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-Calculation Code of Heterogeneity Effects
for Analysis of Small Sample Reactivity Worth
(Sample Size Effect and Intracell Adjoint Heterogeneity Effect)
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The discrepancy between experimental and calculated central reactivity
worths has been one of the most significant interests for the Analysis of
fast reactor critical experiment. Two effects have been pointed out so
as to be taken into account in the calculation as the possible cause of
the discrepancy; one is the local heterogeneity effect which is associated
with the measurement geometry, the other is the heterogeneity effect on
the distribution of the intracell adjoint flux.

In order to evaluate these effects in the analysis of FCA actinide
sample reactivity worth the calculation code based on the collision
probability method was developed. The code can handle the sample size
effect which is one of the local heterogeneity effects and also the

intracell adjoint heterogeneity effect.

Keywords: Heterogeneity Effect, Sample Reactivity Worth, Central
Reactivity Worth Discrepancy, Sample Size, Adjoint Flux,
Collision Probability, First Order Perturbation, FCA,

Calculation, Correction Factor
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Table b. 1 Specifications of samples used in ZPPR 9
Sample Dimension Sample Mass
(Main Components (wt¥))

U-235 7 62um® x 55.2mm" | 46,8887 &)
(U235 93.19, U238 5.60, U234 0.95, U236 0.26)

U-238 7 6onm® x 55 omm | 47,4260 ‘&
(U238 99.78, U235 0.21)

Pu-239 | 7. 62mm%x 55.2mn" | 38,0007 '8
(Pu239 97.20, Pu240 1.01, Pu24l 0.05, Al 0.95)

B-10 10, 19mm® x 55, 2mnt | 41028 ‘B
(B10 87.12. BI1 7.38)

Table 5. 2 Comparison of sample size correction
factors obtained from FSIZE and SARCASM codes

Sample size correction factor
Sample
FSIZE code SARCASH code
J-235 0. 985 0.98
U-238 1.002 1.00
Pu-239 1. 060 1.0%
B-10 0.785 ‘ 0.78
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Table 5. 3 Specifications of samples used in ZPR 6-7 and ZPR ¢-34
ZPR 6-7
Sample Dimension Sample Mass
' (Main Components (wt%‘))
L
U-235 | 2.3 mn®x 50.0mm | 3084 &
(U235 93.26, U238 5.42, U234 0.91, U236 0.45)
L
Pu-239 | 21.3 m®x 31 8m- | 3.504 &
(Pu239 97.76, Pu240 0.99, Pu241 0.06, Al 1.19)
B-10 1 25mm®x 50, omn | 0.5553 ‘&
(B10 19.88, B11 80.12)
ZPR 9-34
Sample Dimension Sample Mass
. (Main Components {(wt%))
U-235 | 21.2 mm®x 42, 9mn" | 15.8'8’
(U235 93.2, U238 5.8)
Pu-239 | 21.2 mn®x 29. ¢mmC | 10.0'%’
(Pu239 96.9, Pu240 1.0, Al 1.2)
Pu-241 | 7.6 mn®x 55 3mr | 4,38
(Pu241 89.9, Pu240 4.3,Pu242 3.0, Pu239 1.0)
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Table 5. 4 Comparison of intracell adjoint correction factors
calculated with FADJ code and evaluated by K S. Smith
ZPR 6-7
Intracell adjoint correction factor
Sample
FADJ code K.S. Smith
U-235 0.980 0.950
Pu-239 0.982 0.962
B-10 0. 999 1.000
ZPR 9-34
Intracell adjoint correction factor
Sample
FADJ code K. S. Smith
U-235 0.969 0.935
Pu-239 0.971 0.949
Pu-241 0.973 0.949
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Table 5.5 Specifications of samples used in FCA assembly XI—1
Sample Dimension Sample Mass
{Main Components {(wt%))
U-235 | 10.7 mm® x 96.5mn- | 23,6338
(U235 84.58, U238 0.04, 0 15.36)
L
U-238 | 10.7 m®x 88.omn- | 23,3855
(U238 84.54, 0 15.46)
Pu-239 | 10.7 mm® x 78.9mm" | 22.678'%
{Pu239 87.40, Pu240 0.78, Pu24l 0.01, O 11.81)
Table 5. 6 Sample reactivity worth results from FCA assembly XI— 1
.C/E _ C/E
Sample Conventional fSize _ fadj Corrected for
method heterogeneity effects
U-235 1. 006 0.997 0.983 0.985
U-233 0. 851 1.001 1.013 0. 866
Pu-239 0.984 1.016 0.984 0.984
fSize ! Sample size correction factor
f ! Intracell adjeint correction factor

adj
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ZPR 6-7
Us0g  Na FepO3 | Fep03 Na  ys0g
[

Pu/U/Mo
ZPR 9-34

[

Fe SuS | sus Fe
93%U

Fig.5. 1 Unit cells in ZPR 6—7 and ZPR9—34
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Na Na Na Na

’ s : :
DUO | ' Doz - | DUO2

! |
Pu  Al303 41303 Pu

Fig.5. 2 Unit cell in FCA assembly XI—1
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//JCLG EXEC JCLG
//SYSIN DD DATA-DLM="'++"
/7 JUSER XXXXXXXX- YY.YYYYYYY,222ZZ.11
T.1 W.0 I.4 C.0 SRP
OPTP PASSWORD=PP

/7%

//FSIZEGD PROC MEMB=
//RUN EXEC PGM=SINGLE

//SUBSYS oD

SUBSYS={(VPCS,"'SIZE=(000Q00K,Q0M) ")

//STEPLIB DD DSN=J3622.FSIZE.LOAD.DISP=5SHR

//SYSPRINT DD
//FTOSF001 DD
//FTO6F001 DO
//PDSIN Do
//FT11FQ0O1 DD
//FT12F001 DD

SYSOUT=x,0CB=(RECFM=FBA,LRECL=137,BLKSIZE=19043)
DSN=J3622.ISLM.SIZECRIN.DATA(EMEMB) ,DISP=5HR
SYSQUT=%,DCB=(RECFM=FBA,LRECL=137,BLKSIZE=19043)
DSN=J2003.79PD3.NEW.SSW.DATA,DISP=SHR,LABEL=C(,,,IN)
DSN=J2003,.7ZPPR9.RZ70SSW.DATA,DISP=SHR,LABEL=(,,,IN)
DUMMY

FSIZEGO,-MEMB=PU30
FSIZEGO.MEMB=U&D
FSIZEGO-MEMB=DUS
FSIZEGC,-MEMB=B1

/7 PEND

/7%

//¥ EXEC DF PROC
[ /*

//PU30 EXEC
/F/U60 EXEC
//DUG EXEC
//B1 EXEC

++

//

Fig.C.1 Sample JCL for FSIZE
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//JCLG JOB
//7JCLG EXEC JCLG
//3YSIN DD DATA.DLM=T4+4+"
f/ JUSER XXXXXXXX,YY, YYYYYYY XXXN XX
T.3 W.0 C.2 I.5
OPTP PASSWORD=PP

/7=

//SLAROM PROC LM='J3622 .MSLAROM.LOAD"',PNM=HETECQORR
IR ]

//x CARD OUT

/ /%

//PSLP EXEC PGM=JSDGENER,REGION=128K,COND=(4,LT)

f/SYSPRINT OD SYSOUT==%
//8YSUT1 DD DSN=J3622.1SLM.SLAIN.DATA(RMEMB) ,DISP=SHR

//8YSUT2 DD SYSQOUT=x

//SYSIN DD DUMMY
/i x

//7x MAKE CROSS SECTION ETC.

IR

/ /G0 " EXEC PGM=&PNM,COND=(4,LT)

//STEPLIB DD DSN=&LM,DISP=SHR

//FTOS5F001 DD DSN=J3622.ISLM.SLAIN.DATACEMEMB) ,DISP=8SHR
//FTO6FCOL DD DSN=J3622.I1SLM.SLAROM.FTO4(&MEMB),DISP=SHR
//PDSIN DD DISP=(NEW,DELETE),SPACE=(TRK, (100,10,5C)>),

¥ UNIT=WK10,DCB=(BLKSIZE=9CO,LRECL=0,RECFM=U)
//PDSOUT DD DISP=(NEW,DELETE),SPACE=(TRK,(10C,10,50)2,
r/ UNIT=WK10,DCB=(BLKSIZE=900,LRECL=0C,RECFM=U}

f/x---P1J VDL WEIGHTED FLUX INTEGERD BY REGION

//FTLOFCOL DD DISP=(NEW,DELETEY,SPACE=(TRK,(40,10)) ,UNIT=WK10
//x-—- MAIN LIBRARY --

//FTOBFO01 DD DSN=J3622.15LM.JFS3B4MD.DATA,DISP=SHR,LABEL= (I!’IN}
//*x-—-WORK FILE

//FTG1FO01 DD DISP=(NEW,DELETE},SPACE=(TRK, (70,1003 ,UNIT=WK10
//FTC2F001 DD DISP=(NEW,DELETE), SPACE=(TRK, (40,1002 ,UNIT=WK1C
//FTO3F001 DD DISP={NEW,DELETEY,SPACE=(TRK,(70,10)) ,UNIT=wK10
//FTQ4F001 DD DISP=(NEW,DELETE),SPACE=(TRK,(70,10)),UNIT=WK10
//FTO9FQO1 DD DISP=(NEW,DELETE)Y,SPACE=(TRK,(250,10)),UNIT=WK10
//FT10F0Q1 DD DISP=(NEW,DELETE),SPACE=(TRK, (70,10)) ,UNIT=WK10
//FT11FQ01 DD DISP=(NEW,CELETEY,SPACE=(TRK, (40,1023 ,UNIT=WK10
//FT20F001 DD DISP=(NEW,DELETE),SPACE=(TRK, {40,100} ,UNIT=WK1C
//FT21F001 0D DISP=(NEW,DELETE),SPACE=(TRK, (40,10)) ,UNIT=WK10
//FT4&1F001 DD DISP=(NEW,DELETE),SPACE=(TRK,(40,10)),UNIT=WK10
//FT4L2F001 DD CISP=(NEW,DELETE),SPACE=(TRK, (40,10)),UNIT=WK10
f/FT43FC01 DD DISP=(NEW,DELETE),SPACE={TRK, (40,102),UNIT=WK10
f/FT35F0C1 DD DISP=(NEW,DELETE},SPACE=(TRK,(40,10)),UNIT=WKL0
//FT56F001 DD DISP=(NEW,DELETEY,SPACE=(TRK, (40,100 ,UNIT=WK10
//FTS9F001 DD DISP=(NEW,DELETE),SPACE=(TRK,{100,103) ,UNIT=WK10
//FT70F00) DD DISP=(NEW,PASS),SPALE=(TRK, (300,102 ,UNIT=WK10,
¥4 DCB=(BLKSIZE=804,LRECL=40,RECFM=VBS,BUFL=804,DS0RG=P5
//FT72F001 DD DISP=(NEW,DELETE),SPACE=(TRK, (40,10)) ,UNIT=WK10
//FT73F003. DD DISP=(NEW,DELETE),SPACE=(TRK, (40,10)) UNIT=WK10
//FTBCFQQ1 DD DISP={(NEW,DELETE),SPACE=(TRK,(40,10)) ,UNIT=WK1Q
//FTR0F001 DD DISP=(NEW,DELETE),SPACE=(TRK, (40,10) ,UNIT=WK10
//FT94FCO1 DD DSN=U3622.ISLM.SLAROM.FT94(RMEMB) ,DISP=5HR

i PEND

//RUN1 EXEC SLAROM,MEMB=SSINZ2PU9

//RUNZ2 EXEC SLAROM,MEMB=SSIN2US

//RUN3  EXEC SLAROM,MEMB=SSIN2B10

++

/7

Fig.C.2 Sample JCL for MSLAROM
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//7JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM="++"
/7 JUSER XXXXXXXX, YYYYYYYYYY,2222.21

T.0 W.0 .1 C.0 SRP

OPTP PASSWORD=PP
//x
//FADJGD PROC Mi=,M2=
//RUN EXEC PGM=SLAROM
//SUBSYS , DD SUBSYS=(VPCS,'SIZ2E=(00000K,00M>")
//STEPLIB DD DSN=J3622.FADJ.LCAD,DISP=5SHR
//SYSPRINT DD SYSOUT==%,DCB=(RECFM=FBA,LRECL=137,BLKSIZE=19043)
//FTG5F001 DD DUMMY
J/ETOGFO01 DD SYSQUT=x,DCB=(RECFM=FBA,LRECL=137,BLKSIZE=19043)
J/FTO1FO001 DD DSN=J3622.ISLM,.SLAROM.FT94(&M1),DISP=5HR,LABEL=(,,,IN)
//FTO2FO01 DD DSN=J3622.1SLM.SLAROM.FTR4¢&M2Y,DISP=SHR,LABEL=(,,,IN)
7/ PEND ’
IRE ]
//x EXEC OF PROC
/7%
//RUN1 EXEL FADJGO,M1=IX1STD1C,M2=1X1PUB
//RUNZ EXEL FADJGO,M1=IX1STDI1IC, M2=IX1PU?
//RUN3 EXEC FADJGO,M1=IXI1STDIC,M2=IX1PUC
/fRUNG EXEL FADJGO,M1i=IX1STD1C, M2=IX1AM1
{/RUNS EXEC FADJGO,M1=IX1STD1C,M2=IX1AM3
//RUNG EXEC FADJGO,M1=IX1STD1C,M2=IX1NP7
/ fRUNY EXEC FADJGO,M1=IX1STD1C, M2=1X1US
//RUNS EXEC FADJGO,M1=IX1STD1C, M2=IX1U8
+
I

Fig.C.3 Sample JCL for FAD]



