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 Mr. Joseph E. Pollock, Executive Director
 Nuclear Energy Institute1776 I Street NW, Suite 400Washington, DC 20006-3708
 SUBJECT: ENDORSEMENT OF ELECTRIC POWER RESEARCH INSTITUTE FINAL DRAFTREPORT 1025287, “SEISMIC EVALUATION GUIDANCE”
 Dear Mr. Pollock:
 On behalf of the Nuclear Regulatory Commission (NRC), I am responding to the Nuclear EnergyInstitute’s (NEI’s) letter 1 of November 27, 2012, with attached Electric Power Research Institute(EPRI) final draft Report No. 1025287 entitled, “Seismic Evaluation Guidance: Screening,
 Prioritization and Implementation Details (SPID) for the Resolution of Fukushima Near-TermTask Force Recommendation 2.1: Seismic” (hereafter referred to as the SPID report). NEI’sletter was submitted to support licensee responses to Enclosure 1 of the March 12, 2012,information request2
 (10 CFR), Section 50.54(f) (hereafter referred to as the 50.54(f) letter). The 50.54(f) letter wasissued as part of the lessons learned from the accident at the Fukushima Dai-ichi nuclearfacility.
 that was issued pursuant to Title 10 of the Code of Federal Regulations
 The NRC staff interacted with the stakeholders on the development of the SPID report with afocus on screening, prioritization, and implementation details as they relate to performing aseismic reevaluation. The SPID report is the product of significant interaction between theNRC, NEI, EPRI, and other stakeholders, at over fifteen public meetings,3
  
 over a 9-month
 period. These interactions and the insights gained from the meetings allowed for thedevelopment of this document in a very short time frame. The meetings helped develop theexpectations for how licensees would perform plant evaluations after updating their seismichazard information. At each meeting, the NRC staff provided its comments on the currentversion of the SPID report and discussed with stakeholders proposed subsequent revisions tothe document. This iterative process, over a 9-month period, resulted in the final version of thedocument. The NRC staff’s endorsement of the SPID report, subject to the additional guidancenoted below, is based upon this cumulative development process resulting from the extensiveinteractions between stakeholders and the NRC staff.
 The NRC staff has reviewed the SPID report and confirmed that it would provide licensees withthe guidance necessary to perform seismic reevaluations, and report the results to the NRC in a
 manner that will address the Requested Information items (1) through (9) in Enclosure 1 of the50.54(f) letter. The SPID report is intended to provide sufficient guidance for all sites, however,each site is unique and requirements for analysis can vary. In cases where the SPID report
 1 Agencywide Documents Access and Management System (ADAMS) Accession No. ML123330282. 
 2 The 50.54(f) letter is available in ADAMS under Accession No. ML12053A340. 
 3 Public meetings were held on March 1 - 2, April 2 - 3, May 15 - 16, June 14, July 24 - 25, August 16 and 30, September 11 and 21,October 9 and 18, November 5, 9, 14, 20, and 26, 2012.
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 may not account for the unique characteristics of a site, prudent and sound engineering judgment should be employed to assure all issues bearing on the hazard and risk evaluationsare adequately addressed. Instances when unique site characteristics require such engineering
  judgment, or require analysis that is not included in the SPID report, should be clearly identified,
 along with the measures taken to assure the unique site characteristics are appropriatelyaddressed.
  Although the NRC staff finds that the performance and reporting of the seismic reevaluation inaccordance with the SPID report would be responsive to the 50.54(f) letter, there are four furtherissues described below for which the NRC staff provides additional guidance. These issuesare: (1) the use of the Individual Plant Examination of External Events (IPEEE) submittals forscreening purposes; (2) development of foundation input response spectra (FIRS) consistentwith the site response used in the development of the site-specific ground motion responsespectrum (GMRS); (3) updating the seismic source models; and (4) development of the siteresponse.
 Use of IPEEE for Screening
 Section 3.3 of the SPID report provides the criteria used to determine if the licensee’s previousIPEEE submittal is adequate to use for screening purposes. A seismic assessment performedas part of the IPEEE program that demonstrates a plant capacity that is higher than the newGMRS can be used to screen out plants, provided they meet certain adequacy criteria.
 Each licensee has the option of demonstrating the adequacy of its previous IPEEE submittal forscreening purposes as part of its response to the 50.54(f) letter. The NRC staff will review eachsubmittal and determine whether the provided information demonstrates the adequacy of theIPEEE analysis and risk insights. The licensee’s description of each of the adequacy criteria,described in Section 3.3 of the SPID report, will be reviewed by the NRC staff in its integrated
 totality, rather than using a pass/fail approach. As such, even if one or more of the criteria arenot deemed to be adequate, the staff may still decide that the overall IPEEE analysis isadequate to support its use for screening purposes. The NRC staff may conduct site visits toview IPEEE documentation referenced in support of the IPEEE adequacy submittal.
 Development of Foundation Input Response Spectra (FIRS)
 The SPID report does not discuss the development of FIRS used for performing soil-structureinteraction analyses. Consistent with guidance described in DC/COL-ISG-017, “EnsuringHazard-Consistent Seismic Input for Site Response and Soil Structure Interaction Analyses,”the FIRS should be derived in a manner consistent with the site response used in thedevelopment of the site-specific GMRS. As such, the FIRS should be derived as
 performance-based site-specific response spectra at the foundation level in the free field. Thestarting point for development of the FIRS should be the same hard rock elevation used as thestarting point for developing the GMRS. As the engineering properties of soil are strain-dependent and can be highly non-linear, the characterization of soil layers and their associatedproperties used in the GMRS analysis should also be used for the derivation of the site-specificFIRS at the foundation elevation. The performance-based FIRS can be developed using eithera full-column outcrop motion that includes the effect of the soil above, or as a geologic outcropmotion for which the soil layers above the foundation elevation have been removed.
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 Updating the Central and Eastern United States (CEUS)-Seismic Source Characterization
 (SSC) model
 Section 2.2 of the SPID report provides an overview of the CEUS-SSC model and explains whyit is appropriate to use without update for the seismic reevaluations. Specifically, Section 2.2states, “for site-specific licensing applications or site-specific safety decisions, these seismicsources would be reviewed on a site-specific basis to determine if they need to be updated.Such evaluations would be appropriate in a licensing application, where focus could be made onsite-specific applications. However, for a screening-level study of multiple plants for thepurpose of setting priorities, the use of these seismic sources as published is appropriate.”
 The NRC staff agrees that the CEUS-SSC model does not need to be updated for the seismicreevaluations, but the staff’s rationale is different than that presented in the SPID report.Specifically, the staff has determined that the CEUS-SSC model does not need to be updatedbecause the model is up-to-date and is sufficiently refined to allow a site-specific source modelto be developed. To adequately respond to the 50.54(f) letter, a site-specific GMRS should becalculated for each plant so that an informed decision can be made regarding which plants willbe required to complete a risk evaluation. Further, the site-specific GMRS will also be used inthe risk evaluations, if needed.
 Prior to issuing the CEUS-SSC model, the Technical Integration Team considered potentiallysignificant events (such as the 2011 Mineral, VA earthquake) that had occurred after the modelwas developed, and determined that those events did not change their interpretations of seismicsources or earthquake recurrence rates. If a significant earthquake in the CEUS were to occuror new information were to emerge during the reevaluation period that could require an updateof the CEUS-SSC model, the staff expects licensees to evaluate the significance of the newinformation to determine if the CEUS-SSC model needs to be updated in order to appropriatelyrespond to the 50.54(f) request.
 Site Response
 Section 2.4.1 and Appendix B of the SPID report provides guidance on how to develop the siteresponse in cases where limited site response data exists. As stated in Appendix B, the NRCstaff expects licensees to use available geologic, geotechnical, and geophysical data collectedduring the initial licensing or subsequent activities at the site to the extent practicable. Wherelimited site response data exists, information from core borings and data collected from site andregional evaluations should be used to develop the site response amplification. Section 4 of theSPID report states that licensees should provide the basis for the site responses used in thereevaluations. The NRC staff expects site-specific geology, geotechnical, and geophysicalinformation to be a significant part of the basis.
 In accordance with the 50.54(f) letter, each licensee is to submit to the NRC its intention tofollow the NRC-endorsed seismic reevaluation guidance, or an alternative approach, 60 daysafter the issuance of the NRC-endorsed guidance. For the purpose of meeting this deadline,the 60-day response period commences on the date this endorsement of the SPID report ispublished in the Federal Register .
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 Licensees may use the SPID report as one acceptable method for responding to the informationrequested in Enclosure 1 of the 50.54(f) letter. Accordingly, the NRC staff’s issuance of thisletter endorsing the SPID report is not considered backfitting, as defined in 10 CFR50.109(a)(1).
 The NRC requests that EPRI publish a final version of the SPID report within 1 month of receiptof this letter. The final version of the SPID report should incorporate this letter between the titlepage and the first section, and remove the draft markings from the document. If you or yourstaff have additional questions, please contact my office or Mrs. Lisa Regner, of my staff at 301-415-1906, or by email at [email protected]. 
 Sincerely,
  /RA/
 David L. Skeen, DirectorJapan Lessons-Learned Project DirectorateOffice of Nuclear Reactor Regulation
 cc: See enclosed list
  Additional distribution via Listserv
 mailto:[email protected]
 mailto:[email protected]
 mailto:[email protected]
 mailto:[email protected]
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   EPRI Project Managers J. Richards
  J. HamelR. Kassawara
 3420 Hillview AvenuePalo Alto, CA 94304-1338
 USA
 PO Box 10412Palo Alto, CA 94303-0813
 USA
 800.313.3774650.855.2121
 [email protected]  1025287 
 www.epri.com  Final Report, February 2013 
 Seismic Evaluation GuidanceScreening, Prioritization and Implementation
 Details (SPID) for the Resolution of FukushimaNear-Term Task Force Recommendation 2.1:
 Seismic  
 This document does OT meet the requirements of10CFR50 Appendix B, 10CFR Part 21, ANSI
 N45.2-1977 and/or the intent of ISO-9001 (1994).
 mailto:[email protected]
 mailto:[email protected]
 http://www.epri.com/
 http://www.epri.com/
 http://www.epri.com/
 mailto:[email protected]
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 DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES
 THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OFWORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI).NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANYPERSON ACTING ON BEHALF OF ANY OF THEM:
 (A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITHRESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEMDISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULARPURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNEDRIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (III) THAT THIS DOCUMENT IS SUITABLETO ANY PARTICULAR USER'S CIRCUMSTANCE; OR
 (B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANYCONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THEPOSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS DOCUMENT ORANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THISDOCUMENT.
 REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY ITS TRADENAME, TRADEMARK, MANUFACTURER, OR OTHERWISE, DOES NOT NECESSARILY CONSTITUTE ORIMPLY ITS ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI.
 THE FOLLOWING ORGANIZATIONS, UNDER CONTRACT TO EPRI, PREPARED THIS REPORT:
 Simpson Gumpertz & Heger Inc.
 RPK Structural Mechanics Consulting, Inc.
 Lettis Consultants International, Inc.
 Pacific Engineering and Analysis
 ERIN Engineering & Research, Inc.
 THE TECHNICAL CONTENTS OF THIS DOCUMENT WERE NOT PREPARED IN ACCORDANCE WITH THEEPRI NUCLEAR QUALITY ASSURANCE PROGRAM MANUAL THAT FULFILLS THE REQUIREMENTS OF 10 CFR50, APPENDIX B AND 10 CFR PART 21, ANSI N45.2-1977 AND/OR THE INTENT OF ISO-9001 (1994).USE OF THE CONTENTS OF THIS DOCUMENT IN NUCLEAR SAFETY OR NUCLEAR QUALITYAPPLICATIONS REQUIRES ADDITIONAL ACTIONS BY USER PURSUANT TO THEIR INTERNAL PROCEDURES.  
 NOTE
 For further information about EPRI, call the EPRI Customer Assistance Center at 800.313.3774 or
 e-mail [email protected].
 Electric Power Research Institute, EPRI, and TOGETHER…SHAPING THE FUTURE OF ELECTRICITY areregistered service marks of the Electric Power Research Institute, Inc.
 Copyright © 2013 Electric Power Research Institute, Inc. All rights reserved.
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 literature in the following manner:
 Seismic Evaluation Guidance:Screening, Prioritization andImplementation Details (SPID)
 for the Resolution of FukushimaNear-Term Task Force
 Recommendation 2.1: SeismicEPRI, Palo Alto, CA: 2013. 
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  vii  
 ProductDescription Following the accident at the Fukushima Daiichi nuclear powerplant resulting from the March 11, 2011, Great Tohoku Earthquakeand subsequent tsunami, the Nuclear Regulatory Commission(NRC) established a Near Term Task Force (NTTF) to conduct asystematic review of NRC processes and regulations. The NTTF wasalso tasked with determining if the agency should make additionalimprovements to its regulatory system.
 Background The NTTF developed a set of recommendations intended to clarifyand strengthen the regulatory framework for protection againstnatural phenomena. Subsequently, the NRC issued a 50.54(f) letterthat requests information to assure all U.S. nuclear power plantsaddress these recommendations. This report provides guidance forconducting seismic evaluations as requested in Enclosure 1 of the50.54(f) letter [1]. This letter requests that licensees and holders ofconstruction permits under 10 CFR Part 50 reevaluate the seismichazards at their sites against present-day NRC requirements andguidance. Based upon this information, the NRC staff will determine
  whether additional regulatory actions are necessary. 
 Objectives
  To provide guidance on the performance of plant seismic evaluations,and in particular those intended to satisfy the requirements of NTTFRecommendation 2.1: Seismic.
  Approach The project team formulated guidance for the seismic evaluationsthrough a series of expert meetings, supplemented by analyticalresearch to evaluate selected criteria. Previous seismic evaluations aredescribed and applied, to the extent applicable. Screening methodsare described for evaluating newly calculated seismic hazards againstprevious site-specific seismic evaluations, as well as for determiningthe structures, systems, and components (SSCs) appropriate for
 modeling in a seismic probabilistic risk assessment (SPRA). Anumber of public meetings were also held with the NRC duringdevelopment of the guidance to discuss evaluation criteria and toensure the guidance meets the requirements of NTTFRecommendation 2.1: Seismic.
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  viii  
 Results and Findings This report outlines a process and provides guidance for investigatingthe significance of new estimates of seismic hazard and, wherenecessary, performing further seismic evaluations. This guidance isprimarily designed for use in responding to the U.S. NuclearRegulatory Commission’s Near Term Task Force Recommendation2.1: Seismic evaluations. The guidance includes a screening processfor evaluating updated site-specific seismic hazard and groundmotion response spectrum (GMRS) estimates against the plant safeshutdown earthquake (SSE) and High Confidence of LowProbability of Failure (HCLPF) capacities. It also provides a selectedseismic risk evaluation criteria as well as spent fuel pool evaluationcriteria.
  Applications, Value, and Use The guidance in this report is intended primarily for use by all U.S.nuclear power plants to meet the requirements of NTTF
 Recommendation 2.1: Seismic. The primary value in this guidance isthat it has been reviewed with the NRC and can be applied by allplants to provide a uniform and acceptable industry response to theNRC. Furthermore, much of the guidance related to seismicevaluations is of value for any seismic risk assessment.
 KeywordsEarthquakesFukushimaSeismic hazardFragilitiesSPRA
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 Section 1:  Purpose and ApproachFollowing the accident at the Fukushima Daiichi nuclear power plant resultingfrom the March 11, 2011 Great Tohoku Earthquake and subsequent tsunami,the United States Nuclear Regulatory Commission (NRC) established the Near
  Term Task Force (NTTF) in response to Commission direction. The NTTFissued a report that made a series of recommendations, some of which were to beacted upon “without unnecessary delay.” Subsequently, the NRC issued a50.54(f) letter that requests information to ensure that these recommendationsare addressed by all U.S. nuclear power plants (NPPs). The principal purpose ofthis report is to provide guidance for responding to the request for information inthe 50.54(f) Letter, Enclosure 1, Recommendation 2.1: Seismic [1].
 Although the guidance in this document is specifically directed at supportingresponses to the 50.54(f) letter, much of the guidance is appropriate for elementsof any seismic risk evaluation.
 Section 1 of this report provides the background on two past seismic programs(IPEEE and GI 199) that are particularly relevant to the 2.1 seismic assessment,and summarizes both the NTTF recommendations and the technical approachintended to support the response to the 2.1 seismic requests. Section 2characterizes the seismic hazard elements of the response to the informationrequests. Section 3 contains the ground motion response spectra (GMRS)screening criteria associated with the resolution of the 2.1 seismic issue. Section 4describes the elements of the recommended seismic hazard and screening reportto be submitted to the NRC. Section 5 describes the schedule prioritization forcompletion of the seismic risk part of the 2.1 seismic program. Section 6 containsthe seismic risk evaluation methods for those plants required to conduct theseassessments. Finally, Section 7 documents an approach to the evaluation of theseismic integrity of spent fuel pool integrity assessment.
 1.1  Background on Seismic Risk Evaluations in the U.S.
  The risk posed by seismic events to plants operating in the United States waspreviously assessed in the mid-1990s as part of the response to the request for anIndividual Plant Examination of External Events [2]. Further efforts tounderstand seismic risks, particularly in light of increased estimates of seismichazard for some sites, led to the initiation of the Generic Issue 199 program [6].An understanding of these two programs provides valuable background for thediscussion of seismic evaluations related to the current 50.54(f) letter.
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 1.1.1 Individual Plant Examination of External Events –Seismic
 On June 28, 1991, the NRC issued Supplement 4 to Generic Letter (GL) 88-20,"Individual Plant Examination of External Events (IPEEE) for Severe AccidentVulnerabilities," [2]. This supplement to GL 88-20, referred to as the IPEEEprogram, requested that each licensee identify and report to the NRC all plant-specific vulnerabilities to severe accidents caused by external events. The IPEEEprogram included the following four supporting objectives:
 1.  Develop an appreciation of severe accident behavior.
 2.  Understand the most likely severe accident sequences that could occur at thelicensee's plant under full-power operating conditions.
 3.  Gain a qualitative understanding of the overall likelihood of core damage andfission product releases.
 4.  Reduce, if necessary, the overall likelihood of core damage and radioactive
 material releases by modifying, where appropriate, hardware and proceduresthat would help prevent or mitigate severe accidents.
  The following external events were to be considered in the IPEEE: seismicevents; internal fires; high winds; floods; and other external initiating events,including accidents related to transportation or nearby facilities and plant-uniquehazards. The IPEEE program represents the last comprehensive seismicrisk/margin assessment for the U.S. fleet of NPPs and, as such, represents a
  valuable resource for future seismic risk assessments.
 EPRI conducted a research project to study the insights gained from the seismicportion of the IPEEE program [3]. The scope of that EPRI study was to review
 the vast amounts of both NRC and licensee documentation from the IPEEEprogram and to summarize the resulting seismic IPEEE insights, including thefollowing:
   Results from the Seismic IPEEE submittals
   Plant improvements/modifications as a result of the Seismic IPEEEProgram
   NRC responses to the Seismic IPEEE submittals
  The seismic IPEEE review results for 110 units are summarized in the EPRIReport [3]. Out of the 75 submittals reviewed, 28 submittals (41 units) usedseismic probabilistic risk assessment (PRA) methodology; 42 submittals (62
 units) performed seismic margin assessments (SMAs) using a methodologydeveloped by EPRI [39]; three submittals (three units) performed SMAs usingan NRC developed methodology; and two submittals (four units) used site-specific seismic programs for IPEEE submittals.
 In addition to the EPRI review of seismic IPEEE insights, the NRC conducteda parallel study. NUREG-1742, "Perspectives Gained from the Individual PlantExamination of External Events (IPEEE) Program," issued April 2002 [4],
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 provides insights gained by the NRC from the seismic part of the IPEEEprogram. Almost all licensees reported in their IPEEE submittals that no plant
  vulnerabilities were identified with respect to seismic risk (the use of the term"vulnerability" varied widely among the IPEEE submittals). However, mostlicensees did report at least some seismic "anomalies," "outliers," or otherconcerns. In the few submittals that did identify a seismic vulnerability, thefindings were comparable to those identified as outliers or anomalies in otherIPEEE submittals. Seventy percent of the plants proposed improvements as aresult of their seismic IPEEE analyses.
 1.1.2 Generic Issue 199
 In support of early site permits (ESPs) and combined operating licenseapplications (COLAs) for new reactors, the NRC staff reviewed updates to theseismic source and ground motion models provided by applicants. These seismicupdates included new EPRI models to estimate earthquake ground motion andupdated models for earthquake sources in the Central and Eastern United States
 (CEUS), such as those around Charleston, South Carolina, and New Madrid,Missouri. These reviews produced some higher seismic hazard estimates thanpreviously calculated. This raised a concern about an increased likelihood ofexceeding the safe-shutdown earthquake (SSE) at operating facilities in theCEUS. The NRC staff determined that, based on the evaluations of the IPEEEprogram, seismic designs of operating plants in the CEUS do not pose animminent safety concern. At the same time, the NRC staff also recognized thatbecause the probability of exceeding the SSE at some currently operating sites inthe CEUS is higher than previously understood, further study was warranted. Asa result, the NRC staff concluded on May 26, 2005 [5] that the issue of increasedseismic hazard estimates in the CEUS should be examined under the GenericIssues Program (GIP).
 Generic Issue (GI)-199 was established on June 9, 2005 [6]. The initial screeninganalysis for GI-199 suggested that estimates of the seismic hazard for somecurrently operating plants in the CEUS have increased. The NRC staffcompleted the initial screening analysis of GI-199 and held a public meeting inFebruary 2008 [7], concluding that GI-199 should proceed to the safety/riskassessment stage of the GIP.
 Subsequently, during the safety/risk assessment stage of the GIP, the NRC staffreviewed and evaluated the new information received with the ESP/COLAsubmittals, along with NRC staff estimates of seismic hazard produced using the2008 U.S. Geological Survey seismic hazard model. The NRC staff compared
 the new seismic hazard data with the earlier seismic hazard evaluationsconducted as part of the IPEEE program. NRC staff completed the safety/riskassessment stage of GI-199 on September 2, 2010 [8], concluding that GI-199should transition to the regulatory assessment stage of the GIP. The safety/riskassessment also concluded that (1) an immediate safety concern did not exist, and(2) adequate protection of public health and safety was not challenged as a resultof the new information. NRC staff presented this conclusion at a public meetingheld on October 6, 2010 (ADAMS Accession No. ML102950263). Information
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 Notice 2010-018, "Generic Issue 199, Implications of Updated ProbabilisticSeismic Hazard Estimates in Central and Eastern United States on ExistingPlants,” dated September 2, 2010 [9], summarizes the results of the GI-199safety/risk assessment.
 For the GI-199 safety/risk assessment, the NRC staff evaluated the potential risk
 significance of the updated seismic hazards using the risk information from theIPEEE program to calculate new seismic core damage frequency (SCDF)estimates. The changes in SCDF estimate calculated through the safety/riskassessment performed for some plants lie in the range of 10-4 per year to 10-5 per
  year, which meet the numerical risk criteria for an issue to continue to theregulatory assessment stage of the GIP. However, as described in NUREG-1742[4], there are limitations associated with utilizing the inherently qualitativeinsights from the IPEEE submittals in a quantitative assessment. In particular,the NRC staff’s assessment did not provide insight into which structures,systems, and components (SSCs) are important to seismic risk. Such knowledgeis necessary for NRC staff to determine, in light of the new understanding ofseismic hazards, whether additional regulatory action is warranted. The GI 199issue has been subsumed into Fukushima NTTF recommendation 2.1 asdescribed in subsequent sections.
 1.2 NRC NTTF Recommendations
  The NRC issued an information request on March 12, 2012 related to theFukushima NTTF recommendations 2.1, 2.3, and 9.3 [1]. The requested seismicinformation associated with Recommendation 2.1 is stated to reflect:
   Information related to the updated seismic hazards at operating NPPs
   Information based on a seismic risk evaluation (SMA or seismic probabilistic
 risk assessment (SPRA)), as applicable  Information that would be obtained from an evaluation of the spent fuel pool
 (SFP)
  The basic seismic information requested by the NRC is similar to that developedfor GI-199 as presented in the draft GL for GI-199 [10]. The NRC hasidentified an acceptable process for responding to the 2.1 seismic requests, whichis documented in Attachment 1 to the March 12, 2012 10CFR 50.54(f) letter[1]. The NRC asks each addressee to provide information about the currenthazard and potential risk posed by seismic events using a progressivescreening/evaluation approach. Depending on the comparison between the re-evaluated seismic hazard and the current design basis, the result is either no
 further risk evaluation or the performance of a seismic risk assessment. Riskassessment approaches acceptable to the staff, depending on the new hazardestimates, include a SPRA or an “NRC”-type of SMA that was described inNUREG-1407 [11] for IPEEEs, with enhancements.
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 1.3 Approach to Responding to Information Request forNTTF Recommendation 2.1
  The approach described in this report has been developed by EPRI, working with experts from within the nuclear industry, with the intent of identifyingreasonable measures that can be employed to reduce the resources that might berequired to complete an effective seismic evaluation. More specifically, theapproach was designed to constitute a specific path to developing a response tothe request for information made in connection with NTTF Recommendation2.1. This approach reflects careful consideration of the NRC’s description of anacceptable approach for the seismic elements of Recommendation 2.1(documented in Attachment 1 to Seismic Enclosure 1 of the March 12, 2012Request for Information [1]). In general, the approach described in this report isintended to conform to the structure and philosophy of the nine steps suggestedby the NRC and outlined in that attachment. Key elements of the approach aredesigned to streamline several of these nine steps (summarized below) while still
  yielding an appropriate characterization of the impact of any change in hazard for
 the plant being evaluated. Figure 1-1 illustrates the process for employing thisapproach; it is based on a progressive screening approach and is broken downinto four major task areas:
   Seismic Hazard and Site Response Characterization
   GMRS Comparisons and Plant Screening
   Prioritization of Risk Assessments
   Seismic Risk Evaluation
  The following paragraphs provide a brief discussion about each individual step inFigure 1-1. The subsequent sections of this guide contain the detailed
 descriptions of the methods and the documentation associated with thisapproach.
 Step 1.  Develop site-specific control point elevation hazard curves over a rangeof spectral frequencies and annual exceedance frequencies determined from aprobabilistic seismic hazard analysis (PSHA).
 Step 2.  Provide the new seismic hazard curves, the GMRS, and the SSE ingraphical and tabular format. Provide soil profiles used in the site responseanalysis, as well as the resulting soil amplification functions.
 Step 3.  Utilize a screening process to eliminate certain plants from further
 review. If the SSE is greater than or equal to the GMRS at all frequenciesbetween 1 and 10 Hz, then addressees may terminate the evaluation (Step 4)after providing a confirmation, if necessary, that SSCs which may be affected byhigh-frequency ground motion, will maintain their functions important to safety.A similar screening review based on the IPEEE High Confidence of LowProbability of Failure (HCLPF) Spectrum comparison to the GMRS can also beconducted. Diamonds 3a thru 3f outline the overall screening process, andSection 3 provides additional guidance.
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 Step 4.  This step demonstrates termination of the process for resolution ofNTTF Recommendation 2.1 for plants whose SSE is greater than the calculatedGMRS.
 Step 5.  Based on criteria described in Section 6.2, perform a SPRA (steps 6a and7a) or a SMA (steps 6b and 7b). Step 5 also describes the prioritization process
 for determining completion schedules for the seismic risk assessments.
 Step 6a.  If a SPRA is performed, it needs to be technically adequate forregulatory decision making and to include an evaluation of containmentperformance and integrity. This guide is intended to provide an acceptableapproach for determining the technical adequacy of a SPRA used to respond tothis information request.
 Step 6b.  If a SMA is performed, it should use a composite spectrum review levelearthquake (RLE), defined as the maximum of the GMRS and SSE at eachspectral frequency. The SMA should also include an evaluation of containmentperformance and integrity. The American Society of MechanicalEngineers/American Nuclear Society (ASME/ANS) RA-Sa-2009 [12] providesan acceptable approach for determining the technical adequacy of a SMA used torespond to this information request. In addition, the NRC is generating anInterim Safety Guide (ISG) on the NRC SMA approach that will be acceptablefor this 2.1 application [15].
 Step 7a.  Document and submit the results of the SPRA to the NRC for review. The "Requested Information" Section in the main body of Enclosure 1 [1]identifies the specific information that is requested. In addition, addressees arerequested to submit an evaluation of the SFP integrity.
 Step 7b.  Document and submit the results of the SMA to the NRC for review. The "Requested Information" Section in the main body of Enclosure 1 [1]identifies the specific information that is requested. In addition, addresseesshould submit an evaluation of the SFP integrity.
 Step 8.  Submit plans for actions that evaluate seismic risk contributors. NRCstaff, EPRI, industry, and other stakeholders will continue to interact to developacceptance criteria in order to identify potential vulnerabilities.
 Step 9.  The information provided in Steps 6 through 8 will be evaluated inPhase 2 to consider any additional regulatory actions.
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 Figure 1-1Recommended Approach to Respond to Information Request 2.1
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 Section 2:  Seismic Hazard Development2.1 Introduction and Background
 Seismic hazard analysis and the calculation of up-to-date seismic response spectrais the first step to informed evaluations on priorities to mitigate seismic risk. Todetermine if a reevaluation of seismic risk for a nuclear power plant isappropriate, the comparison of the up-to-date seismic response spectra with theexisting plants’ seismic design spectra is the next step. Such a comparison should
 account for both relative and absolute differences between up-to-date seismicresponse spectra and the existing plants’ seismic ruggedness, as characterized bythe seismic design spectra.
  The first major part of the Seismic Enclosure 1 of the March 12, 2012 Requestfor Information [1] is to calculate seismic hazard at existing plant sites by firstcalculating uniform hazard response spectra (UHRS), using up-to-date modelsrepresenting seismic sources, ground motion equations, and site amplification.From the UHRS results, GMRS are calculated. Figure 2-1 depicts (forillustrative purposes only) the three basic elements of the seismic hazard analysis(seismic source characterization, ground motion attenuation, and siteamplification), which will be described in more detail in the sections below.
 Figure 2-1Steps to Obtain Site-Specific Seismic Hazard
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 2.2 Seismic Source Characterization
 Seismic Sources for the CEUS – For the region designated the CEUS (UnitedStates east of the Rocky Mountains), a regional study was jointly conducted byUSNRC, EPRI, and DOE during the period 2009-2011 to develop acomprehensive representation of seismic sources for nuclear plant seismicevaluation purposes. The results were published in 2012 [14] and provide anacceptable source characterization model to use for seismic hazard studies [23, p.115]. This study was conducted as a Senior Seismic Hazard Analysis Committee(SSHAC) Level 3 study [13, 23], meaning that a detailed step-by-step process
  was used to evaluate data and interpretations on earthquake occurrences, theirpotential locations and sizes, and the rates with which they might occur, and thatprocess was documented and reviewed in a structured way. This ensured that allcredible data and interpretations were appropriately considered. Specifically,detailed workshops were held that addressed the fundamental technical basesupon which models of seismic sources could be developed, and alternativemodels, with their technical bases, were defined. This applied to the geometries
 of seismic sources, as well as to the parameters of the sources (earthquakemagnitude distributions, rates of activity, maximum magnitudes, andcharacteristics of faulting within the earth’s crust). Alternative models andparameters were quantitatively weighted to express the credibility of eachalternative. A Technical Integration team conducted these analyses anddocumented the derivation of weights so that a logic-tree approach (alternatives
  with weights) could be used to characterize the interpretations and theiruncertainties. This set of interpretations forms the basis for characterizing thedistribution of future earthquake occurrences in the CEUS. Because of the largeregional study area of the CEUS Seismic Source Characterization project,detailed evaluations of geology, topography, and other data in the vicinity ofNPPs was not undertaken.
 Seismic sources were defined in the CEUS Seismic Source Characterizationproject in two categories. First were Repeated Large Magnitude Earthquake(RLME) sources, which represent sources where there is evidence of repeated,large-magnitude earthquakes. The two major RLME sources in the CEUS arethe New Madrid seismic zone and the Charleston seismic zone. However, theCEUS Seismic Source Characterization project identified additional RLMEsources on the basis of paleo-earthquake and other evidence.
  The second category of seismic sources were background sources, which are largeregions within which earthquakes are modeled as occurring according to anexponential magnitude distribution but where specific faults or causative
 structures have not been identified. Two sets of background sources wereidentified based on alternative methods to estimate maximum magnitude, andeach set of background sources covers the entire CEUS (and surroundingterritory). An updated earthquake catalog was created and used to estimate ratesof activity within the sources, the rate of activity varying spatially to reflect thehistorical occurrences of small and moderate earthquakes. Thus, for example,sub-regions of the CEUS that have experienced relatively many historical
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 earthquakes would have a higher rate of activity than sub-regions that haveexperienced relatively few historical earthquakes.
 For site-specific licensing applications or site-specific safety decisions, theseseismic sources would be reviewed on a site-specific basis to determine if theyneed to be updated. Such evaluations would be appropriate in a licensing
 application, where focus could be made on site-specific applications. However,for a screening-level study of multiple plants for the purpose of setting priorities,the use of these seismic sources as published is appropriate.
 In addition, for applications in a regional study, it is sufficient to includebackground sources within 320 km (200 miles) of a site, and specifically toinclude only parts of those background sources that lie within 320 km of the site.
  This follows the guidance in [18] regarding examination of sources within the“site region” defined as the surrounding 320 km. For RLME sources, it issufficient to include the New Madrid, Charlevoix, and the Charleston seismiczones if they lie within 1,000 km of a site. Beyond 1,000 km, ground motionequations have not been well-studied, and such distant earthquakes do notgenerally cause damage to modern engineered facilities. For other RLME sourcesand sub-regions of background sources with higher rates of activity, it issufficient to include them in the analysis if they lie within 500 km of a site, basedon test hazard results published in the CEUS Seismic Source Characterizationproject.
 Seismic Sources for the WUS– For Western United States (WUS) plants,characterizing of seismic sources is much more site-specific. These sites areDiablo Canyon and San Onofre in California, Palo Verde in Arizona, andColumbia in Washington. For the California sites, local faults dominate theseismic hazard; for the Columbia site, local faults, background sources, and
 subduction zone earthquakes are a consideration. For the Arizona site,background sources and distant faults (including the San Andreas Fault) areimportant. The development of seismic sources should be made on a site-specificbasis for these four sites by conducting a SSHAC Level 3 study [13, 23].
 2.3 Ground Motion Attenuation
 Ground Motion Estimates for the CEUS – In 2004, EPRI [16] published a setof ground motion prediction equations (GMPEs) for the CEUS, which includedboth aleatory and epistemic uncertainties. In 2006, EPRI [17] published anupdated set of aleatory uncertainties to use with the 2004 equations. TheseGMPEs estimate the aleatory and epistemic uncertainty in ground motion for
 the mid-continent region of the CEUS and for the Gulf of Mexico region.
 Beginning in 2012, EPRI has been evaluating the 2004-2006 GMPEs in light ofnew ground motion models published in the technical literature and in light ofrecorded ground motion data obtained during earthquakes in the CEUS andsouth-eastern Canada. The overall goals of the project are to determine (a) if the2004-2006 GMPEs should be updated in light of the new models and data, and(b) if so, how to quantitatively update those GMPEs so they reflect the new
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 information. A decision to update the 2004-2006 GMPEs was confirmed onAugust 14, 2012, and the updated models are expected in mid-February 2013.
 It is anticipated that, as in EPRI 2004-2006, multiple models with weights willbe determined for the 2013 updated GMPEs and for the aleatory uncertainties.It is also anticipated that equations will be developed for the two regions (mid-
 continent and Gulf of Mexico). In cases where the travel path of seismic wavesbetween a potential earthquake source and a site is predominantly in one region,equations for that region should be used. In cases where the travel path crossesfrom one region to the other, with a substantial fraction of the total travel path ofseismic waves in each region, hazard calculations can be made using either themore conservative equations, or using a weighted average of hazard results basedon the approximate fraction that seismic waves travel through each region.
 Because the EPRI 2012 ground motion update project is proceeding withupdating the EPRI 2004-2006 GMPEs, those updated equations, if approved bythe NRC, should be used to calculate ground motions for seismic hazardcalculations for all CEUS sites for Step 2 “Submit new seismic hazard curves,GMRS, and interim actions.” Otherwise the EPRI 2004-2006 GMPEs shouldbe used.
 Currently some CEUS NPPs are developing SPRAs. Consistent with the currentSPRA standard requirement of using the most recent seismic hazardinformation, they are using the EPRI 2004-2006 ground motion attenuationmodel with the CEUS Seismic Source Characterization model for the seismichazard portion of their SPRAs. These CEUS NPPs should, in Step 7a, addressthe effect of the new site hazard based on the updated EPRI 2004-2006GMPEs.
 Ground Motion Estimates for the WUS – In the WUS, earthquake groundmotions can be estimated using recorded motions, and the seismic hazard is oftendominated by the possible occurrence of a moderate-to-large earthquake at closedistances. There are published GMPEs available, the “Next GenerationAttenuation,” or NGA, equations, but these will be updated in the next several
  years by the NGA-2 equations. Nuclear plant sites in the WUS should perform aSSHAC Level 3 study [13, 23] in order to make site-specific decisions on whichequations are appropriate for their sites or to develop site-specific relationships.
 2.4 Site Seismic Response
 Every site that does not consist of hard rock should conduct an evaluation of the
 site amplification that will occur as a result of bedrock ground motions travelingupward through the soil/rock column to the surface. Critical parameters thatdetermine which frequencies of ground motion might experience significantamplification (or de-amplification) are the layering of soil and/or soft rock, thethicknesses of these layers, the initial shear modulus and damping of these layers,their densities, and the degree to which the shear modulus and damping change
  with increasing ground motion. The methods to calculate possible siteamplification are well-established, but at some sites the characterization of the
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 of the plant licensing basis which is typically documented in the FSAR. Threespecific elements are required to fully characterize the SSE:
   Peak Ground Acceleration
   Response Spectral Shape
   Control Point where the SSE is defined
  The first two elements of the SSE characterization are normally available in thepart of the Final Safety Analysis Report (FSAR) that describes the site seismicity(typically Section 2.5). The control point for the SSE is not always specificallydefined in the FSAR and, as such, guidance is required to ensure that aconsistent set of comparisons are made. Most plants have a single SSE, butseveral plants have two SSEs identified in their licensing basis (e.g., one at rockand one at top of a soil layer).
 For purposes of the SSE-to-GMRS comparisons as part of the 50.54(f) 2.1seismic evaluations, the following criteria are recommended to establish a logical
 comparison location:1.  If the SSE control point(s) is defined in the FSAR, use as defined.
 2.  If the SSE control point is not defined in the FSAR then the followingcriteria should be used:
 a.  For sites classified as soil sites with generally uniform, horizontallylayered stratigraphy and where the key structures are soil-founded(Figure 2-2), the control point is defined as the highest point in thematerial where a safety-related structure is founded, regardless of theshear wave velocity.
 b.  For sites classified as a rock site or where the key safety-related structures
 are rock-founded (Figure 2-3), then the control point is located at thetop of the rock.
 c.   The SSE control point definition is applied to the main power block areaat a site even where soil/rock horizons could vary for some smallerstructures located away from the main power block (e.g., an intakestructure located away from the main power block area where thesoil/rock horizons are different).
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 Figure 2-2Soil Site Example
 Figure 2-3Rock Site Example
  The basis for the selected control point elevation should be described in thesubmittal to the NRC. Deviations from the recommendations described aboveshould also be documented.
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 2.5 Hazard Calculations and Documentation
 2.5.1 PSHA and Hazard Calculations
  The PSHA will proceed with (1) the CEUS Seismic Source Characterizationmodels [14] or a regional WUS seismic source characterization (Section 2.2above), with (2) GMPEs for the CEUS or the WUS (Section 2.3 above), and
  with (3) a site seismic response analysis (quantified as described in Section 2.4and Appendix B). Several assumptions are appropriate regarding the PSHAcalculations as follows:
 For CEUS sites, seismic sources should be included for the range of distancesindicated in Section 2.2. For WUS sites, the Technical Integration team for theSSHAC Level 3 study with input from the Participatory Peer Review Panelshould determine which seismic sources should be included in the PSHA.
 As indicated in Section 2.3, for the CEUS the updated EPRI GMPEs should beused for purposes of the 50.54(f) 2.1 seismic evaluations, if approved by theNRC; otherwise, the EPRI 2004-2006 ground motion models [16, 17] should beused. In addition, estimates of ground motion for source-site configurations withseismic wave travel paths across both the mid-continent and Gulf of Mexicoregions should be handled as described in Section 2.3. For the WUS, a SSHACLevel 3 study should be performed to select or develop appropriate GMPEs.
 For the purposes of responding to the Seismic Enclosure 1 of the March 12,2012 Request for Information [1], updates to seismic sources to account forhistorical seismicity since 2008 (the last year of the earthquake catalog in theCEUS Seismic Source Characterization study) are not required. Similarly,updates to seismic sources to account for more recent earthquakes are not
 necessary.
  The CAV (Cumulative Absolute Velocity) filter developed by EPRI [19] may beapplied to account for the damageability of ground motions from smallmagnitude earthquakes. However, if the CAV filter is applied, the lower-boundmagnitude for the PSHA should be set at M 4.0, and the CAV model shouldnot be applied for M greater than 5.5 (see Attachment 1 to Seismic Enclosure 1of Reference [1]). In place of the CAV filter a minimum magnitude of M 5.0may be used.
 Site amplification factors should be calculated as described in Section 2.4. Asdiscussed in that section, multiple models of site amplification factors (and
 associated uncertainties) should be developed, indicating the log-mean and log-standard deviation of control-point motion divided by input rock motion, for various spectral frequencies. For input to site hazard calculations, these multiplemodels should be combined, with weights, to derive the overall log-mean andlog-standard deviations of site amplification for each spectral frequency, asdescribed in Appendix B. The soil uncertainties should be incorporated into theseismic hazard calculations using a formulation similar to Eq. (6-5) in [24],
  wherein the site amplifications (with uncertainties) are incorporated into the
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 hazard integral to estimate the distribution of site amplitudes given earthquakemagnitude and distance. The implementation should estimate the distribution ofrock amplitude as a function of M and R, and the site amplification (given therock amplitude) for the value of M at which site amplifications were calculated.
  This is sufficiently accurate since site amplifications are not highly dependent onM and R.
  The control-point elevation seismic hazard curves should be used to calculate aGMRS for the site, using the method of [21]. The GMRS depends, in thiscalculation, on the 10-4 and 10-5 spectral accelerations at each spectral frequency.
  The control point should be defined at the same elevation as the design basisSSE. Given that the site amplification factors are calculated assuming free-surface conditions above the control point, the GMRS will be consistent withthat assumption.
 2.5.2 Seismic Hazard Data Deliverables
 Soil Profile and Properties – A description of the development of the base caseprofile as it relates to the local geology should be described. In addition, for eachbase case, the soil profile used to calculate site amplification factors should bedescribed, including layer boundaries, properties (Vs and density), modulus anddamping curves used for each layer, and uncertainties in these properties.
 Site Amplification Factors – Site amplification factors should be documented aslog-mean amplification factors and log-standard deviations of amplificationfactors as a function of input rock acceleration, for the spectral frequencies at
  which GMPEs are defined.
 2.5.3 Seismic Hazard Data at Control Points and Base-Rock
 Hazard Data at Control Point – Seismic hazard curves should be documented forthe control-point elevation corresponding to the mean hazard and commonfractiles. These curves should represent seismic hazard at the spectral frequenciesfor which GMPEs are available. The control-point elevation hazard curvesshould be represented for annual exceedance frequencies from 10-3 to 10-7.Hazard curves should be provided in graphical and tabular format along with thesite response amplification function, SSE and GMRS.
  The majority of the discussion in Sections 2.4 and 2.5 is based on using siteamplification with Method 3 from NUREG/CR-6728 [24] as described inAppendix B. For plants using Method 2 for site amplification in accordance
  with NUREG/CR-6728, the hard rock seismic hazard curves and the siteamplification factors to the control-point elevation should be reported in additionto the control-point elevation hazards noted above.
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 Section 3:  GMRS Comparisons andScreening of Plants
 3.1 Background on Screening
 Following completion of the updated seismic hazard as described in Section 2, ascreening process is needed to determine which plants are required to performnew seismic risk evaluations. The horizontal GMRS calculation
 discussed/defined in Section 2 is being used to characterize the amplitude of thenew seismic hazard at each NPP site, as defined by the NRC [1]. The GMRSshould be compared to the horizontal 5% damped SSE as shown in Diamonds 3aand 3b of Figure 1-1. If the SSE is exceeded, then licensees may have the optionto perform the screening of the GMRS to the IPEEE HCLPF spectrum (IHS).
  The IHS is the response spectrum corresponding to the HCLPF leveldocumented from the seismic IPEEE program, as shown in Diamonds 3cthrough 3e in Figure 1-1. The use of the IHS for screening is contingent uponsatisfying specific adequacy criteria, as described in Section 3.3. This screeningprocess, along with examples, is described in more detail in the Sections below.
 3.2 SSE Screening Task (SSE-to-GMRS Comparison)
  The SSE is the plant licensing basis earthquake and is uniquely defined for eachNPP site. The SSE consists of:
   A PGA value which anchors the response spectra at high frequencies(typically 33 Hz for the existing fleet of NPPs),
   A response spectrum shape which depicts the amplified response at allfrequencies below the PGA (typically plotted at 5% damping), and
    The control point applicable to the SSE (described in Section 2 of thisreport). It is essential to ensure that the control point for both the SSE andfor the GMRS is the same.
  The first step in the SSE screening process is to compare the SSE to the GMRSin the 1 to 10 Hz part of the response spectrum (see Diamond 3a in Figure 1-1).If the SSE exceeds the GMRS in the 1 to 10 Hz region, then a check of thegreater than 10 Hz part of the spectrum is performed as shown in Diamond 3b.If the SSE exceeds the GMRS in the greater than 10 Hz region, then no furtheraction is required for NTTF Recommendation 2.1 seismic review (Box 4 inFigure 1-1). If there are exceedances in the greater than 10 Hz region, then a
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 high-frequency confirmation should be performed (Box 3f in Figure 1-1) asdescribed in Section 3.4.
 An example comparison of an SSE with a GMRS is shown in Figure 3-1. In thisexample, only a high frequency confirmation is needed.
 Figure 3-1Example Comparison of GMRS to SSE (5% Damping)
 If the initial review of the SSE to GMRS (Diamond 3a in Figure 1-1) does notdemonstrate that the SSE envelops the GMRS in the 1 to 10 Hz region, then,depending upon the nature of the exceedance, the licensees have the option of:
 1)  Conducting a screening evaluation for narrow band exceedances as describedin Section 3.2.1, or
 2)  Conducting a screening evaluation using the IPEEE HCLPF capacity asdescribed in Section 3.3, or
 3)  Bypassing the screening evaluations and performing the seismic riskevaluation using either an SPRA or SMA approach, as appropriate, asdescribed in Section 6 of this report.
 3.2.1 Special Screening Considerations
  There are two special screening considerations:
   GMRS Comparisons and Screening of Plants at Low Seismic Hazard Sites,and
   Narrow Band Exceedances in the 1 to 10 Hz Range.
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 3.2.1.1 GMRS Comparisons and Screening of Plants at Low SeismicHazard Sites
 A low seismic hazard site is defined herein to be a site where the GMRS peak5% damped spectral acceleration (SAp) at frequencies between 1 and 10 Hz donot exceed 0.4g, which is shown in Figure 3-2 as the Low Hazard Threshold(LHT). Because of the low likelihood of any seismically designed SSC beingdamaged by ground motion with an SAp less than this LHT, the following relieffrom having to perform a full SMA or SPRA is considered to be warranted forplants at sites where the GMRS is less than this LHT in the 1 to 10 Hz range.
 Figure 3-2Example Comparison of GMRS to SSE and LHT (5% Damping)
 Figure 3-2 shows an example where the SSE spectral accelerations exceed theGMRS spectral accelerations at frequencies below 10 Hz except for lowfrequencies. Because the SSE response spectral accelerations reduce rapidly asfrequencies reduce below 2.5 Hz, the situation shown in Figure 3-2 can occur atlow seismic hazard sites. For most SSCs, such exceedance below 2.5 Hz is non-consequential because the fundamental frequency of these SSCs exceeds 2.5 Hz.
 Low-frequency exceedances (below 2.5 Hz) at low seismic hazard sites (SAp lessthan LHT) do not require a plant to perform a full SMA or SPRA. Instead, it issufficient to first identify all safety-significant SSCs that are potentiallysusceptible to damage from spectral accelerations at frequencies below which thehighest frequency f L (f L < 2.5 Hz) acceleration exceeds the SSE spectralacceleration. Examples of SSCs and failure modes potentially susceptible todamage from spectral accelerations at low frequencies are:
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 1)  Liquid sloshing in atmospheric pressure storage tanks
 2)  Very flexible distribution systems with frequencies less than f L 
 3)  Sliding and rocking of unanchored components
 4)  Fuel assemblies inside the reactor vessel
 5)  Soil liquefaction
 After identifying all safety-significant SSCs that are potentially susceptible tolower frequency accelerations, new HCLPF capacities using the GMRS shapecan be computed for these potentially low-frequency susceptible SSCs. TheHCLPF to GMRS seismic margin needs to be computed and reported. As longas the HCLPF is greater than the GMRS for all of these potentially low-frequency susceptible SSCs, the plant is screened out from having to performadditional seismic evaluations.
 If the IPEEE HCLPF 1 capacity evaluations are considered to be sufficient forscreening (as described in Section 3.3.1), the IPEEE HCLPF response spectral
 accelerations may be used for this HCLPF/GMRS comparison for screeningpotentially low-frequency susceptible SSCs at low seismic hazard sites. TheIPEEE HCLPF response spectral accelerations also reduce rapidly as frequenciesreduce below 2.5 Hz so that the GMRS spectral accelerations might also exceedthe HCLPF spectral accelerations at low frequencies. In this case, new HCLPFcapacities can be computed for these potentially low-frequency susceptible SSCsusing the GMRS response spectrum shape instead of the IPEEE responsespectrum.
 3.2.1.2 Narrow Band Exceedances in the 1 to 10 Hz Range
 If the GMRS exceeds the SSE in narrow frequency bands anywhere in the 1 to10 Hz range, the screening criterion is as follows: In the 1 to 10 Hz range, apoint on the GMRS may fall above the SSE by up to 10% provided the averageratio of GMRS to SSE in the adjacent 1/3 octave bandwidth (1/6 on either side)is less than unity. There may be more than one such exceedance point above theSSE in the 1 to 10 Hz range provided they are at least one octave apart. Figure3-3 shows an example of this narrow-band criterion. If the GMRS meets thecriteria, no SMA or SPRA is required for the NTTF Recommendation 2.1seismic review.
 If the IPEEE HCLPF 1 capacity evaluations are considered to be of sufficientquality for screening, the IPEEE HCLPF response spectral accelerations may be
 used for a HCLPF/GMRS comparison in narrow frequency bands. In this case,the SSE is replaced by the IPEEE-HCLPF spectrum to determine if a plant canbe screened-out from further seismic review.
 1 IPEEE based screening is not applicable to Spent Fuel Pools because they were not included inthe IPEEE evaluations. See Section 7 for Spent Fuel Pool evaluation criteria.
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 Figure 3-3Screening – Example Narrow Exceedances at 2 Hz and 6 Hz(5% Damping)
 3.3 IPEEE Screening Task
  The second method to demonstrate plant seismic adequacy based on screeningfrom further review consists of a comparison of the GMRS to the IPEEEHCLPF spectrum, which is described in Section 3.3.2 below. The use of the
 IPEEE HCLPF spectrum in the screening process is depicted in Boxes 3c, 3d,and 3e in Figure 1-1. Note that IPEEE screening is not applicable to SFPsbecause SFPs were not included in the scope of IPEEE evaluations [11]. SeeSection 7 for SFP evaluation criteria.
 For plants that conducted an SPRA, focused scope SMA, or full scope SMAduring the IPEEE, the screening is an optional approach that consists of thecomparison of the IPEEE HCLPF spectrum (IHS) to the new GMRS. If theIPEEE HCLPF is used for screening, the IPEEE will be required to pass anadequacy review (Diamond 3c in Figure 1-1). If the IPEEE demonstratessufficient quality, the next step in this screening process is to compare the IHS tothe GMRS in the 1 to 10 Hz part of the response spectrum (see Diamond 3d in
 Figure 1-1). If the IHS exceeds the GMRS in the 1 to 10 Hz region, then acheck of the greater than 10 Hz part of the spectrum is performed, as shown inDiamond 3e. If the IHS exceeds the GMRS in the greater than 10 Hz region,then no further action is required for the NTTF 2.1 seismic review (Box 4 inFigure 1-1). If there are exceedances in the greater than 10 Hz region, then ahigh-frequency confirmation should be performed (Box 3f in Figure 1-1) asdescribed in Section 3.4.
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 3.3.1 IPEEE Adequacy
 Background
 Seismic risk assessments performed as part of the Individual Plant Examinationof External Events (IPEEE) for Severe Accident Vulnerabilities (Generic Letter88-20, Supplement 4) [2] that demonstrate plant capacity to levels higher thanthe new GMRS can be used to “screen out” plants, provided they meet certaincriteria, in which case these plants would not need to perform new seismic riskanalyses. IPEEE submittals using either SPRA or SMA analyses can beconsidered for screening, but in either case the analysis must have certainattributes to be considered for review by the NRC staff.
 Use of IPEEE Results for Screening
 Certain criteria are necessary if licensees choose to screen a facility based onIPEEE results. The criteria for screening have been grouped into four categories:
   General Considerations  Prerequisites
   Adequacy Demonstration
   Documentation
 Responses to the items in the Prerequisite and Adequacy Demonstrationcategories should be provided in the hazard submittal to the NRC.
 General Considerations
 IPEEE reduced scope margin assessments cannot be used for screening. Focusedscope margin submittals may be used after having been enhanced to bring theassessment in line with full scope assessments. The enhancements include (1) afull scope detailed review of relay chatter for components such as electric relaysand switches, and (2) a full evaluation of soil failures, such as liquefaction, slopestability, and settlement.
  The spectrum to be compared to the GMRS for screening purposes should bebased on the plant-level HCLPF actually determined by the IPEEE andreported to the NRC. If this is less than the review level earthquake (RLE)spectrum, then the RLE must be shifted appropriately to reflect the actualachieved HCLPF. In cases where modifications were required to achieve the
 HCLPF submitted in the IPEEE, verify that the changes were implemented(and describe the current status) in the submittal. This information is alsorequired as part of the Recommendation 2.3 seismic walkdown. Similarly, theuniform hazard spectrum (UHS) for IPEEE SPRA should be anchored at theplant-level HCLPF.
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 Prerequisites
 Responses to the following items should be provided with the hazard evaluation.In order to use the IPEEE analysis for screening purposes and to demonstratethat the IPEEE results can be used for comparison with the GMRS:
 1)  Confirm that commitments made under the IPEEE have been met. If not,address and close those commitments.
 2)  Confirm whether all of the modifications and other changes credited in theIPEEE analysis are in place.
 3)  Confirm that any identified deficiencies or weaknesses to NUREG-1407[11] in the plant specific NRC Safety Evaluation Report (SER) are properly
  justified to ensure that the IPEEE conclusions remain valid.
 4)  Confirm that major plant modifications since the completion of the IPEEEhave not degraded/impacted the conclusions reached in the IPEEE.
 If any of the four above items are not confirmed and documented in the hazardsubmittal to the NRC, then the IPEEE results may not be adequate forscreening purposes even if responses are provided to the adequacy criteriaprovided below.
 Adequacy Demonstration
  The following items, and the information that should be provided, reflect themajor technical considerations that will determine whether the IPEEE analysis,documentation, and peer review are considered adequate to support use of theIPEEE results for screening purposes.
  With respect to each of the criteria below, the submittal should describe the keyelements of (1) the methodology used, (2) whether the analysis was conducted inaccordance with the guidance in NUREG-1407 [11] and other applicableguidance, and (3) a statement, if applicable, as to whether the methodology andresults are adequate for screening purposes. Each of the following should beaddressed in the submittal to the NRC.
 1)  Structural models and structural response analysis (use of existing or newmodels, how soil conditions including variability were accounted for)
 2)  In-structure demands and ISRS (scaling approach or new analysis)
 3)  Selection of seismic equipment list or safe shutdown equipment list
 4)  Screening of components5)   Walkdowns
 6)  Fragility evaluations (generic, plant-specific analysis, testing, documentationof results)
 7)  System modeling (diversity of success paths, development of event and faulttrees, treatment of non-seismic failures, human actions)
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 8)  Containment performance
 9)  Peer review (how peer review conducted, conformance to guidance, peerreview membership, peer review findings and their disposition)
 Documentation
 Licensees that choose to implement the use of the IPEEE results for screeningpurposes should provide a response for each of the criteria in the Prerequisite andAdequacy Demonstration categories in their hazard submittal to the NRC.Licensees should also provide an overall conclusion statement asserting that theIPEEE results are adequate for screening and that the risk insights from theIPEEE are still valid under current plant configurations. The information usedby each licensee to demonstrate the adequacy of the IPEEE results for screeningpurposes should be made available at the site for potential staff audit.
 3.3.2 Development of HCLPF Spectrum
  The IHS is developed directly from the plant HCLPF capacity established in theIPEEE program. The IPEEE-reported HCLPF values were typically calculatedby each plant during the 1990s and documented in the IPEEE submittal reportssent to the NRC by the licensees. These HCLPF values for many of the plantsare also documented in NUREG-1742, “Perspectives Gained from theIndividual Plant Examination of External Events (IPEEE) Program,” April 2002[4]. For those plants that performed an SMA, the IHS is anchored to the lowestcalculated HCLPF of any SSC, and the shape of the IHS is consistent with theRLE used for the SMA (typically the NUREG/CR- 0098 shape). For thoseplants that conducted an SPRA as part of the IPEEE program, a plant HCLPF
  value was typically calculated (or can be calculated) from the plant core damagefrequency (CDF) and the IHS should be anchored at that value. The shape of
 the IHS should correspond to the UHS associated with the seismic hazardutilized within the SPRA. Typically, the shapes of the UHS are similar betweenthe 10-4 and the 10-5 return period UHS and, thus, either shape could be used forthe purpose of generating the IHS. These two return periods are considered to bethe appropriate ones for use in the generation of the IHS since the cumulativedistribution of the contribution to the CDF has typically been shown to becentered in this return period range.
 3.3.3 Comparison of IPEEE HCLPF Spectrum to GMRS
 An example of the comparison of a GMRS to the IHS is shown inFigure 3-4. The IHS exceeds the GMRS in the 1 to 10 Hz range, and thus thelower frequency criteria (Diamond 3d of Figure 1-1) have been met. However,for this example, the higher frequency criteria (Diamond 3e in Figure 1-1) havenot been met since the GMRS exceeds the IHS in this range. It is noted that (a)the control point for the IHS will typically be defined in a similar way as for theSSE, which is described in Section 2.4.1, and (b) the treatment of Narrow BandExceedance is the same as discussed in Section 3.2.1 for SSE.
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 Figure 3-4Example Comparison of GMRS to IHS (5% Damping)
 3.4 Treatment of High-Frequency Exceedances
 Equipment important to safety within operating NPPs has been seismicallyqualified for the SSE defined for each plant. The equipment has also beenevaluated, in general, for a RLE under each plant’s IPEEE program. The SSEand RLE ground motions, however, do not typically include significantfrequency content above 10 Hz. Seismic hazard studies conducted in the late1990s developed UHS that had spectral peaks occurring in the 20 to 30 Hz
 range. EPRI Report NP-7498, “Industry Approach to Severe Accident PolicyImplementation,” November 1991 [26], included an appendix titled“Recommended Procedures to Address High-Frequency Ground Motions inSeismic Margin Assessment for Severe Accident Policy Resolution.” Thisappendix reviewed the bases for concluding that high-frequency motions were, ingeneral, non-damaging to components and structures that have strain- or stress-based potential failures modes. It concluded that components, such as relays andother devices subject to electrical functionality failure modes, have unknownacceleration sensitivity for frequencies greater than 16 Hz. Thus, the evaluationof high-frequency vulnerability was limited to components that are subject tointermittent states.
 In the IPEEE program, the consideration of high-frequency vulnerability ofcomponents was focused on a list of “bad actor” relays mutually agreed to by theindustry and the NRC, with known earthquake or shock sensitivity. Thesespecific model relays, designated as low ruggedness relays were identified inEPRI Report 7148, “Procedure for Evaluating Nuclear Power Plant RelaySeismic Functionality,” December 1990 [27]. Rather than considering high-frequency capacity vs. demand screening, relays on this list were considered
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 program outliers and were evaluated using circuit analysis, operator actions, orcomponent replacements.
 EPRI published the following reports during initial new plant licensing activitiesto provide additional information regarding the potential high-frequency
  vulnerability of NPP SSCs:
   EPRI Report 1015108, “Program on Technology Innovation: The Effects ofHigh-Frequency Ground Motion on Structures, Components, andEquipment in Nuclear Power Plants,” June 2007 [28].
   EPRI Report 1015109, “Program on Technology Innovation: SeismicScreening of Components Sensitive to High-Frequency Vibratory Motions,”October 2007 [29].
 Report 1015108 [28] summarized a significant amount of empirical andtheoretical evidence, as well as regulatory precedents, that support the conclusionthat high-frequency vibratory motions above about 10 Hz are not damaging tothe large majority of NPP structures, components, and equipment. An exceptionto this is the functional performance of vibration sensitive components, such asrelays and other electrical and instrumentation devices whose output signalscould be affected by high-frequency excitation. Report 1015109 [29] providedguidance for identifying and evaluating potentially high-frequency sensitivecomponents for plant applications that may be subject to possible high-frequencymotions.
 In response to the current NTTF activities, EPRI has established a test programto develop data to support the high frequency confirmation in Step 3f of Figure1-1 as well as fragility data for a SPRA (Step 6a) or SMA (Step 6b) of Figure 1-1for potential high-frequency sensitive components. The test program will use
 accelerations or spectral levels that are sufficiently high to address the anticipatedhigh-frequency in-structure and in-cabinet responses of various plants. Therefore, it will not be necessary for those plants where GMRS > SSE or IHSonly above 10 Hz to perform dynamic analysis of structures to develop ISRS.
 3.4.1 Scope of High-Frequency Sensitive Components
  The following types of failure modes of potentially high-frequency sensitivecomponents and assemblies have been observed in practice:
   Inadvertent change of state
   Contact chatter
   Change in output signal or set-point
   Electrical connection discontinuity or intermittency (e.g., insufficient contactpressure)
   Mechanical connection loosening
   Mechanical misalignment/binding (e.g., latches, plungers)
   Cyclic strain effects (e.g., cracks in solder joints)
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    Wiring not properly restrained
   Inadequately secured mechanical fasteners and thumb screw connections
  These failure modes are considered below to determine the appropriate scope ofpotentially high-frequency sensitive components requiring additional information
 to perform the NTTF 2.1 seismic screening in Figure 1-1, Step 3f.
 3.4.1.1 EPRI 1015109 Potentially High Frequency SensitiveComponents
 EPRI Report 1015109 [29] reviewed potentially high-frequency sensitivecomponents and recommended change of state, contact chatter, signalchange/drift, and intermittent electrical connections as the most likely failuremodes. These are the first four failure modes highlighted in the above list.
 Failures resulting from improper mounting design, inadequate designconnections and fasteners, mechanical misalignment/binding of parts, and the
 rare case of subcomponent mechanical failure, are associated with the samestructural failure modes as those experienced during licensing basis qualificationlow frequency testing conducted in accordance with the Institute of Electricaland Electronics Engineers (IEEE) Standard 344 [25]. Because the equipmentexperiences higher stresses and deformations when subjected to low-frequencyexcitation, these failure modes are more likely to occur under the low-frequencyqualification testing.
  The evaluation of potentially high-frequency sensitive components in new plants was therefore directed to mechanically actuated bi-stable devices, such as relays,contactors, switches, potentiometers and similar devices, and those components
  whose output signal or settings (set-points) could be changed by high-frequency
  vibratory motion. Table 3-1 shows the components identified in EPRI Report1015109 [29] as being potentially sensitive to high-frequency motion.
 3.4.1.2 AP1000 Potentially High Frequency Sensitive Equipment
 During licensing reviews for the AP1000, Westinghouse and the NRC identifieda broader list of potentially high-frequency sensitive components and assemblies(Table 3-2) to be evaluated in the AP1000 Design Control Document [30].
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 Table 3-1EPRI 1015109 Potentially High Frequency Sensitive Items
   Electro-mechanical relays (e.g.,control relays, time delay relays,protective relays)
   Circuit breakers (e.g., moldedcase and power breakers – lowand medium voltage)
   Control switches (e.g.,benchboard, panel, operatorswitches)
   Process switches and sensors(e.g., pressure, temperature,flow, limit/position)
   Electro-mechanical contactors(e.g., MCC starters)
   Auxiliary contacts (e.g., forMCCBs, fused disconnects,contactors/starters)
   Transfer switches (e.g., low andmedium voltage switches withinstrumentation)
   Potentiometers (without lockingdevices)
   Digital/solid state devices(mounting and connections only)
  The primary difference between the list of components in EPRI 1015109 [29]and the AP1000 list [30] is that the EPRI 1015109 list is focused on potentiallysensitive subcomponents, and the AP1000 list is focused on assemblies that
  would include those subcomponents. For example, the potentially sensitive partsof a Battery Charger or a 250 Vdc Motor Control Center are the relays, switches,and contactors noted in the EPRI 1015109 component list [29]. Therefore,evaluating the potential sensitivity of the items in the EPRI 1015109 list wouldalso address the items in the AP1000 list.
  Three key exceptions on the AP1000 list [30] are transformers, batteries, and valves (motor-operated valves (MOVs), air-operated valves (AOVs), solenoid
  valves (SVs). Transformers are primarily passive systems with strain- or stress-based potential failures modes. Some transformers may include subcomponentson the EPRI 1015109 list [29], but they would be addressed as noted above.
 Battery cells have a material aging phenomenon that occurs over time. There isno indication that cell electrical degradation is influenced by the frequencycontent of the cell support motion being either high-frequency or low-frequency.Batteries do not fail during support motion, but rather fail to produce the ratedamp-hour capacity following the support motion. It is judged that the post-earthquake electrical capacity is a function of cell age and the RMS accelerationlevel of the input motion rather than the frequency content of the motion.Batteries that are less than ten years in age would not experience post-earthquake
 degradation due to cell shaking.
 Valves have been subjected to significant high-frequency test motions due toBoiling Water Reactor (BWR) hydrodynamic loads and have not demonstratedhigh frequency unique sensitivities. EPRI Report 1015108 [29] provides anexample of previous MOV operator combined seismic and BWR hydrodynamicqualification testing with inputs up to 100 Hz. This example valve operator isthe same as used in other plant designs. These types of tests also show that
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 additional high frequency content does not affect equipment function. Inaddition, line mounted valves and operators are subjected to 5 to 100 Hz sinesweep vibration testing as part of normal valve qualification to simulate normalplant induced vibration environments.
 Table 3-2AP1000 Potentially High Frequency Sensitive Items
   125V Batteries
   250Vdc Distribution Panels
   Fuse Panels
   Battery Disconnect Switches
   250Vdc Motor Control Centers
   Regulating Transformers
   6.9KV Switchgear  Level Switches (Core Makeup
 Tank, Containment Flood)
   Radiation Monitors (ContainmentHigh Range Area, Control RoomSupply Air)
   Transmitters (Flow, Level,Pressure, Differential Pressure)
   Control Room (Workstations,Switch Station, Display Units)
   Motor Operated Valves (MotorOperators, Limit Switches)
   Air Operated Valves (SolenoidValves, Limit Switches)
   Battery Chargers
   120Vdc Distribution Panels
   Fused Transfer Switches
   Termination Boxes
   250Vdc Switchboard
   Inverters
   Reactor Trip Switchgear  Neutron Detectors (Source Range,
 Intermediate Range, Power range)
   Speed Sensors (Reactor CoolantPump)
   Protection and Safety MonitoringSystems (System Cabinets,Transfer Switches, Neutron FluxPreamplifiers, High VoltageDistribution Boxes)
   Other Valves (Squib [Explosive
 Opening] Operators, LimitSwitches)
 3.4.1.3 Component Types to be Evaluated
  The list of component types to be evaluated in the above noted high frequencytest program was developed based on the reviews described in Sections 3.4.1.1and 3.4.1.2 and is provided in Table 3-3. A subset of these component types areused in the Phase 1 testing effort described below. The complete list ofcomponent types in the table will be considered in a follow-on Phase 2 testingeffort.
  Test samples will be selected from the component types in Table 3-3 to representthe components installed in operating nuclear power plants. A review of selectedutility components lists will be used to inform the test sample selection.
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 Table 3-3High Frequency Confirmation Component Types
   Electro-mechanical relays (e.g.,control relays, time delay relays,protective relays)
   Circuit breakers (e.g., moldedcase and power breakers – lowand medium voltage)
   Control switches (e.g.,benchboard, panel, operatorswitches)
   Process switches and sensors(e.g., pressure, temperature,flow, limit/position)
   Electro-mechanical contactors(e.g., MCC starters)
   Auxiliary contacts (e.g., forMCCBs, fused disconnects,contactors/starters)
   Transfer switches (e.g., low andmedium voltage switches withinstrumentation)
   Potentiometers (without lockingdevices)
 3.4.2 Phase 1 Testing The high-frequency test program consists of two phases. The first phase piloteffort has focused on (1) developing a recommended high-frequency test protocolto be used in the full test program, and (2) acquiring sufficient data to allowdevelopment of criteria for comparison of fragility levels obtained using high-frequency wide-band and narrow-band motions.
 3.4.2.1 Phase 1 Test Samples
  The components included in the Phase 1 test program were selected to provide arepresentative sample of the types of components listed in Section 3.4.1.3, as well
 as a variety of expected seismic capacity levels. The list of components used forPhase 1 testing is provided in Table 3-4.
 Table 3-4Phase 1 Test Samples
   Electro-mechanical relay (600Vindustrial control relay)
   Electro-mechanical relay(pneumatic timing relay)
   Electro-mechanical contactor(with auxiliary and overloadcontacts)
   Electro-mechanical relay (lockoutrelays, two configurationsconsidered)
   Electro-mechanical relay(auxiliary relay - hingedarmature)
   Electro-mechanical relay (socketmounted control relay)
   Electro-mechanical relay (300Vindustrial control relay)
   Electro-mechanical relay (600Vcontrol relay – prior HF testinghistory)
   Electro-mechanical relay(induction disk protective relay)
   Process switch(pressure switch)
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 Test Input Motions
  Three types of test input motions were investigated in Phase 1: sine sweeps,random multi-frequency (RMF) motions and filtered RMF motions. In eachcase, the input motions were increased in amplitude until either the componentsfailed the acceptance criteria (typically 2 ms contact chatter per ANSI C37.98[31]), or had anomalous behavior, or the test machine limits were reached.
 Sine Sweep Input Motions – This test series used single-axis sine sweep inputs with constant acceleration levels over the 16 to 64 Hz range. The components were tested in each primary direction (e.g., front-to-back, side-to-side, vertical)in the de-energized (non-operate) state with subsequent tests in the energized(operate) state. The objective of this test series was to develop a plot of chatterthreshold frequency vs. peak input motion acceleration as a means of displayingthe regions of high-frequency sensitivity for each component.
 RMF Input Motions – This test series used wide-band multi-frequency tri-axialindependent random motions with response spectra covering three separateamplified frequency ranges as shown in Figure 3-6. The three frequency ranges
  were 16 to 32 Hz, 24 to 48 Hz, and 20 to 40 Hz. The general shape of theamplified spectral region was patterned after the normalized test shape fromIEEE C37.98 [31] with the peak acceleration region being 2.5 times the ZPA,but with the frequency ranges shifted as shown in Figure 3-6. A set of threemotions was generated for each frequency range. Each axis of motion of each set
  was independent but had the same general response spectrum shape andamplitude. The purpose of these tests was to determine the fragility level of eachdevice associated with each set of RMF motions for a given frequency range.
 Filtered Random Multi-Frequency (FRMF) Input Motions – This test series
 used wide-band multi-frequency independent random input motions along twoprimary axes with a set of narrow-band filtered motions along the third axis asdepicted in Figure 3-7. The narrow-band motions were applied along the thirdaxis, one at a time, at the indicated 1/6 octave frequencies between 17.8 and 44.9Hz (21.2 Hz, 23.8 Hz, 26.7 Hz, 30.0 Hz, 33.6 Hz, 37.8 Hz). The RMFmotions applied to the other two axes had strong motion frequency range of 17.8Hz to 44.9 Hz. The FRMF motions were applied separately in the componentfront-to-back direction and the side-to-side direction. Note that the FRMFtesting was intended to simulate either in-structure response or high frequencylocal panel in-cabinet response, which is expected to be dominated by front-to-back or side-to-side responses; therefore, the filtered motions were limited tothose two directions. Each filtered motion had the appearance of multiple sine-
 beat motions superimposed on a wide band random backbone motion. Thepurpose of these tests was to determine the fragility level of each deviceassociated a given FRMF motion. The comparison of the fragility responsespectra for both the FRMF and RMF motion allows a ‘clipping factor’ to bedefined that can be used to convert an in-structure or in-cabinet demand(response spectrum) to an effective wide band motion for comparison to a RMFfragility test spectrum.
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 Figure 3-6Random Multi-Frequency Test Input Motions
 Figure 3-7
 Filtered Random Multi-Frequency Test Input Motions
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 3.4.2.3 Phase 1 Test Results
 Component High Frequency Sensitivity
 No chatter or change of state occurred for any Phase 1 relay in the energized statefor any input motion, thus a relay in the energized state is considered to not befrequency sensitive
 Four devices did not have any chatter in the de-energized state for the highestinput levels tested. These devices may be considered as not frequency sensitive.
  Two devices were expected to not have any high-frequency sensitivity based onthe high demonstrated low frequency ruggedness (12.5 g spectral), however,these models had anomalous behavior in the greater than 30 Hz range. Theremaining 5 relay models demonstrated various high-frequency sensitivities forthe de-energized state.
 Test Input Motion Results
  The general conclusions from each of the three test input motion types aredescribed below.
 Sine Sweep Input Motions – The sine sweep tests were primarily exploratorytests but they did not appropriately simulate earthquake motions at thecomponent mounting locations and at high amplitudes, they over predictedcomponent sensitivity.
 RMF Input Motions – The RMF tests over the three peak frequency ranges (16to 32 Hz, 20 to 40 Hz, and 24 to 48 Hz) proved to be efficient to perform, andeffective at identifying high frequency component sensitivity. Some of the Phase
 1 test components were a little more sensitive to the test motions from 16 to 32Hz than the other two test ranges; however, this was due to the lower frequencyenergy included in those tests. That lower frequency energy is already includedstandard relay testing performed using the IEEE relay qualification standard[31]; therefore, it is more indicative of lower frequency sensitivities than highfrequency sensitivities. Between the remaining two RMF frequency ranges, the20 to 40 Hz range is more consistent with the expected high frequency groundmotions shown in Figure 3-5. The Phase 1 components were also slightly moresensitive to that frequency range input than the 24 to 48 Hz RMF motion.
 FRMF Input Motions – The FRMF tests may be the most accurate atsimulating the kinds of earthquake motions at the component mounting
 locations, but they were very time consuming to perform. Comparisons of theFRMF peak spectral accelerations that produced component chatter with theRMF peak spectral accelerations confirmed that previous narrow band clippingfactors (e.g. [39], Appendix Q) are also generally applicable to high frequencymotions.
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 Phase 1 Overall Conclusions
  The Phase 1 study indicates that the high-frequency sensitivity of contact devicesis generally device specific. Thus, the best means to identify such frequencysensitivity is to test the devices. Additional testing in Phase 2 may facilitate moregeneral conclusions for some categories of potentially sensitive devices (e.g.miniature relays, potentiometers).
  The use of the 20 to 40 Hz multi-frequency random input motion appears to bethe best compromise for determining frequency sensitivity. The use of otherinput motions requires considerable effort and do not appear to provide anybetter resolution for determining high-frequency sensitivity.
 Filtered multi-frequency narrow-band inputs resulted in peak spectral fragility values that were 2 to 3 times the spectral fragility values obtained using the wide-band multi-frequency inputs. Thus, it appears that the clipping factors used forlow frequency fragility are valid for high-frequency fragility. (This is still understudy)
 3.4.3 Phase 2 Testing
 Phase 2 testing will be performed to address the component types identified inSection 3.4.1.3. The complete test results will be compiled as appropriate tosupport utility high-frequency confirmation screening in Figure 1-1, Step 3f, as
  well as SPRA or SMA evaluations in Figure 1-1, Steps 6a and 6b.
 3.4.3.1 Phase 2 Test Protocol
 Based on the Phase 1 testing, the 20 to 40 Hz RMF response spectrum shape
  will be used to develop the test motions for the Phase 2 test protocol. Thesemotions will be used to determine the fragility spectra for each component.
 3.4.3.2 Expanded Sample
  The test sample list for Phase 2 testing will be selected to address the range ofcomponent types identified in Section 3.4.1.3. Components will be selected torepresent a distribution of manufacturers and specific model numbers.Components will also be selected to address a variety of contact mechanicalmotions (e.g., plunger- and clapper-type relays) and physical forms (e.g., socketand bolted mounting configurations). The number of components in anycomponent type category may be adjusted depending on the expected degree of
 high-frequency sensitivity. In addition, the specific model numbers selected maybe adjusted depending on the component availability. To the extent practical, thedistribution of test samples will be selected to achieve the broadest possibleconclusions.
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 Section 4:  Seismic Hazard and ScreeningReport
  The NRC 50.54(f) information request associated with NTTF Recommendation2.1 seismic is delineated in [1]. Within 1.5 years of the March 12, 2012 date ofthe information request, each CEUS addressee is requested to submitinformation related to the seismic hazard and the screening portions of theprogram (see Boxes 1, 2, and 3a-3e of Figure 1-1). An example of the type of
 information that has been requested, which could form the table of contents forthat report, is listed below.
   Introduction
 1.  Responding to 50.54(f) letter
 2.  Brief history of seismic licensing basis (summary of SSE and whichcodes, standards, and methods were used in the design of SeismicCategory I SSCs)
 3.  Brief description of method used to develop GMRS and outcome ofscreening comparisons
   Seismic Hazard Results: GMRS1.  Regional and Local Geology
 a.  Regional Geology
 i.  1-2 paragraphs describing tectonic setting and history
 b.  Local Geology
 i.  1-2 paragraphs described any prominent geologic features,complexity of geologic features (folding and faulting)
 2.  Probabilistic Seismic Hazard Analysis
 a.  Probabilistic Seismic Hazard Analysis
 i.  Summary of sources used (sub-set of CEUS Seismic SourceCharacterization sources or site-specific for WUS sites)
 ii.  Ground Motion Prediction Equations used or developed
 b.  Base Rock Seismic Hazard Curves (if hard rock site)
 i.  Common fractiles and mean for spectral frequencies for whichGMPEs are available
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 3.  Site Response Evaluation (if not a hard rock site)
 a.  Description of Subsurface Materials and Properties
 i.  Soil/rock types, layering, and properties
 b.  Development of Base Case Profiles and Nonlinear MaterialProperties
 i.  Resources used and basis for base case profiles
 1.  Base case shear wave velocity profiles
 2.  Selected Shear Modulus and Damping curves
 c.  Randomization of Profiles
 i.  Randomization method and parameters
 ii.  Constraints applied on layer thicknesses and velocities
 iii.  Kappa values
 d.  Input Spectra
 i.  Fourier amplitude spectra and response spectra including inputelevation
 ii.  Any modifications to input spectra (kappa correction)
 e.  Methodology
 i.  Brief description of Random Vibration Theory (RVT) or timeseries approach
 ii.  Parameters used in RVT or time histories used
 f.  Amplification Functions
 i.  Amplification functions
 ii.  Amplification versus Input Amplitude including uncertaintybands for each of the spectral frequencies
 g.  Control Point Seismic Hazard Curves
 i.  Common fractiles and mean for spectral frequencies for whichGMPEs are available
 4.  Ground Motion Response Spectrum
 a.  Uniform Hazard Response Spectra
 i.  10-4 and 10-5 UHRS
 b.  GMRS
 i.   Table of 10-4 and 10-5 UHS, Design Factor values, andGMRS
   Safe Shutdown Earthquake Response Spectra
 1.  Spectral Shape and Anchor Point PGA for 5% critical damping
 a.  Brief description from FSAR
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 2.  Control Point Elevation(s)
 a.  Description from FSAR or assumptions used to determine controlpoint elevation
   Special Screening Considerations
 1.  GMRS and SSE Comparisona.  Discussion of results
 b.  High-frequency, Narrow Band Exceedance (if applicable)
 2.  Evaluation of IPEEE Submittal
 a.  see Section 3.3-1
 3.  GMRS and IHS Comparison
 a.  If applicable, discussion of results (narrow-band exceedance ifapplicable)
 4.  Screening for Risk Evaluation (SPRA or SMA see Section 6.2)
 a.  If applicable, discussion of results
   Interim Actions*
 1.  Any interim actions taken or planned while risk evaluation is beingperformed
   Conclusions
 1.  Summary of results
 2.  Path forward based on Screening Evaluations
 *The NRC has requested that each addressee provide information on “any
 actions taken or planned to address the higher seismic hazard relative to thedesign basis, as appropriate, prior to the risk evaluation.” Examples of the typesof information which could be included in this response are:
   Modifications or upgrades that the addressee decides to undertake prior tothe seismic risk evaluation described in Section 6 of this report.
   Addressee intentions relative to conducting an SPRA or SMA.
 Description of the types of exceedances (low-frequency range, high-frequencyrange, narrow-frequency band, etc.) and the types of SSCs which may be affectedby that exceedance (e.g., high-frequency exceedance could affect chatter sensitivedevices which are going to be addressed by the EPRI testing program described
 in Section 3.4 of this report).
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 Section 5:  Prioritization (Schedule) The resolution for the 2.1 seismic information requests [1] consists of firstgenerating the new seismic hazard information for all sites, followed by thescreening assessments described in the previous sections. Those plants required toperform the seismic risk evaluation are then required to be prioritized in terms oftheir schedule for submittals (Diamond 5, Figure 1-1). This prioritization occursafter seismic hazard and screening submittals described in Section 4 of this reportare submitted to the NRC. That report is scheduled to be completed by Fall
 2013 for CEUS sites and Spring 2015 for the WUS sites.
  The intent of the prioritization is to take into account:
   the amount of the seismic hazard exceedance
 -  GMRS to SSE Ratios
 -  GMRS to IHS
   the available resources (industry-wide and individual utility multi-unit fleets),and
   available plant mitigation strategies
 Consideration should be given to plants that are already conducting SPRAs.Lessons learned from these early SPRA implementations will be valuableresources to the industry and NRC.
  The exact criteria/methods to be used for this prioritization are being discussedbetween the NRC and the nuclear utility industry as part of ongoing discussionson the resolution of the 2.1 seismic program.

Page 70
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 70/220

Page 71
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 71/220
  
  6-1  
 Section 6:  Seismic Risk Evaluation6.1 Background on SPRA and SMA
 SPRA and SMA studies have been conducted for many of the U.S. NPPs overthe last twenty years. Initially they were conducted to answer safety concerns inheavily populated areas. The next widespread application was for satisfaction ofthe USNRC request for information regarding severe accident vulnerabilities inGeneric Letter 88-20, Supplement 4 [2]. The USNRC is currently encouraging
 the use of PRA for making risk-informed decisions and has developed a Risk-Informed Regulation Implementation Plan [32] and associated regulatory guides. The Licensees in turn are using PRAs for Changes to Licensing Basis, Changesto Technical Specifications, Graded Quality Assurance, SignificanceDetermination Processes, etc. Seismic PRAs are also required for each new NPPone year prior to fuel load. SPRAs and SMAs are now also being recommendedas paths to conduct the seismic risk evaluations within Tasks 6 and 7 of Figure1-1.
 6.1.1 SPRA Methods and Procedures
 Current U.S. NPPs were designed to withstand a conservatively selected large
 earthquake ground motion (the SSE) with adequate margins introduced atdifferent stages of design, analysis, qualification, and construction. However, it isunderstood that larger earthquake ground motions (although rare) could occur.
  The basic objective of the SPRA is to estimate the probability of occurrence ofdifferent levels of earthquake ground shaking that may affect the plant, and toassess the plant response to such ground motions. Following the historical PRApractice, the results of this plant seismic assessment are presented in terms ofseismically induced CDF and large-early release frequency (LERF). SPRAscompleted to date, have shown that the seismic contribution to the overall CDFand LERF at some NPPs could be significant and occasionally can even bedominant. Therefore, a quantitative assessment of the seismic risk (e.g., SPRA)can be an important component of the overall risk-informed decision making
 process.
  The key elements of a SPRA can be identified as:
   Seismic Hazard Analysis: Used to assess the seismic hazard in terms of thefrequency of exceedance for selected ground motion parameters during aspecified time interval. The analysis involves the characterization ofearthquake sources, evaluation of the regional earthquake history, and an
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 estimation of the intensity of the earthquake-induced ground motion at thesite (Figure 6-1).
 Figure 6-1Example Seismic Hazard Curve
   Seismic Fragility Analysis: Estimates the conditional probability of SSCfailures at a given value of a seismic motion parameter, such as PGA, peakspectral acceleration, floor spectral acceleration, etc. Seismic fragilities used
 in a seismic PRA are realistic and plant-specific based on actual currentconditions of the SSCs in the plant, as confirmed through a detailed walkdown of the plant. The fragilities of all the systems that participate inthe accident sequences are included (Figure 6-2).
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 Figure 6-2Example Seismic Fragility Curve
   Systems/Accident Sequence Analysis: Modeling of the variouscombinations of structural and equipment failures that could initiate andpropagate a seismic core damage sequence.
   Risk Quantification: Calculates the frequencies of severe core damage andradioactive release to the environment by using the plant logic model andaccident sequences for which the SSC fragilities are integrated with theseismic hazard. The analysis is usually carried out by adding some
 earthquake-related basic events to the PRA internal events model, as well aseliminating some parts of the internal events model that do not apply or thatcan be screened-out.
  The overall SPRA process is characterized in Figure 6-3.
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 Figure 6-3Overview of the SPRA Methodology
  The detailed methods and criteria to develop the seismic fragility, seismic hazard,and seismic plant logic models are well beyond the scope of this guide.Fortunately, there are many technical references which document these methods.
  Table 6-1 is intended to provide a good list of references on these topics, whilethere are obviously many more in the literature.
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 Table 6-1Partial List of SPRA Technical References
 SPRA Topic Recommended DocumentTitle
 Reference
 SPRA
 Seismic Probabilistic Risk
 Assessment Implementation Guide
 EPRI 1002989 (Dec 2003) [33]
 Seismic Evaluation of ExistingNuclear Power Plants
 Safety Report Series No. 28[34]
 Probabilistic Safety Assessment forSeismic Events
 IAEA Tecdoc-724(Oct 1993) [35]
 Seismic Fragility
 Seismic Fragility Applications GuideUpdate
 EPRI Report 1019200(Dec 2009) [36]
 Seismic Fragility Application Guide EPRI 1002988 (Dec 2002) [37]
 Methodology for DevelopingSeismic Fragilities
 EPRI TR-103959(June 1994) [38]
 A Methodology for Assessment ofNuclear Plant Seismic Margin EPRI NP 6041 (Oct 1988) [39]
 Seismic Hazard
 PRA Procedures Guide: A Guide tothe Performance of Probabilistic RiskAssessments for Nuclear PowerPlants
 NUREG/CR-2300 (1983) [54]
 Recommendations for ProbabilisticSeismic Hazard Analysis: Guidanceon Uncertainty and Use of Experts
 NUREG/CR-6372 (1997) [13]
 Practical Implementation Guidelinesfor SSHAC Level 3 and 4 HazardStudies
 NUREG-2117 (2012) [23]
 Technical Basis for Revision ofRegulatory Guidance on DesignGround Motions: Hazard- and Risk-Consistent Ground Motion SpectraGuidelines
 NUREG/CR-6728(Oct 2001) [24]
 6.1.2 NRC SMA Methods and Procedures
  The Nuclear Regulatory Commission (NRC) staff developed interim staffguidance (ISG) [100] on an acceptable method for performing a Seismic MarginAssessment (SMA) as referred to in the March 12, 2012 NRC letter [1]. ThisSMA method includes enhancements to the NRC SMA method originally
 described in NUREG/CR-4334 that the NRC deemed necessary to meet theobjectives of the 50.54(f) letter. The NRC ISG approach for SMA is specificallyintended be used to respond to the 50.54(f) letter. The level of effort to performa SMA to meet this ISG is nearly equal to that required for a SPRA. Theprimary difference is that the SMA reports results in terms of HCLPF values,rather than risk metrics such as CDF or LERF.
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 A list of the high level features and enhancements to an SMA that aredocumented in the draft ISG are listed below. Some of these topics are similar tostaff positions taken during the IPEEE program, and others are additionalenhancements.
    The SMA should use a systems-analysis approach that begins by following
 the NRC SMA methodology, using event trees and fault trees, withenhancements; an EPRI SMA approach using success-path systems logic isnot acceptable.
    The SMA should be a full-scope SMA, not a focused-scope or reduced-scope SMA (as described in NUREG-1407).
    The systems model should be enhanced over what was contained in eitherthe original NRC SMA guidance (in NUREG/CR-4334 and NURE/CR-5076) or the NRC’s IPEEE guidance (in NUREG-1407).
    The scope should include certain containment and containment systems, soas to enable analysis of the plant-level HCLPF for large early release.
    The “mission time” should extend to when the plant reaches a stable state.   The use of the so-called “Min-Max” method must be justified and, if used,
 should follow certain guidance provided in [100]. The Convolution Methodis stated to be the NRC’s preferred method.
    When developing sequence-level and plant-level HCLPF capacities, theanalysis should differentiate between those sequences that lead to coredamage and those that lead to a large early release.
   Separately report HCLPF capacities for those sequences with non-seismicfailures and human actions and HCLPF capacities for those sequences
  without them.
   A formal peer review of the SMA is required. The ISG peer reviewrequirements are not consistent with the peer review requirements of RG1.200 or the ASME/ANS PRA Standard.
  The details for each of these features and enhancements are described in detail within the draft ISG [56].
 Licensees may propose other methods for satisfying SMA requirements of the50.54(f) NRC letter. The NRC staff will review such methods and determinetheir acceptability on a case-by-case basis.
 6.2 Criteria for Selection of Risk Evaluation Method (SPRA
  vs. SMA)
 As shown in Figure 1-1, plants that do not meet the screening criteria outlined inSection 3 of this report need to proceed to a seismic risk evaluation. Reference[1] describes two different approaches for performing the seismic risk evaluation,an SPRA, or an NRC SMA. The NRC SMA is appropriate for sites where there-evaluated seismic hazard is not considerably higher than the design basisseismic hazard or for sites that have a relatively low seismic hazard level. The
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 SPRA could be used for any of the plants proceeding to the seismic riskevaluation phase.
  The NRC criteria for requiring the use of the SPRA consists of the following:
   If the GMRS exceeds the response spectra between 1 and 10 Hz represented
 by the higher of the following two spectra, then an SPRA should beconducted:
 1.  1.3 times the SSE
 2.  Low Hazard Threshold of 0.4g
 Figure 6-4 shows an example of a GMRS exceeding the 1.3 SSE and the LHTspectra in the 1 to 10 Hz range.
 Figure 6-4Example for Selection of SPRA vs. SMA
 6.3 Key Elements of Seismic Structural and SSI Response
 6.3.1 Structure Modeling
 Many existing structural models (i.e., those used for design basis, USI-A-46 orIPEEE studies) could be used in structural dynamic analyses that are performedto support SPRAs or SMAs required as part of the response to the 50.54(f) letteron 2.1, provided that their adequacy is demonstrated for this purpose. Thisrequires a review of the existing models to be performed by an experiencedstructural engineer(s) (and a peer reviewer) to determine the adequacy of themodels for dynamic analysis for application in risk assessments for 2.1 using the
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 criteria provided below. If necessary, the existing structural models can beenhanced to meet the structural modeling criteria.
  The existing structural models that have been used in dynamic analyses todevelop seismic responses for the design, licensing and qualification of plantSSCs (e.g., lumped-mass stick models (LMSM)), were reasonably complex for
 their original intended purpose at the time they were developed. These models were used to capture the overall structural frequencies, mode shapes, and seismicresponses. Typically, if a model complexity is increased, the contribution of themodes identified within the simpler model is decreased as modal mass is shiftedto other modes, often resulting in lower spectral peaks for the significant modesof the structure. However, more recent experience has shown that, for somestructures, additional complexity of the numerical model may lead to theidentification of important higher modes that may be important for some systemsand components. 
 Using the existing structural models, in either their current or enhanced state, will facilitate the completion of the SPRA/SMA effort with the desired accuracyrequired as part of the response to the 50.54(f) letter on 2.1.
  The criteria against which structural engineer(s) and peer reviewer(s) shouldreview the existing models are listed below.
 1.   The structural models should be capable of capturing the overall structuralresponses for both the horizontal and vertical components of ground motion.
 2.  If there is significant coupling between the horizontal and the verticalresponses, one combined structural model should be used for analyzing allthree directions of the earthquake. See ASCE 4-98 Section 3.1.1.1 “Modelsfor Horizontal and Vertical Motions” [40].
 3.  Structural mass (total structural, major components, and appropriate portionof live load) should be lumped so that the total mass, as well as the center ofgravity, is preserved. Rotational inertia should be included if it affectsresponse in the frequency range of interest. See ASCE 4-98 Section 3.1.4.1“Discretization of Mass” Part (b) 1 [40].
 4.   The number of nodal or dynamic degrees of freedom should be sufficient torepresent significant structural modes. All modes up to structural naturalfrequencies of about 20 Hz in all directions should be included (vertical floorslab flexibility will generally not be considered because it is expected to havefrequencies above 15 Hz, but this should be verified by the structuralengineer). This will ensure that the seismic responses and in-structure
 response spectra (ISRS) developed in the 1 to 10 Hz frequency range arereasonably accurate. See ASCE 4-98 Section 3.1.4.1 “Discretization ofMass” Part (b) 2 [40].
 5.   Torsional effects resulting from eccentricities between the center of mass andthe center of rigidity should be included. The center of mass and the centerof rigidity may not be coincident at all levels, and the torsional rigidity shouldbe computed. See ASCE 4-98 Section 3.1.8.1.3 “Requirements for Lumped-mass Stick Models” Parts (b) and (c) [40]. Alternatively, a multiple LMSM
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 may be used if the stiffness elements are located at the centers of rigidity ofthe respective groups of element and the individual models are properlyinterconnected.
 6.   The analyst should assess whether or not a “one-stick” model sufficientlyrepresents the structure. For example, two-stick models could be more
 appropriate for the analysis of internal and external structures of thecontainment founded on a common mat.
 7.   The structural analyst should review whether in-plane floor flexibility (andsubsequent amplified seismic response) has been captured appropriately forthe purposes of developing accurate seismic response up to the 15 Hzfrequency. Experience has shown that, for nuclear structures with floordiaphragms that have length to width ratios greater than about 1.5, the in-plane diaphragm flexibility may need to be included in the LMSM. The useof this 1.5 aspect ratio should be reviewed by the structural engineer sincesome structures are affected by the in-plane diaphragm flexibility by aspectratios lower than the 1.5. As with all these recommendations, alternateapproaches can be used when justified.
  The use of existing models must also be justified in the submission to the NRCusing the above criteria.
 6.3.2 Seismic Response Scaling
 Scaling of ISRS to account for higher ground motions levels is considered atechnically sound approach and has been used in previous SPRAs and SMAs.Using scaling approaches, where appropriate, will reduce the effort involved inperforming detailed soil-structure interaction (SSI) analyses for the newhazard/UHS, facilitating the completion of the SPRA or SMA effort for thoseplants that are screened-in.
 Scaling of responses will be based on
   previously developed ISRS,
   shapes of the previous UHS/RLE,
   shapes of the new UHS/RLE, and
   structural natural frequencies, mode shapes, and participation factors.
 Example guidance on scaling methods is provided in EPRI documents EPRINP-6041-SL Rev. 1 [39] and EPRI 103959 [38].
 Scaling can be used in developing ISRS for those cases where the new UHS orRLE shape is approximately similar to the spectral shape previously used togenerate the ISRS. An example of two response spectra with similar shapes isshown below in Figure 6-5.
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 Figure 6-5Example of Ground Response Spectra that are Similar
 Scaling of rock or soil sites where the shape of the new hazard spectrum is notsimilar to the previous spectrum will require a rigorous justification thatdemonstrates the validity of the scaling approach. An example of spectra that arenot similar is shown in Figure 6-5 below. The peak response of these two spectrais significantly shifted in frequency.
 Figure 6-6Example of Ground Response Spectra that are not Similar
 Scaling of “non-similar” shapes would need to be technically justified on a casespecific basis and would need to appropriately consider any non-linear effects tothe structure or to the soil/rock profile resulting from the new response spectrashape and amplitude.
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 6.3.3 Fixed-Based Analysis of Structures for Sites PreviouslyDefined as “Rock”
 For nuclear safety-related structures founded on the commonly used definition ofrock as defined in the design documentation for many operating plants, i.e., shear
  wave velocity (V s) > about 5000 ft/sec, past experience has shown that theamplified response spectra in the 1 to 10 Hz are generally about the same from afixed-based analysis of the structure as from a model that uses SSI analysis.
  Therefore, it is reasonable to use fixed-base dynamic analyses for rock-foundedstructures even when the rock shear wave velocities are not as high as 9200 ft/sec,
  which is the definition of hard rock for new reactors licensed by the NRC. Theoriginal definition of rock (V s > about 5000 ft/sec) that was used by some plantsin the past can still be used as the criterion for performing a fixed-base dynamicanalysis to develop ISRS that are needed to perform fragility or HCLPFcalculations.
  The validity of the above criterion was reviewed using two examples of existing
 structures at a nuclear power plant [45, 55]. The first example describes theanalysis of a structure with a fundamental frequency of about 5 Hz, and thesecond example used a structure with a fundamental frequency of about 10 Hz inone horizontal direction. These examples considered fixed-base analysis and SSIanalyses with different V s values and are discussed in Appendix C. The resultsfrom this study show that there is a slight shift of frequency to the left, and somechanges in spectral peak amplitudes occur when the fixed base is compared to anSSI analysis with V s of about 3500 ft/second; however, the comparison of fixed-base analysis is much better with an SSI analysis using V s of about 5000 ft/sec orhigher.
  Therefore, it is appropriate to model a rock-founded structure as fixed base if the
 best estimate of V s is greater than about 5000 ft/sec. For structures founded onrock with V s between 3500 ft/sec and 5000 ft/sec, peak-broadening or peak-shifting of the ISRS in fragility analyses can potentially alleviate the effect of aslight frequency/amplitude shift between the SSI and fixed-base analyses. Thedetermination whether a fixed-base model can be used for rock sites with V s 
  values in this range should be made by an experienced structural engineer and justified in the submittal report to NRC. This assessment should also be peerreviewed by an experienced structural engineer as part of the peer review process.
 6.4 Key Elements of Fragility/Capacity for the Resolution ofNTTF Recommendation 2.1
 6.4.1 Hybrid Approach for Fragilities  
  There are two well-known methods to calculate fragilities of SSCs for use in aseismic PRA model [36, 37, 38, 39]. These are: (a) the ConservativeDeterministic Failure Margin (CDFM) approach [39] where the HCLPFcapacity is calculated first and the median capacity with an assumed (experience-based) composite variability (typically in the 0.35 to 0.45 range) is then calculatedfrom the HCLPF; and (b) the fragility or separation of variables approach [36,
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 37, 38] where the median capacity is calculated, and the randomness anduncertainty variabilities (logarithmic standard deviations) are then calculated in adetailed manner for various parameters.
  The CDFM approach for developing fragilities is a simpler method that can beperformed consistently by more analysts and is an acceptable approach for
 generating fragilities within an SPRA for the majority of components for which aless detailed assessment is necessary. Because only a handful of components arerisk-significant enough to justify the additional effort required by the separationof variables method, the CDFM method can provide efficiencies in the overalleffort. Therefore, use of the CDFM approach is useful and beneficial forcalculating fragilities of SSCs for use in seismic PRAs conducted to address the50.54(f) letter.
 In the CDFM fragility approach (also referred to as the Hybrid Method), the 1%failure probability capacity C1% is computed along with an estimate of thecomposite logarithmic standard deviation βC and its subdivision into random
  variability βR  and uncertainty βU, which, are used to estimate the correspondingfragility curve. As noted in [51], typically βC lies within the range of 0.3 to 0.6. Infact, if all of the sources of variability discussed in [38] are appropriatelyconsidered, it is not possible to obtain an estimated βC less than approximately0.3.
  The Hybrid Method is based on the observation that the annual probability ofunacceptable performance (PF ) for any SSC is relatively insensitive to βC. Thisannual probability (seismic risk) can be computed with adequate precision fromthe CDFM Capacity (CCDFM) and an estimate of βC. It is shown in [51] that thecomputed seismic risk at β = 0.3 is approximately 1.5 times that at β = 0.4, whileat β = 0.6 the computed seismic risk is approximately 60% of that at β = 0.4.
  Table 6-2 provides recommended values for βC, βR , βU, and the ratio of themedian capacity C50% to the C1% capacity computed by the CDFM Method. Therecommended βC values are based on Ref. [51] recommendations and on averageare biased slightly conservative (i.e., slightly low βC on average). Because random
  variability βR  is primarily due to ground motion variability, a constant βR  value of0.24 is recommended irrespective of the SSC being considered. Therecommended βU values are back-computed from the recommended βC and βR  
  values. The Beta values for Table 6-2 apply to fragilities tied to ground motionparameters (e.g., PGA or Peak Spectral Acceleration at 5 Hz). Appendix Dcontains a sensitivity study on the computed probability of failure, PF , to thelogarithmic standard deviation used in the hybrid method. The results of the
 study in Appendix D demonstrates a lack of sensitivity of the computed seismicrisk exists over the full practical range of seismic hazard curve slopes.
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 Table 6-2Recommended  β C ,  β R ,  β U , and C 50% /C 1% Values to Use in Hybrid Method for VariousTypes of SSCs
 Type SSCComposite
 βC Random
 βR  Uncertainty
 βU C50%/C1% 
 Structures & Major PassiveMechanical ComponentsMounted on Ground or atLow Elevation WithinStructures
 0.35 0.24 0.26 2.26
 Active ComponentsMounted at High Elevationin Structures
 0.45 0.24 0.38 2.85
 Other SSCs 0.40 0.24 0.32 2.54
 Following the generation of the fragilities using the hybrid approach, the fragilityparameters are then used in the systems model to convolve with the hazard. Forthose SSCs that are determined to be the dominant risk contributors or are risk-significant in the seismic accident sequences, estimates of median capacity (C50%)and variabilities (βU and βR ) should be done using the fragility or separation of
  variables approach and then used in the integration.
 6.4.2 High-Frequency Capacities
 Section 3.4 discusses the treatment of high frequency responses of SSCs that mayresult from new seismic hazards and/or GMRS shapes developed for CEUSplants, particularly for the plants on rock sites. In general, the seismic testing
 described in Section 3.4 will produce results that can be divided into threecategories. Some components will have high capacities when subjected to thehigh frequency motions while others will have moderate capacities, and stillothers may have low capacities.
  The flow chart in Figure 6-7 provides a general process for performing the HighFrequency Confirmation in Figure 1-1, Step 3f. Components that demonstrate ahigh capacity can be screened out from further evaluations. Components thatdemonstrate a moderate or low capacity will require further evaluations. Therecommended relay evaluation methods are derived from the evaluation methodsused in the SQUG program [52].
 For relays or contactors, some applications can be accepted by performing circuitanalysis to show that contact chatter does not lead to inappropriate plantoperation. Examples include relays that provide control room annunciations orcontactors that turn on or off motors. In the case of the annunciation, followingan earthquake, operators will reset control room annunciations and then evaluatethose annunciations that do not properly reset. In the case of motors, contactchatter does not typically provide enough power to the motor to drive it to move.
  These are examples where relay or contactor chatter is considered acceptable.
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 6.4.3 Capacity-based Selection of SSCs for PerformingFragility Analyses
 Capacity-based criteria to determine the SSCs for which fragility analyses shouldbe conducted have been developed to provide uniform guidance to analystsperforming seismic PRAs (or margin analyses) and to ensure that proper focus isgiven to those SSCs that have the potential to be risk-significant. These criteria
  were developed as a result of a parametric/sensitivity study [42] that wasundertaken for that purpose. These criteria establish which SSCs will requireexplicit calculation of fragility parameters for inclusion in the plant logic models.SSCs with capacities above the screening level calculated using the criteria arenot expected to have significant impact on the result of the seismic PRA analyses,the ranking of accident sequences, or the calculated sequence- or plant-levelseismic CDF or LERF values.
 It is noted that a standard practice for seismic PRA practitioners has been to useinsights from logic models to determine the need for fragility calculations and to
 prioritize SSCs. A preliminary SPRA plant logic model is developed even beforethe fragility calculation effort begins. Screening or ranking of SSCs from thispreliminary SPRA logic model can be done by performing parametric sensitivityanalyses with assumed initial fragilities and ranges of fragility values. Those SSCsthat do not contribute significantly to the SCDF of an accident sequence maynot need detailed fragility calculations. These SSCs may be retained in the model
  with a screening level capacity value which is described below.
 Certain SSCs are inherently seismically rugged and consequently have a very lowprobability of failing as a result of a seismic event, as shown in Figure 6-7.Consistent with long-standing practice in seismic PRAs, seismic failure of suchSSCs need not be included in the PRA logic models. Exclusion of such SSCs
 from the logic models does not affect the seismic CDF or the insights derivedfrom the seismic PRA. Guidance in industry documents [39, 41] is available foridentifying seismically rugged SSCs.
 Other SSCs may be less rugged but would still have sufficient capacity such thattheir failures would be unlikely to contribute significantly to the SCDF in aseismic PRA. Screening criteria discussed below are developed for these SSCs.Detailed fragility calculations are not warranted for SSCs that meet these criteria.Figure 6-7 illustrates the use of screening level, which is applicable to the SSCsin the middle box.
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 Figure 6-8Capacity-based Criteria for Fragility Analyses
 Based on the results of the sensitivity study conducted to develop this guidance[42], the screening HCLPF value of SSCs for a site should be calculated byconvolving the fragility of a single element with the site-specific hazard curvesuch that the seismic CDF is at most about 5E-7 per year. This can be done withtrial and error runs using a quantification code or with a spreadsheet with anassumed composite variability (e.g., βc= 0.4). Because each site will have a
 different hazard curve, the screening HCLPF value for each seismic PRA needsto be separately derived. An alternative criterion, equivalent to the above CDF-based HCLPF, is to screen SSCs that have a HCLPF capacity above about 2.5 xGMRS. The results of the sensitivity study do not indicate that the screeningcriteria would be different for soil and rock sites.
  The results of the sensitivity analyses performed indicate that the recommendedscreening HCLPF capacity derived from a CDF of 5E-7 is conservative for somehazard curves; a more liberal criterion may be appropriate for some sites and canbe developed from an initial quantification of the logic model. Even thoughcertain SSCs can be screened-out from having to perform detailed fragilitycalculations using the above criteria, their failure should be retained in the
 seismic PRA logic model with their capacity equal to the screening level or at ahigher capacity level, if calculated, to allow for a more efficient ranking ofaccident sequences. Retention of such failures will ensure that future changes orsensitivities that could increase their importance are not overlooked and alsoaddresses the problem of a potential cumulative effect of screened outcomponents.
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  The results of the SPRA should be reviewed to determine whether or not anSSC modeled at the screening level could be identified as a significantcontributor to CDF or to LERF sequences. If such an SSC is identified, thendetailed fragility calculations should be performed for that SSC using theseparation of variables method, and the quantification analysis should be rerun
  with the new fragility values.
 If a component modeled at the screening level is risk significant, then thescreening level has been set too low. One approach to assess whether thescreening level was set at a sufficiently high level is to use a screening level set tothree times the screening level originally used in the logic model for thatcomponent, quantify the seismic CDF/LERF and ensure that the CDF/LERFestimates are not reduced by more than 20%. It is likely that there will be severalSSCs initially modeled at the screening capacity level, and the above approach, ifperformed for one component at a time, may be cumbersome. The procedure canalso be done for multiple SSCs modeled at the screening capacity levelsimultaneously (i.e., set the screening level for all such SSCs to three times theoriginal level and ensure that the CDF/LERF estimates do not reduce by morethan 20%). If either of the estimates change by more than 20%, it may take someeffort to pinpoint which component(s) modeled at the screening level is/are risk-significant. The sensitivity analyses in [42] showed that if the ratio of thescreening level CDF (i.e., 5E-7 per year) to the plant’s seismic CDF is not muchgreater than about 3% to 4%, the cumulative impact of SSCs modeled at thescreening level is not expected to be significant (i.e., none of the screening levelSSCs is likely to be risk-significant). This 3% to 4% ratio can be used as a guideby the PRA analyst to determine if the initial screening criterion for SSCs wasappropriate or the screening capacity level needs to be adjusted (up or down).
  To implement the capacity-based screening criteria, engineers can review
 previous calculations and reports (e.g., design basis, IPEEE, USI A-46 analyses,shake-table tests, etc.) to determine and judge if the seismic capacity of acomponent or structure for the new seismic hazard is such that no furthercalculation of fragility parameters is warranted.
 It is expected that the use of the above screening methods will reduce the scopeof the fragility or margin calculations required in the SPRA or SMA, and stillmeet the objective of identifying and ranking safety-significant SSCs. It is notedthat, while the use of the above criteria is optional, engineers should not select alow screening HCLPF level (such as 0.3g) that was used by some plants duringthe IPEEEs. The above criteria are expected to result in sufficiently highscreening levels to minimize the surrogate SCDF contribution (modeled at the
 screening level). Once the screening level is selected, the list of SSCs can beordered so that the ones with the highest SCDF impact are calculated first.
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 6.5 Key Elements of SPRA/SMA Scope and Plant LogicModeling
 6.5.1 Evaluation of LERF
 Enclosure 1 to the 50.54(f) letter recommends that a SPRA performed as theevaluation for plants that do not screen based on the change in the assessedseismic hazard address the frequency of large early release (LERF) in addition toCDF. The LERF risk measure for post-core damage accident sequences isevaluated in detail in the internal events PRA that is the foundation for theSPRA. The ASME/ANS Standard [12] appropriately directs use of the internalevents LERF analysis as the starting point for the SPRA LERF assessment:
 The approach to any external-events PRA typically uses as its starting point the internal-events PRA model…both the part of the internal-events model dealing with CDF and the part dealing with LERF areused as starting points.
 Seismic-induced core damage events can contribute to LERF scenarios in three ways:
 1.  Seismic-induced failures of systems important to containment performanceand to preventing a large early release may contribute to LERF.
 2.  Like other core-damage accidents that can lead to a large early release, someportion of those initiated by a seismic event can contribute to LERF, even ifthe scenario does not directly include a seismic challenge to containment.
 3.  Some accident scenarios that would not constitute large early releases could
 effectively be considered to be such due to the potential that the seismicevent could delay or slow evacuation.
  The appropriate treatment for these LERF contributors is addressed in thesubsequent subsections.
 6.5.1.1 Seismic-induced Failures of Systems Important to LERF
  The starting point for the seismic LERF evaluation is the internal events LERFmodel. In the internal events portion of the ASME/ANS PRA Standard, Table2-2.8-9 identifies the LERF contributors considered depending on thecontainment design. Table 6-3 lists the potential contributors from the Standard
 and summarizes the recommended approach to addressing the LERF contributorin the SPRA.
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 Table 6-3Consideration of LERF Contributors in SPRA
 LERF Contributor Treatment in SPRA
 Containment isolation failure •  Include containment (pressure boundary) in SEL
 •  Include containment isolation failure modes inSEL
 •  Consider containment isolation function in relaychatter evaluation
 Containment bypass
 (a)  Interfacing-systems LOCA
 (b)  Steam generator tuberupture (SGTR)
 (c)  Induced SGTR
 •  Consider possibility due to relay chatter
 •  No significant seismic-induced impact
 •  No significant seismic-induced impact
 Energetic containment failure
 (a)  High-pressure melt
 ejection(b)  Hydrogen combustion
 (c)  Core-debris impingement
 •  No significant seismic-induced impact
 •  Include hydrogen igniters and support systems inSEL
 •  No significant seismic-induced impact
 Steam explosion •  No significant seismic-induced impact
 Shell melt-through •  No significant seismic-induced impact
 Bypass of pressuresuppression
 •  Consider as part of containment seismic fragilityevaluation
 Venting of reactor pressurevessel or containment
 •  No significant seismic-induced impact
 Rupture of isolationcondenser tube(s)
 •  Include isolation condenser tubes in SEL
 Vacuum breaker failure •  Include vacuum breakers in SEL
 Hydrodynamic loads undersevere accident conditions
 •  No significant seismic-induced impact
 Containment flooding •  No significant seismic-induced impact
 In-vessel recovery •  No significant seismic-induced impact
 Containment failure inducedby failure of reactor to scram
 •  No significant seismic-induced impact
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 Structures, systems and components beyond those relevant to preventing coredamage must be considered for the LERF analysis. This requires that the seismicequipment list (SEL) be expanded to include the following (based onapplicability to the particular containment design):
 i.   The containment structure, including the containment pressure boundary
 and pressure suppression function, as applicable.ii.  Equipment that plays a role in containment isolation failure modes from
 the internal event LERF model, including containment isolation valves,containment airlocks relying on inflatable seals to maintain containmentintegrity, and required support systems including backup air supplies.
 iii.  Hydrogen igniters and required support systems (PWRs with icecondenser containments and BWRs with Mark III containments).
 iv.   The isolation condenser (IC) for BWRs that have them, including IC tubefailure modes.
  v.  Containment vacuum breakers, as applicable.
  The relay chatter evaluation should be expanded to address the followingfunctions related to seismic-induced LERF contributors, as applicable:
   Containment isolation
   Closure of ISLOCA isolation valves
 Seismic-induced failure modes for contributors noted in Table 6-3 should beevaluated and either screened due to high seismic capacity or evaluated by addingappropriate seismic failure events to the LERF logic model.
 Other LERF contributors can be addressed in the same manner as addressed in
 the internal events LERF model.
 6.5.1.2 Integration of LERF Model with Seismic Core DamageModel
  The seismic-induced core damage scenarios from the Level 1 SPRA should beextended to address the potential for large early release. It is important topreserve the potential dependencies between the Level 1 core damage sequencesand the containment response event tree. A typical systems-analysis approach isto add seismic-related basic events (or sometimes entire new “branches”) to theinternal-events event- and fault-tree models that are adapted from the internal-events-PRA Level 1 and LERF analysis. In this manner, both the random (non-
 seismic-induced) failures and the seismic-induced failures described in Section6.5.1.1 can be accounted for.
 6.5.1.3 Definition of LERF Scenario for Seismic Accidents
 An accident scenario constitutes a potential large early release if it leads todischarge of a large fraction of the core’s inventory of airborne fission products(i.e., they are not effectively scrubbed) and the release occurs before there has
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 been time for protection of the public in the vicinity of the plant (by evacuationor sheltering). Thus, “early” is a relative time.
 In the event of core damage due to a seismic event, it is possible thatimplementation of the emergency plan could be delayed or impeded. Forexample, evacuation routes might be disrupted due to seismic damage. Thus, a
 scenario that would not lead to an early release for an internal initiating eventcould be effectively early if the sequence resulted from an earthquake.
  This consideration is noted in Section 5-1.3 of the ASME/ANS PRA Standard,although there are no corresponding high-level or supporting requirements in theStandard.
 Addressing this consideration would require a site-specific examination of thepotential for seismic failures that could have an impact on the emergency plan(e.g., on systems for notifying the public, on bridges and other structures thatcould be in evacuation routes, etc.). Such an examination is beyond the scope ofthe evaluation for NTTF Recommendation 2.1, which is focused on the seismiccapacities of plant systems and structures relative to updated estimates of seismichazard.
 6.6 Comparison to ASME/ANS SPRA Standard and RG1.200
 6.6.1 Background
  The ASME/ANS PRA Standard [12] presents requirements that are intended tospecify the capability of a PRA in terms of its scope, level of detail and plantspecificity relative to the nature of the intended application for the riskassessment. In any PRA performed for a risk-informed application, the intent is
 that the analyses meet at least the minimum requirements that could be relevantfor the application, at the capability category corresponding to the nature of theapplication. The application in this case is to gain an updated understanding ofthe risk of seismic events at NPPs in light of new information about seismichazard. This includes developing a new or changed understanding of risk outliersdue to seismic events. For any future applications, the SPRA conducted for the50.54(f) evaluation can be used if it is shown to meet the following Standardrequirements: it is updated to reflect the then plant configurations andoperations; it meets the specific update requirements of the Standard (e.g., SHA-H1); and it is shown to be adequate for the intended application.
 It is expected that these seismic evaluations will be performed with sufficient
 detail and plant specificity to meet the requirements for Capability Category II, wherever feasible. To meet Capability Category II, the PRA must generallyaccount for plant-specific configuration and design, and reflect plant-specificdata where doing so could affect the important risk contributors.
 For this application, which is aimed at developing an improved understanding ofthe impact of new seismic hazard estimates, screening approaches will be used tolimit the scope of detailed analyses for some specific elements of the seismic
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 PRA. Where more detailed analyses are essential to achieve an adequate level ofunderstanding (e.g., with respect to “realism”), these analyses will be performedor alternative measures will be taken (such as making plant changes to addressthe impacts).
  The requirements in the Standard are organized according to the three major
 elements of a seismic PRA:
   Seismic hazard analysis (element SHA in the Standard),
   Seismic fragility analysis (element SFR), and
   Seismic plant-response modeling (element SPR).
  The supporting requirements for each of these three elements are discussed in thenext section in the context of the guidance provided in this document. For anyspecific instances in which the simplifications employed to facilitate seismicevaluations for use in responding to the 50.54(f) letter would not produceanalyses that meet Capability Category II, a justification is provided.
 6.6.2 Comparison of 2.1 Seismic Approach to the SPRAStandard
 For this application, the requirements corresponding to Capability Category II ofthe ASME/ANS PRA Standard will generally be applied in the performance ofelements of an SPRA. As noted above, exceptions to the Standard requirementsmay be taken in limited cases. The intent of the Standard will be met. Eachsupporting requirement has been reviewed against the technical approachrecommended in this document to assess the capability category that applies.
  The ASME/ANS PRA Standard has recently been revised, and a new version
 has been approved by the Joint Committee on Nuclear Risk Management, whichis responsible for its development. The new version has not yet been published.
  To be of maximum benefit to users of either version of the PRA Standard, thecomparison has been made to the supporting requirements in both versions.
  These are as follows:
   ASME/ANS RA-Sa–2009, the currently approved version of theASME/ANS PRA Standard [12] (commonly referred to as “Addendum A”);and
   Addenda B to ASME/ANS RA-Sa-2009, the version of the Standard thathas recently undergone balloting [44] (commonly referred to as “AddendumB”).
  The NRC has endorsed Addendum A of the PRA Standard for use in regulatoryapplications via Regulatory Guide 1.200, Revision 2 [43].
 In some cases, Regulatory Guide 1.200 provides further clarification orspecification beyond the details in the PRA Standard. In the case of therequirements for seismic PRA elements SFR and SPR, however, there are nosuch clarifications in Regulatory Guide 1.200.
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 Comments on the guidance in this document relative to the supportingrequirements in the two versions of the PRA Standard are provided in Tables 6-4through 6-6. Note that, while the content of Addendum B has been approved bythe cognizant Standards committee, it is still in the process of final editing andpreparation for publication. The comparisons in Tables 6-4 through 6-6 reflectthe most current text available for Addendum B at the time the tables wereprepared.
  The PRA Standard includes both high-level requirements and more detailedsupporting requirements. In Addendum B, the high-level requirements reflectrelatively minor wording changes from Addendum A. Therefore, Tables 6-4through 6-6 include the high-level requirements as they exist in Addendum B,
  with changes from Addendum A indicated.
  This document does not provide explicit guidance for every element of a seismicPRA, relying instead on reference to other resources. It therefore does notaddress the technical details corresponding to every supporting requirement. Inthose cases for which this document does not provide guidance, it is expectedthat the seismic evaluation will incorporate analyses commensurate withCapability Category II.
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 Table 6-4Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-A
 The frequency of earthquake seismic ground motions at the site shall be based on a site-specific probabilistic seismic hazard analysis(existing or new) that reflects the composite distribution of the informed technical community. The level of analysis shall be determinedbased on the intended application and on site-specific complexity.
 SHA-A1 In performing the probabilistic seismichazard analysis (PSHA), BASE it on, andMAKE it consist of, the collection andevaluation of available information anddata, evaluation of the uncertainties ineach element of the PSHA, and a definedprocess and documentation to make thePSHA traceable.
 CC II–III  
 In performing the probabilistic seismichazard analysis (PSHA), BASE it on, andMAKE it consist of, the collection andevaluation of available information anddata, evaluation of the uncertainties ineach element of the PSHA, and a definedprocess and documentation to make thePSHA traceable.
 CC II–III  
 The PSHA is based on an evaluation ofavailable information on historicalseismicity, paleoseismic data on large-magnitude recurrence rates, and groundmotion models, and is based on availableinformation on each site’s geologic profile.This information is modeled, includingevaluation of uncertainties, using a definedevaluation process. Documentation will beincluded in each site’s hazard report.Licensees in the CEUS will be using theCEUS-SSC, which is documented inNUREG-2115. PSHAs conducted underthe SPID will meet this requirement directly.
 SHA-A2 As the parameter to characterize bothhazard and fragilities, USE the spectralaccelerations, or the average spectralacceleration over a selected band offrequencies, or peak ground acceleration.
 CC I-II
 As the parameter to characterize bothhazard and fragilities, USE the spectralaccelerations, or the average spectralacceleration over a selected band offrequencies, or peak ground acceleration.
 CC I-II-III  
 Spectral accelerations will be used tocharacterize seismic hazard, and aretransmitted for use in fragility evaluations.PSHAs conducted under the SPID will meetthis requirement directly.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-A3 In the selection of frequencies to determinespectral accelerations or average spectralacceleration, CAPTURE the frequencies of
 those structures, systems, or components,or a combination thereof that aresignificant in the PRA results and insights.
 CC I-II-III
 If spectral acceleration or average spectralacceleration over a band of frequencies isused, INCLUDE the response frequencies
 of SSCs that are significant in the PRAresults and insights.
 CC I-II-III  
 Spectral accelerations will be reported inhazard calculations that capture spectralfrequencies from 0.1 Hz to 100 Hz. This
 is sufficient to capture the frequencies ofstructures, systems, and components.PSHAs conducted under the SPID will meetthis requirement directly.
 SHA-A4 In developing the probabilistic seismichazard analysis results, whether they arecharacterized by spectral accelerations,peak ground accelerations, or both,EXTEND them to large-enough values(consistent with the physical data andinterpretations) so that the truncation doesnot produce unstable final numericalresults, such as core damage frequency,and the delineation and ranking of seismic-
 initiated sequences are not affected.CC I-II-III  
 In developing the probabilistic seismichazard analysis results for use in accidentsequence quantification, whether they arecharacterized by spectral accelerations,peak ground accelerations, or both,EXTEND them to large-enough values(consistent with the physical data andinterpretations) so that the truncation doesnot produce unstable final numericalresults, such as core damage frequency,
 and the delineation and ranking of seismic-initiated sequences are not affected.
 CC I-II-III  
 The PSHA results will be extended tospectral accelerations corresponding toannual frequencies of exceedence of 1E-8or less. This should be sufficient toproduce stable core damage frequencycalculations and to identify and rankfailure sequences. PSHAs conductedunder the SPID will meet this requirementdirectly.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-A5 SPECIFY a lower-bound magnitude (orprobabilistically defined characterizationof magnitudes based on a damage
 parameter) for use in the hazard analysis,such that earthquakes of magnitude lessthan this value are not expected to causesignificant damage to the engineeredstructures or equipment.
 CC I-II-III  
 SPECIFY a lower-bound magnitude (orprobabilistically defined characterizationof magnitudes based on a damage
 parameter) for use in the hazard analysis,such that earthquakes of magnitude lessthan this value are not expected to causesignificant damage to the engineeredstructures or equipment.
 CC I-II-III  
 A lower-bound magnitude of 5.0 will beused in the PSHA and is sufficient tocapture earthquakes that will cause
 damaging ground motions. PSHAsconducted under the SPID will meet thisrequirement directly.

Page 97
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 97/220
  
  6-27  
 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-B
 To provide inputs to the probabilistic seismic hazard analysis, a comprehensive up-to-date data shall be compiled that includedatabase, including geological, seismological, and geophysical data; local site topography; and surficial geologic and geotechnicalsite properties, shall be compiled. A catalog of historical, instrumental, and paleoseismicity information shall also be compiled.
 SHA-B1 In performing the probabilistic seismichazard analysis (PSHA), BASE it onavailable or developed geological,seismological, geophysical, andgeotechnical databases that reflect thecurrent state of the knowledge and that areused by experts/analysts to developinterpretations and inputs to the PSHA.
 CC I-II  
 In performing the probabilistic seismichazard analysis USE available ordeveloped geological, seismological,geophysical, and geotechnical data thatreflect the current state of the knowledgeand that are used by experts/analysts todevelop interpretations and inputs to thePSHA.
 CC I-II  
 Inputs to the PSHA will be based onSSHAC Level 3 studies (including theCEUS Seismic Source Characterizationmodel for sites in the CEUS), which useavailable geological maps (includingtectonic province, crustal thickness, andvolcanic maps) and geophysical maps(including gravity, heat flow, and crustalvelocity maps). Site response studies willuse geotechnical databases (includingtopographic maps, site cross-sections,borehole data, and seismic velocitymeasurements). Seismological data usedfor the SSHAC Level 3 studies, includingthe CEUS Seismic Source Characterizationproject, includes an updated historicalearthquake catalog that represents acompilation of available earthquakecatalogs for the region. PSHAs conductedunder the SPID will meet this requirementdirectly.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-B2 ENSURE that the database andinformation used are adequate tocharacterize all credible seismic sources
 that may contribute to the frequency ofoccurrence of vibratory ground motion atthe site, considering regional attenuationof ground motions and local site effects. Ifthe existing probabilistic seismic hazardanalysis (PSHA) studies are to be used inthe seismic PRA, ENSURE that any newdata or interpretations that could affect thePSHA are adequately incorporated in theexisting databases and analysis.
 CC I-II  
 ENSURE that the data and informationused are adequate to characterize allcredible seismic sources that may
 contribute significantly to the frequency ofoccurrence of vibratory ground motion atthe site, considering regional attenuationof ground motions and local site effects. Ifthe existing probabilistic seismic hazardanalysis (PSHA) studies are to be used inthe seismic PRA, ENSURE that any newdata or interpretations that could affect thePSHA are adequately incorporated in theexisting data and analysis.
 CC I-II  
 Under the SSHAC Level 3 process,databases and information are reviewedto ensure that all credible seismic sources
 are evaluated. Databases and informationon ground motion equations are alsoreviewed to ensure that all credible groundmotion models are evaluated. Availablesite data are reviewed as inputs to localsite response calculations to ensure that alldata and interpretations are incorporatedinto site response studies. Existing PSHAstudies will not be used.  PSHAs conductedunder the SPID will meet this requirementthrough the use of published models usedas inputs.
 SHA-B3 As a part of the database used, COMPILEa catalog of historically reported,geologically identified, and instrumentallyrecorded earthquakes. USE reference [5-30] requirements or equivalent.
 CC II-III  
 As part of the data used, INCLUDE anappropriate existing catalog of historicallyreported earthquakes, earthquakesreported through geological investigations,and instrumentally recorded earthquakes.USE reference [5-30] requirements orequivalent.
 CC I-II  
 Under the SSHAC Level 3 process, acatalog of historically reported,geologically identified, and instrumentallyrecorded earthquakes is compiled.  PSHAsconducted under the SPID will meet thisrequirement.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-C3 The seismic sources are characterized bysource location and geometry, maximumearthquake magnitude, and earthquake
 recurrence. INCLUDE the aleatory andepistemic uncertainties explicitly in thesecharacterizations.
 CC II-III  
 The seismic sources are characterized byalternative source representations andsource geometry, maximum earthquake
 magnitude, and earthquake recurrence.INCLUDE the aleatory and epistemicuncertainties explicitly in thesecharacterizations, where significant.
 CC II-III  
 Under the SSHAC Level 3 process, thealeatory and epistemic uncertainties inseismic sources are characterized for
 source location and geometry, magnitude,and activity rate. For each source,uncertainty in geometry and location isrepresented with alternative interpretations,uncertainties in recurrence rates arerepresented with alternative rates, anduncertainties in maximum magnitude arerepresented with distributions of values.All of these interpretations ensure that thealeatory and epistemic uncertainties areincluded explicitly in the characterizations. PSHAs conducted under the SPID will meetthis requirement.
 SHA-C4 If an existing probabilistic seismic hazardanalysis study is used, SHOW that anyseismic sources that were previouslyunknown or uncharacterized are notsignificant, or INCLUDE them in a revisionof the hazard estimates.
 CC I-II-III  
 If an existing seismic source model is used,DEMONSTRATE that any new seismicsources that have been identified or wereuncharacterized when the existing modelswere developed are not significant, orINCLUDE them in the update of the hazardestimates.
 CC I-II-III  
 Existing PSHA studies are not used incharacterizing seismic hazard.  Thisrequirement is not applicable to PSHAsconducted under the SPID.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-D
 The probabilistic seismic hazard analysis shall examine credible mechanisms influencing estimates of vibratory ground motion that canoccur at a site given the occurrence of an earthquake of a certain type (e.g., strike slip, normal, reverse),magnitude, and at a certainlocation. Both the aleatory and epistemic u Uncertainties shall be addressed in characterizing the ground motion propagation.
 SHA-D1 ACCOUNT in the probabilistic seismichazard analysis for
 (a)  credible mechanisms governingestimates of vibratory ground motionthat can occur at a site
 (b)  regional and site-specific geological,geophysical, and geotechnical dataand historical and instrumentalseismicity data (including strongmotion data)
 (c)  current attenuation models in theground motion estimates
 CC I-II-III
 In the vibratory ground motion analysis,INCLUDE
 (a)  credible mechanisms governingestimates of vibratory ground motionthat can occur at a site
 (b)  available historical and instrumentalseismicity data (including strongmotion data)
 (c)  current attenuation models for theground motion estimates
 CC I-II-III  
 (a)  For the CEUS, the Updated GroundMotion Model project results to beused in the PSHA do not accountexplicitly for slip mechanism, becauseseismic sources in the CEUS do notdistinguish between different slipmechanisms. Therefore, explicitmodeling of slip mechanisms is notapplicable to CEUS sites. For theWUS, ground motion predictionequations do take slip mechanismsinto account and will be used for thePSHAs. 
 (b)  Under the SSHAC Level 3 process,empirical data for the region ofinterest is used to evaluate publishedground motion models and derivemodifications and weights for thosemodels. The effect of local siteconditions will explicitly be taken intoaccount by modeling siteamplification using a site-specificprofile.  PSHAs conducted under theSPID will meet this requirementthrough the use of published modelsused as inputs.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 (c) Ground motion models published forthe WUS and CEUS, as appropriate,will be reviewed and evaluated to
 develop appropriate ground motionprediction models for the PSHAs. PSHAs conducted under the SPID willmeet this requirement.
 SHA-D2 ENSURE that any expert elicitation processused to characterize the ground motion iscompatible with the level of analysisdiscussed in Requirement SHA-A, andFOLLOW a structured approach.
 CC I-II-III  
 ENSURE that any expert elicitation processused to characterize the ground motion orany other elements of the ground motionanalysis is compatible with the level ofanalysis discussed in Requirement HLR-SHA-A, and USE a structured approach.
 CC I-II-III  
 For both the CEUS and WUS, the SSHACapproach is being used to characterize theground motion. For the CEUS, theUpdated Ground Motion Model projectfollowed a SSHAC Level 2 approach forevaluating ground motion equations,which was appropriate for updating aprior ground motion model. For bothCEUS and WUS, experts familiar withground motions, for the respective regions,were or will be contacted and elicited to
 ensure that information regarding groundmotion data and equations is properlycharacterized. A structured approach hasor will be followed, including a formalquestionnaire and documentation ofresponses to the questionnaire for eachexpert who has or will participate.  PSHAsconducted under the SPID will meet thisrequirement.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-D3 ADDRESS both the aleatory and epistemicuncertainties in the ground motioncharacterization in accordance with the
 level of analysis identified for RequirementSHA-A.
 CC II-III  
 INCLUDE both the aleatory and epistemicuncertainties separately in the groundmotion characterization in accordance
 with the level of analysis identified forRequirement HLR-SHA-A.
 CC II-III  
 Both aleatory and epistemic uncertaintiesin ground motion characterization havebeen or will be addressed to develop
 ground motion prediction equations.Multiple equations were or will be derived,each with multiple aleatory uncertainties,thereby capturing epistemic uncertainty inground motions.
 SHA-D4 If an existing probabilistic seismic hazardanalysis study is used, SHOW that anyground motion models or new informationthat were previously unused or unknownare not significant, or INCLUDE them in arevision of the hazard estimates.
 CC I-II-III  
 If existing ground motion models are used,DEMONSTRATE that new information notpreviously used or unknown would notsignificantly affect the PSHA results, orINCLUDE it in the update of the hazardestimates.
 CC I-II-III  
 Existing PSHA studies will not be used tocharacterize seismic hazard at any site. This requirement is not applicable toPSHAs conducted under the SPID.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-E
 The probabilistic seismic hazard analysis SHALL shall account for the effects of local site response.
 SHA-E1 ACCOUNT in the probabilistic seismichazard analysis for the effects of sitetopography, surficial geologic deposits,and site geotechnical properties on groundmotions at the site.
 CC II-III  
 In the probabilistic seismic hazard analysisINCLUDE the effects of site topography,surficial geologic deposits, and sitegeotechnical properties on ground motionsat the site.
 CC II-III  
 The effects of site topography, surficialgeologic deposits, and site geotechnicalproperties will be taken into account byreviewing available licensing documentsand other relevant studies in each site’svicinity. Any surficial geological deposits,and the geotechnical properties ofsubsurface geologic strata, will be takeninto account in calculating the siteamplification that might occur fromincoming rock motions at the base of asedimentary profile underlying each site.PSHAs conducted under the SPID will meetthis requirement directly.
 SHA-E2 ADDRESS both the aleatory and epistemic
 uncertainties in the local site responseanalysis.
 CC II-III  
 INCLUDE both the aleatory and epistemic
 uncertainties in the local site responseanalysis.
 CC II-III  
 Aleatory and epistemic uncertainties in
 local site response will explicitly beaddressed in calculating site response:uncertainties will be included in shear-wave velocity for each sand, clay, andsoft-rock layer, in the thickness of eachsand and clay layer, in the depth tobedrock, and in the shear modulus anddamping curves for each sand, clay, andsoft-rock layer. PSHAs conducted underthe SPID will meet this requirement directly.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-F
 Uncertainties in each step of the hazard analysis shall be propagated and displayed in the final quantification of hazard estimates forthe site. The results shall include fractile hazard curves, median and mean hazard curves, and uniform hazard response spectra. Forcertain applications, the probabilistic seismic hazard analysis shall include seismic source deaggregation and magnitude-distance
 deaggregation.SHA-F1 In the final quantification of the seismic
 hazard, INCLUDE and DISPLAY thepropagation of both aleatory andepistemic uncertainties.
 CC II-III  
 In the final quantification of the seismichazard, INCLUDE uncertainties through afamily of hazard curves.
 CC II-III  
 The final quantification of seismic hazardwill include the propagation of bothaleatory and epistemic uncertainties bygenerating multiple seismic hazard curves,each representing an alternativecombination of epistemic uncertainties ininput models and parameters, and eachwith an epistemic weight. Thepropagation of aleatory and epistemicuncertainties will be displayed throughfractile hazard curves showing the effectsof alternative assumptions on uncertainty inseismic hazard. PSHAs conducted underthe SPID will meet this requirement directly.
 SHA-F2 In the probabilistic seismic hazardanalysis, INCLUDE appropriate sensitivitystudies and intermediate results to identifyfactors that are important to the sitehazard and that make the analysistraceable.
 CC I-II-III  
 In the probabilistic seismic hazardanalysis, INCLUDE appropriate sensitivitystudies and intermediate results to identifyfactors that are important to the sitehazard and that make the analysistraceable.
 CC I-II-III  
 For the CEUS, the CEUS Seismic SourceCharacterization project report includessensitivity results at 7 test sites that showthe effect on seismic hazard of alternativeseismic sources and their parameters. Inaddition, for the CEUS, the UpdatedGround Motion Model project reportincludes sensitivity results at the same 7test sites that show the effect on seismichazard of alternative ground motion
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 models and their uncertainties. The WUSlicensees will also conduct sensitivitystudies as part of their SSHAC Level 3
 studies. These sensitivity studies provideidentification and traceability from theseismic source and ground motion inputsto the hazard results. Explicit sensitivityresults to alternative site amplificationmodels will not be included for each site.
 SHA-F3 DEVELOP the following results as a part ofthe quantification process, compatible withneeds for the level of analysis determinedin (HLR-SHA-A):
 (a)  fractile and mean hazard curves foreach ground motion parameterconsidered in the probabilistic seismichazard analysis,
 (b)  fractile and mean uniform hazardresponse spectrum
 CC II  
 CALCULATE the following results as a partof the quantification process, compatiblewith needs for the level of analysisdetermined in (HLR-SHA-A):
 (a)  fractile and mean hazard curves foreach ground motion parameterconsidered in the probabilistic seismichazard analysis,
 (b)  uniform hazard response spectraCC II  
 The following results will be developedand presented in the PSHA report:
 (a)  fractile and mean hazard curves forpeak ground acceleration andspectral accelerations, for the spectralfrequencies at which seismic hazardis calculated.
 (a)  fractile and mean uniform hazard
 response spectrum, anchored at thespectral frequencies at which seismichazard is calculated and interpolatedin between.
 PSHAs conducted under the SPID will meetthis requirement directly.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-G
 For further use in the seismic PRA, the spectral shape shall be based on a site-specific evaluation taking into account the contributionsof deaggregated magnitude-distance results of the probabilistic seismic hazard analysis. Broad-band, smooth spectral shapes, suchas those presented in NUREG/CR-0098 [5-5] (for lower-seismicity sites such as most of those east of the U.S. Rocky Mountains) are
 also acceptable if they are shown to be appropriate for the site. The use of uniform hazard response spectra is also acceptable unlessevidence comes to light that would challenge these uniform hazard spectral shapes.
 SHA-G1 BASE the response spectral shape used inthe seismic PRA on site-specific evaluationsperformed for the probabilistic seismichazard analysis. REFLECT or BOUND thesite-specific considerations.
 CC II
 ENSURE that the spectral shape used inthe seismic PRA uses site-specificevaluations performed for the probabilisticseismic hazard analysis.
 CC II  
 The final site spectral shape is based onthe site amplification calculations that takeinto account site-specific soil properties.Thus the final site spectral shape reflectssite-specific considerations. PSHAsconducted under the SPID will meet thisrequirement directly.
 HLR-SHA-H
 When use is made of an existing study for probabilistic seismic hazard analysis purposes, it shall be confirmed that the basic dataand interpretations are still valid in light of current information, the study meets the requirements outlined in A through G above, andthe study is suitable for the intended application.
 SHA-H1 Use of existing studies allowed.
 CC II
 CONFIRM that the basic data andinterpretations of any existing studies usedremain valid in light of established currentinformation, consistent with therequirements in HLR-SHA-A through G, andDESCRIBE the bases and methodologyused.
 CC I-II-III  
 Existing PSHA studies will not be used tocharacterize seismic hazard at any site. This requirement is not applicable toPSHAs conducted under the SPID.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-I
 A screening analysis shall be performed to assess whether in addition to the vibratory ground motion, other seismic hazards, such asfault displacement, landslide, soil liquefaction, or soil settlement, need to be included in the seismic PRA for the specific application. Ifso, the seismic PRA shall address the effect of these hazards through assessment of the frequency of hazard occurrence or the
 magnitude of hazard consequences, or both.
 SHA-I1 (There are no supporting requirementshere.)
 CC I-II-III
 DOCUMENT the basis and methodologyused for any screening out of the seismichazards other than the vibratory groundmotion.
 CC I-II-III  
 Screening evaluations for faultdisplacements should be performed on asite-specific basis2. Screening evaluationsfor landslides, soil liquefaction, and soilsettlement should be performed asnecessary in the SPRA.
 SHA-I2 Not included in Addendum A For those hazards not screened out,INCLUDE their effect through assessment ofthe frequency of hazard occurrence andthe magnitude of hazard consequences.
 The effects of fault displacements should beincluded in SPRAs if not screened out. Theeffects of landslides, soil liquefaction, andsoil settlement should be included in theSPRA if not screened out.
 2 Fault displacements significant enough to be considered would be identified in the plant UFSAR. If significant fault displacements are notidentified in the plant UFSAR, that should be considered an adequate methodology for screening them out for SPRA impacts.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SHA-J
 Documentation of the probabilistic seismic hazard analysis shall be consistent with the applicable supporting requirements.
 SHA-J1 DOCUMENT the probabilistic seismic
 hazard analysis in a manner that facilitatesPRA applications, upgrades, and peerreview.
 CC I-II-III  
 DOCUMENT the probabilistic seismic
 hazard analysis in a manner that facilitatesPRA applications, upgrades, and peerreview.
 CC I-II-III  
 The PSHA will be been documented with
 plots, tables of digital values, andsupporting electronic files to facilitate PRAapplications, upgrades, and peer review.PSHAs conducted under the SPID will meetthis requirement directly.
 SHA-J2 DOCUMENT the process used in theprobabilistic seismic hazard analysis. Forexample, this documentation is typicallyconsistent with reference [5-28] andincludes a description of:
 (a)  the specific methods used for sourcecharacterization and ground motioncharacterization,
 (b)  the scientific interpretations that arethe basis for the inputs and results,
 and(c)  if an existing PSHA is used,
 documentation to ensure that it isadequate to meet the spirit of therequirements herein.
 CC I-II-III  
 DOCUMENT the process used in theprobabilistic seismic hazard analysis. Forexample, this documentation is typicallyconsistent with reference [5-28] andincludes a description of:
 (a)  the specific methods used for sourcecharacterization and ground motioncharacterization,
 (b)  the scientific interpretations that arethe basis for the inputs and results,
 and(c)  if an existing PSHA is used,
 documentation to ensure that it isadequate to meet the spirit of therequirements herein.
 CC I-II-III  
 For the WUS, seismic hazards will bedeveloped using the SSHAC Level 3process, which is expected to meet theapplicable documentation process.
 For the CEUS, the process used fordeveloping the CEUS seismic sources andground motion equations has beendocumented with references to supportingdocuments, experts contacted (withquestionnaires and responses), and
 explanation/justification of alternativemodels and weights. Specifically:
 (a)  For seismic source and ground motioncharacterization, the CEUS-SeismicSource Characterization andUpdated Ground Motion Modelprojects documented the ranges ofapplicable models and data, tocharacterize epistemic uncertainties. PSHAs conducted under the SPID will
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 meet this requirement through the useof published models used as inputs.
 (b)  The CEUS-Seismic SourceCharacterization and UpdatedGround Motion Model projectsdocumented the scientificinterpretations (including tectonicmodels, geology, seismology, andempirical ground motion data) thatwere used to select applicable seismicsources and ground motionequations, and to reflect the range ofinterpretations that is scientificallyjustified.
 (c)  Existing PSHA studies will not be usedto characterize seismic hazard at anysite.  This requirement is notapplicable to PSHAs conducted underthe SPID.
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 Table 6-4 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SHA
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SHA-J3 DOCUMENT the sources of modeluncertainty and related assumptionsassociated with the probabilistic seismichazard analysis.
 CC I-II-III
 DOCUMENT the sources of modeluncertainty and related assumptionsassociated with the probabilistic seismichazard analysis.
 CC I-II-III  
 The CEUS-Seismic Source Characterization andUpdated Ground Motion Model projectsdocumented the sources of model and parameteruncertainties as follows:
 (a)  Alternative RLME and background seismicsources reflect different interpretations oncrustal structure and on the homogeneity ofthat structure.  PSHAs conducted under theSPID will meet this requirement through theuse of published models used as inputs.
 (b)  Alternative parameters for RLME andbackground seismic sources reflectalternative interpretations and assumptionson homogeneity and possible earthquakesize.  PSHAs conducted under the SPID willmeet this requirement through the use ofpublished models used as inputs.
 (c)  Alternative ground motion models reflectuncertainties on seismic ground motion in the
 CEUS.  PSHAs conducted under the SPID willmeet this requirement through the use ofpublished models used as inputs.
 (d)  Uncertainties in site profile parameters reflectuncertainties in shear-wave velocities,modulus curves, and damping curvesappropriate for sites where direct data andmeasurements are limited. PSHAs conductedunder the SPID will meet this requirementdirectly.
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 Table 6-5Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-A
 The seismic-fragility evaluation shall be performed to estimate plant-specific, realistic seismic fragilities of SSCs structures, or systems,or components, or a combination thereof whose failure may contribute to core damage or large early release, or both.
 SFR-A1 DEVELOP seismic fragilities for all those
 structures, systems, or components, or acombination thereof identified by thesystems analysis (see Requirement SPR-D1).
 CC I–II-III
 CALCULATE seismic fragilities for SSCs
 identified by the systems analysis (seeRequirement SPR-D1).
 CC I-II-III  
 No substantive change from Addenda A to
 Addenda B. A note in the Standard refersto the screening criteria in HLR-SFR-B.Using these criteria, some SSCs do notrequire explicit fragility calculations, andothers may be assessed using screeningvalues. Note that Section 6.4.3 of thisdocument provides explicit guidance forscreening SSCs recognized to be veryrugged and for performing more limitedfragility calculations for certain other SSCs.
 The SPID does not provide guidance foridentifying SSCs relevant to the seismicevaluation, but relies on other guidance.The intent is that the seismic evaluation beconsistent with this requirement.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-A2 BASE the seismic fragilities on plant-specific data, and ENSURE that they arerealistic (median with uncertainties).
 Generic data (e.g., fragility test data,generic seismic qualification test data, andearthquake experience data) MAY be usedfor screening of certain structures, systems,or components, or a combination thereofand for calculating their seismic fragilitiesby applying the requirements under (HLR-SFR-F), which permits use of such genericdata under specified conditions. However,DEMONSTRATE that any use of suchgeneric data is conservative.
 CC II
 CALCULATE the seismic fragilities basedon plant-specific data, and ENSURE thatthey are realistic (median with
 uncertainties). Generic data (e.g., fragilitytest data, generic seismic qualification testdata, and earthquake experience data)MAY be used for screening of certainSSCs and for calculating their seismicfragilities by applying the requirementsunder (HLR-SFR-F), which permits use ofsuch generic data under specifiedconditions. However, DEMONSTRATE thatany use of such generic data is applicable.
 CC II  
 The guidance in the SPID is consistent withthis requirement. It entails applyingsimplified or generic values as a screening
 measure, and performing detailedcalculations for SSCs that are important torisk (refer to Section 6.4).
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-B
 If screening of high-seismic-capacity components is performed, the basis for the screening shall be fully described (HLR-SFR-B).
 SFR-B1 If screening of high-seismic-capacitycomponents is performed, DESCRIBE fullythe basis for screening and supportingdocuments. For example, it is acceptableto apply guidance given in EPRI NP-6041-SL, Rev. 1, and NUREG/CR-4334 toscreen out components with high seismiccapacity. However, CHOOSE thescreening level high enough that thecontribution to core damage frequencyand large early release frequency from thescreened-out components is not significant.
 CC I-II
 If screening of high-seismic-capacitycomponents is performed, DESCRIBE thebasis for screening and supportingdocuments and SELECT the screening levelhigh enough that the contribution to coredamage frequency and large early releasefrequency from the screened-outcomponents is not significant.
 CC I-II  
 Reference to NP-6041 and NUREG/CR-4334 has been removed in Addendum Bbut retained in a note, and its removalfrom the supporting requirement does notconstitute a substantive change.
 The guidance in the SPID is consistent withthis requirement. Screening criteria areaddressed in detail in Section 6.4.3.
 SFR-B2 ASSESS and DOCUMENT the applicabilityof the screening criteria given in EPRI NP-
 6041-SL, Rev. 1 [5-3] and NUREG/CR-4334 [5-4] for the specific plant andspecific equipment.
 CC I-II-III
 Deleted.
 CC I-II-III  
 The deletion of this supporting requirementin Addendum B is consistent with the
 general nature of the PRA Standard.The guidance for screening in the SPIDdoes not explicitly address thesedocuments, but the approach is consistentwith the guidance they provide.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-C
 The seismic-fragility evaluation shall be based on realistic a seismic response that SSCs the structures, or systems, or components, or acombination thereof experience at their failure levels.
 SFR-C1 ESTIMATE the seismic responses that thecomponents experience at their failurelevels on a realistic basis using site-specificearthquake response spectra in threeorthogonal directions, anchored to aground motion parameter such as peakground acceleration over a givenfrequency band. ENSURE that the spectralshape used reflects or bounds the site-specific conditions.
 CC I-II  
 ESTIMATE the seismic responses that thecomponents experience at their failurelevels on a realistic basis using earthquakeresponse spectra in three orthogonaldirections, anchored to a ground motionparameter such as peak groundacceleration or average spectralacceleration over a given frequency bandor ENSURE that the spectral shape usedbounds the site-specific conditions.
 CC I-II  
 Guidance for seismic-response analyses,and particularly for determining whetherexisting analyses are adequate, isprovided in Section 6.3.2.
 The guidance provided conforms to eachof the aspects of Supporting RequirementSFR-C1. A characterization of site-specificearthquakes is being provided for eachNPP site as described in Section 2 of thisdocument. The guidance does not providespecific recommendations as to use ofpeak ground acceleration (PGA) oraverage spectral acceleration. It is left tothe SPRA analysts to assure appropriatealignment with the fragility parameter.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-C2 If probabilistic response analysis isperformed to obtain realistic structuralloads and floor response spectra, ENSURE
 that the number of simulations done (e.g.,Monte Carlo simulation and LatinHypercube Sampling) is large enough toobtain stable median and 85%nonexceedance responses. ACCOUNT forthe entire spectrum of input ground motionlevels displayed in the seismic hazardcurves.
 CC I-II  
 If probabilistic response analysis isperformed to obtain structural loads andfloor response spectra, ENSURE that the
 number of simulations done (e.g., MonteCarlo simulation and Latin HypercubeSampling) is large enough to obtain stablemedian and 85% nonexceedanceresponses. INCLUDE the entire spectrum ofinput ground motion levels displayed in theseismic hazard curves.
 CC I-II  
 Addendum B made minor changes.
 This consideration is not addressedexplicitly in the SPID.
 SFR-C3 If scaling of existing design responseanalysis is used, JUSTIFY it based on theadequacy of structural models, foundationcharacteristics, and similarity of inputground motion.
 CC I-II  
 If scaling of existing response analysis isused, JUSTIFY it based on the adequacy ofstructural models, foundationcharacteristics, and similarity of inputground motion.
 CC I-II  
 The only change in Addendum B was todelete the word “design” from “existingdesign response analysis”.
 Explicit guidance for scaling of responseanalysis is provided in Section 6.3.3. This
 guidance provides an appropriatetechnical approach for CapabilityCategory II. The guidance also addressesthe use of response analysis other than thatperformed for design. Therefore, thissupporting requirement should be satisfiedfor Addendum B, and the intent i s satisfiedfor Addendum A.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-C4 When the design response analysis modelsare judged not to be realistic and state ofthe art, or when the design input ground
 motion is significantly different from thesite-specific input motion, PERFORM newanalysis to obtain realistic structural loadsand floor response spectra.
 CC I-II  
 When the existing response analysismodels are judged not to be realistic andstate of the art, or when the existing input
 ground motion is significantly differentfrom the site-specific input motion,PERFORM new analysis to obtain realisticstructural loads and floor response spectrafor use in the seismic PRA.
 CC I-II  
 The changes in Addendum B were toreplace “design” with “existing”, and toadd the condition that new analysis should
 be performed “for use in the seismic PRA”.This document provides guidance on howto characterize whether the existingseismic input motion is significantlydifferent from the new estimate. It alsoprovides guidance on determining whetheran existing structural model is realistic andreflective of the state of the art. Thisguidance meets the intent CapabilityCategory II.
 The guidance in Section 6.3 of the SPID isconsistent with these requirements, except(as noted above), the response analysisneed not be that used in the plant design.Therefore, this supporting requirementshould be satisfied for Addendum B, andthe intent is satisfied for Addendum A.
 SFR-C5 If median-centered response analysis isperformed, ESTIMATE the medianresponse (i.e., structural loads and floorresponse spectra) and variability in theresponse using established methods.
 CC I-II  
 If median-centered response analysis isperformed, ESTIMATE the medianresponse (i.e., structural loads and floorresponse spectra) and variability in theresponse using established methods.
 CC I-II  
 No change in Addendum B.
 This consideration is not addressedexplicitly in the SPID.

Page 118
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 118/220
  
  6-48  
 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-C6 When soil-structure interaction (SSI)analysis is conducted, ENSURE that it ismedian centered using median properties,
 at soil strain levels corresponding to theinput ground motions that dominate theseismically induced core damagefrequency. ACCOUNT for the uncertaintiesin the SSI analysis by varying the lowstrain soil shear modulus between themedian value times (1 + Cv) and themedian value divided by (1 + Cv), whereCv is a factor that accounts foruncertainties in the SSI analysis and soilproperties. If adequate soil investigationdata are available, ESTABLISH the meanand standard deviation of the low strainshear modulus for every soil layer. ThenESTABLISH the value of Cv so that it will
 cover the mean plus or minus one standarddeviation for every layer. The minimumvalue of Cv is 0-5. When insufficient dataare available to address uncertainties insoil properties, ENSURE that Cv is taken asno less than 1.0.
 CC I-II  
 When soil-structure interaction (SSI)analysis is conducted, ENSURE that it ismedian centered using median properties,
 at soil strain levels corresponding to theinput ground motions that contribute mostto the seismically induced core damagefrequency. INCLUDE the uncertainties inthe SSI analysis.
 CC I-II  
 Addendum B changes the action verb from“ACCOUNT for” to “INCLUDE” anddeletes the “how-to” portion of the
 Addendum A requirement.This consideration is not addressedexplicitly in the SPID.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-D
 The seismic-fragility evaluation shall be performed for critical failure modes of SSCs structures, or systems, or components, or acombination thereof such as structural failure modes and functional failure modes identified through the review of plant designdocuments, supplemented as needed by earthquake experience data, fragility test data, generic qualification test data, and a walk
 down.
 SFR-D1 IDENTIFY realistic failure modes ofstructures and equipment that interfere withthe operability of equipment during orafter the earthquake through a review ofthe plant design documents and thewalkdown.
 CC I-II-III  
 IDENTIFY realistic failure modes ofstructures ( e.g., sliding, overturning,
  yielding, and excessive drift), equipment(e.g., anchorage failure, impact withadjacent equipment or structures, bracingfailure, and functional failure) and soil(i.e., liquefaction, slope instability, andexcessive differential settlement) thatinterfere with the operability of equipmentduring or after the earthquake through areview of the plant design documents andthe walkdown.
 CC I-II-III  
 Addendum B added examples of failuremodes that needed to be addressed butdid not change the substance of thesupporting requirement.
 This consideration is not addressedexplicitly in the SPID.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-D2 EXAMINE all relevant failure modes ofstructures (e.g., sliding, overturning,
  yielding, and excessive drift), equipment
 (e.g., anchorage failure, impact withadjacent equipment or structures, bracingfailure, and functional failure), soil (e.g.,liquefaction, slope instability, andexcessive differential settlement), andEVALUATE fragilities for critical failuremodes.
 CC I-II-III  
 EVALUATE relevant failure modesidentified in SFR-D1 and EVALUATEfragilities for critical failure modes.
 CC I-II-III  
 Addendum B changed EXAMINE toEVALUATE and omitted “all” relative tofailure modes, and omitted explicit listing
 of the failure modes (since they arealready presented in SupportingRequirement SFR-D1.
 This consideration is not addressedexplicitly in the SPID.
 It should be noted, however, that thisdocument does provide guidanceregarding liquefaction and soil failurerelative to performing the quality review ofIPEEE quality review for those plants usingthe IHS in the screening process.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-E
 The seismic-fragility evaluation shall incorporate the findings of a detailed walkdown of the plant focusing on the anchorage, lateralseismic support, and potential systems interactions.
 SFR-E1 CONDUCT a detailed walkdown of theplant, focusing on equipment anchorage,lateral seismic support, spatial interactionsand potential systems interactions (bothstructural and functional interactions).
 CC I-II-III  
 CONDUCT a detailed walkdown of theplant, focusing on equipment anchorage,lateral seismic support, spatial interactionsand potential systems interactions (bothstructural and functional interactions).
 CC I-II-III  
 No change in Addendum B.This consideration is not addressedexplicitly in the SPID.
 SFR-E2 DOCUMENT the walkdown procedures,walkdown team composition and itsmembers’ qualifications, walkdownobservations, and conclusions.
 CC I-II-III  
 DOCUMENT the walkdown procedures,walkdown team composition and itsmembers’ qualifications, walkdownobservations, and conclusions.
 CC I-II-III  
 No change in Addendum B.
 This consideration is not addressedexplicitly in the SPID.
 SFR-E3 If components are screened out during orfollowing the walkdown, DOCUMENT anyanchorage calculations and PROVIDE the
 basis justifying such a screening.CC I-II-III  
 If components are screened out during orfollowing the walkdown, DOCUMENT thebasis including any anchorage
 calculations that justify such a screening.CC I-II-III  
 Wording changes in Addendum B accountfor the need to document the basis for anyscreening in addition to that based on
 anchorage calculations.Screening during the walkdown itself is notaddressed explicitly in the SPID. Note,however, that Section 6.4.3 of thisdocument provides explicit guidance forscreening SSCs recognized to be veryrugged and for performing more limitedfragility calculations for certain other SSCs.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-E4 During the walkdown, FOCUS on thepotential for seismically induced fire andflooding.
 CC I-II-III  
 During the walkdown, EVALUATE thepotential for seismically induced fire andflooding by focusing on the issues
 described in NUREG-1407.CC I-II-III  
 Addendum B changed the action verb andprovided additional guidance byreference.
 The assessment of seismically-induced fireand flooding is beyond the scope of theevaluations for which guidance is providedin the SPID.
 SFR-E5 During the walkdown, EXAMINE potentialsources of interaction (e.g., II/Iissues,impact between cabinets, masonrywalls, flammable and combustion sources,flooding, and spray) and consequences ofsuch interactions on equipment containedin the systems model.
 CC I-II-III  
 During the walkdown, EVALUATE potentialsources of interaction (e.g., II/I issues,impact between cabinets, masonry walls,flammable and combustion sources,flooding, and spray) and consequences ofsuch interactions on equipment containedin the systems model.
 CC I-II-III  
 Addendum B changed the action verb.
 This consideration is not addressedexplicitly in the SPID.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-F
 The calculation of seismic-fragility parameters such as median capacity and variabilities shall be based on plant-specific datasupplemented as needed or if necessary on earthquake experience data, fragility test data, and generic qualification test data. Use ofsuch generic data shall be justified.
 SFR-F1 BASE component seismic-fragilityparameters such as median capacity andvariabilities (logarithmic standarddeviations reflecting randomness anduncertainty) on plant-specific datasupplemented as appropriate byearthquake experience data, fragility testdata, and generic qualification test data.
 CC I-II  
 CALCULATE component seismic-fragilityparameters such as median capacity andvariabilities (logarithmic standarddeviations reflecting randomness anduncertainty) based on plant-specific dataor if necessary based on earthquakeexperience data, fragility test data, andgeneric qualification test data. Exception:
  JUSTIFY the use of generic fragility for anySSC as being appropriate for the plant.
 CC I-II  
 Addendum B changes the action verb from“BASE” to “CALCULATE” and changes thereference to sources beyond plant-specificdata slightly.
 Section 6.4 of the SPID provides someguidance on the performance of thefragility analysis and suggests the use ofthe CDFM method to limit the amount ofdetailed analysis required.
 The SPID does not provide explicitguidance on how to calculate fragilityparameters, but SPRA fragility analyseswould be expected to satisfy thisrequirement.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-F2 For all structures, or systems, orcomponents, or a combination thereof(SSCs) that appear in the dominant
 accident cut sets, ENSURE that they havesite-specific fragility parameters that arederived based on plant-specificinformation, such as anchoring andinstallation of the component or structureand plant-specific material test data.Exception: JUSTIFY the use of genericfragility for any SSC as being appropriatefor the plant.
 CC I-II  
 For SSCs that appear in the significantaccident sequences, ENSURE that theyhave site-specific fragility parameters that
 are derived based on plant-specificinformation, such as anchoring andinstallation of the component or structureand plant-specific material test data.Exception: JUSTIFY the use of genericfragility for any SSC as being appropriatefor the plant.
 CC I-II  
 Addendum B changes the word“dominant” to the convention of“significant” used elsewhere in the PRA
 Standard.Section 6.4 of the SPID provides guidanceon the performance of the fragility analysisthat is intended to result in plant-specificestimates for risk-significant SSCs. This isintended to satisfy this supportingrequirement.
 SFR-F3 DEVELOP seismic fragilities for relaysidentified to be essential and that areincluded in the systems-analysis model.
 CC II-III  
 CALCULATE seismic fragilities for relaysidentified to be essential and that areincluded in the systems-analysis model.
 CC II-III  
 Addendum B changed the action verb.
 Section 6.4 of the SPID provides guidanceon the evaluation of relays. This guidanceshould be consistent with satisfying this
 supporting requirement.SFR-F4 DEVELOP seismic fragilities for structures,
 or systems, or components, or acombination thereof that are identified inthe systems models as playing a role in thelarge early release frequency part of theseismic PRA. (See Requirements SPR-A1and SPR-A3).
 CC I-II-III  
 CALCULATE seismic fragilities for SSCsthat are identified in the systems models asplaying a role in the large early releasefrequency part of the seismic PRA. (SeeRequirements SPR-A1 and SPR-A3).
 CC I-II-III  
 No substantive change from Addenda A toAddenda B.
 This document provides guidance foridentifying the SSCs that could be relevantfor calculating LERF, and for which fragilityanalyses might be needed.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SFR-G
 Documentation of the seismic fragility evaluation shall be consistent with the applicable supporting requirements.
 SFR-G1 DOCUMENT the seismic fragility analysisin a manner that facilitates PRAapplications, upgrades, and peer review.
 CC I-II-III  
 DOCUMENT the seismic fragility analysisin a manner that facilitates PRAapplications, upgrades, and peer review.
 CC I-II-III  
 No change in Addendum B.The SPID identifies specific elements thatneed to be documented, but it is expectedthat the fragility analysis will be thoroughlydocumented in a manner consistent withthis supporting requirement.
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 Table 6-5 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SFR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SFR-G2 DOCUMENT the process used in theseismic fragility analysis. For example, thistypically includes a description of: (a) The
 methodologies used to quantify the seismicfragilities of structures, or systems, orcomponents, or a combination thereof,together with key assumptions, (b) Thestructure, or system, or component, or acombination thereof (SSC) fragility valuesthat includes the method of seismicqualification, the dominant failure mode(s),the source of information, and the locationof the component, (c) The fragilityparameter values (i.e., medianacceleration capacity, βR and βU) and thetechnical bases for them for each analyzedSSC, and (d) The different elements ofseismic-fragility analysis, such as (1) the
 seismic response analysis, (2) thescreening steps, (3) the walkdown, (4) thereview of design documents, (5) theidentification of critical failure modes foreach SSC, and (6) the calculation offragility parameter values for each SSCmodeled.
 CC I-II-III  
 DOCUMENT the process used in theseismic fragility analysis. For example, thistypically includes a description of: (a) The
 methodologies used to quantify the seismicfragilities of SSCs, together with keyassumptions, (b) The structure, or system,or component, or a combination thereof(SSC) fragility values that includes themethod of seismic qualification, thedominant failure mode(s), the source ofinformation, and the location of thecomponent, (c) The fragility parametervalues (i.e., median acceleration capacity,βR and βU) and the technical bases for themfor each analyzed SSC, and (d) Thedifferent elements of seismic-fragilityanalysis, such as (1) the seismic responseanalysis, (2) the screening steps, (3) the
 walkdown, (4) the review of designdocuments, (5) the identification of criticalfailure modes for each SSC, and (6) thecalculation of fragility parameter values foreach SSC modeled..
 CC I-II-III  
 No substantive change in Addendum B.
 The SPID identifies specific elements thatneed to be documented, but it is expected
 that the fragility analysis will be thoroughlydocumented in a manner consistent withthis supporting requirement.

Page 127
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 127/220

Page 128
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 128/220
  
  6-58  
 Table 6-6Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SPR-A
 The seismic-PRA systems model SHALL include seismic-caused initiating events and other failures including seismic-induced SSCfailures, non-seismic-induced unavailabilities, and human errors that give rise to significant accident sequences and/or significantaccident progression sequences.
 SPR-A1 ENSURE that earthquake-caused initiatingevents that give rise to significant accidentsequences and/or significant accidentprogression sequences are included in theseismic-PRA system model using asystematic process.
 CC I–II-III
 ENSURE that earthquake-caused initiatingevents that give rise to significant accidentsequences and/or significant accidentprogression sequences are included in theseismic-PRA system model using asystematic process.
 CC I–II-III  
 No change in Addendum B.The SPID does not provide explicitguidance regarding the general nature ofthe SPRA model, but it would be expectedthat the SPRA would satisfy thisrequirement.
 SPR-A2 In the initiating-event selection process,DEVELOP a hierarchy to ensure that everyearthquake greater than a certain definedsize produces a plant shutdown within thesystems model.
 CC I-II-III
 In the initiating-event selection process,DEVELOP a hierarchy to ensure that everyearthquake greater than a certain definedsize produces a plant shutdown within thesystems model.
 CC I-II-III  
 No change in Addendum B.
 The SPID does not provide explicitguidance relative to this aspect of theSPRA model, but it would be expected thatthe SPRA would satisfy this requirement.
 SPR-A3 USE the event trees and fault trees from the
 internal-event full-power PRA model as thebasis for the seismic event trees.
 CC I-II-III  
 USE the accident sequences and the
 systems logic model from the internal-eventat-power PRA model as the basis for theseismic PRA model.
 CC I-II-III  
 The change from Addendum A to
 Addendum B makes the reference to thetype of models used more general.
 The SPID does not provide explicitguidance, but it is expected that any SPRAwould build on the existing models fromthe internal-events PRA.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-A4(Add. A)
 SPR-A5
 (Add. B)
 ENSURE that the PRA systems modelsreflect earthquake-caused failures andnonseismically induced unavailabilities
 and human errors that give rise tosignificant accident sequences orsignificant accident progressionsequences.
 CC I-II-III  
 Becomes SPR-A5 in Addendum B.
 ENSURE that the PRA systems modelsreflect earthquake-caused failures and
 nonseismically induced unavailabilitiesand human errors that give rise tosignificant accident sequences orsignificant accident progressionsequences.
 CC I-II-III  
 There is no change in the supportingrequirement from Addendum A toAddendum B, except that the insertion of a
 new SPR-A4 in Addendum B changes thenumber for this requirement.
 The SPID does not provide explicitguidance, but it is expected that any SPRAwould build appropriately incorporateboth seismic and non-seismic failures in thePRA model.
 SPR-A4(Add. B)
 This supporting requirement is new toAddendum B and not included inAddendum A.
 New SPR-A4 in Addendum B.
 Under special circumstances based on thejudgment of the analyst, DEVELOP an adhoc  systems model tailored especially tothe seismic-PRA configurations or issuesbeing modeled, instead of starting with theinternal-events model and adapting it, as
 in SPR-A3. If this approach is used,ENSURE that the resulting model isconsistent with the internal-events systemsmodel regarding plant response and thecause-effect relationships of the failures.
 CC I-II-III  
 This supporting requirement was added forAddendum B.
 The SPID does not provide explicitguidance, but it is expected that any SPRAwould employ an appropriate approach,consistent with this requirement, inapplying any ad hoc  models.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SPR-B
 The seismic-PRA systems model shall be adapted to incorporate seismic-analysis aspects that are different from corresponding aspectsfound in the at-power full power, internal-events PRA systems model.
 SPR-B1 In each of the following aspects of theseismic-PRA systems-analysis work,SATISFY the corresponding requirements inPart 2, except where they are notapplicable or where this Part includesadditional requirements. DEVELOP adefined basis to support the claimednonapplicability of any exceptions. Theaspects governed by this requirement are
 (1) initiating-event analysis;
 (2) accident-sequence analysis;
 (3) success-criteria analysis;
 (4) systems analysis;
 (5) data analysis;
 (6) human-reliability analysis;(7) use of expert judgment.
 When the Part 2 requirements are used,USE the Capability Category designationsin Part 2, and for consistency USE thesame Capability Category in this analysis.
 CC I–II-III
 In each of the following aspects of theseismic-PRA systems-analysis work,SATISFY the corresponding requirements inPart 2, except where they are notapplicable or where this Part includesadditional requirements. SPECIFY the basisto support the claimed nonapplicability ofany exceptions. The aspects governed bythis requirement are
 (1) initiating-event analysis;
 (2) accident-sequence analysis;
 (3) success-criteria analysis;
 (4) systems analysis;
 (5) data analysis;
 (6) human-reliability analysis;(7) use of expert judgment.
 CC I–II-III  
 There was a small wording change toremove “defined” basis and to indicate theneed to “specify” the basis rather than to“develop” it.
 The SPID does not provide explicitguidance regarding following relevantelements of the PRA Standard for internalinitiating events, but it would be expectedthat the SPRA would satisfy theserequirements.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-B2 In the human reliability analysis (HRA)aspect, EXAMINE additionalpostearthquake stresses that can increase
 the likelihood of human errors orinattention, compared to the likelihoodassigned in the internal-events HRA whenthe same activities are undertaken innonearthquake accident sequences.Whether or not increases in errorprobabilities are used, JUSTIFY the basisfor this decision about what error rates touse.
 CC I–II-III
 INCLUDE the following seismic impacts onPerformance Shaping Factors (PSFs) for thecontrol room and ex-control room post-
 initiator actions as appropriate to theHuman Reliability Analysis (HRA)methodology used:
 (a) Additional post earthquake workloadand stress that can increase thelikelihood of human errors orinattention
 (b) Seismic failures that impact access(c) Cue availability
 CC I–II
 The requirement related to HRA has beencompletely re-written for Addendum B(including defining a separate requirement
 for Capability Category III). The updatedrequirement clarifies what is expected ofthe seismic HRA.
 The SPID does not provide explicitguidance regarding the conduct of theHRA for the seismic PRA, but it would beexpected that the SPRA would satisfy thisrequirement.
 SPR-B3(Add. A)
 SPR-B4a(Add. B)
 If any screening is performed, PERFORM itusing defined criteria that are documentedin the PRA.
 CC I–II-III
 Deleted in Addendum B andaddressed by SPR-B5 as follows.
 If screening out on the basis of seismiccapacity is performed in the systems
 model, PERFORM the screening on adocumented basis.
 CC I-II-III
 This requirement has been deleted inAddendum B because it is covered bySupporting Requirement SPR-B5.
 Acceptable screening criteria are provided
 in Section 6.4.3 of the SPID.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-B4(Add. A)
 SPR-B3
 (Add. B)
 PERFORM an analysis of seismic-causeddependencies and correlations in a way sothat any screening of SSCs appropriately
 accounts for those dependencies andcorrelations. USE bounding or genericcorrelation values and PROVIDE the basisfor such use.
 CC I-II
 PERFORM an analysis of seismic-causedcorrelations in a way so that any screeningof SSCs appropriately accounts for those
 correlations. USE bounding or genericcorrelation values and PROVIDE the basisfor such use.
 CC I-II
 A relatively minor change in Addendum Bwas to delete the phrase “dependenciesand” in two places. The intent of the
 requirement did not change.The SPID does not provide explicitguidance regarding the treatment ofseismic correlations. The SPRA would beexpected to satisfy this requirement.
 SPR-B5(Add. A)
 SPR-B4a(Add. B)
 ENSURE that any screening of human-errorbasic events and non-seismic failure basicevents does not significantly affect the PRAresults.
 CC I-II-III
 Deleted in Addendum B andreplaced by SPR-B4a as follows.
 If screening out on the basis of seismiccapacity is performed in the systemsmodel, SPECIFY the screening criterion.
 CC I-II-III
 The requirement related to screening ofnon-seismic failures has been deleted, anda new requirement was added inAddendum B related to screening basedon seismic capacity.
 The SPID provides acceptable guidanceregarding screening based on seismiccapacity in Section 6.4.3.
 SPR-B4b(Add. B)
 Not included in Addendum A. If post-earthquake recovery actions areincluded in the systems model, INCLUDEthem on a documented basis.
 CC I-II-III
 This is a new requirement in Addendum B.
 The SPID does not provide explicitguidance regarding the treatment ofrecovery, but it is expected that anyrecovery actions would be appropriatedocumented in the SPRA.
 SPR-B6(Add. A)
 SPR-B4(Add. B)
 EXAMINE the effects of the chatter ofrelays and similar devices.
 CC II-III
 INCLUDE the effects of the chatter of relaysand similar devices in the systems model.
 CC I-II-III
 Section 6.4.2 of the SPID providesacceptable guidance for the treatment ofchattering due to high frequency groundmotions.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-B7(Add. A)
 SPR-B5
 (Add. B)
 In the systems-analysis models, for eachbasic event that represents a seismicallycaused failure, INCLUDE the
 complementary “success” state whereapplicable to a particular SSC.
 CC I-II-III
 In the systems-analysis models, for eachbasic event that represents a significantseismically caused failure, INCLUDE the
 complementary “success” state whereapplicable to a particular SSC andSPECIFY the criteria used for the term“significant” in this activity.
 CC I-II
 The supporting requirement fromAddendum A was retained in Addendum Bfor Capability Category III, with the word
 “significant” added for CapabilityCategories I and II in Addendum B.
 The SPID does not present explicitguidance relative to this aspect of thesystems models; it is expected that a SPRAwould satisfy this requirement.
 SPR-B8(Add. A)
 SPR-B6(Add. B)
 EXAMINE the possibility that a largeearthquake can cause damage that blockspersonnel access to safety equipment orcontrols, thereby inhibiting operatoractions that might otherwise be credited.
 CC I-II-III
 EVALUATE the possibility that a largeearthquake can cause damage that blockspersonnel access to safety equipment orcontrols, thereby inhibiting operatoractions that might otherwise be credited.
 CC I-II-III
 The only change from Addendum A toAddendum B was the change in actionverb.
 The SPID does not present explicitguidance relative to this aspect of thetreatment of operator response; it isexpected that a SPRA would satisfy thisrequirement.
 SPR-B9(Add. A)
 SPR-B7(Add. B)
 EXAMINE the likelihood that systemrecoveries modeled in the internal-eventsPRA may be more complex or even notpossible after a large earthquake, andADJUST the recovery models accordingly.
 CC II-III
 EVALUATE the likelihood that systemrecoveries modeled in the internal-eventsPRA may be more complex or even notpossible after a large earthquake, andADJUST the recovery models accordingly.It is acceptable to use generic orconservative recovery values.
 CC II
 The action verb was changed fromAddendum A to Addendum B. Also, theacceptability of using generic orconservative values was added forCapability Category II.
 The SPID does not present explicitguidance relative to this aspect of thetreatment of recovery; it is expected that aSPRA would satisfy this requirement.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-B10(Add. A)
 SPR-B8
 (Add. B)
 EXAMINE the effect of including anearthquake-caused “small-small loss-ofcoolant accident” as an additional fault
 within each sequence in the seismic-PRAmodel.
 CC I-II-III
 ASSUME the existence of an earthquake-caused “very small loss-of-coolantaccident” in the SPRA accident sequences
 and system modeling, unless it isdemonstrated that such a LOCA can beexcluded, based on a walkdown or onanother examination of the possiblesources of such a LOCA.
 CC I-II
 The requirement was made more definitivein Addendum B.
 The SPID does not provide explicit
 guidance on how to evaluate very smallloss-of-coolant accidents, but the SPRAanalyses would be expected to satisfy thisrequirement.
 SPR-B11(Add. A)
 SPR-B9(Add. B)
 In the seismic PRA walkdown, EXAMINEthe potential for seismically induced firesand flooding following the guidance givenin NUREG-1407.
 CC I-II-III
 If the seismic PRA walkdown (see SFR-E4)identifies the potential for seismicallyinduced fires and flooding, INCLUDEpotential significant contributions toaccident sequences in the systems model.
 CC I-II-III
 The action verb was changed fromAddendum A to Addendum B.
 The SPID does not present explicitguidance relative to this aspect of thetreatment of recovery; it is expected thatthe walkdowns would includeconsideration of seismically induced fireand flooding. Any detailed analyses of
 scenarios associated with suchconsequential events would, however, beperformed in a later assessment.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SPR-C
 The seismic-PRA systems model shall reflect the as-built and as-operated plant being analyzed.
 SPR-C1 To ensure that the systems-analysis modelreflects the as-built, as-operated plant, JUSTIFY any conservatisms or otherdistortions introduced by demonstratingthat the seismic-PRA's validity forapplications is maintained.
 CC I-II-III
 To ensure that the systems-analysis modelreflects the as-built, as-operated plant, JUSTIFY any conservatisms or otherdistortions that do not adequately reflectthe as-built, as-operated plant.
 CC I-II-III  
 The language has been clarified inAddendum B.
 The SPID does not provide explicitguidance, but it would be expected thatthe SPRA would satisfy this requirement.
 HLR-SPR-D
 The list of SSCs selected for seismic-fragility analysis shall include the all SSCs that participate in accident sequences included in theseismic-PRA systems model.
 SPR-D1 USE the seismic PRA systems model as thebasis for developing the seismic equipmentlist, which is the list of all SSCs to beconsidered by the subsequent seismic-fragility evaluation task.
 CC I-II-III
 USE the PRA systems model as the basisfor developing the seismic equipment list tosupport the fragility analysis of Section 5-2.2. INCLUDE structures and passivecomponents that may not be present in the
 internal events model but which requireconsideration in the seismic PRA.SUPPLEMENT the list based on review ofindustry SPRA SELs (if available).
 CC I-II-III  
 “All” was deleted and the consideration ofsome structures was added in AddendumB.
 The SPID does not provide explicitguidance for developing the SEL, but it
 would be expected that the SPRA wouldsatisfy this requirement.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SPR-E
 The analysis to quantify core damage frequency and large early release frequency shall appropriately integrate the seismic hazard,the seismic fragilities, and the systems-analysis aspects.
 SPR-E1 In the quantification of core damagefrequency and large early releasefrequency, PERFORM the integration usingthe seismic hazard, fragility, and systemsanalyses.
 CC I-II-III  
 In the quantification of core damagefrequency and large early releasefrequency, PERFORM the integration usingthe seismic hazard, fragility, and systemsanalyses.
 CC I-II-III  
 No change in Addendum B.The SPID does not provide explicitguidance for performing the quantification,but this integration is a typical task inSPRA, and the SPRA would be expected tosatisfy this requirement.
 SPR-E2 In quantifying core damage frequency andlarge early release frequency, PERFORMthe quantification on a cut-set-by-cut-set oraccident-sequence-by-accident-sequencebasis (or for defined groups of these), aswell as on a comprehensive/integratedbasis. It is acceptable to use broadgroupings.
 CC I-II  
 PERFORM the quantification in accordancewith applicable requirements described insubsection 2.2.7.
 CC I-II-III
 The language was revised in Addendum Bto refer to guidance in the internal-eventsportion of the Standard.
 The SPID does not provide explicitguidance for performing the quantification,but this integration is a typical task inSPRA, and the SPRA would be expected tosatisfy this requirement.
 SPR-E3 In the analysis, USE the quantificationprocess to ensure that any screening ofSSCs does not affect the results, taking intoaccount the various uncertainties.
 CC I-II-III
 USE the quantification process to confirmand support the screening of SSCs (refer toSFR-B1).
 CC I-II-III
 The language was clarified in AddendumB.
 The SPID provides acceptable guidance forthe screening process, and the validity ofthe screening should be confirmed duringthe quantification.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 SPR-E4 In the integration/quantification analysis,ACCOUNT for all significantdependencies and correlations that affect
 the results. It is acceptable to use genericcorrelation values. If used, PROVIDE thebasis for such use.
 CC I-II
 In the integration/quantification analysis,INCLUDE the significant correlations thataffect the results. It is acceptable to use
 generic correlation values. If used,PROVIDE the basis for such use.
 CC I-II
 The language was clarified in AddendumB.
 The SPID does not provide explicit
 guidance for treating correlations. TheSPRA would be expected to satisfy thisrequirement.
 SPR-E5 USE the mean hazard, compositefragilities, and the systems analysis togenerate point estimates for core damagefrequency (CDF) and large early releasefrequency (LERF). ESTIMATE theuncertainties in overall CDF and LERF.
 CC I-II
 In the integration/quantification analysis,analysis, INCLUDE in the uncertainties incore damage frequency and large earlyrelease frequency results that arise fromeach of the several inputs (the seismichazard, the seismic fragilities, and thesystems-analysis aspects).
 CC II
 The requirement was re-written forAddendum B, and separate requirementsare provided for each of the threecapability categories.
 The SPID does not provide explicitguidance for assessing uncertainty in theresults, but the SPRA would be expected tosatisfy this requirement.
 SPR-E6 PERFORM appropriate sensitivity studies toilluminate the sensitivity of the coredamage frequency and large early releasefrequency results to the assumptions usedabout dependencies and correlations.
 CC I-II-III
 Deleted in Addendum B  The SPID does not provide explicitguidance for sensitivity studies for theintegrated model. The SPRA would beexpected to satisfy this requirement.
 SPR-E7
 (Add. A)
 SPR-E6(Add. B)
 New requirement in Addendum B. In the analysis of LERF, SATISFY the LERFrequirements in the internal-initiatorssection (Part 2, Section 2.2.8), whereapplicable.
 CC I-II-III
 This requirement is entirely new forAddendum B.
 The SPID provides some guidance forassessment of LERF in Section 6.5.1.
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 Table 6-6 (continued)Comparison of SPID Guidance to ASME/ANS PRA Standard Supporting Requirements: Element SPR
 StandardElement Requirements from Addendum A Requirements from Addendum B
 Relevant Intent ofGuidance in SPID
 HLR-SPR-F
 The seismic-PRA analysis shall be documented in a manner that facilitates applying the PRA and updating it and that enables peerreview.
 SPR-F1 DOCUMENT the seismic plant response
 analysis and quantification in a mannerthat facilitates PRA applications, upgrades,and peer review.
 CC I-II-III  
 DOCUMENT the seismic plant response
 analysis and quantification in a mannerthat facilitates PRA applications, upgrades,and peer review.
 CC I-II-III  
 No change in Addendum B.
 The SPID provides guidance fordocumentation of some aspects of theseismic PRA. The SPRA would be expectedto satisfy this requirement.
 SPR-F2 Error in Addendum A corrected in thesupporting requirement in Addendum B.
 DOCUMENT the process used in theseismic plant response analysis andquantification.
 CC I-II-III
 The SPID provides guidance fordocumentation of some aspects of theseismic PRA. The SPRA would be expectedto satisfy this requirement.
 SPR-F3 DOCUMENT the sources of modeluncertainty and related assumptionsassociated with the seismic plant responsemodel development.
 CC I-II-III  
 DOCUMENT the sources of modeluncertainty and related assumptionsassociated with the seismic plant responsemodel development.
 CC I-II-III  
 No change in Addendum B.
 The SPID provides guidance fordocumentation of some aspects of theseismic PRA. The SPRA would be expectedto satisfy this requirement.
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 6.7 Peer Review
  This section describes the peer review requirements for the activities performedto meet the 50.54(f) letter [1] relative to the seismic 2.1 requests for information.
  The peer review need not assess all aspects of the SPRA or SMA against all
 technical requirements; however, enough aspects of the PRA shall be reviewedfor the reviewers to achieve consensus on the adequacy of methodologies andtheir implementation for each PRA or SMA element. Alternative methods andapproaches to meet the intent of SPRA/SMA technical requirements may beused if they provide results that are equivalent or superior to the methods usuallyused, and it is expected that the peer review team should concentrate onreviewing such alternate methods and approaches if they are used.
  The peer review team shall have combined experience in the areas of systemsengineering, seismic hazard, seismic capability engineering, and other elementsof seismic PRAs or seismic margin methodologies. The reviewer(s) focusing onthe seismic response and fragility work shall have successfully completed the
 SQUG Walkdown Screening and Seismic Evaluation Training Course [52] orequivalent.
 One of the peer reviewers should be designated as the overall Team Leader. Thepeer review Team Leader is responsible for the entire peer review process,including completion of the final peer review documentation. The Team Leaderis expected to provide oversight related to both the process and technical aspectsof the peer review. The Team Leader should also pay attention to potential issuesthat could occur at the interface between various activities.
  The peer review process includes a review of the following SPRA activities:
  Selection of the SSCs included on the SEL
   Seismic hazard assessment3 
   Documentation from the Seismic Walkdowns
   Seismic response analyses
   Seismic fragility assessments
   Seismic risk quantification
   Final report
  The results of the peer review should be documented in a separate report.Specific guidance on the key elements of the peer review process is found inSection 5.3 of the SPRA part of the ASME-ANS PRA Standard [12] entitled“Peer Review for Seismic Events At-Power.” This guidance is felt to beappropriate for this peer review, with the recommended exception that
 3 Seismic hazard assessments submitted to and reviewed by NRC as described in Section 4 wouldnot require additional reviews under the Peer Review. Additional hazard work performed for theSPRA (e.g. FIRS estimates) should be reviewed by the Peer Review.
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 independent seismic fragility analyses are not required to be performed by thepeer reviewers. Adequate peer review of the seismic fragilities can beaccomplished (as in past SPRAs and SMAs) based on a review of a sample of thefragility calculations.
 For the NTF 2.1 Seismic resolution, it may be preferable to conduct more
 focused peer review activities for individual SPRA elements duringimplementation of this program, to the extent practical, rather than waiting untilall the work is complete. This “in-process” SPRA peer review should include thefollowing elements:
    The SPRA findings should be based on a consensus process, and not basedon a single peer review team member
   A final review by the entire peer review team must occur after the completionof the SPRA project
   An “in-process” peer review must assure that peer reviewers remainindependent throughout the SPRA development activity
  The NRC [22] has provided an additional detailed description of the importantelements of the in-process peer review (in their comments to NEI 12-13 onexternal event PRA peer review guidelines) which should be incorporated intoany such peer review for the 50.54(f) seismic 2.1 program.
 6.8 SPRA Documentation
 Documentation criteria for a SPRA are identified throughout the ASME/ANSStandard [12]. Utilities are expected to retain that documentation consistent withthe Standard.
 A report should be submitted to the NRC summarizing the SPRA inputs,methods, and results. The level of detail needed in the submittal should besufficient to enable NRC to understand and determine the validity of all inputdata and calculation models used, to assess the sensitivity of the results to all keyaspects of the analysis, to make necessary regulatory decisions as a part of NTTFPhase 2 activities. It is not necessary to submit all of the SPRA documentationfor such an NRC review. Relevant documentation should be cited in thesubmittal, and be available for NRC review in easily retrievable form.
 Appendix C to NUREG 1407 [11] documents the detailed documentation andreporting guidelines associated with the seismic PRA studies conducted as part ofthe IPEEE program. The pertinent documentation and reporting for the seismic
 IPEEE program are listed below and are intended to serve as guidance tolicensees on elements of the SPRA documentation and/or reporting that mayalso be appropriate for this 50.54(f) response:
 1.  A description of the methodology and key assumptions used in performingthe SPRA.
 2.   The hazard curve(s) (or table of hazard values) used and the associatedspectral shape used in the analysis. Also, if an upper bound cutoff to ground

Page 141
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 141/220
  
  6-71  
 motion is assumed, the results of sensitivity studies to determine whether thecutoff affected the overall results and the delineation and ranking of seismicsequences.
 3.  A summary of the walkdown findings and a concise description of the walkdown team and the procedures used. This summary should include any
 potential for seismically induced fire or internal flood identified during the walkdown.
 4.  All functional/systemic seismic event trees and a description of how non-seismic failures, human actions, dependencies, relay chatter, and soilliquefaction are accounted for.
 5.   The estimated CDF and LERF, including a qualitative discussion ofuncertainties and how they might affect the final results, and contributions ofdifferent ground motions to CDF and LERF.
 6.  A description of dominant functional/systemic sequences leading to coredamage along with their frequencies and percentage contribution to overallseismic core damage frequencies. The description of the sequences shouldinclude a discussion of specific assumptions and human recovery actions.
 7.  A table of fragilities used for screening as well as in the quantification. Theestimated fragilities for the plant, dominant sequences, and dominantcomponents should be reported where possible.
 8.  A discussion of important non-seismic failures and human actions that aresignificant contributors, or have impacts on results, including the rational forthe assumed failure rate given a seismic event.
  The 50.54(f) letter [1] requests that specific information be submitted by plantsperforming a SPRA including the following.
   A list of the significant contributors to SCDF and LERF, includingimportance measures (e.g., Risk Achievement Worth, FussellVesely and/orBirnbaum)
   A summary of the methodologies used to estimate the SCDF and LERF,and results obtained, including the following:
 -  methodologies used to quantify the seismic fragilities of SSCs, together with key assumptions
 -  SSC fragility values with reference to the method of seismicqualification, the dominant failure mode(s), and the source ofinformation
 -  seismic fragility parameters-  important findings from plant walkdowns and any corrective actions
 taken
 -  process used in the seismic plant response analysis and quantification,including the specific adaptations made in the internal events PRAmodel to produce the seismic PRA model and their motivation
 -  assumptions about containment performance
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   Description of the process used to ensure that the SPRA is technicallyadequate, including the dates and findings of any peer reviews
   Identified plant-specific vulnerabilities and actions that are planned or taken.
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 Section 7:  Spent Fuel Pool IntegrityEvaluation
  The 50.54(f) letter requested that, in conjunction with the response to NTTFRecommendation 2.1, a seismic evaluation be made of the SFP. Morespecifically, plants were asked to consider “…all seismically induced failures thatcan lead to draining of the SFP.” Such an evaluation would be needed for anyplants that are not screened from further assessment prior to Step 3a in Figure
 1-1.
  This section provides guidance that may be employed in addressing thisconsideration for plant-specific evaluations.
 7.1 Scope of the Seismic Evaluation for the SFP
  The focus of the evaluation process described in this report is on elements of theSFP that might fail due to a seismic event such that draining of the SFP couldresult. This approach is intended to ensure that efforts to gain an understandingof potential seismic risks needed to respond to the 50.54(f) letter areappropriately focused on the most risk significant elements.
 In developing guidance for the walkdowns associated with NTTFRecommendation 2.3 [46], the emphasis was on SFP connections whose failurecould result in “rapid drain-down.” The definition of “rapid drain-down”encompasses failures that could lead to uncovering of irradiated fuel stored in theSFP within 72 hours of the earthquake [46]. This criterion is used for theevaluations under NTTF Recommendation 2.1 as well; that is, the evaluationsconsider possible failures that could lead to uncovering fuel stored in the SFP
  within 72 hours.
 Failures that could conceivably lead to uncovering of irradiated fuel stored in theSFP would include the following:
   A significant failure of the steel-lined, reinforced concrete structure of theSFP, causing inventory in the pool to drain out.
   Failure of a connection penetrating the SFP structure (drain line, cooling- water line, etc.) below the top of the stored fuel.
   Failure of a connection penetrating the SFP structure above the fuelsufficient to drain significant inventory from the pool such that (in the
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 absence of adequate makeup) evaporation and boil-off could cause fuel to beuncovered within 72 hours.
   Extensive sloshing such that sufficient water could be lost from the pool and,as in the previous item, lead to uncovering of the fuel within 72 hours.
   Failure of a cooling-water line or other connection that could siphon water
 out of the pool sufficient to lead to uncovering of the fuel within 72 hours.
    Tearing of the steel liner due to movement of fuel assemblies as a result ofthe earthquake.
   Failures that could lead to draining of SFP inventory when the pool andreactor are configured for refueling operations.
  With regard to these possibilities, the evaluation may generally be focused onconnected structures and systems that penetrate the SFP structure, rather thanthe basic structure of the SFP itself. Detailed assessments have been made ofSFP structural integrity, including by the NRC on several structures, and thesehave found SFP structures to be reasonably rugged.
 Previous evaluations in NUREG-1353 [57], NUREG-1738 [47] andNUREG/CR-5176 [48] characterized the generally robust nature of the designof SFPs currently in use. NUREG-1738 further identified a checklist that couldbe used to demonstrate that a SFP would achieve a high very HCLPF.Evaluations reported in NUREG/CR-5176 [48] for two older plants concludedthat “…seismic risk contribution from spent fuel pool structural failures isnegligibly small.” In addition, previous screening criteria for civil structures inEPRI NP-6041 [39] (e.g. Table 2-3) provide principles that would be helpful inevaluating the ruggedness of SFP structures. Either the checklist in NUREG-1738 should be used to demonstrate that the structure is sufficiently robust or
 another approach can be used if sufficiently justified. Tearing of the stainless-steel liner due to overall structural failure of the fuel poolstructure would be precluded by the successful completion of the structuralevaluations above. Tearing of the stainless-steel liner due to sliding or othermovement of the fuel assemblies in the pool is considered to be very unlikely[57].
 Depending on the approach taken (as outlined in the sections that follow), anevaluation of events that could lead to draining the SFP may consider the abilityto make up the inventory lost to ensure that the stored fuel remains adequatelycooled. SFP inventory makeup strategies can be credited provided makeup
 resources, including any necessary instrumentation, are seismically rugged andavailable; procedures exist to guide response by the operator; and there issufficient time for operators to recognize the need for makeup and take action.Credited operator actions should be reviewed to account for habitability andaccessibility limitations.
 Beyond the impact of possible failures on the cooling of the fuel stored in theSFP, for some plants the loss of inventory from the pool could cause flooding
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 that could affect other systems. The assessment of flooding will be evaluatedseparately, as part of the response to a NTTF Tier 3 recommendation.
  The remainder of this section outlines a process for identifying and evaluatingfeatures that could lead to draining of the SFP.
 7.2 Evaluation Process for the SFP
  The process for evaluating the SFP begins with the identification of anypenetrations that should be considered. All penetrations should be identified andplaced into one of the following three categories:
 1.   Those that are above the level of the fuel in the SFP;
 2.   Those that are at a level below the top of the fuel in the SFP; and
 3.   Those that may have the potential to siphon water from the SFP (mosttypically, the discharge line from the SFP cooling system).
  The sections that follow provide guidance for addressing each of these categories.Figure 7-1 shows the general process for evaluating SFP penetrations.
 Figure 7-1Basic Process for Evaluation of Potential Failures for SFP Penetrations
 Perform one of the followingIdentify SFP
 penetrations
 Penetration
 not able to lead to
 uncovering fuel
 within 72 hrs?
 Screen out and
 document evaluation
 Report results of
 SFP evaluation
 Yes
 Evaluate seismic
 capacity of
 penetration and
 connected features
 Evaluate seismic
 capacity of makeup
 systems
  Adequate
 seismic capacity,
 or makeup?
 Yes
 No
 No
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 7.2.1 Evaluation of Penetrations above Top of Fuel
 In most cases, penetrations in the SFP will be located above the top of theirradiated fuel. Assessment of these penetrations does not need to account for thepotential that a failure would, in and of itself, result in draining the pool levelbelow the fuel. Failures of these penetrations could, however, still affect SFPinventory. If the level in the pool could be lowered sufficiently due to a failureassociated with a connection via such a penetration, the volume of water in thepool serving as a heat sink for the residual decay heat in the fuel assemblies couldbe reduced.
 In this case, the evaluation should determine whether the potential failure couldlead to uncovering the fuel within 72 hours. It is acceptable to evaluate either theseismic adequacy of the penetrations or the makeup capabilities to demonstrateoverall SFP adequacy. Plants can choose which of these to address first (that is,the seismic capacity of the penetration or the availability of makeup adequacy).
  The evaluation should include the following.
   References identified in Table 6-1 provide acceptable guidance forcomputing seismic fragilities that can be used to evaluate the seismicadequacy of SFP features. Computed SSC HCLPFs would be compared
  with GMRS based demands for these evaluations.
   For a relatively large potential failure (such as that of the fuel transfer gate),the analysis should begin with an assumption that the level in the SFP dropsto the bottom of the penetration at essentially the same time as when thefailure occurred. For smaller failures, the time required to lower pool level tothe bottom of the penetration may be significant (refer to Section 7.3.1 forguidance).
    The amount of water lost due to sloshing (refer to Section 7.3.2 for
 guidance) should be taken into account.
 For a failure associated with a penetration above the top of the fuel, the loss ofinventory through the break will be limited to the level of the penetration.
  Therefore, the makeup requirements are only those associated with matchingdecay heat. If it is necessary to consider makeup capabilities, the evaluationshould confirm that the makeup systems have adequate seismic capacity toaddress the needs for restoring and maintaining SFP inventory.
 Maintaining the SFP water level above about two-thirds of the height of the fuelassemblies in the pool should prevent overheating the fuel [49]. Therefore, theability to maintain SFP inventory at a level of about two-thirds of the height of
 the fuel assemblies would be considered acceptable.
  The makeup required to match decay heat if the SFP does not have fuelassemblies freshly removed from the reactor may be as low as 20 to 30 gpm. Foran SFP that contains freshly offloaded fuel, the decay heat load may besignificantly higher. Plants routinely maintain information needed to calculatethe heat load in the SFP. Guidance for calculating the required makeup rates can
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 For larger connections (such as the gate used for transferring fuel duringrefueling), the level can be assumed to drop to the bottom of the connectionnearly instantaneously.
 Once level drops to the connection, a calculation can be made to determine theadditional loss of inventory that occurs up to 72 hours in the absence of makeup
 flow. This rate of boil off loss can be determined using the correlations providedin Appendix EE of the report documenting the technical bases for severeaccident management guidance [49].
  These evaluations can be used to determine whether the top of the fuel couldbegin to be uncovered within 72 hours.
 7.3.2 Assessment of the Potential for Sloshing
  To support the assessments described in Section 7.2, an estimate is needed of theamount of water lost from the SFP due to sloshing. An initial, boundingassessment can be made using the approach described in this section.
  The natural frequency (f c1) for the fundamental convective (sloshing) mode of vertical oscillation of the water surface in a rectangular pool due to shaking inputin either horizontal direction can be expressed as follows:
  f  c1 = (1/(2π) [(3.16g / L) tanh(3.16h / L)] 0.5   Eq. 7-1
  where: L = pool length in the direction of shakingh = water depthg = gravity
 Next, the slosh height (hs1) for the fundamental convective mode can beestimated from:
 hs1 = ½L(SA c1 / g)  Eq. 7-2
  where: SAc1  = ½% damped horizontal spectral acceleration at the top of thepool wall at the frequency f c1 in the direction of motion
 In order to account for higher convective modes of sloshing and nonlinearsloshing effects (more upward splash than downward movement) observedduring stronger shaking, the theoretical slosh height predicted by Equation 7-2may be increased by 20%. Thus, the total estimated slosh height becomes:
 hs  = 0.6L(SA c1 / g)  Eq. 7-3
 For a rectangular pool of length a in the x-direction, and width b in the y-direction, the slosh height due to x-direction shaking, and y-direction shakingcan be computed independently by substituting a and b, respectively, intoEquations 7-1 and 7-3. Next, the total slosh height (hst) can be estimated from:
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 hst  = [hsx  2 + hsy 
  2 ] 0.5   Eq. 7-4
  where: hsx  = slosh height due to x shakinghsy   = slosh height due to y shaking
 An upper bound estimate of the total volume V of water that might splash out ofthe pool can be estimated from:
 V = (hst  – h f   )ab  Eq. 7-5
  where: hf   = freeboard height of the wall above the top of the watera = length of pool in the x-directionb = width of pool in the y-direction
 Note that this approach reflects that sloshing in a pool is a very low frequencyphenomenon governed by either the peak ground displacement or the peakground velocity of the ground motion. It is independent of the PGA of the
 ground motion. While this approach is expected to produce a reasonable estimate of the sloshheight, it is expected to produce a very conservative estimate of the volume of
  water displaced from the pool. It effectively assumes that a solid mass of waterequivalent to the product of the splash height above the side of the pool and thepool area is lost from the pool.
  This relatively simple calculation is adequate for purposes of estimating the lossof SFP inventory due to sloshing. For most scenarios, it is judged that thisconservative estimate of the inventory lost due to sloshing will not have asignificant effect on the estimate of SFP drain-down. If the inventory lost due to
 sloshing has a significant impact on SFP drain-down, a more careful calculationmay be required. Such a calculation would need to account for the time historiesof a range of earthquakes, and is likely to require significant resources, includingan independent review.
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 Appendix A:  Control Point Discussion fromStandard Review Plan
 NUREG-0800 USNRC Standard Review Plan Rev. 2 1989:
  The FSAR 2.5.2 Vibratory Ground Motion described the developmentof the site SSE. Typically a peak ground acceleration (PGA) isdetermined and a generic spectral shape was defined; e.g., Housner
 spectra, Modified Newmark spectra, RG 1.60 spectra.
 In FSAR 3.7.1 the implementation of the SSE ground motion forseismic analysis and design is described. As discussed above themethodologies for seismic analysis and design varied depending on the
  vintage of the Plant.
 NUREG-0800 Rev. 2 August 1989 provides the acceptance criteria for the laterset of existing NNP designs:
 3.7.1 Seismic Design Parameters states under 1. Design Ground Motionthe following:
 "The control motion should be defined to be a free groundsurface...Two cases are identified depending on the soilcharacteristics at the site...uniform sites of soil or rock withsmooth variation of properties with depth, the control point(location at which the control motion is applied) should bespecified on the soil surface at the top of finished grade...for sitescomposed of one or more thin soil layers overlaying a competentmaterial...the control point is specified on an outcrop or ahypothetical outcrop at a location on the top of the competentmaterial..."
 3.7.2 Seismic System Analysis states under II Acceptance Criteria thefollowing:
 "Specific criteria necessary to meet the relevant requirements ofGDC 2 and Appendix A to Part 100 are as follows:
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 4. Soil-Structure Interaction...
 C. Generation of Excitation System...
  The control point...for profile consisting of component soil orrock, with relatively uniform variations of properties with depth
 the control motion should be located...at top of the finishgrade...For profiles consisting of one or more thin soil layersoverlaying component material, the control motion should belocated at an outcrop (real or hypothetical) at top of thecompetent material...
 ...The spectral amplitude of the acceleration response spectra(horizontal component of motion) in the free field at thefoundation depth shall be not less than 60 percent of thecorresponding design response spectra at the finish grade in thefree field..."
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 the CENA, and an assumed Poisson ratio. For western U.S. (WUS) sites anappropriate reference condition should be selected that is well-constrained byobservational data in the ground motion prediction equations (GMPEs). Site-specific amplification functions are then developed relative to the reference sitecondition.
 After completing PSHA calculations for reference rock site conditions, thedevelopment of hazard consistent, site specific horizontal seismic hazard resultsmay be considered as involving two independent analyses. The first is thedevelopment of frequency and amplitude dependent relative amplification factors(for 5% damped response spectra, Sa) between the site of interest and thereference site (Sa SITE  (f)/Sa REFERENCE  (f)) that accommodates potential linear ornonlinear site response. Currently the state-of-practice approach involves
  vertically propagating shear-waves and approximations using equivalent-linearanalysis with either a time domain method (e.g. SHAKE) or a morecomputationally efficient frequency domain random vibration theory (RVT)method [32, 10].
 Subsequent to the development of the amplification factors, site-specific motionsare computed by scaling the reference site motions with the transfer functions. Assuggested above, probabilistic methods have been developed [24, 8] thataccurately preserve the reference site hazard level and result in full site-specifichazard curves. These fully probabilistic approaches represent a viable andpreferred mechanism to properly incorporate the site-specific aleatory(randomness) and epistemic (uncertainty) variabilities of the dynamic propertiesand achieve desired hazard levels and performance goals. The following sectionsdescribe the specific steps in the development of the site-specific amplificationfunctions.
 B2.0 Description of Sites Requiring Response Analysis andBasis for Alternative Models
  The level of detail and scope of the geological and geotechnical investigationsconducted during the licensing of the currently operating NPPs was consistent
  with the state of the practice at the time of the plants design and licensing.However, the state of the practice in earthquake engineering has evolved over thelast several decades. As a result, some of the detailed information required toperform modern site response analyses (consistent with the request in the March12, 2012 50.54(f) letter [27]) are lacking for some of the older plants. This lackof information results in increased levels of uncertainty in the site responseanalyses. The following sections describe how this uncertainty will be
 accommodated in the site response analyses. The amount, quality andapplicability of the available data will determine the analysis procedures.
  The information available to develop estimates of site properties andcharacteristics will be primarily based on readily available sources (FSAR andother regional data) for most locations. However, for sites with recent COL andESP submittals, the co-located operating plants would be expected to utilize any
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 applicable information developed in the ESP and COL site characterizationprocess to the maximum extent practicable.
 Site response analyses will be required for sites in the central and eastern U.S.(CEUS) (i.e., those sites located east of the Rocky Mountains) when availableinformation suggests surficial materials will impact design motions at frequencies
 below about 50 Hz. The conservative criteria used to determine if site-specificamplification functions are required is more than 7.5m (25 ft) of material with anaverage shear-wave velocity less than 2591 m/s (8,500 ft/s) over hard rock. Site-specific response analyses will be required for all sites in the western U.S. (sites
  west of the Rocky Mountain front).
 Based on the need to determine if a facility requires detailed site responseanalyses (the combined stiffness and velocity criteria described above), the firststep in the process is the compilation and evaluation of site geotechnical andgeophysical characteristics. This information should be summarized consistent
  with the documentation described in Section 4 of the main report. The availablesite-specific information will be highly variable in terms of quantity andapplicability and, to achieve consistency in the assessment of epistemicuncertainty in dynamic material properties across sites, a general approach hasbeen developed that is intended to result in an adequate and appropriate level ofuncertainty within the context of limited site information. The recommendedapproach is considered appropriate for characterizing uncertainty in amplificationfunctions utilizing only readily available information. To provide consistencyacross the sites the approach developed consists of specific rules that are intendedto quantify epistemic uncertainty in shear-wave velocity, nonlinear dynamicmaterial properties, and shallow crustal damping for deep soil and firm rock siteconditions. The overall approach is described more fully below.
 B2.1 Background on the Treatment of Uncertainties There are two different types of uncertainty in the development of site-specificamplification functions (AF( f  )). First, at any given site, at the spatial dimensionsof typical nuclear facilities (100-200 m (~325-650 ft) scale dimensions) there isexpected to be some variability in important site response parameters such asshear-wave velocities, non-linear dynamic material properties at any depth acrossthe footprint of the facility, and the overall thickness of soil/soft rock above firmrock site conditions. It is important to attempt to capture this uncertainty in thefinal AF( f  ) estimates. This is treated as an aleatory (randomness) type of
  variability. Current practice represents this variability by developing a candidateshear-wave velocity profile, depth and overall thickness of soil/soft rock and
 associated non-linear dynamic material properties (shear modulus reduction anddamping curves). This is referred to as a “base case” model. Subsequently,potential variations in shear-wave velocity and layer thickness are represented bycorrelated random perturbations to the base-case values. This is frequentlyreferred to as a randomization process. A sufficient number of realizations areused to develop stable statistical estimates (log median and log standarddeviation) of the amplification functions [e.g. 47].
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  The second type of uncertainty is epistemic or lack of knowledge uncertainty. This represents the uncertainty in the development of the base-case models forsite profile, dynamic properties, and seismological parameters. For well-characterized sites with abundant high-quality data this uncertainty would bereduced, possibly eliminating the need to vary some of the site parameters such asthe site profile. This epistemic uncertainty would increase with decreasingconfidence in the available data and information. This uncertainty is evaluatedthrough the development of alternative base-case models. The approach appliedfor the development of alternative base-case models (epistemic uncertainty) isdiscussed in more detail in the following sections.
  The following information is required to perform the site-specific responseanalyses: site shear-wave velocity profiles, non-linear dynamic materialproperties, estimates of low-strain site damping (parameterized through theparameter, kappa), and input or control motions (including relevant seismologicalparameters). These various factors are discussed individually in the followingsections.
 B3.0 Development of Base-Case Profiles and Assessment ofEpistemic Uncertainty in Profiles and Dynamic MaterialProperties
 Epistemic uncertainty in depth to hard rock site conditions and dynamic materialproperties, which includes shear-wave velocity profiles, site material damping atlow strain (parameterized through kappa), and modulus reduction and hystereticdamping curves, should be accommodated through the development ofalternative mean cases. The specific methodology utilized to develop thealternative cases will depend on the amount of information available at a givensite. Conceptually in this context, for poorly characterized sites with few if any
 measured dynamic material properties, multiple cases should be developed withbroad ranges of epistemic uncertainty applied in the development of theparameters of the alternative cases. For sites that have more complete sitecharacterization information available, smaller epistemic uncertainty factors canbe employed in the development of the alternative cases.
 As stated in Section B-2.0, the information available to develop base-case shear- wave velocity profiles will be primarily based on readily available sources (FSARand other regional data such as petroleum exploration wells). In addition, co-located operating plants are expected to utilize any applicable informationdeveloped in the ESP and COL site characterization process to the maximumextent practicable. Shear-wave velocity profiles should be based on geophysical
 measurements and, if necessary, through inference from all available, applicablesite geotechnical/geological information (e.g., obtained from published shear-
  wave velocities for similar rock types at other locations). Several options arediscussed below to develop base-case velocity profiles depending on the amountof site information available.
 For those cases where limited or no at-site information is available, a minimumof three profile estimates combined with three kappa estimates and two sets of
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 modulus reduction and hysteretic damping curves should be developed. Ifsignificant uncertainty exists in the thickness of soil above firm or hard rockconditions, this thickness should be treated as an epistemic uncertainty. Thethree cases for shear-wave velocity profiles and kappa are referred to hereafter asbase-case, and upper-range and lower-range models. A general set of guidelinesshould be employed to develop these cases for dynamic material properties andassociated weights and is described more fully below. The general computationalframework for developing the mean site amplification functions and associatedstandard deviations is illustrated in Figure B-1.
 B-3.1 Development Process for Base-Case Shear-WaveVelocity Profiles
 In order to predict site response as accurately as possible, and ultimately preventerror from propagating into other engineering calculations, it is important todefine a detailed shear wave velocity (V S) profile that represents the known orinferred in-situ velocity structure as realistically as possible. The following
 discussion describes the development of the mean or base-case V S profile. Thealternative (upper-range and lower-range) models are derived from the base-casemodel utilizing an information-informed epistemic factor. The development ofthe upper-range and lower-range models is discussed in Section B-3.2 after thebase-case development.
 For sites with sparse or very limited information regarding dynamic materialproperties (e.g., a measured shear-wave velocity profile was unavailable), typicallyan estimate based on limited surveys (e.g., compressional-wave refraction) isavailable over some shallow, limited depth range. For such cases, as well as toprovide a basis for extrapolating profiles specified over shallow depths to hardrock basement material, a suite of profile velocity templates has been developed,
 parameterized with V S30 (time averaged shear-wave velocity over upper 30m ofthe profile) ranging from 190 m/s to 2,032 m/s (620 ft/s to 6670 ft/s). The suiteof profile templates is shown in Figure B-2 to a depth of 305 m (1,000 ft). Thetemplates are from [40] supplemented for the current application with profilesfor V S30 values of 190 m/s, 1,364 m/s, and 2,032 m/s. The latter two profiles wereadded to accommodate cases where residual soils (saprolite) are present andoverly hard rock. For both soil and soft rock sites, the profile with the closest
  velocities over the appropriate depth range should be adopted from the suite ofprofile templates and adjusted by increasing or decreasing the template velocitiesor, in some cases, stripping off material to match the velocity estimates provided.
 For intermediate cases, such as when only the upper portion of a deep soil profile
 is constrained with measured velocities, the V S template profile with velocitiesclosest to the observed velocity at the appropriate depth should be identified.
  This template can then be used to provide a rational basis to extrapolate theprofile to the required depth.
 For firm rock sites (typically with shear-wave velocities in the range of about914 m/s (3,000 ft/s) to 2,438 m/s (8,000 ft/s), which are often composed ofCenozoic or Paleozoic sedimentary rocks such as shales, sandstones, siltstones, or
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 similar rock types, a constant shear-wave velocity gradient of 0.5 m/s/m(0.5 ft/s/ft) should be used as a template and used to estimate the velocities overthe appropriate depth range. This gradient is based on deep measurements insimilar rock types in Japan [20]. The 0.5 m/s/m velocity gradient is alsoconsistent with measurements in sedimentary rocks of similar type at the Varian
  well in Parkfield, California [22]. It is recognized that the soil or firm rockgradients in the original profiles are primarily driven by confining pressure andmay not be strictly correct for each adjusted profile template at each site.However, any shortcoming in the assumed gradient is not expected to besignificant as the range in multiple base-case profiles accommodates the effects ofepistemic uncertainty in the profile gradient on the resulting amplificationfunctions.
 For all sites where limited data exists, or only exists for very shallow depths, it isnecessary to fully evaluate and integrate all existing geological information intothe development of the base-case profile. For sites with soil or soft rock at thesurface and much stiffer materials at relatively shallow depths (less thanapproximately 60m (200ft)) the potential for strong resonance in the frequencyrange of engineering interest exists. All relevant geological information should beassessed to ensure this condition is identified.
 An example is provided in Figure B-3 to schematically illustrate how acombination of geological information and geophysical measurements may beused to develop a base-case profile. The data available at this hypothetical siteconsists of shallow shear-wave velocity measurements (a single S-wave refractionprofile) over only about the upper ~30 m (100 ft) of the profile with a V S30 ofapproximately 450 m/s (1475 ft/s). There are also geologic profiles and regionaldata available in the FSAR that indicate firm rock is present at a depth about45 m (150 ft) beneath the site. A shear-wave velocity of approximately 1525 m/s
 (5000 ft/s) is inferred for the firm rock based on velocity measurements oncomparable material elsewhere. Regional data indicates the firm, sedimentaryrocks extend to a depth of at least 1 km before crystalline basement rock isencountered. The information is combined in the following manner to constructa base case profile. The closest template profile to the 450 m/s V S30 estimate isthe 400 m/s profile. The velocities in the 400 m/s template are scaled by a factorof 1.125 (450/400) to adjust to the desired V S30 value. At the 45 m (150 ft) depth,a velocity discontinuity is inserted with a velocity of 1525 m/s (5000 ft/s). Belowthis depth the firm rock gradient model of 0.5 m/s/m is used to estimate
  velocities. This gradient is extended to a sufficient depth such that 2830 m/sec(~9200 ft/s) is reached or the depth is greater than the criteria for no influence onresponse for frequencies greater than 0.5 Hz. The uncertainty in the depth to the
 soil-firm rock interface is incorporated in the treatment of epistemic uncertaintyas discussed below.
 B-3.2 Capturing Epistemic Uncertainty in Velocity Profiles
  There are basically two approaches for constructing shear wave velocity profiles,either through inference from geotechnical/geologic information or through theuse of geophysical measurements. Each approach will inherently have some level
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 of uncertainty associated with its ability to accurately represent the in-situ velocity structure. The level of uncertainty will depend on the amount ofinformation available along with how well the information is correlated withshear-wave velocity. By adopting the general mean based approach outlined inSection B-3.1, a level of uncertainty can be assigned to a template velocityprofile, commensurate with the available information, in order to account for theepistemic uncertainty associated with the in-situ velocity structure.
 For sites where geophysical information such as very limited shear-wave velocitydata exists, the estimate for uncertainty in shear-wave velocity is to be taken as:
 ln = 0.35 
  This value is similar to a Coefficient of Variation (COV) of 0.25 which isconsistent with Toro (1997) [37] for observed spatial variability over a structuralfootprint of several hundred meters. The profile epistemic uncertainty factor of0.35 (σμ ln) is to be applied throughout the profile and is based on the estimatesof epistemic uncertainty in V S30 developed for stiff profiles [14]. The logarithmicfactor assumes shear-wave velocities are lognormally distributed and wasoriginally developed to characterize the epistemic uncertainty in measured V S30 atground motion recording sites where measurements were taken within 300 m(900ft) from the actual site. The uncertainty accommodates spatial variabilityover maximum distances of 300 m, and is adopted here as a reasonable andrealistic uncertainty assessment reflecting a combination of: (1) few velocitymeasurements over varying depth ranges, and (2) the spatial variability associated
  with observed velocities. The application of the uncertainty estimate over theentire profile that is based largely on V S30 implicitly assumes perfect correlationthat is independent of depth. While velocities are undoubtedly correlated withdepth beyond 30m, which forms the basis for the use of V S30 as an indicator of
 relative site amplification over a wide frequency range, clearly the correlation isneither perfect nor remains high over unlimited depths [11]. More direct supportfor the assumption of a σμ of 0.35 comes from the measured range in (V S30)conditional on proxy inferences. For the four currently employed (V S30) proxies:surficial geology (42, 41) Geomatrix site category (14), topographic slope (39),and terrain (43), the overall within class or category uncertainty is about 0.35.
  This uncertainty reflects the variability of measured (V S30) about the predicted value and is relatively constant across proxies (34). The proxy uncertainty ofabout 0.35 is a direct measure of the epistemic uncertainty of the predicted valueor estimate and supports the adoption of 0.35 to quantify the velocity uncertaintyfor cases with few or absent direct measurements. For the application to sitecharacterization the σμ of 0.35 has been extended to the entire profile.
 An example of the resulting mean ± σμ ln shear-wave profiles for the 760 m/s(1525 ft/s) template is shown in Figure B-4.
 For sites where site-specific velocity measurements are particularly sparse (e.g.,based on inference from geotechnical/geologic information rather thangeophysical measurements) a conservative estimate of the uncertainty associated
  with the template velocity is to be taken as:
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 ln = 0.5 
 For sites where multiple, detailed shear-wave velocity profiles are available, thelevel of uncertainty may be significantly reduced, depending on the number,depth ranges, and vintage (quality) of the surveys. For sites with an intermediate
 level of information available, such as a single shear-wave velocity profile of high-quality or shear-wave velocities inferred from measured compressional-wave velocities, σ(ln) may be reduced by a factor of two over the better constrainedportions of the profile. A specific factor of two is taken to provide consistencyacross the sites. For well characterized sites with multiple measurements theepistemic uncertainty may be further reduced. In all cases of reduced σ the rangein base-case profiles reflecting epistemic uncertainty in shear-wave velocity mustrepresent a realistic expression of the existing information at the site as well aspossible ranges in velocities for the materials considered. For all sites considered,the shear-wave velocities developed for the upper- and lower-range base-casesmust reflect realistic values for the respective geologic conditions at the site. Thebases for these conclusions should be discussed in the report.
 B-3.2.1 Epistemic Uncertainty in Final Hazard Calculations
 It is necessary to represent the epistemic uncertainty in the distribution ofpotential shear-wave velocity profiles (mean base-case and a σμ (ln) of 0.35, forexample) in the final site-specific hazard results. Practicality requires this beaccomplished with the minimum number of cases. The recommended approachfor this application is to utilize three cases, the mean base-case and upper rangeand lower range base-cases with relative weights applied. An accurate three pointapproximation of a normal distribution which preserves the mean utilizes the50th-percentile (median) and 10th and 90th percentiles, with relative weights of0.30 for the 10th and 90th percentiles and 0.40 for the median applied [23]. These
  values are summarized in Table B-1. The 10th and 90th fractiles correspond to aprofile scale factor of 1.28 σμ. When ln = 0.35 the 10th or 90th percentiles areobtained by subtracting or adding 0.45 in natural log units to the shear wave
  velocity. For ln = 0.5, a value of 0.64 is subtracted or added to the natural logof the shear wave velocity for the 10th and 90th percentile values. This isequivalent to an absolute factors of 1.57 or 1.90 applied to the mean base-caseprofile for ln = 0.35 or ln = 0.5, respectively. Figure B-5 illustratesapplication of these two factors applied to the 760 m/s (1525 ft/s) V S30 template.Figure B-6 illustrates the same type of curves for the firm rock template derivedusing the empirical gradient of [20]. For some individual sites it may be necessaryto deviate from these standard weights if application of the standard factorsresults in velocities that are not deemed credible.
 Figure B-7 illustrates the development of Upper Range and Lower Rangeprofiles to accommodate epistemic uncertainties for the hypothetical exampleshown in Figure B-3. A σμ ln = 0.35 has been used to develop the 10th and 90th-percentile curves in the upper portion of the profile where sparse Vsmeasurements were available. A σμ ln = 0.50 was applied to the lower portion ofthe profile where the Vs of the Base Case was inferred from geologicalinformation. The 90th-percentile curve was capped at a value equal to the
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 2830m/s Vs (~9200 ft/s) value assumed for the hard rock basement. Thisexample illustrates the broad range of velocities encompassed by the UpperRange, Mean, and Lower Range profiles for sites lacking in good data.
 For sites where the depth to firm rock conditions is poorly constrained, thatdepth should be treated as a separate epistemic uncertainty as illustrated in Figure
 B-1.
 B-3.3 Nonlinear Dynamic Material Properties
  The potential nonlinear response of near-surface materials to input groundmotions is an important element of the site that needs to be characterized in aproper site response analysis. To characterize the epistemic uncertainty innonlinear dynamic material properties for both soil, and firm rock sites, two setsof generic modulus reduction and hysteretic damping are recommended. The twosets of generic curves, one set for soils and a second set for firm rock, areconsidered necessary to reflect a reasonable and realistic range in nonlineardynamic material properties and associated degree of nonlinearity in siteresponse, conditional on velocity profile. The use of the recommended sets ofcurves provides an acceptable expression of epistemic uncertainty in nonlineardynamic properties.
  The use of two sets of generic curves recognizes the existence of test results andsite-specific curves at some existing sites as well as nearby COL and ESPapplications. For the purpose of initial screening and prioritization, the range innonlinearity implied by the recommended generic curves is intended toaccommodate the range in nonlinearity in site response of site-specific curves
  while providing for a consistency in the treatment of epistemic uncertainty indynamic material properties (linear as well as nonlinear) across all sites.
 For soils, the two sets of proposed curves are the EPRI (1993) [18] andPeninsular Range [32, 40] results. The two sets of generic curves are appropriatefor cohesionless soils comprised of sands, gravels, silts, and low plasticity clays.
  The EPRI (1993) [18] curves, illustrated in Figure B-8, were developed forapplication to CEUS sites and display a moderate degree of nonlinearity. TheEPRI (1993) [18] curves are depth (confining pressure) dependent as shown inFigure B-8.
  The Peninsular Range curves reflect more linear cyclic shear strain dependenciesthan the EPRI (1993) curves [40] and were developed by modeling recordedmotions as well as empirical soil amplification in the Abrahamson and Silva
  WNA (Western North America) GMPE [32, 2]. The Peninsular Range curvesreflect a subset of the EPRI (1993) soil curves with the 51 to 120 ft (15 to 37 m)EPRI (1993) curves applied to the 0 to 50 ft (0 to 15 m) depth range and theEPRI (1993) 501 to 1,000 ft (153 to 305 m) curve applied to the 51 to 500 ft (15to 152 m) depth range, below which linear behavior is assumed.
  The two sets of soil curves are considered to reflect a realistic range in nonlineardynamic material properties for cohesionless soils. The use of these two sets of
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 cohesionless soil curves implicitly assumes the soils considered do not haveresponse dominated by soft and highly plastic clays or coarse gravels or cobbles.
  The presence of relatively thin layers of hard plastic clays are considered to beaccommodated with the more linear Peninsular Range curves while the presenceof gravely layers are accommodated with the more nonlinear EPRI (1993) soilcurves, all on a generic basis. The potential impact on the amplification functionsof the use of these two sets of nonlinear dynamic property curves was evaluatedand is shown in Figures B-9 and B-10. The results indicate that above 1 Hz thedifference can be significant and the resulting epistemic uncertainty needs to beincluded in the development of the final amplification functions.
  The two sets of soil curves are given equal weights (Table B-1 and Figure B-1)and are considered to represent a reasonable accommodation of epistemicuncertainty in nonlinear dynamic material properties for the generic types of soilsfound at most in CEUS sites which include:
 1.  Glaciated regions which consist of both very shallow Holocene soilsoverlying tills as well as deep soils such as the Illinois and Michigan basins,all with underlying either firm rock (e.g., Devonian Shales) and then hardbasement rock or simply hard basement rock outside the region of DevonianShales,
 2.  Mississippi embayment soils including loess,
 3.  Atlantic and Gulf coastal plain soils which may include stiff hard clays suchas the Cooper Marl,
 4.  Residual soils (saprolite) overlying hard metamorphic rock along thePiedmont and Blue Ridge physiographic regions.
 For firm rock site conditions, taken generally as Cenozoic or Paleozoicsedimentary rocks, such as shale, sandstones, or siltstones, two alternativeexpressions of nonlinear dynamic material behavior are proposed: the EPRI “rockcurves” (Figure B-11) and linear response. The EPRI rock curves were developedduring the EPRI (1993) [18] project by assuming firm rock, with nominal shear-
  wave velocities in the range of about 914 m/s to 2134 m/s (3,000 ft/s to about7,000 ft/s, about 5,000 ft/s on average), behaves in a manner similar to gravels[18] being significantly more nonlinear with higher damping than more finegrained sandy soils. The rock curves were not included in the EPRI report as thefinal suite of amplification factors was based on soil profiles intended to capturethe behavior of soils ranging from gravels to low plasticity sandy clays at CEUS
 nuclear power plants. With the stiffness typically associated with consolidatedsedimentary rocks, cyclic shear strains remain relatively low compared to soils.Significant nonlinearity in the soft-to-firm rock materials is largely confined tothe very high loading levels (e.g. ≥ 0.75g).
 As an alternative to the EPRI rock curves, linear response should be assumed.Implicit in this model is purely elastic response accompanied with damping thatremains constant with cyclic shear strain at input loading levels up to and beyond
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 1.5g (reference site). Similar to the two sets of curves for soils, equal weights weregiven to the two sets of nonlinear properties for soft/firm rock sites assummarized in Table B-1.
 B-3.4 Densities
 Because relative (soil surface/reference site) densities play a minor role in site-specific amplification, a simple model based on the shear-wave velocity of themean base-case profile is proposed for those sites where a profile density is notavailable. This model relating estimated shear-wave velocity and density issummarized in Table B-2.
 Due to the square root dependence of amplification on the relative density, a 20%change in soil density results in only a 10% change in amplification and only forfrequencies at and above the column resonant frequency. As a result only anapproximate estimate of profile density is considered necessary with the densitiesof the mean base-case profile held constant for the upper and lower range base-case profiles. This approach provides a means of accommodating epistemicuncertainty in both density as well as shear-wave velocity (Section B-3.1) in thesuite of analyses over velocity uncertainty.
 B-4.0 Representation of Aleatory Variability in Site Response
  To accommodate the aleatory variability in dynamic material properties that isexpected to occur across each site (at the scale of the footprint of a typical nuclearfacility), shear-wave velocity profiles as well as G/GMAX  and hysteretic dampingcurves should be randomized. The aleatory variability about each base-case set ofdynamic material properties should be developed by randomizing (a sufficientnumber of realizations to produce stable estimates) shear-wave velocities, layer
 thickness, depth to reference rock, and modulus reduction and hystereticdamping curves. For all the sites considered, where soil and firm rock extended todepths exceeding 150 m (500 ft), linear response can be assumed in the deepportions of the profile [32, 33, 35, 36].
 B-4.1 Randomization of Shear-Wave Velocities
  The velocity randomization procedure makes use of random field models [37] togenerate V S profiles. These models assume that the shear-wave velocity at anydepth is lognormally distributed and correlated between adjacent layers. Thelayer thickness model also replicates the overall observed decrease in velocityfluctuations as depth increases. This realistic trend is accommodated through
 increasing layer thicknesses with increasing depth. The statistical parametersrequired for generation of the velocity profiles are the standard deviation of thenatural log of the shear-wave velocity (σlnVs) and the interlayer correlation (ρIL).For the footprint correlation model, the empirical σlnVs is about 0.25 anddecreases with depth to about 0.15 below about 15 m (50 ft) [32]. To preventunrealistic velocity realizations, a bound of ± 2σlnVs should be imposed throughoutthe profile. In addition, randomly generated velocity should be limited to2.83 km/s (~9200 ft/s). All generated velocity profiles should be compared to
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 available site-specific data as a check to ensure that unrealistic velocity profiles areremoved (and replaced) from the set of velocity profiles used to develop siteresponse amplification functions. This process should be documented as part ofthe site response analysis.
 B-4.2 Aleatory Variability of Dynamic Material Properties
  The aleatory variability about each base-case set of dynamic material properties(EPRI depth dependent vs. Peninsular for example) will be developed byrandomizing modulus reduction and hysteretic damping curves for each of thethirty realizations. A log normal distribution may be assumed with a σln of 0.15and 0.30 at a cyclic shear strain of 3 x 10-2% for modulus reduction and hystereticdamping respectively [32]. Upper and lower bounds of ± 2σ should be applied.
  The truncation is necessary to prevent modulus reduction or damping modelsthat are not physically realizable. The distribution is based on an analysis of
  variance of measured G/GMAX  and hysteretic damping curves and is consideredappropriate for applications to generic (material type specific) nonlinear
 properties [32]. The random curves are generated by sampling the transformednormal distribution with a σln of 0.15 and 0.30 as appropriate, computing thechange in normalized modulus reduction or percent damping at 3 x 10-2% cyclicshear strain, and applying this factor at all strains. The random perturbationfactor is then reduced or tapered near the ends of the strain range to preserve thegeneral shape of the base-case curves [18, 32]. Damping should be limited to amaximum value of 15% in this application.
 B-5.0 Development of Input Motions
  The ground motion used as input to site response analyses is commonly referredto as the “control motion.” This can be reflected in time histories matched or
 scaled to a response spectrum or, in the case of Random Vibration Theory, apower spectral density (PSD). Because of the very large number of cases that willneed to evaluated to capture the range of epistemic uncertainty and aleatory
  variability in this application (See Figure B-1 and Table B-3) the followingdiscussion will assume that the much more efficient random vibration theory(RVT) approach to performing site response analyses will be utilized as opposedto a time series (TS) based technique. The following sections describe the modelused in the development of the control motions and the parameters of that modelthat require an assessment of uncertainty.
 B-5.1 Simple Seismological Model to Develop Control Motions
  The methodology suggested for developing the input or control motions relies ona widely used, simple seismological model to represent earthquake source,propagation path and site characteristics ([10] and references therein). Theground motions recorded at a given site from an earthquake can be represented inthe frequency domain as:
 Y(M 0  , R, f) = E(M 0  , f)∙P(R, f)∙G(f).
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  Where Y(M 0  ,R,f) is the recorded ground motion Fourier amplitude spectrum, E(M 0  ,f) is the Brune point-source seismic spectrum, P(R,f) represents thepropagation path effects, and G(f) represents the modification due to site effects.In this equation M 0  is the seismic moment of the earthquake, R  is the distancefrom the source to the site, and f   is frequency. The seismic moment and theearthquake magnitude are related through the definition of the momentmagnitude, M [21]:
  M=2/3Log 10  M 0  -10.7.
  The P(R, f) term accounts for path effects, geometrical spreading and frequencydependent deep crustal damping and can be expressed as:
 P(R,f) = S(R) exp((-π  f R)/(Q(f)V S  )).
  Where S(R) is the geometrical spreading function, Q(f) is the seismic qualityfactor, and V S  is the shear-wave velocity in the upper crust.
  The G(f) term accounts for upper crustal amplification and frequency-independent shallow crustal damping:
 G(f) = A(f)∙D(f).
  Where A(f) is the amplification function relative to source depth velocityconditions and D(f) represents the frequency-dependent damping term (D(f) =exp(-πκ 0  f)). The A(f) term may be calculated using simplified square-rootimpedence methods ( A(f) = (Zsource/Zavg)0.5 ), where Z is the product of densityand velocity  (  ρ V S  ), for example) or using more detailed full resonant techniques[44].
 Kappa (κ0) is an upper crustal site ground motion attenuation parameter thataccounts for the overall damping in the basement rock immediately beneath asite. The properties and behavior of the upper few hundreds of meters of thecrust has been shown to produce as much as 50% or more of the total attenuation(Q(f)) of the high-frequency portion of the ground motion spectrum [1, 4]. The
  value of kappa influences the shape of the ground motion spectrum observed at agiven site. High values of kappa result in enhanced attenuation of the high-frequency portion of the spectrum.
  The factors in the simple seismological model that affect the spectral shape of theinput motions are kappa, magnitude, attenuation model and source model. Thesefactors are discussed below. An example of the potential effect of theseparameters on the spectral shape of the input ground motions (Fourier amplitudespectra and 5%-damped response spectra) is shown in Figures B-12 and B-13(input parameters are summarized in Table B-7).
 B-5.1.1 Magnitude
 Conditional on reference site peak acceleration, amplification factors depend, tosome extent, upon control motion spectral shape due to the potential nonlinear
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 response of the near-surface materials. For the same reference site peakacceleration, amplification factors developed with control motions reflecting M 5.5 will differ somewhat with those developed using a larger or smallermagnitude, for example.
 Figures B-14 and B-15 show amplification factors developed for the 400 m/s
 (~1300 ft/s) V S30 template profile (Figure B-2) using the single-corner sourcemodel for magnitudes M 5.5, 6.5, and 7.5. For this sensitivity analysis the morenonlinear EPRI G/Gmax and hysteretic damping curves (Figure B-8) were used.
  The dependence on control motion spectral shape is observed to decrease withdegree of nonlinearity becoming independent for linear analyses. As Figures B-14 and B-15 illustrate, the largest amplification reflects the lowest magnitude (M 5.5). Over the frequency range of about 5 to 10 Hz, and the ground motionamplitude range of most engineering interest (between 0.1 g and 0.75 g), thedifference in the derived amplification functions between the magnitudes isminor. The largest difference in amplification is about 20% and at the highestloading levels (≥ 0.75g). The largest difference in amplification is between M 5.5and M 6.5 with little difference (< 10%) between M 6.5 and M 7.5. Given themost current source characterization model in CENA [26] and the distributionof existing NPP sites, the dominant contribution for the annual exceedancefrequencies (AEF) of 10-4 and below are from magnitudes in the range of aboutM 6 to M 7+. Given these factors, and the large number of analyses required(Table B-3) a single magnitude (M 6.5) is proposed for development of thecontrol motions. This is felt to adequately characterize the amplification, withtacit acceptance of slight conservatism for magnitude contributions above aboutM 7.
 B-5.1.2 Attenuation (Q(f)) Model
 As illustrated in Figures B-12 and B-13, major differences in the assumed crustalattenuation model (note Q(f) depends strongly on geometrical spreading) willinfluence the spectral shape of the control motions. However, within a giventectonic region, the CENA or the WUS for example, changes in the crustalattenuation model do not contribute significantly to changes in the derivedamplification functions. Appropriate, widely referenced crustal attenuationmodels are proposed for the CEUS and WUS sites (Table B-4).
 B-5.1.3 Kappa
 In the context of this discussion, the kappa referred to here is the profile dampingcontributed by both intrinsic hysteretic damping as well as scattering due to wave
 propagation in heterogeneous material. Both the hysteretic intrinsic damping andthe scattering damping within the near-surface profile and apart from the crustare assumed to be frequency independent, at least over the frequency range ofinterest for Fourier amplitude spectra (0.33 to about 25.0 Hz). As a result, thekappa estimates reflect values that would be expected to be measured based onempirical analyses of wavefields propagating throughout the profiles at lowloading levels and reflect the effective damping or “effective” Q  s within theprofile [12]. Changes in kappa can exert a strong impact on derived control
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 motion spectra (Figures B-11 and B-13) and as a result are an important part ofthe input model for development of control motions. Hence, similar to thetreatment of uncertainties in shear-wave velocity profiles, multiple base-cases(mean and upper and lower ranges) may be developed for kappa.
 B-5.1.3.1 Development of Base Case Kappa Models
 Mean base-case kappa values were developed differently for soil and firm rocksites.
 CEUS Rock Sites: For rock sites with at least 3,000 ft (1000 m) of firmsedimentary rock (V S30 > 500 m/s) overlying hard rock, the kappa-V S100 (averageshear-wave velocity over the upper 100ft of the profile) relationship of
 log(κ) = 2.2189 – 1.0930*log(V S100),
  Where V S100 is in ft/s, is proposed to assign a mean base-case estimate for kappa[36, 38]. The requirement of a 3000 ft (1,000 m) thickness of firm materialsreflects the assumption that the majority of damping contributing to kappaoccurs over the upper km of the crust with a minor contribution from deepermaterials (e.g., 0.006s for hard rock basement material). As an example, for afirm sedimentary rock with a shear-wave velocity of 5,000 ft/s (1525 m/s), thisrelationship produces a kappa estimate of about 0.02s. The assumption that istypically used implies a kappa of 0.014s is contributed by the sedimentary rockcolumn and 0.006s from the underlying reference rock (Table B-4), and reflectsan average Q  s of about 40 over the 3,000 ft depth interval. The Q  s value of 40 forsedimentary rocks is consistent with the average value of 37 observed (measured)over the depth range of 0m to 298 m in Tertiary claystones, siltstones,sandstones, and conglomerates at a deep borehole in Parkfield, California [22].
 For soft/firm rock cases with low estimated velocity values, an upper boundkappa value of 0.04s should be imposed. The maximum kappa value of about0.04s reflects a conservative average for soft rock conditions [31, 32].
 For cases where the thickness of firm rock is less than about 3,000 ft (1000 m)and the relationship cited above is not applicable, the kappa contributed by thefirm rock profile can be computed assuming a Q  s of 40 plus the contribution ofthe reference rock profile of 0.006s (Table B-4). For the three base-case firmrock template profiles shown in Figure B-6, the total kappa values assuming a Q  s of 40 are 0.019s, 0.025s, and 0.015s for the mean, lower range, and upper rangebase-cases respectively.
 Soil Sites:
 For soil sites (either in the WUS or CEUS) with depths exceeding 1000 m(3,000 ft) to hard rock, a mean base-case kappa of 0.04s should be assumed basedupon observed average values for deep soil sites and low loading levels. The meanbase-case kappa of 0.04s adopted for deep firm soils is lower than the value ofapproximately 0.06s based on recordings at alluvium sites located in Southern
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 California [4, 32]. For soil sites, due to nonlinear effects, low strain kappa may beoverestimated depending upon loading level and the nonlinear dynamic materialproperties. To avoid potential bias in the deep, firm soil, low strain kappa, the
  value of 0.04s is based on inversions of the Abrahamson and Silva [3] soil siteGMPE [32]. In that inversion, a range of rock site loading levels was used withthe soil value of 0.04s based upon a rock site peak acceleration of 5% g or less,clearly a low strain estimate. The deep soil mean base-case kappa of 0.04s isadopted for both the upper and lower range profiles with the assumption that thesuite of profiles reflect deep firm soils. The assumed kappa of 0.04s for deep (≥1000 m (3,000 ft)) firm soils in the CEUS is somewhat less than the 0.054sinferred by Campbell [12] based on Cramer et al. [15] analyses for effective Q  s 
  within the 960m deep sedimentary column in the Mississippi embayment nearMemphis, Tennessee. The deep firm soil kappa of 0.04s is in fair agreement with0.052s found by Chapman, et al. [13] for the 775m thick sedimentary columnnear Summerville, South Carolina.
 In summary, for deep firm soil sites (≥ 1000 m (3,000 ft) to basement rock) in theCEUS, a nominal kappa value of 0.04s based on an average of many empiricalestimates predominately in the WNA tectonic regime is proposed. Sparseanalyses for deep soil sites in the CEUS suggest 0.04s reflects some conservatism.However it should be noted the small strain total kappa is rapidly exceeded (i.e.,becomes less important) as loading level increases due to nonlinear response. Theinitial low strain kappa serves primarily as a means of adjusting (lowering) kappato accommodate the scattering component due to the profile randomization.Hence, no significant bias in the final amplification functions at loading levels ofengineering interest is anticipated.
 For cases of shallower soils, less than 1000 m (3,000 ft) to hard rock basementmaterial, the empirical relation of Campbell [12] should be used for the
 contribution to kappa (in milliseconds) from the thickness of the sedimentcolumn (H):
 κ(ms) = 0.0605*H (thickness in meters).
  The assumed basement kappa value of 0.006s (Table B-4) is used in lieu ofCampbell’s [7] estimate of 0.005s to estimate the soil contribution to total kappa.For 1000 m (3,000 ft) of soil, Campbell’s [12] relation predicts a total kappa of0.0665s (0.0605 contribution from soil and 0.006 contribution from basementrock) , considerably larger than the mean base-case value of 0.04s, suggesting adegree of conservatism at low loading levels for CENA firm soils. For continuity,in the implementation of Campbell’s equation, a maximum kappa of 0.04s
 should be implemented for sites with less than 1000 m (3,000 ft) of firm soils.
 B-5.1.3.2 Representation of Epistemic Uncertainty in Kappa
  The parameter kappa is difficult to measure directly. Since no measurements ofthe type required exist at the sites of interest, a large uncertainty is applied in thesite response analyses. Epistemic uncertainty in kappa is taken as 50% (σμLn =0.40, Table B-1; [18]) about the mean base-case estimate for this assessment.
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  The uncertainty is based on the variability in kappa determined for rock sites which recorded the 1989 M 6.9 Loma Prieta earthquake [18], and adopted hereas a reasonable expression of epistemic uncertainty at a given site. As with theshear-wave velocity profiles (Section B-3.2.1), the ± 0.51 natural log units (1.28σμ) variation is considered to reflect 10% and 90% fractiles with weights of 0.30and a weight of 0.40 for the mean base-case estimate. The models for epistemicuncertainty are summarized in Table B-1.
 B-5.1.4 Source Model
 Alternative conceptual models to represent the earthquake source spectral shapeexist in the literature. A single corner frequency model of the earthquake sourcespectrum has been widely used in the simple seismological model described above[10 and 18]. However, based on the limited ground motion data in CENA as
  well as inferences from intensity observations, an alternative empirical two-cornersource model for CENA earthquakes has been developed [5]. The two-cornersource model addresses the potential for CENA source processes to reflect a
 significant spectral sag at large magnitude (M ≥ 6) and intermediate frequency[6], compared to source processes of tectonically active regions. Such a trend wassuggested by the 1988 M 5.9 Saguenay, Canada and 1985 M 6.8 Nahanni,Canada earthquakes. The two-corner source model for CENA [6] incorporatesthe spectral sag between two empirical corner frequencies which are dependenton magnitude. The two-corner model merges to the single-corner model for M less than about M 5. Interestingly, the two-corner model has been implementedfor tectonically active regions and shown to be more representative of WNAsource processes than the single-corner model [7], albeit with a much lesspronounced spectral sag than the CENA model.
  The debate regarding the applicability of these two source models continues. The
 lack of relevant observations for M >6 in CENA precludes identifying eithermodel as a unique, preferred model. As a result, in the interest of representingthe epistemic uncertainty in this element of the control motions, both single- andtwo-corner [6] source models were used with M 6.5 to develop control motions.
  The two models were considered to reflect a reasonable range in spectralcomposition for large magnitude CENA sources. As a result, equal weights wereselected as shown in Table B-1 to develop amplification factors using each sourcemodel.
 Additionally, for moderately stiff soils, typical for NPP siting, the difference inamplification between single- and double-corner source models becomessignificant only at the higher loading levels as Figures B-16 and B-17 illustrate.
 Figures B-16 and 17 compare the amplification computed for both the single-and double-corner source models using the EPRI modulus reduction andhysteretic damping curves (Figure B-8), the most nonlinear set of curves for soils.
  These results suggest the difference in amplification between single- vs. double-corner source models are significant enough to consider the implied epistemicuncertainty in central and eastern North America (CENA) source processes atlarge magnitude (M >6).
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 B-5.1.4.1 Development of Input Motions
 It is necessary to define the site response over a broad range of input amplitudesto develop amplification functions. For sites in the CEUS, the Mid-continentcrustal model [18] (Table B-5) with a shear-wave velocity of 2830 m/s(~9200 ft/s), a defined shallow crustal damping parameter (kappa; [4]) of 0.006 s,and a frequency dependent deep crustal damping Q model of 670 f 0.33 [18] isused to compute reference motions (5% damped pseudo absolute accelerationspectra). The selected Q(f), geometrical spreading, kappa, and reference siteshear-wave velocities are consistent with the EPRI GMPEs (Ground MotionPrediction Equations) [19]. The site-specific profiles are simply placed on top ofthis defined crustal model which has a reference shear-wave velocity of 2830 m/s(~9200 ft/s) and a reference kappa value of 0.006 s. Distances are thendetermined to generate a suite of reference site motions with expected peakacceleration values which cover the range of spectral accelerations (at frequenciesof 0.5, 1.0, 2.5, 5.0, 10.0, 25.0, 100.0 Hz) anticipated at the sites analyzed. Tocover the range in loading levels, eleven expected (median) peak acceleration
  values at reference rock are needed to span from 0.01g to 1.50g. This is theminimum number of intervals felt adequate to capture the amplitude dependenceof the amplification functions. Table B-4 lists the suite of distances for thesingle-corner source model and Table B-6 lists the corresponding distances forthe double-corner model.
 Amplification factors (5% damping response spectra) are then developed byplacing the site profile on the Mid-continent crustal model at each distance withthe input motion being equal to the reference rock motion convolved with adiminution function which implements the site specific kappa (e.g. kappa fromthe equations in Section B-5.1.3 and a 0.006s contribution from basement rock) ,generating soil motions, and taking the ratios of site-specific response spectra
 (5% damped) to hard rock reference site response spectra. For the higher levels ofrock motions, above about 1 to 1.5g for the softer profiles, the high frequencyamplification factors may be significantly less than 1, which may be exaggerated.
  To adjust the factors for these cases an empirical lower bound amplification of0.5 is to be implemented [18, 3].
  The general framework for the site response calculations are summarized inFigure B-1 and Tables B-1 and B-3.
 B-6.0 Development of Probabilistic Hazard Curves
  The procedure to develop probabilistic site-specific soil hazard curves was
 described by McGuire et al. (2001) and by Bazzurro & Cornell (2004) [24, 8]. That procedure (referred to as Approach 3) computes a site-specific soil hazardcurve for the spectral acceleration at a selected spectral frequency (or period)given the site-specific hazard curve for the bedrock spectral acceleration at thesame oscillator period and site-specific estimates of soil response. The soilresponse is quantified through the period/frequency-dependent amplificationfactor, AF( f  ). The function AF( f  ) is given by:
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 AF( f  ) = SaSOIL( f  )/SaROCK ( f  ),
  where f is frequency, and SaSOIL( f  ) and SaROCK ( f  ), are the 5% damped spectralaccelerations at the soil surface and bedrock, respectively. Since the near-surfacematerials frequently exhibit nonlinear behavior, the variation of AF( f  ) with inputintensity needs to be captured. Most commonly the input intensity is quantified
 by SaROCK  at the frequency of interest.
 In the fully probabilistic approach, the annual probability of exceedance of soilground motion level z (GZ(z)) at spectral frequency f is computed as: 
 () =  ≥  ∞0 () 
  Where (  ≥ /|) is the probability that AF is greater than the quantity z/xgiven a bedrock amplitude of x , and f  X (x ) is the probability density function ofSaROCK .
 In discretized form, the above equation can be expressed as:
 () =  ≥   � 
  Where p x(x  j ) is the annual probability of occurrence for SaROCK  equal to x  j . Thisprobability is obtained by differentiating the appropriate rock hazard curve.
  Then, ≥   can be computed by assuming AF is lognormallydistributed and a function of x , since
 ≥  =
   ln −
 |
 |    
  Where µlnAF|x is the mean value of ln AF given SaROCK  = x, and σlnAF|x is thestandard deviation of ln AF given SaROCK = x . The term for (∗) is simply thestandard Gaussian cumulative distribution function. The parameters µlnAF|x andσlnAF|x are obtained from the distribution for AF derived from the site responseanalyses described above, and are a function of bedrock amplitude x .
  The site amplification functions are to be developed as described in Sections B-1through B-5. As discussed in those sections, multiple models of site amplificationfunctions are derived. To compute site-specific hazard results using the equationsabove, these multiple models are to be combined, with associated weights (SeeFigure B-1 and Table B-1), to derive overall log-mean and log-standarddeviation values for each spectral frequency. For each spectral frequency andinput rock amplitude, the total log-mean, µ T ( µlnAF|x in the equation above), andlog-standard deviation, σ T  (σlnAF|x in the equation above), are calculated as:
 =   
 =   (( − )2 + 2)  
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  Where i  indicates individual site amplification models, wi  is the weight on eachmodel, and µ i  and σ i  are the log-mean and log-standard deviation of each siteamplification model, i.
 B-7.0 Hazard-Consistent, Strain-Compatible MaterialProperties (HCSCP)
 In the approach to develop site-specific motions (hazard curves orprobabilistically-based design response spectra), a probabilistic method should beused which correctly preserves the annual exceedance probabilities of the generichard rock PSHA, while properly incorporating variabilities (aleatory andepistemic) in site-specific dynamic material properties. For structural analyses,strain-compatible material properties are desired which are consistent with theprobabilistically-based design motions [46]. To achieve hazard consistency,strain-compatible dynamic material properties, must reflect both the hazard level(ground motion and exceedence frequency) as well as the aleatory and epistemiccomponents in site-specific dynamic material properties that have been
 incorporated in developing the soil motions for design or risk analyses.
 Simply using control motions based on a generic rock site hazard to drive thesite-specific soil column (Approaches 1 or 2 [24, 45]) will, in general, not resultin strain-compatible properties consistent with the site-specific soil hazarddeveloped using a fully probabilistic approach (Approaches 3 or 4). Additionally,this approach is not viable for cases where the reference site hazard wasdeveloped for generic soil or soft rock site conditions. For such cases, the rockcontrol motions which are appropriate for the base of the soil conditions are notgenerally available.
 As a result, if a fully probabilistic approach has been employed to develop the
 site-specific hazard (such as Approach 3) then an approach should be employedto develop the strain-compatible dynamic properties that preserves that hazardconsistency. The approach may assume that strain-compatible properties areapproximately lognormally-distributed, consistent with observed strong groundmotion parameters [2], and make use of the distributions of strain-compatibleproperties catalogued during development of the suites of amplification factors.Median strain compatible properties and estimates of sigma in those propertiescan be determined as a function of rock spectral acceleration for each soil layer inthe same manner that a median amplification and associated sigma aredetermined. Instead of cataloging amplification values associated with Figure B-1/Table B-1, final strain values are catalogued from which strain-compatibledynamic material properties are then derived.
 Specifically, the approach should examine the site-specific horizontal or verticalsoil hazard curves at the annual exceedance frequencies (AEF) of interest,determine the ground motion (interpolating logarithmically as necessary), andlocate the corresponding amplification factors and associated strain-compatibleproperties at the ground motion levels determined from the hazard curve. Toaccommodate epistemic variability in site-specific properties, the same weightsused in developing the site-specific hazard curves (Figure B-1 and Table B-1) are
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 applied to the corresponding strain compatible properties. The weighted median(mean log) set of strain compatible properties (for each layer) and log standarddeviations, reflecting upper- and lower-range properties, are given by the last twoequations in Section B-6.0. The associated variance includes both the aleatorycomponent for each epistemic case as well as the variability of mean propertiesfor each base case.
  To examine consistency in strain-compatible properties across structuralfrequency, the entire process is performed at PGA (typically 100 Hz), and againat low frequency, typically 1 Hz. If the differences in properties at high- and low-frequency are less than 10%, the high-frequency properties may be used since thisfrequency range typically has the greatest impact on soil nonlinearity. If thedifference exceeds 10% the HCSCP developed at PGA and those developed at 1Hz may be combined with equal weights.
  The above approach results in a suite of HCSCP consistent with Approaches 3or 4 and the intent of [46]. These results can then be used to develop best-estimate and upper and lower range values for strain-compatible dynamicmaterial properties in each soil layer that can be directly utilized in soil-structureinteraction calculations [46]
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 Table B-3Maximum Number of Models to Characterize Epistemic Uncertainty
 Parameter Maximum Soil Firm Rock Soil/Firm Rock
 N N N N
 Profile 3 3 3 3Curves 2 2 2 2
 Kappa 3 1 3 3
 Magnitude 2 1 1 1
 1,2-Corner 2 2 1 2
 Total Models 72 12 18 36
 Table B-4Suite of Hard Rock Peak Accelerations, Source Epicentral Distances, and Depths
 (M 6.5; 1-corner source model)
 Expected Peak Acceleration (%g)
 Distance (km) Depth (km)
 1 230.00 8.0
 5 74.00 8.0
 10 45.00 8.0
 20 26.65 8.0
 30 18.61 8.0
 40 13.83 8.0
 50 10.45 8.0
 75 4.59 8.0
 100 0.0 7.0
 125 0.0 5.6
 150 0.0 4.7
 Additional parameters used in the point-source model are:
 Δσ (1-corner) = 110 barsρ  = 2.71 cgs
 β  = 3.52 km/sR C = 60 km, crossover hypocentral distance to R -0.5 geometricalattenuation
  T = 1/f c + 0.05 R, RVT duration, R = hypocentral distance (km)Q  o = 670η  = 0.33kappa(s) = 0.006
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 Table B-5Generic CEUS Hard Rock Crustal Model
 Thickness (km) V s (km/sec) (cgs)
 1 2.83 2.52
 11 3.52 2.7128 3.75 2.78
 -- 4.62 3.35
 Table B-6Suite of Hard Rock Peak Accelerations, Source Epicentral Distances, and Depths(M 6.5; 2-corner source model)
 Expected PeakAcceleration (%g)
 Distance (km) Depth (km)
 1 230.00 8.0
 5 81.00 8.010 48.00 8.0
 20 28.67 8.0
 30 20.50 8.0
 40 15.60 8.0
 50 12.10 8.0
 75 6.30 8.0
 100 0.0 7.9
 125 0.0 6.4
 150 0.0 5.4
 Table B-7Geometrical spreading and attenuation models for the CEUS and WUS
 Region Geometric Spreading Anelastic
  Attenuation
 CEUS1/R
 (1/60)(60/R)0.5 
 for
 for
 R ≤ 60km
 R > 60kmQ(f) = 670f 0.33 
 WUS1/R
 (1/35)(35/R)
  0.5
  
 for
 for
 R ≤ 35km
 R > 35km
 Q(f) = 270f 0.60 
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 Figures
 Figure B-1Logic tree illustrating the process for capturing uncertainty in the development of
 site-specific amplification functions.
  This illustration is for a site with limited at-site geophysical and geotechnicaldata available. UR and LR indicate Upper-Range and Lower-Range about themean Base-Case model.
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 Figure B-2Template Shear Wave Velocity Profiles for Soils, Soft Rock, and Firm Rock. RockProfiles Include Shallow Weathered Zone. Indicated velocities are for V S30 .
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 Figure B-3Illustration of how available information is used to develop a mean base-case
 profile.
  The information available is represented by the measured near-surface soil V S30 (solid black line), estimated depth to firm rock (solid brown line) and estimatedfirm rock VS (solid orange line). Proposed mean base-case VS profile is indicatedby dashed red line.
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 Figure B-4Illustration of the range of velocity
  This shows a case implied by the method used to account for epistemicuncertainty in site specific shear wave velocity profiling where sparse or limited
 information is available. Displayed is the 760 m/s (1525 ft/s) WNA referencerock template velocity (solid curve) with dashed curves representing ± σμ ln =0.35.
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 Figure B-5Method used to account for epistemic uncertainty in site specific shear wavevelocity profiling where limited information is available.
 Displayed is the 760m/s (1525 ft/s) reference template velocity (solid black curve) with dashed curves representing 10th and 90th-percentile values (±0.45 naturallog units which corresponds to a σμ ln = 0.35). Dotted red curves are for ±0.64
 natural log units which corresponds to a σμ ln = 0.5.
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 Figure B-6Illustration of Upper Range and Lower Range Base-Case profiles (10th and 90thpercentiles) developed to represent the epistemic uncertainty in the Mean Base- Case for firm rock conditions.
 A mean surface velocity of 5000ft/s (1525m/s) was assumed for the Base Caseand the empirical gradient of Fukushima et al. (1995) [19] was applied. A σμ ln= 0.35 was used.
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 Figure B-7
 Illustration of the development of Upper Range and Lower Range profiles toaccommodate epistemic uncertainties for the hypothetical example shown in FigureB-3.
 A σμ ln = 0.35 has been used to develop the 10th and 90th-percentile curves inthe upper portion of the profile where sparse Vs measurements were available. Aσμ ln = 0.50 was applied to the lower portion of the profile where the Vs of theBase Case was inferred from geological information. The 90th-percentile curve
  was capped at a value equal to the 2830m/s Vs value assumed for the hard rockbasement.
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 Figure B-8
 Generic G/GMAX and hysteretic damping curves for cohesionless soil [18]. Notethat damping will be limited to 15% for this application.
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 Figure B-9Comparison of median amplification functions (5%-damped PSa) derived using theEPRI (1993) [18] (see Figure B-8) and Peninsular Range [40]) G/GMAX andhysteretic damping curves.
  The results are for the 400 m/sec V S30 template profile and a single-corner sourcemodel for reference rock loading levels of 0.01 to 1.50g.
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  B-38  
 Figure B-10Comparison of median amplification functions (5%-damped PSa) derived using theEPRI (1993) [18] (see Figure B-8) and Peninsular Range [40] G/GMAX andhysteretic damping curves.
  The results are for the 400 m/sec V S30 template profile and a single-corner sourcemodel for reference rock loading levels of 0.01 to 1.50g.
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 Figure B-11Generic G/GMAX and hysteretic damping curves developed for firm rock in the
 EPRI (1993) study [12] (from Dr. Robert Pyke).
 Note that damping is limited to 15% in this application.
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 Figure B-13Illustration of effect of various factors in the simple seismological model on response spectral shape.
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 Figure B-14Comparison of amplification functions (5%-damped PSa) computed for magnitudesof M 5.5, 6.5, and 7.5, using the single-corner source model and the 400 m/sec
 V S30  stiff-soil template profile (Figure B-2) with the EPRI (1993) [18] G/GMAX andhysteretic damping curves (Figure B-8).
  The input reference rock loading levels varied from 0.01 to 1.50 g (Table B-4).
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 Figure B-15Comparison of amplification functions (5%-damped PSa) computed for magnitudesof M 5.5, 6.5, and 7.5.
  This Figure uses the single-corner source model and the 400 m/sec V S30 stiff-soiltemplate profile (Figure B-2) with the EPRI (1993) [18] G/GMAX andhysteretic damping curves (Figure B-8). The input reference rock loading levels
  varied from 0.01 to 1.50 g (Table B-4).
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  B-45  
 Figure B-17Comparison of amplification functions (5% damped PSa) computed using theSingle- and Double-Corner source models (Tables B-4 and B-6) for the 400 m/secV S30  stiff-soil template profile (Figure B-2) with the EPRI (1993) [18] G/GMAX andhysteretic damping curves (Figure B-8).
  The input reference rock loading levels varied from 0.01 to 1.50 g (Tables B-4and B-6).
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 Appendix C:  Sensitivity Studies to DevelopCriteria for Analyzing Rock-Founded Structures as Fixed-Base Models
  Two examples of models of existing structures at a nuclear power plant wereanalyzed in a study to compare the ISRS developed from a fixed-base dynamicanalysis with the ISRS obtained from SSI analyses with various shear wave
  velocities. The first example analyzed a containment structure with afundamental frequency of about 5 Hz, and the second example was for a MainSteam Valve House (MSVH) structure which has a fundamental frequency ofabout 10 Hz in one horizontal direction.
 C1.0 Containment Structure
  The containment structure, which has a horizontal fundamental mode of about5 Hz, was analyzed [45] using a fixed-base model and, subsequently, with SSI
 analyses using three sets of shear wave velocities (Vs) for this site: lower bound(about 3,400 ft/sec), best estimate (about 5,200 ft/sec) and an upper bound(about 7,900 ft/sec). Figures C-1, C-2 and C-3 show the results of the analysesat the operating deck of the structure (about 75 ft above the basemat) in the east-
  west, north-south, and vertical directions, respectively. All three figures comparethe results from SSI analyses using the lower and best estimate shear wave
  velocity values with the results of the fixed-base analysis. The results from theSSI analysis using the upper bound Vs were very close to the fixed-base resultsand therefore are not shown in this Appendix but are included in [45].
 From these figures, it can be seen that for the east-west and north-southdirections, the lower bound Vs case resulted in a slight shift of frequency of thespectral peak as compared to the fixed-base model (about 1 Hz lower with SSI)because of the rotational effects. For the best estimate case (Vs of 5200 ft/sec),the frequency shift was smaller in the north-south direction, and there was noshift in the east-west direction. In the vertical direction, the two SSI cases gaveidentical ISRS, and there was also no frequency shift compared to the fixed-basecase. In all three directions, the spectral peaks determined from the fixed-baseanalysis were higher than those from the SSI analyses, and the shapes of theISRS in the entire frequency range remained about the same. Therefore, based

Page 206
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 206/220

Page 207
                        

8/17/2019 EPRI 1025287 SPID
 http://slidepdf.com/reader/full/epri-1025287-spid 207/220
  
  C-3  
 Figure C-3Reactor Containment Internal Structure, Operating Floor Vertical Direction, 5%Damping
 C2.0 Main Steam Valve House Structure
  The MSVH structure, which has a fundamental mode of about 10 Hz in onehorizontal direction, was analyzed [55] using a fixed-base model and,subsequently, with SSI analyses using two sets of shear wave velocities (Vs):3,500 ft/sec and 5,200 ft/sec (best estimate Vs for this site). Three sets of inputmotions were used in the analysis; however, ISRS for only two sets ofrepresentative motions are presented in this Appendix (results of the third set ofinput motions are about the same as the first set and are documented in [55]).
  The two set of results presented here are: (a) ISRS using time histories derivedfrom the design basis earthquake (DBE) ground spectrum shape of this plant,
  which is similar to that of RG 1.60, and (b) ISRS using time histories derivedfrom GMRS from a recent PSHA for a hard rock site that contains highfrequency content.
 Figures C-4, C-5 and C-6 show the ISRS for case (a) and Figures C-7, C-8 andC-9 show the ISRS for case (b), in the east-west, north-south, and verticaldirections, respectively. These ISRS are compared at a node (Elevation 306 ft)
 that is about 60 ft above the basemat of the structure. These figures compare theresults from the fixed-base case and the SSI cases with (Vs) = 3,500 ft/sec caseand (Vs) = 5,200 ft/sec.
 From these figures, it can be seen that the comparison of fixed-base ISRS withthe (Vs) = 5,200 ft/sec case is reasonably good for all directions, whereas thelower bound Vs =3500 ft/sec case results in a slight shift of frequency and thespectral peaks are also slightly different in comparison to the fixed-base model.
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  C-4  
  The shapes of the ISRS in the entire frequency range remain about the samefrom all these analyses. Therefore, based on the analysis of this structure, a fixed-base analysis is appropriate for rock sites with Vs > about 5,000 ft/sec. A fixed-base analysis can be used for sites with rock Vs > 3,500 ft/sec only if one canaccept potential small frequency and amplitude shifts of the spectral peaks.Again, peak-broadening or peak-shifting of the ISRS in fragility analyses canalleviate the effect of a slight frequency shift between the SSI and fixed-baseanalyses.
 Figure C-4
 Main Steam Valve House, Elevation 306 ft East-West Direction, 5% Damping
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  C-5  
 Figure C-5Main Steam Valve House, Elevation 306 ft North-South Direction, 5% damping
 Figure C-6Main Steam Valve House, Elevation 306 ft Vertical Direction, 5% damping
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 Figure C-7Main Steam Valve House, Elevation 306 ft East-West Direction, 5% damping
 Figure C-8Main Steam Valve House, Elevation 306 ft North-South Direction, 5% damping
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 Figure C-9Main Steam Valve House, Elevation 306 ft Vertical Direction, 5% damping
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 Appendix D:  Sensitivity of ComputedAnnual Probability of FailurePF to Assumed LogarithmicStandard Deviation β Used
 in Hybrid Method withCapacities Defined by 1%Failure Probability CapacityC1% 
 D1.0 Introduction
 In the Hybrid Method, the 1% failure probability capacity C1% is computed bythe CDFM Method. Then an estimate of the composite logarithmic standarddeviation βC and its subdivision into random variability βR  and uncertainty βU areused to estimate the corresponding fragility curve. As noted in Ref. 1, typically βC lies within the range of 0.3 to 0.6. In fact, if all of the sources of variabilitydiscussed in Ref. 2 are appropriately considered, it is not possible to obtain anestimated βC less than approximately 0.3.
  The Hybrid Method is based on the observation that the annual probability ofunacceptable performance PF  for any Seismic Source Characterization is relativelyinsensitive to βC. Thus, annual probability (seismic risk) can be computed withadequate precision from the CDFM Capacity, CCDFM, and an estimate of βC. It is
 concluded in Ref. 1 that the computed seismic risk at β = 0.3 is approximately 1.5times that at β = 0.4, while at β = 0.6 the computed seismic risk is approximately60% of that at β = 0.4.
 In Section 3, it is demonstrated that the Ref. 1 conclusion concerning the lack ofsensitivity of the computed seismic risk remains valid over the full practical rangeof hazard curve slopes. This demonstration uses the Simplified Seismic RiskEquation defined in Section 2.
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 D2.0 Simplified Seismic Risk Equation
  Typical seismic hazard curves are close to linear when plotted on a log-log scale(for example see Figure D-1). Thus over any (at least) ten-fold difference inexceedance frequencies such hazard curves may be approximated by a power law:
 Eq. D-1
  where H(a) is the annual frequency of exceedance of ground motion level a, K I isan appropriate constant, and K H is a slope parameter defined by:
 Eq. D-2
 in which AR  is the ratio of ground motions corresponding to a ten-fold reductionin exceedance frequency defined by:
 Eq. D-3
  where SAH is the spectral acceleration at the mean exceedance frequency H andSA0.1H is the spectral acceleration at 0.1H.
 So long as the fragility curve PF(a) is lognormally distributed and the hazard curveis defined by Equation 1, a rigorous closed-form solution exists for the seismicrisk. This closed-form solution has been derived in a number of referencesincluding Appendix C of Ref. 1 and Appendix A of Ref. 3:
 Eq. D-4
 in which
 Eq. D-5
 and
 Eq. D-6
  where H is any reference exceedance frequency, CH is the UHRS ground motionlevel that corresponds to this reference exceedance frequency H from the seismichazard curve, C50% is the median fragility capacity, and β is the logarithmicstandard deviation of the fragility.
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 Equation 4 is referred to herein as the Simplified Seismic Risk Equation. Theonly approximations in its derivation are that the hazard curve is approximated byEquation 1 over the exceedance frequency range of interest and the fragility curveis lognormally distributed.
 By defining CH at the 1% failure probability capacity C1%, then H is replaced in
 Equation 4 by H1% corresponding to the annual frequency of exceeding C1%. With these definitions for CH and H, Equations 4 through 6 can be rewritten as:
 F 50% = (C 50% /C 1%) = e 2.326β  Eq. D-7
 (P F  /H 1%) = e  α1  Eq. D-8
 α1 = 0.5 (KH β)2  – 2.326 (K H β) Eq. D-9
 From Equations 8 and 9, it can be observed that the ratio (PF /H1%) is only afunction of the product (K Hβ).
 D3.0 Sensitivity of Failure Probability PF to β 
  Table D-1 presents the ratio (PH/H1%) computed over the full practical range ofground motion ratios AR  from 1.5 to 4.5 and β values ranging from 0.3 to 0.6using the Simplified Seismic Risk Equation.
 As shown in Table 4 of Reference 1, the failure probability PF  values computedby the Simplified Seismic Risk Equation tend to be about 10% to 20%conservatively biased when compared to PF  computed by numerical convolutionof the hazard curve and fragility curve. This bias is due to the slight downwardcurvature of the hazard curve when plotted on a log-log plot as is shown inFigure D-1. Even with this slight conservative bias, the Simplified Seismic RiskEquation can be used to compare PF  values computed for different β values at anyspecified AR  ratio
 AR  values ranging from 2.0 to 4.5 are typical for CEUS sites over the 10-4 to 10-6 annual frequency of exceedance range. Within this AR  range, the (PF /H1%) ratiosshown in Table D-1 for β = 0.3 range from 1.32 to 1.44 of the (PF /H1%) ratiosshown for β = 0.4 with an average ratio of about 1.4. Many numericalconvolutions of hazard and fragility curves have confirmed the conclusion that PF  computed using β = 0.3 will be less than about 1.5 times the PF  computed using β 
 = 0.4 for the same C1% capacity.
 Over this same AR  range from 2.0 to 4.5, the (PF /H1%) ratios shown in Table D-1for β = 0.6 range from 58% to 64% of the (PF /H1%) ratios computed for β = 0.4
  with an average of about 60%. Again, many numerical convolutions of hazardand fragility curves have confirmed this value of about 60%.
 For high seismic western sites, the AR  values will typically range between 1.5 and2.25 over the 10-4 to 10-6 annual frequency range. For AR  values less than about1.8, the lower tail of the lognormal fragility curve below the 1% failureprobability capacity C1% begins to significantly affect computed PF . Many
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 experienced seismic capacity engineers question the validity of extending thelower tail of the lognormal fragility curve substantially below the C1% capacity.However, if one conservatively includes this lower tail on the lognormal fragilitycurve, the resulting (PF /H1%) ratios computed by numerical convolution of hazardand fragility are similar to the results shown in Table D-1. As AR  is reducedbelow 1.75, the ratio of (PF /H1%) for β = 0.3 to (PH/H1%) for β = 0.4 will begin torapidly reduce below 1.4. Conversely, as AR  is reduced below 2.0, the ratio of(PH/H1%) for β = 0.6 to (PH/H1%) for β = 0.4 will begin to rapidly increase. In factat AR  = 1.5, the (PH/H1%) ratio for β = 0.6 will be 1.8 times that for β = 0.4. Thisunexpected result is directly attributable to the tail of the lognormal fragilitycurve below the C1% capacity. For sites with AR  less than 1.75:
 1) one should assess whether it is appropriate to extend the lognormalfragility curve below the C1% capacity, and
 2) if the fragility curve is extended below C1%, one needs to carefullyestimate β for those situation where β might exceed 0.5 (i.e., activecomponents mounted at high elevation in structures).
 D4.0 References
 1.  Kennedy, R.P. Overview of Methods for Seismic PRA and Margin AnalysisIncluding Recent Innovations, Proceedings of the OECD-NEA Workshopon Seismic Risk, Tokyo, August 1999.
 2.  Methodology for Developing Seismic Fragilities, EPRI TR-103959, ElectricPower Research Institute, June 1994.
 3.  Kennedy, R.P., Performance-Goal Based (Risk Informed) Approach forEstablishing the SSE Site Specific Response Spectrum for Nuclear PowerPlants. Nuclear Engineering and Design 241, pp. 648-656, 2011 (also
  Transactions SMiRT 19 Toronto, August, 2007).
 4.  Risk Engineering, Inc., REI (2001), Technical Basis for Revision ofRegulatory Guidance on Design Ground Motions: Hazard- and Risk-consistent Ground Motion Spectra Guidelines, US Nuclear RegulatoryCommission Report NUREG/CR-6728, October, 2001.
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 Table D-1Sensitivity of (PF/H 1%) to Estimated  β  over Range of AR  Values
  AR   K H  (PF/H1%)
 β=0.3 β=0.4 β=0.5 β=0.6
 1.51.75
 2.0
 2.5
 3.0
 3.5
 4.0
 4.5
 5.684.11
 3.32
 2.51
 2.10
 1.84
 1.66
 1.53
 0.0810.121
 0.162
 0.230
 0.282
 0.323
 0.355
 0.382
 0.0670.084
 0.110
 0.160
 0.202
 0.237
 0.266
 0.290
 0.0760.069
 0.083
 0.118
 0.151
 0.180
 0.205
 0.226
 0.1200.068
 0.070
 0.093
 0.118
 0.141
 0.162
 0.180
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 Figure D-1SA (10 Hz) and SA (1 Hz) hazard curves for the eleven sites normalized by theacceleration value corresponding to mean 10 -4 annual probability.
 (From Figures. 7.7 and 7.8 of REI, 2001)
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 The Electric Power Research Institute, Inc. (EPRI, www.epri.com)
 conducts research and development relating to the generation, delivery
 and use of electricity for the benefit of the public. An independent,
 nonprofit organization, EPRI brings together its scientists and engineers
 as well as experts from academia and industry to help address challenges
 in electricity, including reliability, efficiency, affordability, health, safety
 and the environment. EPRI also provides technology, policy and economic
 analyses to drive long-range research and development planning, and
 supports research in emerging technologies. EPRI’s members represent
 approximately 90 percent of the electricity generated and delivered in
 the United States, and international participation extends to more than
 30 countries. EPRI’s principal offices and laboratories are located in
 Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; and Lenox, Mass.
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