
'" Ge..org e Hubbard - Risk informed seismic EPRI response 121399.doc " . .. . .._-Page 1 

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 of 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 10-') 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 simplified method was suggested by Kennedy and is based on use of spectral 
acceleration (Sa) 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 (Clo%) given 
the PSA value of 1.2g. Using Equation 6 in the Reference 1 attachment results in a CIO% Sa 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
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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 1 of about 1.0 x 10-6. This same calculation is performed at 10 and 2.5 
Hz.  

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: 

a. the list of high hazard 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 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 recommendations section 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
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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 CIO% 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 CIo% values are consistent with spectral values 
which describe the San Onofre and Diablo Canyon SSEs, i.e., large magnitude, near field 
earthquakes.  

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 magni'tude 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 106 (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 10.6 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 cm/sec2 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. Based 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 106 EPRI results. As can be seen, the EPRI
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results, at the probability/ground motion levels of interest, are credible, and consistent 
with SECY-91-135.  

5. 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.  

6. 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 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 10-6 
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 similar to that described in NUREG/CR
5176.  

Comments on Recommendation Number 5 

A response to the NRC Recommendation Number 5 requesting industry to provide "Proposed 
treatment of sites West of the Rocky Mountains" will be provided later. However, as a result of 
detailed deterministic investigations at and around each site, a better understanding of the sources 
and causes of earthquakes is developed in the licensing of Western U.S. (WUS) plants.
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Therefore, it would be reasonable to describe the credible ground motion for WUS sites 
deterministically.
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LLNL 5 Hz Spectral Acceleration at 1.OE-6
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EPRI 5 Hz Spectral Acceleration at 1.OE-6
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Comparison of 1989 LLNL, 1992 LLNL and EPRI Estimates of Probability of Exceeding Peak 

Ground Acceleration per Year versus Acceleration - Pilgrim site
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Geometric Mean (LLNL & EPRI)
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