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In order to compare the effects of neutron data libraries and criti-
cality codes to thermal reactors(LWR), the TAEA criticality benchmark
calculations have been performed. The experiments selected in this study
include TRX-1 and TRX-2 with a simple geometric configuration. Reacter
lattice calculation codes WIMS-D/4, MCNP-4, JACS(MGCL,KENO), and SRAC
were used in the present calculations. The TRX cores were analyzed by
WIMS-D/4 using WIMS original library and also by MCNP-4, JACS(MGCL,KENO),
and SRAC using the libraries generated from JENDL-3 and ENDF/B-IV nuclear
data files. An intercomparison work for the above mentioned code systems
and cross section libraries was performed by analyzing the LWR benchmark
experiments TRX-1 and TRX-2. The TRX cores were also analyzed for super-
critical and suberitical conditions and these results were compared. In
the case of critical condition, the results were in good agreement. But
for the supercritical and subcritical conditions, the difference of the
results obtained by using the different cross section libraries become

larger than for the critical condition.
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1, Introduction

Benchmark calculations for thermal reactor critical assemblies have been performed to
compare the effects of neutron data libraries and criticality codes used for thermal reactors.
Criticality codes WIMS-D/41, MCNP-42, JACS(MGCL,KENO)3, and SRAC? were used in the
present calculations. WIMS-D/4 and SRAC are the reactor lattice cell calculation codes.
MGCL-KENO is a Monte Carlo code using multigroup model and MCNP-4 is a continuous
energy Monte Carlo code. The experiments TRX-1 and TRX-2° selected were water-
moderated lattices of slightly enriched 1.3% uranium metal rods. The objective of the present
study is .to compare the Kygr values obtained by executing the codes MCNP-4, JACS, and SRAC
with that value obtained from WIMS-D/4 which is being used at Atomic Energy Research
Establishment in Dhaka, Bangladesh. The TRX cores have been analyzed by WIMS-D/4
using WIMS original library and also by MCNP-4, JACS(MGCL,KEN(), and SRAC, using
the libraries generated from JENDL-3 and ENDF/B-IV.

2. Neutronic Calculation Codes and Cross Section Libraries

Table 1 summarizes neutronic calculation codes and their characteristics used in the
present benchmark problems. In WIMS-D/4 code, diffusion coefficients are calculated by
Benoist's method which are used to obtain the migration areas. The original WIMS library is
used for the WIMS-D/4 code. Continuous energy cross section library for MCNP is generated
using NJOY® code system for Al-27, H-1, O-16, U-235, and U-238 from ENDF/B-IV nuclear
data file. This cross section library has been necessary to execute the MCNP-4 code system for
IAEA criticality benchmark problems TRX-1 and TRX-2. A macroscopi¢ cross section library
for the Monte Carlo code KENQ in JACS system is generated from JENDL-3 and ENDF/B-IV
by using the computer code system MGCL-ACE?. The cross section library used for SRAC code
is generated from JENDL-3 and ENDF/B-IV by the TIMS-PGGS processing system.

3. Benchmark Calculation Model

In order to obtain reliable results, it is essential to select accurate and simple benchmark
experiments. The TRX cores with uranium fuel were selected. The TRX cores are water-
moderated lattices of slightly enriched 1.3% uranium metal rods. WIMS-D/4 and SRAC
calculate K., and M2 (M2: migration area), and obtain Kqgr by using geometrical bucklings
which were obtained at the experiments as shown in Table 2. Monte Carlo codes MCNP-4 and

KENO calculate K with considering the full cores model as shown in Figs. 1 and 2.

Materials of the TRX experiments are presented in Table 3.
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4. Implementation of Computer Codes

NJOY91.13 code system has been implemented on the FACOM M-780 Mainframe
computer at JAERI to generate the continuous energy cross section library for MCNP-4 from
ENDF/B nuclear data file and executed some sample problems successfully. WIMS-D/4 code
system has been also implemented on the FACOM M-780 Mainframe computer at JAERI to
calculate the criticality for the IAEA criticality benchmark problems TRX-1 and TRX-2 and

executed some sample problems successfully.

5. Generation of the Cross Section Libraries in MCNP Format from ENDF/B-IV
Nuclear Data Files

There are sixteen mbdules in NJOY91.13 data processing code system. NJOY modules
used to process ENDF/B-IV nuclear data file for MCNP are : MODER, RECONR, BROADR,
HEATR, UNRESR, THERMR, GROUPR, and ACER as well as the main programme NJOY.
During cross section generation for the nuclides U-235, U-238, and Al-27 from ENDF/B-IV
nuclear data file, some bugs have been found in several modules of NJOY code system. These
modules are RECONR, GROUPR, and ACER. Later on, some modification in the source
program have been made and successfully overcome the above problem. A cross section
library has been generated in MCNP format using NJOY91.13 code system for H-1, O-16, Al-
27, U-235, and U-238 from ENDF/B-IV nuclear data file. This cross section library was used to
execute the MCNP-4 code system for IAEA eriticality benchmark problems TRX-1 and TRX-2.

6. Comparison of the Calculated Results
6.1 Critical condition
In ordér to compare the differences involved among criticality codes and cross section

libraries, TRX-1 and TRX-2 were analyzed (for critical condition).

6.1.1 Comparison among Code Systems
The TRX-1 and TRX-2 have been analyzed by WIMS-D/4, MCNP-4, JACS (MGCL,
KENO), and SRAC codes and these results were compared. The calculated values of effective
multiplication factor (Kqgp) and ([C/A]-1.0)x100 [C : Calculative value and A : Average] values
fér TRX-1 and TRX-2 are shown in Table 4 and 5 respectively. Table 4, and Figs. 3 and 4 show
the effects of the nuclear codes on IAEA criticality benchmark problems. The calculated

values of K¢y obtained by executing the above codes were in good agreement.
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6.1.2 Comparison among Nuclear Data Libraries
The TRX-1 and TRX-2 have been also analyzed using JENDL-3, ENDF/B-IV and
WIMS original libraries. The calculated values of effective multiplication factor (Kgpp) and
([C/A]-1.0)X100 for TRX-1 and TRX-2 are shown in Table 6 and 7 respectively. Table 6 and
Figs. 5 and 6 show the effects of the neutron data libraries on IAEA criticality benchmark

problems. The calculated values of Kygr using the different neutron data libraries mentioned

earlier were in good agreement.

6.2 Supercritical and Subcritical conditions

In order to compare the differences involved among criticality codes and cross section
libraries, IAEA criticality benchmark problems TRX-1 and TRX-2 have been analyzed for
supereritical and suberitical conditions. The supercritical and suberitical conditions have
been made by increasing and decreasing the atomic number density of U-235 respectively.
The atomic number densities of U-235 are selected for Kopr to be about 1.2 and 0.7 for TRX-1,
and 1.4 and 0.9 for TRX-2. The number densities are 1.505E-03 and 2.245E-04 atoms/barn-cm
for TRX-1, and 4.525E-03 and 4.725E-04 atoms/barn-cm for TRX-2.

6.2,1 Comparison among Code Systems
IAEA benchmark problems TRX-1 and TRX-2 have been analyzed using ENDF/B-1IV
cross section library by MCNP-4, JACS(MGCL,KENQ), and SRAC codes for supercritical and
suberitical conditions and these results were compared. The calculated values of effective

multiplication factor (Kggp) are shown in Table 8. Table 8, and Figs. 7 and 8 show the effects of

the criticality codes on IAEA criticality benchmark problems for supercritical and subcritical

condition. The calculated values of Ko executing the above codes were in good agreement.

6.2.2 Comparison among Nuclear Data Libraries

JAEA benchmark problems TRX-1 and TRX-2 have been alse analyzed using JENDL-3,
ENDF/B-IV and WIMS original libraries for supercritical and subcritical conditions and
these results were compared. The calculated values of effective multiplication factor (Kgfs)
are shown in Table 9. Table 9, and Figs. 9 and 10 show the effects of the neutron data libraries
on IAEA criticality benchmark problems for supercritical and suberitical conditions. The
differences among the calculated values of Kg¢r obtained by using the different neutron data
libraries mentioned earlier were a little bigger (i.e., 0.7%) than it is obtained in the case of

eritical condition.
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7. Conclusions

The TRX-1 and TRX-2 have been analyzed by the criticality code systems WIMS-D/4,
MCNP-4, JACS(MGCL,KENO), and SRAC. In case of critical condition, the results calculated
with the cell calculation code WIMS-D/4 underpredicted Kqgr by less than 0.5% for the
uranium fuel TRX cores. The above problems have been also analyzed by using the different

cross section libraries, i.e., JENDL-3, ENDF/B-IV, and WIMS original. In case of critical
condition, the discrepancy between the Kygr with JENDL-3 and ENDF/B-IV is 0.29% but that

between ENDF/B-IV and WIMS library is 0.6%. Table 10 shows the percent differences of Kegr
for different criticality code systems. It is also found for supercritical and subcfitical
condition, the discrepancy between the Kygr with JENDL-3 and WIMS library is 0.7%. Table
11 shows the percent differences of Kegy for different cross section libraries. Even in the U-235
and U-238 system, the differences of K values using different cross section libraries for
supercritical and suberitical become higher than the critical condition. The system which
contains more nuclides, such as spent fuel system, effects of nuclear data libraries become
more significant. Also, indicates the need of benchmarking neutron data libraries by using

supercritical and subcritical experiments.
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Table 1 Codes and Their Characteristics

Codes Library Used Spectrum Calculation
WIMS-D/4 WIMS Library (69 Groups) Collision Probability
MCNP-4 JENDL-3 (Point) Continuous Energy
and Monte Carlo
ENDF/B-1V
MGCL-KENO JENDL~3 (137 Groups) Monte Carlo
AND
ENDF/B-1IV
SRAC JENDL-3 (107 Groups) Collision Probability
and
ENDF/B~IV

Table 2 Benchmark Testing Cores

Uranium Cores: TRX-1 and TRX-2; Hexagonal Cell
Fuel Metal Uranium, 1.3wt.% U-235
Cladding Al,Diameter 1.082 cm

TRX-1 TRX-2
Cell Pitch(em) 1.808 2.174
Water/Fuel 2.350 1020
Volume Ratio
B2(10"3/cn?) 5.700 5.469
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Table 3 Materials of the Experiments TRX-1 and TRX-2

Quter Radius Isctope Atomic Number Density
{cm) (Atoms/barn-cm)
Fuel 0.4915 U-235 6.253E-04
U-238 4.720E-02
Void 0.5042 - -——-
Clad 0.5753 Al 6.025E-02
Moderator -— H-1 6.876E-02
0-16 3.338E-02

Table 4 Effective Multiplication Factors (Kgff) Calculated for
TRX Cores using Different Codes

| Codes e e e e ! Libraries |
| i TRX-1 i  TRX-2 ; |
I WIMS-D/4 ! 1.0002 & ! 0.9952 ' WIMS !
i ; i i Original i
| Tt T T T T T [ |
: }1.0003 [0.15] ! 0.9990 [0.186] | JENDL-3 !
| MCNP-4 | : i :
! ! 1.0004 [0.18] I 0.9998 [0.14] | ENDF/B-1IV |
| I e e e e e e — |
i | f 1 ]
! ! 0.9993 [0.19] ! 1.0011 [0.186] ! JENDL-3 '
| JACS | | i |
: ' 0.9972 [0.18] l 1.0018 [0.19] ! ENDF/B-IV |
] 1 | | 1
|- T | T T T T T T T T T T T | T T T T T o s T T T T | Tt T T |
| ! 0.9954 I 0.9979 ! JENDL-3 !
i SRAC I | ; i
i I 0.9982 ! 1.0008 ) ENDF/B-1IV |
___________ I o o e e ————— o =
1 1 1
| Average | 0.9987 ! 0.9993 | - !

8411 values in ( ) are one standard deviation in %.
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Table 5 ([C/AJ]-1.0)x100 Values of Effective Multiplication
Factors (Kgfg) Calculated for TRX Cores using
Different Codes

1 ]
1 1
| Codes T ! Libraries |
! ! TRX-1 : TRX-2 ! !
! WIMS-D/4 | 0.15 ! -0.41 1 WIMS !
: : ! } Original !
= R R L oo - |
i i 0.186 ' -0,03 | JENDL-3 !
| MCNP-4 l ] | I
! 1 0.17 : 0.05 ! ENDF/B-IV |
| | e o e e e m—— Vo e e e e e e e e, ———— | e e e e e e I
i | ] 1 1
' ! 0.06 ! 0.18 ! JENDL-3 !
i JACS : | i :
! ! -0.15 ! 0.23 ! ENDF/B-1IV |
| | e o e e e i — - o e e e e e e | 1
| | ] 1 |
! i -0.383 | -0.14 | JENDL-3 !
| SRAC | ) | |
! ! -0.05 ! 0.15 | ENDF/B-IV |

Table 6 Effective Multiplication Factors (Kgff) Calculated for
TRX Cores using Different Cross Section Libraries

| I Seft | |
| i |

| Libraries ! TRX-1 | TRX-2 | Codes |
! JENDL-3 ! 1.0003 [0 151 ! 0.999%0 [0.16] ! MCNP !
! ! 0.9993 [0.19] 1 1.0011 [0.186] ! MGCL-KENO |
| ! 0.9954 ! 0.9979 ! SRAC :
1 1 ] | 1
[ | Tt T T T T T T T s T T T |-ttt T T T T T |
| ENDF/B-1V ! 1.0004 [0.18] I 0.9998 [0.14] ! MCNP-4 !
! 1 0.9972 [0.18] I 1.0016 [0.19] ! MGCL-XENO |
: ! 0.9982 ! 1.0008 ! SRAC !
i i I 1 I
| T oS T T T T T -t TT T Tt T T T T T T I
| WIMS | 1.0002 ! 0.9952 | WIMS-D/4 |
| Original ! | : i
| Average ! 0.9987 l 0.9993 |l --- '

bAll values in ( ) are one standard deviation in %.



JAERI—M 83203

Table 7 ([C/A]-1.0)x100 Values of Effective Multiplication
Factors (Kggf) Calculated for TRX Cores using
Different Cross Section Libraries

Libraries TRX-1 | TRX-2 ! Codes
| JENDL-3 ! 0.186 ! -0.03 I MCNP :
' ! 0.08 ! 0.18 I MGCL-KENQ |
' I -0.33 ' -0.14 | SRAC !
| | o e e e e e e i, ——— | e e e e e e -, ——— | |
i | | 1 |
! ENDF/B-1V L0.17 ! 0.05 | MCNP-4 !
! ! -0.15 ' 0.23 |- MGCL-KENO |
: b -0.05 ' 0.15 | SRAC !
| § 1 ] |
| T T T -t T T T T T | T T T T ST T T T T T Tt T T T T 1
I WIMS I 0.15 I -0.41 ! WIMS-D/4 |
! Original ! ! l I

Table 8 Comparison among the Criticality Codes using
the ENDF/B-IV Cross Section Library

{ TRX-1 !
I 1 1
E Codes i —————————————————— ¥§ff———-————————-—————————ﬂ—————l
i I Supercritical | Critlf?}_____i__???ffifi??%___i
| MONP-4 11,1979 [0.15] | 1.0004 [0.16] | 0.7005 [0.18] |
gacs 2"1_1523_E6'£6]"“§_6f55§£'E6_iéi_"§—6'%615_E6'i55__§
| srac | 1.2007 | 0.0982 ' 0.7024 |
“Average | 1.1981 1 o.eess  jo.7015 |
ST T T ke o
1 1 1
i Codes E —————————————————— §§ff ———————————————————————————— E
! | Supercritical | Critical !l Subcritical i
s i ioee 10181 | oLaeas [0.141 | 0,805 (0.15] |
gacs }'1TQBBS_EB_£6]—_i'i"ééié—EB"iéi__E"B-éaié—Eéﬂi}in-i
| srac 14117 | 1.0008 | 0.s067 |
average | 1.4054 i 1.0007 1 0.9037 |

aa11 values in [ ] are one standard deviation in %.

igi
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Table 9 Comparison among the Cross Section Libraries JENDL-3,
ENDF/B-IV using the Code MCNP-4 and WIMS Original
Library using WIMS-D/4

! TR¥-1 !
1 3 K |
i 1 f 1
| Libraries |-----—--=~---------- e :
: | Supercritical | Critical | Subcritical }
! JENDL-3 ' 1.1996 [0.14]1P ! 1.0003 [0.15] |} 0.6970 [0.15] |
| I ! ! l
jmo e om o it i by I
! ENDF/B-IV ! 1.1979 [0.15] | 1.0004 [0.18] | 0.7005 [0.18] |
l l | { I
e |
! WIMS ! 1.2043 | 1.0002 1 0.7022 !
! Original ' " ! :
} TRX-2 l
| i 1
! | Kerf .
| Libraries |-----=----------—-se---------—s--oo————oo—eomo oo :
I | Supercritical | Critical | Subcritical !
! JENDL-3 ! 1.4026 [0.15]1P ! 0.9990 [0.16] | 0.8943 [0.16] |
| | | | |
ittt T T s s e nintnbeh ittt [T oo ]
! ENDF/B-1V | 1.3992 [0.13] | 0.9998 [0.14] | 0.8995 [0.15] :
l i I i i
jm-—-—-——- - {=mm—mmm—————-—-- | m==——-—-m-—m-m - ittt et |
! WIMS | 1.4044 l 0.9952 I 0.9011 :
| Original ! ! ! !

ba11 values in [ 1 are one standard deviation.
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Table 10 Percent Difference Values of Keff for Comparison among
the Different Criticality Codes using ENDF/B-IV Cross
Section Library

i TRX-1 i
T Percent Difference i
i Codes et
| ! Supercritical | Critical I Suberitical '
E_Méﬁﬁié__'_"g___éféé___‘"'___E___B_BB_'"______g__é_ééw"_______*g
aacs 026 0.8 Coa |
| sraC 0.3z 0.2z o271 |
T Rx-2
Ty percent Differemce |
E—__é;é;;____g-éﬂﬂéiéiiEEZAI—_E___EEEEE;éinn___E_HQQBEEEEEEQI___E
| MONP-4 o000 o000 o000 |
aacs ' 0.aa o8 ose |
| srac 0.8 I 0.0 ' o.80 |
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Table 11 Percent Difference Values of Kggg by MCNP-4 using
JENDL-3 and ENDF/B-IV, and WIMS-D/4 using WIMS
Library for Comparison among the Data Libraries

: TRX-1 !
! 1 Percent Difference !
! Libraries |-------—=----------------—---——---oo--ooossmoo T l
' | Supercritical | Critical ! Subceritical !
_____________ o e - l W o e e —
i ] |

! JENDL-3 ! 0.00 0.0 L 0.00 !
; ] ; | |
T PO |
| ENDF/B-IV | -0.14 I 0.01 L 0.50 !
i | | | |
e e e |
[ WIMS I 0.39 L _p.01 L 0.75 !
| Original ! ! ! :
! TRX-2 |
! ! Percent Difference !
| Libraries |-------=--—=----s---—— oo —--—o—oo—oommoooo oo '
: | Supercritical | Critical ! Subcritical !

|
________________________________________________________________ !
i JENDL-3 I 0.00 I 0.00 ! 0.00 !
E ) | | |
oo e oo oo |
| ENDE/B-IV | -0.24 I 0.08 { 0.58 !
; | | | |
f—=mr s m e s s — e SC oS oSS T |
FOWIMS i 0.13 t -0.38 ! 0.76 !
i Original ! ! ! !
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1/3~-Core Representations

TRX-1 —; zgoogc 4 3536 5 7ﬁaafnéxr{as’oﬁaél{ 25, 00
O O/0/ G0/ ﬁWDKMuJR7%¥
763 Rods YOOI O /e LATTICE PLATE {FE} 5.08
ta YO/ YO O/OA Y0 [
o 0 AV O/ YO0 o
[AOIQO0/0 /0 D%ﬁ,}’ ALUMINUM 1. .62
LI O/ OO/ YO A HANDLE ~]
B (% QO/OON U s
/Y0 L (:- ALUMINUM H
Y e i PLUG — T vt
i€ A/ C)
£o7 3
/--f RERRR SRR
Reflection FUEL ~ ]
H,0 121,92
TRX-2
._!_-
RS wor | o
UMINUM 12,70
ALUMINGE —T7
70/ ' ~4-
‘ 5 TANK BOTTOM (FE} .27
ALY LL LYY ISR IS/
Reflection
Fig. 1 Configuration model for Fig. 2 Axial model of TRX
TRX lattice cores lattice (cm)
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Fig, 5 K-effective calculations using different cross section
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Appendix1  Sample JCL and input data of NJOY nuclear data processing system

IAEA criticality benchmark problems TRX-1 and TRX-2 were analyzed by the different
criticality code systems and as well as for the different cross section libraries JENDL-3,
ENDF/B-IV and WIMS original. The general Monte Carlo Code MCNP-4 have been used to
calculate the criticality for the above problems. At the moment, the cross section library in
MCNP format for the nuclides U-235 and U-238 (from ENDF/B nuclear data file) has not
produced vet at JAERL So the NJOY91.13 code system was installed on FACOM M-780
Mainframe computer at JAERI to generate the continuous energy cross section library for
MCNP-4 {from ENDF/B nuclear data file) and executed some sample problems successfully.
The MCNP continuous energy cross section library was generated for H-1, 0-16, Al-27, U-235,
and U-238 from ENDF/B-IV nuclear data file with the nuclear data processing system NJOY
of version 91.13. Figure Al shows the processing flow to generate the continuous energy cross
section library for MCNP from the nuclear data file ENDF/B-IV by NJOY. The concrete
explanation of NJOY is not given here. Please see the reference 6. The sample JCL and some

inputs of NJOY91.13 are shown in Table Al and A2 respectively.

Evaluated Nuclear Data File
ENDF/B-IV

NJOY System (Nuclear Data Processing Code)
Modules  Functions

MODER  Convert nuclear data format

RECONR Reconstruct pointwise cross section data

BROADR Process Doppler broaden at requested temperature
UNRESR Process unresolved resonance region parameters

HEATR Compute heat production cross sections

THERMR Generate neutron scattering cross sections in thermal region
GROUPR Compute neutron-induced photon production matrix

ACER Process and output ACE (WIMS data) format data

Fig., Al Processing flow of a continuous energy cross section
library for MCNP code
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Table Al Sample JCL for NJOY nuclear data processing system

T(7) W(4) C(2) I(5) E{(1)

/f* I 2Rt 22223023 s 2322222203222 22 2 2] S

//*  * KJOY91.13 : NUCLEAR DATA PROCESSING SYSTEM *#
* * *

?;i PSS F SIS RS SRS S SER RS2SRSS SRS SRR T R S 20 2]

/{ EXEC FORT77,80="J9150.NJOY91",Q=" ,FORTEX' , A="EIM(*)’

// EXEC LKED

// BXEC GO

/ /SYSPRINT DD DUMMY

//FT05F001 DD DSK=J9150.NJOY.DATA, DISP=SHR

//ETO6F001 DD DS¥N=J9150.A80, DISP=(NEW, CATLG) , UNIT=TDS,

I DCB={RECFM=FBA, LRECL=137, BLKSIZE=13700),

// SPACE= (TRK, {50, 50}, RLSE}

//FT20F001 DD DSN=J1615.ENDFB407.DATA,DISP=SHR, LABEL={,,, IN)
//FT50F001 DD DSN=J9150.A70, DISP=(NEW,CATLG), UNIT=TDS,

1 DCB= (RECFM=FBA, LRECL=137, BLKSIZE=13700),
1 SPACE= (TRK, (50, 50}, RLSE)
/
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Table A? Sample input data for NJOY nuclear data processing system

2) Input data for U-235

0

4

*MODER*

20 -21

*RECONR*

-21 -22

*PENDF TAPE- FOR U-235 FROM ENDF/B-IV TAPE J1615.ENDFB407 . DATA*/
1261 3 0 '
6.01 0. 5/

*J-235 FROM TAPE ENDFB407*/

*PROCESSED BY THE HJOY NUCLEAR DATR PROCESSING SYSTEM*/
*SEE ORIGINAL ENDF/B-IV TAPE FOR DETAILS OF EVALUATION*/
0/

*BROADR*

-22 ~23

1261 1 0 0 0.0

0.01 1.046/

300.0

o/

*UNRESR*

-21 -23 -24

1261111

300.0

1.0E+10

0/

*HEATR*

-21 -24 -25

126100000

*THERMR*

0 -25 -26

61261 811012010

300.

.01 4.6

*GROUPR*

=21 -26 0 -27

1261 3235110

*J-215 CROSS SECTION GROUPWISE* /

300.0

1.0E+10

~1 O O L
— T " ™,

/
/
ACER*
-21 -26 -27 50 51
101¢0.00
*FAST DATA OF U-235 FROM ENDF/B-IV FOR MCHP-4*/
1261 300.0
0.011
1.00-5 2.00+7 1
*STOP*

==l )

B) Input data for U-238

0
4
*MODER*
20 -21
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*RECONR*
-21 -22

*PENDF TAPE FOR U-23B FROM ENDF/B-IV TAPE J1615,.ENDFB409.DATA*/
1262 3 0

,005 0. 5/

*92-7-238 FROM TAPE ENDFB409*/
+PROCESSED BY THE NJDY NUCLEAR DATA PROCESSING SYSTEM*/
*SEE ORIGINAL ENDF/B-IV TAPE FOR DETAILS OF EVALUATION*/
0/

*BROADR*
-22 -23

126210 0 0.0

0.005 1.0E+6/

300.0

0/

*NRESR*
-21 -23 -24

1262111

300.0

1.0E+10

0/

*EEATR*

-21 -24 -25

126200100

*THERMR*

0 -25 -26

0i2628110120190

300.

.01 4.6

*GROUPRY

=21 -26 0 -27

12629235110

+92-U-238 CROSS SECTION GROUPWISE*/
300.0

1.0E+10

3/

6/

16/

17/

o/

0/

*ACER*
-21 -26 -27 50 51
1010.00
*FAST DATA OF U-238 FROM ENDF/B-IV FOR MCRP-4*/
1262 300.0
0.011

1.00-5 2.00+7 1

*STOP*

izl P
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Appendix2  Sample JCL and input data of WIMS code system

WIMS-D/4 code system was also installed on FACOM M-780 Mainframe computer at
JAERI to calculate the criticality for the IAEA benchmark problems and executed some sample
problems successfully. The criticality for the problems TRX-1 and TRX-2 have been
calculated by the WIMS-D/4 code system using the WIMS original cross section library. The
sample JCL and some inputs of WIMS-D/4 are shown in Table A3 and A4 respectively.

Table A3 Sample JCL for WIMS-D/4 code system

T(S) W(6) C(3) I(8) E(1}
// EXEC FORT77,50='J9150.P804’,0=".DATA’,OPT=0, A=’ LANGLVL (66)"’
/! EXEC LKED77
// EXEC GO
//FTOSF001 DD DSN=J9150.TRX1W.DATA, DISP=SHR
//FTO1F001 DD DUMMY
//FTG4F001 DD DUMMY
//FTO6F001 DD SYS0UT=*
J/FT02F001 DD DSN=39150.WIMS.LIBO,DISP=SHR
//FT03F001 DD DSN=5&TEMP1, UNIT=WK10, SPACE=(3152, (200,5)),

i DCB= (RECFM=VBS, BLKS 1 2E=1604, LRECL=1600)
//FTO8F001 DD DSN=&5TEMPZ, UNIT=WK10, SPACE=(3152, (200,5)),
1 DCB= (RECFM=VBS, BLKSIZE=1604, LRECL=1600)
//FT09F001 DD DSN=g&TEMP3, UNIT=WK10, SPACE=(3152, (200, 5)),
/! DCB= (RECFM=VBS, BLKSIZE=1604, LRECL=1600)
//FT12F001 DD DSN=&&TEMP4, UNIT=WK10, SPACE=(3152, (200,5)},
! DCB={RECFM=VBS, BLKSIZE=1604, LRECL=1600)

/!
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Table A4 Sample input data of WIMS-D/4 code system

A) Input data for benchmark problem TRX-1

s#%++ TRX-1 BENCHMARK RUN USING WIMS-D/4 ON FACOM M-780 AT JAERI **¥**
CELL 6

SEQUENCE 1

NGROUP 18 2

NMESE 16

NREGION 4

NMAT 3

NREACT 2

PRECUT

INITIATE
shkktdknrkdkkirert TAX-1 BENCHMARK EXERCISES *h#tkiaiidtarkknrdddssd

MATERIAL 1 -1 300 1 235.4 6.2538-04 2238.4 4.7205E-02
MATERIAL 2 -1 300 2 27 6.025E-02

MATERIAL 3 -1 300 3 2001 6.676E-02 16 3.33BE-02
ANNULUS 1 0,4915
ANNULUS 2 0.5042
ANNULUS 3 0.5753
ANNULUS 4 0.9482
REGULAR 1
FEWGROUPS 2 4 6 8 10 12 14 16 18 20 22 24 27 45 55 63 68 69
MESRE 6 2 2 §

BEGINC

SIGPUNCH

BUCKLING 0.0 0.0057

NOBUCKLING
LEAKAGE 5
THERMAL 4
DIFFUSION 1 3 1
BEEONE -1

DNB 1 0.0 0.0 0.
DNB 2 0.0 0.0 0.
DNBE 3 6.676E-02
REACTICN 235.4
PARTITION 45 69
PRINTC 1 101
BEGINC

/1

oo

0.0
0.0
.03
2

0
0
0 .338E-02 0.0
300 2238.4 300

B) Input data for benchmark problem TRX-2

*#*¥% TRX-2 BENCHMARK RUN USING WIMS-D/4 ON FACOM M-780 AT JAERT **¥**
CELL 6

SEQUENCE 1

NGROUF 18 2

NMESH 16

NREGION 4

RMAT 3

NREACT 2

PREOUT

INITIATE

*ENERRFEFRRERAREE  TRY-2 BENCHMARK EXERCISES Arhrkdddsshdsxanssnansss
MATERIAL 1 -1 300 1 235.4 6.253E-04 2238.4 4.7205E-02
MATERIAL 2 -1 300 2 27 6.025E-02

MATERIAL 3 -1 300 3 2001 6.676E-02 16 3.338E-02

ANNULUS 1 0.4915 1

ANNULUS 2 0.5042 0

ANNULUS 3 0.5753 2

ANNULUS 4 1.14135 3

REGULAR 1

FEWGROUPS 2 4 6 8 10 12 14 16 18 20 22 24 27 45 55 63 68 69
MESH 6 2 2 6
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BEGINC
SIGPUNCH
BUCKLING 0.0 0.005469
NOBOCKLING

LEAKAGE 5

THERMAL 4

DIFFUSION 1 3 1
BEEONE -1

pNB 1 0.0 0.0
DNB 2 0.0 0.0

4.0 0.
.0 0. .
DNB 3 6.676E-02
REACTION 235.4
PARTITION 45 69
PRINTC 1 1 01
BEGINC

//

0
0 0.0
0.0 3.338E-02 0.0
300 2238.4 300

_24 —_—
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Appendix 3 Sample input data of MCNP4 code system
The general Monte Carlo Code MCNP-4 have been used to caleulate the criticality for the
IAEA criticality benchmark problems TRX-1 and TRX-2. The neutron multiplication factors
have been calculated by the MCNP-4 code system using the cross section libraries generated

from JENDL-3 and ENDF/B-IV. The sample input data of MCNP-4 code system for TRX-1

and TRX-2 are shown in Table A5 and A6 respectively.
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Table A5 Input data of MCNP-4 for benchmark problem TRX-1

TRX-1 ( IN 2-D GEOM ) JERDL-3  { CONTINUQUS ENERGY )
1 1 .0478303 (-1 -10 12) : (-4 -11 12) : (-7 -10 -11}
2 0 (1 -2-1012) : (4 -5 =11 12) : (7 -8 -10 -11})
3 2 .06025 {2 -3 -10 12) : (5 -6 -11 12) : (8 -9 -10 -11)
4 3 .10014 3 6 9 -10 -11 12
1 c/z  -.903 0 0.4915
2 c/Z -.903 0 0.5042
3 C/% -.903 0 0.5753
1 C/% .903 0 0.4915
5 C/2 .903 0 0.5042
6 C/% .903 0 0.5753
7 C/Z 0 1.56404 0.4915
8 cl/z 0 1.56404 0.5042
9 C/2 0 1.56404 0.5733
*10 P ~1.73205 1 0 1.56404
*11 P ~1.73205 1 0 1.56404
*12 PY 0
VOL. 0.379461 17 0.120562 0.892442
IMP:N 1 3R
KCODE 2000 1.2 20 100
KSRC -.85 .02 0.0 .85 .02 0.0 0.0 1.3 0.0
Ml 92235.34C 0006253
92238.34C 047205
M2 13027.34C .06205
M3 1001.34C 06676
8016.34C .03338
M119 92235.34C 1
M129 92238.34C 1
M219 13027.34C 1
M319 1001.34C 1
M329 8016.34C 1
MT3 LWIR. (01T
MT319 LWIR. 01T
E0 .625E~6 3.355E-3 6.7379E-2 10.
F104:N 1
F204:N 3
F3G4:N 4
FC104 R A T E ¢ F
ABSORPTION (REACTION TYPE -2:-6) AND
PRODUCTION : .NU * FISSION (REACTION TYFE -6 -7} +
N, 2N (REACTION TYPE 16)
N, GAMMA (REACTION TYFE 102)
GAMMA PRODUCTION (REACTION TYPR -3)
FISSION (REACTION TYPE -6)
FOR

U235  (MATERIAL TYPE 119) AND
U238  (MATERTAL TYPE 129)
FM104 {2.37276E-4 119 -2:-6)
{2.37276E-4 119 -6 -7}
{2.37276E-4 119 16}
{2.37276E~4 119 102}
{2.37276E-4 119 -5)
{2.37276E-4 119 -6)
(1,791241E~2 129 -2 : -6}
{1.791241E-2 129 -6 -7)
{1,791241E~2 125 16)
(1.791241E-2 129 102)
(1.791241E-2 129 -5)
(1.791241E-2 129 -6)
FC204 R A T E 0 F
ABSORPTION (REACTION TYPE -2)



FM204
FC304

FM304

PRINT
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FOR
AL (MATERIAL TYPE 219)
(.007264 219 -2)
R A T E ¢ F
ABSORPTION (REACTION TYPE -2)
FOR
H {MATERIAL TYPE 318)
0 (MATERIAL TYPE 329)
(.059579 319 -2)
(.029790 329 -2)

AND
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Table A6 Input data of MCNP-4 for benchmark problem TRX-2

RX-2 CRITICAL EXPERIMENT JENDL-3  ( CONTINUOUS ENERGY )

T
C CELL CARDS -
1 1 0.10014 1-2-3-45461912
2 2 0.0478303 ((-81-2) : (-111-3) : {-14 -2 -3)) -4 5
3 0 ((8 -71-2) : (1 ~-10 1 -3) : (14 -13 -2 -3)) -4 5
4 3 0.06025 ((7 -6 1-2) : {10 =91 -3) : (13 -12 -2 =3)) -4 5
C SURFACE CARDS
*1 PY 0
*2 P 1.88274 1.087 0 2.046538
*3 P -1.88274 1.087 0 2.046538
*4 PZ +10
*5 Pz ~-10
6 C/Z 1.087 0 0.57530
7 C/Z 1.087 0 0.50420
8 c/2 1.087 0 0.49150
9 c/2 ~-1.087 0 0.57530
10 c/z -1.087 0 0.50420
11 c/z -1.087 0 0.49150
12 c/z 0 1.88274  0.57530
13 c/z 0 1.88274 0.50420
14 c/z 0 1.88274 0.49150
C DATA  CARDS
IMP:N 1111
C SOURCE CARDS
KCODE 2000 1.17 20 100
KSRC .84 0.24 0 -0.84 0.24 0 0 1.64 0
c MATERIAL CARDS
o WATER
Ml 1001, 34C .06676
8016.34C .03338
C URANIUM APPROX. 1.3 W% ENRICHED
M2 92235, 34C .0006253
92238.34C .047205
C ALUMINIUM CLAD
M3 13027.34C .06205
M1l 1001.34C 1
M12 8016.34C 1
M21 92235,34¢ 1
M22 92238.34C 1
M31 13027.34C 1
C CARDS FOR S (ALPHA-BETA) TREATMENT FOR THERMALS
MT1 LWTR. (1T
MT1l LWTR. 01T
C TALLY CARDS
C ENERGY BINS FOR  TALLYING
EQ 0.625E-6 3.355E-3 6.73798-2 10.
Cc VOLIMES
VOL 30.53304 7.58922 0.39727 2.41125
C
C TALLY CARDS
Fl4:N 1
FCl4 RATE OF ABSORPTICN IN Hl AND O0lé

UNITS : ABSORPTION PER SOURCE NEUTRON
{ C= CM3 *ATOMS/B-CM )

| PHI = 1/CM2-SOURCE-NEUTRON }

{ C§ = B/ATOM }

FM14 ( 2.038386 11 -2)
{ 1.019193 12 -2)
F24:N 2
FC24 RATE OF ABSCRPTION IN U-235 & U-238 : ABS4FISS

RATE OF PRODUCTION 1IN U-235 & U-238 : NU*FISS



F44:N
FC44

FM44

PRINT
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RATE OF PRODUCTION IN U-235 & TU-238
RATE OF  N-GAMMA IN U-235 & U-238 :
RATE OF GAMMA PRODUCTION IN U-235 &
RATE OF PRODUCTION IN U-235 & U-238
UNITS : REACTIONS/SOURCE NEUTRON
( 4.74554E-3 21 -2 : =6}
{ 4.74554E-3 21 -6 =7
{ 4.74554E-3 21 16 )
{ 4.74554E-3 21 102 )
{ 4.74554E-3 21 -5
{ 4.74554E-3 21 -6 )
{ 0.358249 22 -2: -6}
( 0.358249 22 -6 -1
( 0.358249 22 16)
( 0.358249 22 102 )
( 0.35824% 22 -5}
{ 0.35824% 22 -6}
4
RATE OF ABSORPTION IN  ALLUMINUM
UNITS : ABSORPTIONS/SOURCE NEUTRON
( 0.145278 31 -2}
PERIPHERAL  CARDS

: N, 2N

N, GAMMA
U-238
FISSION

ALL GAMMAS
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Appendix4  Sample JCL and input data of JACS (MGCL, KENO) code systemn
The Monte Carlo code system JACS(MGCL, KENO) have been used to calculate the
criticality for the IAEA criticality benchmark problems TRX-1 and TRX-2. The neutron
multiplication factors have been calculated by the JACS code system using the cross section
libraries generated from JENDL-3 and ENDF/B-IV, The sample JCL and input data of SRAC

code system for the benchmark problem are shown in Table A7 and A8 respectively.

Table A7 Sample JCL of JACS(MGCL,KENO) for benchmark problem TRX-1

T({7) C{6) W(6) I(5) GRP 0PN NOTIFY{J9150)

// EXEC FORT77, S0="J3069 .MAIL8* , Q=" .FORT' ,A="EIM(*}"
// E¥EC LKED77, A=’ SECTION=24’
// EXEC GO
//SYSIN DD DSN=J9150.TRXK.CNTL{J3MKHEX1) , DISP=SER
//*FT11F001 DD DSN=J3069.CL137300.DATA, LABEL=(,,, IN), DISP=5HR
//FT21F001 DD DSN=J1446.RABBYB.HTABLE.DATA, LABEL={(,, ,IN},DISP=5SHR
//*FT31F001 DD DSN=J3069.SM137300.DATA, LABEL={(,,, IN}, DISP=SHR
//ET11F001 DD DSN=J3069.MGCLNEW2,DATA, LABEL=(,,, IN),DISP=SHR
//FT31F001 DD DSN=J3089.5MFNEW2.DATA, IABEL={(,,,IN},DISP=SHR
// EXPAND TPDISK,DDN=FT0ZF001,RECFM=VBS,RSIZE=19064,BSIZE=19068, DSN=A
// EXPAND DISKPSN,DDN=FT03F001,D3N=B
/*
// EXEC FORT77

SUBROUTINE ALOCAT {PROGM}

COMMON D (700000)

CALL PROGM{D, 700000)

RETURN

END
// EXEC LKEDIT77,1M="J3069 ,MKENOHEX’ , A=' SECTION=24’
// EXEC GO, 0BSIZE=137
//SYSIN DD DSN=J9150.TRXK.CNTL (MKHEXK1J), DISP=SHR, LABEL={, ,, IN)
//FTO6F001 DD SYSOUT=*,DCB=(RECFM=FA, BLKSIZE=137, LRECL=137)
//FT10F(01 DD SPACE=({TRK, {20,20)), UNIT=WK10
//FT18F001 DD SPACE=(TRK, (20,20)), UNIT=WK1(
// EXPAND DISKPSC,DDN=FT41F001,DSK=B
//FT51F001 DD SPACE=(TRX, (20,20}),UNIT=WK10
// EXPAND GRNLP
+

"
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Table A8 Sample input data of JACS(MGCL,KENO) for benchmark problem TRX-1

A) Input data for MGCL

5 137 2 0 3
*C-STEEL*
*ALUMINUM*
U02-PELLET HEXAGOMAL LATTICE PITCH : 1.806 CM
2 30 K}

3922350 3922380
6.253 E-4 4.7205E-2
1.806 0.4915 0.5753 0.004403 1.487
AL + VOID :
1 ¢ 3
3130270
5.112 E-2
WATER
.2 0 3
3010010 3080160
6.676 E-2 3.338 E-2

B} Input data for KENO

TRX-1 K-EFF CALCULATION
*

60.0 60 2000 10 2R137 3R5 10 4Rl S5 1 0 2060 10RO

4r-0.0 2R-1.0
11 1.0 22 1.0 3-3 1.0 4 4 31,0 5 5 1.0
*

SUPER BOX 1 2 33 451

BOX TYPE 1

CYLINDER 3  0.4915 121.92 0.0 137R0.5
CYLINDER 4  0.5753 121.92 0.0 137R0.5
CYLINDER 2  0.5753 137.16 -20.32 137R0.5
HEXAGON 5  0.9030 137.16 -20.32 137R0.5
*

BOX TYPE 2

HEXAGON 5  0.903 137.16 -20.32 137R0.5
L 4

CELL BDY 0 28.0  137.16 -20.32  3R0.0 137R0.5
CoBOID 5 28.0  -28.0  28.0  -28.0  137.16 -20.32 137RO.5
*

CORE BDY 0 28.0  -28.0  28.0  -28.0  137.16 -20.32 137R0.5
CUBOID 5 60.0  -60.0  60.0  -60.0  137.16 -20.32 137R0.5
coROID 1 60.0  -60.0  60.0  -60.0  142.24 -21,59 137R0.5
+*

-2 133 1 145 1 3Rl 0

11421 1 73932 3R 0

-11023 1 83830 3Rl 0

-1 925 1 93728 3R 0

-1 825 1 103626 3Rl 0

-1 827 1 113524 3Rl 0

-1 627 1 123422 3Rl 0

-1 628 1 133320 3Rl 0

-1 528 1 143218 3Rl 0

-1 529 1 153116 3Rl 0

-1 429 1 163014 3Rl 0

-1 430 1 172912 3Rl 0

-1 330 1 182810 3Rl 0

-1 330 1 1927 8 3Rl 0

-1 330 1 2026 6 3Rl 0

-1 331 1 2125 4 3Rl 0

-1 231 1 2224 2 3R 0

-1 331 1 2223 1 4Rl
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*

*

1723 1 2R0.0 60.96

oo
.
oo

i327,
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Appendix5  Sample JCL and input data of SRAC system
The reactor lattice cell calculation code system SRAC have been used to calculate the
criticality for the IAEA criticality benchmark problems TRX-1 and TRX-2. The neutron
multiplication factors have been caleulated by the SRAC code system using the cross section
libraries generated from JENDL-3 and ENDF/B-IV. The sample JCL and input data of SRAC
code system for TRX-1 and TRX-2 are shown in Table A9 and A0 respectively.



Table A% Sample JCL and input data of SRAC for TRX-1
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T{04) C{04) W(04) I(04) E{02) GRP MSGCLASS (X) NOTIFY (J9150)

//t I 3222823222222 2220 X223 222 haldy
1+ * SRAC TFREE VERSION *
71 T3 2222222322832 2222 2222 22 ss
I * (CASE NAME : TRX-1 *
I * METHOD : CELL *
i * LIBRARY : JENDL-3 *
//* REREREFREEIIRIANRR IR I AR L AR Sk XK

//SRAC EXEC GO,RGN=25M
//STEPLIB DD DSN=J0752.SRAC.TFREE,LOAD, DISP=5HR

//
//*T06F001

DD DSN=J0001.PDSF.LORD, DISP=SHR

DD DUMMY

// EXPARD GRNLP,SYSOUT=H

J/FTB1F001
{/

//FT82F001
/i

J/FTB3F001
i

//FT84F001
/!

//FT92F01
I

[ /FT04F)01
//FTO1F001
J/FT02FQ01
//FTO3F001
//FTO8F001
[/FTO9F00L
//FT10F001
//FT11F001
J/ETIZF001
//FT13FG0L
//FT14F001
//FT15F001
//*T15F001
J/¥T16F001
J/FT17R001
//FT18F001
//FT19F001
//FT20F001
//FT21F001
//FT22F001
//FTZ6F001
//FT28F001
//FT3IF001
//

J/FT91F001
I/l

J/FTI2F001
//

//FT32r001
J/FT33F001

//i****!***ti***ii****i****i***ﬁ**t****tt*t*i**i***i********!*t****i*i**

DD DSN=J3973.BURN,DATA (SIMPLEE) , DISP=SHR, LABEL={(, ,, IN}

/f********i***********i******i**i******t**t*iii**t***t*i***i*****i***ttt

//FTS0F001

f/FT51F001
//FT52F001

DD DSN=&&WRKB1, SPACE=(TRK, (60,15} ), UNIT=WK10,
DCB= {RECFM=VBS, BLKSI2E=32644, LRECL=4080, BUFNO=2)
DD DSN=5LWRK82, SPACE=(TRK, (60,15)), UNIT=WK10,
DCB= {RECFM=VBS, BLKSIZE=32644, LRECL=4080, BUFNO=2)
DD DSN=£&WRKB3, SPACE=(TRK, (60,15)), UNIT=WK10,
DCB:= {RECFM=VBS, BLKSIZE=32644, LRECL=4080, BUFNO=2)
DD DSN=§&WRK84, SPACE=(TRK, {60,15}), UNIT=WK10,
DCB= {RECFM=VBS, BLKSIZE=32644, LRECL=4080, BUFNO=2)
DD DSN=§&WRK92, SPACE={TRK, (5, 2) ), UNIT=WK10,

DCB= (RECFM=FB, BLKSI2E=6240, LRECL=80)

DD DSN=§&WRK04, SPACE=(TRK, {30,10}), UNIT=WK10

DD DSN=§&WRKO1, SPACE=(TRX, (30,10}), UNIT=WK10

DD DSN=§5WRK02, SPACE=(TRK, (30,10)), UNIT=HK10

DD DSN=5§WRKO3, SPACE=(TRK, (30,10}), URIT=HK10

DD DSN=§&WRK0S, SPACE=(TRK, (30,10} ), USIT=WK10

DD DSN=&§WRK09, SPACE=(TRK, (30,10)), UNIT=WK10

DD DSN=8&WRK1(Q, SPACE=(TRK, {30,10}), UNIT=WK10

DD DSN=&&WRK11, SPACE=(TRK, (30,10}), UNIT=WK10

DD DSN=g&WRK12, SPACE=(TRK, (30,10)), UNIT=WK10

DD DSN=§&WRK13, SPACE={TRK, (30,10)), UNIT=WK10

DD DSN=5&WRK14, SPACE=(TRK, {100,20) ), UNIT=WK10
Db DSN=5EWRKLS, SPACE=({TRK, (100, 20) }, UNIT=WK10
DD SUBSYS=(VPCS, ' SPACE=10M')

DD DSN=§&WRK16, SPACE=(TRK, (100, 20)), UNIT=WK10
DD DSN=§&WRK17, SPACE=(TRK, {100, 20)), UNIT=WK10
DD DSN=&&WRK18, SPACE={TRK, (100, 20) ), UNIT=HK10
DD DSN=&5WRK19, SPACE=(TRK, {100, 20) ), UNIT=WK10
DD DSN=85WRK20, SPACE= (TRK, (100, 20)), UNIT=WK10
DD DSN=5&WRKZ21, SPACE={(TRK, (30,10} ), UNIT=WK10

DD DSN=&&WRK22, SPACE=(TRK, (30,10} ), ONIT=WK10

DD DSN=&&WRK26, SPACE=(TRK, (30,10} ), ONIT=WK10

DD DSN=5EWRK28, SPACE={TRK, (30,10)), UNIT=WK10

DD DSN=§EWRK31, SPACE=(TRX, (20,5} ), UNIT=RK10,
DCB= (RECFM=FB, BLKSIZE=~6240, LRECL=80)

DD DSN=&&WRK91, SPACE={TRK, (20,5) ), UNIT=WK10,
DCB= (RECFM=FB, BLKSIZE=6240, LRECL=80)

DD DSN=6&WRK92, SPACE=(TRK, (20,5)), UNIT=WK10,
DCB= (RECFM=FB, BLKSTZE=6240, LRECL=80)

DD DSN=§&WRK32, SPACE=(TRK, (20,5)), UNIT=WK10

DD DSN=§&WRK33, SPACE=(TRK, {20,5)), UNIT=WK10

DD DSN=E&&WRK51, SPACE=(TRK, (20,5}), UNIT=WK10
DD DSN=&&WRK52, SPACE=(TRX, (20,5)}, UNIT=WK10

//FTI96F001 DD DSN=&&WRKY6, SPACE=(TRK, (20,5)),UNIT=WKL0

/l******************iii************i**i***itt**t***tt*************ii**ii
DD DSN=J0752.FASTLBJ3.H01.DATA, DISP=SHR, LABEL=(,, , IN)

/ /FASTP
/1
/1

DD DSN=J2031.FASTLBJ3.DATA,DISP=SER, LABEL=(,,, IN)

DD DSN=J0752.FASTLBJ3.FINAL.FP.DATA, DISP=5SHR, LABEL={,,,IN)

4,34A7
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l/ DD DSK=J0752.FASTLBJ2.FP.MCROSS.DATA, DISP=SHR, LABEL={(, ,, IN)
/! DD DSN=J0752,FASTLBJ2.FINAL.DATA, DISP=SHR, LABEL=(,,, IN)

I/ DD DSN=J0752.FASTLBJZ,.FINAL.FP.DATR, DISP=SHR, LABEL={,, , I}

/o DD DSN=J0752.FASTLRBS5.FINAL,.DATA, DISP=5HR, LABEL=(, ,, IN)

/i DD DSN=J0752.FASTLBBS5.FINAL.FP.DATA, DISP=SHR, LABEL=(,,, IN}

/f DD DSN=J0752,FASTLBB4.FINAL.ADD.DATA, DISP=SHR, LABEL={(,,, IN)
//THERMALP DD DSN=J0752.THERMLJ3.TFREE.DATA, DISP=5HR, LABEL=(, , , IN)

I DD DSN=J0752.THERMLJ3.FINAL.FP.DATA,DISP=SHR, LABEL=(,,, IN)

!/ DD DSN=J0752.THERMLB3.TFREE.DATA, DISP=SHR, LABEL={(,,, IN}

!/ DD DSN=J0752.THERMLJZ.TFREE.DATA, DISP=SHR, LABEL=(, , , IN}

/i DD DSN=J0752.THERMLJ2.TFREE.FP.DATA, DISP=5HR, LABEL=(, ,, IN)

17 DD DSN=J0752,THERMLBS.TFREE.DATA, DISP=5HR, LABEL={(, , , IN}

// DD DSN=J0752.THERMLBS, TFREE.FP.DATA, DISP=SHR, LABEL={, ,, IN)

/! DD DSN=J0752.THERMLB4.TFREE,DATA, DISP=SHR, LABEL=(, ,, IN)

/ /MCROSS DD DSN=J0752.PMCROSJ3.DATA, DISP=SHR, JABEL={,,, IN}

I DD DSN=J0752.PMCROSJ2.DATA, DISP=SHR, LABEL={, ,, IN}

/! ' DD DSK=J0752.PMCROSB5.DATA, DISP=SHR, LABEL=(, ,, IN)

/! DD DSN=J0752.PMCROSB4.DATA, DISP=SER, LABEL=(,,, IN)

//*t*****t*** NEW USER FILES 1Y 2123222222222 3223 222323320 X2t dd)
J/UMCROSS DD DSN=§&UMCR,DISP=(NEW,DELETE},

// SPACE=(CYL, {10,1,50)), UNIT=WK10,

Iy DCB= (RECFM=U, BLKSIZE=11476)

//**********i USER FILES P 22 232222222322 232 22230228333 22222t htlnd

//FRSTU DD DSN=§&FASTU, DISP=(NEW, DELETE),

l/ SPACE=(CYL, (3,1, 80)), UNIT=WK1{,

/! DCB= (RECFM=U, BLKSIZE=19069)
//THERMALU DD DSN=&&THERMU, DISP=(NEW, DELETE),
!/ SPACE=(CYL, (2,1, 40)}),UNIT=WK10,

/! DCB= (RECFM=U, BLKSIZE=5000)

//t****i*************i*i*i*f*i**t**************i**iii**ii***************

/ /MICREF DD DSN=&&MICREF,DISP=(NEW, DELETE),

// SPACE={CYL, (5,1, 70)),UNIT=WKLO,
I DCB= (RECFM=U, BLKSIZE=5000)
//MACROWRK DD DSN=£&MCRWRK, DISP=(NEW,DELETE),
7/ SPACE={CY1, (3,1,50)),UNIT=WK10,
/I DCB= (RECFM=U, BIKSIZE=2500)

/ /MACRO DD DSN=&&MACRO, DISP= (NEW, DELETE),
/! SPACE=(TRK, (10,2,50) )}, UNIT=WK10,
/f DCB= (RECFM=U, BLKSIZE~=2500)

//FLUX DD DSM=5&FLUX, DISP=(NEW, DELETE),
// SPACE={TRK, (10, 1,50} ), UNIT=WK10,
I/ DCB= (RECEM=U, BLKSIZE=2500}

//****************i***i***tti*******************i******************i*it*

//FT98F00] DD SYSOUT=*,DCB={RECFM=FBA, LRECL=137, BLKSIZE=19043)
J/FTS9F001 DD SYSOUT=*,DCB=(RECFM=FBA, LRECL=137, BLKSIZE=19043)
//SYSIN DD *
TRX16000
TRX-1 BERCHMARK PROBLEM USING JENDJ-3 LIBRARY.

11112 143-20 00002 01000

0.0057 / CRITICAL BUCKLING

J1480 0 0

J1480 0 0

J1480 00

J1480 6 0

J1480 U]

J1480 0 ¢

J1480 c 0

J1480 0 0

61 46 0 0/

61(1) /

46(1) /
66641 16000 5010290 0601
0 160 50 55 50 0.0001 0.0001 0.0001 1.2 100.0 0.8
111234/ TR
1111/RX

_.35‘7



1233/RM
0.0 0.284 0.40 0.4915 0,5753 0.75 0.9030 / RX
-/ PLOT FCR PIJ

3 / NMAT

313 1

METAXM1X
Xu050001
Xu080001
CLADXMZ2X
XAL70001
MOD1XM3X
XHO1ED01
X0060001
1/ PEACO

/*
/1

CoO oo oOoOMNNCO

COoOMNOHP RFN
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300.0 0.9830 0.0 /1
6.2530E-04

4.7205E-02

300.0 0.1676 0.0 /2
5.17276E-02

300.0 2.000 9.0 /3
6.6760E-02

3.3380E-02

— 36 —_
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Table AlQ Sample JCL and input data of SRAC for TRX-2

T(07) C(04) W(04) I{04) E(02) GRP MSGCLASS({X} NOTIFY(J9150)

//ﬁ Y Y 1222222222322 822222222 2
I1* * SRAC TFREE VERSION *
f/t PR L1228 2222222222202 2222t shd
f1* * CASE NAME : TRX-~2Z *
/1% *  METHOD : CELL *
1% * LIBRARY : JENDL-3 *
//i P e Y2223 22222 333X 222222 2}

//SRAC EXEC GO, RGN=25M

//STEPLIB DD DSN=J0752.SRAC.TFREE.LOAD, DISP=SHR

' DD DSN=J0001.PDSF.LOAD,DISP=5SHR

//*TO6F001 DD DUMMY

// EXPAND GRNLP,SYSOUT=H

//FT81F001 DD DSN=§&WRKS1, SPACE=(TRK, (60,15)),UNIT=WK1C,

// DCB= (RECFM=VBS, BLKSI1ZE=32644, LRECL=4080, BUFNO=2)
//FT82F001 DD DSN=5&WRKB2, SPACE=(TRK, (60,15)), UNIT=WKLG,

1 DCB= (RECFM=VBS, BLKSI1ZE=32644, LRECL=4080, BUFNO=2)
//FT83F001 DD DSN=&&WRKB3, SPACE={(TRK, (60,15)),UNIT=WKLC,

/! DCB= (RECFM=VBS, BLKSIZE=32644, LRECL=4080, BUFNC=2)
//FT84F001 DD DSN=&&WRKS4, SPACE=(TRK, (60,15)), UNIT=WK10,

! DCB= (RECFM=VBS, BLKSIZE=32644, LRECL=4080, BUFNO=2)
//FT92F001 DD DSN=&&WRK92, SPACE=(TRK, (5,2} }, UNIT=WK10,

/! DCB= (RECFM=FB, BLKSI2E=6240, LRECL=80)

//FT04F001 DD DSN=&&WRKD4, SPACE=(TRK, (30,10)), UNIT=WK10
//FTOIFO01 DD DSN=&&WRK01, SPACE=(TRK, (30,10)), UNIT=WK10
//FT02F001 DD. DSN=&&WRKD2, SPACE=(TRK, (30,10)), UNIT=WK1D
//FTO3F001 DD DSN=&SWRKO3, SPACE=(TRK, (30,10)), UNIT=WK10
//FTOSFO01 DD DSN=&&WRK08, SPACE=(TRK, (30,10)), UNIT=WK10
//FTO9F001 DD DSN=&&WRK09, SPACE=(TRK, (30,10}), UNIT=WK10
//FT10F0C1 DD DSN=g&WRKLO, SPACE=(TRK, (30,10} ), UNIT=WK10
//FT11F001 DD DSN=§&WRK11, SPACE~(TRK, (30,10} ), UNIT=WK10
//FT12F001 DD DSN=&&WRK12, SPACE=(TRK, (30,10)), UNIT=WK10
J/FT13F001 DD DSN=§&WRK13, SPACE={TRK, (30,10)}, UNIT=WK10
//FT14F001 DD DSN=&&WRK14, SPACE={TRK, (100,20)), UNIT=WK10
//FT15F001 DD DSN=§&WRK15, SPACE~={TRK, {100, 20)), UNIT=WK10
//*P15F001 DD SUBSYS=(VPCS, ' SPACE=10M')

//FT16F001 DD DSN=8&WRK16, SPACE=(TRK, {100, 20)), UNIT=WKi0
//FT17F001 DD DSN=6&WRK17,SPACE=(TRK, (100,20)),UNIT=WK10
//FT18F001 DD DSN=6&WRK18, SPACE=(TRE, {100, 20}),UNIT=WK10
//FT19F001 DD DSN=4&WRK19, SPACE=(TRK, (100,20)), UNIT=WK10
J/FT20F001 DD DSN=£&WRK2(, SPACE={TRK, {100, 20) ), UNIT=WK10
J/FT21F001 DD DSN=£&WRK21, SPACE=(TRE, (30,10} ), UNIT=WK10
J/FT22F001 DD DSN=6&WRK22, SPACE={TRK, {30,10)}, UNIT=WK1]
/JFT26F001 DD DSN=&&WRK26, SPACE=(TRK, (30,10)}, UNIT=WK10
//FT28F0061 DD DSN=§&WRK28, SPACE=(TRK, (30,10} )}, UNIT=WK10
//FT31F001 DD DSN=§&WRK31, SPACE={TRK, {20,5)}, UNIT=HK10,
// DCB= (RECFM=FB, BLKSIZE=6240, LRECL=80)
//FT91FC01 DD DSN=8&WRK91, SPACE~{TRK, (20,5)),UNIT=WK10,
/7 DCB= (RECFM=FB, BLKSIZE=6240, LRECL=80)
//FT92F001 DD DSN=5&WRK9Z, SPACE={TRK, {20,5)}, UNIT=WK10,
1 DCB= (RECFM=FB, BLKSI2E=~6240, LRECL=80)
//FT32F001 DD DSH=§&WRK3Z2, SPACE=(TRK, (20,5)), UNIT=WK10
//FT33F001 DD DSN=&&WRK33, SPACE=(TRK, (20,5}), UNIT=WE10

//*i*****ii****i***********t*****iiii*i*i*i**i*************‘*i*!t*******

//FT50F001 DD DSN=J3973.BURN,DATA {SIMPLEE), DISP=SHR, LABEL=(,,, IN)
//********ii*******i****t**t********i***ii********i*i******i*i**w******t
J/FT51F001 DD DSN=§&WRK51, SPACE=(TRK, (20,5)), UNIT=WK10
//FT52F001 DD DSN=g&WRK52Z, SPACE=(TRK, (20,5} }, UNIT=WK10
//FT96F001 DD DSN=4&WRK96, SPACE=(TRK, {20,5) ), UNIT=WK1(

f/i***tit**iii**iiti****************i*ii****t*t*i**i*i******iii*********

//FASTP DD DSN=J0752.FASTLBJ3.HQ1,DATA, DISP=SHR, LABEL={(,,, IN)
[/ DD DSN=J2031.FASTLBJ3.DATA,DISP=5HR, LABEL=(,,, IN}
/! DD DSN=J0752.FASTLBJ3.FINAL.FP.DATA, DISP=SHR, LABEL=(,,, IN)

4,3747
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/! DD DSN=J0752.FASTLBJ2.FP.MCROSS,DATA, DISP=5HR, LABEL=(, , , IN)}
I DD DSN=J0752.FASTLBJ2,.FINAL.DATA, DISP=SHR, LABEL=(, ,, IN}

/! DD DSN=30752.FASTLBJ2.FINAL.FP.DATA,DISP=SHR, LABEL=(,,, IN)

I Db DSN=30752,FASTLBB5.FINAL.DATA, DISP=5HR, LABEL=(, ,, IN)

I DD DSN=J0752.FASTLBBS.FINAL.FP.DATA, DISP=SHR, LABEL=(,,, IN}

1 DD DSN=J0752.FASTLBB4.FINAL.ADD.DATA, DISP=SHR, LABEL=(,,, IN)
//THERMALP DD DSN=J0752,THERMLJ3.TFREE.DATA, DISP=SHR, LABEL={(,,, IN}

1l DD DSN=J0752.THERMLJ3.FINAL.FP.DATA, DISP=SHR, LABEL=(,,, IN}

I bh DSN=J0752.THERMLB3. TFREE.DATA, DISP=SHR, LABEL=(, ,, IN)

/1 DD DSN=J0752.THERMLJ2.TFREE.DATA, DISP=SHR, LABEL=(, ,, IN}

/ DD DSN=30752.THERMLJ2.TFREE.FP.DATA, DISP=SHR, LABEL=(, ,, IN)

' pD DSN=J0752.THERMLB5. TFREE.DATA, DISP=SHR, LABEL=(,, , IN)

[ DD DSN=J0752.THERMLBS.TFREE.FP.DATA, DISP=SHR, LABEL={(,,, IN}

7/ DD DSN=J0752.THERMLB4,TFREE.DATA, DISP=SHR, LABEL=(,, , IN)

/ /MCROSS DD DSN=J0752.PMCRCSJ3.DATA, DISP=SHR, LABEL={,, , IN)

7 DD DSN=J0752.PMCROSJZ.DATA, DISP=SER, LABEL~={(, , , IN}

7/ DD DSN=J0752.PMCROSB5.DATA, DISP=SHR, LABEL={(,,, IN)

I DD DSN=J0752.PMCROSE4.DATA, DISP=SHR, LABEL=(,,, IN}

//***ii****ii NEW USER FILES [ T2 2112322 222222223 222222222022 R a2 a st sd

//UMCROSS DD DSN=&&UMCR, DISP= (NEW, DELETE),
/! SPACE=(CYL, {10,1,50)), UNIT=WK10,
1 DCB= (RECFM=U, BLKSIZE=11476)

//*********** USER FILES ' 2222225232232 22322 R 2R 2 022 R RS s it il l

/ [FASTU DD DSN=&4FASTU, DISP=(NEW,DELETE),

/! SPACE={CYL, (3,1, 80}), UNIT=WK10,

i DCB= (RECFM=U, BLKSIZE=19069)
//THERMALU DD DSN=4THERMU, DISP=(NEW, DELETE},
I SPACE=(CYL, (2,1,40)),UNIT=WK10,

/! DCB= (RECFM=U, BLKSIZE=5000)

//*****i*i***ti********i***i************i*t*t*it*******i*i******i*******

/ /MICREF DD DS¥=&&MICREF, DISP=(NEW, DELETE},

// SPACE= (YL, (5, 1,700}, UNIT=WK10,
I DCB= (RECFM=U, BLKSIZE=5000)
//MACROWRK DD DSN=g&MCRWRK, DISP={NEW, DELETE),
' SPACE={CYL, {3,1,50) ), UNIT=WK10,
/7 DCB= {RECFM=U, BLKSIZE=2500)

/ /MACRO DD DSN=§5MACRO, DISP=(NEW, DELETE},
i SPACE= (TRK, (10, 2,50} }, UNIT=WK10,
1 DCB={RECFM=U, BLKSIZE=2500)

//FLUX DD DSN=¢&FLUX, DISP=(NEW, DELETE),
1/ SPACE= (TRK, (10,1, 50)}, UNIT=WK10,
I DCB= (RECFM=U, BLKS12E=2500)

//*******tt*******i****i**i*******!*tti!***i************i********i****ii

//FT98F001 DD SYSQUT=*,DCB=(RECFM=FBA, LRECL=137, BLKSIZE=19(43)}
//FT99F001 DD $YSOUT=*,DCB=(RECFM=FBA, LRECL=137,BIKSIZE=19043)}
//SYSIN DD *
TRX20000
TRX-2 BENCHMARK PROBLEM USING JENDJ-3 LIBRARY.

11112 143-20 00002 01000

0.005469 / CRITICAL BUCKLING

J1480 0 0

J1480 09

J1480 00

J1480 0 0

J1480 0 0

71480 0 0

J1480 0 0

J1480 0 0

61 46 0 0/

61(1) /

46(1) /
66641 16000 5010290 0601
0 100 50 55 5 0 0.0001 0.0001 0.0001 1,17 100.0 0.8
111234/ TR
1111/ R-X

__38._



1233/ RM
6.0 0.284 0.40 0.4915 0.5753
/ PLOT FOR PIJ

313 1

3 /[ FMAT

METAXMIX
X0050001
XU08000L
CLADXM2X
XAL70001
MOD1XM3X
XHO1HO01
X0060001
1/ PEACO

/*
/"

OO OO NNOD

OO R N
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300.0 0.9830
6.2530E-04
4.7205E~02
300.0 0.1676
6.02500E-02
300.0  2.0000
6.6760E-02
3.3380E-02

0.75 1.0870 / RX

0.0 /1
0.0 /2
0.0 /3



