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Executive Summary 

This report documents an evaluation of spent fuel pool accident risk at decommissioning plants.  
It was done to provide an interim, risk-informed technical basis for reviewing exemption 
requests, and to provide a regulatory framework for integrated rulemaking. The application of 
this report is intended to reduce unnecessary regulatory burden, improve efficiency and 
effectiveness, and establish a consistent, predictable process that will maintain safety and 
enhance public confidence. The report was initiated when industry asked the NRC to consider 
whether the risk from decommissioning plants was low enough to justify generic regulatory 
relief in the areas of emergency planning, indemnification and safeguards.  

In the past, decommissioning plants have requested exemptions to certain regulations as a 
result of their permanently defueled condition. When evaluating the acceptability of exemption 
requests from regulations for permanently shutdown plants, the staff has assessed the 
susceptibility of the spent fuel to a zirconium fire accident. To date, exemptions have been 
granted on a plant-specific basis, resulting in different analyses and criteria being used for the 
basis of the exemptions. In some cases, we have requested heatup evaluations of the spent 
fuel cooled only by air. This criterion was used because of national laboratory studies that had 
identified the potential concern for a significant offsite radiological release from a zirconium fire 
which may occur when all water is lost from the spent fuel pool. A clad temperature of 565 °C, 
based on the onset of clad swelling, was used as a conservative limit to ensure no radiological 
release.  

In March, 1999, the staff formed a technical working group to evaluate spent fuel pool accident 
risk at decommissioning plants. A two month effort was launched to review the available 
technical information and methods and identify areas in need of further work. A substantial 
effort was made to involve public and industry representatives throughout the entire effort. A 
series of public meetings was held with stakeholders during and following the generation of a 
preliminary draft study that was published in June at the request of the Nuclear Energy Institute 
(NEI). The partially completed DRAFT report was released to facilitate an industry/NRC/public 
2 day workshop that was held in July, 1999. Information gained at the workshop and through 
other stakeholder interactions was constructive in completing the report.  

Estimates of the risk from heavy load handling accidents were revised and criticality concerns 
were addressed in response to stakeholder feedback. A checklist was developed to establish 
seismic capability of SFPs, and industry commitments were documented to address the 
vulnerabilities that had been identified by the June, 1999 draft report. Independent technical 
quality reviews of controversial aspects of the report were initiated to bring in outside expert 
opinion on the details of the report. These experts evaluated several areas of the report, 
including the human reliability analysis, seismic considerations, thermal-hydraulic calculations, 
and PRA assumptions and treatment. The PRA results were requantified to take into account 

the industry commitments to reduce risk vulnerabilities.  

This report contains the results of our effort. It includes three main outputs. The first is a 
discussion in Chapter 2 on how risk informed decision making is being applied to 
decommissioning plants. The second is a summary of the risk assessment of SFPs at 
decommissioning plants in Chapter 3. The third provides the implications of SFP risk on

Draft for Comment February 20001



Formatte er v. 5 1/19/00 1600 hours 

regulatry requirements n Chapter 4, and outlines where an industry initiative may be useful in 

improvi the_________ _____ 

As described in Chapter 2, a pool performance guideline (PPG) for frequency of zirconium fires .' 

has been developed and proposed based upon the numerical guidelines incorporating large , 
release fre uency (LERF) as described in Regulatory Guide (RG) 1.174 [Ref. 1]. In a letter 

date ovemb 12, 1999 [Ref. 2], the ACRS suggested that the end state of uncovery of top .  
of el was an ap ropriate PRA surrogate for zirconium fire frequency, and that comparison 
w h LERF woul be acceptable for risk-informed decision making, even though the correlation 
is ot perfect.  

The risk estimates con ed in Chapter 3 demonstrate that a zirconium fire can occur during 

an extended period after shu wn (up to five years), depending on fuel burnup and rack 
configurations, if fuel uncovery we o occur. The consequences of such an event would be 

severe. However, the requantified PR monstrates that if operation of the decommis~sioned 
plant is carried out in accordance with the c i-e.posed by the industry and th 
constraints outlined in this report are followe , s as the ;eismic check list, then pool 
performance guideline frequency of less th n lxl0/per y ar can be met. /. -.  

Chapter 4 points out that w ris analysis results and other safee 
described in RG 1.174 re taken into acco unt,uch as defense in depth, maintaining safety 

margins, and performance oni orin , e staff has concluded that after one year following final 

shutdown, there is reasonable assurance that a zirconium fire will not occur such that the 
emergency planning requirements can be relaxed to a minimum baseline level. Any future 
reduction of the one year critical decay time would be contingent on plant specific thermal 
hydraulic response, scenario timing, human reliability results and system mitigation and 

recovery capabilities. That is, any licensee wishing to gain relief from the EP requirements prior 

to the one year post-shutdown, would need to demonstrate that plant specific vulnerability to a 
z "fire satisfies the risk informed decision process, risk insights and recommended 
crIte(iaescrbed in Chapters 2 and 3. Chapter 4 also covers the need for continued 

'idemnification requirements while the threat of a zirconium fire exists, and offers the possibility 
that an industry initiative to improve the thermal-hydraulic calculational methodology could 
result in shortening the generic 5 year window of vulnerability. And finally, Chapter 4 includes a 

discussion on how the risk insights contained in this report can by employed to assess the 

vulnerabilities toc ncludes that any reduction in security provisions would be •2 

constrained by t target set, suc that some level of security is required as long as the fuel in 

the SFP is exposee e threat.  

In summary, this report provides the basis for determining the regulatory requirements for 

decommissioning plants using risk-informed decision making. It recognizes that some aspects 

of the regulations such as 10 CFR 20 [Ref. 3] are not amenable to this kind of analysis.  
However, it provides an authoritative and definitive treatment of SFP risk at decommissioning 

plants as it relates to emergency planning, insurance, and security re irements, and 

extra lated to other appropriate areas of consideration such shift staffin fitness for 

d-t. 'Ind finally, it points out other areas of consideration for br en u ure 
K. u ýmaking.
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1. Introduction 

The current body of NRC regulations pertaining to light-water reactors (10 CFR 50) [Ref. 1] is 

primarily directed towards the safety of operating units. As some reactors have reached 

permanent shutdown condition and entered decommissioning status, industry and the NRC 

have been faced with establishing the appropriate requirements and regulatory oversight 

necessary to provide adequate protection to the public.  

Decommissioning plants have requested exemptions to certain regulations as a result of their 

permanently defueled condition. Areas where regulatory relief has been requested in the past 

include exemptions from offsite emergency planning (EP) requirements, Price Anderson 

Insurance provisions and physical security. Requests for consideration of changes in 

regulatory requirements are appropriate since the traditional accident sequences that dominate 

operating reactor risk are no longer applicable. For a defueled reactor in decommissioning 

status, public risk is predominantly from accidents involving spent fuel. These fuel assemblies 

can be stored in the spent fuel pool for considerable periods of time, as remaining portions of 

the plant continue through decommissioning and disassembly. To date, exemptions have been 

requested and granted on a plant-specific basis. This has resulted in some lack of consistency 

and uniformity in the scope of evaluations conducted and acceptance criteria applied in 

processing the exemption requests.  

To improve regulatory consistency and predictability, the NRC has undertaken this effort to 

develop a regulatory framework applicable to decommissioning plants. This framework will 

utilize risk informed approaches to identify the design and operational features necessary to 

ensure that risks to the public from these shutdown facilities are sufficiently small. This 

framework will form the foundation upon which regulatory changes will be developed, as well as 

the basis for requesting and approving exemption requests in the interim, until the necessary 

rulemaking is completed.  

In support of this objective, the NRC staff has completed a draft assessment of spent fuel pool 

risks. This assessment utilized probabilistic risk assessment (PRA) methods (applying both 

quantitative and qualitative insights) and was developed from analytical studies in the areas of 

thermal hydraulics, core physics, systems analysis, human reliability analysis, seismic and 

structural analysis and external hazards assessment. The focus of the risk assessment was to 

identify potential accident scenarios at decommissioning plants, and to estimate the likelihood 

and consequences of these scenarios. Of primary concern are events that lead to loss of spent 

fuel pool water inventory or loss of cooling to the spent fuel assemblies, and events that result 

in fuel configurations that could lead to criticality conditions. For some period after reactor 

shutdown and upon loss of inventory or cooling, it is possible for the fuel to heat up to the point 

where rapid oxidation and burning of the fuel cladding occurs leading to significant releases of 

radionuclides.  

A preliminary version of this draft report was issued for public comment and technical review in 

June 1999. Comments received from stakeholders and other technical reviewers have been 

considered in preparing the present assessment. Quality assessment of the staff's preliminary 

analysis has been aided by a small panel of HRA experts who evaluated the human
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performance analysis assumptions, methods and modeling, as well as a broad quality review 
carried out at the Idaho National Engineering & Environmental Laboratory (INEEL).  

The conclusions and findings of the study provide guidance for the design and operation of 
spent fuel pool cooling and inventory make-up systems as well as practices and procedures 
neces-sary to ensure high levels of operator performance during off-normal conditions. This 
report concludes that with the imposition of voluntary industry initiatives and some additional 
staff requirements, the risks from spent fuel pools will be sufficiently small, to justify exemptions 

from selected current regulatory requirements and to form the basis for related rulemaking.  

This report contains is divided into three main parts. The first part is a discussion in Chapter 2 

on how risk informed decision making can be applied to decommissioning plants. In Chapter 3, 

the staff presents the risk assessment conducted on the SFPs for decommissioning plants. In 

Chapter 4 of this report, the findings of SFP risk for a decommissioning plant will be assessed 
against each of the safety principles and objectives discussed above.  

2.0 Risk Informed Decision Making 

The regulatory framework developed for decommissioning plants is based on a risk informed 
process. In 1995, the NRC published its PRA policy statement [Ref 1], which stated that the 

use of PRA technology should be increased in all regulatory matters to the extent supported by 

the state-of-the-art of the methods. Probabilistic risk assessment provides a structured 
analytical method to assess the various combinations of failures and events that result in 
undesirable consequences, for example such as core damage in an operating reactor. Related 

aspects of these methods can go on to assess the timing and mode of containment failure, 
radioactive releases to the environment and postulated health effects.  

Subsequent to issuance of the A Policy Statement, the agenc published Regulatory Guide 

(RG) 1.174 [Ref.2] which containe eneral guidance and' a for application of PRA to the 
regulation of nuclear reactors. The c !pa in RG 1.174 pet'ain to the frequency of core 

damage accidents (CDF) and large early releases (LERF). For both CDF and LERF, RG 1.174 

contains guidance on acceptable values for the changes that can be allowed due to regulatory 
decisions as a function of the baseline frequencies. For example, if the baseline CDF for a 
plant is below 1 E-4 per year, plant changes can be approved which increase CDF by up to 1 E-5 

per year. If the baseline LERF is less than 1 E-5 per year, plant changes can be approved 

which increase LERF by 1 E-6 per year.  

For decommissioning plants, the risk is due primarily to the possibility of a zirconium fire 

associated with the spent fuel rod cladding1. The consequences of such an event do not 

equate exactly to either a core damage accident or a large early release2 . Zirconium fires in 

'See chapter 3 for more complete discussion of fuel pool risk scenarios 

2RG 1.174 describes LERF as the frequency of unmittaged releases that have the 

potential for early health effects, in a time frame prior to effective evacuation of close-in 

population
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spent fuel pool otentially have more severe consequences than an operating reactor core 
damage acci nt, because there are multiple cores involved, and because there is no 
containmen surrounding the SFP to mitigate the consequences. On the other hand, they are 
somewha different than a large early release, because the accidents progress slowly enough 
to allow pleý;arning for offsite protective actions, and because the absence of Iodine 
isotopes lead to fewer prompt fatalities. As a result, the criteria of RG 1.174 cannot be applied 
directly to the risk of a decommissioning plant without further thought.  

Even though the event progresses more slowly than an operating reactor Large Early Release 
event and the isotopic makeup is somewhat different, the risk assessment consequence 
calculations performed by the staff3 show that large inventories of radioisotopes could be 
released that could have significant late health effects (latent cancers) for the population at 
some distance from the plant, as well as the potential for a small number of early health effects 
(fatalities). The staff has therefore decided that the end state and consequences of a spent 
fuel pool fire are sufficiently severe that the RG 1.174 LERF baseline criteria of 1 E-5 per year 
(the value of baseline risk above which the staff will only consider very small increases in risk) 
provides an appropriate frequency criteria for a decommissioning plant SFP risk, and a useful 
tool to assess features, systems and operator performance needs of a decommissioning pool.  
The staff therefore proposes this as the recommended pool performance guideline (PPG) for 
baseline zirconium fire frequency. The additional RG 1.174 recommended criteria of a LERF 
change not to exceed 1 E-6 per year, is also an appropriate measure to assess proposed 
changes to regulatory requirements on a decommissioning plant that are amenable to and 
result in increases to large release frequency. _

2.1 Principles of Regulatory Guide 1.174

As discussed in RG 1.174, the results of quantitative risk assessment is only one tool utilized in 
risk informed decision making. The RG articulates the following safety principles which should 
be applied to the decommissioning case: 

* The proposed change meets the current regulations unless it is explicitly related to a 
requested exemption or rule change, i.e., a "specific exemption" under 10 CFR 50.12 or 
a "petition for rulemaking" under 10 CFR 2.802.  

0 The proposed change is consistent with the defense-in-depth philosophy.  

* The proposed change maintains sufficient safety margins.  

& When proposed changes result in an increase in core damage frequency and/or risk, 
the increases should be small and consistent with the intent of the Commission's Safety 
Goal Policy Statement 

* The impact of the proposed change should be monitored using performance 
measurement strategies.  

3See Appendix 4 for consequence and health impact assessment
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While the focus on RG 1.174 was decision-making regarding changes to the licensing basis of 
an operating plant, the same risk-informed philosophy can be applied to rulemaking for 
decommissioning plants or to consider potential exemptions to current requirements. The intent 
and scope of these safety principles are discussed below. However, since the application of this 
study specifically relates to exemptions to a rule or a rule change for decommissioning plants, a 

discussion of the first principle regarding current regulations is not necessary nor is it provided.  
A discussion on how these principles are satisfied as demonstrated by the staff's safety 
assessment is provided in Chapter 4.  

2.1.1 Defense-in-Depth 

The defense-in-depth philosophy applies to the operation of the spent fuel pool, whether at an 

operating plant or in a decommissioning plant. In accordance to the Commission White Paper 
on Risk-Informed Regulation (March 11, 1999), "Defense-in-depth is an element of the NRC's 
Safety Philosophy that employs successive compensatory measures to prevent accidents or 
mitigate damage if a malfunction, accident, or naturally caused event occurs at a nuclear 
facility. The defense-in-depth philosophy ensures that safety will not be wholly dependent on 
any single element of the design, construction, maintenance, or operation of a nuclear facility.  
The net effect of inc t'g defense-in-depth into design, construction, maintenance and 
operation is that t facility olsystem in question tends to be more tolerant of failures and 
external challengd . , 

Therefore, application of dense-in depth could mean that there is more than one source of 
cooling water or that pump makeup can be provided by both electric as well as direct drive 
diesel pumps. Additionally, defense in depth can mean that even if a serious outcome (such as 

fuel damage) occurs, there is further protection such as containment to prevent radionuclide 
releases to the public. However, implementation of defense in depth for SFPs is different from 

that applied to nuclear reactors because of the different nature of the hazards. Because the 
essentially quiescent (low temperature, low pressure) initial state of the spent fuel pool and the 
long time available for taking corrective action associated with most release scenarios provide 
significant safety margin, a containment structure is not considered necessary as an additional 
barrier to provide an adequate level of protection to the public. Likewise, the long evolution of 
most SFP accident scenarios allows for reasonable human recovery actions to respond to 
system failures. The specific design and operational features of the SFP, industry 
commitments and staff requirements that ensure that SFP defense in depth is maintained, is 
provided in Chapter 4 

2.1.2 Safety Margins 

A safety margin can relate to the difference between the expected value of some physical 

parameter (temperature, pressure, stress, reactivity) and the point at which adequate 

performance is no longer assured. For example a containment pressure calculation that shows 

a peak accident pressure of 40 psig is reached for a structure which has a design capability of 

60 psig and an actual ultimate capability of 110 psig. In this case there is margin from the 

accident calculation of 20 psig to the design limit as well as a large margin of 70 psig to the 
actual expected failure limit.
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The safety margins associated with fuel in the spent fuel pool for many physical processes and 

parameters are much greater than those associated with an operating reactor. The spent fuel 

pool is in a quiescent state, at or near ambient temperature and pressure. The decay heat 

levels are much lower than those of the fuel in an operating reactor. This allows much greater 

time for heating and boil off of the coolant water, and for heat up of the fuel itself, once 

uncovered. The fuel is covered with approximately 28 feet of water at near ambient 

temperature. The pool is designed with ample margin to criticality, using both passive 

(geometry) and active (poisons) means of reactivity control. Chapter 4 describes how the 

provisions that ensure the SFP maintains adequate margins in a decommissioning plant.  

2.1.3 Impact of Proposed Changes 

The impact of the proposed change should be small. s discussed above, staff i applying 

the pool performance guideline (PPG) of 1x10- per ye rfrequencyforzirconiu , whic was 

developed from the treatment for LERF in RG 1.174lnhis PPG is used to a•sess the impact ' 

and acceptability of SFP risk in decommissioning plants. Chapters 3 and 4 discusses the 
design and operational characteristics of the SFP that must be relied upon to produce the low 

baseline risk results. These are identified in the context of industry commitments as well as 

additional staff requirements. e f

2.1.4 Implementation and Monitoring Program

RG 1.174 states that an implementation and monitoring plan should be developed to ensure 

that the engineering evaluation conducted to examine the impact of the proposed changes 

continues to reflect the actual reliability and availability of structures, systems, and components 

(SSCs) that have been evaluated. This will ensure that the conclusions that have been drawn 

will remain valid. -ý i 

Therefore, with respect all t bove safety principles, implementation and monitoring of "p.  

important consideration might inc de comparing a check list against the spent fuel pool ,P 

seismic design and con cti , ontrol of heavy load movements, development and 

implementation of procedures and other provisions to ensure human reliability, monitoring the 

capability, reliability, and availabili ant equipment, and checking effectiveness of 

onsite emergency respo e, 6nd the plans for c unication with off site authorities. In many 

areas the implementat* n and monitoring may alraa e accomplished by utility programs such y 
as those developed u rder the maintenance rule [Ref. 33 Chapter 4 discusses the additional 

implementation and m itoring activit~ies that are nec ary to achieve the low SEP risk 
estimates of this report andl-spport the safeqyprincilpes.  

3.0 Risk Assessment of Spent Fuel Pools at Decommissioning Plants 

As discussed in Section 1 of this paper, the risks rom a decommissioning 

plant are very different from an operating reactor. Tnce fuel is permanently removed from the 

reactor vessel, the primary public risk in a decommissioning facility is associated with the spent 

fuel pool. The spent fuel assemblies are retained in the storage pool, and are submerged in 

water both to provide cooling of the fuel's remaining decay heat as well as to provide shielding
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for the radioactive assemblies. The most severe accidents postulated for SFPs are associated 

with the loss of water (either through boil off or draining) from the pool.  

Depending on the time since reactor shutdown and fuel rack configurations, there may be 

sufficient heat to cause the clad to heat up, swell and burst. The breach in the clad could result 

in the release of radioactive gases present in the gap between the fuel and clad, called "a gap 

release" (See Appendix 1). If the fuel continues to heat up, the temperature of the zirconium 

clad will reach the point of rapid oxidation in air. This reaction of zirconium and air is 

exothermic. The energy released from the reactor combined with the decay energy can cause 

the reaction to become self-sustaining and lead to the ignition of the zirconium, or a "zirconium 

"fire." The increase in heat from the oxidation reaction could also raise the temperature in 

a acent fuel assemblies and cause the propagation of the oxidation reaction. This zirconium 

fire * result in a significant release of the fission products contained in the spent fuel, which 

W--ill be dispersed from the reactor site due to the thermal plume from the zirconium fire.  

Consequence assessments (Appendix 4) have shown that such a zirconium fire could have 

significant latent health effects (cancers) as well as the possibility of a small number of early 

fatalities. Gap releases for fuel of a year or more post shutdown in and by themselves (without 

zirconium fire) release only moderately small quantities of radionuclides and would only be of 

concern for onsite effects.  

Based upon the preceding insights the -staff conducted its risk evaluation to focus on the 

likelihood of scenarios that could result in loss of pool water and fuel heat up to the point of 

rapid oxidation. Since the decay time at which air cooling alone is sufficient to prevent 

zirconium fire is very plant specific, the cut off time (when a zirconium fire can no longer occur) 

for this risk assessment cannot be pre-determined. Rather, the insights should be considered 

as generally applicable to a decommissioning plant until it reaches a point where rapid oxidation 

will not occur with complete loss of water. After a decay period that precludes fuel heat up to 

zirconium fire conditions, no significant risk remains from storage of the spent fuel. Preliminary 

calculations by the staff (see Appendix 1) show this time will vary depending on fuel burn up, 

SFP storage configuration and loading pattern of the assemblies, and could occur at a period 

as long as five years from plant shutdown.  

In order to support the risk evaluation, the staff conducted a thermal hydraulic assessment of 

the SFP for various scenarios such as loss of pool cooling and loss of inventory. These 

calculations provided information on heat up and boil off rates for the pool, as well as heat up 

rates for the uncovered fuel assemblies and timing to initiation of zirconium fire for a number of 

scenarios and sequences. The results of these calculations provided fundamental information 

on the timing of accident sequences and provided insights on the time available to recover from 

events and time available to initiate off site measures, if necessary. This information was then 

utilized in the risk assessment to support the human reliability analysis used to assess the 

likelihood of recovering level or cooling before a zirconium fire occurs.  

For these calculations, the end state assumed for the accident sequences was when the water 

level reached the top of the fuel assemblies, rather than calculating the temperature response 

of the fuel as the level gradually drops. This simplification was utilized because of the extremely 

complex heat transfer mechanisms and chemical reactions occurring in the fuel assemblies.  

This analytical approach understates the time that is available for possible operator recovery of
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SFP events prior to initiation of zirconium fire. However, since the recoverable events such as 
small loss of inventory or loss of power/pool cooling, are very slowly evolving events, many 

days are generally available for recovery whether top of fuel uncovery is the end point of the 

analysis, or is total fuel uncovery. The extra time available (estimated to be in the tens of 

hours) as the water level boils down the assemblies, would not impact the very high 
probabilities of operator recovery from these events given the industry commitments and 

additional staff requirements. In its letter of November 12, 1999 [Ref. 1], the Advisory 

Committee on Reactor Safeguards (ACRS) recommended that the end state of top of fuel 

uncoverey be used for the SFP analysis along with application of the LERF criteria discussed in 

Chapter 2. The staff agrees with this recommendation. However, there are some exceptions 

noted in our response to the ACRS. The details of the staff thermal hydraulic assessment are 
provided in Appendix 1.  

Previous to the staff's preliminary risk assessment, the most extensive work to date was in 

support of Generic Safety Issue (GSI) 82, "Beyond Design Basis Accidents for Spent Fuel 

Pools" [Ref. 2]. This report assessed the risk for operating reactors and concluded that a 

seismic event was the dominant initiating event for the loss of inventory.  

While the staff drew from the GSI 82 work in its assessment, it was concluded that because of 

significant differences between operating and decommissioning plant spent fuel pools cooling 

systems, a complete assessment of SFP risk should be conducted, considering all potentially 

significant initiators, and reflecting the unique features found in a shutdown facility. The results 

of the staff assessments are discussed below. A summary of industry commitments, staff 
recommendations (relied upon in the risk assessment) and a discussion of how the decision 

criteria in Chapter 2 are satisfied is discussed in Chapters 3 and 4. Conclusions on how the 

SFP risk insights and decision criteria apply to potential changes in emergency planning, 

insurance, and physical security are also discussed in Chapter 4.  

3.1 Basis and Findings of SFP Risk Assessment 

In order to follow the framework for the regulatory decision process described in Chapter 1, a 

comprehensive assessment of SFP risk was necessary. To gather information on SFP design 

and operational characteristics for the preliminary risk assessment done for the June 1999 draft 

report, the staff conducted site visits to four decommissioning plants to ascertain what would be 

an appropriate model for decommissioning spent fuel pools. The site visits confirmed that the 

as operated spent fuel pool cooling systems were very different than those in operation when 

the plants were operating reactors. Modeling information was determined from both site system 

walkdowns as well as limited discussions with the decommissioning plant staff. Since limited 

information was available for the preliminary assessment on procedural and recovery activities 

as well as what the minimum configuration a decommissioning plant might have, a number of 

assumptions and bounding conditions were assumed for the June 1999 preliminary study.  

These preliminary results have been refined in this draft assessment after obtaining improved 

information from industry on SFP design and operating characteristics for a decommissioning 

plant, as well as a number of commitments that contribute to achieving low risk findings from 

SFP incidents. These revised results also reflect improvements in the PRA model since 

publication of the June 1999 report.
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The staff identified the following nine initiating event categories to investigate as part of the 

quantitative risk assessment on SFP risk: 

* Loss of Offsite Power from plant centered and grid related events 

* Loss of Offsite Power from events initiated by severe weather 
* Internal Fire 
* Loss of Pool Cooling 
* Loss of Coolant Inventory 
* Seismic Event 
* Cask Drop 
* Aircraft Impact 
* Tornado Missile 

In addition a qualitative risk perspective was developed for inadvertent re-criticality in the SFP.  

The risk model as developed by the staff, and supplemented through a quality review from 

Idaho National Engineering & Environmental Laboratory (INEEL) is provided in Appendix 2.  

Appendix 2 include the modeling details for the cask drop, aircraft impacts, seismic and tornado 

missile assessments. Input and comments from stakeholders was also utilized in updating the 

June 1999 preliminary model to the present draft model.  

3.2 Characteristics of SFP Design and Operations for a Decommissioning Plant 

Based upon information gathered from the site visits and interactions with NEI and other 

stakeholders the staff has modeled the spent fuel pool cooling system (SFPC) 

(see Figure 3.1 on r ge) as being located in the spent fuel pool (SFP) area and consisting 

of motor-driven pu ps, a eat exchanger, an ultimate heat sink, a makeup tank, filtration 

system and isolation es.  

Suction is taken via one of the two pumps on the primary side from the spent fuel pool and is 

passed through the heat exchanger and returned back to the pool. One of the two pumps on 

the secondary side rejects the heat to the ultimate heat sink. A small amount of water from the 

suction line is diverted to the filtration process and is returned back into the discharge line. A 

manually operated makeup system (limited volumetric flow rate) supplements the small losses 

due to evaporation. In the case of prolonged loss of SFPC system or loss of inventory events, 

the inventory in the pool can be made up using the firewater system. There are two firewater 

pumps, one motor-driven (electric) and one diesel-driven, which provide firewater in the SFP 

area. A firewater hose station is provided in the SFP area. The firewater pumps are located in 

a separate structure.  

Based upon information obtained during the site visits and discussions with the operating staff's 

during those visits, the staff also made the following assumptions that are believed to be 

representative of a typical decommissioning facility: 

* The site has two operable firewater pumps, one diesel-driven and one electrically-driven 

from offsite power.
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* We assume the makeup capacity (with respect to volumetric flow) to be as follows: 

Make-up pump: 20 - 30 gpm 
Firewater pur: 100 - 200 gpm 
Fire engine: 100 - 250 gpm [depending on hose size: 1-½2" (100 gpm) or 

2-1/2" (250 gpm)] 
We therefore/assumed that for the larger loss-of-coolant inventory accidents, water 

addition thryJgh the makeup pumps does not successfully mitigate the loss of inventory 

event unle s the source of inventory loss is isolated.  

The fuel andlers perform walkdowns of the SFP area once per shift (8- to 12-hour 

shifts). A different crew member is assumed for the next shift. We also assumed that 

the SF/P water is clear and pool level is observable via a measuring stick in the pool that 

can pert fuel handlers to level changes.  

/
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......... . Ulti te 
Fire Pumps Heat Sink 

(e.g. Air CooIer)

Figure 3.1 Assumed Spent Fuel Pool Cooling System
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Based upon the results of the June 1999 preliminary risk analysis and its associated sensitivity 

cases, it became clear that many of the risk sequences were quite sensitive to the performance 

of the SFP operating staff in identifying and responding to off normal conditions. This is due to 

the fact that the remaining systems in the SFP Island are relatively simple with manual rather 

than automatic initiation of backups or realignments. Therefore, if scenarios such as loss of 

cooling or inventory loss to the pool occurs, operator response to diagnose the failures and 

bring on site and off site resources to bear are instrumental for ensuring that the fuel 

assemblies remain cooled and a zirconium fire is prevented.  

As part of its technical evaluations the staff assembled a small panel of experts which identified 

the attributes necessary to achieving very high levels of human reliability for responding to 

potential accident scenarios in a decommissioning plant SFP. (See HRA Study in Appendix 2a).  

Upon consideration of the sensitivities identified in the staff's preliminary study and to reflect 

actual operating practices at many decommissioning facility, the nuclear industry, through NEI 

made important commitments (located in Appendix 6) which were reflected in the staff's 

updated risk assessment. The revisions to the risk assessment generally reflected changes of 

assumptions in the areas shown below. The applicability of the specific decommissioning 

industry commitments (DICs) with respect to the risk analysis results are discussed later in this 

chapter. How the commitments relate to specific risk conclusions and safety principles is also 

discussed in Chapter 4.  

DIC #1 Cask drop analyses will be performed or single failure proof cranes will be in use for 

handling of heavy loads (i.e., phase II of NUREG 0612 will be implemented.  

DIC #2 Procedures and training of personnel will be in place to ensure that on site and off site 

resources can be brought to bear during an event.  

DIC #3 Procedures will be in place to establish communication between on site and off site 

organizations during severe weather and seismic events.  

DIC #4An off site resource plan will be developed which will include access to portable pumps 

and emergency power to supplement on site resources. The plan would principally 

identify organizations or suppliers where off site resources could be obtained in a timely 
manner.  

DIC #5 Spent fuel pool instrumentation will include readouts and alarms in the control room (or 

where personnel are stationed) for spent fuel pool temperature, water level, and area 

radiation levels.  

DIC #6 Spent fuel pool seals that could cause leakage leading to fuel uncovery in the event of 

seal failure shall be self limiting to leakage or otherwise engineered so that drainage 

cannot occur.
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DIC #7 Procedures or administrative control to reduce the likelihood of rapid drain down events 

will include (1) prohibitions on the use of pumps that lack adequate siphon protection or 

(2) control for pump; suction and discharge points. The functionality of anti-siphon 

devices will be periodically verified.  

DIC #8 An on site restoration plan will be in place to provide repair of the spent fuel pool cooling 

systems or to provide access for makeup water to the spent fuel pool. The plan will 

provide for remote alignment of the makeup source to the spent fuel pool without 

requiring entry to the refuel floor.  

DIC #9 Procedures will be in place to control spent fuel pool operations that have the potential 

to rapidly decrease spent fuel pool inventory. These administrative controls may require 

additional operations or management review, management physical presence for 

designated operations or administrative limitations such as restrictions on heavy load 

movements.  

DIC #10 Routine testing of the alternative fuel pool makeup system components 

will be performed and administrative controls for equipment out of service 

will be implemented to provide added assurance that the components 
would be available, if needed.  

Based upon the above design and operational features, industry commitments, fechnical 

comments from stakeholders and the input from the INEEL technical review, the staff's SFP risk 

model was updated. The results for the initiators which were assessed quantitatively are shown 

in Table 3.1 below.  

Table 3.1 Spent Fuel Pool Cooling Risk Analysis Frequency of Fuel Uncovery (per year) 

INITIATING EVENT Frequency of Fuel Uncoverv 

Loss of Offsite Power - Plant centered and grid related 3.OE-08 

events 

Loss of Offsite Power - Events initiated by severe weather 1.3E-07 

Internal Fire 4.5E-08 

Loss of Pool Cooling 1.4E-08 

Loss of Coolant Inventory 3.1 E-09 

Seismic Event 
<3.OE-06 4 

4This contribution includes seismically induced catastrophic failure of the pool (which 

dominates the results) and a small contribution form seismically induced failure of pool support 

systems
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Cask Drop 2.2E-075 

Aircraft Impact 2.9E-09 

Tornado Missile <1.OE-09 

Total <3.4E-06 

This table summarizes the core uncovery frequency for each accident sequence. The 

frequencies are point estimates, b on of oint estimates for the input parameters.  
For the most part these input pa r-meter valueSwould be ed as the mean values of the 
probability distributions that w6Id be used in a calculation o propagate parameter uncertainty.  

Because the systems are essentially single train system, the point estimates therefore closely 

correlate to the mean values hat would be obtained fr (n a full propagation of parameter V 
uncertainty. . ,,. L•' d3 

The above results show that the estimated frequency for a zirconium fire is approximately 3E

06 per year, with the dominant contributions being from severe seismic events. " .,

The various initiating event categories are discussed briefly below. The staff qualitative risk 

insights on the potential for SFP criticality are discussed at the end of this chapter.  

3.3 Internal Event Scenarios Leading to Fuel Uncovery 

The following summary is a description of accident for each internal event initiator: Details of 

the assessment are provided in Appendix 2.  

3.3.1 Loss of Cooling 

The loss of cooling initiating event may be caused by the loss of coolant system flow from the 

failure of pumps or valves (See Figure 3.0-1), from piping failures, from an ineffective heat sink 

(e.g., loss of heat exchangers), or from a local loss of power (e.g., electrical connections.) 
While it may not be directly applicable due to design differences in a decommissioning plant, 

operational data from NUREG-1275, Volume 12 [Ref. 3] shows that the frequency of loss of 

spent fuel pool cooling events in which a temperature increase of more than 20OF occurred can 

be estimated to be on the order of two to three events per 1000 reactor years. The data also 

showed that, for the majority of events, the duration of the loss of cooling was less than one 

hour. Only three events exceeded 24 hours, with the maximum duration being 32 hours. There 

were four events where the temperature increase exceeded 200F, with the maximum increase 
being 500F.  

The calculated fuel uncovery frequency for this initiating event is 1.4x101 per year. To have 

5For a single failure proof system without a load drop analysis. For plants where load 

drop analyses have been performed, the frequency should less than this value even for non 

single failure proof cranes.
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fuel uncovery, the plant operators would have to fail to recover the cooling system (either fails 

to notice the loss of cooling indications, or fails to repair or restore the cooling system). In 
addition, the operators would have to fail to provide makeup cooling using other onsite sources 

(e.g., fire pumps) or offsite sources (e.g., use of a fire brigade). For these recovery actions, 

there is a lot of time available. In the case of 1-year-old fuel (i.e., fuel that was in the reactor 

when it was shutdown one year previously),approximately 130 hours is available. Indications of 

a loss of pool cooling that are available to operators include: control room alarms and 

indicators, local temperature measurements, and eventually increasing area temperature and 

humidity and low pool water level from boiloff.  

Based on the assumptions made, the frequency of core uncovery is to be very low. A careful 

and thorough adherence to DICs 2, 5, 8 and 10 is crucial to establishing the low frequency. In 

addition, however, the assumption that walkdowns are performed on a regular, (once per shift) 

basis is important to compensate for potential failures to the instrumentation monitoring the 

status of the pool. The analysis has also assumed that the procedures and/or training are 

explicit in giving guidance on the capability of the fuel pool makeup system, and when it 

becomes essential to supplement with alternate higher volume sources. The analysis also 

assumed that the procedures and training are sufficiently clear in giving guidance on early 

preparation for using the alternate makeup sources.  

The additional reqjjrý of walkdowns being performed avtlast once per shift.  

is identified by the staff as a decommissioning staff reltfller~ent (DSR #11). In addition, this 

DSR includes the requirement for explicit procedures and operator training which provide 

guidance on the capability and availability of inventory makeup sources and the time available 
to initiate these sources.  

3.3.2 Loss of Coolant Inventory 

This initiator includes loss of coolant inventory from events such as those resulting from 

configuration control errors, siphoning, piping failures, and gate and seal failures. Operational 

data provided in NUREG-1275, Volume 12 show that the frequency of loss of inventory events 

in which a level decrease of more than one foot occurred can be estimated to be (on the order 

of) less than one event per 100 reactor years. Most of these events are as a result of fuel 

handler error and are recoverable. NUREG-1 275 shows that, except for one event that lasted 

for 72 hours, there were no events that lasted more than 24 hours. Eight events resulted in a 

level decrease of between one and five feet, and another two events resulted in an inventory 

loss of between five and 10 feet.  

Using the information from NUREG-1275, it can be estimated that 6% of the loss of inventory 

events will be large enough and/or occur for a duration that is long enough so that isolation of 

the loss is required if the only system available for makeup is the spent fuel pool makeup 

system. For the other 94% of the cases, operation of the makeup pump is sufficient to prevent 
fuel uncovery.  

The calculated fuel uncovery frequency for loss of inventory events is 3.1xl0.9 per year. Fuel 

uncovery occurs if plant operators fail to initiate inventory makeup either by use of onsite
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sources such as the fire pumps or offsite sources such as the fire brigade. In the case of a 

large leak, insolation of the leak would also be necessary if the make-up pump are utilized. The 

time available for operator action is considerable, and even in the case of a large leak, it is 

estimated that 40 hours will be available. Operators will be alerted to a loss of inventory 

condition by control room alarms and indicators, visibly decreasing water level in the pool, 

accumulation of water in unexpected locations and local alarms (radiation alarms, building 

sump high level arms, ect.).  

As in the case for the loss of pool cooling, t requ cy of c re uncovery can be seen to be 

very low. Again a careful and thorough herence o DICs , 5, 8 and 10 is crucial to 

establishing the low frequency. In a ition, howeve , ssumption that walkdowns are 

performed on a regular, (once pe hift) basis is important to compensate for potential failures 

to the instrumentation monitori theý f the pool, the assumption that the procedures 

and/or training are explicit in ving u iance -n the capability of the fuel pool makeup system, 

and when it becomes esse uopleme with alternate higher volume sources, the 

assumption that the proc re a trainin re sufficiently clear in giving guidance on early 

preparation for using te te ake sources,are crucial to establishing the low 

frequency. In additi n, NEI c mitments 6, 7 and 9 have been credited with lowering the 

initiating event freq ncy.  

3.3.3 Loss of Offsite Power from Plant-Centered and Grid Related Events 611 

Frequency of Fuel Uncovery 

Scenario 

A loss of offsite power from plant-centered events typically involve hardware failures, design 

deficiencies, human errors (in maintenance and switching), localized weather-induced faults 

(e.g., lightning), or combinations of these. Grid-related events are those in which problems in 

the offsite power grid cause the loss of offsite power. With offsite power lost (and therefore 

onsite power is lost too, since we assume there is no diesel generator available to pick up the 

necessary electrical loads), there is no effective heat removal process for the spent fuel pool. If 

power were not restored quickly enough, the pool will heat up and boil off inventory until the fuel 

is uncovered. The diesel-driven fire pump would be available to provide inventory makeup. If 

the diesel-driven pump fails, and if off site power were not recovered in a timely manner, offsite 

recovery using fire engines is a possibility. With 1-year-old fuel (i.e., the youngest fuel in the 

fuel pool was shutdown in the reactor one year ago), 127 hours is available for this recovery 

action.  

Even given recovery of offsite power, the plant operators have to restart the fuel pool cooling 

pumps. Failure to do this or failure of the equipment to restart will necessitate other operator 

recovery actions. Again, considerable time is available.  

The calculated fuel uncovery frequency for this sequence of events is 3.0x10-8 per year. This 

frequency is very low, and similar to the cases for the loss of pool cooling and loss of inventory,
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is based on adherence to NEI comrnitments 2, 5, 8, and 10. In addition, the performance of 

regular plant walkdowns, and the ailability of clear and explicit procedures and operator 
training is assumed. -o 

r-ep 

3.3.4 Loss of Offsite Power from Severe Weather Events 

Frequency of Fuel Uncoverv 

This event represents the loss of SFP cooling resulting from a loss of offsite power from 

severe-weather-related events. Until offsite power is recovered, the electrical pumps would be 

unavailable and the diesel-driven fire pump would be available to only provide makeup. When 

compared to the loss of offsite power events from grid-related and plant-centered causes, 

recovery of offsite power in this case is assumed to be less probable. In addition, given the 

conditions, it would be more difficult for offsite help to assist the fuel handlers at the site than for 

an ordinary loss of offsite power event.  

The calculated fuel uncovery frequency for this event is 1.3x1 07 per year. As in the previous 

cases, this estimate was based on NEI commitments and on requirements in DSR #1..  

3.3.5 Internal Fire 

This event tree models the loss of SFP cooling caus inbe al fires. We assumed that 

there is no automatic fire suppression system for tl SFPC arqa. The fuel handler may initially 

attempt to manually suppress the fire given that h respondsto the control room or local area 

alarms. If the fuel handler fails to respond the alarn .otlnsuccessful in extinguishing the fire 

within the first 20 minutes, we assumed that SFPC system will be significantly damaged and 

cannot be repaired within a few days. Once the inventory level drops below the SFP cooling 

system suction level, the fuel handlers have about 85 hours to provide some sort of alternate 

makeup, either using the site firewater system or by calling upon offsite resources. It was 

assumed that fire damages the plant power supply system such that the power to the electrical 

firewater pump is lost and would not be avai!able.  

The calculated fuel uncovery frequency for this event is 4 x10 arA theprevious cases, 

this estimate was based on NEI commitments 2,5,8 and 1 uirements in DSR #1. In 
•addition, 

3.3.6 Heavy Load Drops 

N'f The staff investigated the frequency of dropping a heavy load in or near the spent fuel pool, and 

investigated potential damage to the pool from such a drop. The previous assessment done for 

resolution of Generic Issue 82 (in NUREG/CR-4982 (Ref 5)) only considered the possibility of 

heavy load drop failing the pool wall. The assessment conducted for this study identified other 

failure modes, such as the pool floor, as also being credible for some sites. Details of the
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heavy load evaluation can be found in Appendix 2. The analysis exclusively considered drops 

that were severe enough to catastrophically damage the spent fuel pool such that pool 

inventory would be lost rapidly and it would be impossible to refill the pool using onsite or offsite 

resources. In essence there is no possibility for mitigation in such circumstances, only 

prevention. A catastrophic heavy load drop(that caused a large leakage path in the pool) would 

lead directly to a zirconium fire approximately 10 to 12 hours after the drop, depending on fuel 

age, burn up, and configuration. The dose rates in the pool area prior to any zirconium fire 

would be on the order of tens of thousands of rem per hour, making any potential recovery 

actions such as temporary large inventory addition systems very difficult. The staff concluded 

that non-catastrophic damage to the pool or its support systems from a load drop is captured 

and bounded by other initiators. _, a .  

Based on discussions wj'th structural engineers, th staff assumed that only spent fuel shipping 

casks had sufficient weigt to catastrophically damage the pool if dropped. We assumed there 

is very low likelihood that otherh -bea-ds would be moved over the spent fuel pool, and in 

addition if there were a drop of one of these lighter loads over the spent fuel pool, there would 

be very low likelihood that it would cause catastrophic damage to the pool.  

For a non-single failure proof load handling system that does not follow NUREG-0612 [Ref.4] 

guidelines, the likelihood of a heavy load drop (i.e., the drop frequency) was estimated, based 

on NUREG-0612 information, to have a mean value of 3.4x104 per year. The number of heavy 

load lifts was based on the NEI estimate of 100 spent fuel shipping cask lifts per year, which 

probably is an overestimate. For a single failure proof load handling system or a plant 

conforming to the NUREG-0612 guidelines, is estimated to have a mean value of 9.6x10- per 

year, again for 100 heavy load lifts per year but using new data from U.S. Navy crane 

experience. Once the load is dropped, the next question is whether the drop did significant 
damage to the spent fuel pool.  

When estimating the failure frequency of the pool floor, the staff assumed that heavy loads 

physically travel near or over the pool approximately 13% of the total path lift length (the path lift 

length is the distance from the lift of the load to the placement of the load on the pool floor).  

The staff also assumed that the critical path length (the fraction of total path the load is lifted 

high enough above the pool that a drop could cause damage to the structure) is approximately 

16% of the time the load is near or over the pool. The staff estimated the catastrophic failure 

rate from heavy load drops to have a mean value of 2.1 xl 05 per year for a non-single failure 

proof system where reliance is placed on electrical interlocks, fuel handling system reliability, 

and safe load path procedures. The staff estimated the catastrophic failure rate from heavy 

load drops to have a mean value of 2.0x10"7 per year for a single failure proof system or a plant 

conforming to all NUREG-0612 guidelines.  

When estimating the failure frequency of the pool wall, the staff assumed one-in-ten heavy load 

drop events (0.1) will result in significant damage to the wall. For the non-single failure proof 

handling system, the mean value for the failure rate is 2.1x106 per year and for the single 

failure proof handling system the mean value for the failure rate is 2.0x10.8 per year. For 

comparison, the frequency given in NUREG/CR-4982 [Ref. 5] for wall failure was 3.7x10'8 per 

year, for 204 lifts per year. For 100 lifts, the NUREG/CR-4982 value would be 1.5x108 per 

year, very comparable to the estimate in this assessment.
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The combined (floor and wall) expected frequency for catastrophic failure of non-single failure 

proof systems is 2.3x10"6 per year, and for single failure proof systems or a plant conforming to 

the NUREG-0612 guidelines is 2.2x10-7 per year. NEI has made a commitment (DIC #1) for the 

nuclear industry that future decommissioning plants will comply with phases 1 and 2 to the 

NUREG-0612 guidelines, which would put future decommissioning plants in the latter category.  

3.4 Beyond Design Basis Spent Fuel Pool Accident Scenarios (External Events) 

The following is a description of how we modeled each of the external event initiators, a 

discussion of the frequency of fuel uncovery associated with the initiator, and a description of 

the most important insights regarding risk reduction strategies for each initiator: 

3.4.1 Seismic Events 

When beginning our evaluation of the effect of seismic events on spent fuel pools, it became 

apparent that we do not have detailed information of how all the spent fuel pools were designed 

and constructed. We originally performed a simplified seismic risk analysis in our June 1999 

draft risk assessment to help determine if there might be a seismic concern. The analysis 

indicated that seismic events could not be dismissed on the basis of a simplified approach.  

After further evaluation and discussions with stakeholders, we determined that it would not be 

cost effective to perform a plant-specific seismic evaluation for each spent fuel pool. Working 

with our stakeholders, we developed other tools that help assure the pools are sufficiently 
robust.  

We believe spent fuel pool structures at nuclear power plants are seismically robust. They are 

constructed with thick reinforced concrete walls and slabs lined with thin stainless steel liners 

1/8 to 1/4 inch thick.' Pool walls vary from 4.5 to 5 feet in thickness and the pool floor slabs are 

around 4 feet thick. The overall pool dimensions are typically about 50 feet long by 40 feet wide 

and 55 to 60 feet high. In boiling water reactor (BWR) plants, the pool structures are located in 

the reactor building at an elevation several stories above the ground. In pressurized water 

reactor (PWR) plants, the spent fuel pool structures are located outside the containment 
structure supported on the ground or partially embedded in the ground. The location and 

supporting arrangement of the pool structures determine their capacity to withstand loads 

beyond their design basis. The dimensions of the pool structure are generally derived from 

radiation shielding considerations rather than structural needs. Spent fuel structures at 

operating nuclear power plants are able to withstand loads substantially beyond those for which 

they were designed. Consequently, they have significant seismic capacity.  

Based on our work and that of an expert consultant (See Appendix 7 Kennedy report), we 

determined that seismic vulnerability of spent fuel pool structures is expected at levels of 

earthquake ground motion equal to 2.5 to 3.5 times a plant's safe shutdown earthquake (SSE).  

6 Except at Dresden Unit 1 and Indian Point Unit 1. These two plants do not have any 

liner plates. They were decommissioned more than 20 years ago and no safety significant 

degradation of the concrete pool structure has been reported.
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For sites east of the Rocky Mountains, ground motions three times the SSE are considered to 

be as high as physically possible for a site given the tectonics in the east. For the west coast 

sites, as the magnitude of the seismic event increases, the probability of its occurrence goes 

down rapidly. Thus a seismic event equal to 2.5 to 3.5 SSE at a west coast site may be 

considered incredible for the site. Therefore, for west coast sites a seismic event greater than 

two times the SSE could be considered too large to be credible.  

Therefore, we assumed that seismic events greater than three times the SSE at a lower 

seismicity location (eastern US site) and two times the SSE at a higher seismicity location (west 

coast site) are nearly physically impossible. The seismic hazard component of the risk 

statement thus can be set aside if it can be demonstrated that structural capacity (i.e., the 

HCLPF value) is greater than or equal to 2 times the SSE at higher seismicity sites and at 

3 times the SSE at lower seismicity sites. Implicit in this is the assumption that pool structures 

are free from pre-existing degradation or other seismic vulnerabilities. To assure there are no 

vulnerabilities, NEI developed a seismic checklist, which we enhanced. The enhanced checklist 

seeks to assure there are no weaknesses in the design or construction of the pools that might 

make them vulnerable to earthquake ground motions several times higher than those in the 

site's safe shutdown earthquake (SSE). We note that spent fuel pool configuration, layout, and 

structural details vary considerably from one plant to another. For sites that fail the seismic 

check list or have a HCLPF value lower than the ground motion goal appropriate for the area of 

the US the pool is situated in, the utility would need to conduct a detailed assessment of the 

seismically induced probability of failure of its spent fuel pool structures and components.  

Our consultant's report (see Appendix 7) identifies 8 sites by site number for which seismically 

induced probability of failure (POF) is greater than 3X1 06 using the Lawrence Livermore 

National Laboratory 1993 hazard curves. For these sites it will be necessary to perform an 

evaluation of the POF using plant specific fragility information. For all other sites east of the 

Rocky Mountains, the use of the seismic check list should be adequate. The seismic checklist 

which the staff has developed to meet this goal is given in Appendix 5.  

3.4.2 Aircraft 

We evaluated the likelihood of an aircraft crashing into a nuclear power plant site and seriously 

damaging the spent fuel pool or its support systems (details are in Appendix 2D). The generic 

data provided in DOE-STD-3014-96 [Ref. 6], were used to assess the likelihood of an aircraft 

crash into or near a decommissioning spent fuel pool. Aircraft damage can affect the structural 

integrity of the spent fuel pool or affect the availability of nearby support systems, such as 

power supplies, heat exchangers, or water makeup sources, and may also affect recovery 

actions. There are two approaches that can be taken to evaluate the likelihood of an aircraft 

crash into a structure. The first is called the point target model which uses the area (length 

times width) of the target to determine the likelihood that an aircraft will strike the target. The 

aircraft itself does not have real dimensions when using this model. In the second approach, 

the DOE model modifies the point target approach to account for the wing span and the 

skidding of the aircraft after it hits the ground by including the additional area the aircraft could 

cover. Further, that model takes into account the plane's glide path by introducing the height of 

the structure into the equation, which effectively increase the area of the target 
(see Appendix 2D).
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Our estimate of the frequency of catastrophic PWR spent fuel pool damage (i.e., the pool is so 

damaged that it rapidly drains and cannot be refilled from either onsite or offsite resources) 

resulting from a direct hit is based on one estimate using the point target area model for a 

100 x 50 foot pool, with a conditional probability of 0.3 (large aircraft penetrating 6-ft of 

reinforced concrete) that the crash results in catastrophic damage. The point target model was 

chosen to model a direct hit on the pool. If 1-of-2 aircraft are large and 1-of-2 crashes result in 

significant damage, then the estimated range of catastrophic damage to the spent fuel pool is 

9.6x10"12 to 4.3x10 8 per year. The mean value is estimated to be 2.9x10 9 per year. The 

frequency of catastrophic BWR spent fuel pool damage resulting from a direct hit by a large 

aircraft is the same as that for the PWR. Mark-I and Mark-Il secondary containments generally 

do not appear to have any significant structures that might reduce the likelihood. of aircraft 

penetration, although a crash into one of four sides of a BWR secondary containment may have 

a reduced likelihood of penetration due to other structures being in the way of the aircraft.  

Mark-Ill secondary containments may reduce the likelihood of penetration somewhat, as the 

spent fuel pool may be considered to be protected on one side by additional structures. If 

instead of a direct hit, the aircraft skidded into the pool or a wing clipped the pool, catastrophic 

damage may not occur. We project that skidding aircraft will be negligible contributors to the 

frequency of fuel uncovery resulting from catastrophic failure of the pool. The estimated 

frequencies of air craft induced catastrophic spent fuel pool failure are bounded by other 

initiators.  

Our estimate of the frequency of significant damage to spent fuel pool support systems (e.g., 

power supply, heat exchanger, or makeup water supply) is developed for three different 

situations. The first case is based on the DOE model including the glide path and the wing and 

skid area for a 400 x 200 x 30 foot structure (i.e., the support systems are located inside a large 

building) with a conditional probability of 0.01 that one of these systems is hit. This model 

accounts for damage from the aircraft including, for example, being clipped by a wing. We 

assumed that critical systems occupy only 1% of the total structure. area. The estimated 

frequency range for significant damage to the support systems is 1.0x10.10 to 

1.0xl0i per year. The mean value is estimated to be 7.0x1 0.8 per year. The second case 

estimates the value for the loss of a support system (power supply, heat exchanger or makeup 

water supply) based on the DOE model including the glide path and the wing and skid area for 

a 10 x 10 x 10 foot structure (i.e., the support systems are housed in a small building). The 

estimated frequency of support system damage ranges from 1.1x10.9 to 1 .1x10 5 per year, with 

the mean estimated to be 7.3x1 0- per year. The third case uses the point model for this 1 OxI 0 

structure, and the estimated value range is 2.4x1 0.12 to 1.1 x1 0.8 per year, with the mean 

estimated to be 7.4x10"10 per year. Depending on the model approach (selection of the target 

structure size; use of the point target model or the DOE model), the mean value for an aircraft 

damaging a support system is in the 7x1 07 per year, or less, range. This is not the estimated 

frequency of fuel uncovery or a zirconium fire caused by damage to the support systems, since 

the frequency estimate does not include recovery, either onsite or offsite. As an initiator to 

failure of a support system leading to fuel uncovery and a zirconium fire, an aircraft crash is 

bounded by other more probable events. Recovery of the support system will reduce the 

likelihood of spent fuel uncovery.
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Overall, the likelihood of significant spent fuel pool damage from aircraft crashes is bounded by 

other more likely catastrophic spent fuel pool failure and loss of cooling modes.  

3.4.3 Tornadoes 

We performed a risk evaluation of tornado threats to spent fuel pools (details are in 

Appendix 2E). We assumed that very severe tornadoes (F4 to F5 tornadoes on the Fujita 

scale) would be required to cause catastrophic damage to a PWR or BWR spent fuel pool. We 

then looked at the frequency of such tornadoes occurring and the conditional probability that if 

such a tornado hit the site, it would seriously damage the spent fuel pool or its support systems.  

To do this we examined the frequency and intensity of tornadoes in each of the continental 

United States using the methods described in NUREG/CR-2944 [Ref. 7]. The frequency of 

having an F4 to F5 tornado is estimated to be 5.6x10-7 per year for the central U.S., with a U.S.  

average value of 2.2x10 7 per year.  

We then considered what level of damage an F4 or F5 tornado could do to a spent fuel pool or 

its support systems. Based on the buildings housing the spent fuel pools and the thickness of 

the spent fuel pools themselves, the conditional probability of catastrophic failure given a 

tornado missile is very low. Hence, the overall frequency of catastrophic pool failure caused by 

a tornado is extremely low (i.e., the calculated frequency of such an event is less than 1x10 9 

per year) 

We assumed that an F2 to F5 tornado would be required if significant damage were to occur to 

spent fuel pool support systems (e.g., power supply, cooling pumps, heat exchanger, or 

makeup water supply). The frequency of having an F2 to F5 tornado is estimated to be 1.5x10s 

per year for the central U.S., with a U.S. average value of 6.1x10-6 per year. As an initiator to 

failure of a support system, the tornado is bounded by other more probable events.  

3.4.4 Criticality in Spent Fuel Pool 

Due to the processes involved and lack of data, it was not possible to perform a quantitative 

risk assessment for criticality in the spent fuel pool. In Appendix 3 the staff performed an 

evaluation of the potential scenarios that could lead to criticality and identified those that are 
credible.  

In this section the staff provides its qualita risk due to criticality in the SFP, 

and its conclusions that with the additi al requirements ide ified, the potential risk from SFP 

criticality is sufficiently small.-. 0 I-o m- P -•-" 

The assessment referenced in Appendix 3 identified two scenarios as creditable, which are 

listed below. "4 

(1) A compression or buckling of the stored assemblies could result in a more optimum /1 

geometry (closer spacing) and thus create the potential for criticality (see the NRC staff 

report "Assessment of the Potential for Criticality in Decommissioned Spent Fuel Pools," 

in Appendix 3). Compression is not a problem for high-density PWR or BWR racks 

because they have sufficient fixed neutron absorber plates to mitigate any reactivity
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increase, nor is it a problem for low-density PWR racks if soluble boron is credited. But 

compression of a low-density BWR rack could lead to criticality since BWR racks 

contain no soluble or solid neutron absorbing material. High-density racks are those 

that rely on both fixed neutron absorbers and geometry to control reactivity. Low-density 

racks rely solely upon geometry for reactivity control. In addition, all PWR pools are 

borated, whereas BWR pools contain no soluble absorbing material. If both PWR and 

BWR pools were borated, criticality would not be achievable for a compression event.  

(2) If the stored assemblies are separated by neutron absorber plates (e.g., Boral or 

Boraflex), loss of these plates could result in a potential for criticality for BWR pools.  

For PWR pools, the soluble boron would be sufficient to maintain sub-criticality. The 

absorber plates are generally enclosed by cover plates (stainless steel or aluminum 

alloy). The tolerances within a cover plate tend to prevent any appreciable 

fragmentation and movement of the enclosed absorber material. The total loss of the 

welded cover plate is not considered feasible.  

Boraflex has been found to degrade in spent fuel pools due to gamma radiation and 

exposure to the wet pool environment. For this reason, the NRC issued Generic 

Letter 96-04 to all holders of operating licenses, on Boraflex degradation in spent fuel 

storage racks. Each addressee that uses Boraflex was requested to assess the 

capability of the Boraflex to maintain a 5% sub-criticality margin and to submit to the 

NRC proposed actions to monitor the margin or confirm that this 5% margin can be 

maintained for the lifetime of the storage racks. Many licensees subsequently replaced 

the Boraflex racks in their pools or reanalyzed the criticality aspects of their pools, 

assuming no reactivity credit for Boraflex.  

Other potential criticality events, such as loose debris of pellets or the impact of water or 

firefighting foam (adding neutron moderation) during personnel actions in response to accidents 

were discounted due to the basic physics and neutronic properties of the racks and fuel, which 

would preclude criticality conditions being reached with any creditable likelihood. For example, 

without moderation, fuel at current enrichment limits (no greater than 5 wt% U-235) cannot 

achieve criticality, no matter what the configuration. If it is assumed that the pool water is lost, 

a re-flooding of the storage racks with unborated water or fire-fighting foam may occur due to 

personnel actions. However, both PWR and BWR storage racks are designed to remain 

subcritical if moderated by unborated water in the normal configuration. The phenomenon of a 

peak in reactivity due to low-density (optimum) moderation (fire-fighting foam) is not of concern 

in spent fuel pools since the presence of relatively weak absorber materials such as stainless 

steel plates or angle brackets is sufficient to preclude neutronic coupling between assemblies.  

Therefore, personnel actions to refill a drained spent fuel pool containing undeformed fuel 

assemblies would not create the potential for a criticality. Thus, the only potential scenarios 

described above in 1 and 2 involve crushing of fuel assemblies in low density racks or 

degradation of Boraflex over long periods in time.  

To gain qualitative insights on the recriticality events that are credible, the staff considered the 

sequences of events that must occur. For scenario 1 above this would be require a heavy load 

drop into the a low density racked BWR pool compressing assemblies. From the work done on 

heavy load drop, the likelihood of a heavy load drop from a single failure proof crane has been
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determined to have a mean frequency of approximately 9.6E-6 per year, assuming 100 cask 

movements per year at the decommissioning facility. From the load path analysis done for that 

appendix it was estimated that the load could be over or near the pool approximately 13% of 

the movement path length, dependant on plant specific layout specifics. The additional 

frequency reduction in the appendix to account for the fraction of time that the heavy load is 

lifted high enough to damage the pool liner is not applicable here because the fuel assemblies 

could be crushed without the same impact velocity being required as for the pool liner.  

Therefore, we observe a potential initiating frequency for crushing of approximately 1.2E-6 per 

year (based upon 100 lifts per year). Criticality calculations conducted for Appendix 3 show that 

even if the low density BWR assemblies were crushed by a transfer cask, it is "highly unlikely" 

that a configuration would be reached that would result in a severe reactivity event, such as a 

steam explosion which could damage and drain the spent fuel pool. The staff judges the 

chances of such a criticality event to be well below 1 chance in 100 even given that the transfer 

cask drops directly onto the assemblies. This would put the significant criticality likelihood well 

below 1E-8 per year, which justifies its exclusion from further consideration.  

Deformation of the low density BWR racks by the dropped transfer cask was shown to most 

likely not result in any criticality events. However, if some mode of criticality was to be induced 

by the dropped transfer cask it would more likely be a small return to power for a very localized 

region, rather than the severe response discussed the above paragraph. This minor type of 

event would have essentially no off site (or onsite) consequences since the reactions heat would 

be removed by localized boiling in the pool and water would provide shielding to the site 

operating staff. The reaction could be terminated with relative ease by the addition of boron to 

the pool. Therefore, the staff believes that qualitative (as well as some quantitative) 

assessment of scenario 1 demonstrates that it poses no significant risk to the public from SFP 

operation during the period that the fuel remains stored in the pool.  

With respect to scenario #2 from above, (the gradual degradation of the Boraflex absorber 

material in high density storage racks), there is currently not sufficient data to quantify the 

likelihood of criticality occurring due to its loss. However, the current programs in place at 

operating plants to assess the condition of the Boraflex, and take remedial action if necessary 

provide sufficient confidence that pool reactivity requirements will be satisfied . In order to meet 

the RG 1.174 safety principle of maintaining sufficient safety margins, the staff judges that 

continuation of such programs into the decommissioning phase would be required at all plants r 
until all high density racks are removed from the SFP.  

Additionally, to provide an element of defense in depth, the staff believes that inventories of 

boric acid be maintained on site, to respond to scenarios where loss of pool inven to 

be responded to by makeup of unborated water at PWR sites. The staff will so equire that r'-" 

procedures be available to provide guidance to the operating staff as to when ch boron 

addition may be beneficial.  

Based upon the above conclusions and staff requireme wbieve that qualitative risk 7 
insights demonstrate conclusively that SFP criticality p ses som ningful risk to the public.  

4.0 Implications of Spent Fuel Pool Risk For Regulato equirements K 
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An important motivation for performing the risk analysis contained in this report is to provide 

insight into the regulatory requirements that would be needed to control the risk at 

decommissioning plants. In order to do that, Chapter 4.1 presents a brief summary of the risk 

results that are most pertinent to that end.  

The analysis in Chapter 3 explicitly examines the risk impact of specific design and operational 

characteristics. Some of these have been proposed by the Nuclear Energy Institute in a letter 

to the NRC dated November 12, 1999 [See Ref. 1 or Appendix 6]. Others came to light as a 

result of the analysis itself. These characteristics are summarized in Chapter 4.1. The NRC

inMRR e these the principle aspects of the risk-informed approach to oversight of , , '/

decommissioning plants.  

Chapter 4.2 examines the design and operational elements that are important in ensuring that 

the risk from a SFP is sufficiently low and how these elements support the safety principles of 

RG 1.174 as they apply to a SFP. )• ." "" } 

In addition, the industry and other stake olders have proposed the use of risk-i rmed 

decision-making to assess regulatory quirements in three specific areas; na ely, emergency 

preparedness, security and insurance. The technical results of this report be used either 

to justify plant-specific exemptions from these requirements, or to determine how these areas 

will be treated in a risk-informed oversight process. Chapter 4.3 examines the implications of 

this technical results for those specific regulatory decisions.  

4.1. Summary of the Technical Results 

The thermal-hydraulic analysis presented in Appendix 1 demonstrates that the conditions 

necessary for a zirconium fire exist in spent fuel pools of decommissioning plants for a period of 

several years following shutdown. The analysis shows that the length of time over which the 

fuel is vulnerable depends on several factors, including fuel bum up and pool configuration. In 

some cases analyzed in Appendix 1 the required decay time is 5 years. However, the time 

period for any specific plant will vary. Plant-specific analysis is needed to justify the use of 

shorter decay periods.  

The consequence analysis presented in Appendix 4 demonstrates that the consequences of a 

Zirconium fire in a decommissioning plant are very large. The integrated dose to the public is 

generally comparable to a large early release. Early fatalities, however, are low compared to 

those from a large early release from an operating reactor accident, and are very sensitive to 

the effectiveness of evacuation.  

For a decommissioning plant with about one year of decay time, the timing of radiological 

releases from zirconium fires is significantly slower than those from the most limiting reactor 

accident scenarios. This is due to the slow heat up time of the fuel. In addition, for many of the 

sequences leading to zirconium fires, there are very large delay times due to the long time 

required to boil off the spent fuel pool water inventory. Thus, while the consequences of 

zirconium fires are in some ways comparable to large early releases from reactor accidents, the 

timing is much slower.
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The annual frequency of events leading to zirconium fires at decommissioning plants is 
estimated to be less than 3x10"6 per year for a plant that implements the design and operational 
characteristics discussed below. This estimate can be much higher for a plant that does not 
embody these characteristics. The most significant contributor to this risk is a seismic event 
which exceeds the design basis earthquake. . This overall frequency is within the 
recommended pool performance guideline (PPG) for large radionuclide releases due to 
zirconium fire of 1x10 5 per year. As noted above, zirconium fires are estimated to be similar to 
large early releases (LERF)n in some ways, but less severe in others.  

4.2 Risk Impact of Specific Design and Operational Characteristics 

This section will discuss the design and operational elements that are important in ensuring that 
the risk from a SFP is sufficiently low. Relationship of the elements to the quantitative risk 
findings will be discussed as well as how the elements support additional safety principles of 
RG 1.174 as they apply to a SFP.  

4.2.1. When proposed changes result in an increase in core damage frequency and/or risk, 
the increases should be small and consistent with the intent of the Commission's Safety 
Goal Policy Statement.  

The staff's risk assessment as discussed in Chapter 3 shows that the baseline risk from a 
decommissioning spent fuel pool is a frequency for a zirconium fire of less than 3x10-6 per year.  
As was discussed in Chapter 2, the staff has determined that such a fire results in a large 
radionuclide release and poses a highly undesirable end state for a spent fuel pool accident.  
Therefore the staff has judged that a pool performance guideline (PPG) of lx1 05 per year 
derived from the RG 1.174 application of LERF, should be applied. The risk assessment shows 

that the SFP baseline risk is well under the recommended PPG.. In assessing secondary 
guideline (the changes in risk from changes in regulatory requirements), the staff considered a 
potential relief from EP requirements as the modification.  

Staff consequence analysis in Appendix 4 shows that the early health impa s zromirconium 
fire scenarios are significantly impacted by evacuation. This evacuation I;7 greatly reduce the 
early fatalities near the plant site. However, this analysis also showed that for the slowly 

evolving SFP accident sequences, the initiation of effective evacuation can be much delayed in 

comparison to an operating reactor, where the accident results in high offsite does much more 

rapidly. Based upon this insight, the staff decommissioning staff requirement (DSR) 

#2, that a basic evacuation scheme be ma, ained at the plant This scheme ikVinclude 
guidance on when offsite evacuation Isuld be initiated, and sure that current •.  
offsite emergency organizatio maintained so that an ad oc evacuation (as is done for 

transportation-eme ies) can be put into place when need d. Since the slower evacuation 

expecte-dfrom such an ad hoc effort was still shown to be eff ctive for the SFP fire scenarios, (• t e 
/tis change from a formal offsite EP program is not expected o have any meaningful risk 

impact.  

In addition to DSR #2, the low numerical risk results shown in hapter 3 and Appendix 2 are 

derived from a number of design and operational elements of t{e S•P. As shown in those 

sections, the dominant risk contribution is from seismic events •!,wbeyond the plants original .  
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design basi . The baseline seismically initiated zirconium fire frequency from our risk 
assessmenl is predicated upon implementation of the seismic checklist shown in Appendix 5.  
The staff what such a checklist (DSR #3) be successfully implemented at all 
decommissioning facilities prior to relief from any regulatory requirements.  

The accident sequences in Chapter 3 associated with loss of cooling or loss of inventory are 

quantified to result in low risk due to a number of elements that enhance the ability of the 

operators to respond successfully to the events with onsite and offsite resources. Without 

these elements, the probability of the operators detecting and responding to the loss of cooling 

or inventory would be higher and public risk from these categories of SFP accidents could 

significantly increased. Some elements were also identified that reduce the likelihood of the 

loss of cooling or loss of inventory initiators, including both design as well as operational issues.  

The elements proposed by industry (Decommissioning Industry Commitments (DICs)) are 
identified below.  

To reduce the likelihood of loss of inventory the following was committed to by industry: 

DIC #6 Spent fuel pool seals that could cause leakage leading to fuel uncovery in the event of 

seal failure shall be self limiting to leakage or otherwise engineered so that drainage 
cannot occur.  

DIC #7 Procedures or administrative control to reduce the likelihood of rapid drain down events 

will include (1) prohibitions on the use of pumps that lack adequate siphon protection or 

(2) control for pump; suction and discharge points. The functionality of anti-siphon 
devices will be periodically verified.  

DIC #9 Procedures will be in place to control spent fuel pool operations that have the potential 

to rapidly decrease spent fuel pool inventory. These administrative controls may require 

additional operations or management review, management physical presence for 
designated operations or administrative limitations such as restrictions on heavy load 
movements.  

The high probability of the operators identifying and diagnosing a loss of cooling or inventory is 

dependent upon;

DIC #2 Procedures and training of personnel will be in place to ensure that on site and off site 
resources can be brought to bear during an event.  

DIC #3 Procedures will be in place to establish communication between on site and off site 

organizations during severe weather and seismic events.  

DIC #4 An off site resource plan will be developed which will include access to portable pumps 

and emergency power to supplement on site resources. The plan would principally 

identify organizations or suppliers where off site resources could be obtained in a timely 
manner.
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DIC #5 Spent fuel pool instrumentation will include readouts and alarms in the control room (or 
where personnel are stationed) for spent fuel pool temperature, water level, and area 
radiation levels.  

DIC #8An on site restoration plan will be in place to provide repair of the spent fuel pool cooling 

systems or to provide access for makeup water to the spent fuel pool. The plan will 

provide for remote alignment of the makeup source to the spent fuel pool without 
requiring entry to the refuel floor.  

The staff's risk evaluation also shows that the potential for pool failure due to heavy load drop 
Ob to be significant if appropriate design and procedural control are not in place. The staff judges 

that such controls are provided by the decommissioning industry commitments (DICs).

DIC #1 Cask drop analyses will be performed or single failure proof cranes will be in use for 

handling of heavy loads (i.e. phase II of NUREG-0612) will be implemented).  

4.2.2. The Proposed Change Is Consistent with the Defense-in-depth Philosophy.

The staff's risk assessment demonstrates that the risk from a decommissioning plant SFP 
accident is very small, if industry commitments are implemented as assumed in the risk study.  

Due to the very different nature of a SFP accident versus the threat from an operating reactor, wl respect to system design capability needs and event timing, the defense in depth function 

of re ctor containment is not appropriate. However the staff has identified that the defense in 

depth of some form of emergency planning can be useful as a means of achieving 
consequence mitigation. The degree to which it may be required as an additional barrier is a 

function of the uncertainty associated with the prediction of the frequency of the more 

catastrophic events, such as beyond design basis earthquakes. There can be a trade off 

between the formality with which the elements of emergency planning (procedures, training, 

performance of exercises) are treated and the increasing safety margin as the fuel ages and 

the time for response gets longer. Therefore the staff has identified the following 

decommissioning requirement above, which is stated:

DSR #4 Each decommissioning plant will develop and maintain a site emergency plan, 
that contains guidance on when a site emergency should be declared with 
respect to the possibility of a SFP fire. The plan will also identify off site liaisons 
with public emergency organizations to put in place ad hoc evacuation so as to 
have an effective evacuation prior to the postulated zirconium fire. The elements 
of this plan will be submitted to the staff for approval prior to any relief for full EP 
being considered.

4.2.3 The Proposed Change Maintains Sufficient Safety Margins 

As discussed in Chapter 2 the safety margins associated with fuel in the spent fuel pool are 

much greater than those associated with an operating reactor due to the low heat removal 

requirements and long time frames available for recovery from off normal events. Due to these 

larger margins the staff judges that the skid mounted and other dedicated SFP cooling and 

inventory systems in place do provide adequate margins. However, the staff assessment did
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identify one area where additional margins are of benefit in moderating the risk from potential 
pelre-criticality. Due to the potential for loss of inventory events that can be recovered by use 

f alternate water sources, the potential exists for loss of shutdown margins with the addition of 

un-aced-wat r to pools that originally are borated. Additionally for pools that utilize Boraflex 

absorbers in/iigh density racks, having boron on site for addition to the pool, would allow for 

quick rest oation of shutdown margin if the rack surveillance and monitoring program did 

ielentify any significant degradation of the Boraflex. This leads to the following 
decommissioning staff requirement:

DSR #5 All decommissioning plants will retain on site quantities of soluble boron 
sufficient for maintaining pool shutdown margins in a borated pool which is 
assumed to have 50% of its water mass replace with unbraced water.  
Additionally all decommissioning plants that utilize Boraflex absorbers will 
maintain sufficient soluble boron on site to make up shutdown reactivity margin 
lost due to degradation of 20% of Boraflex in the high density racks. Procedures 
will also be developed on the use of this boron for either scenario.

4.2.4. The Impact of the Proposed Change Should Be Monitored Using Performance 
Measurement Strategies.  

RG 1.174 states that an implementation and monitoring plan should be developed to ensure 
that the engineering evaluation conducted to examine the impact of the proposed changes 
continues to reflect the actual reliability and availability of SSCs that have been evaluated. This 

will ensure that the conclusions that have been drawn will remain valid. For the SFP risk 

evaluation this identifies three primary areas for performance monitoring: 1) The performance 

and reliability of SFP cooling and associated power and inventory makeup systems, 2) 

Monitoring of the Boraflex condition for high density fuel racks, and 3) Monitoring crane 
operation and load path control for cask movements.  

Monitoring o performance and reliability of the su . et 

and invent should be carried out under the provisions o he maintenance rule 50.65.-, 
Decommissi icnsees will retain the commitment o maitain a list of equipmen 
within the scope of the mainena-nc-e-ru-Te-A-•-We-lr-app-l-a-p-p]Eble performance criteria they re•-
assessed against. Since the staff will not entertain requests for exemptions from this Rule for 

decommissioning plants, no additional DSR is required in this area.  

With respect to monitoring of the Boraflex absorber material, the current monitoring programs 

required by Generic Letter 96-04 [Ref. 3] will be maintained by decommissioning plants until all 

fuel is removed from the SFP. This generates a decommissioning staff requirement (DSR).

DSR #6 Licensees will maintain a program to provide surveillance and monitoring of 
Boraflex in high density spent fuel racks until such a time as do high density 
racks are retained in the pool. The SFP licensees will also have procedures in 
place to assess degradation impact on reactivity shutdown margin and provide 
additional pool boration as necessary to maintain the needed margins.
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With respect to monitoring and control of heavy load activities and load path control, licensee 

guidance in this area will be provided by DIC # 1.  

4.3. Implications for Regulatory Requirements Related to Emergency Preparedness, 
Security and Insurance 

The industry and other stakeholders have expressed interest in knowing the relevance of the 

results of this study to decisions regarding specific regulatory requirements. These decisions 

could be made in response to plant-specific exemption requests, or as part of the integrated 

rulemaking for decommissioning plants. Such decisions can be facilitated by a risk-informed 

examination of the both the deterministic and probabilistic aspects of decommissioning. Three 

examples of such regulatory decisions are presented in this section.  

4.3.1 Emergency Preparedness 

The requirements for emergency preparedness for are contained in 10CFR 50.47 [Ref. 4] and 

Appendix E [Ref. 5]. Further guidance on the basis for EP requirements is contained in 

NUREG-0396 [Ref. 6]. The general goal of EP requirements is to prevent early fatalities and to 

reduce offsite dose from accidents.  

In the past, the NRC staff has granted exemptions from emergency planning requirements for 

decommissioning plants that could demonstrate that they were beyond the period in which a 

zirconium fire could occur. The rationale for those decisions was that, in the absence of a 

zirconium fire, a decommissioning plant had no appreciable scenarios for which the 

consequences justify the imposition of an EP requirement. The results of this technical study 

confirm that position for both the scenarios resulting in a potential zirconium fire as well as 

creditable pool criticality events.  

In some cases, emergency preparedness exemptions have also been granted to plants which 

were still in the window of vulnerability for zirconium fire. In these cases, the justification was 

that enough time had elapsed since shutdown that the evolution of a zirconium fire accident 

would be slow enough to allow effective offsite protective actions on an ad hoc basis, without 

the need for emergency planning. The staff believes that the technical analysis discussed in 

Chapter 3 and the decision criteria laid out in Chapter 2 have direct bearing on how such 

exemption requests should be viewed in the future. In addition, this information has bearing on 

the need for, and the extent of, emergency preparedness requirements in the integrated 
rulemaking.  

The consequence analysis presented in Appendix 4 demonstrates that the offsite 

consequences of a zirconium fire are comparable to those from operating reactor severe 

accidents. Further, the analysis demonstrates that timely evacuation can significantly reduce 

the number of early fatalities due to a zirconium fire. The thermal-hydraulic analysis presented 

in appendix 1 confirms our earlier conclusion that zirconium fire events evolve slowly, even for 

initiating events that result in a catastrophic loss of fuel pool coolant. The results in Chapter 3 

also show that the frequency of zirconium fires is low when compared with the risk guidelines 

from RG 1.174. Thus the risk associated with early fatalities from these scenarios is low.  

Based on this combination of low risk and slow evolution, the Commission might decide to
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reduce IEP requirements for decommissioning plants. With respect to the potential i 

for pool criticTif, the staff's assessment discussed in Chapter 3 and Appendix 3 demonstrates 
that creditable scenarios for criticality are precluded by monitoring programs or are highly 
unlikely; and even if they do occur would not be expected to have offsite consequences.  

-Therefore the conclusions regarding possible reductions in EP program requirements are not 

One important safety princi le of RG 1.174 is consistency with the defense in depth philosophy.  
•l• •fense in depth is included in a plant design to account for 

uncertaaities in the analysis or operational data. The spent fuel pools at operating reactors and 
decommissioning facilities do not exhibit the defense in depth accorded to the reactor. As 
discussed in Chapter 1, this difference is justified in light of the considerably greater margin of 
safety of the SFP compared with reactors. For SFP at operating reactors, defense in de th 
consists mainly of the m- ergency reparedne he Commissionn mighhtt 

ýcon`e rting a baseline level of EP requirements for decommissioning plants as )nae rtii defense 

( in depth measure. This might be justified in view of the uncertainties associated with the risk 
analysis presented herein. The staff has not attempted to assess what level of emergency 
"preparedness might be needed to provide this defense in depth. However, given the slow 

"-,.nature of these accidents, we believe it would be substantially lower than what is currently 
reoired r operating reactors.  

The risk assessments contained in this report indicate that it would be acceptable to reduce the 
level of emergency preparedness to a minimum baseline level at a decommissioning reactor 
after a period of 1 year has elapsed. For purposes of this study, a 1 year period was 
considered the minimum decay time necessary to reduce the pool heat load to a level that 
would provide sufficient human response time for anticipated transients, and minimize any 
potential gap release. Any licensee wishing to gain relief from the EP requirements prior to the 
one year post-shutdown period given credit for in this report, would need to demonstrate a more 
robust reaction time than that credited in the human reliability analysis employed in this study.  
The staff would be receptive to an industry initiative or plant specific application that would 
attempt to advance the state of the art in this area.  

4.3.2 Security 

Currently licensees that have permanently shutdown reactor operations and have off loaded the 

spent fuel into the SFP are still required to meet all the security requirements for operating 

reactors in 10 CFR 73.55 [Ref 7]. This level of security would require a site with a permanently 
shutdown reactor to provide security protection at the same level as that for an operating 

reactor site. The industry has asked the NRC to consider whether the likelihood of radiological 
release from decommissioning plants due to sabotage is low enough to justify modification of 

safeguards requirements for SFPs at decommissioning plants.  

In the past, decommissioning licensees have requested exemptions from specific regulations in 

10 CFR 73.55, justifying their requests on the basis of a reduction in the number of target sets 

susceptible to sabotage attacks, and'the consequent reduced hazard to public health and 

safety. Limited exemptions based on these assertions have been granted. The risk analysis in 

this report does not take exception to the reduced target set argument; however, the analysis
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does not support the assertion of a lesser hazard to public health and safety, given the 

consequences that can occur from a sabotage induced uncovery of fuel in the SFP when a 

zirconium fire potential exists. Further, it cannot evaluate the potential consequences of a 

sabotage event that could directly cause off site fission product dispersion, say from a vehicle 

bomb that was driven into the SFP even if a zirconium fire was no longer possible. However, 

this report would support a regulatory framework that relieves licensees from selected 

requirements in 10 CFR 73.55 on the basis of target set reduction when all fuel has been 

placed in the SFP.  

The risk estimates contained in this report are based on accidents initiated by random 

equipment failures, human errors or external events. PRA practitioners havegeveloped and 

used dependable methods for estimating the frequency of such random events. By contrast, 

this analysis, and PRA analyses in general, do not include events due to sabotage. No 

established method exists for estimating the likelihood of a sabotage event. Nor is there a 

method for analyzing the effect of security provisions on that likelihood. Security regulations 

are based on a zero tolerance for sabotage, involving special nuclear material - which includes 

spent fuel; the regulations are designed and structured to remove sabotage from design basis 

threats at a commercial nuclear power plant, regardless of the probability or consequences.  

The technical information contained in this report shows that the consequences of a zirconium 

fire would be high enough to justify provisions to prevent sabotage. Moreover, the risk analysis 

could be used effectively to assist in determining priorities for, and details of, the security 

capability at a plant. However, there is no information in the analysis that bears on the level of 

security necessary to limit the risk from sabotage events. Those decisions will continue to be 

made based on a deterministic assessment of the level of threat and the difficulty of protecting 
the facility.  

In an associated regulatory arena, 10 CFR 73.51, "Physical Protection for Spent Nuclear Fuel 

and High-Level Radioactive Waste," allows facilities not associated with an operating power 

4 , reactor to store spent fuel at an independent spent fuel storage Installation (ISFSI). This rule 

provides performance-based regulations specifically designed for these es of storage 

installations, i.e., fuel in d cask containers or other o e fo

q
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consolidate current regulations at a level commensurate with the reduced potential of sabotage 

at permanently shutdown sites. To develop this rulemaking, we will review existing regulations 

in 10 CFR 73.55 and determine what requirements are necessary for a permanently shutdown 

power reactor. After analyzing the security areas that need to be protected, we will eliminate 

requirements that are beyond the protection strategy needed for a permanently shutdown 

(power reactor site and its capability to preclude a radiological release that could impact public 
S'health and safety.  

The staff also noted that the applicability of 10 CFR 26 [Ref 10] has not been established for 
decommissioning reactors once the fuel has been removed from the reactor vessel and placed 

in the SFP, and specifically does not apply to ISFSIs licensed under 10 CFR 72. Given the 

importance of a vehicle bomb threat to the integrity of SFP, and the significance of HRA to the 
conclusions reached in the SFP risk analysis, the staff recommends that for coherency in the 

regulations, both of these subjects be revisited during the overall integration of rules for 
decommissioning reactors.  

4.3.3 Insurance 

In accordance with 10 CFR 140 [Ref. 11], each 10 CFR 50 licensee is required to maintain 

public liability coverage in the form of primary and secondary financial protection. This 

coverage is required to be in place from the time unirradiated fuel is brought onto the facility site 

until all the radioactive material has been removed from the site, unless the Commission 
terminates the Part 50 license or otherwise modifies the financial protection requirements. The 

industry has asked the NRC to consider whether the likelihood of large scale radiological 
releases from decommissioning plants is low enough to justify modification of the financial 
protection requirements once the plant is permanently shutdown and prior to complete removal 
of all radioactive material from the site.  

In the past, licensees have been granted exemptions from financial protection requirements on 

the basis of deterministic analyses showing that a zirconiu no longer occur. The 

analysis in this report supports continuation of this practic ,*nd would support a 

revised regulatory framework for decommissioning plants t the need for insurance 

protection when a plant-specific thermal-hydraulic analysis demonstrates that a zirconium fire 

can no longer occur.  

The NRC staff has considered whether the risk analysis in this report justifies relief from this 

requirement for decommissioning plants during the period when they are vulnerable to 

zirconium fires. As part of this effort, the staff determined that an analogy can be drawn 

between a SFP at a decommissioning plant and a wet (as opposed to dry) Independent Spent 
Fuel Storage Installation (ISFSI) licensed under 10 CFR 72 for which no indemnification 
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requirement currently exists. Spent reactor fuel a for one year can be stored in an ISFSI 

(wet or dry). The risk analysis in this report pr!cb" high consequences for a zirconium fire, 

and identifies a generic window of vulnerability out to 5 years. The Commission has suggested 

in the staff requirements memorandum (SRM) for SECY-93-127 [Ref. 12] that insurance 

coverage is required unless a large scale radiological release is deemed incredible. Further, 

they instructed the staff to determine more precisely the appropriate spent fuel cooling period 

after plant shut down, and to determine the need for primary financial protection for ISFSls.  

Since the consequences are high, frequency of a zirconium fire occurring in a wet ISFSI or a 

decommissioning reactor SFP would have to be acceptably low to justify no regulatory 

requirement for indemnification protection. A dry ISFSI is not under consideration since the fuel 

is already air cooled and no threat of zirconium fire exists. The zirconium fire frequencies 

presented in Chapter 3 for a decommissioning reactor SFP do not fit the category of incredible.  

They are comparable to the frequencies of large releases from some operating reactors. The 

staff is not aware of any basis for concluding that the frequency of a zirconium fire occurring in 

a wet ISFSI would be significantly different than those presented in Chapter 3, and thus would 

conclude that indemnification should be required for operation of a wet ISFSI to be consistent 

with a decommissioning reactor SFP and provide for coherency in the regulations.  

The staff knows of no frequency criterion which could be cited to justify reduction or elimination 

of the insurance requirement while a vulnerability to zirconium fire exists. Defining or applying 

such a criterion would be inconsistent with Commission direction provided in SECY-93-127. On 

the other hand, the possibility exists that the 5 year window of vulnerability could be reduced 

with more refined thermal-hydraulic calculations or other constraints on such parameters as fuel 

configuration. The staff would be receptive to/n industry initiative designed to advance the 

state of the art in this area such that the peri of vulnerability to zirconium fire could be 

reduced.
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6.0 Acronyms 

ACRS Advisory Committee on Reactor Safeguards 
ANSI American National Standard Institute 
ANS American Nuclear Society 
ASB NRC Auxiliary Systems Branch (Plant Systems Branch) 
atm atmosphere 

BNL Brookhaven National Laboratory 
BTP branch technical position 
BWR boiling water reactor 

CFD computational fluid dynamics 
CFM cubic feet per minute 
CFR Code of Federal Regulations 

DIC decommissioning industry commitments 
DOE Department of Energy 
DSP decommissioning status plant 
DSR decommissioning staff requirement 

ECCS emergency core cooling system 
EP emergency plan 
EPRI Electric Power Research Institute 
ET event tree 

FFU frequency of fuel uncovery 
FT fault tree 

gpm gallon(s) per minute 
GSI generic safety issue 
GWD gigawatt-day 

HCLPF High-Confidence/Low probability of failure 
HRA human reliability analysis 
HVAC heating, ventilation, and air conditioning 

INEEL Idaho National Engineering and Environmental Laboratory 
ISFSI independent spent fuel pool installation 

kW kilowatt 

LERF large early release frequency 
LLNL Lawrence Livermore National Laboratory 
LOSP loss of offsite power 
LWR light water reactor
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MR maintenance rule 
MW megawatt 
MWD megawatt-day 
MTU megaton uranium 

NEI Nuclear Energy Institute 
NRC Nuclear Regulatory Commission 
NRR NRC Office of Nuclear Reactor Regulation 

POE probability of exceedance 
POF probability of failure 
PRA probabilistic risk assessment 
PWR pressurized water reactor 

QA quality assurance 

RES NRC Office of Research 
RG regulatory guide 

SF spent fuel 
SFP spent fuel pool 
SFPC spent fuel pool cooling system 
SFPCC spent fuel pool cooling and cleaning system 
SNL Sandia National Laboratory 
SRM staff requirements memorandum 
SRP standard review plan 
SSC systems, structures, and components 
SSE safe shutdown earthquake 

TS technical specification 

UKAEA United Kingdom Atomic Energy Authority 

WIPP Waste Isolation Pilot Plant
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