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Document Control Desk
U. S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Attention: Michael McCoppin

Subject: Project No. 704 - Comments and Proposed Revisions to NRC Draft Safety
Evaluation of BWRVIP- 158 (Flaw Proximity Rules for Assessment of BWR
Internals)

Reference: Letter from Stacey L. Rosenberg (NRC) to Rick Libra (BWRVIP Chairman), "Draft
Safety Evaluation (SE) for Boiling Water Rector (BWR) Vessel and Internals
Project (BWRVIP) Topical Report (TR) BWRVIP-158, 'Flaw Proximity Rules for
Assessment of BWR Internals,' (TAC NO. MD3618),"dated August 13, 2009.

The purpose of this letter is to provide BWRVIP comments and proposed revisions to the NRC
draft Safety Evaluation (SE) of BWRVIP- 158 that was transmitted by the NRC letter referenced
above. That NRC letter requested that the BWRVIP comment on any factual errors or clarity
concerns in the draft SE

Enclosed are five (5) copies of the following items:
1. A comment table listing each numbered comment, its location in the NRC draft SE, the

issue or topic and a discussion. The page, paragraph, sentence and line numbers
referred to in this table are from the "clean" copy of the draft SE (see item 3 below).

2. The draft SE in "Track Changes" mode showing the proposed BWRVIP revisions.
3. A "clean" copy of the draft SE for locating the comments identified in item 1 above.

If you have any questions on this subject please call Robert Geier (Exelon Corporation,
BWRVIP Assessment Committee Technical Chairman) at 630-657-3830.

Sincerely,

Rick Libra
Exelon
Chairman, BWR Vessel and Internals Project
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Enclosure 1

BWRVIP Technical Corrections and Proposed Revisions

Draft NRC Safety Evaluation of BWRVIP-158 dated August 13, 2009
Flaw Proximity Rules for Assessment of BWR Internals

Comment Location (in draft NRC Issue Discussion
No. SE)

Page and Line Number
or Sentence Number

Page 2, line 2 Clarification: It is not clear what flaw evaluation methodology this statement is
Clarify "typical" flaw referencing. Added "BWRVIP" to clarify that reference is to

evaluation BWRVIP flaw evaluation methodology.
2 Page 2, first paragraph, Clarification: Wording revised to more accurately reflect the background of

second and third original Clarify background application of flaw proximity rules to BWRVIP internal components
sentences and reason for and the reason for creating BWRVIP-158.

creating
BWRVIP-158 report

3 Page 2, first paragraph, Correction: Application of NDE uncertainty to BWRVIP internals flaw
last three sentences and Delete NDE evaluations is being addressed by an open item from the NRC review
entire second paragraph uncertainty discussion of BWRVIP-63. Application of NDE uncertainty should be deleted

from this draft SE since the proximity rules in BWRVIP-1 58 can be
approved independent of NDE uncertainty.

4 Page 4, last paragraph, Correction: Application of NDE uncertainty to BWRVIP internals flaw
end of third sentence Delete NDE evaluations is being addressed by an open item from the NRC review

uncertainty discussion of BWRVIP-63. Application of NDE uncertainty should be deleted
from this draft SE since the proximity rules in BWRVIP-1 58 can be
approved independent of NDE uncertainty.

5 Page 5, Section 4.0, first Correction: Application of NDE uncertainty to BWRVIP internals flaw
paragraph, end of first Delete NDE evaluations is being addressed by an open item from the NRC review
and second sentences uncertainty discussion of BWRVIP-63. Application of NDE uncertainty should be deleted

from this draft SE since the proximity rules in BWRVIP-158 can be
approved independent of NDE uncertainty.
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

FOR TOPICAL REPORT BWRVIP-158,

"FLAW PROXIMITY RULES FOR ASSESSMENT OF BWR INTERNALS"

BOILING WATER REACTOR VESSEL AND INTERNALS PROJECT

PROJECT NO. 704

1.0 INTRODUCTION

By letter dated September 28, 2006 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML062760198), the Boiling Water Reactor Vessel and Internals
Project (BWRVIP) transmitted to the Nuclear Regulatory Commission (NRC) for review and
approval Electric Power Research Institute Technical Report (TR) 1014387, "BWR Vessel and
Internals Project, Flaw Proximity Rules for Assessment of BWR Internals (BWRVIP-1 58)." The
BWRVIP-158 report provided revised guidelines for evaluating adjacent cracks in the same
plane (in-plane cracks) and parallel cracks in different planes (parallel cracks) for BWR vessel
internals such as the core shroud and the internal core spray piping. These guidelines are
based on the results of BWRVIP's effort to validate the American Society of Mechanical
Engineers (ASME) Code, 2004 Edition flaw proximity rules for application to stainless steel
BWR vessel internals. For simplicity, 2004 Edition will be dropped whenever the staff mentions
the ASME Code in this safety evaluation (SE). The revised guidelines to the flaw proximity rules
will reduce the conservatism in the existing BWRVIP guidance. The NRC's review includes the
BWRVIP-158 report and the BWRVIP's response, dated April 17, 2008, to the staff's request for
additional information (RAI) for this submittal. This SE provides the basis for our approval of the
BWRVIP-158 report.

2.0 REGULATORY EVALUATION

The inservice inspection (ISI) of the ASME Code Class 1, 2, and 3 components shall be
performed in accordance with Section XI, "Rules for Inservice Inspection of Nuclear Power Plant
Components," of the ASME Code and applicable editions and addenda as required by Title 10
of the Code of Federal Regulations (10 CFR) 50.55a(g). When a flaw is detected by inservice
volumetric or surface examinations, acceptance of it by an analytical evaluation shall be in
accordance with the established procedures in the ASME Code, Section XI, such as that in
Subarticle IWB-3600, -"Analytical Evaluation of Flaws,`4 to demonstrate that the unit can be
operated for a requested period of time without repair of the affected component. This ASME
Code flaw evaluation does not require adding NDE uncertainties to the characterized flaw size.

BWR vessel internals are usually not ASME Code Class 1, 2, and 3 components. Therefore,
the ISI of BWR vessel internals and the subsequent evaluation of flaws that were found in them
during the ISI have been conducted in accordance with inspection and evaluation guidelines
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established in the numerous approved BWRVIP reports for a variety of BWR vessel internals. A
typical B.WRVIP...flaw evaluation starts with flaw characterization (or sizing), which involves flaw
proximity rules and NDE uncertainty: flaw proximity rules are used to determine whether
adjacent flaws should be treated separately or be combined; NDE uncertainty is used to finalize
the detected flaw size considering measurement uncertainty. S&eBWRVIP-specific flaw
proximity rules w,.er.e devl• o.! n he-cl9.Je..t n md•-I 99h....0.9. .fo. r the c e shro.u. d n wr.L..0 9d • .. r.e consi•dened• to be....
very conservative at that time. The BWRVIP proximity rules were applied to other components
such as core .spay.piing., jet.pumps..etc._have not been established for BW.R vesselt s

tT-he BWRVI P-1 58 report was created to d ' ocu..me ' n t th. e technical basis for revisions to these
rules based on changes to the ASME Code and various tests conducted on in-plane and
parallel flaws. prvide The revised proximity cuoh-rules would to-be used in flaw evaluations
related to future inspection and evaluation of BWR vessel internals. NOE..nee ainty..however,

pp~e r-ed n any W --Propor ch as the BWRVIP 03, "Reactor Pressqure V'essel ad

klet Examinatione ue4ines' BWRVIP-63, "S ud ercl l tdse-et'
Evaluation .Gouridelirnes,•" IBWR.I.n- BWR..oeShraud..spei.nd.n Flaw EvaluatioR
GuIdelis'," and BWRVIP 158 reperts. The NDE Uncertainty issue is currently Linder staff
review as a 13WRVIP 63 Open item, and the Staff eXpects to issue an evaluation related to the
opern4tem--wi hi4he-.fist-quar er--f-.a.endar-year-201..-The-.inflqr-a+ien...ntained4.the-stef-
SES regarding the BVVRVIP 63 open itemI and the BVVRVIP 03, Revision 6 rep-rt Will constitute
the Staffs 6poSition on treatment of NDE uncertainty as it applies to B\A'R intenl evaluationS.-

For parallel cGraks, flaw ProXimity rules and NE Uncertainty are separate issues. However4-,fr-
in plane, surface cracs NDE un~ertainty' significantly afetGeemnto f the-distance-

Ween the crack tips-of4wa-a• --- 4her-e 11 .ts-I

apply;Rg44e proposed flaw-p-emt--ueo4h aplcn htapie h WVP18all-
use the staff guidelines on NDE uncertainty to be established in the SE for the BWRVIP 63
open i4tetm. The BWRVIP 1-58rreportg44Vei are only app letoflaws ide
inspections. pefor-med to4.meet.B.WRVI.P requiremeat&-.

3.0 TECHNICAL EVALUATION

3.1 BWRVIP Evaluation

The BWRVIP presented its technical bases for using the ASME Code, Section XI flaw proximity
rules for evaluating BWR vessel internals in Chapter 3 to Chapter 5 of BWRVIP-158. Chapter 3
presented test results regarding interaction of two in-plane surface flaws under cyclic loading to
validate the application of the ASME Code, Section XI flaw proximity rules to BWR vessel
internals. ASME Code, Section XI flaw proximity rules allow two cracks be treated
independently if their separation distance divided by the crack depth is greater than 0.5 (s/d >
0.5). Chapter 4 presented analytical (fracture mechanics) results regarding interaction of
parallel cracks with and without offset to explore application of the ASME Code, Section XI flaw
proximity rules to BWR vessel internals. ASME Code, Section XI flaw proximity rules allow two
cracks be treated independently if they are separated by 0.5 inch. Chapter 4 also pointed out
issues to be addressed when the failure mechanism is limit load. Chapter 5 presented a
proposed methodology for evaluating reduction of limit load capability for BWR vessel internals
with parallel cracks and compared them to test data: Miller data on plates with four symmetric
parallel cracks (TR Figure 5-5), Connors data on bars with two offset parallel edge cracks (TR
Table 5-4), Hasegawa data on plates with two and three offset parallel cracks (TR Table 5-5),
and Battelle data on piping with one to three parallel cracks (TR Table on Page 5-7). The test
data from all four tests are plotted against predicted results in TR Figure 5-14 for comparison.
Based on this figure, the BWRVIP concluded that the predictive model proposed in BWRVIP-
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158 regarding the load capacity prediction is in good agreement with the test data.

Chapter 6 summarized the proposed BWRVIP flaw proximity rules, which supplement the
ASME Code, Section XI rules, by adding guidance for resolving parallel cracks during fracture
failure under limit load. The flaw proximity rules regarding resolution of in-plane and parallel
cracks during crack growth under the linear elastic fracture mechanics (LEFM) mode were,
however, only slightly different from those in the ASME Code, Section XI. The proposed
BWRVIP flaw proximity rules are:

A. For adjacent, in-plane, surface cracks: if the distance between two in-plane surface
indications is within 0.5 times the component wall thickness, the two indications must
be considered as one. Further, depending on whether the inspection techniques meet
certain criteria specified in this chapter, the BWRVIP proposed to apply the Evaluation
Factors defined in BWRVIP-03, "Reactor Pressure Vessel and Internals Examination
Guidelines," Revision 7 to characterize the length of each crack.

B. For adjacent, parallel, surface cracks: (1) if the distance between two parallel surface
indications is less than the component thickness (or d < t, see TR Figure 5-2), then the
cracks are considered as in the same plane; (2) if d > 3t, then the cracks are
considered individually; and (3) if t < d < 3t, then the limit load capability is calculated
according to TR Equation 5-1.

3.2 NRC Staff Evaluation

As discussed in Section 3.1 of this SE, the BWRVIP's proposed flaw proximity rules are in
Chapter 6 of BWRVIP-158 and illustrate the underlying technical bases in Chapters 3 to 5. This
SE evaluates BWRVIP-158 in the same order.

Chapter 3 presented stress intensity factor (K) plots for two in-plane cracks as a function of the
crack separation distance divided by the crack depth (s/d) in TR Figure 3-2. Based on this
figure, the BWRVIP concluded that, in bending, the interaction effects become significant at s/d
< 0.5. Additional information in the BWRVIP's April 17, 2008, response to staff's RAI 158-1
stated that the change in the ratio of the K at the remote and adjacent crack tips of the two in-
plane cracks is approximately 10% for s/d > 0.5 and concluded, "[t]his change is consistent with
the other precedents in Section XI and was judged to be acceptable." For cases where NDE
uncertainty is not an issue, the staff agrees with BWRVIP's conclusion because this 10%
variation in K can be absorbed easily by the structural factors specified in the ASME Code,
Section XI flaw evaluations. Flaw proximity rules affect two areas of a flaw evaluation: crack
growth and fracture failure. To date, almost all crack growth rates, including those in Section XI
of the ASME Code, depend on the K value at the crack tip regardless of whether the material is
brittle (LEFM dominates) or ductile (elastic-plastic fracture mechanics and limit load dominate).
Since TR Figure 3-2 results are based on a fatigue crack growth test under cyclic loading (i.e.,
the test was performed for specimens in the crack growth mode, which is far from their fracture
failure limit), the above staff evaluation applies to in-plane cracks under crack growth only.
Fracture failure in the limit load mode for these in-plane cracks is addressed in Chapter 5. NDE
uncertainty is addressed in Chapter 6. Therefore, BWRVIP's conclusion regarding the
insignificant interaction effects at s/d > 0.5 is acceptable, pending the staff's evaluation of
Chapters 5 and 6.

Chapter 4 presented K plots for parallel cracks without offset in TR Figure 4-4. The plots
indicate that the K value for parallel cracks without offset is lower than that associated with a
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single crack. Similar results are also observed in TR Figure 4-5 for the majority of cases for two
parallel cracks with offset. The physical meaning of these two TR figures is that it is
conservative to treat two adjacent cracks in different planes as separate and individual planar
flaws (i.e., ignore their interaction) because, without considering the existence of adjacent
cracks, an individual crack will give a higher K value than that associated with multiple adjacent
flaws. This is true for a wide range of crack separation distance as indicated in both TR figures,
supporting the ASME Code, Section XI flaw proximity rules of treating two parallel flaws as
separate and independent planar flaws if they are separated by 0.5 inch. Again, fracture failure
in the limit load mode for parallel cracks is not addressed here. Hence, extending the
application of the ASME Code, Section XI flaw proximity rules regarding parallel cracks with and
without offset to BWR vessel internals is acceptable, pending the staffs evaluation of Chapter 5.
It should be noted, however, that NDE uncertainties associated with the crack length and depth
determination has no effect on determining the distance between two cracks in parallel planes.
Therefore, NDE uncertainty is not an issue in this part of the proximity rules.

Chapter 5 dealt with fracture failure in the limit load mode. As explained earlier, the ASME
Code, Section Xl flaw proximity rules are intended primarily for ferritic materials and are based
on LEFM. Therefore, when extending them to stainless steel BWR vessel internals, an
estimation of the component's limit load behavior has to be provided because the concern is no
longer restricted to growth at the crack tips but the behavior of the entire section of the
component (e.g., core shroud or internal core spray piping) before fracture failure. To deal with
this new concern, Chapter 5 proposed an equation to estimate the limit load for two parallel
cracks at a distance between 1 times the pipe thickness (where two cracks are combined as
one) and 3 times the pipe thickness (where cracks are considered individually), i.e., t _< d _< 3t.
This equation is derived empirically from a two dimensional finite element analysis of a pipe with
two parallel 3600 cracks: one inside surface flaw and one outside surface flaw. This equation
was then validated against test data from Miller, Connors, Hasegawa, and Battelle. Since the
materials used in the four tests are carbon steel, the staff requested the BWRVIP to justify the
applicability of these test data to BWRVIP internals. The BWRVIP replied in its April 17, 2008,
response to staff's RAI 158-2 that the governing mechanism for these tests was ductile limit
load failure. The staff found that Hasegawa's use of slits with 0.1 mm width to simulate cracks,
as described in BWRVIP-1 58, supported this claim because slits would promote failure in limit
load instead of in LEFM. Further, TR Figure 5-14 indicated that the majority test data from all
four tests clustered around the line where limit load prevails, suggesting once more that the
failure mechanism is limit load.

Hence, the staff concluded that the BWRVIP has established in Chapter 5 an acceptable
evaluation of the limit load capability for BWRVIP vessel internals, which supplements the
ASME Code, Section XI flaw proximity rules. This conclusion applies to both in-plane cracks
(Chapter 3) and parallel cracks (Chapter 4) because the Chapter 5 methodology considered
cracks with a ratio of crack separation to the thickness (d/t) less than 1 as in-plane cracks. The
staff acceptance of the evaluation of the limit load capability for BWRVIP vessel internals also
means that the staff now considers the technical bases in Chapters 3 and 4 are appropriate
because the pending conditions mentioned earlier have been resolved. Consequently, the
ASME Code, Section XI flaw proximity rules can be extended to stainless steel BWR vessel
internals.

The BWRVIP proposed proximity rules in Chapter 6 for adjacent in-plane cracks (Rule A) and
parallel cracks (Rule B). Based on the evaluation discussed above, the staff verified that the
proposed Flaw Proximity Rule A, although slightly different from the ASME Code, Section XI
rules, is still supported by the technical bases presented in Chapter 3
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treatmenRt of NDE URceF~ainty (see the staffs S~s regardng nWVI 3, ReViSion (3 @Rd the
BWR~kP-6pen~e 1149 -sd in determining the-efective ca-k4enh-pI4 ae~aek. On
the other hand, the proposed Flaw Proximity Rule B is acceptable because it is fully supported
by the technical bases presented in Chapters 4 and 5.

4.0 CONCLUSION

Based on the evaluation in Section 3.2 of this SE, the staff determined that the proposed
proximity rules are acceptable...whea..•he staf-appreved treatment of..N.DE. uncertainty ..see.the.
Staff s S F regarding BWRV!P 03. R,,isin 6 and theWIP 63 op item, Whi
pRFe~tetd to be sse'thntefrtqat ocled-yeaF 20-14yisue4we
effective. c.ack length for in-plane.erae.ks. The proposed Flaw Proximity Rule B is acceptable
because it is fully supported by the technical bases presented in Chapters 4 and 5-an44Pe-
effect from NDE uncertainty insignificant.

This staff evaluation and conclusion are only applicable to flaws identified during inspections
performed to meet BWRVIP requirements.

Principle contributor: Simon Sheng, NRR/DCl

Date: August 13, 2009
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BWRVIP 2009-253A
UNITED STATES

0, NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

August 13, 2009

Mr. Rick Libra
Exelon
Chairman, BWR Vessel and Internals Project
Electric Power Research Institute
3420 Hillview Avenue
Palo Alto, CA 94304-1395

SUBJECT: DRAFT SAFETY EVALUATION (SE) FOR BOILING WATER REACTOR (BWR)
VESSEL AND INTERNALS PROJECT (BWRVIP) TOPICAL REPORT (TR)
BWRVIP-158, "FLAW PROXIMITY RULES FOR ASSESSMENT OF BWR
INTERNALS" (TAC NO. MD3618)

Dear Mr. Libra:,

By letter dated September 28, 2006 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML062760223), the BWRVIP submitted TR BWRVIP-158, "Flaw
Proximity Rules for Assessment of BWR Internals" to the U.S. Nuclear Regulatory Commission
(NRC) staff for review.

TR BWRVIP-158 provides revised guidelines for evaluating adjacent cracks in the same plane
and parallel cracks in different planes for BWR vessel. These guidelines are based on the
results of the BWRVIP effort to validate the American Society of Mechanical Engineers Code,
2004 Edition, flaw proximity rules for application to stainless steel BWR vessel internals.

By letter dated May 10, 2007 (ADAMS Accession No. ML071410274), the NRC staff sent a
request for additional information (RAI) to the BWRVIP. By letter dated April 17, 2008 (ADAMS
Accession No. ML081140684), the BWRVIP responded to the RAI. The NRC staff completed its
review of TR BWRVIP-1 58 and the RAI response. Enclosed for the BWRVIP review and
comment is a copy of the NRC staffs draft SE.

Pursuant to Section 2.390 of Title 10 of the Code of Federal Regulations (10 CFR), we have
determined that the enclosed draft SE does not contain proprietary information. However, we
will delay placing the draft SE in the public document room for a period of 10 working days from
the date of this letter to provide you with the opportunity to comment on the proprietary aspects.
If you believe that any information in the enclosure is proprietary, please identify such
information line-by-line and define the basis pursuant to the criteria of 10 CFR 2.390. After
10 working days, the draft SE will be made publicly available, and an additional 10 working days
are provided to you to comment on any factual errors or clarity concerns contained in the draft
SE. The final SE will be issued after making any necessary changes and will be made publicly
available. The NRC staff s disposition of your comments on the draft SE will be discussed in the
final SE.



R. Libra -2-

To facilitate the NRC staffs review of your comments, please provide a marked-up copy of the
draft SE showing proposed changes and provide a summary table of the proposed changes.

If you have any questions, please contact Michael D. McCoppin at (301) 415-2737.

Sincerely,

Stacey L. Rosenberg, Chief
Special Projects Branch
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 704

Enclosure:
Draft SE

cc w/encl: See next page
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Project 704

Randy Stark, EPRI BWRVIP
Integration Manager
Raj Pathania, EPRI BWRVIP
Mitigation Manager
Ken Wolfe, EPRI BWRVIP
Repair Manager
Larry Steinert, EPRI BWRVIP
Electric Power Research Institute
3420 Hillview Ave.
Palo Alto, CA 94304
rstark(aepri.com
rpathanicepri.com
kwolfeaepri.com
Idsteinedcontractor. epri. corn

Bob Geier, Technical Chairman
BWRVIP Assessment Committee
Exelon Corporation
Cornerstone II at Cantera
4300 Winfield Rd.
Warrenville, IL 60555
robert. qeierdexeloncorp.com

Dennis Rickertsen, Technical Chairman
BWRVIP Mitigation Committee
Southern Nuclear Operating Company
P. 0. Box 1295 (M/S B234)
Birmingham, AL 35201-1295
ddricker@southernco.com

Paul J. Davison, Executive Chairman
BWRVIP Assessment Committee
PSEG Nuclear, LLC
Salem/Hope Creek Nuclear Station
11 Yubas Ave.
Burlington, NJ 08016
paul.davison~rpseg.com

Denver Atwood, Chairman
BWRVIP Repair Focus Group
Southern Nuclear Operating Co.
Post Office Box 1295
40 Inverness Center Parkway
(M/S B031)
Birmingham, AL 35242-4809
dqatwood •,southernco.com

Rich Ciemiewicz, Chairman
BWRVIP Inspection Focus Group
Exelon Corporation
200 Exelon Way, Suite 210 (M/S KSA 2-N)
Kennett Square, PA 19349
richard.ciemiewicz(exeloncorD.com

Charles J. Wirtz, Technical Chairman
BWRVIP Integration Committee
FirstEnergy Corp.
Perry Nuclear Power Plant
(M/S A250)
10 Center Road
Perry, OH 44081
ciwirtzgfirstenerqycorp.com

Oscar Limpias, Executive Chairman
BWRVIP Integration Committee
Entergy Nuclear Operations, Inc.
Echelon One
1340 Echelon Parkway.
Jackson, MS 39213-8202
olimPiatc'entercqy.com

Joe Donahue
BWRVIP Vice Chairman
V. P., Nuclear Engineering & Services
Progress Energy, Inc.
410 S. Wilmington St. (M/S PEB6)
Raleigh, NC 27601-1849
ioe.w.donahue~rpgnmail.com

Richard Anderson
BWRVIP Executive Oversight Committee
Site Vice President
NextEra Energy Duane Arnold
Duane Arnold Energy Center
3277 DAEC Road
Palo, IA 52324-9785
rich .anderson(onexteraenerqy.com

Robert Carter, EPRI BWRVIP
Assessment Manager

Jeff Landrum, EPRI BWRVIP
Inspection Manager

EPRI NDE Center
P.O. Box 217097
1300 W. T. Harris Blvd.
Charlotte, NC 28221
bcarter@epri.com
ilandrumr.epri.com

Dennis Madison, Executive Chairman
BWRVIP Mitigation Committee
Site Vice President
Southern Nuclear Operating Co.
Edwin I. Hatch Nuclear Plant
US Hwy 1 N
Baxley, GA 31515-2010
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

FOR TOPICAL REPORT BWRVIP-1 58,

"FLAW PROXIMITY RULES FOR ASSESSMENT OF BWR INTERNALS"

BOILING WATER REACTOR VESSEL AND INTERNALS PROJECT

PROJECT NO. 704

1.0 INTRODUCTION

By letter dated September 28, 2006 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML062760198), the Boiling Water Reactor Vessel and Internals Project
(BWRVIP) transmitted to the Nuclear Regulatory Commission (NRC) for review and approval
Electric Power Research Institute Technical Report (TR) 1014387, "BWR Vessel and Internals
Project, Flaw Proximity Rules for Assessment of BWR Internals (BWRVIP-158)." The BWRVIP-
158 report provided revised guidelines for evaluating adjacent cracks in the same plane (in-
plane cracks) and parallel cracks in different planes (parallel cracks) for BWR vessel internals
such as the core shroud and the internal core spray piping. These guidelines are based on the
results of BWRVIP's effort to validate the American Society of Mechanical Engineers (ASME)
Code, 2004 Edition flaw proximity rules for application to stainless steel BWR vessel internals.
For simplicity, 2004 Edition will be dropped whenever the staff mentions the ASME Code in this
safety evaluation (SE). The revised guidelines to the flaw proximity rules will reduce the
conservatism in the existing BWRVIP guidance. The NRC's review includes the BWRVIP-158
report and the BWRVIP's response, dated April 17, 2008, to the staff's request for additional
information (RAI) for this submittal. This SE provides the basis for our approval of the BWRVIP-
158 report.

.2.0 REGULATORY EVALUATION

The inservice inspection (ISI) of the ASME Code Class 1, 2, and 3 components shall be
performed in accordance with Section XI, "Rules for Inservice Inspection of Nuclear Power Plant
Components," of the ASME Code and applicable editions and addenda as required by Title 10 of
the Code of Federal Regulations (10 CFR) 50.55a(g). When a flaw is detected by inservice
volumetric or surface examinations, acceptance of it by an analytical evaluation shall be in
accordance with the established procedures in the ASME Code, Section X1, such as that in
Subarticle IWB-3600, "Analytical Evaluation of Flaws," to demonstrate that the unit can be
operated for a requested period of time without repair of the affected component. This ASME
Code flaw evaluation does not require adding NDE uncertainties to the characterized flaw size.

BWR vessel internals are usually not ASME Code Class 1, 2, and 3 components. Therefore, the
ISI of BWR vessel internals and the subsequent evaluation of flaws that were found in them
during the ISI have been conducted in accordance with inspection and evaluation guidelines

Enclosure
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established in the numerous approved BWRVIP reports for a variety of BWR vessel internals. A
typical flaw evaluation starts with flaw characterization (or sizing), which involves flaw proximity
rules and NDE uncertainty: flaw proximity rules are used to determine whether adjacent flaws
should be treated separately or be combined; NDE uncertainty is used to finalize the detected
flaw size considering measurement uncertainty. Since BWRVIP-specific flaw proximity rules
have not been established for BWR vessel internals, the BWRVIP-158 report was created to
provide such rules to be used in flaw evaluations related to future inspection and evaluation of
BWR vessel internals. NDE uncertainty, however, appeared in many BWRVIP reports such as
the BWRVIP-03, "Reactor Pressure Vessel and Internals Examination Guidelines," BWRVIP-63,
"Shroud Vertical Weld Inspection and Evaluation Guidelines," BWRVIP-76, "BWR Core Shroud
Inspection and Flaw Evaluation Guidelines," and BWRVIP-158 reports. The NDE uncertainty
issue is currently under staff review as a BWRVIP-63 open item, and the staff expects to issue
an evaluation related to the open item within the first quarter of calendar year 2010. The
information contained in the staff's SEs regarding the BWRVIP-63 open item and the BWRVIP-
03, Revision 6 report will constitute the staff's position on treatment of NDE uncertainty as it
applies to BWR internals evaluations.

For parallel cracks, flaw proximity rules and NDE uncertainty are separate issues. However, for
in-plane, surface cracks, NDE uncertainty significantly affects determination of the distance
between the crack tips of two adjacent flaws and, therefore, significantly affects the outcome of
applying the proposed flaw proximity rules. The applicant that applies the BWRVIP-1 58 shall
use the staff guidelines on NDE uncertainty to be established in the SE for the BWRVIP-63 open
item. The BWRVIP-158 report guidelines are only applicable to flaws identified during
inspections performed to meet BWRVIP requirements.

3.0 TECHNICAL EVALUATION

3.1 BWRVIP Evaluation

The BWRVIP presented its technical bases for using the ASME Code, Section XI flaw proximity
rules for evaluating BWR vessel internals in Chapter 3 to Chapter 5 of BWRVIP-158. Chapter 3
presented test results regarding interaction of two in-plane surface flaws under cyclic loading to
validate the application of the ASME Code, Section Xl flaw proximity rules to BWR vessel
internals. ASME Code, Section Xl flaw proximity rules allow two cracks be treated independently
if their separation distance divided by the crack depth is greater than 0.5 (s/d > 0.5). Chapter 4
presented analytical (fracture mechanics) results regarding interaction of parallel cracks with and
without offset to explore application of the ASME Code, Section X1 flaw proximity rules to BWR
vessel internals. ASME Code, Section Xl flaw proximity rules allow two cracks be treated
independently if they are separated by 0.5 inch. Chapter 4 also pointed out issues to be
addressed when the failure mechanism is limit load. Chapter 5 presented a proposed
methodology for evaluating reduction of limit load capability for BWR vessel internals with
parallel cracks and compared them to test data: Miller data on plates with four symmetric
parallel cracks (TR Figure 5-5), Connors data on bars with two offset parallel edge cracks (TR
Table 5-4), Hasegawa data on plates with two and three offset parallel cracks (TR Table 5-5),
and Battelle data on piping with one to three parallel cracks (TR Table on Page 5-7). The test
data from all four tests are plotted against predicted results in TR Figure 5-14 for comparison.
Based on this figure, the BWRVIP concluded that the predictive model proposed in BWRVIP-
158 regarding the load capacity prediction is in good agreement with the test data.

Chapter 6 summarized the proposed BWRVIP flaw proximity rules, which supplement the ASME
Code, Section XI rules, by adding guidance for resolving parallel cracks during fracture failure



-3-

under'limit load. The flaw proximity rules regarding resolution of in-plane and parallel cracks
during crack growth under the linear elastic fracture mechanics (LEFM) mode were, however,
only slightly different from those in the ASME Code, Section Xl. The proposed BWRVIP flaw
proximity rules are:

A. For adjacent, in-plane, surface cracks: if the distance between two in-plane surface
indications is within 0.5 times the component wall thickness, the two indications must be
considered as one. Further, depending on whether the inspection techniques meet
certain criteria specified in this chapter, the BWRVIP proposed to apply the Evaluation
Factors defined in BWRVIP-03, "Reactor Pressure Vessel and Internals Examination
Guidelines," Revision 7 to characterize the length of each crack.

B. For adjacent, parallel, surface cracks: (1) if the distance between two parallel surface
indications is less than the component thickness (or d < t, see TR Figure 5-2), then the
cracks are considered as in the same plane; (2) if d > 3t, then the cracks are considered
individually; and (3) if t < d _< 3t, then the limit load capability is calculated according to
TR Equation 5-1.

3.2 NRC Staff Evaluation

As discussed in Section 3.1 of this SE, the BWRVIP's proposed flaw proximity rules are in
Chapter 6 of BWRVIP-1 58 and illustrate the underlying technical bases in Chapters 3 to 5. This
SE evaluates BWRVIP-158 in the same order.

Chapter 3 presented stress intensity factor (K) plots for two in-plane cracks as a function of the
crack separation distance divided by the crack depth (s/d) in TR Figure 3-2. Based on this
figure, the BWRVIP concluded that, in bending, the interaction effects become significant at s/d
< 0.5. Additional information in the BWRVlP's April 17, 2008, response to staff's RAI 158-1
stated that the change in the ratio of the K at the remote and adjacent crack tips of the two in-
plane cracks is approximately 10% for s/d > 0.5 and concluded, "[t]his change is consistent with
the other precedents in Section XI and was judged to be acceptable." For cases where NDE
uncertainty is not an issue, the staff agrees with BWRVIP's conclusion because this 10%
variation in K can be absorbed easily by the structural factors specified in the ASME Code,
Section XI flaw evaluations. Flaw proximity rules affect two areas of a flaw evaluation: crack
growth and fracture failure. To date, almost all crack growth rates, including those in Section Xl
of the ASME Code, depend on the K value at the crack tip regardless of whether the material is
brittle (LEFM dominates) or ductile (elastic-plastic fracture mechanics and limit load dominate).
Since TR Figure 3-2 results are based on a fatigue crack growth test under cyclic loading (i.e.,
the test was performed for specimens in the crack growth mode, which is far from their fracture
failure limit), the above staff evaluation applies to in-plane cracks under crack growth only.
Fracture failure in the limit load mode for these in-plane cracks is addressed in Chapter 5. NDE
uncertainty is addressed in Chapter 6. Therefore, BWRVIP's conclusion regarding the
insignificant interaction effects at s/d > 0.5 is acceptable, pending the staff's evaluation of
Chapters 5 and 6.

Chapter 4 presented K plots for parallel cracks without offset in TR Figure 4-4. The plots
indicate that the K value for parallel cracks without offset is lower than that associated with a
single crack. Similar results are also observed in TR Figure 4-5 for the majority of cases for two
parallel cracks with offset. The physical meaning of these two TR figures is that it is
conservative to treat two adjacent cracks in different planes as separate and individual planar
flaws (i.e., ignore their interaction) because, without considering the existence of adjacent
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cracks, an individual crack will give a higher K value than that associated with multiple adjacent
flaws. This is true for a wide range of crack separation distance as indicated in both TRfigures,
supporting the ASME Code, Section Xl flaw proximity rules of treating two parallel flaws as
separate and independent planar flaws if they are separated by 0.5 inch. Again, fracture failure
in the limit load mode for parallel cracks is not addressed here. Hence, extending the
application of the ASME Code, Section XI flaw proximity rules regarding parallel cracks with and
without offset to BWR vessel internals is acceptable, pending the staff's evaluation of Chapter 5.
It should be noted, however, that NDE uncertainties associated with the crack length and depth
determination has no effect on determining the distance between two cracks in parallel planes.
Therefore, NDE uncertainty is not an issue in this part of the proximity rules.

Chapter 5 Vealt with fracture failure in the limit load mode. As explained earlier, the ASME
Code, Section XI flaw proximity rules are intended primarily for ferritic materials and are based
on LEFM. Therefore, when extending them to stainless steel BWR vessel internals, an
estimation of the component's limit load behavior has to be provided because the concern is no
longer restricted to growth at the crack tips but the behavior of the entire section of the
component (e.g., core shroud or internal core spray piping) before fracture failure. To deal with
this new concern, Chapter 5 proposed an equation to estimate the limit load for two parallel
cracks at a distance between 1 times the pipe thickness (where two cracks are combined as
one) and 3 times the pipe thickness (where cracks are considered individually), i.e., t _< d < 3t.
This equation is derived empirically from a two dimensional finite element analysis of a pipe with
two parallel 3600 cracks: one inside surface flaw and one outside surface flaw. This equation
was then validated against test data from Miller, Connors, Hasegawa, and Battelle. Since the
materials used in the four tests are carbon steel, the staff requested the BWRVIP to justify the
applicability of these test data to BWRVIP internals. The BWRVIP replied in its April 17, 2008,
response to staffs RAI 158-2 that the governing mechanism for these tests was ductile limit load
failure. The staff found that Hasegawa's use of slits with 0.1 mm width to simulate cracks, as
described in BWRVIP-158, supported this claim because slits would promote failure in limit load
instead of in LEFM. Further, TR Figure 5-14 indicated that the majority test data from all four
tests clustered around the line where limit load prevails, suggesting once more that the failure
mechanism is limit load.

Hence, the staff concluded that the BWRVIP has established in Chapter 5 an acceptable
evaluation of the limit load capability for BWRVIP vessel internals, which supplements the ASME
Code, Section Xl flaw proximity rules. This conclusion applies to both in-plane cracks (Chapter
3) and parallel cracks (Chapter 4) because the Chapter 5 methodology considered cracks with a
ratio of crack separation to the thickness (d/t) less than 1 as in-plane cracks. The staff
acceptance of the evaluation of the limit load capability for BWRVIP vessel internals also means
that the staff now considers the technical bases in Chapters 3 and 4 are appropriate because
the pending conditions mentioned earlier have been resolved. Consequently, the ASME Code,
Section XI flaw proximity rules can be extended to stainless steel BWR vessel internals.

The BWRVIP proposed proximity rules in Chapter 6 for adjacent in-plane cracks (Rule A) and
parallel cracks (Rule B). Based on the evaluation discussed above, the staff verified that the
proposed Flaw Proximity Rule A, although slightly different from the ASME Code, Section XI
rules, is still supported by the technical .bases presented in Chapter 3 when the staff-approved
treatment of NDE uncertainty (see the staff's SEs regarding BWRVIP-03, Revision 6 and the
BWRVIP-63 open item) is used in determining the effective crack length for in-plane cracks. On
the other hand, the proposed Flaw Proximity Rule B is acceptable because it is fully supported
by the technical bases presented in Chapters 4 and 5.
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4.0 CONCLUSION

Based on the evaluation in Section 3.2 of this SE, the staff determined that the proposed
proximity rules are acceptable when the staff-approved treatment of NDE uncertainty (see the
staff's SEs regarding BWRVIP-03, Revision 6 and the BWRVIP-63 open item, which is projected
to be issued within the first quarter of calendar year 2010) is used in determining the effective
crack length for in-plane cracks. The proposed Flaw Proximity Rule B is acceptable because it
is fully supported by the technical bases presented in Chapters 4 and 5 and the effect from NDE
uncertainty is insignificant.

This staff evaluation and conclusion are only applicable to flaws identified during inspections
performed to meet BWRVIP requirements.
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