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Abstract

Fast neutron flux in the Reactor Pressure Vessel (RPV) is a critical parameter for assessing the struc-
tural integrity. With reactor operating life extension and power uprates, the neutron fluence level
in the RPV extended beltline region may exceed the design limit. The discrete ordinates method (the
Sy method) is currently one of the principal methods used to calculate the fast neutron flux in the
RPV. An shielding calculation model for the RPV extended beltline region of a pressurized water
reactor is established, and based on the ARES discrete ordinates shielding code, the effects of key
parameters on neutron fluence calculations in the RPV extended beltline region are analyzed from
both the perspectives of numerical methods and physical model parameters. The results indicate
that, on the premise of stable calculation results in the RPV traditional beltline region, the maximum
deviation between 1.2 cm x 1.2 cm and 1.0 cm x 1.0 cm radial mesh sizes in the extended beltline
region attain 40.41% at an axial height of 644.53 cm. Compared with the calculation results of S1s,
the maximum deviation of Ss reaches 42.32%. Power distribution calculation results show that flux
calculations require the Pin-by-Pin power distribution of peripheral assemblies. The analysis of input
parameters shows that, compared with the traditional RPV beltline region, changes in burnup depth,
core barrel composition, cavity width, and concrete composition have a more pronounced impact on
the calculation results of fast neutron fluence in the RPV extended beltline region. The parameter sen-
sitivity analysis identifies the key factors affecting neutron fluence calculations in the RPV extended
beltline region, which is of great significance for evaluating the structural integrity of the RPV.
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Figure 1. Analysis model for RPV extended beltline region
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Figure 2. Relative deviations of fast neutron flux for different radial mesh structure (relative to the 1.0 cm X 1.0 cm x 4.0 cm mesh)
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Figure 3. Relative deviations of fast neutron flux for different axial mesh structure (relative to the 1.0 cm x 1.0 cm x 4.0 cm mesh)
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Figure 6. Contribution proportion of the reactor core axial source distribution to the reaction rate (£ > 0.1 MeV) at different
heights of RPV
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Figure 7. Ratio of calculated fast neutron fluxes (EOL/BOL)
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Figure 8. Ratio of calculated fast neutron fluxes (EOL/BOL) at different RPV thicknesses
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Figure 9. Ratio of calculated fast neutron fluxes (£ > 0.1 MeV, EOL/BOL) in RPV
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Figure 10. Ratio of calculated results with and without perturbation of the upper core plate water volume
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Figure 11. Ratio of RPV calculated results with and without perturbation of the upper core plate water volume (£ > 0.1 MeV)
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Figure 12. Ratio of calculated results of fast neutron fluence rates (£ > 0.1 MeV) with and without cavity width variation
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Table 2. Density and hydrogen content of different types of concrete
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Figure 13. Comparison of calculated fast neutron fluence rates on the inner and outer surfaces of the RPV at different axial
heights (with type 04 concrete as the reference)
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Figure 14. Ratio of calculated fast neutron fluxes (£ > 0.1 MeV) on the RPV inner surface
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Figure 15. Ratio of calculated fast neutron fluxes (£ > 0.1 MeV) on the RPV outer surface
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