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A new general purpose neutron incident nuclear data library, NMLIB, for neutron en-
ergy up to 3 GeV is generated by using NMTC/JAM for neutron cross sections above 20 MeV
and JENDL-3.2 or -3.3 for neutron cross sections below 20 MeV. MATXS files (NMLIB/MG)
and ACE files (NMLIB/MC) of NMLIB are also produced from NMLIB with the NJOY code. A
simple test calculation suggests that NMLIB, NMLIB/MG and NMLIB/MC have no problem
except for self-shielding.

1. Introduction

Various shielding designs have been underway in JAERI-KEK Joint (JKJ) project [1].
Simple methods (Moyer’s model [2] and DUCT-III [3]) and Monte Carlo codes (NMTC/JAM
[4] and MCNPX [5]) were used in the designs. The calculation time of the simple methods is
very short, while that of Monte Carlo calculations is very long for deep penetration. In the SNS
project [6] the HILO2K [7] multigroup library for neutron energy up to 2 GeV is widely used in
order to reduce calculation time. At first we hoped to generate a multigroup library for neutron
energy up to 3 GeV, which is an energy of proton incident to neutron source in JKJ project, from
JENDL High Energy File [8]. But the release of JENDL High Energy File is too delayed. Then
we planned to generate a general purpose neutron incident nuclear data library, NMLIB, for
neutron energy up to 3 GeV separately and produce MATXS files (NMLIB/MG) and ACE files
(NMLIB/MC) from NMLIB. An overview and a simple test calculation of NMLIB, NMLIB/
MG and NMLIB/MC will be described in this paper.



2. Overview of NMLIB

NMLIB is a general purpose neutron incident nuclear data library for neutron energy up
to 3 GeV of the ENDF format [9]. The high energy neutron cross section data (> 20 MeV) in
NMLIB were calculated with the modified NMTC/JAM code (default option parameter), which
outputs neutron cross section data, and were stored as (n,x) reaction, except for elastic scatter-
ing. The low energy neutron cross section data (< 20 MeV) in NMLIB were JENDL-3.2 [10] or
JENDL-3.3 [11]. NMLIB includes hydrogen, carbon, nitrogen, oxygen, aluminum, silicon, cal-
cium, iron and copper at this time for concrete and iron shields and beam dump.

MATXS files (neutron 195 groups up to 3 GeV, gamma 35 groups up to 3 GeV, P
expansion), NMLIB/MG, of NMLIB were produced with the NJOY99.67 [12] code modified
for neutrons up to 3 GeV and Legendre order higher than 7. The energy boundary of the group
structure is shown in Table 1. The photo-atomic data file, EPDL97 [13], for gamma energy up to
10 GeV was used for this processing. The specifications of the NJOY processing are the follow-
ing;1) the temperature is 300 K, 2) weight functions are a thermal Maxwellian at low energies +
1/E for neutron and 1/E for gamma, 3) background cross sectionsaté' 10¢, 300, 100, 30,
10, 1, 0.1, 16 for neutron. A multigroup library for Sn calculations was prepared with the
TRANSX2.15 [14] code from NMLIB/MG. New format ACE files, NMLIB/MC, of NMLIB
were also produced with the modified NJOY code. The temperature is 300 K.

3. Test Calculation
We performed a simple test calculation to validate NMLIB. The model of this test
consisted of a concrete sphere or an iron sphere of 5 m in radius with an isotropic 3 GeV neutron
source in the center. Neutron dose rates and neutron spectra in the sphere were calculated. The
codes and libraries used are the following;
1) Monte Carlo code PHITS [15] with JENDL-3.2 or -3.3 (neutron only mode),
2) Monte Carlo code PHITS with NMLIB/MC (neutron only mode),
3) Sn code ANISN [16] with NMLIB/MG
(Bondarenko’s self-shielding correction [17]gRpansion,
Extended transport approximation [14]),
where PHITS is a successor of NMTC/JAM, which is used to obtain neutron (> 20 MeV) cross
sections of NMLIB. It was judged through comparison with the PHITS calculation with JENDL-
3.2 or -3.3 whether NMLIB/MC and NMLIB/MG have any problems.
The calculated neutron dose rates and neutron spectra in the spheres are shown in Figs.
1 - 8. In the concrete sphere all the calculated neutron dose rates and neutron spectra are almost
the same together. On the other hand, in the iron sphere the PHITS calculation with NMLIB/MC
agrees with the PHITS calculation with JENDL, while a discrepancy between the ANISN calcu-
lation with NMLIB/MG and the PHITS calculations increases with the distance from the center.
The calculated neutron spectra suggest that the discrepancy between the ANISN calculation
with NMLIB/MG and the PHITS calculations mainly comes from the difference in the neutron
flux below 1 MeV, where the resonance peaks of iron cause self-shielding. Although the
Bondarenko’s self-shielding correction was performed in the ANISN calculation, it is consid-
ered that the correction is not enough for the iron assembly thicker than 2 m in the case of the



neutron group structure shown in Table 1. Thus it is concluded that the discrepancy between the
ANISN calculation with NMLIB/MG and the PHITS calculations comes from limitation of the
Bondarenko’s self-shielding correction rather than a proper problem in NMLIB/MG.

4. Conclusion

A general purpose neutron incident nuclear data library, NMLIB, for neutron energy up
to 3 GeV was prepared for JKJ project. MATXS (NMLIB/MG) and ACE (NMLIB/MC) files are
produced from NMLIB with NJOY modified for NMLIB. Test calculations with NMLIB sug-
gested the followings;

1) The calculations with NMLIB agree well with PHITS calculations with JENDL-3.2 or -
3.3 in the concrete sphere case.

2) In the iron sphere case the calculations with NMLIB/MC agree well with PHITS calcu-
lations with JENDL-3.2 or -3.3, while those with NMLIB/MG do not in the deep posi-
tions. Simple self-shielding correction in NMLIB/MG is considered to be not enough
for very thick iron assembly.

It is concluded that NMLIB/MC and NMLIB have no problem. The self-shielding correction of
NMLIB/MG is not adequate for very thick iron assembly. It is noted that this is not a defect of
only NMLIB/MG but limitation of the Bondarenko’s self-shielding correction.
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Table 1 Energy boundary of group stuue.

Neutron 195group

Gamma 35 group

Group| Uppeenergy] Group| Uppetenergy| Group| Uppeenergy] Group| Uppeenergy| Group| Uppeenergy
[eV] [eV] [eV] [eV] [eV]

1 3.0000e+09 51 5.2205e+06  10[L 3.6883e105 151  5.5308¢+03 1 3.000pe+09
2 2.0000e+09 52 4,9658e+06  10p 3.3373e105 152  4.3074¢+03 2 2.000pe+09
3 1.5000e+09 53 4.7237e+0d6  10B 3.0197e+05 153  3.7074¢+03 3 1.500pe+09
4 1.0000e+09 54 4.4933e+0J6  10p 2.9849e+105 154  3.3546¢+03 4 1.000pe+09
5 7.0000e+08 55 4.0657e+0d6  10p 2.9721e105 155  3.0354¢+03 5 7.500Pe+08
6 5.0000e+08 56 3.6788e+06  10p 2.9452e105 156  2.7465¢+03 6 5.000Pe+08
7 3.5000e+08 57 3.3287e+06  10[7 2.8725e+05 157 2.6126¢+03 7 3.000Pe+08
8 2.5000e+08 58 3.1664e+06  10B 2.7324e105 158  2.4852¢+03 8 2.000pe+08
9 2.2500e+08 59 3.0119e+06  10P 2.4724e105 159  2.2487¢+03 9 1.500pe+08
10 2.0000e+09 60 2.8651e+06 110 2.3518e+05 160 2.0347£+03 10 1.0000e+08
11 1.8000e+04 61 2.7253e+(6 1 2.2371et05 161  1.5846£+03 11 7.5000e+07
12 1.6000e+04 62 2.5924e+(6 11p 2.1280et05 162  1.2341¢+03 12 5.0000e+07
13 1.4000e+04 63 2.4660e+(6 113 2.0242e+05 163  9.6112¢+02 13 3.0000e+07
14 1.3000e+04 64 2.3852e+(6 114 1.9255e+05 164  7.4852¢+02 14 2.0000e+07
15 1.2000e+04 65 2.3653e+(6 116 1.8316e+05 165  5.8295¢+02 15 1.4000e+07
16 1.1000e+04 66 2.3457e+(6 116 1.7422e+05 166  4.5400e+02 16 1.2000e+07
17 1.0000e+04 67 2.3069e+(6 117 1.6573e+05 167  3.5358¢+02 17 1.0000e+07
18 9.0000e+07% 68 2.2313e+(6 118 1.5764e+05 168  2.7536g+02 18 8.0000e+06
19 8.0000e+071 69 2.1225e+06 119 1.4996e+05 169 2.1445¢+02 19 7.5000e+06
20 7.0000e+07% 70 2.0190e+(6 120 1.4264e+05 170  1.6702¢+02 20 7.0000e+06
21 6.5000e+071 71 1.9205e+(6 1211 1.3569e+05 171 1.3007g+02 21 6.5000e+06
22 6.0000e+07% 72 1.8268e+06 12p 1.2907e+05 172 1.0130e+02 22 6.0000e+06
23 5.5000e+07 73 1.7377e+06 1283 1.2277e+05 173  7.8893g+01 23 5.5000e+06
24 5.0000e+07% 74 1.6530e+06 12zu 1.1679e+05 174  6.1442¢+01 24 5.0000e+06
25 4.5000e+07 75 1.5724e+06 126 1.1109e+05 175  4.7851e+01 25 4.5000e+06
26 4.0000e+07 76 1.4957e+06 126 9.8037e+04 176  3.7267¢+01 26 4.0000e+06
27 3.5000e+07 77 1.4227e+06 127 8.6517e+04 177  2.9023¢+01 27 3.5000e+06
28 3.0000e+07% 78 1.3534e+06 128 8.2503et+04 178  2.2603¢+01 28 3.0000e+06
29 2.7500e+07 79 1.2873e+06 129 7.9499e+04 179  1.7604£+01 29 2.5000e+06
30 2.5000e+071 80 1.2246e+(6 130 7.1998et+04 180 1.3710¢+01 30 2.0000e+06
31 2.2500e+07% 81 1.1648e+06 131 6.7379e+04 181  1.0677¢+01 31 1.5000e+06
32 1.9600e+07 82 1.1080e+06 13p 5.6562e+04 182  8.3153¢+00 32 1.0000e+06
33 1.7500e+07 83 1.0026e+06 133 5.2475e+04 183  6.4760£+00 33 4.0000e+05
34 1.4900e+07 84 9.6164e+(05 134 4.6309e+04 184  5.0435£+00 34 2.0000e+05
35 1.3500e+07 85 9.0718e+(5 136 4.0868e+04 185  3.9279¢+00 35 1.0000e+05
36 1.2200e+07 86 8.6294e+(5 136 3.4307e404 186  3.0590g£+00 1.000pe+04
37 1.0000e+07 87 8.2085e+(5 137 3.1828e+04 187  2.3824¢£+00
38 9.5123e+04 88 7.8082e+(5 138 2.8501et04 188  1.8554¢+00
39 9.0484e+04 89 7.4274e+(05 130 2.7000et+04 189  1.4450¢+00
40 8.6071e+04§ 90 7.0651e+(5 140 2.6058et+04 190  1.1254¢£+00
41 8.1873e+04 91 6.7205e+(d5 14 2.4788e104 191 8.7643p-01
42 7.7880e+04 92 6.3928e+(05  14p 2.4176e1+04 192 6.8256p-01
43 7.4082e+04 93 6.0810e+(d5 14B 2.3579e104 193 5.3158g-01
44 7.0469e+04 94 5.7844e+(Q5 144 2.1875e1+04 194 4.1399g-01
45 6.7032e+04 95 5.5023e+(d5 14p 1.9305et04 195 1.0000g-01
46 6.5924e+04 96 5.2340e+05 14b 1.5034e104 1.0000¢-05
47 6.3763e+04 97 4.9787e+(Q5 147 1.1709e+04
48 6.0653e+06 98 4.5049e+(Q5 1 1.0595e+04
49 5.7695e+06 99 4.0762e+05 1? 9.1188e+03
50 5.4881e+06§ 100 3.8774e+(05 150 7.1017e103
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Fig. 5 Calculated neutron dose rates in the iron sphere. ~ Fig. 6 Calculated neutron spectra at 1 m from the center in
the iron sphere.
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Fig. 7 Calculated neutron spectra at 2 m from the center in Fig. 8 Calculated neutron spectra at 4 m from the center in
the iron sphere. the iron sphere.



