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ABSTRACT 

Sequoyah Nuclear Plant core activities, required in nuclear safety evaluations, were computed 
by the SAS2H analysis sequence and the GRIGEN-S code within the SCALE-4 system. 
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OBJECTIVE 

This report describes 'b- work performed to satisfy contract no. ERD-91-017 with the TV A. 

The TV A requested technical support regarding the computation of core activities to be assumed in 

a design basis loss-of-coolant accident (LOCA) for TVA's Sequoyah Nuclear Plant (SQN). Core 

activities for the required reactor parameters have been completed using the SAS2H/ORIGEN-S 

analysis sequence in the SCALE-4 system.1 The ORIGEN-S activity tables have been transmitted 

to R. L. Sanders of TV A by floppy disks. Hard-copy printouts of all of the SAS2H and ORIGEN-S 

cases have also been provided to Mr. Sanders. 

This report gives all of the sources of the input to the codes and states any significant 

assumptions used in the input. 

SOURCES OF THE CODE INPUT 

This section provides the references used to obtain the detailed problem description from which 

the code input data for SAS2H and ORIGEN-S were obtained. 

The core fuel loading and assumed power history were given in the statement of work in the 

project contract.2 Assembly and pin design dimensions and nominal coolant pressure were taken from 

Chapter 4 of the SQN Final Safety Analysis Report (FSAR) as supplied by ref. 3. The effective or 

average material-zone temperatures and the boron concentration in the coolant were specified in a 

special core parameter input report4 for this project. The set of light clement masses per assembly 

were computed from the masses per unit weight of uranium used in a recent decay he it project.5 

The wt % ^ U was computed from the ^ U enrichment in a formula used in other projects.*7 The 

wt % ^ U was calculated consistent with the method used in a burnup credit project7 from the 

following formula: wt % ^ U = 0.007731 (wt % 2 B U ) 1 * " . Cross sections for 13 actinides, 181 

fission products, and 5 light elements on the SCALE-4 burnup library (27BURNUPLIB) were 

updated with XSDRNPM-S derived fluxes on the 18 ORIGEN-S libraries produced by SAS2H. 

1 



CASES COMPUTED 

The names and purposes of the SAS2H/ORIGEN-S cases for which hard-copy printout is being 
provided to TVA are: 

OWHSQ300 - 3.00 wt % ^ U SAS2H case for libraries 
OWHSQ375 - 3.75 wt % ^ U SAS2H case for libraries 
OWHSQ450 - 4.50 wt % m\J SAS2H case for libraries 
OWHSE300 - 3.00 wt % 3 J U ORIGEN-S case for activities 
OWHSE375 - 3.75 wt % 3 $ U ORIGEN-S case for activities 
OWHSE450 - 4.50 wt % ^ U ORIGEN-S case for activities 
OWHAB300 - 3.00 wt % 3 S U ORIGEN-S case for neutron absorptions 
OWHAB375 - 3.75 wt % ^ U ORIGEN-S case for neutron absorptions 
OWHAB450 - 4.50 wt % 3 5 U ORIGEN-S case for neutron absorptions 

On the floppy disks given TVA the files named S300CASE.OUT, S375CASE.OUT, and 
S450CASE.OUT contain output corresponding to the printout of OWHSE300, OWHSE375, and 
OWHSE450, respectively. The ORIGEN-S cases that computed neutron absorption fractions of 
nuclides were added to assist in explaining differences in SAS2H/ORIGEN-S and nondcplction code 
results. 

The initial SAS2H and ORIGEN-S cases were reviewed and approved by R. L. Sanders of 
TVA prior to completion of the analyses. The electronic output described and the hard-copy output 
for all cases have been transmitted to R. L. Sanders of TVA 

SUMMARY 

Time-dependent core activities were computed by SAS2H/ORIGEN-S for Sequoyah Nuclear 
Plant Units 1 and 2. Hard-copy and electronic case printouts arc being provided to R. L. Sanders 
of TVA under separate cover. The sources of essential code input are referenced, and the cases arc 
identified in this report. The appendices include plots of time-dependent total activities, together 
with the activities for several important nuclides. An example of the job control language and input 
of one of the SAS2H cases (3.0 wt % D S U) are also included in the Appendix. 
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APPENDIX A 

PLOTS OF SEQUOYAH NUCLEAR PLANT 
FUEL ASSEMBLY ACTIVITIES 
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SEQUOYAH FUEL ACTIVITY - 3.75 WT % U235 
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APPENDIX B 

EXAMPLE OF JCL AND INPUT TO SAS2H CASE 
(3J)WT% a sU) 



//DHHSQ300 JOB I 39193),'COIlXia-HERMAHN' ,TIME=« 7 0 , 0 1 
//•KHSX300 JOB I 39198 ),'«011X10-KERHANM-,TIME=I3,00) / / • / / • / / • » » //» • ...FISSION PRODUCT ACTIVITIES OF SEQUOYAH PWR... • //» » • //» • CASE FOR 3.00 HT-Z U235 TVA SEQUOYAH 17X17 PWR • //• « » //• • THIS PROJECT SPONSORED BY • R. SATOERS, TVA • //• » « 
/ / » * REACTOR DATA PROVIDED BYi C. BURRELL, TVA • 
/ / • • D. BROKN, TVA • / / • » » 
/ / • • COMPUTED BYi O.N. HERMANN, ORHL HAY 1 7 , 1991 » / /» » » 
/ / » — » • • • • • • • • • « • • • • • • • • • • • • « » » • • • • • • • • • » • • • • • • • • • • • • • 
/ / » 
/ / » 
//PROCUB DD DISP=SHR,DSN=TZA.PROCLIB.CNTL //» 
/ /0UT1 OUTPUT DEFAULT-YES,JESDS=ALL,CHARS=ST15,FCB=10,F0RKS=L7BL, 
/ / DEST=NX10A,COPIES=1 
/ / •VT1 OUTPUT DEFAULT-YES,JESDS=ALL, 
/ / • DEST=RM055,COPIES*1 //# > » » » » » THIS IN LIST OF DECK "AS SAVED" « < « « « « //• //• SAVED ON OHH.TVA.SQNl //• 
//•MAIN LINES=98 //•MAIN CLASS=STANDBY //SPDA EXEC SPDASCR //SYSPRINT DD SYSOUT=» //SYSIN DO • 

T .0HH39198. SQN1FT90 
T.0KH39198.SQN1FT70 
T.0HH39198.SQN1FT7Z 
T.0KH39198.SQN1FT74 
T.0KH39198.SQN1FT55 
T.0HH39198.SQN1FT94 /» 

//POOL EXEC POOLSCR 
//5Y5PRINT DO SYSOUT»» 
//SYSIN DD • 

OHH. LB300NTP. PHR17F 33 
OHH. LB300HTP. PHR17F34 
OMH. LB300KTP. PHR17F 35 
OKH.LB300HTP.PHR17F3* 
OHH. LB300HTP. PWR17F37 
OHN. LB300HTP. PHR17F38 
OHH.LB300HTP.PHR17F71 

/ • 
/ / S Z EXEC SCALE4,RE6ION*l*00K,H6LZB*NULLFILE / / • 
//GO.FT01F001 DD DCB=tRECFH*VBS,LRECL*X,BLKSIZE*9440,B;iFL*10Z3Z> 
//GO.FT04F001 DD DCB*IRECFn*VBS,LRECL=X,BLKSIZE*9<i40,BUFL*10Z3Z> 
/ /60.FT13F001 DD SYSOVT*A,DCB*<RECFlt*FA,BLKSX2E*133,BUFLsl50) 
//6O.FT16F001 DD SPACE*ITRK,IZ00,80>> 
//6O.FT17F001 DD DCB'f RECFH*VBS,LRECL*X,BLK5IZE*9*40,BUFL*10Z3Z> 
//6O.FT18F001 DO DCB'(RECFM<VBS,LRr.CL>X,BLKSIZE<9<M0,BUFLsl0Z3Z I 
/ /60.FT19F001 DD DCB*IRECFn*VBS,LRECL*X,BLKSI2E»9440,BUFL*]0Z3Z) 
//6O.FT9OF001 DD SPACE*ITRK,I10,8) ),UNIT*SPDA, 
/ / DISP*INEH,CATL6>,DSN:T.OHH39198.SQN1FT90 
//6O.FT94F001 DD SPACE*(T*K,I 1 0 , 8 ) >,UNIT*SPDA, 
/ / DISP>INEH,CATLCI,DSH3T.0HH3919B.S0N1FT9« 
//CO.FT3ZF001 DO UNIT »SYSDA,SPACE* I TRK,( 3 0 , 5 M, 
/ / DCB*fRECFH:VBS,LRECL*X,BLKSIZE*9*<iO,BUFL*10Z3Z> 
//GO.FTS3F001 00 t/NrT=DISK,SPACE*(TRK,130,5)), 
/ / DISP*INEH,CATLG),DSM*OWH.LB3Q0WTP.PWR17F33, 
/ / DCB*IRECFH=VBS,LRECl.:X,BLKSIZE*613«,BUFL*6)3*> 
//CO.FT34F001 DD UMIT=DISK,SPACE*ITRK,I 30 .5 >) , 
/ / DI5PM NEH,CATLG).DSIUOWH.LB300KTP.PWR17F34, 
/ / DCB»IRECFH*VBS,LRECL*X,BUCSIZE*61S*,BUFL»*J3*) 
//6O.FT3SF001 DO UNIT=DISK,SPACE«tTRK,l 3 0 , 5 M, 
/ / DISP»CHEH,CATLG|,DSN*OWH.LB300WTP.PWR17F35, 
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/ / DCB=I RECFtfzVBS,lRECL=X,BLKSIZE£6136,BUFL=6136 ) 
//GO.FT56F001 DO UNIT=OISK,SPACE=tTRK,l ;0,5> I , 
/ / DISP=INEH,CATLG),DSN=OHK.LB3O0HrP.PHR17F36, 
/ / DCB=IRECFM=VBS,LRECL=X,BLKSI?Es6136,BUFL=6136) 
/ /CO.FT37'001 OD UNIT=DISK,SPACE=tTRK,I 3 0 , 5 1 1 , 
/ / DISP=l»EH,CATLG),DSN=OHH.LB3O0»r.P.PHR17F37, 
/ / DCB=I RECFM=VBS,LRECL=X,BLKSIZr>6136,BUFL=6136 ) 
//GO.FT38F0b' 00 UNrT=DISR,SPAC=(TRK,( 3 0 . 5 ) I , 
/ / DISP=I NEH.OTLt I .DSN=0KH.t*400NTP.PHR17F38, 
/ / DCB=IRECFn=VB^,LKt-..-" »LASIZE=«136,BUFL=61S6) 
/ / » NOTE ABOVE BLOCKSIZE/BUFL CHANGED TO SCALE DEFAULT 
//GO.FT70F001 DO SPACE=tTRK,« 1 0 , 8 ) >,UNIT=SPDA, 
/ / DISP=INEH,CATL6),DSN=T.0HH39198.S0N!FT70 
//6O.FT71F0O1 DO UNrr=DISK,SPACE=(TRK,<Z0,5)), 
/ / DISP=INEH,CATLG),DSH=CHH.LB300HTP.PHR17F71, 
/ / DCB-(RECFH-VBS,LRECL=X,BLKSIZE=9440,BUFL= 10232) 
//6O.FT7ZF001 DO UNIT=SPOA,SPACEMTRK,l 1 0 , 5 ) ) , 
/ / DCB=<RECFM=FB,LRECLs80,BLKSIZE=6400l, 
/ / DISF=INEH,CATLG>,DSN=T.0MH39198.SQH1FT7Z 
//SO.FT74F0O1 00 UNIT=SPDA, 
/ / SPACEst 800 , ( 2 , 2 1 , RtSE) ,DCB-I RECFM=FB, LRECL=80 ,BLKSIZE=800), 
/ / DISP=CNEH,CATLG),0SN=T.OKH39m SQN1FT74 
//GO.FT53F001 DO UHIT=SYSDA,SPACE=<TRK,( 9 0 , 5 1 1 , 
/ / DISP=IKEH,PASS),DSH=ftFTS3, 
/ / DCB=C RECFM=VBS ,LRECL=X,BLKSIZE=3664 ,BUFL=4088 ) 
//CO.FT55F001 DO UNIT=SPDA,SPACE=tTRK,l 2 , 1 ) ) , 
/ / DCB=«RECFn=VBS,LRECi.=X,BLKSIZE=3664,£VFL=4088), 
/ / DtSP=INEH,CAYLS),DSN=T.0HH39198.SQIUFT55 
//CO.FT63F001 DO UNIT=SYSDA,DSN=U?LTOUT,DISPslNEH,PASS), 
/ / 5PACE=(4000,f 5 0 , 5 0 ),RLSE> 
//GO.SYSIN 0 0 « 
=SAS2 PARM=,HALT06,SKIPSHIPDATA' 
SASZHi TVA, SEQ PHR 17X17 PLANT, 39.611 MH/KTU, 4 6 6 . 3 2 KCU/ASSTB. 

• • T H E 3 . 0 0 HT-Z UZ35 SEQUOYAH PHR 1 t 2 CASE FOR ACTIVITIES «« 

MAKES CAS'; USING SCALE 4 . 1 LIB I MAS ENDF/B5 FP YIELDS) 
• (NAY 17 , 1991) BY 0 . W, HERMANN 

FOR rVAi R. SANDERS, D. BROHN, C. BURRELL 

| MIXTURES OF FUEL-PIN-UNIT-CELLi 

27BURNUPLIB LATTICECELL 
UOZ 1 0.9485 901 92234 0.0Z5 92235 3.00 92236 0.014 92238 96.961 END 
CO-59 3 0 1-20 579 END 
ZR-94 1 0 1-20 901 END 
TC-99 1 0 1-20 901 END 

CE-72 1 0 1-20 901 END 
GE-73 1 0 1-20 901 END 
CE-74 1 0 1-20 901 END 
GE-76 1 0 1-20 901 END 
AS-75 1 0 1-20 901 END 
SE-76 1 0 1-20 901 END 
SE-77 1 0 1-20 901 EtO 
SF-78 1 0 1-20 901 END 
SE-80 1 0 1-20 901 END 
SE-82 1 0 1-20 901 END 
BR-79 1 0 1-20 901 END 
BR-81 1 0 1-20 901 END 
KR-80 1 0 1-20 901 END 
KR-82 1 0 1-20 901 END 
KR-83 1 n 1-20 901 END 
KR-84 1 0 1-20 901 END 
KR-85 1 0 1-20 901 END 
KR-86 1 0 1-20 901 END 
RB-85 1 0 1-20 901 END 
RB-86 1 0 1-20 901 END 
RB-87 1 0 1-20 901 END 
SR-86 1 0 1-20 901 END 
SR-87 1 0 1-20 901 EtO 
SR-88 1 0 1-20 901 END 
SR-89 1 0 1-20 901 END 
SR-90 1 0 1-20 901 END 

Y-89 1 0 1-20 901 END 
Y-90 1 0 1-20 901 END 
Y-9» 1 0 1-20 901 END 

ZR-90 1 0 1-20 901 END 
ZR-91 1 0 1-20 901 END 
ZR-92 1 0 1-20 901 END 
ZR-93 1 0 1-20 901 END 
7R-94 1 0 1-ZO 901 END 
ZP-95 1 0 1-20 901 END 
ZR-96 1 0 1-20 901 END 

SB-124 
SB-1Z5 
SB-1Z6 
TE-122 
TE-123 
TE-1Z4 
rt-125 
TE-126 

TE-I27M 
TE-128 

TE-129M 
TE-130 
TE-132 

1-127 
1-129 
1-130 
1-131 
1-135 

XE-1Z8 
XE-1Z9 
XE-130 
XE-131 
XE-13Z 
XE-133 
XE-134 
XE-136 
CS-134 
CS-135 
CS-136 
CS-137 
BA-134 
BA-1J5 
BA-136 
BA-1J7 
BA-138 
BA 140 

20 901 
-20 901 
-20 901 
-20 901 
-20 901 
-20 901 
-20 901 
-20 901 
•20 901 
-20 901 
-20 901 
-20 901 
-20 901 
-ZO 901 
-20 901 
-20 901 
-ZO 901 
-ZO 901 
-ZO 901 
-ZO 901 
-ZO 901 
-ZO 901 
-ZO 901 
-ZO 901 
•ZO 901 
•20 901 
-ZO 901 
•20 901 
-ZO 901 
-ZO 901 
•20 90) 
-ZO 901 
-ZO 901 
•ZO 901 
-20 901 
-20 901 

END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
END 
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NB-93 
NB-94 
HB-95 
.10-94 
no-95 
MO-96 
MO-97 
00-98 
r»-99 
no-ioo 
TC-99 
RU-99 
RU-100 
RU-101 
RU-10Z 
RU-103 
RU-104 
RU-105 
RU-106 
RH-103 
RH-105 
PD-104 
PD-105 
PD-106 
PD-107 
FD-108 
PD-110 
A6-107 
A6-109 
A6-111 
CD-108 
CD-UO 
CD-I l l 
CD-I 12 
CD-US 
CD-I 1* 

CD-115H 
CD-I16 
IN-113 
IN-115 
SN-115 
SN-116 
SN-117 
SN-118 
SN-119 
SN-1Z0 
SN-1ZZ 
SN-1Z3 
SN-124 
SN-1Z5 
SN-126 
SB-1Z1 
SB-1Z3 

ZIRCALLOY 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Z 1 

1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-ZO 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 M l 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-ZO 9ol 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-ZO 901 
1-ZO 901 
1-20 901 
1-ZO 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-20 901 
1-ZO 901 
1-20 901 
1-20 901 
1-ZO 901 
1-ZO 901 
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EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
ElO 
END 
ElO 
ElO 
EM) 
EM) 
ElO 
EM) 
ElO 
EM) 
EM) 
END 
END 
EM) 
ElO 
END 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
no 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
EM) 
END 
EM) 
END 
ElO 
EM) 
EM) 
ElO 
EM) 
EM) 
ElO 
EM) 
END 

EMD 

LA-I59 
LA-140 
CE-140 
CE-141 
CE-142 
CE-143 
CE-144 
PR-I41 
PR-142 
PR-143 
ND-142 
MD-143 
M)-144 
NO-145 
NO-1*6 
MJ-147 
M>-148 
ND-150 
Ptf-147 
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Plt-149 
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GO-157 
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60-160 
TB-159 
TB-160 
DY-160 
DY-161 
DY-162 
DY-163 
DY-164 
HO-165 
ER-166 
ER-167 

20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
•Z0 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
20 901 
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EM> 
END 
ElO 
ElO 
END 
END 
ElO 
END 
ElO 
END 
ElO 
ElO 
ElO 
ElO 
END 
EM) 
ElO 
END 
END 
EM) 
END 
END 
EM) 
EM) 
ElO 
ElO 
ElO 
EM) 
EM) 
EM) 
END 
END 
ElO 
ElO 
END 
ElO 
END 
ElO 
END 
END 
END 
END 
ElO 
END 
END 
ElO 
END 
EM) 
EM) 
ElO 
END 
ElO 
ElO 

HZO 3 DEH=0.7149 1 579 ElO 
ARBI1-BORH0D 0 .7149 1 1 0 0 5000 

600 PMIHT) BORON 

END COHP 

100 3 600.0E-6 579 END 

FUEL-PIN-CELL GEOMETRY! 

SOUART'IfCH 1.25984 0 .81915 1 3 0 .94966 2 0 .83566 0 END 

MORE DATA SZF*0.6 END 

ASSEMBLY AND CYCLE PARAMETERS< 

NPIN/ASSM--264 FUELNGHT'365.76 NCYCLFS=6 NLIB/CYC'l 
PRINTLEVELS4 LIGHTEL*9 INPLEVEL*! ORTUBE=0.61214 SRTUBE«0.5715 
MUIUNSTR=1 FACMESH=0.65 END 
P0WER*18.4715 BURNsZOO DOHN=0 ElO 

BURNsZOO DOWH=0 EIO 
BURNsZOO DOWN*0 EIO 
BURti>Z0n DOHNsO EIO 
BURNsZOO D0WN»0 EIO 
BURNsZOO DOHNsO END 

POWERslB.4715 
P0HERS18.4715 
P0HER*18.4715 
P0HER«18.4715 
P0WER*18.4715 

0 63 CR 2 .8 KM 0 . 1 5 
FE 6 . 0 CO 0 .03S HI 4 . 6 
ZR 103 Ml 0 . 3 3 SM 1.7 

END / / 
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