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 MRP-335R3 Topical Report for PWSCC Mitigation by Peening
 Surface Stress ImprovementPublic Meeting to Discuss MRP Revisions
 from MRP-335R2
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 Presentation Outline
 Introduction
 MRP Objectives of MRP-335 R3 Pre-submission Meeting
 Changes from MRP-335R2 to MRP-335R3
 Conclusions
 Requested Schedule for SE
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 Introduction (1/3)Submittal of Draft MRP-335, Revision 3
 Industry has produced a draft MRP-335R3 with clarifications and additional deterministic and probabilistic analyses intended to address all concerns expressed by NRC staff in the draft SE and during the December 9, 2015, public meeting– Draft MRP-335R3 with list of revised sections of the report was
 submitted to NRC on January 29, 2016This presentation covers the planned revisions from
 MRP-335R2 to MRP-335R3
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 Introduction (2/3)Conclusions from December 9, 2015 Public Meeting
 Purpose of the meeting was to discuss the NRC staff responses to MRP comments on the NRC’s draft Safety Evaluation (SE) on MRP-335R2– Draft SE dated September 29, 2015, ML15245A046Based on these responses, there appeared to be a
 misunderstanding on what was proposed in MRP-335R2As a result, MRP asked NRC to stop review of MRP-335R2,
 with intention of submitting MRP-335R3The remainder of the meeting was used to discuss MRP’s
 proposed path forward for MRP-335R3
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 Introduction (3/3)Objective of Peening Mitigation Inspection requirements for unmitigated Alloy 600/82/182 components
 were developed to maintain an acceptably low effect on nuclear safety of PWSCC:– MRP-110, MRP-117, MRP-105, MRP-113, MRP-139R1, and MRP-206 Also results in low probability of through-wall cracking and leakage,
 ensuring defense in depth The goal of MRP-335R3 was to develop requirements for peened
 components that maintain this acceptably low effect on nuclear safety– As shown by probabilistic analyses, the requirements of MRP-335R3 actually
 result in an improvement in nuclear safety, plus a large reduction in the probability of leakage
 – The leakage prevention benefit of peening performed in accordance withMRP-335R3 is further demonstrated through a matrix of deterministic crack growth cases
 Peening mitigation implemented in accordance with the requirements of MRP-335R3 provides a substantial risk benefit for a risk that is already low

Page 6
                        

6© 2016 Electric Power Research Institute, Inc. All rights reserved.
 MRP Objectives of MRP-335 R3 Pre-submission Meeting
 To present the changes made for MRP-335 R3 to address NRC concerns
 To address NRC questions on the changes to ensure they are understood
 To discuss whether the changes address the NRC concerns (i.e., the draft SE conditions)
 To identify any remaining concerns and how they can be addressed
 To discuss the SE schedule
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 Changes from MRP-335R2 to MRP-335R3
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 NRC Draft SE ConditionsNo. Applicability NRC Draft Condition of September 29, 20155.1.1 DMWs For cold leg DMWs, the follow-up inspection shall be performed no earlier than the third
 refueling outage but no later than 10 calendar years following the application of peening.
 5.1.2 DMWs 100% of peened DMWs shall be inspected using the schedule proposed in MRP-335R2; the inspection of a 25% sample of DMW as proposed in MRP-335R2 is prohibited.
 5.1.3 DMWs The peening coverage for DMWs as provided by Section 4.2.1 of MRP-335R2 shall be extended at least ¼-inch beyond the susceptible material.
 5.2.1 RPVHPNs When performing bare metal visual examinations, the current applicable requirements in 10 CFR 50.55a shall be used.
 5.2.2 RPVHPNs The extend of peening coverage for RPVHPNs and associated J-groove welds shall extend to cover the areas defined by the surface examination requirements of Figure 2 of ASME Code Case N-729-1.
 5.3.1 DMWs and RPVHPNs For the remaining life of the plant, from 0.002 inches below the peened surface to the depth prescribed in MRP-335R2 for that component, the maximum stress at operating conditions shall not be greater than 0 ksi.
 5.3.2 DMWs and RPVHPNs The use of the “alternative performance criterion” (e.g., MRP-335R2 section 4.2.1) to allow a reduction of the minimum depth of compression is prohibited.
 5.3.3 DMWs and RPVHPNs The use of inspection schedules proposed in MRP-335R2 is prohibited for peened components in which surface-connected flaws or unexpected flaw growth is observed after completion of follow-up examinations irrespective of whether the component is repeened.
 5.3.4 DMWs and RPVHPNs A relief request must be submitted for NRC review and approval prior to implementing the proposed inspection requirements in MRP-335R2.
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 Changes to Inspection Requirements, Performance Criteria, and Other Requirements1. Incorporated the following NRC draft conditions:
 5.1.1, 5.1.2, 5.1.3, 5.3.2, and 5.3.42. Added figures defining peening coverage for RPVHPNs:
 Figures 4-1 through 4-43. Modified timing of 1st follow-up exam for hot-leg DMW locations to be within 5 calendar
 years4. Section 3.9: “An investigation is required per the plant corrective action program if
 PWSCC indications are detected subsequent to the last follow-up examination. The purpose of the follow-up investigation is to assess any evidence that PWSCC initiation occurred subsequent to the peening.”
 5. Sections 4.2.8.1 and 4.3.8.1: “The uncertainty in measurement of the surface residual stress shall be considered in the analysis to determine the surface stress including operating and residual stress. The basis for that consideration shall be documented in the relief request.”
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 Draft Rev. 3 Differences vs. Rev. 2# Difference
 Sections Affected inMRP-335 Rev. 3
 NRC Draft Conditions Addressed
 1 Clarify text that arrest of shallow flaws is not net necessary to justify the inspection credit provided by the Topical Report.
 Throughout including 1.3, 2.3.5, 2.5.1, 2.5.2, 3.7, 5.1, 5.2.2.1, 5.2.2.2, 5.4, 6.1, A.3.3, A.5.5, A.9.3, B.3.3
 5.3.1 & 5.3.3
 2 Add a matrix of deterministic crack growth cases that model growth to through-wall penetration and leakage.
 Sections 5.2, 5.2.3, 5.4, 6.2 5.3.1 & 5.3.3
 3 Add the set of supplemental probabilistic cases. These cases show a minimal risk benefit of draft Conditions 5.3.1 and 5.2.1 with regard to safety and leakage frequency.
 Sections 5.3.1, 5.3.2, 5.4, 6.2, A.9.3, B.9.3
 5.2.1 & 5.3.1
 4 Add discussion on the basis for the surface stress limit. Section 2.3.4.1 5.2.2 & 5.3.1
 5 Insert requirement that uncertainty in residual stress measurement be considered when assessing the surface stress after peening, plus references on use of XRD stress measurement for welds.
 Sections 2.3.6, 4.2.8.1, 4.3.8.1, 6.3
 5.3.1
 6 Insert background information on plant corrective action programs, plus requirement for investigation of any PWSCC detected after last follow-up inspection.
 Table 1-1 and Section 3.9 5.3.3
 7 Insert information on benefit of VT-2 visual exam under the insulation through multiple access points to prevent significant boric acid corrosion.
 Section 2.5.5 5.2.1

Page 11
                        

11© 2016 Electric Power Research Institute, Inc. All rights reserved.
 Draft Rev. 3 Differences vs. Rev. 2 (cont’d)# Difference
 Sections Affected inMRP-335 Rev. 3
 NRC Draft Conditions Addressed
 8 Added figures defining the peening coverage zone for RPVHPNs, plus the technical basis, including reference of MRP-95 R1 (EPRI 1011225, which is now freely available from www.epri.com)
 Sections 2.3.3, 4.3.1, 4.3.8.1,andFigs. 4-1 thru 4-4
 5.2.2
 9 Make clear that the probabilistic modeling approach is similar to approaches that have been applied for more than 12 years to model PWSCC of various Alloy 600/82/182 PWR components, and that the modeling is not dependent on the xLPR approach.
 Sections A.2, A.3, A.3.2, A.4.1, A.5.1, A.5.2, A.5.4, A.6, A.8.1.1, A.8.1.4, A.8.2.8
 N/A
 10 Incorporate Draft Condition 5.1.1 (For cold-leg DMWs, the follow-up inspection shall be performed no earlier than the third refueling outage following the application of peening).
 Section 4.2.3 and Table 4-1 5.1.1
 11 Incorporate Draft Condition 5.1.2 (The inspection of a 25% sample of DMW as proposed in MRP-335R2 is prohibited).
 Section 4.2.4 andTables 4-1 and 4-2
 5.1.2
 12 Incorporate Draft Condition 5.1.3 (The peening coverage for DMWs shall be extended at least ¼-inch beyond the susceptible material).
 Sections 4.2.1 and 4.2.8.1 5.1.3
 13 Incorporate Draft Condition 5.3.2 (The use of the “alternative performance criterion” to allow a reduction of the minimum depth of compression is prohibited).
 Section 4.2.1 and removed Section 4.2.8.1.3
 5.3.2
 14 Incorporate Draft Condition 5.3.4 by making more explicit that a relief request must be submitted for NRC review and approval.
 Table 1-1 and Section 6.3 5.3.4
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 #1: Clarification on Crack Arrest
 Throughout MRP-335R3, it is clarified that the inspection relief takes no credit for crack arrest subsequent to peeningThe post-peening exams address the small range of shallow flaw
 depths that are too small to be reliably detected during the pre-peening examThe deterministic and probabilistic analyses show that the post-
 peening exams (follow-up and ISI) effectively address any flaws remaining at the time of peening– The deterministic and probabilistic analyses use bounding stress
 conditions meeting the peening performance criteria in MRP-335R3– Some additional cases are included for the purpose of illustrating the
 effect of a post-peening stress profile more compressive than that required by the performance criteria and show minimal additional safety or leakage margin
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 #2: Matrix of Deterministic CasesApproach
 A matrix of deterministic crack growth cases that model growth to through-wall penetration and leakage was added as Section 5.2.3 of MRP-335R3Cases model growth for range of initial flaw depths up to the
 NDE detectability limit at time of peening– Flaws at least as deep as the NDE detectability limit are detectable
 during the follow-up and ISI exams– Vary initiating location, orientation, operating temperature, crack
 growth rate material variability factor, initial crack aspect ratio, weld residual stress profile, and effective bending moment (DMWs)
 Matrix consists of 72 cases for mitigated components and 24 cases for unmitigated components
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 #2: Matrix of Deterministic CasesDMW Inputs Base Case inputs are defined in Table 5-1 of MRP-335R3 Variations to the inputs are summarized below:
 – Operating temperatures based on minimum and maximum hot and cold leg temperatures for reactor vessel primary nozzles at U.S. PWRs considered to be peening candidates
 – 5th, 50th, and 95th percentile crack growth rate material variability factors– Weld residual stress (WRS) profiles corresponding to median and ±1σ for the
 inputs in Appendix A– Initial crack aspect ratios (2c/a) of 6, 8, and 10– Initial crack depths of 0.010 in., 0.020 in., and 0.039 in.– Bending loads per the probabilistic base case, as well as the high and low
 bending sensitivity cases– ET detectability limit of 1.0 mm (0.039 in.) depth as a maximum crack depth of
 1.0 mm is required by Supplement 2 of Appendix IV of ASME Section XI for ET qualification
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 #2: Matrix of Deterministic CasesRPVHPN Inputs
 Base Case inputs are defined in Table 5-2 of MRP-335R3Variations to the inputs are summarized below:
 – Operating temperatures based on minimum and maximum head operating temperatures for remaining Alloy 600 heads in service in U.S.
 – 5th, 50th, and 95th percentile crack growth rate material variability factors
 – WRS profiles corresponding to median and ±1σ for the inputs in Appendix B
 – Initial crack aspect ratios (2c/a) of 2, 3, and 4– Initial crack depths of 0.010 in., 0.020 in., and 0.062 in.– UT detectability limit of 10% TW (0.062 in.)
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 #2: Matrix of Deterministic CasesInspection Schedule
 Hot Head Cold HeadPre-Peening
 1st Follow Up 2 32nd Follow Up 4 N/A
 1st ISI 14 132nd ISI 24 233rd ISI 34 334th ISI 44 435th ISI 54 536th ISI 64 637th ISI 74 73
 Never Leaks 80 80
 InspectionInspection Time (yr)
 min(RIY=2.25, 8yr)Hot-Leg DMW Cold-Leg DMW
 Pre-Peening every 5 every 71st Follow Up 5 102nd Follow Up 10 N/A
 1st ISI 20 202nd ISI 30 303rd ISI 40 404th ISI 50 505th ISI 60 606th ISI 70 70
 Never Leaks 80 80
 Inspection Time (yr)Inspection
 The inspection schedules shown below are applied to determine during which inspection a crack is predicted to be detected, or if the crack is predicted to lead to a leak
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 #2: Matrix of Deterministic CasesWalkthrough Example for Unmitigated Cases Tables 5-7 and 5-13Left portion of table shows inputs:
 – Crack orientation, detectability limit, weld residual stress profile, crack growth rate material variability percentile, operating temperature, initial depth, initial aspect ratio, and bending moment
 Right portion of table shows results:– Time to grow from initial depth to detectability limit, time to grow from
 detectability limit to leakage, detection time (or leak), final crack aspect ratio and length
 Crack Weld MRP-115 Initial Growth Growth Time Aspect Total TotalOrient. Detect. Residual A182 Initial Initial Aspect Time to from Detect Ratio at Length at Length at
 Case Axial/ Limit Stress CGR Temp. Depth Depth Ratio Bending Detect Limit Limit to Leak Detected/ Detect LimitDetect LimitDetect LimitNumber Circ (%TW) Profile %ile (°F) (in.) (mm) (2c 0/a 0) Moment (yr) (yr) Leaks (2c /a ) (in.) (mm)49 - NP Axial 1.4% Low 5% 593 0.039 1.00 6.0 N/A 0.0 26.1 Detected 6.00 0.236 6.0050 - NP Axial 1.4% Median 50% 605.5 0.039 1.00 8.0 N/A 0.0 4.5 Leaks 8.00 0.315 8.0051 - NP Axial 1.4% High 95% 618 0.039 1.00 10.0 N/A 0.0 0.9 Leaks 10.00 0.394 10.0052 - NP Circ 1.4% Low 5% 593 0.039 1.00 6.0 Base Case 0.0 28.8 Detected 6.00 0.236 6.0053 - NP Circ 1.4% Median 50% 605.5 0.039 1.00 8.0 Base Case 0.0 6.4 Detected 8.00 0.315 8.0054 - NP Circ 1.4% High 95% 618 0.039 1.00 10.0 Base Case 0.0 1.5 Leaks 10.00 0.394 10.00
 Example Cases (DMW, Table 5-7)
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 #2: Matrix of Deterministic CasesWalkthrough Example for Mitigated Cases Tables 5-4 through 5-6 and 5-10 through 5-12
 Crack Weld MRP-115 Initial Growth Growth Time Aspect Total TotalOrient. Detect. Residual A182 Initial Initial Aspect Time to from Detect Ratio at Length at Length at
 Case Axial/ Limit Stress CGR Temp. Depth Depth Ratio Bending Detect Limit Limit to Leak Detection Detect LimitDetect LimitDetect LimitNumber Circ (%TW) Profile %ile (°F) (in.) (mm) (2c 0/a 0) Moment (yr) (yr) Time (2c /a ) (in.) (mm)
 2 Axial 1.4% Median 50% 605.5 0.010 0.25 8.0 N/A 15.8 7.7 1st ISI 2.37 0.093 2.3712 Circ 1.4% High 95% 618 0.010 0.25 10.0 High 3.1 1.7 Leaks before extension of interval 2.54 0.100 2.5413 Axial 1.4% Low 5% 538 0.010 0.25 6.0 N/A 274.5 174.9 Never Leaks 1.94 0.076 1.9429 Circ 1.4% Median 50% 605.5 0.020 0.50 8.0 Base Case 4.1 11.1 1st Follow Up 4.06 0.160 4.0663 Axial 1.4% High 95% 559 0.039 1.00 10.0 N/A 0.0 6.4 Leaks 10.0 0.394 10.00
 Example DMW Cases (Table 5-4 through 5-6)
 Nozzle Nozzle MRP-55 Initial Growth Growth Aspect Total TotalTube Tube A600 Initial Initial Aspect Time Time from Ratio Length Length
 Case Location Location Stress CGR Temp. Depth Depth Ratio to 10%TW 10% to Leak Detection at 10%TW at 10%TW at 10%TWNumber ID/OD UH/DH Profile %ile (°F) (in.) (mm) (2c 0/a 0) (yr) (yr) Time (2c /a ) (in.) (mm)
 13 ID UH Low 5% 547 0.010 0.25 2.0 437.9 446.9 Never Leaks 1.1 0.069 1.714 ID UH Median 50% 554 0.010 0.25 3.0 47.5 51.6 5th ISI 1.2 0.072 1.815 ID UH High 95% 561 0.010 0.25 4.0 5.5 6.3 Leaks 1.2 0.078 2.018 ID DH High 95% 561 0.010 0.25 4.0 5.1 5.5 Leaks 1.2 0.075 1.932 OD UH Median 50% 590.5 0.020 0.51 3.0 493.6 26.7 Never Leaks 1.7 0.108 2.757 OD UH High 95% 595 0.062 1.58 4.0 0.0 3.2 1st Follow Up 4.0 0.249 6.3
 Example RPVHPN Cases (Table 5-10 through 5-12)
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 #2: Matrix of Deterministic CasesResults
 DMW –Peened
 DMW –No Peening
 RPVHPN –Peened
 RPVHPN –No Peening
 Never Leaks, Never Detected 10 of 72 N/A 28 of 72 N/A
 Detected in Follow-Up Exam 31 of 72 N/A 30 of 72 N/A
 Detected in ISI Exam 20 of 72 15 of 24 12 of 72 17 of 24
 Leaks Before Extension of Intervals 8 of 72
 9 of 240 of 72
 7 of 24Leaks After Extension of Intervals 3 of 72 2 of 72
 All but one of the peened cases that result in leakage assume the combination of a high tensile weld residual stress profile, the highest operating temperature for their category, and 95th
 percentile crack growth rate behavior– This is also true for all but two of the unmitigated cases that show leakage
 There is a very low probability of cases like this occurring in practice
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 #2: Matrix of Deterministic CasesConclusions
 Frequency of cases with leakage is much reduced compared to unpeened components inspected per current requirements– Small fraction of matrix cases predicting leakage– More narrow range of crack growth rate percentile showing leakageLarge fraction of cases with peening show no leakage
 subsequent to extension of inspection intervals– Leakage prior to extension of inspection intervals would not have
 been prevented had the component not been peened, as those leaks occurred when the inspection interval is the same as for an unmitigated component
 Deterministic matrix results are consistent with and complements the probabilistic results
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 #2: Matrix of Deterministic CasesConclusions (cont’d)The MRP inspection requirements are effective to prevent
 leakagePeening mitigation performed in accordance with MRP-335R3
 results in a large reduction in the likelihood of leakageThe long-term ISI exams address the residual risk of slow-
 growing pre-existing flaws– Detection of PWSCC subsequent to the follow-up exams may occur with
 post-peening stresses meeting the performance criteriaAs for unmitigated heads, any J-groove weld cracking is
 addressed by the visual exams for leakage– Peening reduces the probability of leakage due to weld cracking by
 preventing future initiations– MRP-335R3 maintains the same basic visual exam schedule as
 currently required for unmitigated heads
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 #3: Supplemental Probabilistic CasesApproach
 The DMW and RPVHPN probabilistic models applied inMRP-335 are similar to models that have been applied for more than 12 years to assess PWSCC:– Inspection requirements to address PWSCC of Alloy 600 and Alloy
 690 RPVHPNs (MRP-105, MRP-375, and MRP-395)– Inspection requirements to address PWSCC of Alloy 600 BMNs
 (MRP-206)– Assessment of depth-sizing uncertainty of flaws in large-diameter
 piping welds (MRP-373)
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 #3: Supplemental Probabilistic CasesIntroduction – Probabilistic Analyses in MRP-335R3
 Probabilistic analyses assess the benefit of peening on the probability of pressure boundary leakage or rupture assuming reduced frequency of inspection Follow-up and ISI exams address the possibility of growth of pre-existing
 PWSCC flaws that were not detected in the pre-peening exam The probabilistic analysis results are compared to acceptance criteria:
 – Alloy 82/182 piping butt welds: Peening mitigation with the MRP-335R3 inspection interval results in a large reduction in the probability of leakage compared to no mitigation and standard intervals
 – RPVHPNs: Peening mitigation with the MRP-335R3 inspection interval results in an acceptably low nozzle ejection frequency, a nozzle ejection frequency that is below that calculated for no mitigation and standard intervals, and about an order of magnitude reduction in leakage frequency
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 #3: Supplemental Probabilistic CasesIntroduction – New Cases to Assess draft Conditions 5.3.1 and 5.2.1
 Four probabilistic sensitivity cases have been added inMRP-335R3:– DMW: Total stress compressive to nominal compressive residual
 stress depth (draft Condition 5.3.1)– RPVHPN: Total stress compressive to nominal compressive
 residual stress depth (draft Condition 5.3.1)– RPVHPN: Separate out draft Condition 5.3.1 peening penetration
 depth effect from compressive surface stress effect– RPVHPN: Perform VE every cycle after peening (draft Condition
 5.2.1)
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 #3: Supplemental Probabilistic CasesApproach – Draft Condition 5.3.1
 Effect of draft Condition 5.3.1 modeled by assigning a greater value for the compressive residual stress depth and a more compressive peening surface residual stressHead average ejection
 frequency (per year) of 5E-5 corresponds to a core damage frequency of no greater than 1E-6– NRC’s published definition of
 acceptably low risk
 DMW — Azimuth of Maximum Global Bending Stress
 Nominal Compressive Stress Depth
 (1 mm)
 -200
 0
 200
 400
 600
 800
 0% 5% 10%St
 ress
 Pro
 file (
 MPa)
 Through-Wall Percentage from ID
 MRP-335R2 Total Stress
 Draft Condition 5.3.1 Total Stress
 MRP-335R3 Total Stress
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 #3: Supplemental Probabilistic CasesResults: DMW (Draft Condition 5.3.1)
 Hot Leg — Leakage Cold Leg — Leakage
 Condition 5.3.1 provides only limited risk benefit for peened RPVHPNs and DMWs
 Improved risk with peening per MRP-335R3 versus unmitigated case with current inspection intervals, including about factor of 5-10 improvement in leakage risk
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 #3: Supplemental Probabilistic CasesResults: RPVHPN Leakage Frequency (Draft Condition 5.3.1)
 Hot Head — Leakage Cold Head — Leakage
 Condition 5.3.1 provides only limited risk benefit for peened RPVHPNs and DMWs
 Improved risk with peening per MRP-335R3 versus unmitigated case with current inspection intervals, including about factor of 5-10 improvement in leakage risk
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 #3: Supplemental Probabilistic CasesResults: RPVHPN Ejection Frequency (Draft Condition 5.3.1)
 Hot Head — Ejection Cold Head – Ejection
 Condition 5.3.1 provides only limited risk benefit for peened RPVHPNs and DMWs
 Improved risk with peening per MRP-335R3versus unmitigated case with current inspection intervals

Page 29
                        

29© 2016 Electric Power Research Institute, Inc. All rights reserved.
 #3: Supplemental Probabilistic CasesResults: RPVHPN Ejection Frequency (Draft Condition 5.2.1)
 Cold Head — Ejection
 Effect of condition modeled for cold head by simulating bare metal visual exams (VEs) every cycle after peening– Sensitivity case overestimates
 the benefit of the condition as the probabilistic model does not credit the benefit of the VT-2 exam from under the insulation through multiple access points required when VE is not performed
 Condition 5.2.1 provides only limited additional risk benefit for nozzle ejection
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 #3: Supplemental Probabilistic CasesConclusions
 Risks of leakage and nozzle ejection for peened components inspected at the relaxed schedule are:– acceptably low– reduced in comparison to the risks for unmitigated components
 inspected at currently required schedules, including about a factor of 5-10 improvement in leakage risk
 Draft Conditions 5.3.1 and 5.2.1 would provide a minimal risk benefit with regard to nuclear safety and leakage frequencyPeening mitigation implemented in accordance with the
 requirements of MRP-335R3 provides a substantial risk benefit to an already low risk
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 #4: Basis for Surface Stress LimitReview of PWSCC Initiation Lab Testing Section 2.3.4.1 presents the results of an extensive literature review of
 PWSCC initiation testing for Alloys 600/82/182/132– Concentrates on data from specimens that were stressed near or below the
 conventional yield point at the test temperature– Consistent with the yield strength range applicable to Alloy 600 J-groove
 nozzles, lab testing for Alloy 600 materials with yield strengths up to 65 ksi(448 MPa) were considered
 Researchers often cite the yield strength as the threshold for initiationOnly two data points identified with initiation for stress below the best-
 estimate at-temperature yield strength (78% and 93% of yield stress) Concluded that for stresses approaching that of the at-temperature yield
 stress, PWSCC initiation will not occur over plant service periods (i.e., at least 80 years)– Based on theoretical considerations, this apparent stress threshold is related to
 the presence of plasticity and thus the yield strength at operating temperature
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 #4: Basis for Surface Stress LimitTable 2-2 of Draft MRP-335R3
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 #4: Basis for Surface Stress LimitTable 2-3 of Draft MRP-335R3

Page 34
                        

34© 2016 Electric Power Research Institute, Inc. All rights reserved.
 #4: Basis for Surface Stress LimitYield Strength for Plant Applications of Alloys 600/82/182
 In the large majority of cases, the room-temperature yield stresses for PWR plant Alloy 600 materials are in the range 35-60 ksi:– Available data for eight heads still in service shows Alloy 600 nozzle yield
 strengths in the range 36-60 ksi– Weld metals are designed to have greater strength than the corresponding
 base metal– Manufacturer’s catalog lists the room-temperature yield strength as 57.1 ksi for
 Alloy 82 and 55.1 ksi for Alloy 182 The yield strength for Alloys 600/82/182 at PWR top head operating
 temperatures is estimated to be 82% of that at room temperature– The effect of higher temperatures on Alloy 600/82/182 yield strength is
 available from manufacturer’s catalogs, published studies, and the ASME Code
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 #4: Basis for Surface Stress LimitConservatism of 10 ksi and 20 ksi Surface Stress Limits
 It is concluded that 20 ksi is a conservatively low limit for the tensile stress level required for PWSCC initiation over plant service periods (i.e., at least 80 years)The exam coverage zone in Figure 2 of ASME Code Case
 N-729-1 was developed to ensure inspection of all volumes with a surface stress exceeding 20 ksi tensileA limit of 10 ksi tensile provides substantial additional margin
 for post-peening stresses to prevent initiation
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 #5: Uncertainty in Residual Stress Measurement
 Sections 4.2.8.1 and 4.3.8.1:“The uncertainty in measurement of the surface residual stress shall be considered in the analysis to determine the surface stress including operating and residual stress. The basis for that consideration shall be documented in the relief request.” Techniques that are applied for measuring residual stresses include X-ray
 diffraction (XRD), neutron diffraction, hole drilling, microhardness mapping, photo-stress coatings, and eddy current measurements XRD has commonly been applied for peening qualification work:
 – Can be successfully applied to weld metals including Alloys 82/182– Can provide accurate estimates of the effectiveness of peening processes
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 #6: Plant Corrective Action Programs Corrective action programs are required by 10 CFR 50 Appendix B Criterion XVI
 – Reports under the corrective action program are available for review by NRC resident inspectors Per Section 3.9, an investigation is required per the existing plant corrective action program if
 PWSCC indications are detected subsequent to the last follow-up exam– The purpose of the follow-up investigation is to assess any evidence that PWSCC initiation occurred
 subsequent to the peening– As demonstrated by the deterministic and probabilistic analyses, the residual risk of a pre-existing flaw is
 addressed by the long-term ISI exams Depending on the particular circumstances, the following types of activities could be included as
 part of the evaluation:– Consider number of indications detected, including the size, location, and orientation for each– Review prior NDE records and indication morphology, including the surface length of the flaw in
 comparison to the flaw depth– Review of relevant industry OE, including for peened components– Determine if indication is in a location with high weld residual stress or high operating stress– Review application-specific post-peening report and essential variable values used– Perform crack growth calculations to estimate the most likely time of initiation
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 #7: Benefit of VT-2 Visual Exam Under the Insulation through Multiple Access Points to Detect Evidence of LeakageMRP-335R3 maintains the same basic VE intervals as for
 unpeened heads:– Every refueling outage for non-cold heads– Every third refueling outage or 5 calendar years, whichever is
 sooner, for cold headsMRP-335R3 requires VT-2 visual exams of the head under
 the insulation through multiple access points (i.e., through multiple openings in the head shroud) for all refueling outages in which a VE is not required
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 #7: Benefit of VT-2 Visual Exam Under the Insulation through Multiple Access Points to Detect Evidence of Leakage (cont’d) This VT-2 exam is another opportunity for precluding significant boric acid
 corrosion (BAC) and limits the time between inspections under the insulation for evidence of leakage to one fuel cycle– OE shows that periodic visual exams under the insulation at appropriate intervals are
 highly effective in detecting leakage prior to significant BAC Cases with discernible BAC have been accompanied by substantial amounts of
 boric acid deposits, readily detectable by visual exams under insulation– Results of mockup testing and analyses in MRP-308* have shown that large volumes
 of boric acid deposits accompany the leakage necessary to produce significant BAC damage to RV heads
 PWSCC growth rates are much slower at Tcold vs. head temperatures near Thot such that the time for the leak rate to increase is much extended There are several other potential indicators of pressure boundary leakage
 or corrosion prior to structurally significant head material loss*Materials Reliability Program: Boric Acid Corrosion Testing: Implications and Assessment of Test Results (MRP-308), EPRI, Palo Alto, CA: 2011. 1022853. [freely available on www.epri.com]

Page 40
                        

40© 2016 Electric Power Research Institute, Inc. All rights reserved.
 Draft Condition 5.2.1NRC Staff Response to MRP Comment #58
 The NRC staff response to MRP Comment #58 on the draft SE cites a bare-metal visual exam (VE) interval inconsistent with the requirements of MRP-335R2– The topical report requires VE every refueling outage for non-cold
 heads– The NRC response to Comment #58 stated the MRP requirement
 as every other refueling outageMRP requests clarification on this item
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 #8: Peening Coverage Zone for RPVHPNsApproach
 The figure below shows results from the weld residual stress analyses of MRP-95R1* for representative CRDM/CEDM nozzle cases The region of elevated tensile stresses that may lead to PWSCC initiation
 on the nozzle OD extends below the weld toe a reduced distance compared to that on the nozzle ID– Nozzle ovalizes due to weld
 shrinkage– Through-wall bending Same 20 ksi stress limit used to
 determine NDE coverage zonein ASME N-729-1 is applied
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 *Materials Reliability Program Generic Evaluation of Examination Coverage Requirements for Reactor Pressure Vessel Head Penetration Nozzles, Revision 1 (MRP-95R1), EPRI, Palo Alto, CA: 2004. 1011225. [Freely Available at www.epri.com]
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 #8: Peening Coverage Zone for RPVHPNsFigures 4-1 and 4-2
 Figure 4-1: RPVHPNs with Incidence Angle ≤ 30 deg and all RPVHPNs with OD ≥ 4.5 in.
 Figure 4-2: RPVHPNs with Incidence Angle > 30 deg
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 #8: Peening Coverage Zone for RPVHPNsFigures 4-3 and 4-4
 Figure 4-3: J-Groove Head Vent NozzlesFigure 4-4: RPVHPNs with Outer Diameter ≥ 4.5 in. (115 mm) for Which the End of the Nozzle is
 Parallel with the Head
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 #8: Peening Coverage Zone for RPVHPNsComparison vs. NDE Coverage Zone of ASME Code Case N-729-1
 The peening coverage zone proposed by MRP ensures that the areas susceptible to PWSCC initiation are mitigated– Distance above the weld to be peened is the same as the NDE volume and
 surface coverage above the weld– Much of the nozzle OD surface below the weld has surface stress below 20 ksi
 (tensile)– The region below the weld is not part of the pressure boundary– The purpose of the NDE is to determine whether a PWSCC flaw has grown
 inside the nozzle examination volume, whereas the peening is performed to prevent PWSCC initiation on a particular surface
 The benefit of defining peening coverage in this manner is to avoid the application time associated with peening areas below the weld not susceptible to PWSCC initiation
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 Conclusions
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 Conclusions
 Planned changes address NRC concerns expressed in the draft SE and during the December 9 public meeting– Clarification that arrest of shallow flaws is not credited– New deterministic matrix of crack growth cases confirms that: effectiveness of MRP inspection requirements to prevent leakage that long-term ISI exams address residual risk of slow-growing
 pre-existing flaws– Supplemental probabilistic cases complement the deterministic
 results and show improved nuclear safety and reduced leakage risks with peening and MRP inspection requirements vs. unpeenedcases
 – Other revisions made in key areas as presented above
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 Conclusions (cont’d) Draft Condition 5.3.1 is not necessary:
 – New matrix of deterministic cases demonstrates the effectiveness of MRP inspection requirements to prevent leakage
 – Supplemental probabilistic analyses show a very limited risk benefit of draft Condition 5.3.1
 – Extensive review of lab testing for PWSCC initiation shows that the MRP-335R3 stress limits conservatively prevent new initiations
 Draft Condition 5.3.3 is not necessary:– New matrix of deterministic cases demonstrates that long-term ISI exams address
 residual risk of slow-growing pre-existing flaws– Probabilistic analyses for variable ISI interval (Figures A-18, A-19, and B-36 through
 B-39 of MRP-335R3) also show that the ISI exams address this residual risk– Detection of a PWSCC indication subsequent to the last follow-up exam would trigger
 an investigation to assess any evidence that PWSCC initiation occurred subsequent to the peening
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 Conclusions (cont’d)
 Draft Condition 5.2.1 is not necessary:– VE or VT-2 under the insulation through multiple access points is required in
 every refueling outage– Supplemental probabilistic cases show limited risk benefit for nozzle ejection of
 more frequent bare-metal visual exams (VEs) for cold heads The alternative to Draft Condition 5.2.2 is sufficient:
 – Figures 4-1 through 4-4 of MRP-335R3 ensure that the areas susceptible to PWSCC initiation (stress > 20 ksi tensile) are mitigated
 – 20 ksi is a conservatively low measure of the stress required for PWSCC initiation over plant service periods (i.e., at least 80 years)
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 Conclusions (cont’d)
 The goal of MRP-335R3 was to maintain the acceptably low effect on nuclear safety provided by the inspection requirement for unmitigated components– As shown by probabilistic analyses, the requirements of
 MRP-335R3 actually result in an improvement in nuclear safety, plus a large reduction in the probability of leakage
 – The leakage prevention benefit of peening performed in accordance with MRP-335R3 is further demonstrated through a matrix of deterministic crack growth cases
 Peening mitigation implemented in accordance with the requirements ofMRP-335R3 provides a substantial risk benefit for a risk that is already low
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 Schedule for SE and Meeting Wrap-Up
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 Requested Schedule for MRP-335 Rev 3 SERequest DRAFT SE no later than March 31, 2016
 – MRP-335 was originally submitted for SE review in February 2013– US PWRs will start peening in Spring 2016 outages 4 plants in 2016 4 plants in 2017
 – Not having NRC requirements by 03/31/16 could result in:Reduced value to utilitiesNot being able to meet NRC requirements for inspection reliefAdded cost and dose for inspections and rework
 Request FINAL SE no later than June 15, 2016
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 MRP Objectives of MRP-335 R3 Pre-submission Meeting
 To present the changes made for MRP-335 R3 to address NRC concerns
 To address NRC questions on the changes to ensure they are understood
 To discuss whether the changes address the NRC concerns (i.e., the draft SE conditions)
 To identify any remaining concerns and how they can be addressed
 To discuss the SE schedule
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