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Abstract: The thermal motion of target nuclei and the resonance elastic scattering have been
considered in the generation of multi-group cross sections and scattering matrices. Firstly, the
resonance elastic scattering kernel (RESK) formulations for anisotropic scattering up to any
Legendre order has been adopted to calculate the exact Doppler broadened energy transfer kernels.
A semi-analytical integration method is applied to perform the RESK calculations. Combining with
the RESK calculation, a linearization algorithm is proposed to generate the RESK interpolation
tables. The RESK data can be interpolated precisely based on the RESK interpolation tables to
reduce the calculation burden. Secondly, a neutron slowing-down equation solver is developed
based on the RESK instead of the conventional asymptotic scattering kernel. The effect of neutron
up-scattering on the neutron energy spectrum can be exactly taken into account by the solver. More
precise multi-group cross sections are obtained when more precise energy spectrum are adopted in
the group collapsing procedures. All the methods mentioned above have been implemented into the
nuclear data processing code called NECP-Atlas. Numerical results show that the proposed methods
are capable of producing accurate multi-group cross sections for downstream calculation; Compared
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with the multi-group cross sections and scattering matrices generated by the conventional methods,
the fuel Doppler coefficients and eigenvalues calculated by the deterministic codes change greatly
when the up-scattering effect is considered.

Key words: Resonance elastic scattering kernel, Nuclear data processing, Doppler fuel
temperature coefficient, NECP-Atlas
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1 Mosteller UOX

Table 1 Eigenvalues and Fuel Temperature Coefficients for Mosteller UOX Fuel Benchmark

U0, /% E— E—
/107K™! /105K
0.71 0.66656 0.66076 -4.39 0.66631 0.65991 -4.85
1.60 0.96140 0.95291 -3.09 0.96105 0.95169 -3.41
2.40 1.09918 1.08953 -2.69 1.09879 1.08816 -2.96
3.10 1.17679 1.16653 -2.49 1.17639 1.16509 -2.75
3.90 1.23902 1.22831 -2.35 1.23861 1.22683 -2.58
4.50 1.27416 1.26321 -2.27 1.27376 1.26171 -2.50
5.00 1.29831 1.28719 -2.22 1.29790 1.28569 -2.44
2 Mosteller
Table 2 Eigenvalues and Fuel Temperature Coefficients for Mosteller Reactor-Recycle MOX Fuel Benchmark
PuO, ! % — —
/105K 105K
1.00 0.94611 0.93574 -3.90 0.94554 0.93420 -4.28
2.00 1.02198 1.01053 -3.70 1.02130 1.00883 -4.03
4.00 1.07645 1.06435 -3.52 1.07582 1.06268 -3.83
6.00 1.10585 1.09343 -3.42 1.10517 1.09177 -3.70
8.00 1.13016 1.11766 -3.30 1.12945 1.11600 -3.56
3 Mosteller
Table 3 Eigenvalues and Fuel Temperature Coefficients for Mosteller Weapon-Grade MOX Fuel Benchmark
Puo: 1% N05K! 105K
1.00 1.09023 1.07993 -2.92 1.08968 1.07837 -3.21
2.00 1.18164 1.16969 -2.88 1.18096 1.16791 -3.15
4.00 1.25102 1.23801 -2.80 1.25024 1.23611 -3.05
6.00 1.28781 1.27453 -2.70 1.28701 1.27264 -2.92
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