF LINE
3

54 TYPE
REAL
REAL

* REAL
REAL

* REAL
REAL

TYPE ARGS
4

REFERENCES
31

RELOCATION

F.P.

REFS
REFS

DEFINED
REFS

DEFINED
REFS

29
29
26
24
24
!e

30
30

30 DEFINED

DEFINE) 3

REFERENCES
29

FUNCTION FEMISS (FTEMP)

FENI55 CALCULATES FUEL EMISSIVITY AS A FUNCTION OF TEMPERATURE.

FTEMP : INPUT FUEL TEMPERATURE (K)
FEMI55 : OUTPUT FUEL EMISSIVITY (UNITLES5)

DATA USED TO DEVELOP THE MODEL ARE
HELD AND WILDER, JOURN. AMER. CERAM. 50C.
VOL. 52, (1969)
CABANNES, ET AT, C. R. ACAD. SCI., PARIS, SER. B
(1967)

FEHI55 WAS CODED BY R. E. MASON IN OCTOBER 1976.
15

25

C

30

FELMD
FELMD
FEMIS
FEMIS
FEM5
FEMIS
FEI5I
FENIS
FEI5I
FEMIS
FEM5
FEM5
FEMIS
FEMIS
FENIS
FEI5I
FEMIS
FEMIS
FENIS
FEI5
FENIS
FEN5
FENIS
FEM5
FEI5I
FEI5I
FENIS
FEMIS
FEN5I
FEM15
FEN5I
FEN15

53
54
2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
26
29
30
31

18 30

FUNCTION FEHM55 10/21/80 14.34.01 PAGE I



FUNCTION FEMISS

STATEMENT LABELS
0 100 INACTIVE

STATISTICS
PROGRAM LENGTH

140000B 5CM USED

76/176 OPT:0 TRACE STATIC

DEF LINE ktrERENCES
27

FTN 4.8+508 10/21/80 14.34.01
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FUNCTION FFRACS (FTEMP,FRADEN)

FFRAC5 CALCULATES THE U02 FRACTURE STRESS AS A FUNCTION OF
TEMPERATURE AND FRACTIONAL DENSITY.

FFRACS : OUTPUT U02 FRACTURE STRENGTH (PA)

FTEMP = INPUT FUEL TEMPERATURE (K)
FRADEN : INPUT FRACTIONAL FUEL DENSITY (RATIO OF ACTUAL DENSITY TO
THEORETICAL DENSITY).

THE CORRELATION FOR U02 FRACTURE STRENGTH 15 BASED ON THE
FOLLOWING DATA:
J. T. A. ROBERTS AND Y. UEDA, J. AMER. CER. SOC. 55 117(197?)
R. F. CANNON ET AL, J. AMER. CERAM. SOC. 54 105(1971).
J. KATANIC-POPOVIC AND PETROVIC, PHYS. SINTERING 5 95(1973).
F. KNUDSEN ET AL, J. AMER. CER. 50C. 43 641(1950).
M. BURDICK AND H. PARKER, J. AMER. CER. SOC. 39 181(i956).

FFRACS WAS PROGRAMMED BY C. 5. OLSEN IN SEPTEMBER 1975
MODIFIED BY G. A. REYMAWN IN SEPTEMBER 1977.

5TRU(T,F,A,BC,Q) : A*(I.-B*(I.-F))**C*EXP(-Q/(
DATA Al, B1, CI, 01 / a.70E08, 2.62, 0.5, 380.
TI : FTEMP
F1 : FRADEN
IF (TI.GT.1000.0) TI : 1000.

I.987*T))
/

FFRACS := TRU(TI,FI,AI,BI,CI,QI)

CALL DIALOT (FTEMP,8,FDIALA,FDIALM)
FFRACS : (FFRAC5+FDIALA)*FDIALM
RETURN
END

C
C

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 FFRACS

VARIABLES
57 Al
60 BI
61 Cl
72 FiIALA
73 FDIALM
67 FFRACS

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
35

RELOCATION

5

10

FEMI5
FEMIS
FRAC5
FRACS
FRACS
FRACS
FRACS
FRAC5
FRAC5
FRACS
FRAC5
FRACS
FRACS
FRAC5
FRAC5
FRACS
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRAC5
FRACS
FRAC5
FRACS
FRAC5
FRACS
FRAC5
FRAC5
FRAC5
FRAC5
FRACS

15

20

25

30 C

C

32
33
2
3
4
5
6
7
8

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

35

REFS
REF S
REFS
REFS
REFS
REFS

31
31
31
33
33
34

DEFINED
DEFINED
DEFINED

34
34

DEFINED

26
26
26

31
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VARIABLES
0 FRADE4
0 FTEMP

71 Fl
62 01
70 TI

EXTERNAi S
DIALOT
EXP

SN TYPE
REAL
REAL
REAL
REAL
REAL

TYPE ARGS
4

REAL Ii

INLINE FUNCTIONS TYPE
STRU REAL

ARGS
6

RELOCATION
F.P.
F.P.

LIBRARY

SF

REF RENCES
33

DEF LINE
25

REFS
REFS
REFS
REFS
RES

REFERENCES
31

STATISTICS
PROGRAM LENGTH

140000B
74B

SCM USED

28
27
31
31
29

DEFINED
33

DEFINED
DEFINED

31

3
DEFINED

28
26

DEFINED

PACE

3

2

27 29

60
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I C FRACS 36
C FRACS 37

SUBROUTINE FGASRL (FTEMP,FDENSBUFGRN,COMP,FMGPR,IT,TIME,CC2,CCI, FGSRL 2
+GBBG,FMGR,GBGOUT,FMGROT) FGSRL 3

5 C FGSRL 4
C FGASRL CALCULATES THE FISSION GAS RELEASE AS A FUNCTION FGSRL 5
C OF TEMPERATURE, FUEL POROSiTYTIME, GRAIN SIZE, AND BURNUP. FGSRL 6

FGSRL 7
C FTEMP : INPUT FUEL RING AVERAGE TEMPERATURE (K) FG5RL 8

10 C FDENI : INPUT FUEL DENSITY (KGiM**3) FGSRL 9
C BU : INPUT FUEL BURNUP (MW-5/KG-U) FGSRL 10
C FGRN : INPUT FUEL GRAIN SIZE (MICRONS) FGSRL 11
C COMP : INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FGSRL 12
C FMGPR : INPUT FISSION GAS PRODUCED IN THE L FUEL RING (MOLES) FGSPL 13

15 IT : INPUT POWER STEP NUMBER FGSRL 14
C TIME : INPUT TIME STEP LENGTH (5) FG5RL 15
C CC2 : INPUT CONCENTRATION OF GRAIN TRAPPED FISSION GAS FGSRL 16
C PER RING (MOLES/RING) FG5RL 17
C GBBG : INPUT CONCENTRATION OF GRAIN BOUNDARY TRAPPED FISSION FG5RL 18

20 C GAS PER RING (MOLES/RING) FG5RL 19
C FMGR : INPUT CUMULATIVE FISSION GAS RELEASED PER FUEL FG5RL 20
C RING (MOLES) FGSRL 21
C FGSRL 22
C CCI : OUTPUT CONCENTRATION OF GRAIN TRAPPED FISSION GAS FG5RL 23

25 C PER RING (MOLES/RING) FG5RL 24
C GBGOUT : OUTPUT CONCENTRATION OF GRAIN BOUNDARY TRAPPED FISSION FG5RL 25
C GAS PER RING (MOLES/RING) FG5RL 26
C FMGROT : OUTPUT CUMULATIVE FISSION GAS RELE'IED PER FUEL FG5RL 27
C RING (MOLES) FG5RL 26

30 C FG5RL 29
C THE FGA.RL CORRELATION WAS BASED ON THE FOLLOWING DATA FG5RL 30
C M.J.F. MOTLEY AND J.R. MACEWAN, AECL - 2230 FG5RL 31
C M.J.F. N3TLEY, ET AL., AECL - 1676 FG5RL 32
C W.R. SM'LLEY, WCAP - 3385 - 56 FG5RL 33

35 C C.E. BEYER AND C.R.HANN BNWL - 1076 FG5RL 34
C FG5RL 35
C AN APPROXIMATION FOR THE ERROR FUNCTION WAS USED TO EVALUATE FG5RL 36
C THE CONSTANTS ;N THE FOLLOWING EQUATIONS FG5RL 37
C THE APPROXIMATION WAS TAKEN FROM FGSRL 38

40 C C.H.HASTINCS,JR., APPROXIMATIONS FOR DIGITAL COMPUTERS FG5RL 39
C PRINCETON UdIVERSITY PRESS 1955 FGSRL 40
C FGSRL 41
C THE CORRELATION USED TO CALC'JLATE FISSION GAS RELEASE 15 THAT FGSRL 42
C DEVELOPED BY J. WEaSMAN AND P. E. MACDONALD, ANS TRANSACTIONS, FGSRL 43

45 C VOL. 12, NUMBER 2 (NOVEMBER 1969). FG5RL 44
C FG5RL 45
C FGASRL WAS CODED BY G. A. REYMANN (JULY 1976). FG5RL 46
C FGASRL WAS MODIFIED BY R. E. MASON (NOVEMBER 1978). FG5RL 47
C FG5RL 48

50 ERF(X) :=1.0-0.348024*.0/(I.0+0.47047*X)+0.0958798*(1.0/(1.0+0.47 FG5RL 49
+047*X))**2.0-0.7478556*(I.0/(I.0+0.47047*X))**3.0+0.000025 FG5RL 50

C FGSR L51
C - PROGRAM - FG5RL 52
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C FGSRL 53
55 B : BU FGSRL 54

t : lIME FGSRL 55
IF (IT.EQ.l) FMAA : 0.0 FGSRL 56
IF (IT.EQ.I) FMGR : 0.0 FGSRL 57
IF (IT.EQ.1) CC2 : 0.0 FGSRL 58

60 IF tBU.tE.0.0) B : 1.0 FGSRL 59
C FGSRL 60
C CALCULATION OF THE HIGH BURNUP FACTOR FG ,RL 61

FGSRL 62
BUNKEL : 1.25E14/((B/86.4)**3.0) FGSRL 63

65 IF (BUNKEL.GE.400.0) BUNKEL : 400.0 FG5RL 64
C FGSRL 65
C CALCULATION OF FUEL GRAIN RELEASE FGSRL 66
C FGSRL 67

ARI : 9.0E07*(EXP(-45289.86/FTEMP))+0.0005 FGSRL 68
70 AR2 : C.00005*AKI*(I.0-I.0/(EXP((FTEMP-1900.0)/40.0)+I.0)+EX(-BUN FGSRL 69

+KEL)) FGSRL 70
IF (TIME.LE.0.0) T : 1.0 FGSRL 71
IF (AK2*TIME.LE.I.OE-10) RK2 : 1.0E-10/T FG5RL 72
F : (1.0-(I.0-AKI)*((I.0-EXP(-AK2*T))/(AK2*T))) FGSRL '3

75 C FGSRL 74
IF (F.Gi.I.0) F : 1.0 FGSRL 75
IF (F.LE.0.0) F : 0.0 FGSRL 76

C FGSRL 77
FMA : F*FMGPR+CC2*(I.0-EXP(-AK2*T)' FGSRL 78

8C C FGSRL 79
C THE FOLLOWING CALCULATIONS PROVIDE UPPF.R AND LOWER BOUNDS FGSRL 80
C TO THE FGASRL EQUATION AND ARE NOT AN OUTPUT OF THE SUBCODE FGSRL 81
C UNLESS THE USER DESIRES TO MODIFY THE SUBCODE APPROPRIATELY. FG5RL 82
C IF THE UPPER OR LOWER BOUND 15 USED IT SHOULD REPLACE FMA IN THE FGSRL 83

85 C SUBCODE. FGSRL 84
C FGSRL 5
C UFGASH 15 THE UPPER BOUND FGSRL 86

UFGASH : 1.6*FMA FGSRL 87
IF (UFGASH.GE.FMGPR+CC?) UFGASH : FMGPR+CC2 FGSRL 88

90 C UFGASL 15 THE LOWER BOU 1J FGSRL 89
UFGASL - 0.4*FMA FGSRL 90

C FGSRL 91
IF (GBBG.LE.0.0) G3BG : FMA*I.OE-06 FGSRL 92
GBBG : GBBG+FMA FG5RL 93

95 C FGSRL 94
C FISSION GAS WHIC 15 NOT RELEASED FROM THE GRAIN BOUNDARY 15 FGSRL 95
C LABELED GBBG(L) FGSRL 96
C GSRL 97
C CALCULATION OF GRAIN BOUNDARY GAS RELEASE F(JSRL 98

100 C FGSRL 99
ROTH : II.45*COMP/100.+(I.-COMP/100.)*10.97 FGSRL 100
FP : 1.0-0.00I*FDENS/ROTH FGSRL 101
P : 1.0/(I.0+(I.0/FP-I.0)*t.nE05/(FGRN**3.0)) FGSRL 102
FBR : (1.0-ERF(P))+EXP(-BUNKEL) FGSRL 103

195 IF (FTEMP.GT.2100.) FBR : .0-(I.0-FBR)/(FTEMP-2099.) FGSRL 104
IF (FBR.LE.0.0) FBP : 0.0 FG5RL ICS

10/21/80 14.34.01 PAGE 2SUBROUTINE FGASRL
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IF (FBR.GT.I.0) FBR : 1.0

FMAA : FBR*GBBG
CCI = CC2+FMGPR-FMA
GBGOUT : GBBG-FMAA
FMGROT :-FMGR+FMAA

CALL DIALOT (FTEMP,12,FDIALAFDIALM)
FMGROT :_(FMGROT+FDIALA)*FDIALM
RETUPM4
END

SYMBOLI REFERENCE MAP (R:2)

ENTRY POINTS
4 FGASRL

"4RIABLES
331 AKI
332 AKZ
325 B
0 Bu

330 BUNKEL
0 CCI
0 CC2
0 COMP

333 F
342 FBR

0
?43
34#4'
0

334

327
0
0
0

340
0
0

0
0

34'
337
326

0

FDENS
FDIALA
FDIALM
FGRN
FMA

FMAA
FMGPR
FMGR
FtGROT
FP
FTEMP
GBBG

GBGOUT
IT
P
ROT 
T
iiME

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
INTEGER
RE AL
PEAt

EAL

REFERENCES
116

RELOCATiUN

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
F.P.
F.P.

F.P.
F.P.

F.P.
F.P.

F.P.

C

1'10

C

I IS

FGSRL
FG5RL
FGSRL
FG5RL
FG5RL
FGSRL
FGSRL
FGSRL
FGSRL
'GSRL
FG5RL

106
107
108
109
110
III
112
113
114
115
116

DEFINED
79
55

DEFINED
104

110
3

79
107

69
DEFINED

60
3

DEFINED

DEFINED

DEFINED
109

70

3

74
DEFINED

73

65

59

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

106
REFS
REFS
REFS
REF.
REFS

DEFINE.
REFS
REFS
REFS
REF5S
REF5S
REFS
REFS

DEFINED
REFS
REF5
QE F5
RE; J

9--

3

70
73

65

79
2*101

76
105
107
102
114

I 4
103
88
79
III
79

112
115
103
69
93

3
57

3*104
102

73

74
2*74

DEF I NED
60
70

110
2*89

DEFINED
77

106

DEF INED
15
115

DEFINED
91

112
2*89

DEF INED
DEFINED
DEFINED

70
94

III
58

,EFINED
DEFINED

.73

76
104

77
105

3
93

DEFINED
110
3
3

132
2*105

109

59
103
101
,'Q

'3

110

109
3

115

DEF'NED
DEFINED

94

57
DEFINED

58
I 12

III

DEFINE 0

DEFiNED
DEFIEU

3
3 13

3

56
3
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VARIABLES
335 t'FGA5h
336 UFGASL

EXTERNALS
DIALOT
EXP

SN TYPE
REAL

* REAL

TYPE ARGS
4

REAL II

RELOCATION

LIBRARY

REFERENCES
114
69

INLINE FUNCTIONS
ERF

TYPE
NEAL

ARG5
i 5F

DEF LINE
50

REFERENCES
104

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

REFS
DEFINED

DEFINED89
sI

74

88

2*70

89

3458

79

229

r
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$ C FGSRL 117
C FGSRL 118

SUBROUTiI' FHOTPS (C0MP,FCM,HMrRES,TINEFTEMPTLAST,5INPOR,FVC) FHTPS 2
C FHTPS 3

5 C FHOTPS RETURNS THE FRACTIONAL VOLUME CHANGE FOR U02 AND FHTPS 4
C MIXED OXIDES DUE TO PRESSURE ON THE FUEL FHTPS 5
C FHTPS 6
C COMP : INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FHTPS 7
C FOM : INPUT FUEL OXYGEN TO METAL RATIO FHTP5 8

10 C HSTRES : INPUT HYDROSTATIC STRESS ON THE FUEL PELLET (PA) FHTPS 9
C TIME : INPUT TIME TO END OF TIME STEP (5) FHTPS 10
C TLAST : INPUT TIME TO END OF LAST TIME STEW (5) FHTPS 11
C FTEMP : INPUT TEMPERATURE OF THE FUEL RING (K) FHTPS 12
C SINPiR : INPUT FRACTIONAL POROSITY WHICH CAN BE SINTERED FHTPS 13

15 C FHTPS 14
C FVC : OUTPUT FRACTIONAL VOLUME CHANGE FHTPS 15
C FHTPS 16
C THE U02 PRESSURE SINTERING CORRELATION 15 BASED ON THE FOLLOWING FHTPS 17
C DATA FHTPS 18

20 C WOLFE AND KAUFMAN, WAPD-TM-587(1967) FHTPS 19
C WARREN AND CHAKLADER, METALLURGICAL TRANSACTIONS 1(1970) FHTPS 20
C FHTP5 21
C THE (UPU)02 PRESSURE SINTERING CORRELATION 15 BASED GN THE FHTPS 22
C FOLLOWING DATA FHTPS 23

25 C VOGLEWEDE, ANL-RDP-22 FHTPS 24
C FHTPS 25
C FHOTPS WAS DEVELOPED AND PROGRAMMED BY R. E. MASON - AUGUST 1977 FHTPS 26
L FHTPS 27
C IF i.3TRE 15 NOT DETERMINED IN THE CODE USING THIS SUBCODE FHTPS 28

36 C THEN SET HSTRES EQUAL TO A DEFAULT VALUE OF 1.0E+06 FHTPS 29
C FHTPS 30
C - PROGPIM - FHTPS 31
C FHTPS 32

DI PENSION C(7) FHTPS 33
35 Y( ,VT) : ((UT/(V-VT))**2.1).'U FHTPS 34

ROTH = 11.45*%.MP/100.+(I.-COMP/100.)*10.97 FHTPS 35
C FHTPS36

IF (HSTRES.EQ.0.0) GO TO 190 FHTPS 37
B = 30.0 FHTPS 38

40 M : 0.0 FHTPS 39
C FHTPS 40

IF (COMP.GT.0.0) GO TO 100 FHTPS 41
IF (F0M.LT.2.0) FOM : 2.0 FH'/5 42
XX : ABS(ALOGIO(FOt-1.9999)/2.5) FFPS 43

45 Q = 4C31.8/(EXP(8*('.-XX)/XX)+I.)+26000. r ePS 44
GO TO il0 FHTP5 45

100 CONI!NUE FHTPS 46
B : 22.0 FHTPS 47
Q = 9.0E04 FHTPS 48

50 110 CONTINUE FHTPS 49
H :4.0/3.0 FHTPS 50
TCHG : TIIE-TLAST FHTPS 51
Z : B*TCHG*(HSTRES**H)*(EXP(-QF1EMP)) FHTPS 52
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FHTPS 53
IF (Z.EQ.0.0) GO TO 190 FHTPS 54
"T : (0.1097*COMP+(I.0-..0I*COMP)*11.46)/125.72 FHTPS 55
IF (SINPOR.LE.O.' GO TO 190 FHTPS 56
VI : 1.0/(ROTH*(I.0-SIHPOR)) FHTPS 57
VF : VI FHTPS 58

60 V2 : VT+I.OE-07 FHTPS 59
A : AB5(VF-V2) FHTPS 60
C(I) : Y(VF,VT) FHTPS 61
C(7) : Y(V2,VT) FHTPS
V : VF FHTPS 63

65 C FHTPS 64
DO 120 1:2,6 FHTPS 65
V : V-A/6 FHTPS 66
IF (V.LT.VT) GO TO 190 FHTPS 67
C(I) - Y(V,JT) FHTPS 68

70 120 CONTINUE FHTPS 69
C FHTPS 70

SII : A*(C(I)+1.0*(C(2)+C(4)+C(6))+2.0*(C(3)+C(5V'+C(7))/18.0 FHTPS 71
IF (SIM/Z.LE.l.0' GO TO 210 FHTPS 72
V2 : -(A85(VI-VT))*0.5+VI FHTP5 73

75 A A85(: F-V2) FHTPS 74
C(1) : YkVF,VT) FHTPS 75
C(7) : YAJ2,VT) FHTPS 76
V : .F FHTPS 77

C FHTPS 78
80 DO 130 1:2, c FHTJ5 79

V : V-P'5 FHTPS 80
C(U) : Y(t,VT) FHTPS 81

130 CONTINUE FHT 5 82
C FhTPS 83

85 511 : A*(C(I)+4.0*(C(2)+C(4)+C(6))+2.0*(C(3)+C(5))+C(7))/18.0 FHTPS 84
IF (SIM/Z.GE.0.990.AND.SIM/Z.LE.I.011) GO TO 200 FHTPS 85
IF (51/Z.LT.I.0) GO TO 140 FHTPS 86

C FHTPS 87
V3 = V2 FHTPS 88

90 V2 : ((AB5(VI-V2))/2.0)+V2 FHTPS 89
GO TO 150 FHTPS 90

C FHTPS 91
140 CONTINUE FHTPS 92

VI : V2 FHTP5 93
95 V2 : ((ABS(V2-VT))*0.5)+VT FHTPS 94

U3 : VT FHTPS 95
C FHTPS 96
150 CONTINUE FHTP5 97

IF (M.GE.15) GO TO 200 FHTPS90
100 M : M+1 FHTPS 9'

A AB5(VF-V2) FHTPS ICJ
C(I) : Y(VF,VT) FHTPS 101
C(7) Y(V2,VT) FHTPS 102
V : VF FHTPS 103

105 DO 160 1:2,6 FHTPS 104
V : V-A/6 FHTPS 105

SUBROUTINE FHOTPS t1/21/80 14.34.01 PAGE
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C
160

C

IF (V-1T.LE.0.0) GO TO 200
C(I) : Y(V,VT)

CONTINUE
SIM : At(C(1)+4.0*(C(2)+C ' ')+C:6))+2.1*iC(3).+C(5))+C(7))/18.0
IF (SIM/Z.GE.O.990.AND.5IM/Z.L.'.011) GO TO 200
IF (SIM/..GT I.0) GO TO 170
IF (SIli.LT.I.0) GO TO 180

170 CONTINIQi
V3 : VA.
V2 : (iAB5(V-V2))/2.0)+V2
GO TO 150

180 CONTIIIUE
VI : V,
V2 : ((AD5(V2-V3))/2.0)+V3
GO TO 150

C
190 CONTINUE

FVC :=0.0
GO TO 220

200 CONTINUE
FUC : (V2-VF)/VF
GO TO 220

210 CONTINUE
FVC : (UT-VI)/Vi
CONTINUF
IF (AB5(FUC).GE.SINPOR) FUC = -5INPOR

C
RETURN
EN!)

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FHOTPS

VARIABLES
564 A

551
571

0
0
0
0

555
0

D
C

COMP
FOMl
FTEMP
FVC
H
HSTRES

DEF LINE
3

SN TYPE
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
136

RELOCATION

ARRAY

F.P.
F.P.
F.P.
F.P.

F.P.

110

115

120

X25

130

135

FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTP5
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS
FHTPS

106
107
108
109
110
lI'II.
Il?

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
'3'
131
132
133
134
135
136

REFS
DEFINED

REF5
REFS

69
REFS
REFS
REFS
REF5
REFS
REF5

67
61
53
34
76

2*36
43
53

134
53
38

72
75

DEFINED
7*72
77
42
44

DEFINED
DEFINED
DEFINED

53

81
101
39

7*85
82

2*56
DEFINED

3
3

51
DEFINED

85

48
7*111

102
DEFINED

3

126

III

62
108

106

DEFINED
103
3

43

129

63

3

132 134
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VARIABLES
566 I
552 h
554 QO
550 ROTH
567 SIN

0
556
0
0

565

SINPOR
TCHG
TIME
TLAST
V

562 VF

560 UT

561 VI

563 U2

570
553
557

V3
XX
z

SN TYPE
INTEGER
INTEGER
REAL
REAL
REAL

RELOCATION

REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL

REAL

REP'
RE( -
REAL

F.P.

F.P.
F.P.

EXTERNALS
ALOG!0
EXP

INLINE FUNCT I O5
ABS

Y

STATEMENT LABELS
52 100
57 1'0
0 t20
0 130

316 140
330 150
0 't?

41' 170
445 180
'456 190
Q62 20C
467 210
473 220

TYPE
REAL
REAL

TYPE
REAL

ARGS
I LIBRARY
I LIBRARY

ARGS
I

REAL

INTRIN

2 SF

DEF LINE
47
50
70
83
93
98

110
116
120
125
128
131
133

REFERENCES
44
45

DEF LINE

35

REFERENCES
42
46
66

87
91

105
113
114

73

53

REFERENCES
44
122
62
108

119

55
99

130

1Q/2t/86 14.34.01 PAGE

66
100

113

80 105REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
2*108
REFS
2*102
REFS
2*77
132

REFS
DEFINED
REFS

95
DEFINED

REFS
REFS
REFS

DEFINED

114

3

69
99
53
58
73
72
57
53
52
52
67

DEFINED
61
104
60

2*82
DEFINED

59
58
61

101
60

2*122
2*45
55
53

82
100

DEFINED
DEFINED

2*86
85
58

DEFINED
DEFINED
DEFINED

68
64

2*62
2* 129
2*62
2*95
56

2*74
94

2*63
2*103

74
DEFINED
DEFINED

73

108
DEFINED

'45
36
87

III
2*134
52
3
3

2*69
67
64

DEFINED
2*63
96

90
121
75

117
90
89
44

2*6

DEFINED
+0

49

2*112

DEFINED

81
78
75
59
68

2*102

118

2*77
2*118

95
96

87

106
104
78

174
107

107
106
101

2*76
2*108

2*82
81
2*76

2*69
2*103

2*132

89
121
118
117

2*112

2*90
122
122

94
129

113

61
134
63 69

75

76

90

77

95

82

101

102

118

103

123

57
107

68
112

SUBROUTINE FHOTPS
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L'iBEL
120
130
160

INDEX
I
I
I

76/176 OPT:0 TRACE STATIC

FROM-TO
66 70
80 83
lOC 110

LENGTH
208
I58
208

PROPERTIES
EXT REFS
EXT REFS
EXT REFS

FTN 4.8+508

EXITS

EXITS

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

LOOPS
152
244
363

6008 384
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C FHTPS 137
C FHTPS 138

FUNCTION FPOIR (FTEMPCOMP) FPOIR 2
C FPOIR 3

5 C FPOIR RETURNS POISON'S RATIO FOR 102 AND MIXED OXIDES FPOIR 4
C FPOIR 5
C FPOIR : OUTPUT POISSON'S RATIO FOR U02 (UNITLESS) FPOIR 6
C FPOIR 7
C FTEMP : INPUT FUEL TEMPERATURE (K) FPOIR 8

10 C COMP = INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FPOIR 9
C FPOIR 10
C POISON'S RATIO FOR U02 USED IN THIS ROUTINE WAS EVALUATED FPOIR $1
C FROM THE MEAN OF THE DATA PRESENTED BY WACHTMAN ET AL., J. NUC. FPOIR 12
C MAT. 16 (1965) PP 39-41 FPOIR 13

I5 C POISSON'S RATIO FOR MIXED OXIDES IS THE VALUE DETERMINED BY NUTT FPOIR 14
C AND ALLEN, J. AMER. CERAM. SOC., 53 (1970) P 205 FPOIR 15
C FPOIR 16
C FPOIR WAS ORIGINALLY CODED BY V.F. BATON IN MARCH 1974. FPOIR 17
C FPOIR WAS MODIFIED BY C.S. OLSEN IN FEB 1975. FPOIR 18

20 C FPOIR 19
COMMON ' LACMDL / MAXIDX, EMFLAG FPOIR 20
DIMENSION EMFLAG(I) FPOIR 21
DATA ON / 2HON /, FPOIR 22

+ OFF / 3HOFF /, FPOIR 23
25 + LOCIDX / 1II / FPOIR 24

C FPOIR 25
IF (EMFLAG(LOCIDX).EO.ON) GO TO 100 FPOIR 26

C FPOIR 27
T : FTEMP FPOIR 28

30 FPOIR : 0.316 FPOIR 29
IF (COMP.GT.0.0) FPOIR : 0.276 FPOIR 30
GO TO 110 FPOIR 31

100 FPOIR : EMFPIR(FTEMP1 FPOIR 32
110 CONTINUE FPOIR 33

35 C FPOIR 34
CALL DIALOT (FTEMP,6,FDIALA,FDIALM) FPOIR 35
FPOIR : (FPOIR+FDIALA)*FDIALM FPOIR 36
RETURN FPOIR 37
END FPOIR 38

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 FPOIR 3 38

VARIABLES SN TYPE RELOCATION
0 COMP REAL F.P. REFS 3! DEFINED 3
1 ENFLAG REAL ARRAY LACMDL REFS 21 22 27

S7 FDIALA REAL REFS 36 37

10/21/80 14.34.01 PAGE IFUNCTION FPOIR
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'AR I ABLE
60 FDIALM
55 FPOIR
0 FTEMP

51 LOCIDX
0 MAXIDX

50 OFF
47 ON
56 T

EXTERNALS
DIALOT
EMFPIR

5N TYPE
REAL
REAL
REAL
INTEGER
INTEGER

* REAL
REAL

* REAL

RELOCATION

F.P.

LACMDL

TYPE ARGS
4

REAL 1

STATEMENT LABELS
24 100
31 110

DEF LINE
33
34

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED

REFERENCES
36
33

REFERENCES
27

COMMON BLOCKS
LACMDL

LENGTH
2

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

140000B SCM

36
37
29
27
21
23
27
29

3?
DEFINED

33
DEFINED

DEFINED

31
DEFINED

30
36
23

23

33
3

37

LENGTH
USED

61B
28

49
2

10/21/80 14.34.01 PAGE 2FUNCTION FP3IR
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C FPOIR 39
C FPOIR 40

SUBROUTINE FRESTR (FTEMP,TIMESTGRNINT,GRADT,POWDEN,GRNSIZ,NSHATR, FRSTR 2
+FDEHS,COLGRNNCOLGN) FRSTR 3

5 C FRSTR 4
C FRESTR CALCULATES FUEL RESTRUCTURING WHICH INCLUDES; FRSTR 5
C . CALCULATION OF EQUIAXED GRAIN GROWTH FRS'. 6
C . CALCULATION OF COLUMNAR GRAIN GROWTH. FRSTR 7
C . CALCULATION OF FUEL SHATTERING. FRSTR 8

10 C . CALCULATION OF FUEL DENSITY IN COLUMNAR GRAINS. FRSTR 9
C POWDEN : INPUT POWER DENSITY IN FUEL REGION (J/iM*3). FRSTR 10
C FTEMP : INPUT FUEL TEMPERATURE (K). FRSTR 11
C GRADT : INPUT TEMPERATURE GRADIENT (K/M) FRSTR 12
C TIMEST : INPUT TIME STEP (5). FRSTR 13

15 C GRNINT : INPUT FUEL GRAIN SIZE (M). FRSTR 14
C BU : INPUT TOTAL BURNUP OF FUEL (MWS/KG). FRSTR 15
C FRSTR 16
C THE FOLLOWING FIVE PARAMETERS MUST BE STORED IN AN ARRAY FRSTR 17
C EXTERNAL TO THIS SUBROUTINE. THE ARRAY SIZE SHOULD BE EQUAL TO FRSTR 18

20 C THE NUMBER OF RADIAL NODES BEING CONSIDERED. FRSTR 19
C GRNSIZ : OUTPUi EQUIAXED FUEL GRAIN SIZE(l). FRSTR 20
C NCOLGN : INPUT/OUTPUT; I IF COLUMNAR GRAINS FORMED AND 0 IF NOT. FRSTR 21
C N5HATR : INPUT/OUTPUT; I IF FUEL 15 SHATTERED AND 0 IF NOT. FRSTR 22
C FDENS : INPUT/OUTPUT FUEL DENSITY (KG/M**3). FRSTR 23

25 C COLGRN : OUTPUT COLUMNAR GRAIN LENGTH (M) FRSTR 24
C FRSTR 25
C FRESTR WAS CODED BY C.5.OLSEN NOVEMBER 1975. FRSTR 26
C FRESTR WAS RECEDED BY R.E.MASON JULY 1979. FRSTR 27
C FRSTR 28

30 C FRESTR WAS DEVELOPED FROM THE FOLLOWING SOURCES. FRSTR 29
C FRSTR 30
C J. B. AINSCOUGH, B. W. OLDFIELD AND J. 0. WARE, "ISOTHERMAL FRSTR 3;
C GRAIN GROWTH KINETICS IN SINTERED U02 PELLETS," JOURNAL OF FRSTR 32
C NUCLEAR MATERIALS, 49 (1973/74). FRSTR:3

35 C FRSTR 4
C R. N. SINGH, "ISOTHERMAL GRAIN-GROWTH KINETICS IN SINTERED FRSTR 35
C U02 PELLETS," JOURNAL OF NUCLEAR MATERIALS, 64 (1977). FRSTR 36
C FRSTR 37
C J. R. MACEWAN, GRAIN GROWTH IN SINTERED URANIUM DIOXIDE, FRSTR 38

40 C AECL-1184 (1961). FRSTR 39
C FRSTR 40
C V. H. STEHL, "KORNWACHSTIJM "ON U02," BERICHT DER DEUTSCHEN FRSTR 41
C KERAMISCHE GESELLSCHAFT, 10 (1963). FRSTR 42
C 40 (1963). FRSTR 43

45 C FRSTR 44
C D. W. BRITE ET AL, EEI/EPRI FUEL DENSIFICATION PROJECT 131 FRSTR 45
C FINAL REPORT (1975). FRSTR 46
C FRSTR 47
C M. D. FRESHLEY ET AL, PLUTONIA FUEL STUDY, EPPI NP-637 (1978). FRSTR 48

50 C FRSTR '+9
C H. KAWAMATA, H. wANEKO, H. FURUYA, AND M. KOIZUMI, "MIGRATION FRSTR 50
C RATE OF LENTICULAR VOIDS IN U02 UNDER THE INFLUENCE OF FRSTR L1
C TEMPERATURE GRADIENT," JOURNAL OF NUCLEAR MATERIALS (1977). FRSTR 52
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C FRSTR 53
55 C B. J. BUESCHER AND R. 0. MEYER,"THERMAL-GRADIENT MIGRATION OF FRSTR 54

C HELIUM BUBBLES IN URANIUM DIOXIDE," JOURNAL OF NUCLEAR FRSTR 55
C MATERIALS, 48 (1973). FRSTR 56
C FRSTR 57
C N. OLDFIELD AND J. B. BROWN, JR., "BUBBLE MIGRATION IN U02 FRSTR 58

60 C - A STUDY USING LASER IMAGE FURNACE," MATERIAL SCIENCE AND FRSTR 59
C ENGINEERING, 6 (1970). FRSTR 60
C FRSTR 61
C C. RONCHI AND C. SARI, "PROPERTIES OF LENTICULAR PORES IN FRSTR 62
C U02, (U,PU)02, AND PU02," JOURNAL OF NUCLEAR MATERIALS, 50 FRSTR 63

65 C (1974). FRSTR 64
C FRSTR 65
C FRSTR 66
C PROGRAM; FRSTR 67
C FRSTR 68

70 COMMON / PHYPRO / FTMELT,FHEFUS CTMELT,CHEFUS,CTRANB, FRSTR 69
CTRANE,CTRANL,FDELTA,BUCOMP,DELOXY FRSTR 70

C FRSTR 71
C CALCULATION OF COLUMNAR GRAIN GROWTH PARAMETERS. FRSTR 72
C FRSTR 73

75 VELENT : 49.2227*GRADT*EXP(-44980.0,FTEnP)/(FTEHP*FTEMP) FRSTR 74
IF (NCOLGN.EQ.I) GO TO 100 FRSTR 75
NCOLGN : 0 FRSTR 76
IF (VELENT*TIMEST.LE.0.0005) GO TO 100 FRSTR 77

C THE UNCERTAINITY OF THE COLUMNAR GRAIN GROWTH THRESHOLD FRSTR 78
80 C 15 + OR - 100 K. FRSTR 79

COLGRN TIMEST*VELENT FRSTR 80
CALL DIALOT (FTEMP,I0,FDIALA,FDIALM) FRSTR 81
COLGRM _ (COLGRN+FDIALA)*FDIALM FRSTR 82
NCOLGN :=I FRSTR 83

85 NSHATR : 0 FRSTR 84
C FRSTR 85
100 CONTINUE FRSTR 86

IF (NCOLGN.EQ.) FDENS : 10750.6 FRSTR 87
C CALCULATION OF EQUIAXED GRAIN GROWTH OR COLUMNAR GRAIN WIDTH FRSTR 88

90 C FRSTR 89
GRNSIZ = (GRNINT**4.+.102667E-12*EXP(-35873.2/FTEMP)*TIMEST/(FTEMP FRSTR 90
+*(i.-5.74664E-6*BU)*(I.-5.74664E-6*BU)))**.25 FPSTR 91
CALL DIALOT (FTEMP,I0,FDIALA,FDIALM) FkSTR 92
GRNSIZ = (GRNSIZ+FDIALA)*FDIALM FRSTR 93

95 C THE STANDARD ERROR OF ESTIMATE OF EQUIAXED GRAIN SIZES IS FRSTR 94
C + OR - 8.400E-06. FRSTR 95
C FRSTR 96
C CALCULATION OF FUEL SHATTERING FRSTR 97
C FRSTR 98

100 IF ((N5HTR.EQ.1).OR (NCOLGN.EQ.I)) GO TO 110 FRSTR 99
NSHATR : 0 FRSTR 100
IF (FTEMP.GE.FTMELT) GO TO 110 FRSTR 101
EFRACS : 6.*(0.24-6.E-4*(FTEMP-1673.)),GRNSIZ FRSTR 102
IF (POWDEN.GE.EFRACS) NSHATR =I FRSTR 103

105 C FRSTR 104
110 CONTINUE FRSTR 105
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RETURN
END

SYMBOLIC REFERENCE MAP (R:2)
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FRSTR
cRSTR

106
107

ENTRY POINTS
4 FRESTR

VARIABLES
10 BU
3 CHEFUS

170 COLGRI
0 COLGRN
I COMP
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ
12 DELOXY

171 EFRACS
7 FDELTA
0 FDENS

166 FDIALA
167 FDIALM

I FHEFUS
0 FTEMP

0
0
0
0
0
0
0
0

165

FTMELT
GRADT
GRN I NT
GRNSIZ
NCOLGN
NSHATR
POWDEN
TIIEST
VELENT

DEF LINE
3

SN TYPE
REAL
REAL

* REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL

REFERENCES
107

RELOCATION
PHYPRO
PHYPRO

F.P.
PHYPRO
PHYPRl'
PHYP"<O
PHYPRO
PHYPRO
PHYE RO

PHYP'O
F.P.

PHYPRO
F.P.

PHYPRO
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.
F.P.

EXTERNALS
DIALOT
EXP

STATE ENT LABELS
47 100

131 1:0

RE

TYPE ARGS
4

AL I LIBRARY

DEF LINE
87

106

REFERENCES
82
75

REFERENCES
76
100

COMMIT G BLOCKS5
PHYPRO

2*91

3 81

REF5
REF5

DEFINED
REF5
REFS
REFS
REF5
REF5
REF5
REFS
REFS
REF5

DEFINED
REF5
REF5
REF5
REF5

DEFINED
REF5
REFS
'EF5
REF5
REFS
REFS
REFS
REF5
REFS

103

70
70
83
83
70
70
70
70
70
70

104
70
3

82
82
70

3*75
3

7f.
75
91
94
76
100
104
78
78

DEFINED

DEFINED

88
83
83

82

102
DEFINED
DEFINED

103
88

DEFINED
DEFINED

61
81

93
93

2*91

3
3

DEFINED
100
3
3

91
DEFINED

94
94

93

3
DEFINED

85

DEFINED
75

102

91
3

101

103

94
77

104

LENGTH
II

93
91

78
102

3
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

I40000B SCM USED

:720
X30

122
I,
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C FRSTR :8
C FRSTP 109

SUBROUTINE FSWELL (FDENS,COMP, BU, BUL,FTEMPGASWL, 5u;oW) FSWCL 2
C FSWEL 3

5 C COY' : INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FSWEL 4
C FDi.n : INPUT INITIAL DENSITY OF THE FUEL (KG/M**3) FShL 5
C FTEMP : INPUT TEMPERATURE OF THE FUEL RING (K) FSWEL 6
C BU = INPUT AURNUP TO END OF TIME STEP (MW-S/KG-U) FSWEL 7
C BUL : INPUT BURNUP TO END OF LAST TIME STEP (MW-S/KG-U) FSWEL 8

1L C FSWEL 9
C GA5WL : OUTPUT FUEL SWELLING DUE TO GAS FISSION PRODUCTS FSWEL 10
C (FRACTION) FSWEL Ii
C SOLDSW : CUTPUT FUEL SWELLING DUE TO SOLID FISSION PRODUCTS FSWEL 12
C (FRACTION) FSWEL 13

15 C FSWEL 14
C FSWELL WAS DEVELOPED AND PROGRAMMED BY R. E. MASON - JUNE 1978. FSWEL 15
C FSWEL 16
C THE U02 SWELLING CORRELATION 15 BASED ON THE FOLLOWING DATA FSWEL 17
C CHUBB,ET AL., NUCLEAR TECHNOLOGY 18 (1973) FSWEL 18

20 C TURNBULL, JOURN. NUCL. 'ATER., 50 (1974) F5WEL 19
C BANKS, JOURN. NUCL. MATER., 54 (1974) FSWEL 20
C DANIEL ET AL., WAPD - 263 (1962) FSWEL 21
C FSWEL 22
C - PROGRAM - FSWEL 23

25 C FSWEL 24
BUS : FDENS*2.974E+10*(BU-BUL) FSWEL 25
SOLDSW : BUS*2.5E-23 FSWEL 26
IF (FTEMP.LT.2300.) GO TO 100 FSWEL 27
GASWL : 0.0 FSWEL 28

30 GO TO 110 FSWEL 29
100 CONTINUE FSWEL 30

GA5WL : (8.80E-50*((2800.-FTEMP)**11.73)*EXP(-2.4E-10*BU*FDENS)*EX FSWEL 31
+P(-0.0162*(2800.-FTEMP)))*BUS FSWEL 32

110 CONTINUE FSWEL 33
35 CALL DIALuT (FTEMP,9,FDIALA,FDIALH) FSWEL 34

GASWL : (GASWL+FDIALA)*FDIALM FSWEL 35
SOLD5W = (SOLD5W+FDIALA)*FDIALM FSWEL 36
RETURN FSWEL 37
END FSWEL 38

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 FSWELL 3 38

VARIABLES SN TYPE RELOCATION
0 BU REAL F.P. REFS 26 32 DEFINE) 3
0 BUL REAL F.P. REFS 26 DEFINED 3

120 BUS REAL REFS 27 32 DEFIN. J 26
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VARIABLES
o COM1F
0 FDENS

121 FDIALA
122 FDIALMI
0 FTEMP
0 GASNL
o 5OLDSW

EXTERNALS
DIALOT
EXP

SN TYPE
'EAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
*UNUSED F.P.

F.P.

F.P.
F.P.
F.P.

TYPE ARGS
4

REAL I LIBRARY

STATEMENT LABELS
25 100
53 H0

DEF LINE
31
34

DEFINED
REFS
REF5
REF5
REF5
REFS
REFS

REFERENCES
35

2*32

REFERENCES
28
30

SJATI9 ICS
PROGRAM LENGTH

140000B SCM USED

3
26
35
35
28
36
37

32
36
36

2*32
DEFINED
DEFINED

DEFINED
37
37
35
3
3

3

DEFINED
29
27

3
32
37

36

12 38 83

SUiBROUTINE F5NELL FIN 4.8+508 IO/?1/80 14.34.01 PAGE
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1 C FSWEL 39
C FSWEL 40

SUBROUTINE FTHCON (FTEMP,FRADEN,FOTMTL,CON,DKDT) FTHCN 2
C FTHCN

5 C FTHCON CALCULATES THE FUEL THERMAL CONDUCTIVITY AND ITS FTHCN 4
C DERIVATIVE WITH RESPECT TO TEMPERATURE AS A FUNCTION OF FTHCN 5
C TEMPERATURE, DENSITY, OXYGEN TO METAL RATIO, COMPOSITION FTHCN 6
C AND BURNUP FTHCN 7
C FTHCN 8

10 C CON : OUTPUT FUEL THERMAL CONDUCTIVITY (W/(M*K)) FTHCN 9
C DKDT : OUTPUT DERIVATIVE OF FUEL THERMAL CONDUCTIVITY FTHCN 10
C WITH RESPECT TO TEMPERATURE (W/M*K*K)) FTHCN 11
C FTHCN 12
C FTEMP : INPUT FUEL TEMPERATURE (K) FTHCN 13

15 C FRADEN : INPUT FUEL DENSITY (RATIO OF ACTUAL DENSITY TO FTHCN 14
C THEORETICAL DENSITY) FTHCN I5
C FOTMTL : INPUT OXYGEN TO METAL RATIO OF FUEL (ATOMS OXYGEN/ FTHCN 16
C ATOMS METAL) FTHCN 17
C FTHCN 18

20 C THE FOLLOWING INPUTS ARE BY COMMON BLACK FTHCN 19
C COMP : INPUT PUO2 CONTENT OF FULL (PERCENT PUO2 FTHCN 20
C IN TOTAL .L WEIGHT) FTHCN 21
C BU - INPUT EURNUP (MW-S/KG-U) FTHCN 22
C EMFLAG(12) : INPUT SWITCH FOR EVALUATION MODEL. IF IHIS FTHCN 23

25 C VARIABLE 15 EQUAL TO ON THE MATPRO MODEL FOR FIHCN 24
C FUEL THERMAL CONDUCTIVITY 15 REPLACED BY THE FTHCN 25
C SUBCODE EMFTON FTHCN ?6
C FTHCN 2"
C THE FOLLOWING UNCERTAINTY 15 COMPUTED BUT NOT RETURNED FTriCN 2E

30 C UCON : LiTPUT EXPECTED STANDARD ERROR OF THE FUEL FTHCN 29
C THERMAL CONDUCTIVITY (W/(M*K)) FTHCN 30
C FTHCN 31
C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM FTHCN 32
C (1) J. A. CHRISTENSEN ET AL., URANIUM DIOXIDE THERMAL FTHCN 33

35 C CONDUCTIVITY, TRANSACTIONS OF THE AMERICAN NUCLEAR FTHCN 34
C SOCIETY 7 (1964) PP. 391 - 392 FTHCN 35
C (2) T. G. GODFREV ET AL., THERMAL CONDUCTIVITY OF FTHCN 36
C URANIUM DIOXIDE AND ARMCO iRON BY AN IMPROVED FTHCN 37
C HEAT FLOW TECHNIQUE, ORNL-3556 (1954) FTHCN 38

40 C (3) J. L. BATES, HIGH TEt'ERATURE THERMAL CONDUCTIVITY FTHCN 39
C OF ROUND ROBIN URANIUM riOXIDE, BNWL-1431 (1970) FTHCN .0
C (4) R. L. GIbBY, THF EFFECT OF PLUTONIUM CONTENT ON THE FTHCN 41
C THERMAL CONDUCTIVI'i OF (UPU)02 SOLID SOLUTIONS, FTHCN 42
C JOURNAL OF NUCLEAR MATERIALS 38 (1971) PP 163 - 177 FTHCN 43

45 C (5) J. C. WEILBACHER, DIFFUSIVITE THERMIQUE DE L OXIDE FTHCN 44
C D URANIUM ET DE L 0VIDE DE THORIUM A HAUTE TEMPERATURE, FTHCN .5
C HIGH TEMPERATURES - HIGH PRESSURE 4, (1972) PP 431 - 438 FTHCN 46
C (6) L. A. GOLDSMITH AND J. A. M. DOUGLAS, MEASUREMENTS FTHCN 47
C TOE THERMAL CONDUCTIVITY OF URANIUM DIOXIDE AT 670 - FTHCN 48

40 C 1270 K, JOURNAL O1 NUCLEAR MATERIALS 47, (1973) PP 31 - 42 FTHCN 49
C (71 1. C. HOBSON ET AL., EFFECT OF POROSITY AND STOICHIOKETRY FTHCN 50
C ON THE THERMAL CONDUCTVfTY OF URANIUM DIOXIDE, JOURNAL FTHCN 51
C OF PHYSICS SECTION D: APPLIED PHYSICS 7 11974) FTHCN G2
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C PP 1003 - 1015 FTHCN 53
55 C (8) R. L. GIBBY, THE THERMAL DIFFUSIVITY AND THERMAL FTHCN 54

C CONDUCTIVITY OF STOICHIOMETRIC (U0.8,PU0.2)02, BNWL-704 FTHCN 55
C (1968) FTHCN 56
C (9) R. L. GIBBY, THE EFFECT OF OXYGEN STOICHIOMETRY ON THE FTHCN 57

THERMAL DIFFUSIVITY AND CCNDUCTIVITY OF (U0.75,PU0.25) FTHCN 58
60 C 02-X BNWL-927 (1969) FTHCN 59

C (10) L. A. GOLDSMITH AND J. A. M. DOUGLAS, THE THERMC;L FTHCN 60
C CONDUCTIVITY OF PLUTIONIUM-URANIUM DIOXIDE AT FTHCN 61
C TEMPERATURES UP TO 1373 K, JOURNAL OF NUCLEAR MATERIALS FTHCN 62
C 43 (1972) PP 225 - 233 FTHCN 63

65 C (II) H. E. SCHMIDT, DIE WAERMELEITFAEHIGKEIT VON URAN AND FTHCN 64
C URAN-PLUTINIUM DIOXYU BEI HOHEN TEMPERATUREN, FORSCHUNG FTHCN 65
C INGENIEUR-WEI5EN 38 (1976) PP 149 - 151 FTHCN 66
C (12) D. R. OLANDER, FUNDAMENTAL ASPECTS OF NUCLEAR REACTOR FTHCN 67
C FUEL ELEMENTS, TID-26711-PI (1976) FTHCN 68

70 C FTHCN 69
C FTHCON WAS ORIGIONALLY CODED BY C. 5. OLSEN FEB 1975 FTHCN 70
C MODIFIED BY G. A. REYMANN AUGUST 1978 FTHCN 71
C MODIFIED BY D. L. HAGRMAN JANUARY 1979 FTHCN 72
C FTHCN 73

75 COMMON / PHYPRO / FTMELT,FHEFUS,CTMELT,CHEFUS,CTRANB, FTHCN 74
CCTR ANE,CTRANZ,FDELTA,BU,COMP,DELOXY FTHCN 75

C FTHCN 76
COMMON / LACMDL / MAXIDX, EMFLAG FTHCN 77
DIMENSION EMFLAG(i) FTHCN 78

80 DIMENSION C(2) FTHCN 79
DATA ON / 2HON /, FTHCN 80

+ OFF / 3HOFF /, FTHCN 81
+ LOCIDX / 12 FTHCN 82

C FTHCN 83
85 C FIND CONSTANTS FTHCN 84

C FTHCN 85
FRPU = CUMP:" ICO. FT;iCN 86
A : 0.339+12.6*AB5(2.0-FOTMTL) FTHCN 87
IF (FRPU.GT.0.75) FRPU = 0.75 FTHCN 8890 8 = 6.867E-02*(I.0+0.62?*FRPU) FTHCN 89
T : FTEMP FTHCN 90
I I= FTHCN 91

C FTHCN 92
C FIND SPECIFC HEAT AT CONST. VOL. AND VOLUME CHANGE FTHCN 9395 C FTHCN 914
100 TR : 535.285/T FTHCN 55

CV - 296.'*TR*TR*EXP(TR)/((EXP(TR)-1.0)**2) FTHCN 96
DI= I 0+3.0*(I.0E-J5*T-3.0E-03+4.0E-02*EXP(-5.0E+03/T)) FTHCN 97
IF (FRI'U.LT.0.0001) GO TO IIC FTHCN 98100 C FTHCN 99

C USE RULE F MIXTURES FOR MIXED OXIDES FTHCN 100
TR 5' 5l.%,T FTHCN 101
CV = C(i.0-FRPU)+(347.4*TR*TR*EXP(TR).((EXP(TR)-.0)**2))*FRPU FTHCN 102
DV = (U-I.0)*(I.0-FRPU)+3.0*(9.0E-06*T-2.7E-03+7.gE-02*EXP(-5.072 FTHCN 103105 +E+03/T))*FIPU+1.0 FTHCN 104

C FTHCN 105
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C
C
110

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FTHCON

VARIABLES
357 A
360 B
366 BETA
370 BTEMP
10 BU

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL

REFERENCES
142

RELOCATION

PHYPRO

110

C
C
C

FIND POROSITY CORRECTION

BETA : ,.50-4.69E-03*T
IF (T.GE.1364.647) BETA : 15.811308-T*(.01833647-T*5.E-6)
IF (T.GT.1833.647) BETA - -i.0

FIND ELECTRONIC CONTRIBUTION

CONE : (5.2997E-03*T*EXP(-13358.0/T))*(I.0+0.169*((13358.0/T+2.0)*
+*2))

BTEMP : T
IF (T.GE.1800.) BTEMP : -3240.+T*(4.6-T*0.001)
IF (T.GE.2300.) BTEMP : 2050.

FIND CONDUCTIVITY

C(I) : (CV*FRADEN)/(DV*(A+B*BTEMP)*(I.0+BETA*(I.0-FRADEN)))+CONE
CALL DIALOT (FTEMP,2,FDIALAFDIALM)
C(I) : (C(I)+FDIALAi*FDIALM

FIND DEkIVATIVE OF FUEL CONDUCTIVITY

I : 1+1
T : FTEMP+((-I.0)**I)
IF (I.LT.3) GO TO 100
CON :_C(I)
DKDT :=(C(2)-C(I))

FIND UNCERTAINTY

UCON : (0.2*(I.0-FRPU)+0.7*FRPU)*(I.3+AB5(2.0-FOTMTL)*10.)
IF (FTEMP.CE.FTIELT) UCON : CI)/2.0
IF (EMFLAG(LOCIDX).EQ.ON) CALL EMFTON (FTEMPFRADENFTHELTCONDKD

+T)

RETURN
END

115

120 C
C
C

125
C
C
C

130

135
C
C
C

FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
tTHCN
FTHCN
'THCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN
FTHCN

106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

140
C

REFS
REFS
REFS
REFS
REFS

123
12s
123
123
75

DEFINED
DEFINED
DEFINED
DEFINED

88
90
109
117

110
118

III
119

SUBROUTINE FTrCON 10/21/40 14.34.01 PAGE 3
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VARIABLES
374 C

3
11

0
367
2
4
5
6

364
12

365

7
371
372

0
0
0

356

SN TYPE
REAL

CHEFUS
COMP
CON
CONE
CTHELT
CTRANB
CTRAN:
CTRAHZ
CV
DELOXY
DKDT
DV
EMFLAG
FDELTA
FDIALA
FDIALM
FHEFUS
FOTMTL
FRADEN
FRPU

0 FTEMP

0
362

30 1
0

300
277
361

FTMELT
I

LOCIDX
MAXIDX
OFF
ON
T

363 TR
373 UCON

REAL
REAL
REAL
REAL
rEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
iNTEGER

INTEGER
INTEGER

* REAL
REAL
REAL

RELOCATION
ARRAY

ARRAY

PHYPRO
PHYPRO
F.P.

PHYPRO
PHYPRO
PHYPRO
PHYPRO

PHYPRO
F.P.

LACMDL
PHYPRO

PHYPRO
F.P.
F., .

F.P.

PHYPRO

LACHDL

REIL
RE IL

EXTERNALS
DIALOT
EMFTON
EtP

TYPE ARGS REFERENCES
4 124
5 139

REkL S LiBRARY 2*97

INLINE FUNCTIONS TYPE
ABS REAL

ARGS
I INTRIN

DEF L 1E REFERENCES
88

STATEMENT LABELS
33 i00

117 i10

DEF LINE
96

109

REFERENCES
131
99

COMMON BLOCKS
PHYPRO
LACMDL

125
125

87
DEFINED
DEFINED

123

DEFINED
123
79

132

3
115

DEFINED

3
DEFINED

139

2*133

132

97

133
98

138REFS
DEFINED

REFS
RE5 S
kEF 5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RCFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
3*115
REFS

DEFINED

80
123
75
75
139
123
75
75
75
75
103
75
139
104
78
75

124
124
75
88

2*123
89
87
91
3

75
123
92
139
78
81
'39
96

1'V?
4*97
137

103

104

125
125

3
3

2*103

DEFINED
DEFINED

130

139
129

137
139
90
89

124

138
2*125
129

DEFINED

DEFINED
2*98
3*118
4*103
138

2*137

138

130

139

131

81

138

81
'02
119

DEFINED

2*104
DEFINED

96

98

109
91
102

2*103

3*110
130

III

104

137

115

LENGTH
11
2

SUBROUTINE FTHCON 10/21/80 14.34.01 PAGE 4
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

14000O SCM USED

3768
X58

254
13

PAGE 5i0/2i/8O 14.34.01



76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.34.01 PAGE

I C FTHCN 143
C FTHCN 144

FUNCTION FTHEXP (FTEMP,FACMOT) FTHXP 2
C FTHXP 3

5 C THE SUBPROGRAM FTHEXP 15 USED TO CALCULATE THE STRAIN OF THE FTHXP 4
C FUEL CAUSED BY THERMAL EXPANSION. FTHXP 5
C THERMAL EXPANSION STRAIN IS CALCULATED FOR UO2,PUO2, OR (U,PU)02 FTHXP 6
C AS A FUNCTION OF TEMPERATURE, PU02 CONTENT, AND FRACTION OF FTHXP 7
C THE FUEL WHICH 15 MOLTEN. FTHXP 8

10 C THE CORRELATIONS WERE DERIVED WITH THE ASSUMPTION THAT THE FTHXP 9
C THERMAL EXPANSION STRAIN 15 ZERO AT 300K. FTHXP 10
C FTHXP II
C FTHEXP : OUTPUT FUEL STRAIN DUE TO THERMAL EXPANSION (UNITLESS) FTHXP 12
C UFTHEX : ESTIMATED STANDARD ERROR OF FTHEXP (PER CENT) FTHXP 13

15 C (NOT CURRENTLY RETURNED). FTHXP 14
C FTHXP 15
C FTEMP : INPUT FUEL TEMPERATURE ( ) FTHXP 16
C FACMOT : INPUT FUEL FRACTION WHICH 15 MOLTEN (NITLE55) FTHXP 17
C FACHOT : 1.0 - FUEL 15 ALL MOLTEN FTHXP 18

20 C FACMOT : 0.0 - FUEL 15 ALL SOLID FTHXP 19
C FTHXP 20
C THE CORRELATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM; FTHXP 21
C (I) P.J.BALDOCK ET AL, JOURNAL OF NUCLEAR MATERIALS, 18 (1966) FTHXP 22
C (2) N.H.BRETT AND L.E.RUSSEL, PROCEEDINGS OF THE 2ND FTHXP 23

25 C INTERNATIONAL CONFERENCE ON PLUTONIUM METALLURGY, GRENOBLE, FTHXP 24
C FRANCE (1960) PP 397-410. FTHXP 25
C (3) M.D.BURDOCK AND H.S.PARKER, JOURNAL OF THE AMERICAN FTHXP 26
C CERAMIC SOCIETY,39 (1956) PP 181-187. FTHXP 27
C (4) J.A.CHRISTENSEN, JOURNAL OF THE AMERICAN CERAMIC SOCIETY, FTHXP 28

30 C 46 (1963) PP 607-608. FTHXP 29
C (5) J.B.CONWAY ET AL, TRANSACTIONS OF THE AMERICAN NUCLEAR FTHXP 30
C SOCIETY,6 (1963). FTHXP 31
C (6) F.GRONVOLD, JOURNAL OF INORGANIC AND NUCLEAR CHEMISTRY,I FTHXP 32
C (1955) PP 337-370. FTHXP 33

35 C (7) M.HOCH AND A.C.OMIN, HIGH TEMPERATURES-HIGH PRESSURES FTHXP 34
C (1969) PP 401-407. FTHXP 35
C (8) C.P.KEMPTER AND R.O.ELLIOTT, THE JOURNAL OF CHEMICAL FTHXP 36
C PHYSICS,30 (1958) PP 1524-1526. FTHXP 37
C (9) W.A.LAMBERTSON AND J.H.HANDWERK, ANL-5053 (1956). FTHXP 38

40 C (10)M.TOKAR ET AL, NUCLEAR TECHNOLOGY, 17 (1973) PP 141-152. FTHXP 39
C FTHXP 40
C FTHEXP WAS ORIGINALLY CODED BY V.F.BASTON IN MARCH 1974 FTHXP 41
C MODIFIED BY C.S.OLSEN IN FEB. 1975 FTHXP 42
C LAST MODIFIED BY G.A.REYMANN IN JULY 1978 FTHXP 43

45 C FTHXP 43
COMMON / PHYPRO / FTHELTFHEFUSCTMELT,CHEFUS,CTRANB, FTHXP 45

+ CTRANE,CTRANZ,FDELTABU,COMP,DELOXY FTHXP 46
C FTHXP 47
C THE PHYPRO COMMON BLOCK 15 SET BY CALL TO THE SUBROUTINE FTHXP 48

50 C PHYPRO WHIC .!S PART OF THE MATERIALS PROPERTIES PACKAGE FTHXP 49
C USED AT THE iNEL. FTHXP 50
C QUANTITIES CONTAINED IN IT USED IN THIS SUBCODE ARE; FTHXP 51
C COMP : PU02 CONTENT (WT. :) FTHXP 52
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C FTMELT : FUEL MELTING TEMPERATURE (K) FTHXP 5'
55 C FDELTA : LIQUID-50LID COEXISTENCE TEMPERATURE RANGE (K) FTHXP 54

C WHEN THE FUNCTION FTHEXP 15 USED ALONE, NOT AS PART OF FTHXP 55
C THE INEL CODE, VALUES FOR COMP, FTMELT, AND FDELTA MUST FTHXP 56
C BE INPUT. FTHXP 57
C FTHXP 58

60 DATA CIU ,C2U ,C3U ,EDU / I.0E-05, 3.OE-03, 4.0E-02, 6.9E-20 / FTHXP 59
DATA CIPU,C2PU,C3PU,EDPU/ 9.0E-06, 2.7E-03, 7.0E-02, 7.0E-20 / FTHXP 60

C FTHXP i1
FTX(CIC2,C3,ED,BK,T) : CI*T-C2+C3*EXP(-ED/(BK*T)) FTHXP 62

C FTHXP 63
65 T : FTEMP FTHXP 64

BK : 1.38E-23 FTHXP 65
C BK :=BOLTZMANN'S CONSTANT (J/K) FTHXP 66

FCOMP : COMP/100.0 FTHXP 67
C FTHXP 68

70 IF (T.GT.FTMELT) GO TO 100 FTHXP 69
C FTHXP 70

FTHEXP : FTX(CIU,C2U,C3U,EDU,BK,T)*(1.0-FCOMP)+FTX(CIPU.C2PU,C3PU, FTHXP 71
+EDPU,BK,T)*FCOMP FTHXP 72
GO TO 120 FTHXP 73

75 C FTIIXP 74
100 FTHEXM : FTX(CIUC2U,C3U,EDU,BK,FTMELT)*(I.0-FCOMP)+FTX(CIPU,C2PU, FTHXP 75

+C3PU,EDPU,BK,FTMELT)*(FCOMP) FTHXP 76
C FTHXP 77

IF (T.GE.(FTMELT+FDELTA)) GO O 110 FTHXP 78
80 C FTHXP 79

FTHEXP : FTHEXM+.043*FACMOT FTHXP 80
GO TO 120 FTHXP 81

C FTHXP 82
110 FTHEXP : FTHEXM+.043+3.6E-05*(T-(FTMELT+FDELTA)) FTHXP 83

85 C FTHXP 84
120 CONTINUE FTHXP 85

UFTHEX : 10.0 FTHXP 86
C FTHXP 87

CALL DIALOT (FTEMP,4,FDIALA,FDIALM) FTHXP 88
90 FTHEXP : (FTHEXP+FDIALA)*FLIALM FTHXP 89

RETURN FTHXP 90
END FTHXP 91

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 FTHEXP 3 91

VARIABLES SN TYPE RELOCATION
164 BK REAL RFFS 2*72 2*76 DEFINED 66
10 BU REAL PHYPRO REFS 46
3 CHEFS REAL PHYPRO REFS 46

FUNCTION FTHcXP 10/21/80 14.34.01 PAGE 2
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VARIABLES
11 COMP
2 CTMELT
4 CTRANB
5 CTRANE
6 CTRANZ

147 CIPU
143 CIU
150 C2PU
144 C2U
151 C3PU
145 C3U
12 DELOX

152 EDPU
146 EDU

0 FACMOT
165 FCOMP
7 FDELTA

170 FDIALA
171 FDIALM
I FHEFUS
0 FTEMP

166 FTHEXM
1,2 FTHEXP
0 FTMELT

163 T
.67 UFTHEX

EXTERNALS
DIALOT
EXP

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REA .
REAL
REAL
REAL
REAL

* REAL

RELOCATION
PHYPRO
PHYPRO
PHYPRO
PHYPRO
PHYPRO

PHYPRO

F.P.

PHYrRO

PhY RO
F.P.

PHYPRO

TYPE ARGS REFERENCES
4 89

REAL I LIBRARY 2*72

REFS
REDS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED

46
t. 6
46
46
46
72
72
72
72
72
72
46
72
72
81
2*72

46
89
89
46
65
81
90
46
70
87

2*76

INLINE FUNCTIONS
FTX

STATEMENT LABELS
50 ;00
107 110
116 1 0

TYPE
REAL

ARGS
6 SF

DEF LINE
76
84
6

DEF LINE
63

REFERENCES
70
79
74

REFERENCES
2*72

82

COMMON BLOCKS
PHYPRO

LENGTH
II

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 5CM USED

68

61
60
61
60
61
60

61
60

68

76
76
76
76
76
76

76
76

DEF I NED
L*76
79
90
90

89
84

DEFINED
70
4*72

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

3
DEFINED

84

DEFINED
DEFINED

72
4*76
79

3
76
81
79
64

84
84

DEFINED

90

65

2*76

172B
138

122
11

10/21/00 14.34.01 PAGE 3FUNCTION FTHEXP
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C FTHXP 92
C FTHXP 93

FUNCTION FUDENS (FTEMP,BU,FDENS,R5NTR,TSINTCOMPPRVDEN) FUDN5 2
C FUDNS 3

5 C FUDENS CALCULATES IRRADIATION-INDUCED DENSIFICATION. FUDS '4
C FUDNS 5
C FUDENS : OUTPUT FUEL DIMENSIONAL CHANGE (%) FUDN5 6
C FUDNS 7
C FTEMP : INPUT FUEL TEMPERATURE (K) FUDNS 8

10 C BU : INPUT BURNUP (MW-5/KG-U) FUDNS 9
C FDENS : INPUT FUEL DENSITY (KG/M**3) FUDNS 10
C RSNTR : INPUT MAXIMUM DENSITY CHANGE DETERMINED BY A RESINTERIN FUDNS II
C TEST OF 1973 K FOR 24 HOURS (KG/M**3) FUDNS 12
C TSINT : INPUT FUEL SINTERING TEMPERATURE (K) FUDNS 13

15 C COMP : INPUT PLUTONIA CONTENT (WEIGHT PERCENT) FUDNS 14
C PRVDEN : INPUT TOTAL DENSIFICATION FROM PREVIOUS TIME STEP ( ) F DNS I5
C FUDN5 16
C FUDENS WAS DEVELOPED AND PROGRAMMED BY C. 5. OLSEN (JANUARY 1975). FUDNS 17
C UPDATED AND CORRECTED BY B. W. BURNHAM (OCTOBER 1975). FUDN5 !E

20 C FUDENS WAS MODIFIED BY R. E. MASON (NOVEMNEP 1578). FUDNS 19
C FUDNS 20

DIMENSION C(2),B(5) FUDNS 21
DATA C / 10.97, 11.46/ FUDNS 22
DATA B / 3.0, 1.00, 3.0, 2.00, 35.00 / FUDNS 23

25 C FUDNS 24
DLEN2(ALEN,BUABU) : -B(I)+ALEN+B(2)*EXP(-B(3)*(BU+AbU))+B(4)*EXP( FUDNS 25

+-B(5)*(BU+ABU)) FUDN5 26
DLEN3(BU) : -B(2)*B(3)*EXP(-B(3)*BU)-B(4)*B(5)*EXP(-B(5)*BU) FUDNS 27
FDU : BU*l.0202E-05 FUDN5 28

30 TS : TSINT-2.7315E02 FUDNS 29
C IF RSNTR OR TSINT IS NOT DEFINED BY USER, THE DEFAULT VALUE 15 FUDNS 30
C TSINT : 1873 K. FUDN5 31

IF (T5INT.LE.O.0) TS: 1600.0 FUDN5 32
ROTH : C(I)*C(2)/(0.01*COMP*C(I)+(1.0-0.01*COMP)*C(2)) FUDNS 33

35 DE : FDEN5/(ROTH*10.0) FUDNS34
C FUDNS 35

IF ((FTEMP.GE.IOG0.).AND.(RSNTR.GT.O.)) DLENI : 0.00285*R5NTR FUDNS 36
IF ((FTEMP.LT.1000.).AND.(R5NTR.GT.O.)) DLENI : 0.00150*RSNTR FUDNS 37
IF ((FTEMP.GE.I0G0.).PND.(RSNTR.LE.0.)) DLENI : 66.6*(100.0-DE)/(T FUDNS 38

40 +5-1180.0) FUDNS 39
IF ((FTEMP.LT.1000.).AND.(R5NTR.LE.0.)) DLENI : 22.2*(100.0-DE)/(T FUDNS40

+5-1180.0) FUDNS 41
C FUDNS 42

X3 : 0.0 FUDN5 43
45 X4 : 1.U FUDNS44

ALl : DLENI FUDNS 45
AL3 : 3.0-AlI FUDNS 46
AL4 : 0.0 FUDNS 47
IF (AL3.LE.4.27E-03) GO TO 130 FUDNS 48

50 C FUDNS 49
DO 100 1:1,6 FUDNS 50
Y2 : DLEN2(AL3,X4,AL4) FUDNS 51
Yl : DLEN2(AL3,X3,AL4) FUDNS 52
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IF (YI*Y2.LE.0.) GO TO 110 FUDNS 53
55 X3 : X4 FUDNS 54

X4 : X4+1.0 FUDNS 55
IF (I.EQ.6) GO TO 160 FUDNS 56

100 CONTINUE FUDNS 57
C FUDNS 58

60 110 CONTINUE FUDNS 59
XI : X3 FUDNS 60

C FUDNS 61
DO 120 J:1,50 FUDNS 62
X : XI-DLEN2(AL3,XI,AL4)/DLEN3(XI) FUDNS 63

65 ERR : ABS((X-XI)*100.0/X) FUDNS 64
IF (ERR.LE.2.0E-04) GO TO 140 FUDN5 65
Xi : X FUDNS 66

120 CONTINUE FUDN5 67
C FUDNS 68

70 130 AL3 : 2.996 FUDNS 69
AL2 : 5.384 FUDNS 70
GO TO 150 FUDNS 71

C FUDNS 72
140 AL2 : X FUDNS 73

75 150 CONTINUE FUDNS 74
FUDEN : OLEN2(AL3,FBU,AL2) FUDNS 75
IF (BU.LT.1728) FUDEN : 0.0 FUDNS 76
GO TO 170 FUDNS 77

C FUDNS78
80 160 PRINT 180 FUDNS 79

FUDEN : 0.0 FUDNS 80
170 CONTINUE FUDNS 8

IF (ABS(FUDEN).LE.ABS(PRVDEN)) FUDENS : 0.0 FUDNS 82
IF (ABS(FUDEN).GT.AB5(PRVDEN)) FUDENS : FUDEN-PRUDEN FUDNS 83

85 C FUDNS 84
CALL DIALOT (FTEMP,iI,FDIALA,FDIALM) FUDN5 85
FUDENS : (FUDENS+FDIALA)*FDIALM FUDNS 86
RETURN FUDN5 87

C FUDNS 88
90 180 FjRHAT (IX,/45H NO ROOTS FOUND BETWEEN 0 AND 6000 IlWS/T U02) FUDN5 89

END FUDNS 90

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 FUDENS 3 88

VARIABLES 5N TYPE RELOCATION
425 AlI REAL REFS 47 DEFINED 46
437 AL2 REAL REFS 2*76 DEFINED 71 74
426 AL3 REAL REFS 49 52 53 64 76

DEFINED 47 70

!1/21/80 14.34.01 P(GEFUNCTION FUDENS
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VARIABLES
427 AL4'
445 B

0
443

0
421
422
436
416
0

441
442
0

440
415
430
434
0

420
0

417
0

435
433
423
424
432
431

BU
C
COMP
DE
DLENI
ERR
FBU
FDENS
FDIAL A
FDIALM
FTEMP

FUDEN
FUDENS
I
J
PRVDEN
ROTH
RSNTR
TS
TSINT
x
XI
X3
X4
YI
Y2

SN TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
INTEGER

* INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

ARRAY
F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

F.P.

TILE NAMES
OUTPUT

EXTERNALS
DIALOT
EXP

INLINE FUNCTIONS
ABS
DLEN2
DLEN3

MODE
FMT WRITES

TYPE ARGS REFERENCES
4 86

REAL I LIBRARY 2*52

TYPE
REAL
REAL
REAL

ARG5

3
INTRIN
SF
SF

DEF LINE

26
28

80

2*53

REFERENCES
65
52
64

STATEMENT LABELS
0 100

166 110
0 120

245 130
253 140
255 150
303 160
310 170
362 180 FMT

DEF LINE
58
60
68
70
74
75
80
82
90

REFERENCES
51
54
63
49
66
72
57
78
80

5*76
DEFINED

1 '*64
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REF3
REF ,
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*52
22
24
29
22

2*34
39
46
66

2*76
35
8E
8'j
3?
3

83
87
57
63
83
35

2*37
39
30

2*65
5*64
2*53
2*52
54
54

2*53
5*52

77
4*34

DEFINED
41

DEFINED
DEFINED
DEFINED
DEFINED

87
87
38

2*84
DEFINED
DEFINED

2*864
DEFINED

2*38
41
33
67
65
61
55

DEFINED
DEFINED

2*64
5*53

DEFINED
DEFINED

3
DEFINED

37
65
29
3

39

DEFINED
83
51

DEFINED
34
39

DEFINED
DEFINED

7'.
DEFINED
DEFINED

56
53
52

3
23

35
38

41

76
84

39

86

77
87

41

81

3

41
30
3

DEFINED
61
44

DEr:INED

DEFINED
33

64
67
55
45

3

56

2*76

2 83
53 76

FUNCTION FUDENS 14/21 /80 14.34.01 PAGE 3
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LOOPS LABEL INDEX
111 100 I
172 120 J

STATISTICS
PROGRAM LENGTH

14000E8 SCM USED

76'?6 QPT:O TRACE STATIC

FROM-TO LENGTH PROPERTIES
51 58 548 EXT REFS
63 68 528 EXT REFS

FTN 4.8+508 10/21180 14.34.01

EXITS
EXITS
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C FUDNS 91
C FUDNS 92
C FUDNS 93

SUBROUTINE FVAPRS (FTEMP,FOl,FRPU,UO2VAP,PUOVAP,VAPHIX,UOXVAP,DIOV FVPRS 2
5 +AP) FVPRS 3

C VPRS 4
C FTEMP : INPUT FUEL TEMPERATURE(K). FVPRS 5
C FOM : INPUT FUEL OXYGEN TO METAL RATIO(UNITLESS) FVPRS 6
C CRPU : INPUT PUO2 IN FUEL(WEIGHT FRACTION) FVPRS 7

10 C FVPRS 8
C UO2VAP : OUTPUT TOTAL VAPOR PRESSURE OF URANIA FVPRS 9
C VAPOR SPECIES (LOG(PA)) rVPRS 10
C PUOVAP : OUTPUT TOTAL VAPOR PRESSURE OF PLUTONIA FVPRS 11
C VAPOR SPECIES (LOG(PA)) FVPRS 12

15 C VAPHIX : OUTPUT TOTAL VAPOR PRESSURE OF MIXED OXIDE FVPRS 13
C VAPOR SPECIES (LOG-;.)) FVPRS 14
C UOXVAP : OUTPUT VAi 'R PRESSURE OF MONATOMIC OXYGEN (LOG(PAI) FVPRS 15
C DIOVAP : OUTPUT VAP( PRESSURE OF DIATOMIC OXYGEN (LOG(PA), FVPRS 16
C FVPRS 17

20 C - DATA BASE - FVPRS 18
C URANIA" FVPRS 19
C h. TET NBAUM AND P. D. HUNT, "TOTAL PRESSURE OF FVPRS 20
C URANIA-GEARING SPECIES OVER OXYGEN-DEFICIENT URANIA," FVPRS 21
C JOURNAL OF NUCLEAR MATERIALS, 34 (1970). FVPRS 22

25 C R. SZWARC AND R. E. LATTA, "VAPOR PRESSURE OF FVPRS 23
C HYPOSTOICHIOMETRIC URANIA AS A FUNCTION OF FVPRS 24
C COMPOSITION," JOURNAL OF THE AMERICAN CERAMIC FVPRS 25
C SOCIETY, 51 (1960). FVPRS 26
C . BOBER, H. U. KAROW AND K. SCHRETZMANN, "VAPOR FVPRS 27

30 C PRESSURE MEASUREMENTS OF OXIDE FUEL BETWEEN 3000 AND FVPRS 28
C 5000 K USING LASER HEATING LASER HEATING," NUCLEAR FUPRS 29
C TECHNOLOG?, 26 (1975). FVPRS 30
C G. T. REEDY AND M. G. CHASANOV, "TOTAL PRESSURE OF FUPRS 31
C URANIUM BEARING SPECIES OVER MOLTEN URANIA,"JOURNAL FVPRS 32

35 C OF NUCLEAR MATERIALS, 42 (1972). FUPRS 33
C R. J. ACKERMANN, E. G. RAUH, M. S. CHANDRASEKHARAIAH, FVPRS 34
C "A THERMODYNAMIC STUDY OF THE URANIA-URANIUM SYSTEM" FVPRS 35
C JOURNAL OF PHYSICAL CHEMISTRY, 73 (1969). FUPRS 36
C G. BENEZECH, J. P. COUTURES AND M. FOX, TRANSPIRATION FVPRS 37

40 C STUDY OF URANIUM DIOXIDE VAPORIZATION PROCESSES FVPRS 38
C BETWEEN 2200 K AND 2600 K, ANL-TRANS-972 (1974). FVPRS 39
C .<. W. OHSE, P. G. BERRIE, H. G. 8'ENSBERGER, FVPRS 40
C E. A. F'SCHER, "EXTENSION OF VAPOk PRESSURE FVPRS 41
C MEASUREMENTS OF NUCLEAR FUELS (U,PU)02 AND U02 TO FVPRS 42

45 C 7000 K FOR FAST REACTOR SAFETY ANALYSIS," JOURNAL FVPRS 43
C OF NUCLEAR MATERIALS, 59 (1976). FVPRS 44
C C. A. ALEXANDER, J. S. OGDEN, AND G. W. CUNNINGHAM, FVPRS 45
C THERMAL STABILITY OF ZIRCONIA-AND THORIA SASED FUELS, FVPRS 46
C BMI-1789 (1967). FVPRS .7

50 C R. W. OHSE, "HIGH-TEMPERATURE VAPOR-PRESSURE STUDIES FVPRS 48
C OF U02 BY THE EFFUSION METHOD AND ITS THERMODYNAMIC FVPRS 49
C iNTERPRETATION," JOURNAL OF CHEMICAL PHYSICS, 44 FVPRS 50
C (1966). FVPRS 51

IO/2l/8Q 14.34.01 PAGE I
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C D. A. PENSION, APPLICATION OF PULSED ELECTRON BEAM FVPRS 52
55 C VAPORIZATION TO STUDIES OF U02, SAND-77-0429 (1977). FVPRS 53

C J. R. BABELOT, G. D. BRUMME, P. R. KINSMANN AND FVPRS 54
C R. W. OHSE, "VAPOR PRESSURE MEASUREMENT OVER FVPRS 55
C LIQUID U02 AND (U,PU)02 BY LASER SURFACE HEATING FVPRS 56

UP TO 5000 K," ATOMWIRTSCHAFT (1977). FVPRS 57
60 FVPRS 58

C PLUTONIA; FVPRS 59
. R. J. ACKERMANN, R. L. FAIRCLOTH, M. H. RAND, FVPRS 60
C "A THERMODYNAMIC STUDY OF THE VAPORIZATION BEHAVIOR FVPRS 61
C OF THE SUBSTOICHIOMETRIC PLUTONIUM DIOXIDE PHASE," FVPRS 62

65 C JOURNAL OF PYSICAL CHEMISTRY, 70 (1966). FVPRS 63
C R. W. OHSE AND C. CIANI, "EVAPORAT[4 BEHAVIOR FVPRS 64
C AND HIGH-TEMPERATURE THERMAL ANALYSIS OF FVPRS 65
C SUBSTOICHIOMETRIC PLUTONIUM OXIDE FOR FVPRS 66
C I.51<O/PU<2.00,"THERMODYNAMIC5 OF NUCLEAR MATERIALS, FVPRS 67

70 C IAEA, VIENNA (1968). FVPRS 68
C FVPRS 69
C OXYGEN; FVPRS 70
C C. A. ALEXANDER, J. 5. OGDEN, AND G. W. CUNNINGHAM, FVPRS 71
C THERMAL STABILITY OF ZIRCONIA-AND THORIA BASED FUELS, FVPPS 72

75 C BMI-1789 (1967). FVPRS73
C M.TETENBAUM AND P. D. HUNT, "HIGH TEMPERATURE FVPRS '4
C THERMODYNAMIC PROPERTIES OF OXYGEN-DEFICIENT FVPRS 75
C URANIA," JOURNAL OF CHEMICAL PHYSICS, 49 (1968). FVPRS 76
C T. L. MARKIN, V. J. WHEELER AND q. J. BONES, FVPRS 77

80 C "HIGh TEMPERATURE THERMODYNAMIC DATA FOR U02+X," FVPRS 78
C JOJRNAL OF INORGANIC NUCLEAR CHEMI5TPY, 30 (1938). FVPRS 79
C V. J. WHEELER, "HIGH TEMPERATURE THERMODYNAMIC FVPRS 80
C DATA FOR U02-X," JOURNAL OF NUCLEAR MATERIALS, 39 FVPRS 81
C (1972). FVPRS 82

85 C K. HAGEMARK AND M. BROLI, "EQUILIBRIUM OXYGEN FVPRS 83
C PRESSURES OVER NONSTOICHIOMETRIC URANIUM OXIDES FVPRS 84
C BETWEEN U02+X AND U308-Z AT HIGHER TEMPERATURES," FVPR5 85
C JOURNAL OF INORGANIC NUCLEAR CHEMISTRY, 28 (1966). FVPRS 86
C P. E. BLACKBURN, "OXYGEN DISSOCIATION PRESSURES FVPRS 87

90 C OVER URANIUM OXIDES," JOURNAL OF PHYSICAL CHEMISTRY FVPRS 88
S TT T958T FVPRS 89
C 5. ARONSON AND U. BELLE, "NONSTOICHIOMETRY IN URANIUM FVtRc 90
C DIOXIDE," JOURNAL OF CHEMICAL PHYSICS, 29 (1958). FVPRS 91
C K. KIUKKOLA, "HIGH-TEMPERATURE ELECTROCHEMICAL STUDY FVPRS 92

95 C OF URANIUM OXIDES IN THE U2-U308 REGION," ACTA FVPRS 93
C CHEMICA SCANINAVICA 16 (1562). FVPRS 94
C T. L. MARKIN AND R. '. BONES THE DETERMINATION OF FVPRS 95
C SOME THERMODYNAMIC PROPERTIES OF URANIUM OXIDES FVPRS 96
C WITH 0.U RATIOS BETWEEN 2.00 AND 2.03 USING A FVPRS 97

100 C HIGH TEMPERATURE GALVANIC CELL, AERE-R 4178 (1962). FVPR5 98
C FVPRS 99
C THE CONSTANTS LISTED IN THE DATA STATEMENTS BELOW ARE FOR FVPRS 100
C THE FOLLOWING MATERIALS IN THIS ORDER ; FVPRS 101
C FVPRS 102

105 C PU02 FVPR3 103
C U02 'UPRS 104

10/21/80 14.34.01 PAGE
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0
02

PROGRAM

CODED BY RICHARD E. MASON APRIL 1979.

DIMCNSION A(7), 8(7), C(7), D(7), E(7)

C
C
C
C
C
C
C

C
C
C

+
+
+

+
+

+
+

X ) 2.00
/-0.5404056E+04, 0.1788581E+05,
-0.1119149E+05, 0.0
-0.4953488E+05, -0.1463821E+05,

-0.1463821E+05/

rATA P ' 0 'A165 IF,02.
0.9993252E<1,
0.0

0.3058922F+02,
0.0
0.0
0.0

DATA C /-0.3389245E-02,-0 4706266E-02,
-0.3I8286E-0L, 0.0

0.0 , .
0.')

,
/

/

DATA D /-0.1306529E'u3, -0.2337348E+03,
-0.6917448U+02, 0.0 ,
0.1518089E+02, 0.6206205E+0I,

0.6293306E+0I/

DATA E / 0.6854587E+04, 0.0
0.0 , 0.0
-01418138E+04, 0.2177517E+0L,

0. 803860E+01i

VAPEQN(A,B,C,D,EX,T) =:(A+E*X)/T+B*ALOG(T)+C*T+D
IF (FOM.LE.0.0) FOM : 2.0
X : ABS(FOM-2.)
IF (FRPU.GE.l.0) GO TO 150

PARTIAL PRESSURE OF OXIDE VAPOR.

- STOP -
PARTIAL PRESSURES OF MONATOMIC OXYGEN ARE CALCULATED UP
TO OXYGEN TO METAL RATIOS OF 2.000 AFTER WHICH DIATOMIC
OXYGEN PRESSURES ARE CALCULATED.

IF (FrM.LE.l.990)
IF (FOM.GE.2.004)
IF (FOM.LE.2.000)
GO TO 130

CO TO IlCi
GO TO 120
GO TO 100

110

X < x.99
DATA A

+

+

115

120

C

125

C

130

C

135

C

140

C
C

145

FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPR5
FVPRS
FVPRS
FVPRS
FVPRS
FVPR5
FVPR5
FiJPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPR5
FVPRS
FVPR5
FVPRS
FLPRSFORS
FVPRS
FVPR5
FVPRS
FVPRS
FVPRS
FVPRS
FUPRS
FVPR5
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRS
FVPRSFVPRS

FUPRSFVPRS
FVPRS
FVPR5
FVPRS
FVPR5
F VPR5S

105
106
107
108
109
110
IlIl
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
1371
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

150

C
C
C
C
C
C
C
C'55
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160 100 CONTINUE FVPRS 158
UOXVAP : D(5)+(A(5)+E(5)*6.>078)/FTEMP FVPRS 159
DIOVAP : 0.0 FVPRS 160
GO TO 140 FVPRS 161

C FVPRS 162
165 110 CONTINUE FVPRS 163

UOXVAP : D(5)+(Auc,+c(5)*ALOG(X))/FTEMP FVPRS 164
C FOR FOM ( 1.999 THE UNCERTAINITY 15 + OR - 0.801 FVPRS 165

DIOVAP : 0.P FVPRS 166
GO TO 140 FVPRS 167

170 C FVPRS 16P
120 CONTINUE FVPRS 169

DIOVAP 0(6)+A(6)/FTEMP+E(6)*X FVPRS 170
FOR FOP ( 2.004 THE UNCERTAINITY 15 + OR - 0.976 FVPRS 171

UOXVAP = 0.0 FVPRS 172
175 G0 TO 140 FVPRS 173

C FVPRS 174
130 CONTINUE FVPRS 175

0 : D(5)+(A(5)+E(5)*6.9078)/FTEMP FVPRS 176
002 : 2.x(0+13384.87/FTEMP-3.5?) FVPRS 177

'80 J2 : D(7)+A(7)/FTEMP+E(7)*ALOG(2.004-FOM) FVPRS 178
IF (002.GE.02) DIOVAP = 002 FVPRS 179
IF (002.LT.02) DIOVAP : 02 FVPRS 180
UOXVAP : 0.0 FVPRS 181

C THE TOTAL UNCERTAINITY IS + OR - 0.0000. FVPRS 182
185 C FVPRS 183

C PARTIAL PRESSURE OF URANIA VAPOR SPECIES. FVPRS 184
140 CONTINUE FVPRS 185
C FVPRS 186

UO2VAP : VAPEQN(A(3),8(3),C(3),D(3),E(3),0.0,FTEMP) FVPR5 187
190 C THE TOTAL UNCERTAINITY 15 + OR - 0.2C6 FVPRS 188

IF (FRPU.LE.0.0) GO TO 160 F')PR5 189
C FVPR5 190
C PARTIAL PRESSURE OVER PLUTONIA FVPRS 191
150 CONTINUE FVPRS 192

195 IF (FOM.GE.2.) X : 0.0 FVPRS 193
C FVPRS 194

M : I FVPRS 195
PUOVAP : VAPEQN(A(I),B(I),C(5),D(:),E(I),XFTEMP) FVPRS 196

C - UNCERTAINITY 15 + OR - 0.559 FVPRS 197
200 IF (FRPU.GE.5.0) GO TO 160 FVPRS 198

C FVPRS 199
C PARTIAL PRESSURE OF MIXED OXIDES. FVPRS 200
C FVPRS 201

VAPMIX : ALOGIO(.I0 :tU02VAP)*(I.-FRPU)+FRPU*(10.t*PUOVAP)) FVPRS 202
205 C THE UNCERTAINITY IS + C+ - 0.442 FVPRS 203

C VAPMIX : VAPECN iA(2),8(2>.C(2),D(2),E(2),X,FTEMP) FVPRS 294
160 CONTINUE t 'PRS 205
C FVPR5 206

RETURN FVPRS 207
210 END FVPRS 208

SUBROUTINE FVAPRS 10/21/80 PAGE 4
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SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 FVAPRS

DEF LINE
4

REFERENCES
209

VARIABLES
252 A

261
270
277

B
C
D

0 DIOVAP
306 E

0 FOM

0
0

251
246
247
250
0
0
0
0

245

FRPU
FTEMP

M
0
002
0?
PUOVAP
UOXVAP
UO2VAP
VAPHIX
X

SN TYPE
REAL

REAL
REAL.
REAL

REAL
REAL

RELOCATION
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

REAL

REAL
REAL

* INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

F.P.
F.P.

F.P.
F.P.
F.P.
F.P.

EXTERNALS
ALOG
ALOGIO

INLINE FUNCTIONS
ABS
VAPEON

STATEMENT LABELS
34 100
46 110
61 120
73 130

133 140
ISO ISO
214 160

TYPE
REAL
QEAL

I 'PE
REAL
REAL

ARGS
I LIBRARY
I LIBRARY

ARGS

7
INTRIN

5F

DEF LINE
160
165
17i
177
187
194
207

REFERENCES
166
204

DEF LINE

REFERENCES
158
156
157
159
163
147
191

160

REFRENCES
146
189

169

200

STATISTICS
PROGRAM LENGTH

14000B SCM USED
315B

180 169

REFS
REF5
196

DEFINED
REFS
198

REF5
DEFINED

REF5
REFS
3*198

DEFINED
REFS
REFS
REF5
REFS

DEFINED
REFS

DEFINED
REFS

114
FINED

114
114
114

DEFINED
4

114
DEFINED

145
4

47
161

DEFINED
197
179

2*181
181
204

4
204
4

166

161
118
189
189
161
133
162
161
138
146
145
191
166
4

DEFINED
182

2*182
DEFINED

161
DEFINED

204
172

166

198
198
166

168
166

156

200
172

176
DEFINED
DEFINED

4
166
4

198

172

DEFINED
DEFINED

172

172
172

157

2*204
S78

179
180
198
174

:89

DEFINEL

180

182
180

180

4
180

178

123
128
178

181
178

156

DEFINED
ytn

183

146

189

189

195

3*189

109 198

195

198

175

SUBROUTINE FVAPRS 10/21/80 14.34.01 PAGE 5
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5

10

15

20
GTEMP : INPUT GAS TEMPERATURE (K)
GPRES : INPUT GAS PRESSURE (PA)
USED FOR KNUDSEN DOMAIN CORRECTION AND FOR STEAM
NOT USED IF 0.
GPTHK = INPUT EFFECTIVE GAP THICKNESS FOR KNUDSEN DOMAIN
(MAXIMUM OF GAP DIMENSION OR SURFACE ROUGHNESS)
NOT USED IF 0.

(M)

FORMULA FOR GAS MIXTURES 15 FROM R. .BROKAW, REPORT NASA TR R-I
(1960). CONDUCTIVITY OF RARE GASES 15 BASED ON J.M.GANDHI AND
S.C.SAXENA, JOUR. CHEM. AND ENG. DATA, VOL.13, NO.3 (1968)
ALSO: WISCONSIN ELECTRIC POWER CO., DOCKET NO. 50-301 (JAN 1973)
THE ACCOMMODATION FACTOR 15 FROM R.A.DEAN, CVNA-127 (1962)
STEAM EQUATION 15 FROM MEYEq, ET.AL., THERMODYNAMICC AND
TRPN5PORT PROPERTIES OF STEAh", THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS (1967)

GTHCON CODED BY R.C.YOUNG MARCH 1975
ADAPTED FROM ROUTINE CMIX BY P.E.MACDONALD

COMMON / LACMDL / MAXIDX, EMFLAG
DIMENSION EMFLAG(I)

C
DIMENSION GMIX(7), A(7), C(7) R(7), AA(6), BB(6)
DATA A /4.003 , 39.944 ,83.80 ,131.30 , 2.016

+ 18.016 /
C R : SQRT(A)

DATA R /2.00075 , 6.3201 , 9.1542 ,11.4586 , 1.4196
+ 5.3666 , 4.2445 /

DATA AA /1.314E-3,
DATA BB /0.668 ,
DATA EPS/I.t-9 /

.28.8

186

1.31E-4, 1.588E-5, 1.395E-5, 5.834E-4,7.35E-5
0.701 , 0.92331 , 0.872 , 0.8213 ,0.846

FUNCTION GTHCON (GMIX,GTEMP,GPRES,GPTHK)

GTHCON CALCULATES GAS THERMAL CONDUCTIVITY AS A FUNCTION OF
TEMPERATURE AND GAS FRACTION FOR SEVEN GASES:

GTHCON : OUTPUT GAS THERMAL CONDUCTIVITY (W/M-K).

GMIX(I) : INPUT MOLE FRACTIONS OF THE GAS MIXTURE
THE SEVEN ELEMENT C GMIX MUST SUM TO 1.0
CONSTITUENT GAS NUMBER KEY
I HELIUM
2 ARGON
3 KRYPTON
4 XENON
5 HYDROGEN
6 NITROGEN
7 WATER VAPOR

I14.34.0110/21/80

FVPRS
FVPRS
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
"THCN
GTHCN
GTHCN
GTHCN
GT:ICN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHC4
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN

/ GTHCN
/ GTHCN
GTHCN

209
210
2
3
4
5
6
7
8
9

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

PAGE

25

30

35

50

i

C
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C GTHCN 53
55 DATA ON / 2HON ', GTHCN 54

+ OFF / 3H0FF /, GTHCN 55
+ LOCIDX / 16 / GTHCN 36

C GTHCN 57
IF (EMFLAG(LOC 1ux).LQ.ON) GTHCON : EMGTON(GMIX,GTEMP,GPRESGPTHK) GTHCN 58

60 IF (EMFLAG(LOCIDX).EQ.ON) GO TO 170 GTHCN 59
C GTHCN 60
C CONVERT TEMP TO RANiKINE GTHCN 61

TR : GTEMP*I.8 GTHCN 62
IF (TR.GT.10000.) GO TO 100 GTHCN 63

65 IF (TR.GT.0.0000) GO TO 110 GTHCN 64
100 WRITE (6,180) GTEMP,GMIX GTHCN 65

STOP GTHCN 66
1I0 L : 0 GTHCN 67
C CALCULATE SMALL GAP CORRECTION GTHCN 68

70 FACC : GPRES*GPTHK GTHCN 69
IF (FACC.GT.EPS) FACC : SQRT(TR)*I.7863/FACC GTHCN 70

C GTHCN 71
LO 120 i:I,6 GTHCN 72
IF (GMIX(I).LE.EPS) GO TO 120 GTHCN 73

75 L : I GTHCN 74
C(I) : AA(I)*TR**BB(I) GTHCN 75
IF (FACC.LE.0.) GO TO 120 GTHCN 76
IF (I.EQ.I.0R.I.EQ.5) C(I) : C(I)/(I.0+C(I)*FACC) GTHCN 77

120 CONTINUE GTHCN 78
80 C GTHCN 79

IF (GMIX(7).LE.EPS) G0 TO 140 GTHCN 80
L = 7 GTrCN 81

C STEAM GTHCN 82
TC : GTEMP-273.15 GTHCN 83

85 C(7) : 17.6E-3+TC*(5.87E-5+TC*(1.04E-7-4.51E-l1*TC)) GTHCN 84
IF (GPRES.LE.I.E5) GO TO 130 GTHCN 85

C USE IDEAL GAS LAW FOR DENSITY - OK FOP CORRECTION AT HIGH TEMP. GTHCN 86
DEN : 2.1;68E-6*GPRES/GTEMP GTHCN 87
C(7) : C(7)+DEN*(103.51E-3+TC*(0.4198E-3-2.771E-8*TC)+2.1482EIl*DE GTHCN 88

90 +N/TC**4.2) GTHCN 89
130 C(7) : C(7)/l.73073467 GTHCN 90
140 IF (L.LE.0) GO TO 100 GTHCN 91
C GTHCN 92

GTHCON : 0. GTHCN 93
95 DO 160 I:1,L GTHCN 94

;F (GMIX(I).LE.EPS) CJ TO 160 GTHCN 95
SUM : 0. GTHCN 96

DO 150 J:1,L GTHCN 97
IF (J.EQ.I) GO TO 150 GTHCN 98

100 IF (GMIX(J).LE.EPS) GO TO 150 GTHCN 99
RC : C(I)'C(J) GTHCN 100
RA = A(I)iA(J) GTHCN 101
FIJ : I.+2.4I*(RA-I.)*(RA-.142)/(I.+RA)**2 GTHCN 102
GIJ : (I.+SQRT(RC*R(I)/R(J)))**2/SQRT(8.*(I.+RA)) GTHCN 103

105 SUM : SUM+FIJ*GIJ*GMIX(J) GTHCN 104
ISO CONTINUE GTHCN 105
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GTHCON : GTHCON+C(I)*CMIA(1t(GMIX(I)+5UM)
CONTINUE

CONVERT FROM BTU/HR.FT.F TO W/M-K
GTHC3N : GTHCON*I.73073467
CONTINUE

CALL DIALOT (GTEMP,26,FDIALAFDIALM)
GTHCON :=(GTHCON+FDIALA)*FDIALM
RETURN

FORMAT (25HIGTHCON INPUT BAD. GTEMP:,IPE12.4,2H K,/I0H0FRACTIONS,(
+10E12.4))
END

SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
5 GTHCON 3

VARIABLES SN TYPE
406 A REAL
433 AA REAL
441 BB REAL
415 C REAL

375 DEN REAL
I EMFLAG REAL

320 EPS REAL

372 FACC REAL
404 FDIALA REAL
405 FDIALM REAL
402 FIJ REAL
403 GIJ REAL
0 GMIX REAL

0 GPRES REAL
0 GPTHK REAL
0 GTEMP REAL

367 GTHCON REAL

373 I INTEGER

377 J INTEGER

371 L INTEGER
323 LOCIDX INTEGER

0 MAXIDX INTEGER

HAP (R:2)

REFERENCES
115

RELOCATION
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

LACMDL

F.P.

F.P.
F.P.
F.P.

LACMDL

110

160
C

170
C

115
C
180

GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN
GTHCN

106
107
108
109
110
IlIl
112
113
114
115
116
117
118

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS

105
REFS
REFS
REFS

DEFINED
REFS
110

REFS
102

REFS
DEFINED
REFS
REFS
REFS

107

71

44
44
44
44
76

2*89
41
71
53

2*71
113
113
105
105
44

2*107
59
59
59
3

1071
114
74
104

905

92
59
41

2*102
76
76

2*78
78

DEFINED
.2
74

77
114
114

DEFINED
DEFINED

59
DEFINED

70
70
63

110

75
3* 107
100

95
60

DEFINED
DEFINED
DEFINED

89
85
88
59
81

78

103
104
66
3

86
DEFINED

66

114

3*76
DEFINED

101

98
DEFINED

45
51
52
91
89

60
96

DEFINED

74

88
3

84

DEFINED

5*78
73
'02

DEFINED
55

2*101
91

100

70

81

DEFINED

88

59

96
95
104

68

10096

3

113

94

99

105

75

107

101

82
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VARIABLES
322 OFF
321 ON
424 R
401 RA
400 RC
376 SUM
374 TC
370 TR

FILE NAMES
TAPE6

EXTERNALS
DIALOT
EMGTON
SORT

SN TYPE
* REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

ARRAY

MODE
FMT

TYPE ARGS
4

REAL 4
REAL IL

WRITES

LIBRARY

REFERENCES
113
59
71

STATEMENT LABELS
37 100
1*1 110
106 120
151 130
154 140
241 150
252 160
260 170
331 180 FMT

DEF LINE
66
68
79
91
92
106
108
Ill
117

REFERENCES
64
65
73
86
81
98
95
60
66

LOOPS
60
162
171

LABEL
'e0
60

I50

COMMON BLOCKS
LACMDL

INDEX
I
J

LENGTH
2

FROM-TO
73 79
95 108
98 106

LENGTH
318
738
53B

PROPERTIES
EXT
EXT
EXT

REFS
REFS
REFS

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 5CM

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

55
59
44

3*103
104
105
3*85

64

60
2*104
104

DEFINED
107
3*89
65

55
48
102

DEFINED
DEFINED
DEFINED

101
DEFINED
DEFINED

71

97
84
76

66

2*104

105

DEFINED 63

92

77

10099
96

LENGTH
USED

4558
28

30 1
2
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I C GTHCN 119
C GTHCN 120

FUNCTION GUISCO GMIX,GTEMP) GUSCO 2
C GVSCO 3

5 C GVISCO CALCULATES THE GAS ISCOSITY AS A FUNCTION JF GVSCO 4
C TEMPERATURE AND GAS MOLE FRACTIONS. GVSCO 5
C GUSCO 6
C GVISCO : OUTPUT GAS VISCOSITY (KG/tl-5) GVSCO 7
C GVSCO 8

10 C GMIX(I) : INPUT ARRAY OF GAS MOLAR FRACTIONS GUSCO 9
C THE SEVEN ELEMENTS OF GMIX MUST SUM TO 1.0 GUSCO 10
C I : I HELIUM GVSCO I
C I: 2 ARGON GVSCO 12
C I : 3 KRYPTON GUSCO 13

15 C I : 4 XENON GUSCO 14
C I : 5 HYDROGEN GUSCO I5
C I : 6 NITROG,:N GV5C 16
C I : 7 STEAM - FROM 1967 ASME AT I BAR PRESSURE GU5CO 17
C GTEMP:INPUT GAS TEMPERATURE (K). GVSCO 18

20 C GUSCO I2
C THE GAS VIjCOSITY RELATIONSHIPS USED IN THIS FUNCTiON GUSCO 20
C ARE THOSE STATED BY BIRD STEWART,AND LIGHTFOOT, GUSCO 21
C "TRANSPORT PHENOMENA",P 6 AND P 258 (1954). GVSCO 22
C BIRD, HIRSCHFELDER, CURTISS, TRANS. ASME 76 (1954) 1011-1038, GUSCO 23

25 C OR HANDBOOK OF PHYSICS, SECTION 5.5 (MCGRAW-HILL) 1954. GV5CO 24
C GUSCO 25
C STEAM ELATION 15 FROM MAYER, ET AL, THERMODYNAMIC AND GUSCO 26
C TRANSPORT PROPERTIES OF STEAM", THC AMERICAN SOCIETY OF GUSCO 27
C MECHANICAL ENGINEERS (1967) GVSCO 28

30 C GVSCO 29
C CODED BY R.C.YOUNG MARCH 1975 GVSCO 30
C GVSCO 31

DIMENSION SIGMA2(6), EOK(6), IM(6) GVSCO 32
DIMENSION A(7), R(7), V15(7), GMIX(7) GUSCO 33

3c DIMENSION TABLE(164) GUSCO 34
DATA EPS, NT, IM / I.E-8, 82, 6*l / GUSCO 35

C GVSCO 36
C DATA SIGMA / 2.576, 3.418, 3.498, 4.055, 2.915, 3.617/ GVSCO 37

DATA SIGMA2 / 6.635776, 11.682724, 12.236004, 16.443025, GVSCO 38
40 + 8.497225 13.082689/ GVSCO 39

DATA EOK / 10.2, 1I4., 225., 229., 38.0, 97.,/ GUSCO 40
DATA A / 4.003,39.944, 83.80, :31.3, 2.016, 28.91, 18.016/ GUSCO 41

C R : SQRT(A) GUSCO 42
DATA R / 2.00075 , 6.3201 , 9.1542 , 11.4586 , 1.40986 , GUSCO 43

45 + 5.3666 , 4.2445 / GUSCO 44
C GVSCO 45

DATA TABLE / 2.785,.30, 2.626,.35, 2.492,.40, 2.368,.45, 2.257,5, GVSCO 46
+2.156,.55, 2.065,.60, 1.982,...3, 1.908,.70, 1.841,75, 1.780,.D0, GVSCO 47
+l.725,.85, l.675,.90, !.629,.95, 1.537,1.0, l.549,I. u,, .5 14,I.1, GUSCO 48

50 +1.482,1.15,1.452,1.2, 1.424,1.25,1.399,1.3, 1.375,I.35,i.353,1.4, GUSCO 49
+1.333,1.45,1.314,1.5, 1.296,1.55,1.?79,1.6, 1.264,1.65,1.248,1.7, GVSCO 50
+1.234,1.75,1.221,1.8, 1.209,1.85,1.197,1.9, 1.186,1.95,1.175,2.0, GVSCO Si
+1.156,2,1, 1.138,2.2, 1.122,2.3, 1.107,2., 1.093,2.5, 1.081,2.6, GUSCO 52
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55

60

65

70

75

SYMBOLIC REFERENCE' MAP (R:2)

+1.069,2.7, 1.058,2.8, 1.048,2.9, 1.039,3.0, 1.030,3.1, 1.0?2,3.2, GVSCO
+1.014,3.3, 1.007,3.4, .9999,3.5, .9932,3.6, .9370,3.7, .9811,3.8, GUSCO
+.9755,3.9, .9700,4.0, .9649,4.1, .9600,4.2, .9553,4.3, .9507.4.4, GUSCO
+.9464.4.5, .9422,4.6, .9382,4.7, .9343,4.8, .9305,4.9, .9269,5.0, GUSCO
+.8963,6.0, .8727,7.0, .8538,8.0, .837?.c.0, .8242,10., .7432,20., GUSCO
+.7005,30., .6718, 40., .650',50., .6335 , .6194,70., .6076,80., GUSCO
+.5973,90., .5882,100., .5320,200., t . 200., .4811,400./ GUSCO

C L 0GV5CO
DO 100 1:1,6 GV5CO
IF (GIX(l).LE.EP5) GO TO 100 GUSCO
L : I GUSCO
TKOE : GTEMP/EOKiI' GVSCO
IF (TKOE.GT.400.) VKOF : 400. GVSCO
OtGA = POLATE(TPBLE, .KOE,NT, t(j)) GUSCO
V15(l) : 2.6693E-6*SOQT(A(I)*GTEMP)/(51GHA2(I)*OMEGA) GV5CO

10, CONTINUE GUSCO
IF (GMIX(7).LE.EPS) GO TO 110 GV5CO
L : 7 GV5CO

C V15(71 : I.E-7 *i ( 0 407*(GTEMP-273.i5) + PO.4 ) GUSCO
V15(7) : 0.407E-7*,TEMP-30.77E-7 GUSCO

C GUSCO
110 IF (L.LE.0) WRITE (6,140) GMIXGTEMP GUSCO

IF (L.LE.0) STOP GV5CO
GUISCO : 0.0 GVSCO

C GUSCO
DO 130 1:1,L GU5C0
IF (GMIX(I).LE.EPS) GO TO 130 GV5CO
5M0 : 0. GUSCO

DO 120 J:I,L GUSCO
IF (J.EQ.I) GO TO 120 GUSCO
IF iGMIX(J).LE.EPS) GO TO 120 GVSCO
RV = 1)15(1)/U15(J) GVSCO
PHI : (I.+5QRT(RV*R(J)/R(I)))*t2/SQRT(8.*(I.+i(!)/A(J))) GUS..0
SUl : SUM+GMIX(J)XPHI GUSCO

120 CONTINUE GUSCO
G15CO : GVI5CO+GM!X(I)*VIS(I)/GMIX(I)+5UH) GUSCO

130 CONTINUE GVSCO
C GUSCO

CALL DIALOT (GTEMP,27,FDIALA,FDIALH) GUSCO
GVISCO : (GUISCO+FDIALA)*FDIALM GUSCO
RETURN GVcCO

C GUSCO
140 FORMAT (28H ERROR IN GVISCO WITH GHIX: ,7(EIU.4,3X),/,12H AND GTEM GUSCO

+P: ,EIO.4) GUSCO
END GUSCO

80

85

90

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

95
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ENTRY POINTS
5 GUISCO

VARIABLES
273 A
257 EOK
207 EPS
247 FDIALA
250 FDIALM
0 GMIX

0 GTEMP

236 GUISCO
240 1

265
244

JM
J

237 L

210
242
246
302
245
251
243
320
241
311

NT
OMEGA
PH1
R
RV
5 GMA2
C JM
.ABLE
TKOE
4)15

FILr. NAMES
TAPE6

EXTERNALS
DIALOT
PLATE
SQRT

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
95

RELOCATION
ARRAY
ARRAY

ARRAY

REAL

REAL
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

F.P.

F.P.

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

MODE
FMT

TYPE ARGS
4

REAL 4
REAL It

WRITES

LIBRARY

REFERENCES
93
68
69

STATEMENT LABELS
46 100
63 110
143 120
154 130
216 140 FMT

DEF LINE
'10
76
89
91
97

REFERENCES
63
71
83
80
76

PROPERTIES
EXT REFS
EXT REFS
ZXT REFS

NOT INNER

REFS
REFS
rEFS
REFS
REFS
REFS
2*90

REFS
DEFINED

REFS
REFS

86
REFS
REFS

DEFINED
REFS

72
REFS
REF5
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS

34
33
64
93
93
34

DEFINED
66
3

90
64

2*87
33
84
83
76

68
69
83
34
87
33
88
35
67
34

36

88

94
81

60,
66
71
94
94
64
3

69

94
65

3*90
68
85

77

DEFINED
DEFINED
DEFINED

2*87
DEFINED

69
90
68
68

2*86

2*87
DEFINED

81

71

74

DEFINED
66

DEFINED
DEFINED

86

80

36
68
87

DEFINED
86

DEFINED
DEFINED
DEFINED
DEFINED

90

DEFINED
4!
85

76

76

78
68
63
36

2*87

83

39
82
47
66

DEFINED

t)EFINED

81

93

90
3*69
80

88

DEFINED

88

67
69

62 65

76

2*87

74

LOOPS
14
75
104

LABEL
100
130
120

INDEX
I
I
J

84
81

85

FROM-TO
63 70
80 91
83 89

LENGTH
358
628
428
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STATISTICS
PROGRAM LENGTH

40000B SCM USED
360
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I C GVSCO 99
C GVSCO 100

SUBROUTINE ZOEMIS (CTMAX,ZROXID,EMISSV) ZOMIS 2
C ZOMIS 3

5 C ZOEMIS CALCULATES THE EM155IVITY OF THE CLADDING SURFACE ZOMIS 4
C AS A FUNCTION OF MAXIMUM CLADDING TEMPERATURE AND ZOMIS 5
C OXIDE THICKNESS. EXPECTED STANDARD ERROR OF THE ZOMIS 6
C CALCULATED EMISSIVITY COMPARED TO IN-REACTOR ZOMIS 7
C DATA 15 ALSO RETURNED. ZQtIS 8

10 C ZOlI5 9
C Et155V : OUTPUT CLADDING SURFACE EMISSIVITY (UNITLESS) ZOMIS 10
C PUEMI5 : OUTPUT POSITIVE STANDARD ERROR EXPECTED IN EMI5SV Zjr15 II
C WHEN COMPARED TO IN-REACTOR DATA NOT CURRENTLY RETURNED) ZOMIS 12
C UUEMIS : OUTPUT NEGATIVE STANDARD ERROR EXPECTED IN EMISSV ZOM!S 13

15 C WHEN COMPARED TO IN-REACTOR DATA (NOT CURRENTLY RETURNED) ZOMIS 14
C ZOMI5 15
C CTMAX : INPUT MAXIMUM CLADDING TEMPERATURE (K) ZJMIS 16
C ZROXID : INPUT OXIDE LAYER THICKNESS (M> ZOMIS 17
C ZOMIS 18

20 C THE EQUATIONS USED IN THIS SUBROUTINE ARE BASED ON DATA FROM ZOMI5 19
C (1) AEC FUELS AND MATERIALS DEVELOPMENT PROGRAM PROGRESS ZOMIS 20
C REPORT NO. 76, USAEC REPORT GEMP - 1006 (1968). SECTION BY ZOMIS 21
C E. F. JUENKE AND S. J. SJODAHL, P 239 ZOMIS 22
C (2) T. B. BURGOYNE AND A. GARLICK, PAPER PRESENTED AT ZOMIS 23

25 C SPECIALISTS MEETING ON THE BEHAVIOUR OF WATER REACTOR ZOMIS 24
C FUEL ELEMENTS UNDER ACCIDENT CONDITIONS, SPATIND NORWAY ZOMIS 25
C (SEPTEMBER 1976) ZOMIS 26
C (3) E. V. MURPHY AND F. HAVELOCK, EMISSIVITY OF ZIRCONIUM ZOMIS 27
C ALLOYS IN AIR IN THE TEMPERATURE RANGE 100 - 400 C ZOMIS 28

30 C J. NUC. MAT., 60 (1976) PP 167-176 ZOMIS 29
C ZOMIS 30
C ZOEM15 CODED BY R. L. MILLER SEPT 1974 ZOMI5 31
C MODIFIED BY D. L. HAGRMAN OCTOBER 1976 ZOMIS 32
C ZOMIS 33

35 C MODEL FOR TEMPERATURES BELOW 1500K FOLLOWS ZOMIS 34
IF (ZROXID.GE.3.88E-06) GO TO 100 ZOMIS 35
EMISSV : 3.25E-Ol+1.246E05*ZROXID ZOMIS 36
GO TO 110 ZOMIS 37

100 EMISSV = 8.08642E-01-5.O0E0l*ZROXID ZOMIS 38
40 110 PUEMIS : 0.1 ZOMIS 39

UUEMIS : 0.1 ZOMIS 40
IF (CTMAX.LE.I500.) GO TO 120 ZOMIS 41

C ZOMIS 42
C MODIFICATION FOR MAXIMUM TEMPERATURES ABOVE 1500 K FOLLOWS Z0IS 43

45 EMISSV : EMISSV*EXP((1.50E03-CTMAX)/3.00E02) ZOMIS44
IF Ed1I55V.LT.0.325) EMISSV : 0.325 ZOMIS 45
PUEMI5 : PUEMI5/EXP((I.50E03-CTMAX)/3.00E02) ZOMI5 46
UUEMIS= :PUEMI5 ZOMIS 47

C ZOMIS '+8
50 C STANDARD ERROR CUT OFF AT IMPOSSIBLE VALUES FOLLOWS ZOMIS 49

IF (PUEMI5.GT.(I.00-EMI55V)) PUEMIS : 1.00-EMI5SV ZOMIS 50
IF (UUEMI5.GT.EM155V) UUEMIS : EMISSV ZOMIS 51

C ZOMI5 52
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120 CALL DIALOT (CTtIAX,15,FDIALAFDIALM)
55 EMIS5V : (EMI55V+FDIALA)*FDIALM

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 ZOEMIS

VARIABLES
0 CTMAX
0 EMISSV

123
124
121
122
0

FDIALA
FDIALM
PUEMIS
UUEMIS
ZROXID

DEF LINE
3

SN TYPE
REAL
REAL

REFERENCES
56

RELOCATION
F.P.
F.P.

REAL
REAL
REAL
REAL
REAL F.P.

EXTERNALS
DIALOT
EXP

STATEMENT LABELS
17 100
24 110
67 20O

TYPE ARGS
4

REAL I 1LIBRARY

DEF LINE
39
40
54

REFERENCES
54
45

REFERENCES
36
38
42

STATISTICS
PROGRAM LENGTH

1400005 SCM USED
I25B

20MIS
zomIS
zomIS
ZOtIS

53
54
55
56

REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

42
45
3

54
54
47
52
36

45
46
37
55
55
486

DEFINED
37

47
2*51
39

51
41
39

54
2*52

45

DEFINED
48

DEFINED

DEFINED
55
46

40
52
3

3

55

51
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C
C

I

IC

ENTRY POINTS
5 ZOTCON

VARIABLES
0 CTEMP

42 FDIALA
43 FDIALM
41 T
40 ZOTCON

EXTERNALS
DIALOT

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL

TYPE ARGS
4

REFERENCES
24

RELOCATION
F.P.

REFERENCES
22

STATISTICS
PROGRAM LENGTH

140000 SCM USED

FUNCTION ZOTCON (CTEMP)
C

5 C ZOTCON CALCULATES ZIRCONIUM DIOXIDE THERMAL CONDUCTIVITY AS A
C FUNCTION OF TEMPERATURE.
C
C ZOTCON : OUTPUT THERMAL CONDUCTIVITY OF ZR02 (W/M-K)
C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURE (K)
C
C THE DATA USED TO GENERATE THIS CORRELATION WERE TAKEN FROM:
C W.D. KINGERY, J. FRANCL, R.L. COBLE AND T. VASILOS
C J. AMER. CERAM. 50C., 37 N0.1 :1954) PP 107-110
C
C ZOTCON WAS CODED BY R.L.MILLER IN MARCH 1974.
C MODIFIED BY R.L. MILLER MAY 1974
C
C USE CAUTION ABOVE 1700K
C

T = CTEMP
ZOTCON : 1.9599-T*(2.4IE-4-T*(6.43E-7-T*.946E-10))
CALL DIALOT (CTEMP,16,FDIALA,FDIALM)
ZOTCON : (ZOTCON+FDIALA)*FDIALM
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

19'

I zoMIS
Z0MIS
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN
ZTCN

REFS
REFS
REF5
REFS
REFS

20
22
22

3*21
23

22
23
23

DEFINED
DEFINED

DEFINED

20
21

3

23

36
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58
2
3

5
6
7
8
9
10
II
'.7
'3
14
15
16
17
18
19
20
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22
23
24
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I SUBROUTINE EMCTON (CTEMP, TIMEFLUX,COLDW,CCON,CDKDT) EMC'N 2
C EMCTN 3
C CTHCON CALCULATES CLADDING THERMAL CONDUCTIVITY AS A rsCTION OF EMCTN 4
C TEMPERATURE. VERSION OF MATPRO3 EMCTN 5

5 C EMCTN 6
C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURF tDEG K) EMCTN 7
C FLUX : INPUT FAST NEUTRON FLUX, N/M**2-SEC. EMCTN 8
C TIME : INPUT TIME AT TEMPERATURE AND FLUX, SECONDS. EMCTN 9
C CCON : OUTPUT THERMAL CONDUCTIVITY OF ZIRCALOY-4, WATTS/M-K EMCTN 10

10 C CDKDT: OUTPUT DIRIVITIVE OF THERMAL CONDUCTIVITY WITH EMCTN 11
C RESPECT TO TEMPERATURE EMCTN 12
C EMCTN 13
C THE DATA USED TO GENERATE THIS THIRD DEGREE CORRELATION OF EMCTN 14
C THERMAL CONDUCTIVITY AS A FUNCTION OF TEMPERATURE WERE TAKEN FROM EMCTN 15

15 C (1) J.N. CHIRIGOS, ET AL. DEVELOPMENT OF ZIRCALOY-4, FUEL ELEMENT EMCTN 16
C FABRICATION-I, INTERNATIONAL ATOMIC ENERGY AGENCY, 196!, P 45. EMCTN 17
C (2) A.D. FEITH, HIGH TEMPERATURE MATERIALS PROGRAM PROGRESS REPORT EMCTN 18
C NO 61, GE-NMPO, USAEC REPORT GEMP-61, SEPT 30, 1966, P 153. EMCTN 19
C EMCTN 20

20 C CTHCOM WAS CODED BY R.L.MILLER IN MARCH 1974. EMCTN 21
C MODIFIED BY R.L.MILLER, APRIL "74, MAY "14 EMCTN 22
C EMCTN 23
C USE CORRELATION ABOVE 1500C WITH CAUTION. EMCTN 24
C EMCTN 25

25 T : CTEMP EMCTN 26
CCON : -3.198E0+T*(5.iI7E-2-T*(4.I4E-5-1.522E-8*T)) EMCTN 27
CDKDT : 5.177E-2+T*(-8.?28E-5+T*4.566E-8) EMCTN 28
RETURN EMCTN 29
END EMCTN 30

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 EMCTON I 28

VARIABLES SN TYPE RELOCATION
0 CCON REAL F.P. DEFINED I 26
0 CDKDT REAL F.P. DEFINED I 27
0 COLD REAL *UNUSED F.P. DEFINED I
0 CTEM? REAL F.P. REFS 25 DEFINED I
0 FLUX REAL *UNUSED F.P. DEFINED I

33 T REAL REFS 3*26 2*27 DEFINED 25
0 TIME REAL *UNUSED F.P. DEFINED I

STATISTICS
PROGRAM LENGTH 348 28

140000B SCM USED
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I

ENTRY POINTS
5 EMCPIR

VARIABLES
27 CPOIR
0 CTEMP

25 EMCP;R
26 T

DEF LINE

5h TYPE
REAL
REAL
REAL
REAL

REFERENCES
14

RELOCATION

F.P.

STATISTICS
PROGRAM LENGTH

I40000B SCM USED

I5

FUNCTION EMCPIR (CTEMP)
C
C FUNCTION COMPUTES POISSON"S RATIO
C T : CLADDING TEMPERATURE (KELVIN)
C
C THIS FUNCTION 15 A CONVERSION TO KELVIN TEMPERATURES OF
C AN EXPRESSION RECOMMENDED FOR USE IN EVALUATION MODELS
C BY F.COFFMAN OF AEC-REGULATORY, APRIL 1974.
C CPOIR:.32+5.E-5?T (FAHRENHEIT)

T : CTEMP
C

CPOIR : 0.32E0+5.E-5*(T*I.8-459.67E0)
EMCPIR :=CPOIR
RETURN
END

SYMBOLIC REFERENCE MAP iR:2)

EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR
EMCPR

REFS
REFS

DEFINED
REFS

13
10
13
12

30B

DEFINED
DEFINED

DEFINED

12
I

10

FUtCTION EMCPIR 10.21/80 14.?4.01 PAGE 1
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4
5
6
7
8
9

10
II
12
13
14
15
16

5
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5

DATA TO , TA ,
+ 293.15E0, 1116.4833E0,

T : CTMP-TO
CTHE:P : CA*T
IF (CTEMP.LE.TA) RETURN
CTHEXP : CA*(TA-TO)
T : CTEMP-TB
IF (T.LE.0.) RETURN
CTHEXP : CTHEXP+CB*T
EMCTXP : CTHEXP
RETURN
END

TB
1241.4833E0,

CA ,
5.76E-6,

CB /
9.54E-6/

FUNCTION EMCTXP (CTEMP)

CTEMP : NPUT CLADDING TEMPERATURE (K)
CTHEXP : OUTPUT TOTAL THERMAL STRAIN OF ZIRCALOY CLAD, NO UNITS.

( L(CTEMP) - L(293) ) / L(293)

THIS FUNCTION 15 A CONVERSION TO KELVIN TEMPERATURES OF
AN EXPRESSION RECOMMENDED FOR USE IN EVALUATION MODELS
BY F.COFFMAN OF AEC-REGULATORY, APRIL 1974.
FOR CLADDING HEATED FROM TI TO T2 (FAHRENHEIT) --
CTH : 3.2E-6*(T2-TI) T2.LE.1550 F
= 3.2E-6*(1550.-'i) 1550.LT. T2 .LE.1775F
= 3.2E-6*(1550.-Tl, ' 5.3E-6*(T -1775) , T2.GT.1775 9

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 EMCTXP

VARIABLES
42 CA
43 CH
0 CTEMP

46 CTHEXP
44 EMCTXP
45 T
40 TA
41 TB
37 TO

OFF LINE
2

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
21

RELOCATION

F.P.

STATISTICS
PROGRAM LENGTH

'o00AB
39

SCM USED

EMCPR
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCX'
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EMCXP
EM(.XP
EMCXP
EMCXP
EMCXP

10

C

20

25

17
2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
l8
19
20

22
23
24
25
26
27
28

REFS
REFS
REFS
REFS

DEF INEVI
REFS
REFS
REFS
REFS

20
25
19
25
26
20
21
23
19

22
DEFINED

21
26

24
22

DEFINED
22

DEFINED
16
23

DEFINED

25
D FINED

DEFINED

16

DEFINED
20

DEFi14E3
16

16

2
22

'9

FUNCTION ECTXP $1/21/8O 14.34.01 PAGE I
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FUNCTION EMFCP (FTEMPFACHOT,FTIELT)

FCP CALCULATES FUEL HEAT CAPACITY FOR U02 AS A FUNCTION OF
TtPERATURE ONLY

INPUT FUEL TEMPERATURE (K)

THIS MEAT CAPACITY RELATION IS TAKEN FROM THE WREM
TABLE 2.4 PAGE 2-30.

WREM; WATER REACTOR EVALUATION MODEL ( REVISION I
NUREG-75/056

FCP WAS CODED BY B.W. BURNHAM JULY 1978.

DIMENSION

DATA

lATA

5
2.0

3'452.0

XY(32)

NN ,1k

XY

DOCUMENT

MAY1975.

4b , 1 I

34.45 , 32.0 ,
30.35 , 122.0 ,

40.95 , 212.0 ,
43.55 , 392.0 ,

46.80 , 752.0 ,
51.35 , 2012.0 ,

52.65 , 2732.0
56.55 , 309

63.05
72.6

0 , 3812.0 ,
C9.70 4352.0

94.25 ,4532.0 ,
98.15 , 4712.0 ,

100.10 , 4892.0
101.40 , 5144.0

101.40 , 8090.0

iONUERT THE INPUT TEMP'.RATURE FROM K TO F.

XX = FTEMP*I.8E0-459.67E0

SET THE INDEX TO EXTRAPOLATE FROM THE TABLE

NG = -NN

CALL POLATE AND RETURN

5

10

FTEMP

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

15

20

C
C

25

30

35

+

+

+
+

+
+

I EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EHFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EI'.FCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP
EMFCP

45

C
C
C
C

C
C
C

C
C

50

FUNCTION EMFCP FTN 4.8+508 10/21/80 14.34.01 PAGE I
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21
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25
26
27
26
29
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31
32
33
34
?5
36
37
38
3Q
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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C
EMFCP : POLATE(XY,XX,NGIK)
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 EMFCP

VARIABLES
32 EMFCP
0 FACHOT
0 FTEMP
0 FTMELT

27 IK
34 NG
26 NN
33 XX
35 XY

EXTERNALS
POLATE

STATISTICS
PROGRAM LENGTH

I40000 B

DEF LINE

SN TYPE
REAL
REAL
REAL
REAL
INTEGE2
INTErcR
INTE ER
REAL
REAL

TYPE
REAL

C:M USED

REFERENCES
56

RELOCATION

*UkJ5ED

*UNUSED

F.P.
F.P.
F.P.

ARRAY

ARGS
4

RE -tRENCES
55

758 61

EMFCP
EMFCP
EMFCP
EMFCP

55
56
57
58

DEFINED
DEFINED

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS

55

47

55
55
51
55
21

DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

55

1

24
51
24
47

DEFINED

FUNCTION EMFCP 10.'21/40 14.34 'It PAGE

55
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I

5

10

SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
5 EMFEOD 2

VARIABLES SN TYPE
37 EMFEOD REAL
40 FELMOD REAL

0 FRADEN REAL
0 FTEMP REAL

STATEMENT LABELS
22 100
26 110

STATISTICS
PROGRAM LENGTH

140000B SCM USED

MAP (R:2)

REFERENCES
25

RELOCATION

DEF LINE
24
26

418

DEFINED
REFS

F. 0. REFS
F.P. REPS

REFFRENICES
2/
20

33

C

C
C
C
CI
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C

100

110

15

FUNCTION EMFEOD (FTEMPFRADEN)

FELMOD CALCULATES FUEL ELASTIC MODULUS AS A FUNCTION OF
TEMPERATURE AND FRACTIONAL DENSITY.

FTEMP:INPUT FUEL TEMPLRATURE(K)
FRADEN:INPUT FRACTIONAL FUEL DENSITY(RATIO OF ACTUAL DENSITY TO
THEORTICAL DENSITY)
FELMOD:OUTPUT FUEL MODULUS OF ELASTICITY(N/M**2).

THE MODULUS OF ELASTICITY RELATIONSHIP USED IN THIS SUBROUTINE 15
BASED ON THE CORRELATIONS PRESENTED BY D. VOLLATH IN EURFNR-968.
THE TEMPERATURE DEPENDENCE 15 GIVEN TO 1973K,CONSEQUENTLY ABOVE
2000K THE ROUTINE ASSUMES A CONSTANT VALUE OF 7.0E8 N/M**2.

FELMOD WAS CODED BY V.F.BASTON IN MARCH 1974.
RECODED BY R.C.YOUNG, MAR 1975.

IF (FTEMP.GT.2000.) GO TO 110
T : FTEMP D : FRADEN
FELMOD:(1671500-924.4*(T-273.15))*(I.-2.28*(I.-D))/!. U-5

FELMOD : (1.8863E1 -9.0627E7*FTEMP)*(2.28E0*FRADEN-I.28E0)
EMFEOD :=FELMOD
RETURN
FELMOD : 7.0E8
GO TO 100
END

20

25

EHFCP
EMFD
EMFD
EHFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
EMFD
E'FD
EMFD
EMFD
EMFD
EHFD
EMFD

59
2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

24
24
23
20

DEFINED
DEF I NED

23

23
2

DEFINED

26

2

FUNCTION EMFEOD 10/21/80 14.34,01 PAGE 1
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C
FUNCTION EMFPIR (FTEMP)

C
C FPOIR RETURNS POISSON'S RATIO FOR U02.

5 C
C FTEMP:INPUT FUEL TEMPERATURE(K).
C FPOIR:OUTPUT POISSON'S RATIO FOR U02.
C
C POISSON'S RATIO FOR U02 USED IN THIS ROUTINE WAS EVALUATED
C FROM THE MEAN OF THE DATA PRESENTED BY WATCHMAN ET AL.
C REFERENCE:WATCHMAN ET AL.,JOURNAL OF NUCLEAR MATERIALS VOL.16(I)
C PP.39-41(1965).
C
C FPOIR WAS CODED BY V.F.BASTON IN MARCH 1974.
C

EMFPIR : 0.316
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
5 EMFPIR

VARIABLES
13 EMFPIR
0 FTEMP

DEF LINE
2

SN TYPE
REAL
REAL

REFERENCES
17

RELOCATION

*UNUSED F.P.

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

I

5

1C

19

EMFD
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR
EMFPR

29
2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18

DEFINED
DEFINED

14B

16
2

12

FUNCTION EMFPIR FTN 4.8+508 10/21/80 14.34.01 PAGE I
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C

C
C
C
C
C
C
C
C
C
C
C
C
C
C

FUNCTION EMFESS (FTEMP)

FEMI55 CALCULATES FUEL EMISSIVITY AS A FUNCTION OF TEMPERATURE.

FTEMP:INPUT FUEL TEMPERATURES)
FEMI55:OUTPUT FUEL EMISSIVITY(UNITLESS,RATIO OF RADIANCE)

THE EMISSIVITY RELATIONSHIP USED IN THIS SI JROUTINE 15 A FIFTH
ORDER POLYNOMIAL FIT TO THE TABULATED DATA PRESENTED BY J.BELLE
(900K<FTEMP<2300K): REFERENCE; U02 PROPERTIES AND NUCLEAR
APPLICATIONS,BY J.BELLE P.197.

FEMISS NAS CODED BY V.F.BASTON IN MARCH 1974.
CODING REVISED BY R.C.YOUNG NOV 74.

DATA A, 8, C,D,
+ 19.324E0, -6.68E-2, 9.396E-5, -6.397E-8,
DATA TI, El , T2, E2 /'

+ 900., 0.83E0, 2300., 0.40E0'
C

T : FTEMP
IF (T.LT.TI) GO TO :00
IF (T.GT.T2) GO TO 110

25 FEMISS : A+T*(B+T*(C+T*(D+T*:K+T*F))))
GO TO 120

100 FEMISS : El
GO TO 120

110 FEMISS : E2
30 120 EMFESS : FEMI55

RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

E, 6 F/
2.10E-11, -2.667E-15/.

ENTRY POINTS
5 EMFESS

VARIABLES
44 A
45 B
46 C
47 D
50 E
56 EMFESS
53 El
55 E2
51 F
60 FEMISS

DEF LINE
2

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
31

RELOCATION

5

10

15

20

I EMFPR
EMFS
EMFS
EMFS
EMF5
EMFS
EMFS
EMFS
EMFS
EHF5
EMFS
EMFS
EMFS
EMF5
EMFS
EMF5
EMFS
EHF5
EMF5
EMF5
EMFS
EMFS
EMF5
EMF5
EMFS5
EMF5
EMF5
EHF5
EMFS
EMF5
EMF5
EHFS

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

25
25
25
25
25
30
27
29
25
30

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED

17
17
17
17
17

19
19
17
25 29

FUNCTION EMFESS 10/21/80 14.34.01 PAGE $
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VARIABLES
0 FTEMP

57 T
52 TI
54 T2

SN TYPE
REAL
REAL
REAL
REAL

STATEMENT LABELS
32 100
36 110
41 120

RELOCATION
F.P.

DEF LINE
27
29
30

REFERENCES
23
24
26

STATISTICS
PROGRAM LENGTH

140000B SCM USED

REFS
REFS
REFS
REFS

22
23
23
24

DEFINED

DEFINED
DEFINED

!4.34.01

2
5X25

19
19

PAGE

DEFINED

2

28

618

22
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I

SYMBOLIC

ENTRY POINTS
4 EMFTON

VARIABLES SI
51 A
52 B
47 BETA
53 C
0 CON
0 DKDT
0 FRADEN

REFERENCE MAP (R:2)

DEF LINE REFERENCES
1 34

IN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

F.P.
F.P.
F.P.

REFS
REFS
REFS
REFS

DEFINED
DEFINED

REFS

5

le

SUBROUTINE EMFTON (FTEMP, FRADENFTMELT,CGN,DKDT)

EMFTO4 CALCULATES FUEL THERMAL CONDUCTIVITY AS A FUNCTION OF
TEMPERATURE AND FRACTIONAL DENSITY.

FTEMP:INPUT FUEL TEMPERATURES)
FRADEN:INPUT FRACTIONAL FUEL DENSITY(RATIO OF ACTUAL DENSITY TO
THEORTICAL DENSITY)
FTMELT: FUEL MELTING POINT
CON: OUTPUT FUEL THERMAL CONDUCTIVITY (W/M*K)
DKDT: OUTPUT DIRIVITIVE OF FUEL THERMAL CONDUCTIVITY WITH
RESPECT TO TEMPERATURE (W/M*K*K)

THE THERMAL CONDUCTIVITY RELATIONSHIP USED IN THIS SUBROUTINE IS
BASED ON THE DATA OF LYONS ET AL. PLUS THE MAXWELL-EUCKEN
CORRECTION FOR POROSITY WITH A PORE SHAPE COEFFICIENT OF 0.5
REFERENCES;TRANS.AM.NUC.SOC.VOL7 N0.1 P.107 JUNE 1966 AND
BNWL-1778.

FTHCON(EMFTON) WAS CODED BY V.F.BASTON IN MARCH 1974.
CODING REVISED BY R.C.YQUNG - NOV 74

BETA : POROSITY COEFF. PCI0O: t1.025/0.95)*100.
DATA DETA, PCIOO , A , B , C /

+ 0.5, 1.078947E2 38.24E0, 129.4EO, 6.125E-13/
IF (FTEMP.GT.FTMELT) 60 TO 100
CON : sPCIOO*FRADEN/(I.+BETA*(I.-FRADEN)1 *(A/(B+FTEMP)+C*(FTEMP**

+3))
DKDT : (PCIOD*FRADEN/(I.+BETA*(I.-FRADEN)))*(3.*C*(FTEMP**2)-A/((B

++FTEMP)**2))
GO TO 110
CON : 3.0
DKDT = 0.0
RETURN
END

15

30

EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN
EMFTN

2
3
4
5
6
7
8
9
10
11
12
13
14
IS15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

100

110
35

27
27
27
27

2*27

29
29
29
29
27
29
2*29

DEFINED
DEFINED
DEFINED
DEFINED

32
33

DEFINED

10/21/40 14.34.01 PAGE 1

24
24
24
24

1



SUBROUTINE EMFTON

VARIAC'.ES SN TYPE
0 FTEMP REAL
0 FTMELT REAL

50 PC100 REAL

STATEMENT LABELS
41 1G'.
46 1111

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

RELOCATION
F.P. REFS
F.P. REFS

REFS

DEF LINE
32
34

FTN 4.8+508

26
26
27

2*27
DEFINED

29

2*29
I

DEFINED

REFERENCES
26
31

56B

DEFINED

24

PAGE 210/21/80 14.34.01
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FUNCTION EMCCP (CTEMP) EMCCP 2
C EMCCP 3
C CCP CALCULATES CLADDING HEAT CAPACITY AS A FUNCTION OF TEMPERATURE EMCCP 4
C EMCCP 5

5 C CTEMP : INPUT CLADDING MESHPOINT TEMPERATURE (DEG K) EMCCP 6
C CCP : OUTPUT CLADDING HEAT CAPACITY -5I UNITS- JOULES/KG-K EMCCP 7
C EMCCP 8
C THE HEAT CAPACITY DATA USED IN THIS SECOND DEGREE CORRELATION ARE EMCCP 9
C TAKEN FROM C.R. BROOKS AND E.E. STANSBURY, J NUCLEAR MATERIALS, EMCCP 10

10 C 00L 18, PP 233, (Io66) EMCCP 11
IF (CTEMP.GT.1000.0) GO TO 100 EMCCP 12

C EMCCP 13
C CCP WAS CODED BY R.L.MILLER IN MARCH 1974. EMCCP 14
C MODIFIED BY R.L.MILLER, APRIL "74, MAY "74 EMCCP I5

15 C EMCCP 16
CCP - 2.40900E02+CTDHP*(0.16800-CTEMP*4.3600E-05) EMCCP 17
EMCCP : CCP EMCCP 18
RETURN EMCCP 19

100 CCP 365.303 EMCCP 20
20 EMCCP : CCP EMCCP 21

RETURN EMCCP 22
END EMCCP 23

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
5 EMCCP i 18 21

VARIABLES SN TYPE RELOCATION
36 CCP REAL REFS 17 20 DEFINED 16 19
0 CTEMP REAL F.P. REFS II 2*16 DEFINED I

35 EMCCP REAL DEFINED 17 20

STATEMENT LABELS DEF LINE REFERENCES
23 ICO 19 11

STATISTICS
PROGRAM LENGTH 37B 31

!40000B SCM USED

10/21/80FUNCTION ENCCP PAGE i
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FUNCTION EMCLEM (CTEMP)
FUNCTION C LMOD(CTEMP, T!ME, FLUX, COLD)

CELMOD CALCULATES CLADDING ELASTIC MODULUS AS A FUNCTION OF
TEMPERATURE,TIIE,FLUX,AND, COLD WORK.

CTEhP = INPUT CLADDING MESHPOINT TEMPERATURE (DEG K)
+-LUX = INPUT FAST NEUTRON FLUX, N/M**2-5EC.
TIME INPUT TIME AT TEMPERATURE AND FLUX, HOURS.
CELMOD : OUTPUT MODULUS OF ELASTICITY FOR ZIRCALOY-4 (N/M**2)
CONVERSION TO PSI // i1.45037738E-4 ( PSI / (N,**2) )

THE MODULUS OF ELASTICITY USED IN THIS SUBROUTINE IS 15 TAKEN FROM
THE DATA AND CORRELATIONS FROM THE FOLLWOWNG REFERENCES
(I) C.C. BUSBY, IN WAPD-TM-585, PROPERTIES OF ZIRCALOY-4 TUBING,
C.R. WOGS, ED, PAGES 65FF.
(2) Z. SPASIC, M. PAVLOVIC, G. SIMIC, CONFERENCE ON THE USE OF
ZIRCONIUM ALLOYS IN NUCLEAR REACTORS, PIZEN, CHECH, 1968, PP 277-84
CATALOGUED AS USAEC REPORT CONF-691086
(3) R.L. MEHAN AND F.W. WIESINGER, MECHANICAL PROPERTIES OF
ZIRCALOY-2, USAEC REPORT KAPL-2110.

NEW VERSIONCELMOD WAS CODED ON APRIL 17,1974

C CAUTION SHOULD BE EXERCISED IN USING THIS CORRELATION BEYOND
C 700 DEG K (800 DEG F).
C

T :=CTEMP
IF (T.GT.750.0) GO TO 100
CELMQD : II4.8E5-0.0599E9*T
EMCLEM : CELMOD
RETURN

100 CELMOD : 1.07981E1I-T*5.02236E7
EMCLEM : CELMOD
RETURN
END

SYMBOLIC REFERENCE MAP (R:21

ENTRY POINTS
5 EMCLEM

VARIABLES
41 CELMOD
0 CTEMP

37 I.MCLEM
40 T

DEF LINE
2

SN TYPE
REAL
REAL
REAL
REAL

REFERENCES
33 36

RELOCATION

F.P.
REFS
REFS

DEFINED
REFS

32
29
32
30

35
DEFINED

35
31

DEFINED 31
2

34 DEFINED

C

5

10

15

20

i EMCCP
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
ENCLM
EMCLMI
EMCLM
EMCLMI
ENCLM
EMCLM
EMCLM
EMCL M
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EHCLH
EMCLMI
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM
EMCLM

35

29
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24
2
3
4
5
6
7
8
9

10
it
i2
13
14
!5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37



FUNCTION EMCLEM

STATEMENT LABELS
24 100

STATISTICS
PROGRAM LENGTH

140000B SCM USED

76/176 OPT:0 TRACE STATIC

DEF LINE REFERENCES
34 30
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1 C EMCLM 38
C EMCLM 39

FUNCTION EMFTXP (FTEMP,FACMOT,FTMELT) EMFXP 2
C EMFXP 3

5 C FTHEXP CALCULATES FUEL LINEAR THERMAL EXPANSION FOR SOLID AND EMFXP 4
C LIQUID PHASES AS A FUNCTION OF TEMPEkgTI' Crq LIQUID FRACTION. EMFXP 5
C EMFXP 6
C FTEMP:INPUT FUEL TEMPERATURE(K) EMFXP
C FACMOT:INPUT FUEL FRACTION MOLTEN. FACMO.-Z. FUEL ALL SOLID EMFXP 8

10 C :1. FUEL ALL MOLTEN EMFXP 9
C FTMELT:INPUT FUEL MELTING TEMPERATURE (K) EMFXP 10
C FTHEXP:OUTPUT FRACTIONAL FUEL THERMAL EXPANSION EMFXP 11
C NO UNITS (LT - L298)/L298 EMFXP 12
C EMFXP 13

15 C THE THERMAL EXPANSION RELATIONSHIPS USED IN THIS SUBROUTINE ARE EMFXP 14
C (I)SOLID IS BASED ON DATA OF CONWAY ET AL (1000C TO 2250C) WITH EMFXP 15
C EXTRAPOLATION OF DATA DOWN TO 200C AND UP TO 2800C, EMFXP 16
C REFERENCE: TRANS.AM.NUC.SOC.VOL6(I) JUNE 1963; EHFXP 17
C (2)MOLTEN IS BASED ON DCTA OF CHRISTENSEN (MELTING TO 3200C), EMFXP 18

20 C REFERENCE: J.AM.CER.SOC. VOL46(12) DECEMBER 1963. EMFXP 19
C EMFXP 20
C FTHEXP WAS SET UP BY V.F.BASTON IN MARCH 1974. EMFXP 21
C RECEDED BY R.C.YOUNG, APRIL 74 EMFXP 22
C EMFXP 23

25 DATA A, B, C, D / -1.723 E-4, 6.777 E-6, 2.896 E-9, 3.103 E-2 / EMFXP 24
C D : EXPANSION AT MELTING : 1.096**(I/3) - I. EMFXP 25

DATA E / 3.5 E-5 /, EPS / I.E-10 /, CK / 273.15 ED / EMFXP 26
C EMFXP 27

TM : FTEMP-FTIELT EMFXP 28
30 IF (1M+EPS.GE.0.) GO TO 110 EMFXP 29

C SOLID EMFXP 30
TC : FTEMP-CK EMFXP 31
FM : 0. EMFXP 32

100 FTHEXP : FM+A+TC*(B+TC*C) EMFXP 33
35 EMFTXP : FTHEXP EMFXP 34

RETURN EMFXP 35
C EMFXP 36
110 TC : FTMELT-CK EMFXP 37

IF (TM.GT.EPS) GO TO 120 EMFXP 3P
40 C MELTING EMFXP 39

FM : D*FACMOT EMFXP 40
GO TO 100 EMFXP 41

C MOLTEN EMFXP 42
120 FM : D+E*TM EMFXP 43

45 GO TO 100 EMFXP 44
END EMFXP 45

SYMBOLIC REFERENCE MAP (R:2j
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ENTRY POINTS
5 EMFTXP

VARIABLES
53 A
54 B
55 C
61 CK
56 D
57 E
62 EMFTXP
60 EPS

G FACHOT
65 FM

0 FTEMP
66 FTHEXP
0 FTIELT

64 TC
63 TM

DEF LINE
3

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

STATEMENT LABELS
23 100
34 110
47 120

REFERENCES
36

RELOCATION

F.P.

F.P.

F.P.

DEF LINE
34
3e
44

REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS

REFERENCES
42
30
39

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

34
34
34
32
41
44
35
30
41
34
29
35
29

2*34
30

DEFINED
DEFINED
DEFINED

38
44

DEFINED

39
DEFINED
DEFINED

32
DEFINED

38
DEFINED

39

25
25
25

DEFINED
DEFINED

27

DEFINED
3

33
DEFINED

34
DEFINED

32
44

27
25

27

41
3

3
38

DEFINED

45

44

29

678 55
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SUBROUTINE EMSTRN

C
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I

+
+

C

DIMENSION

DATA
+

+

+
+

+

+ /
DATA

+

+ /
DATA

4
+

TABLEI(28 ),
TABLE2(28 ),
TABLE3(28 )

TABLE

TABLE2

TABLE3

4

+ t
DATA ITABLE_/ 14

ISTART / 7
EPLAS : 0.
IF (DELP.LE.0.) RETURN

/ 2500. ,
1850. ,
1660.
15+0.
1440.

1370.
1310.

/.5992

.3217 ,
.3502
.5387
.6189
.5591
.3780

/ 123. ,
59. 9,

65.
108.
128.
113.

71.

0.0
200.

600.
100.

, 1400
, 180

, 22

0.0
200.

600.
1000.

, 1400
, 180
, 22

2?J0. ,
,730.
1600.

1480.
. , 1400.
0. , 1335.
00. , 128'.

,.5992
,.2478
,.4564 ,I
, .5992

. ,.6189
0. ,.4799
'00. ,.2976

0.0
200.
600.
1000.

, 1400.
, 1800.

2200.

123. ,
44. ,

89.
123.
128.

, 94.
, 54.

100.
#00. ,

1200.
, 1600.
, 2000.

2400.

100. ,
400.

800.
, 1200.

, 1600.
, 2000.

2400.

100. ,
400. ,
800. ,

, 1200.
, 1600.
, 2000.

2400.

/,

/

SUBROUTINE EMSTR (TEMPDELPEPLAS, LOCKIFAIL)

CALCULATES ZIRCALOY STRAIN AS FUNCTION OF TEMPERATURE AND STRESS
INPUT
TEMP = TEMPERATURE (FAHRENHEIT)
DELP : PRESSURE DIFFERENCE (PSI)
OUTPUT
EPLAS = PLASTIC STRAIN -- UNITLESS RATIO OF LENGTHS
ALLOWINGG SET ONLY AT CLAD FAILURE
BLOCK = UNIT CELL FLOW BLOCKAGE (PERCENT)
IFAIL : FAILURE FLAG - SET TO I AT RUPTURE

PLASTIC STRAIN 15 CALCULATED BY A PROCEDURE RECOMMENDED
FOR EVALUATION MO.IEL BY F.COFFMAN OF AEC-REG, APRIL 1974.
BASED ON HARDY"5 JATA

THIS SUBPOUTI. WAS MODIFIED BY B.W. BURNHAM JULY -1977 TO
INCLUDE TH .E EM DATA DIRECTLY IN THE ROUTINE VIA DATA
STATEntNTS RATHER THAN ALLOW THE INPUT OPTION OF REMFRAP-MODI

5

10

10/21/80

EMFXP
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EhSTNEMSTNEMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN

PAGE

I5

I

20

25

30

35

40o

46
2
3
4
5
6
7
8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

45

50

I

l



7/176 OF;:O TRACE STATIC FTN 4,8+508

C DETERMINE TEMPERATURE AT WHICH PIN WOULD FAIL
VRUPT : POLATE(TABLEI,DELP,ITABLE,ISTART)

C CALCULATE DIFFERENCE FROM PRESENT TEMP. (F)
DELTR :=TRUPT-TEMP
IF DELTR.GT.200.) RETURN

C NOW CALCULATE CLADDING EXPANSION AFTER RUPTURE
EXR : POLATE(TABLE2,DELP,ITABLE,ISTART)
IF (DELTR.LT.0.) GO TO 100

C CALCULATE PLASTIC STRAIN
EPLAS :=EXR*0.2E0*EXP(-.0153E0*DELTR)
RETURN

C RUPTURE INDICATED
100 EPLAS : EXR*0.2

BLOCK : PLATE(TABLE3,DELP,ITABLE,ISTART)
FAIL -: I
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 EMSTRN

VARIABLES
0 BLOCK
0 DELP

110 DELTR
0 EPLAS

Ill EXR
0 IFAIL

103 ISTART
102 ITABLE
112 TABLE
146 TABLE2
202 ASLE3

0 TEMI-
107 TRUPT

EXTERNALS
EXP
POLATE

DEF LINE
2

SN TYPE
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

STATEMENT LABELS
46 100

STATISTICS
PROGRAM LENGTH

*'000059 CM USED

REFERENCES
53

RELOCATION
F.P.
F.P.

F.P.

F.P.

ARRAY
APRAY
ARRAY

ARGS
I LIBRARY

4

DEF LINE
66

2368

F.P.

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFERENCES
63
55

REFERENCES
61

158

55

60

70

EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN
EMSTN

54
55
56
57
58
59
60
6i
62
63
64
65
66
67
68
69
70

69

2
53
58

2
63

2
55
55
22
22
22
57
57

67
55
61
52
66
68
60
60
55
60
67

DEFINED
DEFINED

260
63
63

DEFINED

67
67

DEFINEi
DEFINED
DEFINED

2
55

67
DEFINED

66
60

DEFINED
DEFINED

26
34
42

DEFINED
57

50
50

(f 67

SUBROUTINE EMST', 10/21/80 PAGE 2
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C EMSTN 71
FUNCTION EMGTON (GMIX,GTEMP,GPRES,GPTHK) EMGTN 2

C EMGTN 3
C GTHCON CALCULATED GAS THERMAL CONDUCTIVITY AS A FUNCTION OF EMGTN 4

5 C TEMPERATURE AND GAS MOLE FRACTIONS. EMGTN 5
C EMGTN 6
C GTHCON:OUTPUT GAS THERMAL CONDUCTIVITY (N/M-K). EMGTN 7
C EMGTN 8
C GMIX(I) : INPUT ARRAY OF GAS MOLAR FRACTIONS EMGTN 9

10 C THE SEVEN ELEMENTS OF GMIX MUST SUM TO I.L EMGTN 10
C CONSTITUENT GAS NUMBER KEY EMGTN II
C 1 : HELIUM EMGTN 12
C I : 2 ARGON EMGTN 13
C I : 3 KRYPTON EMGTN 13

15 C I:3 XENON EMGTN 15
C I : 5 HYDROGEN EMGTN 16
C I : 6 NITROGEN
C I : 7 STEAM EMGTN 18
C EMGTN 19

20 C GTEMP:INPIUT GAS TEMPERATURE (K). EMGTN 20
C GPRES: NP'JT GAS PRESSURE (N/M**2) EMGTN 21
C USED FCq KNUDSEN DOMAIN CORRECTION AND FOR STEAM EMGTN 22
C NOT USE.3 IF 0. EMGTN 23
C GPTHK:It'UT FFECTITc AP THICKNESS FOR KNUDSEN DOMAIN (M) EMGTN 24

25 C : MAX(GP' OIMENSICN, SU; ACE ROUGHNESS) EMGTN 25
C NOT USEL iF 0. EMGTN 26
C EMGTN 27
C THE OAS CON$iUCTIUITY RELATIONSHIPS USED IN THIS FUNCTION ROUTINE EMGTN 28
C ARE THOSE STATED BY BIRD STENART,AND LIGHTFOOT, EMGTN 29

33 C "TRANSPORT PHENOMENA",P.2 AND P.258 (1960). EMGTN 30
C BIRD, HIRSCHFELDER, CURTISS, TRANS. ASME 76(1954)1011-1038, EMGTN 31
C OR HANIJBOOK OF PHYSICS, CHAPTER 5.5 (MCGRAW-HILL) 1954. EMGTN 32
C EMGTN 33
C STEAM EQUATION 15 FROM MAYER, ET.AL., "THERMODYNAMIC AND EMGTN 34

35 C TRANSPORT PROPERTIES OF STEAM", THE AMERICAN SOCIETY OF EMGTN 35
C MECHANICAL ENGINEERS (1967) EMGTN 36
C EMGTN 37
C CODED BY R.C.YOUNG AT INEL IN MAR 1975. EMGTN 38
C EMGTN 39

40 DIMENSION SIGMA2(6), EOK(6), IM(6) EMGTN 40
DIMENSION A(7) R(7), CON(7), GMIX(7) EMGTN 41
DIMENSION TABLEi(64) EMGTN 42
DATA EPS, NT, IM / I.E-8, 82, 6*i / EMGTN 43

C EMGTN 44
45 C DATA SIGMA / 2.576, 3.418, 3.498, 4.93, 2.915, 3.681/ EMGTN 45

DATA SIGMA2 / 6.635776, 11.682724, 12.23606, 16.443025, EMGTN 46
+ 8.497225, 13.549761/ EMGTN 47
DATA EOK / 10.2, 124., 225., 229., 38.0, 91.5/ EMGTN 48
DATA A / 4.003,39.944, 83.80, 131.3, 2.016, 28.02, 18.016/ EMGTN 49

50 C R : SQRT(A) EMGTN 50
DATA R / 2.00075E0 6.3201E0, 9.1542E0, 11.4586E0, 1.41986E0, EMGTN 51
+ 5.2934EO, 4.2445 '0 EMGTN 52
DATA TABLE / 2.785,.30, 2.628,.35, 2.492,.40, 2.368,.45, 2.257,.5, EMGTN 53
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+2.156,.55, 2.065,.60, 1.982,.65, 1.908,.70, 1.841,.75 1.780,.80, EMGTN 54
55 +1.725,.85, 1.675,.90, 1.629,.95 1.587,1.0. 1.549,1.0,E1.5!4,K1. I EMGTN 55

+1.482,1.15,.452,l.2, 1.424,1.2,,1.399,1.3, 1.375,1.35,1.353,1.4, EMGTN 56
+1.333,1.45,1 3''c, 1.296,1.55,1.279,1.6, '.264,1.65,1.248,1.7, EMGTN 57
+i.234,'.73,l.221,l.8, 1.209,I.85,.197,0.9, .186,1.95,1.175,2.0, EMGTN 58
+1.156,2.1, 1.138,2.2, 1.122,2.3, 1.107,2.4, 1.093,e.5, 1.081,2.6, EMGTN 59

60 +1.069,2.7, 1.058,2.9, 1.048,2.9, 1.039,3.0, 1.030,3.1, 1.022,3.2, EMGTN 60
+I.0I';,3.3, 1.007,3.4, .9999,3.5, .9932,3.6, .9870,3.7, .9811,3.8, EMGTN 61
+.9715,3.9, .9700,4.0, .9645,4.1, .9600,4.2, .9553,4.3, .9507,4.4, EMGTN 62
+.9'64,4.5, .9422,4.6, .9382,4.7, .9343,4.8, .9305,4.9, .9269,5.0, EMGTN 63
+.X963,6.0, .8727,7.0, .8538,8.0, .8379,9.0, .8292,10., .7432,20., ENGTN 64
+.7005,30., .6718, 4V .6504,50., .6335,60., .6194,70., .6076,80., EMGTN 65
+.5973,90., .5882,10:., .532U,200., .5016,300., .4811,400./ ENGTN 66

C EMGTN 67
IF (GTEMP.GT.10000.) GO TO 100 EMGTN 68
IF (GTEMP.GT.0.) GO TO 110 EMGTN 69

70 100 WRITE (6,160) GTEMP,GMIX EMGTN 70
110 1 - 0 EMGTN 71

DO 120 I:=,6 EMGTN 72
IF (GMIX(I).LE.EPS) GO TO 120 E4GTN 73
L : I EMGTN 74

75 TKOE : GTEMP/EOK(I) EMGTN 75
IF (TKOE.GT.400.) 'KOE : 400. EMGTN 76
OMEGA : POLATE(TABLE,TKOE,NT,!rd1.)) EMGTN 77
CON(I) = 0.083224*SQRT(gTE'P/A(I))/(SIGMA2(I)*OMEGA) EMG' 78
IF (I.LT.5) GO TO 120 EMGTN 79

80 C FOR DIATOMIC GASES, CON:(CSUDP*4/15R + 1/3)*CON(MONATOMIC) EMGTN 8,
IF (I.EQ.5) CON(S) : CON(5)*'I.26566E0+GTEMP* 6.4526E-8*GTEMP- EMGTN 81

+ 2.684E-5)) EMGTN 82
IF (I.EQ.6) CON(6) : CON(6)*(I.20889E0+GTEMP*(.6776E-4-1.3421 EMGTN 83

+ E-10*GTEMP)) EMGTN 84
85 120 CONTINUE EMGTN 85

IF (GMIX(7).LE.EPS) GO TO 130 EMGTN 86
L : 7 EMGTN 87

C STEAM EMGTN 88
TC : GTEMP-273.15E0 EMGTN 89

90 CON(7) : 17.6E-3+TC*(5.87E-5+TC*(I.04E-7-4.51E-II*TC)) EMGTN 90
IF (GPRES.LE.I.E5) GO TO 130 EMGTN 91

C USE IDEAL GAS LAW FOR DENSITY - OK FOR CORRECTION AT HI TEMP. EMGTN 92
DEN : 2.1668E-6*GPRES/GTEMP EMGTN 93
CON(7) : CON(7)+DEN*(103.51E-3+TC*(0.4198E-3-2.771E-8*TC)+2.1482E1 EMGTN 94

95 +I*DEN/TC**4.20E0) EMGTN 95
130 IF (L.LE.0) GO TO 100 EMGTN 96
C EMGTN 97

GTHCON : 0. EMGTN 98ENNIX : 0. ENGTN 99
100 DO 150I 1:1,L EMGTN 100

IF (GMIX(I).LE.EP') GO TO 150 ENGTN 101
EMMIX : EMMIX+GMIX(I)*A(I) EMGTN 102
SUM= U. EMGTN 103

DO 140 J:1,L ENGTN 104
105 IF tJ.EQ.I) GO TO 140 EMGTN 105

IF (GMIX(J).LE.EPS) GO TO 140 EMGTN 106

FUNCTION ENGTON 10/21/80 14.34.01 PAGE 2
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RK : CON(I)/CON(J
PHI: (1.+SQRT(RK*O'l)/R(J)))**2/SQRT(B.*(I.+A(I)/A(J)))
SUN : SUM+GMIX(J)*PHI
CONTINUE

GTHCON : GTHCON+GMIX(I)*CONI)/(GMIX(I)+SUM)
CONTINUE

SMALL GAP CORRECTION ON AVERAGE MASS, AS GAPCON
FACC : GPRES*GPTHK
IF (FACC.GT.EPS) GTHCON : GTHCON/(i.0+0.12049*(GTHCON/FACC)*SQRT(G

+TEMP*EMMIX))
EMGTON :_GTHCON
RETURN

FORMAT (25HIGTHCON INPUT BAD. GTEMP:,IPE1..4,2H K,/10HOFRACTIONS,(
+10E12.41))
END

SYMBOLIC

ENTRY POINTS
5 EMGTON

VARIABLES SN
407 A
425 CON

355 DEN
347 EMGTON
357 EMMIX
373 EOK
300 EPS

364 FACC
0 GMIX

0 GPRES
0 GPTHK
o GTEMP

356 GTHCON
351 1

401
361

350
301
353

IM
J

L
NT
OMEGA

REFERENCE

DEF LINE
2

N TYPE
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL

REAL
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
REAL

MAP (R:2)

REFERENCES
118

RELOCATION
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.
F.P.
F.P.

110 140

150
C

115

120
C
160

EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN
EMGTN

107
108
109
110
IlIl
112
113
114
115
116
11?
118
119
120
121
122

49
III

REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
109

REFS
REFS
REFS

89
REFS

CF5
-3

DEE 3
rEr_

REFS
DEFINED

REFS
REFS
REFS

41
41I
78

2*94
117
102
40
73
43

2*115
41

2*111
91

114
68
93
III
73

101
72
40

105
104
96
77
78

78
81
81

DEFINED

115
75
86

DEFINED
70

DEFINED
93

DEFINED
69

115
2*115

74
2*102
100
77
106

100
DEFINED
DEFINED

DEFINED
2*107

94

102

115

101

2

78

98
3*78

2*108

102
3
83
93

DEFINED
DEFINED

101

114
73
2

114
2

70
DEFINED

117
75
105

DEFINED
107

104
43
77

2*108
94
90

99
48
106

86

DEFINED

75
2

DEFINED
77
107

43
2*108

DEFINED

102 106

2*81

III
79

3*111

2*83

115
81

109

71 87
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VARIABLES
363 PHI
416 R
362 RK
365 SIGMA2
360 SUN
434 TABLE
354 TC
352 TKOE

FILE NAMES
TAPE6

EXTERNALS
POLATE
SQRT

STATEMENT LABELS
17 100
22 110
100 120
143 130
225 140
236 150
307 160 Fl

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
FMT

TYPE
REAL
REAL

RELOCATION

ARRAY

ARRAY

ARRAY

WRITES

ARGS
4
I LIBRARY

DEF LINE
70
71
85
96

110
112
120'T

REFERENCES
77
78

REFERENCES
68
69
72
86

104
100
70

FROM-TO
72 85

100 112
104 110

LENGTH
56B
68
ll2B

PROPERTIES
EXT
EXT
EXT

REFS
REFS
REFS

NOT INNE?

STATISTICS
PROGRAM LENGTH

140000B SCM USED
7'38

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

109
41
108
40

109
42

3*90
76

DEFINED
2*108

DEFINED
78
III
77

3*94
77

51
108

DEF I NED
107

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

70

46
103
53
89
75

109

76

2*108 115

96

LOOPS
25
153
166

LABEL
120
150
140

73
91
105
101

INDEX
I
I
J

79

106
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MODIFICATIONS / CONTROL CARDS UPDATE 1.3-508.

CORRECTION IDENTS ARE LISTED !N CHRONOLOGICAL ORDER OF INSERTION

TIDY CALLGR GRASSO GRASSI GRA5S2 GRASS3 GRA554 GRASS5
GRAS56 GRASS? GRASS8 GRAS59

DECKS ARE LISTED IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE 15 CREATED BY THIS UPDATE

YANKISS TIDY CALLGR GRASSO GRASS GRASS2 CRA5S3 GRA5S4
GRASS5 GRASS6 GRASS? GRASS8 GRA559

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANKSSS TIDY CALLGR -RA5S0 GRASSI GRASS2 GRA553 GRA554
G ACCc GRA3S6 GRASS? 6RASS8 GRAS59

DECKS WRITTEN TO COMPILE FILE

TIDY CALLGR GRASSO GRASSI GRA552 GRASS3 GRA554 GRA555
GRASS6 GRAS57 GRASS8 GRA559

THIS UPDATE REQUIRED 34300E WORDS OF CORE.

UNLABELED OLDPL 10/21/00 14.35.33. PAGE I
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SUBROUTINE CALLGR (DELNFKFFL,PLENPTITGRT,IRSTAR,NPRINTAGRASS CALLGR
+,NNORDS) CALLGR
COMMONGRSPTR/NVARbNVAR2,NVAR3,NVAR4,NVARS,NVAR6,NVAR7,NVAR8, CALLGR

+NVAR9,NVARIO,NVARII,NVARI2,NVAR13,NVARt4,NVARI5,NVARI6.NVARI7, CALLGR
5 +NVARi8,NVAR19,NVAR20,NVAR2I,NVAR22,NVAR23,NVAR24,NVAR25,NUAR26, CALLGR

+NVAR27,NVAR28,NUAR29,NVAR30,NVAR31,NVAR32,NVAR33,NVAR34,NVAR35, CALLER
+NVAR36,NVAR37,LGRASS CALLGR
COMMON/BDG02Di CALLGR
+TGASIN,TGISR,EP.I,PIJFIRST,KFIRST,KPRINT,NMAXTS02 CALLGR

10 +,RM TSO CALLGR
DIMtNSION AGRASS(N4ORDS) CALLGR
KFI : KF+I CALLGR
CALL GRASS (DEL NFKF FLTIT PLENP,IRSTAR,NPRINT,GRTBUST KFIAGRA CALLGR
+55(NVARI),AGRA5(NVAR),bAGRA$S(NVAR3)bAGRASS(NVAR4)AGRAS5(NAR5), CALLGR

15 +AGRASS(NVAR6),AGRASS(NVAR7)DAGRASS(NVAR8),AGRA55(NVAR9) AGRASS(NVA CALLGR
+RIG) AGRASS(NVARII) AGRASS(NVAR12),AGRA55(NVAR13),AGRAS(NVARI4),A CALLGR
+GRAS.(NVARI5) AGRARS(NVAR16),AGRASS(NVAR17),AGRASS(NVAR18) AGRASS( CALLGR
+NVAR 19)AGRASS(NVAR20,AGRASS(NVAR21),AGRA55(NVAR22),AGRAS5(NVAR23 CALLGR
+)bAGRASS(NVAR24),AGRASS(NVAR25),AGRA5S(NVAR26),AGRASS(NVARd7) AGRA CALLGR

20 +S(NVAR28) AGRA55(NVAR29) AGRA55(NVAR?0)AGRA55(NVAR3 I)AGRASS(NVA CALLGR
+R32)AGRAS5(NVAR33),AGRAS (NVAR34)AGRA55(NVAR35),AGRASS(NVAR36)bA CALLGR
+GRAS5(NVAR37)) CALLGR

C WRITE(6,30)(IAGRA55(I),I:LGRA5S,LGRSSN) CALLGR
RETURN CALLGR

25 END CALLGR

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CALLGR

VARIABLES
0 AGRASS

222 BUST
0 DEL
2 EPSI
0 FL
0 GRT
0 IRSTAR
4 JFIRST
0 KF
5 KFIRST

221 KFI
6 KPRINT

45 LGRASS
0 NF
7 NMAX
0 NPRINT
0 NVARI

DEF LINE

SN TYPE
REAL

S REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
24

RELOCATION
ARRAY F.P.

F.P.
BDG02D
F.P.
F.P.
F. P.
BDG02D

F.P.
BDG02D

BDG02D
GRSPTR
F.P.
BDG02D
F.P.

GRSPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

"3
13
'3
8
13
13
13
8

12
8

13
8
3

13
8

13
3

37*13 DEFINED

DEFINED I

DEFINED I
DEFINED I
DEFINED I

13 DEFINED

DEFINED 12

DEFINED I

DEFINED I
13

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
2G
21
22
23
24
25
26

SUBROUTINE CALLGR 0/21/80 14.35.34 PAGE I
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VARIABLES
11 NVARIO
12 NVARI1
13 NVARI2
14 NVAR13
15 NVAR14
16 NVARI3
17 NVNRI6
20 NVAR17
21 NVAR'8
2L NVAR19
I NVAR2

23 NVAR2C
24 NVAR2 1
25 NVAR22
26 NVAR23
?7 NVAR24
30 NVAR25
31 NVAR26
32 NVAR27
33 NVAR28
34 NVAR29
2 NVAR3

35 NVAR30
36 NVAR31
37 NVAR3a
40 NVAR33
41 NUAR34
42 NVAR35
43 NVAR36
44 NVAR37
3 NVAR4
4 NUARS
5 NVAR6
6 NVAR7
7 NVAR8

10 NVAR9
0 NIORDS
3 PI
0 PLENP

11 Rh
0 TGASIN
I TGASR

0 TIT
12 TSO
10 TSO2

EXTERNALS
GRASS

COMMON BLOCKS
GRSPTR
BDG02D

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
IthTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I rEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTP
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
F.P.
BDG02D
F.P.
BDG02D
BDG020D
BDG02D
F.P.

BDG02D
BDG02D

TYPE ARGS
48

REFERENCES
13

LENGTH
38
lI

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
:3
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

DEFINED

DEFINED

DEFINED

SUBROUTINE CALLGR 10/21/80 14.35.34 PAGE 2
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000 SCM USED

2238
61 B

147
49

I

5U6ROUTINE CALLGR FTN 4.8+508 10/21/80 14.35.34 PAGE 3
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I C GRASS-SST(MOD6) NOV(MBER,1979 GRASSO 2
C WITH STEADY-STATE AND TRANSIENT CAPABILITIES GRASSO 3
C GRASSO 4
C BY J.REST. TELEPHONE NUMiR:312-972-5026 GRASSO 5

5 C ARGONNE NATIONAL LABORATORY GRASSO 6
C GRASSO 7

SUBROUTINE GRASS (DELNF KF,FL,TIT,PLENP,IRSTAR,NPRINT,GRT,BUST,KF GRASSO 8
+1,BVSGR,POW,RGTJ,FDP,FO0SLC,FOGUDY,PRF,RHODSL,TAUATGRAD,BV,COGA GRASSO 9
+5GEN,GESWF,GIPG0UT,GRSIZ,GS,HH,HOLD,NMAXBKPOROSPRFOLD,PRSO,RHR GRASSO 10

10 +HOLD,RS,TFO,TKTKOLO,TS,BLKMGO,GBYMGO,BULK,6SLC,GBDY) GRASSO 11
C GRASSO 12
C INPUT QUANTITIES GRASSO 13
C DEL:TIME STEP(S) GRASSO 14
C NF:TOTAL NUMBER OF AXIAL FUEL SECTIONS GRASSO 15

15 C KF:TOTAL NUMBER OF RADIAL RINGS GRASSO 16
C FL:LENGTH OF FUEL ROD(CM) GRASSO 17
C RH(J,K):FUEL DENSITY IN ZONE (J,K) (GM/CM**3) GRASSO 18
C TK(JK):AVERAGE TEMPERATURE IN ZONE (JK) (K) GRASSO 19
C PRSO(JK):HYDROSTATIC PRESSURE IN ZONE (J,K) (P5I) GRASSO 20

20 C POW(J):LIKEAR POWER IN AX!AL SECTION J (KW/FT' GRASSO 21
C RS(J,K):INNER RADIUS OF ZONE (J,K) (CM) GRASSO 22
C TS(J K)::TEMPERATURE AT RS(J,K) (C) GRAS50 23
C GRSIZ(J,K):GRAIN DIAMETER IN REGION (J,K) (CM) GRASSO 24
C POROS(J,K):FRACTIONAL POROSITY IN REGION (J,K) GRASSO 25

25 C FDP(K):RADIAL FLUX DEPRESSION FACTOR IN REGION K GRASSO 26
C TIT:IRRADIATION IME (5) G ASSO 27
C PLENF:PLENUM PRESSURE (PSI) GRASSO 28
C IRSTAR:RESTART INDICATOR (I:RESTART,12:DUMP,13:TRAN5IENT, GRASSO 29
C 0:STEADY-POWER IRRADIATION) GRASSO 30

30 C NPRINT:LEVEL OF FASTGRASS PRINTOUT (1-4) GRASSO 31
C GRT:TOTAL FISSION-GAS RELEASE (MOLES)--INITIAL AMOUNT IN P;.ENUM GRA550 32
C MUST BE SPECIFIED GRASSO 33
C GRASSO 34
C OUTPUT QUANTITIES GRASSO 35

35 C GS(J,K):AMOUNT OF RETAINED GAS IN REGION (J,K) (MOLES) GRA55O 36
C GR(J):AMOUNT OF GAS RELEASED FROM AXIAL SECTION (J) (MOLES) GRASSO 37
C DURING DEL(SECONDS) GRASSO 38
C GRT:TOTAL FISSION GAS RELEASED (MOLES) GRASSO 39
C BV(J,K):FISSION-GAS SWELLING/VOLUME IN REGION (J,K) GRA550 40

40 C BVS(J):FISSION-GA5 SWELLING/VOLUME IN AXIAL SECTION (J) GRASSO 41
C BUST:TOTAL FISSION-GAS SWELLING/VOLUME GRASSO 42
C GRASSO 43

COMMON/GRO235/AVN,GASIN,SAVG,J,K,NMAXBNCDINCGBI,JNCDI,JNCGBI, GRASSO 44
+NMAXG,NXBD,NXBDG,RAD,VOLUME GRASSO 45

45 COMMON/GROA2/TKITFPVTGRADI,HYAREAGRD, (2,AGBYFBDENFBSAT,DELT GRASSO 46
+,SPT GRASSO 47
COMMON/GR9A3/GESW,JKF,KI GRASSO 48
COMMON/GROA/ IMFI.,TPASS,Y,H,KK GRASSO 49
COMMON/BDGO2D/ GRASSO 50

50 +TGASINTGASR,EPSI,PIJFIRST,KFIRST,KPRINT,NMAX,T502 GRASSO 51
+,RM,TSO GRASSO 52
COMMON/BDGR/AI,R9,FPWS,NAME(4),RHOOLD,TCONV,PDSC,P43,BCF,C0l, GRASSO 53

+BKLO,BKHI,CPOW,SIGPI,FGPF,BVCRIT,GRFO,PTPL GRASSO 54
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COMMONGRSFTR/NVARI,NVAR2,NVAR3,NVAR4,NVARS,NVAR6,NVAR7,NVAR8, GRASSO 55
55 +NVAR9,NVARIO,NVARII,NVARI2,NVARI3,NVARI4,NVARI5,NVARI6,NVAR17, GRASSO 56

+NVARI8,NUAR19,NVAR20,NVAR2INVAR22,NUAR23.NVAR24,NVAR25,NVAR26, GRASSO 57
+NVAR27,NVAR28,NVAR29,NVAR30,NVAR31,NVAR32,NVAR33,NVAR34,NVAR35, GRASSO 58
+NVAR36,NVAR37,LGRA55 GRASSO 59

C WRITE(6,50)NF GRASSO 60
60 C GRA550 61

DIMENSION RS(NF,KFI; TS(NF,KFI),GRSIZ(NF,KF),POROS(NF,KF),FDP(KF) GRASSO 62
DIMENSION TK(NF,KF),bLKMGO(KF,20),G5(NFKF)L6V(NF,KF),BVS(NF) GRASSO 63
+,GBYMGO(KF,20),PRSO(NF,20),RH(NF,20),Y(62),SAVG(20), GRA550 64
+RAD(21),TAUA(KFI),TGRAD(KF),GR(NF),POW(NF),RGTJ(NF),PRF(KF) GRASSO 65

65 +,C0(NF,KF),GASGEN(NF,KF),GESWF(NF,KF),GIP(NFKF),GOUT(NF,KFL, GRASSO 66
+HH(NF,KF),HOLD(NF,KF),NMAXBK(NF,KF), GRASSO 67
+PRFOLD(NF,KF) RHOLD(NF,KF),TFO(NFKF)D GRASSO 68
+TKOLD(NF,KF),bULK(NF,KF,2O),DSLC(NF,KF,20),GBDY(NF, GRA550 69
+KF,20),FODSLC(KF),FOGBDY(KF),RHODSL(KF) GRA550 70

70 C GRA550 71
'F (DEL.LE.O.) GO TO 600 GRASSO 72
IF (JFIRST.NE.0) GO TO 110 GRASSO 73

C------INITIALIZATION OF GRASS GRAS50 74
C RM 15 THE SIZE INCREMENT BETWEEN BUBBLE SIZE RANGES GRA550 75

75 SAVG(I) : I GRA550 76
0O 100 N:2,NMAX GRASSO 7"

100 SAVG(N) : SAVG(N-I)*RM GRASS0 78
IF (IRSTAR.NE.13) GO TO 110 GOA550 79
COI : TGASIN-TGASR GRq550 80

80 GRFO : TGASR GRA=50 81
TSO 0.0 GRASSO 82
T502 : 0.0 GRASSO 83

110 KFI : KF+I GRASSO 84
IF (NPRINT.GT.I) WRITE (6,620) GRA550 85

85 C------CONVERT TO CGS UNITS GRASSO 86
DELTA: DEL*TCONU GRASSO 87
T2 : TIT*TCONV GRASSO 88
TMAX .90*DELT GRA550 89
IF (NPRINT.GT.I.AND.IRSTAR.NE.13) WRITE (6,630) T2 GRASSO 90

90 IF (NPRINT.GT.I.AND.IRSTAR.EQ.13) WRITE (6,640) T2 GRASSO 91
C------DO AXIAL SECTIONS ONE BY ONE GRA550 92

VOLT : 0. GRASSO 93
BUST 0. GRASSO 94
GGDT 0. GRAS50 95

95 GRDT 0. GRASSO 96
RGT : 0. GRASSO 97
RGP : 0. GRASSO 98
RGG : 0. GRASSO 99

DO 580 J:lNF GRASSO 100
100 VOLJ : 0. GRASSO 101

BVSBJ : 0. GRASSO 102
BVSGJ=0. GRASSO 103
BVSEJ : 0. GRASSO 104
RTGAS 0. GRASSO 105

105 GAS!NJ 0. GRASSO 106
KTBF : KF GRASSO 107

10/21/80 14.35.34 PAGESUBROUTINE GRASS
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IF (NPRINT.GE.3) KPRINT : 2 GRA5SO 108
C------CONVERT KW/FT TO W/CM GRA550 109

POWERL : POW(J)*CPOW GRASSO 110
110 TOTFIS: FPWS*POWERL GRASSO III

DO 190 K:l,KF GRASSO 112
IF (JFIRST.EQ.O.AND.IRSTAR.EQ.0) GESWF(JK) : 0. GRASSO 113
TAUA(K) : 0. GRA550 114
WRITE (6,610) K,TGRAD(K),T5(JK+bTS(J,K-),RS(J,K+H),R5( GRASSO 115

115 + J,K-I) GRA550 116
IF (POW(J).GT.O) GO TO 120 GRASSO 117
IF (K.E.I) GO TO 120 GRASSO 118
TGRAD(K) : (TS(JK+I)-TS(J,K-I))/(RS(J,K+l)-RS(J,K-l)) GRASSO 119
GO TO i30 GRA550 120

120 120 TGRAD(K) : (TS(J,K+I)-TS(J,K))/(RS(J,K+1)-RS(J,K)) GRA5SO 121
130 IF (TGRAD(K).GT.0) TGRAD(K) : 0 GRASSO 122
C ** COMPUTE PERCOLATION PROBABILITY PRF(K) ***** GRASSO 123

GESFPD : POROS(JK)-PTPL GRASSO 124
GESFP : AtAXI(0.OGESFPD) GRA550 125

125 PRFC : (BVCRIT-GESFP-GESWF(J,K))/(I.4147*5GPI) GRASSO 126
PRF(K) : (l.0-ERF(PRFC))*.50 GRASSO 127
IF (JFIRST.EQ.0.AND.IRSAR.EQ.O) GO TO 140 GRASSO t 28
RHOOLD : RH(J,K)/RHOLu(J,K) GRASSO 129
IF (JFIRST.EQ.0.AND.IRSTAR.EG.13) TKOLD(J,K) : TK(JK) GRASSO 130

130 GO TO 170 GRASSO 131
C DETERMINE INITIAL NUMBER OF BUBBLE SIZE RANGES FOR RADIAL REGIONS GRASSO 132
140 FK : FLOAT(K) GRASSO 133

FKM : FLLAT(KF) GRA550 134
IF (FKM.EO.I.0) GO TO 150 GRASSO 135

135 C BKLO 15 INITIAL NUMBER OF SIZE RANGES FOR OUTERMOST FUEL REGION GRASSO 136
C BKHI 15 INITIAL NUMBER OF SIZE RANGES FOR INNERMOST FUEL REGION GRASSO 137

8 : ALOG(BKHI/BKLO)/(FKM-I.0) GRASSO 138
A : BKHI*EXP(B) GRASSO 139
NtAXBK(J,K) : A*EXP(-B*FK)+.4 GRASSO 140

140 HOLD(J,K) : 0.0 GRA550 141
IF (J.GT.I) GO TO 160 GRASSO 142
GO TO 160 GRASSO 143

150 NMAXBK(JK) : (BKLO+BKHI)i2.0 GRAS50 144
160 GOUT(J,K) : 0.0 GRASSO 145

145 GASGEN(J,K) : 0.0 GRAS5O 146
TKOLD(J,K) : TK(J,K) GRASSO 147
PRFOLD(J,K) : PRF(K) GRASSO 148

170 DO 180 N:I,NMAX GRASSO 149
BULK(JK,N) : BULK(J,K,N)*RHOOLD GRASSO 150

ISO DSLC(J,K,N) : DSLC(J,K,N)*RHOOLD GRASSO 151
GBDY(J,KN) : GBDY(J,K,N)*RHOOLD GRASSO 152
BLKMGO(K,N) : 0. GRASSO 153

180 GBYMGO(K,N) : 0. GRASSO 154
190 RHOLD(JK) : RH(J,K) GRASSO 155

155 HITEI : FL/NF GRASSO 156
C------ DO RADIAL SECTIONS GRASSO 157

TAUA(KFI) : DELTA GRASSO 158
K : KF GRASSO 1 59
GASOUT : 0. GRC"S0 160
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160 GO TO 470 GRASSO 161
200 KI : K+I GRASSO 16L

VOLUME : PI*HITEI*(R5(J,KI)*RS(J,Kl)-RS(J,K)*RS(J,K)) GRASSO 163
AREA : 2.*PI*RS(J,K)*HITEI GRASSO 164
TFPV : TOTFIS*FDP(K).'(PI*R5(J,KFI)*RS(J,KFI)) GRASSO 165

165 GAIN : TFPV*FGPF GRPS50 166
IF (K.EQ.KF) G0 TO 210 GRASSO 167
JKF : 2 GRASSO 168
NMAXBK(JK) : MAX0(NHAXBK(J,K),NMAXBK(J,KI)) GRASSO 169
GO TO 220 GRA550 170

170 210 JKF : I GRA550 171
220 NtAXB : NAXBK(J,K) GRA550 172

PRSG : PR50(J,K) GRA550 173
IF (PR50(JK).LE.PLENP) PRSG PLENP GRA550 174
HY:PRSG*PDSC GRA550 175

175 GRD : GRSI.(J,K) GRASSO 176
TKI : TK(J,K) GRA550 177
TGRADI TGRAD(K) GRASSO 178
TKOJK : TKOLD(J,K) GRA5SO 179
IF (NPRINT.NE.4) KPRINT : I GRASSO 180

180 IF (NPRINT.NE.4) GO TO 230 GRASSO 181
WRITE (6,650) JK GRASSO 182
WRITE (6,660) R (J,K),R5(JK+l),T5(J,K),T5(J,K+I),FDP(K),H,PRF GRA550 183

+ (K),PRFOLD(JK)DGESWF(J,K),RHOOLD GRASSO 184
230 CALL GRA552 (HTKOJK,IRSTARGR,POWRGTJ,FDP,FODSLCFOGBDYRHOD GRA550 185

185 + SL,CO,GIP,HH,TF0,BULK,DSLC,GBDY,NF,KF) GRASSO 186
1: 0 GRASSO 187

DO 240 N:I,NMAXB GRASSO 188
I : 1+1 GRASSO 189

240 Y(I) : BULK(J,K,N) GRASSO 190
1'0 IF (JNCDI.EQ.1) GO TO 260 GRASSO 191

DO 250 N:I,NCDI GRASSO 192
I : 1+1 GRASSO 193

250 Y(I) : DSLC(J,K,N) GRASSO 194
2E0 IF (JNCGBI.E9.1) GO TO 280 GRA550 195

195 DO 270 N:I,NCGBI GRASSO 196
I : 1+1 GRA550 197

270 Y(I) : GBDY(JK,N) GRA550 198
280 IMAXI : I GRA550 199

NXBDG : IMAXI GRA550 200
200 NXBD : NtAXB+NCDI GRASSO 201

290 TSAVE : TAUA(K) GRASSO 202
TPA55 : TAUA(K) GRA550 203
HT : H GRASSO 204
CALL GRA554 (BLKMGOGBYMGONFKF) GRASSO 205

205 IF (KK.LT.0) NPRINT : 4 GRASSO 206
TAUA(K) : TPASS GRASSO 207
DT : TPA55-TSAVE GRASSO 208
HOLD(J,K) : DT GRASSO 209
GASINK : GASIN*DT*VOLUME GRASSO 210

210 GGDT : GGDT+GASINK GRA550 211
GASGEN(JK) : GASGEN(J,K)+GASINK GRASSO 212
TGASIN : TGASIN+GASINK GRASSO 213

SUBROUTINE GRASS 16s/21/80 14.35.34 PAGE
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1I=0 GRASSO 214
EGRE : 0.0 GRASSO 215

215 ESWE : 0.0 GRASSO 216
DO 300 N:I,NMAXB GRASSO 217
I : 1+1 GRA550 218

300 BULK(J,K,N) : Y(l) GRASSO 219
IF (JNCDI.EQ.I) GO TO 320 GRASSO 220

220 DO 310 N:1,NCDI GRASSO 221
I : 1+1 GRASSO 222

310 DSLC(JK,N) : Y(I) GRASSO 223
320 IF (JNCGBI.LQ.I) GO TO 340 GR1550 224

DO 330 N:=,NCGBI GRASSO 225
225 I : 1+1 GRASSO 226

IF (FBDEN.LT.FBSAT) GO TO 330 GRASSO 227
YVB : Y(I)*VOLUME*BCF GRASSO 228
EGRE : EGRE+YVB*SAVG(N) GRASSO 229
ESIE : ESWE+YVB*RAD(N)**3*PI43 GRASSO 230

230 Y(I) : Y(I)*(I.0-BCF) GRA553 231
330 GBDY(JKN) : Y(I) GRASSO 232
340 I : 1+1 GRASSO 233

FP : POROS(J,K)+GESWF(JK) GRASSO 234
GKIN : Y(I)*UOLUME+EGRE GRASSO 235

235 I : 1+1 GRASSO 236
GESW : Y(a) GRASSO 237
IF (PRFOLD(J,K).EQ.I.0) GO TO 350 GRA55C 238
DPRF : (PRF(K)-PRFOLD(JK))/(I.0-PRFOLD(J,K)) GRASSO 239
GO TO 360 GRrSSO 240

240 350 DPRF : 0.0 GRASSO 241
360 EPRF : AMAXI(0.0,DPRF)*GIP(JK) GRASSO 242

GKOUT : GKIN*PRF(K)+EPRF GRASSO 243
TGIP : GIP(J,K)+GKIN GRA550 244
IF (GKOUT.GE.TGIP) GKOUT : TGIP GRAS5O 245

245 IF (EPRF.G7.O) GESWF(JK) : GESWF(J,K)*(I.0-DPRF) GRASSO46
GESWF(JK) : GESWF(JK)*TK(J,K)/KOLD(JK)+E5WE*(I.0-PRF(K))/V GRASSO 247

+ OLUME GRASSO 248
GESWF(JK) : GESWF(J,K)+GESW*PI43*(i.0-PRF(K)l GRASSO 249
GIP(J,K) : GIP(JK)+GKIN-GKOUT GRASSO 250

250 GA50UT : GA50UT+GKOUT GRASSO 251
GOUTJ,K) : GOUT(J,K)+GKOUT GRA550 252
TGASR : TGASR+GKOUT GRASSO 253
IF (DT.EQ.0.) GO TO 410 GRA550 254
DTI : ./DT GRA550 255

255 GASMGO : 0. GRASSO 256
GO TO (370,370,370,390), JNCGBI GRASSO 257

370 DO 380 N:NMAXG,NMAXB GRASSO ?58
I : 1+1 GRASSO 259
GDYtGOK,N) : 0. GRASSO 260

260 BLKMGO(K,N) : Y(I)*DTI GRA550 261
380 GASMG0 : GASMGO+Y(I)*SAVG(N) GRASSO 262

GO TO (410,390,390,390), JNCGBI GRA550 263
390 DO 400 N:l,NCGBI GRASSO 264

I : 1+1 GRASSO 266
265 BLKMGO(K,N) : 0. GRASSO 266
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GBYMGO(K,N) : Y(I)*DTI GRASSO 267
400 GASMGO : GASMGO+Y(I)*SAVG(N) GRASSO 268

IF (K.NE.I) GO TO 410 GRASSO 269
GASOUT GASOUT+GASMGO GRA550 270

270 TGASR = TGASR+6ASMGO GRASSO 271
GOUT(J,K) : GOUT(J,K)+GASMGO GRA5SO 272

410 IF (.NOT.(NPRINT.EQ.4.OR.(NPRINT.EQ.3.AND.K.E.KTBF.AND.TAUA(K GRASSO 273
+ ).GE.DELT))) GO TO 430 GRA550 274

PRINT 680, TAUA(K),DT,H,HH(J,K),KK,IMAXI GRASSO 275
275 PRINT 690, NAME(I),K,(BULK(J,K,N),N:l,NMAXB) GRAS5O 276

IF (NCDI.LE.0) GO TO 420 GRASSO 277
PRINT 690, NAME(2),K,(DSLC(J,K,N),N:I,NCDI) GRASSO 278

420 IF (NCGBI.LE.0) GO TO 430 GRA550 279
PRINT 690, AME(3),K,(GBDY(J,K,N),N:1,NCGBI) GRASSO 280

28C PRINT 700, NAME(4),K,POROS(J,K),FP,GRSIZ(J,K),AGBY GRASSO 281
430 IF (KK.GT.0) GO TO 440 GRA550 282

NPRINT : 4 GRASS0 263
PRINT 710, J,K GRASS0 284
GO TO 55G GKA550 285

285 440 IF (H.GT.HX(J,K).OR.H.LT.HT) HH(J,K) : H GRASSO 286
NFLAG : I GRASSO 287
IF ((BULK(J,K,NMAXB)+DSLC(J,K,NMAXB)+GBDY(J,K,NMAXB))*SAUG(NA RASSO 288

+ XB).LT.EPSI.OP.NMAXB.GE.NMAX) GO TO 450 GRASSO 289
NMAXBK(J.K) : NMAX5+1 GRA350 290

290 NFLAG : 2 GRASSO 291
450 IF (K.EO.KTBF.AND.TAUA(K).GE.TAUA(KFI)) GO TO 510 GRASSO 292
460 IF (K.EQ.1) GO TO 480 GRASSO 293

K : K-I GRASSO 294
470 NFLAG : 2 GRASSO 295

295 480 HT : TAUA(K+i'-TAUA(K) GRASSO 296
IF (HT) 490,49b.Cn0 GRASSO 297

490 K:=K+ l GRA550 298
GO TO 470 GRASSO 299

500 H : AMINI(HT,HH(J,K,) GRASSO 300
300 IF (H.GT.TMAX) H : Dt: GRA550 301

GO TO (290,200), NFLAG GRA550 302
510 RICO : RADI)**3 GRA5SO 303

RIC : RICO GRASSO 304
S9RCB : 0. GRASSO 305

305 SBRCG : 0. GRASSO 306
SATMC : 0. GRASSO 307
SUMATB = (BULK(J,K,I)+DSLCkJ,k.I))*5AG I) GRASSO 308
S'JMATG : GBDY(J,K,I)*5AV-(I) GRA550 309

DO 520 N:2,NMAXB GRASSO 310
310 RIC : RIC*RM GRA5SO 311

RAD2C = RAD(N)**3 GRASSO 312
SUMB : BULK(J,K,N)+DSLC(J, ',N) GRASSO 313
SUNG = GBDY(J,K,N) GRASSO 314
SUMAB : SUMB*SAVG(N) GRASSO 315

315 SUMAG : SUMG*SAUG(N) GRASSO 316
SUMA : SUMAB+SUMAG GRASSO 317
IF (RAD2C.LE.RIC/I.0001) GO TO 520 GRASSO 318
RAD2C : RA32C-RIC GRASSO 319
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SBRCB : SBRCB+RAD2C*SUMB GRASSO 320
320 SBRCG :5BRCG+RAD2C*SUMG GRASSO 321

SATMC : SATMC+SUMA GRA550 322
SUMATB : SUMATB+SUMAB GRASSO 323

520 SUMATG : SUMATG+SUMAG GRASSO 324
SBRC SBRCB+SBRCG GRASSO 325

325 SUMATM : SUMATB+SUMATG GRASSO 326
C CALCULATE OUTPUT QUANTITIES GRASSO 327
C GRASSO 328
C IN ANNULAR REGION (J,K): GRASSO 329
C BVC:COMPRESSIBLE FISSION GAS VOLUME (CM**3) GRASS0 330

330 C RP:FRACTION OF RETAINED FISSION GAS RESIDING IN BUBBLES GRASSO 331
C PG:EFFECTIVE SURFACE TENSION INDUCED PRESSURE (P5) GRASSO 332
C BVI:VOLUME PER MOLE OF DISSOLVED FISSION GAS (INCHES**3) GRA550 333
C GOUTJK:AMOUNT OF FISSION GAS RELEASED (MOLES) GRASSO 334
C BULKFR:FRACTION OF FISSION GAS RETAINED IN BULK GRASSO 335

335 C GBDYFR:FRACTION OF FISSION GAS RETAINED ON GRAIN BOUNDARIES GRASSO 336
C EDGEFR:FRACTION OF FISSION GAS RETAINED IN EDGE TUNNELS GRASSO 337
C FTGRJK:FRACTION OF FISSION GAS RELEASED FROM REGION GRASSO 338
C GGTJK:AMOUNT OF FISSION GAS GENERATED IN REGION (MOLES) G&-SS0 339
C GRASSO 340

340 C BV5BJ:STRAIN IN SECTION J JUE TO BULK BUBBLES GRASSO 341
C BVSGJ:STRAIN IN SECTION J DUE TO GRAIN BOUNDARY BUBBLES GRASSO 342
C BVSEJ'STRAIN IN SECTION J DUE TO GRAIN EDGE SWELLING GRASSO 343
C GRASSO 344
C GGT:TOTAL AMOUNT OF GAS PRODUCED BY FISSION IN FUEL GRASSO 345

345 C RTGAS:TOTAL AMOUNT OF RETAINED GAS IN FUEL (MOLES) GRASSO 346
C GRFT:TOTAL AMOUNT OF FISSION GAS RELEASED FROM FUEL (MOLES) GRA550 347
C FTGR:FRACTION OF FISSION GAS RELEASED FROM FUEL GRASSO 348
C TFGR:FRACTION OF FISSION GAS RELEASED DURING TRANSIENT(IR3TAR:13) GkASSO 349
C FGGP:FRACTION OF GENERATED GAS TRAPPED IN CLOSED POROSITY GRASSO 350

350 C FPri:FRACTION OF GENERATED GAS TRAPPED ON GRAIN BOUNDARIES GRASSO 351
C c ,J):AMOUNT OF RETAINED FISSION GAS IN AXIAL SECTION J (MOLES) GRA550 352
C GRASS 353

BVCBT: PI43*58RC*0LUME GRASSO 354
BVIBT : PI43*RIC0*SUMATM*VOLUME GRASSO 355

355 FCBGED : BUCBT/(BVCBT+BVIBT) GRASSO 356
BUC : BVC9T+GESWF(J,K)*FCBGED*VOLUME GRASS 357
BV(JK) : (BVC+BVIBT)/VOLUME+GESWF(J,K)*(I.0-FCBGED) GRASSO 358
BVJK : BV(JK) GRA550 359
BSB =:PI43*(RIC0*SUMATB+5BRCB) GRASSO 360

360 BVSG PI43*(RIC0*SUMATG+SBRCG) GRASSO 361
BUCE : BC/16.387 GRASSO 362
BVISP : RICO*PI43/16.387*AVN GRASSO 363
8VI BUISP GRA550 364
RP :SATMC'SUMATM GRASSO 365

365 SUMATM : SUMATM+GIP(J,K)/VOLUME GPASSO 366
BULKFR : SUMATB/SUMAt' GRA550 367
GBDYFR : SUMATG/SUMATM GRASSO 368
EDGEFR : GIDJ,K)/VO.UME/SUMATM GR 550 369
GSJK 5UMATi/AVN GRASSO 370

3'7O GS'J,K; : GSJK*VOLUME GRASSO 371
RTGAS : RTGA5.GSijK) GRASSO 372
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GGT : TGASIN/AVN GRASSO 373
FTGR : TGASR/TGqSIN GRASSO 374
GRFT : TGASR/A('N GRASSO 375

375 IF (BVCE.LE.I.E--20) GO TO 530 GRASSO 376
IF (RP.LT.0.) RP : 0. GRA550 377
PG : GSJK*R9/BVCE*TK(J,K)*RP-PRSG GRAS50 378
IF (PG.LT.0.) PG : 0. GRA550 379
GO TO 540 GRA550 380

380 530 PG : Al GRA550 381
540 CONTINUE GRA550 382

GGTJK GASGEN(J,K)/AVN GRASSO 383
GOUTJK : GOUT(JK)/AVN GRA550 384
FTGRJK : GOUTJK/GGTJK GRASSO 385

385 DR (RS(JK+I)-RS(J,K))/2.0 GR550 386
RATIU = (R5(J,K)+DR)/RS(JKF) GRA550 387

550 IF (NHsINT-2) 570,560,560 GRASSO 388
560 PRINT 00 GRA550 389

PRINT 730, J,KPG,RP,BVI,GS(JK),PRSG,BVCGESN,VOLUME,SUMATM,F GRASSO 390
390 + TGRJKGOUTJKGGTJKBULKFR,EGRE,BVJK, VSB,BVSG,GESWF(JK),GeDYF GRA550 391

+ R,E5WE,GKINRATI0,TKOLD(J,K),5PTEDGEFR,EPRF GRA550 392
IF KK.LT.0) AO TO 590 GRASSO 393

570 TKOLD(J,K) : K(J,K) GRASSO 394
PRFOLD(JK) : PRF(K) GRASSO 395

395 ADP : Al GRASSO 396
IF (PG.GT.I P) PG ADP GRA550 397
IF (RP.GT.l.) R :1. GRASSO 398
BVSGJ : BV5J+BV58*VOLUME GRA550 399
BVSGJ : BVSGJ+BVSG*VOLUME GRA550 400

400 l4Eu BVSEJ+GESF(J,K)*WOLUMC GRA550 401
VOLJ : VOLJ+VOLUME GRA550 402
KTBF : KTBF-1 GRASO 403
RGP : RGP+GIP(JK)IAVN GRAS0 404
RGG RGG+5UMATG*VOLUME/AVN GRASSO 405

405 IF (NPRINT.E.3.Aj..KTBF.NE.0) KPRINT 2 GRASSO 406
IF (KTBF.GT.0.ANi K.GE.0) GO TO 460 GRA550 407
'RDT GRDT+GASOut GRASS C 408
JR-J) GASOUT/AVN GRA550 409
RGTJ(J) : RTGAS GRASSO 410

410 RGT RGT+RGTJ(J) GRA~50 411
GRT GRT+GR(J) GRAS 412
BV5J =:BVSBJ+BVSGJ+BVSEJ GRA550 413
BUST BUST+BVSJ GRASSO 414
VOLT VOLT+VOLJ GRASSO 415

415 BV5J BVSJ/VOLJ GRA550 416
BVSBJ =:BUSBJ/VOLJ GRA550 417
BVSGJ =:BVSGJ'VOLJ GRA550 418
BVSEJ : BVSEJ/JQLJ GRA550 419
BVS(J) : BVSBJ+BV5GJ+BVSEJ GRASSO 420

420 GASINJ : GASINJ/AVN GRASSO 421
IF (NPRINT.GT.2) PRINT 720, GR(J),RGTJ(J),BVSJ,BVSBJBVSGJ,BVS GRASSO 422

+ EJ GRASSO 423
580 CONTINUE GRA550 424

IF (IRSiAR.NE.13) COI : TGASIN GRASSO 425
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425 TFGR : (GRFT*AVN-GRFO)/C01 GRASSO 426
IF (TFGR.LE.0) TFGR : U.0 GRASSO 427
IF (GGDT.EQ.D.OR.IRSTAR.EQ.13) GGDT : COI GRASSO 4'8
FGRDT : GRDT/GGDT GRASSO 429
BUST : BVST/VOLT GRASSO 430

430 ERRGR : AES(RGT+GRiT-G;T Z '; .' GRASSO 131
FGGP : RGP/CST GRASSO 432
FGGB : RGG/GG' GRASSO 433
IF (NPRINT.GE.2) WRITE (6,740) GRT,GRFT,GGT,RGT,FGGP,FGGB,BVST,FGR GRA5S0 434

+DT,FTGR,TFGR,ERROR GRASSO 435
435 JFIRST : I GRA553 436

TSO : T2 GRASSO 437
59^ IF (KK.LT.0) NPRIKT : -9 GRASSO 438

!. (NPRINT.GT.1) WRITE (6,750) GRASSO 439
600 CONTINUE GRASSO 440

440 RETURN GRASSO 441
C GRASSO 442
610 FORMAT (IX,15,5E12.4) GRASSO 443
620 FORMAT (//loX,54H****************it GRASS OUTPUT ***************** GRASSO 444

+%3***,/) GRASSO 445
445 630 FORMAT (50X,6HTIME: ,1E16.9,//) GRA5SO 446

640 FORMAT (45X,16HTRANSIENT TIME: ,1E16 .,//) GRASSO 447
650 FORMAT (//22H ------ AXIAL SECTION:,i3,16H RADIAL SECTION:,13,//) GRASSO 448
660 FORMAT (9H RS(J,K):,DI4.6,IlIH RS( :+1):,DI4.6,9H TS(J,K):,D14.6,1 GRASSO 449

+11 TS(J,K+1):,D12.6 9H FDP(K) :,D14.b '10H H(INPUT):,E13.6,11H PRF GRASSO 450
450 +(K) :,EI4.6,9H PROL1 :,E14.6,121 GtSF(J,K):,E1l.4,9H RHOOLD :, GRASSO 451

+E14.6) GRASSO 452
670 FORMAT (//3X IHJ,2X,I K,13X,2HPG,13X,2HRP,12X,3HBVI,13X,2HGS,IIX,4 GRASSO 453

+HPRSG,12X 3HhVC,IIX,4HGESW,12X,3HVOL) RASSO 454
680 FORMAT (/AN TAU:,E4.6,IIH H(ACTUAL):,E14.6,9H H(SUGG):,EI4.6,4H H RASS 455

455 +H:,E4.6,4H KK:,12,7H IMAXI:,12,23H DISTRIBUTIONS FOLLOW/) GRASSO 456
690 FORMAT (IX,A4,2X,6HREGION,12,8E12.4,4(/15X,8E12.4)) GRASSO 457
700 FORMAT (/IX,A4,2X,6HREGION,I2,2X,IIHPOROS(J,K):,EII.4,14H EPOROS( GRASSO 458

+J,K):,E12.4,12H GRSIZ(J,K):,E12.4,7H AGBY:,E12.4) GRASSO 459
710 FORMAT (32H GRASS NOT CONVERGING, AXL SECTS,13,12HRADIAL SCT 3,13) GRASSO 460

460 720 FORMAT (/7H GR(J):,D14.7,9H RGTJ(J):,E12.5,6I bVSJ:,E15.7.7H BVSBJ GRASSO 461
+:,EI'4.7,71 DUSGJ:,EI'4.7,611 DVSEJ:,EI'4.7) GRASSO 462

730 FORMAT (IX,213,5D15.6,3E15.6,//8H SUMATM:,E13.6,8H FTGRJK:,E13.6,8 GRASSO 463
+H GOUTJK:,E13.6,.H GGTJK:,E14.7,8H BULKFR:,E13.6,7H EGRE:,E14.7/6 GRASSO 464
+H BV: ,E15.7,6H USB:,E15.7,6H BVSG:,E15.7,6H BUS:,E15.7,8H GD Y GRASSO 465

465 +FR:,E13.6,7H ESWE:,E14.7,/7H GKIN :,EI4.7,9H RATIC: ,EI2. 7: TK GRASSO 466
+OLD:,EI4.7,6H SPT: ,E15.7,8H EDGEFR:,E13.6,7H EPRF:,EI4.7' GRASSO 467

740 FORMAT (/6H GRT: ,EI5.7,6H GRFT:,E15.7,6H GGT: ,E15.7,6H CT: ,E15 GRASSO 468
+.7,6H FGGP:,E15.7,7H FGGB:,E15.7/6H BVST:,EI5.7,7H FGRD':,EI4.7,6 GRASSO 469
+H FTGR:,E15.7,6H TFGR:,E15.7,7H ERROR:,EI4.7) GRASSO 470

470 750 FORMAT (//27X,80H******************** END OF GRASS OUTPUT FOR THIS GRASSO 471
+ TIME STEP ********************,//) GRASSO 472
END GRASSO 473
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CARD NR. SEVERITY DETAILS

99

301

I
I
I

DIAGNOSIS OF PROBLEM

CONTROL VARIABLE IN COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
CONTROL VARIABLE IN COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
AN IF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS

VARIABLES
324' A
3336 ADP

7 AGBY
4 AREA
0 AVN

0
3240

13
!6
IC
0
0

3321
0

3311
3306
3315

22
3317
3307
3316
3312

0
3313
3223

Al
B
BCF
BKH I
BKLO
BLKMGO
BULK

BULKFR
BV
BUC
BVCBT
BVCE
BUCRIT
DV I
BVIBT
BVISP
BVJK
BUS
BU58
BUSBJ

3225 BVSEJ

3314
3224

3337
0

BUSG
BVSGJ

BUSJ
BUST

DEF LINE
7

SN TYPE
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
k40

RELOCATION

GROA2
GROA2
GR0235

BDGR

ARRAY
ARRAY

ARRAY

ARRAY

REAL

REAL
REAL

REAL
REAL

BDGR
BDGR
SDGR
F.P.
F.P.

F.P.

BDGR

F.P.

F.P.

BDGR17 CPOW REAL

138
395

382 383

REFS
REFS
REFS
REF:
REFS
403
REFS
REFS
REFS
REFS
REFS
REFS
REFS
312

REF
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
429
REFS

139
2*396

45
45
43

404
52

138
52
52
52
62
62

DEFINED
389
62
-57

2,355
375
52

389
355
363
389
62

389
398
101
400
103
389
399
102
413
413

DEFINED
DEFINED

280
DEFINED

362
408
380
139
227
137
137
204
149
7

DEFINED
358
361
356
377
125

DEFINED
357

DEFINED
DEFINED
DEFINED

398
412
398
412
400
399
412
399
415
429

260
287

265
307

163
369
420
395

DEFINED
230
138
143

DEFINED
184
149
366

DEFINED
389

DEFINED
DEFINED

363
DEFINED

362
358
7

DEFINED
416
416
418
418

DEFINED
'17
417
421
433

372
425

137

143

7
189
218

7
DEFINED

353
361

354

419
359
419

419

360
419

DEFINED
DEFINED

374

152
275

357
356

471

421

421

412
7

109

415
93
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VARIABLES SN TYPE
0 CO REAL

14 COI REAL
0 DEL REAL
12 DELTA REAL

3260 DPRF REAL
3334 DR REAL

0 DSLC REAL

3251 DT REAL

3264 DTI REAL
3323 EDGEFR REAL
3253 EGRE REAL
3261 EPRF REAL

2 EPSI REAL
3342 ERROR REAL
3254 ESWE REAL

10 FBDEN REAL
II FBSAT REAL

3310 FCBGED REAL
0 FDP REAL

3344 FGGB REAL
3343 FGGP REAL

21 FGPF REAL
3341 FGRDT REAL
3236 FK REAL
3237 FKM REAL

0 FL REAL
0 FODSLC REAL
0 FOCBDY REAL

3256 FP REAL
2 FPWS REAL

3326 FTGR REAL
3333 FTGRJK REAL

0 GASGEN REAL
I GASIN REAL

3227 GASINJ REAL
3252 GASINK REAL
3265 GASMGO REAL

3243 GASOUT REAL

0 GBDY REAL

3322 GBDYFR REAL
0 GBYMG0 REAL

3234 GESFP REAL
3233 GESFPD REAL

0 GESW REAL
0 GESWF REAL

76/176 OPT:0 TRACE

RELOCATION
ARRAY F.P.

BDGR
F.P.
GROA2

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

BDG02D

GRJA2
GROR2

F.P.

BDGR

F.P.
F.P.
F.P.

BDGR

F.P.
GR0235

F.P.

F.P.

GROA3
F.P.

E STATIC

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
312

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS

DEF I NED
REFS
269

REFS
313

REFS
REFS
REFS
REFS
REFS
REFS
356
246

FTN 4.8+508

62
52
71
45
86

241
386
62

DEF I NED
208
207
260
389
228
242

49
433
229

45
45

356
61

433
433
52

433
139
134
155
62
62

280
52

433
389
62
43

420
210
261
255
250

62
DEFINED

389
62
125
124
47
62

357
248

184
425
86
88

245
DEFINED

$50
7

209

266
DEFI NED

23%
245
287

DEFINED
246
226
226
357
164

DEFINED
DEFINED

165
DEFINED
DEFINED

137
DEFINED

184
184

DEFINED
110

DEFINED
DEFINED

211
209

DEFINED
211
267
261
269

15'
7

DEF I NED
204

DEFINED
DEFINED

125
389

DEFINED
i27

DEFINED
157

DEFINED
385
184
150
253

DEFINED
368
389
389

430
389

DEFINED
182
432
431

428
132

DEFINED
7

DEFINED
DEF INED

233

373
384
382

DEFINED
105
212
269
267
407

184
151
367

DEFINED
124
123
389
182
400

10/21/80

7
DEFINED

7
272

238

193
222
254

254

DEFINED
DEFINED

DEFINED

355
184

14.35.34

79

300

240

277

274

214
241

DEFINED

133

7
7

DEFINED
165
420

DEFINED
270

408

197
231

7

DEFINED
233

DEFINED

7

209
271

DEFINED

279

153

236
245
7

PAGE ii

287 307

228

7

145

159

287

259

211

250

308

266

248
245

246
112
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VARIABLES
3215 GGDT
3325 GGT
3331 GGTJK

0 GIP

3257
3262

GKiN
GKOUT

0 GOUT

3332
0
5

3216
3327

23
0
0
0

3324
X24

GOUTJK
GR
GRD
GRD.
GRF
GRF
GRS 2
GR
GS
GSJK
H

0 NH

3242
0

3250
3

3246

0
0

HITEI
HOLD
HT
NY
I

I AXI
IRSTAR

26 J

4 FIRST

33
34

JKF
JNCDI
JNCGBI

SN TYPE
REAL
REAL
REAL
REAL

REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

F.P.

F.P.
GR0A2

BDGR
F.P.
F.D.
F.P.

GR0A4

F.P.

F.P.

GROA2

GROA4
F.P.

GR0235

BDG02D

GROA3
GR0235
GR0235

REFS
REFS
REFS
REFS
403
REFS
REFS

DEFINED
REFS
251

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
217
232
266
217

REFS
REFS
424
REFS
123
144

4*162
176

2*211
243
275
299
365
2*386
410
REFS

DEFINED
REFS
REFS
REFS

210
2*430
384
62

DEFINED
242
244
242
62

271
384
62
45

407
425
52
61

411
62

370
48

299
62
7

162
62

285
45
188
218
234
267
221

48
78

427
43
125
145
163
178
218

2*245
277

2*307
368
4*389
411

49
435

47
43
43

427
431
389
184
7

243
249
244
251

389
184

DEFINED
428
430
425
175
433
371
377
182
300
184
285
163

DEFINED
296

DEFINED
189
221
235

DEFINED
225
199
89

DEFINED
109

2* 128
2*146
2*164
181
222

4x246
279
308
370

2*393
419
72

DEFINED
190
194

427

368

210
372

365

2314

7

428
432

DEFINED
241
249
249
250

271

DEFINED
411
175

DEFINED
433

DEFINED
280

DEFINED
389

DEFINED

274

DEFINED
7

299
174
192
222
236
186
232
274
90
7

112
2*129

147
3* 168
o*182
231
2*248
2*280
2*312
371
394

2'*421
112

167
219
223

DEFINED
433
382
243

389
251

383

383
421

95
DEFINED

80
DEFINED

7
DEFINED

369
203

94
DEFINED

249

DEFINED
252

DEFINED

DEFINED

407
374

7
411
7

274

408

370

285

3*285

7

300

295

155
140

DEFINED

193
225
258
188
235

DEF I NED
112

4*114
139

2*149
171
189

2*233
2*249
283
313
377
400

DEFINED
127

208
203

196
227
260
192
258
198
127

116
140

2*150
172
193
237

2*251
2*285
356
382
403
99
129

197
2*230
261
196
264

129

4*118
141

2*151
173
197

2*238
2*271
3*287
2*357
383
408

198
231
264
213

184

4x120
143

2*154
175
208
241
274
289
358

2*395
409

170

256
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
27 K

0 KF

5
0

125
6

3230

2
45

3212

3
31
32
0

3266
7

30

FIRST
KF I

KK
KPRINT
KTBF

KI
LGRASS
N

NAME
NCD I
NCGBI
NF

NFLAG
NMAX
NMAXB

0 NMAXBK

35 NMAXG
0 NPRINT

I1
12
13
14
15

NVARI
NVARI0
NVARI I
NVAR 12
NVARI3
NVAR1 '

SN TYPE
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
TEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

RELOCATION
GR0235

F.P.

PDG02D
F.P.

GROA4
BDG02D

GROA3
GRSPTR

BDGR
GR0235
GR0235
F.P.

BDG02D
GR0235

F.P.

GR0235
F.P.

GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR

REFS
2*121

140
2*151
166
178
206

3*238
2*251
2*274
289
308
370

2*393
297

REFS
166

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
193
260
311
187
275

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
289

REFS
168

REFS
REFS
4Q7
282
REFS
REFS
REFS
REFS
REFS
REFS

43
123
143
152

2*168
181
208
241
259
2*275
2*291
2*312
371

2*394

3*61
184
49

2*61
7

48
49

272
106
47
54
2*77
197
261

2*312
191
277
52
43
43

4*61
7

301
49
43

309
62

289
43
84

405
437

54
54
54
54
54
54

112
125
144
1 ;3
I't l

8*12 e
2*211
242
260

2*2' 7
292
313
377
400

113
126
145

2*154'
172
189
218
243
265
2*279
293
356
382
403

83
DEFINED

62
83

205
DEFINED

291
402

2* 162

2* 149
218
265
313
195
279
275
191
195

24!62

DEFINED
76
187

DEFINED
2*168

257
89

421

157

274
107
402

168

2*150
222
266
314
216
309
277
200
224
99

286
148
200
171
171

90
433

6*114
2*128
2*I46
161
173
193
222
2*245
266

3*280
2*295
2*357
383

DEFINED

106
7

2*164

281
179
405

DEFINED

2*151
228
267
315
220

279
220
263
155

290
287
216

DEFINED

107
438

117
2*129
2*147
2*162
175
197
231
5*246
268
283
297
358
2*385

liI

111

291

392
405
406

161

152
229
275

DEFINED
224

280
276
278
184

294

257

7

179
DEFINED

5*118
132

2*149
163
176
201
2*233
3*248
2*271
2*285
299
365
386
158

133

5*120
139

2*150
164
177
202
237
2*249
2*272
3*287
2*307
368

4*389
293

158

386

406

189
259
279
148
263

153
231
277
76

257

277
279
204

275

I3 ,

180
7

5*287

143

2*272
205
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
16 NUARIS
17 NVAR16
20 NVAR17
21 NVARIB
22 NVAR19
I NVAR2

23 NVAR20
24 NVAQ2!
25 NVARZ2
26 NVAR23
27 NVAR2%
30 NVAR5
31 NVAR2t
32 NVAR2
33 NVAR28J
34 NVAR29
2 NVAR3

35 NVAR30
36 NVAR31
37 NVAR32
40 NVAR33
41 NVAR34
42 NVAR35
43 NVAR36
44 NVAR37
3 NVAR4
4 NVARS
5 4VAR6
6 NVAR7
7 NVAR8

10 NVAR9
36 NXBD
37 NXBDG
II PDSC

3330 PG

3
12

0
0
0

3231
0

PI
P143

PLENP
POROS
POW
POWERL
PRF

3235 PRFC
0 PRFOLD

3244
0

24
40

3276

PRSG
PR50
PTPL
RAD
RAD2C

SN TYPE
INTEGER
INTEGER
INTEGEP
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I TEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

RELOCATION
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GR0235
GR0235
BDGR

BDG02D
BDGR

F.P.
F.P.
F.P.

F.P.

F.P.

F.P.
BDGR
GR0235

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
396

REFS
REFS
362

REFS
REFS
REFS
REFS
REFS

394
REFS
REFS
394

REFS
REFS
REFS
REFS
REFS

54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
43
43
52
378

49
52

2*173
61
62
110
62

DEFINED
126
62

174
62
52
43

317

DEFINED
DEFINED

174
389

162
229

DEFINED
123
109

DEF I NED
147
7

DEFINED
182

377
172
123
62

318

200
199

396

163
248

7
233
116
109
182
126
125
237

389
173

229
319

DEFINED

164
353

280
184

377

354

DEFINED
DEFINED

238 242

2X238 DEFINED

DEFINED 172
DEF!NED 7

302 311
3?0 DEFINED

378

359

380

360

7
7

248

1477

173

311 318
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SUBROUTINE GRASS

VARIABLES SN TYPE
3335 RATIO REAL
3221 RGG REAL
3220 RGP REAL
3?'7 RGT REAL

0 RGTJ REAL
O RH REAL
0 RHODSL Ri AL
0 RiiOLD REAL
7 QIACAAD REAL

3270 RIC REAL
3267 RICO REAL

11 RM REAL
3320 RP REAL

0 RS REAL

3226 RTGAS REAL
I R9 REAL

3273 SATMC REAL
2 SAVG REAL

3304 SBRC REAL
3271 SBRCB REAL
3272 SBRCG REAL

20 SIGPI REAL
13 SPT REAL

3303 SUMA REAL
3301 SUMAB REAL
3302 SUMAG REAL
3274 SUMATB REAL
3275 SUNATG REAL

3305 SUMATM REAL

3277 SUMB REAL
3300 SUMG REAL

0 TAUA REAL

10 TCONV REAL
3340 TFGR REAL

I TFPV REAL
0 TFO REAL
0 TGASIN REAL

I TGASR REAL

3263 1;IP REAL
0 TIRAD RE L

2 TGRADI REA'L
0 TIT REAL

761;76 OPT:0 TRACE STATIC

RELOCATION

APRAY
,iRRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.

DDGR

BDG02D

F.P.

BDGR

GR0235

BDGR
GROA2

F.P.

BDGR

GROA2
F.P.
BDG02D

BDG02D

F.P.

GROA2
F.P.

FTN 4.8+508

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
397

REFS
2*182
REFS
REFS
REFS
REFS

307
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
389
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEF I NED
REFS
REFS
120

REFS
REFS

10/21/80

389
404
403
410
62
62
62
62
52
128
310
303
302

49
376

of
2*385
371
52

321
43

308
353
319
320
52
45

321
316
316
322
323
30P
354

DEFINED
314
315
62
7

52
426

45
62
49
212

49
252

2*24
62
121
45
87

DEFINED
432
431
430
184
128
184
128
149

3,7
354

(7
377

2*114
2*386
409
377
364
62

314
DEFINED

324
324
125
389

DEFINED
322
323
325
325
323
364
325
319
320
201
113
86

433
165
184
79

79
273

DEFINED
114

DEFINED
DEFINED

PAGE

4i0
7

I5

409

386
DEFINED
DEFINED

433
410
154

DEFINED
DEFINED

150

319
379

310
389

2*118
DEFINED
DEFINED

DEFINED
77

315
324
359
360

316
DEFINED
DEFINED

359
360

36'i
365

DEFINED
DEFINED

202
157
87

DEFINED
DEFINED
DEFINED

212

80

243
121

177
7

98
97

DEFINED
421

DEFINED
7
7

151

DEFINED
360

397

2*120
7

104

306
228

DEFINED

DEF I NED
DEFINED

314
315
366
367

366

312
313
272
206

425
64
7

372

252

177

14.35.34

404
403
96

DEFINED
7

154
182

303
362

DEFINED

4*162

371

321
261
75

304
305

DEFINED
404

367

274

426

373

270

DEFINED

310

287267
77

319
320

307

368

2*291

424

373

7

369

2*295

374

X18

364

163

376

2* 164



SUBROUTINE GRASS

VARIABLES SN TYPE
0 TK REAL

0 TKI REAL
3245 TKOJK REAL

0 TKOLD REAL

3213 TMAX REAL
3232 TOTFIS REAL

I TPASS REAL
0 TS REAL

3247 TSAVE REAL
12 TSO REAL
IC TSO2 REAL
6 T2 REAL

3222 VOLJ REAL

3214 MOLT REAL
65 VOLUME REAL

2 Y

3255 YVB

FILE NAMES
OUTPUT

TAPE

EXTERNALS
ALOG
ERF
EXP
GRA5S2
GRASS4

INLINE FUNCTIONS
ABS
AMAXI
AMINI
FLOAT
MAXO

STATEMENT LABELS
0 100

46 110
224 120
234 130
310 140
354 150
363 160

REAL

REAL

MODE
FMT

FMT

TYPE
REAL
REAL
REAL

TYPE
REAL
REAL
REAL
REAL
INTEGER

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY F.P. REFS

DEFINED
GROA2 REFS

REFS
ARRAY F.P. REFS

ARRAY

ARRAY

ARGS
I LIBRARY
I LIBRARY
I LIBRARY

t9
4

ARGS
I INTRIN
0 INTRIN
0 INTRIN
I INTRIN
0 INTRIN

DEF LINE
77
83

120
12'
132
143
144

GROA'4
F.P.

BDGO2D
BDG02D
GROA2

GR0235

GROA4

146
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS

OEFiNED
REFS
REFS
356
400

REFS
234

DEFINED
REFS

WRITES 274
421

WRITES 84

REFERENCES
137
126
138 139
184
204

DEF LINE REFERENCES
430
124
299
132
168

REFERENCES
76
72
116
;19
127
134
141

78
117

142

FTN 4.8+508

62
7

45
184
62

393
300
164
48
61
7

207
49
49
45
01

100
414
43

357
401

48
236
189
2?8

275

89

129

DEFINED
DEFINED

178

DEFINED
DEFINED

206
2*114

DEFINED
DEFINE'
DESIlLu

89
X14
401
429
209
365
404
62

260
193
229

277

90

146

176
178
246

88
110
207

2*118

201
8i
82
90

415

DEFINED
2L7
368

DEFINED
218
261
197

DEFINED

279

114

176

389

DEFINED
2*120

436

436
416

92
234
370
162
222
266
230
127

280

181

14.35.34

DEFINED

202
2*182

DEFINED
417

414
246
389

227
267

283

182

241

133

PAGE

377

7

87
418

353
398

230

388

433

16

393

129

354
399

231

389

438

10/21,e0
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76/176 OPT:0 TRACE STATIC FTN 4,8+508

STATEMENT LABELS
404 170
0 180
0 190

466 200
536 210
140 220
:36 230
0 24C
0 250

.21 260
0 270

141 280
751 290
0 300
0 310

1065 320
1120 330
1132 340
1170 350
1172 360
1305 370

0 380
1342 390

0 400
1403 410
1467 420
1522 430
1532 440
1567 450
1575 460
1602 470
1604 480

0 490
1615 500
1637 510
1746 520
2140 530
2143 540
2176 550

0 560
2216 570

0 580
2440 590
2451 600
2736 610 FMT
2741 620 FMT
2751 630 FMT
2755 6+0 FMT
2762 650 FMT
2771 660 FMT
3015 670 FMT
3026 680 FMT
3043 690 FMT

INACTIVE

INACTiVE

DEF LINE
148
153
154
161
170
171
184
189
193
194
197
198
201
218
222
223
231
232
240
241
257
261
263
267
272
278
281
285
291
292
294
295
297
2 9
302
323
380
381
387
388
393
423
437
439
442
443
445
446
447
448
452
454
456

REFERENCES
130
148
Iii
301
166
169
180
187
191
30
195
194
301
236
:.20
219
224
223
237
23
3*256

257
256 3
263
253
276
272
281
287
406
160
292

2*296
296
291
309
375
379
284
2*367
387
99

392
71
114
84
89
90
181
182
388
274
275

226

262

278

298

317

277

268

279
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76/176 OPT:0 TRACE STATIC FTN .8+508

STATEMENT LABELS
3050 700 FMT
3064 710 FMT
3073 720 FMT
3106 730 FMT
3145 740 FMT
3166 750 FMT

DEF LINE
457
459
460
462
467
470

REFERENCES
280
283
421
389
433
438

LOOPS
24
125
157
4G5
665
705
725
1031
105!
1071
1307
1343
1427
1451
1474
1666

LABEL
100
580
190
180
240
250
270
300
310
330
380
400

520

COMMON BLOCKS
GR0235
GPOA2
GROA3
GR0A4
BDG02D
BDGR
GRSPTR

INDEX
N
J
K
N
N
N
N
N
N
N
N
N
N
N
N
N

LENGTH
54
12
3

86
11
21
38

FRuM-TO
76 77
99 423

III 154
148 153
187 189
191 193
195 197
216 218
220 222
224 231
257 261
263 267
275 275
277 277
279 279
309 323

LENGTH

22408
2738
378
138
138
138
138
138
408
218
218
138
138
138
658

PROPERTIES
INSTACK

OPT
3PT
OPT
OPT
OPT
OPT
OPT
OPT
OPT

OPT

EXT REFS
EXT REFS

EXITS
NOT INNER

NOT INNER

EXT REFS
EXT REFS
EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

3657B
341 8

1967
225
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76/176 OPT:0 TRACE STATIC

1

ENTRY POINTS
4 GRASS'

VARIABLES
0 5

0 SUM

DEF LINE

SN TYPE
REAL

REAL

REFERENCES
2 6

RELOCATION
F.P.

F.P.

9

REFS
7

REFS

2

3

3 7 DEFINED

7 DEFINED

STATEMENT LABELS
0 100

23 110

STATISTICS
PROGRAM LENGTH

I140000B

INACTIVE

SCM USED

DEF LINE REFERENCES
4 2X3
7 3

30

SUBROUTINE GRASSI 'SUM,S)
IF (S.EQ.0.) RETURN
IF (S-SUM) 100,100,110

100 SUM : SUM-5
S5:=0.
RETURN

110 5 : S-SUM
SUM : 0.
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

10

GRASS
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASSI
GRASS I
GRASS I

2
3
4
5
6
7
8
9

10
II

I 5

8

SUBROUTINE GRASSI FTN 4.0+500 10/21/80 X4,35.34 PAGE I
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

SUBROUTINE GRA552 (H,TKOLD,IRSTARGRPOW,RGTJ,FDP,FODSLC,FOGBDY,RH GRASS2 2
+ODSL,CO,GIPHH,TFO,BULK,DSLCGBDY,NF,KF) GRA552 3
COMMON.GR0A2/TK,TFPV,TGRAD,HS,AREA, GRD,T2,AGBY,FBDEN,FBSAT,DELT GRA552 4
SPT GRASS2 5

S COMMON/BDG02D/ GRA552 6
+TGASIN,TGASR,EPSI,PI,JFIRST,KFIRST,KPRINT,NMAX,TS02, GRASS2 7
+RM,TSO GRASS2 8
COMMON/GR2A4.EPS,YA,IMAX2,D4LIH GRA552 9
COMMON/GTWOLC/SQN,DELHk$N,YY,XX,XLAMDA, CONS,FC,FCEC,FCSD,DCEC,DCSD, GRA552 10

10 +DCECN GRA552 11
COMtON.GR0235/AVNGA5IN,5AVG,J,KNMAXB,NCDI,NCGBI,JNCDI,JNCGBI, GRA552 12
+NMAXG,NXBD,NXbDG,RAD,VOLUME GRAS52 13
COMMON/GR2A3/PBK,PGBDY,PBKDS,PDSLPBKGBY,PBKDLC,FLXGB2,GBRF, GRASS2 14
+RRGBIPRYRSBLKMOR,GBYMOR,NMAXDNMAXB2,NMAXD2,NMAXG2 GRASS2 15

i5 COMMONBDGR2/FFDSLC,ATMVOLBOLTZ,G1,G2, GRAS52 16
+AVNUM,F.GDELHV,TPGGBSO2',IG,ItI,1 2,XKXKPGBR, GRASS2 17
+QSSTAP,QS, OZEROPZERO,FN,ACONDELTA,REDIS,RESCON, DVOL,EVL, GRASS? 18
+DVOG,EU)G,ALFABEVKBADCI,BADC2,BADC3,BADC4,BADC5,BADC6, GRA552 19
+GBADCI,GBADC2,FAIGE,ASTAR,NOYES(2),GBADC3,A(9),DLIM GRASS2 20

20 DIMENSION PBK(20,20),PDSL(20,2O),PGBDY(20,2O),PBKDS'2O,2O), GRASS2 21
+FKGBV(20),PBKDLC(20),RRGBIP(20),SAVGi20),EPS(82) GRASS2 22
+,YA (eC),RAD(2$1,DSLCA(20),GBDYA(20), GRASS2 23
+RTRSQt ),BLKOR(20),GBYMOR(20),BVBLK(20),BVDSLC(?0),DCECN(20), GRASS2 24
+BULKAt20),BVCBDY(20),BDBULK(20),BDDSLC(20),BDGBDY(20) GRASS2 25

25 +,GR(NF),PON(N'),RGTJ(NF),FDP(KF),FODSLC(KF),FOGBDY(KF), GRA552 26
+PHOijSL(KF),COtNF,KF),GIP(NF,KF),HH(NF,KF),TFO(NF,KFI,BULK(NF, GPA5S2 27
+KF,20),DSLC(NF,KF,20),GBDY(NF,KF,2?O GRA552 28

C GR4552 29
IF (KFIRST.NE.0) CO TO 110 GPASS2 30

30 GBPF GBR GRASS2 31
SON : SQRT(FAWGE) GRAS52 3?
AVN : AUNUM GRAC52 33
DELHUN DELHV/AVNUM GRA552 34
YY : I./(RM-I.) GRASS2 35

35 XX : RM*YY GRASS2 36
XLAMDA ATMVOL**(I./3.) GRASS2 37
CONS 3.*XK/(2.*XK+XKP) GRA552 38
FC :4.*PI/(3.*ATMVOL)*CONS GRASS2 39
FCEC : FC*DELHVN GRAS52 40

40 FCSD : FC*QSSTAR GRAS52 41
DCEC : 3.*ATMVOL*ATMVOLH(I.*BOLTZ*PI*51G*?G)*SQRT(WMI+WM2)/d(Ml* GRA552 42
+Wt2)*.5*PIIRG)*PZERO GRA552 43
DCSD 3.*XLAMDA*ATMVOL*DZERO/(2.*PI) GRASS2 44

DO 100 N:I,NMAX GRASS2 45
45 100 DCECN(N) : DCEC/SAVG(N) GRASS2 46

KFIRST 1GRASS2 47
D4LIH : DLIM GRASS2 48

110 CONTINUE GRASS2 49
GAtMtA : GI-G2z(TK-273.'4; GRASS? 50

50 NY : OVES.Il) GRASS? SI
RHODIS RHODSL(K) GRASS2 52
AGBY ACON/GRD GRASS2 53
RB : GRD/SQN GRASS2 54
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RINFY : l.iSQRT(RHODSL(K)*P1I GRASS425
55 TKS : TK GRASS2 56

IF (TKS.LE.1773.0) TKS : 1773.0 GRASSZ 57
UKT : BEVK*TKS GRPS52 58
DVCUL DV0L*EXP(-EUL/VKT) GRASS2 59
DVCVG : DVOG*EXP(-EVG/VKT) GRASS2 60

60 D : GRD*i.E4 GRAS52 61
IF (D.LE.2.0) D : 2.0 GRASS2 62
IF (D.GE.14.5) D : 14.5 GRAS52 63
AO : A(l)+A(2)*D+A(3)*Uj GRASS2 64
Al : A(4)+A(5)*D+A(6)*D*D GRASS2 65

65 A2 : A(7)+A(8)*I+A(9)*D*D GRASS2 66
;F (TKS.GE.2350.0) TKS : 2350.0 GRASS2 67
SIGF : EXP(AO+AI/TKS+A2/TKS/TK5)*9.8E05 GRA552 68
DTDT : (TK-TKOLD)/DELT GRASS2 69
DCIE : BADC3*TFPV*EXP(BADC4/TK) GRASS2 70

70 CALL GRA55 (TKGAMMA,HS,NF,KF) GRASS2 71
OKT : I.0/(BOLT1*T) GRASS2 72
CONST TGRAD.TK GRASS2 73
FCSDT : FCSD*CONST GRAS52 74
FCECT FCEC*CONST GRASS2 75

75 EVCDTD :EXP(-DELHV/(RG*TK))iSQRT(TK) GRASS2 76
DCSDT : DCSD*EXPt-O5/(RG*TK)) GRASS2 77
FBSAT : ASTAR*AGBY GRASS2 78
FBDEN : 0.0 GRASS2 79

DO 120 N:lNMAXB GRA552 80
80 120 FBDEN : FBDEN+PI*RAD(N)*RAD(N)*GBDY(J,K,N) GRASS2 81

IF (FBDEN.GE.FBSAT) NY : NOYES(2) GRASS2 82
IF (KPRINT.LT.2) GO TO 130 GRASS2 83
PRINT 630, TK,TGRADTFPVGASIN GRASS2 84
PRINT 640 GRASS2 85

85 130 UrG I 0 GRASS2 86
.. DI : 0 GRASS2 87
G : 0.0 GRASS2 88
BSPT : 0.0 GRAS52 89
Z : 1.0 GRASS2 90

90 IF (BULK(J,K,I).GT.GBDY(J,K,I)) Z = (l.-GBDY(J,K,l)/BULK(J,K,I)) GRAS52 91
DO 350 N:I,NMAXB GRASS2 92
RTRS(N) : TFPV*RESCON*(I.-RAD(N)/(RAD(N)+REDI5)*5AVG(N) GRASS2 93
RADC : RAD(N)**3 GRASS2 94

C------DRIVING FORCE ON BUBBLE IN TEMPERATURE GRADIENT GRASS2 95
95 FSURF : -FCSDT*RADC GRASS2 96

FEVCD : -FCECT*RADC GRA552 97
FATOM : -FCSDT*RADC GRASS2 98
TAUB : RAD(4)*RAD(N)/(DVC4L GRASS 99
TA(G : RAD(N)*RAD(N)/(DVCVG) GRASS2 l c

100 IF (DTDT.LE.0) GO TO 140 GRASS2 101
TPD : TKOLD*RAD(N)*SIGF/(3.*GAMM*DTDT) GRA5S2 102
IF (TPD.LE.0.0) TPD : 0.0 GRASS2 103
GO TO 150 GRASS2 104

140 TPD : 20.*TAUB GRASS? 105
105 C------BUBBLE DIFFUSION COEFFICIENTS GRASS 106

ISO BDSURF : DCSDT/(RADC*RAD(N)) GRASS2 107
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160

170

I to

BDDSLC(N) : AMAXI BDEVCD,AMINI(BDSURFFFDSLC*BDATOM))
BLKMOR(N) : -BVBULK(N)*AREA
GBYMOR(N) : -BVGBDY(N)*AREA

C CALCULATE COALESCENCE PROBABILITIES IN BULK
M":0

180 M: M+I
RADNM : RAD(N)+RAD(h)
PR :4.*PI*(BDBULK(N)+BDBULK(h))*RADNM
PB : PI*ABS(BVBULK(N)-BVBULK(M))*RADNM*RADNM
TAUB : RADNM*RADNM/(DVCUL)
HOTAUB : -TPD/TAUB
FACTOR : 0.0
IF (HOTAUB.GT.DLIM) FACTOR : EXP(HOTAUB)
RATE : (I.0-(l.0-ALFA)*FACTO)
PBi(N,M) : (PR+PB)*RATEB
IF (M.EQ.N) GO TO 190
PBK(M,N) : PBK(N,M)*SAVG(i)
GO TO 180

190 PBK(N,N) : .5*PBK(4N)
IF (N.EQ.I) PBK(N, I : FP4PBK(NN)
BULKA(N) : PBK(N,N>*XX
PBK(N,N) :DK(N,N)SYY
FGBDY : TPG*RADiN)

BDEVCD : EVCDTD*DCECN(N)
IF (TPD.LE.0.) GO TO 160
BETAB := .0-EXP(-TAUB/TPD)
BETAG := .0-EXP(-TAUG.TPD)
GO TO 170
BETAB : 1.0
BETAG : 1.0
BADC7 :=BADC5+(4.0-BADC5)*BETAB
GBADC4 :-BADC5+(4.0-BADC5)*BETAG
BADC8 : BADC2+(108000.-BADC2)*BETAB
GBADC5 :=GBADC2+(108000.-GBADC2)*BETAG
BDATOM : BADCI*EXP(-BADC8/(I.986*TK))/((RAD(N)*BADC6)**BADC7)
BDGATM : GBADCI*EXP(-GBADC5/(I.986*TK))/((RAD(N)*GBADC3)**GBAD

+ C4)
DCIEB :=DCIE*(QAD(I)/RAD(N))**BADC7
DCIEG : DCIE*(RAD(l)/RAD(N))**GBADC4
BDATOM : AMAXI(BDATOMDCIEB)
BDGATM : AMAX1(BDGATMDCIEG)

----- BUBBLE VELOCITIES
BVSURF : FSURF*BDSURF*OKT
BVEVCD :=FEVCD*BDEVCD*OKT
BVATOM : FATOM*BDATOM*OKT
BVGATM : FATOM*BDGATM*OKT
BVBULK(N) : -AMAXI(BVEVCD,AMINl(BV5URFBVATOM))
BDBULK(N) : AMAXI(eDEVCDAMINI(BDSURF,bDATOM))
FORCE : AKAXI(FSURF,FEVC6,FATOM)
BVGEDY(N) -FOGBDY(K)*AMAXI(BVEVCDAMINI(BV5URFBVGATM))
BDGBDY(N) : AMAXI(BDEVCD,AMINI(BDSURFBDGATM))
BVDSLC(N) : -FODSLC(K)*AMAXI(BVEVCDAMINI(BVSURFFFDSLC*BVATQM

+ ))

115

125 C

130

135

140

145

GRA552
GRASS?
GRASS
GRA552
GRASS2
GRASS2
GRASS2
~4552
GRA552
GPASS2
GRA552
GRA552
GRA552
GRASS2
GRASS2
GRA552
GRASS?
GRA552
GRASS2
GRASS2
GRA552
GRASS2
GRASS2
GRA552
GRA552
GRASS2
GRASS2
GRA552
GRASS2
GRA552
GRA552
GRASS2
GRA552
GRAS52
GRA552
GRASS2
GRASS2
GRASS2
GRASS2
GRASS2
GRA552
GRA552
GRASS2
GRA552
GRA552
GRASS2
GRASS
GRA552
GRASS2
GRASS2
GRASS2
GRA552
GRASS2

108

10
.I

112
113
114
115
116
117
118
119
!20
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

ISo

'55
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160

165

170

175

180

185

IF (FORCE.GT.FGBDY) GO TO 260 GRA552
C TPG:2*PI*GBDY ENERGY GRA552

NCGBI : N GRA552
C CALCULATE RATE OF DIFFUSION OF GRAIN BOUNDARY BUBBLES TO GRAIN EDGE GRASS2

IF (N.GT.I) GO TO 220 GRA552
IF (IRSTAR.NE.13) GO TO 200 GRA552
BPRIM :QRT(2.0/DELTA/BDGBDY(N))*(BDBULK(N)*PI/H)**.25*RB GRA552
BMPRIM : -BPRIM GRA552
EB 0.0 GRA552
IF (BMPRIM.GT.DLIM) EB : EXP(BMPRIM) GRPSS2
FLUXED .25*((I.0-EB)/BPRIM-EB)/H GR-5S2
IF FLUXED.LE.0) FLUXED : 0. GRA552
GO TO 21' GRASS2

200 FLUXE ':4.0*BDGBDY(N)*FANGE/(GRD*GRD) GRASS2
210 XE - FLUXED GRA552

GO TO 230 GRA552
220 Ft JXED 0. GRA552

: G+4.*P*RAD(N)*RAD(N)*BDBULK(N)*BULK(JKN)/REDIS GRA552
BSPT : BSPT+RTRS(N)/SAUG(N) GRA552

230 RRGBIP(N) : ABSBVGBDY(N)).RB+FLUXED GRA552
C CALCULATE COALESCENCE PROBABILITIES ON GRAIN BOUNDARIES GRASS2

M : 0 GRA552
240 M : M+1 GRASS2

PR : (BDGBDY(N)+BDGBDY(M))/AGBr GRA552
RADNM : RAD(N)+RAL;h) GRA552
PB :'.B5(BUGBDY(N)-BVGBDY(M))*RADNM*2./AGBY GRA552
TAUG : RADNM*RADNM/(DVCVG) GRA552
HOTAUG -TPD.TAUG GRA552
FACTOR 0.0 GRA552
IF (HOTAUG.GT.DLIM) FACTOR = EXP(HOTAUG) GRA552
RATEG : (I.0-(l.0-ALFA)*FACTOR) GRA552
PGBDY(N,M) : (PR+PB)*RATEG GRA552
IF (M.EQ.N) GO TO 250 GRA552
PGFDY(M,N) PGBDY(NH)*SAVG(M) GRA552
GO TO 240 GRA552

250 PGBDYLN,N) - .5*PGBDY(NN) GRA552
IF (N.EQ.I) PGBDY(e,N) : PGBDY(N,N)*FN GRA552
GBDYA(N) : GBDY(N,N)*XX GRA552
PGBDY(N,N) PGBDY(N,Ni*YY GRA552
PBKGBY(N) ABS(BvDULK(N))*AGBY GRA552

260 TRAPPO : RAD(N)*2.584E7-i. GRA552
IF (TRADPO.LT.I.) GO TO 270 GPA552
FDSLC : GB502P*ALOG(TRADPO)*0.5 GRA552
IF (FORCE.GT.FDSLC) GO TO 320 GRA552

270 NCDI N GRA552
C -----CALCULATE COALESCENCE PROBABILITIES ON DISLOCATIONS GRA552

M : 0 GRA552
280 M : H+ GRA552

PR : (BDDSLC(N)+BDDSLC(M))/SQRT(RHODSL(K)) GRA552
PB : ABS(BUDSLC(N)-BUDSLC(H))/RHODSL(K) GRA552
RADNM : RAD(N)+RAD(M) GRA552
TAUD RADNM*RADNM/(DVCVL) GRA552
HOTAUD : -TPDTAUD GRA552

190

195

200

161
162
163
164
164
166
167
168
169
170
171
172
173
174
175
176
'77
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
'97
198
199
210
20 I
202
203
204
205
206
207
208
2G9
2i0
211
212
213

205

2'0
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FACTOR : 0.0 GRASS2 214
IF (HOTAUD.GT.DLIM) FACTOR : !XP(HOTAUD) GRASS2 215

215 RATEC : (1.0-(i.0-ALFA)*FACTOR) GRASS2 216
PDSL(NH) : (PR+PB)*RATED GRASS 217
IF (M.EQ.N) GO TO 290 GRASS2 218
PDSL(MN) : PDSL(N,M)*SAVG(M) GRASS2 219
GO TO 280 GRASS2 220

220 290 PDSL'N N) : 0.5*PDSL(N,N) GRA552 221
IF (N.IQ.1) PDSL(N,N) : PDSL(N,N)*FN GRASS2 222
DSLCA(N) : PDSL(N,N)*XX GRASS2 223
PDSL(NN) : PDSL(N,N)*YY GRASS2 224
HM: 0 GRASS2 225

225 300 M :M+1 GRASS2 226
RADNM : RAD(N)+RAD(I) GRASS2 227
PR : 4.*PI*BDBULK(M)*RADNM GRASS2 228
PB : PI*ABS(BUBULK(M))*RADNM*RADNM GRASS 229
TAUD : RADNM*RADNMV(DVCVL) GRASS 230

230 HOTAUD : -TPDiTAUD GRASS2 231
FACTOR : 0.0 GRASS2 232
IF (HOTAUD.GT.DLIM) FACTOR : E\(HOTAUD) CRASS2 233
RATED : (I.0-(I.0-ALFA)*FACTOR) GRASS2 234
PBKDS(NH) : (PR+PB)*RATED GRASS2 235

235 IF (M.E6.N) GO TO 310 GRASS2 236
PBKDS(M,N) : PBKDS(N,H)*SAVG(M) GRASS2 237

C------THE SMALLER !NDEX REFERS TO BULK ; THE LARGER TO DSLC BUBBLES GRASS2 238
GO TO 300 GRASS2 239

310 CONTINUE GRASS2 240
240 PBKDLC(N) : 2.*(RHODIS*RAD(N)*(-BVBULK(N))+PI*BDBULK(N)IALOG(R GRASS2 241

+ INFY/RAD(N))) GRASS 242
GO TO 1'3 GRASS2 243

320 IF (NCDI.EQ.:.) GO TO 340 GRASS2 244
DO 330 M=INCDI GRASS2 245

245 RADNM : RAb(N)+RAD(M) GRASS 246
PR : 4.*PI*BDBULK(N)*RADNM GRAS 2 247
PB : PI*ABS(BVBULK(N))*RADNM*RADNM GRP252 248
TAUD : RADNM*RADNM/(DVCUL) GR( 352 249
HOTAUD : -TPD/TAUD G0.552 250

250 FACTOR : 0.0 ;-.A552 251
IF (HOTAUD.GT.DLIM) FACTOR : EXP(HOTAUD) bRASS2 252
RATED : (I.0-(I.0-ALFA)*FACTOR) GRASS2 253
PBKDS%,H) : (PR+PB)*RATED GRASS2 254

330 PBKDS(MN) : PBKDS(NH)*SAVG(M) 4ASS2 255
255 C------THE INDEF. ) NCDI REFERS T6 BULK; TO DISLOCATION GRASS2 256

340 IF (KPRINT.LT.2) GO Ti.) 350 GRASS2 257
PRINT 610, SAVG(N),RA;,N),BDSURF,8'EVCD,BDATOM, BSURFBUEVCD,B GRASS2 258

+ VATOMBDGATH,BVGRTM GRASS2 259
350 CONTINUE GRASS2 260

260 C REMOVE THIS GRASS2 261
WRITE (6,600) SPT,BSPTG GRASS2 262

C DOWN TO HERE GRASS2 263
SPT : BSPT/tBSPT+G) GRASS2 264
IF (TFPV.LE.0.0) 5PT : 1.0 GRASS2 265

265 C CALCULATE DIFFUSION RATE OF LATTICE GAS TO GRAIN FACES GRASS2 266
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DPRIM : DDBULK(I)*5PT*4.tV(GRD*GRD) GRASS 267
AMI : AMAXkUTFPV,TF0(J,K,) GRASS 268
DTF : ADS(TF0(J,K)-TFPV)/AMAXI(AMI,1.0) GRASS 269
IF (DTF.LC..01) 60 TO 360 GRASS2 270

270 CO(J,K) : BULK(JK,I) GRASS 271
TS02 : TSf GRASS2 272

360 T : 12-TS02 GRASS2 273
DPRIMT : DPRIM*T GRASS 274
FLXGD2 : GASIN*(6.0*SQRT(DPRIMT/PI)-3.*DPRIMT) GRASS2 275

275 DPT : DPRIMT*PI*PI GRASS 276
IF (DPT.jT.I.0) FLXGB2 : GASIN*(I.0-6.0*EXP(-DPT).P1 'I) GRASS2 277
G81 : 3.0*(SQRT(DPRIM/PITT)-DPRIM) GRASS 278
IF (DPT.GT.I.0) GB : 6.J*DPRIH*EXP(-DPT) GRASS 279
GD1 : G81*Z GRASS2 280

280 IF (G61.LE.0.0) G81 : 0.0 GRASS2 281
IF (BULK(JK,:).LE.I.E-20) GO TO 370 GRASS2 282
XGD1 : G81*CO(JK)/BULK(J,K,1) GRASS 283
FLXGB2 : FLXGB2/BULK(J,K,I)+XGBI GRASS 284
GO TO 380 GRASS 285

285 370 FLXGB2 : 0.0 GRASS2 286
AGBI : 0.0 GRA552 287

380 NMAXD2?: NMAXB-I GRASS2 288
1I: 0 GRASS2 289
N : 0 GRASS2 290

290 390 N : N+I GRASS2 291
1 : 1+1 GRASS2 292
EPSiI) : EPSI/SAVG(N) GRASS 293
IF (N.EQ.NMAXB) GO TO 400 GRASS 294
YA(I) : DULKA(N) GRASS2 295

295 GO TO 390 GRASS2 296
400 YAMI) : 0. GRASS2 297

IF (NCDI.EQ.NIAXB) GO TO 420 GRASS 298
JNCDI : 2 GRASS 299
NMAXD : NCDI+I GRASS2 300

300 IF (NMAXD.EQ.NMAXB) JNCDI : 3 GRASS 301
DO 410 N:NMAX!,NMAXB GRASS 302
BULK(J,K,N) = BULK(JK,N)+DSLC(J,K,N) GRASS 303

410 DSLC(J,KN) : 0. GRASS2 304
IF (NCDI.EQ.0) GO TO 460 GRASS 305

305 GO TO 430 GRASS2 306
420 JNCDI : 4 GRASS 307

NMAXD : NMAX8 GRASS 308
430 NMAXD2 : :kAXD-i GRASS2 309

DO '4'0 NI,ir1XD2 GRASS2 310
310 1 : 1+1 GRASS? 311

EPS(I) : EPSIISAVG(N) GRASS2 312
440 YA(I) : DSLCA(N) GRASS 313

GO TO (460,470,470,450), JNCDI GRASS2 34
450 1 : 1+1 GRASS2 315

315 YA(I) : 0 GRASS2 316
EPS(I) : EPSI/SAUG(NMAXB) GRASS 317
GO TO 470 GRASS 318

460 JNCDI : I bRASS2 319
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NMAXD2 : 0 GRASS2 320
320 470 IF (NCGBI.EQ.NAXB) GO TO 490 GRASS2 321

JNCGBI : 2 GRASS2 322
NMAXG : NCGBI+I GRA552 323
IF (NHAXG.EQ.NMAXB) JNCGBI : 3 GRA552 324

DO 480 N:NMAXG NMAXB GRA552 325
325 BULK(JK,N) : eULK(J,K,")+GBDY(JK,N) GRASS2 326

480 GBDY(J KN) : 0. GRASS2 327
IF (NCGBI.EQ.0) GO TO 530 GRASS2 328
G0 TO 500 GRASS2 329

490 JNCGBI =4 GRAS52 330
330 NMAXG : NMAXB GRASS2 331

500 NMAXG2 : NMAXG-I GRASS2 332
DO 510 N:l,NMAXG2 GRA552 333
I : 1+1 GRASS2 334
EPS(I) : EPSI/SAVG(N) GRASS2 335

335 510 YA(I) : GBDYA(N) GRASS2 336
GO TO (530,540,540,520), JNCGBI GRASS2 337

520 1 : 1+1 GRASS2 338
YA(I) : 0. GRASS2 339
EPS(I) : EPSI/SAVG(NMAXB) GRASS2 340

340 GO TO 540 GRAS52 341
530 JNCGBI : I GRASS2 342

NMAXG? = 0 GRA552 343
540 1 : 1+1 GRASS2 344

EPS(I) : EPS1*I.E-2 GRA552 345
345 I : 1+1 GRA552 346

EPS(I) : EPSI*I.E-2 GRASS2 347
GO TO (550,550,550,570), JNCGBI GRA552 348

550 DO 560 N:NAXG,NMAXB GRASS2 349
1 : 1+1 GRA552 350

350 560 EPS(I) : EPSI/SAVG(N) GRA552 351
GO TO (590,5?0,570,570), JNCGBI GRA552 352

570 DO 580 N:INCGBI GRA552 353
I :=1+1 GRA552 354

580 EPS(I) : EPSI/SAVG(N) GRASS2 355
355 590 IMAX2 : I GRA552 356

TFO(JK) : TFPV GRA552 357
IF (KPRINT.GE.2) PRINT 620, NMAXBNMAXDNCJ,NMAXGNCGBI,IMAX2,XGB GRASS2 358

+1 FLXGB2,XE,FBDENFBSAT,NY GRASS2 359
RETURN GRASS2 360

360 C GRA552 361
600 FORMAT (IX,"SPT",E12.4,5X,"BSPT",EI2.4,5, Iu,2.4) GRA552 362
610 FORMAT (10E13.5) GRASS2 363
620 FORMAT (/114H NMAXB NMAXD NCDI NMAXG NCGBI IMAX2 FLXGui GRASS2 364

+ FLXGB2 FLUXED FBDEN FBSAT NEW CHANNELS/616, GRASS2 365
365 +5E12.4,9XA4) GRA552 366

630 FORMAT (//4H TK:,EI4.7,7H TGRAD:,E12.4,16H(DEG-C/CM) TFPV:,E12.4,7 GRA552 367
+H GASIN:,E12.4) GRA552 368

640 FORMAT (//52H SAVG RAD BDSURF BDEVCD, GRASS2 369
+52H BDATOM BVSURF BVEVCD BVATOM,26H GRASS2 370

370 +BDGATM BVGATM) GRASS2 371
END GRASS2 372
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SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 GRASS2

VARIABLES SN TYPE
54 A REAL
25 ACON REAL
7 AGBY REAL

35 ALFA REAL
2667 AMI REAL

4 AREA REAL
50 ASTAR REAL
I ATMVOL REAL
0 AVN REAL
5 AVNUM REAL

2573 AO REAL
2374 Al REAL
2575 A2 REAL

37 BADCI REAL
40 BADC2 REAL
41 BADC3 REAL
42 BADC4 REAL
43 BADC5 REAL
44 BADC6 REAL

2625 BADC7 REAL
2627 BADC8 REAL
2631 BDATOM REAL

3067 BDBULK REAL

3113 BDCSLC REAL
2622 BDEVCD REAL

2632 BDGATM REAL
3137 BDGBDY REAL
2621 BDSURF REAL

2623 BETAB REAL
?624 BETAG REAL

36 BEUK REAL
3222 BLKMOR REAL
2653 BMPRIM REAL

2 BOLTZ REAL
2652 BPRIM REAL
2610 BSPT REAL

0 BULK REAL

3017 RULKA REIL
2637 oVATOM REAL
2747 BVBULK REAL

MAP (R:2)

REFERENCES
359

RELOCATION
ARRAY HDGR2

BDGR2
GROA2

HDGR2

GROA2
BDGR2
HDGR2
GR0235
BDGR2

BDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR2

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

BDGR2
GR2A3

BDGR2

F.P.

252

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
'EFS
REF5S
REF:

DEFINEL
REFS
266
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
302

REFS
REFS
REFS

15
15
3

52
15

268
3

15
15
II
15
67
67
67
15
15
15
15
15
15
I18
118
123
118
20

DEFINED
20
127
107
124'
20
126
106

115
13

2X169
15

167
178
20

325
20
130
20

3*63
52
77

150
DEFINED

138
77
36

DEFINED
32

DEFINED
DEFINED
DEFINED

118
2*116

69
69

2*114
118
121

DEFINED
128
123

2* 144
131

2*208
131

129
166
131

116
117
57
20

DEFINED
41

170
261
2*90

DEFINED
294
135
138

3*64

183

190
267
139

38
32
33
63
64
65

2*115

DEFINED
116
131

166

DEFINED

134
173
134

REFINED
JEF INED

DEFINED
167

71
DEF I NED

2*263
177

I
DEFINED

257
2*145

3*65

185

215

I;4

137

177

137
137

257
2* 183

137

109
110

138

166
DEFINED

270
302
157

DEFINED
'99

199

233

43

257

227

257

DEFINED
DEFINED

257

112
113

88
281
325

128
228

240 246

119
134

178
282

124

283

240 247
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SUBROUTINE GRASS2

VARIABLES

2773 BVDSLC
2636 BVEVCD
2640 BVGATM
3043 BVGBDY
2635 BUSURF

5 CONS
2602 CONST

0 CO
2572 D

11 DCEC
13 DCECN

2600 DCIE
2633 DCIEB
2634 DCIEG

12 DCSD
2606 DCSDT

7 DELHV
I DELHVN

12 DELTA
26 DELTA
65 DLIM

2666 DPRIMI
2672 DPRIMT
2673 DPT

0 DSLC
2677 DSLCA
2577 DTDT
2670 DTF
2571 DVCVG
2570 DVCVL

33 DUOG
31 DVOL
22 DZERO

217 D4LIM
2654 EB

0 EPS

2 EPSI

2605
34
32

2647

2615
47
10
11

EVZDTD
EUG
EVL
FACTOR

FATOMI
FAWGE
FBDEN
FBSAT

SN TYPE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL

76/176 OPT-0 TRACE STATIC

RELOCATION

ARRAY

ARPAY

ARRAY

ARR 4Y

ARRAY
ARRAY

ARRAY

REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL

GTWOLC

F.P.

GTWOLC
GTWOLC

GTNOLC

BDGR2
GTWOLC
GROA2
BDGR2
8DGR2

F.P.

BDGR2
BDGR2
BDGR2
GR2A4

GR2A4

BDG02D

BDGR2
BDGR2

BDGiZ
GROA2
GROA2

DEF I NED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
R.FS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RE'S
251

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
339

REFS
346

REFS
REFS
REFS
REFS

DEFINED
232

REFS
REFS
REFS
REFS

FTN 4.8+508

130
20

130
133
20

130
9

73
20
61
60

9
9

121
123
124
9

106
I5

3
15
15

273
2*274
2*276

20
20
100
269
99
98
58
15

15
8

2*170
8

344
5

350
107
15
I5

150
148
250
128

15
3
3

2*209
133
257
139
133
38
74

282
62
61
45
20
122

DEFINED
DEFINED

76
DEFINED

33
39
68
166
47

2*277
275
2*278

302
312
101

DEFINED
186
1R6

59
58
43

DEFINED
DEFINED

20
346
292
354

DEFINED
59
58
190
149
251
129
31
80
81

DEFINED
135

DEFINED
179
135

DEFINED
DEFINED
DEFINED

3*63
2

DEr MED
107

DEFINED
121
122

DEFINED
76
75

DEFINED

149

278
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

268
DEFINED

211

47
168

DEFINED
350
311

10/21/80

135
257
129

2*185
257
37
72

3*64

41
DEFINED

69

43

33

169

DEFINES3
273
275

222
68

14.35.34

DEFINED

DEFINED
DEFINED

270
3*65

189

266

303

59
229

169
292
354
316

311

334

75

215
188

132
173
81

357

233
189

DEFINED

357
DEFINED

252
213

97

DEFINED
77

PAGE 9
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76/176 OPT:O TRACE STATIC FTN 4.8+508

VARIABLES
6 FC
7 FCEC

2604 FCECT
10 FCSD

2603 FCSDT
0 FDP

2662 FDSLC
2614 FEVCD

0 FFDSLC
2651 FGBDY
2655 FLUXED

3+50 FLXGD2

24
0
0

264
2613
2607
2561

45
46
53

2626
2630

0
2723

17
3151

3246
2674

0
0
5
3
4
0
0

2646
2664
2657

3
2676

FN
FODSLC
FOGBDY
FORCE
SURF
G
GAMMA
GASIN
GBADCI
GBADC2
GBADC3
GBADC4
GBADC5
GBDY
GBDYA
GBR
GBRF
GB502P
GBYMOR
GBI

GIP
GR
GRD
GI
G2
H
HH
HOTAUB
HOTAUD
HOTAUG
HS
I

216 IMAX2
0 IRSTAR

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
GTWOLC
GTWOLC

GTWOLC

ARRAY F.P.

BDGR2

REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER

INTEGER
INTEGER

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

GR2A3

BDGR2
F.P.
F..

GR0235
BDGR2
BDGR2
BDGR2

F.P.

BDGR2
GR2A3
BDGR2
GR2A3

F.P.
F.P.

GROA2
BDGR2
BDGR2
F.P.
F.P.

GROA2

GR2A4
F.P.

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
176

REFS
285
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
u'Lr 3
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF.a
REFS
280

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
314
339
354
337

REFS
REFS

9
9

96
9

95
20

203
127

15
160
171

13

15
20
20
160
126
177
70
1I
15
15
I5

119
119
20
20
'5
13
I5
13

279

20
20
3
I5
15

166
20

2*149
2*214
2*189

3
291
315
343
355
343
8

165

39
74

DEFINED
73
97

DEFINED
DEFINED

132
135

DEFINE"
174

283

156
135
133
203
132
261
101
83

119
2*117

119
122

DEFINED
80
335
30

DEFINED
202
20

280

DEFINED
DEFINED

52
49
49
170

DEFINED
DEFINED

2*232
DEFINEL

70
292
316
344

DEFINED
345
357

DEFINED

40
DEFINED

74
DEFINED
DEFINED

1
202

DEFINED
'37
159
179

357

196
DEFINED
DEFINED
DEFINED
DEFINED

263
DEFINED

274

DEF I NED
117
2*90

DEFINED

30

DEFINED
282

53

DEFINED

147
2*251
187

294
333
345
288
349

DEFINED

38DEFINED
39

40
73

96

DEFINED

DEF I NED

221
I

132
95

DEFINED
49

276

115

170

325
197

276

173

283

87 177

DEFINED 326

278 279

2*266

139
DEFINED

60

1

DEFINED

296
334
346
291
353
355

277

2*173

310
335
349
310

230

311
337
350
314

249

312
338
353
333

SUfROUTtHE GRASS2 I0/21/8r 14.35.34 PAGE 10
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SUBROUTINE GRASS2

VARIABLES SN TYPE
26 J INTEGER

4 FIRST INTEGER
33 JNCDI INTEGER
34 JNCGBI INTEGER

27 K INTEGER

0
5
6

2642

KF
KFIRST
KPR I NT
$4

2560 N

31

32

0
7

30

3273
3272

3274
35

3275
51
36
37

2562
2601
2645

NCDI

NCGBI

NF
NMAX
NMAXB

NMAXB2
NMAXD

NMAXD2
NMAXG

NMAXG2
NOYES
NXBD
NXBDG
NY
OKT
PB

INTEGER
INTEGER
INTEGER
INTEGER

76/176 OPT:0 TRACE

RELOCATION
GR0235

BDG02D
GR0235
GR0235

GR0235

F.P.
BDG02D
BDG02D

!NTEGER

INTEGER

INTEGER

INTEER
INTEGER
I NTE(ER

INTE(GER
INTE(ER

INTEIER
INTEER.

INTEDER
INTEGER
INTEGER
INTEGER
I NTI.GER
REAL
REA -

ARRAY

GR0235

GR0235

F.P.
BDG02D
GRO?35

GR2A3
GR2A3

GR2A3
GR0235

CR2A3
dDGR2
GR0235
GR0235

STATIC

REFS
281

REFS
REFS
REFS
329

REFS
177
283
REFS
REFS
REFS
REFS
182
208
227

DEFINED
225

REFS
106
133
145
159
183

3*197
216
234
2*254
311

DEFINED
324

REFS
DEFINED

REFs
DEFINED

REFS
REF S
REFS
301
348

REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

FTN 4.8+508

11
2*282

5
II
II

341
11

208
3*302
11*20

5
5

142
183
209
228
141
244
2*45
107
134
151
162
184

4*198
217
235

2*257
312
44

332
1I
86
11
85

10*20
5

11
307
357

13
13

299
13
11

322
13
15
1I
11

357
126
151

80
283

313
336

51
209
303
70
29
82

143
184
210
234
142

3*80
118
135
152
164
185

2*199
2*218
2*236

290
3*325

79
348
243
204
320
162
70
44
79

316

i)EF iNED
300
307
309
323
330
332
50

DEFINED
127
191

10/21/ FJ

4*90
3*302

DEFINED
347

54
267

3*325
DEFINED
DEFINED

256
144
185
216
235
181

4*92
119
137

2*153
2*166

191
200

4*220
5*240
292
326

91
352
244

322

DEFINED

91
320

287
301

DEFINED
324

DEFINED
81

50
128
216

177
303

298
351

80
268
326

I
46

357
145
191
217

3*236
182

93
121

2*138
4*155
173
192
204

5*221
245
293
334
289

297

327

I

287
323

308

308
331

33;

81
129
234

E 14.35.34

267
3*325

300
DEFINED

4*90
2*270
356

151
192

3*218
245
206

2*98
122

2*139
5*156
4*177
2*193
208

3*222
246
294
335
290

299

35c

293
324

357

?19
348

342

DEFINED
253

PAGE

268
326

306
321

133
281

152
3*193
225
253
207

2*99
130
143

3*157
2*178
4x195
209

4*223
247

3*302
350
301

304

3t7

297
330

357

7

I1

2*270
356

318
323

135
2*282

3*153
207
226
3*254
224

101
131
144

4*158
2*179
5*196
210
226
253
303
354
309

357

300
339



SUBROUTINE (RASS2

VARIABLES SN TYPE

0 P8K REAL

3124 PBKDLC PEAL
1440 PBK;S KEAL

3i00 PBKGBY 4EAL
2260 PDSL REAL

620 PGBDY REAL

3 PI REAL

0
2644

23
21
20
40

2612
2643

2650
2665
2660
2564

27
30
6
0

2563
0

2565
I$

3152
3176

2

12
2576

13
0

2671
2616
2663
2617

POW
PR

PZERO
05
STAR
RAD

RADC
RADNM

RATED
RATED
RATES
RD
RED IS
RESC)N
RG
RGT,
RHOT)S
RHOJ5L

RIhFY
RM
RRaBIP
RTRS
SAVG

FIG
SIGF
'PT
SON
T
TAUB
TAUD
TAUG

REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

A

A
A

A
A

A

76/176 OPT:0 TRACE

RELOCATION

WRAY GR2A

PRAY GR2*3
PRAY GR2A3

RRPY GR2A3
PRAY GR2A3

PRAY GR2A3

BDG02D

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

F.P.

BDCR2
8DGR2
BDCR2
GR0235

BDGR2
BDGR2
PnGR2

.P.

F.P.

DG02D
GR2A3
GR2A3
GR0235

HDGR2

GROA2
GTWOLC

E STATIC

DEFINED
REFS

DEFINED
REFS
REFS
2r3

REFS
REFS

DEFINED
REFS

DEFINED
REFS

145
274
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

101
2*177
REFS
REFS
2*228
210

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
218
339

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

FTN 4.8+508

145
13

151
13
13

254
13
13

21S
13

191
5

166
2*275

20
151
144

15
15
15
1I

106
2*184

95
144

2*229
226
151
216
191
166

15
15
15
20

240
20

240
5

13
13
1I

236
350

15
101
3
9

273
104
212
110

185
20
:3
20
20

20
20

218
20

193
38
177

2*276
DEFINED

191
183

41
76
40
20

118
200
96

2*145
246
245

DEFINE)
23'4

DEFINED
179
92
92
41

DEFINED
DEFINED

51

DEFINED
324
20
20
20

254
354
2*41

DEFINED
261
53

277
109
230
'87

209
153
155

DEF INED
236

DEFINED
218
220
193
195
2*41
227
277

1
216
206

2*80
119

2*210
97

2* 146
2*247

ISO
253
190

DEFINED
'77

75

51
54

54
35

DEFINED
178
45

257

67
266

DEFINED
DEFINED

I47
249

DEFINED

10/21/80

228
155
156
240
254

199
220
221
195
196
43

228

234
227

2*121
2*226
106
185

2*248

DEFINED

53

76

208

179
DEFINED

92
292

DEF I NED
31

272
DEFINED
DEFINED

99

PAGE 214.35.34

247
156
158

DEFINED

221
223
196
198
54

240

253
2"6

93
2* 12
2x2'+U

DEFINED
2*186

DEFINED

215

158

236

223

198

144
247

X57

234

222

197

80
246

2 98
2* 143
2*245

93
2*211

143

2*99

257

227
184

233

209

178
316

193
334

92
153
311

263

98
211
186

146
229 248



SUBROUTINE GRASS2

VARIABLES SN TYPE
I TFPV REAL

0 TFO REAL
0 TGASIN REAL
I TGASR REAL
2 TGRAD REAL
0 TK REAL

0 TKOLD REAL
2566 TKS REAL

2620 TPD REAL

10 TPG REAL
2661 TRADPO REAL

12 TSO REAL
10 T502 REAL
6 T2 REAL

2567 VKT REAL
65 VOLUME REAL
13 NMI REAL
14 NM2 REAL

2656 XE REAL
2675 XGBI REAL

15 XK REAL
16 XKP REAL
4 XLAMDA REAL
3 XX REAL

122 YA REAL

2 YY REAL

2611 Z REAL

FILE NAMES MODE
OUTPUT FMT
TAPE6 FMT

EXTERNALS TYPE
ALOG REAL
EXP REAL

GRAS5S
SORT

INLINE FUNCTIONS
ABS
AMAXI

AMINI

REAL

TYPE
REAL
REAL

REAL

76/176 OPT:0 TRACE

RELO'^TION
GROA2

ARRAY F.P.
BDG02D
BDG02D
GR0A2
GROA2

F.P.

BDGR2

BDG02D
BDG02D
GROA2

GR0235
BDGR2
BDGR2

4RRAY

ARGS
I LIBRARY
I LIBRARY

5
I LIBRARY

ARGS
I INTRIN
0 INTRIN

0 INTRIN

BDGR2
BDGR2
GTNOLC
GTWOLC
GR2A4

GTWOLC
D

STATIC

REFS
356

REFS
REFS
REFS
REFS
REFS

72
REFS
REFS

66
REFS
230

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
335

REFS
DEFINED
REFS

WRI'ES 83
WRITES 261

REFERENCES
e 202 40

58 59
119 149Q
70
31 41

DEF LINE REFERENCES
145
123
137
130

FTN 4.8+508

3

20
5
5

3
2*75
68
56

102
249

15
201
5
5
3

58
II
i5
I5

357
283

15
i5
9
9
8

338
9

34
279

69

267

72
49
76

101
57

108
DEFINED

159
202
271
272
272
59

2*41
2*41

DEFINED
3C7
2*31
37
43

157
20

35

DEFINED

257

67
169

54

179
124
267
131

69
189

75

185
130
268
133

83

268

83
55
83

DEFINED
66

109
101

DEFINED

DEFINED

DEFINED

174
DEF I NED

DEFINED
197

DEFINED

158

89

92

DEFINED

66
118

I
3*67

110

200

271

57

282

36
222
291

198

90

14.35.34

264

69
119

DEFINED

147
104

286

DEFINED
296

223

357

75
214

166

'99
131

134

76
232

208

209
132

135

109
251

274

228
133

137

PAGE

267

356

70

55

187

35
312

13

268

71

56

212

315

l1
278

f,0
276

277

247
134

268
135

i

t



76/176 OPT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
0 100

116 IlI
0 120

350 130
442 140
445 150
473 160
500 170
676 180
76: 190
1061 200
1066 210
1072 220
1113 230
1122 240
1206 250
1233 260
1252 270
1257 280
1345 290
1370 300
1452 310
1467 320

0 330
1550 340
1561 350
1635 360
1737 370
1743 380
1752 390
1772 400

0 410
2035 420
2041 430

0 440
2072 450
2104 460
2110 470

0 480
2150 490
2154 500

0 510
2205 520
2217 530
2223 540
2247 550

0 560
2273 570

0 580
2305 590
2454 600 FMT
2462 610 FMT

DEF LINE
+5

48
80
85

104
106
112
114
142
155
173
174
176
179
18?
195
200
204
207
220
225
239
243
254
256
259
272
285
287
290
296
303
306
308
312
314
318
320
326
329
331
335
337
341
343
348
350
352
354
355
361
362

REFERENCES
44
29
79
82

100
103
108
'I
154
152
165
172
164
175
194
192
160
201
219
217
?38
235
203
244
242 243

91 256
269
281
204
295
293
301
297
305
309
313
304 313

2*313 317
324
320
328
332
336
327 336
2*336 340
3*347
348
347 3*351
352
351
261
257

10/21/00 14.35.34 PAGESUBROUTINE GRASS2



76'176 OPT:O TRACE STATIC FTN 4.8+508

STATEMENT LABELS
2464 620 FMT
2503 630 FMT
2513 640 FMT

DEF LINE
363
366
368

REFERENCES
357
83
84

LOOPS
104
321
374
1472
2012
2045
2125
2160
2251
2274

LABEL
100
120
350
330
410
440
480
510
560
580

COMMON B;CCKS
GROA2
BDG02D
GR2A4
GTWOLC
GR0235
GR2A3
BDGR2

INDEX
N
N
N
M
N
N
N
N
N
N

LENGTH
12
11

144
31
54

1726
54

FROM-TO
44 45
79 80
91 259

244 254
301 303
309 312
324 326
332 335
348 350
352 354

LENGTH
5B

138
1170B
558
178
138
178
138
I 08
I08

PROPERTIES
INSTACK

OPT
EXT REFS
EXT REFS

OPT
OPT
OPT
OPT

INSTACK
INSTACK

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

3204B8
37608

1668
2032

SUBROUTINE GRASS2 IO/2I 80 14.35.34 PAGE 15



76/176 OPT:O TPRACE STATIC FTN 4.8+508

SUBROUTINE GRA553 (Y YBYC,BLKMO,GBYMO,NF KF) GRA553 2
COMMON/GR0235/AVN,GANIN,SAVG,J,K,NMAXB,NCbI,NCGBIJNCDIJNCGBI, GRA553 3
+NMAXG,NXBDNXBDG,RAD,VOLUME GRA553 4
COMMON/GROA3/GESW,JKMAX KI GRA553 5

5 COMMON/GR2A3/PBK,PGBDYBKDS,PDSL, PBKGBN.',N.LCFLXGB2,GBRF, GRASS3 6
+RRGBIP,RTRS,BLKMORGBYtOR,NMAXD,NMAXB2,NMAXD2,NMAXG2 GRA553 7
DIMENSION PBK(20,20),PDSL(20,20),PBKDS(20,20),PGBDi(20,20), GRASS3 8

+PBKGBY(20),PBKDLC(20),SAVG(20),RTRS(20),RRGBIP(20), GRASS3 9
+Y(82),YB(60),YC(82),GbYMO(KF,26),BLKMO(KF,20),BLKMOR(20), GRA553 10

10 +GBYMOR(20),9Uf.KB(20),DSLCB(20),G8DY(20),BULKC(20),DSLCC(20), GRA553 II
+GBDYC(20),ARi6(20),PRDD(20),ARDG(20),RAD(21),Y0(82) GRA553 12
TARB : 0. GRA553 13

DO 120 N:I,NMAXB GRA553 14
IF (N.EQ.1) GO TO 100 GRA553 15

15 ARDB(N) : RTRS(N) GRA553 16
TARBE: TARB+ARDB(N)*Y(N) GRA553 17

100 IF (N.GT.NCD*) GO TO 110 GRA553 18
ARDD(N) : RTRS(N) GRA553 19
TP98 : TARB+ARDD(N)XY(NMAX3+N) GRA553 20

20 110 IF (N.GT.NCGBI) GO TO 120 GRA553 21
ARDG(N) : RTRS(N)*GBRF GRA553 22
TARE : T.IRB+ARDG(N)*Y(NXBD+N) GRA553 23

120 CONTINUE GRA553 24
JQ : NXBDG GRA553 25

25 GR : 0. GRA553 26
C------COALESCENCE IN BULK GRA553 27

N :lI GRA553 28
MI = 2 GRA553 29
GROW : 0. GRA553 30

30 BULKC(N) : GASIN/SAVG(1) GRA553 31
GO TO 160 GRA553 32

130 DISAP : 0. GRA553 33
DO 140 M:NINMAXB2 GRASS: 34

140 DISAP : DISAP+Y(M)*PBK(M,N) GRA553 35
35 BULKB(N) : DISAP+GROW GRA553 36

BULKC(NI) : (GROW+PBK(N,N)*Y(N))*Y(N) GRA553 37
SUM : 0. GRA553 38

DO 150 M:I,N GRA553 39
C THE RATE NI BUBBLES BECOME N1+1 BUBBLES IS REDUCED BY RESOLUTION GRA553 40

40 150 SUM : SUM+Y(M)*PBK(M,NI) GRc ~53 41
CALL GRASSI (SUM,ARDB(NI)) G.RA553 42
N : NI GRA553 43
NI : N+ GRA553 44
GROW : SUM/(SAVG(NI)-SAVG(N)) GRA553 45

45 160 IF (N-NMAXB2) 130,170,180 GRA553 46
170 BULKB(N) : GROW GRA553 47

BULKC(NI) : (GROW+PBK(NN)*Y(N))*Y(N) GRA553 48
N = NI GRA553 49

180 BULKB(N) : 0. GRA553 50
50 C------COALESCENCE ON DISLOCATIONS GRA553 51

N = I GRA553 52
NI : 2 GRA553 53
GROW - 0. GRA553 54

SUBROUTINE GRA553 IO/21/89 14.35.34 PAGE I



SUBROUTINE GRASS3 76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.35.34 PAGE 2

DSLCC IG : ) . GRA553 55
55 GO TO 220 GRA553 56

19% DISAP : 0. GRASS3 57
DO 200 M:NI,NtMAXD2 GRASS3 58

200 DISAf : DISAP+Y(NHAXB+M)*PDSL(M,N) GRASS3 59
DSLCB(N) : DISAP+GROW GRASS3 60

60 NBN = NMAXB+N GRASS3 61
DSLLC(NI) : (GROW+PDSL(N,N)*Y(NBN))*Y(NBN) GRASS3 62
SUM : 0. GRASS3 63

00 210 M:I,N GRASS3 64
210 SUM : SUM+Y(NMAXB+M)*PDSL(M,NI) GRASS3 65

65 CALL GRASSI (SUM,ARDD(NI)) GRA553 66
N : NI GRASS3 67
NI : N+I GRASS3 68
GROW : SUM/(SAVG(NI)-AVG(rf)) GRASS3 69

220 IF (N-NMAXD2) 190,230,240 IRA553 70
70 230 DSLCB(N) : GROW GRA553 71

NBN : NMAXB+N GRA553 72
DSLCC(NI) : (GROW+PDSL(N,N)*Y(NBN))*Y(NBN) GRAS53 73
N : NI GRASS3 74

240 DSLCB(N) : 0. GRASS3 75
75 C------COALESCENCE ON GRAIN BOUNDARIES G9ASS3 76

N : I GRA553 77
Ni : 2 GRASS3 78
GROW : 0. GRA553 79
GBDYC(N) : 0. GRA5S3 80

80 GO TO 280 GRASS3 81
250 DISAP : 0. GRASS3 82

DO 260 M:NI,NMAXG2 GRA553 83
260 DISAP : DISAP+Y(NXBD+M)*PGBDY(M,N) GRA553 84

GBDYB(N) : DISAP+GROW GRASS3 85
85 NBN : NXBD+N GRASS3 86

GBDYC(NI) : (GROW+PGBDY(NN)*Y(NBN))*Y(NBN) GRASS? 87
SUM : 0. GRASS3 88

DO 270 M:I,N GRA553 89
270 SUM : SUM+Y(NXBD+M)*PGBDY(M,NI) GRASS3 90

90 CALL GRASSI (SUMARDG(NI)) GRASS3 91
N : NI GRA553 92
NI : N+1 GRA553 93
GROW : SUM/(SAVG(NI)-SAVG(N)) GRA'53 94

280 IF (N-NMAXG2) 250,290,300 GRA553 95
95 290 GBDYB(N) : GROW GRASS3 96

NBN : NXBD+N GRASS3 97
GBDYC(NI) : (GROW+PGBDY(N,N)*Y(NBN))*Y(NBN) GRASS3 98
N : NI GRA553 99

300 GBDYB(N) : 0. GRA553 100
100 C------BULK BUBBLES COALESCE WITH LARGER DISLCATION BUBBLES GRA553 101

IF (JNCDI.EQ.I) GO TO 340 GRASS3 102
N : I GRASS3 103
SUM : 0. GRASS3 104

310 NI :4+ GRASS3 105
105 GROW : (SUM+Y(N)*SAVG(N)*PBKDS(N,N))/(SAVG(NI)-SAVG(N)) GRAS53 106

DSLCB(N) : DSLCB(N)+GROW GRASS3 107
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DSLCC(NI) : DSLCC:NI)+GROWXY(NMAXB+N) GRASS3 108
DISAP : 0. GRASS3 109

DO 320 M:N NMAXD2 GRASS3 110
110 320 DISAP : DISAP+Y(NMAXB+M)XPBKDS(MN) GRASS3 Il

BULKB(N) : BULKB(N)+DISAP GRA553 112
IF (NI.EQ.NMAXD) GO TO 340 GRASS3 113
SUM : 0. GRA553 114

DO 330 M:l,N GRA553 115
115 330 5111 : SUM+Y(M)*PBKDS(M,NI) GRA553 '16

CALL GRASSI (SL'tARDD(NI)) GRA553 117
N : NI GRA553 118
GO TO 310 GRA553 119

340 CONTINUE GRA553 120
120 C------DISLOCATION BUBBLES COALESCE WITH BULK BUBBLES ) NCDI GRA553 121

GO TO (400,350,400,400), JNCDI GRA553 122
356 N : I GPA553 123
360 DISAP : 0. GRA553 124

DO 370 M:NMAXDNMAXB2 GRA553 125
125 3'0 DISAP : DISAP+Y(M)*PBK'."M, N) GRA553 126

DSLCB(N) : DSLCB'N)+DISAP GRA553 127
N : N+I GRA553 128
IF (N.LE.NCDI) GC TO 360 GRA553 129

380 SUM : 0. GRA553 130
130 DO 390 M:1,NCDI GRA553 131

390 SUM : SUM+Y(NMAXB+M)*PBKD5(M,N) GRA553 132
CALL GRASSI (SUMARDB(N)) GRA553 133
NI : N GRA553 134
N : N+i GRA553 135

135 GROW : SUM/(SAVG(N)-SAVG(NI)) GRA553 136
BULKB(NI) : BULKB(NI)+GROW GRA553 137
BULKC(N) : BULKC(N)+GROW* (NI) GRA553 138
IF (N.LT.NMAXB) GO TO 380 GRA553 139

400 CONTINUE GRA553 140
140 C------BULK BUBBLES MIGRATE/DIFFUSE TO DISLOCATIONS GRA553 141

GO TO "440,410,410,420), JNCDI GRA553 142
410 BULKC(NMAXI) : BULKC(NMAXD)+DSLCC(NMAXD) GRA553 143
420 DO 43C W:INCDI GRA553 144

X : PBKDLC(N) GRA553 145
145 BULKB(N) : BULKB(N)+X GRA553 146

430 DSLCC(N) : DSLCC(N)+X*Y(N) GRA553 147
440 CONTINUE GRA553 148
C------BULK BUBBLES MIGRATE/DIFFUSE TO GRAIN BOUNDARIES GRA553 149

GO TO (480,450,450,460), JNLGBI GRA553 ISO
150 450 BULKC(NMAXG) : BULKC(NMAXG)+c3DYC(NMAXG) GRA553 151

460 DO 470 N:I,NCGBI GRA553 152
X : PBKGBY(N) GRA553 153
BULKD(N): B ILKB(N)+X GRA553 154
IF (N.GT.H C) TO 470 GRA553 155

155 BULKB(N) : BU.KB(N)+FLXGB? GRA553 156
GBDYC(N) : GBDYC(N)+FLXGB *Y(N) GRA553 157

470 GBDYC(N) : GBDYC(N)+X*Y(N) GRASS3 158
,80 CONTINUE GRA553 159
C ----- BUBBLES MIGRATE IN & OUT OF RADIAL SECTION AND GRA553 160
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160 C------GRAIN BOUNDARY BUBBLES RELEASE TO INTER CONNECTED POROSITY GRASS3 161
GO TO (490,490,490,540) JNCGBI GRASS3 162

490 DO 500 j4:NMAXG,NMAXE GRASS3 163
500 BULKB(N) : BULKB(N)+BLKMOR(N).'VOLUME GRASS3 164

GO TO (530,510), JKMAX GRASS3 165
165 510 DO 520 N:NMAXG,NtIAXB GRASS3 166

520 BULKC(N) : BULKC(N)+(GBYMO(KI,N)+BLKMO(K;,N))/VOLUE GRASS3 167
530 GO TO (58C,540,540,540), JNCGBI GRASS3 168
540 GR:0. GRASS3 169

GESW : 0.0 GRASS3 170
170 DO 550 N:1,NCGBI GRAS53 171

NXBDN : NX6D+N GRASS3 172
GR : GR+RRGBIP(N)*SAVG(N)*Y(NXBDN) GRASS3 173
GESW : GESW+RAD(N)**3*RRGBIP(N)*Y(NXBDN) GRASS3 174

550 GBDYB(N) : GBDYB(N)+GBYMOR(N)/VOLUME+RRGBIP(N) GRASS3 175
175 GO TO (580,560), JKMAX GRAS53 176

560 DO 570 N:l,NCGBI GRASS3 177
BULKC(N) : BULKC(N)+BLKMO(KI,N)iOLUME GRASS3 178

570 GBDYC(N) : GBDYC(N)+GBYMO(KI,N),VOLUnE GRASS3 179
580 CONTINUE GRASS3 180

180 C------CALCULATE COEFFICIENTS YB AND YC GRASS3 181
C------3& INCLUDE EFFECT OF RESOLUTION GRASS3 182

JZ : JQ+1 GRASS3 183
IF (JNCGBI.EQ.I) GO TO 610 GRAS53 ie5
GDO : 0. GRASS3 185

185 N : NCGBI GRASS3 186
590 JZ : JZ-I GRASS3 187

YC(JZ) : GBDYC(N)+GDO GRASS3 188
IF (N.EQ.l) GO TO 600 GRASS3 189
NI : N-I GRASS3 190

190 GDO : ARDG(N)/(SAVG(N)-SAVG(NI)) GRASS3 191
YB(JZ) : GBDYB(N)+GPO GPA553 192
GDO : GDO*Y(NXBD+N) GRASS3 193
N : NI GRASS3 194
GO TO 590 GRASS3 195

195 600 YB(JZ) : GBDYB(N): RDG(N) GRASS3 196
610 IF (JNCDI.EO.1) G TO 640 GRASS3 197

GDO : 0. GRASS3 198
N : NCDI GRASS3 199

620 JZ : JZ-1 GRASS3 200
200 YC(JZ) : DSLCC(N)+GDu GRASS3 201

IF (N.EQ.1) GO TO 630 GRASS3 202
NI : N-I GRASS3 203
GDO : ARDD(N)/(SAVG(N)-SAVG(NI)) GRASS3 204
YB(JZ) : DSLCB(N)+GDO GRASS 205

205 GDO : GDOYY(NMAXB+N) GRASS 206
GRASS3 206N : NI GRASS3 207

60 TO 628 GRASS3 208
630 YB(JZ) : SLB(N)+ARDD(N) GRASS3 209
6i0 GDO : 0. GRASS3 210

210 N : NMAXB GRASS3 211
6'0 JZ : JZ-I GRASS3 212

YC(JZ) : BULKC(N)+GDO GRASS3 213
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215

CARD NR. SEVERITY DETAILS

164 1
175 I

SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 GRASS

VARIABLES SN TYPE
1623 ARDB REAL

1647 ARDD REAL

1613 ARDG REAL

0 AVN REAL
0 LKMO REAL

3222 BLKMOR REAL

DIAGNOSIS OF PROBLEM

AN iF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.
AN IF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.

MAP (R:2)

REFERENCES
236

RELOCATION
ARRAY

ARRAY

ARRAY

GR0235
ARRAY F.P.
ARRAY GR2A3

REFS
DEFINED

REFS
DEFINED
REFS

DEFINED
REFS
REFS
REFS

7
15
7

18
7

21
2
7
5

16

19

22

166
7

41

65

90

177
163

132

116

190

214

203

195

DEFINED
230

NI : N-I
GDO : ARDB(N)/(SAVG(N)-SAVG(NI))
YB(JZ) : BULKB(N)+GDO
GDO : GDO*Y(N)
N : NI
IF (N.GT.1) GO TO 650
JZ : JZ-I
YB(JZ) : BULKB(N)
YC(JZ) : BULKC(N1+GDO+TARB
JQ : JQ+i
YC'JQ) : GR
JQ : JQ+I
YC(JQ) : GES4

C -----MIGRATION OUT
60 TO (660,660,660,680) JNCGBI

660 DO 670 N:NMAXG,NMAXB
JQ : JQ+1

670 YC(JQ) : BLKMOR(N)XY(N)
680 IF (JNCGBI.EQ.1) GO TO 700

DO 690 N:I,NCGBI
JQ : JQ+I

690 YC(JQ) : GBYMOR(N)*Y(NXBD+N)
700 CONTINUE

RETURN
END

225

230

235

GRASS3
GRASS3
GFASS3
GRASS3
GRASS3
GRASS3
GRA553
GRASS3
GRASS3
GRASS3
GRASS3
GRA553
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRA553
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
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VARIABLES
1433 BULK

1527 DULKC

1423 DISAP

1457 DSLCB

1553 DSLCC

3150

1503

SUBROUTINE GRASS3

FLXGD2
GASIN
GBDYB

1577 GBDYC

3151
0

3246
1432

0
1420
1422

26
I

33
34

1417

GBRF
GBYMO
GBYMOR
GDO

GESW
GR
GROW

J
JKMAX
JNCDI
JNCGBI
JQ

1431 JZ

27
0
2

1424

KP
KF
KI
M

1416 N

SN TYPE
REAL

REAL

REAL

REAL

REAL

REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC FTN 4.8+508

RELOCATION
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
^RRAY

REAL
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

GR2A3
GR0235

GR2A3
F.P.

GR2A3

GROA3

GR0235
GROA3
GR0235
GR0235

GR0235
F.P.

GROA3

REFS
215
145

REFS
221
!66

REFS
III
81

REFS
DEFINED
REFS

DEF I NED
REFS
REFS
REFS

99
REFS

DEFINED
REFS
REFS
REFS
REFS
215
203
REFS
REFS
REFS

72
137
105

REFS
REFS
REFS
REFS
REFS
233
REFS
208

DEFINED
REFS
REFS
REFS
REFS
2*1 '5

82
REFS
2*21

44
60
2*72
92

5*105

7
220
153

7
DEFINED

'77
34
125
83

7
59

7
54
5
2
7

174
7

79
5
7
5

187
216
205
4

172
35
84

DEFINED
135
2
4
2
2

182
234
186
211
182
2
2*7
4

2x34
2*125

88
14

2*22
45

2*61
74
93

2* 106

III
DEFINED

'55
137
30

35
126
108
106
70
107
61
155
30

174

ISO
86
21
166

7
191
221
209
173
223
36
86
29

164
101
149
222

DEFINED
187
212
186

DEFINED
2*:1
2*40

2*131
109
2*15
30
46
63
79
94

107

136
35
163
142
36

58
DEF I NED

110
126

74
142
72
156

191

156
97

178
174
192

DEFINED
214
225

DEFINED
46
95
44

175
121
161
223
24

191
215
199

177
2*:3

DEFINED
114
2*16

34
4*47
67
83
95
109
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145
46

150
47

59
32
123
204
106
146
107

195

157
156

DEFINED
234
200
S14
216

DEFINED
25
47
97
53

141
167
224
222
195
219
211

178
2*64

33
124

17
35
49
68
84
96
110

'53
49

166
137

83
34

125
208
126
200
146

DEFINED

178
157

204
190

169
168
59

106
68

196
183
225
224
199
220
e19

2*83
38
130
2*18
4*36

54
69
85
"97

2*111

155

177
142

84
56

163
136

212
150

110
58

95

187
178

212
197

205
192

173
172
61
107
78

227
229
229
200
221

2*89
57

2*I9
38
58
70

2*86
99
114

70
136
93

231
230
233
204

2*110
63

20
43
59
71
88
104
125
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VARIABLES

1426 NBN

31
32
0

30

3273
3272
32: 4

35
3275

36

37
1430
1421

0
3124
1440
3100
2260
620

40
3152
3176

A

NCD I
NCGBI
NF
NMAXB

NIAXB2
NMAXD
NMAXD2
NMAXG
NMAXG2
NXBD

NXBDG
NXBDN
NI

PBK
PBKDLC
PBKDS
PBKGBY
PDSL
PGBDY
RAD
RRGBIP
RTRS
SAVG

1425 SUtI

1415 TARS

65 VOLUME

SN TYPE

INTEGER

INTECER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTECER
INTEGER

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

REAL

REAL

RELOCATION

*UNUSED

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

GR0235
GR0235
F.P.
GR0235

GR2A3
GR2A3
GR2A3
GR0235
GR2A3
GR0235

GR0235

GR2A3
GR2A3
GR2A3
GR2A3
GR2A3
GR2A3
GR0235
GR2A3
GR2A3
GR0235

GR0235

2*126
2*137
2*155
4*174
192

2*208
221

51
122
176
232
REFS

85
REFS
REFS

DEFINED
REFS
107
228

REFS
REFS
REFS
REFS
REFS
REFS
192

REFS
REFS
REFS

48
73
98

2*136
DEFINED

'33
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REPS
2*135
REFS

90
DEFINED

113
REFS

19
REFS

127
138

3*156
3*177
2*195
212
2*230

66
127
185

2*61
96
2
2
I
2

110

5
5
5
2
5
2

234
2

172
33
57
82
105
137
28
189
5
5
5
5
5
5
2
5
5
2

172
40
93
37
115
16
22
2

128
144

3*157
3*178
200
213
2*234

73
134
193

131
2*145
3* 163
187
201
2*214

DEFINED
76
143
198

2*86

17
20

13
131

33
112
57

3*150
82
22

't
'13
36
61
86

27107
190
43

202
7
7
7
7
7
7
7
7
7
7

2*190
41:
105
40
129

I*

163

128
151

19
138

45
124
69
162
94
83

DEFINED
40
64
d9
112
193
52

213
34
144
105
152
50
83
173
172
I5
30

2*203
44
115
62

131
22

166

132
3*146
4* 166
188
202
215

13
91

151
206

133
152
171
189

2*203
216
27
98
162
210

2*97 DEFINED

130
170

58
162

124
3* 142
109
165

85

171
41
65
90
115
203
67

36

110

61
86

173
18

2*44
2*214

64
116
64

221

174

143
176

60
165

228

89

42
66
91
116
206
77

40

115

64
89

174
21

2*68

65
131
87

DEFINED

177

1341
2*153
2*172
2*190
204
218

42
102
165
217

60

198
165

64
205

96

44
68
93

117
214
92

135
154

2*173
191
205
220

48
117
170
228

71

232

71
210

171

47
72
97
135
217
104

131125

72
97

3*105

89
135
103

68
132
89

12

178

16
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VARIABLES
1427 X

0 Y

o YB

0 YC

1717 YO

SN TYPE
REAL
REAL

REAL

REAL

REAL

RELOCATION

ARRAY

ARRAY

ARRAY

* UNDEF

F.P.

F. P.

F.P.

EXTERNALS
GRASSI

TYP ARGS
2

REFERENCES
41

STATEMENT LABELS
30 100
44 110
60 120
102 130

0 140
0 150

161 160
0 170

200 180
214 190
0 200
0 210

277 220
0 230

322 240
336 250
0 260
0 270

421 280
0 290

444 300
456 310
0 320
0 330

547 340
561 350
563 360
0 370

607 380
0 390

653 400
665 410
671 420
0 430

707 440
721 450
725 460

INACTIVE

INACTIVE

INACTIVE

DEF LINE
17
20
23
32
34
40
45
46
49
56
58
64
69
70
74
81
83
89
94
95
99

104
110
115
119
122
123
125
129
131
139
142
143
146
147
150
151

REFERENCES
14
17
13
45
33
38
31
45
45
69
57
63
55
69
69
94
82
88
80
94
94
118
109
114
101
121
128
124
138
130

3*121
2*141

141
143
141

2*149
149

REFS
REFS
2x47
2*97
146
230

REFS
215

REFS
223
REFS

145
7

50
105
156
234
7

220
7

225
7

146
16

2*61
I V
I57

DEFINED
DEFINED

DEFINED
230

153
19
64
110
172

I
234

157
22
2*72
115
173

191

187

DEFINED
34
83
125
192

195

200

65

144
2*36
2*86
131
205

204

212

90

152
40
89
137
216

208

221

116 132

20

112
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STATEMENT LABELS
747 470
755 480
767 490
0 500

1007 510
0 520

1023 530
1035 540

0 550
1077 560

0 570
1117 580
1132 590
1171 600
1176 610
1205 620
1244 630
1251 640
1255 650
1351 660

0 670
1364 680

0 690
1402 700

LOOPS
15

105
132
217
250
341
372
505
527
566
612
672
726
771

1011
1042
1100
1353
1370

LABEL
120
140
15
200
210
260
270
320
330
370
390
430
470
500
520
550
570
670
690

COMMON BLOCKS
GR0235
GROA3
GR2A3

DEF LINE
157
158
162
163
165
166
167
!68
174
176
178
179
186
195
196
199
208
209
211
228
230
231
234
235

INDEX
N
M
M
M
M
M
M
M
M1
M
11
N
N
N
N
N
N
N
N

LENGTH
54
3

1726

FROM-TO
13 23
33 34
38 40
57 58
63 64
82 83
88 89

109 110
114 I15
124 125
130 1st
143 146
Im. 157
162 163
165 16E
170 174
176 178
228 230
232 234

REFERENCES
151 154
149

3*161
162
164
165
164
161 3*167
170
175
176
167 175
194
188
183
207
201
196
218

3*227
228
227
232
231

LENGTH
468
108
108
I 08
108
108
108
108
108
10B
10B
148
268
68

II8
258
168
108
118

PROPERTIES
OPT

INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK
INSTACK

OPT
OPT

INSTACK
INSTACK

OPT
OPT

INSTACK
INSTACK
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STATISTICS

SCM LABELED COMMON LENGTH
1400008 SCM USED

20748
33678

1084
1783
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SUBROUTINE GRASS4 (BLKMO,GBYMO,NF,KF) GRASS4 2
COMMON/GROA'/IMAXI,X,YHKK GRASS4 3
COMMON'BDGR4'DT(81,13),D(13),HMIN,CRT,JM GRASS4 4
COMMON'GR2A4/EPS,YA,IMAX2,DLIM GRASS4 5

5 DIMENSION YO(82),YB0(60),YC0(82),YA(60),YB(60),YC(82),Y(82),YL(82) GRASS4 6
+,YM(82),EPS(82),BLKMO(KF,20),GBYMO(KF,20) GRASS4 7
DATA JFLAG/l/ GRASS4 8
DATA E/.9536E-6/ GRASS4 9
JMAX : JM+4 GRASS4 10

10 DO 100 I:1,IMAXi GRASS4 11
IF (Y(1).LT.10.OE-60) Y(I) : 0.0 GRASS4 12

100 YO(I) : Y(I) GRASS4 13
CALL GRASS3 (Y0,YB0,YC0,BLKMO,GBYMO,NF,KF) GRASS4 14
KK : +1 GRASS 15

15 110 JBO : -l GRASS4 16
M : 1 GRASS4 17
JR : 2 GRASS4 18
JS : 3 GRASS4 19
SJ : 0 GRASS4 20

20 DO 520 J:I,JMAX GRASS4 21
IF (J501 130,120,120 GRASS4 22

120 D(2) : 16./9. GRASS4 23
D(4) : 64./9. GRASS4 24
D(6) : 256./9. GRASS4 25

25 D(8) : 1024.9. GRASS4 26
D(U0) : 4096.'9. GRASS 27
0(12) : 16384./9. GRASS4 28
GO TO 140 GRASS4 29

130 D(2) : 2.25 GRASS4 30
30 D(4) : 9. GRASS4 31

D(6) : 36. GRA554 ?2
D(8) : 144. GRA554 33
D(10) : 576. GRASS4 34
D(12) : 2304. GRASS4 35

35 140 KONV : +1 GRASS4 36
IF iJ-1) 150,150,160 GRASS4 37

;50 KONV = -1 GRASS4 38
160 IE (J-tJM+I.) 180,180,170 GRASS 39
170 L = JM+1 GRASS4 40

40 D(L) : 4.*D(L-2) GRASS4 41
FC : 0.7071068*FC GRASS4 42
GG TO 190 GRA55 4 43

180 L : J GRA554 44
D(L) : FLOAT(H*M) GRASS 45

45 FC : .+FLOAT(JM+I-J)/6. GRASS4 46
190 M: M+M GRASS4 47

G : HiFLOAT(I) GRASS4 48
5 : G+G GRASS4 49

DO 260 I:tI1,AX2 GRA554 50
50 IF (1-IMAXI: 20',290,250 GRA554 51

200 YL'I) : Y0(aI GRA554 52
IF (YA(I).LT.u..OR.YBO(I).LT.0..OR.YCO(I).LT.0..OR.YL.I).L GRASS4 53

+ T.0.) GO TO 230 GRASS4 4

SUBROUTINE GRASS4 10#21i80 14.35.34 PAGE I
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AYL : YAiI)*YL(I) GRASS4 55
55 OD : AYL+YBO(I) GRA5S4 56

CD : YC0(I)-DD*YL(I) GRA554 57
ACD : ABS(CD) GRA554 58
IF ((ACD.LE.E*YC0(I)).OR.(ACD*G.LT.E*YL'II)) GO TO 210 GRASS4 59
8CA : 5QRT(YBO(I)*YBO(l)+4.*YA(i)*YC0(I)) GRA554 60

60 DTBCA : G*BCA GRA554 61
IF (DTACA.LT..001) GO TO 220 GRASSY 62
BCAB : BCA+YBO(I) GRA554 63
P : 2.*YC0(I)/BCAB GRA554 64
Z : 0.0 GRASS4 65

65 IF (-DTBCA.GT.DLIM) Z : EXP(-DTBCA) GRASS4 66
ZZ : (l.+Z)*TANH(DTBCA*.5) GRP554 67
AYPZZB : YA(I)*(YL(I)-P)*ZZ'",A GRA554 66
YMI) : (YL(I)*Z+P*(ZZ+AYPZZB))/(I.+AYPZZB) GRA554 69
GO TO 240 GRA554 70

70 210 YMlI) : YL(I) GRA554 71
GO TO 240 GRA554 72

220 YM(I) : YL(I)+CD*(l.-G*A(DL'iYL))*G GRA554 73
GO TO 240 GRA554 74

230 WR:TE (6,560) YA(I),YB0(I),YC0(I),YL(I),I GRA554 75
75 KK : -1 GRASS4 76

60 TO 540 GRASS4 77
240 CONTINUE GRA554 78

G0 TO 260 GRASS4 79
250 YL(I) 0. GRA554 80

80 YM(I) : YCO(I)*G GRA554 81
260 CONTINUE GRA554 82

DO 350 K:2,M GRA554 83
CALL CRA553 (YMYB,YC,BLKMO,GBYMO,NF,KF) GRA554 84

DO 340 I:,itMAX2 GRASS4 85
85 IF (I-IMAXI) 270,270,320 GRA554 86

270 IF (YA(I).LT.0..OR.YB(I).LT.0..OR.YC(I).LT.O..OR.YL(I) GRA554 87
+ .LT.O.) GO 10 300 GRA554 08

AYL : YA'I)*YL(I) GRASS4 8Q
DD :RAYL+YB(I) GRASS4 90

90 CD : YC(I)-DD*YL(I) GRA554 91
ACD : AB5(CD) GRAS4 92
IF ((ACD.LE.E*YC(I)).OR.;ACflB.LT.E*YL(I))) GO TO 280 GRA554 93
BCA = QRT(YB(I)*YB(I)+4.* A(I)*YC(I)) GRA554 94
DTBCA = 8BCA GRASS4 95
IF (JTBCA.LT..001) GO TO 290 GRA554 96
BCA D : BCA+YB(I) GRASS4 97
P : 2.*YC(I)/BCAB GRA554 98
2 0.0 GRA554 99
IF (-DTBCA.GT.DLIM) Z : EXP(-DTBCA) GRA554 100

100 ZZ : (1.+Z)*TANH(DTBCA*.5) GRA554 101
AYPZZD : YA(I)*(YL(I)-P)*ZZBCA GRASS4 102
U:(YL(I)*Z+P*(ZZ+AYPZZB))/(I.+AYPZZB) GRA554 103
GO TO 310 GRASS4 104

280 U : YL(I) GRA554 105
105 GO TO 310 GRA554 106

290 U : YL(I)+CD*(i.-B*.5*(JD+AYL))*B GRASS4 107
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GO TO 310 GRA554 100
300 WRITE (6,560) YA(I),YB(I),YC(I),YL(I),I GRA554 109

KK : -1 GRA554 110
110 GO TO 540 GRASS III

310 CONTINUE GRA554 112
GO TO 330 GRA554 113

320 U : YL(I)+YC(!)*B GRA554 114
330 YL(I) : YM(I) GRA554 115

115 YM(I) : U GRA554 116
340 CONTINUE GRASS 117
350 -NTINUE GRASS 118

CALL GRA553 (YM,YB,YC,BLKMOGBYMONF,KF) GRA554 119
DO 500 I:1,IMAX2 GRA554 120

120 VU: DT(II) GRA554 121
IF (1-IMAXI) 360,360,410 GRA554 122

360 IF (YA(I).LT.O..OR.YB(I).LT.0..OR.YC'I).LT.0..OR.YL.I).LT. GRA554 123
+ 0.) GO TO 390 GRA554 124

AYL : YA(I)XYL(I) GRA554 125
125 DD : AYL+YB(I) GRA554 126

CD : YC(I)-DD*YL(I) GRASS4 127
ACD : ABS(CD) GRA554 128
IF i(ACD.LE.E*YC(I)).OR.(ACD*G.LT.E*YL(I))) GO TO 370 GRA554 129
OCA : SQRT(YB(I)*YB(I)+4.ZYA(I)*YC(I)) r.1554 130

130 DTBCA = G*BCA GRA554 131
IF (DTBCA.LT..001) GO TC 380 GRA554 132
BCAB : BCA+YB(I) GRA554 133
P : 2.*?C(I)iBCAB GRA554 134
Z : 0.0 GRA5S4 135

135 IF (-DTBCA.GT.DLIM) Z = EXP(-DTBCA) GRA554 136
ZZ : (I.+Z)*TANH(DTBCA*.5) GRASS4 137
AYPZZB : YA(I)*(YL(I)-P)*ZZ/BCA GRA554 138
DT2 : (YL(I)*Z+P*(ZZ+AYPZZB))/(i.+AYPZZB) GRA554 139
GO TO 400 GRASS4 140

140 370 DT2 : YL(I) GRA554 141
GO TO 400 GRA554 142

380 DT2 : YL(I)+CD*(I.-G*.5*(DD+AYL))*G GRA554 143
GO TO 400 GRA554 144

390 WRITE (6,560) YA(I),YB(I),YC(I),YL(I),I GRA554 145
145 KK : -1 GRA554 146

G0 TO 540 GRA554 147
400 CONTINUE GRAS 4 148

GO TO 420 GRASS4 149
410 DT2 : YL(I)+YC(I)*G GRASS 4 ISO

ISO 420 bV(I,1) : (DT2+YM(I))*0.5 GRA554 151
C : DT(I,1) GRA554 152
TA _ C GRA554 153
IF (C.LT.O.) GO TO 490 GRA554 154
IF (L.LT.2) GO TO 500 GRA554 155

155 IF (JFLAG.LT.0) GO TO 470 GRA554 156
IF (V065536.0.L0.C) GO TO 490 GRA554 157

DO 450 K:2,L GRAS54 158
81I: D(K)*V GRA554 19
B :=BI-C GRAS54 160
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160 IF (8.LT.l.E-60) B : 0.0 GRASS4 161
U : V GRASS 162
IF (8) 430 440,430 GRASS4 163

430 8 : (C-V)/& GRASS4 164
U : C*B GRASS4 165

165 C : Bl*B GRASS4 166
440 V : DT(I,K) GRASS4 167

DT(I,K) : U GRASS4 168
TA : U+TA GRASS 169

450 CONTINUE GRASS 170
170 460 IF (TA.LT.0.) GO TO 9% GRASS4 171

IF (ABS(Y(!)-TA).LT.(.RT*TA+EPS(I))) GO TO 300 GRASS4 172
GO TO 490 GRASS4 173

470 DO 480 K:2,L GRASS4 174
TA = TA+(TA-V)/(D(K)-l.) GRASS4 175

175 V : DT(I,K) GRASS4 176
480 DTI K) : TA GRASS 177

GO TO 466 GRASS4 178
490 KONV : -l GRASS4 179
500 Y'I) : TA GRASS4 180

180 IF (KONV) 510,550,550 GRASS4 181
510 D(3) : 4. GRASS4 182

D(5) : 16. GRASS4 183
JBO : -JBO GRASS 184
M : JR GRASS 185

185 JR : JS GRASS 186
JS : M+M GRAS54 187
D(7) : 64. GRASS4 188
D(9) : 256. GRAS54 $ 189
D(11) : $024. uRA554 i90

190 520 CONTINUE GRASS4 191
IF (H.LE.HMIN) GO TO 540 GRASS 192
H : H/2. GRASS4 193
IF (AB(H)-HMIN) 530,110,110 GRASS4 194

530 H : SIGN(HMI4,H) GRASS4 195
195 GO TO 110 GRASS4 196

540 KK= -l GRASS4 197
550 X :=X+H GRASS4 198

H FC*H GRASS 199
RETURN GRASS 200

200 C GRASS4 201
560 FORMAT (12H A,B,C,Y,I: ,4E12.4,13) GRA554 202

END GRASS 203

SYMBOLIC REFERENCE HAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 GRASS4 I 199
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VARIABLES
1307 ACD
1304 AYL

1316
1303

SN TYPE
REAL
REAL

AYPZZB
B

1310 SCA

1312
0

1325
1323

OCAB
BLKHO
8l
C

1306 CD

CRT
D

1305 DD

217 DLIIM
0 DT

1311 DTBCA

1322
1176

0
13n1
1302

DT2
E
EPS
FC
G

0 GBYMO
124 H

2052
1270

0
216
1276
1271
1175
1275

HMIN
I

IMAXI
IMAX2
J
J8 0
JFLAG
JJ

REAL
REAL

REAL

REAL
REAL
REAL
REAL

REAL

REAL
REAL

REAL

REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

REAL
INTEGER

INTEGE"
INTEGER
INTEGER
INTEGER
INTEGER

* INTEGER

F.P.

BDGR4
BDGR4

GR2A4
BDGR4

GR2A4

F.P.
GROA*

BDGR4

GROA4
GR2A4

REFS
REFS

DEFINED
REFS
REFS
164

REFS
132

REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

24
33
189

REFS
DEF I NED
REFS
REFS

DEF I NED
REFS
2X135
REFS
REFS
REFS
REFS
REFS
2*142
REFS
REFS
198

REFS
REFS
2*56
2*72
2*90
106

2*124
138
167
84

REFS
REFS
REFS
REFS
RE--:;

DEFINED

2*58
55
54

2*68
92
165
60
137
63

5
159
152
151
57
56
3
3

25
34

56
55

4
3

150
61
136
150
2*58

4
41

2*48
149
5
2

DEFINED
3

2*11
2*58
5*74
2*92

5*108
125
140

2*171
'19
2
4

36
21
I 55

2*92
72
88

2*102
94

DEF I NED
62

DEFINED
97
13

165
153
165
72
90

171
40
26
40

72
89
65
120
167
2*65

DEFINED
DEFINED

2*92
5

198
58

DEF I NED
13
47
192
191
22 12
4*59

79
4*93

2*113
2*126
142
175

10
4Q
38
183

DEFINED

2*128
89
124

2*138
2*06

48
67
59
133
83

DEFINED
156

91
126

158
27
44

90
125
99

151
176
66
60
138

2*128
171

DEFINED
60
47
83

191
194
193
50
62
2*80
96

2*114
2*128
5*14
176

84
43

DEFINED
7

91
142

101
162
163
101

127

137
163

130

132

DEFINED
106

DEF I NED
113
159
94
93

DEFINED
118
158
159

106

174
29
181

106

135
166

95
94

14*C
DEFINED

41
2*72

118
192
198
194
2*51
63
85
97

115
4*120
2*1'9
179

85
119
45
is

57
125

67
160
160
96
129
62

DEFINED

163

127

DEF I NED
30
182

126

175

2*99
130
142
8

45
86

DEFINED
193

4*52
2*67
4*86

2*101
120
;32

2*150
DEFINED

12!

DEFINED
183

96
1

23
32
188

'3'

164

142

22
31
187

142

100

149

128

1
194

130

197

2*54
2*68
2*88
102
121
133
151

10

55
2*70
89
104

4*122
2*137
166
49

20
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VARIABLES SN TYPE
2054 JM INTEGER
1267 JMAX INTEGER
1273 JR INTEGER
1274 JS INTEGER
1317 K INTEGER

0 KF INTEGER
125 KK INTEGER

127? KONV INTEGER
1300 L INTEGER

1272 M INTEGER

0 NF INTEGER
1313 P REAL

1324 TA REAL

1320 U REAL

1321 V REAL

I X REAL
2 Y REAL

122 YA REAL

1666

1450
1762

1544

2104

2226

1326
1314

1315

YB

YBO

YCO

YL

REAL

REAL
REAL

REAL

REAL

YM

YO
z

zz

Rt L

REAL
REAL

REAL

76/176 OPT:0 TRACE STATIC

RELOCATION
BDGR4

F.P.
GROA4

F.P.

ARRAY

ARRAY

ARRAY

ARRA"
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

GRUA4
qROA4

GR2A4

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED
REFS

113
REFS

DEFINED
REFS
REFS

DEFINED
RMFS

I 37
REFS
118

REFS
REFS
'08
144

REFS
74

REFS
70

102
12@

DEF I NED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED

20
184
185
158
82
2*5

2
180
2*40
3:

2*44
16
13
67
63
168
152
115
161
156
120
2
2

1I
4

88
144
5

122
5
5

113
149
5

80
5

72
104
137
51
5

68
5

66
64
67
66

FTN 4.8+508

9
DEFINED
DEFINED
DEFINED

166
157

13
DEF I NED
DEFINED

44
43

2X46
46
83
68
97
+70
168
167
164
li8e
166
197
5

179
5

93

83
125

13
83
118

13

52
74
106
138
79
83
70
13
68
65
68
100

38
9

17
18

167
173
83
14
35
'54

47
184
118
101
133

2*171
174
168

161
175

DEFINED
I1

52
101

86
2*129

52
86
122

52

54
86
108
140
114
114
72
51
100
98

101
136

10/21/80

39

185
186
174

118
75
37

157

82

DEFINED
102

2*174

DEFINED

163

197
12

54
108

89
132
55
90
126

56

56
88
113
142

118
80

DEFINED
102
99
102

FILE NAMES
TAPE6

MODE
FMT WRITES

PAGE 6

176

I
'.45

45

175

DEFINED
109
178
173

2*186

1
137

176

102

174

171

59
122

2*93
144
2*59
92
128

58

58
90
122
144

ISO
i.s
12

136
134
137

138

179

104 166

196

67
124

96

62
93
129

59

67
92

149

74
129

108

74
97
133

63

68
101
126

138
135
138

144106
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EXTERNALS
EXP
GRASS3
SORT
TANH

INLINE FUNCTIONS
ABS
FLOAT
SIGN

STATEMENT LABELS
0 100

37 110
0 120

72 130
107 140

o 150
116 160

0 170
133 180
147 190
0 200

300 210
304 220
315 230
331 240
333 250
341 260

0 270
474 280
500 290
511 300
525 310
527 320
534 330

0 340
0 350
0 360

700 370
7041 380
715 390
731 400
733 410
740 420

0 430
1015 440

0 450
1034 460
1046 470

0 480
1070 490
1072 500

TYPE
REAL

REAL
REAL

IYPE
REAL
REAL
REAL

ARGS
I LIBRARY
7
I LIBRARY
I LIBRARY

ARGS
I
i
2

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INTRIN
INTRIN
INTRIN

DEF LINE
12
15
22
29
35
37
38
39
43
46
51
70
72
74
77
79
81
86
104
106
108
III
113
114
116
117
122
140
142
144
147
149
150
163
166
169
170
173
176
178
179

REFERENCES
65
$3
59
66

DEF LINE

REFERENCES
10

2*193
2*21
21
28

2*36
36
38

2*38
42

2*50
58
61
52
69
50
495
2*85
92
95
86
103
85
112
84
82

2*121
128
131
.22
139
II
I'8

2*1 2
162
157
177
155
173
153
119

49
83
93
100

REFERENCES
57
44

194

195

71

78

105

141

156
154

135
118
129
136

91
45

127
47

171 193

73

107

143

170
171

172
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STATEMENT LABELS
0 510 INACTIVE
0 520
0 530 INACTIVE

1143 540
1145 550
1227 560 FMT

LOOPS LABEL INDEX Fl
14 100 1
52 520 J
157 260 1
346 350 K
356 340 1
557 500 I
766 450 K
1047 480 K

COMMON BLOCKS LENGTH
GROA4 86
BDGR4 1069
GR2A4 144

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

76/176 OPT:0 TRACE STATIC

DEF IINE REFERENCES
181 180
190 20
194 193
196 76 110
191 2*186
201 74 108

ROM-TO LENGTH PROPERTI
10 12 1 1 INSTACK
20 190 10538
49 81 1658
82 117 2018
84 116 1668

119 179 3178
157 169 458 OPT
173 176 178 OPT

23618
24238

10/21/80 14.35.34

146

144

ES

EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
REFS
REFS

191

EXITS
EXITS
EXITS
EXITS
EXITS

NOT INNER

NOT INNER

NOT INNER

1265
1299

8FTN 4,8+508 PAGE
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SUBROUTINE GRA5S5 (TEMPGAtAHSNF,KF) GRASS5 2
COMMON/BDGRS/DLID(10),fI(I0),SL(l0),BlI(0),NOPT GRASS5 3
COMMON/GR0235/AVN,GASIN,SAQG,J5,K5,NMAXBNCDI,NCGBI,JNCDIJNCGBI, GRASS54

+NMAXGNXBDNXBDG,RAD,VOLUME GRASS5 5
5 DIMENSION 4AVG(20),RAD(21),PT(10) GRASS5 6

IF (NOPT.EQ.) GO TO 130 GRA555 7
NO : IGRASS5 8
GO TO 110 GRASS 9

100 NO : N GRASS 10
10 110DO 120 N:NO,NMAXB GRASS 1

C : SAQG(N) GRASS5 12
120 RAD(N) : SQRT((3.0*TEMP*.38E-16).'(8.0*GAMMA*3.1416)*C) GRASS5 13

GO TO 300 GRASS514
130 TR : TEMP/289.74 GRASS5 15

15 DO 140 1:1,10 GRASS5 16
PT(J) : EL(J)*TR+BI(J) GRASS5 17

140 CONTINUE GRASS5 18
M : -1 GRASS5 19
N : I GRASS5 20

20 J : 10 GRASS5 21
C : SAQG(I) GRASS5 22
DLM : DLI GRASS5 23
AT : PT(10)*(DI(10)-DLM) GRASS5 24
GO TO 180 GRAS55 25

25 150 CONTINUE GRASS5 26
M : 0 GRASS 27

160 CONTINUE GRASS5 28
K : DD*DI(I) GRASS 29
IF (K.LT.1) GO TO 170 GRASS 30

30 IF (K.GE.J) GO TO 280 GRASS5 31
J : K GRASS5 32
DLM: (PT(J+I)*DI(J+)-PT(J)*DiJ)).'(PTij+1)-PT(J)) GRASS5 33
AT : PT(J)*(DI(J)-DLM) GRASS5 34
GO TO 180 GRASS 35

35 170 CONTINUE GRASS 36
M : I 'RA555 37
AT : 8.314E7*TEMP GRASS5 38
DLM : 51. GRASS5 39

180 CONTINUE GRASS 40
40 IF (HS.EQ.0.0) HS : .001 GRASS5 41

A3 : GAMMA*2.0E4/HS GRASS5 42
A3 : 0.6*A3 GRASS5 43
AO : -3.964E-13*DLM*A3*C GRASS5 4z
Al : -3.964E-13*(DLM+ATHS)*C GRASS5 4,

45 80 : -Al*AI-A0*A3*A3 GRASS5 46
81 : AI*A3-4.*AO GRASS5 47
RR : -80/2. GRAS5 48
T : 81*8181/27. GRASS5 49

8 : RR*RR+T GRASS5 5050 !F (8) 210,200,190 GRAS55 51
190 XN : I./3. GRASS5 52

YN : 2.*XN GRASS5 53
8 : SQRT(S) GRASS5 54
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U : -80/((ADS(RR+B))**YN+(ABS(RR-8))**YN+81/3.) GRASS5 55
55 GO TO 220 GRASS 56

200 XN : 1./3. GRASS5 57
RRA : RAS(RR) GRASS5 58
U : RR/RRA*RRA**XN GRASS 59
U : 2.*U GRASS5 60

6. GO TO 220 GRASS 61
210 SA : SQRT(-8l/3.) GRASS5 62

U : 2*SA*CO5(ACOS(RR/SA**3):'., GR+S55 63
220 CONTINUE GRASS5 64

THING : A3/2.*U/2.-Al/2. GRASS5 65
65 IF (A3.LT.0.) GO TO 250 GRASS5 66

IF (THING.LT.0.) GO TO 240 GRASS 67
IF (U.LT.0.) GO TO 230 GRASS 68
Cl : U/(A3+SQRT(A3*A3+4.*U)) GRASS5 69
CO : 2.*A0/(U+SQRT(U*U-4.*A0)) GRASS5 70

70 DDD : CI*CI-CO GRASS 71
IF (DDD.LT.0.) GO TO 290 GRASS 72
R : CI+SQRT(DDD) GRASS5 73
GO TO 260 GRASS 74

230 CONTINUE GRASS 75
75 Cl : U/(A3+SQRT(A3*A3+4.*U)) GRASS5 76

CO : U/2.-SQRT(U*U/4.-AO) GRASS5 77
DDD : CI*CI-CO GRASS 78
IF (DDD.LT.0.) GO TO 290 GRASS 79
R = CO/(CI-SQRT(DDD)) GRASS 80

80 GO TO 260 GRASS 81
240 CONTINUE GRASF5 82

IF (U.GT.0.) GO TO 290 GRASS 83
Cl :A3/2.+5QRT(A3*A3/4.+U) GRASS5 84
CO = U/2.-SQRT(U*U/4.-A0) GRAS55 85

85 DDD : CI*CI-C0*4. GRASS5 86
IF (DDD.LT.0.) GO TO 290 GRASS 87
R : -2.*C0/(CI+SQRT(DDD)) GRASS 88
GO TO 260 GRASS 89

250 CONTINUE GRASS 90
90 IF (THING.GT.0..OR.U.LT.0.2 GO TO 290 GRASS 91

Cl : A3/2.-SQRT(A3*A3/4.+U) GRASS5 92
CO : U/2.tSQRT(U*U/4.-A0) GRASS5 93
DDD : CI*Cl-C0*4. GRA55 94
IF (DDD.LT.0.) GO TO 100 GRASS5 95

95 R : -2.*C0/(Cl-SQRT(DDD)) GRASSS 96
260 CONTINUE GRASS 97

DD = 3.964E-13*C/R**3 GRASS5 98
IF (M) 270,160,280 GRASS5 99

270 CONTINUE GRASS5 100
100 IF (DD.LT.D(10)) GO TO 150 GRASS5 101

280 RAD(N) : R*I.E-4 GRASS5 102
IF (RAD(N).LE.0.0) RAD(N) : 2.5E-08 GRASS5 103
IF (N.EQ.NMAXB) GO TO 300 GRASS5 104
N : N+1 GQASS5 105

105 C : SAVG(N) GRASS5 106
GO TO 180 GRASS5 107
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CONTINUE
WRITE (6,310) C,HSTEMP
CONTINUE
RETURN

FORMAT (66H THIS CONDITION NOT EXPECTED OR ACCOUNTED FOR IN SUBROU
+TINE GRA555,/39H THE NUMBER OF GAS ATOMS IN A BUBBLE ISE12.4,/38H
+ 'HE HYDROSTATIC STRESS IN THE FUEL IS,E12.4,/#9H THE TEMPERATURE
+15 E12.48/)
ENb 8/

SYMBOLIC

ENTRY POINTS
4 GRASS

VARIABLES S
644 AT
0 AVN

650 AO

651 Al
647 A3

656 8
37 81

652 80
653 81
637 C

666 CO

665 Cl

I D
646 DD
667 DDD

13 DI
0 DLI

643 DLM

0 GAMMA
I GASIN
0 H5

641 J

33 JNCDI
34 JNCGBI

REFERENCE MAP (R:2)

DEF LINE REFERENCES
1 110

A TYPE
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REL
REAL

REAL

REAL

REAL
REAL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
INTEGER

INTEGER
INTEGER

RELOCAi1ON

GR0235

ARRAY

ARRAY

ARRAY

HDGR5

HDGR5

BDGR5
BDGR5

F.P.
GR0235
F.P.

GR0235
GR0235

110

290

300

C
310

115

G ASSS
GRASS
GRASS5
GRASS
GRASS5
GRASS5
GRASS5
GRASS
GRASS
GRASS5

108
109
110
IlIl
112
113
114
115
116
117

92

65

53

REFS
REFS
REFS

DEFINED
REFS
REFS
3*75

REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS

95
REFS
REFS
REFS

95
REFS
REFS
REFS

38
REFS
REFS
REFS
REFS

31
REFS
REFS

3*68

44
3

45
43

2*45
42

3*83
50
2

47
3*48
12
I
70
69

2*70
DEFINED

2
28
71

DEFINED
2
2

23

12
3

40
3*16

3
3

DEFINED

46

46
43

3*91
53
16
54
54
43
21
77
76
72
68
100
100
72
70
23
22
33

41

41
30

23

2*69

64
2*45

DEFINED
2*54

DEFINED
61
44
105
79
84

2*77
75

DEFINED
78
77
28

43

DEFINED

44
6*32

33

76

DEFINED
46
41

DEFINED

45
DEFINED

97

85
92
79
83

97
79
85

2*32

44

108
2*33

37

84

44
64
42
49

46
108

87

2*85
91

86
93
33

DEFINED

DEFINED
DEFINED

93

87

95

2*93

87 94

22 32

Is
15

40
20
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VARIABLES
26 J5

645 K
0 KF

27 KS
642 H
636 N

31
32
0

30
35
51
36
37
635
671
670

40
654

662
663
2

a5

664t
640
661

65
657
660

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

NCDI
NCGBI
NF
NMAXB
NMAXG
NOPT
NXBD
NXDDG
NO
PT
R
RAD
RR

RRA
SA
SAVG
SL

tEMP
tHING
TR
U

VOLUME
XN
YN

FILE NAMES
TAPES

EXTERNALS
ACOS
COS
SQRT

INLINE FUNCTIONS
ADS

STATEMENT LABELS
16 100
21 110
0 120

43 130

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

MODE
FMT

TYPE
REAL
REAL
REAL

TYPE
REAL

RELOCATION
GR0235

*UNUSED

*UNUSED

ARRAY

ARRAY

ARRAY
ARRAY

F.P.
GR0235

GR0235
GR0235

F.P.
GR0235
GR0235
BDGR5
GR0235
GR0235

GR0235

GR0235
BDGR5

F.P.

GR0235

REFS
REFS

DEFINED
REFS
REFS
REFS

105
REF5
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

82
DEFINED
REFS
REFS
REFS

WRITES

ARGS
I LIBRARY
I LIBRARY
I LIBRARY

ARGS
I INTRIN

DEF LINE
9
10
12
14

REFERENCES
62
62
12
83

DEF LINE

3
29
1
3

98
9

DEFINED
3
3
3
3
3
2
3
3
10
5

97
3

2*49
47

2*58
2*62
3
2

49
12
66
16
59
83
54
3

52
2*54

31 DEFINED

108

53
84

REFERENCES
2*54

61
87

57

REFERENCES
94
8

10
6

30

DEFINED
II
10

10

28

18
12
19

26
101
104

36
2*102 103

103

6

104

16
87

101

DEFINED
23

101
5

2*54

DEFINED
DEFINED

5
16

DEFINED
14
90

DEFINED
6'.

3*84
58

58
DEFINED

95
102

7
4*32

DEFINED
102
57

57
61
1I

48
37

DEFINED
14
67
90
59

DEF I NED
52

9
33
72

DEF I NED
58

21

108
64

2*68
91
62

51

DEFINED
79
12
62

105

DEFINED

3*69
3*92

2*75 3*76

56

68
91

69
92

72
95

75 76 79
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STATEMENT LABELS
0 140

76 150
101 160
130 170
140 180

0 190
236 200
253 210
273 220
341 230
375 240
434 250
473 260
0 270

505 280
526 290
531 300
564 310 FMT

INACTIVE

INACTIVE

DEF LINE
17
25
27
35
39
51
56
61
63
74
81
89
96
99

101
107
109
112

REFERENCES
15

100
98
29
24
50
50
50
55
67
66
65
73
98
30
71
13

108

LOOPS
23
47

LABEL
120
140

COMMON BLOCKS
BDGR5
GR0235

INDEX
N
J

LENGTH
52
5'.

FROM-TO
10 12
15 17

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000B SCM USED

LENGTH
16B
78

706 B
140 B

PROPERTIES
EXT REFS

INSTACK

454
96

106

60

80

98
78
103

88

82 86 90
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1 0

15

20

ENTRY POINTS
4 GRA556

DEF LINE
I

REFERENCES
25

VARIABLES SN TYPE
0 AGRASS REAL
I GRT REAL
0 IAGRASS INTEGER
0 WORDS INTEGER
0 TIT REAL
0 Zi REAL
0 22 REAL
0 Z3 REAL
0 Z4 REAL
0 Z5 REAL
'; 26 REnL

RELOCATION
ARRAY F.P.

GRHOLD
ARRAY GRSPTR

F.P.
GRHOLD

ARRAY BDGO2D
ARRAY BDGR
ARRAY BDGR2
ARRAY BDGR4
ARRAY BDGR5
ARRAY GR0235

SUBROUTINE GRASS6 (AGRASS,NORDS)
DIMENSION AGRASS(NWORDS)
COMMON/GR5PTR/IAGRASS(38)
COMMON/GRHOLD/TIT,GRT
COMMON /BDG02D/ Z(11)
COMMON /BDGR/ Z2(21)
COMMON /BDGR2/ Z3(54)
COMMON /BDGR4/ Z4(1069)
COMMON rBDGR5' Z5(42)
COMMON /GR0235i Z6(54)
CCMMON iGTWOLC/ Z7(31)
CO.MMON /GR2A3/ Z8(1726)
COMMON /GR2A4/ 29(144)
kEAD (3) IAGRASS,AGRASS,TIT,GRT
READ (3) ZI
READ (3) Z2
READ (3) Z3
READ (3) Z4
READ (3) Z5
READ (3) Z6
READ (3) Z7
READ (3) Z8
READ (3) Z9
WRITE (6,100) TIT,GRT
IF (TIT.NE.20.5E05) RETURN
WRITE (6,110) ZI,Z2,Z3,Z4,Z5,Z6,Z7,Z8,Z9
RETURN

C
100 FORMAT (IX,"WRITEOUT",2E;3.4)
110 FORMAT (IX,5E13.4)

END

SYMBOLIC REFERENCE MAP (R:2)

30

GRASS6
GRASS6
GRASS6
GRASS6
CRASS6
GRA556
GRA556
GRA556
GRASS6
GRASS6
GRA556
GRASS6
GRA556
GRASS6
GRASS6
GRASS
GRASS6
GRASS6
GRASS6
GRASS6
GRA556
GRASS6
GRA556
GRA556
GRA5S6
GRA556
GRA556
GRASS6
GRASS6
GRA556
GRASS6

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

27

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2
4
3
2
4
5
6
7
8
9

10

DEFINED
24

DEFINED
DEFINED

24
26
26
26
26
26
26

DEFINED
14

25
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

14
14

DEFINED
15
16
17
18
'9
20
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VARIABLES
0 Z7
0 Z8
0 1'

FILE NAMES
TAPE3

TAPE6

5N TYPE
REAL
REAL
REAL

RELOCATION
,RRAti GTWOLC
ARRAY GR2A3
ARRAY GR2A4

MODE
UNFtT READS

22
WRITESFMT

STATEMENT LABELS
142 100 FMT
146 110 FMT

DEF LINE
29
30

REFERENCES
24
26

COMMON BLOCKS
GRSPTR
GRHOLD
BDG02D
BDGR
BDGR2
BDGR4
BDGR5
GR0235
GTNOLC
GR2A3
GR2A4

LENGTH
38
2

1I
21
54

1069
42
54
31

1726
144

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

REFS
REFS
REFS

14
23
24

11
12
13

15

26

26
26
26

16

DEFINED
DEFINED
DEFINED

17

21
22
23

18 19 20

1518
61708

105
3192
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10

15

20

25

30

SUBROUTINE GRASS? (AGRASS,NWORDS)
DIMENSION AGRASS(NWORDS)
COMMON /GRSPTR/IAGRASS(38)
COMMON/GRHOLD/T IT, GRT

5 COMMON /BDG02D/ Z(Z11)
COMMON /BDGR' Z2(21)
COMMON /BDGR2i 23(54)
COMMON /BDGR4/ Z4(1069)
COMMON 'BDGRS' Z5(42)

0 COMMON /GR0235/ 26(54)
COMMON /GTW)LCi Z7(31)
COMMON /GR2A3/ Z8'1726)
COMMON /GR2A4/ 29(144)
WRITE (2) IAGRASS,AGRASS,TITGRT

5 WRITE (2) ZI
WRITE (2) Z2
WRITE (2) 23
WRIT;; (2) Z4
WRIrE (2) Z5

M+ITE (2) Z7
WRITE (2) Z8
WRITE (2) 29
WRITE (6 100) TITGRT
IF (TIT.&Q.20.5E05) WRITE (6,110) ZI.22,Z3,Z4,Z5,Z6,Z7,Z8,Z9
RETURN

C
100 FOR1AT (IX,"WRITEOUT",2E'3.4)
110 FORMAT (IX,5E13.4)

JND

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS?

DEF LINE
I

REFERENCES
26

VARIABLES SN TYPE
0 A4RA1S REAL
I GRT REAL
0 IAGRASS INTEGER
0 NWORDS INTEGER
0 TIT REAL
0 Zi REAL
0 22 REAL
0 Z3 REAL
0 24 REAL
0 Z5 REAL
0 26 REAL
0 Z7 REAL

RELOC T I ON
ARRAY F.P.

GRHOLD
ARRAY GRSPTR

F.P.
GRHOLD

ARRAY BDG02D
ARRAY BDGR
ARRAY BDGR2
ARRAY DGR4
ARRAY BDGR5
ARRA; GTRWO3L
MrRAY GTWOLC

GRASS7
GRASS7
GRSS?7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
rRASS7
GRfASS7
GRASS
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRASS7
GRA557

2
3
4
5
6
7
8
9

10
I1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

REFS
REFS
REFS
REFS
REFS
REFS
P FS
rEFS
REFS
REFS
REFS
REFS

I2
4
3
2
4
5
6
7
8
9

10
II

14
14
14

DEFINED
14
15
16
17
1b
19
20
21

DEFINED
24

24
25
25
25
25
25
25
25
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VARIABLES
o Ze
o Z9

FILE NAMES
TAPE2

TAPE6

s5 TYFr.
REAL
REAL

RELOCATION
ARRAY GR2A3
ARRAY GR2A4

MODE
UNFMT WRITES

22
WRITESFMT

STATEMENT LABELS
127 100 FMT
133 110 FMT

DEF LINE
2Q
29

REFERENCES
24
25

COMMON LCCKS
GRSPTR
GRHOLD
BDG02D
BDGR
BDG2
BDGR4
BDGR5
GR0235
GTWOLC
GR2A3
GR2A4

LENGTH
38
2

11
21
54

106
42
54
31

172E
144

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

REFS
REFS

ii.
23
24

12
13

15

25
'c

1716 18 '9 21

1368
61708

3!4
3 192
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C GRASS8 -COMMON DATA GRASS8 2
BLOCK DATA GRASSB 3
COMMN.DG02Di GRASS8 4
+TGASINTGASR,EPSI,PI,JFIRST,KFIRST,KPRINT,NMAX,T502, GRA558 5

5 +RMTSO GRASS8 6
COMMON/BDGR/AI,R9,FPrSNAME(4),RHOOLD,TCONV,PDSCPI43,BCF,C0I, GRASS8 7
+BKLO,DKHI,CPO,SIGPI,FGPF,BVCRIT,GRF0,PTPL GRASS 8
COMMON/BDGR2iFFDSLC,ATMVOLBOLTZGI,G2, GRASSB 9
+AVI4Ut,RGDELRV,TPGGBSO2P,SIGI~tI,WM12,XKEGR GRA558 10

10 +QS5TAR,Q5,DZEROTPZEROFNACONDELTA,REDISRESCZ%-DVOL,EVL, GRASS8 11
+DVOG,EVG,ALFA, BEVKBAKCI ,BADC2,BADC3,BADC4, BADC5, BRULo, GRASS8 I 2
+GBADCI,GBADC2,FA4GE,ASTAR,NOYES(2),GADC3,A(9DDLIM GRASS8 13
COMMONBDGR4/DT(81,13),DDI(13),HMIN,CRT,JM GRA558 14
COMMON/BDGRS/DLID(l0),DI(I0),SL(l0),BI(10),NOPT GRAS58 15

15 COMMON river/ VERSE GRA558 16
C GRA558 17

DATA A/-57.364866,-7.0264645,.52281105, GRPSS8 18
+1.9840863E5 2.9969484E4,-2.07175E3, GRA558 19
+-1.4947535E6,-3.0994649E7,2.0330,'26E6' GRA558 20

20 DATA Al/2.09E7. GRASS8 21
DATA AC0N/2.37/ GRASS8 22
DATA ALFA/0.0/ GRASS8 23
DAT' ASTAR/0.907/ GRAS58 24
DATA ATMVOL/4.09E-23.' GRA558 25

25 DATA AVNUM/6.024E23/ GRH558 26
DATA BADCl/6.732E-i/ GRA558 27
DATA BADC2/91000..' GRAS58 28
DATA BADC3/2.00E-29' GRASS8 29
DATA BADC40.0/ GRASS 30

30 DATA BADC5/I.62/ GRASS8 31
DATA BADC6/4084./ 6A558 32
DATA BCF/.20/ GRASS8 33
DATA BEVK/8.625E-05.' GRASS8 34
DATA Bi/-1.203475E07,-4.687770E07,-1.032 19E06,-I.807985E08, GRASS8 35

35 +-2.782098E08,-3.936497E08,-5.213507E08,-6.494966E08,-7.642163E08, GRASS8 36
+-8.330086E08/ GRAS58
TATA BKHI/5.0/ GRAS58 38
DATA BKLO/2.0/ GRASSB 39
DATA BOLTZI1.38E-161 GRASS 40

40 DATA BVCRIT/.05/ GRASS8 41
DATA C01I/0.0/ GRASS8 42
DATA CPOI/32.8084/ GRASS8 43
DATA CRT/.0I/ GRASS 8 44
DATA D/l.70913'1E-3 3.418267E-3 5.127398E'-3,0.683653E-2 GRASS8 '4545 +8.545665C-3, i.02541E-2, I. 394E-2, I.367307E-2,I.53820E-2, R6
+1.709134E-2/ GRASS8 47
DATA DD/13*0./ GRA58 48
DATA DI/585.0918,292.5457,195.0307,146.2730,117.0184,9?.51531, GRASS8 49

+83.58456,73.1364e,65.61020,58.5091/ GRASS8 50
50 DATA PELTA/50.E-06/ GRASS8 51

DATA DELHV/5.96E12/ GRASS8 52
DATA DLI'32.95967/ GRASSB 53
DATA DLIM/-180.0/ GRASS8 54

BLOCK DATA BLKDAT. 10/21/80 14.35.34 PAGE I



76/176 OPT:0 TRACE STATIC FTN 4.8+508

DATA DT/1053*0./ GRASS8 55
55 DATA DVOG/.001/ GRASS8 56

DATA DVOL/.01/ GRASS8 57
DATA DZERO/57.E4/ GRASS 58
DATA EPSI/1.EI4/ GRASS 59
DATA EVG/.2/ GRASS 60

60 DATA EVL/4.8/ GRASS 61
DATA FANGE/14.0/ GRASS 62
DATA FFDSLC/I0./ GRASS8 63
DATA FGPF/.310/ GRA5S8 64
DATA FN/.90F-05/ GRASS 65

65 DATA FPNS/3.iEIO/ GRASS8 66
DATA GI/1509,/ GRASS8 67
DATA G2/.3459/ GRASS8 68
DATA GBADCI/4.43E-18/ GRASS8 69
DATA GBADC2/32000./ GRASS 70

70 DATA GBA C3/65.42/ GRASS8 71
DATA GBRi.002/ GRASS 72
DATA GRFO/0.0/ GRASSB 73
DATA G5O2P/I.43E-4/ GRASS8 74
DATA HMIN/.0001/ GRAS58 75

75 DATA JFIRSTiOi GRASS8 76
DATA JM/6/ GRASS8 77
DATA KFIRST/0/ GRA5S8 78
DATA KPRINT/2/ GRASS 79
DATA NAME/4HDULK, 4i DSLC-" 4HGBDY, 4HMCRO GRASS8 80

80 DATA NMAX/20/ GRASS 81
DATA NOPT/I/ GRASS8 82
DATA NOYES/4H NO 4H YES/ GRASS8 83
DATA PDSC/68948.06/ GRAS58 84
DATA PI/3.141593/ (RA5S8 35

85 DATH PI43.4.188791/ GRASS8 86
DATA PTPL/.08/ GRASS8 87
DATA PZERO/I.64E14/ GRASS8 88
DATA QS/'4.52E12/ GRASS8 89
DATA QSSTAR/.69466E-II/ GRASS8 90

90 DATA R9/73.592/ GRASS8 91
DATA REDIS/50.E-8/ GRASS 92
DATA RESCON/I.OE-18' GRASS 3
DATA RG.8.3IE7/ GRASS 94
DATA RHOOLD/l.000/ GRASS 35

95 DATA RM/l0./ GRASS 96
DATA SIG/3.E-8.' GRASS 97
DATA SIGPi1.03/ GRASS 98
DATA SL/4.608549E07, .023236E08,1.703004E08,2.526030E08, GRASS8 99

+3.521856E08,4.731108E08,6.194947E08,7.952701E08,I.006582E09, GRAS58 100
100 +1.255744E09/ GRASS8 101

DATA TCONV/l.000/ GRASS 102
DATA TGASIN/0./ GRASS 103
DATA TGASR/0./ GRASS 104
DATA TPG/8.57024E06/ GRASS8 105

105 DATA TSO/0.0/ GRASS8 106
DATA T502/0./ GRASS8 107

BLOCK DATA BLKDAT. 10/21180 14.35.34 PAGE
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DATA
DATA
DATA
DATA
DATA
END

VERS / 4HGRAS /
WI*/270./
W1H2/132./
XKiI./
XKP I./

SYMBOLIC REFERENCE MAP (R:2)

VARIABLES
C4 A
25 ACON
35 ALFA
50 ASTAR
I ATMVOL
5 AVNUM
0 Al

37 BADCI
40 BADC2
41 BADC3
42 BADC4
43 BADC5
44 BADC6
13 BCF
36 BEVK
37 8I
16 BKHI
15 BKLO
2 BOLTZ

22 BVCRIT
17 CPOW4

2053 CRT
14 C01

i D
2035 DD

7 DELHV
26 DELTA
13 DI
0 DLI

65 DLIM
0 DT

33 DVu'
31 DVOL
22 DZERO
2 EPSI

34 EUG
32 EUL
47 FAWGE
0 FFDSLC

SN TYPr
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAl
REHL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY BDGR2

BDGR2
BDGR2
BDGR2
PDGR2
BDGR2
BDGR
BDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR
BDGR2

ARRAY BDGR5
BDGR
BDGR
BDGR2
BDGR
BDGR
BDGR4
BDGR

ARRAY BDGR5
ARRAY BDGR4

BDGR2
BDGR2

ARRAY BDGR5
BDGR5
Fli5R2

ARRAY BiJGR4
BDGR2
BDGR2
BDGR2
BDG02D
BDGR2
BDGR2
BDGR2
BDGR2

110

GRASS
GRASS
GRASS8
GRASS8
GRASS8
GRASS8

108
109
110
III
112
113

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

8
8
8
8
8
8
6
8
8
8
8
8
8
6
8

14
6
6
8
6
6
.3
6

I4
13
8
8

14
14
8

13
8
8
8
3
8
8
8
8

DEFINED
DEFINED
DEF I NED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINF'
DEFINE:
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINE'
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

17
21
22
23
24
25
20
26
27
28
29
30
31
32
33
34
37
38
39
40
42
43
41
.4

47
51
50
'}8
52
'3

55
56
57
58
59
60
61
62

BLOCK DATA BLKDAT. 10/21/80 14.35.34 PAGE 3
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VARIABLES
21 FGPF
24 FN
2 FPIS

45 GBADCI
46 GBADC2
53 GBADC3
17 GBR
11 GB502P
23 GRFO
3 GI
4 G2

2052 HMIN
4 FIRST

2054 JM
5 KFIRST
6 KPRINT
3 NAME
7 NMAX

51 NOPT
51 NOYES
I PDSC
3 PI
12 P143
24 PTPL
23 PZERO
21 QS
20 QSSTAR
27 REDIS
30 RESCON
6 RG
7 RHOOLD

11 Rh
I R9

12 SIG
20 SIGPI
25 SL
10 TCONU

0 TGASIN
i TGASR

10 TPG
12 TSO
10 1502
0 VERS

13 NMI
S4*N2

15 XK
16 XKP

COMMON BLOCKS
ODG02D
BDGR
BDGR2
BDGR4

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
BDGR
BDGR2
BDGR
BDGR2
BDGR2
BDGR2
BDGR2
aDGR2
BDGR
BDGR2
BDGR*BDGR4
BDG02D
8DGR4
BDG02D
BDG02D

ARRAY BDGR
BDG02D
BDGR5

ARRAY BDGR2
BDGR
BDGO2D
BDGR2
8DGR
BDGR2
DDGR2
BDGR2
BDGR2
BDGR2
BDGR02
DDGR
BDGO2D
BDGR
BDGR2
BDGR

ARRAY BDGR5
BDGR
BDG02D
BDGO2D
BDGR2
BDG02D
BDG02D
VER
BDGR2
BDGR2
BDGR2
BDGR2

LENGTH
11
21
54

1069

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED
DEF I NED
DEFINED
DEFINED
DEF I NED
DEF I NED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

63
64
65
68
69
70
71
73
72
66
67
74
75
76
7-7
78
79
80
81
82
83
84
85
86
87
88
89
91
92
93
94
95
90
96
97
98
ICI
102
103
104
105
106
107
108
109
110
III

BLOCK DATA BLKDAT, l1/2l/80 14.35.34 PAGE
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COMMON BLOCKS
BDGR5
VER

LENGTH
42
1

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140000E SCM USED

0
22568

0
I198

PAGE 5
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SUBROUT INE GRAS59 %NPKF, NNORDS, LENGTH)

GRASS9 IS CALLED FROM SUBROUTINE POINTR
SUBROUTINE TO COMPUTE LOCATION OF NODALLY DEPENDENT VARIABLES
USED IN GRASS

LENGTH : LENGTH OF FPOCON A ARRAY
NF NUMBER OF AXIAL NODES -- INPUT
KF : NUMBER OF RADIAL RINGS -- INPUT
NJ : NUMBER OF AXIAL VARIABLES
NK : NUMBER OF RADIAL VARIABLES
NJK : NUMBER OF AXIAL,RADIAL VARIABLES
NKN : NUMBER OF RADIAL,BUBBLE VARIABLES
NJKN = NUMBER OF AXIAL,RAD;AL,BUBBLE VARIABLES
NAR : TOTIL NUMBER OF VARIABLES IN AGRASS
NWORDS : TOTAL NUMBER OF WORDS NEEDED FOR AGRA'

THE FOLLOWING VARiABLES ARE IN THE AGRASS
NUARI:BVS(NF) NVARI4:GASGEN(NF,KF
NVAR2:GR(NF) NVARI5:GESWF(NF,KF)
NVAR3:POW(NF) NVAR16:GIP(NF,1KF)
NVAR4:RGTJ(NF) NVARI7:GOUT(NF,KF)
NUAR5:FDP(KF) NVARI8:GRSIZ(NF,KF)
NVAR6:FODSLC(KF) NVARI9:GS(NF,KF)
NUAR7:FOGBDY(KF) NVAR20:HH(NF,KF)
NVAR8:PRF(KF) NVAR2I:HOLD(NF,KF)
NVAR9:RHODSL(KF) NJAR22:NtAXBK(NF,KF)
NVARIO:TAUA(KFI) NVAR23:POROS(NF,KF)
NUARII:TGRAD(KF) NVAR24:PRFOLD(NF,KF)
NVARI2:BV(NF,KF) NVAR25:FRSO(NF,KF)
NVARI3:CO(NF,KF) NVAR26:RH(NF,KF)
NVAR27:RHOLD (NF, KF)
*******

55 ARRAY -- OUTPUT

ARRAY
NVAR28:RS(NF,KF)
NVAR29:TFO(NF,KF)
NVAR30:TK(NF,KF)
NVAR3I:TKOLD(NF,KF)
NVAR32:TS(NF,KFI)
NVAR33:BLKMGO(KF,20)
NVAR34:GBYMGO(KF,20)
NVAR35:BULK(NF:KF,20)
NVAR36:DSLC(NF,Ki(F, 20)
NUAR37:GBDY(NF,KF,20)

COMMON /GRSPTR/ IAGRAS(38)

NJ : 4
NK :7
NJK : 21
NKN : 2
NJKN : 3
NBBLE : 20

CALCULATIONS INVOLVING RS, TS, AND TAUA REQUIRE AN ADDITIONAL
RADIAL ELEMENT IN EACH ARRAY

NNORDS : NJ*NF+NK#KF+I+NJKXNF*KF+(2*NF)+WKN*KF*NBBLE+NJKN*NF*KF:NB
+BLE
NVAR :NJ+NK"NJK+NKN+NJKN

iAGRASi) I
NBEG = 2

5

15

20

30

35

C

i

45
C
C
C
C

50
C

FTN 4.8+508 10/21/80 X4.35.34 PAGE I

GRASS9
GRA559
GRASS9
GRASS9
GRASS9
GRASS9
GRASS9
GRASS9
GRA559
GRASS9
GRA559
GRA559
GRASS9
GRA4 39
GRA59
GRA559
GRAS 59
GRA559
GRA559
GRA559
GRA559
GRA559
GRA559
GRA559
GRA559
GRA559
GRASS9
GRA559
GRASS9
GRASS9
GRASS9
GRASS9
GRA559
GRASS9
GRASS9
GRASS9
GRASS9
GRASS9
GRASS9
GRA559
GRASS9
GRASS9
GRASS9
GRASS9
GRA559
GRASS9
GRASS9
GRASS9
GRASS9
GRASS9
GRA559
GRA559
GRA559
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MEND : NJ+i GRASS9 55
55 DO 100 I:NBEG,NEND GRASS9 56

100 IAGRAS(I) I: AGRAS(1-I)+NF CRASS9 57
NBEG : NEND+I GR559 58
WEND : NEND+NK GRASS9 59

C GRASS9 60
60 C INCREASE NUMBER OF RADIAL ELEMENTS IN TAUA BY ONE GRASS9 61

C GRASS9 62
DO 110 I:d8EG,NEND GRASS9 63
IAGRAS(I) : IAGRAS(I-I)+KF GRASS9 64

110 IF ([.EQ.11) IAGRAS(I) : IAGRAS(I)+1 GRASS9 65
65 NBEG : NEND+I GRASS9 66

NEND : NEND+NJK GRASS9 67
C GRASS9 68
C INCREASE NUMBER OF RADIAL ELEMENTS IN TS AND RS BY ONE FOR EACH GRASS9 69
C AXIAL NODE GRASS9 70

70 C GRASS9 71
DO 120 I:NDEE.NEND GRASS9 72
IAGRAS(I) : IAGRAS(1-1)+NF*KF GRASS9 73
IF (I.EQ.29.OR.I.EQ.33) IAGRAS(I) : i4GRAS(I)+NF GRASS9 74

120 CONTINUE GRASS9 75
75 N.EG : NEND+1 GRAS59 76

ecND : NEND+NKN GRASS9 77
DO 130 I:NBEGNEND GRASS9 78

130 IAGRAS(I) : IAGRAS(I-l)+KF*NBBLE GRASS9 79
'BEG : NEND+I GRASS9 80

80 I ND : NEAR GRASS9 81
DO 140 I:NBEGNVAR GRASS9 82

140 IAGRAS(I) : IAGRAS(1-1)+NF*KF*NBBLE GRASS9 83
C GRASS90 84
C P051'1 'ON AGRASS ARRAY AT END OF FRPCON A ARRAY GR559

85 C GRASS9 86
0 150 I:1,NVAR GRASS9 87

1504RqS(I) : IAGRAS(I)+LENGTH GRASS9 88
WRITc (6,,Z0) (1,IAGRAS(I),I:,NAR) GRASS9 89
WR'fE (6,170; NWORDS GRASS9 9090 R'rURN GRASS9 9'

C GRASS 92
160 :ORMAT (IX,15,IX,15) GRASS9 93
170 FORMAT (1X,"NWORDS IS",I10) GRASS9 94

END GRASS9 95

SYMBOLI. REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
'4 GRASS9 90

5UBRG;T I NE GRASS9 l0/21/80 14.35.34 PAGE



SUBROUTINE GRASS9

SN TYPE
INTEGER

INTEGER

VARIABLES
241 I

0 IAGRAS

0 KF

0
235
237

LENGTH
NBBLF
NBEG

240 NEND

230
232
234
231
233
236
0

NJ
NJK
NJKN
NK
NKN
NVAR
WORDS

INTEGER

INTEGER
;NTEGER
INTEGF

INTE.EP

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

W6/176 OPT:0 TRACE STATIC FTN 4.8+508

RELOCATION

ARRAY GRSPTR

F.P.

F.P.

F.P.

F.P.

REFS
2*87
86

REFS
82
72

REFS
DEFINED

REFS
REFS
REFS

DEFINED
REFS

75
76

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS

2*56
2*88
88
36
87
73

4x48
I

87

5
'33
55
76
80

4x48
1

48
48
48
48
48
80
8 ''

2*63
DEFINED

56

78
63

DEFINED
78
62
57
57
77

56

50
50
50
50
50
81

DEFINED

3*64
55

63
DEFINELI

82
72

I
82
71
65
58
79

72

54
66

DEF I NED
58
76
86
I

1021/80 14.35.34 PAGE 3

2*72
62

64
52
87
78

DEFINED
77
75
62

DEFINED

4*73
71

72
5:

82

43
81
79
65
54

2*79
77

73
6 s

78
64

66
5P

71
66

73

DEFINED
DEFINED

42
DEFINED
DEFINED

88
48

38
40

39
41

DEFINED 50

FILE NAMES
TAPE6

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140
0 150

222 160 FMT
225 170 FMT

DEF LINE
56
64
74
78
8?
87
92
93

REFERENCES
55
62
71
77
81
86
88
89

LOOPS
54
70

III
135
152
163
173

LABEL
100
110
120
130
140
I50

COMMON BLOCKS
GRSPTR

INDEX
I
I
I
I
I
I
I

LENGTH

38

FROM-TO
55 56
62 64
71 74
77 78
81 82
86 87
88 88

LENGTH
58

128
158
68
78
58
78

PROPERTIES
INSTACK
INSTACK

OPT
INSTACK
INSTACK
INSTACK

EXT REFER

MODE
FMT WRITES 68 89
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400038 SCM USED

2548
468

172
38

PAGE



MODIFICATIONS / CONTROL CARDS

TIDY
GRASS7

CORRECTION IDENTS ARE LISTED IN CHRONOLOGICAL ORDER OF INSERTION

GRASSO GRASSI GRASS GRASS3 GRASS GRASS5
p GRASS8 GRASS9 CALLGR

GRASS6

DECKS ARE LISTED IN THE ORDER OF THEIR OCCURRENCE ON A NEW PROGRAM LIBRARY IF ONE IS CREATED BY THIS UPDATE

YANKS$% TIDY GRASSO GRASSI GRA552 GRASS3 GRASS4 GRASS5
GRASS6 GRASS7 GRASS8 GRASS9 CALLGR

DECK LIST AS WRITTEN TO SEQUENTIAL NEWPL

YANK$SS TIDY GRASSO GRASSI
GRASS6 GRASS? GRASS8 GRASS9

DECKS WRITTEN TO COMPILE FILE

TIDY GRASSO GRASS
GRASS GRASS8 GRASS9

GRASS2
CALLGR

GRA552
CALLGR

GRASS3

GRASS3

GRASS4

GRASS4

GRASS5

GRASS5

GRASS6

THIS UPDATE REQUIRED 343008W ORDS OF CORE.

UNLABELED OLDPL UPDATE 1.3-508. 10/21/60 14.36.27. PAGE I
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1 C FASTGRASS-MOD2 SEPTEMBER,1980 GRASSO 2
C GRASS: FASTGRASS MAIN PROGRAM G^ASS0 3
C BY J.REST GRASSO 4
C TELEPHONE NUMBER: 312-972-5026 GRASSO 5

5 C GRASSO 6
C WITH STEADY-STATE AND TRANSIENT CAPABILITIES GRASSO 7
C ARGONNE NATIONAL LABORATORY GRASSO 8

SUBROUTINE GRASS (DELNF KF,FL,TITPLENP IRSTAR,4PRINT,GRT,DVST,KF GRASSO 9
I,BS GRPOW,RGTJ,FDP FOhSLC,FOGBDY,PRF,RHODSL.Tk'IA,TGRAD,BVCO,GA GRASSO 10

10 +5GEN,GESWFGIPGOUT,GRSIZGSHH,HOLD,NMAXBKPOROS,tQFOLD,PRSO,RHR GRASSO 1:
+HOLD,RS,TF6 ,TK,TKOLD,TS,BLKMGO,CBYMGO,BULK,bIST,SAVb4 GRASSO 12

C GRASSO 13
C INPUT QUANTITIES GRASSO 14
C DEL:TIME STEP(S) GRASSO 15

15 C NF:TOTAL NUMBER OF AXIAL FUEL SECTIONS GRASSO 16
C KF:TOTAL NUMBER OF RADIAL RINGS GRASSO 17
C FL:LENGTH OF FUEL ROD(CM) GRASSO 18
C RHij,K):FUEL DENSITY IN ZONE (J K) (GM/CM**3) GRASSO 19
C TK(J,K):AVERAGE TEMPERATURE IN ZONE (J,K) (K) GRASSO 20

20 C PRSO(J,K):HYDROSTATIC PRESSURE IN ZONE (JK) (PSI) GRASSO 21
C POW(J):LINEAR POWER IN AXIAL SECTION J (KW/FT) GRASSO 22
C RS(J,K):INNER RADIUS OF ZONE (J,K) (CM) GRASSO 23
C TS(J K)::TEMPERATURE AT RS(J,K) (C) GRASSO 24
C GRSIk(J,K):GRAIN DIAMETER IN REGION (J,K) (CM) GRASSO 25

25 C POROS(J K):FRACTIONAL POROSITY IN REGION (J,K) GRASSO 26
C FDP(K): ADIAL FLUX DEPRESSION FACTOR IN REGION K GRASSO 27
C TIT:IRRADIATION TIME (5) GRASSO 28
C PLENP:PLENUM ^QESSURE (PSI) GRASSO 29
C IRSTAR:RESTART INDICATOR . 9ESTART,12:DUhP,13:TRANSIENT, GRASSO 30

30 C 0:STEADY-POWER IRRADIATION) GRASSO 31
C NPRINT:LEV$L OF FASTGRASS PRINTOUT (1-4) GRASSO 32
C GRT:TOTAL FISSION-GAS RELEASE (MOLES)--INITIAL AMOUNT IN PLENUM GRASSO 53
C MUST BE SPECIFIED GRASSO 34
C GRASSO 35

35 C OUTPUT QUANTITIES GRASSO 36
C GS(J,K):AMOUNT OF RETAINED GAS IN REGION (J,K) (MOLES) GRASSO 37
C GR(J):PP UNT OF GAS RELEASED FROM AXIAL SECTION (J) (MOLES) GRASSO 38
C DURING DEL:CECONDS) GRASSO 39
C GRT:TOTAL FISSION GAS RELEASED (MOLES) GRASSO 40

40 C BV(JK):FISSION-GAS SWELLING/VOLUME IN REGION (J,K) GRASSO 41
C BVS(J':FISSION-GAS SWELLING.VOLUME IN AXIAL SECTION (J) GRASSO 42
C BVST:TOTAL FISSION-GAS SWELLING/VOLUME GRASSO 43
C GRASSO 44

COMMON/GR0235/AVN,GA5IN,SAVGIJK,NMAXB,NCDI,NCGBI,JNCDI,JNCGBI, GRASSU 45
45 +NMAXG,NXBD,NXBDG,RAD,VOLUME GRASSO 46

COMMON/GROA2/TKI,TFPV,TGRADI,HY,AREA,GRD,T2,AGBY,FBDEN,FBSAT,DELT GRASSO 47
+,SPT,SRNK(3),GROW(3) GRASSO 48
COMMON/GR0A3/GESW,JKF,KI,EGRE,EPRF GRASSO 49
COMMON/GROA4/IMAXI,TPiASS,Y,H,KK GRASSO 50

50 COMMON/BDG02D/ GRA550 SI
+TGASIN,TGASR,PI JFIRSr,KFIRST,KPRINT,NMAX,T502 GRASSO 52
+,TSO,IRSTRO,VER GRASSO 53
COMMON/BDGR/AI,R9,FPWS,NAME(3),RHOOLD,TCONV,PDSC,PI43,BCF,C0I, GRASSO 54
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+BKLO,BKHICPO4,SIGPIFGPF,DVCRITGRFO,PTPLPGDSCF,FLXPT,RM GRASSO 55
55 COMMON/GRiPTR/NVARINVAR2,NVAR3,NVAR4,NVAR4,NVAR6,NVAR7,NUAR8, GRASSO 56

+NVAR9 NVARIO NVARI ,NVAR12,NVAR13 NVARI4,NVARIS,NVARI6 NVAR17, GRASSO 57
+NVARi6,NVARI ,NVAR20,NVAR2INVAR2cNVAR23,NVAR24,NVAR25,NVAR26, GRASSO 58
+NVAR27,NVAR28,NVAR29,NVAR30,NVAR3I,NVAR32,NVAR33,NVAR34,NVAR35, GRASSO 59
+NVAR36,NVAR37,LGRA55 GRASSO 60

60 DIMENSION RS(NF,KFi) TS(NF,KFI),GRSIZ(NF,KF),POROS(NF,KF),FDP(KF) GRASSO 61
DIMENSION TK(NF KF),BLKMGO(I,) GS(NF,KF),BV(NF,KF),BVS(NF) GRASSO 62
+,GBYMGO(KF,20), RSO(NF,20),RH(l4,20),Y(6),SAVG(NF,KF,4), GRASSO 63
+RAD(2,2),TAUA(KFI),TGRAD(KF),GR(NF),POI(NF),RGTJ(NF),PRF(KF) GRASSO 64
+,CO(NF,KF),GASGEN(NFKF) GESWF(NF,KF),GIP(II),GOUT(NF,KF), GRASSO 65

65 +HH(NFKF),HOLb(I,I),NMAXbriIl),DIST(NF,KF,4), GRASSO 66
+PRFOLD(NF,KF) RHOLD(NF,r) , tu VF), GRASSO 67
+TKOLD(NFKF),BULK(l,1,1) GRASSO 68
+,FODSLC(I),FGBDY(KF),RHODSL(I) GRASSO 69
IF (DEL.LE.0.) GO TO 430 RASSO 70

70 IF (IRSTAR.EQ.13.AND.IRSTAR.NE.IRSTRO) JFIRST = 0 GRASSY 71
IF (JFIRST.NE.0) GO TO 100 GRASSO 72

C------INITIALIZATION OF GRASS GRASSO 73
IF (IRSTAR.NE.13) GO TO 100 GRASSO 74
COI : TGASIN-TGASR GRASSO 75

75 GRFO : TGAS GRASSO 76
IF (TIT.GE.T50) GO TO I'J GRASSO 77
IRSTRO : IRSTAR GRASSO 78
TSO : 0.0 GRASSO 79
T502 : 0.0 GRASSO 80

80 100 KFI : KF+I GRASSO 81
IF (NPRINT.GT.1) WRITE (6,440) GRASSO 82
DELTA : DEL GRASSO 83
T2 : TIT GRASSO 84
TMAX : .90*DELT GRASSO 85

85 IF (NPRINT.GT.I.AND.IRSTAR.NE.13) WRITE (6,450) T2 GRASSO 86
IF (NPRINT.GT.l.AND.IRSTAR.EQ.13) WRITE (6,460) T2 GRASSO 87

C------00 AXIAL SECTIONS ONE BY ONE GRAS50 88
RGT : 0. GRASSO 89
RGP : 0. GRASSO 90

90 RGG : 0. GRASSO 91
DO 410 J:I,NF GRA550 92
VOLJ : 0. GRASSO 93
BVSBJ : 0. GRASSO 94
BVSGJ : 0. GRASSO 95

95 DVSEJ : 0. GRASSO 96
RTGAS : 0. GRASSO 97
KTBF : KF GRASSO 98
IF (NPRINT.GE.3) KPRINT : 2 GRASSO 99

C------CONVERT KW/FT TO WiCK GRASSO 100
100 POWER : POW(J)*CPOW GRASSO 101

TOTFIS : FPWS*POWERL GRASSO 102
DO 160 K:IKF GRASSO 103
IF (JFIRST.EQ.0.AND.IRSTAR.EQ.0) GESWF(J,K) : 0. GRASSO 104
TAUA(K) : 0. GRASSO 105

105 IF (POW(J).GT.0) GO TO 110 GRASSO 106
IF (K.EQ.1) GO TO 110 GRASSO 107
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TGRAD(K) : (TS(J,K+i)-TS(J,K-l))/(RS(J,K+I)-RS(J,K-l)) GRASSO 108
GO TO 120 GRASSO 109

110 TGRAD(K) : (TS(J,K+l)-TS(J,K))/(RS(JK+1)-RS(J,K)) GRA5SO 110
110 120 IF (TGRAD(K).GT.0) TGRAD(K) : 0 GRASSO III

C * C OMPUTE FZRCOLATION PROBABILITY, PRF(K) ***** GRASSO 112
GESFPD : POROe(J,K)-PTPL GRASSO 113
GESFP = AMAXI(O.0,GESFPD) GRASSO 114
PRFC : (BVCRIT-GESFP-GE5WF(J,K))/(I.1417*SIGPI) GRASSO 115

115 PRF(K) : (1.0-ERF(PRFC))*.50 GRASSO 116
IF (JFIRST.EQ.G.AND.IRSTAR.EQ.0) GO TO 130 GRASSO 117
RHOOLD : RH(J,K)iRHOLD(J,K) GRASSO 118
IF (JFIRST.EQ.0.AND.IRSTAR.EQ.13) TKOLD(J,K) : TK(JK) GRASSO 119
GO TO 140 GRASSO 120

120 130 GOUT(JK) : 0.0 GRASSO 121
GASGEN(J,K) : 0.0 GRASSO 122
TKOLD(J,K) : TK(JK) GRASSO 123
PRFOLD(JK) : PRF(K) GRASSO 124

140 00 140 N:1,4 GRASSO 125
125 150 DISTrJ,K,N1 : DIST(JK,N)*RHOOLD GRA55O 126

GBYMGO(K) : 0. GRASSO 127
160 RHOLD(J,K) : RH(JK) GRAS50 128

HITEI : FL/NF GRASSO 129
C------ DO RADIAL SECTIONS GRASSO 130

130 TAUA(KFI) : DELTA GRASSO 131
K : KF GRASSO 132
GASOUT : 0. GRASSO 133
GO TO 320 GRASSO 134

170 KI : K+1 GRASSO 135
135 VOLUME : PI*HITEI*(RS(J,KI)*RS(JKI)-RS(J,K)*RS(J,K)) GRASSO 136

AREA : 2.*PI*RS(JK)*HITEI GRASSO 137
TFPV : TOTFIS*FDP(K)/(PI*(RS(J,KFI)*RS(J,KFI)-RS(J,I)*R5(J,1)) GRASSO 138

+ ) GRASSO 139
GASI : TFPV*FGPF GRASSO 140

140 IF (K.EQ.KF) GO TO 180 GRASSO 141
JKF : 2 GRASSO 142
GO TO 190 GRASSO 143

180 JKF :I GRASSO 144
190 HPRS : PR5O(J,K) GRASSO 145

145 IF (PRSO(J,K).LE.PLENP) HPRS : PLEIP GRASSO 146
HY : HPRS*PDSC GRASSO 147
GRD : RSIZ(J,) GRASSO 148
TKI : T(J,K) GRASSO 149
TGRADI : 19 ' (K) GRASSO 150

150 TKOJK : TKOLD(J,K) GRASSO 151
IF (NPRINT.LT.3) KPRINT : I GRASSO 152
IF (NPRINT.NE.4) GO TO 200 GRASSO 153
WRITE (6,470) J,K GRASSO 154
RHOOLD : RH(J,K)/RHOLDiJ,K) GRASSO 155

155 WRITE (6,480) RS(J,K),RS(J,K+l),TS(J,K),TS(J,K+I),FDP(K),H,PRF GRASSO 156
+ (K),PRFOLD(J,K),GESWF(JK),RHOOLD GRASSO 157

200 CALL GRASS2 (HTKOJK,IR TARFOGBDY,C0,HH,TFQ,5AUG,DIST,NF,KF) GRASSO 158
GBCF : -(FBDEN/FBSAT-I.)/(I.4147*SBCF) GRASSO 159
EGRE : (I.-ERF(GBCF))*.5/DELT GRASSO 160
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160 IF (PRFOLD(J,K).GE.I.0.OR.PRFOLD(J,K).GE.PRF(K)) GO TO 210 GRASSO 161
EPRF : (PRF(K)-PRFOLD(J,K))/(l.0-PRFOLD(J,K))/DELT GRASSO 162
GO TO 220 GRASSO 163

210 EPRF : 0.0 GRASSO 164
220 1 : 0 GRASSO 165

165 DO 230 N:I,4 GRASSO 166
I : t+1 GRASSO 167

230 Y(I) : DIST(JK,N) GRASSO 168
240 TSAVE : TAUA(K) GRASSO 169

TPAS5 : TAUA(K) GRASSO 170
170 HT : H GRASSO 171

CALL GRASS' (SAVG,DISTPRF,GBYMGO,NFK=) GRASS) 172
tF (KK.LT.0) NPRINT : 4 GRASSO 173
;AUA(K) : TPASS GRASSO 174
LT : TPASS-TSAVE GRASSO 175

175 GASINK : GASIN*DT*VOLUME GRASSO 176
GASGEN(J,K) : GASGEN(J,K)+GASINK GRASSO 177
TGASIN : TGASIN+GASINK GRASSO 178
I1: 0 GRASSO 179

DO 250 N:l,4 GRASSO 180
180 I : 1+1 GRASS" 181

250 DIST(J,K,N) : Y(I) GRASSO 182
I : 1+1 GRASSO 183
GKOUT : Y(I) GRASSO 184
GASOUT = GASOUT+GKOUT GRASSO 185

185 GOUT(J,K) : GOUT(J,K)+GKOUT GRASSO 186
TGASR : TGASR+GKOUT GRASSO 187
IF (DT.EQ.0.) GO TO 260 GRASSO 188
I : 1+1 GRA35O 189
GBYMGO(K) : Y(I)iDT GRASSO 190

190 GASMG0 : Y(I)*SAVG(J,K,3) GRASSO 191
IF (K.NE.1) GO TO 260 GRASSO 192
GASOUT : GASOUT+GASMGO GRA550 193
TGASR : TGASR+GASMGO GRASSO 194
GOUT(J,K) : GOUT(J,K)+GASMGO GRASSO 195

195 260 IF (.NOT.(NPRINT.EQ.4.OR.(NPRINT.EQ.3.AND.K.EQ.KTBF.AND.TAUA(K GRASSO 196
+ ).GE.DELT))P GO TO 270 GRASSO 197

PRINT SiO, NAME(i),K,(DIST(JKN),N:1,2) GRASSO 198
PRINT 520, NAME(2),K,DI3TUJK,3) GRASSO 199
PRINT 530, NAME(3),K,DIST(J,K,.) GRASSO 200

200 PRINT 500, TAUA(K),DT H,GRSIZ(J,K),POROS(J,K) GRASSO 201
270 IF (KK.GT.0) GO TO 280 GRASSO 202

NPkfNT : 4 GRASSO 203
PRINT 540, J,K GRASSO 204
GO TO 380 GRASSO 205

5 2b0 IF (H.GT.HH(J,K).CR.H.LT.HT) HH(J,K) : H GRASSO 206
NFLAG : I GRASSO 207
M : $ GRASSO 208

DO 300 N:1,3 GRASSO 209
H : M+1 GRASSO 2!0

210 SAVGRM : SAVG(J,K,M)/RM GRASSO 211
FLX : FLXPT*DIST(J,K,M) GRASSO 212
IF (SRNK(N).LE.FLX.OR.SAVGRM.LT.2.0) GO TO 290 GRASSO 213
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SAVG(J,KM) : SAVGRM GRASSO 214
D!ST(JK M) : RM*DIS:(J,K,M) GRASSO 215

215 NFLAG : 2 GRASSO 216
290 IF (GRON(N).LE.FLX) GO TO 300 GRASSO 217

SAVE(J,K,M) : RM*SAVG(J,KM) GRASSO 218
DIST(JK,M) : DIST(J,K,M)/RM GRASSO 219
NFLAG : 2 GRASSO 220

220 300 CONTINUE GRAS50 221
IF (K.EQ.KTBF.AND.TAUA(K).GE.TAUA(KFI)) GO TO 360 GRASSO 222

310 IF (K.EQ.I) GO TO 330 GRASSO 223
K : K-1 GRASSO 224

320 NFLAG : 2 GRASSC 225
225 330 HT : TAUA(K+l)-TAUA(K) GRASS 226

IF (HT) 340,340,350 GRASSO 227
340 K : K+l GRASSG 228

GO TO 320 GRASSO 229
350 n : AMINI(HT,HH(J,K)) GRASSO 230

230 IF (H.GT.TMAX) H : DELT GRASSO 231
GO TO (240,170), NFLAG GRASSO 232

360 SUtAB : DI T(J,K,2)*SAUG(J,K,2)+DISi(J,K,I)*SAVG JKI) GRASSO 233
SUMAG : DIS) J,K,3)*SAV6(J,K,3) GRASSO 234
SUMAE : SAVG(J,K,4)*DIST(JK,4) GRASSO 235

235 SUMA : SUMAB+SUMAG+SUMAE GRASSO 236
BRICO : RAD(1,1)**3 GRASSO 237

C CALCULATE OUTPUT QUANTITIES GRASSO 236
CAGRASSO 239
C IN ANNULAR REGION (J K): GRASSO 240

240 C 3VC:COtPRFSSIBLE FISSION GAS VOLUME (CM**3) GRASSO 241
C RP:FRACTION OF RET'lNIED FISSION GAS RESIDING IN BUBBLES GRASSO 242
C PG:EFFECTIVE SURFACE TENSION INDUCED PRESSURE (PSI) GRASSO 243
C BVI:VOLUME PER MOLE OF DISSOLVED FISSION GAS (INCHES**3) GRASSO 244
C GOUTJK:AMOUNT OF FISSION GAS RELEASED (MOLES) GRASSO 245

245 C BULKFR:FRACTION OF FISSION GAS RETAINED IN BULK GRASSO 246
C GBDYFR:FRACTION OF FISSION GAS RETAINED ON GRAIN BOUNDARIES GRASSO 247
C EDGEFR:FRACTION OF FISSION GAS RETAINED IN EDGE TUNNELS 5RASS0 248
C FTGRJK:FRACTION OF FISSION GAS RELEASED FROM REGION GRASSO 249
C GGTJK:AMCJNT OF FISSiON GAS GENERATED IN REGION (MOLES) GRASSO 250

250 C GRiSS 251
C BUSBJ:STRAIN IN SECTION J DUE TO BULK BUBBLES GRASSO 252
C BVSGJ:STRAIN IN SECTION J DUE TO GRAIN BOUNDARY BUBBLES GRASSO 253
C BUSEJ:STRAIN IN SECTION J DUE TO GRAIN EDGE SWELLING GRASSO 254
C GRA550 255

255 C GGT:TOTAL AMOUNT OF GAS PRODUCED BY FISSION IN FUEL GRASSO 256
C RTGAS:TOTAL AMOUNT OF RETAINED GAS IN FUEL (MOLES) GRASSO 257
C GRFT:TOTAL AMOUNT OF FISSION GAS RELEASED FROM FUEL (MOLES) GRAS5O 258
C FTGR:FRACTION OF FISSION GAS RELEASED FROM FUEL GRASSO 259
C TFGR:FRACTION OF FISSION GAS RELEASED DURING TRANSIENT(IRSTAR:13) GRASSO 260

260 C RGGE:FRACTION OF GENERATED GAS TRAPPED IN CLOSED POROSITY GRASSO 261
C RGGF:FRACTION OF GENERATED GAS TRAPPED ON GRAIN BOUNDARIES GRASSO 262
C RGTJ J):AMOUNT OF RETAINED FISSION GAS IN AXIAL SECTION J (MOLES) GRASSO 263
C GRASSO 264

BVS9 : PI43*(DIST(J,K,1)*BRIC0+DIST(J,K,2)*RAD(2,1)**3) GRASSO 265
265 BVSG : PI43*(DIST(J,K,3)*RAD(I,2)**3) GRASSO 266
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GESWF(J,K) : PI43*DIST(JK,4)*RAD(2,2)**3) GRASSO 267
B(J,K) : BUSD+BVSG+GESNF(J,K) GRASSO 268
BVCo : 0.0 GRASSO 269

DO 370 NI 4 GRASSO 270
270 370 8VCO :DVC6+DIST(J,K,N)*SAVG(J,K,N) GRASSO 271

BVC = BV(J,K)-BUC0*PI43*BRIC0 GRA550 272
RP = (SUMA-DIST(J,K,i)*SAVG(J, , ))/SUMA GRASSO 273
BULKFR : SUMAB/SUMA GRASSO 274
GBDYFR : SUMAG/SUMflf GRASSO 275

275 EDGEFR : SUMAE/SUti4 GRASE 276
GSJK : SUMA/AVN GRASS0 277
GS(J K) : GSJK*UOLUME GRASSO 278
RTGAN : RTGA5:,S(J,K' GRASSO 279
GGT : TGASWI/AVN GRASSO 280

280 FTGR : TGASRVTGASIN GRASSO 28i
GRFT : TGASR/AVN GRASSO 262
IF (DVC.L;.i.E-20) GO 'O 380 GRASSO 2 2
PG : GSJK*R9,BVC6.387JTviJ,Kb*r^-HPRS GRASSO 284
IF (PG.LE.0.0) PG : 0.0 GRASSO 285

285 380 GGTJK : GASGEN(J.K)/AVN GRASSO 286
GOUTjK : GOUT(J,K)iAVN GRASS 267
FTGRJK : GOUTJKiGGTJK GRASSO 288
RATIO : (RS(J,K)+RS(J,K+1)),RS(J,KF1)/2. 'RASSO 289
IF (NPRINT-?) 400,390,390 GRASS0 290

290 390 PRINT 490 GR.5S0 291
PRINT 560, JK,PG,RP,BV(J,K),BVC,GS(JK),HPRSVOLJIF,jUMAFTGk GRA55O 292

+ JKGOIITJKGGTJK, BULKFRGKOUT,RATI, BVSB, BVSG,GESNF(J,K) ,G8DYFR GRASSO 293
+ ,GRON(i),EGRE,EPRF,TK(J,K),TKOLD(J,K),EDGEFR,SRNKil) GRASSO 294

IF (KK.LT.0) GO TO 420 GRASSO 295
295 400 TKOLD(J,K) : TK(JK) GRASSO 296

PRFOLD(JK) : PRF(K) GRASSO 297
BUSBJ = VSBJ+8VSB*VOLUME GRASSO 298
BVSGJ : BVSGJ+BVSG*VOLUME GRASSO 299
BVSEJ D:BUSEJ+GESNF(J,K)*VOLUME GRASSO 300

300 VOLJ : VOLJ+VOLUME GRASSO 301
KTBF : KTBF-$ GRASSO 302
RGP : RGP+SUMAE*VOLUME./AVN GRASSO 303
RGG : RGG+SUMAG*VOLUME/AVN GRASSO 304
IF (NPRINT.GE.3.AND.KTBF.NE.0) KPRINT : 2 GRASSO 305

305 IF (KTBF.GT.0.AND.KK.GE.0) GO TO 310 GRASSO 306
GR(J) : GASOUT/AUN GRASSO 307
RGTJ(J) : RTGAS GRASSO 308
RGT : RGT+RGTJ(J) GRASSO 309
GRT : GRT+GASOUTRAVN GRASSO 310

3:0 BUSBJ : DVSDJJOLJ GRASSO 311
BVSGJ : BVSGJ/JO1.1 GRASSO 312
BUCEJ : BVSEJ.$OLJ GRASSO 313
.Si(J) : BVSBJ+BVSGJ+DVSEJ GRASSO 314
IF (NPRINT.GT.2.AND.NF.GT.1) PRINT 550, SR(J),RGTJ(J),BVS(J),B GRASSO 315

315 + VSBJ,BVSGJ,BVSEJ GRASSO 316
410 CONTINUE GRASSO 317

IF (IRSTAR.NE.13) C01 : TGASIN GRASSO 318
TFGR : (GRFT*AVN-GRFO),C01 GRASSO 319
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IF (TFGR.LE.0.OR.IRSTAR.NE.13) TFGR : 0.0 GRASSO 320
320 ERROR : ABS(RGT+GRFT-GGT)/GGT) GRASSO 321

RGGL : RGT-RGP-RGG)/GGT GRASSO 322
RGGE : RGP/GGT  GRASSO 323
RGGF : RGG/'GT GRASSO 324
IF (NPRINT.GE.2) WRITE (6,570) GRT,GRFT,GGT,RGT,ERRad,FTGR,TFGR,RG GRASSO 325

325 +GL,RGGF,RGGE GRASSO 326
JFIRST = I GRASSO 327
T50 : T2 GRASSO 328

420 IF (KK.LT.0) NPRINT : -9 GRASSO 329
IF (NPRINT.GT.1) WRITE (6,580) GRASSO 330

330 430 CONTINUE GRASSO 331
RETURN GRASSO 332

C GRASSO 333
440 FORMAT (/,36X,54H****************** GRASS OUTPUT **************** GRASSO 334

+*****,/) GRASSO 335
335 450 FORMAT 50X,6HTIME: ,1E16.9,//) GRASSO 336

460 FORMAT (45X,16HTRANSIENT TIME: ,1E16.9,/i) GRASSO 337
470 FORMAT (ii2H ----- AXIAL SECTION:,13,16H RADIAL SECTION:,13,/,) GRA550 338
480 FORMAT (9H RS(JK):,D14.6,IIH RS(J,K+1):,D14.6,9H TS(J,K):,DI4.6,l GRASSO 339

+IH TS(J,K+1):,D12.6,9H FDP(K) :,DI4.6,/IOH H(INPUT):,E13.6,IIH PRF GRASSO 340
340 +(K) :,E14.6,9H PRFOLD :,E14.6,12H SE5WF(J,K):ElI.5,9H RHOOLD :,E GRASSO 341

+14.6) GRASSO 342
490 FORMAT (//3X,IHJ,2X iiK,13X,2HPG,13X,2HRP,13X,2HBV,12X,3HBVC,12X,2 GRASSO 343

+HGS,IIX,4HHPRS, IX,3HVOL) GRASSO 344
500 FORMAT (/,I TAU:,E14.6,IH H(ACTUAL):,E14 6,9H H(SUGG):,E14.6,7H G GRASSO 345

345 +RSIZ:.:,e.4,7H POROS:,E$2.4) GRASSO 346
510 FORMf( (/lX,A4,2X,6HREGION,I2,2E2.4) GRASSO 347
520 FORMAT (IXA4,2X,6HREGIONI2,IE12.4) GRASSO 348
530 FORMAT (IX.A4,2X,6HREGION,12,1E12.4) GRASSO 349
540 FORMAT (32H GRASS NOT CONVERGING, AXL SECT#,13,12HRADIAL SCT *,13) GRASSO 350

350 550 FORMAT (/7H GR(J):,DI4.7,9H RGTJ(J):,E12.5,&H BVS(J):,E15.7,7H BUS GRASSO 351
+BJ=,E14.7,7H BVSGJ:,E14.7,8H BVSEJ:,E14.7) GRASSO 352

560 FORMAT (IX,213,7D15.6,//8H SUMATt:,E13.6,8H FTGRJK:,E13.6,8H GOUTJ GRASSO 353
+K:,E13.6,7H GGTJK:,E14.7,8H BULKFR:,E13.6,7H GKOUT:,E14.7/,7H RATI GRASSO 354
+O:,E114.',6H BVSB:,EI5.7,6H BVSG:,E'5.?,6H BVSE:,E15.7,8H GBDYFR:,E GRASSO 355

355 +13.6,7H GROWL: E 14.7 /7H EGRE -: ?E4,7H EPRF : E14.7,7H TKJK :,El GRASSO 356
+4.6,7H TKOLD:,t14.7,&H EDGEFR:,bI3.6,7H SRNKL:, 14.7) GRASSO 357

570 FORMAT (i6H GRT: ,E15.7,6H GRFT:,E15.7,6H GGT: ,E15.7,6H RGT: ,E15 GRASSO 358
+.7,7H ERROR:,E14.7,/5H FTGR:,E15.7,6H TFGR:,EIS.7,6H RGGL:,E15.7,6 GRASSO 359
+H RGGF:,E15.7,6H RGGE:,E15.7) GRA550 360

360 580 FORMAT (//27X,80H******************** END OF GRASS OUTPUT FOR THIS GRASSO 361
+ TIME STEP ********************,//) GRASSO 362
END GRASSO 363

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

91 I CONTROL VARIABLE IN COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE iNHIBITED.
102 I CONTROL l'ARIABLE IN COMMON OR EQUIVALENCED, OPTIMIZATION MAY BE INHIBITED.
231 1 AN IF STATEMENT MAY BE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.
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SYMBOLIC REFERENCE

ENTRY POINTS DEF LINE
4 GRASS 8

VARIABLES SN TYPE
7 AGBY REAL
4 AREA REAL
o AVN REAL

o Al REAL
12 BCF REAL
15 BKHI REAL
14 BKLO REAL
o BLKMGO REAL

2376 BRICO REAL
0 BULK REAL

2404 BULKFR REAL
o BV REAL

2402 8C REAL
2i BUCRIT REAL

2401 BVCO REAL
o BUS REAL

2377 BVSB REAL
2337 BVSBJ REAL

2341 BVSEJ REAL

2400 BUSG Rt
2340 BVSGJ REAL

0 BVST REAL
16 CPOW REAL
O C0 REAL
13 COI REAL
o DEL REAL
12 DEALT REAL

o01DST REAL

236'
2406

3
4

2420
10
I1
0

20
0

DT
EDGEFE
EGRE

ERROR
FBDEN
FBSAT
FDP
FGPF
FL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MAP (R:2)

REFERENCES
331

RELOCATION
GROA2
GROA2
GR0235

BDGR
BDGR
8DGR
BDGR

ARRAY F.P.

ARRAY F.P.

ARRAY F.P.

BDGR

ARRAY F.P.

*UNUSED F.P.
BDGR

ARRAY F.P.
BDGR
F.P.

GROA2

ARRAY F.P.

GR0A3
GROA3

GROA2
GROA2

ARRAY F.P.
BDGR
F.P.

REFS
REFS
REFS

303
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
310
REFS
312

REFS
REFS
311

DEFINED
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
199
265
214

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

46
46
44

306
53
53
53
53
61

264
61

291
61
282
53

270
61

26",
2 7

:~QQ

267
298

8
53
61
53
69
*6
82
61

211
266
218
175
291
48
48

324
46
46
60
53
128

DEFINED
276
309

DEFINED
271

DEFINED
DEFINED

271
283
114
271
314
291
310

3'2

291
311

100
157
318
82
84

125
214
270

187
DEF INED

291
291

DEFINED
158
158
137
139

DEFINED

261 285 286 302

236

267

136
279
318

8
DEFINED

8
273
291
291

DEFINED
DEFINED

297
313

313

298
313

DEFINED
DEFINED
DEFINED

130

157
218
272

189
275

DEFINED
DEFINED

320

155

8

8
271

270
313
264

DEFINED

DEF I NED

265
DEFINED

317

161

171
233
8

DEFINED

DEFINED
DEFINED

268
8

DEFIED
314

314

DEFINED
314

8
?4
8

159

167
2*232

DEFINED

200

159
161

DEFINED

93

95

94

195

197
234
125

174

297

299

298

230

198
2*264
181

163

8
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VARIABLES SN TYPE
2371 FLX REAL

26 FLXPT REAL
0 FODSLC REAL
0 FOGBDY REAL
2 FPWS REAL

2411I FTGR REAL
2415 FTGRJK REAL

0 GASGEN REAL
I GASIN REAL

2363 GASINK REAL
Z: GASMGO REAL
2353 ub:N'IT REAL

2356 GBCF K:AL
2405 GBDYFR REAL

0 GBYMGO REAL
2347 GESFP READ.
2346 GESFPD REAL

0 GESW REAL
0 GESWF REAL

2410 GGT REAL

2413 GGTJK REAL
0 GIP REAL

2364 GKOUT REAL
0 GOUT REAL

2414 GOUTJK REAL
0 GR REAL
5 GRD REAL

2412 GRFT REAL
22 GRFO REAL
17 GROW REAL
0 GRSIZ REAL
0 GRT REAL
0 GS REAL

2407 GSJK REAL
10 H REAL

0 1H REAL
2352 HITEI REAL

0 HOLD REAL
2354 HPRS REAL
2361 HT REAL

3 HY REAL
2357 I INTEGER

0
0

11

IMAXI
IRSTAR

IRSTRO

76/176 OPT:0 TRACE

RELOCATION

BDGR
ARRAY F.P.
ARRAY F.P.

BDGR

ARPAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

iTEGER
INTEGER

INTEGER

F.P.
GR0235

F.P.

GROA3
F.P.

F.P.

F.P.

F.P.
GROA2

BDGR
GROA2
F.P.
F.P.
F.P.

GROA4

F.P.

F.P.

GROA2

GROA4
F.P.

BDG02D

E STATIC

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
192

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS
185

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
189
188

REFS
REFS
118

REFS
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212
53
61
61
53

324
291

61
44
176
192
184

159
2 1

61
114
113
48
61
8

2*320
270
287
61
184
61
194
287
61
46

318
53
46
60

309
61

277
49

229
61
135
61
t6

205
46

166
190

49
2*70
157
50

21'
211

DEFINED
157
101

DEFINED
DEFINED

176
175
17?1
X93
192

DEF NED
DEFINCI)

171
DEF I NED
DEFINED

114
103
321

291
DEFINED

185
185

291
314

DEF I NED
320
318
216
147
324
278
283
155
230
157
136

DEFINED
2 3

DEFINED
167

DEFINED

73
317
70

211

8

DEFINED

8
DEFINED

280
287
285

DEFINED
DEFINED

194
306

158
274

DEFINED
113
II?

155
266
322

DEFINED
8

186
194

DEFINED
DEFINED

147
324

DEFINED
291
200

DEFIW!"
291

DEFINED
157

205
DEFINED

8
291

146
180
164

77
319

DEFINED

DEFINED
139
175

DEFINED
309

8

267

323

285

29'

.16

DEFINE.
75

DEFIHED
8

DEF I NED
276
170

229
128

DEF I NED
DFF'ED

181
166

85
DEFINED

77

132

199

8

190
DEFINED

126

291

324

DEFINED
DEFINED

306

28'

8
305
8

200

DEFINED

144
170

182
178

86
8

277

3*205

8

145
225

183
I bi

103

9

176

184

120

230

205

188
182

116

FTN 4.8+508

183
8
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76/176 OPT:0 TRACE STATIC FTN 4.8+508

VARIABLES
3%J

3 JFIRST

I
10
11
4

JKF
JNCU 0
JNCGBI
K

0 KF

4
0

II
5

2343

2
"5

2367

KF I RST
KF I

KK
KPRINT
KTBF

KI
GRASS
l

2351 N

3
6
7
0

2366
6
5
3
12
0

NAME
NCLi
NCGB I
NF

FLAG
NMAX
NHAXB
NIAXBK
NMAXG
PRINT

SN TYPE
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER

I NT7GER

INTEGER
JTFGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
GR0235

BDG02D

GR0R3
GR0235
GR0235
GR'235

F.P.

BDG02D
F.P.

GROA4
BDG02D

GR0A3
GRSPTR

ARRAY

ARRAY

BDGR
GR0235
'-R0235

E.C.

BDG02D
GR0235
F.P.

GR0235
F.P.

REFS
1 14

2*127
150
181
203
229

2*270
3*288
313

REFS
DEF I NED
REFS
REFS
REFS
REFS

112
2*123
140

2*154
2*176
2*197
213
227
2*267
286

DEFINED
REFS
157

REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

RE'S
RE
Or-S

44
2*117
4*135
153

2*185
2*205
4*232
271

6*291
3*314

50
70
48
44
44
44
114

2*125
144

8x155
181

2*198
2*214
229

2*270
2*288

102
3x60
171
50

2*60
8

49
50
195
97
48
55

209
207
2*125

124
53
44
44

4*60
8

231
50
44
61
44
81

100
2*118
136

2*154
190
210

2*233
2*272
2*295

DEFINED
71

326
DEFINED

103
115
126
145

3* 160
2*185
2* 199
2*217
4*232
271

6*291
131

18*61
DEFINED

61
80

172
DEFINED

221
301

2*135

210
209
167
165
197

20*61

DEFINED

DEFINED

85

103
120

4*137
6*155
2*194
211

c*234
277
296
91

103

141

104
2*117
2*127
147

3*161
189

3*200
2*218
2*233
2x272
2*295
223
80
8

130

201
98

301

DEFINED

211

181
179
198

91

206

8

86

105
121
144

2*160
197
213

2*264
276
299

I!6

4X107
2*122
145

2*161
198

2*214
265
283
306

4*109
123
147
167
'99

2*217
2*266

285
307

112
2* 125
148

2*176
2*200
2*218
2*267
286
308

118

143

5*107
120

2*135
149
168
191

2*205
222

2*264
278
299

102

221

5*109
121
36

1 i0
169

2*194
210
223
?65
403

131

2*110
2*122
137
153
173

2*195
211

2*225
2*266

285

140

288

106
2*118

134
148
167
190
203

2*221
2*234
277
2*296
227
97

2*137

294
151
304

134

213

197
197
199

128

215

98

305
304
305

212
208

157

219

151

2*217

216
269

171

152

2*218

2*270

314

2*195

SUBROUTINE GRASS 10/21/40 14.36.26 PAGE 10
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VARIABLES

0
11
12
13
14
15
16
17
20
21
22

23
24
25
26
27
30
31
3-4
33
34
2

35
36
37
40
41
42
43
44
3
4
5
6
7
10
13
14
10
24

it
0
0
0

2344
0

2350
0

NVARI
NVARIO
NUARI I
NVARI2
NUAR13
NVAR14
NVARIS
NVAR16
NVARI7
NVAR18
NVAR19
NVAR2
NVAR20
NVAR21
NVAR22
NVAR23
NVAR24
NVAR25
NVAR26
NVAR27
NVAR28
NVAR29
NVAR3
NVAR30
NVAR31
NVAR32
NVAR33
NVAR34
NVAR35
NVAR36
NVAR37
NVAR4
NVARS
NUAR S
NUAR7
NVARS
NVAR9
NXBD
NXBDG
PDSC
PG
P1
P143
PLENP
POROS
POW4
POWERL
PRF

PRFC
PRFOLD

SN TYPE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
*NTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION

ARRAY
ARRAY

ARRAY

ARRAY

GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GR0235
GR0235
BDGR
HDGR
BDGR2D
BDGR
F.P.
F.P.
F.P.

F.P.

F.P.

289
202

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
RE FS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

304
328
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
44
44
53
53
50
53

2* 145
60
61

101
61
8

115
61

314

146
284
135
264

DEFINED
112
100

DEFINED
123
115

DEFINED
155

324

291
136
265
8

200
105
100
155

114
2x160

8 172329

DEFINED
137
266

DEFINED
DEFINED

160

2*161 DEFINED

DEFINED

283

271

8
8

161 171

8 123

10/21/60 14.36.28 PAGE 11SUBROUTINE GRASS



SUBROUTINE GRASS

VARIABLES SN TYPE

0 PRSO REAL
23 PTPL REAL
15 RAD REAL

2416 RATIO REAL
2335 RGG REAL
2422 RGGE REAL
2423 RGGF REAL
2421 RGGL REAL
2334 RGP REAL
2333 RGT REAL

0 RGTJ REAL
0 RH REAL
0 RHODSL REAL
0 RHOLD REAL
6 RHOOLD REAL

27 Rh REAL
2403 RP REAL

0 RS REAL

2342 RTGAS REAL
I R9 REAL
0 SAVG REAL

2370 SAUGRM REAL
2 SAVGI REAL

25 SBCF REAL
17 SIGPI REAL
13 SPT REAL
14 SRNK REAL

2375 SUMA PEAL

2372 SUMAB REAL
2374 SUMAE REAL
2373 SUMAG REAL

0 TAUA REAL

7 TCONU REAL
2417 TFGR REAL

I TFPV REAL
0 TFO REAL
0 TGASIN REAL

I TGASR REAL

0 TGRAD REAL

2 TGRADI REAL
0 TIT REIiL
0 TK REAL

0 TKI REAL
2355 TKOJK REAL

A

A

76/176 OPT:0 TRAC

RELOCATION

MRAY FP.
IDGR

RRAY GRO 235

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
F.P.
F.P.
F.P.
BDGR
BDG :'

F.P.

BDGR
F.P.

GR0235
BDGR
BDGR
GROA2
GROA2

F.P.

BDGR

GROA2
F.P.
BDG02D

BDG02D

F.P.

GROA2
F.P.
F.P.

GROA2

E STATIC

296
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
33288
REFS
REFS
REFS
233

REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REPSREFSREFS
REFS
REFS
REPS

DEFINED
REFS

DEFINED
REFS

110
REFS
REFS
REFS

DEFINED
REFS
R«'S

FTN 4.8+508

61
53
44
291
303
324
324
324
302
308
61
61
61
61
53
53

283
60

DEFINED
278
53
61

234
212

44
53
53
46
46

2*272
(35
235
235
235
61
8

53
319

46
61
50
177
50
186
61

46
76
61
8

46
157

144
112
61

DEFINE'
321

DEFINED
DEFINE'
DEFINED

321
320
308
117

DEFINED
117
125
210
291
2*107

8
307
283
157
270
213

158
114

212
273

273
275
274
168
104

324
133
i57
74

74
193
110

DEFINED
83
118

DEFINED
DEFINED

10/21/80

145

236
288
323
322
323
321
322
321
314
127
8

154
155
214

DEFINED
2*109

DEFINED

171
272

DEFINED

291
274

DEFINED
302
303
169
130

DEFINED
DEFINED
DEFINED

177

75

149

149
DEFINED

122

148
ISO

DEFINED

264

DEFINED

DEF I NED
324

DEFINED
154

DEFINED
DEFINED

217
272

4*135

96

190
DEFINED

210

275

232
DEFINED
DEFINED

195
173

318
137
8

279

186

DEFINED

8
1418

14.36.28

8

265

90

89
DEF I NED

8
DEF I NED

8
117
218

136

278

210
8

276

234
233
200

319

280

193

8

283

PAGE 12

266

303

302
88

307
8

127
154

4*137

217
213

305

2*155

0*232
217

291

2*221 2*225

317

280

107

281

109

?9 295



SUBROUTINE GRASS

VARIABLES SN TYPE
0 TKOLD REAL

2332 TMAX REAL
2345 TOTFIS REAL

I TPASS REAL
0 TS REAL

2360 TSAVE REAL
10 T50 REAL
7 T502 REAL
6 T2 REAL
12 VERS REAL

2336 VOLJ REAL
21 VOLUME REAL

2 Y REAL

WILE NAMES
0.TPUT
TAP¬6

EXTERNALS
ERF
GRASS2
GRASS

INLINE FUNCTIONS
ABS
AtIX
AMINI

STATEMENT LABELS
47 100
175 110
205 120
261 130
302 140
0 ISO
0 160

337 170
401 180
4U3 190
501 200
546 210
550 220

0 230
567 240
0 250

727 460
1012 270
1022 280
1104 290
1130 300

MODE
FMT
FMT

TYPE
REAL

TYPE
REAL
REAL
REAL

76/176 OPT:0 TRACE STATIC

RELOCATION
ARRAY F.P.

ARRAY

ARRAY

ARGS
I LIBRARY

it
6

ARGS
I

0
0

INTRIN
INTRIN
INTRIN

DEF LINE
80

109
110
120
124
125
127
134
143
144
157
163
164
167
168
181
195
201
205
216
220

GWOA4
F.P.

BDG02D
BDG02D
GROA2
BDG02D

GR0235

GROA4

REFS
295
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
300

REFS
DEF 'NED

WRITES 197
WRITES 81

REFERENCES
115 159
157
171

DEF LINE REFERENCES
320
113
229

REFERENCES
71
105
108
116
119
124
102
231
140
142
152
160
162
165
231
179
197
195
201
212
208

73
106

191

216

FTN 4.8+508

ISO

DEFINED
DEFINED

173
2x107

DEFINED
76

DEFINED
8r

31G6
175
303

61

61

230
137
49
60

174
50
50
46
50

300
44

302
49
167

198
85

291

84
101
174

2:109
168

DEF I NED
79
86

311
277

DEFINED
161

200
153

10/21/80

DEFI !D

DEFIED
21155

78

327

312
291
135
183

203
'55

14.36.28

8

169
DEFINED

327

DEFINED

DEFINED
297

189

290
3214

76

PAGE 13

118 122

8

83

92
298

1)0

300
299

291
329

314199
86



76Il'6 OPT:0 TRACE STATIC FTN 4.8+508

STATEMENT LABELS
1142 310
1147 320
1151 330

0 3 t0
1162 350
1204 360

0 370
1405 380

0 390
1456 400

0 410
1642 420
1653 430
2075 '40 FMT
2105 450 FMT
2111 460 FMT
2116 470 FMT
2125 480 FMIT
2151 490 FMT
2161 500 FMT
2173 510 FMT
2177 520 FMT
2203 530 FMT
2207 540 FMT
2216 550 FMT
2231 560 FIT
2267 570 FMT
2307 580 FMT

INACTIVE

INACTIVE

DEF LINE
222
224
225
227
229
232
270
285
290
295
316
328
330
333
335
336
337
338
342
344
346
347
348
349
350
352
357
360

REFERENCES
305
133
222

2X226
226
221
269
204

2x289
289

91
294

69
81
85
86

153
155
290
200
197
198
199
203
314
291
324
329

LOOPS
114
144
303
553
636
743

1037
1300

LABEL
410
160
150
230
250

300
370

COMMON BLOCKS
GR0235
GROA2
GROA3
GROA'.
BDG02D
BDGR
GK5PTR

INDEX
J
K
N
N
N
N
N
N

LENGTH
18
1e

5
10
11
24
38

FROM-TO
91 316

102 127
124 125
165 167
179 181
197 197
208 220
269 270

LENGTH
14608

1578
I08
138
138
138
74B8
I B

PROPERTIES

INSTACK
OPT
OPT

OPT
INSTACK

EXT REFS
EXT REFS

EXITS
NOT INNER

NOT INNER

EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

27028
17408

1474
124

SUBROUT!4E GRASS 10."21/80 14-36.28 PAGE
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I

ENTRY POINTS
4 GRASS

VARIABLES
0 S

0 SUM

DEF LINE

SN TYPE
REAL

REAL

REFERENCES
2 6

RELOCATION
F.P.

F.P.

9

REFS
7

REFS

2

3

3

4

7 DEFINED

7 DEFINED

STATEMENT LABELS
0 100

23 110
INACTIVE

DEF LINE
4
7

REFERENCES
2*3
3

STATISTICS
PROGRAM LENGTH

1400008 SCM USED

SUBROU'INE GRASSI sums,)
IF (5.PQ.0.) RETURN
IF (S-SUM) 100,100,110

i00 SUM : SUM-5
5 5:0.

RETURN
110 5 : 5-SUM

SUM : 0.
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

1I

GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I
GRASS I

2
3
4
5
6
7
8
9

10
11

308

S

8

SUBROUTINE GRASSI I 0/2 I/rB 14.36.28 PAGE i
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SUBROUTINE GRASS2 76u176 OPT:0 TRACE STATIC FTN 4.8+508 0/21/80 14.36.28 PAGE

SUBROUTINE GRASS2 (HTKOLD,IRSTAR,FOGBDY,C0,HHTFO,SAVG,DIST,NFKF GRASS2 2
+) GRASS2 3
COMMON/GR0A2/TK,TFPV,TGRAD,HS,AREA,GRDT2,AGBY,FBDEN,FBSAT,DELT GRASS2 4

+ SPT SRNK(3) GROW(3) GRASS 5
5 tOMMN'BDG02b/ GRASS2 6

+TGASIN,TGASP,PI,JFIRST,KFIPST,KPRINT,NMAX,TS02, GRA552 7
+TSC,IRSTRO,VERS GRASS2 8
COMMON/GR2A4/EP5,YAIMAX2,D4LIM GRASS2 9
COMMONGTWOLC/SN,DELHVN,YY,XX,XLAMDA,CONS,FC,FCEC,FCSDDCEC,DCSD, GRASS2 10

10 +DCECN GRA552 11
COMMONGR0235/AVNGASIN,SAVGI,J,K,NMAXB,NCDI,NCGBIJNCDI,JNCGBI, GRASS2 12
+NMAXG,NXBD,NX DG,RADVOLUME GRASS 13
COMMON/GR2A3/PBK PGBDY,PBKDSPDSL,PBKGBY,PBKDLC,FLXGB2 GBRF GRASS 14
+RRGBIPRTRS,BLK6OR,GBYMOP,NMAXD,NMAXB2,NMAXD2,NMAXG2,GBYMR, 12, GRASS2 IS

15 +513,534 GRASS2 16
COMMON/BDGR2/FFDSLCATMVOLBOLTZ,GI,G2,EPSI, GRASS2 17
+AVNUM,RGDELHUTPGG8502P,SIG,WMI,1M2,XKXKPGBR, GRASS2 18
+QSSTAR,Q5,DZEROPZEROFN,ACONDELTAREDIS,RESCON,DVOL,EVL, GRASS2 19
+DVOG,EVG ALFABEVKBAbCI,BADC2,BADC3,BADC4,BADC5, ADC6, GRASS2 20

20 +GBADCI,Gb DC2,FAWGE,ASTRR NOYE5(2),GBADC3,A(9),DLIMB GRASS2 21
DIMENSION PBK(2,2),PGBDY(2), GRASS2 22
+PBKGBY(2),EPS(6),SAVG(NFKF,4),DIST(NF,KF,4) GRASS2 23
+,YA('4),RA6(2,2) GRASS2 214
+RTRS(2),8VBULK( ), GRASS2 25

25 +DULKA(2),DVGBDY(2),DDBULK(2),BDGBDY(2),FOGBDY(KF), GRASS2 26
+C0(NF,KF),HH(NF,KF),TF0(NF,KF) GRA552 27

C GRAS52 28
IF (KFIRST.NE.0) G0 TO 100 GRASS2 29
AVN : AVNUM GRASS2 30

30 DELHVN : DELHV/AVNUM GRASS2 31
XLAMDA : ATMVOL**(I.f3.) GRASS2 32
CONS : 3.*XK/(2.*XK+XKP) GRASS2 33
FC : 4.*PI,(3.*ATMVOL,*CONS GRASS2 34
FCEC : FC*DELKVN GRASS2 35

35 FCSD : FC*QSSTAR GRASS2 36
DCEC : 3.*ATMVOL*ATMVOL/(.*BOLTZ*PI*SIG*SIG)*SQRT((WMl+NM2),(WMl* GRASS2 37
+WM2)*.5*PI*RG)*PZERO GRASS2 36
DCSD - 3.*XLAMDA*ATMVOL*DZERO/(2.*PI) GRASS2 39
KFIRST : I GRASS 40

40 D4LIM : DLIM GRASS2 41
100 CONTINUE GRASS2 42

GAMMA : GI-G2*(TK-273.14) GRASS2 43
AGBY : ACON/GRD GRASS2 44
TKS : TK GRASS2 45

45 IF (TKS.LE.1773.0) TKS : 1773.0 GRAS52 46
VKT : BEVK*TKS GRA552 47
DVCVL : DVOL*EXP(-EVL/VKT) GRASS2 48
DUCUG : DJOG*EXP(-EVG/VKT) GRASS2 49
D : GRD*I.E4 GRASS2 50

50 IF (D.LE.2.0) D : 2.0 GRASS2 51
IF (D.GE.14.5) D : 14.5 GRASS2 52
AO : A(I)+A(2)*D+A(3)*D*D GRASS2 53
Al : A(4)+A(5)*D+A(6)*D*D GRASS2 54



76/176 OPT:0 TRACE STATIC FTN 4.8+508

A2 : A(7)+A(8)*D+A(9)*D*D GRASS2 55
55 IF (TKS.GE.2350.0) TKS : 2350.0 GRASS2 56

SIGF : EXP(A0+AI/TKS+A2/TKS'TKS)*9.8E05 GRASS 57
DTDT : (TK-TKOLD)tDELT GRASS2 58
DCIE : BADC3*TFPV*EXP(BADC4/TK) GRASS 59
CALL GRASS5 (TK GAMMA,HS,SAVGNF,KF; GRASS 60

60 OKT : l.0/(BOLTI*TK) GRASS2 61
CONST : TGRAD/TK GRASS2 62
FCSDT : FCSD*CONST GRASS2 63
FCECT : FCEC*CONST GRASS 64
EVCDTD : EXP(-DELHVI(RG*TK))iSQRT(TK) GRASS 65

65 DCSiT : DCSD*EXP(-QS.(RG*TK)) GRASS 66
FBSAT : ASTAR*AGBY GRASS 67
FBDEN : +PI*RAD(i 2)*RAD(l,2)*DIST(J,K,3) GRASS2 68
RTRS(I) : TFPV*RE CON*(I.0-RAD(2,l)/(RAD(2,l)+REDIS)f GRASS 69
RTRS(2) : TFPV*RESCON*(l.0-RAD(j,2)/(RAD( ,2)+REDIS))*GBR GRASS 70

70 512 : SAVG(JK,I)/SAVG(J,K,2) GRASS2 71
513 : SAVG(JK,l)/SAVG(J,K,3) GRASS2 72
523 : SAVG(J,K,2)/SAVG(J,K,3) GRASS2 73
534 : SAVG(J,K 3)/SAVG(J,K,4) GRASS2 74
IF (KPRINT.LT. ) GO TO 110 GRASS2 75

75 PRINT 360, TK,TGRAD,DTDTTFPV,GASIN GRASS 76
PRINT 370 GRASS2 77
PRINT 400 GRASS2 78
PRINT 410 GRASS 79

110 LN : 0 GRASS2 80
80 L : 0 GRASS2 81

120 L : L+1 GRASS2 82
N : 0 GRASS 83

130 N : N+1 GRASS2 84
;F (.NOT.(L.EQ.2.AND.KPRINT.GE.2)l GO TO 140 GRASS 85

85 IF (N.EQ.I) PRINT 380 GRASS2 86
IF (N.EQ.2) PRINT 390 GRASS2 87
PRINT 400 GRASS 88

140 LN : LN+I GRASS 89
RADC : RAD(N,L)**3 GRASS2 90

90 C------DRIVING FORCE ON BUBBLE IN TEMPERATURE GRADIENT GRASS 91
FSURF : -FCSDT*RADC GRASS2 92
FEVCD : -FCECT*RADC GRASS2 93
FATOM : -FCSDT*RADC GRASS 94
TAUB : RAD(N L)*RAD(N L)/(DVCVL) GRASS 95

95 IF (DTDT.LE.6.0) GO T 150 GRASS2 96
TPD : TKOLD*RAD(NL)*SIGF(3.*GAMMA*DTDT) GRASS2 97
GO TO 160 GRASS2 98

150 TPD : 20.0*TAUB GRASS2 99
C------LATTICE BUBBLE DIFFUSION COEFFICIENTS AND VELOCITIES GRASS 100

100 160 BDSURF : DCSDT/(RADC*RAD(N,L)) GRASS2 101
BDEVCD : EVCDTD*DCEC/SAVG(J,KLN) GRASS 102
BUSURF : FSURF*BDSURF*OKT GRASS 103
BVEVCD : FEVCD*BDEVCD*OKT GRASS2 104

SL.EQ.2) GO TO 200 GRASS 105
105 BETAB : 1.O-EXP(-TAUBiTPD) GRASS 106

BAX.?7 : BADC5+(4.0-BADC5)*BETAB GRASS2 107
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110

115

120

125

130

BADC8 :=BADC2+(108000.-BADC2)*BETAB
BDATOM : BADCI*EXP(-BADC8/(I.986*TK))/((RAD(NL)*BADC6)**BADC7)
IF (N.EQ.l) BDATOM : AMAXI(BDATOM,DCIE)
BVATOh : FATOt*BDATOH*OKT
BVBULK(N) : -AMAXi BVE('CD,AMINI(BVSURFBVATOM))
BDBULK(N) : AtAXI(BDEVCD,AMINI(BDSURF,bDATOM))

C CALCULATE COALESCENCE PROBABILITIES IN BULK
M-:0

170 M:=M+I
RADNM : RAD(N,L)+RAD(M,L)
PR : 4.*PI*(BDBULK(N)+BDBULK(M))*RADNM
PB : PI*ABS(BVBULK(N)-BVBULK(M))*RADNM*RADNM+
TAUB : RADNM*RADNM/(DVCVL)
HOTAUG : -TPD/TAUB
FACTOR : 0.0
IF (HOTAUG.GT.DLIM) FACT : EXP(HOTAUG)
RATED : (1.0-(I.0-ALFA)*FACTOR)
PBK(N,t) : (PR+PB)*RATEB
IF (M.EQ.N) GO TO 180
PBK(M,N) : PBK(Nt)
GO TO 170

180 IF (N.NE.I) GO TO 190
PBK(NN) : FN*PBK(N,N)

190 BULKA(N) : PBK(N,N)
GO TO 220

C -----BOUNDARY AND EDGE BUBBLE DIFFUSION COEFFICIENTS AND VELOCITIES
200 TAUG : RAD(NL)*RAD(N,L)t(DVCVG)

BETAG : 1.0-EXP(-TAUG/TPD)
GBADC4 : BADC5+(4.0-BADC5)*BETAG
GBADC5 : GBADC2+(108000.-GBADC2)*BETAG
BDGATM : GBADCI*EXP(-GBADCS/(1.986*TK))/((RAD(N,L)*GBADC3)**GBADC4

BUGATM : FATOM*BDGATM*OKT
BVGBDY(N) : -FOGBDY(K)*AMAXl(BVEVCD,AMINI BVSURF,BVGATM))
BDGBDY(N) : AMAXI(BDEVCD,AMINI(BDSURFBDGATM))
GBYMR : -BVGBDY(N)*AREA

C CALCULATE RATE OF DIFFUSION OF GRAIN BOUNDARY BUBBLES TO GRAIN EDGE
IF (N.GT.1) GO TO 210
TKS : TK
IF (TK.LE.477.0) TKS : 477.0
BDATOM : BADCI*EXP(-BADC8/(I.986*TKS))/((RAD(N,L)*BADC6)**BADC7)
DCIEB : DCIE*(RAD(IL)/RAD(N,L))**BADC7
BDATOM : AMAXI(BDATOMDCIEB)
BDLTCE : AMAXI(BDEVCDAHINI(DDSURF,BDATOM))
BPRIM : SQRT(2.0/DELTA/BDGBDY;N))*(BDLTCE*PI/H)**.25*(GRD*.26726)
BMPRIM : -BPRIM
EB : 0.0
IF (BPRIM.GT.DLIM) EB : EXP(BMPRIM)
FLUXED : .25*((l.0-EB),BPRIM-EB),H
IF (FLUXED.LE.0) FLUXED : 0.
RRGBIP =:ABS(BVGBDY(l))/(GRD/3.742)+FLUXED

C CALCULATE COALESCENCE PROBABILITIES ON GRAIN BOUNDARIES AND EDGES
210 PR : 2.0*BDGBDY(N)/AGBY

135

140

145

GRAS 52
GRASS2
GRASS2
GRASS2
GRASS2
GRASS
GRASS2
GRASS2
GRASS2
GRASS2
GRASS
GRASS2
GRASS
GRASS2
GRASS2
GRA52
GRASS2
GRASS2
GRASS2
GRASS2
GRASS2
GRASS
GRASS
GRASS2
GRASS
GRASS2
GRASS2
GRASS2
GRASS2
GRASS
GRASS
GRASS2
GRASS2
GRASS
GRASS2
GRASS2
GRAS52
GRASS
GRASS2
GRASS
GRASS2
GRA552
GRASS2
GRASS2
GRASS
GRASS
GRASS2
GRASS2
GRASS
GRASS2
GRASS2
GRASS2
GRASS

108
109
110
III
112
''3
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
ISO
151
152
153
154
155
156
157
158
159
160

150

'55
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160 RADNM : 2.0*RAD(N,L) GRASS2 161
TAUG : RADNM*RADNM/(DVCVG) GRASS 162
HOTAUG : -TPD/TAUB GRASS 163
FACTOR : 0.0 GRASS 164
IF (HOTAUG.GT.DLIM) FACTOR : EXP(HOTAUG) GRASS2 165

165 RATEG : (l.0-(I.0-ALFA)*FACTOR) GRASS 166
PGBDY(N) : PR*RATEG GRASS 167
GO TO 280 GRASS 168

C CALCULATE DIFFUSION RATE OF LATTICE GAS TO GRAIN FACES GRASS 169
220 DPRIM : DDBULK(N)*4.0/(GRD*GRD) GRASS 170

170 IF (N.GT.1) GO TO 240 GRASS2 171
AMI : AMAXI(TFPV,TFO(J,K)) GRASS 172
DTF : ABS(TFO(J,K)-TFPU)/AMAXI(AMI,I.0) GRASS 173
IF (DTF.LE..01) GO TO 230 GRASS 174
CO(J,K) : DIST(J,K,N) GRASS 175

175 TS02 : TSO GRASS2 176
230 T : T2-T502 GRASS2 177
240 IF (N.GT.I) T : H GRASS 178

DPRI9T : DPRIM*T GRASS 179
DPT : DPRIMT*PI*PI GRAS52 180

180 IF (N.GT.1) GO TO 250 GRASS2 181
FLXGB2 : GASIN*(6.0*SQRT(DPRIMT/PI)-3.*DPRIMT) GRASS 182
IF (DPT.GT.I.0) FLXGB2 : GASIN*(l.0-6.0*EXP(-DPT)/PI/PI) GRASS 183

250 GBI : 3.0*(SQRT(DPRIM/PI/T)-DPRIM) GRASS2 184
IF (DPT.GT.I.0) GBI : 6.0*DPRIM*EXP(-DPT) GRASS 185

185 IF (N.GT.1) GO TO 270 GRASS2 186
IF (DIST(J,K,N).LE.I.E-20) GO TO 260 GRASS2 187
XGBI : GDl*CO(J,K)/DIST(J,K,N) GRASS 188
FLXGB2 : FLXGB2/DIST(J,K,N)+XGBI GRASS2 189
GO TO 270 GRASS2 190

190 260 FLXGB2 : 0.3 GRASS2 191
XG1 = 0.0 GRASS? 192

270 IF (N.EQ.1) GBD = 0.0 GRASS2 193
P8KGBY(N) : ABS(BVBULK(N))*AGBY+GDI GRASS 194
IF (KPRINT.LT.2) GO TO 290 G='^552 195

195 PRINT 350, SAVG(JDK,LN).RAD(NL),BDSURF,BDEVCD,BDATGM,BVSURF,BVEVC GRr.S2 196
+D,BIATOM,PBKGBY(N) GRASS 197
GO TO 290 GRASS 198

280 IF (KPRINT.LT.2) GO TO 290 GRASS 199
PRINT 350, SAVG(J,K,LN),QADN,L),DSURF,BDEVCD,BDGATM,DVSURF,BVEVC GRASS 20

200 +D,DUGATM,RRGBIP GRAS52 201
290 CONTINUE GRASS 202

IF (N.EQ.1) GO TO 130 GRASS 203
IF (L.EQ.1) GO TO 120 GRASS 204
GRLII2 : 2.0*PBK(i I)*DIST(J,KI)*DIST(J,K,I)*512 GRASS 205

205 GRLI22 : PBK(1,2)*Sl2*DIST(J,K,l)*DIST(J,K,2) GRASS2 206
GRL223 : PBK(2.2)*DIST(J,K,2)*DISTJ,K,2) GRASS2 207
SRNL21 : RTRSil)*DIST(J,K2)X*S12 GRASS 208
GRLG2 : PBKGBY(2)*DIST(J,K,2)*523 GRASS 209
IF (523.Gt.w.u) GRLG2 : -GRLG2 GRASS2 210

210 GRG223 : PGBDY(I)*DIST(J,K,3)*DIST(J,K,3) GRASS 211
GRE223 : PGSDY(2)*DIST(J,K,4)*DIST(J,K,4) GRASS 212
IF (S34.GT.I.0: GRGE2 : -GRGE2 GRASS 213

SUBROUTINE GRASS2 10/21/00 14.36.2@ PAGE



76u176 OPT:0 TRACE STATIC FTN 4.8+508

SRNG21 : RTRS(2)*DIST(J,K,3)*513 GRAS52 214
FLUXL : GRL223-SRNL21 GRASS2 215

215 STABLE : GRLII2+CRL22 GRASS2 216
STABG : (FLXGB2+PBKGBY(I)*DIST(J,K, I))*S13 GRA52 217
IF (FLUXL.GE.0.0) GO TO 300 :AS52 218
FLUXL : -FLUXL URASS2 219
SRNK(I) : (FLUXL-STABL)1H GRASS 220

220 GROW(I) : 0.0 GRASS2 221
GO TO 310 GRASS2 222

300 GROW(L) : (FLUXL-STABL)XH GRASS2 223
SRNKi() : 0.0 GRASS2 224

310 FLUXG : GRG223-SRNG21-GRLG2 GRASS 225
X25 IF (FLUXG.GE.9.0) GO TO 320 GRASS2 226

FLUXG : -FLUXG GRASS2 227
SRNK(2) : (FLUXG-STABG)*H GRASS 228
GROW(2) : 0.0 GRASS2 229
GO TO 330 GRASS2 230

230 320 GRON(2) : (F'UXG-STABG)*h GRASS2 231
SRNK(2) : 0. GRASS2 232

330 GROW(3) GRE223TH GRASS2 233
SRNK(3) = 0.0 GRASS2 234
YA(I) : BULKA(l) GRAS52 235

235 YA(2) : 0.0 GRASS2 236
YAi3i : 0.0 GRASS2 237
YA(4) : 0.0 GRASS2 230

00 340 N:I,4 GRASS2 239
340 EPS(N) : EPSI/SAVG(J,K,N) GRASS 240

240 EPS(5) : EPSI GRASS2 241
EPS(6) : EP5(3) GRASS2 242
TFO(J,K) : TFPV GRASS 243
RETURN GRASS2 244

C GRASS2 245
245 350 FORMAT (10E13.5) GRASS2 246

360 FORMAt (//4H TK:,El2.4,7H TGRAD:,El2.4,6H DTDT:,E12.4,6H TFPV:,E12 GRASS2 24?
+.4,h GASIN:,E12.4) GRASS2 248

370 FORMAT t.2IH LATTICE SIZE CLASSES) GRASS 249
380 FORMAT (/20H BOUNDARY SIZE CLASS) GRASS2 250

250 390 FORMAT (uI6H EDGE SIZE CLASS) GRASS2 251
400 FORMAT (//52H SAUG RAD BDSURF BDEVCD, GRASS 252

+52H BDATOM BUSURF BVEVCD BVATOM,13H GRASS2 253
+FLUXGB) RASS2 254

410 FORMAT (IHO) GRASS 255
255 END GRASS 256

SYMBOLIC REFERENCE MAP (R:2)

ENTRf POINTS DEF LINE REFERENCES
4 GRAS52 1 243
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VARIABLES
55 A
26 ACON
7 AGBY

36 ALFA
2126 AMI

4 AREA
51 ASTAR

I ATMVOL
0 AVN
6 AUNUM

2042 A0
2043 Al
2044 A2

67 8
40 BADCi
41 BADC2
42 BADC3
43 BADC4
44 BADC5
45 BADC6

2075 BADC7
2076 BADC8
2077 BDATOMI

c'60 BDBULK
2071 BDEVCD

211 BDGATM
21a2 BDGBDY
2117 BDLTCE
2070 BDSURF

2074 BETAB
2111 BETAG

37 BEVK
20 BLKMOR

2121 BMPRIM
2 DOLTZ

2120 BPRIM
2154 BULKA
?10c BVATOM
c ; BVBULK
2073 BUEVCD
2115 BVGATM
2156 BVGBDY
2072 DUSURF

5 CONS
2051 CONST

0 CO
2041 D

1I DCEC

SN TYPE
REAL
EAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY ADGR2

BDGR2
GROA2
DDGR2

GROA2
BDGR2
BDGR2
GR0235
BDGR2

BDGi'2
8DGN2
BDGR2
BDGR2
DDGR2
BDGR2
BDGR2

ARRAY

ARRAY

BDGR2
GR2A3

BDGR2

ARRAY

ARRAY

ARRAY

ARRAY

REAL

GTIOLC

F.P.

GTWOLC

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REF5
REPS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS

16
16
3

16
172
3

16
16
11
16
56
56
56
16
16
16
16
16
16
16
108
108
109
108

21
103
101
139
21

151
102
100
106
135
16
13

154
16

152
21

IlI
21
III
140
21

1I,
9

62
21
50
49
9

3*52
43
66
123

DEFINED
142
66
31

DEF I NED
29

DEFINED
DEFINED
DEF I NED

108
2*107

58
58

2*106
108
147
147
110
109

2*117
112

141
151

DEF I NED
112

107
136
46

DEFINED
36

154
234
195

2*118
140
199
142
140
33
63

187
51
50

101

3*53

159
165
171

33

30
52
53
54

147

2* 135
147
148

DEFINED
112
147
169
141

199
159
150
141

DEFINED
DEFINED

152
60

155
DEFINED
DEFINED

193
195

DEFINED
157
195

DEFINED
DEFINED
DEFINED

3*52
51

DEFINED

DEFINED

38

193

2*36

DEFINED
107
149
149

DEFINED
150

DEFINED
DEFINED

ISO

106

112
195

137
141

195

195

199

199

105
134

151DEFINED
130
110

DEFINED
199
139

EF INED
199
3i
61

3*53

III
DEFINED

140
DEFINED

103

102

174
3*54

36
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VARIABLES
13 DCECN

2047 DCIE
2116 DCIEB

12 DCSD
2055 DCSDT

10 DELH)
I DELHUN

12 DELI
27 DELTA
0 DIST

66
2125
2131
2132
?046
2127
2040
2037

34
32
23
13

2122
0
5

2054
35
33

2106
2065

50
10

6
7

2053
10

2052
2064

0
2123
2151
2146

13

25
0

2063
2034

46

DLIM
DPRIM
DPRIMT
DPI
DTDT
DTF
DVCVG
DVCUL
DVO G
DVOL
ZERO
D4LIM
ED
EPS
EPS I
EVCDTD
EVG
EVL
FACTOR
FATOM
FANGE
FBDEN
FBSAT
FC
FCEC
FCECT
FCSD
FCSDT
FEUCD
FFDSLC
FLUXED
FLUXG
FLUXL
FLXGB2

FN
FOGODY
FSURF
GAMMA
GASIN
GBADCI

5K TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REIIL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
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ARRA"

ARRAY

ARRAY

RELOCATION
GTIOLC

GTWOLC

BDGR2
GTWIOLC
GROA2
DDGR2
F.P.

DDGR2

BDGR2
DDGR2
DDGR2
GR2A4

GR2A4
DDGR2

BDGR2
BDGR2

BDGR2
GROA2
GROA2
GTWOLC
GTWOLC

GTWOLC

GR2A3

BDGR2
F.P.

GR0235
BDGR2

58

38

30

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2*205

DEFINED
RECS
REF3
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
190

REFS
REFS
REFS
REFS
REFS
REFS

9
109
149
9

100
16
9
3

16
21

2X206
1

16
178
179

2182
75
173
133
94
16
16
16
8

2*155
8
16

101
16
16

123
110
16
3
3
9
9

92
9

91
103
16

156
225
217

13

16
21
102
59
11
16

148
DEFINED

65
DEFINED

30
34
57
151
67

207

40
2X183
2*181
2*184

95
DEFINED

[51
119
48
47
38

DEFINED
DEFINED

21
239

DEFINED
48
47
i65
139

DEFINED
DEFINED

34
63

DEFINED
62
93

DEFINED

157
226
218
188

129
140

DEFINED
96
75
137

DEFINED

DEFINED
65
64

DEFINED

174
208

122
184

DEFINED
DEFINED

96
172

DEFINED
DEFINED

40
153
241
240
64

DEFINED
DEFINED

67
66
35

DEFINED
63

DEFINED
DEFINED

92

DEFINED
227
219
216

DEFINED
91

DEF INED
181

164
169

57

48
47

187
2*211

186
2*210

154
DEFINED

178
179

DEFINED

188
213

2*204
216

240239

122

154
DEFINED

121
93

DEFINED
34

163 164

33

35
62

'55
230
222

DEFINED

156
DEFINED
DEFINED

181

224
214
182

226
218
188

I

42
182
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VARIABLES
47 GBADC2
54 GBADC3

2112 GBDDC4
2113 GBADC5

20 GBR
14 GBRF
12 GB502P
21 GBYMOR
26 GBYMR

2133 GBU
5 GRD

2143 GRE223
2144 GkGE2
2142 GRG223
2141 GRLG2
2135 GRLII2
2136 GRL122
2137 GRL223

17 GROWd
3 G1
4 G2
0 H

0
2;05

3
12
0

it
3

3
10
1I
4

0
4
5

2060

2057
2101

HH
HOTAUG
HS
IMAX2
IRSTAR
IRSTRO
J

JFIRST
JNCDI
JNCGBI
K

KF
KFIRST
KPR I NT
L

LN
M

2061 N

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
BDGR2
BDGR2

BDGR2
GR2A3
DDGR2
GR2A3
GR2A3

GROA2

ARRAY

ARRAY

*UNUSED

INTEGER
INTEGER
14TCGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

GROA2
BDGRZ
BDGR2
F.P.

F.P.

GROA2
GR2A4
F.P.
BDG02D
GR0235

BDG02D
GR0235
GR0235
GR0235

F.P.
BDGOZD
UDGO D

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

232
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS

171
2*204
21E

REFS
REFS
REFS
REFS
140
199
213
REFS
REFS
REFS
REFS

108
'99

REFS
REFS

DEFINED
REFS
108
125
141

16
16

137
137
16
13
16
13
13

187
3

232
212
224
209
215
215
214
3

16
16

151
DEFINED

21
2*122

3
8

5
11

172
2*205
239
5

II
II
1I

171
2*204
216
6*21
5
5

81
2*116

203
8e
115
114
83
109

2*126
142

2X136
137

DEFINED
DEFINED

69

DEFINED
193
43

DEFINED
DEFINED
DEFINED

221+
DEFINED
DEFINED
DEFINED
DEFINED

42
42
155

DEFINED
2*164

59

67
2*174
2*206
242

67
172

2*205
239
59
28
74
84

2*133
DEFINED

101
116
115
85
III
128
144

135
136

183
151

208

184
157

192
2*169

209

-1

219

142
DEFINED

49
211
212
210

DEFINED

205
206
220

177

DEFINED

230

162

2*70
186
207

2*70
2*174
2*206
242

DEFINED
DEFINED

84
89
137
80
195
117

86
112

4*129
147

2*71
2*187
208

2*71
186
207

I
39
194
2*94
147
81
199
118

89
116

3*130
148

2*72
188

2*210

2*72
2*187
208

198
96

2*148

DEFINED
124

2*94
117

2*133
151

2*73
'95

2*211

2*73
188

2*210

100
160

79
125

96
118
137
159

101
'99
213

101
'95

2*211

104
'95

88
2*126

100
124
140
160
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VARIABLES

6
7
0
6
5
23
22
24
12
25
52
13
14

2050
2104

12
6

10

7
4
2

2103
24
22
21
15

2062
2102
2107
2124

30
31
7
'5
16
0

2
13

2045
13
0

2145
14

SN TYPE

NCDI
NCGBI
NF
NMAX
NMAXB
NMAX 82
NMAXD
NMAXD2
NMAXG
NMAXG2
NOYES
NXBD
NXB5 i
OKT
PB
PBK

PBKDLC
PBKDS
PBKGBY

PDSL
PGBDY
P1

PR
PZERO
05
QSSTAR
RAD

RADC
RADNM
RATE
RATEG
RED I5
RESCON
RG
RRGB IP
RTRS
SAVG

SAUGI
SIG
SIGF
SPT
SON
SRNG21
SRNK

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

REAL
R2AL
REAL

REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
RE ;L
REAL
REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

RELOCATION

GR0235
GR0235
F.P.
8DG02D
GR0235
GR2A3
GR2A3
GR2A3
GR0235
GR2A3
8DGR2
GR0235
GR0235

GR2A3

GR2A3
GR2A3
GR2A3

GR2A3
GR2A3
BDG02D

BDGR2
BDGR2
BDGR2
GR0235

BDGR2
BDGR2
BDGR2
GR2A3
GR2A3
F.P.

GR0235
BDGR2

GROA2
GTWOLC

GROA2

177
2*195

180
199

185
202

186
2*239

I

166
187

DEFINED
IEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

206
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
1r1

REFS
REFS
REFS
REFS
REFS

96
160

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
I,5

REFS
REFS
REFS
REFS
REFS
REFS
REFS

169
188
82
11
'i

5*21
5

1I
13
13
13
11
13
16
1I
1I

102
124

13
DEFINED

13
13
13

193
13
13
5

2*179
124
16
16
16
1I

100
195
91
11?
124
166
16
16
16
13
13
21
199

1I
16
96
3
9

224
3

170
192
83

59

103
DEFINED

21
124

21

21
33
181
166
36
65
35
21
108
199
92

2*118
DEFINED
DEFINED

68
68
36
199
21
55

239

2X36
DEF I NED

DEFINED
DEFINED

174
2*193
238

DEFINED

110
118
126
12kj

195

210
2*36
2*182

DEFINED

2*67
2*116

*43
2*119
123
165
69
69
64

DEFINED
207D
2*70

DEFINED

60DEFINED

130

216

DEFINED
67

205204

166
117

'59

19

129
129

208

211
38
183
117

2*68
2*133

100
2*161

65
157
213
2*71

I

118

89
147

89
116

2*69
137

DEFINED
DEFINED

DEFINED
2*72

160

56

68
2*73

69
101

213
219 227 231 233
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VARIABLES
2140 SRNL21
2150 STABG
2147 STABLE

27 512
30 513

2056 523
31 534

2130 T
2066 TAUB
2110 TAUG

I TFPV

0
0

2
0

0
2035

2067
11
10
7
6
12

2036
21
14
15

2134
16
17
4
3
6
2

TFO
TGASIN
TGASR
TGRAD
TK

TKOLD
TKS

TPD
TPG
T50
T502
T2
VERS
VKT
VOLUME
1MI
WM2
XGB I
XK
XKP
XLAMDA
XX
YA
YY

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION

GRZII3
GR2A3

GR2A3

GROA2

ARRAY F.P.
BDG02D
BDG02D
GR0A2
GROA2

F.P.

ARRAY

BDGR2
BDG02D
BDG02D
GROA2
BDG02D

GR0235
BLGR2
BDGR2

BDGZ2
BDGR2
GTkOLC
GTNOLC
GR2A4
GTWOLC

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
2142
REFS
REFS
REFS
REFS
REFS

61
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

REF.)
REFS
REFS

FILE NAMES
OUTPUT

EXTERNALS
EXP

GRASS
SQRT

INLINE FUNCTIONS
ADS
AMAXI

MODE
FMT WRITES

199

TYPE
REAL

REAL

TYPE
REAL
REAL

ARGS
I LIBRARY

6
I LIBRARY

ARGS

0
INTRIN
INTRIN

REFERENCES
47
134
59
36

DEF LINE

75

48@
137

REFERENCES
118
109
172

70

214
227
219

13
13

208
13

178
98
134
3

21
5

3
3

2*64
57
45
't.'k

105
16
5
5
3
5

47
I1
16
16

188
16
16
9
9
8
9

DEFINED
230
222
204
213
209
212
183
105

DEFINED
58

171

61
42
65
96
46
45
120

175
176
176

21 DEFINED

207
DEFINED
DEFINED

205
216

DEFINED
DEFINED
DEFINED

120
133
68

172

75
44
75

DEFINED
55
55
134

DEFINED

DEFINED

216
215
207

DEFINED
72
73
176
162
161
69

DEF I NED

57
108

3*56
145
162

94

'7'

2*36
2*36

DEFINED
2*32
32
38

DEFINED
7'

177
DEFINED

75

i

58
137

147
146

DEFINED

119

172

187

DEFINED

59
X45

96

60
146

98

17':

191

31

235 236 237

76

56
147

151

157
IlIl

77

58
154

181

172
112

8778

64
164

183

193
140

19585

65
182

141

108

86

105
184

149

122

ISO 171
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INLINE FUNCTIONS
AIINI

STATEMENT LABELS
74 100

353 110
357 120
364 130
405 140
444 150
447 160
557 170
641 180
650 190
655 200
1053 210
1110 220
1156 230
1161 240
1220 250
1276 260
1302 270
1335 280
1354 290
1515 300
1523 310
1542 320
1550 330

0 340
1736 350 FM
1740 360 FN
1751 370 Ft
1755 380 FM
1761 390 Ft
1765 400 Ft
2003 410 Ft

L3OPS
1566

LABEL
340

COMMON BLOCKS
GROA2
BDG02D
GR2A4
GTWOLC
GR0235
GR24'3
BDGkC

TYPE
REAL

MT
MT
MT
MT
MT
MT
MT

INDEX
N

LENGTH
18

12
12
18
26
56

ARGS
0 INTRIN

DEF LINE
41
79
81
83
88
98
100
115
128
130
133
159
169
176
177
183
190
192
198
201
222
224
230
232
239
245
246
248
249
250
251
254

FROM-TO
238 239

DEF LINE REFERENCES
Ill

REFERENCES
28
74

203
202
84
95
97
127
125
128
104
144
131
173
170
k80
186
185 18?
167
194 197
217
221
225
229
238
195 199
'5
76
85
86
77 87
78

LENGTH
I B

PROPERTIES
INSTACK

STATISTICS
PROGRAM LENGTh
SCM LABELED COMMON

1400008 SCM

112 140 141 X50

198

LENGTH
SED

21668
2318

1142
153

A'
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5

10

15

20

25

SUBROUTINE GRASS3 (YYB,YC,GBYMOPRFSAVGDISTNF,KF)
COMMON/GR0235/AVNGASIN,SAVGI,J,K,NMAXB,NCtI ,NCGPI,JNCDI,JNCGBI,
+NMAXG,NXBD,NXBDGDADVOLUME
COMMON/GROA3/GESW,JKMAXKi ECREEPRF
COMMON/GR2A3/PBK,PGBDY,PBKfJS,PDSLPBKGBY,PBKDLCFLXGB2 LRF

+RRGBIP,RTRS, BLKMOR,GBYMOR,NMAXDIMAXB2,NMAXD2,NMAXG2,GBYMR,I2,
+513,534
DIMENSION PBK(2,2),PGBDY(2),
+PBKGBY(2),SAVG(NFKF,4),DIST(NFKF,4),RTRS(2),
+Y(6),YB(4h)YC(6),GBYMO(KFPRF(KFb,
+BULKB(2),BULKC(2),
'RAD(2, 2)
TARB : RTRS(I)*Y(2)SAVGJK,2)+RTRS(2)*Y(3)*SAVG(J,K,3)

C -----COALESCENCE IN BULK
BULKC(I) : GASIN
DISAP : Y(2)*PBK"Ib2)
BULKB(i) : DISAP
BULKB(2) : 0.0
BULKC(2) : (DISAP+PBK(1,1)*Y(I))xY(I)*512

C -----BULK BUBBLES MIGRATE/DIFFUSE TO GRAIN BOUNDARIES
DO 100 N:1,2
BULKB(N) : BULKB(N)+PBKGBY(N)
IF (N.GT.1) GO TO 100
BULKB(N) : BULKB(N)+FLXGB2
G.DYC : FLXGB2*513*Y(N)

100 GBDYC : GBDYC+PBKGBY(N)*Y(N)*SAVC(JK,N)/SAVG(J,K,3)
C -----BUBBLES MIGRATE IN & OUT OF RADIAL SECTION AND
C -----GRAIN BOUNDARY BUBBLES RELEASE TO INTER CONNECTED POROSITY
C AND GRAIN-EDGE GAS ESCAPES TO EXTERIOR OF FUEL

EDGECO : (RRGBIP+EGRE)*Y(3)E534
EDGEC : EDGECOx(I.0-PRF(K)
GR : (EDGECO*PRF(K)+EPRF*Y(4))*SAG(JK,4)*VOLUME
GBDYB : GBYMR/VOLUME+(RRGBIP+EGRE)
GO TO (12,,110), JKMAX

110 CONTINUE
IF (K.LT.KF) GBDYC : GBDYC+GBYMO(KI)/VOLUME*SAVGzJKI,3)/SAVG(J,K,
+3)

120 CONTINUE
C -----CALCULATE COEFFICIENTS YB AND YC
C ----- & INCLUDE EFFECT OF RESOLUTION

YC(4) : EDGEC
YB(4) : EPRF
YB(3) : GBDYB+RTRS(2)
YC(3) : GBDYC
YC(2) : BULKC(2)
YB(2) : BULKB(2)+RTRS(i)
YB(I) :_BULKB(I)
YC(il) - BULKC(l)+TARB
YC(5) : GR

C -----MIGRATION OUT
YC(6) : GBYMR*Y(3)
RETURN
END

30

35

GRA553
GRASS3
GRASS
GRASS3
GRASS3
GRASS3
GRASS3
GRAS53
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRA5S3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3
GRASS3

2
3
4
5
6
7
8
9
10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

45

50
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CARD NR. SEVERITY DETAJIC DIAGNOSIS OF PROBLEM

34 I AN IF STATEMENT MAY FE MORE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT.

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS3

VARIABLES
0 AVN

20 BLKMOR
233 BULKB

235
224
0

230
227
3
4

13

232
226

14
0

21

0
231
3

10
11
4
0
2

225

6
7
0
5

23
22
24
12
25

BULKC
DISAP
DI ST
EDGEC
EDGECO
EGRE
EPRF
FLXGB2
GASIN
GBDYB
GBDYC
GBRF
GBYMQ
GBYMOR
GBYMR
GESW
GR
J
JKMAX
JNCDI
JNCGBI
K
KF
KI
N

NCO I
NCGBI
NF
NMAXB
NMAXB2
NMAXD
NMAXD2
NMAXG
NMAXG2

DEF LINE

SN TYPE
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
PEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
52

RELOCATION
GR0235
GR2A3

ARRAY

ARRAY

ARRAY

ARRAY

F.P.

GROA3
GROA3
GR2A3
GR0235

GR2A3
F.P.
GR2A3
GR2A3
GROA3

GR0235
GROA3
GR023 -
GR0235
GR0235

F.P.
GROA3

GR0235
GR0235
F.P.
GR0235
GR2A3
GR2A3
GR2A3
GR0235
GR2A3

24
22
48

DEFINED
1

31
DEFINED

33
42
25

33
44

DEFINED

46
24

DEFINED
16

30

DEFINED

1

47

19

36

REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

22
18
45
19

DEFINED
DEFINED

32
30
32
24
I5

DEFINED
36

36

33

DEFINED
2*13
34

2*x3
36

2*36
23

DEFINED

2
5
8

17
8

17
8

41
31
4
4
5
2

43
26
5
8
5
5
4

49
2
4
2
2
2

4*8
4

3*22
21
2
2

2*8
2
5
5
5
2
5

51

32
2*26 2*36

2*26
DEFINED

31 2*32

3*26

2*36

I
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VARIABLES
13 NXBD
14 NXBDG
0 PBK

12 PBKDLC
6 PBKa.S

10 PBKGBY
7 PDSL
4 PGBDY
0 PRF

15 RAD
15 RRGBIP
16 RTRS
0 SAVG

2
27
30
31

223
21
0

0
0

SAVG I
512
513
53+4
TARN
VOLUttE
Y

YB
YC

SN TYPE
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

RELOCATION
GR0235
GR0235

ARRAY GR2A3
GR2A3
GR2A3

ARRAY GR2A3
GR2A3

ARRAY GR2A3
ARRAY F.P.
ARRAY GR0235

GR2A3
ARRAY GR2A3
ARRAY F.P.

GR0235
GR2A3
GR2A3
GR2A3

GR0235
ARRAY F.P.

ARRAY F.P.
ARRAY F.P.

STATEMENT LABELS
65 100
143 110
:61 120

DEF LIhE
26
35
38

REFERENtL3
21
34
34

LOOPS
47

LABEL
100

COMMON BLOCKS
GR0235
GROA3
GR2A3

INDEX
N

LENGTH
18
5
26

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

IOOOOB SCM

FROM-TO
21 26

LENGTH
USED

2448
618

LENGTH
31B

PROPERTIES
OPT

164
49

16

22

19

26

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REF
REFS
REFS
REFS
REFS
REFS
REFS

32
REFS
REFS

49

2
2
5
5
5
5
5
5
8
2
5
5
8

2
5
5
5

48
2
8

51
8
8

51

DEFINED

8

8

8
31
8

30
8

2*13

19
25
30

DEFINED
32

2*13
DEFINED
DEFINED
DEFINED

I

46
2*36

33
2*13
2*26

13
33
16

43
32

36
2*19

42
41

23

25

43
44

26

46
45

30

47
46
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SUBROUTINE GRASS 76/176 OPT:0 TRACE STATIC FTN 4.8+508 10/21/80 14.36.28 PAGE

SUBROUTINE GRASS (SAVGDIST,PRF,GBYMONFKF) GRASS 2
COMMON/GROA/iMAXI,XYHKK GRASS 3
COMMON/BDGR4/DT(7,13),bDi13)HMIN,CRT,JM GRASS 4
COMMON/GR2A4/EPS,YA,It AX2,DLIM GRASS 5

5 DIMENSION Y0(6 Y80(4)YC0(6bYA(4)Y8(4)YC(6)Y(6bYL(6) GRASS4 6
+,YM(6)EPS(6 SAVG(NFKF,4bDIST(NFKF,4bPRF(KF)GBYMO(KF) GRASS 7
DATA JFLAG/ii GRASS 8
DATA E/.9536E-6/ GRASS4 9
JMAX : J01+4 GRASS 10

10 DO 100 1:1,4 GRASS4 II
IF (Y(I).LT.10.OE-60) Y(I) : 0.0 GRASS4 12

100 YOUI) : Y(I) GRASS 13
CALL GRASS3 (Y0,YD0,YC0,G8YMOPRF,SAVG,DIST,NFKF) GRASS 14
KK : +1 GRASS 15

IS 110 JBQ : -1 GRASS 16
MHI =GRASS4 17
JR : 2 GRASS 18
JS : 3 GRASS 19

DO 520 J:bJMAX GRASS 20
20 IF (JBO) 130,120,120 GRASS4 21

120 D(2) : 16./9.G22
D(4) : 64./9. GRASS4 23
D(6) : 256./9. GRASS4 24
0(8) : 1024./9. GRASS4 25

25 0(10) : 4096./9. GRASS4 26
0(12) : 16384.19. GRASS4 27
GO TO 140 GRASS 28

130 D(2) : 2.25 GRASS4 29
D(4) : 9. GRASS4 30

30 0(6) : 36. GRASS4 31
0(8) : 144. GRASS4 32
0(10) : 576. GRASS4 33
0(12) : 2304. GRASS4 34

140 KONV : + GRA554 35
35 IF (J-I) 150,150,160 GRASS4 36

ISO KONU : -I GRASS 37
160 IF (J-(JM+I)) 180,180,170 GRASS4 36
170 L : J"+1 GRASS4 39

D(L) : 4.*D(L-2) GRASS4 40
40 FC : 0.7071068*FC GRASS.4 41

GO TO 190 GRASS 42
180 L : J GRASS4 43

D(L) : FLOATIM*Mt GRASS 44
FC : .+FLOAT(JM+I-J)/6. GRASS4 45

5 190 M : M+ GRASS4 46
G : H/FLOAT() GRASS 47
8 : G+G GRASS 48

DO 260 1:b6 GRASS4 49
IF (1-4) 200,200,250 GRASS4 50

50 200 YL(I) : YOUI) GRASS4 51
IF (YA(l).LT.0..ORY0(Il.LT.0..OR.YCO(f).LT.0..OR.YL(I).L GRASS4 52
T.O.) GO TO 230 GRASS 53
AYL YA(I)*YLI) GRASS 54
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DD : AYL+YB0(I1) CRASS4 55
55 CD : YCO(I1)-DD*YLiI) .RA5S4 56

ACD : ADS(CD) GRAS54 57
IF ((ACD.LE.E*YC0(I)).OR.(ACD*G.LT.E*YL(I))) 60 TO 210 GRA554 58
BCA : SQRT(YBO(I)*Y80(I)+4.*YA(I)*YCO(I)) GRASS4 59
DTBCA : G*BCA GRASS 60

60 IF (DTBCA.LT..001) G3 TO 220 GRASS4 61
BCAB : BCA+YB0(I) GRASS4 62
P : 2.*YCO(I)/BCAB GRA5S4 63
Z : 0.0 GRA554 64
IF (DTBCA.GT.DLIM) Z : EXP(-DTBCA) GRASS4 65

65 ZZ : (I.+Z)*TANH(DTCA*.5) GRASS 66
AYPZZB : YA(I)*(YL(I)-P)*ZZ.'BCA GRASS 67
YMi) : (YL(I)*Z+P*(ZZ+AYPZZB))/(I.+AYPZZD) GRASS 68
GG TO 240 GRASS4 69

210 YMi1) : YL(i) GRASS4 70
70 GO TO 240 GRASS 71

220 YMIl) : YL(I)+CD*(I.-G*.5*(DD+AYL))*G GRASS4 72
GO TO 240 RA554 73

230 WRITE (6,560) YAi1),YD0(I),YCO(i1),YLiI),I GRASS4 74
KK : -1 GRAS54 75

75 G0 TO 540 GRASS4 76
240 CONTINUE GRASS 77

GO TO 260 GRASS 78
250 YL(I) : 0. GRASS4 79

YMI) YC0(I)*G GRASS 80
80 260 CONTILJE GRASS 81

DO 35'. K:2, M GRASS4 82
CALL ;RASS3 (YM,YB,YC,GIYMO,PRF,SAVG,DIST,NF,KF) GRASS 83

ro 340 1:1,6 GRASS4 84
IT (1-4) 270,270,320 GRASS4 85

85 270 IF (YA(I).LT.O..OR.YB(I).LT.0..OR.YC(l).LT.O..OR.YL(I) GRASS4 86
+ .LT.C,) GO TO 300 GRASS4 87

AYL : YA(I)*YLiI) GRASS 88
DD : AYL+YBiI) GRASS4 89
CD : YC(I)-DD*YLi() GRASS 90

90 ACD : ABS(CD) GRASS 91
IF ((ACD.LE.E*YC(I)).OR.(ACD*D.LT.E*YL(Il)) GO TO 280 GRASS4 92
8CA : SQRT(YB(I)*YB(I)+4.*YA(I)*YCiI)) GRASS 93
DTBCA : 8*8CA GRASS4 94
IF (DTBCA.LT..001) GO TO 290 GRASS 95

95 SCAB : 8CA+YB(I) GRASS4 96
P : 2.*YCUI)/BCAB GRASS 97
Z : 0.0 GRAS54 98
IF (DTBCA.GT.DLIM) Z = CXP(-DTBCA) GRASS 99
ZZ : ($.+Z)*TANH(DTBCA*,5) GRASS 100

100 AYPZZB : 'A(I)*(YL(I)-P)*ZZ/BCA GRASS 101
U : (YL(I)*Z+P*(ZZ+AYPZZB))/(I.+AYPZZS) GRASS4 102
GO TO 310 GRASS 103

280 U : YLiU) GRASS4 104
GO TO 310 GRASS 105

$05 290 : : YL(I)+CD*(I.-8x.5*(DD+AYL))*B GRASS4 106
GO TO 310 GRASS 107

-..... A - tAA . a . _ as ... as ..
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300 WRITE (6,560) YA(I),YB(i),YC(I),YL(I),I GRASS4 108
KK : -l GRASS4 109
GO TO 540 GRASS 110

110 310 CONTINUE GRASS4 I
GO TO 330 GRASS4 112

320 U : YL(I)+YCI)*8 GRASS4 113
330 YL(I) : YMHI) GRASS4 114

YMt(I) : U GRASS 115
115 340 CONTINUE GRASS 116

350 CONTINUE GRASS 117
CALL GRASS3 (YM,YB,YC,GBYMO,PRF,SAVG,DIST,NF,KF) GRASS 118

DO 500 1:1,6 GRASS4 119
V : DT(1,1) GRASS4 120

120 IF (1-4) 360,360,410 GRASS4 121
360 IF (YA(I).LT.0..OR.YBi().LT.O..OR.YC(I).LT.O..OR.YL(1 .LT. GRASS4 122

+ 0.) GO TO 390 GRASS4 123
AYL : YA(I)*YL(I) GRASS4 124
DD : AYL+YB(I) GRASS 125

125 CD : YC(I)-DD*YL(I) GRASS 126
ACD : ABS(CD) GRASS 127
IF ((ACD.LE.E*YC(I)),OR.(ACD*G.LT.E*YL(I))) GO TO 370 GRASS 128
BCA : SORT(YB(I)*YB(I)+4.*YAaI)*YC(I)) GRASS 129
DIBCA : G*BCA GRASS 130

130 IF (DTBCA.LT..001) GO TO 380 GRASS4 131
BCAB : BCA+YBDI) GRASS4 132
P : 2.*YC(I)iBCAB GRASS4 133
Z : 0.0 GRASS4 134
IF (DTBCA.GT.DLIM) Z : EXP(-DTBCA) GRASS4 135

135 ZZ : (I.+Z)*TANH(DTBCA*.5) GRASS4 136
AYPZZB : YA(1)*(YL(I)-P)*ZZ/BCA GRASS4 137
DT2 : (YL(I)*Z+P*(ZZ+AYPZZ8)).(I.+AYPZZB) GRASS 138
GO TO 400 GRASS 139

370 DT2 : YL(I) GRV.SS4 140
140 CO TO 400 GRASS4 141

380 0T2 : YL(I)+CD*(I.-G*.5*(DD+AYL))*G GRASS4 i '
GO TO 400 GRASS 143

390 WRITE (6,560) YA(I),YBi(),YC(I),YL(I),1 GRASS4 144
KK : -l GRASS4 145

145 GO TO 540 GRASS4 146
400 CONTINUE GRASS 147

GO TO 420 GRASS4 148
410 DT2 : YL(I)+YC(I)*G GRASS4 149
420 DT(I,1) : (DT2+YM(Il))*0.5 GRASS4 ISO

150 C : DT(I,1) GRASS4 151
TA : C GRASS4 152
IF (C.LT,0.) GO TO 490 GRASS4 153
IF (L.LT.2) GO TO 500 GRASS4 154
IF (JFLAG.LT.0) GO TO 470 GRASS 155

155 IF (V*65536.0.LT.C) GO TO 4'90 GRASS4 156
DO 450 K:2,L GRASS4 157
8 : D(K)*V GRASS4 158
8 : BI-C GRASS 159
IF (B.LT..E-60) B : 0.0 GRASS4 160
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160 U : V GRA554 161
IF (8) 430,440,430 GRASS4 162

430 B : (C-V)/4 GRA554 163
U : C*B GRA554 164
C : 81*8 GRASS4 165

165 440 V : DT(I,K) GRASS4 166
DT(I,K) : U GRASS' 167
TA : U+TA GRA554 168

450 CONTINUE GRASS4 169
460 IF (TA.LT.0.) GO TO 490 GRASS4 170

170 IF (ABS(Y(I)-TA).LT.(CRT*TA+EPSdll) GO TO 500 GRASS4 171
GO TO 490 GRASS4 172

470 DO 480 K:2,L GRASS4 173
TA : TA+(TA-V)/(D(K)-l.) GRASS4 174
V : DT(I,K) GRA554 175

175 480 DT(I,K) : TA GRASS4 176
GO TO 460 GRASS4 177

490 KONV : -1 GRA554 178
500 Y(I) : TA GRASS4 179

IF (KONV) 510,550,550 GRASS4 180
180 510 D(3) : 4. GRASS4 181

D(5) : 16. GRA554 182
JBO : -JBO GRA554 183
HM: JR GRA554 184
JR = JS GRA554 185

185 JS : M+M GRASS4 186
D(7) : 64. GRASS4 187
D(9) : 256. GRASS4 188
D(11) : 1024. GRA554 189

520 CONTINUE GRA554 190
190 IF (H.LE.HMIN) G0 TO 540 GRASS4 191

H : H'2. GRASS4 192
IF (ABS(H)-HMIN) 530,110,110 GRASS4 193

530 H : SIGN(HMIN,H) GRASS4 194
GO TO 110 GRA554 195

195 540 KK : -IGRASS4 196
550 X :=X+H GRASS4 197

H = FC*H GRASS4 198
RETURN GRASS4 199

C GRAS14 200
200 560 FORMAT (12H A,B,C,Y,I: ,4E12.4,13) GRAS 4 201

END GRASS4 202

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 GRAS4 I 198

SUBROUTINE GPA554 10/21/80 14.36.28 PAGE



SUBROUTINE GRASS4

VARIABLES
1316 ACD
1313 AYL

1325
1312

SN TYPE
REAL
REAL

AYPZZB
8

1317 8CA

1321
1334
1332

SCAB
at
C

1315 CD

151 CRT
133 D

1314 DD

0
13
0

DI ST
DLIM
DT

1320 DTDCA

1331
1206

0
1310
1311

0
10

150
1300

0
12

1305
1301
1205

152

DT2
E
EPS
FC
G

GBYM0
H

HMIN
I

IMAXI
IMAX2
J
J 80
JFLAG
JM

REAL
REAL

REAL

REAL
REAL
REAL

REAL

REAL
REAL

REAL

REAL
REAL
REAL

REAL

REAL
REAL
REAL
REAL
REAL

REAL
REAL

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

REAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

76/176 OPT:0 TRACE STATIC FTN 4.8+508

RELOCATION

BDGR4
BDGR4

F.P.
GR2A4
BDGR4

GR2A4

F.P.
GROA44

BDGR4

GROA4
GR2A4

REFS
REFS

DEFINED
REFS
REFS
163

REFS
131

REFS
REFS
REFS

DEFINED
REc S

DEFINED
REFS
REFS

23
32
188

REFS
DEFINED
REFS
REFS
REFS

DEFINED
REFS
2*134
REFS
REFS
REFS
REFS
REFS
2*141
REFS
REFS
197

REFS
REFS
2*55
2*71
2*89
105

2*123
137
166
83

REFS
REFS
REFS
REFS
REFS
REFS

2x57
54
53

2*67
91
164
59
136
62
158
151
150
56
55
3
3

24
33

55
54

5
4
3

149
60
135
149
2*57
4

40
2*47
1458

5
2

DEFINED
3

2*11
2*57
5*73
2*91

5*107
124
139

2*170
118
2
4

35
20
154

3

2*91
71
87

2*101
93

DEFINED
61

DEFINED
96
164
152
164
71
89
170
,39
25
39

71
88
13
64
119
166
2*64

DEF I NLD
DEFINED

2*91
5

197
57

DEFINED
13
46

191
190
2*12
4*58
78

4*92
2*112
2* 125
141
174

37
182

DEFINED
9

2*127
88

123
2*137
2*105

47
66
58

132
DEFINED

'55

10/21/80

DEFINED
105

DEFINED
112
158
93
92

DEFINED
I5',
158

105

157
26
43

89
'24
82
98

150
'75
65
59
137

2*127
170

DEFINED
59
46
82
190
'93
192
49
61
2*79

95
2*113
2*127
5* 143

175

42
DEFINED

7
37

173
28

180

105

117
134
165

944
93
139

DEFINED

40
2*71

117
191
197
193
2*50
62
84
96

114
4*128
2*1408
178

44
I5

14.36.28

56
124

66
159
159
95
128
61

X62

126

DEFINED
29
181

125

DEFINED

174

2*96
120
141
8

44
79

DEFINED
192

4*51
2*66
4*85

2*100
119
131

2*149
DEFINED

DEFINED
182

38

PAGE 5

126

136
162
129

131

90
141

100
161
162
100

95

163

141

21
30

>86

i I'

22
31
187

99 130

148

127

1
193

2*53
2*67
2*87
101
120
132
150

10

129

196

54
2*69

88
103

44121
2*136
165
48

I9
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VARIABLES SN TYPE
1277 JMAX INTEGER
1303 JR INTEGER
1304 JS INTEGER
1326 K INTEGER

0 KF INTEGER
I1 KK INTEGER

1306 KON INTEGER
1307 L INTEGER

1302 M INTEGER

0 NF INTEGER
1322 P REAL

0 PRF REAL
0 SAVG REAL

1333 TA REAL

1327 U REAL

1330 V REAL

I X REAL
2 Y REAL

6 YA REAL

1355

1343
1361

1341

1367

1375

1335
1323

1324

YB

Y80
YCO

YC

YL

YN

YO
z

zz

FILE NARES
TAPE6

REAL

REAL
REAL

REAL

DEAL

REAL

REAL
REAL

REAL

MODE
FMT

76/176 OPT:0 TRACE STATIC

RELOCATION

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

F.P.
GROA4

F.P.

F.P.
F.P.

GROA4
GRO A4

GR2A4

REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS

DEFINED
REFS

DEFINED
REFS
REFS

DEF INED
REFS
REFS
REFS

DEFINED
REFS
112

REFS
DEFINED
REFS
REFS

DEFINED
REFS

85
136

REFS
117

REFS
REFS

107
143

REFS
73

REFS
69

101
,27

DEFINED
REFS

DEFINED
REFS
REFS

DEFINED
REFS

DEFINED

10/240 14.36.28

19
183
184
157
81
4*5
2

179
2*39
38
2*43
16
2*5
66
62
5
5

167
151
114
gin
155
119

2
2

1I
4

87
143
5

121
5
5

112
148
5

79
5

71
103
136
50
5

67
5

65
63
66
65

DEFINED
DEFINED
DEFINED

165
156

13
DEFINED
DEFINED

43
42
2*45
45
13
67
96
13
13

169
167
166
163
157
165
196

5
178
5

92

82
124

13
82

117

13

51
73
105
137
78
82
69
13
67
64
67
99

9
17
18

166
172
82
14
34
153

46
183
82
100
132
82
82

2*170
173
167

160
174

DEFINED
I

51
100

95
2*128

51
85
121

51

53
85

107
139
113
113
"1
50
Qq

100
135

184
185
173

117
74
36
156

81

117
101

117
117

2*173

DEFIED

162

196
12

53
107

88
131
54
89
125

55

55
87
112
141

117
79

DEFINED
101
98
101

WRITES 73 107 143

FTN 4,8+5O8 PAGE

175

144

137

178

103

174

DEFINED
108
177
172

2*185

DEFINE'
136

DEFINED
DEFINED

175

101

173

170

58
121

2*92
143
2*58

91
127

57

57
89
121
143

149
114
12

135
133
136

66
123

95

61
92
128

58

66
91
123
148

73
126

107

73
96

13e

62

67
100
125

137
134
137

6

195

105
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EXTERNALS
EXP
GRASS3
SQRT
TANH

INLINE FUNCTIONS
ABS
FLOAT
SIGN

STATEMENT LABELS
0 100

41 110
0 120

72 130
107 140

0 150
116 160

0 170
133 180
147 190

0 200
300 210
304 220
315 230
331 240
333 250
341 260

0 270
476 280
502 290
513 300
527 310
531 320
536 330
0 340
0 350
0 360

704 370
710 380
721 390
735 400
737 410
744 420
0 430

1021 440
0 450

1040 460
1052 470

0 480
1074 490
1076 500

TYPE
REAL

REAL
REAL

TYPE
REAL
REAL
REAL

ARGS
I LIBRARY
9
I LIBRARY
I LIiRARY

ARGS

2

INACTIVE

INACiIVE

INACTIVE

INACTI VE

INACTIVE

INACTIVE

INACTIVE

INTRIN
INTRIN
INTRIN

DEF LINE
12
i5
21
28
34
36
37
38
42
45
50
69
71
73
76
78
80
85
103
105
107
1!u
112
113
115
116
121
139
141
143
146
148
149
162
165
168
169
172
175
177
178

REFERENCES
64

13
58
65

DEF LPINE

REFERENCES
10

2*192
2*20

20
27

2*35
35
37

2*37
41

2*49
57
60
51
68
49
48

2*84
91
94
85

102
84
III
83
81

2*120
127
130
121
138
120
147

2*161
161
156
176
154
172
152
118

98
82
92
9 Q

REFERENCES
56
43
193

'94

70

77

04

140

155
'53

134
117
128
135

90
44

170 192

106

142

169
170

17'
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STATEMENT LABELS
0 510
0 520
0 530

1147 540
1151 550
1237 560 FMT

INACTIVE

INACIivE

DEF LINE
180
189
193
195
196
200

REFERENCES
179

19
192
75

2*179
73

LOOPS
14
52
157
346
360
563
772
1053

LABEL
100
520
260
350
340
500
450
480

COMMON BLOCKS
GROA4
BDGR4
GR2A4

INDEX
I
J

K
I
I
K
K

LENGTH
10

107
12

FROM-TO
10 12
19 189
48 80
81 116
83 115
118 178
156 168
172 175

LENGTH
108

10578
1658
2038
1668
3178

458
17P

PROPERTIES
INSTACK

EXT
EXT
EXT
EXT
EXT

uPT
OPT

REFS
REFS
REFS
REFS
REFS

EXITS
EXITS
EXITS
EXITS
EXITS

NOT INNER

NOT INNER

NOT INNER

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

107

145

143

190

14208
2015

784
129

SUBROUTINE GRASS 10i21/40 14.36.28 PAGE 8
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SUBROUTINE GRASS (TEMPGAMMA,HS,SAVGNF,KF) GRA555 2
COMMON.'BDGR5/DLI,D(10),blIl0),SL(10),bI(10) GRASS5 3
COMMONiGR235/AUNGASIN,SAVGI,J5,K5,NMAXB,NCDI,NCGBI,JNCDI,JNCGBI, GRAS5 4
+NMAXGNXBDNXBDGRADVOLUME GRASS5 5

5 DIMENSION AVG(NF,KF,4),RAD(2,2),PTU10) GRA555 6
TR : TEMP/289.74 GRASS 7
TR : TR/l,005 GRASS5 8

DO 100 J:1,10 GRASS5 9
PT(J) : SL(J)*TR+BI(J) GRASS510

10 '00 CONTINUE GRASS5 I
M = -1 GRASS5 12
N : I GRASS5 13
L : = GRASS5 4
LN : GRASS 15

15 J : 10 GRASS5 16
C : SAVG(J5,K5,l) GRASS 17
DLM : DLI GRASS5 18
AT : PTU10)*(DI(I0)-DLM) GRAS55 19
GO TO 140 GRAS55 20

20 110 CONTINUE GRASS 21
M : 0 GRASS 22

120 CONTINUE GRASS 23
K : DD*DI(I) GRASS 24
IF (K.LT.1) GO TO 130 GRASS 25

25 IF (K.GE.J) GO TO 230 GRAS55 26
J :K GRASS5 27
LM : (PT(J+I)*DI(J+1)-PT(J)*DI(J))/(PT(J+1)-PT(J)) GRASS5 28
AT : PT(J)*(DI(J)-DLM) GRA5529
GO TO 140 GRAS55 30

130 CONTINUE GRASS5 31
M : 1 GRASS5 32
AT : 8.314E7*TEMP GRA555 33
DLM 51. GRASS 34

140 CONTINUE GRASS 35
35 A3 : GAMMA*2.OE4'HS GRAS55 36

A3 : 0.6*A3 GRAS55 37
AO : -3.964E-13*DLM*A3*C GRASS5 38
Al : -3.964E-13*(DLM+AT/HS)*C GRASS5 39
80 : -Al*AI-A0*A3*A3 GRASS5 40

40 81 : AI*A3-4.*A0 GRA555 41
RR : -B0/2. GRASS5 42
T : B1*81*81/27. GRASS5 43
8 : RR*RR+T GRASS 44
IF (8) 170,160,150 GRAS5 45

45 150 XN : l./3. GRRSSS 46
YN : 2.*XN GRASS 47
E : SORT(B) GRASS5 48
U :=-8/((ABS(RR+B))**YN+(ABS(RR-8))**YN+BI/3.) GRASS5 49
GO TO 180 GRASS5 50

50 160 XN : 1./3. GRRSS5 51
RRA : ABS(PR) GRASS 52
U : RR/RRA*RRA**XN GRASS5 53
U : 2.*U GRASS5 54

SUBROUTINE GRASS5 10,2;:80 14.36.28 I
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GO TO 180 GRASS5 55
55 170 SA : SQRT(-BD/3.) GRASS5 56

U : 2*SA*COS(ACOS(RRSA03)/3.) GRASS5 57
180 CONTINUE GRASS 58

THING : A3/2.*U/2.-AI/2. GRASS5 59
IF (THING.LT.0.) GO TO 200 GRASS5 60

60 IF (U.LT.0.) GO TO 190 GRASS5 61
Cl : Ui(A3+5QRT(A3*A3+4.*U)) GRASS5 62
CO : 2.*A0/(U+SQRT(U*U-4.*A0)) GRASS5 63
ODD : CI*CI-C0 GRASS 64
IF (DDD.LT.0.) GO TO 250 GRASS5 65

65 R : CI+SQRT(DDD) GRASS 66
GO TO 210 GRASS5 67

190 CONTINUE GRASS 68
Cl : U/(A3+SQRT(A3*A3+4.*U)) GRASS5 69
CO : U/2.-SQRT(U*U/4.-A0) GRASS5 70

70 ODD : CI*CI-C0 GRASS5 71
IF (DDD.LT.O.) GO TO 256 GRASS5 72
R : CO/(CI-SQRT(DDD)) GRASS 73
GO TO 210 GRASS5 74

200 CONTINUE GRAS55 75
75 IF (U.GT.0.) GO TO 250 GRASS5 76

Cl : A3/2.+SQRT(A3*A3/4.+U) GRASS5 77
CO : U/2.-SQRT(U*U/4.-AO) GRASS5 78
DDD : CI*Cl-CO*4. GRASS 79
IF (DDD.LT.0.) GO TO 250 GRASS 80

80 R : -2.*CO/(CI+SQRT(DDD)) GRASS5 81
210 CONTINUE GRASS5 82

DD : 3.964E-13*C.R**3 GRASS5 83
IF (H) 220,120,230 GRASS5 84

c?0 CONTINUE GRASS5 85
85 IF (DD.LT.D(10)) GO TO 110 GRASS5 86

'40 RAD(N,L) : R*l.E-4 GRASS5 87
IF (RAR(NL).LE.0.0) RAD(N,L) : 2.5E-08 GRASS5 88
IF (N.EQ.2,AND.L.EQ.1) GO TO 240 GRASS5 89
IF (N.EQ.2.AND.L.EQ.2) GO TO 260 GRASS 90

90 LN LN+1 GRASS 91
N N+ GRASS5 92
C : SAVG(J5,K5,LN) GRAS5 93
GO TO 140 GRASS5 94

240 N : I GRASS5 95
95 L : 2 GRASS5 96

LN : LN+1 GRASS 97
C : SAVG(J5,K5,LN) GRASS5 98
GO TO 140 GRASS5 99

250 CONTINUE GRASS5 100
100 WRITE (6,270) C,HS.TEMP GRASS 101

260 CONTINUE GRASS 102
RETURN GRASS 103

C GRASS5 104
270 FORMAT (66H THIS CONDITION NOT EXPECTED OR ACCOUNTED FOR IN SUBROU GRASS 105

105 +TINE GRASS5,/39H THE NLMBER OF GAS ATOMS IN A BUBBLE ISE12.4, 38H GRASS5 106
+ THE HYDROSTATIC STRESS iN THE FUEL IS,E12,./I9H THE TEMPERATURE GRASS5 107
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+IS,E12.4,/)
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS DEF LINE REFERENCES
4 GRASS5 I 102

VARIABLES SN TYPE RELOCAT
617 AT REAL

0 AVN REAL GR02
623 H) REAL

624 ii REAL
622 A3 REAL

631 B REAL
37 81 REAL ARRAY BDGI

625 80 REAL
626 8I REAL
615 C REAL

641 CO REAL

640 Cl REAL

I D REAL ARRAY BDGi
621 DD REAL
642 DDD REAL

13 DI REAL ARRAY BDG
0 DLI REAL BDGR

616 DLM REAL

0 GAMMA REAL F.
I GASIN REAL GR02
0 HS REAL F.

610 J INTEGER

14 JNCDI INTEGER Gk0
11 JNCGBI INTEGER GR02
3 J5 INTEGER GR02

620 K INTEGER
0 KF INTEGER F.P
4 K5 INTEGER GR02

613 L INTEGER
614 LN INTEGER

611 M INTEGER

ION

235

R5

p.5
235
p.

235
235
235

p.
235

108
109

3*61

47

3*68

GRA555
GRASSC

REFS
REFS
REFS

DEFINED
REFS
REFS
3*76

REFS
REFS
REFS
REFS
REFS

97
REFS

DEFINED
REFS

DEFINED
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS

33
REFS
REFS
REFS
REFS

26
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

96
REFS

38
3

39
37

2*39
36

DEF I NED
44
2

41
3x42
37

63
62
2*63
61
2
23
64
63
2
2
18

35
3

35
3*9

3
3
3

24
5
3

86
90

83

DEFINED

40

40
37
35
47
9

48
48
38

70
69
65
68
85
85
65
70
18
17
28

DEFINED

35
25

16
25

DEFINED
16

2*87
92

DEFINED

18

2*62

58
2*39
36

DEFINED
55
82

72
77

2*70
76

DEF I NED
71
78
23

37

1

100
6*27

92
26
1

92
88
96

1I

28

69

DEFINED

DEFINED

39
DEFINED

100

78

72

82
72

2*27

38

DEFINED
2*28

97
DEFINED

97
89
97

21

16

80

80

17

32

77

38
58

43

40
DEFINED

80

2*78

79

28

DEFINED

1
DEFINED

23

DEFINED
DEFINED

31

8 15

13
14

95
90
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VARIABLES
612 N

6
7
0
5
12
13
14

644'6113
5

6C 7

635
636
0
2

25
630

0
637
607
634

21
632
633

SN TYPE
INTEGER

NCDI
NCGBI
NF
NMAXB
NMAXG
NXSD
NXBDG
PT
R
RAD
RR

RRA
SA
SAVG
SAVGI
SL
T
TEMP
THING
TR
U

VOLUME
XN
YN

FILE NAMES
TAPE6

EXTERNALS
ACOS
COS
SQRT

INLINE FUNCTIONS
ABS

STATEMENT LABELS
0 1IO

57 110
62 120

111 130
121 140
0 ISO

214 160
231 170
251 180
315 190
3C1 200

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL

MODE
FMT

TYPE
REAL
REAL
REAL

TYPE
REAL

INACTIVE

RELOCATION

GR0235
GR0235

F.P.
GR0235
GR0235
GR0235
GR0235

ARRAY

ARRAY GR0235

ARRAY F.P.
GR0235

ARRAY BDGR5

F.P.

GR0235

WRITES

ARGS
LIBRARY
LIBRARY
LIBRARY

ARGS
I INTRIN

DEF LINE
10
20
22
30
34
45
50
55
57
67
74

REFERENCES
56
56

47
77

DEF LINE

REFERENCES
8

85
83
24
'9
44
44
44
49
60
59

REFS
DEFINED

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

75
REFS
REFS
REFS

100

55
80

REFERENCES
2*48

54

88
94

89 9186
12

3
3
5
3
3
3
3
5

82
3

2*43
41
2*52
2*56

5
3
2

43
6

59
7

53
76
3

46
2*48

2*87
91

DEFINED

18
86
5

2*48

DEFINED
DEFINED

16

9
DEFINED

32
DEFINED

9
58
3*77

52
DEFINED

9
80
87

28
65

DEFINED
52

97

DEFINED

6
2W6l
48D

4*27
DEFINED

87
51

51
55
92

42
100
58

DEFINED
60

DEFINED

DEFINED
46

DEFINED
72
86
56

DEFINED

1

7
3*62
52c

2*68
53

50

3*69
56

61 62 65

51

68 69 72 76

93 98

SUBROUTINE GRAS55 10i21/40 14.36,28 PAGE 4
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STATEMENT LABELS
407 210

0 220
421 230
462 240
501 250
504 260
541 270 FMT

INACTIVE

DEF LINE
81
84
86
94
99

101
104

REFERENCES
66
83
25
88
64
89
100

LOOPS
2 "

LABEL
100

COMMON BLOCKS
DDGR5
GR0235

INDEX
J

LENGTH
41
18

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON

1400008 SCM

FROM-TO
8 10

LENGTH
USED

LENGTH
78

6568
'38

PROPERTIES
INSTACK

430
59

73

83

71 75 79

SUBROUTINE GRASS 10/21,80 14.36,28 PAGE 5
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I

SUBRCUTINE GRASS6 (AGRASSNORDS)
DIMENSION AGRASS(NWORDS)
COMMON/GRSPTR/IAGRAS 38)
COMMON/GRHOLD/TIT,GRT

5 COMMON /BDG02D/ Z1(11)
COMMON 'BDGR. Z2(24'
COMMON /DGR2/ Z3(56)
COMMON 'DGR4/ Z4(107,
COMMON /DDGRS/ 15(41)

0 COMMON /GR0235f 16(18)
COMMON /GT4OLC/ Z7(12)
COMMON /GR2A3/ 28(26)
COMMON /GR2A4/ Z9(12)
READ (3) IAGRASAGRASS,TIT,GRT

5 READ (3) ZI
READ (3) Z2
READ (3) 23
READ (3) 24
READ (3) 25
READ (3) Z6
READ (3. 27
READ (3) 28
READ (') 29
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS6

VARIABLES
0 AGRASS
I GRT
0 IAG"AS
0 HMORDS
0 TIT
0 Zi
0 Z2
0 Z3
0 Z4
0 Z5
0 Z6
0 Z7
0 ze
0 Z9

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
24

RELOCATION
ARRAY F.P.

GRhOLD
ARRAY GRSPT

GRHOLD
RRAY BDG02D

ARRAY BDGR
ARRAY BDGR2
ARRAY BDGR4
ARRAY BDGRS
ARRAY GR0235
ARRAY GTrOLC
ARRAY GR2A3
ARRAY GR2A4

SUBROUTINE GRASS6

'i

PAGE I10/21/80

GRASS6
GRAS56
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRAS56
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6
GRASS6

REFS

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2
4
3
2

55
7
8
9

10
1I
12
13

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
L.FINED
DEFINED
DEFINED
DEFINED
DEFINED

I
14
14
I

14
15
16
17
18
19
20
21
22
23

2
3
4
5
6
7
8
9

10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

14.36.28
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FILE NAMES MODE
TAPE3 UNFMT READS 14 15 16 17 18 19

22 23

COMMON BLOCKS LENGTH
GRSPTR 38
GRHOLD 2
BDG02D 11
BDGR 24
BDGR2 56
BDGR4 107
DDGR5 'ii
GR0235 18
GTb4OLC 12
GR2A3 26
GR2A4 12

STATISTICS
PROGRAM LENGTH I I 28 74
SCM LABELED COMMON LENGTH 5338 347

140000E SCM USED

SUBROUTINE GRASS6 I0/21/80 14.36,28 PAGE 2
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10

I'

2..

SUBROUTINE GRASS? (AGRASS,NWORDS)
DIMENSION AGRASS(NWORDS)
COMMON /GRSPTR/IAGRAS(38)
COMMON/GRHOLD/TIT,GRT

5 COMMON tBDG02D/ Z1(11)
COMMON /BDGR/ Z2(24)
COMMON /BDGR2/ Z3(56)
COMMON iDGR4 Z4(107)
COMMON /BDGR5/ Z5(41)

0 COMMON /GR0235/ Z6(18)
COMMON /GTWOLC/ Z7(12)
COMMON /GR2A3/ Z8(26)
COMMON iGR2A4/ Z9(12)
WRITE (2) IAGRASSAGRASS,TITGRT

5 WRITE (2) ZI
WRITE (2) Z2
WRITE (2) Z3
WRITE (2) Z''
WRITE (2) Z5
WRITE (2) Z6
WRITE (2) 7
WRITE (2) Z8
WRITE (2) Z9
RETURN
END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS?

VARIABLES
0 AGRASS
I GRT
0 IAGRAS
0 WORDS
0 TIT
0 zi
0 Z2
0 Z3
0 Z4
0 25
0 16
0 2?
0 Z8
0 29

DEF LINE

SN TYPE
REAL
REAL
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REFERENCES
24

RELOCATION
ARRAY F.P.

GRHOLD
ARRAY GRSPTR

F.P.
GRHOLD

ARRAY BDG32D
ARRAY BDGR
ARRAY BDGR2
ARRAY BDGR4
ARRAY BDGR5
ARRAY GR0235
ARRAY GIWOLC
ARRAY GR2A3
ARRAY GR2A4

GRASS
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS?
GRASS7
GRASS7
GRASS7
GRASS7
GRASS?
GRASS?

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
IQ
20
21
22
23
24
25
26

DEFINED

i

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

2
4
3

4
5
6

8
9

10
'i
12
13

14
14
14

DEFINED
14
15
16
17
18
19
20
21
22
23

SUBROUTINE GRASS? 10121 r80 1 M,.36,28 PAGE I
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76/176 OPT:O TRACE STATIC FTN 4,8+5O8

FILE NAMES MODE
TAPE UNFMT WRITES 14 15 16 17 18 19

22 23

COMMON BLOCKS LENGTH
GRSPTR 38
GRHOL! 2
BDG02D I I
BDGR 24
BDGR2 56
BDGR4 117
BDGR5 4'
GR0235 l$
GTWOLC 12
GR2A3 26
GR2A4 12

STATIST I
PROGRAM LENGTH 1008 64
SCM LABELED COMMON LENGTH 5338 347

1400008 SCM USED

SUBROUTINE GRASS? 10 /21/ M 14.36,28 PAGE 2
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I C GRASS -COMMON DATA GRASS 2
BLOCK DATA GRASS 3
COMMON/BDG02D/ GRASS84
+TGASINTGASRPIJFIRSTKFIRSTKPRINTINAXTSO2 GRASS 5

5 +,TSO IRSTRO,6U# GRASS 6
COtM N/BDGR/AI,RQ FPWSNAME(3) RHOOLDTCONV PDSCPI43,8CFC01, GRASS 7
+BKLO,BKHI CPO4,SIGPI,FGPFJBCR TGRF0,PTPL, GSBCFLXPT,RM GRASS8 8
COMMON/B DR2/FFDSLCATMVOLBOLTZ,GI,G2,EPSI, GRASS8 9
+AVNURGDELHVTPGG8SO2PhIGbtIMH2,XKXKPGBR, GRASSO 10

10 +QSSTA ,Q ,DZEROTPZERO FNACONDELTAREDIS,RESCON,DV0L,EVL, GRASS I
+DVOG,EVG ALFA,BEVK BAbC1,BADC2,BADC3 BPDC4,BADC5,BADC6, GRASS 12
+GBADCl,GEADC2,FAWGEASTAR,NOYES(2),G DC3,A(9),DLIM,B GRASS 13
COMMON/BDGR4/DT(7,13),DD(13),HMIN,CqT,JM GRASS 14
COMMON /VER/ VERS GRASS i5

15 COMMONBDGR5/DI(10),D(l10),SL(10),81(10) GRASS8 16
C GRASS8 17

DATA A/-57.364866 -7.0264645,.52281105, GRASS8 18
+1.9840863E5,2.9969484E4,-2.07175E3, GRASS8 19
+-1.4947535E8,-3.0994649E7,2.0330226E6/ GRASSB 20

20 DATA ACON'2.37/ GRASS 21
DATA ALFA0.0/ GRASS 22
DATA ASTAR0.50/ GRASSO 23
DATA ATMVOL/4.09E-23/ GRASS 24
DATA AUNUM16.024E23/ GRASS 25

25 DATA 8/8.3E-23/ GRASS8 26
DATA BADCI/4.9202E-I 11GRASS8 27
DATA ADC291000./ GIASS8 28
DA1A BADC3/2.00E-29/ GRASS8 29
DATA BADC4/0.0/ GRASS8 30

30 DATA BADC5/l.62/ GRASS8 31
DATA BADC6/3365.51/ GRASS8 32
DATA SBCF..20/ GRASS 33
DATA BEVK/8.625E-05/ GRASS 34
DATA 811-1.203475E07,-4.687770E07,-1.032119E0e,-1.607985E08, GRASS8 35

35 +-2.782098E08,-3.936497E08,-5.213507E08,-6.494966E08,-7.642163E08, GRASS8 36
+-8.330086E08/ GRA5S8 37
DATA BOLTZ/I.38E-16/ GRASS 38
DATA BVCRIT/.05/ GRASS 39
DATA C01/4.0/ GRASS 40

40 DATA CPOW/32.8084/ GRASS8 41
DATA CRT/.01/ GRASS8 42
DATA DiI.7091314E-3 3.418267E-3 5.l'7398E-3,0.683653E-2 GRASSB '3+8.545665E-3, I .02500E-2, I.19634E-2, .3630E-2, .53820E-2, 4RA8 4
+1.709134E-2/ GRASS8 45

45 DATA DIs13*0., GRASS 46
DATA Di/585.0918,292.5457,195.0307,146.2730,117.0184,97.51531, GRASS8 47
+83.58456,73.13648,65.01026,58.50910/ GRASS8 48

DATA DELTAi5O.E-08/ GRASS 49
DATA DEIHI/5.96E12/ GRASS 50

50 DATA DLI/32.95967/ GRASS8 51
DATA DLItM1-18.0/ GRA558 52
DATA DT/91*0. GRASS 53
DATA DOG/.001/ GRASS Cr4

BLOCK DATA BLKDAT. I0/21/80 4,36.26 PAGE I
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DATA DVOL'.01/ GRASS8 55
55 DATA DZER0/57.E4 GRASS8 56

DATA EPSI/l.0E14 GRASS 57
DATA EVGe4.8/ GRA5S8 58
DATA EVLi/4.8/ GRASS 59
DATA FGPFt.310/ GRASS& 60

60 DATA FLXPT/.01/ GRASS8 61
DATA FNt.90E-05/ GRASS 62
DATA FPWS/3.IEIO/ GRASS8 63
DATA G1/1507./ GRAS58 64
DATA 62/.3459/ GRASS8 65

65 DATA GDADCi/4.43E-I8i GRASS 66
DATA GBADC2/32000./ GRASSB 67
DATA GBADC3/65.42/ GRASS8 68
DATA GBRr.002/ GRAS58 69
DATA GRFO'0.Oi GRASS 70

70 DATA IRSTRO/0/ GRASS 71
DATA HMIN/.0001/ GRASS8O 72
DATA JFIRST/Oi GRASS 73
DATA JM/6/ GRASS8 74
DATA KFIRSTO' GRASS8 75

75 DATA KPRINT/2/ GRASS8 76
DATA NAME/4HBULK,4HGBDY,4HEDGE/ GRASSB 77
DATA PDSC/68948.06/ GRASS8 78
DATA PG/2.09E7/ GRASS8 79
DATA PI/3.141593/ GRAS58 80

80 DATA P143/4.18879./ GRA5S8 81
DATA PTPL'.08/ GRASS8 8'
DATA PZERO 1.64E4I/ GRAS58 83
DATA QS/4.52EI1/ GRASS8 84
DATA QSSTAR/.69466E-Il. GRASS 85

85 DATA R9/73.592/ GRA558 86
DATA REDIS/50.E-8/ GRASS8 87
DATA RESCONtI.OE-18/ GRASSB 88
DATA RG/8.31E7/ GRASS 89
DATA RHOOLD/l.000/ GRASS8 90

90 DATA RMi5.O GRASS 91
DATA SIG/3.E-8/ GRASS 92
DATA SIGPI/.03/ GRAS58 93
DATA SL'4.608549E07 I 023236E08,I.?03004E08,2.526030EO8 GRASS8 94
+3.521856E0844.73 0E08 6. 9497E8,7.9S2?0IE08, .00658 E09, GRASS8 95

95 +i.255744E09/ RAS58 96
DATA TGASINiO..' GRASS 97
DATA TGASR/0./ GRASS 98
DATA TSO/0.0/ GRAS58 99
DATA TS02/0./ GRASS 100

100 DATA VERS/4WfAST/ GRASS 101
DATA M1/270./ GRASS8 102
DATA WM2132..' CRASS8 103
DATA XK/I./ GRASS 104
DATA XKP/I./ GRASS 105

105 END GPASS8 106

BLOCK DATA B&LKDAT,. I0/21/80 14.36.26 PAGE
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SYtBOLIC REFERENCE "AP (R:2)

VARIABLES
55 A
26 ACON
36 ALFA
51 ASTAR
I ATNVOL
6 AVNt
0 Al

67 8
40 BADCI
41 BADC2
42 BADC3
43 BADC4
44 BADC
45 BADC
12 BCF
37 BEVK
37 81
15 BKHI
'4 BKLO
2 BOLTZ

21 BUCRIT
16 CPOW

151 CRT
13 C01
I D

133 DD
10 DELUV
27 DELTA
13 DI
0 DLI

66 DLIM
0 DT

12 DUM
34 DUOG
32 DUOL
23 DZERO
5 EPSI

35 EUG
33 EVL
50 FANGE

0 FFDSLC
20 FGPF
26 FLXPT
25 FN
2 FPWS

46 GBADCI
47 GBADC2
54 GBADC3
20 GBR

SN TYPE
REAL
REAL
REAL
RFAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RF-,L
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY DDGR2

BDGR2
DDGR2
BDGR2
BDGR2
DDGR2
BDGR
BDGR2
BDGR2
BDGR2
BDGR2
DDGR2
DDGR2
BDGR2
BDGR
BDGR2

ARRAY BDGRS
BDGR
FDGR
5DGR2
BDGR
BDGR
DDGR4
BDGR

ARRAY BDGR5
ARRAY BDGR4

BDGR2
DDGR2

ARRAY BDGRS
BDGR5
DDGR2

ARRAY DDGR4
DG02D
BDGR2
BDGR2
DDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR
BDGR
BDGR2
BDGR
DDGR2
BDGR2
DDGR2
DDGR2

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
Dr. INED

DEFINED
DEFINED'
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFi ED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFIED

17
20
21
22
23
24

25

27
28
'9
30
31

33
34

37
38
40
41
39
42
45
49
48
46
50
51
52

53
54
55
56
57
58

59
60
61
62
65
66
67
68

BLOCK DATA DLKDAT, l c/21 t8O 436,8 PAGE 3
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VARIABLES
12 GB502P
22 GRFO

3 GI
4 G2

150 HtIN
11 IRSTRO
3 JFIRST

152 JM
4 KFIRST
5 KPRINT
3 NAME
6 NMAX

52 NOYES
10 PDSC
24 PG
2 PI
I P143
23 PTPL
24 PZERO
22 S
21 OSSTAR
30 REDIS
31 RESCON
7 RG
6 RHOOLD

27 RM
I R9

25 SBCF
13 SIG
17 SIGPI
25 SL
7 TCONV
0 TGASIN
I TGASR

11 TPG
10 TSO
7 T502
0 VERS

14 WMI
15 WM2
16 XK
17 XKP

COMMON BLOCKS
BDG02D
BDGR
BDGR2
BDEGR4
GR5
BDGR5

SN TYPE
REAL
REAL
REAL
REAL
REAL
I NTE ER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
BDGR2
BDGR
BDGR2
BDGR2
DDGR4
8DG02D
BDG02D
BDGR4
BDG02D
BDG02D

ARRAY DDGR
BDG02D

ARRAY BDGR2
BDGR
BDGR
BDG02D
BDGR
BDGR
BDGR2
DDGR2
BDGR2
BDGR2
BDGR2
BDGR2
BDGR
BDGR
BDGR
BDGR
BD( 2
8D6

ARRAY Esre,
DD )R
8D02D
8D02D
BDGR2
BDG02D
8DG02D
VER
BDGR2
BDGR2
BDGR2
BDGR2

LENGTH
11
24
56
107
1

41

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
PEFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

8
6
8
8
13
3
3

3
3
6
3
8
6
6
3
6
6
8
8
8
8
8
8
6
6
6
6
8
6

15
6
3
3
8
3
3

14
8
8
8
8

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEF I NED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED
DEFINED

DEFINED
DEfINED
DEF I NED
DEFINED
DEF I NED
DEFINED
DEFINED

69
63
64
71
70
72
73
74
75
76

77
78
79
80
81
82
83
84
86
87
88
89
90
85
32
91
92
93

96
97

98

100
101
102
103
104

BLOCK DATA 9tKDAT, 10 t21t80 14.36.28 PAGE 4
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

08
3608

0
2'+0

PAGE 51o/21/8o 14,36,28
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5

10

15

20

i

25

30

35

40

C

SUBROUTINE GRASS9 (NFKF,NORDS,LENGTH) GRASS9
GRASS9

******* GRASS9
GRASS IS CALLED FROM SUBROUTINE POINTR GRASS
SUBROUTINE TO COMPUTE LOCATION OF NODALLY r!PENDENT VARIABLES GRASS9
USED IN GRASS GRASS9

GRASS
LENGTH : LENGTH OF FRAPCON A ARRAY GRASS9
NF : NUMBER OF AXIAL NODES -- INPUT GRASS9
KF : NUMBER OF RADIAL RINGS -- INPUT GRASS9
KFI : KF + 1 GRASS9
NJ : NUMBER OF AXIAL VARIABLES GRASS9
NK : NUMBER OF RADIAL VARIABLES GRASS
NJK : NUMBER OF AXIAL,RADIAL VARIABLES GRASS9
NKN : NUMBER OF RADIAL,BUBBLE VARIABLES GRASS
NJKN : NUMBER OF AXIAL,RADIAL,BUBBLE VARIABLES GRASS
NVAR : TOTAL NUMBER OF VARIABLES IN AGRASS GRASS9
NWORDS : TOTAL NUMBER OF WORDS NEEDED FOR AGRASS ARRAY -- OUTPUT GRASS

GRASS9
TO MAINTAIN COMPATIBILITY WITH GRASS-SST THE FOLLOWING VARIABLES GRA5S9
HAVE BEEN DIMENSIONED TO ONE: FOD5LC,RH0DSL,GIP,HOLD,NMAXBK GRASS
BLKMGO, AND BULK GRASS9
GBDY HAS BEEN REPLACED WITH SAVG AND DSLC BY DIST. GRASS9
THE FOLLOWING VARIABLES ARE IN THE AGRASS ARRAY GRASS9
NVARI:BVS(NF) NVARI4:GASGEN(NF,KF) NVAR28:RS(NF,KFI) GRASS
NVAR2:GR(NF) NVARI5:GESWF(NF,KF) NVAR29:TFO(NF.KF) GRASS9
NVAR3:POW(NF) NVARI6:GIP(UI) NVAR3G:TK(NFKF) GRASS9
NVAR4:RGTJ(NF) NVAR17:GOUT(NF,KF) NVAR3I:TKOLD(NF,KF) GRASS
NVARS:FDP(KF) NVARI8:GRSIZ:NFKF) NVAR32:TS(NF,KFI) GRASS9
NVAR6:FODSLC(I) NVARI9:GS(NF,KF) NVAR33:BLKMGO(I) GRASS9
NVAR7:FOGBDY(KF) NVAR20:HH(NF,KF) NVAR34:GBYMGO(KF) GRASS
NVAR8:PRF(KF) NVAR2I:HOLDI 1) NVAR35:BULKi ,1) GRASS9
NVAR9:RHODSL(I) NVAR22:NMAXiCe0,I) NVAR36:DIST(NFvf,4) GRASS9
NVARIO:TAUA(KFI) NVAR23:POROS(N,-b"F) NVAR37:SAVG(NF, ,F,4) GRASS9
NVARII:TGRAD(KF) NVAR24:PRFOLD(NF,:Fl GRASS
NVARI2:BV(NF,KF) NVAR25:PRSO(NF,KF) GRASS9
NVAR13:CO(NF,KF) NVAR26:RHiNF,KFl GRASS
NVAR27:RHOLD(NF,KF) GRASS9
******* GRASS9

GRASS
COMON'GRSPTR'IAGRAS(38) GRASS

GRASS
NJ : 4 GRASS9
NK : 7 GRASS9
NJK : 21 GRASS9
NKN = 2 GRASS
NJKN : 3 GRASS

GRASS9
CALCULATIONS INVOLVING RS, TS, AND TAUA REQUIRE AN ADDITIONAL GRASS
RADIAL ELEMENT IN EACH ARRAY GRASS

GRASS9
WORDS : NJ*NF + NK*KF+i + NJK*NF*KF+(2*NF) + NKNZKF CRASS9
+ + NJKN*NF*KFV4 - 3$(KF-I) - 7*(NF*KF-1) GRASS

50

C
C
C
C
C
C

10/0 14,36.28 PAGE I

2
3
4
5
6
7
8
9

10Ili11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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NVAR : NJ+NK+NJK+NKN+NJKN GRASS9 55
55 C GRASS9 56

IAGRASiI) : 1 GRA559 57
NBEG : 2 GRAS59 58
NEND : NJ+I GRASS 59

DO 100 I:NBEGNEND GRASS9 60
60 100 IAGRAS(I) : IAGRAS'I-1)+4F GRAS59 61

NBEG : NEND+l GRASS9 62
NEND : NEND+NK GRA559 63

C GRASS9 64
C INCREASE NUMBER OF RADIAL ELEMENTS IN TAUA BY ONE GRASS9 65

65 C GRASS9 66
DO 110 I:NBEGNEND GRASS9 67
IAGRAS(I) : IAGRAS(I-l)+KF GRASS9 68
IF (I.EQ.11) IAGRAS(I) :=IAGRAS(I)+1 GRASS9 69
IF 'I.EQ.7) IAGRAS(I) : IAGRAS(I)-KF+I GRASS9 to

70 IF (I.EQ.10) IAGRAS(I) : IAGRASU()-KF+I GRASS9 71
110 CONTINUE GRASS9 72

NBEG : NEND+1 GRASS9 73
NEND : NEND+NJK GRASS9 74

C GRAS59 75
75 C INCREASE NUMBER OF RADIAL ELEMENTS IN TS AND RS BY ONE FOR EACH GRAS59 76

C AXIAL NODE GRAS59 77
C GRASS9 78

DO 120 I:NBEG,NEND GRASS9 79
IAGRAS(I) : IAGRAS(I-I)+NFXKF GRASS9 80

80 IF (I.EQ.29.OR.I.E.33) IAGRAS(I) :=IAGRAS(I)+NF GRAS59 81
IF (I.EQ.17) IAGRAS(I) :=IAGRAS(I)-NF*KF+I GRASS9 82
IF (I.EQ.22) IAGRAS(I) : IAGRASiI)-NF*KF+1 GRAS9 83
IF 'I.EQ.23) IAGR95(I) : IAGRAS(')-NF*KF+I GRA5S9 84

120 CONTINUE GRASS9 85
85 NBEG : NEND+I GRASS9 86

NEND : NEND+NKN GRASS9 87
DO 130 I:NBEG,NEND GRASS9 88
IAGRAS(I) : IAGRAS(I-1)+KF GRASS9 89
IF 1.EQ.34) IAGRAS(I) : IAGRAS(I)-KF+l GRA559 90

90 130 CONTINUE GRASS9 91
NBEG : NEND+1 GRAS59 92
NEND : NVAR GRASS9 93

DO 140 I:NBEG,NVAR GRASS9 94
IAGRAS(I) : IAGRAS(I-I)+NFZKF*4 GRAS59 95

95 IF (I.EQ.36) IAGRAS(I) : IAGRAS(I)-KF*NF*4+1 GRASS9 96
140 CONTINUE GRASS9 97
C GRASS9 98
C POSITION AGRASS ARRAY AT END OF FRAPCON A ARRAY GRASS9 99
C GRASS9 100

100 NaC DS IAGRAS(NVAR)+NF*KF*4 GRA5S9 101
DO 150 I:,NVAR GRASS9 102

ISO IAGR1S(I) : [AGRASiI)+LENGTH GRAS59 103
WRITE (6,'60) (1,IAGRAS(I),I:I,NVAR) GRAS59 104
WRITE (6,170) NHORDS GRASS9 105

105 RETURN GRASS9 106
C GRASS9 107

10/21/80 14.36,26 PAGESUBROUTINE GRASS9
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160 FORMAT (IX,15,IX, 15)
170 FORMAT (IX,"NNORDS I5",110)

END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 GRASS

UA ZIABLES
277 I

0 IAGRAS

0 KF

0
275

LENGTH
NBEG

276 MEND

0 NF

267
271
273
270
272
274

NJ
NJK
NJKN
NK
NKN
NVAR

0 NWORDS

DEF LINE

SN TYPE
INTEGER

INTEGER

REFERENCES
105

RELOCATION

ARRAY GRSPTR

F.P.

F.P.

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

F.P.

F.P.

FILE NAMES
TAPE6

STATEMENT LABELS
0 100
0 110
0 120
0 130
0 140
0 150

261 160 FMT

DEF LINE
60
71
84
90
96
102
107

REFERENCES
59
66
78
87
93
101
103

GRASS
GRASS
GRASS

108
109
110

2*79
3*95
93

4*80
2*102
101

REFS
3*81

2*103
103

REFS
80

100
69
89

REFS
88

REFS
REFS

DEFINED
REFS

85
86

REFS
95

REFS
REFS
REFS
REFS
REFS
REFS

DEF I NED
REFS

2*60
3*82

DEFINED

41
81
102
70
94
67
89
102
59
57
59
86
92
60
100
54
54
54
54
54
92
54
104

3$69
3*89
78

68
88
56
81

79
100

87
85
66

DEFINED

81

70
94
67
83

82
1

3*70
2*94
87

69
89
60
82

81
DEFINED

93
91
72
58

82

2*67
3*83
59

60
82

103
79
95
69
94

DEFINED
66
61
61
87

79
DEFINED

58
73

DEFINED
62
86
93

DEFINED

79
95
68
88

83

3*68
2*88
66

67
83

DEFINED
80
102
70
95

78
12
62
91

80

DEFINED
DEFINED

47
DEFINED
DEFINED

100

I

MODE
FMT

73
62

83

78
73

43
45

WRITES 103

44
46
101

100

104

103

SUBROUTINE GRASS9 10,21/80 14.36.28 PAGE 3
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STATEMENT LABELS
264 170 FMT

LOOPS
37
53

106
154
176
222
232

LABEL
100
110
120
130
140
150

COMMON BLOCKS
GRSPTR

INDEX
I
I
I
I
I
I
I

LENGTH
38

DEF LINE
108

FROM-TO
59 60
66 71
78 84
87 90
93 96

101 102
103 103

REFERENCES
104

LENGTH
SB

248
378
138
158
58
78

PROPERTIES
INSTACK

OPT
OPT
OPT
OPT

INSTACK
EXT REFS

STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

140006 SCM USED

3258
468

213
38

4

SUBROUTINE GRASS9 10/21/80 14.36.28 PAGE
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SUBROUTINE CALLGR (DELNF,KFFL,PLENPsTIT,GRTIRSTARNPRINTAGRASS
+,NNORDS)

COMMON/GRSPTRiNVAR I, NVAR2 NVAR3, NAR4, NVAR5, NVAR6, NVAR?, NVAR8,
+NVAR9.NVAR10 NVARIbNVARI2,NVARI3 NVAR14,NVARI5,NVAR16,NVAR17,

5 +NVARIBNVARI ,NVAR20,NVAR2INVAR22,NVAR23,NVAR24,NVAR25,NVAR26,
+NVAR27,NVAR28,NVAR29,NVAR30,NVAR3INVAR32,NVAR33,NVAR34,NVAR35,
+NVAR36,NVAR37,LGRASS

COMMONiBDG02D'
+TGASIN,TGASR,FI JFIRSTKFIRSTKPRINTNMAXTS02

10 +,TSO~IRSTROVER$
1INENSION AGRASS(NNIORDS)
KFI : KF+I
CALL GRASS (DEL NFKF FLTIT PLENP IRSTAR,NPRINTGRTBVST KFi,AGRA

+55(NVARI),AGRASS(NVAR2),AGRA$S(NVAN3),AGRASS(NVAR4')AGRASS(IVAR5),
I5 +AGRASS(NVAR6.AGRASS(NVAR7)DAGRASS(NVAR8)IAGRASS(NVAR9) AGRASS(NVA

+R10) AGRASS(NVARII) AGRASS(NVARI2) AGRASS(NVARI3) AGRASS(NVAR14)A
+GRASS(NVARI5) AGRAS$(NVARI6) AGRAS(NVAR17),AGRASS(NUARI8),AGRASS(
+NVAR19) AGRASS(NVAR20) AGRAS5(NVAR2 I)AGRASS(NVAR22)AGRASS(NVAR23
+)AGRAS5(NVAP?4) AGRASS(NVAR25),AGRAS (NVAR26),AGRASS(NVAR27I)AGRA

20 +55(NVAR28)tGRASS(NVAR294)AGRASS(NVAR30)AGRASS(NVAR3I) AGRASS(NVA
+R32)AGRAS (NVAR33),AGRAS (NVAR34),AGRAS (NVAR35),AGRAS (NVAR36),A
+GRAS (NVAR37))

C WRITE(6,30)(I,AGRASS(I),I:LGRASS,LGRSSN)
RETURN

25 END

SYMBOLIC REFERENCE MAP (R:2)

ENTRY POINTS
4 CALLGR

VARIABLES
0 AGRASS

222 BUST
0 DEL
0 FL
0 GRT
0 IRSTAR

II IRSTRO
3 JFIRST
0 KF
4 FIRST

221 KFI
5 PRINT

45 LGRASS
a NF
6 *MAX
0 NPRINT
0 NVARI

DEF LINE

SN TYPE
REAL

x REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REFERENCES
24

RELOCATION
ARRAY F.P.

F.P.
F.P.
F.P.
F.P.
BDG02D
BDG02D
F.P.

BDG020

BDG020D
GRSPTR
F.P.
BDG02D

F.P.
GRSPTR

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
NE- S
REFS
REFS
REFS

11
13
13
13
13
13
8
8

12
8

13
8
3

13
8

13
3

37*13 DEFINED

DEFINED
DEFINED
DEFINED I
DEFINED 1

13 DEFINED

DEFINED 12

DEFINED 1

DEFINED
13

CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR
CALLGR

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
(26

10/21/80 14.36.26 PAGE 1SUBRvu" INE CLLGR
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VARIABLES
II NVAP10
12 NUAflI1
13 NVAR 2
14 NVARI3
15 NVARI4
16 NVARI5
17 NVAR16
20 NVARI7
21 NVARI8
22 NVAR19
I NVAR2

23 NJAR20
24 NVAR21
25 NVAR22
26 N4AR23
27 NVAR24
30 NVAR25
31 NVAR26
32 NVAR27
33 NVAR28
314 NVAR29
2 NVAR3

35 NVAR30
36 NVAR31
37 NVAR32
40 NVAR33
41 NVAR34
42 NVAR35
43 NVAR36
44 NVAR37
3 NVAR4
4 NVAR5
5 NVAR6
6 NVAR7
7 NVAR8

10 NVAR9
0 NIORDS
2 PI
0 PLENP
0 TGASIN
I TGASR
0 TIT

10 TSO
7 TS04

12 VERS

EXTERNALS
GRASS

CONON BLOCKS
GRSPTR
DDG02D

SN TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
I4TEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATING
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR
GRSPTR

F.P.
BDG02D
F.P.
DDG02D
BDG02D
F.P.
BDG02D
BDG02D
BDG02D

TYPE ARGS
486

REFERENCES
13

LENGTH
38
'I

REFS
REFS
REFS
REFS
REFS
REFS
RFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
kEFS
REF;
RECS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

it
8

8
8

13
8
8
8

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

DEFINED

DEFINED

DEFINED

SUBROUTINE CALLGR l120/ 0 1v.36.20 PAGE
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STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH

1400008 SCM USED

2238
618

147
49

PAGE 3
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SEGLOAD DIRECT VES.

TREE DRIVER-(ANSWER, FRPCON-(SETUP,TMPSUB FC
,Mi, FCMIZ, FAIL IRPLTOUT.VOLUME, BURNUP,PRINT2,PELET-(TEMPA,ABOUNDKREEP),
,CALLGR,CCRECP, )
ANSWER INCLUDE EADIN,DESIGN, NAIES,ECHO1
BURNUP INCLUDE (ISPRO, COOLT FLMDR', CORROS, CLADRPFLUXD, CEXPAN
BURNUP INCLUDE Ri PACK,CLDGRO
TMPSUB INCLUDE FEXPANS4ELL,RADIAL,CONDUC
VOLUME INCLUDE F(ISREENERGY,AN554
PLTOUT INCLUDE RE'iTFS PRINT WRITER
TEMPA INCLUDE TEt PD,+EMPC TbIPD
ABOUND INCLUDE OU 40 ASOLA. 50 LVETALOAD, LOAD, STFAXL, STIFF
PRINT2 INCLUDE GAS:dT
DRIVER GLOBAL POIN1 PNTINL,REALS INTEGINPTRINPTI MATCNS
DRIVER GLOBAL PHYPRI.,LACMDL LIMItS 1O.IO.,FCL.C.,1.UF.,A
DRIVER GLOBAL PNTPNI ,AXLFF STFMAT, GEOPAR,LASTICCONTNT
DRIVER GLOBAL TAPES, PRSSV V, EMFLGS
DRIVER GLOBAL GRSPTP , BDOG,, BDGR BDGR2, BDGR4, BDGRS, GRHOLD
DR I EP GLOBAL GTNIOIC GR0235 GRZA, GR2A4, VER
DRIVER GLOBAL GROA2 GROA3,Gh2A,GhOA
DRIVER GLOBAL PFRCS ,PFCMI2
DRIVER GLOBAL DESNBL, STP.END,CON.R1,AOB.RM, JMPS.RM MEMC.RM,OPES.FO
DRIVER GLOBAL OPEN.FO,PUT.RTCLSF.FO CLSV.F0,REN.F&,TER.RM,GET.FO
DRIVER GLOBAL RPAR.XX,GET.BTGET.RT, tT.FO,SKFL.FO

LEVEL
TREE FTBNUL.

FTBNUL GLOBAL FAST
END DRIVER

TREE DIAGRAM.

*DRIVER

?.ANSWER
?
o FRPCON

4.SE TjP

'.1MPSUB

?.FCtI
4
?.FCMI2

?.FAILUR

?.PLTOUT

?.VOLUME

LOAD MAP - SEGPW NTED LOAD. CYBER LOADER 1.5-508
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?.BURNUP

?.PRINT2

?.PELET

? ?.TEMPA

? ?.ABOUND

? ?.KREEP

?.CALLGR

?.CCREEP

*F TBNUL

FbA OF THE LOAD
LMA+1 OF THE LOAD

ECS FWA
ECS LbdA+

WRITTEN TO FILE

TRANSFER ADDRESS --

1046
260073

0
161560

FRPCAB

DRIVER

******** ERROR SUNtARY

NE4420///COULD

NE'420 ///COULD

NE'420/i/COULD

NEn420///COULD

NE4420tt/COULD

NE%420t//COULD

NEn420///COULD

NE420 //COULD

NE'I20///COULD

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

FIND

FIND

FIND

FIND

FIND

FIND

FIND

FIND

FIND

COMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

OR

OR

OR

OR

OR

OR

OR

OR

OR

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK

- DESNBL

- CON.Rt

- AOB.Rh

- JKPS.RI

- MEMC. RM

- OPESFO

- OPENFO

- PUT.RT

- CLSFFO

35431

LOAD MAP - SEGMENTED LOAD,. CYBER LOADER 1,5-50O
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NE4ZO//i/COULD

NE'*20///COULD

NE420///COULD

NE420///COULD

NE420///iCQULD

NE4420//t:'"l

NE4420// OUL L

NE442O///COICL

NE42#O///COULD

NOT

NOT

NOT

NOT

NOT

NOT

QaT

'IT

hu'

F I ND

FIND

FIND

FIND

FIND

FIND

FIND

FIND

FIND

COMON

COMMON

COMMON

COMMON

Co.O"

COMMON

COMMON

COMON
COMMON

OR

OR

OR

OR

OR

OR

OR

OR

OR

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

GLOBAL

BLOCK - CLSVFO

BLOCK - REW.FO

BLOCK - TERtRM

BLOCK - GETFO

BLOCK - RPAR.XX

BLOCK - GET.BT

BLOCK - GET .RT

BLOCK - PUT FO

BLOCK - SKFL.FO

----- SEGMENT - DRIVER

PROGRAM AND

BLOCK

(DRIVER)
.FCL:ENT/
POINT/
tPNTINL/
iREALS/'
'INTEG/
INPTR/
INPTI/

'MATCNS/
iPHYPROi
iLACMDL/
"LIMlTS/
108.I0,/
iFCL.C,/
/10,BUF./
iBA/
.PNTPNLi
TAXL/
.FEP/
.'STFMAT/
'GEOPARt
PLASTIC/

,CON *'.
'TAI

GS
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

BLuCK ASSIGNMENTS.

ADDRESS LENGTH

1046 15
1063 42
1125 307
1434 1
1435 610
2245 30
2275 2561
5056 305
5363 1
5377 13
5412 25
5437 76
5535 15c
5712 20
5740 227
6167 126
6315 107
6424 i4
6430 105
6535 204
6741 15
6756 3
6761 I
6762 6

FILE DATE PROCSSR VER LEVEL HARDWARE COMMENTS

LOAD MAP - SEGMENTED LOAD. CYBER LOADER 1.5-505
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BLOCK

/PRSSV/
/IODEV/
.EMFLGS /
GRSPTRi

:BDG02D/
8DGR/
'BiGR2/
.8DGR44/
BDGRS./
GRHOLD/
.'GTOLC/
.GR0235/

GR2A3.'
GR2A4/
AVER/
iGROA2'
GROA3/
'GR0M4/
PFRCS2'
/PFCMI2/
tSTP.END'
DRIVER
FLUXDP
POLATE
DIALOT
RUNFRP
STRANI
'REPI
STRESI
STRAIN
STRESSX
CREEPS
TEMPS
TEMPkF
PSIS
PSIB
CRAPX
FPRESS
CONVTR
AX121 N
AXILOD
AXIMDL
ZCOR
AXI2
AXIOUT
AXSCRP
CLOSX
ELAST
ELEMI
EOCALC
F tI

ADDRESS

6770
7040
7042
7054
7122
7135
7165
7255
7430
7501
7503
7517
7541
7573
7607
7610
7632
7637
7651
7677
7746
7747

40363
40470
40724
41005
41525
41534
41547
41562
42011
42203
42605
42626
42645
42662
42677
43055
43135
43201
43254
44055
45371
45440
47772
51457
52067
53003
53202
53737
5437-1

LENGTH

50
2

12
46
13
30
70
153
51

14
22
32
14
1

22
5

12
26
47
1

30414
105
234
61

520
7

13
13

227
172
402
21
17
15
15

156
60
44
53

601
1314
47

2332
1465
410
714
177
535
440
23

FILE

NEW
NEW
NEW
NEW
NEW
NEWF
NEWF
NEWF
NEW
NEMF
NEW
NEWF
NEMF
NEWF
NEWF
NEWF
NEWF
NEWF
NEWAXS
NEWAXS
NEWAXS
NE WAXS
NEWAXS
NEMAXS
NEMAXS
NEWAXS
NEMAXS
NEWAXS
NEWAXS
NEWAXS

DATE

10/2I/t0
10/21/8')
10/21/80
10/21/80
10/21/80
10/21/80
10/21180
10/21/80
10/21/80
10/21:80
10/21/80
10/21:80
10/21/80
10/21/80
10/21/80
10i21180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10121/80
10/21x80
10/21x80
I0/a I80

CYBER LOADER I.5-508

PROCSSR VER LEVEL NARDWOARE

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
F TN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTh
FTN
FTN
FTN
FTN

i.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.e
4.8
4.8
4.68
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
76 7X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X

IL
I
I
IL
IL
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
IL
I
I
IL
IL
I
IL
I

10/21180

COMMENTS

PROGRAM OPT:0
SUBROUTINEOPT:G
FUNCTION OPT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FLr4C T ION OP':0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
FUNCTION OPT:0
FUNCTION OPT:0
FUNCTION OPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUT INEOPT:0
SUBROUT INEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0

4

PAGE .4

TRACE
'RACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STAl IC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

14.36.41,.

,c41o "l
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DATE

GAPADD
GAPSEM
GPFORC
GAPTST
I FPRES
KTIE
NULOAD
PASPSI
AXPLAS
PSIPAS
RADFRC
STRNAD
STRNAV
STRSAV
SIGCLC
TEMPFK
TF
XGAPSM
XLFRC
XLLOK
CRIIPX
AXDRIV
CAN ISO
CBRTTL
CCLAPS
CCP
CCRPR
CELAST
CELMOD
CFATIG
CHITOX
CHSCP
CHUP TK
CKMN
COBILD
CSHEAR
CSIGMA
CSTRAN
CSTRES
CSTRNI
CTHEXP
CTXTUR
FCP
FCREEP
FELMOD
FFRACS
FGASRL
FHOTPS
FPOIR
FRESTR
FTHEXP

PROCSSR VER LEVELBLOCK ADDRESS

54422
54546
55073
55300
55650
56165
56555
60714
60731
62646
62663
63003
63303
63465
63544
6407a,
6411?
64364
64500
64614
64761
65125
131413
132157
132433
132475
132622
133027
134725
13522$
135310
135424
135555
136017
136523
140301
140555
140725
141013
141077
141326
141621
143444
143714
144351
144532
144626
145173
145773
146054
146246

HARDWARELENGTH

124
325
205
350
315
370

2137
15

1715
15

120
300
162
57

332
21

245
114
114
145
144

44266
544
254
42
125
205

1676
274
67
114
131
242
504
1556
254
150
66
64

227
273
1623
250
435
161
74

345
600
61
172
172

COP CENTS

NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEIAXS
NERAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
NEWAXS
MTPLIM
MTPLM
MTPLM
MTPLM
MTPLIM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLIM
MTPLM
MTPLM
MTPIM
MTPLM
MTPLM
TPLMT

MTPLM
MTPLM
MTPLIM
MTPLM
MTPLM
MTPLM
MTPLIM
MTPLM
MTPLM
MTPIM

10/21/80
10/21/80
10121/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
IJ/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80

FTN
FTN
FTN
FTN
FTN
F'{ N
FTN
FTN
FTN
FTN
F''N
F 'N
FTN
FTN
FTN
FTN
FIN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FiN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN

4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 50G
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
7E7X
767X
767X
767X
767X
7t7X
767X
767X
767X
767X
767X
767X
767X
767X

FILE

SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUT I NEOPT:O
FUNCTION OPT:0
SIBROJUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:O
FUNCTION OPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUT I NEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION CPT:0
SUBROTI kOPT0
SUBROU TI 4NEOPT :0
5JBROUTINEOPT:0
SUBROUT I *EOPT :0
SUBROUTIE0F':0
SUBROUTINEOP.:0
5UBROUTINEOPT:0
FUNCTION OPT:
FUNCTION OPT-C
FUNCTION OPT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:'l
FUNCTV'N OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION 3PT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
FUNC .ION OPT:0
FUNCTION OPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:O
FUNCTION OPT:O

TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TMICE
TRACE
TRACT,
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRi:CE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STATIC
STAl IC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STAT I C
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

LOAD MAP - SEGMENTED LOAD. CYAEr LOADER L,5-508
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F ILE

FVAPRS
EMCPIR
EMCTXP
EMFCP
EMFEOD
EMFPIR
EMFE 55
EMCCP
EMCLEM
EMFTXP
EMSTRN
GRASSI
GRASS?
BIKDAT.
ALOG
ALOG.
EXP
I TOJ.
COS
SORT.
SYS:I ST
XTOY
BACKSP:
COM 10:
EOF
FECMSK:
FLTIN:
FMTAP:
FORiTL:
GETFIT:
INPB:
KRAKER:
NAMIN:
OUTCOME:
SPA:
STLBAK.
STLOBI.
STLOCO.
STLRP2:
SYSTEMC
ERRCAP:
OUtC:
ALOGIO
EXP.
EXP.MSG
ITOJ*
ITOX*
SIN
SINCOS.
SORT
SYSAID:

DATEBLOCK PROCSSR VER LEVELADDRESS

146440
146755
147005
147054
147151
147212
147226
147307
147346
147410
147477
147735
147765
150065
150065
150074
150161
150171
150223
150233
150265
150352
150365
150442
150452
150472
150533
150711
151310
151335
151423
1'5203i
152505
153234
15'440
153452
153465
153502
153514
153515
154151
154475
154651
154661
154754
154772
155005
155063
155073
155153
155163

315
30
47
75
41
'4

61
37
42
67

236
30
100

0
10
64
10
32
10
32
65
13
55
10
20
41

156
377
25
66

406
454
527
204
12
13
15
12

434
324
154

10
73
16
13
56
to
60
10

i

MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLHM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
NEWFG
NEWFG
NEIFG

SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAs
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTR aN
SL-FERTR.4
SL-FORT AN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL- 7ORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN

HARDnARE

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
S67X
'67X
'/67X
767X

COW INTS

10/21/80
10/21/80
10/21'80
'0/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
04/29.'80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04.'29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
0t/29/80
04/29.'60
i4 /2 z 
04/29/80
04/29/6t
04/29/ eO
04/29'80
04/29/80
04/29/80
04/29/80

05/09/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29/80

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
C.'MPA5S

COMPASS

COMPASS

'OMPASS
roiP :s
COMPh5
COMPASS
COMPASS
COMPASS

COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3,6
3.c=
3.6
3.6
3.6

3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6

508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
506
508
508
50'
5S S
508
508
508
508
508

508
508
508
508
508
508
508
508
508
508

LENGTH

SUBROUTINEOPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:Q TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
BLOCKDATA OPT:0 TRACE STATIC
CALL-BY-REFERENCE LINK TO ALOG.
COMPUTE COMMON AND NATURAL LOGARITHMS. OPT:
CALL-BY-REFERENCE LINK TO EXP. .
INTEGER TO INTEGER EXPONENTIATION. OPT:ALL
FCL4 - EVALUATE COSINE FUNCTION. CAL
COMPUTE THE SQUARE ROOT OF X. OPT:ALL.
MATH LIBRARY LINK TO ERROR MESSAGE PROCESSO
CALL-BY-REFERENCE LINK TO XTOY.
BACKSPACE LOGICAL RECORD,
COMMON CODED Ito ROUTINES AND CONSTANTS.
TEST FOR END OF FILE STATUS.
INITIALIZE CONSTANTS.
COMMON FLOATING INPUT CONVERTER.
CRACK APLIST AND FORMAT FOR KODER/KRAKER.
FCL MISC. UTILITIES.
LOCATE A FIT GIVEN A FILE DESCRIPTOR
BINARY READ FORTRAN RECORD.
PROCESS FORMATTED FORTRAN INPUT.
NAMELIST INPUT ROUTINE.
COMMON OUTPUT CODE
SPA: - SUBSTITUTE PARAMETER ADDRESSES.
STATIC LOAD FOR BACKSPACE.
STATIC LOAD FOR BINARY OUTPUT.
STATIC LOAD FOR CODED OUTPUT.
STATIC LOADING FTNRP2:
EXTENDED ERROR HANDLING OPTION.

FORMATTED WRITE FORTRAN RECORD.
CALL-BY-REFERENCE LINK TO ALOGIO.
EXPONENTIAL FUNCTION, E TO POWER X. OPT:ALL
COMMON ERROR MESSAGES FOR EXPONENTIATION.
CALL-BY-REFERENCE LINK TO ITOJ.
INTEGER BASE TO REAL POWER.
FCL4 - EVALUATE SINE FUNCTION.CALL-BY-REFER
TRIGONOMETRIC SINE OR COSINE OF X. OPT:ALL.
CALL-BY-REFERENCE LINK TO SORT. .
LINK BETWEEN SYS:AID AND INITIALIZATION COD

LOAD MAP - SEGMENTED LOAD. CYDER LOADER 1.5-500
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BLOCK

SYS:AID
XTOY.
Q2NTRY:
FCL:FDL
FEIFST:
FLTOUT:
FORSYS:
INCOM:
INPC:
KODER:
NAMOUT:
OUTS:
REWIND:
STLCR9:
STL181.
STLICO.
STLREW.
FTNRP2:
CPU.SYS
CMF.GSS
CMM.K IL
CMM.MEM
CMM.R
CTLSPTL
CTLSSKP
LISTIRM
CTL$RM
CTLSWR
ERRSRM
RM5SYS:
RBL RM
RECOVER
FERCAP:
RPVCAP:
CHEK$50
CLSUSSQ
DFSCRM
EFICRMI
GETIW
GETWmA
PUTSSQ
PUTIW
PUTSWA
REWSSQ
SKBLSSQ
SKIPSQ
WEOX15Q
FCL$RM
PIGIRM
CLSFIRM
COMM$1A

ADDRESS

'55164
155173
155:24
155225
155265
155270
155605
156??2
156477
156706
157404
157673
160100
160133
160164
160210
160226
160242
160263
160323
160345
160357
160366
160574
160630
160707
160776
161574
161640
161665
161665
161672
162060
162310
162470
162567
163011
163237
163704
163757
164154
164750
165165
165357
165505
166472
,66726
167067
167067
167131
167564

LENGTH FILE

7 SL-FORTRAN
31 SL-FORTRAN
I SL-FORTRAN

40 SV-FORTRAN
3 SL-FC RTRAN4

3!5 SL-FORTRAN
5?5 SL-FORTRAN
145 SL-FORTRAN
207 SL-FORTRAN
476 SL-FORTRAN
267 SL-FORTRAN
245 SL-FORTRAN
3? SL-FORTRAN
31 SL-FORTRAN
24 SL-FORTRAN
16 SL-FORTRAN
14 SL-FORTRAN

21 SL-FORTRAN
40 SL-SYSLIB
22 SL-SYSLIB
12 SL-SYSLIB
7 SL-SYSLIB

206 SL-SYSLIB
34 SL-SYSLIB
57 SL-SYSLIB
67 SL-SYSLIB

576 SL-SYSLIB
44 SL-SYSLIB
25 SL-SYSLIB
5 SL-SYSLIB
0 SL-SYSLIB

166 SL-SYSLIB
230 SL-FORTRAN
160 SL-FORTRAN
77 SL-BAMLIB

222 SL-BAMLIB
226 SL-BAMLIB
445 SL-BAMLIB
53 SL-BAMLIB

175 SL-BAMLIB
574 SL-BAMLIB
215 SL-BAMLIB
172 SL-BAMLIB
126 SL-BAMLIB
765 SL-BAMLIB
234 SL-BAMLIB
141 SL-BAMLIB
42 SL-BAMLIB
0 SL-BAMLIB

433 SL-BAMLIB
306 SL-AMLI1

DATE

04/29/80
04/29/80
04/29/80
04/29/80
04/29/80
04/29.80
04/29/80
04/29/80
04/29!80
04/29/O0
04/29 '80
04/2, *80
0a/29i,90
04/29/0
04/29/80
04/29/80
04/29/80
05/19/80
01/08/80
01/08/80
01/08/80
0110880
01/08/80
01/23/80
01/23/80
01/23/80
01/23/80
01/23/80
01/23/80
01/23/80
01/23/80
01/24/80

PROCSSR VER LEVEL

COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COPPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS

3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6

HARDWARE

508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
498
508
508
508
508
508
508
508
508
508
508
508
508
508

01/23/80 COMPASS 3.6 508
0I'23/80 COMPASS 3.6 508

COMMENTS

AUXILIARY MATH LIBRARY LINK FOR ER.JRS.
REAL BASE TO REAL POWER. OPT:ALL.
FCL INIT;4LIZATION ROUTINE.
FCL CAPSU-E LOADING
CONVERTED DATA STORAGE
COMMON FLOATING OUTPUT CODE
FORTRAN OBJECT LIBRARY UTILITIES.
COMMON INPUT FORMATTING CODE
FORMATTED READ FORTRAN RECORD.
OUTPUT FORMAT INTERPRETER.
NAMELIST OUTPUT ROUTINE.
BINARY WRITE FORTRAN RECORD.
POSITION FILE AT BEGINNING-OF-INFORMATION.
STATIC LOADING OF FCL CAPSULES
STATIC LOAD FOR BINARY INPUT.
STATIC LOAD FOR CODED INPUT.
STATIC LOAD FOR REWIND.
FORTRAN REPRIEVE.
PROCESS SYSTEM REQUEST.
CMM U1.1 - GET SUMMARY STATISTICS.
ChM VI.1 - DEACTIVATE CMM.

CMM VI.1 - RESIDENT SUBROUTINES.
CRM CONTROLLER - PARTIAL GETtPUT.
CRM CONTROLLER - SKIP PHYSICAL/FILE.
CRM - ALLOCATE SPACE FOR LIST OF FILES
CRM CONTROLLING ROUTINE.
CRM CONTROLLER - WEOX, REWIND
CRM ERROR PROCESSOR ENTRY.
CRM - POST RA+1 REQUEST
CRM - MANIFEST BAMLIB.AAMLIB FOR STATIC LOA
REPRIEVE INTERFACE

LINK/DE INK STATIC CAPSULES.

LOAD NAP - SEGMENTED LOAD. CYRER LOADER 1.5-508
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BLOCK

GETISQ
GETSFU
GETS
GETS
GPTM55Q
LBUFSRM
OPENRM
PUTSCI
PUTS5

SKFL$S '
SK~i'35t6
NAR%30
CMF.5SF
tDESNB'./
/DO T/

ADDRESS

170072
170721
171040
171546
171732
172+461
172615
174175
174262
174654
174752
175140
175177
175304
175466

40000000
40011200

LENGTH FI LE

627 SL-BAMLIB
117 SL-BAMLIB
506 SL-BAMLIB
164 SL-BAMLIB
527 SL-BAMLIB
134 SL-BAMLIB

136G SL-BAMLIB
65 SL-BAMLIB

372 SL-BANLID
76 SL-BAMLIB
166 SL-BAMLIB
37 SL-BAMLIB

105 SL-BAMLIB
162 SL-BAMLIB
47 SL-SYSLIE

11200
151360

DATE PROCSSR VER LEVEL HARDWARE

01/08.80 COMPASS 3.6 508

COMENTS

CMI VI.1 - SET DABA.

-- SEGMENT - ANSWER

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

(ANSWER)
READ':4
DESIGN
NAMES
ECHO
ANSWER
PROD
IDEA
.'DESNBL/

ADDRESS

175535
175535
176537
x')2660
2,13465
203742
221346
22:500

40000000

LENGTH

0
1002
4121
605
255

14404
132
124

11200

FI LE

NEW
NEW
NEW
NEW
NEW
NEW
NEW

DATE PROCSSR VER LEVEL

I0/2I.80 FTN
I0/21:80 FTN
10/21/80 FTN
I0/2I/8n FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN

4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508
4.8 508

HARDWARE

767X
767X
767X
767X
767X
767X
767X

IL
IL
IL
I
IL
I
I

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC

SEGMENT - FRPCON

PROGRAM AND BLOCK ASSIGNMENTS.

LENGTH FI LE DATE PROCSSR VER LEVEL HARDWARE COMMENTS

tPOINT/ 5 1125 307

BLOCK ADDRESS

LOAD MAP - SEGMENTED LOAD. CYBER LOADER 1.5-508
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BLOCK

REALS.'
I NTEGi'
I NPTR/
iNPTI1/

/MATCNS /
'PHYPRO/
/LACMDL/
/LIMITS/
108. 10.1
/FCL.C./
/BA/
tPNTPNL /
'AXL/
iEMFLGS/
.GRSPTRi
'BDG02D/
.BDGR./

.BDGR2..

tBDGR4'
.BDGRSI

tGRHOLD/
'GTWOLC/
iGR0235/
.'GR2A3/
.GR2A4/
'ER/

.'PFRCS2/
PFCM 12/

(FRPCON)
FRPCON
CLADF
CLOSE
COUPLE
CRAP
CREEP
CREPR
EMRLOC
FRACAS
GSPRES
GAPT
GASREL
MEMSET
NEWGAP
NEMSET
PGHEAD
PLNT
RMESH
SIN1
STORE
STRAIN
STRESS

ADDRESS

1435
2245
2275
5056
5363
5377
5412
5437
5535
5712
6167
6315
6424
7042
7054
7122
7135
7165
7255
7430
750 1
7503
7517
75.4'
7573
7607
7651
7677

175535
'75575
205253
205630
206777
210105
210230
210616
210733
211025
212076
212700
213114
213763
214010
214242
214266
214511
215351
215445
216003
216136
216354

LENGTH

610
30

2561
305

14
13
25
76

155
26
126
107

4
12

46
13
30
70

153
51
2

14
22
32
14
1

2:
47
40

7456
355

1147
1106
123
366
115
72

1051
60?
214
647
25

232
24

223
640

74
336
133
216
200

FI LE

NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW

DATE

10121'80
10/21/80
10/21/80
10121'80
10/21/80
10/21 '80
10/21:80
10/21180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21'80

CYBER LOADER 1,5-508

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.9
'4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
508
508
508
508

5608
508
508
508
508
508
508
508
508
508

HARDWARE

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X

IL
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I

10/21/80

COMMENTS

SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0

PAGE 9

TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STAT I C
STATIC
STAT I C
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
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BLOCK

TAPEGN
TERP
TOTGAS
(RI IP
FCRNCH
RATIO
PELLET
CLOSEX
EQUAL
EQUAL2
GAPTX
AXRACH
TRANSF
AX IWRT
PROP I D
PHYPRP
CANEAL
CTHCON
GTHCON
GUISCO
ZOTCON
EMCTON
EMGTON
ERF
GRASS6
TANH.
XTOI*
LDOUT:
CLOCK:
GOTOER:
TANH
XTOI.
OUTF:
/FASTi
/DESNBL./

ADDRESS

216554
217510
220022
220561
220722
221010
222101
22266?
223704
223735
224001
224526
227642
234227
234474
234541
234750
235400
235502
236157
236753
237017
237053
237766
240141
240253
240312
240323
240576
240651
240665
240675
240760

D 260066
40000000

LENGTH

734
312
537
141
66

1071
566
1015

31
44
525
3114
4365
245
45

207
430
102
455
574

44
34

713
153
112
37
1I

253
53
14
10
63
163
1

11200

FILE

NEW
NEW
NEW
NEWF
NEWF
NEIF
NEWF
NEWF
NEWF
NENF
NEWF
NEIF
NEWF
NEWAXS
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
NEIP
NEWFG

SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN

DATE

10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
04/ ?9/80
04/29/80
04/29/80
04 /29/80
04/29/80
04/29/80
04/29/80
04/29/80

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6

508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508

HARDWARE

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
?67X
767X
767X
767X

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE 5TiTIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:C TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
HYPERBOLIC TANGENT. OPT:ALL.
CALL-BY-REFERENCE LINK TO XTOI.
LIST DIRECTED OUTPUT FORMATTING
ACCESS SYSTEM CLOCKS FOR FORTRAN.
COMPUTED GO TO ERROR PROCESSOR.
CALL-BY-REFERENCE LINK TO TANH.
REAL TO INTEGER EXPONENTIATION.
LIST DIRECTED OUTPUT CONTROL

-- SEGMENT - SETUP

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

/POINT/
/PNTINL/

/REALS/

.INTEG/

ADDRESS

5
S
S
S

I125
1434
1435
2245

LENGTH FILE DATE PROCSSR VER LEVEL HARDWARE COMMENTS

307
I

610
30

LOAD MAP - SEGMENTED LOAD. CYBER LOADER 1.5-506
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PROCSSR VER LEVEL HARDWARE COMMENTS

.INPTR/

IINPTI/
/MATCNS/
iPHYPRO/
/LACMDL/
/LIMITS/
/PNTPNLi
iAXLi
'EMFLGSi
/GRSPTR/
.'VER/
PFRC52/

/PFCM12/
(SETUP)
SETUP
ASSIGN
AXHEF
CHECK
INITAL
LACINP
PLTINP
POINTR
PRINTI
FC2PTR
FR2PTR
GRASS9
/FAST/

S 2275
S 5056
S 5363
S 5377
S 5412
S 5437
5 6315
S 6424
S 7042
5 70514
5 7607
5 7651
5 7677

241143
21411143
241712
241763
243372
246153
252143
252252
252546
254405
257021
257327
257541

D 260066

2561
305
14
13
25
76

107
4
12
46
1

26
47

0
547

51
1407
2561
3770

107
274
1637
2414

306
212
325

1

NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEWF
NEWF
NEWFG

10/21!80 FTN
10/21/80 FTN
I0/21180 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
508
508
508
508
508

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X

SUBROUTINE0PT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOFT:0
SUBROUIINEOPT:0
SUBROUTINEOPT:0

------- StGMENT - TMPSUD

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

/PHYPRO./
/LACMDL/
(TMPSUB)
FEXPAN
SWELL
RADIAL
CONDUC
TMPSUB
DDLF
EFFCON
EMDNSF
EMFTC

S
S

ADDRESS

5377
5412

241143
241143
241270
241777
243355
243601
244342
246407
246535
246643

LENGTH

13
25
0

125
507
1356
224
541

2045
126
106
20

FILE

NEW
NEW
NEWP
NEW
NEW
NEW
NEW
NEW
NEW

DATE PROCSSR VER LEVEL

10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10/21/80 FTN

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
508
508

HARDWARE

767X
767X
767X
767X
767X
767X
767X
767X
767X

I
I
I
I
I
I
I
I
I

COMIMENTS

SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:
FUNCTION OPT:0
FUNCTION OPT:0

TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC
TRACE STATIC

BLOCK ADDRESS LENGTH FILE DATE

TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

LOAD MAP - SEGMENTED LOAD. CYBER LOADER 1.5-506
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FILEBLOCK

EMSSF2
GAPRS
CMHARD
FEMI 55
FSWELL
FTHCON
FUDENS
ZOEMIS
EMFTON
ATAN.
ATAN

DATEADDRESS

246663
2'6741
247667
247741
250012
250135
250533
251205
251332
251410
251470

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
COMPASS
COMPASS

4.8 508
4.8 508
4.8 508
4,8 508
4.8 508
4.8 508
4,8 508
4.8 508
4.8 508
3.6 508
3.6 508

HARDWARE

767X
767X
767X
767X
767X
767X
767X
767X
767X

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT=0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
FUNCT;(N OPT:0 TRACE STATIC
SUBROUINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
FUNCTION OPT:0 TRACE STATIC
SUBROUTINEOP' TRACE STATIC
SUBROUTINEOP,:0 TRACE STATIC
COMPUTE THE INVERSE TANGENT FUNCTION. OPT:A
CALL-BY-REFERENCE LINK TO ATAN.,.

--------- SEGMENT - FCMI

PROGRAM AND BLOCK ASSIGNMENTS.

PROCSSR VER LEVEL

10/21/80 FTN 4.8 508

HARDWARE

767X I

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC

-SEGMENT- FCMI2

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

/PFCMI2/
(FCM12)
rCM 12

ADDRESS

S 7677
241143
241143

LENGTH

47
0

1200

cILE

NEWF

DATE PROCSSR VER LEVEL

10/21/80 FTN 4.8 508

HARDWARE

767X I

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC

---------SEGMENT - FAILUR

PROGRAM AND BLOCK ASSIGNMENTS.

NEW
NEW
MTPLM
MTPLM
MTPLM
MTPLM
MTPLM
MTPLH
MTPLM

SL-FORTRAN
SL-FORTRAN

10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21 /80
10/21.80
10/21/80
04/29/80
04/29/80

LENGTH

56
726

52
51
123
376
452
125
56
60
10

BLOCK

(FCMI)
FCMI

ADDRESS

241143
241143

LENGTH

0
1320

DATEFILE

NEW4

LOAD NAP - SEGMENTED LOAD,. CYBE'' LOADER 1.5-50@
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PROCSSR VER LEVEL HARDWARE COMMENTS

/MATCNS/
/PHYPRO/
(FAILUR)
FAILUR
BDTR
BFRAC
BURST
CCRAK
CDTR
CRAKF
CRERUP
DFRAC
DLGAM
EUMELT
FBLOK
FLOBLK
FRAIL L
FSIGT
FSTEMP
FSTRS
HCFF
LCFF
MELT
NDTR
5CC
CES I OD
CMLIMT
CSRUPT
DEULER.
DEXP.
DLOG.
DSORT.
DEXP
DLOG
DSQRT

5 5363
5 5377

241143
2141143
242337
244120
244161
244272
244650
246307
;46440
246452
246475
246776
247024
247063
247450
250171
250355
250656
250751
250763
250775
251025
251111
251440
252C30
252522
252756
253036
253073
253241
253265
253274
253320

14
13
0

1174
1561

41
!II
356
1437
131
12
23

301
26
37

365
521
164
301
73
12
12
30
64

327
370
472
234
60
35
146
24
7'

24
11

NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
KEW
NEW
NEW
NEW
NEW
NEW
MTPLM
MTPLM
MTPLM

SL-FORTRPAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN

10/21/80
10/21/80
10/21/80
10/21/80
10/21180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
1l.'1/80
10/C'/80
10/21.80
10/21/ 0
10/21/b0
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
04/29/80
04/29/80
04/29/80
041/29/80
04'29/80
04/29/80
04/29/80

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS
COMPASS

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8
3.6
3.6
3.6
3.6
3.6
3.6
3.6

508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508
508

767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X
767X

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE Si'rTIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
,BROUTINEOPT:0 TRACE STATIC
:UBROUTINEOPT:0 TRACE STATIC
SULROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
COMMON CODE FOR DEXP:, DHYP:, DTANH:.
DOUBLE PRECISION EXP. OPT:ALL.
COMPUTE DOUBLE LOG AND DLOG1.
DOUBLE PRECISION SQUARE ROOT. OPT:ALL.
COMPUTE DOUBLE PRECISION EXPONENTIAL.
DOUBLE LOGARITHM BASE E OF X.
CALL-BY-REFERENCE LINK TO DSORT.

-------- SEGMENT - PITOUT

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

(PL TOUT)
RESTFS
PRINT
WRITER

ADDRESS

241143
241143
242730
243245

LENGTH

0
1505
315
553

FI LE

NEW
NEWF
NEW

DATE PROCSSR VER LEVEL

10.21/80 FTN
10/21/80 FTN
10/21/80 FTN

4.8
4.8
4.8

508
508
508

HARDWARE

767X I
767X I
767X IL

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUB$U&TINEOPT:0 TRACE STATIC

BLOCK ADDRESS LENGTH FI LE DATE

CYBER LOADER I.5-'06LOAD MAP - SEGMENTED LOAD,.
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BLOCK

PL TOUT
PLOTN
tDESNBLI

ADDRESS

2443Z0
2444t2

40000000

LENGTH

372
141

11200

FI LE

NEW
NEW

DATE PROCSSR VER LEVEL

10/21/80 FTN
10/21/80 FTN

4.8 508
4.8 508

HARDOAQE

767X I
767X I

COMMENTS

SUBROUTINEOPT:0
SUBROUTI4EOPT:0

-- SEGMENT - VOLUME

PROGRAM AND BLOCK ASSIGNMENTS.

LENGTH FILE

0
1663
146

1461
367
142

NEW
NEW
NEW
NEW
NEW

DATE

10/21/80
10/21/80
10/21/80
10/21/80
10/21/80

PROCSSR VER LEVIL

FTN
FTN
FTN
FTN
FTN

4.8
4.8
4.8
4.8
4.8

508
508
508
508
508

MARODNARE

767X I
767X I
767X 1
767X I
767X I

COMMENTS

SUBROUT I NEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
FUNCTION OPT:0

-- SEGMENT - BURNUP

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

(BURNUP)
GASPRO
CCOLT
FLMDRP
CORROS
CLADRP
FLUXD
CEXPAN
REPACK
CLDGRO
BURNUP
PWRDEP
CAGROM

ADDRESS

241143
241143
241253
241470
241656
242200
242264
342632
242673
242752
243072
243272
244224

LENGTH

0
,10
215
166
322
64

346
41
57
120
200
732

61

FI LE

NEW
NEW
NEW
MTPLtM
NEW
NEW
NEW
NEW
NEW
NEW
NEW
MTPLM

DATE

10/2! /80
l0/21/80
10/21/80
10/2I180
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80
10/21/80

PROCSSR VER LEVEL

FTN
F' N
FTA
FTI'
FTN
FTN
FTm
FTN
F TN
FTN
FTN
FTN

4.8
4.8
4.8
4.8
4.8
4.6
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
5c8
508
506
508
508

HARDWARE

767X
767X
i67X
767X
767X
767X
767X
767X
767X
767X
767X
767X

COMMENTS

SuBR3UTINEO T:0
I SUBF3UT lNEOlT:0
I SUBROUTINEOfT:0

SUBROUTINEOFT:O
i SUBROUTINEOFT:O
I SUBROUTINEOPT:0
I SUBROUTINEOPT:0
I 5UBROUTINEOPT:0
I SUBROUTINEOPT:0
I SUBROUTaNEOPT:0
I SUBROuiINEOPT:0
& FUNCTION OPT:0

---SEGMENT - PRINT2

TRACE
TRACE

STATIC
STATIC

BLOCK

VOLUME
FG.SRE
ENERGY
ANS54
VOLUME
FENTHIL

ADDRESS

241 143
I41143
243026
243174
244655
245244

TRACE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STATIC
STATIC
STATIC

TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STAl IC
STATIC
STri IC
STATIC

LOAD ,'^' - SEGMENTED LOAD. CYSER LOADER 1.5-508



LOAD MAP - SEGMENTED LOAD.

PROGRAM AND BLOCK ASSIGNMENTS.

CYBER LOADER 1.5-5(8 IO'21I80

PROCSSR VER LEVEL MARDARE CO#$ENTS

/POINT/
/REALS/
/INTEG/

/INPTR'
/INPTI/
/MATCNS/
iPHYPRO/
/LACMDL/
/LIMITS/
/Ai
/PNTPNL/

iAXL/
/EIFLGS/
/VER/
/PFPCS2/
(PRINT2)
GASPLT
PRINT
/FASTi

S 1125
S 1435
S 2245
5 '575
5 5056
3 5363
5 5377
S 5412
S 5437
S 6167
S 6315
S 6424
S 7042
5 7607
5 7651

241143
24!143
24557

0 260066

307
610
30

2561
305
14
13
25
76

126
107
4

12
1

26
0

414
5436

1

NEWl
NEW

10/21/,8 FTN
10t21/80 FTN

.4.8 508
4.8 508

767X I
767X I

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC

-SEGMENT - PELET

PROGRAM AND BLOCK ASSIGNMENTS.

PROCSSR VER LEVEL MARMARE COMMENTS

?LIMITS/
aA/
PNTPNL/
-AXL/

FEP/
STFMAT'

/GEOPARI
'LASTIC/
tCONTNT/
.TAPES./

.PRSSV/
(PELET)
PELET
I NPAXL
INPUT
MOVEKA
FAST/

S 5437
S 6167
S 6315
5 6424
5 6430
s 6535
S 6741
5 6756
5 6761
S 6762
5 6770

241143
241156
243006
243604
243771

D 260066

76
126
107

4
105
204

15
3
I
6

50
13

1630
576
165
25
I

NEWP
NEWP
NEWP
NEP

10/21/80 FTN
10/21/80 FTN
10/21/80 FTN
10x21/80 FTN

4.8 508
4.8 508
4.8 508
4.8 508

767X I
767X I
767X I
767? I

SUBROUTINEOPT:0 TRACE
SUBROUTINEOPT:0 TRACE
SUBROUTINEOPT:0 TRACE
SUBROUTINEOPT:0 TRACE

BLOCK ADDRESS LENGTH FI LE DATE

PAGE 15

BLOCK ADDRESS LENGTH FI LE DATE

STATIC
STATIC
STATIC
STATIC
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-------- SEGMENT - CALLGP

PROCRAM AND BLOCK ASSIGNMENTS.

BLOCK

iGRSPTR/
BOGO 2D/

.BDGR/
BDGR2/'

!8DGR*'
I DGRS/
/GTWOLC/
/GR0235/
,GR2A3/
rGR2AN/
tCROA2,
'GROA3/
'GROA4/
(CALLGR)
CALLGR
GRASS
GRASS2
GRASS3
GRASS
GRASS
ACOS
ACOSIN.

S
S
S
S
S
S
S
S
S
S
S
S
S

ADDRESS

7054
7122
7135
7!65
7255
71430
7503
7517
7541
7573
7610
7632
7637

241143
241143
241366
244270
246456
246722
250342
251220
251230

tLINGTH

40
13
30
70

153
51
14
22
32
14
22

5
12
0

223
2702
2166

244
1420
656

10
63

FILE

NEWFG
NEIFG
NEIFG
NEWFG
NEWFG
tENFG

SL-FORTRAN
SL-FORTRAN

DATE

10121/80
10/21/80
10 1/80
10/ 1/80
10/21/80
I /21/80
04.29/80
04. ?/80

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN
FTN
FTR
COP PASS
CO'PASS

4,8
4.8
4.8
4.8
4.8
4.8
3.6
3.6

508
508
508
508
508
508
508
508

H RDMARE

767X
767X
767X
767X
767X
767'

I
I
I
I

I

COMMENTS

SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUINEOPT:0 TRACE STATIC
5I8ROUTINE'PT:0 TRACE STATIC
CALL-BY-RErERENCE LINK TO ACOS.
COMPUTE THE IN4ERSE SINE OR COSINE OF X.

SEGMENT - CCREEP

PROGRAM AND BLOCK ASSIGNMENTS.

PROCSSR VER LEJEL HARDWARE (OMiENTS

.POINTi
REALSi

iINTEG/
.INPTRi

tINPTI /
ItATCNS/
.PHYPRO/
.LACMDL/
EMFLGS/

.QER/

'PFRCS2,

BLOCK ADDRESS LENGTH FI LE DATE

S
S
S
S
S
S
5
S
S
S
S

1125
1435
2245
2275
5056
5363
5377
5412
7042
7607
7651

307
610

30
2561

305
14
13
25
12
I

26
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10A21? 6 14.36.41. PAGE 17

LENGTH FILE DATE PROSSR VER LEVEL HARDWARE COMMENTS

/PFCM I.
(CCREEP)
CCREEP
FCMIZ
FCMI
/FAST/

S 7677
241 X43
24I I43
2i2515
?43715

D 260066

0
1352
1200
1320

1

NEW
NEWF
NEW

10/21 I80
10/t21/80
10/21/80

FTN
FTN
FTN

4.8 508
4.8 508
4.8 508

767X I
767X 1
767X 1

SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC

--------- SEGMENT - TEMPA

PROGRAM AND BLOCK tSSIGNMENTS.

DATE

10/21/80
10/21/80
10/21/80
10/21'80

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN

4.8
4.8
4.8
'4.8

508
508
508
508

HARD4IARE

767X I
767X I
767X I
767X I

COMMENTS

SuBROUTINEPT:0 TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC

--------- SEGMENT - ABOUND

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

MATCNS/
.LiMITS/
tBA/
.PNTPNL/
'AXL/
/FEP/
/STFMAT/

.GEOPAR/
'LASTIC/
iCONTNTi
/TAPES/
.PRSS/ 
(ABOUND)
BOUND
ASOL VE
SOLVET

S
S
S
S
S
S
S
S
S
S
S

5

ADDRESS

5363
5437
6167
6315
6424
6430
6535
6741
6756
6761
6762
677C

244016
244016
244173
244700

LENGTH

14
76

126
107
4

105
204

15
3
I
6

50
0

155
505

'n26

FILE

NEWP
NEAP
NEP

PROCSSR VER LEVEL HARDWARE

10/21/80 FTN
10/21/80 FTN
10/21/80 FTN

4.8 508
4.8 508
4.8 508

767X I
767X I
767X 1

COMMENTS

SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:O TRACE STATIC
SUPOUTINEOPT:0 TRACE STATIC

BLOCK ADDRESS

BLOCK

TEMPA)
TEMPOB
TEMPC
TEMPD
TEMPA

ADDRESS

244016
244016
24422'4
44422
245240

LENGTH

0
206
1"6
616

32

FI LE

NEMPW
NEW?
NEWP
NEWP

LOAD MAP - SEGMENTED LOAD,. CYBER LOADER , 5-508
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ADDRESS

245726
247 155
250257
252264
253565
254020
254237
2547

0 260066

LENGTH

1227
1102
2005
1301
233
217
512
760

1

FI LE

NEP
NEP
NEWP
NEWP
NEWP
NEWPP
NEWP
NEP

DATE

10/21/80
I0/21i80
10I21/80
10/21/80
10/21/80
10/21/80
Io/tI/80
10/21/80

PROCSSR VER LEVEL

FTN
FTN
FTN
FTN
FTN
FTN
FTN
FTN

4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

508
508
508
508
508
508
508
508

HARDWARE

767X
767X
767X
767X
767X
767X
767X
767X

I
I
I
I
I
I
I
I

COMMENTS

SUBROUTINEOPT:O
SUBROUTINEOPT:0
SUROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUTINEOPT:0
SUBROUT INEOPT:0
SUBROUT I NEOPT:0
SUBROUTINEOPT:0

------SEGMENT - KREEP

PROGRAM AND BLOCK ASSIGNMENTS.

PROCSSR VER LEVEL HARDWARE COMMENTS

/iATCNSi/
iLIMITSi
BA/

IPNTPNL /
FEP/

.GEOPAR./
'LASTIC/
.CONTNT /

'TAPES/'

1 ODEV/'
(KREEP)
KREEP
EFFECT
RATE
SOfTP
SINH
HYP.
/FAST/.

5 5363
5 5143?
5 6167
5 6315
5 6430
S 6741
S 6756
5 6761
5 6762
S 7040

244016
244016
244407
244470
246105
247054
247064

D 26006E

14
76
126
107
105

15
3
I
6
2
0

371
61

1415
747

10
66
1

NEWP
NEWP
NEWP
NEWP

SL-FORTRAN
SL-FORTRAN

10/21/80
10/21/80
10/21/80
10/21/80
34/29/8O
04/29/80

FTN
FTN
FTN
FTN
COMPASS
COMPASS

4.8 508
4.8 508
4.8 508
4.8 508
3.6 508
3.6 508

767X
767X
767X
767X

I
I
I
I

SUBROUTINEOPT:O TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
SUBROUTINEOPT:0 TRACE STATIC
CALL-BY-REFERENCE LINK TO SINH.
HYPERBOLIC SINE OR COSINE OF X. OPT:ALL.

-- SEGMENT - FTBNUL

PROGRAM AND BLOCK ASSIGNMENTS.

BLOCK

ALOAD
LOAD
STFAXL
STIFF
ABOUND
ASTRES
DMCHB
STRES
iFASTi

TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE
TRACE

BLOCK

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

ADDRESS LENGTH FI LE DATE

LOAD MAP - SEGMENTED LOAD. CYBER LOADER 1,5-508



LOAD MAP

BLOCK

(FTBNUL)
/FAST/
FTBNUL

- SEGMENTED LOAD.

ADDRESS LENGTH

260066 0
6 260066

260067 'I

FI LE

NEWl

DATE

CYBER LOADER 1,5-508

PROCSSR VER LEVEL HARDWARE

l0t21i80 FTN 4,8 508 767X 1

10/21@+0 14,36.41. PAGE

COMMENTS

SUBROUTINEOPT:0 TRACE STATIC

2.979 CP SECONDS 2176008 CM STORAGE USED 33 TABLE MOVES

19



P
RA
Fl
EM
RE
FE
MA

XG
XI
X2
X3
X4
X5
X6
X7

000631 AG
312000 Al
220000 A2
000600 A3
000057 A4
000163 AS
001400 A6

A7
0000 0000
0000 0000
0000 0000
7777 7777
7777 7777
0000 0000
0102 2420
0000 0000

220000 80
000001 l
000135 82
000700 83
001237 84
001577 85
000001 86
000101 87
0000 0016
0000 0000
0000 0000
7777 7773
7777 7700
0000 0022
0000 0000
1625 6017

C(AI):
C(A2):
C(A3):
C(A4):
C(AS):
C(A6":
C(A7):

0O02
0000
0000
3426
4000
0102
0000

2420
0000
0000
0073
0000
2420
os00

0000
0000
00'x
01,00

1000
0000
1625

0000
0000
0022
0017
0016
0000
6017

0000
0000
0000
4467
2341
0000
5535

C(9I):
C(2):
C(03):
C:8 4):
C(85):
C(86):
C(%7):

0102
5160
0015
0000

2420
0001
0016
0000

0000
3301
3000
0000

0000
0000
0000
0000

0000
0475
1046
0000

000000
000001
000560
001236
W0047
-2X100

121535
?000
0000
0000
7677
0000
0000
0000
5535

00000
00000
_56110
5654
06222
06222
_00162

00000 00000 00000
00000 00000 00000
03110 00054 56120
63310 13415 21422
00301 02000 00002
00301 02562 01454
56026 00730 00733

00000
00004
00054
00060
00064
00070
00100

00531
00534
00540
00544
00550
00554
00560
00564
00570
00574
0060
00604
00610
00614
00620
00624
00630
00634
00640
00644
00650
00654
00660
00664
00672
00674
00700
00704
00710
00714
00720
00724
00730

01022 42000 00000 00000

63310 63410 13414 21422
61447 77776 03040 00056
00000 00000 00002 60073
43333 33333 5700n 00000

36127 50267 77772 43652
12631 54610 75271 46000
51 too 00100 51200 00065
51100 00133 54610 37116
03020 00540 53060 20636
51200 00115 43652 11262
04000 00540 61000 46000
56147 43773 20721 11771
51300 00134 36716 37173
03210 00577 55121 73610
54671 54361 73771 11313
71707 77753 01000 00623
51700 00127 71200 00121
01000 00652 61000 46000
12717 20652 53720 12662
03110 00615 53121 73610
04000 01215 00000 00000
51100 00627 04000 00637
51100 00001 01000 00627
51100 00001 03110 00644
71602 20314 20652 36662
04000 00647 61000 46000
20630 12161 73610 20123
00000 00000 00000 00000
00000 00000 00000 05723
00000 00000 00001 63000
00000 00000 00000 00003
40000 00000 00000 00000
55231 50114 14570 00000
05225 50104 04220 52323
55061 11405 23570 0000)
55010 21722 24570 00000
01045 50211 16012 23157

20140 00000 00000 00002

03140 00057 02300 00000
07040 00060 51600 00001
40006 00000 01000 00100
00000 00000 00000 00000

54721 11262 54771 73311
71707 77757 01000 00623
21122 73220 03320 00560
03210 00540 51200 00135
51600 00135 71601 50515
74600 12662 54620 46000
51100 00104 73110 37212
54710 54211 73620 73170
21174 15671 11313 12636
21160 36661 36763 46000
12773 20252 54730 15721
43652 51100 00614 15616
71707 77553 01000 00623
43652 71100 00002 12661
73220 01000 00631 46090
54611 54661 02000 00623
51100 00001 03110 00632
71100 00130 20160 46000
20652 01000 00631 46000
71602 20314 04000 00642
53160 20173 03310 00650
71603 24616 12661 20651
03210 00656 20151 13116
01000 00000 00000 00003

00000 00000 00001 62560
32323 23232 36340 00003
55151 12323 11160 75505
55050 32355 06145 52417
57000 00000 00000 00000
55230 50722 05235 52417
55151 12323 11160 75514

43333 33333 00000 00017

13443 03040 00060 67405
04000 00063 00000 00021
00000 00000 40000 X0000

04000 00531 61000 46000
73110 03010 00562 37212
03020 00540 72660 00103
27606 20652 71100 00135
04000 00540 61000 46000
03020 00545 04000 00540
51300 00132 37731 21774
54630 20252 7332G 56171
51300 00122 4315? 11313
03170 00611 71600 00614
20644 54220 12626 54620
04000 00504 61000 46000
53120 11161 71600 31117
04000 01116 00000 00000
04000 00642 00000 00000
54610 04000 00630 46000
13661 13161 13661 46000
51100 00001 03110 00643
20150 36661 01000 00631
03010 00650 51100 00001
01000 00631 61000 46000
20636 51600 00665 74660
00000 00000 00000 01236

00000
32323
30050
17552
55110
17551
17010

00000 00003 77700
23232 36350 00003
3252 05570 00000
31501 141+5 70000
71617 22111 60755
40122 07055 70000
45700 00000 00000

MXan

4000 0000 0000 0000 1035
4000 0000 0000 0000 1035

0404 00531 61000 46000
12772 5417: 54720 11161
04000 01137 00000 00000
03320 00540 61000 46000
43166 21236 11616 37226
12661 01000 00631 46000
51600 00133 01000 00475
04004 00564 61000 46000
11373 15717 12773 54730
^3030 0M64 20103 3767'
12663 54630 54761 73660
5!600 00127 71200 00121
04000 00564 61000 46000
00000 00000 00000 00000
03270 00621 14777 27606
53120 20173 03310 00616
01300 00000 00000 00000
51100 00066 03310 00636
51600 00630 10611 46000
04004 00644 61000 46000
04004 00650 61000 46000
03110 00652 71100 00001
04000 01213 00000 00000
36116 20123 04000 00656

_00000 00000 00000 01237
00000 00000 00000 00000
00000 00000 00002 20000
00000 00000 00000 00001
55031 55506 14552 41717
55161 75524 22011 62306
05302 42201 55141 70104
5;050 32355 27221 12405
55020 0455 23050 71417


