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1. Introduction

In recent sodium-cooled fast reactor (SFR) design,
MgO reflector is being investigated as an alternative to
enhance the neutron economy of the initial low-enriched
uranium core [1, 2]. However, noticeable neutron
spectrum softening is observed in outmost layer of fuel
assemblies. This phenomenon would induce some
discrepancies in the conventional few group
homogenization and condensation procedure.

In our previous work [3], few-group cross-sections
(including high-order scattering) obtained by the
MCNPS5 [4] code were compared with those by the
TRANSX/TWODANT [5, 6] code for a 300 MWe SFR
TRU burner core and considerable discrepancies were
reported. In this paper, similar approach is performed
for the small SFR with an MgO reflector.

2. Description of the Small MgO Reflector SFR

The heterogeneous MCNP5 and the corresponding
simplified R-Z TRANSX/TWODANT models are
shown in Figs. 1 and 2, respectively.
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Fig. 1. MCNP5 model of the small MgO reflector SFR

Fig. 2. R-Z TRANSX/TWODANT model of the small SFR

Nine-group cross sections are generated by using the
continuous-energy MCNP5 calculations and the results

are compared those from the multi-group deterministic
calculations by TRANSX/TWODANT. The TRANSX
code generates 150-group self-shielded cross sections
for each region and then collapses the multi-group data
into a 9-group structure by using the neutron spectrum
calculated by the TWODANT code. The ENDF/B-VIL.0
nuclear data are used for both MCNP5 and deterministic
calculations in the current work.

3. Numerical Results

Figure 3 shows both the relative differences of the P,
scattering cross-sections of U-238 in the outer region
between the two methods. MCNP5 standard deviations of the
Py scattering cross-sections are also shown in Fig. 3.
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Fig. 3. Difference in P, scattering cross-sections of U-238 in
outer region and associated MCNP5 standard deviations

The relative differences and associated standard
deviations of P, scattering cross-sections in the outer
region U** are shown in Fig. 4.
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Fig. 4. Discrepancies in P, scattering cross-sections of U-238
in outer region and MCNPS standard deviations

Figures 5 and 6 show the relative differences and
MCNP5 standard deviations of Py and P; scattering cross-
sections of O'® in the reflector region .
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Fig. 5. Discrepancies in P, scattering cross-sections and
MCNPS5 standard deviations of reflector region O'°
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Fig. 6. Discrepancies in Py scattering cross-sections and
MCNPS5 standard deviations of reflector region O'°

The relative differences and MCNP5 standard deviations
of total and capture cross-sections of O'® in the reflector
region are provided in the Table I.

Table I. Total and (n,y) cross-sections of reflector region 0"

Group o Diff. o, Diff,
U | Tosopeor | 031 | Uismos | O
2| Dm0 | 012 | 2onees |00
3| S0 | 03 | 35epos | 022
4| ampio | 0% | Stacos | 098
S| Seoseoo | 0% | Seces | 01
o | Sasm00 | ®O | soseor | 007
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BRI
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# . MCNPS5 results of heterogeneous model

> TWODANT/TRANSX code results

¢ : Relative difference between MCNP5 model and
TWODANT/TRANSX code results [%]

3. Conclusions

For U™ in the outer region, P, within group scattering
cross-sections in fast energy range show a good

agreement (less than 1 % discrepancies), while within-
group scattering cross-sections in relatively low energy
region (8" and 9™ group) and down-scattering cross-
sections showed considerable discrepancies (e.g., 7 to 8
group cross-section shows -14.34 % discrepancies with
0.16 % MCNP5 standard deviation). Similar but much
larger discrepancies are observed in the P, scattering
cross-sections.

Similar tendencies have been observed for 0'° in
the reflector region. The deterministic conventional
TRANSX/TWODANT approach underestimates Py
down-scattering cross-sections while overestimates P
within-group scattering cross-sections. It is considered
that the current 150-group structure needs to be
improved for an accurate modeling of the MgO reflector
in SFR.

To fix the problems, the 3-D deterministic analyses
will be performed with the few-group data generated by
MCNPS in the future.
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