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A multi-group cross section library for shielding safety analysis
has been produced by using ENDF/B-IV, The library consists of ultra—
fine group cross sections, fine-group cross sections, secondary gamma-
ray production cross sections and effective macroscopic cross gections
for typical shielding materials. Temperature dependent data at 300,
560 and 900 K have been also provided. Angular distributions of the
group to group transfer cross section are defined by a new method of
"Direct Angular Representation'" (DAR) instead of the method of finite
Legendre expansion. The library designated JSD1000 ave stored in a
direct access data base named DATA-POOL and data manipulaticns are
available by using the DATA-POOL access package. The 3824 neutron
group data of the ultra-fine group cross sections and the 100 neutron,
20 photon group cross sections are applicable to shielding safety
analyses of nuclear facilities. This report provides detailed specifi-

cations and the access method for the JSD100G0 library.

Keywords: JSD1000 Code, RADHEAT-V4 Code, Cross Section, Neutron,
Gamma-Ray, Secondary Gamma-Ray, Multi-Group, Transport Code,
Calculation, Radiation Shieldings, Data Library, Atomic

Displacement, User's Manual, Energy Deposition
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1. Introduction

A multi-group cross section library for shielding safety analyses
has been produced by using the RADHEAT-V41) code system. RADHEAT-V4
which is the latest version of the RADHFAT?) code system has been
developed for performing precisely ﬁEutron and photon transport
analyses, and shielding safety evaluations.

In 1977, the Japan Atomic Energy Research Institute provided two
libraries JSDlOO/lZO/DLC—Sls) as a part of the shielding caleulations
scheme RADHEAT—VB/CCC—300”). Many experiences with the code system have
shown that more rigorous group cross sections and tramsport calculations
are essentially needed to improve the accuracy of shielding design and
safety calculations.

Particularly, the angular flux distribution is a basic quantity
for evaluating the radiation current in shielding materials. Various
attempts have been made for describing more precisely the anisotropic
scattering of radiations in order to calculate the angular flux dis-
tributions. One of the recent outstanding results is the use of the
discrete ordinates Sy-transport calculation by expressing the anisotropic
scattering cross section with the Legendre expansion of the cosine of the
scattering angle.

However, it is known®V7) that the Sy—transport calculation gives
the negative angular fluxes remarkably when a strong anisotropic source
is present in the shielding materials. One of the causes for the fact
that negative angular fluxes appear in the Sy-transport calculation is
a truncation error of the angular cross section by using the finite
legendre expansion. The other is the fitting error of the scattering
source obtained by Sy-tramsport calculation. To remove the former
cause, a difficulty exists in generating group to group transfer cross
sections as far as the finite Legendre expansion is used. That is, the
data of angular dependency are given generally in the form of the
Legendre coefficients in the evaluated nuclear data file such as ENDF/
B—IVS). The maximum order of these coefficients increases according as
the energy of incident neutron goes up. Therefore, in order to get an
accurate angular dependency of the scattering cross section, it is
necessary to consider up to the maximum order of the coefficients given

in the library. However, a high order of expansion is needed when the
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nucleus has the scattering cross section like a delta-function of the
scattering angles. It is practically difficult from the actual restric—
tions of computation times and computer memories.

To eliminate the latter cause, the first collision method is
generally effective. But it is not effective as a remedy for the former
cause, Therefore, an improvement for obtaining accurately the angular
flux has to be done by using the method without adopting the Legendre
expansion for generating the group to group transfer cross sections and
for performing the Sy-transport calculations.

RADHEAT-V4 adopts a new method?) named "Direct Angular Representa-—
tion" (DAR) for expressing the angular distributions of the group to
group transfer cross section in order to eliminate the difficulty
mentioned above. The group tc group transfer cross sections are stored
in the JSD1000 library with the appropreate form.of the DAR methed. The
DAR method and the form of the group to group transfer cross section are
briefly described in Chapt. 4.

The JSD1000 library contains ultra-fine group cross sections, fine-
group cross sections that include self-shieldirng tables, secondary gamma-—
ray production cross sections and effective macroscopic cross sections
used as source, shielding and detector materials.

The ultra-fine data consist of 3824-neutron, and the fine-group
ones consist of 100-neutron and 20-photon groups. The energy group
structures of the ultra-fine and the fine-group cross sections are
described in Chapt. 2. The ultra-fine group and the fine group cross
sections for 42 nuclides used as source, shielding and detector materials
are produced at the temperature of 300, 560 and 900 K from ENDF/B-IV.

The Bondarenko-type self-shielding factorlo) is given by the appropreate
vy values of 0, 1, 10, 104, 103, 10% and 108. The secondary gamma-ray
production cross sections for 32 nuclides at 300, 560 and 90C X are
generated with ENDF/B-IV. The effective macroscopic cross sections for
33 materials at 300 K are produced by using the fine-group cross sections
and the secondary gamma-ray production ones. The identification of the
data and the method of generation are described in Chapters 3 and 4,
respectively.

JSD1000 is stored in the direct access data base named "DATA—POOL”II).
DATA-POOL consists of a control, a directory and a data section. The

directory section has informations for node names defined by f—characters
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and record addresses in the data section. The node name is used for
searching the records of the data. The data in the JSD1000 library
are classified according to several tree structures of the node names
and stored in the data section. The record format of the data and the
access method of DATA-POOL are described in Chapt. 5.

JSD1000 which is revised data librarv of JSD100/120 will be
utilized as a standard library of shielding safety analyses for nuclear

fuel facilities after the detailed evaluation is established.
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2. Energy Group Structure

The energy group structure for multi-group transport calculation
directly affects the accuracy of shielding calculations. Detailed
energy group structure is needed as much as possible when an accurate
shielding evaluation is required. Particularly, the energy width and
boundary of group cross section must be carefully chosen when shielding
materials have cross sections of large rescnance windows. However, the
adequate energy group structure depends on each shielding problem, so
that it is not easy to determine a unique group structure.

JSD1000 contains an "ultra—fine group" cross section which
consists of 3824 energy groups as shown in Table 2.1. The ultra-fine
group cross section has a character as a basic library which is net
affected by the effect of resonance self-shielding. The "fine-group"”
cross section which generally consists of 100 to 200 groups, the scatter-
ing matrix and the secondary gamma-ray cross section are generated from
the ultra-fine group cross section by using an adequate weighting
spectrum.

Adopted meutron and gamma-ray fine energy group structure are shown
in Tables 2.2 and 2.3, respectively. The neutron energy group consists
of 100 groups. The energy group structure up to the 92th group is the
same as the standard 137 energy group structurelz) of JAERI described
in Table 2.4. The JAERI 137 energy group structure has fine energy
meshes below the epithermal energy region in order to perform detailed
evaluations of thermal reactor and criticality safety analyeses. The
energy groups from 93 to 100 of the fine energy group structure in the
JSD1000 library are given by bunching the standard 137 energy group
structure of JAFRI because the region below epithermal emergy is not so
important in shielding calculations compared with the criticality safety
analyses.

The gamma-ray energy group consists of 20 groups. The energy group
structure is the same as the EURLIB—213) group structure that was adopted

in the JSD120 library produced by the RADHEAT-V3 code system.
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ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP ¢

LOWER

2.2104E~-C4
.8289E-04

s b R b R b2 D N0 0 00 00 N~ N O OV O U U UT U B B B B L W I RO RO T R RS RS e e b i s 1 0 00 N O Ut B (A T

5236E-04

.2946E-04
-1418E-04
L.0651E-04
.0647E-0Q4
.14C5E-04
.2925E-C4
L.0521E-03
.1825E-03
.3206E-03
LAE63E-03
LHLFEE-03
.7805E-03
.P490E-03
.1252E-03
.30Q0E-03
.5004E-03
69F4E~03

061E-03

.1203E-03
.3422E-03
.5717E-03
.BOBYE-03
.0536E-03
.3060E-03
-5660E-03
.B334E-03
.1089E-03
.3917E-Q3

6822E-03

.P803E-03
.2860E-03
.5994E-03
.9203E-03
.248B9E-03
.5851£-03
.9289E-03
.2B04LE-03
L6395E-03
.0062E~03
.3B05E-03

TH6ZLE-O3

.0152E-0&
.054%9E-02
.0954E-02
LIEA6E-02
.1786E-02
L2214E-C2

2
3
&4

RS R R P R P O N OO0 NN N A B NN W R NN PO R R e B e e 2 N0 00O N

UPPFER
.B2B9E-04
.52346E-04
L2946E-04
L141BE-04
.0651E-04
L0647E-04
.1405E-04
.2925E-04
.0521E-03
.1825E-03
.3206E-03
.4663E-03
S61G6E-03
.7805E-03
LPLY0E-03
.1252E-03
-3090E-03
.5004E-03
.6994E-03
-9061E-03
.1203E-03
.3422E-03
.5717E-03
.B8089E-03
.0536E~03
.3060E-03
.5660E-03
.B336E-03
.1089E-03
.3917E-03
.6822E-03
.9803:-03
.2860E-03
.59%94E-03
.9203E-03
.248%E-03
.5851E-0C3
.9289E-03
.2804E-073
.6395E-03
.0062E-03
.3805E-03
.7424E-03
.0152E-02
.0549E-C2
.0G54E-02
-1366E-02
.1786€E-02
L2214E-02
.28649E-02

EV D (

NO.
51
52
53
54
55
56
57
58
59
60
61
&2
63
b4
65
66
&7
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
B4
85
86
87
88
BY
90
21
92
93
Ph
95
96
97
8
99
100

1

b I L A D I O W N W R RO PO PO PO T RS R RS RO RS RO R PO RO R PO ES 1 1 A S R b B b D P s 3 s

100 GROUPS

LOWER

.264L9E-02
.3092E-02
.3543E-02

4LO01E-Q2
L467E-02
LILOE-Q2

-5421E-02
.5910E-02
Lb4L06E-02
.6910E-02
.7T421E-02
.794L0E-02
L84ETE-D2
.9001E-02
.9543E-02
.D093E-02
.0650E-02
L1215E-02
L178B7E-02
.2368E-02
.2955E-02
.3551E-02
L4153E-02
LGT76LE-02
.5382E-02
.6008E-02
L.6641E-02
L7282E-02
.7931E-02
LB587E-02
-?251£-02
L9923E-02
.0602E-02
.128%9E-02
L19B3E-Q2
.28685E-02
.3395E-02
LA112E-02
L4837E-02
.5569E-02
L6309E-02
L7057E-02
.7813£-02
.8576E-02
L2346E-02
.0124E-C2
L.0910E-02
.1704E~-Q2
4 .2505E-0¢2
4.3313E-02

)

UPPER
.3092E-02
L3543E-02
L4001E-02
.L46T7E-02
L4940E-02
.5421E-02
.5910E-02
LE6406E-02
L6G10E-02
L7421E-02
LT9L0E-C2
.B467E-02
.9001£-02
L9543E-02
.0093E-02
.0650E-02
.1215E-02
.1787E-02
.236BE-02
.2955E-02
.3551E-02
.4153E-02
AT6LE-C2
.5382E-02
.6008E-0Q2
464L1E-02
L7E2B2E-02
.7931E-02
.8587E-0C2
.9251E-02
.9923E-C2
.08602E-02
.1289E-042
.1983E-02
.2685E-02
.3395E-02
L4112E-02
.4837E-Q2
.5569E-02
.6309E-02
.7057E-G2
L.7B13E-02
.8576E-02
.9346E-02
L0124E-02
.0910E-02
L1704E-02
L.2505E-02
.3313E-02
LA130E-02
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TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED?
NEUTRON ENERGY GROUP C EV ) ( 101 - 200 GROUPS )

NO. LOWER _UPPER NO. LOWER UPPER

101 4.4130E-02 4. 4954E-02 151 9.4662E-02 9.5867E-02
102 4 4954E-02 4,5785E-02 152 9.5867E-02 9.7080E-02
103 4.5785E-02 4,6624E-02 153 $.708CE-C2 $.8300E-02
104 L.56624E-02 4.7471E-02 154 9.8300E-02 9.9528E-02
105 L.7LT71E-C2 4.8326E-02 155 9.9528E-02 1.0076E-C1
106 4,8326E-02 4,9188E-02 156 1.0076E-01 1.0201E-01
107 4.9188E£-02 5.0057E-02 157 1.0201E-01 1.0326E-01
108 5.0057E-02 5.0935£-02 158 1.0326E-01 1.0452E-01
109 5.0935E-02 5.1820E£-02 159 1.0452E-01 1.0578E-01
110 5.1820E-02 5.2712E-02 160 1.0578E-01 1.0706E-01
111 5.2712E-02 §.3612E-02 161 1.0706E£-01 1.0834E-01
112 5.38612E-02 5.4520E~02 162 1.0834E-01 1.0963E-01
113 5.4520E-02 5.5435E-02 163 1.0%963E-01 1.1092E-01
114 5.5435E-02 5.6358E-02 164 1.16%2E-01 1.1223E-C1
115 5.6358E-02 5.728%E-02 165 1.1223E-0C1 1.1354E-01
11 5.7289E-G2 5.8227E-02 166 1.1354E-01 1.1488E-01
117 5.8227E-02 5.9173E-02 167 1.1486E-01 1.1618E-01
118 5.9173E-02 &.0127E-02 168 1.1618E~01 1.1752E~-01
119 6£.0127E-02 6.1088E-02 169 1.1752E-01 1.1886E-01
120 6.1088E-02 6.2057E-02 170 1.1886E-C1 1.2021E-01
121 6.2057E-02 6.3033E-02 171 1.2021E-C1 1.2157E-01
122 6.3033E-02 6.4017E-02 172 1.2157E-01 1.2293E-01
123 6.46017E-C2 6.5009E-02 173 1.2293E-01 1.2431E-01
124 6.5009E-02 6.6008E-02 174 1.2431E-01 1.2569E-01
125 6.60CBE-02 6.7015E-02 175 1.2549E-01 1.2707E-01
126 &.7015E-02 6.8029E-02 176 1.2707E-01 1.2847E-01
127 6.8029E-02 6.%051E-02 177 1.2847E-01 1.2987E-01
128 6.9051E-02 7.0081E-02 178 1.2987E-01 1.3128E-01
12% 7.0081E-02 7.1118E-02 179 1.3128E-01 1.3270E-01
130 7.1118E-02 7.2163E-02 180 1.3270E-01 1.3413E-01
131 7.2163E-02 7.3216E-02 181 1.3413E-01 1.3554E-01
132 7.32186E-02 7.4276E-02 182 1.3556E-01 1.3700e-C1
133 7.42785E-02 7.534L4E-02 183 1.3700E-01 1.2845E-01
134 7.5344E-02 7.6419£-02 184 1.3845E-01 1.3991E-01
135 7.6419E-02 7.7502E-02 185 1.3991E-01 1.4137E-01
138 7.7502E-02 7.8593E-02 186 1.4137E-01 1.4284E-01
137 7.8593E-02 7.9691E-02 187 1.4284E-01 1.4432E-01
138 7.9691E-02 8.0797E-02 188 1.4432E-0C1 1.4581E-01
139 8.0797E-02 8.1911£-02 189 1.4581E-01 1.4730E-01
140 8.1911E~-02 8.3032E-02 190 1.4730E-01 1.4881E~-01
1471 8.3032E-02 8.4161E-02 191 1.4881E-01 1.5032E-01
142 8.4161E-02 8.5297E-02 192 1.5032E-01 1.5183E-01
143 8.52%97E-02 B.6441E-02 193 1.5183E-01 1.5338E-01
144 B.64L1E-02 8.7593E-02 194 1.5336E-01 1.5489E-01
145 8.7593E-02 B.B8752E-07 195 1.5489E-01 1.5643E-01
146 B.B752E~02 B.991FE-02 196 1.5643E-01 1.5798E-0C1
147 8.9919E-0Z 9.1093E-02 167 1.5798E-01 1.5954E-01
148 9.1093E-02 9.2275E-02 198 1.5%954E-0C1 1.6110E-01
149 9.2275E-02 G.3465E-02 199 1.6110E-01 1.6267E-01
150 ¢ .3465E-02 9.4662E-02 200 1.6267E-01 1.6425E-01
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ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP ¢

1
1

RS

1
1
1

B R I T R O O O I I U O O T U T N O L T T N T I T S S S N U VN U U T D

2

LOWER
LHL25E-01
L6583E-01
LA7L3E-01
.4903E-01
.7064E-01
.7225E-01
.73BBE-01
.7551E-01
.7715E-01
.7880E-01
.8045E-01
LB211E-01
.8378E-01
.B8546E-01
.8715E-01
.8884E-01
.9054E~01
LF225E-01
L9396E-01
.9569E-01
L9742E-01
.9915E-01
.00%0E-01
.0265£-01
_0442E-01
-.0618E-01
.0796E-01
.0975E-01
.1154E-01
.1334E-01
.1514E-01
.1696E-01
LA1878E-01
.2061E-01
L22L45E-01
LALZ9E-01
.2615E-01
.2801E-01
.2987E-01
L3175E-01
.3363E-01
.3552E-01
3742E-01
.3933£-01
LA124E-01
L4316E-01
-4509E-01
LAE7O3E-01
W4B97E-01
.50%3E~-01

R N T O e N U R R R R N O T N T T U O T T S T T T N I I Y

UPPER

.6583E-01
W6743E-01
LEPC3E-0C1
.7064E-01
.7225E-01
.7388E-01
.7551E-01

7715E-01

.7880E-01
.8045E-01
-8211E-01
.8378E-01
.85464E-01

8715E-01

.8884E-01
.FO054E-01
L9225E-01
.93946E~-01
.9569E-01
L9742E-01
WPFI5E-01
.00%0E-01

0265E-01

L0442E-01
.0618BE-01
.0C796E-01
.0%75E-01
.1154E-01
.1334E-01
.1514E-0C1
.1696E-C1
.1878E-01
.2061E-C1
.2245E-01
L2429E-01
.2615E-01
.2801E-01
-.2987e-C1
.3175E-01
_3363E-01
.3552E-01
L3742E-01

3933E-01
4124E-01

A316E-01
LA4509E-01

4703E-01
4£B97E-01

.5093E-01
2.5288E-01

EV )

(

NO.
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

201

NN A NN AN NN H N IR W N W W W W N W W W W W W W W MO N MO N M NN MO NN OMNTON NN RSN

(CONTINUEDD

300 GROUPS

LOWER

-52B88E-01
.5485E-01
.5683E-01
.5881E-01
.6080E-01
.6280E-01
.6480E~01
.66B1E-C1
.6883E-C1
L70B6E-C1
.72%0E-C1

T4P4E-01
7T69GE-01

.7905E-01

8112E-01

.B319E-01
LB527E-01
LBY36E-01
LB946E-01
.F156E-01
.$367E-01

@SVIE-01

L97G2E-01
.Q006&E-01
.0220E-01

C&a35E-01

.0651E-01
.0867E-01
.1084E-01
.1302E-01
L1521E-01
.1741E-01
L1961E-01
.2182&8-01
L2404E-01
L2627E-01
.2850E-01
-3074E-01
L 3299£-01
.3525E-01
.3751E-0C1
L3978E-0G1
.4206E-01
LAA35E-01
.4665E-01
L4B95E-01
.5126E-01
.5358E-01
-5590E-01
.53823E-01

HIWW W WH W WINW MWW W W W HWWWIWWW W WNMNN MNP NN MO MNOMNRNMNOMNMNDRARRAR PO N MDRNY

)

UPPER

.5485E-01
.5683E-01
.5881E-01
.6080E-01
.6280E-01
.6480E-01
.6681E-01
.6883E-01
.7086E-01
.72%90E-01
LTLEFLE-01
.7699E-01

7905E-01

.8112E-01

8319E-01

.8527E-01
.8736E-01

8946E-01
9156E-01

-9367E-01
L9579E-01
W979ZE-01
.0006E~-01
.0220E-01
.0435E-01

0651E-01
0867E-01

-10B4E-01
.1302E-01
.1521E-01
LA741E-01
.1961E-01
L2182E-01
.2404E-C1
L2627E-01
.2850E-01
.3074E-01
L3299E-C1
.3525E-01
.3751E-01

3978E-01

LL206E-01
L 4435E-01
LAG665E-01
LABY5E-01
.5126E-01
.5358E-01
.3590E-C1
.5823E-01
LH6057E-01



JAERI —M 84 — 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED?
NEUTRON ENERGY GROUP C EV ) ¢ 3201 - 400 GROUPS O

NO . LOWER UPPER NO. LOWER UPPER

301 2.6057E-01 2.6292E-01 351 4.78B60E-01 4.81C0E-01
302 2.6292E-01 3.46528E-01 352 4,8100E-01 4 .8341E-01
303 3.6528E-01 3.6764E-01 353 4.8341E-01 4.B583E-01
304 3.6764LE-01 3.7001E-01 354 4_.8583E-01 4.8B27E-01
305 3.7001E-01 3.723%9E-01 355 4.8827E-01 L,.9072E-01
306 3,7239E-01 3.7478E-01 356 4 .9072E-01 4L,9317E-01
307 3.7478E-01 3.7717E-01 357 4.9317E-01 4L .9564E-01
308 3.7717E-01 3.7957E-C1 358 4.9564E-01 4 ,9813E-01
309 3.7957E-01 3.8198E-0C1 359 4&.9813E-01 5.0062E-01
310 3.8198E-01 3.8440E-01 360 5.0062E-C1 5.0313E-01
311 2.8440E-01 3.8682E-01 361 5.0313E-01 5.0566E-01
312 3.86R2E-01 3.8925E-01 362 5.0566E-01 5.081%9E-01
213 2.8925E-01 3.91469E-01 363 5.0819E-01 5.1074E-01
314 3.9169E-01 3.9414E-01 364 5.1074E-01 5.1330E-01
315 3,9414E-01 3.9660E-01 365 5.1330E-01 5.1587E-01
316 3.9660E-01 3.9906E-C1 366 5.1587E-01 5.1846E-01
317 3.9906E~01 4 .0153E-01 267 S.1846E-01 5.2106E-01
318 4.0153E-01 4 . 0401E-01 368 5.2106E-01 5.2366E-01
319 4.040C1E-01 4. 0649E-01 369 5.2366E-01 5.2629E-01
320 4.0649E-01 4.0898E-01 370 5.2629E-01 5.2893E-01
321 4,.0898E-01L 4.1399E-01 371 5.28%3E-01 5.3158E-01
322 4.1399E-01 4 .1607E-01 372 5.3158E-01 5.3425E-01
323 4.1607E-01 4.1816E-01 373 5.3425E-01 5.38693E-01
324 4L.1816E-C1 4.2025E-01 374 5.3693E-01 5.3961E-01
325 4.2025E-01 4.2236E-01 375 5.3961E-01 5.4232E-01
326 4.2236E-01 4. 2648E-01 376 5.4232E-01 5.4504E-01
327 4.,2448E-01 4L,2661E-01 377 5.4504E-01 5.4778E-01
328 4.2661E-01 4.2B74E-01 378 5.4778E-01 5.5052E-01
329 4.2874E-01 4 .308%9E-01 379 5.5052E-01 5.5328E-01
330 4. 3089E-01 4 .3303E-01 380 5.5328E-01 5.5605E-01
331 4L .3305E-01 4.3%522E-01 381 5.3605E-C1 5.5883E-01
332 4.3522E-G1 4 . 3740E-01 382 5.5883E-01 5.6164E-01
333 4 .3740E-01 4 ,3960E-01 383 5.6164E-01 5.6446E-01
334 4 .3960E-01 4. 4180E-01 384 5.6446E-01 5.6728E-01
335 4.4180E-01 4.4401E-01 385 5.6728E-01 5.7013E-01
336 4, 44601E-01 4o 4624E-01 386 5.7013E£-01 5.7299E-01
337 b L624E-01 4. 4B847E-C1 387 5.7299E-C1 5.75858-01
338 4 4BLTE-Q1 4,.5073E-01 388 5.7585cK-01 5.7874E-01
339 4.5073E-01 4.5299E-01 389 5.7874E-01 5.8165E-C1
240 4, 5299E-01 4 .5525E-01 390 5.8165E-01 5.8456E-01
341 4.5525E-01 4 .5754E-C1 391 5.8456E-C1 5.8749E-01
342 4.5754E-01 4 .5983E-01 392 5.8749E-01 5.9044E-01
343 4 .5983E-01 L. 6213E-01 393 5.9044E-01 5.9339E~01
344 4L.6213E-01 4 6L4L5E-01 394 5.9339E-01 5.9637E-01
345 4L.6445E-01 4 .6678E-01 395 5.9637E-01 5.9936E-01
346 4L .6678E-01 4.6912E-01 396 5.9936E-C1 6.0236E-01
347 4.6912E-01 4 ,7147E-01 397 6.0236E-01 6.0538E-01
348 4.7147E-01 4.73B4E-01 398 6.0538E-01 6.0842E-01
349 4. 7384E-01 4. 7621E-01 399 6&.0842E-01 6.1146E-01
350 4.7621E-01 4 .7860E-01 400 6.1146E-01 6.1453:-01



NO .
401
402
403
LO4
405
L06
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
L&
441
442
443
Lh b
445
Lbé
L47
448
449
450

TABLE 2.1

NMEUTRCGN ENERGY GROUP

LOWER
6.1453E~-01
6.1761E-01
&.2071E-01
&.2382E-01
6.2695E-01
6.300%9E-01
6.3324E-01
&6.3642E-01
6.3961E-01
65.4281E-01
H.4604E-01
6.4928E-01
6.5253E-01
6.5580E-01
6.5909E-01
6.6239E-01
&.6571E-01
6.6905E-01
6.7240E-01
6.7577E-01
£.7916E-01
6.8256E-01
4.8599E-01
6.8943E-01
£.9288E-01
&6.9635E-01
6.9985E-01
7.033%36E-01
7.0688E-01
7.1042E-01
7.1399E-01
7.1756E-01
7.2116E-01
7.2478E-01
7.2840E-01
7.3206E-01
7.3573E-01
7.3941E-01
7.4312E-01
7.4685E-01
7.50588-01
7.5435E-01
7.5814E-01
7.6193E-01
7.6575E-01
7.6959E-01
7.7344E-01
7.7732E-01
7.8122E-01
7.85138-01

JAERI — W 84 — 038

ENERGY GROUP STRUCTURE

UPPER
6.1761E-01
6&.2071E-01
6.2382E-01
4.26%5E-01
é.3009E-01
&.3324E-01
6.3642E-01
6.3961E~-01
6.4281E-01
6.4604E-01
$.4928E-01
6.5253E-01
4.5580E-01
6.5909E-01
6.6239E-01
5.6571E-01
45.6905E-0Q1
6.72408-01
4.7577E-01
6.7916E-01
6.8256E-01
6.8599E-01
$.8943E-01
4$.9288E-01
6.9635E-01
6.9985E-01
7.0336E-01
7.0688E-01
7.1042E-01
7.1399E-01
7.1756E-01
7.2116E-01
7.2478E-01
7.28L0E-01
7.3206E-01
7.3573E-01
7.3941E-01
7.4312E-01
7.46685E-01
7.5058E-01
7.5435E-01
7.5814E-01
7.6193E-01
7.6575E-01
7.6959E-01
7.7344E-01
7.7732E-01
7.8122E-01
7.8513E-01
7.8%07E-01

¢ EV )

(

NG .
451
452
453
454
455
456
457
458
459
460
461
462
463
L64
465
L66
467
468
L69
470
471
472
473
474
475
476
477
478
479
480
481
482
L83
L8
485
486
487
488
489
490
461
492
493
494
495
496
L97
498
499
500

401

(CONTINUED?

- 500 GROUPS )

LOWER
7.8907E-01
7.9303E-01
7.9701E-01
8.C099E-01
8.0501E-01
8.0905E~01
8.1310E-01
8.1718E~01
8.2128E-01
8.2539E-01
8.2953E-01
8.3369E-01
8.3786E-01
8.4207E-01
B.4629E-01
B.5052E-01
8.5479E-01
8.5%08E-01
85.6338E-01
8.6771E-01
8.7206E-01
B.74642E-0C1
8.8082E-01
B.8524E-01
8.8967E-01
8.9413E-01
8.9862E~01
9.0313E-01
¢.0785E-01
9.1220E-C1
9.1678E-01
9.2136E-01
9.2599E-01
$.3063E-01
9.3529E~-01
$.3998E-01
Q.4L470E-01
9.4942E-01
$.5418E-01
9.5897E-01
9.6377E-01
9.6860E-01
9.7347E-01
F.7833E-01
$.8324E-01
§.8818E-01
g.9312E-01
?.9810E-01
1.0031E+00
1.0081E+00

UPPER
7.%9303£-01
7.9701£-01
85.0099E-01
8.0501E-01
8.0905E-01
B.1310E-01
8.1718E-01
B.2128E~01
8.2539E-01
8.2953E-01
8.3369E-01
8.3786E-01
8.4207E-01
B.4629E-01
8.5052E-01
8§.5479E-01
8.3%08E-01
8.6338E-01
§.6771E-01
8.7206E-01
8.7642E-01
8.8082E-01
B.8524E-01
8.8967E-01
8.9413E-01
8.9862E-01
9.0313E-01
9.0765E-01
9.1220E-01
9.1678E-01
9.2136E-01
9.2599E-01
9.3063E-01
9.3529E-01
9.3998E-01
9.4470E-01
9.4942E-01
9.54188-01
9.5897E-01
9.6377E-01
G.6860E-01
9.7347E-01
G.7B33E-01
9.8324E-01
9.8818E-01
§.9312E-01
9,9810E-01
1.0031E+00
1.0081E+00
1.0132E+00



ND.
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
5320
531
532
533
534
535
536
537
538
539
540
541
542
543
S44
545
546
547
548
549
550

TABLE 2.1

JAERI — M 84 — 038

ENERGY GRCOUP STRUCTURE

NEUTRON ENERGY GROUP (

1

1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
i
1

LOWER
.0132E400
.0183E+00
.0234E+00
.0285E+00
L0337E+00
.0388E+00
0440E+0Q
0493E+00
.0545E+00
L.O0S98E+00D
.0851E+00
.07035£+00C
.0758E+00C
.0812E+CO
L.0867E+0QO
L.0921E+00
LO976E+00
L1031E+0Q0
.1086E+00
11428400
L1198E+00
12548400
.1310E+00
L1367E+00
Ll424E+00
.1481E+00Q
.1538E+00
L1596E+00

.1654E+00

1713E+0C
L1771E+00
.1830E+00
.1B890E+Q0C
1949E+00
.2009E+00
.2069E+00
.213CE+0QO
L2191E+00
L2252E+00
.2313E+00
.2375E+00
L24L37EHCO
L2L99E+00
.2562E+00
L2H25E+CC
.2688FE+00
L2752E+00Q
.28186E+00
.Z2880E+0Q0
.2945E+00

O e

=
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UPPER

.0183E+00
.0234E+00

0285E+00
0337E+00
0388E+00C
044CE+CO

.0493E+CO
L03545E+00
.0C5%8E+0O
.0651E+00

0705E+00
075BE+00

.0812E+00
.0867E+00
.0921E+400

0976E+CO

.1031E+00

1086E+00

.1142E+00
.11$8E+00
.1254E+00
.1310E+00
L1367E+00
J1424E+00
L1481E8+00
.1538E+00
.15%6E+0C0
.1654E+00
.1713E+00
LA1771E+Q0
.1830E+00
.1890E+00

"

1949E+00

.2009E+CO
.206%9E+00
.2130E+00
.2191E+CO
L.2252E+400
.2313E+0C0C

2375E+00

L2437E+00
L24L99E+00
.2562E+00
L2625E+00

2688E+00

.2752E+00
.2816E+00
.28B0E+0CO
.2945E+400
.3010E+00

EV D

(

NO.

551

552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

501

T e e e e T o e e e e R e e e el e el el

(CONTINUED)

600 GROUPS

LOWER

.3010E+00
.3075E+00
.3140E+00
L3206E+400
.3272E+00
.3339E+00
.3406E+00

3473E+00
3540E+00
3608E+00

L367TEFCOQ
.3745E+00C
.3814E+C0

3B83E+00

.3953E+00
L4023E+00
LA4093E400
L164E+00

L3

4L235E+00

LL306E+00
L4378E+00
LLLS0E+QOO
L.4522E+00
L4595E+00
.466BE+0O
LLT4L2EFOO
.4816E+00
.4890E+00
J4964E+00
.5039E+00
.5115E+00
.5191E+00
.5267E+CC

5343E+00

LS5420E+00
.S5498E+00
.5575E+00
.5653E+00
.5732E+00
.5811E+00
.5890E+00
L9969E+00
.6050E+00

6130E+CO

L6211E+400
LG292E+00
L6374LE+00
LG6LS56E+(0
.6538E+00
1.6621E+00

1

1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
i
1
1
1
1
1
1
1
1
1

p

UPPER
.3075E+00
.3140E+CO
.3Z206E+Q0C
.3272E+00
L3339E+00
3L06E+00
.3473E+00
.3540E+00
.3608E+00
L3677EFOO
.3745E+00C
.3814E+00
. 3883E+00
.3GS5ZEHQC
.4023E+00
L093E+00
AT6LEFQO
LL235E+00
.4306E+00
LL378E+00
LA4S0ESQO
L 4522E+00
LA4595E+00
LE6BE+QQ
LLTLZ2EHO0
.LBLH6E+QC
_LBF0E+QO
LL9HLE+Q0
.5039E+00
.5115E+00
.5191E+Q0
.5267E+00
.5343E+00
.5420E+GG
.DLFBE+CC
.557SE+0Q0
.5653E+00
.5732E+00
.5811E+Q0
.58BG0E+00
.594FE+CO
.6050E+QQC
LA130E+00
.6211E+00
LE2F2E+00
L6374E400
BLS6E+Q0
.8538BE+00
6621E+00
.46705E+CO



NO.
601
602
603
604
605
606
407
608
509
610
611
&12
613
&1d
&15
616
617
618
619
620
621
522
623
624
4525
626
4527
623
&2%
&30
&£31
632
633
&34
435
636
637
638
639
640
641
542
£43
SR
H&D
LA
647
648
6549
650

TABLE 2.1

JAERI — M 84 — 038

ENERGY GROUFP STRUCTURE

NEUTRON ENERGY GROUP (

LOWER
1.6705E+00
1.6788BE+00
1.6872E+00
1.6957E+00
1.7042E+00
1.7127E+00
1.7213E+00
1.73C0CE+Q0C
1.7386E+00
1.7473E+00
1.7561E+00
1.744L9E+00
1.7737E+00
1.7826E+00
1.7916E+00
1.80086E+00
1.8096E+00
1.8187E+00
1.8278E+00
1.8369E+00
1.B461E+00
1.8554E+00
1.8647E+00
1.8740E+00
1.8834E+00
1.892%E+00
1.9024E+00
1.9119E£+00
1.9215E+C0
1.9311E+00
1.9408E+00
1.9503E+00
1.9603E+00
1.9701E+00
1.9800E+00
1.9899E+00C
1.9999E+00
2.0089E+00
2.0200E+00
2.0301E+00
2.0403E+00
2.0505E+0C
2.0608E+00
2.0711E+C0
2.0815£+00C
2.0919£+00
2.1024E+00
2.1130E+00
2.1234E+00
2.1342E400

UFPER
1.6788E+00
1.6872E+00
1.6957E+00
1.7042E+0CC
1.7127E+00
1.7213E+00
1.7300E+00
1.7386E+00
1.7473E+00
1.7561E+00
1.7649E+00
1.7737E+00
1.7826E+00
1.7916E+00
1.8CC6E+00
1.8C96E+00
1.8187E£+CC
1.8278E+C0
1.8369E+0C0
1.84&61E+00
1.8554E£+00C
1.8647E+00
1.8740E+00
1.8834E+00
1.8929E+00
1.9024E+00
1.9119E+00
1.9215E+00
1.9311E+00
1.9408E+C0
1.9505E6+00
1.9603E+00
1.9701E+00
1.9800E+00
1.98%9%E+00
1.9929%E+00
2.009%E+00
2.0200E+00
2.0301E+00
2.04C3E+00
2.0505E+00
2.05608E+00
2.0711E+400
2.0815E+00
2.0919E+00
2.1024E£+00
2.1130E+00
2.1236E+00
2.1342E+00
2.1449E+00

EV )

¢

NC.
&51
652
653
654
655
636
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
6576
677
678
679
680
681
682
683
584
685
686
687
4688
689
690
691
692
593
594
695
696
697
6598
699
700

601

(CONTINUEDD

- 700 GROUPS )

LOWER
2.1449E+00
2.1557E+00
2.166SE+00
2.1773E+00
2.1882E+00
2.1992E+00
2.2102FE+00
2.2213E+00
2.2324E+00
2.2436E+00
2.2549E+00
2.2662E+400
2.2775E+00
2.289CE+00
2.3004E+00
2.3120E+00
2.3235E+00
2.3352E+00
2.3469E+00
2.3587E+00
2.3705E+00
2.3824E+00
2.3943E+00
2.4063E+00
2.418LE+00
2.4305E+00
2. LL27E+0O0
2. 4549E+00
2.4L672E+00
2.4796E+00
2.4920E+00
2.5045E+400
2.5171E+400
2.5297E+00
2.5424E+00
2.5551E+00
2.5679E+00
2.5808E+00
2.5937E+00
2.6067E+00
2.6198E+00
2.6329E+00
2.6L61E+00
2.6594E+00
2.6727E400
2.6861E+00
2.6996E+00
2.7131E+00
2.7267E+00
2.7404E+00

URPPER
2.1557E+C0
2.1665E+00
2.1773E+00
2.1882E+00
2.1992E+00
2.2102E+00
2.2213E+00
2.2324E+00
2.2436E+00
2.2549E+00
2.2662E+00
2.2775E+00
2.28%90E+00
2.3004E+00
2.3120E+00
2.5235E+00
2.3352E+00
Z2.3469E+0C
2.3587E+C0Q
2.3705E+0C
2.38B24E+00C
2.3943E+CC
2.4063E+00
2.4184E+00
2.4305E+C0
2.L4427E+00
2.4549E+00
.L6T72E+00
2.4796E+00
2.4920E+00
2.5045E+00
2.5171E+00Q
2.5297E400
2.5424E+00
2.5551E+00Q
2.5679E+00
2.SBOBE+00
2.5937E+Q0
2.6067E+Q0
2.6198E+00
2.6329E+00
2.6461E+00
2.6594E+00
2.6727E+00
2.6B861E+00
2.6%996E+00
2.7131E+00
2.7267E+00
2.7404E+00
2.7541E+00
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TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUEDD
NEUTRON ENERGY GROUP ( EV D ( 701 - 800 GROUPS D

NO. LOWER UPPER NO. LCWER UPPER

701 2.7541E+00 2.767%E+00 751 2.5363E+00 3.5541E+00
702 2.7679E+00 2.7818E+0Q0 752 3.5541E+00 3,5719E+C0O
703 2.7818E+00C 2.7957E+00 753 3.5719E+00 3.5898E+00
704 2.7957E+C0 2.8097E+00 754 3.5898E+00 3.6078E+00
705 2.8097£+00 2.8238BE+0C 755 2.6078E+0C 3.625%E+00
706 Z2.8238E+00 2.8380E+C0 756 3.6259E+00 2.6440E+00
707 2.8380E+00 2.8522E+00 757 2.6440E+00 3.6623E+00
708 2.8322E+00 2.8665E+00 758 2.6623E+00 3.6807E+00
709 2.8665E+00 2.8809E+00 759 Z2.6807E+00 2.6991E+00
710 2.8809E+00 2.B953E+00 760 2.69%1E+00 3.7177E+00
711 2.8953E+00 2.9098E+00 761 371778400 3.7363E+00
712 2.9098E+00 2.9244E+00 762 3.7363E+00 3.7550E+00
713 2.9244E+00 2.9391E+00 763 3.7550E+00 3.7738E+00
714 2.9391E+00 2.9538E+00 764 3.7738E+0Q0Q 3.7928E+00
715 2.9538E+00C 2.F9686E+00 765 3.7928E+00 3.8118E+00
716 2.94686E+00 2.9835E+0C 766 3_.8118E+0C0C 3.8309E+400
717 2.9835E+00 2.9984E+00 767 Z.83C9E+00 3.8501E+00
718 2.9984E+00 3.0135E+00 768 3.8501E+00 2.8694E+00
719 3.0135E+00 3.02864E+00 769 2.86%94E+00 3.88BBBE+00
720 3.0286E+00 3.0438E+00 770 2.888BE+00 3.9083E+00
721 3.0438E+00C 3.0590E+00 771 3.9083E+00 3.9279E+00
722 3.0590E+00 3.0744LE+00 772 3.9279E+00 3.9475E+00
723 3.0744E+00 2.0898E+00Q 773 3.9475E+00 3.9673E+00
724 3.0898E+00 3.1053E+00C 774 3.9673E+00 3.9872E+00
725 3.1053E+00 3.1208E+C0 775 2.9872E+00 4,0072E+00
726 3.1208E+0Q0 3.1365E400 776 4 _.0072E+00 4.0273E+0C0
727 3.1365E+400 3.1522E+00 777 4.0273E+00 4L ,0475E+00
728 2.1522E+00 2.1480E+00 778 4.0475E+00 4.0678E+0C
729 2.1680E+00 3.1839E+00 779 4 . C678E+0OC 4 .0882E+0C
730 3.1839E+00 Z.1998E+00 780 4. CBBZE+00 4 .1087E+00C
731 3.1998E+00 3.2159E+00 781 4.1087E+00 4.1292E+00
732 3.2139E+00 3.2320E+00 782 4,1292E+G0 4L, 1499E+00
733 2.2320E+00 3.2482E+00 783 4L 1499E+00 L_o170O7E+QO
734 3.2482E+00 3.2645E+00 784 4.1707E+00 4 _1916E+00
735 3.2645E+00 3.2808E+00 785 4.1916E+GC0 4.2127+00
736 3.2808E+00 3,2973E+00 786 4.2127E+0C 4.2338E+00
737 3.2973E+0Q0 3.3138E+00 787 4.233BE+0C0 4.2550E+C0
738 3.3138E+00 3.3304E+00 788 4 _.2550E+00 4 . 2763E+00
739 3.3304E+00 3.3471E+00C 789 4 2763E+00 4L .297BE+OO
740 3.3471E+00 2.363%E+00 790 4L .2978BE+00 4L _3193E+00
741 3.3639E+CO 3.3807E+00 791 4&.3193£+00 4,3410E+00
742 3.38C7E+00Q 3.3977E+00 792 4. Z410E+QQ 4L, 3627E+00
743 3.3977E+00 3.4147E+00 793 4.,3627E+00 4 .3846E+00
744 3.4147E+00 3.4318E+00 794 4 _3B46E+0QO0 L,4066E+00
745 3.4318E+00 3.4490E+00 795 L _LOLGE+OO 4 L2B&EHOD
T4E 3.4490E+00 2.4663E400 796 4. 4286E+00 4.4508BE+00
747 Z.L&63E+00 3,.4837E+00 797 4. 4508E+00 4, 4732E+00Q
748 3.4837E+00 3.5012E+00 798 L, 4732E+00 b L956E+QO
749 3.5012E+00 3.5187E+00 799 4.4956E+00 4.5181E+00
750 3.5187E+00 3.5363E+00 800 4,5181E+00 4. 5408E+00



NO.
301
802
803
804
805
8046
807
808
809
- 810
g11
812
B13
g8l4
815
8146
817
818
B1¢9
820
821
gz22
823
824
825
B2é
827
828
8§29
830
831
832
833
BA4
835
836
837
828
839
840
841
842
B43
44
B45
2346
847
848
Ba9
850

TABLE 2.1

NEUTRON ENERGY GROUP

LOWER
4L .5408E+00
4L ,5635E+00
L. 5864LE+QD
4 .6094E+00
L .6325E400
L .6557E+00
4L .6790E+CO
4.7025E+00
L. 7261E+00
4L.74F8E+0C
L.7736E+00
4L . 7F75E4+00
4L B215E+00
4. B4L5TE+OO
4L.B700E+00
4L .8944E+0Q
4L .9189E+00
4.9436E£+00
L. 9684E+00
L,993ZE+0C
5.0183E+00
5.0435E+00
5S.0688E+00
5.0942E+00
5.1197E+00
S.1454E+00
5.1711E+00
5.1971E+0Q0C
5.2231E+00
5.2493E+00
5.2756E+00
5.3021E+00
5.3286E+00
5.3553E+00
5.3822E+00
5.4092E+00
5.4363E+00
S.4635E4+00
5.4909E+00
5.5184E+00
5.5461E+00
5.5739E+00
S.6018E+00
5.6299E+00
5.6581E+00
5.68&65E+00
5.71S5CE+0Q0C
5.7436E+00
5.7724E+00
5.8C14E+00

JAERI - M 84 — 038

ENERGY GROUP STRUCTURE

UPPER
4 .5635E+00

4 .5864E+00

4 .6094E+00
4 _5325E+00
4 .6557E+00
4. 6790E+00
4. 7025E+0C0
4,7261E+00
4 749BE+0O
4. 7736E+00Q
4L .7975E+0Q0
4.8215E+00
4.8457E+00
4 ,8700E+00
4 .8944E+00
4 _9189E+0C
4L ,9436E+00
L.96BLEHCO
4 .9933E+00
5.0183E+00
5.0435E+400
5.0688E+00
5.0942E+00
5.1197E+00
5.1454E+00
5.,1711E+00
5.1971E+00
5.2231E+00
5.2493E+00
5.2756E+00
5.3021E+CQ0
5.3286E+00C
5.3553E+00
5.3822E+400
5.4092E+00
5.4363E+400
S.4635E+00
5.4909E+00
5.5184E+C0
5.5461E+00
5.5739%E+Q0
5.6018E+00
5.6299E+00
5.6581E+400
5.6865E+00
5.715CE+QQC
5.7438E+0Q0
5.7724E+00
5.8014E+00
S.8304E+00

{ EV )

4

NO.
851
852
B53
BS4
855
856
B57
858
859
860
861
862
863
Bb4
865
866
867
868
B69
870
871
872
873
874
B75
876
B77
878
B79
880
881
882
883
884
885
B8&
BB7?7
888
889
BSO
891
892
893
894
895
B9S
897
898
899
200

801

(CONTINUED?

- 900 GROUPS D

LOWER
5.8304E+00
5.85%97E+00
5.8B890E+00
5.918&4E+00
5.9482E+00
5.9781E+G0
6.008CE+00
6.0381E+00
6.0684E+00
4&.09BBE+CO
6.1294E+00
6.,1601E+00
6.1910E+00
6.2220E+00
6.2532E+00
6.28L6E+00
6.3161E+00
6.3477E+00
6.3795E+00
$.4115E+C0
6.4L4L386E+CC

6. 4759E+00

6.5084E+00
6.5410E+00
6.5738E+00
6.6068E+00
6.6399E+00
6.6732E+00
6.7066E+00
6.7402E+00
6.7740E+00
6.8080E+00
&.84L21E+00
6.8764LE+00
6.9109E+00
6.9455E+00
6.9803E+00
7.0153E+00
7.0505E+00
7.0858E+00
7.1213E+00
7.1570E+00
7.1929E+00
7.2290E+00
7.2652E+00
7.3016E+00
7.3382E+00
7.3750E+00
7.4120E+00
7.L4691E+00

UPPER
5.8597E+00
5.8890E+00
5.9186E+C0
5.9482E+00
5.9781E+00
6.0080E+00
6.0381E+00
6£.0684E+00
6.0988E+00
5.1294E+00
6.1601E+00
6.1910E+00
6.2220E+00
6.2532E+00
6.2846E+00
&£.3161E+00
6.3477E+00
6.3795E+00
4.4115E+00
6.4436E+00
6.4759E+00
6.5084E+00
4.5410E+00
6.5738E+00
6.606BE+00
6.6399E+00
46.6732E+00
6.7066E+00
5.74C2E+0Q
5.7740E+0C
46.8080E+00
6.8421E+00
6.8764E+00
£.9109E+00
6.9455E+00
6.9803E+00
7.0153E+00
7.0505E+00
7.0858E+00
7.1213E+00
7.1570E+00
7.1929E+00
7.2290E+00
7.2652E+0Q
7.3016E+400
7.3382E+400
7.3750E+400
7.4120E+00
7.4491E+00
7.4864E+00
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TABLE 2.1 ENERGY GRCOUP STRUCTURE (CONTINUEDD
NEUTRON ENERGY GROUP ( EV D ( 901 - 1000 GRCUPS )

NO . LOWER UPPER NO. LOWER UFPER

901 7. LBELEFOO 7.5240£+00 51 g.6128E+CO0 9.6610E+00
702 7.5240E+00 7.5617E+00 F52 @.6610E+00 §.7094E+00
903 7.5617E+00 7.5%9%96E+00 953 5.7094E+00 ?.7581E+00
04 7.5996E+00 7.6377E+00 254 9.7581E+00 9 .8070E+0C0
905 7.6377E+00 7.46760E+00 255 9.8070E+00 9,.8561E+00
206 7.6760E+00 7.7144E+0Q0 956 9.8561E+00 9.9055E+00
907 7.7144E+00 7.7531E+00 957 ?.9055£+00 9.9552E+00
908 7.7531E+00 7.7920E+00 958 @.9552E+00 1.0005E+01
09 7.7920E+00 7.8310E+00 959 1.0005e+01 1.0055E+01
g10 7.8310E+00 7.8703E+00C g60 1.0055E+401 1.0106E+01
711 7.8703E+00 7.9C97E+0C 761 1.0106E+01 1.01356E+01
912 7.9097E+00 7.9494E+00 962 1.0156E+01 1.0207E+01
913 7.9494E+00 7.98%2E+00 963 1.0207E+01 1.0258E+01
214 7.9892E+00 8.0293E+00 64 1.0258E+01 1.0310E+01
215 8.0293E+00 8.0695E+00 265 1.0310E+01 1.0361E+01
216 8.046%5E+00 8.1100E+00 F66 1.0361E+01 1.0413E+01
@17 £.1100E+00 8.1506E+00 FET7 1.0413E+01 1.0466E+01
918 £.1506E+00 B.1915E+00 P68 1.0466E+01 1.0518E+01
FiY 8.1915E+00 B.2325E+00 969 1.0518E+01 1.0571E+01
920 8.23258£+00 8.2738E+00 970 1.0571E+01 1.0624E+01
921 8.2738E+00 §.3153E£+00 971 1.0624£+01 1.0677E+01
G22 8.3153E+00 8.3570E+00 972 1.0677E+01 1.0731E+01
923 8.3570E+00 B.3989E+00C 973 1.0731E+01 1.0784E+01
924 8.3989E+00 8.4409E+CO Q74 1.0784E+01 1.0838E+0C1
925 B.4409E+0C 8.4833E+00 975 1.0838E+01 1.0893E+01
926 8.4833E+00 8.5258E+00 F7Eé 1.0893E+01 1.0947E+01
927 8.5258E+00 B.S5685E+00 977 1.0947E+01 1.1002E+01
G28 B.5685E+00 8.6115E+00 978 1.1002E+01 1.1057E+01
929 8.6115E+00 8.6546E+00 979 1.1057E+01 1.1113E+0C1
230 8.6546E+00 8.6980E+00 280 1.1113E+01 1.1168E+C1
§31 8.6980E+C0 8.7416E+0C0 81 1.1168E+01 1.1224E+01
932 8.74L16E+0Q0 B.7854E+00 382 1.1224E+01 1.1281E+01
933 B.7854E+00 8.8295E+00 983 1.1281E+C1 1.1337E+01
P34 8.82%5E+00 8.8737E+00 984 1.1337E+01 1.1394E+01
935 8.8737E+00 8.9182E+0C @85 1.1394E+01 1.1451E+01
G336 8.9182E+00 B.9&29E+0Q0 G8é 1.1451E+01 1.1509E+01
$37 8.962%E+00 2.0078E+00 987 1.1509E+01 1.1566E+01
938 9.0073E+00 9.0530E+00 788 1.1566E+01 1.1624E+01
939 $.0530E+00 9.0984E+00 ?89 1.1624E+01 1.1683E+01
940 9.09B84E+QD 9.1440E+00 $90 1.1683E+01 1.1741E+01
941 9.144CE+0CO @.1898E+00 591 1.17418+01 1.1800E+01
G42 ¢.18%98E+00 9.2359E+00 P92 1.18C0E+0Q1 1.1859E+01
943 9.2359E+00 Q.2822E+00 993 1.1859E+01 1.1919E+01
944 9.2822E+00 9.3287E+00 994 1.1919E+01 1.1978E+01
P45 $.32B7E+00 9.3755E+00 FG5 1.1978E+01 1.2038E+01
946 9.3755E+00 9.4L224E+00 ERAs 1.2038E+01 1.2099E+01
G47 @.4224LE+00 G.4L697E+0CQ 997 1.2099E+01 1.2159E+01
G48 9.4697E+00 9.5171E+00 998 1.2159E+01 1.2220E+01
949 9.5171E+00 9.564BE+00 999 1.2220E+01 1.2281E+01
950 9.5648E+00 G.6128BE+C0 1000 1.2281E+01 1.2343E+01



NO .
1001
1002
1003
1004
1G05
1606
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
2020
1021
1022
1023
1024
1025
1024
1027
1028
1029
1030
1031
1632
1033
1034
1035
10346
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050

TABLE 2.1

NEUTRON ENERGY GROUP

LOWER
1.2343E+01
1.2405£+01
1.2467E+01
1.2530E+01
1.2592E+01
1.2656E+01
1.2719E+01
1.2783E+01
1.2847E+01
1.2911E+01
1.2976E+01
1.3041E+01
1.3106E+01
1.3172E+01
1.3238E+01
1.3304E+01
1.3371E+01
1.3438E+01
1.3505E+01
1.3373E+01
1.3641E+01
1.3710E+01
1.3778E+01
1.3847E+C1
1.3917E+01
1.3987E+01
1.4057E+01
1.4127E+01
LE198E+01
LL269E4+01
JG34L1E+01
JLA12E+CL
JLABSEH01
1.4557E+01
1.4630E+01
1.4704E+01
1.47772+01
1.4851E+01
1.49268+01
1.%5001E+01
1.5076E+01
1.5151E+01
1.5227E+01
1.5304E+01
1.5380E+01
1.5458E+01
1.5535E+01
1.5613E+01
1.5691E+01
1.5770E+01

[ N =

JAERT—M 84 — 038

ENERGY GROUP STRUCTURE

UPPER
1.2405E+01
1.246TE+Q1L
1.2530E+01
1.25%92E+01
1.2656E401
1.2719E+401
1.2783E+01
1.2847E+C1
1.2911£+01
1.2976E+01
1.3041E+01
1.3106E+01
1.3172E+01
1.3238E+01
1.3304E+01
1.3371E+01
1.3438E+01
1.3505E+01
1.3573E+01
1.3641E+01
1.3710E+01
1.3778E+01
1.3847E+01
1.3917E+01
1.3987E+01
1.4057E+01
1.4127E+401
1.41%8E+01
1.4269E+01
1.46341E+01
1.4412E+01
1.4485E+01
1.4557E+01
1.4630E+01
1.4704E+0Q01
1.4777E+01
1.4851E+01
1.4926E401
1.5001E+01
1.5078E+01
1.5151E+01
1.5227E+01
1.5304E401
1.5380E+01
1.5458€£+01
1.5535E+01
1.5613E+01
1.5691E+01
1.5770E+01
1.5849E+01

¢ EV 3

¢ 1001

NO.
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1066
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
108¢
1087
1088
1089
1090
1091
10%2
1093
1094
1095
10986
1097
1098
1099
1100

(CONTINUED)

- 1100 GROUPS

LOWER
1.5849E+01
1.5928E+01
1.6008E+01
1.6088E+01
1.6169E+01
1.6250E+01
1.6331E+01
1.6413E+01
1.64%6F+01
1.6578£+01
1.6661E+C1
1.6745E+01
1.6829E+01
1.6913E+01
1.6698E+01
1.7083E+01
1.716%9E+01
1.7255&£+01
1.7341E+01
1.7428E+01
1.7516£+01
1.7603E+01
1.7692E+01
1.7780E+01
1.7869E+01
1.7959E+0C1
1.8049E+01
1.8140E+01
1.8230E+01
1.8322E+01
1.8414E+01
1.8506E£+01
1.8599E+01
1.8692E+01
1.8786E+01
1.88808+01
1.8974E+01
1.90708+01
1.9165£+01
1.9261E+01
1.9358E+01
1.9455E+01
1.9552E+C1
1.9650E+01
1.9749E+01
1.9848E+01
1.9947E+01
2.0047E+01
2.0148E+01
2.0249E+01

UPPER
1.5928BE+01
1.6008E+0Q1
1.6088E+01
1.6149E10C1
1.625CE+0C1
1.6331E:+01
1.6413E+01
1.6496E+01
1.6578E+01
1.6661E+01
1.6745E+01
1.6829E+01
1.6913E+01
1.6998E+0Q1
1.7083E+01
1.7169E+01
1.7255E+01
1.7341E+01
1.7428E+01
1.7516E+01
1.7603E+01
1.76%92E+01
1.7780E+01
1.786%9E+01
1.7959E£+01
1.8C4%9E+01
1.8140E+01
1.8230E+02
1.8322E+01 .
1.8414E+01
1.8506E+01
1.8599E+01
1.8692E+01
1.8786E+01
1.8880E+01
1.8974E+01
1.9070E+01
1.9165E+01
1.9261E+01
1.9358E+01
1.9455E+01
1.9552E+01
1.9650E+01
1.974%9E+01
1.9848E+01
1.9947E+01
2.0047E+01
2.0148E+01
2.0249£+01
2.035CE+01
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TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUEDD
NEUTRON ENERGY GROUP ( EV ) ( 1101 - 1200 GROUPS )

NO. LOWER UPPER NO. LOWER UPPER
1101 2.0350E+01 2.0452E+401 1151 2.6130E+01 2.6261E+01
1102 2.0452E+01 2.0555E+01 1152 2.6261E+01 2.6393E+01
1103 2.0555E+01 2.0658E+01 1153 2.6393E+01 2.6525E+01
1104 2.0658E+01 2.0761E+01 1154 2.6525E+01 2.6658BE+01
1105 2.0761E+01 2.0865E+01 1155 2.6658E+01 2.6792E+01
1106 2.0865E+01 2.0970E+01 1156 2.6792E+01 2.6926E+01
1107 2.0970E+01 2.1075€E+01 1157 2.6926E+01 2.7061E+01
1108 2.1075E+01 2.1181E+01 1158 2.7061E+01 2.7197E+01
1109 2.1181E+01 2.1287E+01 1159 2.7197E+01 2.7353E+01
1110 2.1287E+01 2.1394E+01 1160 2.7333E+01 2.7470E+01
1111 2.1394E+01 2.1501E+01 1161 2.7470E+C1 2.76C8E+01
1112 2.1501E+01 2.1609E+01 116¢ 2.7608E+01 2.7746E+01
1113 2.16C9E+01 2.1717E+01 1163 2.7746E+01 2.7885C£+01
1114 2.1717E+01 2.1826E+01 1164 2.7885E+0Q1 2.8025E+01
1115 2.1826E+01 2.1935E+01 1165 2.8025E+01 2.8165E+01
1116 ?2.1935E+01 2.2045E+01 1166 2.8165E+01 2.8307E+01
1117 2.2045E+01 2.2156E+01 1167 2.8307E+01 2.8448E+01
1118 2.2156E+01 2.2267E+01 1168 2.8448E+01 2.85%1t+01
111% 2.2267E+01 2.2378E+01 1169 2.8591E+01 2.8734E+01
1120 2.2378E+01 2.2491E+01 1170 2.8734E+01 2.8878E+01
1121 2.2491E+01 2.2603E+01 1171 2.8878E+01 2.9023E+01
1122 2.2603E+01 2.2717E+01 1172 2.9023E+01 2.9169E+01
1123 2.2717E+01 2.2830E+0Q1 1173 2.9169E+01 2.9315E+01
1124 2.2830E+01 2.2945E+01 1174 2.9315E+01 2.9462E+01
1125 2.2945E+01 2.3060E+01 1175 2.9462E+01 2.9609E+01
1126 2.3060E+01 2.3175E+01 1176 2.960%E+01 2.9758E+01
1127 2.3175E+01 2.3292E+01 1177 2.9758E+01 2.9907E+01
1128 2.3292E+01 2.3408E+01 1178 2.9907E+01L 3.0057E+01
1129 2.3408E+01 2.3526E+01 1179 3.0057E+01 3.0208E+01
1130 2.3526E+01 2.3644E+01 1180 3.0208E+01 3.0359E+01
1131 2.3644E+01 2.3762E+01 1181 3.0359E+01 2.0511E+01
1132 2.3762E+01 2.3881E+01 1182 2.0511E+01 2.0664E+01
1133 2.3881E+01 2.4001E+01 1183 2.0664E+01 3.0818E+01
1134 2.4001E+01 2.4121E+01 1184 2.0818E+01 2.0972E+01
1135 2.4121E+01 2.4242E+01 1185 3.0972E+01 3.1128E+01
1136 2.4242E+01 2.4364E+01 1186 3.1128E+01 3.1284E+01
1137 2.4364E+01 2.44B6E+01 1187 3.1284E+01 3.1440E+01
1138 2.4L4486E+01 2.4609E+01 1188 2.1440E+C1 3.1598E+01
1139 2.4609E+01 2.4732E+01 118% 3.1598E+01 2.1756E+01
2140 2.4732E+01 2.4856E+01 11%0 3.1756E+01 3.1916E+01
1141 2.4B56E+01 2.498CE+C1 1191 3.1916E+01 2.2074E+01
1142 2.4980E+01 2.5106E+01 1192 3.2076E+01 3.2236E+01
1143 2.5106E+01 2.5232E+01 1193 3.2236E+01 3.2398E+01
1144 2.95232E+01 2.5358E+01 1194 3.2398E+01 3.2560E+01
1145 2.5358E+01 2.54856£+01 1195 3.2560E+01 3.2724E+01
1146 2.5485E+01 2.5613E+01 1196 3.2724E+01 3.2888E£+01
1147 2.5613E+01 2.5741E+01 1197 3.288BE+01 3.3052E+01
1148 2.5741E+01 2.5870E+01 1198 3.3052£+01 3.3218E+01
1149 2.5870E+01 2.6000E+01 1199 3.2218E+01 3.3385E+C1
1150 2.6000E+01 2.6130E+01 1200 2.3385E+01 3.3552E+01



NO.
1201
1202
1203
1204
12053
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1263
1244
1245
1246
1247
1248
1249
1250

TABLE 2.1

JAERT — M 84 — (038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

LOWER

3.3552E+01
3.3720E+01
3.3889E+01
.4059FE+01
LA230E+01
.L4401E+01
LASTLE+O]L
JL7LTEFCT
LLG21E+01
L53096E+01
.5272E+01
LS5449E+01
.5627E+01
.5805E+01
.5985E+01
LH165E+01
.6346E+01
L6529E+01
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4712E+01

LH6B96E+0L
.70B1E+0C1
LT266E+01
L7L53E+0]
LTEL1IEHCT

7830E+01

.B019E+01
.8210E+01
JB401E+01

BS9LE+01

.B8787E+01
.8GBZE+01
L9177E+01
L9374E+01
.9571E+01
.9769E+01
.GF69E+D1

0169E+OY

.0370E+01
L0573E+01
.0776E401
.0980E+01
.1188E+01
.13292E+01

1600E+01

.1808E+0Q1
.2018E+01
.2228E+0C1
L2640E4+01
L2633E+01
.2867E+01
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UPPER
.3720E+01
.3889E+01
.405%E+C1
.4230E+01
4401E+01
LASTLEHOL
LLTLT7EAO1L
LAF21E+01
.5096E+01
.5272E+01
SLL4GEHOL
.5627E+01
.5805E+01
.5985E+0Q1
.6165E+01
LA346E+01
.6529tE+01
6712E+401
LABYLE+HOL
.7081E+01
LT266E+01
.7453E+01
L7ELLE+OL
L7TB30E+01
.B019E+01
.8210E+01
.B8401E+0O1
.B594E+01
.8787E+01
.898B2E+01
.9177E+0C1
LIITLEFCL
LF571E+01
PT74L9E+O1
.99489E+0Q1
.0169E+01
.0370E+01
LQS573E+01
O776E+01
L0980E+01
.1186E+01
J13P2E+CL
L1600E401
.LBOBE+O1
.2018E+01
L2228E+01
L2LL0E+C1

EV 2

.2653E+01

L2B6T7E+O1
-3082E+01

¢ 1201

NO.
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1267
1298
1299
1300

(CONTINUEDS

1300 GROUPS

LOWER

4.3082E+01
L3297E4O1
.3514E+01
L3733E+01
.3952E+C1
S4172E+01
4394LE+01
LAE16E+FCT
.4B40OE+O1
.5064E+01
L0290E+01
.5517E+01
.S5746E+01
.5975E+01
L6205E+01
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6437E+01
6670E+01

J6904E+0L
L7139E+401
.7375E+01
-7612E+01

7851E+01

.B091E+01
.8332E+01
LB574E+01
.8818E+01
.9062E+01
.9308E+01
.9556E+01
.9B04LE+01
.0054E+01
.0304E+01
.05357E+01
.0810E+01
.1065E+01
L13%21E+01
.1578E+01
L1837E+01
L2098E+01
.2357E+01

2620E+01

.28B4E+0C1
.3149E+01
.3415E+01
. 3683E+01
.3952E+01
L4222E+01
JA4G4LE+OT
LA767E+CL
-5042E+01
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UPPER
.3297E+01
.3514E+01
.3733E+01
.3952E+01
LL172E+01
L394E+01
AE1EE+HO]
JLBLOE+CL
.5064E+01
5290E+01
L5517E+01
57456E+401
.S5975E+01
L6205E+01
L6L37E+OL
.6670E+01
L6904E+01
L7139E+01
.7T375E+01
.7612E+01
.7851E+C1
.B091E+01
.8332E+01
L8574E+01
.BR18E+01
.9062E+01
.930BE+D1
LF556E+01
.9804E+01
.0054E+01
L.0304E+01
0557E+01
.0810E+01
106SE+01
J1321E+01
.1578E+01
L1837E+01
.2096E+01
.2357E+01
.2620E4+01
.2884E+01
L3149E40L
C3415E+01
.3683E+01
.3952E+01
LA4222E+01
JLAEQ4LEHQL
LT767E+OL
.5042E+01
.5318E+01

.

.



NO.
1301
1302
1303
1304
1305
1306

1307,

1308
1309
4310
1311
1312
1313
1314
1315
1316
1317
1318
131%
1320
1321
13272
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350

TABLE 2.1

JAERI — M 84 —~ 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP ¢

"
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LOWER

.5318E+01
.55G5E+01
.5B874E+01L

&154E+01

.6435E401
.6718E+01
.7002E+01
.7288E+01
L7575E+01
.7BO6LE+0O1
.B154E+01
LB445E+01
.8738E+01
.9033E+01
.9329E+01
.94626E+01
.9925E+01
.0225E+01

0527E+01
Q831t£+01

.1136E+01
J1442E+401

1750E+01

L2060E+01
.2371E+01
LZ6B3E+01

2997£+01

.3313E+01
.3631E+01
LB3G49E+0]
LL270E+01

L59ZE+01

LA4G16EFOL
.5241E+01
.5568BE+Q1
.5897E+01
L6227E401
.6559E+01
.6B93E+01
.722BE+01
L7565E+01
.7904E+01
.B8244E+01
.B586E+01
.B930E+01
LG276E+01
6.
6.
7.
7.

G623E+01
$972E+01
0323E+01
Q675E+01

5.
5.

) L3
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JPPER
5595E+01
S874E+01

6154E+Q1
6435E+01
.6718E+Q1
.7002E+01
.7288E+01
.7575E+01
L7864E+01
.8154E+01
LBLASEFOL
B738E401
.9033E+01
L9329E+01
.P626E+01
.9925E+01
.0225E+401

0527E+01

.0831E+01
.11386E+01
L1446 2E+01
.1750E+01
.2060E+01

2371E+01

.2683E+01
L2997E+01

3313E+01

.3631E+401
_3949E+C1

4270E+01
4592E+01

J4916E+01
L5241E+01
.5568E+01
.5897E+01
.6227E+01
.6559E+01
.6B93E+Q1

7228E+01

.7565E+0C1
LT904E+O1
-B244E+01
.B85B4E+01L
LBI30E+01
.9276E+01
.94623E+01
9972E+401
L0323E+401
7.
7.

0&675E+01
1029E+01

EV D

¢ 1301

NO.
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
13461
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1378
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
13288
1389
1390
1391
1392
1393
1394
13¢5
1396
1397
1398
1399
1400

7.
7.
7.
.2103E+01
L2464E+C]
.2828E+01
L.3193E+01
L3559E+01
.3928E+01
LH29%E+01
S4671E+CT
LS3045E+01
5422E+01
.58C0E+Q1
.61B0E+C1
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(CONTINUEDD

1400 GROUPS

LOWER

1029E+01
1385E+01
1743E+01

6561E+01
6945E+01

.7331E+01
.7719E+01
.8108E+01
.8500E+01
.8B93E+01
.P289E+01
.G686E+01
LO0OBSE+01
L04LB7E+QL
.0890E+01
.1296E+01
1703E+0QL
.2113E+01

2524E+01

L2938BE+01
.3354E+01
J3772E+0G1
L4192E+4C1
L4614E+C1

S5038E+01

.S5464E+01
.5892E+01
.6323E+01
LAH7S6E+OL
L7190E+01
.7627E+01
.B067E+C1
.B5C8E+0C1
.8952E+01
LP398E+01
.9846E+01
.0296E+01
.Q749E+01

OO OO MDD EEEOOEOEEmOOE MO~~~ NSNS NS N NN N N N N N N N
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UPPER
.13B5E+01
.1743E+401
L2103E+01
L2L64E+01
.2828E+01
_3193E+01
.3559E+01
.3928E+01
LAP99E+01
LABTIE+OT
.S5045E+01
L5422E+01
.5800E£+01
.6180E+01
.6561E+01
LOFASE+O1
.7331E+01
L7719E+0C1
.B10BE+01
.8500E+01
.8893E+01
.92BGE+01
.G6BSE+QL
.00BS5E+01
L048B7E+01
.0890E+0Q1
1296E+01
_1703E+01
LZ2113E+01
.2524E+01
.2938E+01
L3354E+01
L3772E4+Q1L
LA192E+01
LA614E+01
.5038E5+01
.S4L64E+01
.58%2E+01
.6323E+01
LO67T56E+01
.7190E+01
T627E+01
.8047E+01
.B508E+01
LB8952E+01
L93980+01
LGBLB6E+D1
L0296E+01
.0749E+01
.1204E+01



JAERI — M 84 - 038

(CONTINUED?

TABLE 2.1 ENERGY GROUP STRUCTURE
NEUTRON ENERGY GROUP ( EV ) { 1401 - 1500 GROUPS )

NO . LOWER UFFPER NO. LOWER UPPER
1401 9.1204E+01 9.1661E+01 1451 1.1711E+02 1.1769E+02
1402 9.1661E+01 9.2120E+01 1452 1.1769E+02 1.1828E+02
1403 9.2120E+01 9.2582E+01 1453 1.1828E+02 1.1888E+02
1404 9.2582E+01 3.3046E+01 1454 1.1888E+02 1.1947E+02
1405 ¢.3046E+401 9.3512E+01 1455 1.1947E+02 1.2007E+02
1406 $.3512E+01 ?.3981E+01 1456 1.2007E+02 1.2067E+02
1407 ¢.3981E+01 9.4452E+01 1457 1.2067E+02 1.2128E+02
1408 G.4452E+01 9.4926E+01 1458 1.2128E+02 1.2189E+C2
1409 Q.4F26E+01 ?.5401E+01 1459 1.2189E+02 1.2250E+4C2
1410 G.5401E+01 2.5880E+01 1460 1.2250E+02 1.2311E+C2
1411 9.5880E+01 P.6360E+01 1461 1.2311E+0¢ 1.2373E+402
1412 F.6360E+401 9.68L3E+01 1462 1.2373E+02 1.2435E+0C2
1413 G .6B43E+01 Q.7329E+01 1463 1.2435E+02 1.2497E+C2
1414 9.7329E+01 9.7817E+01 1464 1.2497E+02 1.2560E+02
1415 ©.78176+01 9.83C7E+01 1465 1.2560E+02 1.2623E+02
1416 % .B307E+01 G.BBOOE+O1 1466 1.2623E+02 1.2686E+02
1417 9.8800E+01 9.9295E+01 1467 1.2688E+02 1.275CE+02
1418 9.9295E+01 G.P793E+01 1468 1.2750E+02 1.2814E+02
1419 9.9793E+01 1.002%E+02 1469 1.2814E+C2 1.2878E+02
1420 1.0029E+02 1.0080E+02 1470 1.2878E+C2 1.2942E+02
1421 1.0080E+02 1.0130E+02 1471 1.2942E+C2 1.3007E+0¢2
1422 1.0130E+02 1.0181E+02 1472 1.3007E+02 1.3072E+02
1423 1.0181E+02 1.0232E+02 1473 1.3072E+02 1.3138E+02
1424 1.02232E+02 1.0283E+0¢2 1474 1.3138E+02 1.3204E+02
1425 1.0283E+02 1.0335E+02 1675 1.3204E+02 1.3270E+02
1426 1.0335E+02 1.0387E+02 1476 1.3270E+02 1.3337E+02
1427 1.03878+02 1.0439E+02 1477 1.3337E+402 1.3403E+02
1428 1.0439E+02 1.0491E+02 1478 1.3403E+02 1.3471E+02
1429 1.0451E+02 1.0543E+02 1479 1.3471E+02 1.3538E+02
1430 1.0543E£+02 1.0596E+402 1480 1.3538E+02 1.3606E+02
TAED 1.0596E+02 1.0649E+02 1481 1.3606E+02 1.38674E402
1432 1.064GE+02 1.0703E+02 1482 1.3674E+02 1.3743E+02
1433 1.0703E+02 1.0756E+0¢2 1483 1.3743E+02 1.3812E+02
1434 1.0756E+02 1.0810E+02 1484 1.3812E+02 1.3881E+02
14635 1.0810E+02 1.0865£+02 1485 1.3881e+02 1.3950E+02
1436 1.0865E+02 1.0919E+02 1486 1.3950E+02 1.4020E+02
1437 1.0919E+02 1.0974E+02 1487 1.4020E+02 1.4091E+02
1438 1.0974E+02 1.102%9E+02 1488 1.4091E+C2 1.4161E+02
1439 1.1029E+02 1.10B4E+0< 1489 1.4161E+02 1.4232E+02
1440 1.1084E+02 1.1140E+02 1490 1.4232E+02 1.4304E+02
1441 1.1140E+02 1.1195E+02 1491 1.4304E+02 1.4375E+02
1442 1.1195E+02 1.1252E+02 1492 1.4375E+02 1.4447E+02
1443 1.1252E+02 1.1308E+02 1493 1.4447E+02 1.4520E+02
1444 1.1308E+02 1.13465E+02 1494 1.4520E+02 1.4593E+02
1445 1.1365E+0¢ 1.1422E+02 1495 1.45938+02 1.4666E+02
14486 1.14622E+02 1.1479E+02 1496 1.4666E+02 1.4739E+02
1447 1.1479E+02 1.1536E+02 1497 1.4739E+02 1.4813E+02
1448 1.1536E+02 1.1594E+02 1498 1.4813E+402 1.4887E+02
1449 1.15%4E+02 1.1652E+072 1499 1.4887E+02 1.4962E+02
1450 1.18632E+02 1.1711E+02 1500 1.4962E+02 1.5037E+0C2



TABLE 2.1

JAERI —M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP

1
1
1
1
1
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LOWER
.5037E+02
.5112E+C2
.518BE+02
.5264E+02
.8341E+02
.541BE+02
.5495E+02
.S573E+02
.5651E+02
.5729E+072
.5808E+02
.5887E+02
.5967E+02
LAECLTEHOZ
LE127E+Q2
L6208E+07
L86289E+02
6371E+02
.6453E+02
L6535E+02
.6618E+02
.6702E+02
L678B5E+02
.6870E+072
L6954E4+02
L7TO39E+02
.7T124E+02
.7210E+02
L729T7E+QZ
.7383E+02
LPLTOE+O2
L.755BE+02
LTELEEHO2
77348402
. 7823E+02
L7913E+02
_BOOZE+0Q?
.8093E+02
.8183E+02
.8275E+(C2
.8366E+02
.845BE+02
.8551E+02
.BELLEHOZ
.8737E+D2
.8831E+02
.BO25E+02
.G020E+02
.F116E+02
.F211E+02

UPPER

1.5112E+02
1.5188E+0¢2
.5264E+02
.5341E+02
.5418E+02
LS4L95E+02
.5573E+02
.5651E+02
.5729E+02
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S5808E+02

.SB8VE+GZ
.5967E+02
604T7E+Q2
H127E+02
.6208E+02
.628%E+02
LE371E+C2
LBL53E402
S6535E+02
L6618BE+02
L6702E+02
.6785E+072
.6870E+02

[}

6954E+02

.7039E+02
.7124E+02
.7210E+02
.7T297E+02
-7383E+02

7470E+02

.7558E+02
.THELEE+OZ
LPT3LEFOR
.7823E+02
L7P13EF02
.8002E+0C2
.BO93E+02
.8183E+02

B275E+02

.B36GE+OZ
.B458BE+02
.8551E+02

B&4LEFD2

.B737E+02
.8831E+02
.8925E+02
.9020E+02
.F116E+02
1.9211E+02
1.9308E402

EV D

¢ 1501

NOD.
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600

(CONTINUED?

1600 GROUPS

LOWER

1.9308&+02
.94LC5E+C2

MMM MMM ROMN AN MNP0 NN NN ST TN NN E &2 e

9502E+02

.9600E+02
.96G8BE+02
LP7FT7E+C2
.9896E+02
.9996E+02
.0C96E+02
.0197E+02
.02%98E+02
L0399E+02
.0502E+02
.0&804E+Q2
.0708E+02
.0B12E+02
.0916E+02

1021E+02

.1126E+02
L1232E+02
.1338E+02

1445E+02
1553E+02

.1661E+02
.1769E+02
.1879E+0C2
.1988E+0C2
.2098BE+02
.2209E+02
.2321E+02
.24320+02
.2545E+02

2658E+02

L277LE+0O2
-2888E+02
-.3000E+02
.3116E+02

"

3231E+02

.3348BE+02
.3465E+02

3583E+02

.3701E+02
.3820E+02
.3939E+02

)

L059E+02

CG1BOE+O2
.4301E+02
LAL23E+02

45458402

.L66BE+02

RN MM MNMOMN NN MNOMNMNNMNOMNMNMANDMN MR MNMNONRN NN NN N RO RN AN NN NN - P R e

)

UPPER

.9405E+02
.9502E+02
.2600E+02
.9698BE+02
.9797E+Q2
.9896E+02

99F6E+02

.0096E+02
L0197E+02
.0298E+02
L0399E+02
L0502E+02
.0604E+02
LO0708E+02
.0812E+072
.0616E+02
L1021E+C2

1126E+02

L1232E402
.1338E+02
L1L45E+02
.1553E+02
L1661E+02
L1769E+02
L1879E+02
.1988E+02
_2098E+02
L2209E+02
L2321E+02
L24L32E+02
L2545E+02
L2658E+02
_2771E402
L2BBGE+02
.3000E+02
_3116E+02
J3231E+02

3348E+02
3465E+0°2

.3583E+02
.3701£+02

3820E+02

.3939E+02
-4059E+Q2
.4180E+02
LA301E+02
LLL23E40E
LAS4L5E+02
LLB668E+02
.L792E+02



NO.
1601
1602
1603
1604
1605
1606

1607

1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1418
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650

TABLE 2.1

LOWER
2.4792E+02
2.4916E+02
2.5041E40°2
2.5166E+02
2.5293E+02
2.5419E+02
5547E+02
.SE75E+0Q2
.58B03E+(Q2
.S933E+02
.6063E+02
61923E+02
6325E+02
.5457E+0C2
.6589FE+02
.6723E+02
LE6BSTEHQ2
BGP1E+HQ2
.7126E+02
LT262E+02
LTI9QE+HC2
.7536E+C2
7674LE+02
.7B13E+02
7953E+02
.8093E+02
8233402
.8375E+02
.8517E+02
.8660E+02
.8804E+02
.894BE+02
.9093E+02
92398402
.2386E+02
LF533E+02
.968B1E+02
.9830E402
.9979E+02
.0130E+02
.0281E+0C2
D432E+C2
.0585E+02
.0738BE+02
.0BG2E+02
1047E+0Q2
.1203E+02
.1359E+02
L1816E+02
3.1674LE+02

NN W W W WW W WM RN NN MMM YR M MDA MM MNNRAMRN NDMNDNDRDN NN DN

JAER] — M 84— 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

UPPER
LA916E+D2
.S041E+02
.9166E+02
.5293E+02
.S5419E+02
-5547E+Q2
.5&67SE+02
.S5803E+02
.9933E+02
.6063E+02
.6193E+02
.6325E+02
LOELSTE+Q2
.6589E+02
L.6723E+402
4857 E+O2
LA9FLEHOZ
.7126E+02
.F282E+02
.7399E+02
.7536E+02
TH6T7LEFOZ
.7BL3E+02
.7PS53E+02
.B093E+Q2
.8233E+02
.B37S5E+Q2
.8517E+02
.BE&60CEFOCZ
.B88C4E+02
.BYLBE+0O2
L9093E+0C2
.9239E+02
.GZBEE+C?
L95332E+02
.F681E+02
.98B30E+02

.0130E+02
.C281E+02
0432E+02
.0585E+0¢
.0738E+02
.0B92E+02
3.1047E+02
3.1203E+02
3.1359E+02
3.1516E+02
3.1674E+02
3.1833E+02

HIWIWWIWWR OO NN R NN NN NN NN RN O DN R NN NN N NN

L9979E+02

EV 2

¢ 1601

NO.
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
16679
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
14685
1686
1687
14688
1689
16%0
1691
1692
1693
1694
1695
14696
1697
1698
1699
1700

(CONTINUED?

- 1700 GROUPS )

LOWER

L1833E+02
.1993E+02
.2153E+02
.2314E+02
L2LTEE+OZ
.2639E+02
.2B03E+02
.2967E+O2Z
L3132E+02
.3298BE+Q2
.34L65E+02
.3633E402
.3B02E+02
.3971E+C2
4141E+02
.4312E+02
ZL44BLE+O2
.LE57E+02
.4B831E+02
.5006E+02
.5181E+02
LS5357E+02
.5535E+02
S5713E+02
5892E+02
.A6072E+02
.6252E+02
LOL3LE+DR
LE617E+02
.6800E+02
.6985E+072
.7170E+02
L73537E+02
7544E+07
. 7732E+02
L7921E+02
.8111£+02
.8302E+02
.84P4E+02
.8887E+02
8881E+02
LFO76EFOZ
L9272E+02
.GLEBE+C2
.9867ETO2
.9B65E+02
.0065E+02
4L.,0266E+02
4. 046BE+02
4 Q671E+02

PSRV VIR VAR WA SR WU RV SR ON IR ¥ SR AR O ARV BN CN R WA R SR S S W W R W B W I VR W B W I 2 B WS B S S N B N B W P B N N I N R P A Y B PN IR S I /R WP R R I Y I O B N IR 'S BN
"

URFER
3.1993E+02
3.2153E+02
3.2314E+02
2.2476E402
3.2639E+02
3,2803E+0¢2
3.P2967E+02
I.3132E+02
3.3298E+02
.34LA5E+02
.3633E+02
.3B02E+02
.3971E+02
JLL4L41EHD2
LA312E4+02
LLEBLEFDZ2
LLB5TEHO2
ABBR1E+02
.5006E+02
.5181E+02
.5357E+02
.5535E+02
.S5713E+02
.5892E+02
.6072E+02
.6252E+02
L6LFLEHQD2
.6617E+0Q2
L6800CE+C2
.A9B5E+0C2
.717CE+C2
.7357E+C2
THLLEHQ2
7T732E+02
.7921E+02
.8111E+02
.B302E+02
.84F94LE+Q2
.84BVE+Q2
.8881E+02
L90786E+02
.P272E+Q2
9L6PE+0Q2
L.F66TE+C2
.9845E+02
.Q065E+02
LD266E+02
.0468BE+G2
.0671E+02
4.0875E+02
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JAERI — M 84 — 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED?
NEUTRON ENERGY GRQUP ( EV ) ¢ 1701 - 1800 GROUPS )

ND. LOWER UPPER NC. LOWER UPPER
1701 4 _0875E+02 4.1079E+02 1751 5.2484E+02 5.2747E+02
1762 4£.1079E+02 4L.1285E+02 1752 5.2747E+02 5.3011E+02
1703 4.1285E+0¢ L.1492E+C2 1753 5.3011E+4+02 5.3277£+0Q2
1704 L, 1492E+02 4.1700E+02 1754 5.3277E+02 S.3544E+02
1705 4.1700E+402 4.1909E+02 1755 S.3544E+02 5.3813E+02
1706 L. 1909E+02 4.2119E+402 1756 5.3813E+02 5.4082E+02
1707 4.2119E+072 4.2331E+02 1757 5.40B2E+02 5.4353E+02
1708 4.2331E+02 4L,.2543E+02 1758 5.4353E+02 5.4626E+02
1709 4.2543E+02 4L.2756E+02 1759 5.4626E+02 5.49C0E+02
1710 4.2756E+02 4_2970E+402 1760 5.4900E+02 5.5175E+02
1711 4. 2970E+02 4.3186E402 1761 5.5175E+02  5.5451E+02
1712 4.3186E+02 4.3402E+02 1762 5.5451E+02 5.5729E+02
1713 4.3402E+02 4.3620E+02 1763 5.5729E+402 5.6009E+02
1714 4.3620E+02 4 .383BE+02 1764 5.6009E+02 5.6290E+02
1715 4 . 3B3BE+Q2 4.L0D5BE+OZ 1765 5.6290E+02 5.6572E+02
1716 4.4058BE+02 L_A279E+02 1766 5.6572E+02 5.6855E+072
1717 L, L2T9E+02 4 4501E+02 1767 5.6855E+02 5.7140E+02
1718 4,4501E402 L LT724E+02 1768 5.7140E402 5.7427E+02
1719 4. LT724E+02 L. L9LBE+D2 1769 5.7427E+02 5.7714E+02
1720 4L LPLEBE+O2 4 .5173E+02 1770 5.7714E+40C2 5.8004E+02
1721 4.5173E402 4.5400E+0¢ 1771 5.8004E402 5.8295E£+02
1722 4L . S5400E+02 4L.5627E+02 1772 5.82%5E+02 5.8B587E+02
1723 4.5627E+02 4.5856E+02 1773 5.8587E+C2 5.8880E+0Q2
1724 4.5856E+02 4.6086E+0¢2 1774 5.8880E+Q2 5.9176£+02
1725 4. 60B6E+02 4. 6317E+02 1775 5.9176E+02 5.9472E+02
1726 4. 6317E+02 L.,6549E+02 1776 S.9472E+02 5.9770E+02
1727 4.6549E+02 4.67B2E+02 1777 5.9770E+02 &.0070E+02
1728 4L.67B2E+072 4.7017E+02 1778 5.0070E+02 6.0371E+02
1729 4.7017E+02 4.7253E+402 1779 6.0371E+02 6.0674E+02
1730 4, 7253E+02 4. 7490E+Q2 1780 6.0674E+072 6.0978E+02
1731 4.74L90E+02 4, 7728BE+02 1781 6.0978BE+02 65.1283E+02
1732 4L.7728BE+Q2 4. 7967E+02 1782 4$.1283E+02 6.1591E+02
1733 L.7967E+0C 4.8207E+02 1783 6.1591E+02 6.1899E+02
1734 4 .8207E+02 4 . 84L4F9E+02 1784 6.1899E+02 6.2210E+02
1735 4 . BLLFE+0QZ 4 .8692E+02 1785 6.2210E+G2 6.2521E+02
1736 4.B6G2E+DZ 4,8936E+02 1786 6.2521E+02 6.2835E+02
1737 4L.8936E+02 4.9181E+402 1787 6.2835E+02 6.3150E+02
1738 4. 9181E+02 4.9428BE+02 1788 4.3150E+02 6.3466E+C2
1739 L. 942BE+02 4£.9675E+02 178% 6.3466E+02 &.37B4E+C2
1740 4L _9675E+02 4 .9924E+02 1790 6. 37BLE+QZ 6.4104E+02
1741 4L.9924E+02 5.0175E+02 1791 6.4104E+02 6.6425E+02
1742 5.0175E+C2 5.0426E+02 1792 6.4425E+02 6.6748BE+02
1743 5.0426E+02 5.0679E+02 1793 6.4748BE+02 6.5073E+02
1744 5.0679E+02 5.0933E+02 1794 6.5073E+02 6.5399E+02
1745 5.0933E+02 5.1188E+C2 1795 4$.539%E+02 &.5727E+02
1746 5.1188E+02 5.1445E+02 1796 6£.5727E+02 6.6056E+02
1747 5.1445E+02 5.1703E+02 1797 6.6056E+02 6.46387E+0C2
1748 5.1703E+02 5.1962E+02 1798 6.6387E+02 6.6720E+02
1749 5.1962E+02 5.2222E+02 1799 6.6720E+02 6.7055E+02
1750 5.2222E+02 5.2484E+02 1800 6.7055E+02 6.7391E+02



NO.
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850

TABLE 2.1

JAERI - M 84 - 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

6
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LOWER
L.73%91E+02
L7729E+02
.8068E+02
LBLO9E+D2
LB752E+02
L9097E+02
L9LLIE+D2
L9791E+02
L0141E+02
D493E+02
.OBLBE+02
.1201E+02
.1558E+02
JIG1T7E+02
L2277E+02
L264L0E+02
.3004E+02
L3269E+02
L3737E+02
LL107E+02
LLLTBE+D?
LLBS52E+02
.5227E+02
L5604E+02
.5983E+02
LE3LLEHO2
L674LTE+02
L7131E+402
.7518E+02
.79C6E+02
.8297FE+02
.BABRIE+QZ
.G0B4LE+Q2
.94LBOE+02
L9B79E+02
.0279E+02
.0681E+02
L1086E+02
L1LGR2E+02
.1901E+02
L2311E+02
L2724E+02
.3139E+02
.3555E+02
.3974E+C2
LL395E+02
.4LB18E+02
.5243E+02
L5671E+02
L6100E+02
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UPPER

F729E+02
.8068E+02
.B40FE+0Z

8752E+02

.G097E+0Q2
FLLBEHQ2
9T791E+O2
.0141E+C2
.04F3E+02
.0B4BE+D2
.1201E+02
.155BE+02

1917E+Q2Z

L.2277E+0Q2
.2640E+02

3004E+02
3369E+0G2

.3737E+02
L107E+C2
LLTBE+QZ
.4B852E+02
L9227TE+Q2
.5604E+0Q2
.5983E+02
LO36LEFOZ
LO7LTEHOZ
.7131E+02

7518BE+0Z

.7906E+02
.8297E+02
.B68B9E+D2
.90B4LE+Q2
L94LBOE+QZ
.9B79E+02
.0279E+02
.068B1E+0DL
.1086E+02
L1492E+02
.1901E+02
.2311E+02
27242402
.3139E+02
.3555E+02
.3974E+02
-4395E+02
L4B1BE+02

5243E+0Q2
5671E+02

.6100E+C2
8.6531E+02

EV )

¢ 1801

NO.
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
18463
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1861
1892
1893
1894
1895
1896
1897
18%8
1899
1900
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(CONTINUED)

LOWER
.6531E+02
6965E+02
.7401E+02
.7839E+02
.8280E+02
.B722E+0C2
L9167 E+02
P&14E+O2
.0063E+02
.0514E+02
.0968E+02
L1424E402
.1882E+02
L2343E+02
.2806E+02
.3271E402
.3738E+02
L420BE+DZ
.L6B81E+02
.5155E+02
.5632E+02
L6111E+02
.B593E+02
7OF7E+O2
.7544E+02
.8053E+02
.8545E+02
.9038E+02
.9535E+02
L.0003E403
.00S4E+03
.0104E+03
.0155£+03
.0205E+03
LO0257E+Q3
.030BE+03
.03260E+03
L0412E+03
D464LE+03
0516E+03
.0569E+03
.0622E+03
L0675E+03
.0729E+03
LO782E+03
.0837E+03
.0891E+03
.0G45E+03
.1C00E+0C3
.1055E+03

1900 GROUPS
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UPPER

-6965E+02

7401E+02

.7839E+02
.B2B0E+02
.B722E+02
L9167 E+DZ
.9614E+02
.0D&63E+02
L0514E+072
.0968BE+02
L1424E+02

1882£+02
2343E+02

L2806E+02
.3271E+02
.3738E+02
L4208E+02
LEBLE+O2
.5155E+02
LSH632E+02
.6111E+02
LE593E4072
LFO077E+Q2
L7564E+07
.8B053E+02
.8545£+02
.F038E+02
LF535F+02
.CO03E+03
.Q0S54E+Q3
.0104E+03
.Q0155E+03
.0Z205E403
L0257E+03
.0308BE+03
.0360E+03
L0412E+03
LO0L64LE+03
LOS516E+03
.0S549E+03
.0622E+03
LOB675E+03
072%9E+03
.0782E+03
.0B37E+03
.0BG1E+03
.0945E+03
.1000E+03
.1055E+403
.1111E+C3



NO.
1901
1902
1903
1904
1905
1906

1907

1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1619
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
19471
1942
1943
1944
1945
1946
1947
1948
1949
1950

TABLE 2.1

NEUTRON ENERGY GROUP

LOWER
.1111E+GC3
.1167E+03
.1223E+03
.1279E+03
.1335E+03
1392E4+03
L144FE+03
.15C07E+03
.1564E+03
.1622E+03
.1681E+03
.1739E+03
1798E+03
.1857E+03
.1916E+03
.1976E+03
.2036E+03
.2097E+03
21S7E+03
.2218E+C3
.2279E+03
.2341E403
L2L03E+03
L2L65E+03
.2527E+03
L259CE+Q3
L2653E+03
.2717E+03
.2781E+03
.2845E+03
2909E+03
2974LE+03
.3039E+03
.3104E+03
.3170E+03
.3236E+03
.3302E+03
. 3369E+03
3436E+03
.3503E+03
.3571E+03
L363FE+03
.3707E+03
.3776E+03
.3845E+03
.3914E+03
1.3984E+03
1.4L054E+03
1.4125E+03
1.4195E+03
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ENERGY GROUP STRUCTURE

UPPER
1.1167E+03
1.1223E+03
1.127%9E+03
1.1335E+03
1.1392E+03
1.1449E+03
1.1507E+03
1.1564E+03
1.16225+03
1.1681E+03
1.1739E+03
1.1798E+03
1.1857E+03
1.1916E+03
1.1976E+03
1.2036E+03
1.2097E+03
1.2157E+03
1.2218BE+03
1.2279E+03
1.2341E+03
1.2403E+03
1.2465E+03
1.2527E+03
1.2590E+03
1.2653E+03
1.2717E+03
1.2781E+03
1.2845E+03
1.2909E+03
1.2974E+03
1.3C3%E+03
1.3104E+03
1.3170E+03
1.3236E+03
1.3302E+03
1.33469E+03
1.3436E£+03
1.3503E+03
1.3571E+03
1.2639E+03
1.3707E+03
1.3774E+03
1.3845E+03
1.3914E+03
1.39B4E+03
1.4054E+03
1.4125E+03
1.4195E+03
1.4267E+03

{ EV 3

¢ 1901

NO.
1651
1952
1953
1954
1955
1956
1657
1658
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

(CONTINUED?

- 2000 GROUPS

LOWER
LA267E+D3
L33BE+C3
LA10E+O3
LLALB2E+Q3
. 4555E+03
.LE2BE+03
LLT701E+03
L7T7SE+Q3
LBLIEHQE
L923E+03
CLG9BE+O3
.S5073E+03
.5149E+03
.5225E+03
.5301E+03
.5378E+03
.S455E+03
.5532E+03
.S5610E+03
.5688E+03
.S767E+03
.5B4LAE+D3
.53926E+03
.6005E+03
L60BGEFO3
LH166E+03
LB2LTEHO3
A329E+03
.6411E+03
.6LIZE+Q3
.6575E+03
.6659E+03
LA742E+03
.H6826E+03
L6910E+03
.6995E+03
.70B0E+C3
. 71686E+03
.7252E+03
.7338E+03
LTL25E+03
.7513E+03
.7600E+0D3
1.7689E+03
1.7777E+03
1.7866E+03
1.7956E+03
1.80446E+03
1.8136E+03
1.8227E+03

T T T N N  al
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UPPER

LA33BE+O3
LA4G10E403
.44B2E+03
.4555E+03
LLE2BE+HO3
L4701E+03
JLT775E+03
.LB4OE+QO3
S4923E+03
LLG9BE+QO3
.5073E+03

5149E+03

.5225E+03
.53C1E+03
.5378E+03
.5455E+03
.5532E+03
.5410E+03

N

568BE+03
S7T67E+03

.5B46E+O3
.59246E+03
LH6005E+03
.60B6E+0O3
.A1466E+03
.624TE+Q3
L.6329E+03
LBAET1E+D3
.64L93F+03
.6575E+03
.A6659E+03
LOTL2E+Q3
.AB26E+03
L6910E+03
LH995E+03
.7080E+03
.7166E+03
.7252E+Q3
.733BE+03
.TL25E+03
.7513E+03
.7600E+03
.7689E+03
LIT77TE+Q3
.7B&6BE+O3

7956E+03

.BO4LLE+DS
.B136E+03
.B227E+03
.8319E+03



ND.
2001
2002
2003
2004
2005
2006

2007

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2063
c&4
2045
2046
2047
2048
2049
2G50

TABLE 2.1

"JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP ¢

LOWER

1.8319E+03
1.8411E+03
.B8503E+03
.B594E+03
.868B9E+03
.B782E+03
.BB77E+03
.B971E+03
L9066E+03
.9162E+03
.9258E+03
L9354 E+03
LSLE51E+03
.G549E+03
LGHLTEFOR

MO MO NN RTONDNRON N MR MR MNM MM MNANMNINAONEPE PP R e 2D 3 2 2

[AC2NA0 BN AR LS BRAU AV

G74L5E+Q3
9BLLE+Q3

LP944E+03
.004L4E+QO3

0144E+03
0245E+03

.034T7E+03
.04L49E+03

CS51E+03
0654E+03

.0758E+03
.0882E+03
.0956E+03
.1072E+03
.1177E+03
.12B3E+03

13G0E+03

1497E+03
.1605E+03
A713E+03
.1822E+03
.1931E+03
.2041E+03
.21528+03
L2263E+03
L2375E+03
L24BT7EHQE
.259GE+03
.2713E+03

2827E£+03
PRLIE+OS

.3056E+03
.B3171E+03
.3288E+03
S3404E+03

UPPER

1.8411E+03
1.8503E+03
1.8596E+03
.B5BGE+0D3
.8782E+03
-8877E+03
-8971E+03
-F0686E+03
.91462E+Q3
.9258E+03
.9354E+03
LPL51E+03
.9549E+03
.F6LTEFQS
.974LS5E+03

TOMRMNMMAMNRD NN N MDA MNMNDARODMND MNP RN RN MO TN O NN DN S P Y 2 5 2 2

9844E+Q3
P94L4LE+D3

.0044E+03

4

D144E+03
0245E+03

L0347E+03

%

04L49E+O03

.0551E+03
L0654E+03
.0758E+03
.0862E+03
L0966E+03

1072E+03

.1177E+03
.1283E+053
.1390E+03
S1497E+03
.16CSE+C3
.1713E+03
-1822E+03
.1931E+03
.2041E+03
.2152E+03

2263E+03
2375E+03

L2LBT7E+Q3
.2599E+03
_27A3E+D3
L2B27E+D3
L2941E+03
.3056E+03
.3171E+03
.328BE+03
.3404E+03
.3522E+03

EV 3

{ 2001

NO .
2051
2052
2053
2054
2055
2026
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087

" 2088

2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100

AN MNP MNP NN OO NN NN MNRNNN NN RONMNICR NON N RO NN MO NN MNMN NN

(CONTINUED)D

2100 GROUPS

LOWER

.3522E+03
L3640E+Q3
.3758E+03
.3877E+03
LI997E+D3
L4117E+03

.

L238E+03

LA360E+03
JALBZE+03
LAE0LEAOSE
LATZBE+O3
LAB52E+03

LOTHE+Q3

LS5101E+03
.5227E+03
.5354E+03
.5481E+03
.5608E+03
.S737E+03
.5866E+03
LS995E+03
_6126E+03

6257E+03

.6388E+03
.6521E+03
LEESLEFO3
.&78B7E+03
.6921E+03
.7056E+03
.7192E+03
.7328E+03
74LB5E+03
.TE03E+03
F7L1E+C3
.7880E+03
.8020E+03
.8161E+03
.8302E+03
.B4L44E+03
.85846E+03
.B729E+03
.BB73E+03
.9018E+03
L91ELEFQ3
.F31CE+03
LL457ETOR
.FEO04LE+OQ3
.97S3E+Q3
.9902E+03
.0052E+03

(HWMN NN RN NI AN NN AN NN R MR NN MO MM O NI N NSRS NRNMNNR

)

UPPER

.3640E+03
.3758E+03
LA877E+0D3
.3997E+03
LL11T7E+03
.L23BE+03
. L360E+C3
LLBZ2E+C3
LAGB04LE+C3
L728E+03
LABS2E+Q3
LP7EEHQ3
.5101E+03
.5227E+C3
.50354E+03
.S54B1E+Q3
.5460BE+03
.5737E+03
.5B46E+03
.5995E+03
6126E+03
.6257E+03
.H63B8E+03
LAE521E+03
.O65LE+03
.6787E+03

46921E+03

L7056E+03
W7192E+03
.7328BE+03
.7465E+03
.F603E+03
LTT7TLLE+OS

7880E+03

.B020E+03
.B161E+03
.B8302E+03
LBLLLEFDS
.8586E+03

B729E+03

.BB73E+Q3
L9018E+03
L9164LE+03
L9310E+03
.9LSTE+03
.9604LE+03
L9753E+03
.G902E+03
.0Q52E+03
L,0202E+03



NO.
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111

2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2l44
2145
2146
2147
2148
2149
2150

TABLE 2.1%

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

[ R RN R RV VIRV R RV RV R R R
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LOWER

.0202E+GC3
-0354E+03
.0506E+03
.0659E+03
.0813E+03
.0967E+03
.1122E+03
L1278E+03
.1435E+03

1593E+03

LI7531E+03
.1910E+053
.2070E+03

2231E+03

L2392E+03
.2555E+03

2718BE+03
2882E+03

.3047E+03
.3212E+03
.3379E+03
L3I546E+03
L3714E+Q3
.3883E+03
JLOS3E+O3

L224E+03

LA395E+03

4L568E+03

.L74L1E+OQ3
L4915E+403
.5090E+03
.5266E+0C3
.5443E+403

5621E+03

L5799E+03
.5979E+03

6159E+03

.6340E+03
LE6522E+03

6705E+03

LEBBYE+OQ3
.7074E+03
.7260E+03
LTLALTEFQBD
L7TE35E+03
.7823E+03
_BO13E+03
.B203E40C3
.B395E+03
.8587E+03

UPPER
3.0354E+03
2.0506E+03
3.0659E+03
3_.0B13E+03
3.0967E+03
3.1122E+03
3.1278BE+03
3.1435E+03
3.1593E+03
3.1751E+03
3.1910E+03
3,2070E+03
3.2231E+03
2.2392E+03
3,.2555E+03
3.2718E+03
3.2882E+03
3.3C47E+03
3.3212E+03
3.3379E+03
3.3546E+03
3.3714E+03
2.3883E+03
3.4053E+03
3.4224E+03
3.4395€E+03
3.4568E+C3
3.4741E+03
3_4915E+03
2.5090E+03
3.5266E+03
3.5443E+03
3.5621E+03
3.5799E+03
3.5979E+03
3.6159E+03
2.6340E+03
3.6522E+03
3.56705E+03
3.6889E+03
3.7074E+C3
3.7260E+03
3.744TE+Q3
3.7635E+03
3.7823E+03
3.8C13E+03
3.8203E+03
Z.B395E+03
3.8587LC+03
3.878B1E+03

EV 3

( 2101

ND.
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
eLve
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200

(CONTINUED?

- 2200 GROUPS O

LOWER
3.8781E+03
LBY75E+03
.9170E+03
.9367E+03
@564LE+Q3
L9762E+O3
.9942E+03
L0162E+03
.0363E+03
.0566E+03
L.076GE+03
.0973E+03
L.1179E+03
.1385E+03
.1593E+03
1801E+03
2011E+03

.2433E+03
.2646E+03
.285%E+03
3074E+03
.3290E+03
.3507E+03
.3725E+03
_394LLE+Q3
.4165E+03
-438B6E+03
L4608E+03
.LB832E+03
.S057E+03
.5283E+03
.5510E+03
.5738E+03
.S967E+03
.6197E+03
L6429E+03
.6662E+C3
6BREE+O3
.7131E+03
.7367E+03
75604E+03
.7843E+03
.8083E+03
LB324E+03
.B566E+03
.8809E+03
LPFOSLE+OD
.9300E+03
.9547E+03

® +
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L.2221E+03

UPPER

.B8975E+03
@170E+03
L9367E+C3
.9564LE+03
L9TE62E+D3
P962E+03
L0162E+03
.03463E+0C3
.0566E+03
.07469E+03
.0973E+03
L1179E+03
.1385E£+03
.1593E+03
.1801E+03
.2011E+03
.2221E+03
.2433E+03
L26L6E+03
.2859£+03
.3074E+03
L 329CE+03
3507E+0Q03
.3725E+03
394 4E+03
L165E+03
LL3BHE+03
LHE0BE+03
.4B32E+03
.5057E+03
.5283E+03
.5510E+03
.5738E+03
.5967E+03
6197E+Q3
6LZ2FE+O3
LOE62E+03
.6896E+03
.7131E+03
L7367 E+OS
7E04LE+O3
.7BL3E+Q3
.BOB3IE+03
.8324E+03
.8566E+03
LBRCGE+D3
.9054E+03
.9300E+03
.9547E+03
4L 9795E+03
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NO.
2201
2202
2203
2204
2205
2206

2207

2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2e32
2233
2234
2235
2236
2237
2238
2239
2240
2241
22472
2243
2264
2245
2246
2247
2248
2249
2250

TABLE 2.1

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

0~D\O\O~O~O~O~O~O~O~O~O~\.nU'l\.ri\_nu1\_nmmmmmmU'rmm\,n\.n\.nmmmmuxmmmmmmmmmwmmmmb

LOWER

.9795E+03
LOO043E+C3
.02%6E+03
.0548E+03
.0BO1E+03
.1056E+03
.1312E+03
.1569E+03

1828E+03

.2087E+03
.2348E+03
L2611E+03
.2B75E+03
.3140E+0Q3
.3406E+03
L.3674LHE+Q3
L3F43E+0Q3
4213E+03
CA4LBBE+D3
.4758BE+03
.5032E+03
.5308E+03
.5584E+03
.5864E+03
L61L4EHD3
.64L26E+03
6708E+03
LG993E+03
.727BE+03

7565E+03

.7854E+03
B144LE+03
LB435E+03

B728E+03

.9023E+03
LP319E+03
.9614E+03
.9915E+03
.0215E+03
.0517E+03

0B20E+03

.1125E+403
1432E403

1739E+03

.2049E+03
.2360E+03
L2672E+03
.2987E+03
.33202E+03
L362CE+03

UPPER

5.0045E+403
L0296E+03
.0548E4+03
.0801E+03
.1056E+Q3
.1312E+03
.1569E+03
.1828E+03
.20B7E+03
.2348E+03
2611E+D3
.2875E+0Q3
.3140E+03

[ e e e e e ¢ S S S e N o s SRV IV IV W IRV, IV SV IRV, IRV, SRV ARV, SRV, IR IR W, BV, IRV, IRV, BV BV, BV RV RV S BV Y R RV R A R IR IR S I I

L]

3406E+03

L3674E+03

Z9L3E+03

L4213E+03
.44B5E+03
L4758E+03

5032E+03

.5308E+03

55846E+03
SB84LE+03

L6144E+03

6426E+03
6708E+03

LEF93E+03
.727BE+03

7565E+03

.7854E+03
B14LLE+O3
.B435E+03
.8728E+03

9023E+03

L931%E+03
.9616E+03
.9915E+03
.0215E+03

0517E+03

.08Z20E+03
-1125E+03
L1432E+03

1739E+03

.2049E+03
.2360E+03
L2672E+03
.2987E+03
.3302E+03
.3620E+03
.3939E+03

EV D

¢ 2201

NO.
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
227l
2272
2273
2274&
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300

.

[ L]
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(CONTINUED)

2300 GROUPS

LOWER

.3939E+03
L4259E+03

4581E+03
4905E+03

.5230E+03

5557E+03
S58B4LE+03

.6216E+03
.6548E+03

4882E+03

L7217E+03
.7554E+03
.7892E+03
.8233E+03
.B575E+03
.B918E+C3
LP264E+03
.9611E+03
.9G60E+03
0311E+03
.0663E+0Q3
L1017E+03
.1373E+03
L1731E+03

2091E+03
2452E+03

.2815E+03
.31B0E+03
L354LT7E+03
L3916E+03
LA2B6E+03
.L658E+03
.5033E+03
.540%9E+C3
.5787E+03
LO61TATEFQOS
.6548E+03
L6932E+03
.7318E+03
. 77085E+03
.8095E+03
.B4BSE+Q3
.BBBOE+(3
.9275E+03
9672E+Q3
.0072E+03
L0473E+03
.0876E+03

1282E+03
1689E+03

OO ~N~N~NN~N~N~SNNNNANNNN N NNNN NN N NNN~Ns O OO O O

8
8

P

UPPER
LL259E+03
.45B1E+03
.LG05E+C3
_5230E+03
.5557E+03
.S8B&E+03
.6214E+03
LO548E+03
.688B2E+03
L7217E+03
.7554E+03
.789Z2E+03
.8233E+03
.8575E+03
L.8918E+03
.9264E+03
.9611E+03
.GG60E+03
.D311E+03
.0663E+03
.1017E+C3
.1373E+03
.1731E+03
.20%1E+03
.2452E+Q3
.2815E+03
.3180E+03
L3S4T7E+03
.3916E+03
LL286E+03
.HA58BE+03
.5033E+03
.5409E+03
.5787E+03
LBL16TEHQE
.6548BE+03
L6G32E+03
.7318E+03
.7705E+03
.BO9SE+03
.BLBLE+O3
.8880&8+03
.G275E+03
.GE6T72E+03
.Q072E+03
O4T73E+03
LO876E+03
.1282E+03
.14B9E+03
.2099E+03



JAERI — M 84 — 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED)
NEUTRON ENERGY GRCUP ( EV ) { 2301 - 2400 GROUPS 3
NC. LOWER UPPER NO. LOWER UPPER
2301 8.2099E+03 8.2510E+03 2351 1.0542E+04 1.0595E+04
2302 B.2510E+03 8.2924E+03 2352 1.0595E+04 1.0648E+04
2303 B.2924E+03 8.3339E+03 2353 1.0648E+04 1.C701E+04
2304 B.3339E+03 B.3757E+03 2354 1.0701E+04 1.0755E+404
23205 B.3757E+03 B.L177E+03 2355 1.07S5E+0C4 1.0BCPE+C4
2306 B.4177E+C3 B.459%E403 2356 1.080%E+04 1.0863E+04
2307 8.4599E+03 8.5023E+03 2357 1.0863E+0C4 1.0917E+04
2308 B.5023E+03 B.S44LPE+C3 2358 1.0917E+04 1.0972E+04
2309 B.544FE+03 8.5878E+0C3 2359 1.0972E+04 1.1027E+04
2310 8.5878E+03 8.4630BE+03 2360 1.1C27E+04 1.1082E+04
2311 8_6308E+03 B8.6741E+03 2361 1.1082E+04 1.1138E+04
2312 B.6741E+03 B.7175E+03 2362 1.1138E+04 1.1194E+04
2313 8.7175E+03 B.7612E+03 2363 1.1194E+04 1.1250E+04
2314 B.7612E+03 8.8052E+03 2364 1.1250E+04 1.1306E+04
2315 8.8052E+03 8.8493E+03 2365 1.1306E+04 1.1363E+04
2316 8.8493E+03 BR.B9Y37E+03 2366 1.1363E+04 1.1420E+04
2317 8.8937E+03 B8.9382E+03 23467 1.1420E+0Q4 1.1477E+04
2318 B.938B2E+03 8.9830E+03 2368 1.1477E+04 1.1534E+04
2319 8.9830E+03 9.02B1E+03 2369 1.1534E+04 1.15%92E+04
2320 9.0281E+03 9.0733E+03 2370 1.15%92E+04 1.1650E+C4
2321 9.0733E+03 $.1188E+03 2371 1.1650E+04 1.1709E+0C4
2322 9.1188E+03 9.1&645E+03 2372 1.170%E+04 1.1767E+0C4
2323 G.164L5E+0O3 9.2104E+03 2373 1.1767E+04 1.1826E+04
2324 9.2104E+03 G.2566E+03 2374 1.1826E+04 1.188686E+04
2325 @.2564E+03 9.3030E+03 2375 1.188B6E+04 1.1945E+04
2326 9.3030E+03 9 .34F96E+03 2376 1.1945E+04 1.2005E+04
2327 9.3L96E+03 ¥.3965E+03 2377 1.2005E+404 1.2065E+04
2328 9_396SE+03 9. 443HE+03 2378 1.2045E+04 1.2126E+04
2329 G L4L36E+03 9.4909E+03 2379 1.2126E+04 1.2187E+04
2330 9.4909E+03 9.5385E+03 2380 1.2187E+04 1.2248E+04
2331 9 _5385E+03 9.5863E+03 2381 1.2248E+04 1.2309E+04
2332 G.5863E+03 F.EBLLEFDS 2382 1.2309E+04& 1.2371E+04
2333 G.6344E+03 9.&6B27E+03 2383 1.2371E+04 1.2433E+04
2334 9. 6827E+D3 9.7312E+03 2384 1.2433E+04 1.24G5E+C4
2335 9.7312E+03 9.7800E+03 2385 1.2495E+04 1.2558E+04
2336 9.7B0CE+G3 9.8290E+03 2386 1.2558E+04 1.2621E+404
2337 9.8290E+03 9.8783E+03 2387 1.2621E+04 1.26B4E+04
2338 $.8783E+03 9.9278E+03 2388 1.2684E+04 1.2748E+04
2339 G.9278E+03 9.9776E+03 2389 1.2748E+04 1.2811E+04
2340 G.9776E+D3 1.0C28E+04 2390 1.2811E+04 1.2876E+04
2341 1.0028E+04 1.0078E+04 2391 1.2876E+04 1.2940E+04
2342 1.007BE+0Q4 1.0128E+04 2392 1.2%40E+04 1.3005E+04
2343 1.0128E+04 1.0179E+04 2393 1.3005E+04 1.3070E+04
2344 1.0179E+04 1.0230E+04 2394 1.3070E+04 1.3136E+04
2345 1.0230E+04 1.0281E+04 2395 1.3136E+04 1.3202E+04
2346 1.0281E+04 1.0333E+04 2396 1.3202E+04 1.3268BE+04
2347 1.0333E+04 1.0385E+04 2397 1.3268E+04 1.3334E+04
2348 1.0385E+04 1.0437E+04 2398 1.32334E+04 1.3401E+04
2349 1.0437E+04 1.0489E+04 2399 1.3401E+0Q4 1.346BE+04
2350 1.0489E+04 1.0542E+04 2400 1.3468BE+04 1.3536E+04



JAERI — M 84 — 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED)D
NEUTRON ENERGY GROUP ( EV O ( 2401 - 2500 GROUPS 3
NO. LOWER UPPER NO. LOWER UPPER
2401 1.3536E+04 1.3604E+04 2451 1.7380E+04 1.7467E+04
2402 1.3604E+04 1.3672E+04 2452 1.7467E+04 1.7555E+04
2403 1.3672E+04 1.3740E+04 2453 1.7555E+04 1.7643E+C4
2404 1.3740E+04 1.3809E+04 2454 1.7643E4+04 1.7731E+04
2405 1.3809E+04 1.3878E+04 2455 1.7731E404 1.7820E+04
2406 1.3878E+04 1.3948E+04 2456 1.7820E+04 1.7910E+0C4
2407, 1.3948E+04 1.4018E+04 2457 1.7910E+04 1.7999E+C4
2408 1.4018E+0C4 1.4088E+04 2458 1.7999E+04 1.8090E+C4
2409 1.4088E+04 1.4159E+04 2459 1.8090E+04 1.8180E+C4
2410 1.6159E+04 1.4230E+04 2460 1.8180E+04 1.8271E+04
2411 1.4230E+04 1.4301E+04 2461 1.8271E+04 1.8363E+04
2412 1.4301E+04 1.4373E+04 2hé2 1.8363E+04 1.B455E+04
2413 1.4373E+04 1.4445E+04 2463 1.8455E+404 1.8548E+04
2414 1.44645E+04 1.4517E+404 2464 1.8548E+404 1.8641E+04
2415 1.4517E+04 1.4590E+04 L6865 1.8641E+04 1.8734E+04
2416 1.4590E+04 1.4663E4+04 2466 1.8734E+04 1.8828BE+04
2417 1.4663E+04 1.4737E+Q4 2467 1.8828E+04 1.8922E+04
2418 1.4737E+04 1.4811E+04 2468 1.8922E+04 1.9017E+04
2419 1.4811E+04 1.4885E+04 2469 1.9017E+04 1.9112E+04
2420 1.4885E+04 1.4959E+04 2470 1.9112E+C4 1.9208E+04&
g4l 1.4959E+04 1.5034E+04 2471 1.9208E+04 1.9304E+04
2422 1.5034E+C4 1.5110E+04 2472 1.9304E+04 1.9401E+04
2423 1.5110E+04 1.5185E+04 2473 1.9401E+04 1.9499E+04
2424 1.5185E+04 1.5262E+04& 2474 1.94995+04 1.9596E+04
2425 1.5262E+04 1.5338E+04 2475 1.9596E+04 1.9694E+04
2426 1.5338E+04 1.5415E+04 2476 1.9894LE+04 1.9793E+04
2427 1.5415E+04 1.5492E+04 2477 1.9793E+04 1.9892E+04
2428 1.5492E+04 1.5570E+0Q4 2478 1.9892E+04 1.9992E+04
2429 1.5570E+04 1.5648E+04 2479 1.9992E+04 2.0092E+04
2430 1.5648E+04 1.5726E+04 2480 2.0092E+04 2.0193E+04
2431 1.5726E+04 1.58B05E+04 2481 2.0193E+04 2.0294E+04
2432 1.5805E+04 1.5884E+04 2482 2.0294E+04 2.0396E+04
2433 1.5884E+04 1.5964E+04 2483 2.0396£+04 2.0498E+04
2434 1.5964E+04 1.60446E+04 24B4 2.0498E+04 2.06C1E+C4
2435 1.6044E+04 1.6124E+04 2485 2.06C1E+Q4 2.0704E+04
2436 1.6124E+04 1.6205E+04 2486 2.0704E+04 2.0BCBE+Q4
2437 1.6205E+04 1.6287E+04 2487 2.080BE+04 2.0912E+04
2438 1.6287E+04 1.6368E+04 2488 2.0912E+04 2.1017E+04
2439 1.6368E+04 1.6450E+04 2489 2.1017E+04 2.1122E+04
2440 1.6450E+04 1.6533E+04 2490 2.1122E+04 2.122BE+04
2441 1.6533E+04 1.6616E+04 2491 2.1228E+04 2.1335E+04
2442 1.6616E+04 1.66%9E+C4H 2492 2.1335E404 2.1442E+04
2443 1.6699E+04 1.6783E+04 2493 2.1442E+04 2.1549E+04
2444 1.6783E+04 1.86B67E+04 2494 2.1549E+04 2.1657E4+04
2445 1.68B47E+04 1.6951E+04 2495 2.1657E+04 2.1766E+04
2446 1.6951E+04 1.7036E+04 2496 2.1766E+04 2.1875E+04
2447 1.7036£+04 1.7122E+04 2497 2.1875E+04 2.1984E+04
2448 1.7122E+04 1.7207E+04 2478 2.19B4E+QL 2.20G95E+04
2449 1.7207E+04 1.7294E+04 2499 2.2095E+04 2.2205E+04
2450 1.7294E+04 1.7380E+04 2500 2.2205E+04 2.2317E+04



NC.
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531
2532
2533
2534
2535
2536
2537
2538
253%
2540
2541
2542
2543
2544
2545
2546
2547
2548
2549
2550

TABLE 2.1

LOWER
.2317E+04
L2L29E+04
L2541E+04
L2654LE+0Q4
.276BE+O4
LZBB2E+QL
.2996E+04
.3112E+04
L3228BE+04
3344 E+0Q4L
L34861E+04
L3579E+04
L3697 E+C4
.3816E+04
L3935E4+04
.4055E+0Q4
4L175E+04
LA29T7EHDL
LAL1BE+CA
LAS5L1E+CL
LAG6G6LEFOL
LL7B7E+Q4
LF1Z2E+O4L
.5037E+04
.51862E+04
.5288E+04
LS4L1SE+CL
.S5542E+04
.S670E+Q4
.5799E+04
.592BE+04
.6058E+04
LA1B9E+04
L6320E+04
LB4L52E+04
.6585E+04
L A718E+04
.6852E+04
L6987E+04
.7122E+04
.7258E+04
2.7394E+04
2.7532E+04
2.767Q0E+04
2.780BE+04
2.7948E+04
2.8088E+04
2.8229E+04
2.8370E+04
2.8512E+04

i\.)I\.JF\}NF\)NI'\JNI'\)NI'\)NNNNI'\Jf\)f\)NNF\JNF\JNNNI\JNF\JF\JNNNNF\)NNI\)MNN

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

UPPER
2.2429E+04
2.2541E+404
2.2654E+04
2.27468E+04
2.2882E+04
2.29596E+04
2.3112E+04
2.3228E+04
2.334L4E+04
2.3461E+04
2.3579E+04
2.3697E+04
2.3B16E+04
2.3935E+0C4
2.4055E+04
2.4175E+04
2.4297E+04
2.4418E+04
2.4541E+04
2.4664LE+04
2.L7B7EFCL
2.4912E+04
2.5037E+04
2.5162E+04
2.5288E+04
2.5415E+04
2.5542E+04
2.5670E+04
2.5799E+04
Z2.592B8E+04
2.6058E+04
2.6189E+04
2.6320E+04
2.64L52E+04
2.6585E+04
2.6718E+04
2.6852E+C4
2.69B7E+04
2.7122E+04
2.7258BE+04
2.7394E+04
2.7532E+04
2.7670E+04
2.780BE+04
2.7948E+Q4
2.8088E+04
2.822%9E+04
2.B370E+04
2.8512E+0¢4
2.8655E+04

EV )

{ 2501

NC.
2551
25352
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
2563
2564
2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600

CCONTINUED)D

- 2600 GROUPS

LOWER
2.B655E+04
2.8799E+04
2.8943E+04
2.908B8E+04
2.9234E+04
2.9381E+04
2.652BE+04
2.9676E+04
2.9825E+04
2.9F74E+04
3.0124E+04
3.0275E+04
3.0427E+04
3.0580E+04
3.0733E+04
3.08B7E+0C4
3.1042E+04
3.1198E+04
3_1354E+04
3.1511E+04
3.1669E+04
3.1828BE+04
3.1987E+04
3.2148E+04
3.2309E+04
3.2471E+04
3.2633E+04
2.2797E+04
3.29861E+04
3.3127E+04
3.3293E+04
2.3460E+04
3.3627E+04
3.3796E+04
3.3965E+04
2.4135E404
3.4307E+04
3.44T7TIE+0L
3.6651E+04
2.4B25E+04
3.,5C00E+04
3.5175E+04
3.5351E+04
3.5529E+04
3.5707E+04
3.588B6E+04
3.6066E+04
3.6246E+04
3.642BE+04
3.6611E+0C4

UPFER
2.B799E+Q4
2.8943E+04
2.908BE+04
2.9234E+04
2.9381E+04
2.9528E+04
2.9676E+04
2.9825E+04
2.9974E+04
3.0124E+04
3.0275E+04
3.04727E+04
3 _05B0E+04
2.0733E+04
3.0887E+04
3.1042E+04
3.119BE+C4
3.1354E404
3.1511E+04
3.1469E+04
3.1828E+04
3.1987E+04
3.2148E+04
3.2309E+04
3.2471E+04
2.2633E+04
3.2797E4+04
3.2961E+04
3.3127E+04
3.3293E+04
2.3460E+04
2.3627E+04
3.3796E+04
3.3965E+04
3.4135E+04
3.4307E+04
3.4LL79E+04
3.4651E+04
3.4825E+04
3.5000E+04
2.5175E+04
3.5351E+04
3_.552%E+04
3.5707E+04
3.5886E+04
3.6066E+04
2.8246E4+04
3.6428E+04
3.6611E+04
3.46794E+04



NO.
2601
2602
2603
2604
2605
2606

2607

2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
26473
2644
2645
2646
2647
2648
2649
2650

TABLE 2.1

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

R A I A Y VSR VIR VRV IR VY R U A O R W IRV IR WA RV S N R P R W O

o

E N N I - S -

~

N N

LOWER

LE7GLEHQL
LA979E+Q4L
7164E+04
.7350E+04
L7537E+04
LT7726E+04
LTRLIS5E+04
.B105E+04
Z.8296E+04
.B4BBE+04
LBAB1E+0G
LBB74LEFCL

9069E+04
9265E+04

.PLAE2E+CL

9660E+04

.FB59E+04
.0058E+04
.0259E+04
L.04L61E+04
.0664E+04
DBEBE+OG
L1072E+04
.1278E+04
.14B5E+C4
L. 1693E+04
.1902E+04

2112E+04

.2323E+04

.

2535E+04

L27T4LRE+04

2963E+04

.3178E+04

3395E+04
3612E+04

.3831E+04

4LOS1E+Q4

LL271E+Q4G
LLLF3E404
LLT716E+04

LP40E+CL

.5166E+04

52%2E+04

.S5620E+04
.5848BE+04
.6078BE+04
.6309E+04
LOB541E+Q4
J67T7LE+O4L
L7009E+Q4

N T T S - o - o o e . T S o s B T N Sl S i . i i R VI TR F IR WA CA A I W IR Y R S I WA R VR N W R W R

UPPER
6979E+04
L716LEFQL
.7350E+04
.7537E+04
PT728E+Q4
.FPI5E+04
.B105E+04
.B2FHE+DL
.B84BBE+04
.BSBLE+O4
.B874E+04
.906FE+OL
.9265E+04
LFL62E+04
.9640E+04
.9859E+04
.0058E+04
.0259E+04
L0461E+04
D664E+04
L.0888E+04
1072E+04
.1278E+04
L1485E+04
L1693E+04
1902E+04
.2112E+Q4
.2323E+04
2535E+04
.2749E+04
L.29463E+04
.3178E+04
.3395E+04
L3612E+04
.3831E+0C4
LGO051E+04
LL271E+04
LLFZE+O4L
LATLSE+DG
LA94L0E+HO4
.51866E+04
.5392E+04
.5620E+04
.5848E+04
LAOT7BE+CL
L6309E+CA
6541E+Q4
LT77LEHOL
.7009E+04
.F2L5E+O4

N

1

EV D

( 2601

NO.

2651
2652
2653
2654
2655
2656
2657
2658
2659
2660
2661
2662
2663
2664
2665
2666
2667
2668
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700

[ G ERGEGEGEY R RO R RV RV R Y, VRV R IR Y RV IR, IRV IR, SRV, IRV IR BV RV R RV, VAR W) BV, T R o i S T S 0 R R S Sl T o ]

(CONTINUED)

2700 GROUPS

LOWER

.T245E+04
.74B1E+D4
L7719E+D4
.7959E+04
LBL199E+04
LB441E+04
.B6B3E+04
.8927E+Q4
-9173E+04
.94LI9E+0D4
.F667E+Q4
LIRLE6E+D4
.0166E+04
L0417E+04
.0670E+04

L3

0924E+0Q4

.1179E+04
.1436E4+04
L91694E+04
.1953E+04
.2213E+04
.24L75E+04
.273BE+C4
.3002E+04
.3268BE+04
.3535E+04
.38B03E+04
LL073E+04
LAZLLEEFOL

JLE1TE+04

.4BF0E+CE
.5166E+04
L5442E404
.5720E+04
.5999E+04
.6280E+04
LH6562E+04
.68LEE+DO4
.7130E+04
L7L1T7E+O4L
.7705E+04
T9PLEFDS
.B2B5E+C4
.8577E+C4
.B870E+04
-9165E+04
.PLE2E+O4

9760E+04

.0060E+04
6.0361E+04

GOV UITUVUWVNUUVIUVITVTV A ANV Wiy umu gt i iVt VA S

)

UPPER
.7481E+04
7719E+04
7T959E+04
.B199E+04
BLLTE+O4G
.8683E+04
.B927E+04
.9173E+04
LF41PE+04G
.9667E+04
.9916E+04
.0166E+04
.04LT7EHOG
.0670E+04
.0924E+04
S1179E+04
.1436E+04
.1694E+04
L1953E+04
.2213E+04
.2475E+04
.273BE+04
.3002E+04
-3268E+04
.3535E+04
.3803E+04
L4HQ073E404
JABLLE4O4
.L61T7E+QL
.4890E+04
.S166E+04
54428404
.5720E+C4
.599FE+04
.6280E+0C4
LE562E+04
.6B4L6E+OL
.7130E+0Q4
LT4ITEHOA
.7705E+04
LF9F4LE+OL
.B285E+04
.BST7T7E+QL
.B870E+04
.G165E+04
.PLEZETD4
.G760E+CH
.0060E+04
.0361E+04
.06863E+04



JAERI — M 84— 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED)
NEUTRON ENERGY GROUP ( EV ) ( 2701 - 2800 GRQOUPS )

NO. LOWER UPPER NO. LOWER UPPER
2701 6.0663E+04 6.0967E+C4 2751 7.78B93E+04 7.8284E+04
2702 6.0967E+C4 6.1273t+04 2752 7.8284E+04 7.8676E+0Q4
2703 6.1273E+04 6.1580E+04 2753 7.B676E+04 7.9070E+04
2704 6.1580E+04 $.1889E+04 2754 7.9070E+04 7.9467E+04
2705 4.1889E+04 46.219%E+04 2755 7.9467E+04 7.9865E+04
2706 6.2199E+04 6.2511E+404 2756 7.9865E+04 8.0265E+04
2707 6.2511E+0C4 6.2824E+04 2757 B.0265E+04 B.0668BE+04
2708 $.2824E+04 6.3139E+04 2758 8.0668E+04 B.1072E+04
2709 6.3139E+04 6.3455E+04 2759 8.1072E+04 8.1478E+04
2710 6.3455E+404 5.3773E+04 2760 B.1478E+04 8.18B87E+04
2711 6.3773E+04 6.4093E+04 2761 B.1887E+04 B.2297E+04
271 6.4093E+04 6.4414E+04 2762 B.2297E+04 8.2710E+04
27173 4. 4L414E+04 6.4737E+04 2763 B.2710E+04 B.3124E+04
2714 6. 4737E+04 6.5062E+04 2764 B.3124E+04 8.3541E+04
2715 6.5062E+04 6.538BE+04 2765 8.3541E+04 8.3960E+04
2716 6.538BBE+04 6.5716E+04 2766 B.3960E+04 B.4381E+04
2717 6.5716E+04 6.604L5E+04 2767 8.43811+04 8.48C4LE+04
2718 6.6045E+04 5.6376E+04 2768 B.4B04E+QA B.522FE+04
2719 &.6376E+04 45.6709E+04 2769 B.522%E+04 B.5656E+04
2720 4$.6709E+C4 6. 7T043E+04 2770 B.5656E+04 B.6085E+04
2721 6.7043E+04 4.7379E+C4 2771 E.608B5E+04 B.6517E+04
2722 6.7379E+04 4.7717E+04 2772 B.6517E+04 B.&9S0E+04
2723 6.7717E+04 6.8056E+04 2773 B.6950E+04 B.7386E+04
2724 6.8056E+04 6.B398BE+04 2774 B.73B6E+04 B.7824E+04
2725 6 .B3FBE+OL 6.8740E+04 2775 8.7824E+04 R.B264E+04
27246 6.87L0E+04 &.9085E+04 2776 B.B264E+04 8.8707E+04
2727 6.9085E+04 6.9421E+404 Q2777 2.8707E+04 8.9151E+04
2728 6.9431E+04 6.977GE+04L 2778 8.9151E+04 B.9598E+04
2729 6.9779E+04 7.0129E+04 2779 8.9598E+04 9.004BE+04
2730 7.0129E+04 7.0481E+04 2780 ?.0048E+04 ?.049FE+04
2731 7.0481E+04 7?.0834E+04 2781 9.0499E+04 9.0953E+04
2732 7.0834E+04 7.1189E+04 2782 $.0953E+04 9.1408E+04
2733 7.1189E+0C4 7.1546E+04 2783 2.1408E+04 2_1B67E+04
2734 7.1546E+04 7.1904E+04 2784 9.1867E+04 9.2327E+04
2735 7.1904E+04 7.2265E+04 2783 9.2327E+04 9.2790E+04
2736 7.2265E+04 7.2627E+04 2786 9.2790E+04 9.3255E+04
2737 7.2627E+04 7.2991E+04 2787 9.3255E+04 9.3722E+04
2738 7.2991E+04 7.3357E+04 2788 9_3722E+04 9.4192E+04
2739 7.3357E+04 7.3725E+04 2789 G.41G92E+04 G.L664LE+04
2740 7.3725E+04 7.4094E+04 2790 G.4664E+04 9.513FE+04
2741 7.L094E+04 7.LL66E+04 2791 9.513%E+04 ?.5618E+04
2742 7.44L66E+04 7.46839E+04 279¢ F.5416E+04 3.46095E+04
27463 7. 4839E+04 7.5214E+04 2793 9.6095E+04 9.6577E+04
2744 7.5214E+04 7.5591E+04 2794 9.6S5TT7E+QAL 9.7081E+Q4
2745 7.5591E+04 7.5970E+04 2795 9.7061E+04 G.75LTE+CL
2746 7.5970E+04 7.6351E+04 2796 G.7547E+04 G.B8036E+04
2747 7.6351E+04 7.6733E+04 2797 G.8036E+04 ¢.8528E+04
2748 7.6733E+04 7.7118E+04 2798 9_8528E+04 9.9022E+04
2749 7.7118E+04 7.7505E+04 2799 9.9022E+04 G.9518E+04
2750 7.7505E+04 7.7893E+04 2800 9.9218E+04 1.0002E+05



NO.
2801
2802
2803
2804
2805
2806

2807,

2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
2819
2820
2821
2822
2823
2824
2825
2826
2827
2828
2829
2830
2831
2832
2833
2834
2835
2836
2837
2838
2839
2840
2841
2842
28473
2844
2845
2846
28LTY
2848
28479
2850

TABLE ¢.1

JAERI—M 84— 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

LOWER

1.0002E+0C5
1.0052E+05
1.0102E+05
1.0153E+05
1.0204E+05
.0255E+05
.0306E+05
L.0358E+05
L0410E+0O5
04LEZE+DS
.0514E+05
.0567E+05
.0620E+05
.0873E+05
.Q727E+05
.0781E+05
.0835E+05

B ED g S R b R ES b3 RS b3 b b b pd g b3 b3 3 43 k3 pd R R pd f S b b fd B3 pd b B3 RS pd b3 b3 pd B3 R b3 Ry b3

OB89E+05
0944E+05
099BE+O0S

.1054E+05
.1109E+05
.11465E+05
.1221E+05
_1277E+Q5
-1333E+05
.1390E+05
L1447E+OS
-1505E+05
.1562E+05
.16Z20E+05
S1679E+05
L1737E+05

1796E+05

.1855E+05

LY

1914E+05

.1974E+05
.2034E+05
.2095E+05
.2155E+05
.2216E+Q5
.2277E+05
-2339E+05

2401E+05

L2HA3EHOS
.2525E+05
.2588E+05
.2651E+05
.2715E+0S5
1.2778E+05

UPPER

1.0052E+05
1.0102E+05
1.0153E+05
1.0204E+05
.C255E+05
.C3C6E+05
.0358E+05
.0410E+05
.C4LE2E+CS

T N T T T e}

0514E+05

LO0567E+05
.0620E+05
.08673E+05
LO727E+CS
.0781E+05
.0835E+0C5
.0889E+0S

OF4L4E+CD

.09%BE+05
.1054E+05
.11C?E+05
-1165E+405
-1221E+405
L1277E+05
.1333E+05
.13%90E+C5
L1447E+05
.1505E+0C5
.1562E+0C5
.1620E+05
L1679E+05
.1737E+05
-1796E+05
.1855E+05
L1914E+Q5
“1974E+05

L]

2034E+05
2095E+05

.2155E+05
.2216E+05
.2277E+05
.2339E+05
_2401E+05
L2LE63E+05
.2525E+05
.2588E+05
.2651E+05
L2715E+05
.2778E+05
L2842E+05

EV D

( 2801

NC.
2851
2852
2853
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891

2892

2893
2894
2895
2896
2897
2898
2899
2900

P T T T T T T T T s Y

(CONTINUED?

2900 GROUPS

LOWER

.2842E+05
.2907E+05
2971E4+05
.3036E+05
.3102E+05
.31468E+05
.3234E+05
«3300E+05
.3367E4+05
.3434LE+05
.3501E+05
.3569E+05
.3637E+05
.3705E4+05
LA3774LE+0S

+

3IB43E+0QS

.3912E+05
.39B2E+0S
LLOS2E+05
.L122E+05
L4193E+05
L264LE+05
L336E+05
.4408BE+D5
LLB80E+05
L4552E+05
LL625E+DS
LLHIFEHOS
LLT772E+05
LBLEEHOS
LL921E+05
LL996E+0OS
.5071E+05
.5146E+053
.5222E+05
.52%98E+05
.5375E+05
LS5452E+05
.5530E+05
.560BE+05

S686E+05
5764E+05

LSBA3ZE+QS
L5923E+05
L6003E+05
.6083E+05
.6163E+05
L6244E+05
L.6326E+05
1.64C8E+05

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

)

UPFER
.2G07E+0D5
.2971E+CS
.3036E+05
.3102E+05
.3168E+05
.3234E+05
-.3300E+05
.3367TE+CS
.3434E4+05
.3501E+05
.3569E+C5
L3637E+05
.3705E+05
3774LEFOS
.3B43E+05
.3912E+05
.3982E+05
.4052E+05
LA122E+05
CL193E+CS
SA26LE+QD
SL33EE+0S
L408E+QS
.LA4BOE+OS
4L552E+05
LB625E+05
LAGEFGEFQS
LLTT2EHDS
L4B4BE+05
LLG21EXOS
L996E+0D
.5071E+GS
.5146E+05
S222E+05
5298E+05
.5375E+05
.5452E+05
S5530E+05
.5608E+05
.5686E+05
.B764LE+OS
.5843£+05
L5923E+05
.6003E+05
.6083E+05
H61863E+05
JG2L4E405
.6326E+05
LH40BE+DS
LELFOEHQS

v

.



JAERI — M 84 — 038

TABLE 2.1

ENERGY GROUP STRUCTURE (CONTINUED?
NEUTRON ENERGY GROUP C EV O ( 2901 - 3000 GROUPS )

NO. LOWER UPPER NC. LOWER UPPER
2901 1.64%0E+05 1.6573E+05 2951 2.1174E+05 2.1280E+05
2902 1.6573E+405 1.6656E+05 2952 2.1280E+05 2.1386E+03
2903 1.6656E+05 1.6739E+05 2953 2.1386E+05 2.1494E+05
2904 1.6739E+05 1.6823E+05 2954 2.-1494E+05 2.1601E+0S
2905 1.6823E+05 1.6907E+05 2955 2.1601E+05 2.1710E+05
2906 1.6907E+05 1.6992E+05 2956 2.1710E+05 2.1818E+05%
2907 1.4962E+05 1.7077E+05 - 2957 2.1818E+05 2.1928E+0:
2908 1.7077E+05 1.7163E+05 2958 2.1928E+05 2.2038E+05
2909 1.7163E+05 1.7249E+05 2959 2.2038t+05 2.2148E+05
2910 1.7249E+05 1.7335E+05 2960 2.2148E+05 2.2259E+05
2911 1.7335E+05 1.7422E+05 2961 2.2259E+05 2.2371E+05
2912 1.7422E+05 1.7510E+05 2962 2.2371E+05 2.2483E+05
26153 1.7510E+05 1.7597E+05 2963 2.2483E+05 2.2596E+05
2914 1.7597E+05 1.78486E+05 2964 2.2596E+05 2.2709E+GC5
2915 1.7686E+05 1.7774E+05 2965 2.2709E+05 2.2823E+405
29168 1.7774E+05 1.7863E+05 2966 2.2823E+05 2.2937E+05
2917 1.7863E+05 1.7953E+405 2967 2.2937E+05 2.3052E+05
2918 1.7953E+05 1.8043E+05 2968 2.3052E+05 2.3168E+05
2919 1.8043E+05 1.8133E+05 2969 2.3168E+05 2.32B4E+05
2920 1.8133E+05 1.8224£+05 2970 2.328B4E+05 2.34C0E~+05
2921 1.8224E+05 1.8316E+05 2971 2.3400E+05 2.3518E+05
2922 1.8316E+05 1.8407E+G5 2972 2.3518E+05 2.3636E405
2923 1.8407E+05 1.8500E+05 2973 2.3636E+05 2.3754E+05
2924 1.8500E+05 1.85%92E+05 2974 2.3754E+05 2.3B73E+05
2925 1.8B592E+05 1.86B6E+05 2975 2.3873E+05 2.3993E+05
2926 1.8686E+05 1.8779E+05 2976 2.3993E+05 2.4113E+05
2927 1.8779E+05 1.8873E+05 2977 2.41T13E+05 2.4234LE+05
2928 1.8873E+05 1.8968E+05 2978 2.423LE+05 2.4355E+05
2929 1.8968E+053 1.9063E+05 2979 2.4355E+05 2.4477E+0D
2930 1.9063E+05 1.9159E+05 2980 2.4477E+05 2.4600E+05
2931 1.9159E+05 1.9255E+05 2981 2.4600E+05 2.4723E+05
2932 1.9255€E+05 1.9351E+05 2982 2.4723E+05 2.48B47E+CS
2933 1.9351E+05 1.944B8E+05 2983 2.4B847E+05 2.4972E+05
2934 1.9448E+05 1.9546E+05 2984 2.4972E+05 2.5097E+05
2935 1.9546E+05 1.9644E+05 2985 2.5097E+053 2.5223E+05
2936 1.98644LE+05 1.9742E+05 2986 2.5223E+05 2.5349E+05
2937 1.9742E+05 1.9841E+05 2987 2.5349E+05 2.54768E+05
2938 1.9841E+05 1.9940E+05 2988 2.5476E+05 2.5604E+05
2939 1.9940E+05 2.0040E+05 2989 2.5604E+05 2.573%2E+05
2940 2.0040E+05 2.0141E+05 2990 2.5732E+05 2.5861E+05
2941 2.0141E+05 2.0242E+05 2991 2.5861E+03 2.5991E+05
2942 2.0242E+05 2.0343E+05 2992 2.5991E+05 2.6121E+405
2643 2.0343E+05 2.0445E+05 2993 2.6121E+C5 2.6252E+05
2944 2.0445E+05 2.054BE+05 2994 2.6252E+05 2.6384E+05
2945 2.0548E+05 2.0651E+05 2995 2.63B4E+05 2.6516E+05
2946 2.0651E+05 2.07546E+05 2996 2.6516E+05 2.6649E+05
2947 2.0754E+05 2.0858E+05 2997 2.6649E+05 2.6783E+05
29438 2.0858E+05 2.0963E+05 2998 2.6783E+05 2.6917E+05
294LY 2.0983E+05 2.1068E+05 2999 2.6917E+405 2.7052E+05
2950 2.1068E+05 2.1174E+05 3000 2.7052E+05 2.7187E+05



NO.
3001
3002
3003
3004
3005
3006
3007
3008
30C9
3010
3011
3012
3013
3014
3015
3018
3017
3018
3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
2034
20355
2036
3037
2038
3039
2040
3041
3042
3043
3044
3045
3046
3047
3048
3049
050

TABLE 2.1

JAERI — M B4 — (38

ENERGYVGROUP STRUCTURE

NEUTRON ENERGY GROUP (

2
2

G I A L I N LN A N e o R N Al I W I W W W N W W W W W W oo oo o e o N

3

LOWER
.7187E+05
TR24E+05
THB1EYOS
.7598E+05
.7737E+0S
.7B76E+05
.B015E+05
.8156E+05
.8297E+05
.B4L39E+0S
.B581E+05
.B725E+05
.BBH9E+DS
9013E+05
.F15FE+G5
.9305E+05
L9452E+05
.G599E+05
L974BE+OS
.IBOTE+OS
.0047E+0S5
0197E+05
0349E+05
0501E+05
.0654E+05
.0B0O7E+05
.0962E+05
111 7E+0S
L1273E+05
.1430E+05
LISBYE+CS
L1748E+05
J190SE+OS
.2065E4+05
Z2225E+05
L23B7E+05
L2549E+05
L2T12E+05
.2B76E+Q5
.30471E+05
.3207E+05
L3373E+05
.3540E+05
.370Q9E+05
.3878BE+05
LAOQLTEFOS
L4218E+05
LL390E+05
L6562E+05
LL7EI5EA05

L3

UJLNU‘lUJUGUJU\JLNLN"v\lthwLNLNwLNUJUJUJ(.NWUJlNWU@LNUJWWWNNNMNNNNNNNNNNNMNNN

UPPER

.7324E+05
.74L61E+05
.7/SYBE+(CS
.7737E+05
.7876E+05
.B015E+05
.8156E+05

B297E+C5

.B43%E+05
.858B1E+05
.B725E+05
.8B&6PE+OS
.9013E+05

Z159E+05

.9305E+405
SGASZE+OS
L9599E+05
LP74LBE+OS
.9B897E+05
.0047E+05
LO0197E+05
034L9E+05
.0501E+05
L.0854E4+05

CBO7E+0S

.0982E+05
.1117E+05
L1273E+05
.1430E+05
.1S5B7E+Q5
L1746E+05
.1905E+05
.2065E+05
L22¢25E+05
L2387E+05
L254%E+05
.2712E+05
.2876E+05
.3041E+05

3207E+05

.3373E+05
.3540E+05

.

3709E+05
3878E+05

.4047E+0OS
LL218E+05

4390E+05

L4S62E+05
L4 T7T35E+05
3.4909E+05

EV 3

¢ 3001

NO.
3051
3052
3053
3054
3055
3056
3057
3058
3059
3060
3061
3062
3063
3064
3065
30466
3067
3068
3069
3070
3071
3072
2073
3074
3075
30746
3077
3078
3079
3080
3081
3082
3083
3084
3085
3086
3087
30838
3089
3090
3091
3092
2093
3094
3095
3096
3097
3098
3099
3100

J e R N A T - S A e ¥ Y W O Y R RV R R Y

(CONTINUED)

3100 GRCUPS

LOWER

.L909E+05
.5084E+05
.5260E+05

S5437E+05

.5614E+05
L5793E+05
.5972E+C5

6153E+05
6334E+05

.6516E+C5
LH6FFEHOD
.68B3E+05
.7068E+05
.7254E+05
L7LLOE+05
.762BE+05
.7BLI7E+05
.BOOBE+DOS
.8197E+05
.8388E+05
-8581E+05

8774E+05

.8968E+05
.9184E+05
.9380E+05
.9857E+05
9756E+05
.9955E+05
L.0155E+05

0356E+05

L0559E+05
.07462E+05
.0966E+05
L1172E405
.1378E+05
.1586E+05
L1794 E405
.2003E+05
.2214E+05

2426E+05

L2638E+05
.2852E+05
.30&7E+05
.32B3E+05
.3500E+05
.3718E+05S
L3937E+05
41S7E+OS
. 4L37BE+DS
LAG01EHDS

I N N N - T S S N S S S e V. IV IR YR VAR VA [ Yy NI VAR WA IR O RR VAR VUV I A R VRV I W VA RV Y R RV VY VN

)

UPPER

.53084E+05
.5260E+05
.S5437E+0S
.5614E+05
.S5793E+05
.5972E+05
.6153E+05
.6334E+05
.65186E+05
LB6B699E+0D5
.6B83E+05

7068E+05

.7T254E+05

7T440E+05

L7TE2BE+05
L.7TBL7E+CS
.8006E+05
.8197E+05
.838BBE+0S5
.8581E+05

B774E+05

.B36BE+05

9164E+05
9360E+05

.F557E+05
LB756E+05
.G955E+05
.0155E+05
.0356E+05
L.0559E+05
LO0762E+05

[y

0986E+05

L1172E+05
.1378E+05
.1586E+05
L1794E+05
.2003E+05

2214E+05

2426E+05

2563BE+05

.2852E+05
.3067E+05
. 3283E+05
.3500E+05
.3718E+05
.3937E+05
LALS5TEFQS
L&378E4+05
LL601E+05
LAB824E+CS



NO.
3101
3102
3103
3104
3105
3106
3107
3108
3109
3110
3111
3112
3113
3114
3115
3116
3117
2118
3119
3120
3121
3122
2123
3124
3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149
3150

TABLE 2.1

L OWER
.4B824E+05
.O04LPE+OS
.5275E+05
.5502E+05
.5730E+05
.5959E+05
.6189E+05
.6421E+05
L6654E+05
.68B88E+05
.7123£+05
7359E+05
L7596E+05
.7B35E+05
.BO0T74LE+QOS5
.8315E+05
.B558E+05
.8801E+05
.GO04LAE+DOS
.P292E+C5
P539E4+05
9787E+05
.0036E+05
.0287E+05
.C539E+05
.0793E+0S
.1C47E+CS
.1303E+05
1560E+03
.1819E+05
.2078E+05
2340E+05
L2602E+05
.PBBEEF(DS
.3131E+05
L3397E+05
.3665E+05
L3934E+05
LL204LE4C5
LLATEEHOD
LATLGE+OS
.S5023E+05
.5299E+05
5.5576E+05
S.S5855E+05
5.6135E+05
5.6416E+05
5.6699E+05
5.46983E+05
5.7269E+05

T T I R Y TR T T R R T I U O B Y - N N S A AT AT A N SR o

JAER! - M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

UPPER
4 _5049E4+05
4 .5275E+05
4.5502E+05
4 .5730E+05
4 .5959E+05
4.6189E+05
4_6421E+05
L, 86654E+05
4.688BE+Q05
4_.7123E+05
4 .7359E+05
4L .7596E+05
4 7B35E+05
4 .BO7LE+05
4 .B315E405
4 .B55BE+05
4.88BC01E+05
4.9046E+05
L,9292E+05
4 _9539E+05
4,9787E+05
5.0036E+05
5.0287E+Q5
5.0539E+05
5.0793E+05
5.1047E+0Q5
5.1303£+05
5.1560E+05
5.1819&8+05
5.2078E+Q5
5.2340E+05
5.2602E+05
5.2866E+05
5.3131E+05
5.3397E+05
5.3665E+05
5.3934E4+05
5.4204E+05
5.4476E+05
5.4749E+05
5.5023E405
5.5299E+05
5.5576E+05
5.5855E+05
5.6135E+05
5.6416E+05
5.6699E+05
5.6983E+05
5.7269E+05
5.7556E+05

EV D

¢ 3101

NO.
3151
3152
3153
3154
3155
3156
3157
3158
3159
3160
3161
3162
3163
3164
3165
3166
3167
3168
3169
3170
3171
3172
3173
3174
3175
3176
3177
3178
3179
3180
3181
3182
3183
3184
3185
3186
3187
3188
3189
3190
3191
3192
3193
3194
3195
3196
3197
3198
3199
3200

(CONTINUED)

- 3200 GROUPS

LOWER
5.7556E+405
5.7844E+05
.B8134E+05
.B425E+05

.9013E+05
.930BE+05
.96086E+05
.9905E£+05
.0205E+05
.0507E+05
.08B10E+0C5
L1115E+05
.1421E405
.1729E+05
.2038E+05
L23LPE+0D
.2662E+05
.2976E+05
L3292E+05
.3609E+05
.3928E+05
LL248E+05
.4570E+05
LBOLEFOS
.521%E+05
.5546E+05
.5875E+05
.6205E+05
.6537E+05
.6B70E+05
L7208E+05
.7542E+05
.7B81E+05
.8221E+05
.8563E+05
.B9O7E+OS
.9252E+05
L9599E+05
.994LBE+05
.0299E+05
.0651E+05
.1005E+05
.13461E+05
.1719E+05
7.2078E+05
7.2439E+05
7.2803E+05
7.3168E+05
7.3534E+05

NN NN~ OO0 00O LN WA

.B8718BE+05

wiownoun

v o

wioun o

AN ~d~d N A NN NO TR0 O

)

UPPER
7BLLE+OS
.8134FE+05
.B4P25E+05
.8718E+05
L.P013E+053
.9308E+05
L9H06E+05
.9905E+05
.0205E+05
.0507E+0D5
.0C81CE+05
.1115€E+05
.1421E+0C5
L1729E+05
.2038E+05
L2349E+05
.2662E+05
L297HE+OS
L3292E+05
.3609E+05
.3928E+05
LA24BE+0S
LAS70E+05
LLBFLEFOD
.521%E+05
.S5546E+05
.5875E+05
.6205E+05
.&653T7E+05
.6870E+05
.7205E+05
.7542E+05
.7881E+05
.8221E+05
.B563E+05
.8907E+05
.9252E+05
.F599E+05
.9948E+05
.0299E+05
.0651E+053
.1005E+05
.13861E+05
L1719E+05
.2078E+05
L2439E+05
.2803£+05
.3168BE+0S
.3834E+05
.3G03E+05



NC.
3201
3202
3203
2204
3205
3206

3207

3208
3209
3210
3211
3212
3213
3214
3215%
3216
3217
3218
3219
3220
221
2222
3223

3224 -

3225
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
2238
323%
3240
3241
3242
3243
3244
3245
3248
3247
3248
3249
3250

TABLE 2.1

JAERT —M 84 - 038

ENERGY GROUP STRUCTURE

NEUTRCN ENERGY GROUP (

DOV VDLV OOV ODONEHDEPLELEEOECEWMEOMOEOomOoNIDDIMOEDMEO N NN S NSNS SN NSNS~ NN

LOWER

.3903E+05
.L273E+05
LL6LAEF0S

S5020E+05

.5396E£+05
CSY7LEFDD
_6154E+05
L6535E+05
LE919E+05
L7304E+05

7692E+05
8081E+05

.B4T73ZE+05
.BB66E+OS
.9261E+05

SH659E+0S

.0058E+05
.0459E+05
.0863E+05
.1248E+05
.18675E+05
.2085E+05
L2LPHEFTS

.

2910E+05
3325E+05
3743E+05

LA1EZEHQD
.4585E+05
.SO0FE+05
L5435E+05
.5863E+05

2% 3IE+05

LET26E+Q5
L7161E+05
.7597E+0S5
.8037E+05
_B4TBE+0D
.8921E+05
LP367E+OS
.9B15E+05
_D265E+05
.0718E+05
_1172E+05

1629E+05

.2089E+0CS
.2550E+05
.3014E+0Q5
.3480E+05
.E9LPE+05
J4420E+05

7
7

VOOV VO OOVOC 00O Mo oo oeoeee 000~~~ NNSNSNSNNSNSNSNAN

UPPER
4L273E405
CLELEEHOS
.5020E+05
.5396FE+05
LO774LE+QS
.61S4LE+QD
LO6535E+05
.6919E+05
JT30CLE+OS
.7692E+05
.BOB1E+05
LBATIEHOR
.8B66E+05
.9261E+05
.9659E+05
.0058E+05
.0459E+05
.0B&63E+05
L1268E+405
.1675E+05
L2085E+05
L2LPGE+OS
.2910E+05
.3325E+05
.3743E+05
L163E+05
.4585E+05
.S00GE+05
.5435E+05
.5843E+05
L6293E+05
LB726E+05
L7161E+05
.7597EFE+05
L.B037E+QS5
.B4LT7BEH+OS
.BEZ21E+05
LB367E+OS
.9815E+05
L0245E+05
.0718E+05
L1172E+05
.1629E+05
.2089E+05
.2550E+0%
.3014E+0Q5
.3480E+(Q5S
L 3F4GE+QS
JAL20E+05
L893E+05

EV D

{ 3201

NO .
3251
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261
3262
3263
3264
3265
3266
3267
3268
3269
3270
3271
3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285
3286
3287
3288
3289
3290
3291
329¢2
3293
3294
3295
3296
3297
3298
2299
3300

P T el e e e e e e e e e e i il e el R R R LR I G SR i D

(CONTINUED)

3300 GROUPS

LOWER

.LBI3ZE+DS
.5369E+05
LSBLTE+CS
LB3R27E+OS
.6810E+05
.7295E+05

7783E+05

.8273E+05
Z.B766E+05
.G261E+05
.9759E+05
.0026E+06
.0076E+06
.0127E+Q06
0177E+06
.022BE+06
.028CE+06
.0331E+06
.0383E+06
LO4L35E+06
.D4BT7E+O6
.0S40E+06&
.05893E+06
L0646E+0C6
069F9E+06
.0753E+06
.0807E+06
.0B41E+D5
.0915E+06
.0970E+06
L.1025E+06
.1080£+06
.1136E+06
119 2E4+06
L124BE+QB
.1304E+06
LI361E+06
.1418E+06
14758+06
LI532E+06
.1SG0E+Q6
L164BE+06
L1707E+06
L1765E+06
L1824E+06
.1BB4LE+DS
.1943E+06
.2003E+06
.2063E+06
L2124LE+0S

S O T T e i e e e e e R el e e i e e el i R A R R

)

UPPER

.5369E+05
LBBLTEHOS
.6327E+05

6810E+05

.7295E+05
L7783E+05
.8273E+05
.8B766E+05
L9261E+05
L9759E+05
.0C26E+06
.O076E+CE
.0127E+08
D177E+08
.0228E+06
.0280E+06
.0331E+06
L0383E+06
L0435E+06
L0487E+06
.0540E+06
.0593E+06

0&646E+06

.0699E+06
.0753E+06
LOBO7E+06
LOBGLE+06
.0915E+06
L0970E+06
L1025E+06
.1080E+06

.

1136E+06

.1192E+06
.1248E+06
.1304E+06

1361E+06

.1418E+06
SL475E+06
L1532E+06
.1590E+06
L1648E+06
.1707E+06
1765E+06
.1824E+0C6
.1884E+06
J1943E406
.2003E+06
.2063E+Q06
1.2124E+06
1.2185E+06



NO.
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3311
3312
3313
3314
3315
31316
3317
3318
3319
3320
3321
3322
3323
3324
3325
3326
3327
3328
3329
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350

TABLE 2.1

JAERI —M 84 - 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

O T T T T R N el el e e e R R I o

LOWER
.21B5E+06
L2246E408
.2307E4+0C6
.2349E+06
2L31E+06
L2L9FEHCE
.2556E+06
L2H19E+06
.26B2E+CE
L.2TL5E+06
.2809E+06
.2873E+06
.2938E+06
.3003E+08
.3068E+06
3134E+08
.3193E+06
.3266E+06
.3332E+06
.3399E+06
34L66E+06
.3533E+06
L3601E+06
C3689E406
.373BE+06
.3807E+06
.3876E+06
L394L6E+0Q6
.LD16E+06
.40B6E+QS
LL156E+06
.L227E+06
L L29FE+06
L370E+05
LLLP2EXQG
4515E+06
LL588E+06
Lb61E+CE
LAT734LE+D6
.4BOBE+06
.4BBZ2E+06
LL957E+06
.5032E+056
.5107E+06
.5183E+06

.5259E+06

.5335E+046
.5412E+06
.5490E+06
.5567E+06

T S T e T e e e e e e el e e  aniE N S S

UPPER

.2246E+06
.2307E+06
.2369E+06
.24L31E+CE
.2L93E+06
.2556E+06
.2619E+06
.2682E+0¢6

2745E+06

.2BORE+0S
.2873E+06

2938E+06

.3003E+06
.3068E+06
.3134E+06
.3199E+06
LB3266E+06

3332E+06

.3399FE+06

3466E+06

.3533E+06
.3601E+0Q6
L 366FE+06
L3738E+06
L3807E+06
.38B76E+06
"394L6E+06
L016E+06
.LOBGE+QS
.4156E+06

L227E+C6

LL299E+06
LL370E+06
LLL2E+06
LS515E+06
.4588E+06
LE61E+DS
LAT73LE+Q6

4808E+06
4BBZ2E+QS
4957E+06
5032E+406

.5107E+08
.S183E+056
.5259E+06
.5335E+06
.5412E+06
.54F0E+06&
1.5567E+06
1.5645E+06

EV )

¢ 3301

NO.
3351
3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366
3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
3384
3385
3386
3387
3388
3389
3390
3391
3392
3393
3394
3395
3396
3397
3398
3399
3400

e T e I e R N N e el et el B el = S o S

1.
1.
.SBO2E+06
.588B2E+06
.5961E+06
LHO04TE+CE
L6122E+06
LE5203E+06
L.628B4E+06
.6365E+06
LELLTEHQS
.6530E+06
.6613E+06
.66F6E+D6

(CONTINUED?

3400 GROUPS

LOWER
5645E+06
5724E+06

67B0E+Q6

AHBELE+DS
L69L8E+06
.7033E+06
7T119E+06
.7204E+Q8
.7291E+086
7377E+06
TLELEHQS
.7552E+06
. THLOE+OS
.772BE+06
.7817E+06
.7T907E+06
TI94E+06
.B0B7E+06
.8177E+06
.8268BE+06
.8360E+06
.B4L52E+06

BS44E+06

.B637E+06

B731E+06

.8825E+06
.8919E+06
.P014E+Q6
.9109E+06
LF205E+06
.G3C1E+GS

$398E+06

LGLO95E+06
.9593E+08
LF6F1E+08
.97F0E+Q6
.9BB9E+Q6
1.

9989E+06

T T O L T I O i e e S L e e e

)

UPPER

.5724E+06
.5802E+06
.5882E+06
.5961E+C6
.6041E+06
LB6122E+06
.6203E+06
LE2BLE+FCS
.6365E+06
J6LLTEFDOG
LE530E+06
.6613E+06

E6FE6E+06

.67BOE+06
LOBOELETQG
.694BE+06
.7033E+06
L7T119E+06

7204E+06

L.7291E+06
L7377E+06
LTLALE+QS
.7552E+06
.764L0E+06
.7728BE+06
.7817E+06
.7907E+06
L7996E+06
.8087E+06
.B177E+06
.8268E+06
.8360E+06
.8452E406

BE4LE+06
B637E+06

.B731E+06
.BB2S5E+06
.8919E+06
F014E+Q6
.9109E+04
.9205E+06
.9301E+06
.939BE+DS
.F4L95EF06

@5F3E+06

.F6G1E+06
LF7G0E+DS
.FBBYE+DS
.9989E+04
.0089E+06



JAERI — M 84 — 038

TABLE 2.1 ENERGY GROUP STRUCTURE (CONTINUED)
NEUTRON ENERGY GROUP ( EV 3 ( 3401 - 3500 GROUPS )

ND. LOWER UPPER ND. LOWER UPPER
3401 2.0089E+06 2.0190E+06 3451 2.5795E+06 2.5924E+06
3402 2.0190E+06 2.0291E+06 2452 2.5924E+06 2.6054E+08
3403 2.0791E+06 2.0392E+06 2453 2.6054E+06 2.6184E+Q6
3404 2.0392E+06 2.0495E+06 2454 2.6184E+06 2.6316E+06
3405 2.0495E+08 2.0597E+06 3455 2.6316E+06 2.6L4LBE+CE
3406 2.0597E+06 2.0701E+06 3456 2.6448E+06 2.6580E+06
3407 2.0701E+0C6 2.0BO4LE+06 3457 2.6580E+06 2.6713E+06
3408 2.0804E+06 2.090%E+06 3458 2.6713E+CS 2.6847E+06
340% 2.0909E+08 2.1014E+06 3459 c.HBLT7E+QS 2.6982E+06
2410 2.1014E+06 2.111%E+06 3460 2.6982E+06 2.7117E+046
3411 2.1119E+06 2.1225E+06 3461 2.7117E+08 2.7253E+06
3412 2.1225E+06 2.1331E+06 34672 2.7253E+08 2.7390E+06
3413 2.1331E+06 2.1438E+06 3463 2.7390E+06 2.7527E+06
3414 2.1438E+06 2.1545E+06 3464 2.7527E+06 2.7665E+06
3415 2.1545E+06 2.1653E+06 2465 2.7565E+08 2.7804E+06
3416 2.1653E+406 2.1762E+06 3466 2.7BO4E+0S 2.7943E+06
3417 2.17862E+06 2.1871E+06 3467 2.7943E+06 2.8083E+06
3418 2.18B71E+06 2.1981E+06 3468 2.8083E+06 2.8224E+06
3419 2.1G8B1E+06 2.2091E+06 3469 2.8224E+406 2.8365E+06
3420 2.2091E+06 2.2202E+04 3470 2.8365E+06 2.8507E+C6
3421 2.2202E+06 2.2313E+06 3471 2.8B507E+06 2.8850E+06
3422 2.2313E+06 2.2425E+08 3472 2.8B650E+06 2.8794E+06
3423 2.2425E+06 2.2537E+0¢ 3473 2.8794E+06 2.8938E+06
3424 2.2537E+06 2.2650E+06 3474 2.B938E+06 2.92083E+06
2425 2.2650E+06 2.2764E+06 3475 2.9083E+06 2.9229E+06
3426 2.27864LE+06 2.2878E+06 3476 2.9229E+06 2.9376E+06
3427 2.2878E+06 2.29%92E+06 3477 2.9376E+06 2.9523E406
3428 2.2992E+06 2.31CBE+CS 3478 2.9523E+06 2.9671E+06
3429 2.3108E+06 2.3224E+06 3479 2.9671E+06 2.9820E+086
3430 2.3224E+06 2.3340E+06 3480 2.9820E+06 2.9969E+06
3431 2.3340E+06 2.3457E+06 3481 2.9969E£+06 3.0119E+06
3432 2.3457E+06 2.3575E+06 3482 3.0119E+056 3.0270E+06
3433 2.3575E+06 2.3693E+06 3483 2.0270E+06 3.0422E+06
3434 2.3693E+06 2.3811E+06 3484 3.0422E+06 3.0574E+06
3435 2.3811E+06 2.3931E+06 3485 3.0574E+06 3.0728E+06
3436 2.3931E+06 2.4051E+06 3486 2.0728E+06 3.0882E+06
3437 2.4051E+06 2.4171E+06 3487 3.0BB2E+06 2.1037E+06
3438 2.4171E+06 2.4292E+06 3488 3.1037E+0C6 3.1192E+06
3439 2.4292E+06 2.4414E+06 3489 2.11%92E+06 3.1349E+06
3440 2.44L14E+06 2.4537E+06 3490 2.134L9E+C6 3.1506E+06
3441 2.4537E+06 2.4660E+06 3491 3.1508E+06 3.1664E+06
34642 2.46860E+006 2.L7B3E+06 3492 3.1664E+06 3.1822E+06
2443 2.4783E+06 2.4507E+06 3493 3.1822E+06 3.1982E+06
3444 2.4907E+06 2.5032E+068 3L£94 3.19B2E+05 3.2142E+06
3445 2.5032E+06 2.5158E+06 3495 3.2142E+06 3.2303E+006
3448 2.5158E+06 2.52B4E+06 3496 3.2303E+06 3.2485E+06
3447 2.5284E+06 2.5411E+06 3497 3.2465E+06 3.2628E+06
3448 2.5411E+0C6 2.5538E+06 3498 3.2628E+06 3.2771E+06
3449 2.5538BE+06 2.5666E+06 3499 3.2791E+06 2.2956E+06
3450 2.5666E+06 2.5795E+06 3500 3.2956E+06 3.3121E+06



JAERI — M 84 — (38

TABLE 2.1 ENERGY GROUP STRUCTURE C(CONTINUED)
NEUTRCN ENERGY GRCUP ( EV ) ¢ 3501 - 3600 GRCOUPS )

NO. LOWER UPPER NO. LOWER UPPER
3501 3.3121E+06 3.3287E+06 3551 4_2528BE+056 4 _2741E+C6
3502 3.3287E+06 3.3454E406 3552 L. 2741E+0Q6 L. 2955E+06
3503 3.3454E+406 3.3622E+06 3553 4 .2955E+06 4. .3171E+06
3504 3.3622E+06 3.3790E+06 3554 4.3171E+06 4.33B7E+06
3505 3.3790E+06 3.3959E+06 3555 4 3387E+06 4L . 3604E+06
3506 Z.3959E+06 2.4130E+406 3556 L .3604E+06 4L .3823E+406
3507 3.4130E+006 3.4301E+06 3557 4.3823E+06 4 _4043E+06
3508 3.4301E+06 2.6473E+06 3558 4L . 4043E406 4, 4263E+06
3509 Z.4473E406 3.4645E+06 3559 4L 4L263E406 L. 4485E+06
3510 Z.4645E+06 3.4819E+06 3560 4 L4BSE+0S L. 4T7OBE+0S
511 3.4819E+06 Z.L9F94E+06 3561 4L.470BE+QS L. 4932E+06
3512 3.49F4E+06 3.5169E+06 3562 4 . 4932E+06 4.5158E+06
3513 3.5169E+056 Z.5345E+06 3563 4.5158E+06 4.5384E+06
3514 Z.5345E+0% 3.5523E+06 3564 4.5384LE+06 4 .5612E+086
3515 3.5523E+06 3.5701E+06 3565 4_.5612E+06 4. 5840E+06
3516 3.5701E+06 3.5880E+06 2566 4.5840E+06 L. 6070E+06
3517 3.5880E+06 3.6059E+06 3567 4,6070E+06 4.6301E+06
3518 3.6059E+06 3.6240E+06 3568 4 .6301E+06 L.6533E+06
3519 2.6240E+06 3.6422E+06 3569 4 6533E+046 L.6766E+06
3520 3.6422E+06 3.4604E+06 3570 L,6768E+06 4.7001E+06
3521 3.6604E+06 3.6788E+046 3571 L.7001E+06 4.7236E+06
3522 3.46788BE+06 3.6972E+06 3572 4L . 7236E+06 4L.7473E+06
3523 3.6972E+06 3.7157E+06 3573 L.7T473E+06 4L.77L1E+06
3524 3.7157E+06 3.7343E+06 3574 4.7711E+06 4L .7950E+06
3525 T.7343E+06 3.7531E+06 3575 4.7950E+06 4 .8190E+06
3526 3.7531E+06 32.7719E+06 3576 4 ,B190E+06 4,8432E+06
3527 I.7719E+C6 3.790BE+06 3577 4L .8432E+06 4L.8674LE+OS
3528 3.7908E+06 3.B098BE+06 3578 4.B674LE+QA 4L _BI19E+0Q6
3529 3_.809BE+0S 3.B289E+06 3579 4.8919E+06 4L,916LE+06
3530 3,828%9E+06 3.8481E+06 3580 4L.F1B4E+0D6 4L.9410E+06
3531 ZI.B4LBLE+OS 3.8B674E+06 3581 4L.9410E+06 4.9658E+06
3532 2.B674LE+06 3.8888E+0C6 3582 4L .9658BE+06 L.9907E+06
3533 3.886BE+06 3I.9062E+06 3583 4.9907£+086 5.0157E+06
3534 2.9062E+06 3.9258E+06 3584 5.0157E+06 5.0408E+06
3535 3.9258E+06 3.9455E+06 3585 5.0408E+06 5.0661E+06
3536 2.9455E+06 Z.9652E+06 3586 5.0661E+06 5.0915£+06
3537 3.9652E+06 3.9851E+06 3587 5.0915E+06 5.1170E+06
3538 3.9851E+06 4 _0051E+06- 3588 5.1170E+06 5.1427E+06
3539 4.0051E+06 4L .0252E+06 3589 5.1427E+06 5.1685E+06
3540 4 0252E+C6 L. 0454E+06 3590 5.1685E+06 S5.1943E+C6
3541 4 .0454E+06 4L . Q657E+06 35791 5.1943E+06 5.2204E+06
3542 4. 0657E+06 4.0861E+06 3592 5.2204E+06 5.2466E+06
35473 4 .08861E+06 4 1065E+06 3593 S.2466E+06 5.2728BE+C6
3544 4.1065E+06 4.1271E+06 3594 5.2728E+06 5.2993E+06
3545 4.1271E+06 4 .1478BE+06 3595 5.2993E+06 5.3259E+06
3546 4 .1478BE+06 4. 16B6E+DS 3596 5.3259E+06 5.3525E+06
3547 4.1686E+06 4.1895E+06 3597 S.3525E+06 5.3794E+06
3548 4. 1B9S5E+06 L.2105E+06 3598 5.3794E+06 5.4064E+06
3549 4.2105E+06 4L_2316E+06 2599 5.4064E+06 5.4334E+406
3550 4 .2316E+06 4L.2528E+06 3600 S.4334E+06 5.44607E+06



NO.
3601
3602
3603
3604
3805
3606
3607
3608
3609
3610
3611
3612
2613
2614
3615
3616
2617
2618
3619
3620
3621
3622
3623
3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3638
3639
36460
3641
3642
3643
3644
3645
3646
3647
3648
3649
3650

TABLE 2.1

JAERI —M 84— 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP ¢

oo OO0 U U U TN U U T U T WY U AN

LOWER

LHE0T7E+06
.4L881E+06
.5155E+06
.5432E+06
S5T710E+046
.5989E+06
LG6270E+08
65526406
.6835E+06
.7T12CE+06
LTLOTE+DS
TEPLEFDE
.7G83E+06
.B274E+Q6
LBS5&T7E+CE
.BBEDOE+06
.9155E+046
LFLS2E+06
PT74LFE+QS
.0049E+06
L.035CE+06
Q6528406
.095&E+06

1262E+06

.154GE+06
.1878E+06
.2188E+06
L2LI9E+06
.2813E+06
.3128E+06
L34646E506
LI37H2E+06
.L082E+08&
LALOBEHQ6
LLT726E406
.505CE+06
.5376E+06
.S5704LE+06
.6033E+06

&6365E+06

LB6F7EH0S
.7031E+06
.73468BE+06
.7705E+0Q6
.B804L4E+06
.B3B6E+06
6£.8728E+06
45.9073E+06
4.9419E+06
6.9767E+06

[0 NEe o N0 N6 e U 6 S0 N0 N6 N 0 N ¢ AR 0 RO S LR ¢ o N v N 6 SRS N O R e S S e S S N S RV BV R W) SRV IV RV IRV IRV BV IRV IRV RV RV IRV IV RV IRV V) |

UPPER

LBBL1E+0S
.S3155E+0C6
LS5432E+06
.5710E+0C6é
.5989E+06

4270E+06
46552E+06

LEBISEF06
.7120E+06
.7407E+06
.7E9LE+OS
- 7983E+06
.B274E+06

[}

8567E+06

-.8860E+06

»

Q155E+06
9452E+06
9Q749E+06
D049E+D6
Q3SQE+D%

.0652E+06
.0954E+06
.1262E+06
15869E+06
.1878BE+06
.218B8E+Q5
L2L99E+06
.2B13E+06
.3128E+06
L3LLLEHQS
C3742EH06
AQ08Z2E+04
A4 03E+06
CLTZHEXOS
.5050E+06
.5376E+06
.5704LE+06
.6033E+06
.6365E+06
LH697E+Q6
.7031E+06
.7368E+06
L7705E+086
.BOLLE+OS
.B3BHE+Q6
.B72BE+06
.P073E+08
6.941FE+06
&.9767E+06
7.0117E+06

EV D

NG .
3651
3652
3653
3654
3655
3656
3657
3658
3659
3660
3661
3662
3643
3664
3665
3666
3667
3668
3669
3670
3671
34672
3673
3674
3675
3676
3677
3678
3679
3680
3681
3682
3683
34684
3685
3686
3687
3688
3689
3690
3691
3692
3693
34694
3695
3696
3697
3698
3499
3700

( 35601

.

.

.

OO0 00 0 0O COCo Q0O OO 000000 COCC 000 0G0 00~ ™~ NS SN SE S AESESNSSNESN N N SEN S SN N N

8.

{CONTINUED)

3700 GROUPS

LOWER

.C117E+06
.C468E+06

CB21E+CE

L1176E+0C6
.1533E+06
.1891E+06
.2252E+06
L261LE+DS
L2P7BE+D6
L33LLE+06
L3712E+06
.L0BOE+04
LLLS2E+D6
LABZ26E+06
L5201E+06
.5577E+0D6
LS5957E+06
.6338E+06
LH7T19E+0D6

7104E+06
T&P1IE+06

.7B79E+06
.8270E+06
.B662E+06
.9056E+06
LP4L5Z2E+Q6

YB51E+06

L0251E+06
L.0653E+06
.1058E+Q06
14663E+06
.1872E+06
L22B3E+06
L2APLE+QS
.3109E+06
.I3526E+06
L3I94LLE+DS
LL365E+06
.4789E+06

5214E+06
S5640E+06

.6070E+06
.6502E+0C6
LHP35E+0E
L7E7T1E+D6
.780%E+06
.8248E+06
LB691E+06
.9136E+06

G582E+06

Nole e e sl Rl Mnciio Be et IR e R e e R ool e R oo R+ e s BN @ ol e-s B o BN -+ N 0 BN B RN BN IR NI N BN B SR B W R U e I B R i B TV BN B R BN

)

UPPER

.0468E+06
.0B21E+06
.1176E+0C6
L1533E+06
.1891E+06
2252E+06
L26TLEFOE
.2978E+06
ZA3LLEFDOGE
3712E+06
.40B0E+0&
L4452E+06
LLB26E+DE
.5201E+06
.5577E+06
S9L7E+06
L6338E+06
LAT7I9E+DE
7104E+06
TLYIE+OS
.TB7PE+06
.B270E+08&
.B&62E+06
PO0S&E+CE
GLSP2E+CS
.98S51E+06
.0251E+Cé6
.0653E+C6
.1058E+06 .
.1463E+06
.1872E+06
.2283E+06
.26P4E4H06
.3109E+06
.3526E+06
394 4E+O6
A385E+06
LT789E+08
.5214E+06
.564L0E+0S6
LHOT7OE+06
.HS02E+06
G935E+06
LIE371E+06
.7809E+06
.B248BE+08
.8B&91E+06
LF136E+06
.FSB2E+D6
LO031E+06

.



NO.
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711
3712
3713
3714
3715
3716
3717
3718
3719
3720
3721
3722
3723
3724
3725
3726
3727
3728
3729
3730
3731
3732
3733
2734
3735
3736
3737
3738
3739
3740
3741
3742
3743
3744
3745
3746
3T4L7
3748
3749
3750

TABLE 2.1

LOWER
2.0031E+06
9.0483E+06
92.0936E+06
9.13%92E+06
9.1851E+06
Q2.2310E+06
9_.2773E+06
9,.3239E+08
G.3705E+068
9.4175E+06
9.L64LBE+Q6
$.5121E+06
@ .5598E+0C6
9.6078E+06
9.656CE+06
9.7043E+06
G .7530E+06
9.8019E+06
2.8510E+06
9.9004E+06
9.9501E+0C6
9.9998E+06
1.C050E+07
1.0100E+07
1.0151E+07
1.0202E+07
1.0253E+07
1.0304E+07
1.0356E+07
1.0408E+07
1.04860E+07
1.0513E+07
1.0565E+07
1.0618BE+07
1.0671E+07
1.0725E+07
1.0779E+07
1.0833E+07
1.0887E+07
1.0942E+07
1.0996E+07
1.1052E+07
1.1107E+07
1.1163E+07
1.1219E+07
1.1275E+07
1.1331E+07
1.1388E+07
1.1445E+07
1.1503E+07

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRON ENERGY GROUP (

UPPER
9.048B3E+06
9.0936E+06
L1392E+06
.1851E+06
.2310E+06
L2T7T73E+CS
.3239E+06
.3705E+06
L4175E406
.L64LBE+06
.5121E+06
.5598E+06
L607BE+0E
.6560E+06
LTO0LZE4DE
.7530E+0Q6
.B019E+056
.8510E+05%
LO9004LEFDG
.9501E+06
.999BE+C6
QO0S0E+Q7
.01C0E+0O7
.0151E+07
.0202E+07
.C253E+07
.0304E+07
.0354E+07
040BE+Q7
.0460E+0Q7
.0513E+07
.0565E+07
L.0618E+07
.0671E+07
L0725E+07
O779E+0OY
.0B33E+07
.0BB7E+Q7Y
L0942E4+07
.09GF6E+07
.1052E+0Q7
L1107E+0Q7
1.1163E+07
1.1219E+07
1.1275E+07
1.1331E+07
1.1388E+07
1.1445E4+07
1.1503E+07
1.1560E+0Q07

ba RS B B3 3 b 43 b B R e R3PS RS R 33 3 3 13 13 0 0 D D W0 0 0 0 0080000000

EV )

¢ 3701

NO.
3751
3752
3753
3754
3755
3756
3757
3758
3759
3760
3761l
3762
3763
3764
3765
3766
3767
3768
3769
3770
3771
3772
3773
3774
3775
3776
3777
3778
3779
3780
3781
3782
3783
3784
3785
3786
3787
3788
3789
3790
3791
3752
3793
3794
3795
3796
3797
3798
3799
3800

(CONTINUED)

- 3800 GROUPS )

LOWER
1.1560E+0Q7
1.1618E+07
.1676E+07
.1735E+07
L1794E+07
.1853E+07
.1912E+07
.1972E+07
.2032E+07
.2092E+07
L2153E+07
.2214E+07
L2275E+07
.2337E+07
.2399E+07
.24L61E+O7
.2523E+07
.2586E+07
L264L9E+07
L2712E+07
.2776E407
.2840E+07
.2904E+07
L2G6GE+COT
.3034E+07
.3099E+07
.3165E+07
.3231E+07
L3297E+07
L3364E+07
.3431E+07
.3498E+07
.3566E+07
.3634E+07
.3702E+07
3771E+O7
.384L0E+07
.3909E+0Q7
L3979E+07
LLO04LGEXOT
L4120E+07
LA191E+07
JL262E+07
L4333E+07
L&4D5E+Q7
LALTTEHCY
.4550E+07
LL623E+07
1.4696E+07
1.4770E+07

JEININ

T e el i i e il e e e e e e el B e e

UPPER
1.1618E+07
1.1676E+07
1.1735E+07
1.1794E+07
1.1853E+07
1.1912E+07
L1972E+07
.2032E+07
L2092E+07
.2153E+07
.2214E+0C7
.2275E+07
.2337E+07
L2399E+07
L2EE1E+D7
.2523E+07
.2584E+07
L2BLPEHDT
L2712E+07
2776E+07
L2BLOE+DT
.2904E+07
.2969E+07
.3034E+07
.30%99E+07
.3165E+07
.3231E+07
L3297E+0O7
L3364E+07
L3431E+07
.349BE+D7
.3566E+07
.363LE+07
.3702E+07
J3771E+07
_3B4LOE+D7
.3909E+07
.3979E+07
LA049E+07
LL120E+07
.4191E+07
LAP262E+07Y
LA333E+07
LLLOSE+QT
LLTT7EFQY
.4550E+07
LL623E+07
LAEGEEFOT
ALTT70E+O7
1.4844E+07

T T e g e i e e e e el ol s e



NO.
3801
3802
3803
2804
3805
3806
3807
3808
3809
3810
3811
3812
3813
3814
3815
3816
3817
3818
3819
3820
3821
3822
2823
3824

NEUTRON ENERGY GROUP

B T T T T T Y

TABLE 2.1

LOWER

LABLLEFOT
LAP1IBE+OT
LAG93E+OT
.5068E+07
.5144E+07
.5219E+07
.5296E+07
.5372E+07
L5449E+07

5527E+07

-5605E+07
.5683E+07
L5762E+07

5841E+07
59Z20E+07

.6C00E+0O7
.6080E+07
LH161E+D7
L6242E+07
LO3Z3E+O7
.6405E+Q7
J6LBTEXQT
.4570E+0Q7
-6653E+07

JAERI — M 84 - 038

ENERGY GROUP STRUCTURE

UPPER
1.4918E+07
1.4993E+07
1.5068E+07
1.3144E+07
1.5219E+C7
1.5296£+07
1.5372E+C7
1.5449E+07
1.5527E+07
1.5605E+07
1.5683E+07
1.5762E+07
1.5841E+07
1.592CE+07
1.600CE+C7
1.6080E+07
1.6161E+07
1.6242E+07
1.6323E+07
1.6405E+07
1.6487E+07
1.6570E+07
1.6653E+07
1.6736E+07

¢ EV )

{ 3801

(CONTINUED?

3824 GROUPS .



NO.

D00 N O WS

TABLE 2.2

NEUTRON ENERGY GROUP

LOWER
1.4550E+07
1.2B40E+07
1.1331£+07
1.000CE+07
8.8250E+06
7.78BOE+Q8
&.8729E+06
6.0653E+06
5.3526E+06
L. T7237E+06

4.1686E+06
3.6788E+06
2.2465E+06
2.8650E+06
2.5284E+06
2.2313E+06
1.9691E+06
1.7377€+06
1.5335E+06
1.3534E+06
1.1943E+06
1.0540E+06
9.3014E+05
8.2085E+05
7.2440E+05
&.3928E+05
S.6416E+05
4 ,9787E+05
4. 3937E+05
2.8774LE+05
3.4218E+05
3.0197E+405
2.6649E+05
2.3518E+05
2.0754E+05
1.8316E+05
1.6163E+05
1.6266E+05
1.2588E£+05
1.110GE+03
% .8037E+04
8.6517E+0C4
7.6351E+04
6.7379E+04
5.9462E+04
5.2475E404
4L .6305E+04
4L, 0B6BE+D4
3.6066E+04
3.1828E+04

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

UPPER
1.6487E+07
1.4550E+07
1.2840E+07
1.1331E+07

1.0000E+07

§.8250E+06
7.78B0E+06
6.8729E+06
6.0653E+06
5.3526E+06
4. 7T237E+06
4.1686E+06
3.6788E+06
3.24465E+06
2.8650E+06
2.5284E+06
2.2313E+06
1.9691E+06
1.7377E+06
1.5335E406
1.3534E+06
1.1943E+406
1.0540E+06
9.3014E+05
8.2085E+05
7.24L40E+05
6.3928E+05
5.64186E+05
4L .97B7E+0S
4 .3937E+05
3.8774E+05
3.4218E+05
3.0197E+05
2.664FE+05
2.3518E+05
2.0754E+05
1.8316E+05
1.6163E+05
1.4264E+05
1.2588E+05
1.1109E+05
9.8037E+04
B.6517E+04
7.6351E+C4
6.7379E+04
5.9462E+04
5.2475E+04
4 ,6309E+04
4. 0868E+0Q4
3.6066E+04

 EV 2

(

NG .
51
52
53
54
55
56
57
58
59
60
61
462
63
64
&5
66
67
68
569
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
0
91
92
93
G4
25
g6
97
98
29

100

1

- 100 GROUPS 2

LOWER
2.808BE+04
2.47B8E+04
2.1875E+04
.9305E+04
.7036E+04
.5034E+04
.170%9E+04
9.1188E+03
7.1017E+03
5.5308E+03
L . 3074LE+03
3.3546E+03
2.6126E+03
2.0347E+03
1.5846E+03
1.2341E+03
9.6112E+02
7.4LB852E+02
5.8295E+02
4.5400E+02
3.5357E+02
2.7536E+02
2.1445E+02
1.6702E+02
1.3007E+02
1.0130E+02
7.8893E+01
6.1442E+01
4 .7851E+01
3.7267E401
2.9023E+01
2.2603E+01
1.7603E+01
1.3710E+0Q1
1.0677E+01
8.3153E+00
46.4760E+00
5.0435E+00
3.9279E+00
3.05%90E+00
2.3824E+00
1.8554E+C0C
1.4450E+00
1,.1254E+00
8.7642E-01
6.8256E-01
5.3158E-01
4.1399E£-01
1.5183E-01
3.5238E-04

UPPER
3.1828E+04
2.B08BE+04
2.4788E+0Q4
2.1875E+C4
1.9305E+04
1.7036E+04
1.5034E+04
1.1709E+04
$.1188E+C3
7.1017E+03
5.5308E+03
4. 3074LE+03
Z.3546E+03
2.5126E+03
2.0347E+03
1.5846E+03
1.2341E+03
9.6112E+02
7.4852E+02
5.8295E+02
4L . 5400E+0C2
3.5357E+02
2.75386E+02
2.1445E+402
1.6702E+02
1.3007E+02
1.0130E+02
7.88%3E+01
6.1442E+01
4.7851£+01
2.7267E+C1L
2.9023E+01
2.2603E+01
1.7603E+01
1.3710E+C1
1.0677E+01
8.3153E+00
6.4760E+00
5.0435E+00
3.9279E+00
3.0590E+00
2.3824E+00
1.8554E+00
1.4450E+00
1.1254E+0Q0
B8.7642E-01
&.8256E-01
5,3158E-01
4 ,1399E-01
1.5183E-01



TABLE 2.3

PHOTON ENERGY GROUP

NO

hol e« Y RS BNV R ALY A

1C

JAERT — M 84 — 038

LOWER
1.2000E+07
1.0000E+07
8.00C0E+06
6.5000E+06
5.C000E+06
4 .COCOE+06
3.0000E+C6
2.50CCE+06
2.000CE+06
1.6600E+06
1.3300E+06
1.000CE+0Q6
8.0000E+05
6.0000E+05
4 .00CCE+0QS
3.000CE+05
2.0C00E+05
1.0000E+05
5.0000E+04
2.0000E+04

ENERGY GROUP STRUCTURE

{ EV D

UPPER
1.4000E+07
1.2000£+407
1.0000E+07
8.C000E+06
6.5000E+06
5.0000E+06
4.0000E+06
3.00C0E+06
2.500CE+06
2.0000E+06
1.6600E+08
1.3300E+06
1.0000E+06
8.0000E+05
6.0000E+0S
4.0000E+05
3.0000E+05
2.C000E+0S5
1.C0CCE+CS
5.0000E+04



NO.

Palie - BR.NEEe SRV RE VIV IS

TABLE 2.4

LOWER
1.4550E+07
1.2840E+07
1.1331E+07
1.0000E+07
8.8250E+06
7.7880E+06
6.8729E+06
4.0653E+06
5.3526E406
4L . 7237E+06
4.1686E+06
2.6788E+06
3.2465E+06
2.865CE+C6
2.5284E+06
2.2313E+06
1.94691E+06
1.7377E+06
1.5335E+06
1.3534E+06
1.1943E+06
1.0540E+06
9.3014E+05
8.2085E+05
7.2440E+05
6.3928E+05
5.6416E+05
4 .9787E+05
4 .3937E+05
3.8774E+05
3.4218E+05
3.0197E+05
2.6649E+05
2.3518E+05
2.0754E+05
1.8316E+05
1.6163E+05
1.4264E+05
1.2588E+05
1.1109E+05
9 .8037E+C4
8§.6517E+04
7.6351E+04
6.7379E+0Q4
5.9462E+04
5.2475E+04
L. 6309E+04
4, 0868E+04
3.6066E+04
3.1828E+04

JAERI — M 84 — 038

ENERGY GROUP STRUCTURE

NEUTRCN ENERGY GROUP (

UPPER
1.6487E+407
1.4550E+07
1.284CE+07
1.1331E+07
1.0000E+07
8.8250E+06
7.7880E+06
6.8729E+06
6.0653E+06
5.3526E+06
L. 7237E+06
4.1686E+06
3.6788E+06
3.24465E+06
2.8650E+06
2.5284E+06
2.2313E+06
1.9691E+06
1.7377E+06
1.5335E+06
1.3534E406
1.1943E+06
1.0540E+06
9,.3014E+05
8.2085£+05
7.2440E+05
6.3928E+05
5.64186E+05
4 .9787E+05
4 3937E+05S
3.8774E+05
3.4218E+05
3.0197E+Q5
2.6649E+05
2.3518E+05
2.0754E+05
1.8316E+05
1.6163E+05
1.4264E405
1.2588E+05
1.1109E+05
9,8037E+04
8.6517E+0C4
7.6351E+04
6.7379E+04
5.9462E+04
5.2475E+04
L. 6309E+04
L, 0868BE+04
3.6066E+04

EV >

NO.
51
52
53
54
55
56
57
58
59
60
61
62
63
b4
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
B4
BS5
86
87
88
B89
90
21
92
g3
94
95
96
97
98
99

100

- 100 GROUPS )

LOWER
2.80BBE+Q4
2.478BBE+04
2.1875E+04
1.9305E+04
1.7036E+04
1.5034E+04
1.1709E+04
§.1188E+03
7.1017E+03
5.5308E+03
4L 3074LE+0D3
3.3546E+03
2.6126E+03
2.0347E+03
1.5846E+403
1.2341E+03
9.6112E+02
7.4852E+02
5.8295E+02
4 .5400E+02
3.5357E+02
2.7536E+02
2.1445E+02
1.6702E+02
1.3007E+02
1.0130E+02
7.8893E+01
6.1442E+01
4.7851E+01
3.7267E+01
2.9023E+01
2.2603E+01
1.7603E+01
1.3710E+01
1.0677E+01
8.3153E+00
6.4760E+0C
5.0435E+00
2.9279E+00
3.0590E+00
2.3824E+00
1.8554E+00
1.6374E+00
1.4450E+0Q
1.2752E+400
1.1254E+00
§.9312E-01
8.7642E-01
7.7344E-01
46.B256E-01

UPPER
3.1828E+04
2.B088E+04
2.478BBE+04
2.1875E+04
1.93C5E+04
1.7036E+04
1.5034E+04
1.1709E+04
9.1188E+03
7.1017E+03
5.5308E+03
4 3074E+Q3
3.3546E+03
2.6126E+03
2.0347E+03
1.5846E+03
1.2341E+03
9.6112E+02
7.4852E+02
5.8295E+02
4.5400E+02
3.5357E+02
2.7536E+02
2.1445E+02
1.6702E+02
1.3007E+02
1.0130E+402
7.8893E+01
6.1442E+01
4L.7851E+01
3.7267E+01
2.9023E+01
2.2603E+01
1.7603E+01
1.3710E+01
1.0677E+01
8.3153E+00
6.4760E+00
5.0435E+00
3.9279E+00
Z.0590E£+00
2.3B24E+00
1.8554E+00
1.6374E+00
1.4450E+00
1.2752E+00
1.1254E+00
?.9312E-01
B.7642E-01
7.7344E-01
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TABLE 2.4 ENERGY GROUP STRUCTURE (CONTINUED)

NEUTRON ENERGY GROUP ( EV D ¢ 101 - 137 GROUPS >

NO. LOWER UPPER

101 6.0236E-01 6.8256E-01
102 5.3158E-01 6.0236E-01
103 4,6912E-01 5.3158E-01
104 4.1399E-01 L.6912E-01
105 3.8925E-01 4,.1399E-01
106 3.6528E-01 3.8%925€£-01
107 3.4206E-01 3.6528E-01
108 3.1961E-01 3_4206E-01
109 2.9792E-01 3.1961E-01
110 2.7699E-01 2.9792E-01
111 2.5683E-01 2.7699E-01
112 2.3742E-01 2.5683E-01
113 2.1878E-01 2.3742E-01
114 2.0090E-01 2.1878E-01
115 1.8378E-01 2.00%0E-01
116 1.6743E-01 1.8378E-01
117 1.5183E-01 1.6743E-01
118 1.3700E-01 1.5183E-01
119 1.2293E-01 1.3700E-01
120 1.0963E-01 1.2293E-01
121 9_7080E-02 1.0963E-01
122 8.5297E-01 9.7080E-02
123 7.4276E-02 8.5297E-01
124 4. 4L017E-02 7.4276E-02
125 5.4520E-02 6.4017E-02
126 4 .5785E-02 5.4520E-02
127 3_.7813E-02 4 .5785E-02
128 3.0602E-02 3.7813E-02
129 2.4153E-02 3.0602E-02
130 1.8467E-02 2.4153E-02
131 1.3543E-02 1.8467E-02
132 %.3B0O5E-03 1.3543E-02
133 5.9803E-03 ¢.3805E-03
134 3,.3422E-03 5.9803E-03
135 1.4663E-03 3.3422E-03
136 3.5234E-04 1.4663E-03
137 3.3100E-05 3.5236E-04
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3. Nuclide and Material Identification

The JSD1000O library contains 42 nuclides which are generally used
as source, shielding, structure and detector materials as gshown in
Table 3.1, Temperature dependent data at 300, 560 and 900 K are also
considered for all of the nuclides.

Data included in the library are i) ultra-fine group cross section,
ii) infinite dilution group cross section, iii) group to group transfer
matrix, iv) self-shielding factor of the Bondarenko-type, v) atomic
displacement cross section and emnergy deposition factor, vi) secondary
gamma-ray production cross section and vii) effective macroscopic cross
secﬁion.

Many types of data mentioned above are identified by node names
which are defined by &4-characters. Node names are related with the
hierarchy of data, and classified according to tree structures. These
node names recorded in the JSDI000 library are used to read and /or write
the data, and controlled by a "DATA-POOL" access packagell) which is a
direct-access data base management sub-system in the RADHEAT-V4 code
system. Arbitrary data included in the JSD1C00 library will be easily
obtalned by indicating the node name. For the above reéson, the DATA-
POOL access package must be used to utilize the JSD1000 library.

Node name structures and definitions for each group cross section
data are described in the following sections.

Descriptions of the DATA-POOL access package and structures of the
JSD1000 library are given in Chapt. 5. A method of utilization for
JSD1000 is also described in this Chapter.



Table 3.1 Nuclides
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and node names contained in JSD100CO

NODE NAME NUCLIDE NAME CONTENTS
£ 1130 W—-184 FROM ENDF/B-IV SMT FTRB ELA IN3 NZN
1128 W--182 FROM ENDF/B~1V SMT FTR ELA INS NZN
1128 W—183 FROM ENDF./B-—-1V SMT FTB ELA INS NZN
1131 W—186 FROM ENDF/B—I1V SMT FTE ELA INS NZN
1272 LI-7 FROM ENDF/B—1V SMT FTB ELA IN3 NIN
1261 U—-235 FROM ENDF/B-1V SMT FTB ELA IN3 N2ZN
1262 U—238 FROM ENDF/B—-1V SMT FTB ELA INS NZN
1264 PU-239 FROM ENDF/B—IV SMT FTB ELA INS NZN
1274 C FROM ENDF/B-—1V SMT FTB H+D ELA INS
1266 PU-241 FROM ENDF/B—IV SMT FTB ELA INS NZN
103510 PU-238 FROM ENDF/B—1V SMT FTB ELA INS NZN
1150 K FRCM ENDF/B—IV SMT FTB ELA INS NZN
1194 S1 FEROM ENDF/B-1V SMT FTB ELA INS N2ZN
1161 PU-242 FROM ENDF/B—1V SMT FTB ELA INS NgN
1265 PU-240 FROM ENDF/B-1V SMT FTB ELA INS NIN
1263 NP-237 FROM ENDF/B-1V SMT FTB ELA INS NZN
1283 AU FROM ENDF/B-1IV SMT FTB ELA IN5S NIN
1288 PB FRCOM ENDF/B—1V SMT FTB H+D ELA INS NIN
1189 NB FROM ENDF/B-]V SMT FTB ELA INS NIN
1056 AM—241 FROM ENDF/B-1V SMT FTB ELA INS
131 KR—80 FROM ENDF/B—IV SMT FTB ELA INS NZN
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Table 3.1 (continued)

NODE NAME NUCLIDE NAME CONTENTS
1192 FE FROM ENDF/B—1V SMT FTR H+D ELA INS N2ZN
1193 AL FROM ENDF/B-1V SMT FTB H+D ELA INS NZN
1181 CR FRCM ENDF./B-—1V SMT FTB H+D ELA INS NZN
1187 MN FROM ENDF/B-1V SMT FTB H+D ELA INS NZN
1295 CU FRCM ENDF/B-—-1V SMT FTB H+D ELA INS NZN
1287 MG FRCOM ENDE/B—1V SMT FTR H+D ELA INS NZN
1280 MG FROM ENDF/B-1V SMT FTB ELA IN3S NZN
1273 B—10 FROM ENDF/B—-1V SMT FTB ELA INS
1271 L1-8 FROM ENDF/B-IV SMT FTE ELA INS
1160 B—11 FROM ENDF/B-1V SMT FTB ELA INS NIN
1269 1-H—1 FROM ENDF/B-1V SMT FTB ELA
1289 RE FROM ENDF/B-1V SMT FTR ELA NZN
1195 CA FROM ENDF B—IV SMT FTB ELA INS NZN
1156 NA FROM ENDF/B—-1IV SMT TTB ELA INS NZN
1275 N FROM ENDF/B-IV SMT FTB ELA INS NZN
12758 O FROM ENDF/B-1V SMT FTE ELA INS
1199 CO—59 FROM ENDF/R—IV SMT FTB ELA INS NZN
1281 CD FROM ENDF/B—1V SMT FTB ELA INS NEZN
1284 ZR FROM ENDF/B-1V SMT FTB ELA INS NZN
1277 F FROM ENDF/B-1V SMT FTB ELA INS NZN
1190 NI FROM ENDF./B-IV SMT FTB ELA INS NZN
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3.1 Fine-Group Cross Section

The fine-group cross section library contains 6 kinds of data

described below.

i) Smooth cross sections of each reaction.
ii)} Self-shielding factors.
iii) Atomic displacement cross section and energy deposition
factors.
iv) Elastic scaltering group to group transfer matrix.
v) Inelastic scattering group to group transfer matrix.

vi) (n,2n) scattering group to group transfer matrix.

EGRP ¢ NEUTRON AND GAMMA-RAY ENERGY STRUCTURE

I---—- INFX ¢ INFINITE DILUTION CROSS SECTION

i ————— 1192 ( 1192 FE FROM ENDF/B-1V
i ————— SMT ¢ SMOOTH CROSS SECTION
i ————— FT8 ¢ F-TABLE LIBRARY
i ————— H+D ¢ HEAT GENERATION AND DISPLACEMENT CROSS SECTION
i ————— ELA ( ELASTIC SCATTERING MATRIX
i ————— INS ¢ INELASTIC SCATTERING MATRIX
i ————— NZN ( (N-2N> SCATTERING MATRIX

i ————— 1193 ¢ 1193 AL FROM ENDF/B-IV
i ————— SMT ( SMOOTH CROSS SECTION
i ————— FTB ( F-TABLE LIBRARY
i ————— H+D ¢ HEAT GENERATION AND DISPLACEMENT CROSS SECTION
i ————— ELA ( ELASTIC SCATTERING MATRIX
i ————— INS ¢ INELASTIC SCATTERING MATRIX
i ————— NZN ( (N,2NY SCATTERING MATRIX

Fig. 3.1 Typical node structure of the fine-group cross section library

A typical tree structure of the fine-group cross section is shown
in Fig. 3.1. The first node name is used as an identification of energy
group structure. The energy group structure adopted in JSD1000 is
defined as a node name of EGRP. The second node name INFX shows the

fine-group cross section data., The third node name is used as a nuclide
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identification. The nuclide identification number for the JSD1000
Jibrary is the same as the material number in ENDF/B~IV, The fourth

node name indicates each type of data described in Table 3.2.

Table 3.2 Node names associated with the data contained in
the fine-group cross section library

NODE NAME DATA INFORMATION
SMT SMOOTH CROSS SECTION
FTB F-TABLE LIBRARY
H+D HEAT GENERATICN AND DISPLACEMENT CROSS SECTION
ELA ELASTIC SCATTERING MATRIX
INS INELASTIC SCATTERING MATRIX
NN {N,2N> SCATTERING MATRIX

SMT shows the smooth cross sections of each reaction. Reactions
contained in the data are identified by the MT number described in Table
3.3. The smooth cross section means infinitely diluted cross section
which is calculated by a condition of og = 108, The record format of

the data is described in Chapt. 5.

Table 3.3 Reaction types and identification numbers in
the smooth cross section data

No. Reaction Type
1 Total cross section
2 Elastic scattering cross section
4 Total inelastic cross section
16 (n,2n) cross section
18 Total fission cross section
27 Absorption cross section
102 (n,Y) radiative capture cross section
103 {n,p) cross section
107 (n,d) cross section
452 Vv, average total (prompt plus delayed) number

of neutrons released per fission event
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FTB shows the Bondarenko—type self-shielding factor of each reac-
tion. Reactions contained in the data are total, elastic, fission and
capture. The self-shielding factors are presented for each background
cross section of gy = 0, 1, 10, 100, 1000 and 10000.

H+D shows the atomic displacement cross section and energy deposi-
tion factor of each reaction. The data are utilized for the evaluation
of radiation damage and heating in the shielding materials. Reactions

contained in the data are described in Table 3.4.

Table 3.4 Reaction type and identification number in the H+D data

No. Reaction Type
1002 Heat generation by elastic scattering
1004 Heat generation by inelastic reaction
1016 Heat generation by (n,2n) reaction
1018 Heat generation by fission reaction
1102 Heat generation by (n,Y) reaction
1103 Heat generation by (n,p) reactien
1107 Heat generation by (n,a) reaction
2002 Atomic displacement by elastic scattering
2004 Atomic displacement by inelastic reaction
2016 Atomic displacement by (n,2n) reaction
2102 Atomic displacement by (n,Y} reaction
2103 Atomic displacement by (n,p) reaction
2107 Atomic displacement by (n,t) reaction

ELA shows the group to group transfer matrix of elastic scattering.
Angular distributions of each group to group transfer cross section are
given by the form of Direct Angular Representation which is directly
defined as a function of cosine of scattering angle. The scattering
angular distribution of the DAR form is newly applied to the JSD100G
library in order to eliminate negative values of cross sections introduced
from finite Legendre expansion. The data in the DAR form of the JSD10060
library are presented by the tabulated data [cos B, o(cos 8)]. The cos B
is a direction cosine of a scattering angle and this table can be
interpolated by linear in cos B. The data format of the DAR form is

described in Chapt. 5, and the method for producing the angular dis-
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tribution of scattering cross section is shown in Chapt. 4.

INS shows the group to group transfer matrix of inelastic scattering.
Angular distributions of each group to group transfer cross section are
also given by the DAR form. The data format is the same as the data of
node ELA described in Chapt. 5.

N2N shows the group to group transfer matrix of (n,2n) scattering.
Angular distributions of each group to group transfer cross section are
given in the same format of the data of node ELA.

The fine-group cross section library contains above six kind of
data of each nuclide described in Table 3.1. The data at the temperature
of 300, 560 and 900 K are prepared in the fine-group cross section library.

Adopted weighting function to produce the fine-group cross secticn
consists of three parts of fission spectrum, 1/E and thermal Maxwellian.

It is defined by the following equation.

_ es(E,D)
¢(E’GOQT) - Ut(E,T) + UO ] (3-1)
vE exp (-E/Tp) 0.8205 MeV < E
¢S(E,T) = 1/E 0.125 eV < E < 0,8205 MeV (3.2)
E exp (-E/KT) , E < 0,125 eV

where op is total cross section, cp the background cross section, K the
Boltzmann constant and T, the neutron temperature of flssion spectrum

which is assumed to be 1.4 MeV.
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3.2 Effective Macroscopic Cross Section

Neutron and gamma-ray coupled group cross sectionm library is
produced for typical shielding or structural materials described in
Table 3.5. Atomic compositions and atomic number densities of these
materials are also shown in this table. Typical node structure of the

effective macroscopic cross section library is shown in Fig. 3.2.

EGRP ¢ NEUTRON AND GAMMA-RAY ENERGY STRUCTURE

O SELF (SELF-SHIELDING FACTOR L1BRARY
i ————— 160 (STANDARD AIR (20 CENT.) DENSITY:1,204% KG/M3
% ————— 1269 ¢ 126% 1-H-1 FROM ENDF/B-IV
i ————— 1274 ( 1274 C FROM ENDF/B-1V
i ————— 1275 ¢ 1275 N FROM ENDF/B-IV
i ————— 1276 ( 1276 O FROM ENDF/B-1IV
i ----- 161 ¢ PARTICULAR ALR DENSITY:1.1503 KG/M3
i————;1269 { 1269 1-H-1 FROM ENDF/B-IV
% ————— 1275 ( 1275 N FROM ENDF/B-1V
i ————— 1276 ( 1276 © FROM ENDF/B-IV
i ————— 170 ¢ SQIL (N.T.S.) DENSITY:1.7 G/CM3 AT NEVADA TEST SITE
; ————— 1269 ¢ 126% 1-H-1 FROM ENDF/B-IV
i ————— 1276 ( 1276 0 FROM ENDF/B-1IV
i ————— 1193 ( 1193 AL FROM ENDF/B-1V
i ————— 1194 ¢ 1194 SI FROM ENDF/B-1V
i ————— FX32 (D.A.R. CROSS SECTION SETS T2 ANGULAR POINTS
i ————— 160 C(STANDARD AIR (20 CENT.) DENSITY:1.204% KG/M3
i ————— 161 ( PARTICULAR AIR DENSITY:1.1503 KG/M3
i ———— 170 ¢ s5Q0IL (N.T.5.) DENSITY:1.7 G/CM3 AT NEVADA TEST SITE

Fig. 3.2 Typical node structure of the effective macroscopic
cross section library

The first node name shows the energy group structure. The second
node name SELF shows a branch of self-shielding factors fbr the material,
The another node name FX32 indicates a branch of the data for the ef-
fective macroscopic cross section. Angular distributions of scattering
matrix are given by each discrete angular mesh with 32 points defined
in Table 3.6

The angular distributions are produced by averaging the inter-

polated values of the DAR data described in the previous section. The
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third node name shows the material identification number. The data of
cross section belong to the third node name of the FX32 branch. The data
of the self-shielding factor belong to the fourth node name of the SELF
branch. The self-shielding factors are given by the determined background
cross section of each nuclide which is included in the material. The
data are utilized to collapse the energy groups of the effective macro-
scopic cross section. The method to produce the effective macroscopic
cross section is described in Chapt. 4. The record format of the data

iz described in Chapt. 5.
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Table 3.6 Angular mesh boundaries of the effective macroscopic
cross section library

No. cos 9
1 -1.00000E+00
é ~-9.92981E-01
3 -9 .76707E~01
4 -9 .51315E-01
5 -9.17041E-~01
6 -8.74205E-01
7 -B.23207E~-01
8 -7.64523E-01
9 -46_.98701E-01
10 -6.26355E-01
11 -5.48161E-01
12 -4 _64B4LGE-01
13 -3.77197E-01
14 -2.86023E-01
15 -1.92179E-01
14 -9 .465399E-02
17 0.0
18 2.65401E-07
19 1.92179E-0C1
20 2.86023E-01
21 3.77197E-01
22 4. 648B49E-01
23 5.48161E-01
24 6.26355E-01
25 65.98701E-01
26 7.64523E-01
27 8.23207E~-01
28 B.74205E-01
29 2.17041E-01
20 $.51315E-01
1 9.76707E-01
32 9.92981E-01
33 1.00000E+00
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3.3 Secondary Gamma-Ray Production Cross Section

The secondary gamma-ray production cross section 1is provided by the
TWOWAY module of the RADHEAT-V4 code system. The data in ENDE/B-IV and
POPOP41”) library can be used to generate the secondary gamma-ray produc—
tion cross section. However, JSD1000 only contains the cross section
data of ENDF¥/B-IV.

Typical node structure of the secondary gamma-ray production c¢ross
section is shown in Fig. 3.3. The first node name shows the energy group
structure and the second node name SGRX indicates a branch of the second-
ary gamma-ray production cross section. The third node name shows the
material number and the fourth node name indicates the reaction name

which enables it to emitt the secondary gamma-ray.

EGRP ¢ NEUTRON ENERGY STRUCTURE

I-——--- SGRX ¢ SECONDARY GAMMA-RAY DATA
i ————— 1269 ( 1269 1-H-1 FROM ENDF/B-IV
% ————— 101 ¢ H-1 FROM ENDF/B MATNO=1269,MT= 102
; ————— 1272 ( 1272 LI-7 FROM ENDF/B-IV
i ————— 103 ¢ LI-7 FROM ENDF/B MATNO=1272,MT= 102
i ————— 303 ¢ LI-7 FROM ENDF/B MATND=1272,MT= 4
i ————— 1274 ¢ 1274 € FROM ENDF/B-IV
i ————— 106 c-12 FROM ENDF/B MATNO=1274,MT= 102
i ————— 306 ( c-12 FROM ENDF/B MATNO=1274,MT= 4

Fig. 3.3 Typical node structure of the secondary gamma-ray
production cross section library

The secondary gamma-ray production cross section library contains
the data at temperatures of 300, 560 and 900 K. Nuclide and reaction
names contained in the secondary gamma-ray production cross section

library are described in Table 3.7. The record format of the data is

described in Chapt. 5.
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Table 3.7 Nuclides and reaction names contained in the secondary
gamma-ray producticn cross section library

NODE NAME NUCLIDE NAME REACTION CHANNEL
1269 1~H-1 FROM ENDF/B—IV 101
1272 LI-7 FROM ENDF/B-IV 103 303
1274 C FROM ENDF/B—1V 108 3086
1156 NA FROM ENDF/B—1V 111 311
12810 MG FROM ENDF/B—IV 112 312 412
1275 N FROM ENDF/R—IV 107 607 207 307
1194 51 FRCOM ENDF/B—1V 114 814 214 314
1150 K FROM ENDF/B—1V 119 619 219 319
1195 CA FROM ENDF./B—1V 120 620 220 3210
1181 CR FROM ENDF/B—IV 124 924
1197 MN FROM ENDF,B—1V 925 125 325
1192 FE FROM ENDF/B-1V 926 126 326
1199 CO-59 FROM ENDF/B—1V 127 927
1190 NI FROM ENDF/B—1V 128 928
1295 CU FROM ENDF/R—IV 129 9279
1189 NB FROM ENDF,/B—1V 141 941
1287 MO FROM ENDF/B—1V 142 942
1128 W-182 FROM ENDF/B—1V 174 374
1128 W—183 FROM ENDF/B—1V 174 374
1130 W-184 FROM ENDF/B—1V 174 374
1131 W—188 FRCM ENDF/B—1V 174 374
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Table 3.7 (continued)

NODE NAME NUCLIDE NAME REACTION CHANNEL
1288 PR FROM ENDF/B-1V 982
1262 U-238 FROM ENDF/B—1V 892 192 9982
1261 U-235 FROM ENDF/B-1V §32 192 992 392
1277 F FROM ENDF/B—1V 20g 108 208 308
1264 PU-239 FROM ENDF/B-IV 8§94 194 984 384
1265 PU-24(0 FROM ENDF/B—-1V 894 154 994 394
1271 LI-6 FROM ENDF/B-1V 103
1273 B—10 FROM ENDF/RB—IV 605 300
1289 RE FROM ENDF/B-1V 104
1276 O FROM ENDF/B—1V 108 608 208 308
1193 AL FRCOM ENDF/B—IV 113 613 313
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3.4 Ultra-Fine Group Cross Section

The ultra-fine group cross section is used as the basic cross section
to generate the fine-group cross section and secondary gamma-ray produc-
tion cross section. The ultra-fine group cross sectlon is given by each
temperature and background cross section,

Typical node structure is shown in Fig. 3.4. The first node name
ULTX indicates the branch of the ultra-fine group cross section. The
second node name shows the nuclide identification name of the data. The
fourth node name SIGm shows the m-th branch of the background cross
section. The data of the ultra-fine group cross section belong to the

fourth node name.

ULTX (ULTRA-FINE GRDUP CROSS SECTION FILE

Iwmmmm 1192 ( 1192 FE FROM ENDF/B=-IV
% ————— TMP1 ( TEMPERATURE = 300.0
i ————— $I1G1 ¢ BACK-GROUND = 1.00E+08
i ————— 1193 ( 1193 AL FROM ENDF/B-IV
i ————— TMP1 ( TEMPERATURE = 300.0
% ————— SI1G1 ( BACK-GROUND = 1.00E+08
i ————— 1191 ¢ 1191 CR FROM ENDF/B-1V
; ————— TMPZ ¢ TEMPERATURE = 300.0
i ————— SIG1 ¢ BACK-GROUND = 1.00E+08
i ————— 1197 ¢ 1197 MN FROM ENDF/B-1V
i ————— TMP1 ( TEMPERATURE = 300.0
i ————— §1G1 ¢ BACK-GROUND =  1.00E+08

Fig. 3.4 Typical node structure of the ultra-fine group cross
section library

The nuclide identification names in the JSD1000 library are de-
scribed in Table 3.1. The reaction type of the ultra—-fine group cross
section is identified by the reaction L.D. number described in Chapt. 4.
The record format of the ultra-fine group cross section is described in

Chapt. 5.
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Table 3.8 ©Nuclide identification name contained in
group cross section library

the ultra-fine

NODE NAMLE NUCLIDE NAME NODE NAME NUCLIDE NAME
1130 W—184 FROM ENDF/B-1V 1192 FE FRCM ENDF/B—-1V
1128 W—182 FROM ENDF/B—1V 1183 AL FROM ENDF/B—1V
1129 W—183 FROM ENDF/B—IV 1191 CR FROM ENDF/B—-1IV
1131 W—1865 FROM ENDF/B-1V 1187 MN FROM ENDF/B—1V
1272 LI-7 FROM ENDF/RB—1V 12895 CU FROM ENDF/B—1V
1261 U-235 FROM ENDF/B—1V 1287 MO FROM ENDF/B-1V
1262 U—-238 FROM ENDF/B-—-1V 1280 MG FROM ENDF/B—1V
1264 PU—239 FROM ENDF/B-1V 1273 B—10 FROM ENDF/B-1V
1274 C FROM ENDF/B—1IV 1271 LI-6 FRCM ENDF/B—lIV
1266 PU-241 FROM ENDE/B—1V 1160 B—11 FROM ENDE/B-1V
1650 PU-238 FROM ENDF/ B—1V | 1269 |~-H—1 FROM ENDF/B-IV
1150 K FRCM ENDF/B—IV . 1288 BE FROM ENDF/B-1V
1194 31 FROM ENDF/B—-1V 1195 CA FROM ENDF/B-1V
1161 PU—-249 FRCOM ENDF/B-1V 1156 NA FROM ENDF/B-1V
1265 PU—-240 FROM ENDF-B-1V 1275 N FRCM ENDF/B—-1V
1263 NP—237 FROM ENDE/B—1V 1275 O FROM ENDF/B-1V
1283 AU FROM ENDE/B-1V 1198 CO—59 FROM ENDF/B-1V
1288 PR FROM ENDF/B-IV 1281 CD FROM ENDE/B-IV
1188 NBE FROM ENDF/B-1V 1284 ZR FROM ENDF/B-1IV
1056 AM—241 FROM ENDFB-—-1V 1277 F FROM ENDF/B-1V

131 KR—80 FROM ENDF/B-I1V 1190 NI FROM ENDF/B-1V
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4, Production of Group Cross Section

Date contained in JSD1000 are produced by the RADREAT-V4 code
system. In this Chapter, the methods of the data generations are
briefly described. The detailed informations are described in the user's
manual of FAIR-CROSS and TWOWAY of the RADHEAT-V4 code system. The

hierarchy of the code system is shown in Fig. 4.1.

POPOPY ENDF’B

— Data Pocl storage
FAIR -CROSS
step 1
= Ultra-fine
TWOWAY group X -sec.
N t+{ Fine-group
kﬁ#fu__tzjw neutron
\\—x;__'_——/
FAIR-CROSS =
step 2 | L seif-shielding
factors
L S —
"] Secendary

gamma-ray data

DIAC
Coupled

group X -sec.

FDEM I T A

Few group
cross section

Flux and
YISUAL
DPOOL ‘

Functional Modules

Fig, 4.1 Hierarchy of RADHEAT-V4 code system

One of the features of JSD1000 is adopting a method of the Direct
Angular Representation. The DAR method means that the angular distribu-
tion of the scattering cross section 1s directly expressed by the func-
tion of the scattering angle instead of the finite Legendre expansion.

Numerical description and utilization of the data are noted in the

following sections.
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4.1 Processing Method

The FAIR-CROSS and.the TWOWAY modules produce the data contained in
the JSD1000 library. System flow of the FAIR-CROSS and the TWOWAY
modules is shown in Fig. 4.2, The ultra-fine group Cross sections are
produced in the forward stage of the FATR-CROSS step 1. The fine-group
cross sections are generated in the latter stage of the FAIR-CROSS step
1 by using the ultra-fine group cross sections. Secondary gamma-ray
production cross sections are produced by the TWOWAY module with the
ultra-fine group cross sections and nuclear data libraries, namely,
ENDF/B-IV or POPOP4, Effective macroscopic cross sections are generated
by the FAIR-CROSS step 2 with the fine-group cross sections and the
secondary gamma-ray production cross sections. Fach stage for generat-

ing the cross sections 1s described in the following sections.
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4,2 Ultra-Fine Group Cross Section

The ultra-fine group cross sections are generated by processing
the nuclear data of ENDF/B format. The calculational process is divided
into three parts of resonance treatment, Doppler-broadening and weight-
ing procedures.

In the energy region of resolved resonance, point-wise cross
sections are generated from resonance parameters in the nuclear data
file by using the method adopted in a modified version of the RESENDIS)
program. In the method, the following algorithm is used to reconstruct
the resonances exactly within some specified tolerance.

(a) Neighbouring two peak energies of resonances are selected as

shown in Fig. 4.3. (points A and B)

A test of tolerance,
OlE)

£ > l fn%Th '

Fig. 4.3 Reconstruction procedure for resolved resonances

(b) The exact cross section f; at the mid-point E; between two
"peaks is calculated using a specified formula.

(c) The épproximated value £} at the E; is calculated by the linear
interpolation and compared with the exact value. If the fractional dif-
ference at the mid-point is larger than the specified tolerance, a new

mid-point Ep is appointed in the left half interval and the same process
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described above is repeated.

(d) When the fractional difference is attained smaller than the
specified tolerance, the energy interval is fixed and the process is
repeated for the right side of energy interval.

For the energy region of unresolved rescnance, the averaged cross
sections are computed by the method adopted in the MC? codela). In this
method, the infinitely diluted cross sections and self-shielded cross
sectlons with Doppler-broadening are directly obtained.

Temperature dependency of the cross section is taken Into account
by the method of kernel-broadening described below.

The change of cross sections caused by the thermal vibration of a

target nucleus at temperature T is given by the following equation.

o (|v=v'|,T=0)P(v", Ty , (4.1)

gv,T) = piv faviep

where p : density of a target nucleus,
v,V': velocities of a incident neutron and a target nucleus,
0(]V—V'|,T=Ok cross section for a static target nucleus (T=0 K)
P(v',T): velocity distribution function of a target nucleus in the
laboratory of mass system.
Assuming that the distribution function is a Maxwell-Boltzmann distribu-—

tion, this function is given by following equation.

P(v',T)dv' = (%%93/2exp(—av'2)dv' , (4.2)
where

_ M

B= kT o

and M being mass of a target nucleus, K is Boltzmann constant, Define a

relative velocity V = |v-v'], Eq. (4.1) becomes,
1 B 1/2 2 2 2
o(v,T) = j aVo (V,0)V2 [expl{-B (V-v) ? }~exp (-8 (V+Vv)<}]. (4.3)
v2

Converting velocity to energy E = mvZ/2, Eq. {(4.3) becomes,

o(E,T) = & l/zf dE vEyo (E, O)[exp{—a(/_¥—/E)2}-exp{—a(/§%+/ﬁ}2}],
(4.4)
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A/kT (Doppler width constant),

where, o

A = M/m (atomic mass ratio),

m
|

r = MV%/2(relative energy).
Now define new variables X and ¥ for a numerical calculation,

x# oE

r ¥

y2 ok,
Substituting of the variables into Eq. (4.4) yields,

1 11/2

a(y,T) = y— | dx-x%a(x,0) [exp{~(x=y)?}-exp{- (x+y)?}], (4.5)

0

Equation (4.5) is divided into two terms which are called Doppler broaden-

ing and Doppler thinning, respectively.

o(y,t) = o*(y,T) + o*(-y,T) , (4.6)
c*(y,T) = j%f%f/zf x2g(x,0)exp{- (x-y)?}dx . (4.7)
0

When |x-—y|>>—1, the expansion term in Eq. {(4.7) becomes to near zero, SO
that we have the following equation.
11/2 y+A

a*(y,l) = yz(wﬁ [ x2o(x,0)exp{-(x=y)2}dx + R(y) , (4.8)
y-4

0

y-A
R(y) = =1 i)l/z{Jo X%5 (x,0)exp{-(x-y)2}Hdx + | XZO(X,O)eXp{—(X—y)Z}dX}.
L oy+A
(4.9)

If determine the value 2 to make & > R{y) /o*(y,T), Eq. (4.7) can be ap-

proximated by the following expression,

Yta
1l.1/2
g*(y,T) = ( ) / j X2 (%,0)expl—(X-y)? }dX. (4.10)
¥4
In this procedure, 4.0 is set for 4. This condition is equivalent to set
the tolerance € = 10 3. Assuming that o(x,0) is given by a linear inter-
polation with the point-wise data of (x1:91), Eq. (4.10) becomes simple

form described as below,
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a(x,0) = o5 +S; (X?=x4%) for xi < X £ Xi41 (4.11)

A
where Sj = (oi41 - 092/ (Xj47 = %4

2

)5

Xi+1
o¥(y,T) = j%(%al/ZZZj 2 (048] (X2xy Dexpl-(x=y)Z11dX . (4.12)
i x

i

Defining Zz = X-¥, Eq. (4.12) becomes

1/2 « Xi+17Y _
a*(y,T) =3}-2—(%) 2] T T (24y) 2455 xq 4 55(z4y) 2exp (-2)dz.
Xi'y
= %;{Ai(gi-sixiZ) + B4Sq} . (4.13)
where
12 XY ,
A = = (5T ey Zexp (<29)az, (4.14)
yz '
xi—y
Xi417Y
3, = L (&2 aytexp-zyaz (4.15)
y2o
1

The above

Ai and B; are computed by using the error function, erfc(a).

For a,b =z O (a < b)

T
]

ws]
I

H,(a,b) /y2+2H (a,b) /y+iy (a,b) (4.16)

Hq(a,b)/y2+4H3(a,b)/y+6H2(a,b)+4yH1(a,b)+y2H0(a,b) R (4.17)

For a,b<0 (a > b)

=
l

Bi

where the

Ho(a,b)/y?-2H, (a,b) /y+Hy(a,b) , (4.18)
H. (a,b) /y2-4Hs(a,b) /y+6H,(a,b)-4yH (a,b)+y?Hy(a,b) , (4.19)

function Hp(a,b) is defined below.

b
H,(a,b) = (ﬁ?)l/zf z%exp(-z%)az,
a
- () - F (b) , (4.20)
and
Fo(a) = erfefa)/2 , {4.21)
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2 Pepatyrz (4.22)

PNy,
Ltnr, @ + b Cepeat)y. 022 (429)

F(a)

Fp(a)

The Doppler-broadening described above is calculated for the energy
range from 50 meV to 3 MeV. Reactions considered the Doppler-broadening
are total, elastic scattering, fissiom, (m,Y), (n,p) and (n,u).

The ultra-fine group cross sectioms are produced by averaging the
point cross sections generated above. A weighting function using average

process is given by the following equation,

¢ (E,o ,T) = - ] AT

0 Gt (E)T)+UO ( )
VEexp (-E/T.) 0.8205MeV <L

¢ (E,T) =9 1/E 0.125eV < E < 0.8205MeV (4.25)
Eexp(-E/kT} , E £0.125ev

where 0, is total cross section, K is Boltzmann constant and Tc neutron
temperature of fission spectrum selected as Te = 1.4 MeV.

Group cross sections with the ultra-fime group structure are cal-
culated by two equations.

For outside of the unresolved resonance region,

Ei+
) jE GX(E,T)'¢(E,UO :T)dE
0, (00,1 = — : (4.26)
i+l
f ¢(E,GO,T)dE
Ei
and for the unresolved resonance regilomn,
G;(UO’T) = UEX(Oo,T) ’ . (4.27)
where U; : group cross section for ultra-fine group i and reaction

type X,
o (E,T) : Doppler broaded point-wlse cross section,
i .
Oux(Uo,T) : averaged unresolved resonance cross section for ultra-fine
group i and reaction type X,

6(E,00,T) : weighting function described above,
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Uo,T : background cross section and temperature.

Group average neutrons per fission Gi is calculated by the following
way.
For outside of the resonance region,
Ei+l
[ w(BE)og(E,Te)og(E,Tg)dE
TR—— (4.28)

i+l
_& Uf(E,T0)¢S(E,T0)dE
i

and for the resonance region,

Eit1
[ TU(E)dg(E,T()dE
;1 = —= . (4.29)

+1
J 4o (E,Tg)dE

where oy is the fission cross section and Ty a standard temperature
selected as 300 K.

The ultra-fine group cross section consists of 3824 groups whose
energy group structure is shown in Table 4.1. The reaction types contained

in the ultra-fine group cross section are shown in Table 4.2,
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Table 4,1 Energy group structure for the ultra-fine group
cross sections

Group No. Lower energy Lower velocity Lower lethargy
(ev ) { cm/sec )
+
1 2.2104E-4 2.0564E+4 24,53526
an equi-velocity
width of 2700.0
321 4.0898E-1 8.8455E+5 17.01218
322 4.1399E~-1 8.8995E+5 17.C00C0
an equi-lethargy
width of G.005
3722 1.0000E+7 4.3740E+9 C.0
an equi-lethargy
width of 0.005
w *® =
3824 1.6736E+7 5.6585E+9 -0.,515

-4
+) read as 2.2104 X10
*) these values indicate the upper ones of the energy group.
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Table 4.2 Processed reaction types and the identification numbers
in the ultra—-fine group cross section

Reaction type Reaction I.D. No.

Total 1

Elastic scattering 2
Total inelastic scattering 4
Total (n,2n) scattering 16

Excited (n,2n) scattering 6~9 , 46-49

Fission 18

Neutrons per fissien 452
(n,n'o) scattering 22
(n,n'3a) scattering 23
(n,2np) scattering 24
{n,n'p) scattering 28
Bbsorption 27
Inelastic discrete level 51-90
Inelastic continuum level 91
{n,Y) 102

(n,p) 103

(n,d) 104

(n,t) 105

(n,He) 106

(n,a) 107

{n,20) 108
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4.3 Infinite Dilution Cross Section

Infinitely diluted cross sections of each reaction (og = =) are

generated by using the following equations.

Y ol (o0, TIW (09, T) (B4 47-E;)

03 (ag,T) = & - , (4.30)
;gjw (00, T) (Ej37-E5)

_ _Z.vioi(GO,To)wl(GOsTD)(Ei+1_Ei)
i el , (4.31)

EEjU%(Go,To)Nl(GO,To)(Ei+1“Ei)

where a suffix 1 shows a ultra-fine group number, J shows a fine-group
number, i1€] means the ultra-fine group numbers included in a fine-group

number J, and W is piven by the following equation.
Eiyl
E.

1

f

¢) (E,OO ,T)dE

W (o, T) = (4.32)

Es1 - Bi

When the boundary energy of the fine-group structure is not equal to that
of the ultra-fine group structure, the ultra-fine group cross section is
assumed to be constant in the fine-group to calculate Egs. (4.30) and
(4.31). TIf the both boundary energies are equal, the fine-group cross
sections calculated by Eq. {4.30) is exactly same to the fine-gr-up cross
sections calculated directly from Eq. (4.26) not way of the ultra-fine
group cross sections.

The fine-group cross section for total reaction is calculated from
the total cross section given by the nuclear data file, so that the
elastlc scattering cross section is modified to conserve the neutron

balance. The modification is performed by the following manner,

s = 0%(oo=m,To)—Ug(Uo=m,To)‘g%(Go=”,TO)'UiY(UU=m’T0)_thhers’
(4.33)

0! 3¢ag,T) = 03 (g, T) + 87, | (4.34)

means the sum of residual cross sections which is not processed by the FAIR-
CROSS module, and errors of calculation. Reactions contained in the fine-

group cross sections are shown in Table 3.3.
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4.4 Self-Shielding Factor

Temperature dependent self-shielded cross section G;(GD,T) is cal-
culated only for total, elastic scattering, capture and fission reactions.
For the other reactions, the infinitely diluted cross sections for 0 K are
calculated except for (n,p) and (n,a) reactioms. (n,p) and (n,n) reaction
cross sections are calculated for a standard temperature, normally 300 K.
Self-shielding factors are calculated from the fine-group cross sections
by using the following equation.

oi (o, , Dtoi(a. T +od (o, ,T)+ad
=] f'-o ny M0 others (4.35)

fj(GO,T) -
t U%(UO = m,T )

O%(GO,T)

£ (09,T , | (4.36)

0d {5y ==,Tg)

where reaction type X means elastic scattering, fission and capture.
JSD1000 contains these self-shielding factors at og = 0, 1, 16, 100,

1000, 10000 and T = 300, 560, 90C K. The data are utilized for generating

the effective cross section,

4,5 Scattering Matrix

The double differential scattering cross section is given by the

following form,

1
ag(t',E,u) = Ej-§—§;TE-—3-1’(E‘,n)g(E’,E,n)| %% |, (4.37)
where E' : energy of incident neutron,
E  : energy of scattered neutron,
1 : cosine of a scattering angle in the laboratory system,
n : cosine of a scattering angle in the center of mass
system,

og(E') : scattering total cross section,
f(E',n) : angular distribution of scattered neutron,

g(E',E,n) : energy distribution of scattered neutron.
The angular distribution f(E',n) is given by the nuclear data file.

The form is Legendre expansion shown in Eg. (4.38) or a tabular representa-

tion.
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N
FE',m) = ={1+ 3 (241, (EDP, (M}, (4.38)
2
=1 .
where N : maximum order of Legendre expansiomn,

fo(E') : lLegendre coefficients
g s

Pg(n) : Legendre polynomials.

The enmergy distribution g(E',E,n) for the elastic scattering and the
discrete part of the inelastic scattering are given by the conservation

law of energy and momentum,

' _ A%+l o, A 2 me AV A

(4.39)

where & : Dirac delta function,
Q; : Q-value of the i-th excited level
(for elastic scattering, Q; = 0),

A ! atomie mass ratio.

The relation of the scattering angle between the center of mass system and

the laboratory system is given by the conservation law,

Y+
"= , (4.40)
2+ 2yn + 1

where

v = / £ . (4.41)
E' - (1+1/8)%

The conversion factor [dn/du[ is obtained from Eq. (4.40}.

2
d 1 YH
|a€1 = {2ypty f;j"+uz"l e T -~
!T{E-l-].l -1

The group to group transfer matrix used in the multi-group tranmsport cal-

. (4.42)

culation is defined as follows,

E v E

ng1 dE'JEg Nog(E",E,u)6(E")dE
Ggrg(n) = g +1 - g+l , (4.43)
24
J ¢ (E")dE’
Eg'+l
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1A
1A

E Eg'),
E Eg)!

og-g(u) : group to group transfer cross section scattered from g!

energy group of incident neutron (Eg'+l

g : energy group of scattered neutren (Eg+l

tA
A

to g by a direction cosine u of a scattering angle,
which is named as the cross section of DAR form,

n : number of scattered neutron (N=1 for elastic and in-
elastic scattering, N=2 for (n,2n) scattering),

¢(E') : welghting function.

Because the energy distribution g(E',E,n) is given by the Dirac delta

function, Eq. (4.43) becomes,

b o (")
S 1 éﬂ T 1
n Ja —”EF——'f(E ’n)ldul¢(E ydE
Gg'g(u) = Eg' . (4.44)
J ¢ (E")dE"
Eg'+l

The integral boundaries @ and b indicate the limits of the incident energy
E' in which it is possible to scatter into group g by a direction cosine u
of a scattering angle. These limits are obtained from Egs. (4.39) and
(4.40).

a = MaX{Eg|+l, h(Eg+]_,U)}
(4.45)
b = Min{Egt, h(Eg,M)}
where , 5 / Y
h(E.) = (A2-1)E+A(A-1)Q42Ep2-2Euvus+A“-1+A(A-1)Q/E (4.46)

(A - 1)2

A special treatment is required to calculate Eq. (4.44) in the cases
of inelastic and (n,2n) reactions. Detailed description of the treatment
for numerical integration is noted in user's manual of the FAIR-CROSS
modulel?).

For the continuum parts of the inelastic and (n,2n) reactions, the
energy distribution ¢g(E',E,n) is given by the nuclear data file. The
form is an evapolation model, a tabular representation or others. This

energy distribution is independent of the scattering angle. Therefore,

Eq. (4.43) can be approximated by the following equationm.
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Egv
i £ (E" o5 (ENe(E")dE!
o Gy = B
58 Eg
J
Eg'+l
Eg E (£
g o
gE' [ B aE n S g(E',E)0(EN)
g4l Egl . (4.47)

g
| ¢ (E")dE"
Eg'+l

o6 (E")6(E")4E"

From Eq. (4.44) or (4.47), we can compute the scattering matrix
directly by the function of the scattering angle. However, it is difficult
to determine the fixed angular mesh to fit the function dgrg(u) accurately
because that the shape of this function differs for the kind of nuclides
and the incident energy. For this reason, the scattering matrices of
each reaction are calculated in the ultra-fine group structure by using
the following algorithm, and then converted a point-wise angular distribu-
tion named a "Direct Angular Representation" form in the fine-group
structure:

1) Selection of a scattered energy group g. (Eg+l < B < Eg)

2) Determination of the bounds of the source energy E' in which

it iIs possible to scatter to the energy group g.

3) Selection of a source energy group g' (Eg.+1 < E < qu) in the

gbove energy range.

4) Determination of the bounds of the scattering angle for the

scattering from the energy group g' to g.
5) Calculation of the cross section (og - oy) from Eq. (4.44) or
(4.47) for 5 angular points (upg - Uu) which divide the range of

the scattering angle into four. (see Fig. 4.4)

Hu M3 Wz Hn Ho

Fig. 4.4 Algorithm to determine the optimum angular mesh
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6) Calculation of approximated integral value ot with the scattering
angle by using a 4-th order Newton-Cote's law.

7) Test whether a linear interpolation can be applied between ug and

W1,

(ug + w1)/2, (4.48a)

=
=
Il

(g + 01}/2 , (4.48b)

i.e.,
(i) test of relative error, (condition 1)

T

aluy) - o

e | <¢, (4.492)

(ii) test of integral error, {(condition 2)

Hg — Wy &
Io(um)—0'| 5 <355 ot {4, 49b)

where £ is a permissible error specified by the user. The condi-
tion 2 becomes severe for a peak of the cross section and loose
for the part of small values. Therefore, this condition is
useful to decrease the number of the angular mesh in the part of
small values.

8) When either condition is satisfied, no additional points are
required between ug and p). Otherwise the angular point up is
added and the item (7) is repeated for the two intervals of
(vg, Mg and (Mg, H1)-

This interation is executed until the either condition 1s satisfied.

9) TFor other intervals (py, u»), (p2, uz) and (p3, uu), the same

process is executed.

Adopting the new DAR method, the angular distributions of cross

sections do not take any negative wvalue for all directions.
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4.6 Secondary Gamma-Ray Production Cross Section

Secondary gamma-ray production cross sections are produced in the
TWOWAY module by using ENDF/B-IV and the ultra-fine group cross sections
generated in the FAIR-CROSS step l.

Data generated in the TWOWAY module are the neutron interaction cross
section op, the gamma-ray yields Y, and the probabilities Pn+g of each

reaction. The relations with the three quantities are as follows:

Yn =£g: O’n_>g/0n N (4.50)

P MYpoq - (4.51)

n>g - In=g
When the multiplicities (File 12 in ENDF/B) are given for a discrete

photon energy, the secondary gamma-ray production cross section orHg is

calculated from the follewing equation.

E E

n+1
Inag = % ¢ (E)dE, (4.52)

n

n+1

Y(EYo(E)¢(E)AE/]
n E
where the multiplicity Y at the mid-point energy of the ultra-fine group
is calculated by interpolating the table of multiplicities. The neutron
interaction cross section ¢ and the weighting function ¢ are retrieved
from the ultra-fine group cross section library.

When the multiplicity is given by a continuous photon energy

spectrum at the neutron emnergy L, the spectrum P is integrated between

the energy interval for each gamma-ray group g:

E .|.‘[

Pg(E) = [ J P(E~Ey)dE,. (4.53)
Eg

Hence

En+1 En+1

oo =1 Y(E)a(E)o(EYPg(E)AE/[ ¢ (E)dE. (4.54)

n-+g £ g £

n n

When the secondary gamma-ray production cross section is given by the
transition probability arrays, the following procedure is adopted.
The photon energy Ey by a transition from level j to level i is as

follows:
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Ey = ES:

j - £S5 , {4.55)

where ESj shows the energy of level 1.
The secondary gamma-ray production cross section at the photon energy EY
by a transition from level j to level i is given by the following equation,
En+1 En+1
s(N-Ey) = TP, 1+GP; i+/  o(E)e(E)E/[ ~ o(EME , (4.56)
n En
where TPj’j is probability of a transition from level § to 1, GPj,i is
conditional probability of photon emission in a transition from level J to
i. The secondary gamma-ray production cross section o(N-Ey) is converted
to the group cross section in the same manner as a discrete photon energy.
The angular distribution of the secondary gamma-ray production cross
section assumes isotropic in the laboratory system.

The data of each reaction are identified by the three digits. The
first digit indicates the reaction channel defined by Table 4.3. In this
table, the code number 3 includes inelastic scattering (MT=4 or 51 - 91),
(n,n"e) reaction (MT=22), (n,n'3ce) reaction (MT=23), and (n,n'p) reactiom
(MT=28). The code number 4 includes (n,2n) reaction (MI=16) and {(n,2na)
reaction (MT=24). The second and third digits indicate the atomic number

of the nuclide.

Table 4.3 Identification number of the reacticn channel in
the secondary gamma-ray production cross section

Code No. Reaction channel ENDF /B
MT number
1 (n,y) non-fission 102
2 (n,qy) 107
3 (n,n'y) 4,22,23,28,
51-91
4 {n,2n"vy) 16,24
5 (n,3n'Y) 17
& (n,pY) ic4
7 not used -
8 {n,y) fission i8
9 non-elastic 3
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4.7 Atomic Displacement Cross Section and Energy Depositicn Factor

The atomic displacement cross section F and the energy deposition

facter H at the neutron energy E are defined as follows:

+1
F(E) = o(E)[ P(E,m)«vI[T(E,m)ldn , (4.57)
-1
+1
H(E) = C-a(E)Y] P(E,n)T(E,nddn , (4.58)
-1

where T is the kinetic energy in the laboratory system of the primary
knock-on atom (PKA) which is scattered by a center of mass angle

B(8=cos !n), with the probability P(E,n). v(T) means the number of
secondary displacements produced by the PKA in coming to rest. The v(T)
is calculated by using the Lindhard modellS) of slowing down for energetic
atom in solids. A constant C in Eq. (4.58) is the conversion facter. The
units of F(E) and H(E) are (barn) and (barn-watt-sec), respectively.

The number of displacement v(T) is defined as follows:

v(T) = 0,8Tp/2kd , (T > 2Eg) (4.59)
Tp = T/(1+K; ~g(e)) (4.60)
Ky = 0.1334 72/3/A1/2, (4.61a)

gle) = e + 0.40244 ¢3/% + 3.4008 ¢1/8 (4.61b)

= 0.01151 T/z7/3, (4.61c)

where Eg Is an effective displacement energy and A and Z are the atomic
weight and atomic number, respectively.

A general relation with T, E, n and Ep which is the energy of
scattered neutron in the center of mass system is found from the consexvation

of momentum
T = ajokE + (o /eg)Ep - 203n/E-Ey (4.62)

‘where a3 = 1/(1+A) and ap; = A/(1+A). The values of F(E) and H(E) are cal-
culated for each ultra-fine group and then converted to the fine-group
structure with the following manner,

E

+1
Fo= [ B RE)e(E)aE/S
Eg Eg

Eg+1
o (E)dE (4.63)
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E

g+l Bou1
Hy = | H(E$(E)AE/] g (EyaE (4.64)
£ £,

where ¢ is weighting function retrieved from the ultra-fine group cross

section library. Adopted values of the effective displacement energies

for each nuclide are shown in Table 4.4.
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4.8 Effective Macroscopic Cross Section

The effective macroscopic cross section of neutron and gamma-ray
coupled multi-group structure is produced in the FAIR-CROSS step 2, In

this step, the following 4 processes are executed:

Process—1) Calculate the effective neutron cross sections by using
the infinitely diluted cross sections and the self-
shielding factors and comvert the group to group transfer
matrices into the DAR form.

Process=-2) Calculate the effective secondary gamma-ray production
cross sections.

Process-3) Calculate the gamma-ray cross sections.

Process-4) Connect the neutron cross sectioms with the gamma-ray
ones and generate the cross section tables for coupled

multi-group transport calculations.

In the process-1, the following quantities are calculated:

i i i
Teff,x,n = Tcx,n(ngo)'Ox,n s (4.65)
Ly
dp = —— pmo > (4.66)
L L eff,total,m
where

i : neutrom energy group,
X : reaction type,
n : nuclide,
o : atomic number density,
ogx : infinitely diluted cross section for reaction type X,
Upoff ¢ effective cross section,

f(T,04) : self-shielding factor.

It is necessary to compute Fgs. (4.65) and (4.66) iteratively for
total cross section in order to get accurate ¢j. The FATR-CROSS module
performs the computation of the effective total cross section within error
of 1 percent,

In the process-2, the secondary gamma-ray production cross sections

are generated by following equation,
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g (4.67)

n+g = oY Phsg »
where the notations are the same as Egs. (4.50) and (4.51). Adopted
reaction channels to produce the secondary gamma-ray production cross
section are described in Table 3.7.

In the process-3, the gamma-ray cross sections by photo-electric
effect, compton scattering, coherent scattering and pair-production are
calculated. The angular distribution of the compton scattering is cal-
culated with the DAR method by means of Klein-Nishina formulal®). The
other reactions are computed by using simple emperical formulae which
are given by a function of the atomic number adopted in GAMLEG-JRZ0),

The energy transfer cross section is also calculated in the form of KERMA
factor as follows:

hg = 1.6X10_19(uen/p)Eg , (4.68)

where hg is KERMA factor for energy group 9, {uepn/p) indicates mass energy
transfer coefficient and Eg shows mean energy of energy group Y. The unit
of KERMA factor is (barr-watte-sec).

In the process=-l, the angular distributions of the group to group
transfer cross sections with the DAR form are also converted into the
form of the discrete-type DAR which is slightly different from that adopted
in the FAIR-CROSS step 1. The discrete-type Direct Angular Representation
means that the data are given by each of the fixed discrete angular points
which correspond to those of the symmetrical Sy-guadrature set. This form
is suitable for applying the group cross sections directly to the Sy-
transport calculation. The number of the angular points can be chosen
from 12 to 64 by the user, however the data contained in JSD10C0 are given

with fixed 32 angular points as shown in Table 3.6.
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5. Structure of JSD1000 Library

The JSD1000 data library is stored in the form of a direct-access |
data base named a "DATA-POOL". The DATA-POCL storage which is adopted in
the RADHEAT-V4 code system is suitable for handling the large-size data
such as the group cross section.

The data in JSD1000 are identified by the node name which consists
of 4-characters defined in Chapt. 3. The data are characterized by
several tree structures of node names, and can be read by pointing out
the series of the node names.

The DATA-POOL access package which controls DATA-POOL, consists of
various functional subroutines written in the FORTRAN-77 language. The
usage of the software package will be described in the user's manual of
DATA-POOL. 1In this Chapter, the structure of DATA-POOL is briefly noted.

The node structures and record formats of JSD1000 are alsc described.

5.1 DATA-POOL Structure

DATA-POOL is a direct—access data set defined by the direct-access
read /write statements of the FORTRAN language. The data set has a fixed
and unblocked record length of 3600 bytes (900 words). The data in the
record are written under the control of unformatted statement.

DATA-POOL. consists of three sections named a ''Control Section™, a
"Directory Section" and a "Data Sectlion', respectively. The Control
Section is located at the first record of DATA-POOL and has a size of 40
words. The variables in the section are used for the control of DATA-

POOL. The record structure of the Centrol Section is shown in Fig. 5.1.



JAERI — M 84 — 038

No Variable Data Information
1 TITLE(1) titie of the DATA-POOL
data set name, revised data,
contents of the DATA-POOL et al.
20 TITLE(20)
21 NAL address for the directery of the first level node
22 NAZ head address of the vacant directory sectionm
23 NA3 head address of the vacant data section
24 KEY1 write flag for the exclusive control
25 KEY?2 read flag for the exclusive control (not used)
26 LREC length of a physical record (words)
27 MAX] maximum number of the same level node
28 MAX2 size of the directory section
29 MAX3 size of the data section
30 NREALL number of used records in the directory section
31 NREAL?Z2 number of used records in the data section
32 - for future use
40 —— for future use
dummy (not used)
LREC -=
Fig. 5.1 Record information of the Control Section

relation between

the informations

Section consists

the informations

in a DATA-FOCL

The Directory Section takes an important role which determines the
the node name and the record address of the data, and has
of the lower nodes in the tree structure. The Directory
of the several sub-directories. The sub-directory has

of a node name, a head address of the data section

associated with the node name, the date of creation and control variables

defined by the user.

Fig.

The structure of the Directory Section is shown in

A sub-directory takes 12 words in the Directory Section, so

that the number of nodes associated with the same level is limited to 74.

A feature of DATA-PQOL is that the informatiomns for the nodes of the lower

level can be obtained at once by referring a directory.
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No. Varisble Data Informaticon
1 NODE node name
2 DUMMY for future use
3 NAUP address of the upper node directory
4 ITEM number of the sub-directory
5 NODES node name of the first lower node
6 DUMMY for future use :
7 NADWN address for the directory of the lower node
( zero means not exist )
o 8 NADAT address for the data set associated with
o this node { zero means not exist )
y 9 NDASET number of the sub-~data set
by ( zerc means not exist )
2 10 NDATE(1) date of creation { YY-MM-DD )
23001 NDATE(2) YY:vear, MM:month, DD:day
Lo12 INFOM{1) information defined by the user
2 13 INFOM{2) information defined by the user
14 INFOM(3) information defined by the user
15 INFOM(4) infoermation defined by the user
16 INFOM(5) information defined by the user
15 17 NODE nede name
s 18 DUMMY for future use
519
=
&
ha
=
5
4]
LREC

Fig. 5.2 Record information of the Directory Section
in a DATA-FPCOL

The Data Section consists of several sub-data sets. A sub-data set
is produced by executing a writing. The writing is carried out by calling
2 subroutine from PRITE to PRITE4. The subroutine PRITE only generates
the comments of the node. The data of one-dimensional array are written
in the regions from DATAl to DATA4 by calling a subroutine from PRITEL
to PRITE4, respectively. (see Fig. 5.3) The subroutine PRITEL generates
the comments of the node and the DATAl. The subroutine PRITE4 generates
the comments of the node, DATAl, DATA2, DATA3 and DATA4 as shown in Fig.
5.3. These data can be read by using the subroutines of PREAD - PREAD4
which correspond to the PRITE - PRITE4 subroutines.
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No. Variable Data Information
1 NODE node name
2 DUMMY for future use
3 TCM(1)
S < comments of the node
22 cM20)
23 NAal address for the sub-directory of the node
24 NSUBDS the order of the sub-data set in the data section
25 NOA number of the data array
26
= § NDATA size of each data array
S 254NOA
()]
@
@ NDATA
g ' DATAl data of the first array
LW
3 - — — - —
w
h?éfA DATA? data of the second array
NDATA
(3}
NODE
DUMMY
™~
4
Q
w
o
+
m
T
0
5
[6s)

Fig. 5.3

Record information of the Data Section
in a DATA-POOL
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5.2 Node Structure of JSD1000

The data contained in JSD1000 are classified according to 5 subjects.
The data in a subject relate to each other with the node tree structure.
The node names and the tree structures are summarized in this sectlon.

The node names adopted in JSDI000 are shown in Table 5.1. The
functional medules which utilize the data in the RADHEAT-V4 code system
are also described in this table. The node names in this table are
generated automatically by using the functional modules in the RADHEAT-V4
code system, The tree structure of node is generated by connecting the
node names with each other. The fundamental tree structures are shown in
Fig. 5.4. The most of the data are stored in the node of the last level,
so that the data are classified and stored in the 10 forms described
below. In the following description, the node name with a capital letter
in the classification shows the fixed name, and a small letter means that

the name changes for each of data.
a) ULTX Data Form
ULTX - matno - TMPi - SIGj

This form contains the ultra-fine group cross section. The identifi-

cations for the node names are as follows:

level 1 : ULTX shows the ultra—-fine group data. The energy group

structure is stored in the node.

Tevel 2 : matno shows the nuclide number. The numbers im JSD100O

correspond to those of ENDF/B-IV.
jevel 3 : TMPi shows the temperature. The index i indicates the

temperature of i. In JSD1000, i =1, 2, 3, 4, 5, means
300, 560, 900, 1200 and 2100 K, respectively.

level 4 : SIGJ shows the background cross section. The index j

indicates the gy value. j = 1 means 108 in JSD100O.

b) SMT Data Form
EGRP - INFX - matno - SMT

This form contains the smooth cross sections with the fine-group

structure. The identifications for the node names are as follows:

level 1 : EGRP shows the fine-group data. The energy group
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Fixed node names

contained in JSD100O

Fixed

Functional Mcdule

Contents
Node Name create read
ULTX FAIR-CROSS TWOWAY ultra-fine group cross
step-1 FAIR-CROSS section
step~2
EGRP ——— -—— fine-energy group structurs
INFX ———- ——— infinitely diluted data
SGRX TWOWAY FAIR-CROSS secondary gamma-ray
step-2 production data
SMT FAIR-CROSS FAIR-CROSS smooth cross section
step-~1 step-2
FTB FAIR-CROSS FAIR-CROSS self-shielding factor table
step-1 step-2
ELA FAIR-CROSS FAIR~CROSS elastic scattering matrix
step-1 step-2
INS FAIR-CROSS FAIR-CROSS inelastic scattering matrix
step-1 step-2
NZN FATR-CROSS FATR-CROSS (n,2n) scattering matrix
step-1 step—2
H+D FAIR-CROSS FAIR-CROSS energy deposition factor and
step-1 step-2 atomic displacement cross section
FX32 FATR-CROSS FAIR-CROSS effective macrcscopic
step-2 step-3 cress section
DIAC,FDEM
SELF FAIR-CROSS FDEM self-shielding factor
step-2

— 100 —
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ULTX — matno — IMPn — SIGN

EGRP +— SGRX — mMATNO — NCODE
— _SMT
— _FT
— INFX — matno+— _ELA
— _INS
— _N2N
— _H+D
— FX32 — MATID
— SELF — MATID — MATNO

Fig. 5.4 Fundamental node tree structure in JSD1000
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structure is stored in the node.
level 2 : INFX shows the infinitely diluted cross sectiom.

level 3 : matno shows the nuclide number. The numbers in JSD10GO
correspond to those of ENDF/B-IV.

level 4 : SMT shows the smooth cross section,

¢) FTB Data Form
EGRP - INFX - matno - FTB

This form contains the self-shielding factors of each og value.
The identifications for the node names from level 1 to 3 are the same as
the SMT data form. The node name FIB indicates that the self-shielding

factors are stored in the node.

d) ELA Data Form

EGRP - INFX - matno - ELA

This form contains the scattering matrix of elastic reaction. The
identifications for the node names from level 1 to 3 are the same as the
SMT data form. The node name ELA indicates that the scattering matrix of

elastic reaction is stored in the node.

e) INS Data Form
EGRP - INFX - matno - INS

This form contains the scattering matrix of inelastic reaction. The

identifications for the node names from level 1 to 3 are the same as the
SMT data form. The node name INS indicates that the scattering matrix of

inelastic reaction is stored in the node.

f) N2N Data Form

FGRP - INFX - matno - N2N

This form contains the scattering matrix of {n,2n) reaction. The
identifications for the node names from level 1 to 3 are the same as the
SMT data form. The node name N2N indicates that the scattering matrix of

(n,2n) reaction is stored in the node.
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g) H+D Data Form
EGRP - INFX - matno - H+D

This form contains the energy deposition factor and atomic displace-
ment cross section. The identifications for the node names from level 1
to 3 are the same as the SMT data form. The node name H+D indicates that
the energy deposition factor and the atomic displacement cross section

are stored in the node.

h) SGRX Data Form
EGRP - SGRX - matno - ncode

This form contains the secondary gamma-ray production cross sections

of each reactien. The identifications for the node names are as follows:

level 1 : EGRP shows the fine-group data same as the SMT data form.
level 2 : SGRX shows the secondary gamma-ray production cross
section.

level 3 : matno shows the nuclide number, The numbers in JSD1000
correspond to those of ENDF/B-IV.

jevel 4 : ncode shows the reaction channel defined as the previous

Chapter.

i) FXsn Data Form
EGRP - FXsn - matid
This form contains the effective macroscopic cross section. The
identifications for the node names are as follows:
level 1 : EGRP shows the fine-group data same as the SMT data form.

level 2 : FXSn shows the effective macroscopic cross section and
the number of angular points. The fixed value sn=32 is

defined in defined in JSD1000.

jevel 3 : matid shows the material name. This name are defined in

Chapt. 3.

3) SELF Data Form

EGRP - SELF - matid - matno
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This form contains the self-shielding factors of each nuclide In the
material defined by the matid in the FXsn data form. The data are utilized
for generating the effective macroscopic cross section. The identifica-

tions for the node names are as follows:
level 1 : EGRP shows the fine-group data same as the SMT data form.

level 2 : SELF shows that the self-shielding factors of each

nuclide are defined in the FXsn data form.

level 3 : matid shows the material name defined in the FXsn data
form.
level 4 : matno shows the nuclide number contained in the material.

These record formats are described in the next section.

5.3 Record Format of JSD1000

The record formats of JSD1000 are classified according to the data
forms noted in Section 5.2. DATA-POOL has the user informations in the
Directory Section and the data in the Data Section. Each data are
utilized for the functional modules in the RADHEAT-V4 code system. The
user informations of 5 words are stored by using PSET subroutine and read
by using PFIND subrcutine in the DATA-POOL access package, respectively.
The data in the Data Section are stored by using PRITE - PRITE4 sub-
routines and read by using PREAD — PREADG subroutines noted in Section 5.1.
In the following description, an "information" means the user information

in the Directory Section and a "data" indicates the data in the Data

Section. The node name with a capital letter shows the fixed name,

and a small letter means that the name changes for each data.

a) ULTX Data Form

level 1 node : ULTX
information NGRP, 0, 0, 0, O
data PREAD1 {( N, NCOM, NGRP+1, FEGRP )

level 2 node : matno
information MATNO, MTMAX, NTMP, NSIG, LFI
data PREAD3 ( N,NCOM,MTMAX ,MTYPE ,NTMP ,TMP ,NSIG,SI1G0 )
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level 3 node :; TMPi
information TMP, O, O, 0, O
data PREAD( N, NCOM )}

level 4 node : S5IGJ
information SIG, MTMAX2, O, 0, O
data PREADZ ( N, NCOM, MTMAX2, MTYPE2, NGRP, W )
DO 1 I=1, MTMAX?Z
1 PREAD2( N, NCOM, 5, NDATA, M, GCS )
where NGRP : number of the ultra-fine energy groups ( 3824 ),
N : logical unit number of DATA-POOL,
NCOM : comment of the node ( 20 words ),
MATNO : material identification number,
MTMAX : number of reactions,
NTMP : number of temperatures,
NSIG : length of gy table,
IFT : fission flag ( O: non fission, 1: fission ),
MTMAX2 : number of reactions for each oy value,
FEGRP : energy group boundaries ( eV ),
MTYPE ; reaction identification numbers,
T™™P : temperatures,
SIGO : gy values,
MTYPEZ2 : reaction identification numbers,
W : weighting spectrum,
NDATA : MTYPE(i), Cl, CZ, NLOW, NUP,
M : NUP-NLOW+1,

GCS : ultra-fine group cross section.

b) SMT Data Form

level 1 node : EGRP
information ING, TGG, 0, 0, O
data PREADI( N, NCOM, ING+1, GNG ) ( 16G=0 )
PREAD2 ( N, NCOM, ING+1l, GNG, IGG+l, GGG )
{ IGG#0 )

level 2 node : INFX
informatien 0, 0, 0, 0, 0

data PREAD( N, NCOM )
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level 3 node : matnc
information MATNO, U, 0, O, O
data PREAD( N, NCCOM )]

level 4 node : SMT
information 0, O, 0, 0, O
data PREAD3( N, NCOM, M, MT, 1, TMP, 1, SIGO )
PREAD1( N, NCOM, MM, SMT )
where ING : number of neutron enmergy groups ( 100 ),
IGG : number of gamma-ray emergy groups ( 20 or 0 ),
N : logical unit number of DATA-POOL,
NCOM : comment of the node { 20 words ),
MT : reaction identification numbers,
TMP : temperature,
SIGO : og value,
M : number of reactions ( 10 ),
MM : INGXM,

SMT : smocth cross section.

¢) TFTB Data Form

level 1 node : EGRP
information same as the BSMT data form
data ditto.

level 2 node : INFX
information same as the SMT data form

data ditto.

level 3 node : matno
information same as the 8MT data form

data ditto.

level 4 node : _FIB_
linformation 0, 0, 0,0, 0
data PREAD3( N, NCOM, M, MT, NTMP, TMP, NSIG, SIGO )
DO 1 I=1, NTMP
1 PREAD4{ N, NCOM, LEN, SFT, LEN, SFE, LEN, S¥FF, LEN, SFC )

where M : number of reactions ( 4 ),
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MT : reaction identification numbers,
MIMP : number of temperatures,
NSIG : number of o values,
N : logical unit number of DATA-POOL,
NCOM : comment of the node ( 20 words ),
LEN : NSIGxING,
TMP : temperatures,
SIGO : op values, .
SFT : self-ghielding factor for total reaction,
SFE : self-shielding factor for elastic reaction,
SFF : self-shielding factor for fission reaction,

SFC : self-shielding factor for capture reaction.

d) ELA Data Form

level 1 node : EGRP
information same as the SMT data rform

data ditto.

level 2 node : INFX
information same as the SMT data form

data ditto.

level 3 node : matno
information same as the SMT data form
data ditto.
level 4 node : _ELA
information 0, 0, 0, 0, O
data PREAD3( N, NCOM, 1, MT, 1, TMP, 1, SIGO )
DO 1 iI=1, ING, 10
1 PREAD3( N, NCOM, ING, NOA, NIP, ANG, NTP, SIG )
where N : logical unit number of DATA-FOOL,
NCOM : comment of the node { 20 words ),
MT : reaction identification nubmer ( MI=2 ),
TMP : temperature,
SIGO : Uy value,
NOA : number of angular points for each energy group,
NTP : summation of NOA(M) wvalues from M=1 to M=ING,

ANG : cosine of scattering angles,
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SIG : elastic scattering cross section in the DAR form.

e)

level 1

INS Data Form

node EGRP

information same as the SMT data form

data ditto.

level 2 node : INFX

information same as the SMT data form

data ditto.

level 3 node : matno

information same as the SMT data form

data ditto.
level 4 node _INS

a, 0,0, 0,0

PREAD3( N, NCOM, 1, MT, 1, TMP, 1, SIGO )

DO 1 I=1, ING, 10

PREAD3( N, NCOM, ING, NOA, NTP, ANG, NTP, SIG )

information

data

1
MT
SIG

where reaction identification number ( MT=4 ),

inelastic scattering cross section in the DAR form,

the other notations are the same as the ELA data form.

f) NZN

level 1
information

data

level 2
information

data

level 3
information

data

level 4

Data Form

node : EGRP
same as the
ditto.

node : INFX
same as the
ditto.

node : matno
same as the

ditto.

node NZN

SMT data form

SMT data form

SMT data: form
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information 0O, ¢, 0, 0, ©
data PREAD3( N, NCOM, 1, MT, 1, TMP, 1, SIGO )
Do 1 I=1, ING, 10
1 PREAD3( N, NCOM, ING, NOA, NTP, ANG, NTP, SIG )
where MT : reaction identification number ( MT=16 ),
SIG : {(n,2n) scattering cross section in the DAR form,

the other notations are the same as the ELA data form.

g) H+D Data Form

level 1 node : EGRP
information same as the SMT data form

data ditto.

level 2 node : INFX

information same as the SMT data form

data ditto.

level 3 ncde :; matno
informatrion same as the SMT data form

data ditto.

level 4 node : HHD

information 0, 0, 0, 0, O

data PREAD3( N, NCOM, M, MT, 1, TMP, 1, SIGO )
PREADI{ N, NCOM, MM, HD )
where N : logical unit number of DATA-POOL,

NCOM : comment of the node ( 20 words ),
M : number of reaction channels ( M=13 ),
MT : reaction identification numbers,
TMP : temperature,
SIGO : gy value,
MM : INGxM,
HD : energy deposition factors and atomic displacement cross

sections.

h) SGRX Data Form

level 1 node : EGRP
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information same as the SMT data form

data ditto.

ievel 2 node : SGRX
infermation 0, 0, 0, 0, O

data PREAD( N, NCOM )

level 3 node : matno
information MATNO, O, O, O, O
data PREAD( N, NCOM )

level 4 node : ncode
information ITWO, ICON, KEY, NHI, NLOW
data PREAD3 ( N, NCOM, LEN, X, LEN, Y, LEN1, P )
where MATNO : material identification number,
N : logical unit number of DATA-POOL,
NCOM : comment of the node ( 20 words ),
ITWO : flag of the nuclear data
( 1: ENDF/B-IV, 2: POPOP4 ),
ICON : flag of the weighting procedure

( 0: constant weighting, 1: enmergy weighting ),

KEY : flag of the reaction
( 0: no effect, 1: inelastic excitation ),

NHT : the highest energy group for non-zero values,
NLOW : the lowest energy group for non-zero values,
LEN : NHI-NLOW-+1,
LEN1 : LGGXLEN,

X : neutron interaction cross sections,

Y : vields,

P : probabilities ((P(i,j),i=1, IGG),j=1, LEN).

i) TFZXsn Data Form

level 1 node : EGRP
information same as the SMT data form

data ditto.

ievel 2 node : FXsn
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information IPO, 0, 0, 0, O
data PREADL( N, NCOM, IPO+L, ANG )

level 3 node : matid
information MATID, IHS, IHT, IHM, O
data PREAD4( N, NCOM, NMAT, MAT1, NMAT, MAT2, NMAT, ATOM,
NMAT, TMP )
DO 1 T=1, INGH+IGG
1 PREAD2( N, NCOM, IGT1, CRX, IGT2, CRY )
where IPO : number of fixed angular points ( IPO=sn ),
N : logical unit number of DATA-POOL,
NCOM : comment of the node ( 20 words ),
MATID : material identification name,
THS : position of self-scattering cross section,
THT : position of total cross section,
IHM : cross section table length,
NMAT : number of nuclides In the material,
MAT1 : nuclide identification numbers for the SMT data,
MAT2 : nuclide identification numbers for the FTB data,
ATOM : atomic number densities (n/barn-cm),
TP : temperatures,
ILGT1 : IHM,
LGT2Z : IPOxi,
CRX : effective macroscopic cross section Eg,
CRY : effective macroscopic cross section I

grg',m’

In the data, CRX and CRY are defined by the following sequences,

position | 1 —==w—r— NOACT+1 —— THT IHS -—————r=————————=— IHM

CRX Zactivation™%a VIf It Zgg Zg—l+g == I1g --0.0

where NOACT is the number of the activation cross sections cosisted of
the energy deposition factor and the atomic displacement cross section.

The above sequence repeats INGHIGG times,
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angle
23 e e 1P
Neo. ! 3 ©
1 g (D) Tgyg(i2)  Eupu3)  mmmmmmmmmmmm Zap ()
2 Zg—l~+g (u1) Zg—l—>g(u2) z-g—l+g(u3) TTeTTTTTTTTT Zg—l—)-g(uipo)
i

3 | ‘ | |

i [ !
4 ] | I )
I

1 | | |
. | | | |
g Zl+g(ul) zl+g(”2) Zl+g(u3) ___________ z]__>g(“ipo)

where CRY data are stored by starting at top left cornmer, sweeping from

left to right, then from top to bottom. The sequence repeats INGHIGG

times.

i) SELF Data Form

level 1 node : EGRP

information

data

level 2
information

data

level 3
infoermation

data

level 4
information

data

where N

NCOM :

same as the SMT data form

ditto.

node :; SELF
0, 0, 0, 0, 0
PREAD( N, NCOM )

node : matid

MATID, NMAT, MTMAX, O, O

PREAD4( N, NCOM, NMAT, MATL, NMAT, MAT2, NMAT, ATOM,
NMAT, TMP )

nede : matno

MATNO, O, 0, O, O

PREAD4( N, NCOM, ING, FIM, ING, FEM, ING, FFM, ING, FCM )}
: logical unit number of DATA-POOL,

comment of the node ( 20 words ),
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MATID : material identification number,
NMAT : number of nuclides in the material,
MTMAX : number of reactions ( 4 ),
MATL : nuclide identification number of the SMT data,
MAT? : nuclide identification number of the TTBE data,
ATOM : atomic number densities (n/barn-cm),
TMP : temperatures,
FIM : gelf~shielding factor for total cress section,
FEM : self-shielding factor for elastic cross sectiom,
FFM : self-shielding factor for fission cross section,

FCM : self-shielding factor for capture cross section.

The PREAD — PREAD4 subroutines will be followed by the PFIND one
which seaches the series of node names and sets the first record address
of the data to be read, TFor example, the ultra-fine group cross sections

can be read by using the following FORTRAN statements.

DIMENSION JCONTR{40), INF{12), NODE(4), NCCM(20),
DIMENSION FEGRP (NGRP+1), MTYPE(MTMAX), TMP (NTMP),
DIMENSTON STGO(NSIG), NDATA(NCARY), MTYPE2 (MTMAXZ),
DIMENSION W(NGRP), NDATA(5), GCS(NGRP), CROS (NGRP ,MTMAX2)

CC~ DATA-PCOL OPEN
N=91
CALL POPEN(N,JCONTR)
NODE(1)="ULTX'
NODE(2)="'1192"
NODE(3)="TMP1’
NODE (4)="8IG1'
NTH=1

CC - READ DATA OF THE FIRST LEVEL NODE
CALL PFIND(N,NODE,NTH,INF,L)
IF(L.NE.0) GO TO 9000
NGRP=INF (8)
CALL PREADL(N,NCOM,I,FEGRP)

CC - READ DATA OF THE SECOND LEVEL NODE
NTH=2
CALL PFIND(N,NODE,NTH,INF,L)
IF(L.NE.0) GO TO 9000
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MATNO=TNF (8)

MTMAX=INF(9)

NTMP=INF(10)

NSIG=INF(11)

LFI=INF(12)

CALL PREAD3(N,NCOM,MTMAX ,MTYPE ,NTMP ,TMP ,NSIG,SIGO)
CC — READ DATA OF THE THIRD LEVEL NODE

NTH=3

CALL PFIND(N,NODE,NTH,INF,L)

IF(L.NE.0) GO TO 9000

TMP=INF (8)

CALL PREAD(N,NAME1,NAMEZ2 ,NCOM,NASBD,NOSBDS ,NOARY ,NDATA)
CC - READ DATA OF THE FOURTH LEVEL NODE

NTH=4

CALL PFIND(N,NODE,NTH,INF,L)

IF(L.NE.Q) GO TO 900

SIG=INF(8)

MTMAX2=INF(9)

CALL PREAD2 (N,NCOM,MTMAX2 MTYPEZ2 ,NGRP,W)

DO 1 I=1,MTMAX2

CALL PREAD?Z(N,NCOM,II,NDATA,M,GCS)

NLOW=NDATA (4)

NUP=NDATA(3)

DO 3 J=1,NGRP

3 CROS(J,I)=0.0
K=0
DO 2 J=NLOW,NUP

K=K+1
2 CROS(J,I)=GCS(K)
1 CONTINUE

9000 WRITE(6,9001) L
9001 FORMAT(5X,'THE SPECIFIED NODE IS NOT FOUND! CODE=',I5)
STOP

The data defined by the other forms can be read by the same manner.
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