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3. Spent Fuel 
 
The Nuclear Safety Performance Criteria requires that fire protection features shall be capable of 
providing reasonable assurance that the plant, in the event of a fire, is not placed in an unrecoverable 
condition. The Decay Heat Removal (NFPA 805 Section 1.5.1.(c)) performance criteria includes spent 
fuel and it states spent fuel must be maintained in a safe and stable condition. The safe and stable 
definition (NFPA 805 Section 1.6.56) includes criteria for "all other configurations" which can be assumed 
to mean configurations when fuel is not in the reactor vessel (non-power operational modes). The safe 
and stable criteria for this configuration is Keff<0.99 and fuel coolant temperature below boiling.  
 
Note that although this is consistent with the standard, it is not the licensing basis for all plants. Some 
plants have been previously approved by the NRC to have licensing bases allowsing boiling of the spent 
fuel pool whereas others require a specific temperature below boiling to be maintained. NFPA 805 
specifically allows previously approved alternatives to the requirements of the standard to take 
precedence over those standard requirements. Therefore, if a licensee has an alternatebeen previously 
approved by the NRC to have a licensing basis allowing for the spent fuel pool to boil, that takes 
precedence over the definition of safe and stable in NFPA 805 Section 1.5.1(c). The licensee should 
document the previous approval in the LAR with a discussion of the licensee specific criteria rather than 
the standard’s safe and stable definition should be considered. One acceptable method is to document 
previous approval in the same manner used in Appendix A of the LAR (Table B-1 of NEI 04-02). 
 
The POS's described in Tables 1 and 2 do not address the Spent Fuel Pool (SFP) function or SFP 
cooling. When fuel is located in the reactor core during non-power operational modes it is densely spaced 
in a geometry specifically designed to achieve criticality, the volume of the RCS is limited and decay heat 
removal is essential to protecting the fuel from damage. As stated previously LPSD risk is dominated by 
events related to low RCS inventory conditions and a few periods of high vulnerability to loss of core 
decay heat removal. The NPO higher risk period occurs when RCS inventory is reduced and the time to 
boil in the reactor vessel is reduced to periods that limit the ability to respond to the loss of decay heat 
removal caused by a fire. 
 
Conversely, the SFP is specifically designed to place the nuclear fuel in a coolable, subcritical geometry. 
The larger SFP water volumes extend the response times to a fire event resulting in a loss of SFP 
cooling. In addition to the length of time required to boil the water in the SFP, there is substantial volume 
of water that would need to be boiled off to lower the level down to the top of active fuel. This results in a 
substantial time period available to the operators to provide makeup to the pool. Probabilistic Risk 
Assessments of SFP events are not typically performed as loss of SFP cooling is a slowly developing 
event with long periods of time for response and diverse response strategies. The slowly developing 
nature of SFP events in conjunction with the relatively short durations of high SFP heat loading (e.g., fully 
offloaded, hot core), results in a low risk of fuel damage as well as a large or early releases of radiological 
material. 
 
Some plants licensing bases allows boiling of the Spent Fuel Pool. The basis for the NRC approval of 
SFP boiling includes acknowledgement that the risk of fuel damage is low because of SFP inventory, the 
diverse methods available to provide water makeup, and period of time available to provide that make up. 
 
Other NRC documents have addressed the risk associated with Spent Fuel Pools, Spent Fuel Pool 
Cooling and the Decay Heat Removal function. In NRC SECY-97-168 the NRC staff proposed new 
rulemaking for Shutdown and Fuel Storage Pool Operation including the reliability of fuel storage pool 
decay heat removal. Section 3.1, Probabilistic Risk Assessment, discusses a PRA developed by the NRC 
staff to evaluate shutdown risk. It notes during PRA development the NRC examined outage schedules 
and several shutdown operation PRAs, which establish that most of the shutdown operation risk occurs 
before flooding the refueling cavity. It states the NRC judged it could capture the risk significant portions 
of a refueling outage by analyzing two phases: from RHR initiation until reaching 200°F with the RCS 
closed, and from that point until the refueling cavity was filled.   



 
SECY-97-168, Appendix A, Regulatory Analysis "Fuel Storage Pool Operation", specifically evaluates the 
recommended rule making proposed for the Fuel Storage Pool Operation. In Appendix A, Section 2, 
Backfit Analysis, it states "The regulatory analysis for the fuel storage pool operation shows no 
quantifiable risk benefit because risk is already believed to be very low. The low risk results from passive 
design features of the fuel storage pool and the resulting long time period available for mitigative actions 
from the occurrence of an event to the onset of fuel damage."  
 
Additional statements in Appendix A, Section 2.3, Potential Change in Risk to the Public, include "The 
staff does not believe a significant, quantifiable change in risk to the public will result from implementing 
the fuel storage pool aspects of the proposed rule. Estimates of the frequency of a serious loss of fuel 
storage pool coolant inventory range from about 6x10-7 to 1x10-5 events per reactor year, and estimates 
of the frequency of a significant increase in fuel storage pool temperature range from about 1x10-6 to 
1x10-5 events per reactor-year. On the basis of the expected equipment availability and the time 
available for human performance of activities necessary for recovery, the estimates of the frequency of 
fuel damage for these types of events is about 4x10-8 fuel damage events per reactor-year [NUREG- 
1353, "Regulatory Analysis for the Resolution of Generic Issue 82, 'Beyond Design Basis Accidents in 
Spent Fuel Pools'"]." 
 
Based on considerations of the time to boil, the fuel pool inventory, and diverse means to make up 
inventory, the Spent Fuel Pool configurations are not considered to be risk significant and are not treated 
as a HRE. 
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Spent Fuel Pool 
 
The POS's evaluated in Tables F-2 and F-3 do not include the SFP function or SFP cooling. Conversely, 
the SFP is specifically designed to place the nuclear fuel in a coolable, subcritical geometry. The larger 
SFP water volumes extend the response times to a fire event resulting in a loss of SFP cooling. In addition 
to the length of time required to boil the water in the SFP, there is substantial volume of water that would 
need to be boiled off to lower the level down to the top of active fuel. This results in a substantial time 
period available to the operators to provide makeup to the pool.  Probabilistic Risk Assessments of SFP 
events are not typically performed because the loss of SFP cooling is a slowly developing event with long 
periods of time for response and diverse response strategies. The slowly developing nature of SFP events 
in conjunction with the relatively short durations of high SFP heat loading (e.g., fully offloaded, hot core), 
results in a low risk of fuel damage as well as large or early releases of radiological material. For these 
reasons the SFP configurations are not treated as HRE's. The normal fire protection program defense-in-
depth actions provide reasonable assurance that the spent fuel pool remains less than boiling (steps F.2 
and F.3 are not applicable). 
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Documentation of Results 
Operating experience from NRC RAI's and NRC inspections indicates that the NPO documentation 
should include the following information; 
 

a. Document the plant HRE's which will be evaluated. 
 
b. Provide a list of the components (including power supplies) added, that were not included in the 

at-power analysis and a list of those at-power components that have a different functional 
requirement for NPO for the HRE evaluation. 

 

Commented [BH1]: Although this information makes 
for interesting reading and appears to be good 
information in the context of the FAQ, I’m not sure it’s 
necessary given that the staff agrees with the idea that 
loss of SFP cooling is a low risk event. I think the FAQ 
works better without it so I’m recommending that we 
delete it. 



c.  Provide a list of key safety function (KSF) pinch points by fire area that were identified in the NPO 
fire area reviews including a summary level identification of unavailable paths in each fire area 
and any accompanying actions required to mitigate the loss of the KSF. 

 
d.  Provide a description of any actions that are credited to minimize the impact of fire induced 

spurious actuations on power operated valves (e.g., air-operated valves and motor-operated 
valves) during NPO either as pre-fire plant configuring or as required during the fire response 
recovery. 

 
e.  Describe any recovery actions and instrumentation that are credited to achieve key safety 

functions (KSFs) during NPO and describe how these recovery actions will be evaluated for 
feasibility and factored into operating procedures. 

 
f.  Provide an overview of the SFP (fuel configuration, SFP cooling design, the typical time to boil 

values, and the plant procedures used and mitigation strategy for loss of SFP cooling and 
inventory.) If a licensee has an alternate NRC previously approved SFP licensing basis that is 
different from the NFPA 805 safe and stable definition (such as the allowance for SFP boiling) it 
should be discussed. 


