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SUBJECT: DRAFT FINAL TECHNICAL STUDY ON SPENT FUEL POOL ACCIDENT 
RISK AT DECOMMISSIONING NUCLEAR POWER PLANTS 

In March 1999 the NRC staff met with the Commission to discuss an ongoing effort to improve 
decommissioning regulations. An area of particular interest to the Commission was the 
perception that the risks at decommissioning nuclear power plants are very low yet many of the 
regulations governing decommissioning plants remain the same as those required for operating 
reactors. The staff proposed to take a risk-informed look at power reactor decommissioning 
requirements and to use the risk insights derived from this review to guide the promulgation of 
new regulations. The staff subsequently initiated a technical study on spent fuel pool accident 
risks at decommissioning plants. A preliminary study was completed in June 1999 and 
concluded that the risks at decommissioning nuclear power plants with recently irradiated fuel in 
the spent fuel pool could not be dismissed as low when compared to operating reactors due to 
the frequency and consequences of postulated events leading to drainage of the spent fuel pool 
and a subsequent zirconium fire. The staff then performed a more comprehensive study to 
better quantify the risk from a decommissioning nuclear power plant -:oent fuel pool and provide 
recommendations, where appropriate, on the factors that have the bic+ imopact on the risk.  
The staff focus was primarily directed at the regulatory areas of emergency planning, 
safeguards, and insurance for decommissioning plants. The details of th' = efort are discussed 
in SECY-99-1 68, "Improving Decommissioning Regulations for Nuclear Power Plants," dated 
June 30, 1999.  

The staff has now completed a review and requantification of its preliminary risk assessment 
including independent outside technical review of its analyses and assumptions. Substantial 
efforts to involve public and industry representatives throughout this effort have been expended.  
The NRC solicited feedback on its June study assumptions and methods and held numerous 
public meetings including a 2-day public workshop. Attached for your information is the draft 
final technical study on spent fuel pool accident risks at decommissioning nuclear power plants.  

The results of this report estimated the generic frequency of events leading to zirconium fires at 
decommissioning plants to be less than 3x10-6 per year for a plant that implements the design 
and operational characteristics assumed in the risk assessment performed by the staff. This 
frequency was estimated based on the assumption that the industry commitments plus 
additional staff assumptions would be implemented. This estimate could be much higher for a 
plant that does not implement these operational characteristics. The most significant



contributor to this risk is a seismic event which exceeds the design basis earthquake. However, 

the overall frequency of this event is within the staff developed spent fuel pool performance 

guideline for large radionuclide releases (related to a zirconium fire) of lx10 5 per year.  

Concurrent with providing the Commission a copy of this draft report, the staff will be issuing it 

for public comment via the Federal Register and an NRC web page. Following resolution of 

any public comments and review by the ACRS, the staff will publish the final report in May 

2000. The staff will utilize the industry commitments and the conclusions in this report to 

support an integrated decommissioning rulemaking plan to be submitted in June 2000 and 

develop interim guidance for any future plants that elect to decommission prior to establishing 
appropriate regulations.  

Attachment: Draft Final Study on Spent Fuel Pool Accident Risk at Decommissioning Nuclear 
Power Plants 
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contributor to this risk is a seismic event which exceeds the design basis earthquake. However, 

the overall frequency of this event is within the staff developed spent fuel pool performance 

guideline for large radionuclide releases (related to a zirconium fire) of 1x10.5 per year.  

Concurrent with providing the Commission a copy of this draft report, the staff will be issuing it 

for public comment via the Federal Register and an NRC web page. Following resolution of 

any public comments and review by the ACRS, the staff will publish the final report in May 

2000. The staff will utilize the industry commitments and the conclusions in this report to 

support an integrated decommissioning rulemaking plan to be submitted in June 2000 and 

develop interim guidance for any future plants that elect to decommission prior to establishing 

appropriate regulations.  
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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 performing the evaluation of the effect of seismic events on spent fuel pools, it became 

apparent that the staff does not have detailed information on how all the spent fuel pools were 

designed and constructed. Therefore, the staff originally performed a simplified bounding 

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 bounding approach. After further evaluation and discussions with 
stakeholders, it was determined that it would not be cost effective to perform a plant-specific 
seismic evaluation for each spent fuel pool. Working with our stakeholders, the staff developed 
other tools that help assure the pools are sufficiently robust.  

Spent fuel pool structures at nuclear power plants are seismically robust. They are constructed 
with thick reinforced concrete walls and slabs lined with stainless steel liners 1/8 to 1/4 inch 
thick 7. 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 seismic ground motion 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.  

During stakeholder interactions with the staff, the staff proposed the use of a seismic checklist, 
and in a letter dated August 18, 1999 (See Appendix 5), NEI proposed a checklist that could be 
used by any plant to show robustness for a seismic ground motion with a peak ground 
acceleration (PGA) of approximately 0.5g. This checklist was reviewed and enhanced by the 
staff. The staff has concluded that plants that satisfy the revised seismic checklist can 
demonstrate with reasonable assurance a high-confidence low-probability of failure (HCLPF)8 at 

a ground motion that has a very small likelihood of exceedence.  

7Except 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.  

8The HCLPF value is defined as the peak seismic acceleration at which there is 95% 
confidence that less than 5% of the time the structure, system, or component will fail.
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U.S. nuclear power plants, including their spent fuel pools, were designed such that they can be 

safely shutdown and maintained in a safe shutdown condition if subjected to ground motion 

from an earthquake of a specified amplitude. This design basis ground motion is referred to as 

the safe shutdown earthquake (SSE). The SSE was determined on a plant specific basis 

consistent with the seismicity of the plant's location. In general, plants located in the eastern 

and central parts of the US, had lower amplitude SSE ground motions established for their 

designs than the plants located in the western parts of the US, which had significantly higher 

SSEs established for them because of the higher seismicity for locations west of the Rocky 

Mountains. As part of this study, the staff with assistance from Dr. Kennedy (See Appendix 5), 

reviewed the potential for spent fuel pool failures to occur in various regions in the U.S. due to 

seismic events with ground motion amplitudes exceeding esta blished SSE values. Based n 

[this review -and a review of the conservative nature of the SSE ground motion at most of the 

sites, it was determined that for sites east of the Rocky Mountains, seismic ground motions 3 

I times as large as the SSE values are considered to be as high as physically possible, 

\ considering the current tectonics. For plants west of the Rocky Mountains, which have higher 

SSE design values than those in the Central and Eastern U.S. (CEUS), it was determined that 

the maximum credible earthquake ground motions would be approximately twice their SSE 

values. These estimates of the maximum credible earthquake ground motion levels, which ar 

based on the tectonics that exist in the different parts of the U.S., show extremely low .  

probabilities associated with ground motions of these higher levels./fehref-ore,for the purpose 

of this study, i was assumed that seismic ground motions 3 times the SSE design values, at 

lower seismicity locations (CEUS sites), and 2 times the SSE design values, at higher seismicity, 

locations (West Coast sites), are good estimates of the maximum credible seismic ground 

motions for these sites. Thus, the seismic component of risk can be limited to an acceptable 

level if it can be demonstrated that there is a HCLPF for seismic ground motion greater than or 

equal to three times SSE at CEUS sites and two times SSE at West Coast sites. As discussed 

in Appendix 5b, for CEUS plants that can demonstrate HCLPF at three times their SSE value 

and West Coast plants that can demonstrate HCLPF at two times their SSE value, the 

frequency of fuel failure is judged to be bound by 3X10 6 per year.  

The seismic checklist (Appendix 5d) was developed to provide a simplified method for 

demonstrating a high confidence of a low probability of failure and thus an acceptably low value 

of seismic risk. The checklist includes elements to assure there are no weaknesses in the 

design or construction of the pools that would make them vulnerable to failure under 

earthquake ground motions that exceed their design basis ground motion. Spent fuel pools that 

satisfy the seismic checklist, as written, would have a high confidence in a low probability of 

failure for seismic ground motions up to 0.5 g peak ground acceleration (1 2g peak spectral 

acceleration). Thus, sites in the central and eastern part of the U.S. that have three times SSE 

values less than or equal to 0.5 g PGA and pass the seismic check list would have an 

acceptably low level of seismic risk. Similarly, West Coast sites that have two times SSE 

values less than 0.5 g. and pass the seismic check list would have acceptably low values of 

seismic risk. From a practical point of view, a limited number of sites in the central and eastern 

part of the U.S. have three times SSE values greater than 0.5g; the two times SSE values 

exceed 0.5g for two West Coast plants. In order to demonstrate acceptably low seismic risk, 

those central and eastern sites for which the three times SSE values exceed 0.5g and the two 

West Coast sites would have to perform additional plant specific analyses to demonstrate 

HCLPF for their spent fuel pools at three times SSE and two tirnes SSE values of ground 

acceleration, respectively. The staff notes that the seismic checklist could be modified to 

address seismic ground motions corresponding to the range of three times and two times SSE
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values, making it more generally applicable. This possibility can be pursued in further 

discussions with external stakeholders.  

3.4.2 Aircraft Crashes 

The staff 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 Department of Energy (DOE) -STD-3014-96 [Ref. 6], were used to 

assess the likelihood of an aircraft crash into or near the spent fuel pool of a decommissioning 

nuclear power plant. 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.  

The estimated range of catastrophic damage to the PWR spent fuel pool, resulting in uncovery 

of the spent fuel, is 9.6x10 1 2 to 4.3x10-8 per year with a mean value estimated at 2.9x10.9 per 

year. The frequency of catastrophic BWR spent fuel pool damage resulting from a direct hit by 

a large aircraft is estimated to be 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. -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.  

The mean value for an aircraft damaging a support system is in the 7x10 7 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 

from on-site or off-site sources. As an initiator to failure of a support system leading to fuel 

uncovery and a zirconium fire, an aircraft crash is bound by other more probable events.  

Recovery of the support systems will reduce the likelihood of spent fuel uncovery.  

3.4.3 Tornadoes 

A risk evaluation ., •ornado threats to spent fuel pools was performed (details are in 

Appendix 2e). The staff 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. The 

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

that if such a tornado hii the site, it would seriously damage the spent fuel pool or its support 

systems. To do this, ihe staff examined the frequency and intensity of tornadoes in each of the 

states within the continental U.S. using the methods described in NUREG/CR-2944 [Ref. 7].  

The frequency of having an F4 to F5 tornado that directly impacts the site 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.  

The staff 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 estimated 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 lx1i09 per year)
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4.2 Risk Impact of Specific Design and Operational Characteristics 

This section discusses the design and operational elements that are important in ensuring that 

the risk from a SFP is sufficiently low. The relationship of the elements to tMe quantitative risk 

findings is discussed as well as how the elements support additional safety principles of RG 

1.174 as they apply to a SFP.  

4.2.1. Impact of Proposed Changes 

"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 

(represented as the frequency of zirconium fire in a decommissioning spent fuel pool) is 

estimated to be 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 lxU10 per year derived from the RG 1.174 application of LERF, 

should be applied. The risk assessment shows that the SFP zirconium fire frequency is well 

under the recommended PPG. The assessments conducted for this study also show that the 

accident progresses much more slowly than at an operating reactor. For many scenarios, 

recovery and mitigation times of approximately 100 hours are available from onset of the loss of 

cooling initiators. Even for extremely unlikely events such as severe seismic events and heavy 

load drops failing the pool floor, ten hours or more time is available to initiate off-site protective 

actions if necessary prior to zirconium fire initiation. Therefore, the risk assessment shows that 

both low likelihoods and long response times are associated with SFP accidents at 

decommissioning plants. These conclusions are predicated on the industry commitments and 

staff assumptions discussed in this report being 'ulfilled.  

The staff consequence analysis in Appendix 4 , : ows that the early health impacts from 

zirconium fire scenarios are significantly impactec -)y evacuation. As for operating plants, 

evacuation of the public is the preferred protective action to minimize exposure and early health 

impacts to the population surrounding the site in the event of a severe accident. Emergency 

planning requirements for operating plants specity that licensee's have the means for assessing 

the impact of an accident and have the capabilitv of notifying off-site officials within 15 minutes 

of declaring an emergency. In addition, the licensee must demonstrate that there are means in 

place for promptly alerting and providing instructions to the public in case protective actions are 

needed. Furthermore, detailed off-site emergency plans are required to provide for prompt 

implementation of protective actions (including evacuation of the public). However, this analysis 

indicates that for the slowly evolving SFP accident sequences at decommissioning plants, there 

is a large amount of time to initiate and implement protective actions, including public 

evacuation in comparison to an operating reactor accident sequences.  

In addition to SDA #1 and SDA #2, the low numerical risk results shown in Chapter 3 and 

Appendix 2 are derived from a number of design and operational elements of the SFP. As 

shown in those sections, the dominant risk contribution is from seismic events beyond the 

plant's original design basis. The baseline seismically initiated zirconium fire frequency from
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our risk assessment is predicated upon implementation of the seismic checklist shown in 

Appendix 5. The staff therefore assumed that such a checklist (SDA #3) would be successfully 

implemented at all decommissioning facilities prior to relief from regulatory requirements.  

SDA #3 Each decommissioning plant will successfully complete the seismic checklist 

provided in Appendix 5 to this report prior to implementing or requesting 

reductions in regulatory requirements. If the checklist cannot be successfully 

completed, the decommissioning plant will perform a plant specific seismic risk 

assessment of the SFP and demonstrate that SFP seismically induced structural 

failure and rapid loss of inventory is less than the generic bounding estimates 

provided in this study (<3x106 per year).  

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

inventory resulted in low risk due to a number of elements that enhance the ability of the 

operators to respond successfully to the events with on-site and off-site 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 be 

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

loss of cooling or loss of inventory initiators, including both design and operational issues. The 

elements proposed by industry (IDCs) are identified below.  

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

IDC #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.  

IDC #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.  

IDC #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 recovering from a loss of cooling or inventory is dependent 

upon the following: 

IDC #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.  

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

site organizations during severe weather and seismic events.  

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

IDC #5 Spent fuel pool instrumentation will include readouts and alarms in the control 
room (or where personnel are stationed) for spent fueJ pool temperature, water 
level, and area radiation levels.  

IDC #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.  

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

IDC #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. Defense-in-Depth 

"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 and additional staff assumptions are 
implemented as assumed in the risk study. Due to the very different nature of a SFP accident 
versus an accident in an operating reactor, with respect to system design capability needs and 
event timing, the defense-in-depth function of reactor containment is not appropriate. However 
the staff has identified that defense-in-depth in the form of accident prevention and some form 
of emergency planning can be useful for as long as a zirconium fire is possible, 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.  

4.2.3 Safety Margins 

"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. Additionally, the surveillance 
programs that verify Boraflex condition provide assurance of margin with respect to shutdown 
reactivity.
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Appendix 2.0 Assessment of Spent Fuel Pool Risk at Decommissioning Plants 

Introduction 

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

issues has become more important. After a nuclear power plant is permanently shut down and the 

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

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

plants involves accidents associated with spent fuel stored in the spent fuel pool. Previously, 

requests for relief from regulatory requirements that are less safety significant for decommissioning 

plants than operating reactors were decided on a plant-specific basis. This is not the best use of 

resources and led to differing requirements among decommissioning plants. The NRC 

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

requests and to develop a technical basis for rulemaking for decommissioning reactors in the areas 

of emergency preparedness, indemnification, and security. This draft final report is one part of that 
basis.  

The staff's assessment found that the frequency of spent fuel uncovery leading to a zirconium fire 

at decommissioning spent fuel pools is on the order of 3x1 0.6 per year when a utility follows certain 

industry commitments and certain of our recommendations. This frequency is made up of 

contributors from a detailed risk assessment of initiators (4.3x10 7 per year), both internal and 

external, and a quasi-probabilistic contribution from seismic events (<3x10-6 per year) that have 

ground motions many times larger than individual site design basis earthquake ground motions 

(and higher uncertainty). It was also determined that if these commitments and recommendations 
are ignored, the estimated frequency of a zirconium fire could be significantly higher. Section 4 of 

this report discusses the steps necessary to assure that a decommissioning plant operates within 

the bounds assumed in the risk assessment.  

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

pools at operating reactors ti-at invoivwd draining the spent fuel pool of its coolant and sni, .  

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

decommissioning plants, the staff pc atrmed this assessment to examine the risk associated with 

decommissioning reacior spent fuel D)ools.  

First, the staff examined whether •r not it was possible from a deterministic view point for a 

zirconium cladding fire ,-, occur. Zirconium fires were chosen as the key factor because 

radionuclides require an energetic source to transport them off-site if they are to have a significant 

health effect on local (first few miles outside the exclusion area) and more distant populations.  

Deterministic evaluations (see Appendix 1) indicate that zirconium cladding fires cannot be ruled 

out for loss of spent fuel pool cooling for fuel that has been shut down and removed from an 

operating reactor within approximately five years'. The consequence analysis (Appendix 4) 

indicates that zirconium cladding fires could give off-site doses that the NRC would consider 

unacceptable. To assess the risk (essentially, "frequency" times "consequences") during the period 

of vulnerability to zirconium cladding fires, the staff initially performed a broad preliminary risk 

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

fuel enrichment, fuel burnup, and configuration of the fuel in the spent fuel pool.
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assessment, which modeled many internal and external initiating events. This assessment was 

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

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

could track the NRCs evaluation and provide comments. In addition, the preliminary risk 

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

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

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

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

initiators. The staff identified those characteristics that a decommissioning plant and its utility 

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

maintained at an acceptable level. In conjunction with the staff's HRA effort and ongoing 

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

letter dated November 12, 1999, Appendix 6) that provide boundaries within which the risk 

assessment's assumptions have been refined. The draft final risk assessment reflects the 

commitments made by industry, the additional requirements we have developed to ensure the 

assumptions in the assessment remain valid, the technical review by INEEL, and the staff's 

ongoing efforts to improve the assessment. The report provides a technical basis for determining 

the acceptability of exemption requests and future rulemaking on decommissioning plant risk.  

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

issue. A wide range of initiators (internal and external events including loss of inventory events, 

fires, seismic, aircraft, and tornadoes). The staff modeled a decommissioning plant's spent fuel 

pool cooling system based on the sled-mounted systems that are used at many current 

decommissioning plants. One representative spent fuel pool configuration (See Appendix 2a, 

Figure 2.1) was chosen for the evaluation except for seismic events, where the PWR and BWR 

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

specifically considered. Information about existing decommissioning plants was gathered from 

decommissioning project managers and during visits to four sites covering all four major nuclear 

steam supply system vendors (General Electric, Westinghouse, Babcock & Wilcox, and 

Combustion Engineering). Plant visits gathered information on the as-operated, as-modified spent 

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

From the perspective of off-site consequences, the staff only concerned itself with the zirconium 

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

transport the fission products off-site in order to have potentially significant off-site consequences.  

The staff chose the timing of when the spent fuel pool inventory is drained to the top of the spent 

fuel as a surrogate for onset of the zirconium fire because once the fuel is uncovered, the dose 

rates at the edge of the pool would be in the tens of thousands of rem per hour, because it is 

unclear whether hydrides could cause ignition at lower cladding temperatures than previously 

predicted, and because there was uncertainty in the heat transfer rate as the fuel was uncovered.  

In addition, from the point of view of estimation of human error rates, since for initiating events 

(other than seismic and heavy load drop) it would take five or more days to uncover the top of the 

fuel pool, it was considered of small numerical benefit (and significant analytical effort) if the 

potential additional two days until the zirconium fire began were added to the timing.  

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

assessment to INEEL for review and held public meetings and a workshop to assure that models
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appropriately accounted for the way decommissioning plants operate today and to help determine 

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

Following a workshop, NEI provided a list of general commitments (See Appendix 6) that proved 

very instrumental in refining the assumptions and models in the draft final risk assessment.  

Working with several PRA experts, the staff subsequently developed improved HRA estimates for 

events that lasted for extended periods.  

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

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

to a zirconium cladding fire and release of radionuclides off-site). Event trees and fault trees were 

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

uncovery (these trees are provided in the back of Appendix 2a).
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Appendix 2b Structural Integrity of Spent Fuel Pools Subject to Seismic Loads 

1. Introduction 

As a part of the Generic Issue 82, "Beyond Design Basis Accidents in Spent Fuel Pools," NRC 

has studied the hypothetical event of an instantaneous loss of spent fuel pool water. The 

recommendation from a study in support of this generic issue indicates that a key part of a plant 

specific evaluation for the effect of such an event, is the need to obtain a realistic seismic 

fragility of the spent fuel pool. The failure or the end state of concern in the context of this 

generic issue is a catastrophic failure of the spent fuel pool which leads to an almost 

instantaneous loss of all pool water and the pool having no capacity to retain any water even if 

it were to be reflooded.  

Spent fuel pool structures at nuclear power plants are constructed with thick reinforced 

concrete walls and slabs lined with stainless steel liners 1/8 to 1/4 inch thick. Dresden Unit 1 

and Indian Point Unit 1 are exceptions to this in that 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. The spent fuel pool walls vary 

from 4.5 to 5 feet in thickness and the pool floor slabs are approximately 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 and are supported on 

the ground or partially embedded in the ground. The location and supporting arrangement of 

the pool structures help determine their capacity to withstand seismic ground motion 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 inherently rugged in terms of being able to withstanc loads 

substantially beyond those for which they were designed. Consequent ., t~he\." 3ignificant 
seismic capacity.  

2. Seismic Checklist 

In the preliminary draft report published in June 1999, the staff assumed that the spent fuel 

pools were robust for seismic events less than about three times the safe shu:down earthquake 

(SSE). It was assumed that the high confidence, low probability of failure (HCLPF)' value for 

pool integrity is 3 times SSE. For most Central and Eastern U.S. (CEUS) sites, 3 X SSE is in 

the peak ground acceleration (PGA) range of 0.35 to 0.5 g (where g is the acceleration of 

gravity). Seismic hazard estimates developed by the Lawrence Livermore National Laboratory 

(NUREG-1 488) show that, for most CEUS plants, the mean frequency for a PGA equal to 3 X 

SSE is less than 2E-5 per year. In the June 1999 report, the working group used the 

approximation that the frequency of a seismic event that will challenge the spent fuel pool 

integrity is 5% of 2E-5, or a value of 1 E-6.  

1A HCLPF is the peak acceleration value at which there is 95% confidence that less than 

5% of the time the structure, system or component will fail.  
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Several public meetings were held from April to July 1999 to discuss the staff's draft report. At 
the July public workshop, the NRC proposed, and the industry group agreed to develop a 
seismic checklist, which could be used to examine the seismic vulnerability of any given plant.  
In a letter dated August 18, 1999, the Nuclear Energy Institute (NEI) proposed a checklist which 
is based on assuring a robustness for a seismic ground motion with a PGA of approximately 
0.5g. A copy of this submittal is included in Appendix 5.a.  

The NRC contracted with Dr. Robert P. Kennedy to perform an independent review of the 
seismic portion of the June draft report, as well as the August 18, 1999, submittal from NEI. Dr.  
Kennedy's comments and recommendations were contained in an October 1999 report entitled 
"Comments Concerning Seismic Screening and Seismic Risk of Spent Fuel Pools for 
Decommissioning Plants," which is included as Appendix 5b of this report. Dr. Kennedy raised 
three significant concerns about the completeness of the NEI checklist.  

The results of Dr. Kennedy's review, as well as staff comments on the seismic checklist, were 
forwarded to NEI and other stakeholders in a December 3, 1999, memorandum from 
Mr. William Huffman (Appendix 5c). In a letter from Mr. Alan Nelson, dated December 13, 1999 
(Appendix 5d), NEI submitted a revised checklist, which addressed the comments from Dr.  
Kennedy and the NRC staff. Dr. Kennedy reviewed the revised checklist, and concluded in a 
letter dated December 28, 1999 (Appendix 5f), that the industry seismic screening criteria are 
adequate for the vast majority of CEUS sites.  

The staff has considered the question of what criterion should be established for an acceptable 
HCLPF value; i.e., a HCLPF value which yields an acceptably low frequency of spent fuel pool 
failure. The design basis earthquake ground motion, or the SSE ground motion, for nuclear 
power plant sites were based on the assumption of the largest event geophysically ascribable 
to a tectonic province or a capable structure at the closest proximity of the province or fault to 
the site. In the case of the tectonic province in which the site is located, the event is assumed 
to occur at the site. For the eastern seaboard, the Charleston event is the largest magnitude 
earthquake and current research has established that such large events are confined to the 
Charleston region. The New Madrid zone is another zone in the central US where very large 
events have occurred. Recent research has identified the source structures of these large New 
Madrid earthquakes. Both of these earthquake sources are fully accounted for in the 
assessment of the SSE for currently licensed plants. The SSE ground motions for nuclear 
power plants are based on conservative estimates of the ground motion from the largest 
earthquake estimate to be generated under the current tectonic regime. If these SSE ground 
motions are amplified by a factor of three, the estimated ground motion borders on the limit of 
credibility for the particular site.  

The seismic hazards at the west coast sites are generally governed by known active fault 
sources, consequently, the hazard curves, which are plots of ground acceleration versus 
frequency of occurrence, have a much steeper slope near the higher ground motion end. In 
other words, as the amplitude of the seismic acceleration increases, the probability of its 
occurrence decreases rapidly. Therefore, for west coast sites a seismic ground motion event 
greater than 2 times the SSE could be considered to be too large to be credible. Spent fuel 
pool structures at these sites would then need to have capacity against catastrophic failure at 2 
times the SSE.
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Therefore, it is reasonable to assume that a seismic ground motion greater than 3 times the 
SSE at a lower seismicity location (CEUS site) and 2 times the SSE at a higher seismicity 
location (west coast site) can be considered the maximum credible seismic ground motion for 
the site. Using these maximum credible seismic ground motions in conjunction with the seismic 
checklist simplifies the task of evaluating whether the seismic risk from the spent fuel pool is 
negligible. For those plants that can demonstrate that the maximum credible seismic ground 
motion, per the guidelines given above, are appropriate for the site and that they satisfy the 
seismic checklist, it can be concluded with reasonable assurance that they could be eliminated 

from any further seismic evaluation. For sites that fail the seismic checklist screening of the 
pool structure and cannot demonstrate a HCLPF value appropriate for the site, the NRC has 
proposed and the industry has agreed, that it would be necessary to conduct a detailed 
assessment of the seismically induced probability of failure of spent fuel pool structures.  

In his letter of December 28, 1999, Dr. Kennedy concurred that this performance goal assures 
an adequately low seismic risk for the spent fuel pool.  

3. Seismic Risk - Catastrophic Failure 

As noted above, the preliminary risk assessment report published in June 1999 used an 
approximate method for estimating the risk of spent pool failure. It was assumed that the 
HCLPF value for the pool integrity is 3 times SSE. For most CEUS sites, 3 X SSE has a 
ground motion with a PGA range of 0.35 to 0.5 g. Seismic hazard curves from the Lawrence 
Livermore National Laboratory (NUREG-1488) show that, for most CEUS sites, the mean 
frequency for PGA equal to 3 X SSE is less than 2E-5. In the June report, the working group 
used the approximation that the frequency of a seismic event that will challenge the spent fuel 
pool integrity is 5% of 2E-5, or a value of 1 E-6.  

Dr. Kennedy, in his October 1999 report, pointLed out that this approximation is nonconservative 
for CEUS hazard curves with shallow slopes: i.e., where an increase of more than a factor of 
two in ground motion is required to achie'-: '-31d reduction in annual frequency of 
exceedance. Dr. Kennedy proposed a ca : method, which had previously been shown to 
give risk estimates that were 5 to 20% cons- i•vative when compared to more rigorous methods, 

such as convolution of the hazard and fragii.,, ,stimates. Using this approximation, D 

Dr. Kennedy estimated the spent fuel pool faiiure frequency for a site with HCLPF ofj Q p'eak 
spectral acceleration if sited at each of the 69 CEUS sites. A total of 35 sites had frequehcies 
exceeding 1 E-6 per year, and eight had frequencies in excess of 3E-6 per year. The remaining 

sites had frequencies below 1 E-6 3 . Dr. Kennedy's report notes that spent fuel pools that pass 

2Damage to critical SSCs does not correlate very well to PGA of the ground motion.  

However, damage correlates much better with the spectral acceleration of the ground motion 

over the natural frequency range of interest, which is generally between 10 and 25 hertz for 

nuclear power plants SSCs. The spectral acceleration of 1.2g corresponds to the screening 

level recommended in the reference document cited in the NEI checklist, and this spectral 

ordinate is approximately equivalent to a ground motion with 0.5g PGA.  

3These estimates are based on the Lawrence Livermore National Laboratory 1993 

(LLNL 93) seismic hazard curves. Recently, the Senior Seismic Hazard Analysis Committee 
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the appropriately defined screening criteria are likely to have capacities higher than the 
screening level capacity. Thus, the frequencies quoted above are upper bounds.  

The staff has no estimate of the seismic risk for sites west of the Rockies. However, based on 
considerations described above, the staff estimates that western plants which can demonstrate 
a HCLPF greater than 2 X SSE will have an acceptably low estimate of risk.  

4. Seismic Risk - Support System Failure 

In its preliminary draft report published in June 1999, the staff assumed that a ground motion 
three times the SSE was the HCLPF of the spent fuel pool. This meant that 95% of the time 
the pool would remain intact (i.e., would not leak significantly). The staff evaluated what would 
happen to the support systems to the spent fuel pool (i.e., the pool cooling and inventory 
makeup systems) in the event of an earthquake three times the SSE. We modeled some 
recovery as possible (although there would be considerable damage to the area's infrastructure 
at such earthquake accelerations). The estimate in the preliminary report for the contribution 
from this scenario was 1x106 per year. In this report, this estimate has been refined based on 
looking at a broader range of seismic accelerations and further evaluation of the conditional 
probability of recovery under such circumstances. The staff estimates that for an average site 
in the northeast United States the return period of an earthquake that would damage a 
decommissioning plant's spent fuel pool cooling system equipment (assuming it had at least 
minimal anchoring) is about once in 4,000 years. The staff quantified a human error probability 
of 1x104 that represents the failure of the fuel handlers to obtain off-site resources. The event 
was quantified using the SPAR HRA technique. The probability shaping factors chosen were 
as follows: expansive time (> 50 times the required time), high stress, complex task because of 
the earthquake and its non-routine nature, quality procedures, poor ergonomics due to the 
earthquake, and finally a crew who had executed these tasks before, conversant with the 
procedures and one another. In combination we now estimate the risk from support failure due 
to seismic events to be on the order of 1x10 8 per year. The risk from s:ipport system failure 
due to se-ismic events is bounded by other more likely initiators.  

5. Conclusion 

The staff concludes that the frequency of spent fuel pool failure to - CEUS olant is acceptably 
low if the seismic capacity of its spent fuel pool structure is at least eaual to 3 times the plant's 
SSE value, and the plant satisfies the seismic checklist proposd 'n NE. s December 13, 1999 
letter (See Appendix 5). Although the risk has not been rigorously calculated for these sites, 
deterministic considerations lead the staff to conclude that peak ground accelerations in excess 
of 3 times SSE are not credible. For these sites the frequency of failure is bounded by 3x10 6 

per year, and other considerations indicate the frequency may be significantly lower.  

(SSHAC) published NUREG-CR-6372, "Recommendation for Probabilistic Seismic Hazard 
Analysis: Guidance On Uncertainty and Use of Experts." The report gives guidance on future 
application of seismic hazards. However, site specific hazard estimates have not been 
performed for all sites with the new method.  
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For those CEUS plants with spent fuel pool structures that do not pass the seismic checklist, a 

detailed evaluation of HCLPF would be necessary. Similarly, a detailed HCLPF would be 

necessary for all western plants since seismic capacity at the high levels of ground motion 

associated with the western plants are well above the generic HCLPF value of 1.2g peak 

spectral acceleration. For all CEUS plants which can demonstrate a HCLPF equal to 3 times 

their SSE, the risk is judged to be bounded by 3x10 6 per year. Similarly, for western sites 

which can demonstrate a HCLPF equal to 2 times their SSE, the risk is judged to be bounded 

by 3x1 06 per year.
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Appendix 5 Enhanced Seismic Checklist and Supporting Stakeholder Documentation 

Appendix 5 contains the following sub-sections: 

5a Original NEI Screening Criteria, August 18, 1999 
5b Craig Memo to Holahan Forwarding Kennedy Report, November 19, 1999.  

5c Huffman Memo to Richards with Staff Evaluation of Screening Criteria, December 3, 

1999 
5d Nelson Letter to Huffman with Revised Criteria, December 13, 1999 

5e The "Industry Comments" Referred to in December 28 Kennedy Letter 

5f December 28, 1999 Kennedy Letter 
5g Enhanced Seismic Checklist 
5h Other Seismic Stakeholder Interactions
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Appendix 5a Original NEI Screening Criteria, August 18, 1999

Alan Nelson 
SENIOR PROJECT MANAGER 
PLANT SUPPORT 
NUCLEAR GENERATION DIVISION 

Mr. Richard Dudley 
Project Manager 
U.S. Nuclear Regulatory Commission 
Mail Stop 11 D19 
Washington, DC 20555-0001 

Dear Mr. Dudley: 

On July 15-16, 1999, the NRC held a workshop on spent fuel accidents at 

decommissioning plants. During the course of the workshop, presentations by the 

NRC and the industry concluded that spent fuel pools possess substantial 
capability beyond their design basis to with stand seismic events but that 
variations in seismic capacity existed due to plant specific designs and locations.  

The consensus was that the risk was low enough that precise quantification was 

not necessary to support exemption requests but that this needed to be confirmed 

on a plant specific basis with deterministic criteria. It was recommended that a 

simple spent fuel pool (SFP) vulnerability check list be developed to provide 

additional assurance that no beyond-design-basis seismic structural vulnerabilities 

exist at decommissioning plants. Enclosed f" your review is the "Seismic 

Screening Criteria For Assessing Pote, -'al F,:ol Vuinerabilities At 
Decommissioning Plants." 

Please contact me at (202) 739-8110 or by e-mail (apn@.nei.org) if you have any 

questions or if a meeting should be scheduled to discuss the enclosed seismic 
checklist.  

Sincerely, 

Alan Nelson 

APN:tnb

Enclosure



Seismic Screening Criteria 

For 

Assessing Potential Fuel Pool Vulnerabilities 

At

Decommissioning Plants

August 18, 1999



Background

To increase the efficiency and effectiveness of decommissioning regulations, the NRC staff has 
engaged in rulemaking activities that would reduce the need to routinely process exemptions 
once a plant is permanently shut down. With this goal in mind, members of the NRC staff, 
industry representatives and other stakeholders held a two-day workshop on risk related spent 
fuel pool accidents at decommissioning plants.  

At this workshop, based upon presentations by the NRC staff (Goutam Bagchi et al.) and the 

nuclear industry (T. O'Hara - DE&S), it was concluded that a large seismic event (in the range 

of three times the design level earthquake) would represent a risk of exceeding the structural 

capacity of the spent fuel pool and thus potentially result in draining the pool.  

Although the methodologies presented by the NRC staff and the industry differed somewhat, 
they both concluded that, in general, spent fuel pools possess substantial capacity beyond their 
design basis but that variations in seismic capacity existed due to plant specific details (i.e.  
"Differences in seismic capacity due to spent fuel location and other details.").  

The consensus was that the risk was low enough that precise quantification was not necessary to 
support exemption requests but that this needed to be confirmed on a plant specific basis with 
deterministic criteria. It was recommended that a simple spent fuel pool (SFP) vulnerability 
check list be developed to provide additional assurance that no beyond-design-basis seismic 
structural vulnerabilities exist at decommissioning plants. The following pages provide the 
proposed structural vulnerability check list/screening criteria.



Purpose of Checklist

As discussed briefly in the "Background" section, the purpose of this checklist is to identify and 
evaluate specific seismic characteristics which might result in a specific spent fuel pool from not 
being capable of withstanding, without catastrophic failure, a beyond-design-basis seismic event 

equal in magnitude to approximately three times its design basis. Completion of the 

requirements will be performed by a qualified seismic engineer. This effort will include a 

thorough SFP walkdown and a review of appropriate SFP design drawings.  

DRAFT CHECKLIST 

Item 1: 

Requirement: Assure Adequate Ductility of Shear Wall Structures 

Basis: The expert panel involved with the development of 
Reference I concluded that, " For the Category 1 structures which 
comply with the requirements of either ACI 318-71 or ACI 349-76 or 
later building codes and are designed for an SSE of at least 0. 1 g pga, as 
long as they do not have any special problems as discussed below, the 
HCLPF capacity is at least 0.5g pga." This conclusion was based upon 
the assumption that the shear wall structure will respond in a ductile 
manner. The "special problems" cited deal with individual plant details.  
which could prevent a particular plant from responding in the required 
ductile fashion. Examples cited in Reference 1 included an embedded 
structural steel frame in a common shear wall at a plant (which was 
assumed to fail in brittle nmanner due to a potential shear failure of the 
attached shf:'r studyS and large openings in a "crib house" roof which 
could intertuix rhe contir ity of the structural slab.  

Other examples w hich c ild impact the ductility of the spent fuel pool 
structure include large openings which are not adequately reinforced or 
reinforcing !h-ir that are not sufficiently embedded to prevent a bond 
failure b tLc1 he vield capacity of the steel is reached.  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 2: 

Requirement: Assure Design adequacy of Diaphragms (including roofs) 

Basis: In the design of man, nuclear power plants, the seismic 

design of roof and floor diaphragms has often not received the same level 

of attention as have the shear walls of the structures. Major cutouts for



hatches or for pipe and electrical chases may pose special problems for 

diaphragms. Since more equipment tends to be anchored to the 

diaphragm compared to shear walls, moderate amounts of damage may 

be more critical for the diaphragm compared to the same amount of 

damage in a wall.  

Based upon the guidance provided in Reference 1, diaphragms for 

Category I structures designed for a SSE of 0.1 g or greater do not require 

an explicit evaluation provided that: (1) the diaphragm loads were 

developed using dynamic analysis methods; (2) they comply with the 

ductility detailing requirements of ACI 318-71 or ACI 349-76 or later 

editions. Diaphragms which do not comply with the above ductility 

detailing or which did not have loads explicitly calculated using dynamic 

analysis should be evaluated for a beyond-design-basis seismic event in 

the 0.45-0.5g pga range.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 3: 

Requirement: Verify the Adequacy of Structural Steel (and Concrete) Frame 

Construction 

Basis: At a number of older nuclear power plants. the walls and 

roof above the top of the spent fuel pool are constructed of structural 

steel. These steel frames were generally designed to resist hurricane and 

tornado wind loads, wk hich exceeded the anticipated design basis seismic 

loads. A review of these steel (or possibly concrete) framed structures 

should be performed to assure that they could resist the seismic forces 

resulting from a beyond-design-basis seismic event in the 0.45-0.5g pga 

range. Such a review of steel structures should concentrate on structural 

detailing at connections. Similarly. concrete frame reviews should 

concentrate on the adequacy of the reinforcement detailing and 

embedment.  
Failure of the structural steel superstructure should be evaluated for its 

potential impact on the ability of the spent fuel pool to continue to 

successfully maintain its water inventory for cooling and shielding of the 

spent fuel.  

Design Feature: This desi2n feature requirement will be documented based on a review of 

drawings and a SFP walkdown.



Item 4:

Requirement: Verify the Adequacy of Spent Fuel Pool Penetrations 

Basis: The seismic and structural adequacy of any spent fuel pool 

(SFP) penetrations whose failure could result in the draining or 

syphoning of the SFP must be evaluated for the forces and displacements 

resulting from a beyond-design-basis seismic event in the 0.45-0.5g pga 

range. Specific examples include SFP gates and gate seals and low 

elevation SFP penetrations, such as, the fuel transfer chute/tube and 

possibly piping associated with the SFP cooling system. Failures of any 

penetrations, which could lead, to draining or siphoning of the SFP, 

should be considered.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 5: 

Requirement: Evaluate the Potential for Impacts with Adjacent 
Structures 

Basis: Structure-to-structure imp,,.-" may become important for 

earthquakes significantly above the SSE. ,...-ticularly for soil sites.  

Structures are usually conservatively des'., -d with rattle space sufficient 

to preclude impact at the SSE level but t' are no set standards for 

margins above the SSE. In most cases. "-t is not a serious problem 

but, given the potential for impact, the c( ouences should be addressed.  

For impacts at earthquake levels below (0 .ga. the most probable 

damage includes the potential for electriP.: '1 equipment malfunction and 

for local structural damage. As cited prc ously, these levels of damage 

may be found to be acceptable or to restO! in the loss of SFP support 

equipment. The major focus of this imp: rcview is i, assure that the 

structure-to-structure impact does not result in the inability of the SFP to 

maintain its water inventory.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.



Item 6:

Requirement: Evaluate the Potential for Dropped Loads 

Basis: A beyond-design-basis seismic event in the 0.45-0.5g pga 

range has the potential to cause the structural collapse of masonry walls 

and/or equipment supports systems. If these secondary structural failures 

could result in the accidental dropping of heavy loads which are always 

present (i.e. not loads associated with cask movements) into the SFP, then 

the consequences of these drops must be considered. As in previous 

evaluations, the focus of the drop consequence analyses should consider 

the possibility of draining the SFP. Additionally, the evaluation should 

evaluate the consequences of any resulting damage to the spent fuel or to 

the spent fuel storage racks.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 7: 

Requirement: Evaluation of Other Failure Modes 

Basis: Experienced seismic engineers should review the 

geotechnical and structural design details for the specific site and assure 

that there are not any design vulnerabilities which will not be adequately 

addressed by the review areas listed above. Soil-related failure modes 

including liquefaction and slope instability should be screened by the 

approaches outlined in Reference 1 (Section 7 & Appendix C).  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 7: Required Documentation 

A simple report describing the results of the seismic engineer's walkdown 

and drawing review findings is judged to provide sufficient 

documentation to rule out a beyond-design-basis seismic event as a 

significant risk contributor to a decommissioned nuclear power plant.
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5b Craig Memo to Holahan Forwarding Kennedy Report, November 19, 1999.  

Comments Concerning Seismic Screening 

And Seismic Risk of Spent Fuel Pools for 

Decommissioning Plants 
by 

Robert P. Kennedy 
October 1999 

prepared for 

Brookhaven National Laboratory 

1. Introduction 

I have been requested by Brookhaven National Laboratory, in support of the Engineering 
Research Applications Branch of the Nuclear Regulatory Commission, to review and comment 
on certain seismic related aspects of References 1 through 4. Specifically, I was requested to 
comment on the applicability of using seismic walkdowns and drawing reviews conducted 
following the guidance provided by seismic screening tables (seismic check lists) to assess that 
the risk of seismic-induced spent fuel pool accidents is adequately low. The desire is to use these 
seismic walkdowns and drawing reviews in lieu of more rigorous and much more costly seismic 
fragility evaluations. It is my understanding that the primary concern is with a sufficiently gross 
failure of the spent fuel pool so that water is rapidly drained resulting in the fuel becoming 
uncovered. However, there may also be a concern that the spent fuel racks maintain an 
acceptable geometry. It is also my understanding that any seismic walkdown assessment should 
be capable of providing reasonable assurance that seismic risk of a gross failure of the spent fuel 
pool to contain water is less than the low 10-6 mean annual frequency range. My review 
comments are based upon these understandings.  

2. Background Information 

The NRC Draft Technical Study of Spent Fuel Pool Accidents (Ref. 1) assumes that spent 
fuel pools are seismically robust. Furthermore, it is assumed that High-Confidence-Low
Probability-of Failure (HCLPF) seismic capacity of these pools is in the range of 0.4 to 0.5g peak 
ground acceleration (PGA). This HCLPF capacity (CHcLPF) corresponds to approximately a 1% 
mean conditional probability of failure capacity (C,,), i.e.: 

CHCLPF " C1% (1) 

as shown in Ref. 10.  

In Ref. 5, detailed seismic fragility assessments have been conducted on the gross 
structural failure of spent fuel pools for two plants: Vermont Yankee (BWR), and Robinson

1



3. Development and Use of Seismic Screening Criteria

Screening criteria are very useful to reduce the number of structure, system, and 

component (SSC) failure modes for which either seismic fragilities or seismic margin HCLPF 

capacities need to be developed. Screening criteria are presented in Ref. 6 for SSCs for which 

failures might lead to core damage. These screening criteria were established by an NRC 

sponsored "Expert Panel" based upon their review of seismic fragilities and seismic margin 

HCLPF capacities computed for these SSCs at more than a dozen nuclear power plants, and their 

review of earthquake experience data. These screening criteria were further refined in Ref. 7.  

The screening criteria of Refs. 6 and 7 are defined for two seismic margin HCLPF 

capacity levels which will be herein called Level 1 and Level 2. Refs. 6 defines these two 

HCLPF capacity levels in terms of the PGA of the ground motion. However, damage to critical 

SSCs does not correlate very well to PGA of the ground motion. Damage correlates much better 

with the spectral acceleration of the ground motion over the natural frequency range of interest 

which is generally between 2.5 and 10 Hz for nuclear power plant SSCs. For this reason, Ref. 7 

defines these same two HCLPF capacity levels in terms of the peak 5% damped spectral 

acceleration (PSA) of the ground motion. The two HCLPF capacity screening levels defined in 
Refs 6 and 7 are: 

HCLPF Screening Levels

These two definitions (PGA and PSA) are consistent with each othi_,, based upon the data 

upon which these screening levels are based. However, in my judgment, it, far superior to use 

the Ref. 7 PSA definition for the two screening levels when convolving a lfagility estimate with 

CEUS seismic hazard estimates. For these CEUS seismic hazard estimates from Ref. 8, the ratio 

PSAIPGA generally lies in the range of 1.8 to 2.4 which is lower than the PSA/PGA ratio of the 

data from which the screening tables were developed. A more realistic and generally lower 

estimate of the annual probability of failure will result when the seismic fragility is defined in 

terms of PSA and convolved with a PSA hazard estimate in which the PSA hazard estimate is 

defined in the 2.5 to 10 Hz range.  

In the past, a practical difficulty existed with defining the seismic fragility in terms of 

PSA instead of PGA. The Ref. 8 PSA hazard estimates are only carried down to 10W annual 

frequency of exceedance whereas the PGA hazard estimates are extended down to about 106.  

Since it is necessary for the hazard estimate to be extended to at least a factor of 10 below the 

annual failure frequency being predicted, it has not been practical to use the PSA seismic 

fragility definition with the Ref. 8 hazard estimates. However, this difficulty has been overcome
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Level 1 Level 2 

PGA (Ref. 6) 0.3g 0.5g 

PSA (Ref. 7) 0.8g 1.2g



by Ref. 9 prepared by the Engineering Research Applications Branch of the Nuclear Regulatory 
Commission which extends the PSA seismic hazard estimates also down to 10-6. Ref. 9 is 
attached herein as Appendix A.  

In order to achieve a seismic induced annual failure probability PF in the low 10-6 range 
for nearly all of the CEUS spent fuel pools with the Ref. 8 hazard estimates, it is necessary to 
apply the Level 2 screening criteria of Refs. 6 or 7, i.e., screen at a HCLPF seismic capacity of 
1.2g PSA (equivalent to 0.5g PGA). The seismic screening criteria presented in Ref. 4 is 
properly based upon screening to Level 2. Furthermore, Ref. 4 appropriately summarizes the 
guidance presented in Ref. 7 for screening to Level 2. In general, I support the screening criteria 
defined in Ref. 4. However, I do have three concerns which are discussed in the following 
subsections.  

3.1 Out-of-Plane Flexural and Shear Failure Modes for Spent Fuel Pool 
Concrete Walls and Floor 

The screening criteria for concrete walls and floor diaphrams were developed to 
provide seismic margin HCLPF capacities based upon in-plane flexural and shear failures of 
these walls and diaphrams. For typical auxiliary buildings, reactor buildings, diesel generator 
buildings, etc., it is these in-plane failure modes which are of concern. For normal building 
situations, seismic loads are applied predominately in the plane of the wall or floor diaphram.  
Out-of-plane flexure and shear are not of significant concern. As one the primary authors of 
the screening criteria in both Refs. 6 and 7, 1 am certain that these screening criteria do not 
address out-of-plane flexure and shear failure modes.  

For an above ,:-ound spent fuel pool in which the pool walls (and floor in some cases) are 
not supported by ,-;Il backfill, it is likely that either out-of-plane flexure or shear will be the 
expected seismic •il;ure mode. These walls and floor slab must carry the seismic-induced 
hydrodynamic pres ,ure from the water in the pool to their supports by out-of-plane flexure 
and shear. It is true that these walls and floor are robust (high strength), but they may not be 
as ductile for oum-oi-plane behavior as they are for in-plane behavior. For an out-of-plane 
shear failure to l-, ductile requires shear reinforcement in regions of high shear. Furthermore, 
if large plastic r. -ons are required to occur, the tensile and compression steel needs to be 
tied together by closely spaced stirrups. I question whether such shear reinforcement and 
stirrups exist at locations of high shear and flexure in the spent fuel pool walls and floor. As 
a result, I suspect that only limited credit for ductility can be taken.  

Without taking credit for significant ductility, it is not clear to me that spent fuel pool 
walls and floors not supported by soil can be screened at a seismic HCLPF capacity level as 
high as 1.2g PSA (equivalent to 0.5g PGA). I am aware of only one seismic fragility analysis 
having been performed on such unsupported spent fuel pool walls. That analysis was the 
Vermont Yankee spent fuel pool analysis reported in Ref. 5 for which the reported seismic 
HCLPF capacity was 0.48g PGA. A single analysis case does not provide an adequate basis 
for establishing a screening level for all other cases, particularly when the computed result is
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right at the desired screening level. The screening criteria in Refs 6 and 7 are based upon the 

review of many cases at more that a dozen plants.  

In my judgement, it will be necessary to have either seismic fragility or seismic margin 

HCLPF computations performed on at least six different aboveground spent fuel pools with 

walls not supported by soil before out-of-plane flexure and shear HCLPF capacity screening 

levels can be established for such spent fuel pools.  

3.2 Spent Fuel Pool Racks 

I don't know whether a gross structural failure of the spent fuel racks is of major concern.  
This is a topic outside of my area of expertise. However, if such a failure is of concern, no 
seismic HCLPF capacity screening criteria is available for such a failure. The screening 
criteria of Refs. 6 and 7 were never intended to be applied to spent fuel pool racks. Since I 
have never seen a seismic fragility or seismic margin HCLPF capacity evaluation of a spent 
fuel pool rack, I have no basis for deciding whether these racks can be screened at a seismic 
HCLPF capacity as high as 1.2g PSA (equivalent to 0.5g PGA).  

3.3 Seismic Level 2 Screening Requirements 

In order to screen at a seismic HCLPF capacity of 1.2g PSA (0.5g PGA), the Level 2 
screening criteria for concrete walls and diaphrams requires that such walls and diaphrams 
essentially comply with the ductile detailing and rebar development length requirements of 
either ACI 318.71 or ACI 349.76 or later editions. It is not clear to me how many CEUS 
spent fuel pool walls and floors essentially comply with such requirements since earlier 
editions of these codes had less stringent requirements. Therefore, it is not clear to me how 
many spent fuel pool walls and floors can ictually be screened at Seismic Level 2 even for 
in-plane flexure and shear failure mode.  

4. Seismic Risk Associated With Screening Level 2 
4.1 Simplified Approaches for Estimating Seismic Risk Given the HCLPF Capacity 

As mentioned in Section 2, the seismic risk of failure of the spent fuel pool can be 
estimated by either rigorous convolution of the seismic fragility and the seismic hazard, 
or by a simplified approximate method. The simplified approximate method defined by 
Eqn. (3) was used in Ref. 1. However, as also mentioned in Section 2, this approximate 
method understates the seismic risk by a factor of 2 to 4 for typical CEUS hazard 
estimates.  

Ref. 10 presents an equally simple approach for estimating the seismic risk of 
failure of any component given its HCLPF capacity CHCLPF and a hazard estimate. This 
approach tends to introduce from 0% to 25% conservative bias to the computed seismic 
risk when compared with rigorous convolution. Given the HCLPF capacity CHCLPF this 
approach consists of the following steps:
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St Ip Estimate the 10%. conditional probability of failure capacity C 10% 

from: 

CIO% = FOPCHcLPF (6) 

FP = e' I.  

where P3 is the logarithmic standard deviation of the fragility estimate and 1.044 is the 

difference between the 10% non-exceedance probability (NEP) standard normal variable 

(-1.282) and the 1% NEP standardized normal variable (-2.326). Fp is tabulated below for 

various fragility logarithmic standard deviation P3 values.

For structures such as the spent fuel pool, 13 typically ranges from 0.3 to 0.5. Ref.  

10 shows that over this range of P3, the computed seismic risk is not very sensitive 

to P3. Therefore, I recommend using a midpoint value for P3 of 0.4.  

Se 2Determine hazard exceedance frequency H,(), that corresponds to CI0% 

from the hazard curve.  

e 3Determine seismic risk PF from: 

PF = 0.5 HI0 ,71 (7) 

Table 1 presents the Peak Spectral Acceleration PSA seismic hazard estimates from Ref.  

8 and 9 (LLNL93 results) for the Vermont Yankee and Robinson sites. In order to accurately 

estimate the seismic risk for a seismic HCLPF capacity CHCtpF of: 

CHCLPF = 1.2g PSA = 1176 cm/sec2 PSA (8) 

associated with Screening Level 2 for the Vermont Yankee site by rigorous convolution, it is 

necessary to extrapolate the Ref. 9 hazard estimates down to the 2.x I0a exceedance frequency.  

Also, intermediate values in Table I have been obtained by interpolation.  

Table 2 compares the seismic risk of spent fuel pool failure for these two sites as 

estimated by the following three methods: 

1. Ref. 1 simplified approach, i.e., Eqn. (3).  

2. Ref. 10 simplified approach, i.e., Steps 1 through 3 above.
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0.3 2.01 1.37 

0.4 2.54 1.52 

0.5 3.20 1.69 

0.6 4.04 1.87



3. Rigorous convolution of the hazard and fragility estimates.

For all three approaches the Screening Level 2 HCLPF capacity defined by Eqn. (8) was used. In 

addition, for both the Ref. 10 and rigorous convolution approaches, a fragility logarithmic 

standard deviation P3 of 0.4 was used.  

From Table 2, it can be seen that the Ref. 1 method (Eqn. (3) ) underestimates the seismic 

risk by factors of 2.3 and 3.5 for Vermont Yankee and Robinson, respectively. The simplified 

approach recommended in Ref. 10 and described herein overestimates the seismic risk by 20% 

and 5% respectively for these two cases. These results are consistent with the results I have 

obtained for many other cases.  

4.2 Estimated Seismic Risk of Spent Fuel Pools Screened at Screening Level 2 Using 

Mean LL93 Hazard Estimates from Ref. 8 and 9 

Using the Ref. 10 simplified approach described in the previous subsection, I have 

estimated the spent fuel pool seismic risk of failure corresponding to Screening Level 2 for all 69 

CEUS sites with LLNL93 seismic hazard estimates defined in Refs. 8 and 9. These sites are 

defined in terms of an NRC site number code (OCSP_) used in Ref. 9. For each site, I assumed 

that the HCLPF capacity CHCLPF was defined by Eqn. (8). A total of 35 of the 69 sites had 

estimated seismic risks of spent fuel pool failure associated with Screening Level 2 of greater 

than Ix 10-6. The estimated seismic risk of 26 of these sites exceeded 1.25x10 6 . These 26 sites 

with their estimated seismic risk corresponding to Screening Level 2 are listed in Table 3. As can 

be seen in Table 3, only 8 of the 69 sites had estimated seismic risks of spent fuel pool failure 

exceeding 3x10 6 . One of these sites is Shoreham at which no fuel exists.  

It should be noted that the seismic risks of spent fuel pool failure tabulated in Table 3 are 

based on the assumption that the HCLPF capacity of the spent fuel pool exactly equals the 

Screening Level 2 HCLPF capacity of 1.2g PSA (equivalent to 0.5g PGA). In actuality, spent 

fuel pools which pass the appropriately defined screening criteria are likely to have capacities 

higher than the screening level capacity. Therefore these are upper bound seismic risk estimates 

for spent tuel pools that pass the to-be established screening criteria. Furthermore, the simplified 

approach used to estimate the seismic risks in Table 3 overestimates these risks by 0% to 25%.  

4.3 Estimated Seismic Risk of Spent Fuel Pools Screened at Screening Level 2 Using 

Mean EPRI89 Hazard Estimates 

Following the exact same Ref. 10 simplified approach which I followed for the LLNL93 

hazard estimates, Ref. 11 provides the corresponding seismic risk of spent fuel pool failure 

estimates based upon EPRI89 hazard estimates for 60 of the 69 CEUS sites. Table 3 shows the 

corresponding seismic risk computed in Ref. 11 for the EPRI89 hazard estimates.  

From Table 3, it can be seen that the EPRI89 hazard estimates produce generally much
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lower seismic risk estimates corresponding to Screening Level 2 than do the LLNL93 hazard 

estimates. Based on the EPRI89 hazard estimates, only one site has a seismic risk exceeding 

Ix10-6. Only three other sites have seismic risks exceeding 0.5x10-6. Table 3 includes all sites 

for which the computed seismic risk exceeds 0.5x 10 6 based on the mean EPRI89 hazard 

estimates.  

5. Conclusions 

If based on the mean LLNL93 hazard estimates (Ref. 8 and 9) it is acceptable to have up 

to a mean 3x 10-6 annual seismic risk of spent fuel pool failure at the screening level, then 

Screening Level 2 defined in Section 3 represents a practical screening level. Only 8 of the 69 

sites have computed seismic risks greater than 3x 10-6 at this screening level. Screening Level 2 is 

set at a peak 5% damped spectral acceleration (PSA) level of 1.2g (equivalent to a PGA level of 

0.5g).  

Based on the mean EPRI89 hazard estimates (Ref. 11), Screening Level 2 would 

generally result in seismic risk of spent fuel pool failure estimates less than 0.5x10 6 for spent 

fuel pools which passed the screening criteria. Only 4 out of 60 sites have computed seismic 

risks greater than 0.5x 10-6 at this screening level.  

The screening criteria given in Refs. 4 and 7 represent a good start on developing 

screening criteria for spent fuel pools at Screening Level 2. However, I have three significant 

concerns which are discussed in Sections 3.1 through 3.3. In my judgment, a detailed fragility 

review of a few spent fuel pools will be necessary in order to address my concerns. These 

reviews should concentrate on aboveground spent fuel pools with walls not backed by soil 

backfill. I believe these reviews need to be performed before a set of screening criteria can be 

finalized at Screening Level 2.
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Table 1 
Seismic Hazard Estimates for Peak Spectral Acceleration for PSA 
From Refs. 8 and 9 (LLNL 93 Results)

Peak Spectral Acceleration PSA 
(cm/sec.2) 

Exceedance 
Frequency Vermont Yankee Robinson 

H 
Ix10 3  93 232 
5xlO4 151 369 
2x10 4  246 676 
Ixl04 354 991 
5x10 5  501 1349 
2x10 5  759 2054 
1xl0-5  1058 2801 
5x10 6  1396 3915 
2x10 6  1884 6096 
1x106  2308 8522 
5x10-7  2661 -

2x10 7  3330 
Ixl0 7  3802 
5x10 8  4266 
2x10s 5248

By Interpolation 

** By Extrapolation 

Table 2 
Comparison of Seismic Risk Estimated by Various Approaches

C L PF = 1.2g PSA, P = 0.4

Computed Seismic Risk PF 
(to be multiplied by 10.6 

Site Ref. 1 Method Ref. 10 Method Rigorous 
Eqn. (3) Steps 1 throuqh 3 Convolution 

Vermont Yankee 0.38 1.07 0.89 
Robinson 3.7 13.6 13.0
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Table 3 

Seismic Risk Associated With Screening Level 2 

CHCLPF = 1.2g Peak Spectral Acceleration 

Annual Seismic-Induced 
Site Probability of Failure PF 

Number (to be multiplied by 106) 

LLNL93 Hazard EPRI89 Hazard 

36 13.6 0.14 
18 8.3 1.9 
25 6.6 0.57 
8 5.5 0.21 

43 4.5 0.12 
59 4.4 * 

21 4.2 
62 4.1 

27 2.9 0.38 
49 2.8 0.27 
40 2.5 0.10 
16 2.5 0.14 
38 2.3 0.21 
63 2.2 0.06 
54 2.2 0.26 
19 1.8 0.17 
32 1.8 0.17 
28 1.7 0.04 
4 1.6 * 

50 1.5 0.20 
44 1.5 * 

20 1.5 0.55 
31 1.4 0.06 
39 1.4 0.14 
14 1.3 0.60 
13 1.3 0.33

Not Available
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5c Huffman Memo to Richards with Staff Evaluation of Screening Criteria, December 3, 1999 

December 3, 1999 

MEMORANDUM TO: Stuart A. Richards, Director 
Project Directorate IV & Decommissioning 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

FROM: William C. Huffman, Project Manager/S/ P. RAY FOR 

Decommissioning Section 
Project Directorate IV & Decommissioning 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

SUBJECT: SCREENING CRITERIA FOR ASSESSING POTENTIAL 
SEISMIC VULNERABILITIES OF SPENT FUEL POOLS AT 
DECOMMISSIONING PLANTS 

The staff is in the process of preparing a final draft of its technical study on spent fuel pool 

accident risks at decommissioning plants. This final draft will be issued for public comment in 

early January 2000. Included in this report will be a discussion on risks from a large seismic 

event that exceeds the structural capacity of the spent fuel pool to the extent that a catastrophic 

failure occurs. Such a failure would result in rapid draining of the spent fuel pool with no 

capability of retaining water even if reflooded. The staff has previously acknowledged that 

spent fuel pools are inherently robust and can withstand loads substantially beyond those for 

which they were designed. ConsequerIv, they have a significant seismic capacity. To take 

credit for the seismic design margins existent in spent fuel pools, the staff sought an 

appropriate method to identify potential structural vulnerabilities without having to perform a 

detailed fragility review. At a public workshop conducted on July 15-16, 1999, development of 

a simple spent fuel pool seismic screening checklist was proposed as way of assessing the 

seismic vulnerabilities of spent fuel ioools without performing quantifying analyses. In a letter to 

the staff dated August 18, 1999 the Nuclear Energy Institute (NEI) proposed a "seismic 

checklist" for screening potential spent fuel pool structural vulnerabilities on a plant-specific 

basis. Based on the staff's recent input to the final draft report, the use of a checklist is 

considered to be an excellent approach to plant-specific seismic assessments; however, some 

deficiencies have been identified in the checklist proposed by NEI. The nature of the 

deficiencies with the current version of the checklist was generally discussed in a public 

meeting with NEI and other stakeholders on November 19, 1999. NEI indicated that it needed 

additional details on the staff's findings relative to the checklist in order to propose effective 

improvements.  

The Attachment to this memorandum contains additional details on the deficiencies the staff 

has found with use of the current seismic checklist. Copies of this memorandum with the 

attached information will be provided to NEI and all other interested stakeholders in an effort to



further the dialogue relating to the seismic checklist and support the development of additional 

modifications that will resolve the deficiencies currently identified.  

For comments to be considered for the draft report that will be issued in January 2000 for public 

comment, written comments must be received by the staff no later than December 13, 1999.  

Comments received after December 13, 1999, will be addressed in the final report that will be 

issued in early April 2000. The NRC staff contact for public comments is Mr. William Huff man.  

Mr. Huffman can be reached at (301) 415-1141.  

Attachment: As stated 

cc w/att: See next page
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Structural Failure Modes

Amongst the various ways a pool structure can fail, the only failure modes that are of concern 

are those that involve pool floor slab failure, failure of side walls at the bottom of the pool or at 

the bottom corners. It is important to ensure that the structural integrity assessment is based 

on realistic failure modes for catastrophic loss of structural integrity. This should take into 

account physical interactions with adjacent structures and equipment.  

For PWR spent fuel pools, the pool floor slab is not likely to fail except through the effect of 

local concrete spalling due to foundation uplift and impact with the subgrade or adjacent 

structures. Failure of walls in partially embedded pools is not likely. Bending moment capacity 

of the pool walls is very much dependent on reinforcing patterns and the walls are generally 

reinforced in an orthotropic pattern, such that the resistance in the horizontal and vertical 

directions are unequal. The resistance is also unequal between one wall and another wall.  

This requires a case by case assessment of the bending capacity of walls.  

For BWR spent fuel pools, the floor slab, walls and supporting columns and shear walls need 

scrutiny to determine the critical failure mode. As in the case of PWR spent fuel pools, the 

effect of adjacent structures and equipment on structural failure needs to be evaluated.  

The stainless steel liner plate is used to assure leak-tightness; cracks in the welded seams are 

not likely to lead to catastrophic loss of water inventory unless there is a simultaneous massive 

failure of the concrete structure.  

The emphasis here is that spent fuel pool structures not only vary in layout and elevation 

between PWRs and BWRs, they can also vary within each group. The process of realistic 

assessment of structural capacity of pool structures begins with a methodical consideration of 

likely failure modes associated with a catastrophic loss of integrity.  

The efforts inv-olved in the assessment of seismic capacity of pool structures typically consist of 

the following: 

Inspect the pool structure and its vicinity and note: 

- physical condition such as cracking and spalling of concrete, signs of leakage or 

leaching and separatic "- :cool walls from the grade surface, potential for piping 

connections, either bunea underground or above ground, to fail due to a large 

seismic excitation or interaction with adjacent equipment, and cause drainage of the 

pool below the safety level of the pool water, 

- arrangement and layout of supporting columns and shear walls, assessment of other 

loads from tributary load areas carried by the supporting structure of the pool, 

as-built dimensions and mapping of any existing structural cracks, 

- adjacent structures that can impact the pool structure both above and below the 

grade surface, supporting arrangement for superstructure and crane and potential 

for failure of the superstructure and the crane, potential impact from heavy objects 

that can drop in the pool structure and the corresponding drop heights.
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ATTACHMENT

Seismic capacity assessments of the pool structure typically consist of the following: 

review existing layout drawings and structural dimensions and reconcile the 

differences, if any, between the as-built and as designed information and consider 

the effects of structural degradation as appropriate, 

from design calculations determine the margin to failure and assess the extrapolated 

multiple of SSE level that the pool structure could survive, determine whether or not 

design dynamic response analysis including soil-structure interaction effects are still 

applicable at the capacity level seismic event; if not, conduct a new analysis using 

properties of soil at higher strain levels and reduced stiffness of cracked reinforced 
concrete, 

determine the loads from pool structure foundation uplift and from impact of pool 

structure with adjacent structures during the capacity level seismic event, determine 

loads from the impact of a spent fuel rack on the pool floor and the side walls and 

determine the loads from dropping of heavy objects from the collapse of a 
superstructure or the overhead crane, 

determine a list of plausible failure modes; failure of side walls due to the worst 

loading from the capacity level earthquake in combination with fluid hydrostatic and 

sloshing head and dynamic earth pressure as appropriate, failure of the pool floor 

slab in flexure and bending due to loads from the masses of water and the spent fuel 

and racks, local failure by punching shear due to impact between structures and the 

spent fuel racks or dropping of heavy objects, 

the assessments to determine the lowe St structural capacity can be based on 

ultimate strength of reinforced concre. 3truct s-es due to flexure, shear and 

punching shear. When conducting a ,! .ld line analysis, differences in flexural yield 

capacities for the negative and positi", bending moments in two orthogonal 

directions influence the crack patterns, and several sets of yield lines may have to 

be investigated to obtain the lowest capacity. For heterogeneous materials, the 

traditional yield line analysis provides upper bound solutions; consequently, 

considerable skill is needed to determi~e the structural capacity based on the yield 
lines that approximate the lower bour.d capacity.  

Although the inspection of the pool structure is an essential part of establishing that the 

structure is in sound condition, some of the other attributes of a detailed capacity evaluation, as 

discussed above, may only be undertaken for plants that do not pass simple examination using 

a seismic checklist. Such an effort may be necessary for plants in high seismic hazard areas.  

Other Considerations 

NRC sponsored studies have treated the assessment of seismic capacity of spent fuel pools 

relying on the seismic margins method to determine the high confidence of low probability (less 

than 5% failure) of failure (HCLPF). The HCLPF value for a structural failure may well be 

unrealistic and unnecessarily conservative in terms of an instantaneous loss of water inventory.

-2-



This point needs to be emphasized because the shear and moment capacity of the walls and 

slabs are determined by using upper limits of allowable stresses. In the study which resulted in 

NUREG/CR 4982, the seismic capacities were based on the Oyster Creek reactor building and 

a shear wall from the Zion auxiliary building. For elevated pool structures, the Oyster Creek 

estimate may be an acceptable approximation, but the Zion shear wall may be too highly 

simplified to substitute for the catastrophic failure of the spent fuel pool structure. However, it is 

important to emphasize that out of plane loading on the pool walls from the hydrostatic head of 

the pool water can lead to flexure and shear-induced failures. Relatively low margin on 

allowable out-of-plane shear strength combined with the uncertainty of the extent to which 

reinforcement details ensure ductile behaviors make it imperative to ensure that seismic 

capacities of the pool walls and slab elements are adequate. The stainless steel pool liner was 

not designed to resist any structural load; nevertheless, it can provide substantial water

retaining capacity near the bottom half of the pool where structural deformations are likely to be 

low from seismic loading (this is due to the aspect ratio of the pool walls which are thick and 

form a deep box shape) except in a highly unlikely failure mode, such as puncturing the pool 

slab or the wall near the bottom of the pool.  

For PWR pools that are fully or partially embedded, an earthquake motion that could cause a 

catastrophic failure is very high and is not a credible event. However, interaction with adjacent 

structures and equipment may have to be evaluated to determine the structural capacity on a 

case-by-case basis.  

For BWR pools, the seismic capacity is likely to be somewhat less than that of a PWR pool and 

can vary significantly from one plant to another. This is because for most BWR pools that are 

at higher elevation there is amplification of seismic motion, and the pool floor may not be 

supported on the subgrade. Shear failure of the pool floor can occur at a relatively lower level 

of seismic input for BWR pools. More important, a combination of the hazard and the spent 

fuel pool structural capacity can bring down the likelihood of a catastrophic structural failure to a 

negligible risk. On the other hand, plant-specific hazard and seismic fragility of spent fuel pools 

can combine to produce a risk that needs to be examined on a case-by-case bas'.  

Using the data from NUREG-1 488 (new Lawrence Livermore National Laboratory :K.NL) data) 

for currently operating plants in the eastern and central United States, the mean p;obability of 

exceedance (POE) of the peak ground acceleration values for the SSE were exar-'Ied. The 

plant grouping approach, Reduced Scope, Focused Scope, Full Scope, etc., useY in 

NUREG-1407, "Procedural and Submittal Guidance for the Individual Plant Exam iation of 

External Events (IPEEE) for Severe Accident Vulnerabilities" Final Report was al ;eviewed.  

The objective of plant grouping for IPEEE was to put plants into groups with similar seismic 

vulnerability; consequently, it was useful to look at these plant groups. However, the evaluation 

in this draft study is driven by the 1993 LLNL seismic hazard results, and it was determined 

that, except for a small number of plants, the POEs for SSE are lower than 1X10i4 per reactor 

year and for three times the SSE, the POEs are below 1X10i5. For these plants, the likelihood 

of a catastrophic pool structure failure at a HCLPF value of three times the SSE should be less 

than 5X1 07. This makes the simplifying assumption that the conditional probability of failure 

(POF) or reaching the end state of a structure is 5X10 2 . In this approach there is confidence 

that the seismic hazard is low (at three times the SSE) and there is also a plant specific 

structural assessment of the HCLPF value which is more than or equal to three times the SSE.  

For spent fuel pools located at sites that meet the HCLPF value of three times the SSE, a 

catastrophic structural failure from an earthquake much larger than the design basis SSE is not
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credible. However, this approach may not be feasible at sites where the likelihood of the spent 

fuel pool structure failure due to beyond design basis earthquake is higher. For such sites in 

the eastern United States, a more detailed examination of the probability of the earthquake, a 

realistic assessment of the ground motion caused by the event at the site and the structural 

capacity of the spent fuel pool structure may be necessary.  

NEI Draft Seismic Checklist 

The draft checklist provided in an NEI letter to the staff postmarked August 18, 1999, includes 

seven elements that identify areas of potential weaknesses. The use of such a checklist would 

ensure that potential vulnerabilities are either rectified or mitigation measures are put in place.  

The checklist is quite comprehensive. But it can be improved by taking into account out-of

plane shear capacity of shear walls such as those that form the pool when they are not backed 

up by backfill. Other considerations might include pre-existing degradation of concrete and the 

liner plate. With minor modifications the checklist can be finalized.  

Kennedy Report 

As a part of an independent technical review, Dr. Robert P. Kennedy was requested to conduct 

this review. This review activity was supported by the Office of Nuclear Regulatory Research, 

Division of Engineering Technology. Dr. Kennedy attended the public workshop on July 16, 

1999. The report does endorse the feasibility of the use of the seismic screening concept and 

identifies eight sites by site numbers for which seismically induced probability of failure (POF) 

is greater than 3x1 06 using the LLNL 93 Hazard. It is important to recognize that sites where 

POF is greater than 3x10 6 , in addition to the use of the seismic checklist, an evaluation of the 

POF using plant-specific fragility information will be necessary. For all other sites, the use of 

the seismic checklist should be adequate. Appropriate excerpts of the Kennedy Report are 

contained in the Enclosure.  

Recommendation 

The following actions are recommended: 

1. The seismic checklist should consider out of plane shear and flexure.  

2. Identification of preexisting concrete and liner plate degradation be added to the 
checklist.  

3. The checklist should be augmented to discuss potential mitigation measures for 

vulnerabilities that may be identified.  

4. Higher seismic hazard sites in the Eastern U.S., should be further evaluated by the 

industry to determine (a) a list of such sites, (b) a credible ground motion description at 

which the seismic hazard frequency is low enough at these sites, and (c) plant specific 

seismic capacity evaluation using credible ground motion description at the site.  

5. Proposed treatment of sites West of the Rocky Mountains 

NOTE: Additional supplemental information from the Kennedy report is included in the 

following pages.
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5d Nelson Letter to Huffman with Revised Criteria, December 13, 1999

NUCLEAR ENERGY INSTITUTE 

Alan Nelson 
SENIOR PROJECT MANAGER, 
PLANT SUPPORT 
NUCLEAR GENERATION DIVISION 

December 13, 1999 

Mr. William C. Huffman 
Project Manager 
Decommissioning Section 
Projects Directorate IV & Decommissioning 
U.S. Nuclear Regulatory Commission 
Mail Stop 11 D19 
Washington, DC 20555-0001 

Dear Mr. Huffman: 

On July 15-16, 1999, the NRC held a workshop on spent fuel accidents at decommissioning 

plants. During the course of the workshop, presentations by the NRC and the industry 

concluded that spent fuel pools possess substantial capability beyond their design basis to 

withstand seismic events but that variations in seismic capacity existed due to plant 

specific designs and locations.  

NEI forwarded "Seismic Screening Criteria for Assessing Potential Pool Vulnerabilities at 

Decommissioning Plants, to the NRC " August 18, 1999 for review and comment. Based 

on NRC review, the staff proposed additional ctelai.s to the submitted checklist. Detailed 

NRC comments were made available on December 3, 1999 "Screening Criteria for 

Assessing Potential Seismic Vulnerabilities of Spent Fuel Pools at Decommissioning 

Plants." 

Enclosed is the revised screening criteria addressing the December 3, 1999 NRC 

memorandum. We believe the revision addresses Lhe deficiei-cies identified. We request 

that the revised checklist be considered as the NRC prepares its draft report to be issued in 

January 2000.  

Please contact me at (202) 739-8110 or by e-mail (apn@nei.org) if you have any questions or 

if you would like to schedule a meeting to discuss industry's response to the staffs 

recommendations..  

Sincerely, 

Alan Nelson 
APN/dc 
Enclosure



Seismic Screening Criteria 

for 

Assessing Potential Fuel Pool Vulnerabilities 

at

Decommissioning Plants 

December 13, 1999 
Revision 1



Background

To increase the efficiency and effectiveness of decommissioning regulations, the NRC staff has 
engaged in rulemaking activities that would reduce the need to routinely process exemptions 
once a plant is permanently shut down. With this goal in mind, members of the NRC staff, 
industry representatives and other stakeholders held a two-day workshop on risk related spent 
fuel pool accidents at decommissioning plants.  

At this workshop, based upon presentations by the NRC staff (Goutam Bagchi et al.) and the 
nuclear industry (T. O'Hara - DE&S), it was concluded that a large seismic event (in the range of 
three times the design level earthquake) would represent a risk of exceeding the structural 
capacity of the spent fuel pool and thus potentially result in draining the pool.  

Although the methodologies presented by the NRC staff and the industry differed somewhat, 
they both concluded that, in general, spent fuel pools possess substantial capacity beyond their 
design basis but that variations in seismic capacity existed due to plant specific details (i.e.  
"Differences in seismic capacity due to spent fuel location and other details.").  

The consensus was that the risk was low enough that precise quantification was not necessary to 
support exemption requests but that this needed to be confirmed on a plant specific basis with 
deterministic criteria. It was recommended that a simple spent fuel pool (SFP) vulnerability 
check list be developed to provide additional assurance that no beyond-design-basis seismic 
structural vulnerabilities exist at decommissioning plants. A draft seismic screening checklist 
was provided to the Staff by NEI in August 1999. Comments on this draft were discussed during 
a conference call held on December 7, 1999 and the following draft screening checklist has been 
revised to address the issues raised..
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Purpose of Checklist

As discussed briefly in the "Background" section, the purpose of this checklist is to identify and 

evaluate specific seismic characteristics which might result in a specific spent fuel pool from not 

being capable of withstanding, without catastrophic failure, a beyond-design-basis seismic event 

equal in magnitude to approximately three times its design basis. Completion of the 

requirements will be performed by a qualified seismic engineer. This effort will include a 

thorough SFP walkdown and a review of appropriate SFP design drawings.  

DRAFT CHECKLIST 

Item 1: 

Requirement: Identify Preexisting Concrete and Liner Plate Degradation 

Basis: A detailed review of plant records concerning spent fuel pool concrete and 

liner plate degradation should be performed and supplemented by a 

detailed walkdown of the accessible portions of the spent fuel pool 

concrete and liner plate. The purpose of the records review and visual 

inspection activities is to accurately assess the material condition of the 

SFP concrete and liner in order to assure that these existing material 

conditions are properly factored into the remaining seismic screening 

assessments.  

Design Feature: The material condition of the SFP concrete and liner, based upon the 

records_,-;w and the walkdown inspection, will be documented and used 

as an eng cerina input to the following seismic screening assessments.  

Item 2: 

Requirement: Assure Adequate Ductility of Shear Wall Structures 

Basis: The expert panel involved with the development of Reference 1 concluded 

that, " For the Category 1 structures which comply with the requirements 

of either ACI 318-71 or ACI 349-76 or later building codes and are 

designed for an SSE of at least 0. 1 g pga, as long as they do not have any 

special problems as discussed below, the HCLPF capacity is at least 0.5g 

pga." This conclusion was based upon the assumption that the shear wall 

structure will respond in a ductile manner. The "special problems" cited 

deal with individual plant details which could prevent a particular plant 

from responding in the required ductile fashion. Examples cited in 

Reference I included an embedded structural steel frame in a common 

shear wall at the Zion plant (which was assumed to fail in brittle manner 

due to a potential shear failure of the attached shear studs) and large 

openings in a "crib house" roof (also at the Zion plant) which could 
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interrupt the continuity of the structural slab.

Other examples which could impact the ductility of the spent fuel pool 

structure include large openings which are not adequately reinforced or 

reinforcing bars that are not sufficiently embedded to prevent a bond 

failure before the yield capacity of the steel is reached.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a 9FP walkdown.  

Item 3: 

Requirement: Assure Design adequacy of Diaphragms (including roofs) 

Basis: In the design of many nuclear power plants, the seismic design of roof and 

floor diaphragms has often not received the same level of attention as have 

the shear walls of the structures. Major cutouts for hatches or for pipe and 

electrical chases may pose special problems for diaphragms. Since more 

equipment tends to be anchored to the diaphragm compared to shear walls, 

moderate amounts of damage may be more critical for the diaphragm 

compared to the same amount of damage in a wall.  

Based upon the guidance provided in Reference 1, diaphragms for 

Category I structures designed for a SSF of 0. lg or greater do not require 

an explicit evaluation provided that: (1) the diaphragm loads were 

developed using dynamic analysis C', :, (2) they comply with the 

ductility detailing requirements, i)f ACI 3 i 8-71 or ACI 349-76 or later 

editions. Diaphragms which dc i.,v- comply with the above ductility 

detailing or which did not have loads explicitly calculated using dynamic 

analysis should be evaluated fer a beyond-design-basis seismic event in 

the 0.45-0.5g pga range.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 4: 

Requirement: Verify the Adequacy of the SFP Walls and Floor Slab to Resist Out

of-Plane Shear and Flexural Loads 

Basis: For PWR pools that are fully or partially embedded, an earthquake motion 

that could cause a catastrophic out-of-plane shear or flexural failure is very 

high and is not a credible event. For BWR pools (and PWR pools that are 

not at least partially embedded), the seismic capacity is likely to be 
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somewhat less and the potential for our-of-plane shear and/or flexural wall 

or base slab failure, at beyond-design-basis seismic loadings, is possible.  

A structural assessment of the pool walls and floor slab out-of plane shear 

and flexural capabilities should be performed and compared to the realistic 

loads expected to be generated by a seismic event equal to approximately 

three times the site SSE. This assessment should include dead loads 

resulting from the masses of the pool water and racks, seismic inertial 

forces, sloshing effects and any significant impact forces.  

Credit for out-of-plane shear or flexural ductility should not be taken 

unless the reinforcement associated with each failure mode can be shown 

to meet the ACI 318-71 or ACI 349-49 requirements.  

Design Feature: Compliance with this design feature will be documented based upon a 

review of drawings (in the case of embedded or partially embedded PWR 

pools) or based upon a review of drawings coupled with the specified 

beyond-design-basis shear and flexural calculations outlined above.  

Item 5: 

Requirement: Verify the Adequacy of Structural Steel (and Concrete) Frame 
Construction 

Basis: At a number of older nuclear power plants, the walls and roof above the 

top of the spent fuel pool are constructed of structural steel. These steel 

frames were generally designed to re-,ist 1iurricane and tornado wind loads 

which exceeded the anticipated design basis seismic loads. A review of 

these steel (or possibly concrete) frained structures should be performed to 

assure that they can resist the seismic forces resulting from a beyond

design-basis seismic event in the 0.47-0.5g 7•. range. Such a review of 

steel structures should concentrate oi., sti d-.:ailing at connections.  

Similarly, concrete frame reviews should concentrate on the adequacy of 

the reinforcement detailing and embedment.  

Failure of the structural steel superstructure should be evaluated for its 

potential impact on the ability of the spent fuel pool to continue to 

successfully maintain its water inventory for cooling and shielding of the 

spent fuel.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 6:
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Verify the Adequacy of Spent Fuel Pool Penetrations

Basis: The seismic and structural adequacy of any spent fuAl pool (SFP) 

penetrations whose failure could result in the draining or syphoning of the 

SFP must be evaluated for the forces and displacements resulting from a 

beyond-design-basis seismic event in the 0.45-0.5g pga range. Specific 
examples include SFP gates and gate seals and low elevation SFP 
penetrations, such as, the fuel transfer chute/tube and possibly piping 

associated with the SFP cooling system. Failures of any penetrations 
which could lead to draining or syphoning of the SFP should be 
considered.  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 7: 

Requirement: Evaluate the Potential for Impacts with Adjacent Structures 

Basis: Structure-to-structure impact may become important for earthquakes 
significantly above the SSE, particularly for soil sites. Structures are 
usually conservatively designed with rattle space sufficient to preclude 
impact at the SSE level but there are no set standards for margins above 
the SSE. In most cases, impact is not a serious problem but, given the 
potentiai for impact, the consequences should be addressed. For impacts 
a' .- orthquake levels below 0.5g pga, the most probable (1"-age includes 

.otel-vial for electrical equipment malfunction and t,- local stri ctural 
c rmage. As cited previously, these levels of damage may be found to be 
a,.ceptatl.e or to result in the loss of SFP support equipment. The major 
focus of this impact review is to assure that the structure-to-structure 
'ilpact does not result in the inability of the SFP to maintain its water 
i•.n~tor'v, 

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 8: 

Requirement: Evaluate the Potential for Dropped Loads 

Basis: A beyond-design-basis seismic event in the 0.45-0.5g pga range has the 

potential to cause the structural collapse of masonry walls and/or 
equipment supports systems. If these secondary structural failures could 
result in the accidental dropping of heavy loads which are always present

-5-

Requirement:



(i.e. not loads associated with cask movements) into the SFP, then the 
consequences of these drops must be considered. As in previous 
evaluations, the focus of the drop consequence analyses should consider 
the possibility of draining the SFP. Additionally, the evaluation should 
evaluate the consequences of any resulting damage to the spent fuel or to 
the spent fuel storage racks.  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 9: 

Requirement: Evaluation of Other Failure Modes 

Basis Experienced seismic engineers should review the geotechnical and 
structural design details for the specific site and assure that there are not 
any design vulnerabilities which will not be adequately addressed by the 
review areas listed above. Soil-related failure modes including 
liquefaction and slope instability should be screened by the approaches 
outlined in Reference 1 (Section 7 & Appendix C).  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 10: Potential Mitigation Measures 

Although beyond the scope of this seismic screening checklist, the following potential mitigatioi.  
measures may be considered in the event that the requirements of the seismic screening checklist 
are not met at a particular plant.  

a.) Delay requesting the licensing waivers (E-Plan, insurance, etc.) until the 
plant specific danger of a "zirc-fire" is no longer a credible concern.  

b.) Design and install structural plant modifications to correct/address the 
identified areas of non-compliance with the checklist. (It must be acknowledged that this option 
may not be practical for significant seismic failure concerns.) 

c.) Perform plant-specific seismic hazard analyses to demonstrate that the 
seismic risk associated with a catastrophic failure of the pool is at an acceptable level. (The 
exact "acceptable" risk level has not been precisely quantified but is believed to be in the range 
of L.OE-06.) 

Item 11: Required Documentation 

A simple report describing the results of the seismic engineer's walkdown 
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and drawing review findings is judged to provide sufficient documentation 
to rule out a beyond-design-basis seismic event as a significant risk 
contributor to a decommissioned nuclear power plant.  

References: 

1. "A Methodology for Assessment of Nuclear Power Plant Seismic Margin Revision 1)," 
(EPRI NP-6041-SL), August 1991
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5e The "Industry Comments" Referred to in December 28 Kennedy letter

Comments on NRC Draft Screening Criteria for Assessing Potential Seismic 

Vulnerabilities of Spent Fuel Pools at Decommissioning Plants - December 3, 1999 NRC 

Memorandum 

Summary of NRC Draft 

To increase the efficiency and effectiveness of decommissioning regulations, the NRC staff has 
engaged in rulemaking activities that would reduce the need to routinely process exemptions 
once a plant is permanently shut down. The December 3, 1999 memorandum from W. Huffman 
to S. Richards (Reference 1) provides a summary of the staff's current concerns regarding a 
screening criteria for assessing potential seismic vulnerabilities to spent fuel pools (SFP) at 
decommissioning plants. Attachments to this memorandum contain suggested enhancements to 
the proposed seismic checklist and also excerpts from an independent technical review by Dr.  
Robert Kennedy. The report by Kennedy endorsed the feasibility of the use of a seismic 
screening concept. The Kennedy report identified eight sites for which the seismically induced 
probability of SFP failure is greater than 3.0 x 10-6 using the LLNL 93 hazard data.  

The seismic risk of failure of the spent fuel pool can be estimated by rigorously convolving a 
family of fragility curves with a family of seismic hazard curves (Reference 2), or by simplified 
approximation methods. Two simplified methods are described in the attachments to the 
December 3, 1999 memorandum (Reference 1).  

The first simplified method was presented by the Staff in their preliminary draft of June 16, 1999 
(Reference 3). This method is based on use of the SFP high confidence low probability of failure 
(HCLPF) value and the simplifying assumption that the conditional probability of SFP failure is 
about a factor " 20 less than the annual probability of exceeding the SFP HCLPF value. Given 
that the SFP HCLPF value is more than or equal to three times the SSE (and less than 105') then 
the SFP failure frequency should be less than 5 x 10-'. This simplified method is based on use of 
peak ground acceleration (PGA) curves.  

The second sikualified method was suggested by Kennedy and is based on use of spectral 
acceleration (S,) rather than PGA. Kennedy states that damage to structures, systems, and 
components (SSCs) does not correlate well to PGA ground motions but correlates much better 
with spectral accelerations between 2.5 and 10 Hz at nuclear power plants. Based on previous 
studies Kennedy proposes to screen SFPs based on use of the peak spectral acceleration (PSA) 
HCLPF seismic capacity of 1.2g. This value is equivalent to 0.5g PGA. This simplified 
approach is based on calculating the 10% conditional probability of failure capacity (CI0,,) given 
the PSA value of 1.2g. Using Equation 6 in the Reference I attachment results in a CI0%,, S,, value 
of 1.82g. The annual probability of exceeding this value at 10, 5 and 2.5 Hz is then calculated 
using the LLNL hazard results. These value are then multiplied by 0.5 and the highest of the 10, 
5, and 2.5 Hz results is used as the SFP failure probability. For example, the CIO% at 5 Hz is 
1.82g or about 56.8 cm/sec spectral velocity. For LLNL site 1, the annual probability of 
exceeding 56.8 cm/sec is about 2.0 x 10.6. This value is multiplied by 0.5 which results in a SFP 
failure probability for site I of about 1.0 x 10-6. This same calculation is performed at 10 and 
2.5 Hz.
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Based on comparisons made by Kennedy he concludes that simplified method 1 (Reference 3) 

underestimates the seismic risk by factors of 2.3 and 3.5 for Vermont Yankee and Robinson 

respectively. Using simplified method 2 the seismic risk is overestimated by 20% and 5% 

respectively for these two cases.  

Kennedy noted that in his judgement it will be necessary to have seismic fragility HCLPF 

computations performed on at least six different aboveground SFPs with walls not supported by 

soil before HCLPF screening levels can be established for these SFPs.  

Recommendation Number 4 of the December 3, 1999 memorandum requested that industry 

provide input concerning: 

f. the list of high hazard sites, 
g. a credible ground motion description at which the seismic hazard frequency is low enough at 

these sites, and 
h. plant specific seismic capacity evaluations using credible ground motion descriptions at these 

sites.  

Recommendation Number 5 requests that industry propose treatment of sites West of the Rocky 

Mountains.  

Preliminary Industry Comments 

Industry concurs that use of a seismic screening checklist is an excellent approach to plant

specific seismic assessments. In addition, we will incorporate into our earlier seismic checklist 

those suggestions presented in Recommendation numbers 1, 2, and 3 to the December 3, 1999 

memorandum.  

With respect to the simplified methods to estimate seismic failure frequency of SFP failure the 

method proposed by Kennedy appears to be reasonable.  

In the recommenrd titor ,-crlon of the 12/3/99 memorandum (Reference 1) some actions by 

industry are proposed. Recommendation Number 4.b requests that industry recommend a 

credible ground motion description at which the seismic hazard frequency is low enough at these 

"high" hazard sites. These "high" hazard sites were identified based on use of the Kennedy 

simplified SFP failure methodology and the LLNL 1993 hazard results. The response to 

Recommendation Numbers 4.a and 4.c are dependent on the resolution of 4.b.  

Comments on Recommendation Number 4.b 

1. Using the Kennedy simplified SFP failure methodology CO, values are determined at 10, 

5, and 2.5 Hz. At 5 Hz the spectral acceleration value is 1.82g or about 56.8 cm/sec.  

2. The PSA values associated with these CI0% values are consistent with spectral values 

which describe the San Onofre and Diablo Canyon SSEs, i.e., large magnitude, near field 

earthquakes.
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3. The issue of large earthquakes occurring near EUS NPPs was resolved by the Charleston 

Issue (SECY-91-135, Reference 4). As stated in SECY-91-135, "Large 1886 Charleston

size earthquakes, greater than or equal to magnitude 6.5, are not significant contributors 

to the seismic hazard for nuclear facilities along the eastern seaboard outside the 

Charleston region. This result is consistent with the results emerging from the ongoing 

studies of earthquake-induced liquefaction features along the eastern seaboard. These 

studies have found no evidence of large prehistoric earthquakes originating outside the 

South Carolina region. Thus the issue of the Charleston earthquake occurring elsewhere 

in the eastern seaboard is considered to be closed." 

4. Credible, versus not credible in terms of annual probability, is typically associated with 

greater than about 10.6 (credible) and 10.6 or less (not credible). Within the context of the 

Kennedy simplified SFP failure methodology, if the annual probability of exceeding the 

screening level value (for example 56.8 cm/sec at 5 Hz) times 0.5 is less than 10.6, then 

only the seismic checklist must be satisfied. Implicit in this approach is that the 

probabilistic estimates at the CIO, level are credible.  

5. For a site to be screened out the CIO% value should be on the order of 10-6. Figure 1 

(attached) shows the 5 Hz spectral acceleration values associated with the 1&6 LLNL 

results at each of the 69 sites. As can be seen, for site number 36 (which in Table 3 of the 

Kennedy report is the site with the highest SFP failure frequency) the 10.6 spectral 

acceleration is about 7,700 cmlsec- or about 245 cm/sec. As stated previously, 57 cm/sec 

is consistent with 5 Hz spectral velocities associated with a magnitude 6.6 earthquake 8 

km from the site (San Onofre SSE), therefore these predicted groundmotions must be 

associated with a very large earthquake, greater than magnitude 6.5, very near to the site 

- which is counter to the conclusions of SECY-91-135. Other values at other sites are 

equally incredible. Basý,, on these results, it is concluded that the LLNL results, at the 

probability/ground motion levels of interest, are deterministically incredible and therefore 

their use in screening is questionable. Figure 2 (attached) shows the 5 Hz spectral 

acceleration values associated with the 10.6 EPRI results. As can be seen, the EPRI 

results, at the probability/ground motion levels of interest, are credible, and consistent 

with SECY-91-135.  

6. Figure 3 (Figure 2 from NUREG-1488, Reference 5) illustrates the problems associated 

with the LLNL results at high ground motions/low annual probabilities. As can be seen 

from Figure 3, at high probabilities there is reasonable agreement between LLNL and 

EPRI. However, the slope of the LLNL results at high ground motions is too shallow.  

The effect of this shallow slope is to predict incredible ground motions at credible 

probability levels.  

7. Based on this review, industry contends that it would be appropriate to only use EPRI 

results in the SFP seismic screening analysis. We believe this to be reasonable in light of 

the difficulties associated with the LLNL results at low probabilities. The effect of using 

only the EPRI results is shown in column 3 of Table 3 in the Kennedy report (Reference 

1). As can be seen, only 1 plant would be required to perform further analyses.  

However, because both LLNL and EPRI are considered to provide valid results, it is
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proposed that the results from each study be geometrically averaged such that equal 

weight is provided the results from each study. Arithmetic averaging is considered 

unacceptable in light of the difficulties associated with the LLNL results. Figure 4 

provides the results of geometrically averaging the LLNL and EPRI results.  

Comments on Recommendation Number 4.a 

Based on Figure 4 about 6 sites would be preliminarily screened in due to exceeding the 106 

criterion. One of the 6 sites is Shoreham. If these screened in SFPs are above ground then 

further analyses will be required.  

Comments on Recommendation Number 4.c 

It is industry's understanding of Section 4.2 of the Kennedy report that given that a plant satisfies 

the seismic screening checklist then the SFP is likely to have a seismic capacity higher than the 

screening level capacity. If plant-specific information is conveniently available, additional 

seismic capacity values will be developed in a manner sl •iilar to that described in NUREG/CR

5176.  

Comments on Recommendation Number 5

A response to the NRC Recommendation Number 5 r, 

treatment of sites West of the Rocky Mountains" will 

detailed deterministic investigations at and around eac' 

and causes of earthquakes is developed in the licensinl.  
Therefore, it would be reasonable to describe the creci 
deterministically.

I !q c industry to provide "Proposed 
- rovided later. However, as a result of 

a better understanding of the sources 
estern U.S. (WUS) plants.  

-rourid motion for WUS sites
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4. SECY-91-135, Conclusions of the Probabilistic Seismic Hazard Studies Conducted for 

Nuclear Power Plants in the Eastern United States, May 14, 1991.  

5. NUREG-1488, Revised Livermore Seismic Hazard Estimates for 69 Nuclear Power Plant 

Sites East of the Rocky Mountains, October, 1993.
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5f December 28, 1999 Kennedy Letter

Structural Mechanics Consulting, Inc.  

Robert P. Kennedy 18971 Villa Terrace, Yorba Linda, CA 92686 (714) 777-2163 

December 28, 1999 

Dr. Charles Hofmayer 
Environmental & Systems Engineering Division 
Brookhaven National Lab 
Building 130, 32 Lewis Road Upton, NY 11973-5000 

Subject: Additional Documents Concerning Seismic Screening and Seismic Risk of Spent Fuel 

Pools For Decommissioning Plants 

Dear Dr. Hofmayer: 

I have reviewed the December 3,1999 memorandum from W. Huffman to S. Richards entitled 

Screening Criteria for Assessing Potential Seismic Vulnerabilities of Spent Fuel Pools 

at.Decommissioning Plants. I have also reviewed the "Industry Comments" on the material 

presented in this memorandum. Lastly, I reviewed Revision I of the Industiy Seismic Screening 

Criteria dated December 13, 1999.  

I concur with the adequacy of the Industry Seismic Screening Criteria presented in Revision I for 

the vast majority of Central and Fmtem US (CEUS) sites. So long as Screening Items I through 

9 are satisfied, the seismic risk of spent fuel pool failure to contain water for these sites should 

be so low as to not warrant further assessment. The addition of Screening Item 4 in Revision I 

removes my concern about the previous draft. For spent fuel pool walls and floor slab not 

supported by soil, Screening Item 4 requires a structural assessment of the pool walls and floor 

slab out-of-plane shear and flexural capabilities be performed and compared to the realistic 

demands expected to be generated by seismic input equal to approximately three times the site 

SSE input. In order to demonstrate a HCLPF capacity in excess of approximately 3 SSE, this 

assessment should be performed with the degree of conservatism defined for the Conservative 

Deterministic Failure Margin (CDFM) method in EPRI 6041.  

Spent fuel pools at a few higher seismic hazard sites in the CEUS and all Western US sites 

should be further evaluated beyond this screening criteria. I concur with the approach 

presented on page 4 of the "Industry Comments" for defining these few higher seismic hazard 

CEUS sites. Based on Figure 4 of the "Industry Comments", it appears that no more than 4 

CEUS sites (excluding Shoreham) would fall into this higher seismic hazard category.  

Either Seismic Margin or Seismic Fragility HCLPF capacity estimates should be made for spent 

fuel pools at decommissioning plants in each of the following cases: 

1. Out-of-plane flexural and shear capacity of aboveground spent fuel pool walls and floors not 

supported by soil.  

2. Spent fuel pools which do not pass the Revision I Industry Seismic Screening Criteria.  

3. A few higher seismic hazard CEUS sites and all Western sites.
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For the above situations where HCLPF capacity assessments should be made, I understand that 

Goutam Bagehi and Bob Rothman of the NRC have recommended that a plant coming in for 

decommissioning which can show that their spent fuel pool structural resistance has a HCLPF 

value of 3*SSE for CEUS sites and 2*SSE for West Coast sites has demonstrated an 

adequately low seismic risk for their spent fuel pool. This recommended approach represents a 

reasonable engineering approach with which I concur.  

I believe the approach outlined above is a practical approach for demonstrating the seismic risk 

of spent fuel pools at decommissioning plants is very low. Please contact me if you desire 

further discussion.  

Sincerely 

Robert Kennedy 

cc. Mr. Goutam Bagchi 
Dr. Nilesh Chokshi
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5g Enhanced Seismic Checklist

Item 1: 

Requirement: Identify Preexisting Concrete and Liner Plate Degradation 

Basis: A detailed review of plant records concerning spent fuel pool concrete and liner plate 
degradation should be performed and supplemented by a detailed walkdown of the 
accessible portions of the spent fuel pool concrete and liner plate. The purpose of the 

records review and visual inspection activities is to accurately assess the material 
condition of the SFP concrete and liner in order to assure that these existing material 
conditions are properly factored into the remaining seismic screening assessments.  

Design Feature: The material condition of the SFP concrete and liner, based upon the 
records review and the walkdown inspection, will be documented and used as an 
engineering input to the following seismic screening assessments.  

Item 2: 

Requirement: Assure Adequate Ductility of Shear Wall Structures 

Basis: The expert panel involved with the development of Reference 1 concluded that, "For the 
Category 1 structures which comply with the requirements of either ACI 318-71 or 
ACI 349-76 or later building codes and are designed for an SSE of at least 0.1g pga, as 
long as they do not have any special problems as discussed below, the HCLPF capacity 
is at least 0.5g pga." This conclusion was based upon the assumption that the shear wall 
structure will respond in a ductile manner. The "special problems" cited deal with 
individual plant details which could prevent a particular plant from responding in the 
required ductile fashion. Examples cited in Reference 1 included an embedded structural 
steel frame in a common shear wall at the Zion plant (which was assumed to fail in brittle 
manner due to a potential shear failure of the attached shear studs) and large openings 
in a "crib house" roof (also at the Zion plant) which could interrupt the continuity of the 
structural slab.  

Other examples which could impact the ductility of the spent fuel pool structure include large 
openings which are not adequately reinforced or reinforcing bars that are not sufficiently 
embedded to prevent a bond failure before the yield capacity of the -•eei is reached.  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 3: 

Requirement: Assure Design adequacy of Diaphragms (including roofs) 

Basis: In the design of many nuclear power plants, the seismic design of roof and floor 
diaphragms has often not received the same level of attention as have the shear walls of 
the structures. Major cutouts for hatches or for pipe and electrical chases may pose 
special problems for diaphragms. Since more equipment tends to be anchored to the 
diaphragm compared to shear walls, moderate amounts of damage may be more critical 
for the diaphragm compared to the same amount of damage in a wall.
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Based upon the guidance provided in Reference 1, diaphragms for Category I structures 
designed for a SSE of 0.1g or greater do not require an explicit evaluation provided that: 

(1) the diaphragm loads were developed using dynamic analysis methods; (2) they 

comply with the ductility detailing requirements of ACI 318-71 or ACI 349-76 or later 

editions. Diaphragms which do not comply with the above ductility detailing or which did 

not have loads explicitly calculated using dynamic analysis should be evaluated for a 

beyond-design-basis seismic event in the 0.45-0.5g pga range.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 4: 

Requirement: Verify the Adequacy of the SFP Walls and Floor Slab to Resist Out-of
Plane Shear and Flexural Loads 

Basis: For PWR pools that are fully or partially embedded, an earthquake motion that could 

cause a catastrophic out-of-plane shear or flexural failure is very high and is not a 
credible event. For BWR pools (and PWR pools that are not at least partially 
embedded), the seismic capacity is likely to be somewhat less and the potential for our

of-plane shear and/or flexural wall or base slab failure, at beyond-design-basis seismic 
loadings, is possible.  

A structural assessment of the pool walls and floor slab out-of plane shear and flexural 
capabilities should be performed and compared to the realistic loads expected to be 
generated 1--' a seismic event equal to approximately three times the site SSE. This 
assessment should include dead loads resulting from the masses of the pool water and 

racks, seisl iic inertial forces, sloshing effects and any significant impact forces.  

Credit for out-of-:, ýne shear or flexural ductility should not be taken unless the reinforcement 
associate. ith each failure mode can be shown to meet the ACI 313-71 or ACI 349-49 
requiremer r.  

Design Feature: Compliance with this design feature will be documented based upon a 

review of 1iawings (in the case of embedded or partially embedded PWR pools) or 

based Lr -i review of drawings coupled with the specified beyond-design-basis shear 
and flex• _.WIculations outlined above.  

Item 5: 

Requirement: Verify the Adequacy of Structural Steel (and Concrete) Frame Construction 

Basis: At a number of older nuclear power plants, the walls and roof above the top of the spent 

fuel pool are constructed of structural steel. These steel frames were generally designed 

to resist hurricane and tornado wind loads which exceeded the anticipated design basis 

seismic loads. A review of these steel (or possibly concrete) framed structures should be 

performed to assure that they can resist the seismic forces resulting from a beyond

design-basis seismic event in the 0.45-0.5g pga range. Such a review of steel structures 

should concentrate on structural detailing at connections. Similarly, concrete frame 
reviews should concentrate on the adequacy of the reinforcement detailing and 
embedment.
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Failure of the structural steel superstructure should be evaluated for its potential impact on the 
ability of the spent fuel pool to continue to successfully maintain its water inventory for 

cooling and shielding of the spent fuel.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 6: 

Requirement: Verify the Adequacy of Spent Fuel Pool Penetrations 

Basis: The seismic and structural adequacy of any spent fuel pool (SFP) penetrations whose 

failure could result in the draining or syphoning of the SFP must be evaluated for the 

forces and displacements resulting from a beyond-design-basis seismic event in the 
0.45-0.5g pga range. Specific examples include SFP gates and gate seals and low 

elevation SFP penetrations, such as, the fuel transfer chute/tube and possibly piping 

associated with the SFP cooling system. Failures of any penetrations which could lead 
to draining or syphoning of the SFP should be considered.  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 7: 

Requirement: Evaluate the Potential for Impacts with Adjacent Structures 

Basis: Structure-to-structure impact may become important for earthquakes significantly above 
the SSE, particularly for soil sites. Structures are usually conservatively designed with 
rattle space sufficient to preclude impact at the SSE level but there are no set standards 

for margins above the SSE. In most cases, impact is not a serious problem but, given 
the potential for impact, the consequences should be addressed. For impacts at 
earthquake levels below 0.5g pga, the most probable damage includes the potential for 

electrical equipment malfunction and for local structural damage. As cited previously, 
these levels of damage may be found to be acceptable or to result in the loss of SFP 
support equipment. The major focus of this impact review is to assure that the structure

to-structure impact does not result in the inability of the SFP to maintain its water 
inventory.  

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 8: 

Requirement: Evaluate the Potential for Dropped Loads 

Basis: A beyond-design-basis seismic event in the 0.45-0.5g pga range has the potential to 

cause the structural collapse of masonry walls and/or equipment supports systems. If 

these secondary structural failures could result in the accidental dropping of heavy loads 

which are always present (i.e. not loads associated with cask movements) into the SFP, 

then the consequences of these drops must be considered. As in previous evaluations, 

the focus of the drop consequence analyses should consider the possibility of draining 
the SFP. Additionally, the evaluation should evaluate the consequences of any resulting
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damage to the spent fuel or to the spent fuel storage racks.

Design Feature: This design feature requirement will be documented based on a review of 
drawings and a SFP walkdown.  

Item 9: 

Requirement: Evaluation of Other Failure Modes 

Basis: Experienced seismic engineers should review the geotechnical and structural design 
details for the specific site and assure that there are not any design vulnerabilities which 
will not be adequately addressed by the review areas listed above. Soil-related failure 
modes including liquefaction and slope instability should be screened by the approaches 
outlined in Reference 1 (Section 7 & Appendix C).  

Design Feature: This design feature requirement will be documented based on a review of 

drawings and a SFP walkdown.  

Item 10: Potential Mitigation Measures 

Although beyond the scope of this seismic screening checklist, the following potential mitigation 
measures may be considered in the event that the requirements of the seismic screening 
checklist are not met at a particular plant.  

a.) Delay requesting the licensing waivers (E-Plan, insurance, etc.) until the plant specific 
danger of a zirconium fire is no longer a credible concern.  

b.) Design and install structural plant modifications to correct/address the identified areas of 
non-compliance with the checklist. (It must be acknowledged that this option may not be 
practical for significant seismic failure concerns.) 

c.) Perform plant-specific seismic hazard analyses to demonstrate that the seismic risk 
associated with a catastrophic failure of the pool is at an acceptable level. (The exact 
"acceptable" risk level has not been precisely quantified but is believed to be in the range 
of 1.OE-06.) 

We believe that use of the checklist and determination that the spent fuel pool HCLPF is 
sufficiently high will assure that the frequency of fuel uncovery from seismic events is 
less than or equal to lx1i06 per year.
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5h Other Seismic Stakeholder Interactions

1. A member of the public raised a concern about the potential effects of Kobe and 
Northridge earthquakes related to risk-informed considerations for decommissioning 
during the Reactor Decommissioning Public Meeting on Tuesday, April 13, 1999, in 

Rockville, MD.  

Stakeholder Comment 

"I guess I'd like to direct my questions to the seismological review for this risk-informed 
process. And first of all, did any of the NUREGs that you looked at take into account new 
information coming out of the Kobe and Northridge events? I think that what we need to 
be concerned with is dated information. Particularly as we are learning more about risks 
associated with those two particular seismological events that were never even 
considered when plants were sited; particularly, though I can't frame it in the 
seismological language, from a lay understanding, it's clear that new information was 
gained out of Kobe and Northridge events suggesting that you can have seismological 
effects of greater consequence farther afield than at the epicenter of the event." 

Response 
The two NUREGs mentioned by a member of the public were written in the middle and 
late 1980s and used probabilistic seismic hazard analyses performed for the NRC by 
Lawrence Livermore National Laboratory (LLNL) for nuclear power plants in the central 
and eastern U.S. Since then, LLNL has performed additional probabilistic hazard studies 
for central and eastern U.S. nuclear power plants for the NRC. The results of these 
newer studies indicated lower seismic hazards for the plants than the earlier studies 
estimated. Due to new methods of eliciting information, newer methods of sampling 
hazard parameters' uncertainties, better information on ground motion attenuation in the 
U.S. and a more certain understanding of the seismicity of the central and eastern U.S., 
if the probabilistic hazard studies were to be performed again, the hazard estimates for 
most sites would probably be reduced the still further 

The design basIs for each nuclear power plant took into account the effects of 
earthquake ground motion. The seismic design basis, called the safe shutdown 
earthquake (SSE), defines the maximum ground motion for which certain structures, 
systems, and components necessary for safe shutdown were designed to remain 
functional. The licensees were required to obtain the geJo•,c and seismic information 
necessary to determine site suitability and provide reasonable assurance that a nuclear 
power plant could be constructed and operated at a site without undue risk to the health 
and safety of the public.  

The information collected in the investigations was used to determine the earthquake 
ground motion at the site, assuming that the epicenters of the earthquakes are situated 
at the point on the tectonic structures or in the tectonic provinces nearest to the site. The 
earthquake which could cause the maximum vibratory ground motion at the site was 
designated the safe shutdown earthquake (SSE). This ground motion was used in the 
design and analysis of the plant.  

The determination of the SSEs had to follow the criteria and procedures required by NRC 
regulations and use a multiple hypothesis approach. In this approach, several different 
methods were used to determine each parameter, and sensitivity studies were performed 
to account for the uncertainties in the geophysical phenomena. In addition, nuclear
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power plants have design margins (capability) well beyond the demands of the SSE. The 
ability of a nuclear power plant to resist the forces generated by the ground motion during 
an earthquake is thoroughly incorporated in the design and construction. As a result, 
nuclear power plants are able to resist earthquake ground motions well beyond their 
design basis and far above the ground motion that would result in severe damage to 
residential and commercial buildings designed and built to standard building codes.  

Following large damaging earthquakes such as the Kobe and Northridge events, the staff 
reviewed the seismological and engineering information obtained from these events to 
determine if the new information challenged previous design and licensing decisions.  
The Kobe and Northridge earthquakes were tectonic plate boundary events occurring in 
regions of very active tectonics. The operating U.S. nuclear power plants (except for San 
Onofre and Diablo Canyon) are located in the stable interior portion of the North 
American tectonic plate. This is a region of relatively low seismicity and seismic hazard.  
Earthquakes with the characteristics of the Kobe and Northridge events will not occur 
near central and eastern U.S. nuclear power plant sites.  

The ground motion from an earthquake at a particular site is a function of the earthquake 
source characteristics, the magnitude and the focal mechanism. It is also a function of 
the distance of the facility to the fault, the geology along the travel path of the seismic 
waves, and the geology immediately under the facility site. Two operating nuclear power 
plant sites in the U.S. can be considered as having the potential to be subjected to the 
near field ground motion of moderate to large earthquakes. These are the San Onofre 
Nuclear Generating Station (SONGS) near San Clemente and the Diablo Canyon Power 
Plant (DCPP) near San Luis Obispo. The seismic design of SONGS Units 2 and 3 is 
based on the assumed occurrence of a magnitude 7 earthquake on the Offshore Zone of 
Deformation, a fault zone approximately 8 kilometers from the site. The design of DCPP 
has been analyzed for the postulated occurrence of a magnitude 7.5 earthquake on the 
Hosgri Fault Zone approximately 4 kilometers from the site. The response spectra used 
for both the SONGS and the DCPP were evaluated against the actual spectra of near 
field grcdd n motions of a suite of earthquakes gathered on a world wide basis.  

The inc;m., -,al stated: "... it's clear that new information was gained out of Kobe and 

Northridg&: 'ents suggesting that you can have seismological effects of greater 
conseque,ý - farther afield than at the epicenter of the event." A review of the strong 
motion data .d the damage resulting from these events indicates that this statement is 
not a conce•.; for SONGS and DCPP.  

The staff assumes that the individual alluded to the fact that the amplitudes of the ground 
motion from the 1994 Northridge earthquake were larger in Santa Monica than those at 
similar and lesser distances from the earthquake source. The cause of the larger ground 
motions in the Santa Monica area is believed to be the subsurface geology along the 
travel path of the waves. One theory (Gao et al, 1996) is that the anomalous ground 
motion in Santa Monica is explained by focusing due to a deep convex structure (several 
kilometers beneath the surface) that focuses the ground motion in mid-Santa Monica.  
Another theory (Graves and Pitarka, 1998) is that the large amplitudes of the ground 
motions in Santa Monica from the Northridge earthquake are caused by the shallow 
basin-edge structure (1 kilometer deep) at the northern edge of the Los Angles Basin.  
This theory suggests that the large amplification results from constructive interference of 
direct waves with the basin-edge generated surface waves. Earthquake recordings at 
San Onofre and Diablo Canyon do not indicate anomalous amplification of ground 
motion. In addition, there have been numerous seismic reflection and refraction studies
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of the site areas for the site evaluations, and for petroleum exploration and geophysical 

research. They, along with other well-proven methods, were used to determine the 

nature of the geologic structure in the site vicinity, the location of any faults, and the 

nature of the faults. None of these studies have indicated anomalous conditions, like 

those postulated for Santa Monica, at either SONGS or DCPP.. In addition, the empirical 

ground motion database used to develop the ground motion attenuation relationships 

contains events recorded at sites with anomalous as well as typical ground motion 

amplitudes. The design basis ground motion for both SONGS and DCPP were 

compared to 84th percentile level of ground motion obtained using the attenuation 

relationships and the appropriate earthquake magnitude, distance and geology for each 

site. The geology of the SONGS and DCPP sites do not cause anomalous amplification; 

therefore, there is no "new information gained from the Kobe and Northridge events" 

which raises safety concerns for U.S. nuclear power plants.  

In summary, earthquakes of the type that occurred in Kobe and Northridge are different 

from those that can occur near nuclear power plants in the central and eastern U.S.; the 

higher ground motions recorded in the Santa Monica area from the Northridge 

earthquake were due to the specific geology through which the waves traveled; 

improvements in our understanding of central and eastern U.S. geology, seismic wave 

attenuation, seismicity, and seismic hazard calculation methodology would result in less 

uncertainty and lower hazard estimates today than have previous studies.  

2. During the July workshop, members of the public raised concerns about the hazard of 

the fuel transfer tube interacting with the pool structure during a large earthquake. There 

was also another concern about the effect of aging on the spent fuel pool liner plate and 

the reinforced concrete pool structure.  

Transfer tubes are generally used in PWR plants where the fuel assembly exits the 

containment structure through the tube and enters the pool. These transfer tubes are 

generally located inside a concrete sfructure that is buried under the ground and 

attached to the pool structure through a seismic gap and seal arrangement. These 

layouts and arrangements can vary from one PWR plant to another, and the seismic 

hazard caused by transfer tubes needs to be examined on a case-by-case basis. This is 
a good candidate for a seismic checklist.  

3. During the July workshop, me . Oers of the public raised concerns about the effect of 

aging on the spent fuel pool liner plate and the reinforced concrete pool structure.  

Irradiation-induced degradation of steel requires a high neutron fluence, which is not 

present in the spent fuel pools. Operating experience has not indicated any degradation 

of liner plates or the concrete that can be attributed to radiation effects.  

With aging, concrete gains compressive strength of about 20% in an asymptotic manner 

and spent fuel pool structures are expected to have this increased strength at the time of 

their decommissioning. Degradation of concrete structures can be divided into two parts, 

a long term and short term. The long-term degradation can occur due to freezing and 

thawing effects when concrete is exposed to outside air. This is the predominant long

term failure mode of concrete, observed on bridge decks, pavements, and structures 

exposed to weather. Degradation of concrete can also occur when chemical 

contaminants attack concrete. These types of degradation have not been observed in 

spent fuel pools in any of the operating reactors. Additionally, inspection and
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maintenance of spent fuel pool structures are within the scope of the maintenance rule, 

10 CFR 50.65, and corrective actions are required if any degradation is observed. An 

inspection of the spent fuel pool structure to identify cracks, spalling of concrete, etc., is 

also recommended as a part of the seismic checklist. Significant degradation of 

reinforced concrete structures would take more than 5 years or so, the time necessary to 

lose decay heat in the spent fuel. Substantial loss of structural strength requires long

term corrosion of reinforcing steel bars and substantial cracking of concrete. This is not 

likely to happen because of inspection and maintenance requirements.  

The short-term period of concern for the beyond-design-basis seismic event can be 

considered to last no more than several days. Any seepage of water during this time will 

not degrade the capacity of concrete. Degradation of concrete strength would require 

loss of cross-section of reinforcing bars due to corrosion, and a period of several days is 

too short to cause such a loss.  

Degradation of the liner plate can occur due to cracks that can develop at the welded 

joints. Seepage of water through minute cracks at welded seams has been minimal and 

has not been observed at existing plants to cause structural degradation of concrete.  

Nevertheless, preexisting cracks would require a surveillance program to ensure that 

structural degradation is not progressing.  

Based on the above discussion, it can be assumed that the spent fuel pool structure will 

be at its full strength at the initiation of a postulated beyond-design-basis event.
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Appendix 6 
Nuclear Energy Institute Commitment letter 

dated November 12, 1999 
to the 

Nuclear Regulatory Commission



NEI 
NUCLEAR ENERGY INSTITUTE 

Lynnette Hendricks 
DIRECTOR 
PLANT SUPPORT 
NUCLEAR GENERATION DIVISION 

November 12, 1999 

Richard J. Barrett 
Chief, Probabilistic Safety Assessment Branch 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear Mr. Barrett, 

Industry is committed to performing decommissioning with the same high level of 
commitment to safety for its workers and the public that was present during 
operation of the plants. To that end, industry is making several commitments for 
procedures and equipment which would reduce the probability of spent fuel pool 
events during decommissioning and would mitigate the consequences of those 
events while fuel remains in the spent fuel pool. Most of these commitments are 
already in place in the emergency plans, FSAR requirements, technical 
specifications or regulatory guidance that decommissioning plants must follow.  

These commitments were initially presented at the NRC public workshop on 
decommissioning, July 15-16, in Gaithersburg, Maryland. They were further 
discussed in detailed industry comments prepared by Erin Engineering. At a recent 
public meeting with NRC management it was determined that a letter clearly 
delineating these commitments could be useful to NRC as it considers input to its 
technical analyses.  

I am hereby transmitting those industry commitments as follows.  

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).  

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. \c)o( 

3. Procedures will be in place to establish communication between on site 
and off site organizations during severe weather and seismic events.  

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.

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.  

6. Spent fuel pool boundary 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.  

7. Procedures or administrative controls 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) controls for pump suction and 
discharge points. The functionality of anti-siphon devices will be 
periodically verified.  

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.  

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.  

1O.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.  

If you have any questions regarding industry's commitments, please contact me at 
202 739-8109 or LXII@NEI.org.  

Sincerely, 

Lynnette Hendricks 
LXH/1 rh



Appendix 7 Stakeholder Interactions

1. Introduction 

The technical staff reviewed and evaluated available technical information and methods to use 
as the risk-informed technical basis for reviewing decommissioning exemption requests and 

rulemaking related to emergency preparedness, safeguards, indemnification, and other areas.  
When the draft report was released for public comment in June 1999, stakeholders identified 
concerns, which were addressed for inclusion in the final report. The early stakeholder input 
has improved the overall quality of the report. Meetings held with the stakeholders are provided 

below. Afterward, stakeholder comments in various technical areas and how the staff 
addressed them are discussed.  

Public meetings on the Technical Working Group Study

March 17, 1999 
April 13, 1999 
May 5, 1999 
June 7, 1999 
June 8, 1999 
June 21, 1999 
July 15-16, 1999 

November 3, 1999 
November 5, 1999 
November 8, 1999 
November 19, 1999

Commission meeting in Rockville, MD 
Stakeholder meeting with NRC staff in Rockville, MD 
Stakeholder meeting with NRC staff in Rockville, MD 
Stakeholder meeting with NRC staff in Rockville, MD 
Stakeholder meeting with Sam Collins in Rockville, MD 
Pre-workshop stakeholder meeting with NRC staff in Rockville, MD 
Workshop on decommissioning plant spent fuel pool accident risk in 
Gaithersburg, MD 
Stakeholder meeting with Sam Collins in Rockville, MD 
ACRS meeting in Rockville, MD 
Commission meeting in Rockville, MD 
Stakeholder meeting with NRC staff in Rockville, MD

2. Probabilistic Risk Assessment (PRA) 

An industry stakeholder raised the concern that tine PRA was too conservative and that some of 
the assumptions were unrealistic. The staff retr-vnd the PRA analysis, incorporating industry 
commitments, and subjected the results to an Independent technical review. The results are 
summarized in Chapter 3. A more detailed description of the risk analysis is presented in 
Appendix 2.  

3. Human Reliability Analysis 

Industry stakeholders raised a concern that the June 1999 draft report did not give sufficient 
credit for operator actions in the area of human reliability analysis (HRA). Specifically, industry 
stated that the NRC draft report did not reflect the potential for actions such as self-checking, 
longer reaction times available, management oversight, design simplicity, second crew member 
check, additional shift attention in recovery, or additional cues causing increased attention.  

The staff enlisted the support of HRA experts to refine the analysis in the June 1999 draft 
report. The HRA results were also subjected to an independent technical review. This topic is 
discussed in Appendices 2.
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4. Heavy Loads

Industry stakeholders raised a concern that the heavy load risk assessment in the draft report 
did not give sufficient credit for NUREG-0612 actions and used the conservative upper bound 
values.  

To address these concerns, the staff employed more recent Navy data to requantify the fault 

tree, included the mean value estimate for compatibility with Regulatory Guide 1.174, and 

addressed industry voluntary commitment to Phase II of NUREG-0612. The results and 
conclusions are discussed in Chapter 3.3.6 and Appendix 2 (section 2c).  

5. Seismic Assessment 

To take credit for the seismic design margins existent in spent fuel pools, the staff sought an 
appropriate method to identify potential structural vulnerabilities without having to perform a 
detailed fragility review. At a July 15-16, 1999 public workshop, industry proposed development 
of a simple spent fuel pool seismic checklist as a way of assessing seismic vulnerabilities 
without performing quantifying analyses.  

In a letter dated August 18, 1999, NEI submitted a "seismic checklist" for screening. The staff 
considered it an acceptable alternative to plant specific fragility reviews; provided, some 
deficiencies in the checklist proposed by NEI were corrected. After these concerns were 
identified to NEI, a revised checklist was submitted in a letter dated December 13, 1999.  
Details of the seismic checklist and other seismic issues are provided in Chapter 3.4.1 and 
Appendices 2 (section 2b) and 5.  

6. Other Seismic Stakeholders Interactions 

Members of the public raised other seismic concerns at the Reactor Decommissioning Public 
Meeting on Tuesday, April 13, 1999 and during the July workshop. The concerns raised related 
to: the potential effects of the Kobe and Northridge earthquakes on risk-informed 
considerations for decommissioning; the hazard of the fuel transfer tube interacting with the 
pool structure during an earthquake; and the effect of aging on the spent fuel pooi liner and the 
reinforced concrete pool structure. These concerns are addressed in Appendix 5.h.  

7. Criticality 

A public stakeholder concluded that the June 1999 draft report did not address the potential for 
a criticality accident in the SFP of a decommissioned plant. The subject was also raised by a 
member of the public during the November 8, 1999 Commission meeting.  

The staff examined the mechanisms by which a criticality accident could occur to assess the 
potential for criticality, the consequences, and the likelihood of a criticality event. The results 
were subjected to an independent contractor review where additional mechanisms were 
proposed and examined. The results are presented in Appendix 3.  

8. Thermal-Hydraulic Assessment 

Industry stakeholders raised a concern that the thermal-hydraulic assessment in the June 1999
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draft report used overly conservative adiabatic heatup calculations and a maximum clad 

temperature that was too conservative for the zirconium ignition temperature.  

We refined the thermal-hydraulic analysis presented in the draft report. The results of the 

analysis are included in Appendix 1.  

9. Partial Draindown and Exothermic Reaction of SFP 

An industry stakeholder stated that we did not consider the implications of a partial draindown 

as being as serious as or worse than a complete draindown. The stakeholder also stated that 

the draft report did not address the potential for a hydrogen explosion resulting from an 

exothermic reaction between steam and zirconium. A discussion of these topics are found in 

Appendix 1.  

10. Impact of Decommissioning on Operating Units 

A public stakeholder stated that we did not consider the impacts on operating units of removing 

the water from the SFP at a decommissioning site, such as Millstone and San Onofre.  

It is recognized that the loss of water in a decommissioning SFP (note: this concern relates only 

to reduced quantities of water in the SFP and not with zirconium fires) has the potential to have 

an impact on adjacent operating units at the same site. For a site where there are no shared 

systems, components or structures between plants, the major concern would be a harsh 

radiation environment which would cause increased radiation doses to operators in the plant.  

For pl.-týts where systems, components, or structures are shared between plants, the concern 

would be a harsh environment (e.g. radiation or temperature) which could cause concerns for 

operators and/or equipment which might be unable to perform its safety function due to the 

harsh environment being greater than its design basis. While these concerns are recognized, 

the "believes that w;,.. the low probability of the uncovery of spent fuel, as discussed in 

Cha. 3 and -•;,endix 2 of this report, the risks associated with this event are acceptable.  

11. Safeguards 

A public stakeholder stated that the draft report did not address the potential or threat for 

vehicle-borne bombs. Th. . icste is addressed in Chapter 4.3.2.
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