operators to take actions to prevent occurrence of a zirconium fire discussed in Appendix 1.
Particular attention was focused on the times available prior to reaching any fuel uncovery and \/
the times available prior to a zirconium fire if the fuel was completely uncovered. These times

were then utilized in performing the risk assessment discussed in Section 3.

To establish times available prior to any fuel uncbvery, calculations were performed to determine
the time to heat the SFP coolant to a point of bajling and then boil the coolant down to 3 feet
above the top of the fuel. As seen in the Table elow, the times available to take actions
prior to any fuel uncovery would be 100 hours or greater for a SFP with PWR fuel which had
decayed 60 days. Additional decay times would extend the availabie time.

Table 2.1 Time to Heat Up and Boil Off SFP Inventory Down to 3 Feet Above Top of Fuel

(60 GWA/MT)

DECAY TIME PWR BWR ,
-1 60 days 100 hours (40&#) 145 hours }5 0[9/;)

1 year 195 hours | & M’) 253 hours 7/ /’) o

2 years 272 hours 7/( (L',aﬂ 337 hours Z}C?)

5 years 400 hours ;k /7 4,;9 ) 459 hours f, ﬁ

10 years 476 hours Lp/o ) 532 hours Cz&;L l

4 adn R conplete Gk v

The analysis in Appendix 1, determined thaf the amount of time,available,grior to a zirconium fire
depends on a variety of factors that includejfuel burn-up, fuel storage configuration, building

ventilation rates/air flow paths, and fuel cladding oxidation rates. While the February 2000 report >
indicated that for the cases analyzed a required decay time of 5 years would preclude a_<@R_= A~ce~—r
zirconium fire, the new analysis show that the decay time to preclude a zirconium fire @ CoraY”

exceed § years, particularly in instances of high burnup fuel with little or no ventilation due to
=blockages of air flow around the fuel. lockage of the air flow arougdrtchgugle! 32}"[@ ’Be ﬁ?fESfCi %yx;b-/
collapsed structures and/or a partial draindown of the SFP coolan§ Jue o arsenmit Sven ,or-fgs Y

of SFP building ventilation which could preclude or inhibit effective cooling. As discussed in

Appendix 1, air flow blockage ¢ould result in near adiabatic fuel heatup leading to a zirconium fire
 beyond 5 years. Figures 2.1 shows heatup times for fuel with air cooling fuel from 30 °C to

- 800 °C in hours for PWR and BWR fuels versus time since reactor shutdown in years. Even after

4 years, the figure shows that/PWR fuel could reach the point of fission product release in about

40 hours. Figure 2.2 shows A comparison of the air cooled calculations to an adiabatic heatup

calculation for PWR fuel with a burnup of 60 GWD/MTU. It shows that up to 2 years the air

cooled heatup rates are shorter than the adiabatic heatup rates) This result is discussed in detail Q kK

in Appendix 1. ,ﬁ\u lo P
P Tt e
po?
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PWR Adiabatic vs. Air cooled
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Figure }/ PWR heatup times for air cooling and adiabatic heatup.
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Figure2: Heatup time from 30 Cto 800 C
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in summary t i ixt 'is considerable time to take action to
preclude a fission product release or zirconium fire prior to uncovering the top of the fuel even 60
days after reactor shutdown. However, fl i ' t if the fuel is uncovered,

even with a partial draindown, the time to preclude a fission product release or zirconium fire can
extend beyond 5 years, Applications of these results and how they affect SFP risk and
decommissioning regulations are discussed in Section 3 and 4 of this report .
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