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This report compiles results of benchmark tests for validation of evaluated nuclear
data to be used in nuclear designs of fusion reactors. Parts of results were obtained
under activities of the Fusion Neutronics Integral Test Working Group organized by the
members of both Japan Nuclear Data Committee and the Reactor Physics Committee.
The following three benchmark experiments were employed used for the tests: (i) the
leakage neutron spectrum measurement experiments from slab assemblies at the D-T
neutron source at FNS/JAERI, (ii) in-situ neutron and gamma-ray measurement
experiments (so-called clean benchmark experiments) also at FNS, and @ii) the pulsed
sphere experiments for leakage neutron and gamma-ray spectra at the D-T neutron
source facility of Osaka University, OKTAVIAN. Evaluated nuclear data tested were
JENDL-3.2, JENDL Fusion File, FENDL/E-1.0 and newly selected data for FENDI/E-2.0.
Comparisons of benchmark calculations with the experiments for twenty-one elements,
i.e., Li, Be, C, N, O, F, Al Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, Mo, W and Pb, are
summarized.
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1. Introduction

A number of fusion neutronics benchmark experiments has been conducted at
the two major D-T neutron source facilities in Japan, Fusion Neutronics Source? (FNS)
at Japan Atomic Energy Research Institute and OKTAVIAN? at Osaka University, for
more than fifteen years. A large amount of benchmark experimental data have been
accumulated for fusion reactor relevant materials, such as tritium breeding materials,
neutron multiplication materials, structural materials, plasma facing materials, shielding
materials, and so on.

On the other hand, after the release of Japanese Evaluated Nuclear Data Library
version 3.1 % (JENDL-3.1) at the end of 1990, cross section data in JENDL-3.1 were
revised to produce a new version of JENDL, JENDL-3.2%, and it was released in June
1994. As one of the JENDL special purpose files, JENDL Fusion File ® (hereafter,
JENDL-FF) has been also evaluated for fusion applications in which accurate treatment
of energy-angle-dependent double-differential cross sections for high energy neutrons
was implemented.

In the mean time, an international standard nuclear data file for fusion, Fusion
Evaluated Nuclear Data Library version 19, FENDL/E-1.0 (hereafter, FENDL-1), was
released from International Atomic Energy Agency (IAEA) in May, 1994. The FENDL-1
library was a collection of best cross section data from national nuclear data libraries of
Japan, USA and Russia, i.e., JENDL-3.1, ENDF/B-VI” and BROND-2 ?, respectively. It
was adopted officially as a reference nuclear data library for Engineering Design Activities
of International Thermonuclear Experimental Reactor (ITER).

Cross section data for many isotopes in FENDL-1 have been updated to
FENDL/E-2.0 (hereafter, FENDL-2) by newly evaluated cross section data of new national
libraries, i.e., JENDL-FF, ENDF/B-VI, BROND-2 and European Fusion File version-3 9
(EFF-3), and so on. In June, 1996, the IAEA Consultants’ Meeting on Selection of Basic
Evaluations for the FENDL-2 Library was held at Karlsruhe, Germany. 19 Results for
the benchmark test by the Japanese group and other international participants as well
as microscopic cross section data provided were reviewed at the meeting, and consultants
selected the best evaluation to be adopted in FENDL-2 for each isotope. These selected
evaluations were approved finally at the IAEA Advisory Group Meeting on Extension
and Improvement of the FENDL Library for Fusion Applications held at Vienna, Austria,
March 1997.'Y Further modifications were, however, requested for some of the selected
evaluations at the meeting.

To examine validity of comprehensive cross section data in JENDL-3.2, JENDL-FF
and FENDL-1, and also candidates evaluations for FENDI/E-2.0, we conducted benchmark
tests of cross section data in these libraries. Fusion neutronics benchmark experiments
performed at the two majour D-T neutron source facilities in Japan, FNS and OKTAVIAN,
were employed for the tests. Most parts of the benchmark tests were obtained under the
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Fusion Neutronics Integral Test Working Group* organized by the members of both
Japan Nuclear Data Committee and the Reactor Physics Committee.

This report summarizes results for the benchmark tests for JENDL-3.2, JENDL-FF
and FENDL-1 as well as the candidate evaluations for FENDL-2. Details of the
experiments, transport calculations and comparisons of the experiments and calculations
are given in references to be specified later. Chapter 2 deals with the nuclear data
bases and the transport calculation code used for the benchmark calculations. Results
for FNS TOF experiments, FNS clean benchmark experiments and OKTAVIAN pulsed
sphere experiments are described in Chapters 3, 4 and 5, respectively. Results for the

- benchmark tests for each element are discussed in Chapter 6. A summary is given in
Chapter 7. ‘

2. Nuclear Data and Transport Calculation Code

As the first step of the benchmark test, cross section data in JENDL-3.2, JENDL-FF
and FENDL-1 were examined. Table 2.1 summarizes cross section data selected for
FENDL-1. Cross sections for some of light elements, i.e., Li, C, N and O, are not given
in JENDL-FF.

As the second step, new candidate evaluations for FENDL-2 except for JENDL-FF
were examined. Table 2.1 also shows the selected cross sections for FENDL-2. Some of
the candidates were newly evaluated data: silicon isotopes from ENDF/B-VI and iron-56
from EFF-3. Some others were combinations of two evaluations: a combination of
JENDL-FF and ENDF/B-VI for carbon-12 and that of JENDL-FF and BROND-2 for
nitrogen-14. The rest were modified data: niobium-93 and molybdenum in JENDL-FF
with revisions of some cross section data. A newly evaluated cross section data of
aluminum in EFF-3 were not included although they are one of the candidate evaluations,
because its transport cross section was not available.

The continuous energy Monte Carlo transport calculation code MCNP-4A ' was
used commonly. The MCNP-4A code has a great advantage for the benchmark test
because cross section data are accurately treated in the continuous energy representation
as they are in the original nuclear data file. The code can also treat the double-differential
type cross sections adopted in JENDL-FF, ENDF/B-VI, and so on.

*  Fusion Neutronics Integral Test Working Group: Y. Oyama (Group Leader, JAERI),
C. Ichihara (Kyoto Univ.), K. Ueki (Ship Research Institute), K. Kosako (Sumitomo
Atomic Industries, Ltd.), A. Takahashi (Osaka Univ.), K. Hayashi (Hitachi Engineering
Co. Ltd.), H. Maekawa (JAERI), F. Maekawa (JAERI), K. Maki (Hitachi Co. Ltd.)
and T. Mori (JAERI)
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Transport cross section libraries for MCNP processed from JENDL-3.2, JENDL-FF
and FENDL/E-1.0 are FSXLIB-J3R2 ', FSXLIB-JFF '¥ and FENDL/MC-1.0 '®,
respectively. Transport cross sections for other evaluations were fetched from IAEA via
internet. Photon and electron transport cross sections used are MCPLIB and EL,
respectively, included in the MCNP-4A code package. To calculate dosimetry reaction
rates, the FSXDOS-J3 library ** processed from JENDL Dosimetry File '® was used
commonly. To calculate gamma-ray heating rate, gamma-ray KERMA factors derived
from the DLC-99/HUGO library !” was used.

3. FNS Time-of-Flight Experiment
3.1 Brief Description of the Experiment

Angular neutron spectra leaking from various materials with a cylindrical slab
geometry placed in front of the D-T neutron source were measured by the Time-Of-Flight
(TOF) method with an NE213 liquid organic scintillation detector. Seven materials,
lithium oxide, beryllium, graphite, liquid-nitrogen, liquid-oxygen, iron and lead, were
assembled in the slab geometry. The slab diameters were in a range from 600 mm to
1000 mm while thicknesses ranged from 48 mm to 600 mm. Leakage neutron spectra
were measured at several angles from 0 to 66.8 degrees with respect to the deuteron
beam direction. In most cases, spectra were measured in an energy range from 50 keV
up to 14-MeV. Details of the experiments are described in Refs. 18) ~ 24). Numerical
data of the measured spectra are given in Refs. 25) and 26).

3.2 Benchmark Calculation

Benchmark calculations with MCNP-4A were performed in the same manner
described in Refs. 19) ~ 25). Examples of input data of MCNP for each material are
given in the Appendix.

The three nuclear data libraries, JENDL-3.2, JENDL-FF and FENDL-1, are used
for all the calculations. Some calculations were supplemented for new candidates of
FENDL-2. The candidates were modified versions of JENDL-FF for graphite and liquid-
nitrogen, and a combination of EFF-3 (Fe-56) and FENDL-1 (Fe-54, -57 & -58) for iron.

The experimental data were compared with calculations in Refs. 18) ~ 24) although
nuclear data used in the calculations were somewhat outdated. Calculated results with
the recent nuclear data libraries such as JENDL-3.2, JENDL-FF and FENDL-1 are
briefly reported in Refs. 27) ~ 31).
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3.3 Results for JENDL-3.2, JENDL Fusion File & FENDL/E-1.0

The calculated neutron spectra with JENDL-3.2, JENDL-FF and FENDL-1 are
compared with the experimental data in the following figures. Results for JENDL-3.1
are also included in some figures.

Lithium Oxide 48.0 mm thickness Fig. 3.3.1
200.0 mm thickness Fig. 3.3.2
400.0 mm thickness Fig. 3.3.3
Beryllium 50.8 mm thickness Fig. 3.3.4
152.4 mm thickness Fig. 3.3.5
Graphite 50.6 mm thickness Fig. 3.3.6
202.4 mm thickness Fig. 3.3.7
404.8 mm thickness Fig. 3.3.8
Nitrogen 200.0 mm thickness Fig. 3.3.9
Oxygen 200.0 mm thickness Fig. 3.3.10
Iron 50.0 mm thickness Fig. 3.3.11
200.0 mm thickness Fig. 3.3.12
400.0 mm thickness Fig. 3.3.13
600.0 mm thickness Fig. 3.3.14
Lead 50.8 mm thickness Fig. 3.3.15
203.2 mm thickness Fig. 3.3.16
406.4 mm thickness Fig. 3.3.17

The measured and calculated neutron fluxes are integrated in several energy
intervals, and calculated to experimental (C/E) ratios are derived. The C/E ratios are
compared in the following figures.

Lithium Oxide 48.0 mm thickness Fig. 3.3.18
200.0 mm thickness Fig. 3.3.19
400.0 mm thickness Fig. 3.3.20
Beryllium 50.8 mm thickness Fig. 3.3.21
152.4 mm thickness Fig. 3.3.22
Graphite 50.6 mm thickness Fig. 3.3.23
202.4 mm thickness Fig. 3.3.24
404.8 mm thickness Fig. 3.3.25
Nitrogen 200.0 mm thickness Fig. 3.3.26
Oxygen 200.0 mm thickness Fig. 3.3.27
Iron 50.0 mm thickness Fig. 3.3.28
200.0 mm thickness Fig. 3.3.29
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400.0 mm thickness Fig. 3.3.30
600.0 mm thickness Fig. 3.3.31
Lead 50.8 mm thickness Fig. 3.3.32
203.2 mm thickness Fig. 3.3.33
406.4 mm thickness Fig. 3.3.34

3.4 Results for FENDI/E-2.0

Results for benchmark calculations with the modified JENDL-FF data for graphite
and nitrogen, and the combined iron data of EFF-3 (Fe-56) and ENDF/B-VI (Fe-54, -57,
-58) are shown in the following figures. Typical thicknesses of slabs are chosen for the

comparisons.
Graphite 202.4 mm thickness Fig. 3.4.1
Nitrogen 200.0 mm thickness Fig. 3.4.2
Iron 200.0 mm thickness Fig. 3.4.3

The C/E ratios for these results are shown in the following figures.

Graphite 202.4 mm thickness Fig. 3.4.4
Nitrogen 200.0 mm thickness Fig. 3.4.5
Iron 200.0 mm thickness Fig. 3.4.6
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4. FNS Clean Benchmark Experiment

4.1 Brief Description of the Experiment

The in-situ measurement experiments conducted at FNS are called as “clean
benchmark experiments” on seven materials; lithium oxide, beryllium, graphite, iron,

copper,

tungsten and type-316 stainless steel (SS316). A cylindrical experimental assembly

made of each material was placed in front of the D-T neutron source of FNS. Detectors
were inserted in the assembly at several positions along the central axis of the cylinder.
Many nuclear responses related to both neutrons and gamma-rays were measured with

various experimental techniques. The measured quantities and the techniques were;

®

(ii)

(iii)
(iv)
V)

(vi)

(vii)

(viii)

(ix)

a small sphere (14 mm ¢) NE213 organic scintillation counter with the unfolding
technique for neutron spectra above 1 MeV,

a set of proton recoil gas proportional counters for neutron spectra between 3
keV and 1 MeV,

the slowing down time method for neutron spectra below 10 keV,
the foil activation method with HP-Ge detectors for dosimetry reaction rates,
fission chambers of U-235, U-238 and so on for fission rates,

lithium-containing pellet irradiation with the liquid scintillation counting method
for tritium production rates,

a pair of lithium glass scintillation counters for tritium production rates by
lithium-6,

a deuterated liquid organic scintillation counter with the unfolding technique
for gamma-ray spectra, and

thermoluminescence dosimeters (TLDs) for gamma-ray heating rates.

Details of the experiments for each materials are described in the following references:

Lithium oxide Refs. 25), 32)
Beryllium Refs. 25), 33)
Graphite Refs. 25), 34)

Iron Refs. 35) ~ 39)
Copper Refs. 35), 40) ~ 42)
Tungsten Refs. 35), 43)
SS316 Refs. 39), 44) ~ 47).
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4.2 Benchmark Calculation

Benchmark calculations with MCNP-4A were performed for the clean benchmark
experiments. Details of the calculations are described in Refs. 25), 35), 42) and 47).
Examples of input data of MCNP for each materials are given in Appendix.

The three nuclear data libraries, JENDL-3.2, JENDL-FF and FENDL-1, are used
for all the calculations. Some calculations were supplemented for new candidates of
FENDL-2. The candidates were modified versions of JENDL-FF for graphite and a
combination of EFF-3 (Fe-56) and FENDL-1 (Fe-54, -57 & -58) for iron.

In most of the references given in the previous section 4.1, results for benchmark
calculations are compared with the experimental data. As for JENDL-3.2, JENDL-FF
and FENDL-1, results for benchmark test are discussed in the following references.

Iron Refs. 38), 39)
Tungsten Refs. 43)
SS316 Refs. 39), 48)

In addition, Refs. 27) ~ 31) deal with comprehensive results for benchmark test for the
recent three nuclear data libraries by analyzing the clean benchmark experiments.
References 49) ~ 51) also deal with results for benchmark test for the recent three
nuclear data libraries especially focussing on the secondary gamma-ray data.

4.3 Results for JENDL-3.2, JENDL Fusion File & FENDL/E-1.0

Lithium Oxide

Results for calculations with JENDL-3.2 and FENDL-1 are compared with the
experimental data in the following figures.

Neutron spectrum at 216 mm depth Fig. 4.3.1

Neutron spectrum at 418 mm depth Fig. 4.3.2

C/E ratios of dosimetry reaction rates Fig. 4.3.3 (a) ~ (k)
Beryllium

Results for calculations with JENDL-3.2, JENDL-FF and FENDL-1 are compared
with the experimental data in the following figures.

Neutron spectrum at 127 mm depth Fig. 4.3.4
Neutron spectrum at 279 mm depth Fig. 4.3.5
C/E ratios of dosimetry reaction rates Fig. 4.3.6 (a) ~ (1)
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Graphite
Results for calculations with JENDL-3.2 and FENDL-1 are compared with the
experimental data in the following figures.

Neutron spectrum at 117 mm depth Fig. 4.3.7

Neutron spectrum at 218 mm depth Fig. 4.3.8

Neutron spectrum at 320 mm depth Fig. 4.3.9

Neutron spectrum at 421 mm depth Fig. 4.3.10

C/E ratios of dosimetry reaction rates Fig. 4.3.11 (a) ~ (h)

Iron

Results for calculations with JENDL-3.2, JENDL-FF and FENDL-1 are compared
with the experimental data in the following figures.

Neutron spectrum at 110 mm depth Fig. 4.3.12
Neutron spectrum at 210 mm depth Fig. 4.3.13
Neutron spectrum at 310 mm depth Fig. 4.3.14
Neutron spectrum at 410 mm depth Fig. 4.3.15
Neutron spectrum at 610 mm depth Fig. 4.3.16
Neutron spectrum at 810 mm depth Fig. 4.3.17
C/E ratios of integral neutron fluxes Fig. 4.3.18 (a) ~ (
C/E ratios of dosimetry reaction rates Fig. 4.3.19 (a) ~ ()
Gamma-ray spectrum at 300 mm depth Fig. 4.3.20
Gamma-ray spectrum at 500 mm depth Fig. 4.3.21
Gamma-ray spectrum at 700 mm depth Fig. 4.3.22

C/E ratios of gamma-ray heating rate of iron Fig. 4.3.23

Type 316 Stainless Steel (SS316)
Results for calculations with JENDL-3.2, JENDL-FF and FENDL-1 are compared
with the experimental data in the following figures.

Neutron spectrum at -10 mm depth Fig. 4.3.24
Neutron spectrum at 102 mm depth Fig. 4.3.25
Neutron spectrum at 229 mm depth Fig. 4.3.26
Neutron spectrum at 356 mm depth Fig. 4.3.27
Neutron spectrum at 533 mm depth Fig. 4.3.28
Neutron spectrum at 711 mm depth Fig. 4.3.29
Neutron spectrum at 914 mm depth Fig. 4.3.30
C/E ratios of integral neutron fluxes Fig. 4.3.31 (a) ~ (h)
C/E ratios of dosimetry reaction rates Fig. 4.3.32 (a) ~ (0)
Gamma-ray spectrum at 102 mm depth Fig. 4.3.33
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Gamma-ray spectrum at 356 mm depth
Gamma-ray spectrum at 711 mm depth
Gamma-ray spectrum at 914 mm depth
C/E ratios of gamma-ray heating rate of SS316

Copper

Fig. 4.3.34

Fig

. 4.3.35

Fig. 4.3.36
Fig. 4.3.37

Results for calculations with JENDL-3.2, JENDL-FF and FENDL-1 are compared

with the experimental data in the following figures.

Neutron spectrum at 76 mm depth
Neutron spectrum at 228 mm depth
Neutron spectrum at 380 mm depth
Neutron spectrum at 532 mm depth
C/E ratios of integral neutron fluxes
C/E ratios of dosimetry reaction rates
Gamma-ray spectrum at 76 mm depth
Gamma-ray spectrum at 228 mm depth
Gamma-ray spectrum at 380 mm depth
Gamma-ray spectrum at 532 mm depth
C/E ratios of gamma-ray heating rate of copper

Tungsten

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig

.4.3.38
4.3.39
4.3.40
4.3.41
4.3.42 (a) ~ (h)
4.3.43 (a) ~ (k)
4.3.44
4.3.45
4.3.46
4.3.47
.4.3.48

Results for calculations with JENDL-3.2, JENDL-FF and FENDL-1 are compared

with the experimental data in the following figures.

Neutron spectrum at 76 mm depth
Neutron spectrum at 228 mm depth
Neutron spectrum at 380 mm depth
C/E ratios of dosimetry reaction rates
Gamma-ray spectrum at 76 mm depth
Gamma-ray spectrum at 228 mm depth
Gamma-ray spectrum at 380 mm depth

Fig
Fig
Fig
Fig
Fig
Fig
Fig

. 4.3.49
. 4.3.50
.4.3.51
. 4.3.52 (a) ~ (d)
. 4.3.53
.4.3.54
. 4.3.55

C/E ratios of gamma-ray heating rate of tungsten Fig. 4.3.56
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_ 4.4 Results for FENDL/E-2.0

Graphite

Results for calculations with JENDL-3.2, which is same as JENDL-FF, and the
modified JENDL-FF data are compared with the experimental data in the following
figures.

Neutron spectrum at 320 mm depth Fig. 4.4.1
Neutron spectrum at 572 mm depth Fig. 4.4.2
C/E ratios of dosimetry reaction rates Fig. 4.4.3 (a) ~ (d)

Iron
Results for calculations with FENDL-1 and the combination of FENDL-2, i.e.,
EFF-3 for Fe-56 and FENDL-1 for other three iron isotopes, are compared with the

experimental data in the following figures.

Neutron spectrum at 410 mm depth Fig. 4.4.4
Neutron spectrum at 810 mm depth Fig. 4.4.5
C/E ratios of integral neutron fluxes Fig. 4.4.6 (a) ~ (D
C/E ratios of dosimetry reaction rates Fig. 4.4.7 (a) ~ (d)

C/E ratios of gamma-ray heating rate of iron Fig. 4.4.8

A serious error was found in the gamma-ray production cross section of Fe-56
data in EFF-3. As shown in Fig. 4.4.8, gamma-ray heating rates of iron were calculated
considerably larger than the experimental data with EFF-3. It was turn out from an
analysis of another benchmark experiment on iron®? that the error has been corrected
in the final FENDI/E-2.0 library available since April, 1998.
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5. OKTAVIAN Pulsed Sphere Experiment
5.1 Brief Description of the Experiment

A series of pulsed sphere experiments for 14-MeV neutron transmission has been
performed at OKTAVIAN using spherical piles made of a variety of materials. 53-56)
Sample materials were Be, Li, LiF, CF2, Al, Si, Ti, Cr, Mn, Co, Cu, Zr, Nb, Mo and W.
All the materials except for Be were packed in spherical shells by stainless steel or mild
iron containers. For the Be measurement, a set of beryllium spherical shells of solid
metal were used to make spheres with four different thicknesses by combining these
shells. Overall thicknesses of the beryllium shells ranged form 45.5 mm to 11.65 mm. A
D-T neutron target of the OKTAVIAN pulse beam line was centered at a spherical pile,
and pulsed neutrons of ~ 2 ns in width were generated at the target. A neutron
spectrum leaking from the spherical pile in an energy range from 14 MeV to 0.1 MeV
was measured by the Time-Of-Flight method with an NE-218 scintillation detector
located at ~ 11 m from the target.

Another series of pulsed sphere experiment for secondary gamma-ray spectrum
was also performed at OKTAVIAN. 50~ %) Gamma-ray spectra leaking from sample
materials, i.e., LiF, CF2, Al, Si, Ti, Cr, Mn, Co, Cu, Nb, Mo, W and Pb, were measured.
Gamma-rays were detected with an Nal(T]) scintillator located at 5.8 m from the target.
Neutron events were discriminated by the flight time difference of neutrons and gamma-
rays with adopting a time gate of 60 ~ 80 ns from the time of D-T neutron generation.
Only gamma-rays were detected in the time gate. Due to this time gate, the measured
spectra were dominated by gamma-rays from threshold reactions such as the (n,n’) and
(n,2n) reactions rather than gamma-rays from the (n,y) reaction.

Numerical data of the measured neutron and gamma-ray spectra are compiled in
Ref. 25).

5.2 Benchmark Calculation

Benchmark calculations were performed by MCNP-4A with JENDL-3.2, JENDL-FF
and FENDL-1. Some other cross section libraries were also used for neutron calculations.
The measured source neutron spectrum was used as a neutron source in the calculations.
For leakage neutron spectrum calculations, an outer surface of the spherical pile was
used for a surface crossing estimator. To take the time gate effect into account for
secondary gamma-ray calculations, a surface crossing estimator was placed at the same
distance from the D-T neutron source as the experiment, and the time cut-off was
employed in the calculations. As gamma-rays were produced by interactions of source
neutrons with the structural materials of the target, another series of calculations was
performed starting with the target gamma-rays. Calculated gamma-ray spectra including
the target gamma-rays were compared with the experimental spectrum. Details of the
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analysis are given in Refs. 49), 60) ~ 63). Examples of input data for MCNP are given in
Appendix. Calculations were also performed with the newly evaluated silicon data in

ENDF/B-VI that was selected for FENDL-2.

Detailed discussions on the calculated results for JENDL-3.2, JENDL-FF and

FENDL-1 are given in Refs. 28) ~ 31), 49) ~ 51) and 61) ~ 65).

5.3 Results for Neutron Spectrum

Neutron spectra calculated with JENDL-3.2, JENDL-FF and FENDL-1, and some
other cross section libraries are compared with the experimental data in the following
figures. The cross section library of “EFF” included in these figures stands for EFF

version 2.4.
Lithium Fig. 5.3.1
Lithium fluoride (LiF) Fig. 5.3.2
Teflon (CF,) Fig. 5.3.3
Aluminum Fig. 5.3.4
Silicon (40 cm diam.) Fig. 5.3.5
Silicon (40 em diam.) Fig. 56.3.6
(including the new ENDF/B-VI evaluation)
Silicon (60 cm diam.) Fig. 5.3.7
Titanium Fig. 5.3.8
Chromium Fig. 5.3.9
Manganese Fig. 5.3.10
Cobalt Fig. 5.3.11
Copper Fig. 5.3.12
Zirconium Fig. 5.3.13
Niobium Fig. 5.3.14
Molybdenum Fig. 5.3.15
Tungsten Fig. 5.3.16
Beryllium (45.5 mm thickness) Fig. 5.3.17
Beryllium (76.5 mm thickness) Fig. 5.3.18
Beryllium (104.5 mm thickness) Fig. 5.3.19
Beryllium (116.5 mm thickness) Fig. 5.3.20

The measured and calculated neutron fluxes integrated in several energy bins
are compared as C/E ratios. Tables 5.1 ~ 5.4 summarizes these C/E ratios.
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5.4 Results for Secondary Gamma-Ray Spectrum

Gamma-ray spectra calculated with JENDL-3.2, JENDL-FF and FENDL-1 are
compared with the experimental data in the following figures.

Lithium fluoride (LiF) Fig. 5.4.1
Teflon (CF,) Fig. 5.4.2
Aluminum Fig. 5.4.3
Silicon Fig. 5.4.4
Titanium Fig. 5.4.5
Chromium Fig. 5.4.6
Manganese Fig. 5.4.7
Cobalt Fig. 5.4.8
Copper Fig. 5.4.9
Niobium : Fig. 5.4.10
Molybdenum Fig. 5.4.11
Tungsten Fig. 5.4.12
Lead Fig. 5.4.13

Also, gamma-ray spectra from the silicon sphere calculated with ENDF/B-VI and JENDL-
FF are compared with the experimental data in Fig. 5.4.14.

The measured and calculated gamma-ray spectra are integrated in the two ways
to compare numerically each other.

Ig= IE-¢7(E)-dE (5-1)
Iy = [ ¢y (E)-dE (5-2)
The I corresponds to the total gamma-ray energy observed while I, means just the total

number of gamma-ray fluxes. C/E ratios for the two integral quantities, Iy and I, are
compared in Figs. 5.4.15 and 5.4.16, respectively.
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6. Overview of Results for Each Element

Results of benchmark test for each element are briefly summarized in this chapter.
Lithium

Neutron: FNS TOF and Clean Benchmark Experiments on Li20O
OKTAVIAN Experiment on Lithium, LiF and CF2

In the comparisons of neutron spectra for the FNS-TOF experiment as shown in
Figs. 3.3.1 ~ 3.3.3 and also OKTAVIAN experiment on lithium as shown in Fig. 5.3.1,
both JENDL-3.2 (= JENDL-FF) and FENDL-1 (= ENDF/B-VI, FENDL-2) calculations
follow very nicely the experimental spectra. In the FNS clean benchmark experiment,
most of the reaction rates for either threshold reactions for high energy neutrons and
exothermic reactions for low energy neutrons, including the most important tritium
production reactions of *Li(n,)T and "Li(n,n’a)T, are predicted adequately by all the
calculations. Consequently, JENDL-3.2, JENDL-FF and FENDL-1 cross sections are
very accurate.

Beryllium

Neutron: FNS TOF and Clean Benchmark Experiments on Beryllium
OKTAVIAN Experiment on Beryllium

In the FNS-TOF experiment shown in Figs. 3.3.4 and 3.3.5, results by JENDL-FF
(= FENDL-2) and FENDL-1 (= ENDF/B-VI) agree very well with the experimental data
while those by JENDL-3.2 are slightly larger than the experimental data at ~ 1 MeV.
On the other hand, in the OKTAVIAN experiment, neutron fluxes calculated by JENDL-3.2
are closer to the experimental data compared with those calculated by JENDL-FF and
FENDL-1. Since both results seem to be inconsistent, further investigation is needed.

Carbon
Neutron: FNS TOF and Clean Benchmark Experiments on Graphite

Judging from the results of the FNS-TOF experiment as shown in Figs. 3.3.6 ~
3.3.8, neutron spectra calculated by JENDL-3.2 (= JENDL-FF) are better than those by

FENDL-1 (= ENDF/B-VI). A part of JENDL-3.2 cross section data of carbon was replaced
with ENDF/B-VI cross section data for FENDL-2. Figure 3.4.1 compares neutron spectra
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before and after the replacement. Both calculations agree very well with the experimental
data for elastic and discrete inelastic scattering peaks and broad spectra below 3 MeV
mostly produced by neutrons from the '?C(n,n’)3c reaction. Both JENDL-3.2 and modified
JENDL-FF also predict various reaction rates as shown in Fig. 4.4.3. This good prediction
suggests accurate cross section data for either high- and low-energy neutrons.

Gamma-ray: OKTAVIAN Experiment on CF2

Gamma-rays emitted from *C induced by threshold reactions have a unique
energy of 4.44 MeV. The gamma-ray peak is clearly observed in Fig. 5.4.2. Since the
measured and calculated gamma-ray peak areas agree within 10 %, gamma-ray production
data of carbon in JENDL-FF (= FENDL-2) and FENDL-1 are valid.

Nitrogen
Neutron: FNS TOF Experiment on Liquid-Nitrogen

In the comparisons of neutron spectra from liquid nitrogen, JENDL-3.2 (= JENDL-
FF for “*N) gives better spectra compared with FENDL-1 (= BROND-2). Slightly modified
cross section of JENDL-3.2 is adopted for FENDL-2. Since the modification is minor,
neutron spectra calculated with cross sections before and after the modification are
almost the same as shown in Fig. 3.4.2. The experimental spectra are predicted adequately
by both cross sections.

Oxygen

Neutron: FNS TOF Experiment on Liquid-Oxygen and Li2O
FNS Clean Benchmark Experiments on Li20

As previously described in the section of lithium, very good results are obtained
for the FNS experiments on lithium oxide. This fact implies adequate cross section of
oxygen for both JENDL-FF (= JENDL-3.2, FENDL-2) and FENDL-1 (= ENDF/B-VI).
The results of FNS-TOF experiment on pure liquid oxygen support the fact. Neutron
spectra calculated by both JENDL-FF and FENDL-1 agree very well with the experimental
data.
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Fluorine
Neutron: OKTAVIAN Experiment on LiF and CF2

Experimental data are available only for chemical compounds with fluorine, i.e.,
LiF and CF2. Although accurate cross sections are given for lithium and carbon as
mentioned previously, calculated spectra with JENDL-FF and FENDL-1 (= ENDF/B-VI,
FENDL-2) are considerably smaller than the experimental data as found in Figs. 5.3.2
and 5.3.3, and Table 5.1. According to this result, cross section data of fluorine in both
JENDL-FF and FENDL-1 should be re-evaluated.

Gamma-ray: OKTAVIAN Experiment on LiF and CF2

Gamma-ray spectra are measured for chemical compounds of fluorine, i.e., LiF
and CF2, however, all the gamma-rays except for the 4.44 MeV line from 2C are produced
from fluorine. As shown in Figs. 5.4.1, 5.4.2, 5.4.15 and 5.4.16, secondary gamma-ray
data of fluorine in both JENDL-FF and FENDL-1 are adequate.
Aluminum
Neutron: OKTAVIAN Experiment on Aluminum

Neutron spectra calculated by JENDL-FF and FENDL-1 (=JENDL-3.1, FENDL-2)
almost agree well with the experimental data except for slight overestimation of neutron
fluxes at ~ 0.5 MeV by both, as shown in Fig. 5.3.4.
Gamma-ray: OKTAVIAN Experiment on Aluminum

Both JENDL-FF and FENDL-1 predict very nicely the experimental data as
shown in Fig. 5.4.3, 5.4.15 and 5.4.16.
Silicon
Neutron: OKTAVIAN Experiment on Silicon

As shown in Figs. 5.3.5 ~ 5.3.7, neutron spectra calculated by FENDL-1 (= BROND-
2) are larger than the experimental data. Calculated spectrum with the new silicon

evaluation of ENDF/B-VI shows very good agreement with the experimental data. The
selection of the new ENDF/B-VI evaluation for FENDL-2 is reasonable.



JAERI-Data/Code 98-024

Gamma-ray: OKTAVIAN Experiment on Silicon

As shown in Figs. 5.4.4 and 5.4.14, gamma-ray spectrum calculated by FENDL-1
gives smaller than the measured spectrum, while both JENDL-FF and ENDF/B-VI
predict adequately the measured spectrum.

Titanium
Neutron: OKTAVIAN Experiment on Titanium

Cross section data of titanium in JENDL-3.1 are taken as the data of FENDL-1,
FENDL-2 and EFF-2.4, and cross section data in JENDL-3.1, JENDL-3.2 and JENDL-FF
are very similar. Therefore, as shown in Fig. 5.3.8, all the calculated spectra except for
that by BMCCS are very similar. Cross section of JENDL-3.1 is adopted for FENDL-2.
Neutron fluxes calculated by all the JENDL based cross sections are larger than the
experimental data below 5 MeV.

Gamma-ray: OKTAVIAN Experiment on Titanium

Although slight discrepancies between the measured and calculated gamma-ray
spectra are found, agreements between both spectra are good as shown in Fig. 5.4.6.
Chromium
Neutron: OKTAVIAN Experiment on Chromium

Both the ENDF/B-VI (= FENDL-1 and FENDL-2) and JENDL-FF calculations
agree well with the experimental data, as shown in Fig. 5.3.9.

Gamma-ray: OKTAVIAN Experiment on Chromium
As shown in Fig. 5.4.6, Gamma-ray spectrum calculated by ENDF/B-VI follows
the measured spectrum. On the other hand, spectrum by JENDL-FF are larger and

smaller than the measured spectrum in the energy ranges of 1.5 ~ 5 MeV and > 5 MeV,
respectively.
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Manganese
Neutron: OKTAVIAN Experiment on Manganese

Both the ENDF/B-VI (= FENDL-1 and FENDL-2) and JENDL-FF calculations
agree well with the experimental data, as shown in Fig. 5.3.10.

Gamma-ray: OKTAVIAN Experiment on Manganese

Both gamma-ray spectra calculated by JENDL-FF and FENDL-1 agree well with
the experimental data, as shown in Fig. 5.4.7.

Iron
Neutron: FNS TOF and Clean Benchmark Experiments on Iron

For both FNS experiments, calculations with JENDL-FF, FENDL-1 (= ENDF/B-VI)
and FENDL-2 (EFF-3 for *Fe, ENDF/B-VI for °* °” **Fe) predict within 10 % the measured
neutron fluxes for the entire energy range from 14 MeV down to 1 eV. These cross
section data of iron are fairly reliable.

Gamma-ray: FNS Clean Benchmark Experiment on Iron

As shown in Figs. 4.3.23 and 4.4.8, C/E ratios of gamma-ray heating calculated
by FENDL-1 and JENDL-FF are every close to unity for iron thicknesses up to 800 mm
while those by FENDL-2 and JENDL-3.2 are rather large at the positions near the D-T
neutron source. The overestimation of gamma-ray heating rates by FENDL-2 and
JENDL-3.2 indicates too large gamma-ray production cross sections for high energy
neutrons. Note that the FENDL-2 cross section data including too large gamma-ray
production cross sections used for the benchmark test have been already revised in the
final FENDL-2 library available since 1998. The new iron data in FENDL-2 provide
almost the same results for gamma-rays with those calculated by FENDL-1 and JENDL-
FF.%

Cobalt
Neutron: OKTAVIAN Experiment on Cobalt

All the calculations in Fig. 5.3.11 predict adequately the 14-MeV neutron fluxes,
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however, neutron fluxes below 10 MeV are calculated smaller than the experimental
data by all the cross section data. Both FENDL-1 and FENDL-2 adopt ENDF/B-VI.2
cross section data.

Gamma-ray: OKTAVIAN Experiment on Cobalt

Gamma-ray spectra calculated by JENDL-FF and JENDL-3.2 agree well with
the experimental data while spectrum by FENDL-1 is smaller than the experimental
data above 3 MeV, as shown in Fig. 5.4.8.

SS-316
Neutron: FNS Clean Benchmark Experiments on SS-316

As a general trend, agreements of the calculated results by FENDL-1 and JENDL-
FF with the experimental data are nearly the same as those for iron because iron is the
main constituent of SS-316. Both calculations predict adequately the experimental
data. The agreements for SS-316 are, however, slightly worse than those for iron. This
fact suggests that some cross sections for constituents of SS-316 other than iron, i.e.,
chromium, nickel, manganese, molybdenum, and so on, may contain some inaccurate
data.

Gamma-ray: FNS Clean Benchmark Experiment on SS-316

Gamma-ray heating rates and spectra are calculated with good accuracy by both
FENDL-1 and JENDL-FF.

Copper

Neutron: FNS Clean Benchmark Experiment on Copper
OKTAVIAN Experiment on Copper

For both FNS and OKTAVIAN experiments, neutron spectrum fluxes for a high
energy region above 1 keV are adequately calculated by FENDL-1 (= ENDF/B-VI, FENDL-
2) and JENDL-FF. In a low energy region below 1 keV, however, neutron fluxes by both
calculations are considerably smaller than the experimental data as shown in Figs.
4.3.38~4.341
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Gamma-ray: FNS Clean Benchmark Experiment on Copper
OKTAVIAN Experiment on Copper

Gamma-ray spectra for the OKTAVIAN experiment (Fig. 5.4.9) and for the FNS
experiment near the D-T neutron source (Figs. 4.3.44 and 45) calculated by FENDL-1
and JENDL-FF agree well with the experimental data. This result suggests valid
gamma-ray production cross sections for threshold reactions in both libraries. On the
other hand, gamma-ray spectra measured at deep inside of the FNS copper assembly
(Figs. 4.3.46 and 4.3.47) are not reproduced accurately. Gamma-ray peaks observed at 8
MeV are represented too strong by both calculations. Gamma-ray spectra associated
with the (n,}) reaction induced mainly by low energy neutrons should be modified.

Zirconium
Neutron: OKTAVIAN Experiment on Zirconium

As a whole, agreements of calculated spectra by JENDL-FF (= FENDL-2) and
FENDL-1 (BROND-2) are good as shown in Fig. 5.3.13.
Niobium
Neutron: OKTAVIAN Experiment on Niobium

As shown in Fig. 5.3.14, FENDL-1 (= BROND-2) and JENDL-FF (= FENDL-2)
calculations almost agree with the experimental data in a high energy range above 5
MeV while both calculations give larger neutron fluxes below 1 MeV.
Gamma-ray: OKTAVIAN Experiment on Niobium

All the three calculated spectra in Fig. 5.4.10 almost follow the experimental
gamma-ray spectrum.
Molybdenum

Neutron: OKTAVIAN Experiment on Molybdenum

Neutron fluxes between 5 and 10 MeV calculated by FENDL-1 (JENDL-3.1) are
30 % smaller than the experimental data. This underestimation is modified in JENDL-FF
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(FENDL-2). Neutron fluxes calculated by JENDL-FF agree well with the experimental
fluxes.

Gamma-ray: OKTAVIAN Experiment on Molybdenum

All the three calculated spectra in Fig. 5.4.11 agree very well with the experimental
gamma-ray spectrum.
Tungsten

Neutron: FNS Clean Benchmark Experiment on Tungsten
OKTAVIAN Experiment on Tungsten

As clearly represented in Fig. 4.3.51, a broad peak of low energy neutron flux
between 1 keV to 10 MeV calculated by JENDL-3.2 shifts toward lower energy compared
with the experimental data. The low energy peak by FENDL-1 (= ENDF/B-VI) is
smaller than the experimental data. The low energy peak is best predicted by JENDL-FF
(FENDL-2) among the three calculations in Fig. 4.3.51.

Gamma-ray: FNS Clean Benchmark Experiment on Tungsten
OKTAVIAN Experiment on Tungsten

All the three calculated spectra in Figs. 4.3.53 ~ 4.3.55 and 5.4.12 almost agree
with the experimental gamma-ray spectrum.

Lead
Neutron: FNS TOF Experiment on Lead

As shown in Figs. 3.3.15 ~ 3.3.17, low energy parts of neutron spectra calculated
by JENDL-3.2 are softer than the experimental data while both FENDL-1 (= ENDF/B-VI,
FENDL-2) and JENDL-3.2 gives adequate neutron spectra.

Gamma-ray: OKTAVIAN Experiment on Lead

As shown in Fig. 5.4.13, gamma-ray spectra calculated by both FENDL-1 and
JENDL-FF almost agree well with the experimental data.
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7. Summary

Results for benchmark calculations for the three series of fusion neutronics
experiments, i.e., FNS-TOF experiment, FNS clean benchmark experiment and the
OKTAVIAN pulsed sphere experiment, were compiled. Three evaluated nuclear data
libraries, JENDL-3.2, JENDL Fusion File and FENDL/E-1.0, as well as some candidate
cross sections for FENDL/E-2.0 were used for the benchmark test. Comparisons of
benchmark calculation results with the experimental data for as many as twenty-one
elements, i.e., Li, Be, C, N, O, F, Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, Mo, W and
Pb, are included. The results have contributed to improvement of quality of the data in
JENDL-3.2 and JENDL Fusion File. The results have also contributed to give a guide
line for the selection of cross sections to be adopted for FENDL/E-2.0. We hope these
benchmark results will be used for further improvement of JENDL and other evaluated
nuclear data libraries, and also, for validating nuclear designs of fusion reactors.
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Table 2.1 List of selected cross section data for FENDL/E-1.0 and FENDL/E-2.0.
Nuclides treated in this report are indicated in bold letters.

Nuclide FENDL/E-1.0 FENDL/E-2.0
1-H -1 ENDF-VI ENDF-VI
1-H -2 ENDF-VI BROND-2 + JENDL-FF
1-H -3 ENDF-VI ENDF-VI
2-He-3 ENDF-VI.1 ENDF-VI.1
2-He-4 ENDF-VI ENDF-VI
3-Li-6 ENDF-VI.1 ENDF-VI.1l
3-Li-7 ENDF-VI ENDF-VI
4-Be-9 ENDF'-VI JENDL-FF
5-B -10 ENDF-VI.1 ENDF-VI.1
5-B -11 ENDF-VI.1 ENDF-VI.1
6-C -12 ENDF-VI.1l JENDL~FF + ENDF-VI.1l
7-N -14 BROND~-2 JENDL-FF + BROND-2
7-N -15 BROND-2 BROND-2
8-0 -16 ENDF-VI JENDL-FF
9-F -19 ENDF-VI ENDF-VI

11-Na-23 JENDL-3.1 JENDL-3.1

12-Mg-nat JENDL-3.1 JENDL-3.1

13-A1-27 JENDL-3.1 EFF-3

14-Si-nat BROND-2 ENDF-VI (isotopes)

15-p -31 ENDF-VI ENDF-VI

16-S -nat ENDF-VI ENDF-VI

17-Cl-nat ENDF-VI ENDF-VI

19-K -nat ENDF-VI ENDF-VI

20-Ca-nat JENDL~3.1 JENDL-3.1

22-Ti-nat JENDL-3.1 JENDL-3.1

23-Vv -51 ENDF-VI JENDL-FF

24-Cxr-50 ENDF'-VI ENDF-VI

24-Cr-52 ENDF-VI ENDF-VI
24-Cr-53 ENDF-VI ENDF-VI
24-Cr-54 ENDF-VI ENDF-VI
25-Mn-55 ENDF-VI ENDF-VI
26-Fe-54 ENDF-VI.1 ENDF-VI.1
26-Fe-56 ENDF-VI.1 EFPF-3
26-Fe-57 ENDF-VI.1 ENDF-VI.1l
26-Fe-58 ENDF'-VI.1 ENDF-VI.1
27-Co-59 ENDF-VI.2 ENDF-VI.2
28-Ni-58 ENDF-VI.1 ENDF-VI.1
28-Ni-60 ENDF-VI.1 ENDF-VI.1
28-Ni-61 ENDF-VI.1 ENDF-VI.1
28-Ni-62 ENDF-VI.1 ENDF-VI.1
28-Ni-64 ENDF-VI.1 "ENDF-VI.1
29-Cu-63 ENDF-VI.2 ENDF-VI.2
29-Cu-65 ENDF-VI.2 ENDF-VI.2
31-Ga-nat ——— JENDL-3.2
40-zxr-90 BROND-2 JENDL-FF
40-2r-91 BROND-2 JENDL-FF
40-Zr-92 BROND-2 JENDL-FF
40-2r-94 BROND-2 JENDL~FF
40-Zr-95 BROND-2 JENDL-~FF
40-Zr-96 BROND-2 JENDL-FF
41-Nb-93 BROND-2 JENDL-FF
42-Mo-nat JENDL-3.1 JENDL-FF
50-Sn-nat BROND-2 BROND-2
56-Ba-138 ENDF-VI ENDF-VI
73-Ta-181 JENDL-3.1 JENDL-3.1

74-W -182 ENDF-VI JENDL~FF

74-W -183 ENDF-VI JENDL-FF

74-W -184 ENDF-VI JENDL-FF

74-W -186 ENDF-VI JENDL-FF

82-Pb-204 ENDF-VI.1 ENDF-VI.1

82-Pb-206 ENDF-VI ENDF-VI
82-Pb-207 ENDF-VI.1 ENDF-VI.1
82-Pb-208 ENDF-VI ENDF-VI
83-Bi-209 JENDL-3.1 JENDL-3.1
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Fig. 4.3.1 Neutron spectra at the 216 mm depth in the cylindrical lithium oxide
assembly measured and calculated with JENDL-3.2 and FENDL/E-1.0.
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Fig. 4.3.2 Neutron spectra at the 418 mm depth in the cylindrical lithium oxide
assembly measured and calculated with JENDL-3.2 and FENDI/E-1.0.
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4.3.4 Neutron spectra at the 127 mm depth in the cylindrical beryllium assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.5 Neutron spectra at the 279 mm depth in the cylindrical beryllium assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.7 Neutron spectra at the 117 mm depth in the cylindrical graphite assembly
measured and calculated with JENDL-3.2 and FENDL/E-1.0.
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Fig. 4.3.8 Neutron spectra at the 218 mm depth in the cylindrical graphite assembly
measured and calculated with JENDL-3.2 and FENDL/E-1.0.
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Fig. 4.3.9 Neutron spectra at the 320 mm depth in the cylindrical graphite assembly
measured and calculated with JENDL-3.2 and FENDL/E-1.0.
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Fig. 4.3.10 Neutron spectra at the 421 mm depth in the cylindrical graphite assembly
measured and calculated with JENDL-3.2 and FENDL/E-1.0.



JAERI-Data/Code 98-024

10j A[quesse Tydelsd [edLIPUI[Ad 83 UT §9)Bd UOIIOBAL AI}SWISOP JO SOTJBd [BIUSWILIAAXS 0} pojemo[e)

[ww] eoeuNg Woly dduelsIq

004 009 00S 00t 00€ 002 OO0l

LERRLALEN AR AR LA BLELELELAS B

L B SED S S N B S B D S SN B B R N M 4

-3/1AN3d —O—

| A

'€ 1AN3r —&—

T

IR N SN T N U W O T T T TN O T |

1Zg5(U2'U)Zy6 (P)-

IS N A

[ww] eoeuNng woly aouelsiq

004 009 00S 0O¥ 00€E 00c OO}

LENL AN B SO AL L L L IR

=TT LRI R S T

1-3/7AN3d —O—

|

C'E1aN3r ——

s

PR p—

oo d g g g g e i

0056(dU)INgs (@)

T W e A

0 00

S0
90
L0
8°0
60
o't
(¢
'l
€1l
vl
Sl

1dx3 / ojed

0 00k

S0
9’0
L0
80
60
o'l
L
("
gt
Vi

1dx3 / "o[ed

gl

(2/1) "0’ T-A/TANTI Pue N.W-AQZM@

[ww] soeuNng wouj asuelsig

00Z 009 00S OO 00€ 00c OO0l

L B AL L BB

L B B B B S S B B B e DR SN B S B B |

4

L-31AN3d —O—

L R

'€ 1ON3Ir —&—

Jou3 1dx3

OO T SO0 T O Y I T T T T T Y

IN (U2 U)INgg (0)-

thh_!____”___.n___>

[ww] eoeUNG WOJ) BoUElSIg

004 009 00S 00O 00¢ 00¢ OO0l

Trrrrrrr eyt

T LENN B e e S S D N D B S

1-3/1AN3d —O—

- ¢'€-1aN3Ar —e—

I O T B B B 'S VIR I I B B B

mz&a_s_sw .Amviu

0 00t

S0
90
L0
80
60
o't
i
c'l
e
vl
St

0 00t

S0
90
L0
8'0
60
o't
L
c'l
1538 3
vl

TSN ENETETITE SO ST SR A

Sl

11°¢d 81

1dx3 / -oeQ

1dx3 / oe)



98-024

JAERI-Data/Code

[ww] aoepng

(z/z) 'penunyuo) I1°g¥ 314

wou} aouelsiq

00Z 009 00S 00Ov 00€ 00C 0O0L O 00 r..w.o
-_.:___:_..___::__._::_.__..._-

H +-3M10N3d —O— 1°°

— ¢ € 1ANIN —o— ] L0

E— 80

< &J ot

[ ...Jou3 1dx3 I

. “ 1zt

= el

. (uoisslU)Ngg, (U){ ¥t

|_r..__________... .____._.—h_.___..pkum.F

[ww] aoeuNng WOl souelsIq

00, 009 00S OO¥ 00E 00Z O0OF O OO Pm.o
:._....___.iﬁ._._._..:_.._.q__,:-

-| 1-3/1aN3d —0— 19°0

|| 2'e-1aNar —e— L0

80

N T lou3z idx3 ] 60

o't

i o ITNN
T |

i O\( -\

I et

Ulyg,, (U ‘UL, ()-t1

|_.._ Lt [N R TS S W S A1 —-rb_._h____.b_.__.lm.w.

1dx3 / *oled

1dx3 / oed

[ww] aoepng woiy asuelsiq

00L 009 005 00 005 002 00L 0 00l
L 1-3/1aN3d —0— 190
L z'e-1aNar —e— 120
I ‘ _ 180
I _o:m 1dxg ] 60
” —n—
(NS U SN SN S S 12y
I | Jes
1 (UoIsSIyU)Ngg, (B)-] ¥t

NP ST IS NS SRS I DU U 1.}
[ww] eoeuNg WO 8oUE)SIq

00. 009 00S 00v 00E 002 00L O O0O0L-.
e e e e 90
—| 1-3/1AN3d —O— 190
| 2'€-1aN3r —e— L0
H 180

Jouz 1dx3 60
; —————— 1o
I et
H INuizs(UZ U)ANgs (3)--{ "
PPN EFUVIVRYIN IFIFITINSS IPUPEUPE ISP AFIANIVES IUPUT SR I o o |

1dx3 / -o[ed

1dx3 / o[ed



JAERI-Data/Code 98-024

4 T IIIHI! 1 1 Illlll! I T |TIIII| T T ||f||5! 1 1 |||lll‘ T LIRS
4 : Iron
107 z=110 mm R
8 X o PRC
5 - e BF3
o -1 —— JENDL-3.2 1
@ || —— JENDL-FF 4t s
S 107 H s FENDL/E-1 |- E
o - | ]
5 R i
Q
- | | 8 TR | 1
x 108 e B i L ]
3 | - T | ;
T ' ' ' ' ]
1l lllllLi el lllllli Lol li Ll lllllli Ll L llll;

10 10° 10 1073 102 107" 10°
Neutron Energy [MeV]

Fig. 4.3.12 Neutron spectra at the 110 mm depth in the cylindrical iron assembly
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Fig. 4.3.15 Neutron spectra at the 410 mm depth in the cylindrical iron assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
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Fig. 4.3.20 Gamma-ray spectra at the 300 mm depth in the cylindrical iron assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.

Iron

S IR N N |

Flux / Lethargy / Source Neutron

- o  Expt. g ]

[ | ——— JENDL-3.2 S A

L | —— JENDL-FF 3 -

A FENDL/E-1 L -
L | | ] | 11|.11¢
10° 10!

Gamma-Ray Energy [MeV]

Fig. 4.3.21 Gamma-ray spectra at the 500 mm depth in the cylindrical iron assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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measured and calculated with JENDL-3.2, JENDL Fusion File and
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Fig. 4.3.29 Neutron spectra at the 711 mm depth in the cylindrical SS316 assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.33 Gamma-ray spectra at the 102 mm depth in the cylindrical SS316 assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.34 Gamma-ray spectra at the 356 mm depth in the cylindrical SS316 assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.35 Gamma-ray spectra at the 711 mm depth in the cylindrical SS316 assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.36 Gamma-ray spectra at the 914 mm depth in the cylindrical SS316 assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and

FENDL/E-1.0.
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Fig. 4.3.37 Calculated to experimental ratios of gamma-ray heating rates in the
cylindrical SS316 assembly for JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.38 Neutron spectra at the 76 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.39 Neutron spectra at the 228 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.44 Gamma-ray spectra at the 76 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.45 Gamma-ray spectra at the 228 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 4.3.46 Gamma-ray spectra at the 380 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
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Fig. 4.3.47 Gamma-ray spectra at the 532 mm depth in the cylindrical copper assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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JAERI-Data/Code 98-024

10-3 : 1 |l IIIIIIE 1 T IIIITli 1 1 1B SLRLA 1 1 LA 1
c . 3 Tungsten .
) T z= 76 mm ]
5 - .
() R |
pd
8 107 T3
= - 7
0 ¥ H,
(7)) i ]
~ $
> i .
> . NE213 | %
m 1 0 — ]
< : »  PRC-H2 ;
9 i JENDL-3.2 -3
~ - ——— JENDL-FF L
3 S AR L —— FENDL/E-1 L
LL b1 1 1]11]: 1 1 [N | | llllllé ) —

10°®

103 1072 107" 10° 10°

Neutron Energy [MeV]

Fig. 4.3.49 Neutron spectra at the 76 mm depth in the cylindrical tungsten assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.

10-4: T I Tlll“g I I IIII1I§r T T lllllls 1 LELERELERL :
c - ‘ .. Tungsten ]
§ Fz=208mm 0 Y :
L e Vf& =
= B L ]
Q 5 i
Z
S 10°E i :
L — - ]
= o 3
(@] : ]
w i ' L]
~ ‘
> i Ik .
o :
o 10°L -H > NE213 -
£ : .L-- «  PRC-Ar b3
_q_)l - ' 8 PRC-H2 ¥
= =N JENDL-3.2 -
o, i ' —— JENDL-FF )
E R B O N O B TR TR FENDL/E-1

1 0-7 P ] J ] Ll 1 1 1T 1171 1 1 T T TIT ] 1 11 141t

103 102 10" 10° 10!

Neutron Energy [MeV]

Neutron spectra at the 228 mm depth in the cylindrical tungsten assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.

Fig. 4.3.50

— 100 —



JAERI-Data/Code 98-024

10°°

LI I M I O B ¢ 1 T 11111, T 1 T TTrrr LU N B B R B T

Tungsten

LR A

z= 380 mm ”, A

L1 Ll L

=

(@]

=

=

D

pd

8 10°F :

L C —

5 - .

O 1 -

wn i ﬂ )

S~

> i i

2 NE213 A

o . PRC-Ar -

c —

@ . PRC-H2 x

- JENDL-3.2 ]

< ——— JENDL-FF il

S5 [ ]| e FENDL/E-1 AL

L I N RN L Ll bl L L e 111111§LJ
1 0-2 1 0-1 1 00 1 01

Neutron Energy [MeV]
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FENDL/E-1.0.

— 101 —



JAERI-Data/Code 98-024

‘0 T-A/TANYA Pu® o[ uosng TANHPL ‘% ¢ TANHAL

10§ A[quosse ua)sSun) [BOLIPUI[AD dY3 UT S9JB UOTIORAI AIJOUWISOP JO SOTIRL [BJUdWILIadXa 0) pajend[e) gg'e'v 31

[ww] eoeung woiy douelsIq
00S 00 00€ 002 O0O0L 0 00L-

Al T T Al Al Al Al ¥ T Al T T T L T m T T Al T _ T T T T i v-o
R e 1 1-31AN3d —o— HS0
N 44-1aN3r —— | 15,5
B 2'e-1aN3P —&8— | |
I SO == L0
I /O/ : 8'0
I 60

~N N : : 0l
o3 axm\\\. o T . - L'
A dz1
E— m 3<w2?.53<§ AEi. el

_P.__b._.—._._q.F

__,__.-r.p..

[ww] eoeUNg WO} douelsIg

00S O00¥ 00€ 002 OO0} 0 00 Pw.o
———

I | +-3naN34 —o— Hoo
i n_n_-|_n_2mﬂ —— | 70
i T 2'e-1aNar —&— ]

= [ R— — : —80
.. ou3 1dx3 ~ 60
[ S— s 1
I 4\\\\\\* o IR
I & ]

.. ! | 'l
I el
I c_Em:A.c.cvc_m: (@).] vl
i o o PN _ [ w IS _ e 1 m. P

1dx3 /0.

1dx3 / "o[ed

[ww] aoeuNng wol} souelsiq

00S 00y 00€ 00c OO0l 0 00 —m.o

— b-3/AN3d —O0— HS0

S A 43-1GN3r —— |10
s " CE1ANdlr —8— |1

. bk ; NO

e 1g0

[ jﬁ d60

: 0l

[ Jsougzdxg " 11

I . 1zt

. W.>>N9§u5>>o§ (0).det

S W DU DU DU T

[ww] soeung wol} aouelsiq

00S 00y 00€ 00C OO0} 0 oorm..o

[l 1-3/1aN3d —o— 90

[ | 44-7GN3r —e— 1,0
[ 2°€-1aN3r —&— ]

80

i ﬁ/ ” ] 60

, o't

[ aou3 dx3 R - i 1L

I \O\,\ -N._‘
5 o ]

el

i DZENmACN.CvDZGQ Amv.“ v

el bkl NI U AU U S S SO S SR S S SO R N m-F

1dx3 / -0ed

1dx3/ oed

— 102 —



JAERI-Data/Code 98-024

10‘4 - T T T T T ! t R 3
- - . Tungsten .
o - ung z=76mm |
5 [ -
(0]
3 i i
S 10° E E
3 S ]
5 : .
D - ]
? ]
> i i}
2>
S 0% o  Expt. -
© - JENDL-3.2 .
Z i ——— JENDL-FF ]
X S [ FENDL/E-1 .
T i

1 0_7 [ ( T S S N | L L

107! 10°
Gamma-Ray Energy [MeV]

Fig. 4.3.563 Gamma-ray spectra at the 76 mm depth in the cylindrical tungsten assembly
measured and calculated with JENDL-3.2, JENDL Fusion File and
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Fig. 4.3.564 Gamma-ray spectra at the 228 mm depth in the cylindrical tungsten
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Fig. 4.4.2 Neutron spectra at the 572 mm depth in the cylindrical graphite assembly
measured and calculated with JENDL-3.2 (same as JENDL-FF) and the
modified JENDL Fusion File.
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Fig. 4.4.8 Gamma-ray spectra at the 700 mm depth in the cylindrical iron assembly
measured and calculated with FENDI/E-1.0, and the combination of EFF-3
(Fe-56) and FENDI/E-1.0 (Fe-54, Fe-57 & Fe-58).
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Fig. 5.3.17 Neutron spectra leaking from the spherical beryllium pile of 45.5 mm in
thickness measured and calculated with various nuclear data files.
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Fig. 5.3.18 Neutron spectra leaking from the spherical beryllium pile of 76.5 mm in
thickness measured and calculated with various nuclear data files.
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Fig. 5.3.19 Neutron spectra leaking from the spherical beryllium pile of 104.5 mm in

thickness measured and calculated with various nuclear data files.
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Fig. 5.3.20 Neutron spectra leaking from the spherical beryllium pile of 116.5 mm in
thickness measured and calculated with various nuclear data files.
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Fig. 5.4.1 Gamma-ray spectra leaking from the spherical lithium fluoride pile
measured and calculated with JENDL-3.2, JENDL Fusion File and
FENDL/E-1.0.
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Fig. 5.4.2 Gamma-ray spectra leaking from the spherical Teflon (CF,) pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Gamma-ray spectra leaking from the spherical aluminum pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Gamma-ray spectra leaking from the spherical silicon pile measured and
calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.5 Gamma-ray spectra leaking from the spherical titanium pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.6 Gamma-ray spectra leaking from the spherical chromium pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.7 Gamma-ray spectra leaking from the spherical manganese pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.8 Gamma-ray spectra leaking from the spherical cobalt pile measured and
calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Gamma-ray spectra leaking from the spherical copper pile measured and
calculated with JENDL-3.2, JENDL Fusion File and FENDIL/E-1.0.
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Fig. 5.4.10 Gamma-ray spectra leaking from the spherical niobium pile measured and

calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.11 Gamma-ray spectra leaking from the spherical molybdenum pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.12 Gamma-ray spectra leaking from the spherical tungsten pile measured
and calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.13 Gamma-ray spectra‘ leaking from the spherical lead pile measured and
calculated with JENDL-3.2, JENDL Fusion File and FENDL/E-1.0.
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Fig. 5.4.14 Gamma-ray spectra leaking from the spherical silicon pile measured and
calculated with ENDF/B-VI and JENDL Fusion File.
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Fig. 5.4.15 Calculated to experimental ratios of the total number of gamma-rays (I,)
for the thirteen materials for JENDL-3.2, JENDL Fusion File and

 FENDL/E-1.0.
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Fig. 5.4.16 Calculated to experimental ratios of the total gamma-ray energy (Ip for
the thirteen materials for JENDL-3.2, JENDL Fusion File and FENDIJ/E-1.0.
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APPENDIX Input Data of MCNP

Some examples of input data for the MCNP-4A code used in the benchmark

calculations are attached in the following figures.

FNS TOF Experiment
Lithium Oxide Fig. A-1
Beryllium Fig. A-2
Graphite Fig. A-3
Nitrogen Fig. A-4
Oxygen Fig. A-5
Iron Fig. A-6
Lead Fig. A-7

FNS Clean Benchmark Experiment

Lithium oxide Fig. A-8

Beryllium Fig. A-9

Graphite Fig. A-10
Iron Fig. A-11
SS316 Fig. A-12
Copper Fig. A-13
Tungsten _ Fig. A-14

OKTAVIAN Pulsed Sphere Experiment
Neutron spectrum Fig. A-15

Secondary gamma-ray spectrum
with D-T neutron source Fig. A-16
Secondary gamma-ray spectrum

with target gamma-ray source Fig. A-17
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4 0 +2 -10 -5 : +2 -10 -6 : +2 -10 -7 : 42 -10 -8 : +2 -10 -9
C  me————— the following is a blank delimeter
c hhkhkkdhkhkkhhkhhkkkkhkwkhkkkdkhdhkhkkhkkkhkkkkkkid
c * surface card *
c  J de gk Kk deok ek vk e e e ok Wk ok e ok o ok ok ke ok e ok e ok o ok ok
1 pz -4.80
2 pz 0
3 cz 31.4
4 Pz -50
5 cz 5.2283
6 1 cz 5.2332
7 2 cz 5.2451
8 3 cz 5.2716
9 4 cz 5.3304
10 so 1000
C  memme——- the following is a blank delimeter
lo] khkhkhhkhkhkhhkhkhkhkhhkhkkhkkhkkhkhkhkkhkhrhkhkhkhkhkhkhkhhkix
c * mode card - neutron only *
c  d g gk kg Kk k ke ke ok ke ke ok ok ke ke ke ok ok ke ke ok ok ok ke ok ok ke e ok ok ke
mode n
c Khhkhkhkhkh kXA A bk A AR A A A Ak Rk kkkkkkkkkkhkk
c * transformation cards *
c * rotation about the y axis by theta*
fo] AAKK KKK AAKRKAKAKR A AR KR IRRKR A AT AR R I A Ak hkdkkk
*trl 0 0 O 12.2 90 102.2 90 0 90
77.8 90 12.2 +1
*tr2 0 0 O 24.9 90 114.9 90 0 90
65.1 90 24.9 +1
*tr3 0 0 O 41.8 90 131.8 90 0 90
48.2 90 41.8 +1
*trd 0 0 O 66.8 90 156.8 90 0 90
.2 90 66.8 +1
o] Ahkhkhkkdhkkhkhbhk kA kA hkhkhkkkrhxkx
e} * cell parameter cards *.
c dhkdkxhkhkhkrhkrhkhkhkhrxhkhhkhhhkhkkkhkrkdkkhdkhkrkdkdkx

imp:n O 1 1 1

I2ZZETRFXZ LS SR RSS2 23 2222222222222t sttt it s &
source specification cards *
srcl=point isotropic option *

sdir dirc. biasing - height reduction considered*
si(eng.) and sp(prob.) taken from betof source *
expt. data *

Thh R Ak A AR A A AR KA KA IRk A AT kA ddhhhhkhdh

c
sdef erg=dl pos=0 0 -24.80 wvec=0 0 1 dir=d2 wgt=1.0
sb2 1 4.0

aaaaan
* ok k% *

-3
sil 4.6308-02

5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+400 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01

Fig. A-1 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on lithium oxide.
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JAERI-Data/Code 98-024

1.3456+01 1.3668+01 1.3883+01 1.4102+401 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+401 1.6231+01 1.6487+01

spl 0
0 0 0 0 0
4.600-05 6.959-05 8.399-05 1.727-04 1.554-04
1.932-04 2.512-04 3.390-04 4.520-04 5.189-04
6.487-04 7.450-04 8.417-04 9.862-04 1.215-03
1.421-03 1.591-03 1.810-03 1.933-03 2.203-03
2.353-03 2.397-03 2.468-03 2.501-03 1.255-03
1.238-03 1.243-03 1.162-03 1.164-03 1.193-03
1.185-03 1.448-03 1.718-03 2.186-03 1.653-03
1.040-03 9.251-04 8.761-04 8.385-04  7.505-04
7.832-04 7.368-04 6.683-04 6.248-04 5.473-04
5.120-04 4.928-04 4.124-04 3.956-04 4.339-04
4.881-04 6.196-04 1.714-04 2.017-04 2.109-04
2.134-04 2.369-04 2.547-04 2.576-04 2.685-04
2.849-04 2.881-04 3.445-04 5.177-04 5.260-04
5.417-04  7.421-04 7.535-04 7.649-04 9.229-04
9.597-04 9.782-04 5.512-03 8.224-03 8.337-03
6.554-02 1.400-01 1.424-01  1.440-01 1.456-01
1.480-01 1.454-01 2.054-02 2.095-02

c % de e kg ke ke Kk kK Kk %k % %k ok % e % ke e % vk gk ok ok e e ok gk e e ok ok e ok ke ke ok ke ok

c * material specification cards *

c Fe v Kk ok e e sk ke ke e gk ke sk ek ok ko sk e ke sk e gk o ke e ok ok ok ok ok b ok ok ok ok ke ok ok

c ---- 1i20/SS COVer---——=--mmcmomom o m e

ml 3006.37¢c 4.27817-3 3007.37¢ 5.33792-2 8016.37c 2.88287-2

26000.37¢c 1.55712-3 28000.37c 1.83687-4 24000.37c 4.22314-4
25055.37¢ 3.30907-5

g ****i*****************************************
c * tally specification cards *
o] PSR RS RS A ES SRR RS RS2SRRSR 2R R S
fc5 --- fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
f5:n 0.0 -0 738.2000 1
156.1056 0 722.017 1
311.7349 0 671.5754 1
496.03346 0 554.7832 1
691.8332 0 296.5201 1
ad 0.5 100
el 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **f*****************************************t**
c * problem cutoff cards *
c S ok o de ok e e ok e sk e ke sk ok ke sk ok ok ok ke ok ok ke ok ke ok ok ke ke ke ok ok sk ok ok ok ok ok ke kb
cut:n 0 4.6308-02 -10 -0.01
nps 2000000
ctme 180
c ***********************************************
c * peripheral crads *
c 2 ESXEXE S22 2SS 2222222 s R sttt s E SR ]
prdmp 1000000 1000000
lost 10 10
print

Fig. A-1 Continued (2/2).
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JAERI-Data/Code 98-024

fns-tof/31.4 cm(r)*5.06 cm(z)-be cyl./fixed cone bias/JENDL-3.2

KA AR AAAKR KR AN AR A A Ak ok hkk kA kh ke khkkhkkk

* cell carad *
FEEEXETRERSLEERESSSIERSSSERS SR R AR RS

* KKk ok kK external Void Kk dokkok ok okokokkkk ok kk
-4 ¢ +4 -2 +3 : +10 : +2 -10 +5 +6 +7 +8 +9
*RAXXXK gource vacuum region *rrkwaxwx

0 nona

Q
= W N

* % Wk ok ok material region Kk ok k ok ok ek ok ok ok ke

1 1.215-1 -3 +1 =2

*kkkkk* dotector vacuum region ***xxxx

0 +2 -10 -5 : +2 -10 -6 : +2 -10 -7 : +2 -10 -8 : +2 -10 -9
——————— the following is a blank delimeter

Q

Q

khkdhk kA khkhkhkhkhhkhkhkrkhhkhhhkhhkhhhkhhkkkkhkhkkhkkkk

* gurface card *
I 22 R R 22222 A28 SRR 22 R 2+ 2322 2 a2
Pz -5.06
pz 0
cz 31.4
Pz -50
cz 5.228
cz 5.235
cz 5.242
cz 5.270
cz 5.332
1000
——————— the following is a blank delimeter

Qo

oOVwo~JOUNEWNRE
W

[0 N g

**************************************

* mode card - neutron only *
AAhKAKAAKA A RARA R Ik kAR AR h ok hk ok kkk

o]
[oR
4]

n
KhkhkkhkAAA KAk h Ak kkkhkhkkkkkkrkhhddhhkhkkhk

* transformation cards *
* yotation about the y axis by theta*

ARKAEIXAAAAARAAAARA NI AR AR A AR IRk *hkkkk

erl 0 0 0 12.2 90 102.2 90

390 12. +1

*tr2 0 0 0 24.9 90 114.9 90
*tr3 0 0 0 41,

24. +1
*tr4 0 0 O 66.

*raangaaa

90
90
90 131. 90 90
90 41. +1
90 156. 90
90 66.8 +1

**************************************

c
c * cell parameter cards *
C P 2R R RS2 R S S 2 R 2 22 222 st Sy

COOROWONN
o O O O

90

[ea]

w
woowom—l\.ooot\)

\¥el

o

imp:n O 1 1 1

R Y Y R A A 22222 RS R SRR 22 2 2 2t a s st sl
source spec1f1catlon cards *
srcl=point isotropic option *
gdir dirc. biasing - height reduction considered*
si(eng.) and sp(prob.) taken from betof source *
expt. data *

**************t*************************************

sdef erg=dl pos=0 0 -25.06 vec=0 0 1 dir=d2 wgt=1.0
sb2 1 4.0

aaaaaan
* * k * ¥

-3
sil  4.6308-02

5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510401 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01

Fig. A-2 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on beryllium.
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JAERI-Data/Code 98-024

1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+401 1.6231+01 1.6487+01
spl 0
0 0 0 0 0
0 5.045-05 1.197-04 1.745-04 2.433-04
2.511-04 3.572-04 4.063-04 5.016-04 6.489-04
7.416-04 8.517-04 1.041-03 1.208-03 1.454-03
1.694-03 1.851-03 2.077-03 2.229-03 2.337-03
2.381-03 2.537-03 2.614-03 1.386-03 1.362-03
1.333-03 1.278-03 1.262-03 1.267-03 1.326-03
1.757-03 2.744-03 4.302-03 2.974-03 1.100-03
1.072-03 1.009-03 8.938-04 8.675-04  8.483-04
7.534-04 6.830-04 6.709-04 6.652-04 6.191-04
5.136-04 4.860-04 5.057-04 5.266-04 6.163-04
7.539-04 2.027-04 2.446-04 2.567-04 2.599-04
3.287-04 3.745-04 3.789-04 5.094-04 6.856-04
6.933-04 8.102-04 1.166-03 1.184-03 1.248-03
2.430-03 2.467-03 2.504-03 5.970-03 6.696-03
6.824-03 1.731-02 2.364-02 2.396-02 6.401-02
1.159-01 1.180-01 1.271-01 1.538-01 1.564-01
1.535-01 2.881-02 2.918-02
[o] 222 X2 222223222222 22222222222 2222222t 2 i s ot
c * material specification cards *
c X2 TS 2R RSERSSERS2222 22222222t s Rt RS S
c -——- Dberyllium -----—--smmm e
ml 4009.37¢c 1.215-1
c drxs
o] e 2 2R R R R RS2 R RS SSSSSE RSS2 2 R 2 2 82 82l
c * tally specification cards *
o] 2 R R T R R R RS R RS SRS RS2 R2s s2  Ra s  8 580
fc5 --- fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
£5:n 0.0 0 738.0000 1
156.16903 0 722.31035 1
311.5665 0 671.21257 1
495.90016 0 554.63414 1
692.10891 0 296.63826 1
dd 0.5 100
el 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+401 1.5980+01 1.6231+01 1.6487+01
gqo **?********************************************
c * problem cutoff cards *
[o] AKHAKEAIAKAAIAAAAAATAERKRIRRAATA R AT A AR A AR AR KAk hkokk
cut:n 0 4.6308-02 -10 -0.01
nps 2000000
ctme 180
c ARI KK A KRR XA TR ddd gk ok ddkd ko dkdkk bk dokdokdkkokokkdkdkkkk
c * peripheral crads *
c I R S AR R 222X SRR SR S22 2222 822222t s
prdmp 1000000 1000000
lost 10 10
print

Fig. A-2 Continued (2/2).
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JAERI-Data/Code 98-024

fns-tof/31.4 cm(r)*5.06 cm(z)-c cyl./JENDL-3.2/5 pt detectors

c g g A ek g ko ek K ek ke ke e v e ke e e ok ek ok ke ok
c * cell carad *
o] 3k ke ok o de ok ke ek ok v gk b b ok ok ok ke ke e ok ko ke ok ok ok o b ok e ok ok kb
c * Kk ok ok ok ok external VOld Kk Kk khk Kk kkhkkkkkkkh
-4 : +4 -2 +#3 : +10 : +2 -10 +5 +6 +7 +8 +9

krkkkkX source vacuum region *¥xrkkkak

-3 +4 -1
*xkkk** material region AKkkKKXKk KKKk kX *h %
1 8.694-2 -3 +1 -2
*¥*kxx*x detector vacuum region *¥x*xxxx
0 +2 -10 -5 : +2 -10 -6 : +2 -10 -7 : +2 -10 -8 : +2 -10 -9
——————— the following is a blank delimeter

(o]

Q

(o]
B W N

[¢]

KAk hkhkhkkkkkhhhhkkkk ko hkhhkkkkkkkhkdkkkk

* surface card *
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhrkhkhhkhkhkhkhkhhhkhkkkx
Pz -5.06
pz 0
cz 31.4
Pz -50
cz 5.228
cz 5.235
cz 5.242
cz 5.270
cz 5.332
1000
——————— the following is a blank delimeter

aan

oOVWRJONBWNE
DW=

QP

Wk ok gk ke ko ok v ok ok e ok ke e ke ke ke e ok e ok o ke ok ok ke b ko o ke ok

* mode card - neutron only *
W de e Kk Kk Ak sk ok ko ko ke ke ok ke gk e ok ok ke ke ke ok ok ok kR ok ok ok ke ok ke ok

Q
Q
@

KAAKIARRAKRKAA A A A AARKA AR A A ARk Ak hk ok hhk

* transformation cards *
* rotation about the y axis by theta*

AAK KA AE AT A KA AT TR AKX AR AT X kX

txk 0 0 O 12. 90 102. 90

90 12. +1
*tr2 0 0 0 24. 90 114. 90
90 24. +1
90 131. 90
90  41. +1
90 156. 90
80 66.8 +1

**************************************

* cell parameter cards *.
AKX IARAAAAA AR A A A A A Ak hhkhkhhkhkhkdhhkhkhkhkkhkhkhk

imp:n 0 1 1 1

*raonnagdaaan

90
90
20
90

*tr3 0 0 O 41.

OO WWONN
o o O O

*trd 0 0 0 66.

N
(5]
h)memFJWGDN

aaa

c 2R R R RSS2SR RS2 RERRdR s st sttt s St

c * source spec1f1cat10n cards *

c * srcl=point isotropic optlon *

c * gdir dirc. biasing - height reduction considered*

c * si(eng.) and sp(prob.) taken from betof source *

c * expt. data *

[o] ***********t****************************************

sdef erg=dl pos=0 0 -25.06 vec=0 0 1 dir=d2 wgt=1.0

sb2 -31 4.0

sil 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01

Fig. A-3 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on graphite.
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JAERI-Data/Code 98-024

1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
spl 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 2.1438-04 9.1563-04
1.5388-03 2.1627-03 2.5871-03 2.9698-03 3.3277-03
3.7304-03 3.9914-03 4.1831-03 4.3067-03 2.2786-03
2.1176-03 2.1039-03 2.0513-03 2.1117-03 2.0411-03
2.0591-03 2.1096-03 2.1281-03 2.4053-03 2.0935-03
1.8313-03 1.8008-03 1.7868-03 1.6668-03 1.6064-03
1.5991-03 1.6805-03 1.6701-03 1.5432-03 1.2904-03
1.2595-03 1.0310-03 9.2870-04 8.9403-04 8.8635-04
8.7646-04 9.5094-04 2.2846-04 2.2733-04 2.9803-04
3.5343-04 4.2411-04 4.5049-04 4.8501-04 5.7358-04
6.6128-04 7.2272-04 1.0292-03 1.1708-03 1.3518-03
1.5306-03 1.6062-03 1.6985-03 1.7860-03 1.8887-03
2.6840-03 4.0301-03 5.7679-03 1.2112-02 2.2014-02
5.0048-02 1.4342-01 1.9945-01 2.1655-01 1.6617-01
9.8846-02 2.5913-02 9.2423-03 1.2696-03
c AAKAKAARKA XA KA I A A I IR Ak hkdhhkxhkhhAhkhhkhhkhkhxhhk
c * material specification cards *
[o] 2SS 2 2RSSR R RS SRS R s sttt e st S s
c ---—- carbon ---—-——-—————
ml 6012.37c 8.694-2
c drxs
c s e ok e ke ke ok e ke vk ke ko e o ke sk vk e sk o ke ok ke ke e o e ok e ok ke ok e ke Ak kb ok e W ok
c * tally specification cards *
c KAKARKAARAAKR A AAAARKAAA R AR AR R K AR KKK Kk Ak dkkkkokkdk
fc5 --- fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
£f5:n 0.0 0 738.0000 1
156.16903 0 722.31035 1
311.5665 0 671.21257 1
495.90016 -0 554.63414 1
692.10891 0 296.63826 1
dad 0.5 100
el 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+400 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+401 1.1691+401 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **?********************************************
c * problem cutoff cards *
c AAKKAE AR AR A AR KNI A AR AAR AR AR A RA AR AR AR AR A A ARk dk
cut:n 0 4.6308-02 -10 -0.01
nps 3000000
ctme 180
c iS22 222222 SRSttt Rttt sttt sttt sl
c * peripheral crads *
c ARKRAKR KRR AR A AR R AR AR A AR RA AR A A A A AR A A A A Ak hkkh ko k
prdmp 1000000 1000000
lost 10 10
print

Fig. A-3 Continued (2/2).
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Fig. A-4

JAERI-Data/Code 98-024

fns-tof/ n2 slab-tof JENDL-3.2 '94-08-18
C [ LSRR 222222222 SRR SRR R R R Rt R st Rttt sl
c * cell carad *
c AT KK AR AAKRAKR KA AKRRAKN KA A ARAAA AR AR ARARAAR KAk kk ok kk
c khkkhkhkhkhkhkhkkhkdkkkkhkk extemal Void KAhkhkhkkAkAkXhkhkhkAkhkkhkhkkkx
1 0 -13 : +13 -2 +14 : +34 : +2 -34 +29 +30 +31 +32 +33
2 0 -21 -2 -19
fe] e o K K de ok K gk Kk Kk kK source vacuum region hkkdkrhkkhkkhkkkkhkhkk
3 1 4.9210-5 -14 +13 -1 : -27 +1 -20
c & %k Kk K ok ok ok ok ok Kk n.aterial region khkkkkkhkhkkhkhkhhhkkkikkkk
c ----sus316
4 2 8.5979-2 +1 -3 -14 +20 : +4 -2 -14 +19 : +3 -4 -14 +15
5 2 8.5979-2 +27 -28 -20 : +21 -22 -19
6 2 8.5979-2 +9 -11 -17 +20 : +12 -10 -17 +20 : +11 -12 -17 +18
7 2 8.5979-2 +25 -26 -20 : +23 -24 -20
c ---- vacuum
8 0 +3 -5 -15 +20 : +6 -4 -15 +19 : +5 -6 -15 +16
9 0 +28 -5 -20 : +22  +6 -19
10 0 +7 -9 -17 +20 : +10 -8 -17 +20
11 0 +26 +7 -20 : +24 -8 -20
c --—— al
12 3 3.6244-3 +5 -7 -16 : +8 -6 -16 : 47 -8 -16 +17
c --—-n
13 4 3.4756-2 +11 -12 -18 : =25 -11 -20 : =23 +12 -20
o} kkkxkk* detector vacuum region **X**¥*
14 0 +23534 -29 : 42 -34 -30 : 42 -34 -31 : +2 -34 -32 : +2 -34
c - the following is a blank delimeter
le] *****************’*********************
c * surface card *
c Yo ok d Wk ok e gk ok ok ke ok e T K A & e ke & ok e ke ok gk ok ok ok ke ke ke ke ke ok ke ke
1 pz -28.0
2 pz 0.0
3 pz -27.5
4 pz -0.5
5 pz -25.90
6 pz -2.10
7 pz -25.20
8 Pz -2.80
-9 pz -24.80
10 pz -3.20
11 rz -24.0
12 pz -4.0
13 pz -70.0
€ e
14 cz 35.0
15 cz 34.7
16 cz 30.8
17 cz 30.0
18 cz 29.8
19 cz 23.25
20 cz 15.0
c  =———- test —-----e—--
21 sz 134.146 136.146
22 sz 134.096 136.146
23 sz -105.7227 102.8227
24 sz -105.6727 102.8227
25 sz 77.7227 102.8227
26 sz 77.6727 102.8227
27 sz -129.7227 102.8227
28 sz -129.6727 102.8227
c 21 pz -0.05
c 22 Pz -0.10
c 23 sz -105.7227 102.8227
c 24 sz -105.6727 102.8227
c 25 pz -24.05
c 26 pz -24.10
c 27 sz -129.7227 102.8227
¢ 28 sz -129.6727 102.8227
€ memmmmmmmmmm— e
29 cz 4.977
30 1l cz 4,985
31 2 cz 5.012

A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on liquid nitrogen.
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aaaocaaoan

sb2
sil

spl

[eNeN¢]

JAERI-Data/Code 98-024

3 cz 5.074
4 cz 5.212
1000.0

——————— the following is a blank delimeter

Aok Kk ok ke ke ok k ok ok ok ke ke ke ok ok ok e ok ok ok ok ok ok ke ke ok ok ok R ok ok ok

* mode card - neutron only *
KA AKX I I KA I Ak hhhkhkhkhkhhhhkhkhhkkkhhkkhhk

n
(T2 ES S22 222222222 22 2 st iR asss]

* transformation cards *
* rotation about the y axis by theta*

IE2 2222282222222 222 R st s RS

0 0 0 12.2 90 102.2 90 0
77.8 90 12.2 +1
0 0 O 24.9 90 114.9 90 0
65.1 90 24.9 +1
0 0 O 41.8 90 131.8 90 0
48.2 90 41.8 +1
0 0 O 66.8 90 156.8 90 0
.2 90 66.8 +1
**************************************
* cell parameter cards *
Jc d g g g ok g ok e de gk ok gk de ok e Kk ke ke ke ok ok e gk ke ok ek Wk ok ok
0 1 1 1 1 1
1 1 1 1 1

90
90
20
90

X R R X R R RS R R R TS S SRS S RSS2 2R RS 222222t R s S
source spec1flcatlon cards
srcl=point isotropic option
sdir dirc. biasing - height reduction considered*

*
*
*
* si(eng.) and sp(prob.) taken from betof source *
* *
*

expt. data

AHIA I KA KA IAAA A A K IR IAIA A A T ATk kA kA AT Ak hk

sdef erg=dl pos=0 0 -44.0 vec=0 0 1 dir=d2 wgt=1.0
4.0

-31

4.6308-02
.2474-02
.8035-02
.8315-01
.4217-01
.3927-01
.1943+00
.9691+00
.6914+00
.6787+00
.0282+00
.8728+00
.3940+00
.0645+01
.1510+01
.2445+01
.3456+01
.4550+01
.5732+01

.678-04
.198-04
.156-03
.322-03
.648-03
.975-03
.903-03
.566-03
.259-03
.677-04
.198-03
.663-04
.361-03
.027-03
.256-03
.836-01
.046-02

O JdBRUNIHOHRRPRWNRBdHOORRPHR VAW HHROAWR OV

NRERPRHEAWORRRENWREORO RPREEFFPRPOSNOWNDNDREIWN RO

.9461-02
.1109-01
.0754-01
.8774-01
.2438-01
.3533+00
.0961+00
.8650+00
.9160+00
.3525+00
.3161+00
.9999+00
.0812+01
.1691+01
.2641+01
.3668+01
.4779+01
.5980+01

.993-04
.345-04
.328-03
.639-03
.690-03
.005-03
.920-03
.512-03
.188-03
.889-04
.088-04
.626-04
.646-03
.089-03
.892-02
.868-01
.991-04

O NBNAWO RN WNDPBUINR B R - 00 W R 00 i B - O

.7378-02
.2588-01
.3517-01
.3936-01
.2084-01
.5335+00
.2313+00
.0498+00
.1686+00
.6978+00
.7879+00
.0157+01
.0983+01
.1875+01
.2840+01
.3883+01
.5012+01
.6231+01

.672-05
.518-04
.945-04
.535-03
.993-03
.809-03
.033-03
.033-03
.459-03
.081-03
.173-04
.905-04
.703-04
.523-03
.151-03
.595-02
.653-01
.150-04

CWVWNANVPBRVYKRKRFRERNWRNNW HRRRREEBEHEOABWNROSNDE

.6349-02
.4264-01
.6649-01
.9786-01
.3013-01
.7377+00
.3752+00
.2465+00
.4374+00
.0652+00
.2902+00
.0317+01
.1156+01
.2062+01
.3042+01
.4102+01
.5248+01
.6487+01

.767-05
.852-04
.769-04
.828-03
.203-03
.043-03
.963-03
.874-03
.408-03
.973-04
.538-04
.130-04
.582-04
.564-03
.583-03
.631-02
.107-02

RPREPRBEEMRONRWNE R OIWRE o

WCONNRPRRORRPRPRWNOWY

khAkhkhhkhhkkkhkhhkhhhhdhhhkhkkkrkhkkkrkxrrrkhdkdx

* material specification cards
T XSS TESERESSSR RSS2 2R3 R332 222t i Rt Sl

Fig. A-4 Continued (2/3).
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.6515-02
.6163-01
.0197-01
.6415-01
.0540+00
.8498+00
.5284+00
.4559+00
.7236+00
.4564+00
.8245+00
.0480+01
.1331+01
.2252+01
.3248+01
.4324401
.5488+01

.514-05
.690-04
.991-04
.088-03
.468-03
.989-03
.941-03
.704-03
.349-03
.967-04
.065-03
.180-04
.346-03
.656-03
.119-03
.472-02
.259-02



JAERI-Data/Code 98-024

c - Jiron (fe) --------om-mmmmemmo o
c --- air
ml 7014.37c 3.8810-5 8016.37c 1.0400-5
c --~ sus31l6
m2 24000.37c 1.6787-2 25055.37c 1.3420-3
26000.%7c 6.0507-2 28000.37c 7.3429-3
¢ --- a
m3 13027.37¢ 3.6244-3
c —
md 7014.37¢c 3.4756-2
g ****E*************************************ﬁ***
c * tally specification cards *
o] 22 E 2 ELES LSS RE S SRR S22 22 22222t s s S Sd
fc5 --//fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
f5:n 0.0 0 703.0000 1
148.7973 0 688.2148 1
298.0163 0 642.0212 1
477.4981 0 534.0526 1
676.2307 0 289.8328 1
dd 0.5 100
el 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **s********************************************
c * problem cutoff cards *
c IZTE2ZEEE2ZRS 2SR 2 2R 2222222ttt st sl
cut:n 0 4.0000-02 -10 -0.01
nps 2000000
ctme 180 .
le] ********************************************_***
c * peripheral crads *
c 2222222232222 2R RS RS2 2 32222222ttt s sl
prdmp 1000000 1000000
lost 10 10
print

Fig. A-4 Continued (3/3).
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JAERI-Data/Code 98-024

fns-tof/ 1lo2 slab-tof JENDL-3.2 '94-08-18
o] Jk ok ke ok ok ok ok ke gk ke ke e vk e sk ok %k %k ok e ke ok e ok ok ke ok ok ok ok e ok o b ok ok Tk e ke ke e o o ok ok
c * cell carad *
[e] hhkkh hkk ok ok ok hok ko ok kok ok kR ok ke ok ok ke kv vk vk sk ok ok o ok e e ok W ke ke sk ok sk e e vk ok ok ok ok ok ok ok
o] kXXX X AKXk hkhkhkkkk extemal Void ek e ok ok ok ok Kk ok ok ok ok ok Wk ok ok
1 0 -13 : +13 -2 +14 : 434 : +2 -34 +29 +30 +31 +32 +33
2 0 -21 -2 -19
c Y %k ok ko kR ke ok ok source vacuum region khkhkkhkkhhkhkhkhkhkkikk
3 1 4.9210-5 -14 +13 -1 : -27 +1 -20
c dkdkdhkhhkkkkhkkhkkk mterial regiOn R E SRS S SRS S SR E R
c ~---sus316
4 2 8.5979-2 +1 -3 -14 +20 : +4 -2 -14 +19 : +3 -4 -14 +15
5 2 8.5979-2 +27 -28 -20 : +21 -22 -19
6 2 8.5979-2 +9 -11 -17 +20 : +12 -10 -17 +20 : +11 -12 -17 +18
7 2 8.5979-2 +25 -26 -20 : 423 -24 -20
c --—— vacuum
8 0 +3 -5 -15 +20 : +6 -4 -15 +19 : +5 -6 -15 +16
9 0 +28 -5 -20 : +22 +6 -19
10 0 +7 -9 -17 +20 : +10 -8 -17 +20
11 0 +26 +7 -20 : +24 -8 -20
c ---- al
12 3 3.6244-3 +5 -7 -16 : 48 -6 -16 : +7 -8 -16 +17
c --—— o0
13 4 4.2947-2 +11 -12 -18 + =25 -11 -20 : =23 +12 -20
c kkkkkk¥ Jatector vacuum region **xxxax
14 0 +23§34 -29 : +2 -34 -30 : +2 -34 -31 : +2 -34 -32 : +2 -34
C  —eme——- the following is a blank delimeter
o] (2222222222222 SRt R R Rl sttt & &4
c * surface card *
o] EEERES2AZSE 2222222222222t sl
1 pz -28.0
2 pz 0.0
3 Pz -27.5
4 Dz -0.5
5 pz -25.90
6 pz -2.10
7 pz -25.20
8 pz -2.80
9 pz -24.80
10 pz -3.20
11 jo¥4 -24.0
12 pz -4.0
13 Pz -70.0
€ e
14 cz 35.0
15 cz 34.7
16 cz 30.8
17 cz 30.0
18 cz 29.8
19 cz 23.25
20 cz 15.0
c - test = —-------—-—
21 sz 134.146 136.146
22 sz 134.096 136.146
23 sz -105.7227 102.8227
24 sz -105.6727 102.8227
25 sz 77.7227 102.8227
26 sz 77.6727 102.8227
27 sz -129.7227 102.8227
28 sz -129.6727 102.8227
c 21 jo¥4 -0.05
c 22 ¥4 ~-0.10
c 23 sz -105.7227 102.8227
c 24 sz -105.6727 102.8227
c 25 pz -24.05
c 26 pz -24.10
c 27 sz -129.7227 102.8227
c 28 sz -129.6727 102.8227
€ e
29 cz 4.977
30 1 cz 4.985
31 2 cz 5.012

Fig. A-5 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on liquid oxygen.
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*tr4d
c
c
c

imp:n

aaaaaaa

sdef
s

sil

spl

aan

3
4

cz
cz
SO

JAERI-Data/Code 98-024

5.074
5.212
1000.0

————— the following is a blank delimeter

KAAAAKA KA AR K AR A AR Ak A Ak hkkkkkokhkh ok dk

*

mode card

- neutron only

*

KAK A KKK AKRAAAAKR A AARRAAKR AR A A kAR A A AR A Ak Kk

KAk AX AR AR A A AKX AT A XAk hkkhkkkhkkk

transformation cards
rotation about the y axis by theta*

¢ e de do kK ke Kk ok Kk ok ok o e ek ok ok ok ke ke ok g ke Kk ok ok Rk ok ke ok ok ok kb

*
*

0
0
0
0

L2222 2222222223222

*

0 0
0 0
0 0
0 0

12.

[e)
m
N OO \DON

90 102.
90 12.
90 114.
90 24.
90 131.
90 41.
90 156.
90 66.8

00 Q0 W WY

cell parameter cards
PSR RS RS RSS2SR 2222222222222 2222 R 21

0 1
1 1

1
1

1 1
1 1

*

\D
o
o o o o

% % %k % % vk K Kk Kk ko ko Kok ok

*

1

90
90
90
90

E2 2222222222222ttt ai 2Rttt sttt Rl S S

source specification cards

srcl=point isotropic option
sdir dirc. biasing - height reduction considered*
si(eng.) and sp(prob.) taken from betof source :

* % F * ¥ *

GJF‘U1bJU1bJP4P4F4PJth)UJth‘O\UJhJCDF‘FJFJPJPJFJMDO\th)hJFJFJO\h)kaOLﬂwhd)

RERENDDSARWORRENNANNRFJWORRRPRPRHEPRPRONIIWN DR WD P O

.6308-02
.9461-02
.1109-01
.0754-01
.8774-01
.2438-01
.3533+00
.0961+00
.8650+00
.9160+00
.3525+00
.3161+00
.9999+00
.0812+01
.1691+01
.2641+01
.3668+01
.4779+01
.5980+01
.4214-04
.3162-04

.7378-02
.2588-01
.3517-01
.3936-01
.2084-01
.5335+00
.2313+00
.0498+00
.1686+00
.6978+00
.7879+00
.0157+01
.0983+01
.1875+01
.2840+01
.3883+01
.5012+01
.6231+01

.1327-04
.3099-04
.3566-04
.8001-03
.2787-03
.1197-03
.9854-03
.4800-03
.4642-03
.1469-03
.2930-04
.1532-04
.3993-04
.1255-03
.4186-03
.5089-02
.6377-01
.0217-03

FRWNRBRWORRNREBRWROBRN RREEPRRERJUTB W 0B NGO

OCOWUIHBRWORRNNPFPWINREN HEREPPRPPPOARWNRP OB

.6349-02
.4264-01
.6649-01
.9786-01
.3013-01
.7377+00
.3752+00
.2465+00
.4374+00
.0652+00
.2902+00
.0317+01
.1156+01
.2062+01
.3042+01
.4102+01
.5248+01
.6487+01

.7087-04
.4082-04
.0281-03
.0387-03
.4783-03
.9596-03
.0112-03
.0399-03
.4261-03
.0180-03
.1702-04
.2121-04
.9814-04
.1435-03
.2339-03
.5570-02
.7669-02

R b 1 00 OV I W N B 3 L W - 00

2222222232222 222222 iRttt sl Sl

material specification cards
P2 2R 2222222222222 22222 X2 222222222 et i sl sl

*

Fig. A-5 Continued (2/3).

— 141 —

*

COWUIFPVNWRERERFRRNDODWNDERUIN

*
*

. a
%% K ok gk ok ke ke ok ke ok Kk ok kKR ok ke ok ke ok ok ok ok ok e ok ke ok ke e ke ok e ok ok ok e ko ke ok

erg=dl pos=0 0 -44.0 wvec=0 0 1 dir=d2 wgt=1.0
1 4.0

.0867-02
.2474-02
.8035-02
.8315-01
.4217-01
.3927-01
.1943+00
.9691+00
.6914+00
.6787+00
.0282+00
.8728+00
.3940+00
.0645+01
.1510+01
.2445+01
.3456+01
.4550+01
.5732+01

.1261-04
.1949-04
.0267-04
.3881-03
.6401-03
.8514-03
.0484-03
.1441-03
.6234-03
.3177-03
.0841-03
.1989-03
.9020-04
.8531-04
.3468-03
.9374-03
.8264-01
.7095-02

.6515-02
.6163-01
.0197-01
.6415-01
.0540+00
.8498+00
.5284+00
.4559+00
.7236+00
.4564+00
.8249+00
.0480+01
.1331+01
.2252+01
.3248+01
.4324+01
.5488+01

.9593-02
.9130-02



JAERI-Data/Code 98-024

C  me——— iron (fe) ----—--—mmmmm
c --- air
ml 7014.37c 3.8810-5 8016.37c 1.0400-5
c --- sus316
m2 24000.37c 1.6787-2 25055.37¢ 1.3420-3
26000.%7c 6.0507-2 28000.37c 7.3429-3
c --- a
m3 13027.37¢ 3.6244-3
c --~ 0
md 8016.37c 4.2947-2
c drxs
c KA KA R A A KA A AR A A A AT A R AT AR AT IR AR AR IR AT AT dh
c * tally specification cards *
c IR SRS RS2SRRSR R 2222222 2322222222 2R X3
fc5 --//fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
f5:n 0.0 0 703.0000 1
148.7973 0 688.2148 1
298.0163 0 642.0212 1
477.4981 0 534.0526 1
676.2307 0 289.8328 1
dd 0.5 100
el 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **f************************************t*t*****
c * problem cutoff cards *
c t2 2 RS 2SR L R R AR R ittt sttt sl S S
cut:n 0 4.0000-02 -10 -0.01
nps 2000000
ctme 180
c e dr ok d ke v e v ko ok sk k3 ok e ok e ek ke ke d ok ok sk ok ke ok ok ke ke e ke ok ko ok
c * peripheral crads *
c ek gk d e k% gk ok ke ok ke ok ok vk e o ok vk ok e vk vk gk ok ok o ke ok o ke ok sk e ok o ek ke ok e ke e ok
prdmp 1000000 1000000
lost 10 10
print

Fig. A-5 Continued (3/3).
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fns-tof/31.4 cm(r)*5.06 cm(z)-fe cyl./J-3.2(MCNP4) re-cal 94.11.11

Ahhkhkhkhkhkhhhkhkhhkhrhhhhkhkhbkhkhkkkkkkhhkhkhkkdkkkkk
* cell card *
% & g do ke ko gk ok ko ok ok Ak ok e e ok ok ok ok e ok ok e ke o ok ok W o e e ok
*kkXkKkKk*h external Void Ahkhkhhkkkkhkkkkhkhhk
-4 : +4 -2 +3 : +10 : +2 ~10 +5 +6 +7 +8 +9

¥ERXKXXK S0UXCE vacuum region *rrrEkkkk

-3 +4 -1
* Wk Rk ok ke material region khkhkhkkhkhkkhkkhkkkx
1 8.391-2 -3 +1 -2
*kkkk** detector vacuum region **¥xxkx
0 +2 -10 -5 : +2 -10 -6 : +2 -10 -7 : +2 -10 -8 : +2 -10 -9
——————— the following is a blank delimeter

0 nNaoaa

(9]

Q
W D

Q

RS S SRS S22 SRR R R SRS R S Rt 2

* surface card *
o g ok vk de % ok e b ok vk ok e ok o Sk ok e s ok ok e ok ke o e ke ok ke ke
pz -5.06
Pz 0
cz 31.4
pz -50
cz 5.228
cz 5.235
cz 5.242
cz 5.270
cz 5.332
so 1000
——————— the following is a blank delimeter

aaqan

QUWOJOUVIR_WRE
BWN R

[N o

KKK AKKRKRKKKAK ARk Ak kA Ak hkhhkhhdkhhhkhhk

* mode card - neutron only *
AAXKIAAAKRKAA KA AR R AR AR A A Ak Ak hhhx

o]
Q
0]

Kkdhkk A hI A kA K dokkkokkkokkokdok ok dkhokkokkokdkkokkk

*  transformation cards *
* rotation about the y axis by theta*

Ak AR IIAA AR KA KAk XAk hhkrhhhkhhhkkhk

trl 0 0 O 12. 90 102.
12

*rano0gdaan

90
90
90
90

[2)]
5]
B 00 B 00 2 O 0N
000 OO
+ O
o
o o O o

90 131.
NP G e e

90
*tr2 0 0 O 24. 1
90 .
90  41.
*tr4d 0 0 O 66.
90 66.8 +1
c
o * cell parameter cards *.
c

90 114.
*tr3 0 0 O 41.
90 156.
B T L L S A S R R s

imp:n O 1 1 1

c 22 Z XSRS ZZEARSXRS SRS 2R R 2Rttt sttt kR &

c * source miss fe05.mcn -> source ok feSn.mecn *

c *  gsource specification cards *

c * srcl=point isotropic option *

c * sdir dirc. biasing - height reduction considered*

c * gi(eng.) and sp(prob.) taken from betof source *

c * t. data *

fo] PR X R R R R R R R R R R AR 222 RS2 S RS X2 R R X 8 R a2t R R s ssss

sdef erg=dl pos=0 0 -25.06 vec=0 0 1 dir=d2 wgt=1.0

sb2 -31 4.0

sil 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+400 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+400 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01

Fig. A-6 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on iron.
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1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1 %.5732+01 1.5980+01 1.6231+01 1.6487+01
sp
0 0 0 2.672-05 3.767-05
9.514-05 1.678-04 1.993-04 2.518-04 2.852-05
3.690-04 4.198-04 5.345-04 5.945-04 7.769-04
8.991-04 1.156-03 1.328-03 1.535-03 1.828-03
2.088-03 2.322-03 2.639-03 2.993-03 3.203-03
3.468-03 3.648-03 3.690-03 3.809-03 2.043-03
1.989-03 1.975-03 2.005-03 2.033-03 1.963-03
1.941-03 1.903-03 1.920-03 2.033-03 1.874-03
1.704-03 1.566-03 1.512-03  1.459-03 1.408-03
1.349-03 1.259-03 1.188-03 1.081-03 9.973-04
9.967-04 9.677-04 8.889-04 9.173-04 9.538-04
1.065-03 1.198-03 3.088-04 3.905-04 4.130-04
4.180-04 5.663-04 6.626-04 6.703-04 9.582-04
1.346-03 1.361-03 1.646-03 2.523-03 2.564-03
2.656-03 4.027-03 4.089-03 4.151-03 6.593-03
7.119-03 7.256-03 1.892-02 2.595-02 2.631-02
9.472-02 1.836-01 1.868-01 1.653-01 9.107-02
9.259-02 9.046-02 7.991-04 8.150-04
fo] PR R R AR 2222222222222 223222ttt
c * material specification cards *
C I 2 2 2222222222222 222222 2222 R T2 222 sl
c -—-- iron (fe) --——--=-=---- -— --
ml 26000.37c 8.391-2
c drxs
c v s ok v v T ok T ke v e ok T e ok T okt e ok ke ke ke vk ok v ok e ok ok ok ko e ok e ke ok ke
c * tally specification cards *
c e sk Je d e de ke i ok o sk o g g % % ok e T ek K e gk e e ok ke ok e e o ok ok ok ok ok ke ok ok ok
fc5 --- fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
f5:n 0.0 0 738.0000 1
156.16903 0 722.31035 1
311.5665 0 671.21257 1
495.90016 0 554.63414 1
692.10891 0 296.63826 1
ad 0.5 100
el 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+401 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **s*************************************t******
c * problem cutoff cards *
c AR AR KRR AN ALK ARRAA R AKA AR I AAAR R AR AR A A Ak k**hk
cut:n 0 4.6308-02 -10 -0.01
nps 3000000
ctme 180
c L 2R R R R R R R R R R R R 2R A2 S22 22222222222 a s s s}
c * peripheral crads *
C P2 R A R R R AR X2 EZER XSS R222 22222222 s st il s
prdmp 1000000 1000000
lost 10 10
print

Fig. A-6 Continued (2/2).
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fns-tof pb - heiban t=5.06 (JENDL-3.2) '94-08-18
c Jodk ok kok ok odok kk ok ok ok kok ok ek ek ok ke ok ok ok ek ok ok ok ok ok ok ok ke
c * cell carad *
c KhkX kA KKKk d ok hdkkkhkh kh ok hok kodk ok ok ok ko ok ok ok kb ok ok k
c * %k Kk kkh external VOid &k Kk ok kK ok ok ok ok ok ok ok ok ok ok
1 0 -4 : +4 -2 +3 : +10 : +2 -10 45 +6 +7 +8 +9
c %k ok ok kR source vacuum region Ak hkhkhkkkk
2 0 -3 +4 -1
C *hkkhkkkk material region % %k %k k% ko k ok ko
c pb
3 1 3.2874-2 -3 +1 -2
c *kxkkx*x detector vacuum region *¥¥xxxx
4 0 +2 -10 -5 : +2 -10 -6 : +2 -10 -7 : +2 -10 -8 : +2 -10 -9
c the following is a blank delimeter
c IZX2 22X 2222222222222 SR a R Rt sttt
c * gurface card *
C P2 ZEERXEE2RE S22 22222t a2ttt
1 pz -5.06
2 Pz 0
3 cz 31.5
4 pz -50
5 cz 5.228
6 1 cz 5.232
7 2 cz 5.244
8 3 cz 5.271
9 4 cz 5.329
10 so 1000
C  m————— the following is a blank delimeter
fo] KKk KK KA AKX A TRk Ak hhhkhhhkhhkkhkhkhkhkhkk
c * mode card - neutron only *
o] R 222 222222232232 R RS XSRS RSS2 22222
mode
c P R 2 R AR AR R SRR RR R R 2R X2 222 322 ot ot X
c * transformation cards *
c *  rotation about the y axis by theta*
c AAAAK A KA AKX TR TAAARTA A A A AT A Ak kR khkhk
*trl 0 0 0 12.2 90 102.2 90 0 90
77.8 90 12.2 +1
*tr2 0 0 O 24.9 90 114.9 90 0 90
65.1 90 24.9  +1
*tr3 0 0 O 41.8 90 131.8 90 0 90
48.2 90 41.8 +1
*trd 0 0 O 66.8 90 156.8 90 0 90
.2 90 66.8 +1
c 222232222222 F22 2222223232222 h s s s s
c * cell parameter cards *

dhhkhhkkkhkhkhkkrhhkhkh Ak hhhhkhhkhkhhhhhhkhkkdhk

c
imp:n O 1 1 1

c P R 2222222222222 2222222 a2t a2ttt islsd

c * gource specification cards *

c * srcl=point isotropic option *

c * gdir dirc. biasing - height reduction considered*

c * si(eng.) and sp(prob.) taken from betof source *

c * expt. data *

c AR IR AR K AKRKRKRIAKRIAKR AR AR AAKRARAA T KA ARk hkh ko hk &

sdef erg=dl pos=0 0 -25.06 vec=0 0 1 dir=d2 wgt=1.0

sb2 -31 4.0

sil  4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510401 1.1691+01 1.1875+01 1.2062+01 1.2252+01

Fig. A-7 A typical example of input data of MCNP for the analysis of the FNS/TOF
experiment on lead.
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1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
spl 0 0
0.12545e-03 0.12824e-03 0.17476e-03
0.15533e-03 0.16647e-03 0.22098e-03 0.19441e-03 0.25487e-03
0.32874e-03 0.34722e-03 0.43729e-03 0.52822e-03 0.62988e-03
0.77945e-03 0.90888e-03 0.11025e-02 0.12959e-02 0.14750e-02
0.17160e-02 0.19990e-02 0.22375e-02 0.25970e-02 0.29042e-02
0.32106e-02 0.33986e-02 0.36610e-02 0.38327e-02 0.38521e~-02
0.39666e-02 0.21563e-02 0.20631e-02 0.20489%e-02 0.20504e-02
0.20508e-02 0.20330e-02 0.21307e-02 0.23797e-02 0.30775e-02
0.37184e-02 0.20360e-02 0.18285e-02 0.17251e-02 0.15436e-02
0.15299e-02 0.14233e-02 0.13622e-02 0.12804e-02 0.12295e-02
0.11662e-02 0.11104e-02 0.10529%e-02 0.10269%e-02 0.95528e-03
0.91505e-03 0.91256e-03 0.10529e-02 0.11497e-02 0.29940e-03
0.32323e-03 0.33292e-03 0.33701e-03 0.38399%e-03 0.41797e-03
0.42286e-03 0.48083e-03 0.56109e-03 0.56736e-03 0.65211e-03
0.90718e-03 0.92173e-03 0.95059e-03 0.13349e-02 0.13554e-02
0.13758e-02 0.26752e-02 0.29497e-02 0.30065e-02 0.19579%e-01
0.29488e-01 0.29892e-01 0.10442e+00 0.20120e+00 0.20471e+00
0.17728e+00 0.83258e-01 0.84646e-01 0.82922e-01 0.63437e-02
0.64700e-02
g ARKARAKRKhkAhAAkAA T AIhhkhhkAxhdhdkhkhkhdkdhkhkkikdhhkkkikikk
c * material specification cards *
c ek kg Kk ok ok gk Kk kg ok gk ke ok kR K R ok Kk ok e ok ek v ke ok ok ok ok ke ok ke ok
c === Lead (pb) —---———----memmem e
ml 82000.37c 3.2874-2
c drx
fe] ARAK AT A EI KR AAN KA KR A KNI A AKRAAAAA AR AT A AR AT A A AT h Kk
c * tally specification cards *
c KKK KA KRR A AR A AR A A A A AT AR A AARA AT AR AR A AR ARk *
fc5 --- fluxes at 5 pt dts(th=0.0, 12.2, 24.9, 41.8, 66.8 deg)
f5:n 0.0 0 738.0000 1
156.0660 0 721.8340 1
311.6519 0 671.3965 1
495.9477 0 554.6874 1
691.7129 0 296.4685 1
ad 0.5 100
el 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01 1.6231+01 1.6487+01
gqo **E********************************************
c * problem cutoff cards *
c AEE KKK A KA KA KA IR AT A AR AN I A AR A AR A A ARk Ak ddx
cut:n 0 4.6308-02 -10 -0.01
nps 2000000
ctme 180
c ek K dodeode e deodo oA e de de ol ek e de ke ke ke vk b gk ok %k e T e ok e ke o e ok e ok e ke
c * peripheral crads *
c AEK KR T AR KA AR AT AR A A A Ak kb ke kb ki
prdmp 1000000 1000000
lost 10 10
print

Fig. A-7 Continued (2/2).
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>>> Analysis of Li20 Slab Eperiment August 1994 <<<

c **xxx  front air region *¥xxix
1 4 4.921-5 +1 -2 -32 $ -1.00 - 20.00 cm
C * ko Kk leo region * %k ok ok k
2 1 8.623-2 +2 -3 -30 $ 20.00 - 21.60 cm
3 2 3.278-2 +2 -3 +30 -31 $ 20.00 - 21.60 cm
4 3 8.646-2 +2 -3 431 -32 $ 20.00 - 21.60 cm
5 1 8.623-2 +3 -4 -30 $ 21.60 - 22.40 cm
6 2 3.278-2 +3 -4 +30 -31 $ 21.60 - 22.40 cm
7 3 8.646-2 +3 -4 +31 -32 $ 21.60 - 22.40 cm
8 1 8.623-2 +4 -5 -30 $ 22.40 - 23.90 cm
9 2 3.278-2 +4 -5 +30 -31 $ 22.40 - 23.90 cm
10 3 8.646-2 +4 -5 +31 -32 $ 22.40 - 23.90 cm
11 1 8.623-2 +5 -6 -30 $23.90 - 24.90 cm
12 2 3.278-2 +5 -6 +30 -31 $23.90 - 24.90 em
13 3 8.646-2 +5 -6 +31 -32 $ 23.90 - 24.90 cm
14 1 8.623-2 +6 -7 -30 $24.90 - 26.40 cm
15 2 3.278-2 +6 -7 +30 -31 $ 24.90 - 26.40 cm
16 3 8.646-2 +6 -7 +31 -32 $24.90 - 26.40 cm
17 1 8.623-2 +7 -8 -30 $ 26.40 - 27.50 cm
18 2 3.278-2 +7 -8 +30 -31 $ 26.40 - 27.50 cm
19 3 8.646-2 +7 -8 +31 -32 $ 26.40 - 27.50 em
20 18.623-2 +8 -9 -30 $ 27.50 - 30.00 cm
21 2 3.278-2 +8 -9 +30 -31 $ 27.50 - 30.00 cm
22 3 8.646-2 +8 -9 +31 -32 $ 27.50 - 30.00 cm
23 1 8.623-2 +9 -10 -30 $ 30.00 - 31.50 em
24 2 3.278-2 +9 -10 +30 -31 $ 30.00 - 31.50 cm
25 3 8.646-2 +9 -~10 +31 -32 $ 30.00 - 31.50 cm
26 1 8.623-2 +10 -11 -30 $ 31.50 - 35.10 cm
27 2 3.278-2 +10 -11 +30 -31 $ 31.50 - 35.10 cm
28 3 8.646-2 +10 -11 +31 -32 $ 31.50 - 35.10 cm
29 1 8.623-2 +11 -12 -30 $ 35.10 - 36.60 cm
30 2 3.278-2 +11 -12 +30 -31 $ 35.10 - 36.60 cm
31 3 8.646-2 +11 -12 +31 -32 $ 35.10 - 36.60 cm
32 1 8.623-2 +12 -13 -30 $ 36.60 - 40.20 cm
33 2 3.278-2 +12 -13 +30 -31 S 36.60 - 40.20 cm
34 3 8.646-2 +12 -13 +31 -32 $ 36.60 - 40.20 cm
35 1 8.623~2 +13 -14 -30 $ 40.20 - 41.60 cm
36 2 3.278-2 +13 -14 +30 -31 $ 40.20 - 41.60 cm
37 3 8.646-2 +13 -14 +31 -32 $ 40.20 - 41.60 cm
38 1 8.623-2 +14 -15 -30 $ 41.60 - 45.30 cm
39 2 3.278-2 +14 -15 +30 -31 $ 41.60 - 45.30 cm
40 3 8.646-2 +14 -15 +31 -32 $ 41.60 - 45.30 cm
41 1 8.623-2 +15 -16 -30 $ 45.30 - 46.70 cm
42 2 3.278-2 +15 -16 +30 -31 $ 45.30 - 46.70 cm
43 3 8.646-2 +15 -16 +31 -32 $ 45.30 - 46.70 cm
44 1 8.623-2 +16 -17 -30 $ 46.70 - 50.30 cm
45 2 3.278-2 +16 -17 +30 -31 $ 46.70 - 50.30 cm
46 3 8.646-2 +16 -17 +31 -32 $ 46.70 - 50.30 cm
47 1 8.623-2 +17 -18 -30 $ 50.30 - 51.70 cm
48 2 3.278-2 +17 -18 +30 -31 $ 50.30 - 51.70 cm
49 3 8.646-2 +17 -18 +31 -32 $ 50.30 - 51.70 am
50 1 8.623-2 +18 -19 -30 $ 51.70 - 55.40 cm
51 2 3.278-2 +18 -19 +30 -31 $ 51.70 - 55.40 cm
52 3 8.646-2 +18 -19 +31 -32 $ 51.70 - 55.40 cm
53 1 8.623-2 +19 -20 -30 $ 55.40 - 56.90 cm
54 2 3.278-2 +19 -20 +30 -31 $ 55.40 - 56.90 cm
55 3 8.646-2 +19 -20 +31 -32 $ 55.40 - 56.90 cm
56 1 8.623-2 +20 -21 -30 $ 56.90 - 60.50 cm
57 2 3.278-2 +20 -21 +30 -31 $ 56.90 - 60.50 cm
58 3 8.646-2 +20 -21 +31 -32 $ 56.90 - 60.50 cm
59 1 8.623-2 +21 -22 -30 $ 60.50 - 61.80 cm
60 2 3.278-2 421 -22 +30 -31 $ 60.50 - 61.80 cm
61 3 8.646-2 +21 -22 +31 -32 $ 60.50 - 61.80 cm
62 1 8.623-2 +22 -23 -30 $ 61.80 - 65.60 cm
63 2 3.278-2 422 -23 +30 -31 $ 61.80 - 65.60 cm
64 3 8.646-2 +22 -23 +31 -32 $ 61.80 - 65.60 cm
65 1 8.623-2 +23 -24 -30 $ 65.60 - 67.10 cm
66 2 3.278-2 +23 -24 +30 -31 $ 65.60 - 67.10 cm
67 3 8.646-2 +23 -24 +31 -32 $ 65.60 - 67.10 cm
68 1 8.623-2 +24 -25 -30 $ 67.10 - 70.70 cm
69 2 3.278-2 +24 -25 +30 -31 $ 67.10 - 70.70 cm
70 3 8.646-2 +24 -25 +31 -32 $ 67.10 - 70.70 cm
71 1 8.623-2 +25 -26 -30 $ 70.70 - 72.00 cm
72 2 3.278-2 +25 -26 +30 -31 $ 70.70 - 72.00 cm

Fig. A-8 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on lithium oxide.
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3 8.646-2 +25 -26 +31 -32 $ 70.70 - 72.00 cm
74 1 8.623-2 +26 -27 -30 $ 72.00 - 75.70 cm
75 2 3.278-2 +26 -27 +30 -31 $ 72.00 - 75.70 cm
76 3 8.646-2 +26 -27 +31 -32 $ 72.00 - 75.70 cm
77 1 8.623-2 +27 -28 -30 $ 75.70 - 77.20 cm
78 2 3.278-2 427 -28 +30 -31 $ 75.70 - 77.20 cm
79 3 8.646-2 +27 -28 +31 -32 $ 75.70 - 77.20 cm
80 1 8.623-2 +28 -29 -30 $ 77.20 - 81.00 cm
81 2 3.278-2 +28 -29 +30 -31 $ 77.20 - 81.00 cm
82 3 8.646-2 +28 -29 +31 -32 $§ 77.20 - 81.00 cm
c *xkkk  external void (RFFE#
83 0 -1 : +29 : +32 $
1 Dz -1.00 $ Source
2 pz 20.00 $ TPR & react rate & g-heat
3 pz 21.60 $ TPR & n-spec
4 pz 22.40 $ TPR & react rate
5 pz 23.90 $ fission
6 pz 24.90 $ TPR & react rate
7 pz 26.40 $ fission
8 pz 27.50 $ TPR & react rate
9 pz 30.00 $ TPR&fission&react rate&g-heat
10 pz 31.50 $ TPR & fission & n-spec
11 pz 35.10 $§ TPR & react rate
12 Pz 36.60 $ fission
13 pz 40.20 $ TPR & react rate & g-heat
14 Pz 41.60 $ TPR & fission & n-spec
15 pz 45.30 $ TPR & react-rate
16 pz 46.70 $§ fission
17 pz 50.30 $ TPR & react rate
18 pz 51.70 $ TPR & fission n-spec
19 pz 55.40 $ TPR & react rate
20 pz 56.90 $ fission
21 pz 60.50 $ TPR & react rate
22 pz 61.90 $§ TPR & fission & n-spec
23 pz 65.60 $ TPR & react rate
24 Pz 67.10 $ fission
25 pz 70.70 $ TPR & react rate
26 Pz 72.00 $ TPR & fission & n-spec
27 pz 75.70 $ TPR & react rate
28 pz 77.20 $ fission
29 pz 81.00 $§ TPR & n-spec
c
30 cz 2.719%
31 cz 2.866
32 cz 31.50
imp:nl1 1 1 1 1 1 1 1 1 1 1 1
111111111111
1111111111 2 2
2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 4 4
44 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 0
imp:p1 1 1 1 1 1 1 1 1 1 1 1
111111111111
1111111111 2 2
2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 4 4
4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 O
c de e Yo ok To ok K ek Kk kK gk Kk ke ko k ok ke ek e sk e g de ok e ok ok ok e e ok kR ok o ke ke
c * gource specification cards *
c ok Aok ok e ok ke ke ek kA e kK R ek kK K gk ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok

sdef erg=dl pos=0 0 0 wvec=0 0 1 dir=d2 wgt=1.1767
sb2 -31 4.0
sil  5.8293-04

9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00

Fig. A-8 Continued (2/4).
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Fig. A-8 Continued (3/4).
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1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01
spl 0.0
4.3479-05 5.5907-05 6.3421-05 7.2417-05 8.3682-05
9.7598-05 1.1447-04 1.3521-04 1.6038-04 1.9164-04
2.1369-04 2.4812-04 3.0516-04 1.7891-04 2.0045-04
2.2407-04 2.5200-04 2.8444-04 3.2144-04 3.6436-04
4.1340-04 4.7077-04 5.3606-04 6.1088-04 6.9762-04
7.9663-04 9.1106-04 1.2219-03 1.4051-03 1.6141-03
1.8527-03 2.1040-03 2.4317-03 2.8136-03 3.2890-03
3.8479-03 4.9397-03 5.9791-03 6.8688-03 7.7929-03
8.6681-03 9.3421-03 9.7540-03 9.9713-03 9.7275-03
9.6236-03 9.7640-03 9.9677-03 1.0130-02 5.3179-03
5.3194-03 5.3383-03 5.3299-03 5.2928-03 5.0664-03
4.7354-03 4.3795-03 3.7938-03 3.4485-03 3.3610-03
3.6099-03 4.2412-03 4.3379-03 3.9704-03 3.5164-03
2.9628-03 2.5194-03 2.5754-03 2.7193-03 2.3830-03
2.1203-03 2.3331-03 2.4699-03 2.0821-03 1.9259-03
2.1711-03 2.3220-03 5.9892-04 5.9851-04 5.8562-04
6.0839-04 5.4544-04 5.2166-04 4.7551-04 3.3951-04
3.3956-04 3.5410-04 4.3340-04 4.9328-04 6.6341-04
9.1815-04 1.0510-03 1.3058-03 1.5353-03 2.0627-03
3.0739-03 4.0824-03 3.6889-03 4.7824-03 1.9619-02
8.8741-02 1.9088-01 2.8044-01 2.3566-01 7.1310-02
1.7363-02 2.7828-03
c EEZEXZZSZRSES 222222222222 RS E s S E S &4
c * material specification cards *
c kA hkhhkhhhkhkhkhhkhhbhhhkhbkhkhhkhbhrhkhkhhkhkkhkhkkhkhbhkkhkkhkkhkkhkk
c --- Li20 inner
ml 3006.37¢ 4.221-3 3007.37¢ 5.277-2
’ 8016.37c 2.850-2 24000.37c 1.433-4
25055.37¢c 7.245-6 26000.37c 5.205-4
28000.37c 6.296-5
c --- 55304
m2 24000.37¢c 6.398-3 25055.37c 3.295-4
26000.37¢c 2.324-2 28000.37¢c 2.812-3
c -—- Li20 outer
m3 3006.37¢ 4.191-3 3007.37c 5.240-2
8016.37c 2.830-2 24000.37c 3.068-4
25055.37¢ 1.880-5 26000.37c 1.112-3
28000.37¢c 1.352-4
c --~ air
m4 7014.37¢ 3.8810-5 8016.37c 1.0400-5
c --- materials for reaction rate
m5 3006.03y 1.0 $ Li-6(n,t)He-4
mé6 3007.03y 1.0 $ Li-7(n,t)
m7 13027.03y 1.0 $ Al-27(n,alpha)
m8 28058.03y 1.0 $ Ni-58(n,2n)
m9 49115.03y 1.0 $ In-115(n,n') & In-115(n,qg)
ml0 90232.03y 1.0 $§ Th-232(n,fission)
mil 92235.03y 1.0 $ U-235(n,fission)
ml2 92238.03y 1.0 $ U-238(n,fission)
ml3 93237.03 1.0 $ Np-237(n,fission)
o] A EA KA KA AR A AN AA A A A AR AKRAA AR A A AR AR AR KKk
c * tally specification cards *
Kk kA kR Rk Ak hdhkdkhdhhhdd ok hkh ok dk kk ok dkkodk kokk kb d ko k ok ko
fc02 ---- neutron energy spectrum surface
f02:n 3 10 14 18 22 26 29
fg02 s m e f
fs02 -30
e2 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
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1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01
fcl2 ---- tritium production rate(TPR) surface r=2.71%m

fl2:n 2 3 4 6 8 9 10 11 13 14 15 17
18 19 21 22 23 25 26 27 29

fsl1l2 -30
fgl2 s e £ m
fml2 (1) (1 5105) (1 6 205)
fc22 ---- fission rate (U-235,U-238,Np-237,Th-232) surface
f22:n 5 7 9 10 12 14 16 18 20 22 24 26
fs22 -30
fg22 s e f m
fm22 (1) (1 10 18) (1 11 18) (1 12 18) (1 13 18)
fc32 ---- reaction rate (Al-27,Ni-58,In(n,n'),In(n,gamma)) surface
£32:n 2 4 6 8 9 11 13 15 17 19 21 23
25 27
fs32 -30
fq32 s e f m
fm32 (1) (1L 7107) (1L 8 16) (1 9 51) (1 9 102)
fcl02 ---- gamma-ray heat rate surface r=2.719cm
£f102:p 2 9 13 17 21
£s102 -30
fql02 s m e £
g FhI A AR AKXk Ak
c * problem cutoff cards *

J kK ke kK ok ok Kk ok ok %k ok ke kb ek ok ek

c

phys:n 16.0 0.0

phys:p 30.0 1 0

phys:e 30.0 1 1 1 1 1 1 1 1
mode np

cut:n 0 1.0e-10 -0.5 -0.25 0
cut:p 0 0.0099 -0.5 -0.25 O
cut:e 0 0.3 -0.5 -0.25 0
nps 20000000

ctme 2000

e} hhkhkhkdhdkhkhhhkikhkhkhkhhkkkhkdhkik

c * peripheral cards *

c KhkhkhkkhkAkAhr kA hhkhkhkhkkhkhkk

prdmp 200000 200000 1 1

lost 10 10

print

Fig. A-8 Continued (4/4).

— 150 —



JAERI-Data/Code 98-024

>>> Analysis of Beryllium Slab Eperiment August 1994 <<<

c **xx¥x%  front air region *****
1 2 4.921-5 +1 -2 =27 $ -1.00 - 20.00 cm
c *¥*x*x%x*x  Beryllium region *****
2 11.2215-1 +2 -3 -26 $ 20.00 - 21.40 cm
3 11.2215-1 +2 -3 426 -27 $ 20.00 - 21.40 cm
4 1 1.2215-1 +3 -4 -26 $ 21.40 - 24.12 cm
5 11.2215-1 +3 -4 +26 -27 $ 21.40 - 24.12 cm
6 11.2215-1 +4 -5 -26 $24.12 - 25.17 cm
7 1 1.2215-1 +4 -5 +26 -27 $24.12 - 25.17 cm
8 1 1.2215-1 +5 -6 -26 $ 25.17 - 26.60 cm
9 1 1.2215-1 +5 -6 +26 -27 $ 25.17 - 26.60 cm
10 1 1.2215-1 +6 -7 -26 $ 26.60 - 29.20 cm
11 11.2215-1 +6 -7 +26 -27 $ 26.60 - 29.20 cm
12 1 1.2215-1 +7 -8 =26 $29.20 - 30.23 cm
13 1 1.2215-1 +7 -8 +26 -27 $ 29.20 - 30.23 cm
14 11.2215-1 +8 -9 -26 $ 30.23 - 31.70 cm
15 1 1.2215-1 +8 -9 +26 -27 $ 30.23 - 31.70 cm
16 11.2215-1 +9 -10 -26 $ 31.70 - 32.70 cm
17 11.2215-1 +9 -10 +26 -27 $ 31.70 - 32.70 cm
18 1 1.2215-1 +10 -11 -26 $ 32.70 - 34.28 cm
19 1 1.2215-1 +10 -11 +26 -27 $§ 32.70 - 34.28 cm
20 1 1.2215-1 +11 -12 -26 $ 34.28 - 34.92 cm
21 1 1.2215-1 +11 -12 +26 -27 $ 34.28 - 34.92 cm
22 1 1.2215-1 +12 -13 -26 $ 34.92 - 40.35 cm
23 1 1.2215-1 +12 -13 +26 -27 $ 34.92 - 40.35 cm
24 11.2215-1 +13 -14 -26 $ 40.35 - 41.80 cm
25 1 1.2215-1 +13 -14 +26 -27 $ 40.35 - 41.80 cm
26 1 1.2215-1 +14 -15 -26 $ 41.80 - 45.06 cm
27 1 1.2215-1 +14 -15 +26 -27 $ 41.80 - 45.06 cm
28 1 1.2215-1 +15 -16 -26 $ 45.06 - 46.98 cm
29 1 1.2215-1 +15 -16 +26 -27 $ 45.06 - 46.98 cm
30 1 1.2215-1 +16 -17 -26 $ 46.98 - 47.90 cm
31 1 1.2215-1 +16 -17 +26 -27 $ 46.98 - 47.90 cm
32 1 1.2215-1 +17 -18 -26 $ 47.90 - 50.47 cm
33 1 1.2215-1 +17 -18 +26 -27 $ 47.90 - 50.47 cm
34 11.2215-1 +18 -19 -26 $ 50.47 - 52.00 cm
35 1 1.2215-1 +18 -19 +26 -27 $ 50.47 - 52.00 cm
36 1 1.2215-1 +19 -20 -26 $ 52.00 - 55.20 cm
37 1 1.2215-1 +19 -20 +26 -27 $ 52.00 - 55.20 em
38 1 1.2215-1 +20 -21 -26 $ 55.20 - 57.14 cm
39 1 1.2215-1 +20 -21 +26 -27 $ 55.20 - 57.14 cm
40 1 1.2215-1 +21 -22 -26 $ 57.14 - 60.59 cm
41 1 1.2215-1 421 -22 +26 -27 $ 57.14 - 60.59 cm
42 1 1.2215-1 +22 -23 -26 $ 60.59 - 62.10 cm
43 1 1.2215-1 +22 -23 +26 -27 $ 60.59 - 62.10 cm
44 1 1.2215-1 +23 -24 -26 $ 62.10 - 63.12 em
45 1 1.2215-1 +23 -24 +26 -27 $ 62.10 - 63.12 cm
46 1 1.2215-1 +24 -25 -26 $ 63.12 - 65.54 cm
47 1 1.2215-1 +24 -25 +26 -27 $ 63.12 - 65.54 cm
c **x**x*  ayxternal void *****
48 0 -1 : +25 : +27 $
i pz -1.00 $ Source
2 pz 20.00 $ TPR & react rate
3 pz 21.40 $ n-spec
4 pz 24.12 § fission
5 pz 25.00 $§ TPR & react rate
6 Pz 26.60 $ fission & n-spec
7 pz 29.20 $ fission
8 pz 30.23 $ TPR
9 pz 31.70 $§ fission & n-spec
10 pz 32.70 $ TPR & n-spec
11 pz 34.28 $ fission
12 pz 34.92 $ react rate
13 pz 40.35 $ TPR
14 pz 41.80 $ fission & n-spec
15 pz 45.06 $ react rate
16 pz 46.98 $ fission
17 pz 47.90 $ TPR & n-spec
18 pz 50.47 $ TPR
19 pz 52.00 $ fission & n-spec
20 pz 55.20 $ react rate
21 Pz 57.14 $ fission
22 pz 60.59 $ TPR

Fig. A-9 A typical examp;le of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on beryllium.
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23 pz 62.10 $ fission & n-spec
24 pz 63.12 $§ TPR
25 pz 65.54 $ react rate
c
26 cz 3.00
27 cz 31.50
imp:nl1 1 1 1 1 1 1 1 1 1 1 1
11111111111 2
2 2 2 2 2 2 2 2 2 2 22
2 2 2 2 2 4 4 4 4 4 4 0
c A A A AR AR AR A A AT AR AR AR AR AR AR A AR AR AR R AR KK
c * source specification cards

AR E R SRR S LRSS R RS sRsEEaR s R RS R R R R

c
sdef erg=dl pos=0 0 0 vec=0 0 1 dir=d2 wgt=1.1261
4.0

sb2 -31
sil 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3826-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1455-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 .5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+401 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
spl 0.0 1.5142-07
2.2732-09 4.2225-09 7.4848-09 1.4264-08 8.3975-08
1.8398-07 2.2450-07 1.3922-07 1.6817-07 2.9754-07
3.8068-06 3.0541-06 2.2612-06 6.9372-06 7.2049-06
8.7622-06 7.8013-06 1.4320-05 1.1820-05 1.6544-05
1.4791-05 1.7624-05 2.8404-05 2.4899-05 3.7633-05
4.4237-05 4.6320-05 6.1572-05 3.7185-05 §5.3362-05
4.4831-05 5.0292-05 5.7202-05 6.9230-05 8.0602-05
8.3190-05 9.7450-05 1.0531-04 1.2632-04 1.4874-04
1.7906-04 3.7225-04 4.9933-04 5.3824-04 6.0762-04
7.0593-04 8.0965-04 9.5392-04 1.0785-03 1.2232-03
1.3867-03 1.5803-03 1.6473-03 1.8238-03 2.0605-03
2.2042-03 2.3040-03 2.5211-03 2.5709-03 2.5872-03
2.5765-03 2.7699-03 2.8528-03 2.5945-03 1.3898-03
1.4298-03 1.3270-03 1.3489-03 1.3820-03 1.4312-03
1.3760-03 1.4329-03 1.4558-03 1.3518-03 1.4053-03
1.2861-03 1.2741-03 1.1711-03 1.1937-03 1.0563-03
1.0018-03 8.8451-04 7.9827-04 7.9293-04 7.5872-04
6.9228-04 6.2956-04 5.1710-04 5.0750-04 5.1007-04
4.1280-04 3.5649-04 9.0768-05 8.2287-05 9.2862-05
9.1407-05 9.3708-05 7.9567-05 8.8737-05 8.7841-05
1.1227-04 1.6798-04 1.5985-04 1.6563-04 2.1025-04
4.1363-04 7.4899-04 7.8183-04 5.1771-04 4.5938-04
4.6458-04 9.1020-04 2.6083-03 9.5007-04 5.1474-03
3.0897-02 2.3565-01 4.0901-01 2.2296-01 1.4419-01
c ‘k'k'k****'k**'k'k*'k*‘k**'k**t*********************'k***
c * material specification cards *
C EE S22 S RSS2SRt s 2222222222222 2222223
c --- Beryllium
ml 4009.37¢c 1.2152-1 6012.37¢c 7.7109-5
8016.37¢c 4.9813-4 13027.37¢c 2.9013-4
26000.37¢c 2.4678-5
c --- air
m2 7014.37¢ 3.8810-5 8016.37c 1.0400-5
c ~-- materials for reaction rate
m3 3006.03y 1.0 $ Li-6(n,t)He-4

Fig. A-9 Continued (2/3).
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mé 13027.03y 1.0 $ Al-27(n,alpha)

m5 22000.03y 1.0 $ Ti-47(n,x)Sc-47

mé 26056.03y 1.0 $ Fe-56(n,p)Mn-56

m7 28058.03y 1.0 $ Ni-58(n,2n) & Ni-58(n,p)
m8 40090.03y 1.0 $ 2Zr-90(n,2n)

m9 41093.03y 1.0 $ Nb-93(n,2n)Nb-92m

ml0  49115.03y 1.0 $ 1In-115(n,n')In-115m

mlil 79197.03y 1.0 $ Au-197(n,gamma)

ml2 92235.03y 1.0 § U-235(n,fission)

c R 2 AR R R E R ER SR SRS RERSSER 22222222222 Rt s a d 8 k3
c * tally specification cards *
fe] [ SRR R X2 RS SRR SRS S22 2222ttt sl &l
fc02 ---- neutron energy spectrum surface r=3cm
f02:n 3 6 9 10 14 17 3

fq02 s m e £

£fs02 -26

e2 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

fcl2 -——— Tritium production rate(TPR) Li-6(n,t) surface r=3cm

fl2:n 2 5 8 10 13 17 18 22 24

fs12 -26

fgl2 s e f m

fml2 (1) (1 3 105)

fc22 -—-—- fission rate (U-235) surface r=3cm

f22:n 4 6 7 9 11 14 16 19 21 23

fs22 -26

fq22 s e f m

fm22 (1) (1 12 18)

fc32 ---- reaction rate (Al27,Ti47,48,Fe56,Ni58,2r90,Nb93,Inll5,Aul97)

surface

f32:n 2 5 12 15 20 25

£s32 -26

fq32 s e £ m

fm32 (1) (1 4 107) (1 5 211) (1 5 212) (1 6 103)
(L 7 16) (1 7 103) (1 8 16) (1 9 16) (1 10 51)
(1 11 102)

g [ R E 2R 22223222 2222 22 R &2 & 4

c * problem cutoff cards *

KAI KA AARRARAA KRR KRNI AR A KT KK

c
phys:n 16.0 0.0

mode n

cut:n 0 1.0e-10 -0.5 -0.25 0
nps 20000000

ctme 2000

c I'TEETEESEZSZE2S 22222 2 d g

c * peripheral cards *

c khkhkkhkkhkkhkdhkhhhhkhkkhhhkdkdk

prdmp 200000 200000 1 1

lost 10 10

print

Fig. A-9 Continued (3/3).
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>>> Analysis of Graphite Slab Eperiment July 1994 <<<

c **xk*x  front air region (F¥rxx

1 2 4.921-5 +1 -2 =27 $ -1.00 - 20.00 cm
c ***x%% graphite region ****¥

2 1 8.2322-2 +2 - -26 $ 20.00 - 24.10 cm
3 1 8.2322-2 +2 -3 +26 -27 $ 20.00 - 24.10 cm
4 1 8.2322-2 +3 -4 -26 $ 24.10 - 26.60 cm
5 1 8.2322-2 +3 -4 +26 -27 $ 24.10 - 26.60 cm
6 1 8.2322-2 +4 -5 -26 S 26.60 - 27.62 cm
7 1 8.2322-2 +4 -5 +26 -27 $ 26.60 - 27.62 cm
8 1 8.2322-2 +5 -6 -26 $ 27.62 - 30.00 cm
9 1 8.2322-2 45 -6 +26 -27 $ 27.62 - 30.00 cm
10 1 8.2322-2 +6 -7 -26 $ 30.00 - 31.70 cm
11 1 8.2322-2 +6 -7 +26 -27 $ 30.00 - 31.70 cm
12 1 8.2322-2 +7 -8 =-26 S 31.70 - 36.80 cm
13 1 8.2322-2 +7 -8 +26 -27 $ 31.70 - 36.80 cm
14 1 8.2322-2 48 -9 -26 $ 36.80 - 37.78 cm
15 1 8.2322-2 +8 -9 +26 -27 $ 36.80 - 37.78 cm
16 1 8.2322-2 +9 -10 -26 $ 37.78 - 40.20 cm
17 1 8.2322-2 +9 -10 +26 -27 $ 37.78 - 40.20 cm
18 1 8.2322-2 +10 -11 -26 $ 40.20 - 41.80 cm
19 1 8.2322-2 +10 -11 +26 -27 $ 40.20 - 41.80 cm
20 1 8.2322-2 +11 -12 -26 $ 41.80 - 46.90 cm
21 1 8.2322-2 +11 -12 +26 -27 $ 41.80 - 46.90 cm
22 1 8.2322-2 +12 -13 -26 S 46.90 - 47.94 cm
23 1 8.2322-2 +12 -13 +26 -27 $ 46.90 - 47.94 cm
24 1 8.2322-2 +13 -14 -26 S 47.94 - 50.40 cm
25 1 8.2322-2 +13 -14 +26 -27 $ 47.94 - 50.40 cm
26 1 8.2322-2 +14 -15 -26 $ 50.40 - 51.90 cm
27 1 8.2322-2 +14 -15 +26 -27 $ 50.40 - 51.90 cm
28 1 8.2322-2 +15 -16 -26 $ 51.90 - 57.00 cm
29 1 8.2322-2 +15 -16 +26 -27 $ 51.90 - 57.00 cm
30 1 8.2322-2 +16 -17 -26 S 57.00 - 60.50 cm
31 1 8.2322-2 +16 -17 +26 -27 $ 57.00 - 60.50 cm
32 1 8.2322-2 +17 -18 -26 $ 60.50 - 62.10 cm
33 1 8.2322-2 +17 -18 +26 -27 $ 60.50 - 62.10 cm
34 1 8.2322-2 +18 -19 -26 S 62.10 - 63.18 cm
35 1 8.2322-2 +18 -19 +26 -27 $ 62.10 - 63.18 cm
36 1 8.2322-2 +19 -20 -26 $ 63.18 - 67.10 cm
37 1 8.2322-2 +19 -20 +26 -27 $ 63.18 - 67.10 cm
38 1 8.2322-2 +20 -21 -26 $ 67.10 - 70.70 cm
39 1 8.2322-2 +20 -21 +26 -27 $ 67.10 - 70.70 cm
40 1 8.2322-2 +21 -22 -26 $ 70.70 - 72.20 cm
41 1 8.2322-2 +21 -22 +26 -27 $ 70.70 - 72.20 cm
42 1 8.2322-2 +22 -23 -26 $ 72.20 - 73.34 cm
43 1 8.2322-2 +22 -23 +26 -27 $ 72.20 - 73.34 cm
44 1 8.2322-2 +23 -24 -26 $ 73.34 - 77.20 cm
45 1 8.2322-2 +23 -24 +26 -27 $ 73.34 - 77.20 cm
46 1 8.2322-2 +24 -25 -26 $ 77.20 - 80.96 cm
47 1 8.2322-2 +24 -25 +26 -27 $ 77.20 - 80.96 cm
c **xxx*  external void (*x¥¥x*
48 0 -1 : +25 : +27 $

1 pz -1.00 $ Source

2 pz 20.00 $ reaction rate

3 Pz 24.10 $§ fission & n-spec
4 pz 26.60 $ fission & n-spec
5 Pz 27.62 $ g-spec

6 pz 30.00 $ reaction rate & g-heat
7 pz 31.70 $ fission & n-spec

8 pz 36.80 $ fission

9 pz 37.78 $ g-spec

10 pz 40.20 $ reaction rate & g-heat
11 pz 41.80 §$ fission & n-spec
12 pz 46.90 $ fission

13 pz 47.94 $ g-spec

14 Pz 50.40 $ reaction rate & g-heat
15 pz 51.90 § fission & n-spec
16 pz 57.00 $ fission

17 Pz 60.50 $§ reaction rate & g-heat
18 pz 62.10 $§ fission & n-spec
19 pz 63.18 $§ g-spec

20 pz 67.10 §$ fission

21 pz 70.70 $ reaction rate & g-heat
22 pz 72.20 $ fission & n-spec

Fig. A-10 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on graphite.
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23 pz 73.34 $ g-spec
24 pz 77.20 $ fission & n-spec
25 pz 80.96 $ reaction rate & g-heat
c
26 cz 3.00
27 cz 31.40
imp:nl 1 1 1 1 1 1 1 1 1 1 1
111 112 2 2 2 2 2 2
2 2 2 2 2 2 2 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 0
imp:p1 1 1 1 1 1 1 1 1 1 1 1
111112 2 2 2 2 2 2
2 2 2 2 2 2 2 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4
c *********************************************i*
c * source specification cards *

I XXS22 22T SIS S22 R R 222ttt s sl

sdef erg=dl pos=0 0 0 wvec=0 0 1 dir=d2 wgt=1.1767
sb2 -31 4.0

sil 5.8293-04
9,.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
1.5732+01 1.5980+01

spl 0.0
4.3479-05 5.5907-05 6.3421-05 7.2417-05 8.3682-05
9.7598-05 1.1447-04 1.3521-04 1.6038-04 1.9164-04
2.1369-04 2.4812-04 3.0516-04 1.7891-04 2.0045-04
2.2407-04 2.5200-04 2.8444-04 3.2144-04 3.6436-04
4.1340-04 4.7077-04 5.3606-04 6.1088-04 6.9762-04
7.9663-04 9.1106-04 1.2219-03 1.4051-03 1.6141-03
1.8527-03 2.1040-03 2.4317-03 2.8136-03 3.2890-03
3.8479-03 4.9397-03 5.9791-03 6.8688-03 7.7929-03
8.6681-03 9.3421-03 9.7540-03 9.9713-03 9.7275-03
9.6236-03 9.7640-03 9.9677-03 1.0130-02 5.3179-03
5.3194-03 5.3383-03 5.3299-03 5.2928-03 5.0664-03
4.7354-03 4.3795-03 3.7938-03 3.4485-03 3.3610-03
3.6099-03 4.2412-03 4.3379-03 3.9704-03 3.5164-03
2.9628-03 2.5194-03 2.5754-03 2.7193-03 2.3830-03
2.1203-03 2.3331-03 2.4699-03 2.0821-03 1.9259-03
2.1711-03 2.3220-03 5.9892-04 5.9851-04 5.8562-04
6.0839-04 5.4544-04 5.2166-04 4.7551-04 3.3951-04
3.3956-04 3.5410-04 4.3340-04 4.9328-04 6.6341-04
9.,1815-04 1.0510-03 1.3058-03 1.5353-03 2.0627-03
3.0739-03 4.0824-03 3.6889-03 4.7824-03 1.9619-02
8.8741-02 1.9088-01 2.8044-01 2.3566-01 7.1310-02
1.7363-02 2.7828-03

o] A A A A A AR I AR AR AAAA A AA kA Ak A AR Ak kA k*

c * material specification cards *

c ***********************************************

c —

ml 6012. 37c 8.2322—2

c --- air

m2 7014.37c 3.8810-5 8016.37c 1.0400-5

c --- materials for reaction rate

m3 13027.03y 1.0 $§ Al-27(n,alpha)

md 28058.03y 1.0 $ Ni-58(n,2n) & Ni-58(n,p)

m5 40090.03y 1.0 $ Zr-90(n,2n)

Fig. A-10 Continued (2/4).
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mé 41093.03y 1.0 $ Nb-93(n,2n)Nb-92m

m7 49115.03y 1.0 $ 1In-115(n,n')In-115m

m8 79197.03y 1.0 $ Au-197(n,gamma)

m9 90232.03y 1.0 $ Th-232(n,fission)

ml0 92235.03y 1.0 $ U-235(n,fission)

mll 92238.03y 1.0 §$ U-238(n,fission)

ml2 93237.03 1.0 $ Np-237(n,fission)

c RS2SR SRR RS RS R RS R RS2 R

c * tally specification cards *

c (2SR RS R RS E R ESEESRRRsR R 2222 R ]

fc02 ---- neutron energy spectrum surface

f02:n 3 4 7 11 15 18 22 4

fq02 s m e £

fs02 -26

e2 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779401 1.5012+401 1.5248+01 1.5488+01
1.5732+01 1.5980+01

fcl2 ---- fission rate (U-235,U-238,Np-237,Th-232) surface r=3cm

fl2:n 3 4 7 8 11 12 15 16 18 20 22 24

fsl2 -26

fql2 s e f m

fml2 (1) (L 9 18) (110 18) (111 18) (1 12 18)

fc22 --—- reaction rate (Al-27,Ni-58,Zn-64,Nb-93,In-115,Au-197) surface

£f22:n 2 6 10 14 17 21 25

£522 -26

fg22 s e £ m

fm22 (1) (1 3107) (1 4 16) (1 4 103) (1 5 16)
(1 6 16) (1 7 51) (1 8 102)

fcl02 ---- gamma-ray energy spectrum & heat surface r=3cm

f102:p 5 6 9 10 13 14 17 19 21 23 25

£s102 -26

fql02 s m e £

el02 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+00 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01

g khkhkhkhkhkkhhkhkhkkhkrhkhhhkhkkhkkhkk

c * problem cutoff cards *

[o] Y vk d v o ok gk v ok ke e e e o ko

phys:n 16.0 0.0

phys:p 30.0 1 0

phys:e 30.0 1 1 1 1 1 1 1 1

mode np

cut:n 0 1.0e-10 -0.5 -0.25 0

cut:p 0 0.0099 -0.5 -0.25 0

cut:e 0 0.3 -0.5 -0.25 0

nps 20000000

ctme 2000

Fig. A-10 Continued (3/4).
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[o] hhkKAKAAIA A KK XA Kk hhhkhhkhk

c * peripheral cards *
c hhkhkhkhhkhhkkhkhhkkhkkkhkhkkkkkkhkk

prdmp 200000 200000 1 1
lost 10 10
print

Fig. A-10 Continued (4/4).

>>> Analysis for Clean Benchmark Experiment on Iron <<<
KK IAAAAKTKRR AR AR K AAAR A A AR AR AR A AN kA K kd ok kokkk

c
c * cell carad for Iron Assembly *
o] AAAEERKAEKEKE A KRR AAKRAAKRAKRAKRA AR AR AR Ahd kK
c % Kk Kk k ok air region * ke kkk
1_d 2 4.9210-5 (+1 -2 -42) : (+2 =3 +41 -42) $ source
voi
3 2 4.9210-5 +2 -3 -41 $ cell detecter
c hhkkkk test region * & %k ok
4 1 8.5182-2 +3 -4 -42 S 0.0 - 1.5 cm
5 1 8.5182-2 +4 -5 -42 $ 1.5 - 2.5cm
6 1 8.5182-2 +5 -6 -42 S 2.5 - 4.0 cm
7 1 8.5182-2 +6 -7 -42 $ 4.0 - 5.0 cm
8 1 8.5182-2 +7 -8 -42 S 5.0 - 6.5 cm
.9 1 8.5182-2 +8 -9 -42 $ 6.5 - 10.0 cm
10 1 8.5182-2 +9 -10 -42 $ 10.0 - 11.0 cm
11 1 8.5182-2 +10 -11 -42 S 11.0 - 11.5 cm
12 1 8.5182-2 +11 -12 -42 $ 11.5 - 20.0 em
13 1 8.5182-2 +12 -13 -42 $ 20.0 -21.0 cm
14 1 8.5182-2 +13 -14 -42 $ 21.0-21.5cm
15 1 8.5182-2 +14 -15 -42 $ 21.5 - 30.0cm
16 1 8.5182-2 +15 -16 -42 $ 30.0 -31.0cm
17 1 8.5182-2 +16 -17 -42 $ 31.0 - 31.5cm
18 1 8.5182-2 +17 -18 -42 $ 31.5 - 40.0 cm
19 1 8.5182-2 +18 -19 -42 $§ 40.0 - 41.0 cm
20 1 8.5182-2 +19 -20 -42 $ 41.0 - 41.5 cm
21 1 8.5182-2 +20 -21 -42 $ 41.5 - 50.0 cm
22 1 8.5182-2 +21 -22 -42 $ 50.0 -51.5cm
23 1 8.5182-2 +22 -23 -42 $ 51.5 - 60.0 cm
24 1 8.5182-2 +23 -24 -42 $ 60.0 -61.0cm
25 1 8.5182-2 +24 -25 -42 $ 61.0 - 70.0 cm
26 1 8.5182-2 +25 -26 -42 $ 70.0 - 71.5 cm
27 1 8.5182-2 +26 -27 -42 $ 71.5 - 80.0 cm
28 1 8.5182-2 +27 -28 -42 § 80.0 - 81.0 cm
29 1 8.5182-2 +28 -29 -42 S 81.0 - 90.0 cm
30 1 8.5182-2 +29 -30 -42 $ 90.0 - 91.5 cm
31 1 8.5182-2 +30 -31 -42 $ 91.5-95.0cm
c kkkkk  rear alr region A¥¥x¥
32 2 4.9210-5 +31 -32 -41 $ cell detecter
33 2 4.9210-5 +31 -32 +41 -42 8
c ***xx*  axternal void *****
34 0 -1 : +32 : +42 $
c  —-———-- blank delimeter
o] P2 2 2R R R 2222222322322 R 22s st R s sl
c * surface card *
o] I 22 2222222222222 22222222 2222 st
1 pz -21.0 $ Source
2 pz -2.0 $ kev

Fig. A-11 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on iron.
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3 pz 0.0 $ foil, TID
4 Pz 1.5 $ MeV, NE-g
5 pz 2.5 § foil, TID
6 pz 4.0 $ Mev
7 Pz 5.0 $ foil
8 pz 6.5 $ MeV, NE-g
9 Pz 10.0 $ foil, TLD,
10 Pz 11.0 $§ kev, ev
11 Pz 11.5 $§ MeV, NE-g
12 pz 20.0 § foil, TLD
13 pz 21.0 $ kev, ev
14 pz 21.5 $§ MeV, NE-g
15 pz 30.0 § foil, TLD,
16 Pz 31.0 $ kev, eV
17 pz 31.5 $ MeV, NE-g
18 Pz 40.0 $ foil, TLD
19 pz 41.0 $ kev, ev
20 pz 41.5 $ MeV, NE-g
21 pz 50.0 $ foil, TLD,
22 pz 51.5 § MevV
23 pz 60.0 § TLD
24 Pz 61.0 $ keV, ev
25 pz 70.0 $ foil, TLD,
26 Pz 71.5 $ Mev, NE-g
27 pz 80.0 $ TLD
28 Pz 81.0 $ kev, ev
29 pz 90.0 $ TLD
30 pz 91.5 § NE-g
31 pz 95.0 $§ TLD
32 pz 97.0 $ kev
c
41 cz 4.0
42 cz 50.0
43 cz 10.0
c  mm————— blank delimeter
c R AR LR R R R R 2222223232222 2222ttt S
c * mode card *
fo] I 22222 8222222232232 22 X2 22222 st o2 &2
mode np
c I R 2 L2222 2222222222222 s st st ssd
c * weight window cards *
c I L S 2222222223222 222222 st atss s
ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 8.12 0.1z 0.1z 0.1z 0.1z
0 0
wwe:n 1.0e-3 1.0 5.0 10.0 16.0
wwp:n 5 3 0 0
wwnl:n $ for eV neutrons
1.0e-1 1.0e-1 .0e-1 1.0e-1
5.0e-2 2.0e-2 1.0e-2 0.7e-2 0.5e-2
0.3e-2 0.2e-2 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 7.0e-4 5.0e-4
3.0e-4 2.0e-4 1.0e-4 1.0e-4 1.0e-4
1.0e-4 1.0e-4 1.0e-4 -1
wwn2:n $ for keV neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 3.0e-2 2.0e-2 1l.4e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 7.0e-3 5.0e-3
3.0e-3 2.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 -1
wwn3:n §$ for 1-5MeV neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e-2 5.0e-2 2.0e-2 2.0e-2
2.0e-2 1.0e-2 5.0e-3 5.0e-3 3.0e-3
2.0e-3 2.0e-3 1.0e-3 5.0e-4 5.0e-4
2.0e-4 1.0e-4 5.0e-5 2.0e-5 1.0e-5
5.0e-6 2.0e-6 1.0e-6 1.0e-6 1.0e-6
1.0e-6 1.0e-6 1.0e-6 -1
wwnd:n $ for 5-13 MeV Neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e-2 5.0e-2 1.5e-2 1.5e-2
1.5e-2 5.0e-3 1.5e-3 1.5e-3 6.4e-4

Fig. A-11 Continued (2/4).
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3.2e-4 3.2e-4 1.6e-4 8.0e-5 8.0e-5
4.0e-5 2.0e-5 1.0e-5 5.0e-6 2.5e-6
1.2e-6 6.0e-7 3.0e-7 3.0e-7 3.0e-7
3.0e-7 3.0e-7 3.0e-7 -1

wwn5:n $ for 14 MeV Neutrons
1.0e-1 1.0e-1 1.0e-1 8.5e-2
7.0e-2 5.0e-2 4.0e-2 3.0e-2 2.0e-2
1.0e-2 5.0e-3 1.5e-3 1.5e-3 5.0e-4
1.5e-4 1.5e-4 5.0e-5 1l.5e-5 1l.5e-5
6.4e-6 3.2e-6 1.6e-6 8.0e-7 4.0e-7
2.0e-7 1.0e-7 5.0e-8 5.0e-8 5.0e-8
5.0e-8 5.0e-8 5.0e-8 -1

wwe:p 100.0

WWD P 5 3 5 0 0

wwnl:p $ for gamma-rays
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e-2° 5.0e-2 2.0e-2 2.0e-2
2.0e-2 1.0e-2 7.0e-3 7.0e-3 5.0e-3
3.0e-3 3.0e-3 2.0e-3 1l.4e-3 1.4e-3
1.0e-3 7.0e-4 5.0e-4 3.0e-4 2.0e-4
1.0e-4 7.0e-5 65.0e-5 5.0e-5 5.0e-5
5.0e-5 5.0e-5 5.0e-5 -1

c Ak kh kb kb kb k kb kkk bk kb bk ke kkdkkdkdkkdkhkk

c * gource specification cards *

c * a user supplied source subroutine is used. *

o] AEAKA KRR AR KARA AR AR AR AR AR AR A A A A AR ARk kA Ak kA Ak hh*

c * material specification cards *

c LA R 22 2RSSR 2SRt Rt is s Rl R s s Rl s

c --— Iron

ml 26000.37¢c 0.083490 6012.37¢c 0.000727

14000.37c 0.000249 25055.37c 0.000716

c --- air

m2 7014.37¢c 3.8810-5 8016.37c 1.0400-5

c --- materials for reaction rate

m3 5010.03y 1.0 $ B-10(n,alpha)

md 13027.03y 1.0 $ Al-27(n,alpha)

m5 22000.03y 1.0 $§ Ti-nat((n,x)Sc-48

mé 25055.34c 1.0 $§ Mn-55(n,gamma)

m7 26056.03y 1.0 $ Fe-56(n,p)

m8 28058.03y 1.0 $ Ni-58(n,2n) & Ni-58(n,p)

m9 30064.03y 1.0 $ 2Zn-64(n,p)

ml0 40090.03y 1.0 $ 2Zr-90(n,2n)

mll 41093.03y 1.0 $ Nb-93(n,2n)Nb-92m

ml2 49115.03y 1.0 $ 1In-115(n,n')In-115m

ml3 79197.03y 1.0 $ Au-197(n,gamma)

ml4 92235.03y 1.0 $ U-235(n,fission)

c EEZ 2R SRS RS SRS RSS2 RS R R s s R e Rt R s A st Rl

c * tally specification cards *

c R R R R e R R R A S SR 2SR 22222222 R 222t s s

fc02 ---- neutron reaction rate surface r=4cm

f02:n 3 4 5 6 7 8 91011 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31

fs02 -41

fg02 s e £ m

e(2 16.0

fm02 (1) (r 1 1) (1 1 2) (1 1 102)
(1 3 107) (1 3 207) (1 4 107) (1 5 212) (1 6 102)
(1 7 103) (1 8 16) (1 8 103) (1 9 103) (1 10 16)
(1 11 16) (1 12 51) (1 13 102) (1 14 18)

fcl2 ---- neutron energy spectrum (decade) surface r=4cm

fi2:n 3 4 5 6 7 8 910 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31
fql2 s £ e

fsl2 -41

el2 le-7 le-6 le-5 le-4 le-3 le-2 le-1l le+0 le+l 2e+l
fc24 ---- neutron energy spectrum (decade) cell
f24:n 3 32

e24 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l 2e+l
fc32 ---- neutron energy spectrum surface r=4cm

f32:n 3 4 5 6 7 8 910 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31

fs32 -41
fcd44 ---- neutron energy spectrum cell
f44:n 3 32

Fig. A-11 Continued (3/4).
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fcl1l02 ---- gamma-ray energy spectrum surface r=4cm
£f102:p 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

£s102 -41

el02 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+00 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01

C ————————————————————————————————————————————————————————

fql s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

c KA IA AKX AKX AKX K hTd ok dkdk

c * problem cutoff cards *

c khkkdkkdkdkhhkdkkkhdkkhkhkhkdkdkhkid

phys:n 16.0 0.0

phys:p 30.0 1 0

-phys:e 30.0 1 1 1 1 1 1 1 1

cut:n 0 1.0e-11 -0.5 -0.25 0

cut:p 0 0.009%9 -0.5 -0.25 0

nps 1000000

ctme 1000000

fo] 222222 RS RR 2Rttt 2t sttt s s st

c * ugser data arrays *

fo] AR KA AN R A A KA A I AI AR AAAAAAAA A AR A A AR AR A A A AKX

idum 1

rdum 0.0 0.0 -20.0

c AKXk ARkAAkARKAKRRKkAARhkhkhkhkkk

c * peripheral crads *

c KAEKEEKEAEARAA AR TR KKk kKK

prdmp 100000 100000 1 1

lost 10 10

print

Fig. A-11 Continued (4/4).
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Analysis of the FNS Bulk Shielding Experiment #2 JENDL-3.2 Oct. 1994

c Je e sk ke A e ok e ok ke ok ke ok R ok ok T ok vk ke ok ke ke ok ok ek b ke ok e
c * cell card *
fo] s e gk ke de kg ke ke e e ke ke ok ke e ke ok sk vk ok ok ok e o ke ke ke ke ke e ke ke ok ke

1 4 4.9210-5 (1 -2 -30) : (2 -3 -34) #34 $ source region
34 4 4.9215-5 19 -3 -31 $ cell for track
length

2 1 8.5792-2 3 -4 -33 S SS316
3 1 8.5792-2 4 -5 -33 $ S8s316
4 1 8.5792-2 5 -6 -33 $ 88316
5 1 8.5792-2 6 -7 -33 $ S8S316
6 1 8.5792-2 7 -8 -33 $ SS316
7 1 8.5792-2 8 -9 -33 $ SS316
8 1 8.5792-2 g -10 -33 $ 88316
9 1 8.5792-2 10 -11 -33 $ Ss316
10 1 8.5792-2 11 -12 -33 S SS316
11 1 8.5792-2 12 -13 ~33 $ SS316
12 1 8.5792-2 13 -14 -33 S Ss316
13 1 8.5792-2 14 -15 -33 $ 88316
14 1 8.5792-2 15 -16 -33 $ 858316
15 1 8.5792-2 16 -17 -33 $ 88316
16 1 8.5792-2 17 -18 -33 $ Ss316
17 1 8.5792-2 3 -4 33 -35 $ Ss316
18 1 8.5792-2 4 -5 33 -35 $ Ss316
19 1 8.5792-2 5 -6 33 -35 $ SS316
20 1 8.5792-2 6 -7 33 -35 $ Ss316
21 1 8.5792-2 7 -8 33 -35 S Ss316
22 1 8.5792-2 8 -9 33 -35 S Ss316
23 1 8.5792-2 9 -10 33 -35 $ SS316
24 1 8.5792-2 10 -11 33 =35 $ SS316
25 1 8.5792-2 11 -12 33 -35 $ 88316
26 1 8.5792-2 12 -13 33 -35 $ 88316
27 i 8.5792-2 13 -14 33 -35 $ SS316
28 1 8.5792-2 14 -15 33 -35 $ SS316
29 1 8.5792-2 15 -16 33 -35 $ SS316
30 1 8.5792-2 16 -17 33 -35 $ SS316
31 1 8.5792-2 17 -18 33 -35 $ S8316
32 3 8.5699-2 (1 -2 30 -35) : (2 -3 34 -35) $ source reflector
33 0 -1 : 18 : 35 $ void

dhhkk kA hkrhhkhkhhkkhkhrrkkkhkkkkrhkhhkhkdhhx

.c
c * surface card *
c Jed d Kk K ¥ ¥ d g Kk kK g od ok sk % ok e v gk e ok vk ok v gk ek ok ke ok ke e ke

1 pz -51.28
2 Pz -30.96
3 Pz 30.00
4 Pz 38.00
5 Pz 40.16
6 pz 50.00
7 pz 52.86
8 pz 62.00
9 pz 65.56
10 pz 74.00
11 pz 83.34
12 pz 86.00
13 pz 96.00
14 pz 101.12
15 pz 106.00
16 pz 116.00
17 pz 121.44
18 pz 141.80
19 Pz 28.00
30 cz 6.83
31 cz 4.00
33 cz 20.00
34 cz 40.00
35 cz 60.00
fo] P R AR R R R R R R R AR 22222222 R 2 R a R 2t S 2
c * mode card - neutron & photon *
o] Ak hk kA x A kr Ak hkhkrhkhkrbhh bk kdrhdx
mode

np
P L R R R L e e e T e E

c
c * weight window card *
c P L2 R 22222222 RS 2R a2 st as sl

Fig. A-12 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on SS-316.
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ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z O 0

wwe:n 1.0e-5 1.0 5.0 13.0 100.0

wwp:n 5 3 5 0 0

wwnl:n $ for thermal neutrons
0.4 0.4 $ source void
0.1 0.03 0.02 0.015 0.01
0.006 0.004 0.0025 0.0015 0.001
6.0e-4 4.0e-4 2.5e-4 1.5e-4 1.0e-4
0.4 0.12 0.08 0.06 0.04
0.024 0.016 0.01 0.006 0.004
0.0024 0.0016 0.001 6.0e-4 4.0e-4
0.4 -1 §$ source reflector, external void

wwn2:n $ for eV, keV neutrons
0.4 0.4 $ source void
0.4 0.4 0.4 0.4 0.25
0.15 0.1 0.06 0.04 0.025
0.015 0.01 0.006 0. 004 0.0025
0.8 0.8 0.8 0.8 0.8
0.6 0.4 0.24 0.16 0.1
0.06 0.04 0.024 0.016 0.01
0.4 -1 $ source reflector, external void

wwn3:n $ for 1-5MeV neutrons
0.4 0.4 $ source void
0.1 0.06 0.04 0.02 0.01
0.004 0.002 0.001 3.0e-4 1.0e-4
3.0e-5 1.0e-5 3.0e-6 1.0e-6 3.0e-7
0.4 0.24 0.16 0.08 0.04
0.016 0.008 0.004 0.0012 4.0e-4
1.2e-4 4.0e-5 1.2e-5 4.0e-6 1.2e-6
0.4 -1 $ source reflector, external void

wwnd:n §$ for 5—13MeV neutrons
0.4 0.4 $ source void
0.1 0.025 0.0064 0.0016 8.0e-4
2.0e-4 1.0e-4 2.5e-5 1.2e-5 3.2e-6
8.0e-7 4. Oe 7 2.0e-7 1.0e-7 5.0e-8
0.4 0. 0.025 0.0064 0.0032
8.0e-4 4. Oe 4 1.0e-4 4.8e-5 1.2e-5
3.2e-6 1l.6e-6 8.0e-7 4.0e-7 2.0e-7
0.4 -1 §$ source reflector, external void

wwn5:n  $ for 14MeV neutrons
0.4 0.4 $ source void
0.1 0.025 0.0 0.0016 4.0e-4
1.0e-4 4.8e-5 1.2e-5 6.0e-6 1.5e-6
4.0e-7 1. 9e 7 4.8e-8 1.2e-8 6.4e-9
0.4 0. 0.025 0.0064 0.0016
4.0e-4 1. 9e 4 4.8e-5 2.4e-5 6.0e-6
1l.6e-6 7.6e-7 1.9e-7 4.8e-8 2.5e-8
0.4 -1 § source reflector, external void

wwe:p 100.0

wWWp :p 5 3 5 0 0

wwnl:p ¢ for gamma-rays
0.4 0.4 $ source void
0.1 0.03 0.015 0.01 0.007
0.005 0.0035 0.0025 0.0018 0.0013
9.0e-4 6.3e-4 4.5e-4 3.2e-4 2.2e-4
0.4 0.12 0.06 0.04 0.028
0.02 0.014 0.01 0.0072 0.00
0.0036 0.00252 0.0018 0.00128 8.8e-4
0. -1 § source reflector, external void

c ¢ % Y % de do T de gk gk ok ke kA ok ke ok e ok ok e ok ke ok ok ko ek ke ok ok ke

c * gource specificatio cards *

c P E R R R R AR 2222222222 R 22 R a2 2222 s i 8 4

c an user supplied source subroutine is used.

fo] P R 2 R R R R R 2222222 R SRS 22 R ad st sl

c * material specification cards *

c T XX EEEEESEE RSS2 222222222222 R kRS Sl

L materials for the assexbl,

2%

ml 14000.37c 9.8440-4 24000.37c 1.5476-2 $ 88316 in test
region

25055.37¢c 9.7963-4 26000.37c 5.7589-2

28000.37¢c 9.7128-3 42000.37c 1.0503-3
m3 14000.37¢ 8.1608-4 24000.37c 1.5025-2 $ SS316 in source
reflector
25055.37¢ 1.3561-3 26000.37¢c 5.8331-2

Fig. A-12 Continued (2/4).
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28000.37c 9.1456~3 42000.37c 1.0254-3

m4 7014.37¢c 3.8810-5 8016.37c 1.0400-5 $ air
c  mme———- materials for dosimetry reactions

m5 2003.37¢ 1.0 $ He-3 (n,p)

mé 5010.03y B-10 (n,a) a-prod.

m7 7014 .37¢ N-14 (n,p)

m8 13027.03y Al-27(n,a)

m9 22000.03y Ti-0 (n,x)Sc-46, Sc-47, Sc-48
ml0 25055.03y Mn-55(n,g)

mll 26054 .03y Fe-54(n,p)

ml2 26056.03y Fe-56 (n,p)

ml3 27059.37¢
mld 28058.03y
ml5 29063.03y
mlé 29065.37c
ml7 30064.03y
ml8 40090.03y
ml9 41093.03y
m20 49115.03y

Co-59(n,2n), (n,g), (n,a), (n,p)
Ni-58(n,2n), (n,p)

Cu-63(n,2n), (n,g), (n,a)
Cu-65(n,2n), .(n,g)

Zn-64 (n,p)

Zxr-90(n, 2n)

Nb-93(n, 2n)Nb-92m
In-115(n,n')In-115m

HROOOOOOOOOQOQOOOOOOOOO
L NN e NN N e U

RPRPRPRRRRER dRRPRPRRERPRPRRBPRRPERRERPR R

m21 74186 .03y W-186(n,g)

m22 79197.03y Au-197(n, qg)

m23 92235.03y U-235(n, f)

m24 92238.03y $ U-238(n, £f)

c  ————-— materials for (n,g) reactions of the assembly itself
m31 1001.37c .0 $ Hydrogen

m32 8016.37¢ 1.0 $ Oxygen

m33 14000.37¢ .0 $ Silicon

m34 24000.37c .0 $ Chromium

m38 25055.37¢ .0 $ Manganese

m35 26000.37c 0 $ Iron

m36 28000.37c .0 $ Nickel

m37  42000.37¢ 1.0 $ Molybdenum

o} Wk e ok ke ok ek s ok kg ke ok ok ke ok kR ke ok ok ke k k ke Rk ok ke ok
c *  tally specification cards *
c e d Kk kA de d ke ke ok ok ok ok ke sk sk ok vk ok ke vk ok v ok v ok e ok ke ke ok ok ok ke ok

fcl2 »>>>>> neutron reaction rate surface (r=4cm) <<<<<

f12:n 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18

fmi2 (1) (1 1 1) (1 1 2) (1 1 102)
(1 5103) (1 6 107) (1 6 207) (1 7 103) (1 8 107)
(1 9 210) (1 9 211) (1 9 212) (1 10 102) (1 11 103)
(1 12 103) (1 13 16) (1 13 102) (1 13 103) (1 13 107)
(1 14 16) (1 14 103) (1 15 16) (1 15 102) (1 15 107)
(1 16 16) (1 16 102) (1 17 103) (1 18 16) (1 19 16)
(1 20 51) (1 21 102) (1 22 102) (1 23 18) (1 24 18)
(1 33 102) (1 34 102) (1 35 102) (1 36 102) (1 37 102)
(1 38 102)

fs12 -31

fgl2 s e £ m

el2 15.488

fc22 »>>>>> neutron energy-dependent reaction rate surface (r=4cm)

<<<<<

f22:n 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18

fm22 (1) (L 1 1) (1 1 2) (1 1102
(1 5103) (1 6 107) (1 6 207) (1 7 103) (1 8 107)
(1 9210) (1 9 211) (1 9 212) (1 10 102) (1 11 103)
(1 12 103) (1 13 16) (1 13 102) (1 13 103) (1 13 107)
(1 14 16) (1 14 103) (1 15 16) (1 15 102) (1 15 107)
(1 16 16) (1 16 102) (1 17 103) (1 18 16) (1 19 16)
(1 20 51) (1 21 102) (1 22 102) (1 23 18) (1 24 18)
(1 33 102) (1 34 102) (1 35 102) (1 36 102) (1 37 102)
(1 38 102)

fs22 -31

fq22 s m e f
e22 le-7 le-6 1le-5 1le-4 1le-3 1le-2 1le-1 2e-1 5e-1 1le+0
2e+0 5e+0 le+l 15.488
fc42 >>>>> neutron spectrum surface (r=4cm) <<<<<
f42:n 3 5 7 9 11 14 17
fs42 -31
fc52 >>>>> neutron spectrum-decade surface (r=4cm) <<<<<
f52:n 3 4 5 6 7 8 g9 10 11 12
13 14 15 16 17 18
fs52 -31
e52 le-7 1le-6 1le-5 1le-4 1le-3 le-2 1le-1 1 2 10 15.488
fc64 >>>>> neutron spectrum cell (r=4cm) <<<<<

Fig. A-12 Continued (3/4).
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f64:n 34
fc74 >>>>> neutron spectrum-decade cell (r=4cm) <<<<<
£74:n 34
e74 le-7 1le-6 1le-5 1le-4 1le-3 1le-2 1le-1 12 10 15.488
fc102 >>>>> photon spectrum surface (r=4cm) <<<<<
f102:p 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18

el02 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+00 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01

fs102 -31

c ———————————————————————————————————————————————————————————————

£q0 s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

o] KAk kb hkhkhk kb hkdhhkhhhhkhkhhhkkhhbhkhhkkhkhkkhkkhkkhkkhkk

c * problem cutoff cards *

e (2 LS 2SR S22ttt it sttt s S

phys:n 16.0 0.0

phys:p 30.0 0 0

phys:e 30.0 1 1 1 1 1 1 1 1

cut:n 0 0.0 -0.5 -0.25 0

cut:p 0 0.0099 -0.5 -0.25 0

nps 4000000

ctme 1000000

o] ek kg e ke ke ke ke sk ok ok bk ke e ok vk ke ke ke ke ke ke ok ke ok ke kR kR ok ke ok ok ke ok ok ok ok

c * user data arrays *

c AEAAKKKARKRKERKAAAAKKRAR A AR KR AARAA KRR AA A AR Ak hokkhhhokk

idum

rdum . . .

c e % ok ko e v Ak ke e ok Tk e ke Tk e ke e A b T o ek e ok ok ke ok kR ok ko o ke ok ke

c * peripheral cards *

dodok ok ok kok dkok Kk ok ok ok ok e ke ek ok ok ke sk e e ok ok ok ke sk kR ok ok sk ke ke ok ok e ke

c
prdmp 1000000 1000000 1 1
lost 10 10

print

Fig. A-12 Continued (4/4).
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Analy51s of copper cclean benchmark experiment with JENDL-3.2

d kK ek ke kR K ke ke ok ok ok ke ko ke ke ke ke ok ok o R ok ke ok ok ok ok ke ke ke ok

c * cell card *
c AA AR AR AR R AR A AR AR AR AR RRARRARR A AR AR AR A K
1 2 4.9210-5 1 -2 -22
2 2 4.9210-5 2 -3 -22
3 1 8.4627-2 3 -4 -22
4 1 8.4627-2 4 -5 -22
5 1 8.4627-2 5 -6 -22
6 1 8.4627-2 6 -7 -22
7 1 8.4627-2 7 -8 -22
8 1 8.4627-2 8 -9 -22
9 1 8.4627-2 9 -10 -22
10 1 8.4627-2 10 -11 -22
11 1 8.4627-2 11 -12 -22
12 1 8.4627-2 12 -13 -22
13 1 8.4627-2 13 -14 -22
14 1 8.4627-2 14 -15 -22
15 1 8.4627-2 15 -16 -22
16 1 8.4627-2 16 -17 -22
17 1 8.4627-2 17 -18 -22
18 1 8.4627-2 18 -19 -22
19 2 4.9210-5 19 -20 -22
20 0 -1 : 20 : 22

Khkhkhhkdkhkhkhhkhkhkhkkkhkhkkhhkkrhkrdhdhrhhhkddhdxhd

c

c * surface card *
c AR IA AR KA AK A A kAT AT AT A A A A A d*
c

————————————————————————————— < surfaces normal to z-axis >--

1 Pz -21.00
2 pz -1.00 $ n & gamma spectrum
3 pz 0.00 $ foil & tld
4 pz 5.77 $ tld
5 pz 7.605 $ n & gamma spectrum
6 pz 10.11 $ foil
7 pz 15.00 $ change cell importance
8 pz 20.37 $ foil
9 pz 20.98 S tld
10 pz 22.815 $ n & gamma spectrum
11 Pz 30.00 $ change cell importance
-12 pz 35.61 $ foil
13 pz 36.19 $ tld
14 pz 38.025 $ n & gamma spectrum
15 pz 45.00 $ change cell importance
16 pz 50.85 $ foil
17 pz 51.40 $ tld
18 pz 53.235 $ n & gamma spectrum
19 pz 60.84 $ foil & tld
20 pz 61.84 $ n & gamma spectrum
C e < cylinders centered on z-axis >--
21 cz 3.00
22 cz 31.50
c * % %k kK k ok bla.n.k dellmter *khkkkkk
c ddk ok dh ok kg od ok ok ok ok ok ok ok ke ko ko ek ke k ok kR Rk
c * mode card - neutron & photon *
c AAAKEA A KA A XA A AR A AR KK ARk hkkkkkkkk
mode n
wwe:n 5e 6 1e-4 le-2 1 5 13 16
wwp:n 5 3 0
wwe:p 100
wwp:p 53500
ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0 0
wwnl:n 1.0e-4 1.0e-4 1.0e-4 1.0e-4 3.0e-5 1.0e-5 1.0e-5 1.0e-5
1.0e-5 1.0e-5 1.0e-5 7.0e-6 7.0e-6 5.0e-6 2.0e-6 2.0e-6
1.0e-6 1.0e-6 1.0e-6 -1
wwn2:n 1.0e-3 1.0e-3 1.0e-3 1.0e-3 3.0e-4 1.0e-4 1.0e-4 1.0e-4
1.0e-4 1.0e-4 1.0e-4 7.0e-5 7.0e-5 5.0e-5 2.0e-5 2.0e-5
1.0e-5 1.0e-5 1.0e-5 -1
wwn3:n 1.0e-2 1.0e-2 1.0e-2 1.0e-2 3.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 7.0e-4 7.0e-4 5.0e-4 2.0e-4 2.0e-4
1.0e-4 1.0e-4 1.0e-4 -1
wwnd:n 1.0e-1 1.0e-1 3.0e-2 2.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2

Fig. A-13 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on copper.
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1.0e-2 1.0e-2 1.0e-2 7.0e-3 5.0e-3 2.0e-3 1.0e-3 1.0e-3
5.0e-4 5.0e-4 5.0e-4 -1

wwn5:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
4.0e-3 2.0e-3 1.0e-3 7.0e-4 5.0e-4 2.0e-4 1.0e-4 1.0e-4
5.0e-5 5.0e-5 5.0e-5 -1

wwné:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
2.0e-3 5.0e-4 2.0e-4 2.0e-4 1.0e-4 5.0e-5 2.0e-5 2.0e-5
1.0e-5 1.0e-5 1.0e-5 -1

wwn7:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 1.0e-2 3.0e-3 1.0e-3 1.0e-3
7.0e-4 2.0e-4 5.0e-5 4.0e-5 2.0e-5 5.0e-6 2.0e-6 2.0e-6
1.0e-6 1.0e-6 1.0e-6 -

wwnl:p 1.0e-1 1.0e-1 4.0e-2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
4.0e-3 2.0e-3 1.0e-3 1.0e-3 1.0e-3 7.0e-4 5.0e-4 5.0e-4
3.0e~-4 3.0e-4 3.0e-4 -1

c L2 AR R SRR RSS2t S SRR S X3

c * source specificatio cards *

C L2 S SRR R R R RSS2 Rt s 22 RS R R 2

c 22 SRS SR SRR Rt i R a2 SRR R s R L R 2 R 2

c * material specification cards *

c % % % % % Ik de ok Kk g % % % v e g ke ke %k v v e sk ok T ok ok ke ok ke e ok ek e ok

C e < copper >--

ml 29000.37¢ 1

Lo < air >--

m2 7014.37c 3.8810-5 8016.37c 1.0400-5

€ mmmmmm——e— < materials for reaction rate>--

m3 5010.03y 1.0 $ B-10 (n,a)

md 13027.03y 1.0 $ Al-27 (n,a)

m5 22000.03y 1.0 $ Ti-0 (n,x)Sc-46 (n,x)Sc-47 (n,x)Sc-48

mé 25055.03y 1.0 $ Mn-55 (n,q)

m7 26054.03y 1.0 $ Fe-54 (n,p)

m8 26056.03y 1.0 $ Fe-56 (n,p)

m9 27059.37¢ 1.0 $ Co-59 (n,2n) (n,g) (n,a) (n,p)

ml0 28058.03y 1.0 S Ni-58 (n,2n) (n,p)

mll 29063.37¢ 1.0 $ Cu-63 (n,2n) (n,q) (n,a)

ml2 29065.37¢ 1.0 $ Cu-65 (n,2n) (n,qg)

ml3 30064.03y 1.0 $ Zn-64 (n,p)

mld 40090.03y 1.0 $ Zr-90 (n,2n)

ml5 41093.03y 1.0 $ Nb-93 (n, 2n)Nb-92m

mlé 49115.03y 1.0 $ In-115 (n,n')In-115m

ml7  79197.03y 1.0 $ Au-197 (n,q)

ml8 92235.03 1.0 $ U-235 (n, £)

c e d de v e d g vk vk vk ok sk ek ok ek ke ke ke e ek b ke ke ok ke ek ke kb ko ok ke ko ok ok

c * tally specification cards *

c 2222222 SRRt Rt sttt R st s S

fc2 -- neutron spectrum surface --—-———--——-——mmo

f2:n 2 3 4 5 6 7 8 9 10 11
12 13 14 15 16 17 18 19 20
fs2 -21
fcl2 -- neutron reaction rate surface ----—-—------——em—
fl2:n 2 3 4 5 6 7 8 9 10 11
12 13 14 15 16 17 18 19 20
fml2 (1 1 102) (1 3 107) 107) (1 5 210)

(1 4 (1

(1 5212) (1 6 102) (1 7 103) (1 8 103) (1 9 16)
(1 9 102) (1 9 103) (1 9 107) (1 10 16) (1 10 103)
(1 11 16) (1 11 102) (1 11 107) (1 12 16) (1 12 102)
(1 13 103) (1 14 16) (1 15 16) (1 16 51) (1 17 102)
(1 18 18)

fs12 -21

el2 20

fgl2 s e fm

fc22 -- neutron decade spectrum surface

f222n 2 3 4 S5 6 7 8 9 10 11
12 13 14 15 16 17 18 19 20

£s22 -21
e22 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l le+2
fc32 -- gamma-ray spectrum surface -——=———m-rremmmmmm———————— e

£32:p 2 3 4 5 6 7 8 9 10 11
1% 13 14 15 16 17 18 19 20

fs32 -2

e32 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+00 1.1300+00 1.2500+400
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+400 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01

Fig. A-13 Continued (2/3).
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1.4000+01

c ——————————————————————————————————————————————

fq0 s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

C AATA A A I A A AT A A A AR A A AT AR A A A A AR A khk ok hokkkkkkkkk

c * problem cutoff cards *

c AKIAK I ATA A A A A A A I A AR A AR AR A AR ARk ko kkkkk ok hkkkk hk

phys:n 20 0

phys:p 20 1 0

phys:e 20 1 1 1 1 1 1 1 1

cut:n 0 0.0 -0.5 -0.25 0

cut:p 0 0.999-02 -0.5 -0.25 0

nps 500000

ctme 1000000

c Ak A AR A A A A Ak kA kA Ak Ak Ak Ak kA Ak kA kA hhhkkkkkx

c * peripheral cards *

c hkdkhkhkhkddhhhkhkhkhkhhhhhhkkdkhhhkhhhkdkhkkhkkhkkhkhkdkdhkkkdkkikk

idum 1

rdum 0 0 -20

prdmp 1000000 100000 11

lost 10 10

print

c khkkhkhkk*x blank teminator % % %k Kk &k kk

Fig. A-13 Continued (3/3).
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>>> Analysis of Tungsten Slab Eperiment JENDL-3.2 <<<
**xxkx  front air region KFFFF*

1 2 4.921-5 (+1 -2 -22) : (+2 -3 +21 -22) $ source
void
2 2 4,921-5 +2 -3 -21 $ cell detecter
c * ok kkKk test region *hkkkk
3 1 6.423-2 +3 -4 -21 0.00 - 5.07 cm
4 1 6.544-2 +3 -4 +21 -22
) 1 6.423-2 +4 -5 =21 5.07 - 7.605cm
6 1 6.544-2 +4 -5 +21 -22
7 1 6.423-2 +5 -6 -21 7.605- 10.14 cm
8 1 6.544-2 +5 -6 +21 =22
9 1 6.423-2 +6 -7 =21 10.14 - 20.28 cm
10 1 6.544-2 +6 -7 +21 -22
11 1 6.423-2 +7 -8 =21 20.28 - 22.815cm
12 1 6.544-2 +7 -8 +21 -22
13 1 6.423-2 +8 -9 -21 22.815- 25.35 cm
14 1 6.544-2 +8 -9 +21 -22
15 1 6.423-2 +9 -10 -21 25.35 - 35.49 cm
16 1 6.544-2 +9 -10 +21 -22
17 1 6.423-2 +10 -11 -21 35.49 - 38.025cm
18 1 6.544-2 +10 -11 +21 -22
19 1 6.423-2 +11 -12 -21 38.025- 40.56 cm
20 1 6.544-2 +11 -12 +21 =22
21 1 6.423-2 +12 -13 -21 40.56 - 50.70 cm
22 1 6.544-2 +12 -13 +21 -22
c kkk%%x  year air region F¥¥x*
2

NNt v e ettt earan e n

23 4.921-5 +13 -14 -21 cell detector
24 2 4.921-5 +13 -14 +21 -22
c *kkkk  external void (A¥xx¥
25 0 -1 : +14 : +22
1 pz -21.00 Source
2 Pz -2.00 n-spec
3 pz 0.00 Front Surface
4 pz 5.07 #1-1
5 pz 7.605 Drawer #1
6 pz 10.14 $#1-2
7 Pz 20.28 #2-1
8 Pz 22.815 Drawer #2
9 pz 25.35 #2-2
10 Pz 35.49 #3-1
11 Pz 38.025 Drawer #3
12 pz 40.56 #3-2
13 rz 50.70 Rear Surface
14 pz 52.70 n-spec
e
21 cz 2.86
22 cz 23.76
ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
‘0.1z 0.1z 0 0 0
wwe:n 1.0e-3 1.0e-2 1.0 10.0 16.0
wwp:n 5 3 5 0 0
wwnl:n $ for eV Neutrons
0.08 1r 0.02 1r 0.005 1r 0.00128 1r
0.00032 1r 0.00008 1r 0.00002 1r 0.000005 1r
0.0000025 Tx -1
wwn2:n - $§ for 1-10keV Neutrons
0.08 1r 0.03 ir 0.008 3r 0.003 1r
0.0008 3r 0.0003 1r 0.00008 7r -1
wwn3d:n $ for 0.01-1MeV Neutrons
0.08 1ir 0.08 1r 0.08 3r 0.04 1r
0.02 3r 0.01 1r 0.005 7r -1
wwnd:n $ for 1-13 MeV Neutrons
0.08 1r 0.02 lr 0.005 3r 0.00128 1ir
0.00032 3r 0.00008 1r 0.00002 7r -1
wwn5:n $ for 14 MeV Neutrons
0.08 ir 0.02 lr 0.005 3r 0.00128 1r
0.00032 3r 0.00008 1r 0.00002 7r -1

wwe:p 100.0

wWwp:p 5 3 5 0 0
wwnl:p $ for Gamma-Rays
0.4 1r 0.15 1r 0.04 3r 0.015 1r

Fig. A-14 A typical example of input data of MCNP for the analysis of the FNS/clean
benchmark experiment on tungsten.

— 168 —



JAERI-Data/Code 98-024

0.004 3r 0.0015 1r 0.0004 7r -1
wwe:e 100.0
wwp:e 5 3 5 0 0
wwnl:e §$ for Electrons
0.4 1r 0.15 1r 0.04 3r 0.015 1ir
0.004 3r 0.0015 1r 0.0004 7r -1
c Kk kk ko k ok kA Kk AR kA Kk Ak ok Kk %k kb Kk ko ke ke ke kR ok ok ok ok ke ke ok ok ok ok
c * source specification cards *
c * a user supplied source subroutine is used. *
c AR AR KK ARAAT A AR T AT AT A R AR A ARk dhdk kb ko k ok kok ok ok &k
c * material specification cards *
o] AR AR R R R R R RS EESSSs RSttt XS]
c ~-- Tungsten
ml 74000.37c  0.05600 28000.37c 0.00580
29000.37¢ 0.00364
c --— air
m2 7014.37¢c 3.8810-5 8016.37c 1.0400-5
c --- materials for reaction rate
m3 5010.03y 1.0 $ B-10(n,alpha)
mé 13027.03y 1.0 $ Al-27(n,alpha)
m5 22000.03y 1.0 $ Ti-nat((n,x)Sc-48
mé 25055.03y 1.0 $ Mn-55(n,gamma)
m7 26056 .03y 1.0 § Fe-56(n,p)
m8 28058.03y 1.0 $ Ni-58(n,2n) & Ni-58(n,p)
m9 28060.03y 1.0 $ Ni-60(n,p)
ml0 29063.03y 1.0 $ Cu-63(n,2n) & Cu-63(n,g) & Cu-63(n,a)
mll 29065.03y 1.0 $ Cu-65(n,2n)
ml2 30064.03y 1.0 $ Zn-64(n,p)
ml3 40090.03y 1.0 $ 2r-90(n,2n)
mld 41093.03y 1.0 $§ Nb-93(n,2n)Nb-92m
ml5 49115.03y 1.0 $§ In-115(n,n')In-115m
mlé 74186.03y 1.0 $ W-186(n,gamma)
ml7 79197.03y 1.0 $ Au-197(n,gamma)
ml8 92235.03y 1.0 §$ U-235(n,fission)
c
m21 28000.37¢ 1.0 $ Ni(n,gamma)
m22 29000.37¢ 1.0 § Cu(n,gamma)
m23 74000.37¢ 1.0 § ,
c (SRR RS RS RSS2 22 SRR 22222 2 R AL R R R 2 2 23
c * tally specification cards *
c A S SRR RS SRS R RS R Rl i i R s s R Rt 2 2]
fc02 ---- neutron energy spectrum (decade) surface
f02:n 3 4 5 6 7 8 9 10 11 12 13
fg02 s £ e
fs02 -21
e(2 le-7 le-6 le-5 le-4 le-3 le-2 le-1l le+0 le+l 2e+l
fcld ---- neutron energy spectrum (decade) cell
fl4:n 2 5 7 11 13 17 19 3
fqld s f e
eld le-7 le-6 le-5 le-4 le-3 le~2 le-1 le+0 le+l 2e+l
fc22 ---- neutron reaction rate surface
f22:n 3 4 5 6 7 8 9 10 11 12 13
fs22 -21
£fg22 s e f m
e22 16.0
fm22 (1) (1 3 107) (1 3 207) (1 4 107) (1 5 212)
(1 6 102) (1 7 103) (1 8 16) (1 8 103) (1 9 103)
(1 10 16) (1 10 102) (1 10 107) (1 11 16) (1 12 103)
(1 13 16) (1 14 16) (1 15 51) (1 16 102) (1 17 102)
(1 18 18) (1 21 102) (1 22 102) (1 23 102)
fc34 ---- neutron reaction rate cell
f34:n 2 5 7 11 13 17 19 23
fg3dd s e fm
e34 16.0
fm34 (1) (L 3 107) (1 3 207) (1 4 107) (1 5 212)
(1 6 102) (1 7 103) (1L 8 16) (1 8 103) (1 9 103)
(1 10 16) (1 10 102) (1 10 107) (1 11 16) (1 12 103)
(1 13 16) (1 14 16) (1 15 51) (1 16 102) (1 17 102)
(1 18 18) (1 21 102) (1 22 102) (1 23 102)
fc42 ---- neutron energy spectrum surface
f42:n 3 4 5 6 7 8 9 10 11 12 13
fs42 -21
fc54 ---- neutron energy spectrum cell
f54:n 2 S5 7 11 13 17 19 23
fc62 ---- neutron energy reaction rate {(decade) surface
f62:n 3 4 5 6 7 8 9 10 11 12 13
fg62 s m e £

Fig. A-14 Continued (2/3).
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le-4 le-3 le-2 le-1 le+0 le+l 2e+l
(1 4 107)
(1 15 51)
(1 22 102)

(1 6 102)
(1 16 102)
(1 23 102)

surface r=4cm

.5000-02
.0000-01
.0000-01
.1300+00
.0000+00
.0000+00
.5000+00
.0000+01

.3823-06
.9023-05
.5357-04
.0346-03
.1016-03
.1874-02
.0867-02
.6349-02
.4264-01
.6649-01
.9786-01
.3013-01
.7377+00
.3752+00
.2465+00
.4374+00
.0652+00
.2902+00
.0317+01
.1156+01
.2062+01
.3042+01
.4102+01
.5248+01

RSB NEJWO

PR RREOABRWRDFRFEUVWROBRNONDUTLE W

.0000-02
.0000-01
.0000-01
.2500+00
.2500+00
.5000+00
.0000+00
.2000+01

.9278-06
.7850-05
.8293-04
.6125-03
.1186-03
.4787-02
.6308-02
.6515-02
.6163-01
.0197-01
.6415-01
.0540+00
.8498+00
.5284+00
.4559+00
.7236+00
.4564+00
.8249+00
.0480+01
.1331+01
.2252+01
.3248+01
.4324+01
.5488+01

fs62 -21

e62 le-7 le-6 le-5

fm62 (1) (L 3107y (1 3 207)
(1 10 102) (1 12 103) (1 14 16)
(1 17 102) (1 18 18) (1 21 102)

fcl02 ---- gamma-ray energy spectrum

f102:p3 4 5 6 7 8 9 10 11 12 13

£s102 -21

el02 1.0000-02 2.0000-02 3.0000-02 4
8.0000-02 1.0000-01 1.5000-01 2
4.0000-01 5.0000-01 5.2000-01 6
8.0000-01 9.0000-01 1.0000+00 1
1.3800+00 1.5000+00 1.7500+00 2
2.5000+00 3.0000+00 3.5000+00 4
5.0000+00 5.5000+00 6.0000+00 6
7.5000400 8.0000+00 9.0000+00 1
1.4000+01

c ————————————————————————————————————————————————————————

£q0 s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2
6.4758-06 1.0677-05 1.7603-05 2
7.8891-05 1.3007-04 2.1445-04 3
9.6110-04 1.2341-03 1.5846-03 2
3.3546-03 4.3073-03 5.5307-03 7
1.1709-02 1.5034-02 1.9304-02 2
2.8087-02 3.1827-02 3.6065-02 4
5.2474-02 5.9461-02 6.7378-02 7
9.8035-02 1.1109-01 1.2588-01 1
1.8315-01 2.0754-01 2.3517-01 2
3.4217-01 3.8774-01 4.3936-01 4
6.3927-01 7.2438-01 8.2084-01 9
1.1943+00 1.3533+00 1.5335+00 1
1.9691+00 2.0961+00 2.2313+00 2
2.6914+00 2.8650+00 3.0498+00 3
3.6787+00 3.9160+00 4.1686+00 4
5.0282+00 5.3525+00 5.6978+00 6
6.8728+00 7.3161+00 7.7879+00 8
9.3940+00 9.9999+00 1.0157+01 1
1.0645+01 1.0812+01 1.0983+01 1
1.1510+01 1.1691+01 1.1875+01 1
1.2445+01 1.2641+01 1.2840+01 1
1.3456+01 1.3668+01 1.3883+01 1
1.4550+01 1.4779+01 1.5012+01 1

c hkhkhkhkhkkhkhkhkhkhkhkhhkhkkhkkkhkhkhkhkkkxk

c * problem cutoff cards

c

de ok de o dedr ok de ok Ak Kk kR Rk ok ke ok ok ko

phys:n 16.0 0.0
phys:p 30.0 0
phys:e 30.0 0
npe

mode

cut:n 0 1.0e-10

cut:p 0 0.0099
cut:e 0 0.3

nps
ctme
c

c

c
idum
rdum
prdmp
lost
print

2000000
2000000

KKK K AN KX KA ATk hkkkkkhkk

0

0 0
-0.5
-0.5
-0.5

* peripheral crads

ok e ke ke ke ke ke ke ek ok ok ke ek ko ok ok ok ok ok ok

1

100000
10

0 0 -20

100000 1 1

10

11

-0.25
-0.25
-0.25

OO0

Fig. A-14 Continued (3/3).
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LEAKAGE FROM COPPER(60CM DIA) BMCCS

C d kk ok k CELL CARDS *k kkk

1 0 3 -1 -6 imp:n=1 $ void

2 2 ~7.87 (1 -2 4 -5):(4 -3 -1) imp:n=1 $ Iron shell

3 1 -6.01 (2 -5 4): (-5 -4) imp:n=1 ¢$ Copper sample

4 2 -7.87 (-6 5 4 1): (-6 5 -4) imp:n=1 $ Iron shell

5 0 6 -7 imp:n=0 $ Outer world

C * Kk k Kk Kk SU'RFAC‘E CARDS * Kk k ok k

1 (0.4 2.5

2 cxX 2.8

3 PX -2.5

4 PX -2.8

5 SO 30.0

6 SO 30.5

7 SO 100.0

C * %k Kk Kk Kk DATA CARDS % ¥k ko k

MODE N

SDEF pos=0 0 0 cel=1l wgt=l erg=dl

C *** ENERGY BIN FOR SOURCE NEUTRON ***

SIl 1.000E-01 1.120E-01 1.260E-01 1.410E-01 1.590E-01
1.780E-01 2.000E-01 2.240E-01 2.520E-01 2.830E-01
3.170E-01 3.560E-01 4.000E-01 4.490E-01 5.040E-01
5.660E-01 6.350E-01 7.130E-01 8.000E-01 8.780E-01
9.640E-01 1.058E+00 1.162E+00 1.275E+00 1.400E+00
1.542E+00 1.698E+00 1.871E+00 2.061E+00 2.270E+00
2.500E+00 2.704E+00 2.924E+00 3.162E+00 3.419E+00
3.699E+00 4.000E+00 4.165E+00 4.337E+00 4.516E+00
4.703E+00 4.897E+00 5.099E+00 5.310E+00 5.529E+00
5.757E+00 5.995E+00 6.242E+00 6.500E+00 6.765E+00
7.041E+00 7.327E+00 7.627E+00 7.938E+00 8.261E+00
8.598E+00 8.949E+00 9.314E+00 9.693E+00 1.009E+01
1.050E+01 1.082E+01 1.114E+01 1.148E+01 1.183E+01
1.218E+01 1.255E+01 1.277E+01 1.300E+01 1.324E+01
1.348E+01 1.372E+01 1.397E+01 1.422E+01 1.447E+01
1.474E+01 1.500E+01 1.527E+01 1.554E+01 1.583E+01
1.611E+01 1.640E+01 :

C *** SOURCE DISTRIBUTION ***

spl 0.000E-00 0.000E-00 0.000E-00 0.000E-00 2.425E-04
1.251E-04 5.573E-04 3.466E-04 5.228E-04 7.037E-04
7.558E-04 8.497E-04 1.052E-03 1.026E-03 1.554E-03
1.703E-03 2.019E-03 2.127E-03 2.395E-03 2.104E-03
2.273E-03 2.328E-03 2.626E-03 2.657E-03 2.742E-03
3.011E-03 2.826E-03 2.959E-03 2.834E-03 3.016E-03
2.767E-03 2.705E-03 2.884E-03 2.018E-03 2.115E-03
2.048E-03 1.865E-03 1.038E-03 8.851E-04 8.555E-04
8.894E-04 7.964E-04 7.842E-04 7.874E-04 6.657E-04
7.509E-04 7.248E-04 6.520E-04 7.586E-04 6.969E-04
6.792E-04 5.810E-04 6.129E-04 6.333E-04 6.168E-04
6.705E-04 7.635E-04 8.469E-04 9.340E-04 9.920E-04
1.152E-03 9.053E-04 1.046E-03 1.204E-03 1.473E-03
1.771E-03 2.299E-03 1.784E-03 2.416E-03 2.553E-03
3.342E-03 4.524E-03 7.935E-03 2.257E-02 9.582E-02
2.261E-01 2.954E-01 1.847E-01 4.704E-02 1.275E-02
3.679E-03 7.569E-04

Fig. A-15 A typical example of input data for MCNP for the analysis of the OKTAVIAN
leakage neutron spectrum measurement.
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c * %k kk MATERIAI‘ARDS ¥* %k kkk

M1 29063.41 -0.691 29065.41 -0.309
M2 26000.41 1

c * ok k ok k TALLY CARDS % Kk kK Kk

Flin 123456

FT1 INC

FUl 012510 20 30 40 50 60 70 80 90 100 1000 10000 20000
C * %k kk EN'ERGY BIN *kkkk

El:n 1.000E-03 1.290E-03 1.670E-03 2.150E-03
2.780E-03 3.590E-03 4.640E-03 5.990E-03 7.740E-03
1.000E-02 1.290E-02 1.670E-02 2.150E-02 2.780E-02
3.590E-02 4.640E-02 5.990E-02 7.740E-02
1.000E-01 1.120E-01
1.260E-01 1.410E-01 1.590E-01 1.780E-01 2.000E-01
2.240E-01 2.520E~01 2.830E-01 3.170E-01 3.560E-01
4.000E-01 4.490E-01 5.040E-01 5.660E-01 6.350E-01
7.130E-01 8.000E-01 8.780E-01 9.640E-01 1.058E+00
1.162E+00 1.275E+00 1.400E+00 1.542E+00 1.698E+00
1.871E+00 2.061E+00 2.270E+00 2.500E+00 2.704E+00
2.924E+00 3.162E+00 3.419E+00 3.699E+00 4.000E+00
4.165E+00 4.337E+00 4.516E+00 4.703E+00 4.897E+00
5.099E+00 5.310E+00 5.529E+00 5.757E+00 5.995E+00
6.242E+00 6.500E+00 6.765E+00 7.041E+00 7.327E+00
7.627E+00 7.938E+00 8.261E+00 8.598E+00 8.949E+00
9.314E+00 9.693E+00 1.009E+01 1.050E+01 1.082E+01
1.114E+01 1.148E+01 1.183E+01 1.218E+01 1.255E+01
1.277E+01 1.300E+01 1.324E+01 1.348E+01 1.372E+01
1.397E+01 1.422E+01 1.447E+01 1.474E+01 1.500E+01
1.527E+01 1.554E+01 1.583E+01 1.611E+01 1.640E+01

C LA R &2 CIJT OFF CARD *kkkk

CUT:N 1.0E16 1.0E-3 0.01

C **%%% NEUTRON HISTORY **¥¥*x

NPS 10000000

PRINT

Fig. A-15 Continued. (2/2)

- 172 —



JAERI-Data/Code 98-024

Analysis of OKTAVIAN Experiment for Secondary Gamma-Rays << Al-n >>

1 0 -1
2 2 -7.90 1 -2
3 1 -1.22 2 -3
4 2 -7.90 3 -4
S 0 4 -5
6 0 5
1 so 10.00
2 so 10.20
3 so 18.75
4 so 19.95
5 so 580.00
mode np e
imp:nl 1 1 1 1 0
imp:p 1 1 1 1 1 0
imp:e1 1 1 1 1 O
sdef erg=dl
sil 1.000e-1 1.120e-1 1.260e-1 1.410e-1 1.590e-1 1.780e-1 2.000e-1 2.240e-1
2.520e-1 2.830e-1 3.170e-1 3.560e-1 4.000e-1 4.490e-1 5.040e-1 5.660e-1
6.350e-1 7.130e-1 8.000e-1 8.780e-1 9.640e-1 1.058e+0 1.162e+0 1.275e+0
1.400e+0 1.542e+0 1.698e+0 1.871le+0 2.06le+0 2.270e+0 2.500e+0 2.704e+0
2.924e+0 3.162e+0 3.419%e+0 3.699%e+0 4.000e+0 4.165e+0 4.337e+0 4.516e+0
4.703e+0 4.897e+0 5.099e+0 5.310e+0 5.529%9e+0 5.757e+0 5.995e+0 6.242e+0
6.500e+0 6.765e+0 7.041le+0 7.327e+0 7.627e+0 7.938e+0 8.261le+0 8.598e+0
8.949e+0 9.314e+0 9.693e+0 1.009e+1 1.050e+1 1.082e+1 1.114e+1 1.148e+1
1.183e+1 1.218e+1 1.255e+1 1.277e+1 1.300e+1 1.324e+l 1.348e+l 1.372e+l
1.397e+1 1.422e+1 1.447e+1 1.474e+1 1.500e+1 1.527e+l 1.554e+1 1.583e+l
1.61le+l 1.640e+l
spl 0.000e-4 0.000e-0 0.000e-0 1.270e-4 5.774e-5 2.536e-4 2.722e-4 2.076e-4
4.366e-4 3.873e-4 4.756e-4 6.16le-4 6.727e-4 6.648e-4 8.58le-3 1.098e-3
1.184e-3 1.412e-3 1.616e-3 1.546e-3 1.556e-3 1.631e-3 1.771le-3 1.804e-3
1.823e-3 1.891e-3 1.935e-3 2.002e-3 2.052e-3 2.004e-3 2.068e-3 2.091e-3
3.354e-3 1.492e-3 1.322e-3 1.451le-3 1.40le-3 7.112e-4 6.423e-4 6.514e-4
6.195e-4 6.428e-4 6.209e-4 5.788e-4 5.227e-4 5.250e-4 5.456e-4 5.106e-4
5.789e-4 5.391e-4 4.998e-4 4.813e-4 5.300e-4 5.756e-4 5.230e-4 5.394e-4
6.256e-4 7.047e-4 7.72%e-4 7.951le-4 8.659e-4 8.106e-4 8.923e-4 1.022e-3
1.281le-3 1.687e-3 2.286e-3 1.825e-3 2.479e-3 3.794e-3 7.010e-3 1.565e-2
3.634e-2 7.492e-2 1.279%e-1 1.768e-1 1.916e-1 1.500e-1 8.676e-2 3.950e-2
1.430e-2 4.269e-3

ml 13027.41lc 1 : .
m2 24000.41c -0.185 25055.41c -0.013 26000.41lc -0.691
28000.41c -0.111

fe32 - photon spectrum -—---------
£32:p 5

fm32 4227327.1 $ 4*pi*580*580

fg32 e ¢t

e32 0.3 56i 6.0 19i 10.0 24i 20.0
t32 8.8 le6 t

C

phys:n 20.0 0

phys:p 20.0 0 0

phys:e 20.0 0 0 0 0 1 0 1 1
cut:n le6 0.0 -0.5 -0.25 0

cut:p le6 0.299 -0.5 -0.25 0

cut:e le6 0.3 -0.5 -0.25 0

nps 1000000

ctme 1000000

prdmp 10000000 10000000 11
lost 10 10

print

Fig. A-16 A typical example of input data for MCNP with the D-T neutron source for
the analysis of the OKTAVIAN leakage gamma-ray spectrum measurement.
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Analysis of OKTAVIAN Experiment for Secondary Gamma-Rays << Al-g >>

1 0 -1
2 2 -7.90 1 -2
3 1 -1.22 2 -3
4 2 -7.90 3 -4
5 0 4 -5
6 0 )
1 so 10.00
2 so 10.20
3 so 19.75
4 so 19.95
5 so 580.00
mode p e
imp:p1 1 1 1 1 O
imp:e1 1 1 1 1 0
sdef erg=dl wgt=0.0862
sil 0.6 931 10.0
spl 0.000e+0 2.961le-3 4.793e-3 9.615e-3 4.543e-3 4.082e-3 5.335e-3 6.609e-3
4.793e-3 3.476e-3 2.035e-3 1.733e-3 1.733e-3 1.557e-3 1.326e-3 1.257e-3
1.191e-3 1.070e-3 1.014e~-3 1.070e-3 1.129e-3 1.014e-3 8.638e-4 7.76le-4
8.188e-4 8.638e-4 8.638e-4 8.188e-4 7.76le-4 7.356e-4 7.356e-4 7.356e-4
6.973e-4 6.264e-4 5.628e-4 5.335e~-4 5.335e-4 5.628e-4 5.938e-4 6.264e-4
5.938e-4 5.057e-4 4.082e-4 3.476e-4 3.295e-4 3.476e-4 3.667e-4 4.082e-4
4.082e-4 3.869e-4 3.667e-4 3.295e-4 2.960e-4 2.806e-4 2.806e-4 2.960e-4
2.960e-4 2.960e-4 2.806e-4 2.659%e-4 2.521e-4 2.389%e-4 2.389%e-4 2.521e-4
2.521e-4 2.389e-4 1.92%e-4 1.642e-4 1.476e-4 1.399%e-4 1.326e-4 1.326e-4
1.326e-4 1.326e-4 1.326e-4 1.326e-4 1.257e-4 1.070e-4 9.113e-5 8.188e-5
6.973e-5 6.609e-5 6.264e-5 5.938e-5 5.938e-5 5.628e-5 5.628e-5 5.335e-5
5.057e-5 4.306e-5 3.667e-5 2.960e-5 2.659e-5 2.659%e-5 2.806e-5
c
ml 13027. 1
m2 24000. -0.185 25055. -0.013 26000. -0.691
28000. -0.111
c
fc32 ————- photon spectrum -----
f32:p 5
fm32 4227327.1 $ 4*pi*580*580
fq32 e t¢

e32 0.3 56i 6.0 19i 10.0
Tt32 6.9 let t

c

phys:p 20.0 0 0

phys:e 20.0 0 0 0 0
cut:p le6é 0.299 -0.5 -0.25
cut:e 1le6 0.3 -0.5 -0.25
nps 1000000

ctme 1000000

prdmp 10000000 10000000 1 1
lost 10 10

print

OO

Fig. A-17 A typical example of input data for MCNP with the target gamma-ray
source for the analysis of the OKTAVIAN leakage gamma-ray spectrum
measurement.
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COMPILATION OF BENCHMARK RESULTS FOR FUSION RELATED NUCLEAR DATA




