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1.0 PURPOSE

During DSC drain down and vacuum drying operations, the fuel assemblies (FAs) are
exposed to air which may lead to fuel oxidation. Oxidation of fuel pellets from U0 2 to U30 8
can propagate the preexisting cracks and holes on the fuel cladding [8].

The purpose of this calculation is to determine a time limit at which fuel can be exposed to
oxidizing atmosphere during the vacuum drying of FO/FC (FAs without Control Components
/ FAs with Control Components) canisters loaded with 24 Pressurized Water Reactor
(PWR) fuel assemblies.
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3.0 ASSUMPTIONS AND CONSERVATISM

All assumptions and conservatism pertinent to the vacuum drying analysis in [2, 3] are
applicable to this calculation.

The material property for Neutron Absorber plates in thermal models [2, 3] was
conservatively assumed to be Type 304 Stainless Steel. However, since the neutron
absorber is composed of boron carbide and 1100 alloy aluminum [13], the effective thermal
conductivity of neutron absorber plates is used in this calculation and presented in Appendix
A.

Rancho Seco ISFSI has one DSC (DSC # FF13P-R21) loaded with 13 failed fuel PWR
assemblies. The decay heat from fuel assemblies loaded in this cask is 4.642 kW [4]. Since
the FO/FC DSCs are analyzed with a heat load of 9 kW which is approximately double the
decay heat load of loaded FF DSC, the time limits determined for fuel oxidation in FO/FC
DSCs are conservatively applied to the FF DSC.

After starting of vacuum drying, the oxygen level in the DSC cavity is too low to create any
significant oxidation. However, the time from start of blow down to finish of vacuum drying
was conservatively considered in the current analysis.

4.0 DESIGN INPUT

The bounding heat load of 9 kW used in this transient thermal analysis is based on the
DSCs currently loaded in HSMs at Rancho Seco ISFSI [4, 7] (See Table 6-3). The
maximum vacuum drying duration for DSCs at Rancho Seco ISFSI reported in [4] is 95.2
hrs (For DSC # FC24P-013).

Material properties used in this analysis are from [2, 3] except for neutron absorber plates
and fuel regions. Effective density and effective specific heat properties of fuel regions for
use in transient analysis are calculated and presented in Appendix B.

The following material properties are used in determining the effective thermal properties,

Table 4-1 1100 Alloy Aluminum Thermal Properties [11]

Temperature k p Cp
(OF) (Btulmin-in-PF) (Ibmlin (Btullbm-°F)
70 0.1850 0.2140
100 0.1830 0.2160
150 0.1810 0.2190
200 0.1780 0.0980 0.2220
250 0.1770 0.2240
300 0.1750 0.2270
350 0.1740 0.2290
400 0.1730 0.2320
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Table 6-3 Rancho Seco ISFSI DSC Loading Data

DSC Decay Blow down Total Time for Time
Serial Heati Duration1,' 3 Vacuum Drying Exposure to Air2 Limit

Number' [kW] [hr] Duration [hr] [hr] [hr]
F024P-PO1 9.005 10.4 49.5 59.9 100
F024P-P02 8.774 4.4 43.5 47.9 100
FC24P-P03 8.145 10.9 41.0 51.9 100
FC24P-P04 8.268 11.4 44.2 55.6 100
FC24P-P05 8.149 6.1 50.0 56.1 100
FC24P-P06 8.152 2.6 48.2 50.8 100
FC24P-P07 8.161 2.4 60.7 63.1 100
FC24P-P08 8.151 4.6 52.3 56.9 100
FC24P-P09 8.146 4.6 95.2 99.8 100
FC24P-P10 8.137 5.7 56.2 61.9 100
FC24P-P11 8.139 4.1 47.3 51.4 100
FC24P-P12 8.162 4.6 41.8 46.4 100
FC24P-P13 8.157 3.9 47.5 (Estimated) 51.4 100
FC24P-P14 8.139 No record 47.7 (Estimated) 59.1 100
FC24P-P15 8.147 3.7 47.5 51.2 100
FC24P-P16 8.156 No record 45.4 56.8 100
FC24P-P17 8.132 No record 41.5 52.9 100
FC24P-P18 8.141 3.7 44.7 48.4 100
FC24P-P19 8.144 No record 44.4 55.8 100
FC24P-P20 8.127 No record 50.8 62.2 100
FF13P-R21 4.642 No record 35.5 46.9 100

1 Loading Data from SMUD [51.

2 Total Time for Exposure to Air = Blow down Duration + Vacuum Drying Duration

3 Maximum blow down duration of 11.4 hours is used for DSCs with no record.

As seen from Table 6-3, the maximum total time of fuel exposure to air is less than the
calculated time limit of 100 hours. The maximum exposure total time of 99.8 hours (DSC #
FC24P-P09) is close to the calculated time limit. However, it includes additional
conservatism for this DSC due to -10% lower decay heat load of DSc # FC24P-P09 when
compared to the bounding heat load of 9 kW used in this analysis.
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