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Abstract: With high-energy external source, the proton energy of accelerator driven
sub-critical system (ADS) is up to GeV, and the energy of spallation neutron which is
produced by the spallation reactions has great energy spans. Due to the lack of high-
energy nuclear library, the nuclear analysis of ADS design was based on the below
20 MeV neutron nuclear library. This paper was mainly based on the Japanese JENDL-
HE-2007 high-energy neutrons evaluation library, using the NJOY to produce the ACE
format data library of some key nuclides named NECL-HE/MC. Meanwhile, to validate
NECL-HE/MC nuclear library, the high-energy physics model of MCNPX and NECL-
HE/MC nuclear data library were compared. The results show that the NECL-HE/MC
nuclear data library is reliable for ADS design. On the other hand, the effects of the
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different energy spallation neutron sources on the ADS external neutron source efficien-

cy were analyzed with the application of the NECL-HE/MC. The results show that the

above 20 MeV energy spallation neutron source which is 2. 5% of the total number of

spallation neutron source, contributes to about the 20% of the total external neutron

source efficiency.

Key words: high-energy nuclear data library; accelerator driven sub-critical system;

neutron source efficiency
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Fig. 2 Spallation neutron yield

of **Pb target with different energy

incident protons and nuclear data libraries
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Fig. 3 Spallation neutron spectrum of **Pb target

with energy of 1 GeV incident proton
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Table 2 Description of criticality safety benchmark experiment assembly
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Table 3 Comparison of criticality safety benchmark neutron fluence rate
TR %
G HE A DX (]
NECL-HE/MC NECL-1. 0/MC 524
HCI4 0. 625 eV 0. 26 0. 26 0.2
0.625 eV~100 keV 62.51 62. 48 62.7
=100 keV 37.24 37.26 37.1
HMF4 <0. 625 eV 0.08 0.08 0.1
0.625 eV~100 keV 6.92 6.93 7.2
>100 keV 93. 00 92.99 92.7
HST1 0. 625 eV 16. 83 16. 69 16. 8
0.625 eV~100 keV 34.10 34.08 34.1
>100 keV 49. 07 49.23 49.1
IMF3 <<0.625 eV 0. 00 0.00 0.0
0.625 eV~100 keV 7.51 7.37 7.2
>100 keV 92.49 92.63 92.8
IMF4 <<0. 625 eV 0. 00 0.00 0.0
0.625 eV~100 keV 8.25 8.07 8.2
>100 keV 91.75 91.93 91.8
IST4 <0.625 eV 37. 81 37.76 37.7
0.625 eV~100 keV 28.25 28.19 28.4
>100 keV 33. 94 34. 04 33.9
LST1 <0. 625 eV 28.66 28.58 28.6
0.625 eV~100 keV 31.29 31.19 31.2
>100 keV 40. 05 40. 23 40. 2
LCT3 <0.625 eV 31. 64 31.55 31.3
0.625 eV~100 keV 31.45 31.27 31.5
>100 keV 36. 91 37.19 37.2
PMF1 0. 625 eV 0. 00 0.00 0.0
0.625 eV~100 keV 2.51 2.47 2.6
>100 keV 97. 49 97.53 97. 4
MCM1 0. 625 eV 0.22 0.22 0.2
0.625 eV~100 keV 36. 86 36. 86 36. 8
>100 keV 62.92 62.92 63.1
MCT13 <<0. 625 eV 11.91 11.9 11.8
0.625 eV~100 keV 36. 84 36. 83 37.1
>100 keV 51. 25 51.27 51.0
MMF1 <<0. 625 eV 0. 00 0. 00 0.0
0.625 eV~100 keV 2. 86 2.79 2.9
>100 keV 97. 14 97.21 97.1
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Table 4 Effect of spallation neutron source for different energy segments

on external neutron source efficiency under different sub-criticalities

; PR Si Si
ket oy X AE 4 Y0 [/ MeV ES‘; ks o o ESI;
0.939 63 Si 0~35 0.935 981 0.922 23 0.76 0.713 128(74%)
S, 5~20 0.037 954 0.960 30 1.55 0. 058 988(6%)
S; 20~150 0.021 511 0.987 58 5.11 0.109 939(11%)
Sy 150~1 500 0. 004 554 0.996 51 18. 34 0.083 51(9%)
S, 0~1 500 1 0.937 74 0.97
0.959 21 Si 0~5 0.935 981 0.947 50 0.77 0.718 317(74.3%)
Sy 5~20 0.037 954 0.972 88 1.53 0.057 89(6%)
Ss 20~150 0.021 511 0.991 63 5.04 0.108 379(11.2%)
S, 150~1 500 0. 004 554 0.997 65 18. 03 0.082 122(8.5%)
S, 0~15 00 1 0.958 34 0.98
0.979 55 Si 0~35 0.935 981 0.973 56 0.77 0.719 419(75%)
S, 5~20 0. 037 954 0. 986 08 1.48 0. 056 135(6%)
S; 20~150 0.021 511 0.995 65 4.78 0.102 839(11%)
S, 150~1 500 0. 004 554 0.998 77 16. 97 0.077 272(8%)
S, 0~1 500 1 0.978 26 0. 94
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