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Appendix 2.0

Assessment of Spent Fuel Pool Risk at Decommissioning Plants 

A. Detailed Assessment of Risk from Decommissioning Plant Spent Fuel Pools 

Introduction 

As the number of decommissioning plants increases, the ability to address regulatory issues 

generically has become more important. After a nuclear power plant is permanently shut down 

and the reactor is defueled, most of the accident sequences that normally dominate operating 

reactor risk are no longer applicable. The predominant source of risk remaining at permanently 

shut down plants involves accidents associated with spent fuel stored in the spent fuel pool.  

Previously, requests for relief from regulatory requirements that are less safety significant for 

decommissioning plants than operating reactors were decided on a plant-specific basis. This is 

not the best use of resources and led to differing requirements among decommissioning plants.  

The NRC Commission urged its staff to develop a risk-informed basis for making decisions on 

exemption requests and to develop a technical basis for rulemaking for decommissioning 

reactors in the areas of Emergency Preparedness, indemnification, and security. This draft final 
report is one part of that basis.  

Our assessment found that the frequency of spent fuel uncovery leading to a zirconium fire at 

decommissioning spent fuel pools is on the order of 4x1 0' per year when a utility follows certain 

industry commitments and certain of our recommendations. We also determined that if these 

commitments and recommendations are ignored, the estimated frequency of a zirconium fire 

could be significantly higher. Appendix ZZZ discusses the steps necessary to assure that a 

decommissioning plant operates within the bounds assumed in the risk assessment.  

Previous NRC-sponsored studies have evaluated some severe accident scenarios for spent fuel 

pools at operating reactors that involved draining the spent fuel pool of its coolant and shielding 

water. Because of the significant configuration and staffing differences between operating and 

decommissioning plants, we performed this assessment to examine the risk associated with 

decommissioning reactor spent fuel pools.  

First, we examined whether or not it was possible from a deterministic view point for a zirconium 

cladding fire to occur. We chose zirconium fires as the key factor because radionuclides require 

an energetic source to transport them offsite if they are to have a significant health effect on 

local (first few miles outside the exclusion area) and more distant populations. Deterministic 

evaluations (see Appendix 1) indicate that zirconium cladding fires cannot be ruled out for loss of 

spent fuel pool cooling for fuel that has been shut down and removed from an operating reactor 

within approximately five years1 . Our consequence analysis (Appendix 3) indicates that 

zirconium cladding fires could give offsite doses that the NRC would consider unacceptable. To 

assess the risk (essentially, "frequency" times "consequences") in the window from final shut 

down of a reactor to one year following shutdown, we initially performed a broad preliminary risk 

assessment, which modeled many internal and external initiating events. This assessment was 

the most comprehensive performed on spent fuel pool risk. The preliminary risk assessment 

was made publicly available early in the process (June 1999) so that the public and the nuclear 

1 This estimate can be significantly shorter or perhaps somewhat longer depending on 

fuel enrichment, fuel burnup, and configuration of the fuel in the spent fuel pool.



industry could track the NRC's evaluation and provide comments. In addition, the preliminary 

risk assessment was subjected to a technical review and requantification by the Idaho National 

Engineering and Environmental Laboratory (INEEL). The NRC continued to refine its estimates, 

putting particular emphasis on improving the human reliability assessment (HRA), which is 

central to the analysis given the long periods required for lowering the water in the spent fuel 

pool for most initiators. We identified those characteristics that a decommissioning plant and its 

utility should have to assure that the risks driven by fuel handler error and institutional mistakes 

are maintained at an acceptable level. In conjunction with our HRA effort and our ongoing 

reassessment of risk, the nuclear industry through NEI developed a list of commitments (See 

NEI letter dated November 12, 1999) that provide boundaries within which the risk assessment's 

assumptions have been refined. The draft final risk assessment reflects the commitments made 

by industry, the technical review by INEEL, and our ongoing efforts to improve the assessment.  

The report provides a technical basis for determining the acceptability of exemption requests 

and future rule making on decommissioning plant risk.  

In performing the preliminary risk assessment, we chose to look at the broad aspects of the 

issue. We investigated a wide range of initiators (internal and external events including loss of 

inventory events, fires, seismic, aircraft, and tornadoes). We modeled a decommissioning 

plant's spent fuel pool cooling system based on the sled-mounted systems that are used at 

many current decommissioning plants. We chose one representative spent fuel pool 

configuration (See Figure 2.0-1) for the evaluation except for seismic events, where the PWR 

and BWR spent fuel pool designs (i.e., the difference in location of the pools in PWRs and 

BWRs) were specifically considered. Information about existing decommissioning plants was 

gathered by decommissioning project managers and during visits to four sites covering all four 

major nuclear steam supply system vendors (General Electric, Westinghouse, Babcock & 

Wilcox, and Combustion Engineering). Plant visits gathered information on the as-operated, as

modified spent fuel pools, their cooling systems, and other support systems.  

From the perspective of offsite consequences, we only concerned ourselves with the zirconium 

fire end state, because there has to be an energetic source (e.g., a large high temperature fire) 

to transport the fission products offsite in order to have potentially significant offsite 

consequences. We chose the timing of when the spent fuel pool inventory is drained to the top 

of the spent fuel as a surrogate for onset of the zirconium fire because once the fuel is 

uncovered, the dose rates at the edge of the pool would be in the tens of thousands of rem per 

hour, because it is unclear whether hydrides could cause ignition at lower cladding temperatures 

than previously predicted, and because there was uncertainty in the heat transfer rate as the fuel 

was uncovered. In addition, from the point of view of estimation of human error rates, since for 

initiating events (other than seismic and heavy load drop) it would take five or more days to 

uncover the top of the fuel pool, it was considered of small numerical benefit (and significant 

analytical effort) if the potential additional two days until the zirconium fire began were added to 

the timing.  

After the preliminary draft risk assessment was released in June 1999, we sent the assessment 

to INEEL for review and held public meetings and a workshop to assure that our models 

appropriately accounted for the way decommissioning plants operate today and to help 

determine if some of the assumptions we made in the preliminary draft risk assessment needed 

improvement. Following our workshop, NEI provided a list of general commitments (See 

November 12, 1999 letter) that proved very instrumental in refining the assumptions and models 

in the draft final risk assessment. Working with several PRA experts, we subsequently 

developed improved HRA estimates for events that lasted for extended periods. We developed



a basis (see Section YYY) for helping to assure that the HRA values we used in our improved 

HRA analysis come true at decommissioning plants in the future.  

SectionXX describes how the risk assessment was performed for beyond design bases internal 

event accident sequences (i.e., sequences of equipment failures or operator errors that could 

lead to a zirconium cladding fire and release of radionuclides offsite). We developed event trees 

and fault trees that model the initiating events and system or component failures that lead to fuel 

uncovery (these trees are provided in Appendix XXX). Table 2A.1-1 lists the internal and 

external initiating events 2 found to be potentially important by qualitative screening processes in 

the above references. The table identifies the source of each frequency estimate (they are 

generic and not plant-specific). Our estimates of conditional failure probabilities of mitigating 

systems and components (both active and passive) are given in Table 2A.1-2. Table 2A.1-3 

summarizes the calculations of frequency of fuel uncovery for all initiators analyzed.  

Section 3.2 discusses beyond design bases external event accident sequences. Section 3.3 

provides the working group's insights from this final risk evaluation.  

The risk from sabotage is not normally evaluated in a PRA, in part because such acts cannot be 

easily analyzed analytically. We have identified to the NRC safeguards staff the structures, 

systems, components, industry commitments, and staff requirements that are most important in 

helping assure that the spent fuel pools do not represent an undue risk to the public. The 

safeguards staff will use this information to assist them in making decisions on the degree, 

location, and type of safeguards necessary to protect the public safety at decommissioning plant 

spent fuel pools.  

2 Internal initiating events are events that begin within the confines of the nuclear power 

plant and cause plant disruption. Two examples are inadvertent closure of the spent fuel pool 

cooling system suction valves and a pipe break in the spent fuel pool cooling system. External 

events are those events that begin outside the confines of the nuclear power plant. Two 

examples are seismic events and hurricanes. There are a few events that begin inside plants, 

such as internal floods and fires, that have been characterized in some PRAs as external 
events.


