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_ August 25, 2008
UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

)
)
Entergy Nuclear Vermont Yankee, LLC ) Docket No. 50-271-LR
and Entergy Nuclear Operations, Inc. ) ASLBP No. 06-849-03-LR
)
(Vermont Yankee Nuclear Power Station) )

ENTERGY’S PROPOSED FINDINGS OF FACT AND CONCLUSIONS OF LAW
ON NEW ENGLAND COALITION CONTENTIONS

Pursuant to 10 C.F.R. § 2.1209, the Atomic Safety and Licensing Board’s (;‘Licensing
Board” or “Board”) Memorandum and Order (Regarding Corrections to the Transcript and Pro-
posed Findings of Fact and Conclusions of Léw) dated August 5, 2008, and its directive at the
evidentiary hearing held in Newfane, Vermont on the above captioned matter (see Tr. at 1739-
40),1‘ Applicants Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations, Inc.
(collectively “Entergy’) submit their proposed findings of fact-and conclusions of law concern-
ing each of the contentions by the New England Coalition (“NEC”) which were the subject of the
evidentiary hearing in this proceeding. This submittal is presented in the form of a decision by

the Board that includes findings of fact and conclusions of law with respect to each contention.

In this filing, the notation “Tr. at xxxx” denotes a reference to page xxxx of the transcript of the evidentiary hear-
ing. The hearing transcript begins at page 694. All citations to the transcript herein refer to the original transcript
supplied by the court reporter, without incorporating any pagination changes that might result from the transcript
corrections subsequently identified by the Board or the parties.
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PROCEDURAL HISTORY

On January 25, 2006, Entergy filed an application (“Application) pursuant to 10 C.F.R.

Part 54 to renew Operating License No. DPR-28 for the Vermont Yankee Station (“VY”). En-

tergy seeks to extend the license, which expires on March 21, 2012, for an additional twenty

years. On March 27, 2006, the Commission published a notice of opportunity to request a hear-

ing on the application. 71 Fed. Reg. 15,220 (Mar. 27, 2006). Among the parties that filed hear-

ing requests challenging Entergy’s proposed license renewal was the New England Coalition

(“NEC”).? The Board granted NEC’s hearing request and admitted several of its proposed con-

tentions. Entergy Nuclear Vermont Yankee, L.L.C., & Entergy Nuclear Operations, Inc. (Ver-

mont Yankee Nuclear Power Station) LBP-06-20, 64 N.R.C. 131, 143 (2006). The Board ruled

that the 10 C.F.R. Part 2, Subpart L procedures were appropriate for each of the contentions. Id.

at 204.

! .
Three of the contentions proposed by NEC were set for hearing: Contention 2A/2B,

which criticizes Entergy’s analyses of environmentally assisted fatigue (“EAF”) of critical reac-

tor piping and components;> Contention 3, which challenges Entergy’s plan to monitor and

manage aging of the steam dryer during the period of extended operation;4 and Contention 4,

2

Petition for Leave to Intervene, Request for Hearing, and Contentions (May 26, 2006) (“NEC Petition to Inter-
vene”).

As admitted by the Board, NEC Contention 2A states: «. .. [T]he analytical methods employed in Entergy’s
[environmentally corrected CUF, or] CUFen Reanalysis were flawed by numerous uncertainties, unjustified as-
sumptions, and insufficient conservatism, and produced unrealistically optimistic results. Entergy has not, by this
flawed reanalysis, demonstrated that the reactor components assessed will not fail due to metal fatigue during the
period of extended operation.” Memorandum and Order (Ruling on NEC Motions to File and Admit New Con-
tention), LBP-07-15, 66 N.R.C. 261, 270 (2007).

Subsequently, the Board admitted new NEC Contention 2B, which challenges the confirmatory analysis per-
formed by Entergy in 2008. In admitting the contention, however, the Board ruled that it is really a subset of
Contention 2A and does not merit a separate statement. Order (Granting Motion to Amend NEC Contention 2A)
(Apr. 24, 2008) (“April 24, 2008 Order”) at 2.

As recast by the Board, Contention 3 raises two issues: “1. Whether Entergy has established sound evaluation
and implementation procedures to assure that the integrity of the steam dryer is not jeopardized. Specifically,
NEC contends that the status of the dryer cracks must be continuously monitored and assessed by a competent
engineer. While Entergy has established that it will continuously monitor plant parameters indicative of steam
dryer cracking, it has not provided information on its assessment program for the monitoring data or the qualifi-
Footnote continued on next page



which alleges that Entergy’s program for managing flow-accelerated corrosion (“FAC”) of pip-
ing and components at VY during the license renewal period is inadequate.’ The facts, testimony
and evidence relating to these contentions are described below.

On October 10, 2007, the Board, accompanied by representatives of the parties, con-
ducted a visit of the VY site in order to view areas of the plant relevant to the contentions at is-
sue. On October 11, 2007, the Board held two limited appearance sessions in Brattleboro, Ver-
mont where members of the public made oral limited appearance statements.

On February 27, 2008, the NRC Staff issued its “Safety Evaluation Report Related to the
License Renewal of Vermont Yankee Nuclear Power Station” (“FSER”). The FSER has been
introduced in evidence as Staff Exhibit 1.

On March 20, 2008, the Advisory Committee on Reactor Safeguards (“ACRS”) issued a

Ietter to the Commission Chairman reporting the results of its review of the proposed renewal of
the VY license. The ACRS addressed, inter alia, the issues raised in the contentions which are
the subject of this proceeding. The ACRS found:

We agree with the staff that there are no issues related to the mat-
ters described in 10 CFR 54.29(a)(1) and (a)(2) that preclude re-
newal of the operating license for VYNPS. The programs estab-
lished and committed to by ENO provide reasonable assurance that
VYNPS can be operated in accordance with its current licensing

. basis for the period of extended operation without undue risk to the
health and safety of the public. The ENO application for renewal
of the operating license for VYNPS should be approved.

Footnote continued from previous page

cations of the personnel evaluating this information. 2. Whether a steam dryer aging management program that
does not provide a means to estimate and predict stress loads on the dryer during operation for comparison to es-
tablished fatigue limits is valid.” Memorandum and Order (Ruling on Motion for Summary Disposition of NEC
Contention 3) (Sept. 11, 2007), slip op. at 11-12.

Contention 4 states: “Entergy’s License Renewal Application does not include an adequate plan to monitor and
manage aging of plant piping due to flow-accelerated corrosion during the period of extended operation.” LBP-
06-20, 64 N.R.C. at 192.



Entergy Exh. E2-37 at 4.

On July 9, 2008 the parties entered into a Joint Stipulation (“Joint Stipulation™) as to cer-

tain facts relating to the three admitted contentions. The stipulated facts will be referenced

where appropriate in the discussion of each contention.

The evidentiary hearing on the NEC Contentions was held in Newfane, Vermont, on July

21 through 24, 2008. The hearing, which was conducted under the procedures of Subpart L of 10

C.F.R. Part 2, included incorporation into the record of the direct and rebuttal testimony on the

NEC Contentions submitted earlier by the parties and the admission into evidence of numerous

exhibits proffered by each party.6 Examination of the witnesses was conducted by the Board, but

6

As to NEC Contentions 2A and 2B, the following testimony was admitted into evidence: Testimony of James C.
Fitzpatrick and Gary L. Stevens on NEC Contentions 2A/2B, Environmentally-Assisted Fatigue (May 12, 2008)
(“Entergy NEC 2 Dir.”), Post Tr.7 at 63; Supplemental Testimony of James C. Fitzpatrick and Gary L. Stevens on
NEC Contention 2A/2B, Environmentally-Assisted Fatigue (“Entergy NEC 2 Reb.”), Post Tr. at 763; Affidavit of
John R. Fair Concerning NEC Contentions 2A and 2B (Metal Fatigue) (May 13, 2008) (“Staff NEC 2 Dir.”), Post
Tr. at 768; Pre-filed Direct Testimony of Dr. Joram Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and 4 (dated
June 20, 2006 [sic], filed April 30, 2008) (“Hopenfeld Dir.”), Post Tr. at 778; Pre-filed Rebuttal Testimony of Dr.
Joram Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and 4 (dated June 20, 2006 [sic], filed June 2, 2008)
(“Hopenfeld Reb.”), Post Tr. at 778. Entergy introduced into evidence thirty-seven exhibits relating to NEC :
Contentions 2A and 2B, numbered Entergy Exhibits (“Exh.”) E2-02 through E2-37 and E2-39 (Tr. at 764, 1457).
The Staff introduced into evidence sixteen exhibits, Staff Exh. 1-13, 22, 23, and D (Tr. at 771, 773, 774, 776 and
1462). NEC introduced forty-four exhibits (NEC-JH02 through NEC-JH35, NEC-JH62 through NEC-JH66 and
NEC JH68-NEC-JH72) (Tr. at 779).

As to NEC Contention 3, the following testimony was admitted into evidence: Joint Declaration of John R.
Hoffman and Larry D. Lukens in NRC Contention 3 (May 9, 2009) (“Entergy NEC 3 Dir.””), Post Tr. at 1186; Affi-
davit of Kaihwa Robert Hsu, Jonathan G. Rowley, and Thomas G. Scarbrough Concerning NEC Contention 3
(Steam Dryer) (May 13, 2008) (“Staff NEC 3 Dir.”), Post Tr. at 1188; Pre-filed Direct Testimony of Dr. Joram
Hopenfeld Regarding NEC Contentions 2a, 2b, 3 and 4 (dated June 20, 2006 [sic], filed April 30, 2008)
(“Hopenfeld Dir.”), Post Tr. at 778; Pre-filed Rebuttal Testimony of Dr. Joram Hopenfeld Regarding NEC Conten-
tions 2A, 2B, 3 and 4 (dated June 20, 2006 [sic], filed June 2, 2008) (“Hopenfeld Reb.”), Post Tr. at 778. Entergy
introduced into evidence fifteen exhibits relating to NEC Contention 3, numbered Entergy Exh. E3-02 through
E3-16 (Tr. at 1187). The Staff introduced into evidence four exhibits, Staff Exh. 14, 15, and 19 (Tr. at 1190).
NEC introduced ten exhibits, NEC Exh. JH-54 through NEC JH-61, NEC JH-68, and NEC JH-69 (Tr. at 1190).

As to NEC Contention 4, the following testimony was admitted into evidence: Testimony of Jeffrey S. Horowitz
and James C. Fitzpatrick on NEC Contention 4, Flow Accelerated Corrosion (May 12, 2008) (“Entergy NEC 4
Dir.”), Post Tr. at 1425; Affidavit of Kaihwa R. Hsu and Jonathan G. Rowley Concerning NEC Contention 4 (Flow
Accelerated Corrosion (May 13, 2008) (“Staff NEC 4 Dir.”), Post Tr. at 1430; NRC Staff Rebuttal Testimony Con-
cerning NEC Contention 4 (June 2, 2008) (“Staff NEC 4 Reb.”), Post Tr. at 1430; Pre-filed Direct Testimony of Dr.
Joram Hopenfeld Regarding NEC Contentions 2a, 2b, 3 and 4 (dated June 20, 2006 [sic], filed April 30, 2008)
(“Hopenfeld Dir.”), Post Tr. at 778; Pre-filed Rebuttal Testimony of Dr. Joram Hopenfeld Regarding NEC Conten-
tions 24, 2B, 3 and 4 (dated June 20, 2006 [sic], filed June 2, 2008) (“Hopenfeld Reb.”), Post Tr. at 778; Pre-filed
Direct Testimony of Dr. Rudolf Hausler regarding NEC's Contention 4 (dated June 20, 2006 [sic], filed April 30,
Footnote continued on next page



the parties had an opportunity before the hearing to submit proposed questions for the Board to
propound to the witnesses pursuant to 10 C.E.R. §§ 2.1207(a)(3)(i) and (ii). At the end of the
examination of all witnesses on each contention, the parties were given an opportunity to pro-
pose additional questions for the Board to consider asking the witnesses to follow up on the ex-
amination answers. Tr. at 1157, 1406, 1711. Questions were proposed by the parties and, after
consideration, the Board posed such additional questions to the witnesses as it deemed necessary.
d.’

Through the prefiled written testimony of the witnesses and their extensive examination
by the Board at the evidentiary hearing, a thorough record was compiled that provides a suffi-

cient basis for the findings of fact and conclusions of law set forth herein.

1L NEC CONTENTIONS 2A AND 2B

A.  Background

Contention 2, as propounded by NEC, asserted that “Entergy’s License Renewal Applica-
tion does not include an adequate plan to monitor and manage the effects of aging [due to metal

fatigue] on key reactor components that are subject to an aging management review, pursuant to

Footnote continued from previous page

2008) (“Hausler NEC 4 Dir.”), Post Tr. at 1434; Pre-filed Rebuttal Testimony of Dr. Rudolf Hausler Regarding
NEC's Contention 4 (“Hausler NEC 4 Reb.”) (dated June 20, 2006 [sic}, filed June 2, 2008), Post Tr. at 1435; Pre-
filed Direct Testimony of Ulrich Witte Regarding NEC Contention 4 (filed April 30, 2008) (“Witte NEC 4 Dir.”),
Post Tr. at 1436; Pre-filed Rebuttal Testimony of Ulrich Witte Regarding NEC Contention 4 (filed June 6, 2008, as
marked up m Attachment 4 to the Board’s July 16, 2008 Order (Rulings on Motions to Strike and Motions in
Limine) (“Witte NEC 4 Reb.”), Post Tr. at 1435. Entergy introduced into evidence forty-two exhibits relating to
NEC Contention 4, numbered Entergy Exh. E4-02 through E4-43 (Tr. at 1426). The Staff introduced into evi-
dence eight exhibits (16, 17, 18, 20, 21, A, B, and C) (Tr. at 1431). NEC introduced forty-four exhibits, NEC Exh.
NEC JH-36 through NEC JH-53 and Exh. NEC JH70 (Tr. at 1431-32), NEC Exh. NEC RH-02 through NEC RH-05
(Tr. at 1434), and NEC Exh. NEC W02-W22 (Tr. at 1436).

Several of the exhibits and testimony proffered by NEC, and one exhibit submitted by Entergy, were proprietary
and were segregated from the rest of the record. NEC provided redacted versions of those exhibits. No refer-
ence was made during the course of the hearing to any proprietary information in the testimony or exhibits.

Pursuant to 10 C.F.R. § 2.1207(a)(3)(iii), the Board, by separate order, is providing to the Commission’s Secre-
tary all questions submitted by the parties under 10 C.F.R. § 2.1207(a)(3)(i)-(ii). See Tr. at 1421-22.



10 C.F.R. § 54.21(a) and an evaluation of time limited aging analysis, pursuant to 10 C.F.R. §
54.21(c).” LBP-06-20, 64 N.R.C. at 183 (footnote omitted). The Board admitted the conten-
tion, finding that NEC had raised a litigable issue “whether Entergy’s ‘plan to develop a plari’ to
manage environmentally assisted metal fatigue is sufficient to meet the license renewal require-
ments of 10 C.F.R. § 54.21(c)(i)-(iii).” Id., 64 N.R.C. at 186. The Board ruled that, while Entergy
had stated that it was relying upon 10 C.F.R. § 54.21(c)(1)(iii) (i.e., demonstrating that the ef-
fects of aging will be adequately managed), the Application contained only a summary of “op-
tions for future plans rather than demonstrating compliance” with § 54.21(c)(1)(iii). Id.

At issue in NEC Contentions 2A and 2B is Entergy’s assessment of EAF effects on nine
reactor corﬁponent locations, chosen in accordance with NRC Staff guidance. The initial as-
sessment of environmentally assisted fatigue (“EAF”) contained in the VY Application consisted
of a screening evaluation of EAF effects for all nine locations by determining cumulative usage
factors (“CUFs”) at each location (using generic values for certain components that had been de-
signed under the ANSI B.31.1 Code), performing calculations of the environmentally adjusted
cumulative usage factor “CUF,S” at each location, and determining whether the total CUF,s
for 60 years of plant operation remain less than unity.

Subsequent to the admission of NEC Contention 2 for adjudication, Entergy informed the
Board that it was performing a reanalysis to recalculate the CUF,,s at the nine locations of inter-
est to demonstrate that the CUF,s will remain less than unity throughout the period of extended
operations. LBP-07-15, 66 N.R.C. 261, 265 (2007). Entergy performed the reanalysis, disclosing
to the parties the preliminary results on June 7 and 13, 2007, and the final results on August 2,
2007. 1d.2 Entergy formally docketed its reanalysis on September 17, 2007. Application

Amendment 31 (Staff Exh. 22, Attachment).

$  Entergy has often referred to its 2007 reanalysis as “refined analysis.” See, e.g., Entergy NEC 2 Dir. at A25.



On July 12 and September 4, 2007, NEC filed motions to file a new or amended conten-
tion regafding Entergy’s program to manage the aging effects of metal fatigue, claiming that En-
tergy’s reanalysis was flawed. In LBP-07-15, the Board admitted NEC’s new contention (identi-
fying it as NEC 2A) as alleging that the “analytical methods employed in [environmentally cor-
rected CUF or] CUF,, Reanalysis were flawed by numerous uncertainties, unjustified assump-
tions, and insufficient conservatism, and produced unrealistically optimistic results. Entergy has
not, by this flawed reanalysis, demonstrated that the reactor components assessed will not fail
due to fnetal fatigue during the period of extended operation.” LBP-07-15, 66 N.R.C. at 270. The
Board ordered that the parties litigate NEC’s new contention, NEC Contention 2A, holding NEC
Contention 2 in abeyance. 1d. at 271.

In response to requests for additional information from the Staff, Entergy performed ad-
ditional, confirmatory analyses of the CUF ;s for two locations at the feedwater nozzle. Letter,
Entergy to NRC, "License Renewal Application, Amendment 34," (NEC Exh. NEC-JH_34 at
Attachment 1); Letter Entergy to NRC, “License Renewal Application Amendment 36,” (Staff
Exh. 23 at Attachment 2).9 On March 17, 2008, NEC filed a motion to file a new or amended
contention challenging these confirmatory analyses. On April 24, 2008, the Board admitted a
new contention based on NEC’s March 17 motion. The Board found the new contention to be “a
subéet of Contention 2A” and designated it as NEC Contention 2B. April 24, 2008 Order at 2.

Contentions 2A and 2B were set for hearing, and Contention 2 remains in abeyance. The
parties were not to litigate Contention 2 unless and until Entergy returned to reliance on a metal
fatigue management program. If Entergy were to propose a new metal fatigue management pro-

gram (e.g., if it failed to prevail on Contentions 2A and 2B), then NEC might amend NEC Con-

° At the hearing, the Board defined the EAF analysis included inthe Application as the “initial analysis™; the “re-

fined analysis” performed by Entergy in 2007 was termed the “reanalysis”; and the confirmatory analysis En-
tergy performed in early 2008 was designated as the “confirmatory analysis.” Tr. at 803. That nomenclature
will be used hereinafter.



tention 2 to address and support its challenges to the revised program. LBP-07-15, 66 N.R.C. at
271.1° |
B. Witnesses

1. Entergy Witnesses

Entergy’s testimony on NEC Contentions 2A and 2B was presented by a panel of two
witnesses, each with extensive éxperience in the evaluation of fati gue in boiling water reactor
(“BWR”) components and first-hand knowledge of how the fatigue evaluations for critical VY -
reactor components were performed. The first witness on the panel, Mr. James C. Fitzpatrick,
has thirty years of experience in design, construction, and modification of nuclear power plant
structures, piping systems, pressure vessels, and other equipment. Entergy NEC 2 Dir. at A3.

Mr. Fitzpatrick worked for over twenty years at VY, and in the last six years of his em-
ployment he was Senior Lead Engineer, Design Engineering. Id. In that capacity, he was re-
sponsible for overseeing the anélyses used to predict the long-term performance of critical VY
components, including the potential fatigue of metal piping and equipment exposed to the reactor
coolant environment. Id. at A13. In particular, he was responsible for the development of En-
tergy’s proposed program to manage the effects of fatigue on critical reactor pressure boundary
components during the proposed VY license renewal period, and therefore has first-hand knowl-
edge of the program and the analyses that support it. Id.

The second Entergy witness, Mr. Gary L. Stevens, is an expert in the application of finite
element analysis, fracture mechanics, and structural and fatigue analyses for nuclear components.
Id. at A16. He has extensive experience in the application of American Society of Mechanical
Engineers (“ASME”) Code Sections III and XI methodology to fatigue analyses of reactor ves-

sels and internals components, was the Chairman of former ASME Section XI Task Group on

10 As discussed below, since Entergy has prevailed on Contentions 2A and 2B, it need ot propose a new fatigue
management program, and NEC Contention 2 is therefore dismissed.



Operating Plant Fatigue Assessments, is the Secretary of the ASME Section XI Working Group
on Operating Plant Criteria, is the Secretary of the ASME Section XI Sub gfoup on Evaluation
Standards, and is a member of the ASME Section XI Subcommittee on Nuclear Inservice Inspec- -
tion. Id. He supervised the Structural Integrity Associates (“SIA”) technical staff involved in
performing the EAF calculations for VY and provided expert technical consultation and review
to all aspects of the work. Id. at A18. Mr. Stevens prepared the confirmatory analysis calcula-
tion for the feedwater nozzle. Id.

Entergy witness Mr. Fitzpatrick is qualified as an expert in the design and operating his-
tory of critical reactor components at VY, the performance of site-specific EAF analyses at VY,
and the prediction of the potential fatigue of critical reactor components during the period of ex-
tended operations.

Entergy witness Mr. Steveﬁs is qualified as an expert in the analysis and prediction of the
performance of BWR components with respect to EAF, the industry standards and guidance re-
lating to the performance of EAF analyses, the development, characteristics and use of computer
codes to analyze the potential for EAF failure of such components, and the potential fatigue of
critical VY reactor components during the period of extended operations.

The testimony and opinions of the Entergy witnesses on NEC Contentions 2A and 2B are
based on both their technical expertise and experience and their first hand knowledge of the fac-
tual issues raised in the contentions.

2. NRC Staff Witnesses

The Staff’s testimony on NEC Contentions 2A and 2B was presented by Mr. John R.

)
Fair.'! Mr. Fair has over 35 years experience in the nuclear power industry, including 31 years at

' The Staff had designated another witness, Dr. Kenneth Chang, to testify with respect to NEC Contentions 2A
and 2B, and had submitted pre-filed direct testimony by Dr. Chang on those contentions. Affidavit of Kenneth
C. Chang Concerning NEC Contentions 2A & 2B (Metal Fatigue), Staff Exh. 2 (May 13, 2008). On the eve of
the hearing, however, the Staff advised that, for medical reasons, Dr. Chang would not be able to testify and
would be not appear as a witness. Letter from Mary C. Baty to the Board, dated July 11, 2008. At the hearing,
Footnote continued on next page



the NRC. John R. Fair; Statement of Professional Qualifications (S‘_caff Exh. 3, following page
6). During his career at the NRC, Mr. Fair has acquired significant experience developing staff
technical positions regarding fatigue evaluation of ASME Code components. Id. |

Mr. Fair has served as a member of ASME Code working groups on fatigue analysis. Id.
He has significant experience reviewing topics related to the mechanical design of ASME Code
components and fatigue evaluations for license renewal applications. Id. He has reviewed over a
dozen license renewal applications. Tr. at 1144 (Fair).

Mr. Fair also has significant experience with design analysis of ASME Code and ANSI
B31.1 piping systems. Staff Exh. 3. In connection with Entergy’s Application, Mr. Fair has ad-
vised his colleagues in the Division of License Renewal on Entergy’s metal fatigue submissions
and supported them at meetings with Entergy and the Advisory Committee on Reactor Safe-
guards (“ACRS”). Mr. Fair was involved in preparation of “Draft Regulatory Issue Summary
2008-XX Fatigue Analysis of Nuclear quer Plant Components” dated April 11, 2008. Id.

Staff witness Mr. Fair is qualified as an expert in the staff technical positions and regula-
tory guidance regarding fatigue evaluation of ASME Code components, the industry standards
and guidance relating to the performance of EAF analyses, and the criteria for evaluating com-
ponent fatigue in air and reactor water environments.

3. NEC Witness

NEC’s witness on these contentions, Dr. Joram Hopenfeld, received a Bachelor of Sci-
ence degree, a Master of Science degree, and a Ph.D. in Engineering from the University of Cali-
fornia, Los Angeles. NEC Exh. NEC-J H_02. Dr. Hopenfeld lists as his relevant areas of exper-

tise thermal/hydraulics, materials, environmental interaction, radioactivity transport, industrial

Footnote continued from previous page

the Staff moved to withdraw Dr. Chang’s testimony, but the Board ruled that the testimony would be admitted as
an exhibit. Tr. at 1462. Since Dr. Chang was unavailable to testify, the opinions expressed in his affidavit can-
not be given weight as those of an expert, but the facts attested to in his affidavit are admissible as evidence.
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instrumentation and environmental monitoring. Id. At the hearing, however, Dr. Hopenfeld ac-
knowledged inter alia that he is not an expert on stress numerical analysis (Tr. at 831), that he
does not know whether environmentally assisted fatigue evaluations are commonly performed at
" nuclear power plants (Tr. at 1014), that he does not know how certain factors that may affect
component fatigue such as oxygen content in the feedwater, surface finish, and heat transfer co-
efficient are computed (Tr. at 964-65, 1082,1095), and that he does not believe in the accuracy of
the results of his own calculations of environmentally assisted fatigue (Tr. at 1130-31). These
Aacknowledged limitations demonstrate that Dr. Hopenfeld has little experience in the analysis
and evaluation of environmentally assisted fatigue in reactor piping and components at BWRs
and is not well qualified to provide expért opinions on environmentally assisted fatigue issues.

C. Applicable Legal Standards

Time-limited aging analyses (“TLAAs”) are defined in § 54.3 as follows:

Time-limited aging analyses, for the purposes of this part, are those
licensee calculations and analyses that:

(1) Involve systems, structures, and components within the scope
of license renewal, as delineated in § 54.4(a);

(2) Consider the effects of aging;

(3) Involve time-limited assumptions defined by the current operat-
ing term, for example, 40 years;

(4) Were determined to be relevant by the licensee in making a
safety determination; '

(5) Involve conclusions or provide the basis for conclusions related
to the capability of the system, structure, and component to per-
form its intended functions, as delineated in § 54.4(b); and

(6) Are contained or incorporated by reference in the CLB.
10 C.F.R. § 54.3. As the reference to “those licensee calculations and analyses” and items (3)

and (6) make clear, TLAAs are time-limited aging analyses that are part of a plant’s CLB.
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A license renewal application must include in the application “[a]n evaluation of time-

limited aging analyses.” 10 C.F.R. § 54.21(c). 10 C.F.R. § 54.21(c)(1) defines the showing that

must be made in this evaluation: The application must demonstrate that any one of three condi-

tions is met with respect to each TLAA:

() The analyses remain\valid for the period of extended opera-
tion;

(i)  The analyses have been projected to the end of the period
of extended operation; or

(iii)  The effects of aging on the intended function(s) will be
adequately managed for the period of extended operation.

10 C.F.R. § 54.21(c)(1).

The Commission explained these three options as requiring the applicant to:

(1)

@)

G)

Justify that these analyses are valid for the period of extended op-
eration;

Extend the period of evaluation of the analyses such that they are
valid for the period of extended operation, for example, 60 years;
or

Justify that the effects of aging will be adequately managed for the
period of extended operation if an applicant cannot or chooses not
to justify or extend an existing time-limited aging analysis.

60 Fed. Reg. 22,461, 22,480 (May 8, 1995) (emphasis added). The Commission has thus indi-

cated that 10 C.F.R. § 54.21(c)(1) allows the applicant to choose how to evaluate an existing

TLAA. None of the methods are superfluous; each method is a separate and independent means

of evaluating TLAAs. Under the express terms of the regulation, justifying the validity of, or ex-

tending a TLAA 1s not required before the issuance of a license renewal. To the contrary, the

applicant may choose “not to justify or extend an existing time-limited aging analysis” and in-

stead justify that the effects of aging will be adequately managed. Id.

The fatigue-related TLA As that must be evaluated are those fatigue analyses that involve

time-limited assumptions and are part of the CLB, as discussed above. An analysis of EAF is
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not part of the current licensing basis and therefore is not, per se, a TLAA."* However, EAF is
considered in an applicant’s aging management program for fatigue pursuant to the resolution of
Generic Safety Issue (“GSI”) 190, which was closed out after the license renewal rule was
promulgated. In closing out GSI-190, the NRC Staff stated: |

The conclusion to close out this issue is based upon low core dam-
age frequencies from fatigue failures of metal components esti-
mated by technical studies making use of recent fatigue data de-
veloped on test specimens. The results of these probabilistic
analyses and associated sensitivity studies led the staff to conclude
that no generic regulatory action is required. However, calcula-
tions including environmental effects, that were performed to sup-
port resolution of this issue, and the nature of age-related degrada-
tion indicate the potential for an increase in the frequency of pipe
leaks as plants continue to operate. Thus, the staff concludes that,
consistent with the existing requirements in 10 CFR 54.21, licen-
sees should address the effects of the coolant environment on com-
ponent fatigue life as aging management programs are formulated
in support of license renewal.

‘Memorandum from A. Thadani to W. Travers, “Closeout of Generic Safety Issue 190, ‘Fatigue
Evaluation of Metal Components for 60-Year Plant Life’” (Dec. 26, 1999) (Exh. E2-04-VY)

(emphasis added).'*

Section 4.3.1 of the Application states in relevant part:

A review of the fatigue evaluations reveals the maximum cumulative usage factors (CUFs) for applicable
VYNPS Class 1 components. The documents reviewed are current design basis fatigue evaluations that do
not consider the effects of reactor water environment on fatigue life. The maximum cumulative usage factors
(CUF) for Class 1 components are summarized in Table 4.3-1.

Application, § 4.3.1 at 4.3-2.

In promulgating the license renewal rule, the Commission indicated that designation of an issue as a GSI would
not exclude the issue from the scope of the aging management review or time-limited aging analysis evaluation.
60 Fed. Reg. at 22,484. Rather, the Commission identified several options for addressing such an issue, includ-
ing “develop[ing] an aging management program which, for that plant, incorporates resolution of the aging ef-
fects issue.” Id. at 22,485.

" In connection with a predecessor issue (GSI-166), the NRC had determined that requiring a backfit of the envi-

ronmental fatigue data to current operating licenses (i.e., to the initial operating terms) could not be justified.
See SECY-95-245, Completion of the Fatigue Action Plan (Sept. 25, 1995) (ADAMS Accession No.
ML031480210). Accordingly, the CLB of plants in their initial license term do not include EAF analyses.

13



The evaluation of TLAAs related to metal fatigue is addressed in section 4.3 of the Ver-
mont Yankee Nuclear Power Station (“VYNPS”) License Renewal Application (“LLRA”). As
indicated therein, the effects of aging due to fatigue of Class 1 components are managed by the
- VYNPS Fatigue Monitoring Program, which tracks and evaluates the plant’s operational cycles
to ensure those cycles remain within allowable numbers and requires corrective actions if speci-
fied limits are approached. LRA at 4.3-3. This program is further described in Section B.1.11 of
the LRA, which incorporates the aging management program recommeﬁded in Section X.M1
(Metal Fatigue of Reactor Coolant Pressure Boundary) of the Generic Aging Lessons Learned
(“GALL”) Report, NUREG-1801."° As part of this program, the effects of reactor water envi-
ronment on fatigue life are considered as described in Section 4.3.3 of the LRA and the amplify-
ing commitments in LRA Amendment 35 (Exh. E2-09-VY). Thus, the actions addressing EAF
are part of a broader aging management program to be implemented under 10 C.F.R. § |
54.21(c)(1)(iii).

Amendment 35 to the Application states:

At least 2 years prior to entering the period of extended operation,
for the locations identified in NUREG/CR-6260 for BWRs of the
VY vintage, VY will refine our current fatigue analyses to include
the effects of reactor water environment and verify that the cumu-
lative usage factors (CUFs) are less than 1. This includes applying
the appropriate Fen factors to valid CUFs determined in accor-
dance with one of the following:

1. For locations, including NUREG/CR-6260 locations,
with existing fatigue analysis valid for the period of ex-
tended operation, use the existing CUF to determine the
environmentally adjusted CUF.

¥ LRA Amendment 31 (Staff Exh. 22) eliminated the exceptions that were identified in Section B.1.11, making the
Fatigue Management Program consistent with Section X.M1 of the GALL Report.
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2. More limiting VY-specific locations with a valid CUF
may be added in addition to the NUREG/CR-6260 loca-
tions.

3. Representative CUF values from other plants, adjusted to
or enveloping the VY plant specific external loads may be
used if demonstrated applicable to VY.

4. An analysis using an NRC-approved version of the
ASME code or NRC-approved alternative (e.g., NRC-
approved code case) may be performed to determine a valid
CUF.

During the period of extended operation, VY may also use one of
the following options for fatigue management if ongoing monitor-
ing indicates a potential for a condition outside the analysis bounds
noted above:

1) Update and/or refine the affected analyses described
above.

2) Implement an inspection program that has been reviewed
and approved by the NRC (e.g., periodic nondestructive
examination of the affected locations at inspection intervals
to be determined by a method acceptable to the NRC).

3) Repair or replace the affected locations before exceeding
a CUF of 1.0. ’

Entergy Exh. E2-09, Attachment 3, Commitment 27.

Therefore, Entergy has committed to implementing one of three options for managing a
location where a the environmentally adjusted CUF of 1.0 may be exceeded: “(1) further re-
finement of the fatigue analyses . . . ; (2) management of fatigue at the affected locations by an
inspection program that has been reviewed and approved by the NRC. . . . ; (3) repair or replace-
‘ment of the affected locations.” For purposes of its license renewal application, Entergy has pur-
sued option (1), i.e., it has performed “refined analyses” beyond those included in the Applica-

tion (i.e., the 2007 reanalysts and the 2008 confirmatory analysis), and has sought to demonstrate |

that they adequately manage the effects of EAF for the affected locations.

15



Contention 2A challenges Entergy’s 2007 reanalysis, and Conteritioﬁ 2B challenges the
confirmatory analysis Entergy performed in early 2008. Therefore, the legal issue to be ad-
dressed with respect to NEC Contentions 2A and 2B is whether the 2007 EAF reanalysis and the
2008 confirmatory analysis provide reasonable assurance that the effects of aging of the compo-
nent locations at issue will be adequately managed for the period of extended operation. 10

C.F.R. §54.21(c)(1); 10 C.F.R. § 54.29(a). See also Nuclear Power Plant License Renewal Final

Rule, 60 Fed. Reg. at 22,479 (*“. . . the [license renewal] process is not intended to demonstrate
absolute assurance that structures or components will not fail, but rather that there is reasonable
assurance that they will perform such that the intended functions . . . are maintained consistent
with the CLB”).

A collateral legal issue has been raised by the fact that the Staff has imposed a licensing
condition requiring that Entergy perform additional confirmatory analyseé for two other reactor
components, the recirculation outlet nozzle and the core spfay nozzle. FSER, Section 4.3.3.2 at
4-41 through 4-43. Entergy is to submit these analyses to the Staff no later than two years prior
to the start of the period of extended operation, in March 2012. Id. at 4-43. The question raised
by this requirement is whether it is legally permissible under 10 C.F.R. § 54.29 to issue a license
renewal whén certain time limited aging analyses (“TLAASs”) have not been performed. The
Board asked the parties to brief this issue, and a related one — whether such a licensing condition
requiring the performance of environmentally adjusted fatigue analyses after the license renewal
1s issued complies with the Part 54 requirement that the license application contain . . . an evalua-
tion of TLAAs pursuant to 10 CFR § 54.21(c). Order (Regarding the Briefing of Certain Legal
Issues) (June 27, 2008).

Having received and reviewed briefs by the parties on these legal issues, the Board con-
cludes that it 1s lawful to require CUF, analyses to be performed after a license renewal is 1s-

sued, because these analyses are not TLAAs to which the requirements of 10 C.F.R. § 54.21(c)
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applies. Rather, EAF is an aging effect that is being managed as part of the broader fatigue
monitoring program implemented pursuant to 10 C.F.R. § 54.21(c)(1)(iii). That program in-
cludes tracking transient cycles during the period of extended operation to ensure that fatigue
analyses remain valid, and taking corrective action if they do not. -

In sum, Entergy has chosen the approach specified in 10 C.F.R. § 54.21(0)(1)(iii) with re-
spect to fatigue of critical reactor components. Entergy has addressed TLA As related to metal
fatigue by establishing a Fatigue Monitoring Program consistent with Section X.M1 of the
GALL Report, as discussed in the Section 4.3 and Section B.1.11 of the LRA and the amend-
ments thereto. EAF is addressed in this aging management program.

Section X.M1 of the GALL Report provides a program acceptable to the NRC Staff for
managing metal fatigue of the reactor coolant pressure boundary, including the effects of the
coolant environment on component fatigue life:

The AMP [aging management program] addresses the effects of
the coolant environment on component fatigue life by assessing the
impact of the reactor coolant environment on a sample of critical,
components for the plant. Examples of critical components are
identified in NUREG/CR-6260. The sample of critical components
can be evaluated by applying environmental life correction factors
to the existing ASME Code fatigue analyses. Formulae for calcu-
lating the environmental life correction factors are contained in
NUREG/CR-6583 for carbon and low-alloy steels and in
NUREG/CR-5704 for austenitic stainless steels.

GALL Report, Vol. 2, Rev. 1 at X M-1. The pro grafn provides for corrective actions to prevent
the usage factor from exceeding the code design limit, which may include repair, replacement or
““a more rigorous analysis of the component to demonstrate that the design code limit will not be
exceeded during the period of extended operations.” Id. at X M-1 to X M-2. The GALL Report
states, “this is an acceptable option for managing metal fatigue for the reactor coolant pressure

boundary, considering environmental effects,” and thus “no further evaluation is recommended
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for license renewal if the applicant selects this option under 10 CFR § 54.21(c)(1)(1ii) to evaluate
metal fatigue for the reactor coolant pressure boundary.” Id.

Entergy’s commitments, which are amplified in Amendment 35 to the LRA (Exh. E2-09-
VY, Att. 3, Commitment 27), follow this guidance. Such commitments are a permissible means

of satisfying 10 C.F.R. §§ 54.21(c)(1)(1ii) and 54.29(a).

D. Summary of the Evidence on NEC Contentions 2A and 2B
1. Overview

Metal fatigue is an age-related degradation'mechanism caused by cyclic mechanical and
thermal stresses at a location on a metallic component. The results of fatigue can be observed in
the cracking of components subjected to cyclic stresses of sufficient magnitude and duration.
Finding 1.

The design specifications for a given safety-related component specify the number of
mechanical and thermal cycles that the component is expected to experience during its deéigﬁ
life, and define the safety limits and applicable codes that must be satisfied. For components ex-
posed to the primary reactor coolant pressure boundary, the specified requirements for evaluation
of cyclic loading and thermal conditions are contained in Section III of the ASME Code for
Class 1 components. Finding 2.

For a Class 1 component, stress cycles from the loadings specified in the governing de-
sign specification will produce total stresses of several different magnitudes. The number of
times these stress magnitudes occur also varies. The allowable number of cycles for a given al-
ternating stress range is determined from the ASME Code design fatigue curve for the material

being evaluated. The fatigue usage for that stress cycle is the ratio of the number of applied

stress cycles (n) to the allowable number of stress cycles (N) from the ASME Code design fa-

16 “Finding xx” refers to finding of fact number xx, set forth in Section V below.
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tigue curve. The cumulative usage factor (“CUF”) for the component is the sum of the individ-
ual usage factors for all of the various stress magnitudes. At any point in time, the CUF for a
component represents the fraction of the allowable fatigue cycles that the component has experi-
enced up to that time. Finding 3. ASME Code Section III requires that the CUF for a Class 1
component not exceed unity; that is, the total number of applied stress cycles is not to exceed the
allowable number of stress cycles. Finding 4. This is a criterion for acceptability established by
the Code, but exceeding the criterion does not mean the component will fail, given the number of
factors of conservatism inclﬁded in the analytical process. Finding 31. A CUF of unity means
that there is a 1 to 5 percent probability that a small crack, 3 millimeters deep, may have formed
on the component. Id.

For components (equipment and piping) exposed to reactor coolant water, the fatigue life,
as measured by the allowable nﬁmber of stress cycles, may be reduced compared to the compo-
nents’ fatigue life when exposed to an air environment. The ASME Code design fatigue curves
were developed based on laboratory testing of specimens in an air environment, with safety fac-
tors incorporated into the curves to account for several factors including atmosphere, surface fin-
ish, size effects, etc. Laboratory testing of specimens in water under reactor operating conditions
indicate fhat, under certain situations, additional environmental factors may need to be included
in the calculated CUF to fully accommodate reactor coolant environmental conditions. Account-
ing for the effects of operating in a reactor coolant environment in the fatigue analysis is called
environmentally assisted fatigue (“EAF”) analysis. Finding 5.

Té quantify the effects of the reactor coolant environment on component fatigue, the
CUF for a component exposed to reactor coolant may be multipliéd by an adjustment factor, or
“EAF multiplier” (“Fe,”), when appropriate environmental conditions exist. This results in an
environmentally adjusted CUF or CUFg,. The resulting CUF, must still not exceed unity. Find-

ing 6.
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Section 4.3.3 of the Application presents Entergy’s initial assessment of the effects of the
reactor coolant environment on fatigue life for nine plant-specific locations of six reactor com-
ponents at VY, selected in accordance with NUREG/CR-6260 and the NRC Staff’s “GALL Re- .
port.” Finding 7. The component locations identified in NUREG/CR-6260 and endorsed by the
GALL Repoft are: (1) the reactor vessel shell and lower head, (2) the reactor vessel feedwater
nozzle, (3) the reactor recirculation piping (including the reactor inlet and outlet nozzles), (4) the
core spray line reactor vessel nozzle and associated Class 1 piping, (5) the residual heat removal
(“RHR”) return line Class 1 piping, and (6) the feedwater line Class 1 piping. Due to the inclu-
sion of both piping and nozzles, as well as the different materials for the nozzle forgings and
nozzle safe ends, a total of nine locations for the six components identified in the NUREG/CR-
6260 list above were evaluated for EAF at VY. Finding 8.

The initial CUF¢s computed by Entergy for VY are presented in Table 4.3.3 of the Ap-
plication. Seven of the nine locations specified in NUREG/CR-6260 had CUF.,s greater than
unity, and therefore greater than the specified criterion of the ASME Code. Finding 9.

To address these results, Amendment 35 to the Application commits Entergy, inter alia, to refine
its fatigue analyses and verify that the environmentally adjusted CUFs are less than 1. Finding
11.

Entergy engaged Structural Integrity Associates (“SIA”) in 2007 to perform reanalyses to
calculate the CUFs, F.,s and CUFs for all nine locations of interest in accordance with the ap-
proach described in the GALL Report. Finding 12. Final versions of the reanalyses were issued
in December 2007. Finding 13.

The results of the 2007 reanalysis indicate that the CUF,s for the nine limiting piping
| and vessel locations for the sixty years throughout VY’s extended license period are in all cases
less than unity, signifying that component failure due to fatigue will not be a concern at VY dur-

ing the period of extended operation. Finding 14.
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Since performance of the 2007 reanalysis has demonstrated that environmentally assisted
fatigue will not be a concern during the period of extended operation, it is Entergy’s position that
no further actions regarding metal fatigue are currently necessary. Finding 15. Nonetheless, the
condition of piping and components will continue to be monitored under the plant’s in-service
inspection program through the period of extended plant operation. Id. In addition, the VY Fa-
tigue Monitoring Program will continue to track plant cycles and transients to ensure that the
numbers of transient cycles experienced by the plant remain within the analyzed numbers of cy-
cles for all transients. Id.

If, at some future time, the results of continued monitoring suggest that the evaluations no
longer encompass 60 years of plant operation, further refined analysis, submittal of an inspection
program for NRC review, or replacement of the component in question may become necessary
or desiraBle. Finding 16.

2. Entergy’s EAF Analyses

The initial assessment of environmentally assisted fatigue contained in the VY Applica-
tion consisted of the evaluation of EAF effects for all nine locations in accordance with the pro-
visions of Section X.M1 of the GALL Report by performing CUF,, calculations for the nine lo-
cations of interest. Finding 17. The initial CUF¢,s computed by Entergy for VY found that
seven of the nine locations had CUFens greater than unity, and therefore greater than the speci-
fied criterion of the ASME Code. Finding 18. Entergy obtained these results by using CUFs for
the reactor components derived from either the original design reports for the plant or updated
analyses prepared in 2003 by General Electric, the plant’s vendor, to account for the effects of

- the proposed power uprate on the CUFs. Finding 19. For piping components of interest, CUFs
were reported in the Application utilizing generic values provided in NUREG/CR-6260 because
the VY design basis for piping uses ANSI B31.1 Power Piping Code methodology, which does

not require explicit fatigue analysis. Finding 20.
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To address these results, Entergy engaged SIA in 2007 to perform a reanalysis of the re-
actor and piping component locations specified by NUREG/CR-6260. SIA was to perform a
more refined analysis of the locations that showed CUFe,s greater than unity, and provide plant-
specific analyses for the reactor piping, for which the Application analysis had used generic CUF
values. Finding 21.

The reanalysis sought to demonstrate the acceptability of the CUF,s for the locations at
issue, not to calculate the available margin. Finding 22. Accordingly, once the analysis had
shown the CUF, is less than one, acceptability had been demonstrated and there would be no
need to proceed to calculate what the actual margin is. Id.

The methodology used in the reanalyses to compute CUFs starts by constructing a finite
element “mesh” model of the component, which was then used to determine the stresses to which
each element in the model is subjected, using ANSYS, a well established computer code. Find-
ing 24. Next, the pressure and temperature transients to which each component will be subjected

| during VY’s operation are identified. Finding 25. The magnitude and frequency of each tran-
sient are given by the design specifications, and have been proved to be conservative on the high
side (i.e., overestimate the severity of the pressure and temperature fluctuations and the fre-
quency of occurrencé of the transients). Id.

For each type of transient, the analysis develops a time history of the temperature and
pressure stresses imparted on the component location during the transient. The magnitudes of
those stresses are added linearly in order to develop a stress time history for that type of tran;
sient. Finding 26.

- Since the fatigue of a component is due to stress fluctuations and the order of occurrence
of the transients is not known a priori, the ASME Code conservatively requires that transients be
“paired” so as to create the largest possible stress fluctuations, and thus a transient resulting in

the highest stresses is paired with (followed by) a transient with the lowest stresses. Finding 27.
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This is done until all the available transient pairs have been exhausted, taking into account the
relative frequency of occurrence of each transient. Id. That process results in the most conserva-
tive estimate of the stress fluctuations to which a component will be subjected by effectively as-
suming the worst possible ordering of the transients. Id.

Each set of stress fluctuations results in a number of fatigue cycles being imparted on the
component at a given location. This number of applied cycles is used to compute a fraction of
the component’s fatigue life using the number of cycles that are allowed by the ASME Code for
the material at each stress level. The number of allowable cycles at each stress level is deter-
mined using an ASME Code “S-N” fatigue curve. Finding 28. The addition of all fractions for
all stress levels experienced by the component yields the cumulative usage factér or “CUF” for
the component at the location of interest. Id. The general overall methodology is standard in the
industry and has been in place for over 30 years, so there is no disagreement as to its appropri-
ateness. Finding 29.

The S-N curves provided in the ASME Code are established based on strain testing of
various material specimens in air. Finding 32. To translate the results obtained from those
curves to the fatigue limits for the materials in a reactor environment, it is necessary to apply Fe,
correction factors to compute the environmentally adjusted fatigue cumulative usage factors
when appropriate. Id.

The general methodology for computing CUF.s incorporates a number of conservatisms.
In addition to those, the VY EAF calculations in the 2007 reanalysis incorporated a number of
VY -specific conservatisms, including: |

a. The number of transient cycles for 60 years used in the calculations is conservative

relative to the numbers of transients expected to occur through 60 years of operation;
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b. The calculations use conservative, design basis transient pressure and temperature fluc-
tuation definitions, as opposed to the less abrupt changes experienced during actual plant tran-
sients;

c. The calculations use bounding values for pressure, temperature and flow rate at ex-
tended power uprate (“EPU”) conditions for the entire 60-year period of plant operation, instead
of using the actual conditions that existed during the first thirty-four years of plant operation be-
fore the EPU implementation; and

d. The calculations obtain bounding F¢, multipliers through the use of temperature, strain
rate and sulfur content values selected to maximize the Fe, multipliers. Finding 33.

The results of the 2007 reanalysis show that the environmentally adjusted fatigue usage
factors for all locations and components analyzed remain within the allowable value of 1.0
through 60 years of VY operation. Finding 34,

Upon review of Entergy’s 2007 reanalysis, the NRC Staff determined that it had no con-
cerns with the reanalysis calculations prepared by Entergy for the six piping and component lo-
cations that did not involve nozzle corners. Finding 36. For those six locations, Entergy’s re-
analysis had consisted of performing conservative calculations based on ASME Code methodol-
ogy. Those locations could be shown to have acceptable CUF,,s without using many analytical re-
finements. Finding 37. The Staff, however, took the position that Entergy’s methodology could
lead to non-conservative results for locations with significant geometric discontinuity, such as lo-
cations at the blend radius (nozzle corner) regions of three reactor pressure vessel components:
the feedwater nozzle, the recirculatioﬂ outlet nozzle, and the core spray nozzle. Finding 39.

At the three nozzle corner locations, the reanalysis had used a single stress difference
component as output from a Green’s Function analysis to generate stress difference histories for

all transients. Finding 40. The Staff felt this simplification might introduce potential non-
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conservatisms in the computatidn of CUFs, specifically in the nozzle corner régions, compared
to the use of all six stress components of the stress tensor.

To resolve the Staff’s concerns, Entergy proposed, and the NRC Staff accepted, that En-
tergy perform a confirmatory CUF,, analysis of the feedwater nozzle using methods that would
be acceptable to the NRC. Finding 41. Entergy selected, with the agreement of the Staff, the
feedwater nozzle for the confirmatory analysis because (1) it is the limiting nozzle (i.e., has the
highest CUF¢,) in the VY refined caiculations among the three nozzles regarding which the Staff
had questions, (2) it is subjected to more transients and cycles than the other two nozzles, and (3)
the transients it experiences are more severe than the transients experienced by the other two
nozzles. Finding 42.

The confirmatory analysis used the same finite element model, thermal transient defini-
tions, numbers of transient cycles, and water chemistry inputs as the 2007 reanalysis performed
by SIA for Entergy, but differed from the reanalysis in several respects. In particular: (1) when
the thermal transient stress histories were determined, the conﬁrmatory analysis computed 6-
component stress histories for each transient, whereas the refined analysis used a simplified sin-
gle stress component difference to obtain the stress time history for all of the transients; (2) in the
confirmatory analysis, six stress components are combined to obtain a maximum stress intensity
history for all evaluated transients. In the reanalysis, on the other hand, only the maximum stress
difference, which is essentially equal to the stress intensity computed frém the finite element
program, is used; (3) in the confirmatory calculation, a maximum F., is computed for each in-
cremental stress load-pair, which constitute the paired transient stress state points into which the
applied loading history is separated for calculating the CUF. Each F, value is based on the
maximum transient temperature unique to each load pair, and the contributions of all load pairs

are added to produce a composite CUF,,. In the reanalysis, on the other hand, a sihgle, maxi-
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mum Fe, is applied to the total CUF resulting from all load pairs, and is based on the maximum
transient temperature for all léad pairs. Finding 45.

The confirmatory feedwater nozzle EAF evaluation was performed for the two control-
ling locations on the nozzle, the inside surface of the nozzle blend radius (nozzle corner) and at
the inside surface of the nozzle safe end. Finding 46. The confirmatory calculation yielded a
CUF (before application of F, factors) of 0.089 at the nozzle corner, versus a CUF of 0.064 at
the same location using the refined analysis methodology. Finding 47. The corresponding re-
sults for the safe end location of the nozzle showed a réduction in the computed CUF when using
the confirmatory analysis methodology versus the results of the reanalysis for that loéation. Id.
The confirmatory calculation yielded an environmentally adjusted CUF,, of 0.353 for the nozzle
corner, significantly below the acceptable ASME limit. Finding 48. The reanalysis calculation,
on the other hand, yielded an environmentally adjusted CUF of 0.639 for the nozzle cérner,
which was higher than the confirmatory analysis result but still significantly below the accept-
able lirﬂit of 1.0. Id.

The Staff requested that Entergy compute the CUF,,s using the confirmatory analysis
methodology and the single, limiting value of F¢, correction factor used in the reanalysis (instead
of using individual, applicable Fe,s for each transient). Using the bounding Fe, value of 10.05
used in the reanélysis; the confirmatory analysis results increased to 0.893, still below unity.
Finding 49.

After review of the confirmatory analysis results for the feedwater nozzle locations, the
Staff found that the methodology and results of the confirmatory analysis were appropriate and
acceptable. Finding 50. The Staff then imposed a license condition requiring similar confirma-
tory analyses for two other nozzles, the recirculation outlet nozzle and the core spray nozzle.
Finding 51. Entergy is to submit these analyses to the Staff no later than two years prior to the

start of the peﬁod of extended operation, in March 2012. Id.
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The Board finds that it is acceptable to perform these two confirmatory analyses after the
license renewal decision is reached for several reasons. First, there is no requirement to address
the effects of coolant environment on component fatigue life prior to license renewal. Finding
52. Second, the methods for performing the calculations have been defined, and the required
performance of the calculations two years prior to the license renewal period ensures that the en-
vironmental effects are addressed prior to entering the period of extended operation. Id. Third,
because the CUF,s at those two nozzle corner locations obtained in Entergy’s reanalysis are
very small (0.084 for the recirculation outlet nozzle and 0.167 for the core spray nozzle) and
based 6n comparisons to the feedwater nozzle, which is a limiting component, it is extremely
improbable that the results of the confirmatory analyses of these two nozzles would yield CUF s
greater than unity. Id.

The Board finds that there is.no practical difference between the approaches in the re-
analysis and confirmatory analyses because they both yield conservatively calculated CUF,s for

“all nine limiting piping and vessel locations that are well within the acceptable limit. Thus, re-
gardless of what method one chooses to apply, the conclusion is the same — the critical reactor
components will not experience failure due to fatigue during the period of extended operation.
Finding 53.

3. Issues Raised by NEC in Contentions 2A and 2B

NEC asserts the following “errors” in Entergy’s 2007 reanalysis and confirmatory analy-
sis: (1) Entergy used “outdated” statistical équations to calculate the Fe, parameters, and should
have used instead the results in the 2007 guidance document NUREG/CR-6909; (2) Entergy
failed to account for factors that affect the values of the F,, parameters; (3) Entergy has not pro-
vided proof that the base metal of the feedwater nozzles is not cracked; (4) Entergy used inap-

_ propriate heat traﬁsfer equations to calculate the thermal stress for each transient; (5) that the

number of plant transients estimated to occur during the operating life of VY is not sufficiently
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conservative; (6) Entergy's calculation of the Fe, parameters does not appropriately account for
oxygen concentrations and resulting changes in water chemistry; and (7) Entergy failed to per-
form an error analysis on its calculations. In addition, NEC criticizesl the 2007 reanalysis be-
cause it uses a simplified Green's Function methodology, which allegedly results in “the underes-
timation of CUF values by approximately 40%.” |
a. Use of NUREG/CR-6909 Methodology

Entergy performed its reanalysis and confirmatory analysis following the criteria and
methodology for performing EAF analyses specified in Section X.M1 of the GALL Report. The
methodology is comprised of three steps: (1) the CUF for a component is calculated in accor-
dance with ASME Code guidance; (2) the environmental multiplier, Fe,, is calculated in accor-
dance with the guidance in NUREG/CR-6583 for carbon and low alloy steels, and in
NUREG/CR-5704 for stainless steels; and (3) the CUF,,, is calculated as the product of the CUF
for the component and the corresponding Fe,. Finding 55. |

NUREG/CR-6909, issued in February 2007, incorporates additional information from an
expanded database with respect to the fatigue behavior of stainless steels, and presents revised
fatigue corves for calculating CUFs in air that are somewhat different from those contained in
the ASME Code. Finding 56. The NRC Staff has approved the use of NUREG/CR-6909 in li-
censing of new reactors, but has not required its use in fatigue analyses for operating plants or
plants undergoing license renewal. Id. One reason that the Staff has nbt required utilization of
the NUREG/CR-6909 methodology for operating plants and those plants seeking renewal of
their licenses is that application of the NUREG/CR-6909 methodology would produce less con-
servative results (i.e., lower CUF,, estimates) than use of existing ASME Code fatigue curves
coupled with the methodology in NUREG/CR-6583 and NUREG/CR-5704. Finding 57.

A set of calculations performed by Entergy prior to the hearing confirmed the Staff’s as-

sessment that use of the NUREG/CR-6909 methodology would produce less conservative EAF
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estimates than those obtained using the ASME fatigue curves and the methodology in
NUREG/CR-6583 and NUREG/CR-5704, as employed in Entergy’s reanalysis and confirmatory
analysis. Finding 58. Entergy’s CUF,, recomputation started with the stress results from the
2007 reanalysis, replaced the fatigue curves and the Fe;s used in the reanalyses with ones com-
puted following NUREG/CR-6909, and obtained new CUF,s that incorporated all the
NUREG/CR-6909 methodology. Finding 59.

Entergy recomputed the CUF s for all nine locations specified in NUREG/CR-6260 by
applying both the revised air curves set forth in NUREG/CR-6909 and the methodology for
computing F., factors for carbon, low alloy and stainless steel provided in that NUREG. Finding
60. The values of CUF,, computed following NUREG/CR-6909 guidance are in every case (i.e.,
at all nine locations) less than unity and lower than the corresponding values obtained in En-
tergy’s reanalysis using the ASME air curves and the methodology in NUREG/CR-6583 and
NUREG/CR-5704. 1d.

b. Factors Affecting F,, Parameter Values

While a number of environmental factors may affect the potential fatigue of éomponents
subjected to a reactor coolant enviroﬁment, the most significant ones as reflected in laboratory
data are the strain rate, the presence of dissolved oxygen in the coolant, the fluid temperature,
and the sulfur content in the material. Finding 62. All of those factors were taken into account
in the Entergy reanalysis and confirmatory analysis. Id. The Staff confirmed that Entergy prop-
erly considered dissolved oxygen, strain rate, temperature and sulfur content in calculating Fens.
Id. The Staff also verified that values of strain rate, temperature, and sulfur content used in the
calculation of the Fe,s would remain valid for the period of extended operations. Id.

NEC, on the other hand, contends that as many as thirteen factors need to be considered,

and Entergy has failed to propérly (or at all) account for them. Those factors are as follows.
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(D) Strain Rate

When a component is subjected to cyclic strains, the oxide layer that protects the base
material may be cracked, thereby exposing the base metal to the environment. If the rate of
.strain application is sufficiently high, the underlying material may not be affected. However, if
the rate of strain application is low, the material is exposed to the environment for a longer pe-
riod of time. Once above a threshold value, the environmental effect no longer depends on the
magnitude of the strain but on how long the base material is exposed to the environment. Find-
ing 64. Entergy used a value of strain rate in its F, computations that maximized the F,, values.
Id. NEC did not disagree with Entergy’s treatment of the strain rate. Id.

(2) Dissolved Oxygen in Feedwater

Entergy investigated the variability inr dissolved oxygen in the feedwater from plant data,
including water chemistry excursions over a thirteen year period, and obtained a méan plus one
sigma value for dissolved oxygen to which each component of interest is exposed. Finding 66.
Entergy then provided those bounding values to SIA for use in the CUF¢, analyses. Id. These
values range from 40 to 128 parts per billion (“ppb”). Id.

NEC claims that, in calculating the F, parameters, Entergy did not properly account for
vunantig:ipated increases in oxygen levels during transients. Finding 67. Dr. Hopenfeld’s opinion
that dissolved oxygen levels increase during transients is based in part on a figure in an EPRI
Report that he interprets as showing that Fe,s can rise to levels of 80 or higher due to high oxy-
gen levels in the feedwater during plant transients. Id. However, Mr. Stevens (the author of the
EPRI Report in question) explained that the curve from which the values Dr. Hopenfeld cites
was intended to show the range of possible variations in Fe, and the higher values of F, apply to
conditions of high oxygen levels and low strain rates that do not exist at VY. Id. Moreover, the
report recommends that bulk oxygen levels should be time-averaged before they are used as in-

puts to the fatigue analysis, which is the approach that Entergy took in its EAF analyses. Id.
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Plant data indicate that the oxygen concentration does not vary significantly during tran-
sients. Finding 68. In addition, the transients where increased oxygen concentration could be
observed (startup and shutdown) are very small contributors to the total CUF. Id.

~ Another factor cited by Dr. Hopenfeld in support of his conclusion that high levels of dis-
solved oxygen occur during transients is “plain physics,” by which he means that when the tem-
perafure of the coolant goes down, the solubility of gases like oxygen increases. Finding 69..
However, for the transients of interest, if the temperature decreases, the oxygen will remain in
solution because the Véssel is still pressurized and the feedwater is not in a saturated condition.
Id.

Finally, Dr. Hopenfeld cites the recommendation in NUREG/CR-6909 at A5 that “A
value of 0.4 ppm [400 ppb] for carbon and low-alloy steels and 0.05 ppm [50 ppb] for austenitic
stainless steels can be used for the [dissolved oxygen] content to perform a conservative evalua-
~ tion.” Finding 70. Mr. Fair, however, clarified that the 400 ppb value was used in NUREG/CR-

6909 as a default value if no plant-specific data are available. Id. There is no need to épply this
default value at VY, since site-specific oxygen data exist for the plant.

NEC also claims that fatigue is sensitive to electrochemical potential, but its witness Dr.
Hopenfeld acknowledges that électrochemical potential cannot be measured at a plant in all ap-
_plicable locations and one must resort to dissolved oxygen measurement as an alternative. Find-

ing 73. The F., expressions used by Entergy, and documented in NUREG/CR-6583 and
NUREG/CR-5704, are not dependent on electrochemical potential. Id.
3) Surface Finish |
In the development of the ASME design cﬁrves, an adjustment factor of 4 was applied to
account for the difference between the specimens tested in the laboratory, which were mirror
polished specimens, and the components actually installed in the plant. Findirig 74. In develop-

ing the revised fatigue air curve in NUREG/CR-6909, this adjustment factor was scaled down to
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a range between 2.0 and 3.5. Id. Inits CUF,, calculations, Entergy used the more conservative
4.0 adjustment factor since the ASME Code fatigue curves were utilized to calculate CUF val-
ues. Id.

The surface finish adjustment is included in the ASME design curve, so it does not need
to be duplicated when computing the F.,. Finding 75.

(4)  Coolant Temperature Below 150°C

When the temperature of the coolant drops below 150°C, the value of Fe, drolis to a con-
stant value, becoming a number close to two for carbon steel and just over two for stainless steel.
Finding 76.

(5) Other Environmental Factors

NEC provided a list of environmental factors that it alleges affect the Fe, values and were
not taken into accoﬁnt in Entergy’s Fe, analyses. The list includes, in addition to the previously
discussed strain rate, dissolved oxygen, surface finish, and coolant temperature below 150°C,
eight other factors which Dr. Hopenfeld regarded as less significant: data scatter, size, flow rate,
heat to heat variations, loading history, cyclic strain hardening, trace impurities in water, and sul-
fide morphology. Finding 77. Dr. Hopenfeld also includes potential feedwater base metal
cracks in his list; that issue is discussed separately below.

Entergy testified that all but one of those eight factors were either directly or inherently
included in its CUF, reanalysis and confirmatory analysis, as well as in the NUREG/CR-6909
guidance. Finding 78. The only factor that was not considered was trace impurities in the water.
NUREG/CR-6909 states that it is very improbable that any kind of water impurity would be pre-
sent during a transient event, thus such impurities need not be considered. Id.

c. - Cracks in the Feedwater Nozzle
NEC raises the possibility that surface cracks may exist at the blend radius and the base

metal of the feedwater nozzle. Finding 79. VY periodically inspects the feedwater nozzle for
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potential cracks in the base metal using ultrasonic testing (“UT”) techniques. Id. The UT ex-
aminations, which are standard in the industry, are designed to detect the minimum size flaw that
is postulated to occur in the base metal, on the order of 3/16 of an inch. Id.

Entergy has performed a fracture mechanics analysis that postulates the existence of a
minimum size crack and estimates its growth with time. Finding 80. Based on that analysis, a
nozzle inspection program is in place at VY, designed to inspect the nozzle at such frequency
that cracks can be detected before they grow beyond allowable size. Id. One hundred percent
UT inspections of all nozzles are performed every four refueling cycles (i.e., every six years).
Id. In the last 20 years, the inspection program has not detected cracks in the feedwater nozzle
base metal that are above the detection capability of the UT equipment. Finding 81. The most
recent inspection was conducted during the 2007 refueling outage and showed no evidence of
cracks in the base metal of the nézzle. Id.

The inspection program is conducted pursuant to ASME Section XI. The fatigue analy-
sis, which is conducted under ASME Section II1, inherently assumes there are nd cracks in the
nozzle. Finding 82. If a crack in the nozzle were detected, it would have tb be repaired and oth-
erwise dealt with under the existing ASME Section XI program. Id. Thus, its existence would
not affect the Section III CUF,, analysis. Id. |

At the hearing, NEC witness Dr. Hopenfeld admitted that he has no evidence that the fe-
edwater nozzle is cracked. -Finding 83. He postulated the potential existence of cracks in the
cladding that partially surrounds the base metal of the nozzle as points of stress initiation. Id.
Again, he provided no evidence that such cracks exist and did not dispute that, if cracks were to
develop in the base metal at those points, they would be detected as part of the plant Section XI

program and repaired or otherwise addressed as necessary. Id.
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d. Heat Transfer Equations

NEC asserts that the heat transfer equations used by Entergy in its CUF calculations are
wrong. In particular, Dr. Hopenfeld points out that the heat transfer coefficients and the resulting
stresses on the component are dependent on the flow velocity. Finding 84. He describes the En-
tergy analyses as erroneously assuming a uniform velocity, both circumferentially and axially;
along the surface of a component such as a nozzle. Id. Had Entergy computed the local velocity
along and circumferentially around the surfacé of the nozzle, argues Dr. Hopenfeld, significantly
higher stresses would have been obtained. Id.

In its reanalysis using the Green’s Function methodology, Entergy applied bounding heat
transfer coefficients at every region of the component where there was a change in flow velocity
(e.g., a change in the diameter of a pipe). Finding 85. For each such location, the stress compu-
tation used the highest applicable flow rate to compute the heat transfer coefficient. Id. This pro-
cedure resulted in conservatively high heat transfer coefficients that maximized the estimated
stresses on the component. Id. For Entergy’s confirmatory analysis, in which each transient was
modeled separately, it was possible to vary the temperature and flow rate throughout the tran-
sient, and this procedure was followed. Finding 86.

Neither mode] computes variations in heat transfer coefficient azimuthally around a pipe.
Finding 87. However, no such variations are possible under the conditions that exist at VY, i.e.,
where fully developed, high flow rates do not allow for temperature variations around a pipe. Id.

Dr. Hopenfeld argued that the lehgth of piping between an elbow and the entrance to the
feedwater nozzle, 48 inches, is insufficient to allow for fully developed turbulent flow to exist
which would justify the assumption of azimuthally uniform temperatures around the pipe. He
opined that a minimum of 12 to 40 pipe diameter lengths of straight piping would be required in
order for turbulent flow to be assured. Finding 88. Entergy responded that, for high flow lines,

the effects of an entrance are minimized so that fully developed flow exists. Id. This is demon-
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strated by one of the exhibits to NEC’s testimony, NEC Exh. NEC-JH_29 at 212, Fig. 8-9, which
shows that for high flow velocities entrance effects are minimized. Id.

NEC raises other challenges to the heat transfer equations utilized in Entergy’s CUF cal-
culations. Finding 89. Entergy’s testimony, however, argues persuasively that the claims are
unsupported or technically unsound. Id. Since NEC witness Dr. Hopenfeld cannot tell whether
the heat transfer coefficients that express the heat transfer from the coolant to the surface of a
component yielded by the equations should be larger or smaller, those challenges can be disre-
garded as inconsequential. Id.

e. Number of Transients

To insure a realistic projection for the thermal transient cycles and events expected for 60
years of operation, Entergy used the Thermal Cycle Diagrams from a later vintage BWR as a
starting point of its trahsient estimate. Finding 90. The VY Design Specification transients were
mépped onto the BWR Transient Diagrams. Then, projections for 60 years were made based on
the numbers for 40 years in the VY Design Specification, the numbers actually analyzed in the
VY Design Stress Report, and the number of cycles experienced by VY in approximately 35
years of operation. Id. For example, 200 Startup / Shutdown cycles were included in the origi-
nal VY Design Specification. However, 300 Startup / Shutdown cycles were conservatively
used in the EAF analyses for 60 years of operation. Id. To date, only 92 Startup/Shutdown cy-
cles have taken place. Id.

The 60 year number of operating events used in the VY EAF ‘analyses are equai or
greater in number to the numbers of cycles in the original VY Design Specification for 40 years.
Actual plant cycle counts to date, projected out to 60 years of operation, will not exceed the
number of cycles used in the Entergy analyses. Finding 91. In addition, the rates of temperature
change during actual transients are less severe than those for the design transients analyzed, so

that the actual fatigue usage that is experienced by the components is less than that calculated for
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a design transient. Id. Finally, bounding EPU conditions were used for all transient definitions
and numbers of cycles, even though EPU operation did not apply to the first 35 years of plant
operation. Therefore, there is significant margin incorporated in the number of transient cycles
used in the EAF analysis, and their severity and the projected numbers of cycles used in the EAF
analyses are conservative. Id.

Dr. Hopenfeld postulated, based on judgment, that the number of estimated transients
used by Entergy in its CUF,; calculations should be increased by 20% to account for the in-
creased number of transients that will result from the 2006 power uprate. Finding 92. In reality,
the numbers of transient cycles used in Entergy’s CUF calculations are conservative projections
of the numbers of cycles actually experienced by the plant over its operating history and the
margin on the numbers of cycles analyzed over a linear extrapolation of those experienced sig-
nificantly exceeds thé factor of 1.2 suggested by NEC. Id.

At the Board’s request, Entergy provided an up-to-date listing of those transients, having
a potential impact on EAF, that have been actually experienced at VY since the beginning of
plant operations. The list, which is organized by transient type, compares the actual number of
transients thus far to the number assumed in Entergy’s EAF analyses through the end of the li-
cense renewal period. Finding 93. The list shows that the number of actual transients experi-
enced to date is one third or less than the number of transients used in the CUF,, calculations.
Accordingly, the number of transients used in Entergy’s reanalysis and confirmatory analyses is
conservatively high and unlikely to be exceeded during the license renewal period. Id.

In addition, Entergy has committed to monitor the transient count throughout the period
of extended operation to verify that these assumptions remain valid, and will take appropriate
corrective action if these assumptions do not remain valid. Finding 94. The NRC Staff has de-
termined that the Fatigue Monitoring Program will ensure that the predicted number of transients

is not exceeded. Id.
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f. Use»of Green’s Function Methodology
The use of the Green’s Function methodology and associated simplifications in the re-
analysis resulted in a 40% lower value of the CUF for the feedwater nozzle than the CUF for the
nozzle computed in the confirmatory analysis. Finding 95. However, the actual difference is
small and the difference in CUF due to changes in the Green’s Function is also very small. Id.
Therefore, use of the Green’s Function methodology would not result in a substantial underesti-
mation of the CUF. Also, the confirmatory analysis CUF for the safe end of the same nozzle was
60% lower than that calculated in the reanalysis. Id.
g. Lack of Error Analysis
NEC criticizes Entergy for the failure to perform an error analysis to show the admissible
range for each variable included in the analysis. Finding 96. In reality, performing an error
analysis on the stress results is not traditional practice in analyses of this type, and is unnecessary
gchn that input parameters (such as temperature, pressure, and heat transfer coefficients) were
selected so as to maximize stresses and give a conservative, bounding estimate. Id. Any error
analysis would give a lower stress estimate. Id.
h. Analysis of Two Other Nozzles
NEC asserts that the confirmatory calculation for the feedwater nozzle does not bound
the other two nozzles (the recirculation outlet nozzle and the core spray nozzle). Finding 97.
However, as discussed earlier, the feedwater nozzle is the controlling nozzle because it experi-
ences the most severe design transients and because it is the location where the relatively colder
feedwater returns to the hot reactor vessel, thereby causing the most severe thermal stresses. Id.
It is extremely improbable that either of the other two nozzles would experience CUF,s in ex-
cess of that experienced by the feedwater nozzle. Id. This result was demonstrated in Entergy’s
reanalyses, where all three nozzles were evaluated on a consistent basis.
Performance of the confirmatory analysis of the other two nozzles will only serve to

demonstrate, through obtaining similar results to those obtained for the feedwater nozzle, that the
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reanalysis results are conservative. Finding 98. Therefore, there is no technical basis requiring

that these analyses be performed before the VY license renewal is approved. Id.

i. Dr. Hopenfeld’s CUF, Recalculation

Dr. Hopenfeld performed a recalculation of the CUF,s for the nine locations of interest
at VY. Finding 99. Dr. Hopenfeld calculates irrelevant CUFs by using indefensible methodolo-
gies, including using Fe, values (17 for carbon steel and 12 for stainless steel) quoted in the ab-
stract of NUREG/CR-6909 as potentially applicable “under certain environmental loading condi-
tions” without determining whether they are applicable to VY conditions. Id. In fact, the condi-
| tions that would cause a multiplier of 17 to exist are primarily associated with high temperature
and high dissolved oxygen content for carbon and low alloy steels; those conditions do not exist
at VY because the plant is operating using hydrogen water chemistry. Id.

Dr. Hopenfeld also applies the CUF values from Table 4.3-3 of the Application, even
though some of those are generic values and not VY-specific. Finding 100. As a result, the re-
sults of his recalculation are inapplicable to VY. Id.

Because Dr. Hopenfeld’s recalculation is based on unrealistically conservative assump-
tions, it yields nonsensical results. Finding 101. For example, it predicts a 13.77 CUF,, for one
of the components, meaniﬁg that the component should have developed cracking after only four
years in service, a result at odds with VY’s over thirty years of operating experience without
cracks. Id.

4, Conclusions on Contentions 2A and 2B

- The evidence shows that Entergy has performed a more refined reanalysis, and a confir-
matory EAF analyses at limiting piping and vessel locations for VY. These analyses, performed
using conservative methodologies and bounding input parameters, have demonétrated that the
CUFoys are less than 1.0 fof the sixty years of plant operation encompassed by the renewed VY

operating license. These analyses collectively demonstrate that the critical VY components will
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not experiénce failure due to fatigue during the period of extended operation. For that reason,
there is no support for the claims made in NEC Contentions 2A and 2B, which should be re-

jected.

III. NEC CONTENTION 3

A. Background

In its Petition to Intervene, NEC had alleged that Entergy’s program for aging 'manage-
ment of the steam dryer is not adequate to detect crack initiation and grdwth because it is not
based on actual stress measurements, but instead relies on theoretical calculations of two com-
puter models, the Computation Fluid Dynamic Model (“CFD”) and the Acoustic Circuit Model
(“ACM”) — that have not been .properly benchmarked and are subject to large uncertainties.
NEC Petition to Intervene at 17; Declaration of Dr. Joram Hopenfeld (May 12, 2006)
(“Hopenfeld First Declaration™), § 19. In his affidavit in support of the Petition to Intervene, Dr.
Hopenfeld also contended that “the status of the dryer cracks must be continuously monitored
.and assessed by a competent engineer.” Hopenfeld’s First Declaration,  18.

| On April 19, 2007, Entergy filed a motion for summary disposition of NEC Contention 3.

Entergy asserted, inter alia, that NEC’s challenge to the CFD and ACM models was irrelevant
because Entergy’s aging monitoring program for the steam dryer “neither requires the use of
computer models nor relies on the result of analyses using those models.” Entergy’s Motion for
Summary Disposition of New England Coalition’s Contention 3 (Steam Dryer) (April 19, 2008)
at 6. On May 9, 2007, NEC filed an “Opposition to Entergy’s Motion for Summary Disposition
of NEC’s Contention 3 (Steam Dryer), contending that the facts concerning Entergy’s use of the
ACM and CFD models and the validity of these models are still in genuine‘dispute and that if
these models are not used, an aging management program consisting solely of visual inspection

and parameter monitoring would not be sufficient to ensure the dryer’s structural integrity..
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In its “Memorandum and Order (Ruling on Motion for Summary Disposition of NEC
Contention 3)” (September 11, 2007) (“September 11, 2007 Order”), the Board granted in part
and denied in part Entergy’s summary disposition Motion.!” The Board granted Entergy’s Mo-
tion as it related to NEC’s claims of insufficient benchmarking of the CFD and ACM models and -
reliance upon them to assure safe operation of the steam dryer during the license renewal period.
September 11, 2007 Order at 3. The Board so ruled because Entergy “flatly represented to the
Board that CFD and ACM models will not be used or relied upon [to monitor potential steam
dryer cracking] and that the steam dryer Will be continuously monitored.” Id. at 3. The Board de-
nied Entergy’s Motion as it related to NEC’s assertion “that the status of the steam dryer must be
continuously monitored and assessed by a competent engineer” because Entergy did not provide
information regarding the qualifications of the personnel performing the monitoring. Id. at 11.
The Board also denied Entergy’s Motion as it related to asserted inadequacies in “Entergy’s as-
sessment of the monitoring data collected from th.e aging management program for the steam
dryer” and failure to include some form of stress load analysis in its program. Id. 13-14.

As a result of the Board’s rulings, the two remaining issues on NEC Contention 3 as to
which a hearing needed to be held were: (1) whether Entergy has established sound evaluation
and implementation procedures to assure that the integrity of the steam dryer is not jeopardized,
including continuous monitoring and assessment by a competent engineer; and (2) whether a
steam dryer aging management program that does not provide a means to estimate and predict

stress loads on the dryer during operation for comparison to established fatigue limits is valid.

17" On June 19, 2007, NEC filed a motion requesting that Board withhold its decision on Entergy’s motion for
summary disposition to allow its expert witnesses to review Entergy’s May 2007 steam dryer inspection report
and, if necessary, to file a supplement to its answer opposing Entergy’s motion. The Board granted this motion
on July 13, 2007, and NEC filed a supplement to its opposition to Entergy’s motion on July 19, 2007.
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B. Witnesses

1. Entergy Witnesses

Entergy’s testimony on NEC Contention 3 will be presented by a panel of two experts,
each with extensive experience in monitoring the performance of the VY steam dryer and devel-
oping the plan for continued management of the steam dryer after renewal of the VY operating
license. The first witness on the panel, Mr. John R. Hoffman, was until his retirement in Sep-
tember 2006, employed by Entergy as the Project Manager for the License Renewal Project at
VY. Testimony of John R. Hoffman and Larry D. Lukens on NEC Contention 3 — Steam Dryer,
attached to the Joint Declaration of John R. Hoffman and Larry D. Lukens on NEC Contention 3
— Steam Dryer, Entergy NEC 3 Dir. at A2. He has over 37 years of nuclear power engineering
experience, and has been associated with VY since 1971. Id. at A2, A3. As Project Manager for
the License Renewal Project at VY, he had the responsibility to ensure that all aspects of the li-
cense renewal application, including the steam dryer aging management program, were properly
developed and were reviewed by the respective sﬁbj ect matter experts at VY. 1@ at AS. Mr.
Hoffman has a B.E. Degree in Mechanical Engineering from the Cooper Union for the Ad-
vancement of Science and Art in 1967, an M.S. Degree in Nuclear Engineering from the Univer-
sity of Lowell in 1977, and an M.S. Degree in Applied Management from Lesley College in
1985. Id. at A3.

The second witness in Entergy’s panel is Mr. Larry D. Lukens. Prior to his retirement in
July 2007, Mr. Lukens was employed by Entergy and had, among other responsibilities, that of
Supervisor, Code Programs at VY. Entergy NEC 3 Dir. at A7. In that position, his responsibili-
ties entailed ensuring that the activities required by industry codes, particularly those issued by
ASME, that are applicable to VY and are the responsibility of Engineering were completed,
evaluated, dispositioned, and documented. The réquired activities included, for example, those
described by the ASME Operation and Maintenance Code for testing pumps >and valves; the

ASME Boiler & Pressure Vessel (“BPV”’) Code for inservice inspection (“ISI”), including con-
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tainment inservice inspections; the primary containment integrity monitoring program described
by 10 C.F.R.50, Appendix J; and the reactor vessel and internals management and monitoring
program under the EPRI BWR Vessel & Internals Program (“BWRVIP”), an industry initiative
implemented with the concurrence and participation of the NRC. Id. He was directly involved
with the License Renewal audits and inspections of Code Programs activities including the in-
service testing (“IST”), ISI, Containment ISI, Appendix J, and BWRVIP, and with the Fire Pro-
tection programs, and approved the VY License Renewal commitments relating to these pro-
grams. Id. With respect to the steam dryer, Mr. Lukens was responsible for ensuring the proper
completion and evaluation of the steam dryer inspections conducted during the 2005 and 2007
refueling outages. He was also responsible for overseeing the license renewal aging manage-
ment program as it applied to the steam dryer. Id. at A10. Mr. Lukens received a B.S. Degree in
Nuclear Engineering from the University of Wisconsin, Madison, in 1978. He has over 38 years
of nuclear power work experience, including being a qualified reactor operator in the U.S. Navy
and an NRC licensed operator at the University of Wisconsin, and nearly 10 years of service as
Program Manager for ASME Section X1 inservice testing, inservice pressure testing, and con-
tainment leak rate testing at an operating nuclear power plant. Id. at A8.

Entergy witness Mr. Hoffman is qualified as an expert on Entergy’s licensing commit-
ments on the aging management of the VY steam dryer during the license renewal iperiod, the
program to be implemented at VY to manage steam dryer performance after license renewal, the
mechanisms for crack formation in steam dryers, and the potential for steam dryer fatigue failure
at VY during the period of extended operations.

Entergy witness Mr. Lukens is qualified as an expert on Entergy’s licensing commit-
ments on the aging management of the VY steam dryer during the license renewal period, the ag-

ing management of the VY steam dryer during the license renewal period, the steam dryer in-
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spections performed to date at VY and their results, and the dryer inspection program to be im-
plemented at VY after license renewal.

The testimony and opinions of the Entergy witnesses on NEC Contention 3 are based on
both their technical expertise and experience and their first hand knowledge of the factual issues
raised in the contention.

2. NRC Staff Witnesses

The NRC Staff provided testimony on NEC Contention 3 through a panel of three wit-
nesses: Messrs. Kathwa R. Hsu, Jonathan G. Rowley, and Thomas G. Scarbrough. Mr. Hsu is
currently a senior mechanical engineer in the Division of Engineering in the Office of New Re-
actors (“NRQ”). Statement of Professional Qualifications of Kaihwa R. Héu (Staff NEC 3 Dir.,
following p. 14). Previously, he was a materials engineer in NRR’s Division of License Renewal.
Id. Mr. Hsu has 27 years of experience in the nuclear industry. Id. As part of his official duties,
Mr. Hsu served as a technical lead for the license renewal safety audit at Vermont Yankee. Mr.
Hsu is qualified as an expert witness on the subjects of the Staff’s review of the aging manage-
ment program for the VY steam dryer and the Staff’s interpretation of the adequacy of the VY
steam dryer inspection and monitoring program during VY’s operation after license renewal.

Mr. Rowley has over fourteen years of experience in materials science and enéineering.
Statement of Professional Qualifications of Jonathan G. Rowley (Staff NEC 3 Dir., following p.
14). Mr. Rowley has been responsible for coordinating the Staff’s review of Entergy’s Applica-
tion and the Staff’s preparation of its “Safety Evaluation Report with Confirmatory Items Re-
lated to the License Renewal of Vermont Yankee Nuclear Power Station,” dated March 2007
(ML070870378) and the FSER. Id. In addition to his involvement the Staff’s review of En-
tergy’s Application, Mr. Rowley was involved in the Staff’s review of the license reﬁewal appli-
cations for the D.C. Cook and R.E. Ginna plants. Mr. Rowley is qualified as an expert witness

on the subjects of Entergy’s Application and its review by the NRC Staff, NRC regulatory re-
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quirements and guidance pertaining to license renewal applications, and the bases for Staff ap-
proval of Entergy’s Application as it relates to the aging management program for the steam
dryer.

Mr. Scarbrough has 30 years of ’ experience of technical experience in the field of nuclear
engineering. Statement of Professional Qualifications of Thomas G. Scarbrough (Staff NEC 3
Dir., following p. 14). In the course of his career he served as Special Technical Advisor to the
Atomic Safety and Licensing Appeal Panel (“ASLAP”) for the restart of the Three Mile Island
(“TMTI”) Unit 1 nuclear power plant and, later, was appointed as Technical Advisor to the
ASLAP. Id. Following the failure of the steam dryer at Quad Cities Unit 2 in 2002, Mr. Scar-
brough participated in the Staff’s review of potential adverse flow effects on plant components
during power uprate operation. Id. He worked on the power uprate license amendments for Ver-
mont Yankee, Browns Ferry, Hope Creek, and Susquehanna. Id. Since F ebruafy 2007, Mr. Scar-
brough has worked in the Component Integrity, Performance, and Testing Branch I in NRO
where he reviews component issues for proposed new reactors, and provides assistance to NRR
on potential adverse flow effects for power uprates at operating nuclear power plants. Id. Mr.
Scarbrough is qualified as an expert witness on the subjects of the operational performance of
steam dryers in BWRs, the causes and consequences of steam dryer cracking, the impacts of
steam dryer failure on plant safety, and the actions taken by Entergy at VY to modify its steam
dryer prior to EPU implementation and the testing and monitoring of steam dryer performance
during VY’s power ascension to EPU operation.

3. NEC Witness

NEC’s witness on this Contention, Dr. Joram Hopenfeld, has provided no indication that
he has experience in the analysis or evaluation of BWR steam dryer performance or the issues
associated with the structural integrity of steam dryers during normal plant operations. See

“Curriculum Vitae for Dr. Joram (Joe) Hopenfeld,” NEC Exhibit NEC-JH_02. Even though the
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need to estimate and measure stress loads on the dryer was the main thesis of Dr. Hopenfeld’s
testimony, he could not propose any method for performing either task nor could he specify for

how long the loads on the dryer would need to be measured. Tr. at 1356-57, 1385 (Hopenfeld).

C. Applicable Legal Standards

The applicable legal standards for the approval of VY’s aging management program for
the steam dryer is 10 C.F.R. §§ 54.21(a)(3) and 54.29(a), i.e. whether there is reasonable assur-
ance that the aging on the steam dryer will be adequately managed so that the intended functions
of the steam dryer will be maintained in accordance with the current licensing basis for the pe-
riod of extended operation. 10 C.F.R. § 54.29(a). See also 60 Fed. Reg. at 22,479 (*. . . the [li-
cense renewal] process is not intended to demonstrate absolute assurance that structures or com-
ponents will not fail, but rather that there is reasonable assurance that they will perform such that
the intended functions . . . are maintained consistent with the CLB”).

As set forth in § 54.29(a), this reasonable assurance determination must be made against
the current licensing basis of the plant, which is to be maintained during the liéense renewal pe-
riod. As stated in 10 C.F.R..§ 54.33(d):

The licensing basis for the renewed license includes the CLB, as
defined in § 54.3(a); the inclusion in the licensing basis of matters
such as licensee commitments does not change the legal status of
those matters unless specifically so ordered pursuant to paragraphs
(b) or (c) of this section.

- 10CFR. § 54.33(d). The licensing basis for a nuclear powef plant during the renewal term will
consist of the current licensing basis and new commitments to monitor, manage, and correct age-
related degradation unique to license renewal, as appropriate. The current licensing basis in-
cludes all applicable NRC requirements and licensee commitments. Requirements for Renewal

of Operating Licenses for Nuclear Power Plants, 56 Fed. Reg. 64,943, 64,946 (Dec. 13, 1991).
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D. Summary of the Evidence
1. Background

The steam dryer is a BWR stainless steel component, installed in the reactor vessel above
the steam separator assembly, and supported by brackets welded to the inside of the vessel wall
below the steam outlet nozzles, whose function is to remove moisture from the steam before it
leaves the reactor. Finding 105. During plant operations, wet steam flows upward and outward
through the dryer. Moisture is removed by impinging on the dryer vanes and flows down through
drains to the reactor water in the downcomer annulus below the steam separators. Id.

The VY steam dryer is a non-safety-related, non-Seismic Category I component. Finding
106. Although the steam dryer is not a safety-related component, the assembly is designed to
withstand design basis events without the generation of loose parts and the dryer is designed to
maintain its structural integrity through all plant operating conditions. Id.

In 2002, steam dryer cracking and damage to components and supports for the main
steam and feedwater lines were observed at the Quad Cities Unit 2 nuclear power plant, and it
was discovered that loose parts shed by the dryer due to metal fatigue failure had damaged the
supports. Finding 107. The cause of the dryer failure was determined to be high-cycle fatigue,
which results from relatively low stresses over a large number of cycles, as opposed to high
stresses over a low number of cycles. Id. Quad Cities had recently implemented a power uprate.
Id.

Another steam dryer event occurred in Quad Cities Unit 1 in 2003. Finding 108. In both
cases, the steam dryer failure was accompanied by a significant increase in measured moisture
carryover in the steam leaving the reactor. Id. There was also a measurable change in the distri-
bution of flow in the steam lines. Id.

The Quad Cities experience raised a concern that a loss of physical integrity of the dryer, |
resulting in loose dryer sections or parts being released to the reactor steam space could poten-

tially migrate to other components and could have adverse impact on safety-related equipment.
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Finding 110. While the formation of cracks on the surface of a steam dryer is not in itself cause
-for concern, the existence of those cracks needs to be identified and evaluated before the cracks -

progress to the point where they could cause a loss of physical integrity of the dryer, resulting in
loose parts. Finding 111.

2. VY’s response to industry experience

In response to the Quad Cities 2 event, Entergy substantially modified the steam dryer at
VY during fhe Spring 2004 refueling outage to improve its capability to withstand the higher
flow induced vibration loadings that could result from operation of the plant at EPbU levels.
Finding 112. The changes included replacing portions of the dryer with new ones made more ro-
bust. Id.

VY also instituted a program of dryer monitoring and inspections to provide assurance
that the flow-induced loadings under operation at EPU levels did not result iﬁ the formation or
propagation of cracks on the dryer. Finding 113. The program was reviewed and approved by
the NRC and included as a license condition as part of the power uprate license amendment is-
sued on March 2, 2006. Id.

As power was increased in 2006 from the original licensed power level to full extended
power uprate conditions, there was continuous monitoring of plant parameters indicative of dryer
performance, including measurement at least once per week of moisture carryover and periodic
measurement of main steam line pressure. Finding 114. Following completion of EPU power
ascension testing, moisture carryover measurements have continued to be made weekly, and
other plant operational parameters that would be symptomatic of loss of steam dryer structural
integrity (main steam line flow, reactor vessel water level, steam dome pressure) have continued
to be monitored and their values trended. Id. This monitoring program will continue to be im-

plemented during the period of extended operation after renewal of the VY license. Id.
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In addition, the VY éteam dryer was inspected during plant refuelin‘g outages in the Fall
of 2005 (before completion of the EPU) and Spring of 2007 (after one year of operation at EPU
power levels). Finding 115. The dryer is scheduled to be inspected again during the refueling
outages in the' Fall of 2008 and the Spring of 2010, with a partial inspection scheduled for the
Fall of 2011. 1_(1 Inspections will continue in the license reneWal period startiﬁg with the first re-
fueling after March 2012. Id.

3. VY’s Steam Drver Aging Management Program

VY’s current licensing basis with respect to the steam dryer is set forth in Attachment 6
to Supplement 33 (dated September 14, 2005) of its EPU license amendment application. Find-
ing 116. The commitments made in Supplement 33 to the EPU license amendment application
have been made part of the current VY license. Finding 117. Those licensing commitments in-
clude the program of parameter monitoring and dryer inspections recommended in GE-SIL-644.
1d.

The CLB for the steam dryer also includes some of the provisions of BWRVIP-139,
“Steam Dryer Inspection and Flaw Evaluation Guidelines,” which was issued by EPRI in 2005
and incorporated into VY’s CLB as part of the requirements for dryer inspection. Finding 118.

 In its License Renewal Application, Entergy commits VY to maintaining its CLB with
respect to the steam dryer by continuing to implement the guidance in GE-SIL-644 until
BWRVIP-139 is approved by the NRC Staff, at which point VY will either include the recom-
mendations in the approved version of BWRVIP-139 in the VY BWR Vessel Internals Program
or inform the Staff of VY’s exceptions to that document. Finding 120.

If BWRVIP-139 is not approved by the Staff, VY has a license renewal commitment to
“[c]ontinue inspections in accordance with the steam dryer monitoring plan, Revision 3 in the

event that the BWRVIP-139 is not approved prior to the period of extended operation.” Finding
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121. These commitments bind Entergy to continue to implement the guidance in GE-SIL-644
through the license renewal period. Finding 122.

A contingency could develop when the NRC takes final action on whether and in what
form to approve BWRVIP-139. Finding 123. If the Staff approves BWRVIP-139 with modifi-
cations, such approval would cause Entergy to evaluate the changes and determine whether VY
can implement them. Id. If Entérgy can implement the changes, the VY CLB would be modi-
fied by incorporating a revised version of BWRVIP-139; otherwise, the CLB as it exists today
will remain unmodified through the license renewal period. Id.

Since a modification of the CLB is not currently being proposed, it is not part of the Ap-
plication before the Board. The Board must proceed by evaluating the adequacy of the steam
dryer management plan, which is based on continuing to implement the guidance in GE-SIL-644
during the license renewal period. Finding 124.

GE-SIL-644 recommends that BWR licensees institute a program for the long term moni-
toring and inspection of their steam dryers. It provides detailed inspection and monitoring guide-
lines (Exhibit E3-06, Appendices C and D). Finding. 125.

The proposed VY steam dryer management program conforms to the guidance in the
GALL Report (NUREG-1801), which was confirmed by the NRC Staff in its Final Safety -
Evaluation Report for the VY license renewal. Finding 126.

a. Dryer Monitoring

The monitoring component of the VY steam dryer management program consists of as-
sessing the status of the steam dryer continuously by the plant operators and VY’s technical staff
through the monitoring of certain plant parameters. Finding 127.

Three parameters (main steam line flow, reactor vessel water level, and steam dome

pressure) are measured continuously in the control room. Finding 128. In addition, weekly
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measurements of moisture carryover are performed. Id. The frequency of moisture carryover
measurement has been increased after the uprate. Id.

If any changes in the other parameters reaching the limits set in VY Procedufe ON-3178
are detected, an immediate measurement of moisture carryover is taken. Finding 129. Changes
in moisture carryover are evaluated in accordance with the requirements of GE-SIL-644 to de-
termine whether significant cracking has occurred. Id. Abnormal values of the monitored plant
parameters would indicate that the steam leaving the reactor has a high moisture content, which
in turn could ind_icate that steam is escaping through a crack in the dryer. Such escape would be
symptomatic of a significant crack that might result in loss of physical integrity of the dryer.
Finding 130.

Moisture carryover is measured by plant chemistry personnel using VY Procedure OP-
0631. Finding 131. If moisture carryover is determined to be greater than the limit stated in the
procedure, a Condition Report is to be written, the Shift Manager notified, and actions taken in
accordance with Off-Normal Procedure ON-3178. Id. An engineering operability evaluation in
accordance with EN-OP-104, “Operability Determinations,” is also performed. Finding 132.

Experienced qualified engineering personnel will determine the significance of the ab-
normal moisture carryover measurement. Finding 133. The evaluation will be performed im-
mediately upon determination that unexplained changes in the operating parameters had oc-
curred. Id. If the engineering evaluation of plant data confirms that steam dryer damage may
have occurred, a plant shutdown is initiated such that the plant is brought to a cold shutdown
condition within 24 hours. Finding 134. |

The personnel involved in determining the significance of the moisture carryover and
other measured parameters are required to be qualified in the application of the operability de-
termination procedure. Finding 135. A prerequisite for procedure qualification is the require-

ment that the individual(s) be enrolled in the Engineering Support Personnel (“ESP”) training
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program and that their capability to perform independent engineering work be assessed by their
supervisor. If an engineer or his supervisor feels the engineer needs additional training to main-
tain or enhance his level of expertise, that training is incorporated into the performance goals for
the yéar. Id.

All engineering personnel at VY must be qualified through a prescribed Institute of Nu-
clear Power Operations (“INPO”’) ESP Training Prograrh that prescribes the training methodology,
the kind of training they need, and the experience they need before they can work independently.
Finding 136. In addition to having that training, they need to have their supervisor certify that they
have properly completed the training, and that they have performed the work under the guidance of
someone else, and that the supervisor is satisfied with the level of the work that was performed. Id.
The training program is audited by INPO, which conducts a thorough detailed assessment of the
training program to ensure that it results in personnel being qualified to do perform their duties.

. 1

The NRC Staff has reviewed the qualifications of the Entergy personnel who monitor and
evaluate the plant parameter information, and has concluded that Entergy is capable of analyzing
plant data related to steam dryer performance in an adequate manner. Finding 137. NEC has
provided no testimony or exhibits challenging the qualifications of the Entergy personnel who
msnitor and evaluate plant parameters relating to the status of the dryer. Id.

The purpose of the measurements of plant parameters is not to enable Entergy to deter-
mine whether a dryer crack is about to form, but to provide early warning to the plant personnel
.that a crack may have developed so that appropriate, timely action may be taken before undesir-
able effects ensue as a result of the crack. Finding 138. This approach is consistent with the
guidance in GE-SIL-644, which while noting that monitoring of steam moisture content and
other parameters does not consistently predict imminent dryer failure, monitoring “does allow

identification of a degraded dryer-allowing appropriate action to be taken to minimize the dam-
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age to the dryer and the potential generation of loose parts.” Id. All parties agreed that this is a
correct statement as to the usefulness of a dryer monitoring program. Id.

A crack that developed sufficiently to lead to detectable amounts of steam bypassing of
the dryer would be a through penetration crack, several inches in length, and wide enough for
steam to leak out of the crack. Finding 139. The cracks that were identified at Quad Cities Unit
1, which were several inches wide and several feet in length, were accompanied by changes in
moisture carryover and steam line flow distribution, whose detection led to the plant being
quickly shut down. Id.

While there is no technology that will predict when a crack will initiate, the monitoring
programs at VY ensure that any steam dryer cracks that develop are detected before they grow to
a size that would be of concern. Finding 140. The monitoring program looks at operating pa-
rameters to identify potential indications of a breach in the steam dryer, regardless of the mecha-
nism that causes the breach, and is therefore results—driven and not cause-driven. Id.

If a crack were to develop in the VY steam dryer and grew until was sufficiently large to
be detected by the monitored plant parameters, it still would grow slowly enough to allow the
plant to be shut down before it resulted in dryer failure and the gene’ration of loose parts. Finding
141. The slow growth of the cracks found at VY is demonstrated by inspection data, and is con-
sistent with the ductile nature of stainlesé steel, that inhibits fast-growing brittle fractures. Id.

Dr. Hopenfeld disagrees that the steam dryer monitoring program implemented at VY is
sufficient to identify cracks on the dryer before tﬁey lead to structural failure of the dryer. Find-
ing 142. However, he has cited no credible evidence that the VY steam dryer monitoring pro-
grarh would not be able to detect steam dryer cracks in time to allow for measures to be taken in

response to their detection. Id.
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b. Dryer Inspections

Dryer inspections are performed during plant refueling outages. Finding 143. It is only
feasible to inspect the steam dryer when the plant is shut down, because the inspection requires
removing the reactor vessel head to take the steam dryer out. Id. The VY dryer inspections are
to be performed in accordance with the VY BWRVIP Program Plan, VY-RPT-06-00006, which
references GE-SIL-644, Revision 1 and BWRVIP-139. Finding 144.

The dryer examinations have consisted of VT-1 and (in earlief times) VT-3 examinations
of accessible internal and external welds and plates in the steam dryer potentially susceptible to
crack formation. Finding 145. VT-1 and VT-3 examinations are defined by ASME Boiler &

vPressure Vessel (“BPV”) Code.Section XI, and the non-destructive examination technicians who
perform and review these examinations are qualified in accordance with ASME BPV Section XI.
Id. A VT-1 visual examination under BWRVIP standards (such as the steam dryer inspections)
is one capable of achieving a resolution of 0.044 inch, slightly larger than the micro engraving on
a dollar bill. Finding 146.

At VY, all locations in the steam dryer where fatigue cracks could develop are accessible
for inspection, and are inspected. Finding 147. The inspections are performed by qualified non-
destructive examination (“NDE”) inspection personnel, using qualified NDE techniques appro-
priate for BWR steam dryer inspections. Finding 148. Because of the large number of individ-
ual examinations to be performed during a refueling outage, this work is typically contracted out
to qualified reactor inspection specialists, including the reactor supplier (General Electric). Id.
Entergy, however, specifies the scope of the inspections and the areas to be examined. 1d.

The inspection data are reviewed by qualified Level III NDE personnel and are subject to
final acceptance by Entergy Level III NDE personnel. Finding 150. The examinations also be
reviewed by an Entergy Level IIIl NDE technician, and ‘Entergy Level III review and approval is
required to be completed on 100% of the steam dryer examinations prior to the dryer’s return to

service. Id.
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All detected indications (imperfections or unintentional discontinuities that may or may
not be cracks) are evaluated by qualified structural engineers, who are experienced with BWR
steam dryer crack evaluation. Finding 151. Typically, these indications are evaluated by engi-
neers who are on the staff of the reactor vendor, and the evaluations and conclusions are re-
viewed and accepted by qualified Entergy structural engineers. Id.

An indication is classified as “recordable” or relevant if it is visible to the resolution of
the examination technique. Finding 152. All recordable indications that are confirmed by the
Level III NDE technician are evaluated by Engineering\to determine whether or not they are “re-
jectable.” Rejectable indications are those that must be repaired prior to restarting the plant. Re-
pair of rejectable indications is an ASME BPV Code Section XI requirement. Id.

If the characteristics of a particular indication do not rule out fatigue, the indication is
classified as a potential fatigue indication. Finding 153. The indication is tracked and examined
in subsequent dryer inspections to determine whether it is growing. Id. All recordable indica-
tions are required to be reinspected at each refueling outage until at least two consecutive inspec-
tions show no growth. Id. However, as a matter of practice, Entergy is continuing to inspect all
previously identified indications. Id.

During the Spring 2004 refueling outage, in preparation for EPU, the dryer received a
baseline VT-1 inspection of all accessible areas deemed potentially susceptible to crack forma-
tion. These examinations comprised 287 weld and plate examinations. A total of 20 indications
were identified, of Whj‘ch 2 were weld-repaired, and 18 were determined acceptable to use as-is.
Finding 154. ‘

The steam dryer inspections performed during the Fall 2005 outage examined all high-
stress areas, as identified in GE-SIL-644. In addition, all areas that had been repaired or rﬁodi-
fied in the Spring 2004 outage were reinspected, as well as those indications that were found and

evaluated to be acceptable for use as-is during the Spring 2004 outage. These examinations
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comprised 113 internal and external weld examinations. A total of 66 indications were identified,
including previously identified indications and repaired areas from 2004, all of which were found
acceptable for use as-is. Finding 155. None of the indications found in 2004 had grown. Id.

During the Spring 2007 outage, all accessible susceptible areas of the steam dryer were
inspected. The previously repaired areas, the identified high stress areas, as well as those indica-
tions that were previously found and evaluated to be acceptable for use as-is were also examined.
Finding 156. Approximately 448 individually identified steam dryer examinations were per-
formed. A total of 66 indications were recorded, including 48 of those identified in 2005 and 27
new indications. Id. These previously unidentified indications were the result of the increased
examination scope in 2007 compared to that in 2005, and the fact that all accessible susceptible
areas of the steam dryer had been subjected to the improved resolution VT-1 examination. No
growth was noted in the previously identified indications. All the indications identified in 2007
were accepted for use as-is. Id. |

The steam dryer inspections conducted in the Spring of 2007 followed approximately one
year of full power operation at the EPU condition. Finding 157. The examinations were con-
ducted using enhancéd examination resolution, which provides improved detection levels over
those achievable by using the prescribed VT-1 examination process. Id. Each of the indications
found in 2007 was evaluated by qualified structural engineers, experienced in evaluating indica-
tions in BWR steam dryers. Id. None of the cracks were determined to be associated with fa-

tigue. Id.

Entergy presented the results of the 2007 steam dryer inspection to the NRC Staff and
discussed them with the Staff. The Staff had no concerns about potential fatigue issues. Finding
158.

It is possible to determine by visual inspection whether a cra.(':k. is due to intergranular

stress corrosion cracking (“IGSCC”) or is a fatigue crack. Finding 159. IGSCC typically occurs
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in the heat affected zone adjacent to a weld. Id. IGSCC develops between grain boundaries, giv-
ing the crack a jagged appearance.‘ Id. By contrast, a fatigue crack is tends to develop as a
straight line. Id. IGSCC'develops in low stress areas, whereas fatigue occurs in highly stressed
areas. Therefore, the location, shape, and stress level permit differentiating whether a crack is
due to IGSCC or fatigue. Id.

All cracks identified in the VY steam dryer in the 2004, 2005 and 2007 inspections are
the result of IGSCC, and are of a type that grows slowly if af all. Finding 160. At VY, IGSCC
crack growth is arrested by the use of hydrogen injection and noble metal application on the fe-
edwater. Id.

VY has not identified any steam dryer cracks that are consistent with fatigue, and this
conclusion is supported by the fact that the identified indications have not grown during subse-
quent opérating cycles. Finding 161. |

While VY’s monitoring and inspection procedures are not specifically cited in the aging
management program for the steam dryer, they implement the program. Finding 162. The pro-
cedures cite the program and provide a direct link to it, so there is no possibility that their use
may be inadvertently discontinued. Id.

4. Issues Raised in the NEC Testimony

Through Dr. Hopenfeld’s steam dryer testimony, NEC raises two main claims regarding
the VY steam dryer management program: (1) the monitoring of plant parameters indicative of
potential dryer cracks is insufficient to prevent fatigue cracks from forming and propagating in
the period between dryer inspections; and (2) a dryer management program must include esti-
.mating'the stress loadings on the dryer and ensuring that they remain within the stress limits of
the dryer material. In addition, Dr. Hopenfeld states in his rebuttal testimony that cracks occur-
ring through IGSCC could lead to high-cycle fatigue, and that the steam dryer parameter moni-

toring and inspection program fails to comply with the General Design Criteria in Appendix A to
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10 C.F.R. Part 50 “insofar as they require that protection must be provided against the dynamic
effects of loss of coolant accidents (‘LOCAs’).”
a. Adequacy of Plant Parameter Monitoring

With respect to Dr. Hopenfeld statement that “[m]oisture monitoring only indicates that a
failure has occurred; it does not prevent the failure from occurring,” while monitoring of plant
parameters will not predict the incipient formation of dryer cracks, it will identify the existence
Qf a crack sufficiently large to adversely affect dryer performance and alert to the risk of a struc-
tural failure of the dryér, including the generation of loose parts. Finding 164. The steam dryer
has completed over two years of EPU operations without the detection of fatigue cracks, and this
operating performance provides a high degree of assurance that the steam dryer is not subject to
high 'cycle fatigue that could cause rapid flaw growth. Id. The cracks that have been seen have
beén IGSCC cracks that have essentially not changed from one cycle to the next. Id. Therefore,
if a crack were to start to develop in the dryer, it would develop slowly. Id. The monitoring pro-
gram would be sufficient to provide an “early warning” of potential dryer failure so that action
could be taken prior to the occurrence of such failure.

Dr. Hopenfeld asserts that most parameter monitoring may indicate the formation of only
those steam dryer cracks that increase moisture carryover, but those cracks that do not lead to
significant moisture carryover may continue to grow undetected. Finding 165. However, since
all of the reactor steam flows through the steam dryer, it is very unlikely that any damage to the
dryer would not also result in a decrease in efficiency of the steam dryer and an increase in mois-
ture carry-over that would cause a change in one or more of the monitored parameters (steam
flow rate, reactor vessel water level and/or steam dome pressure). Id.

b. Adequacy of Dryer Inspection Program
Dr. Hopenfeld further asserts that Entergy’s program to date of visual inspection and

moisture monitoring has been ineffective in identifying cracking at the time it occurs, when it
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occurs in between inspections. Finding 166. However, ’there is no need to identify a crack the
moment it occurs, because the intent of VY’s program is to rﬁonitor material conditions on a fre-
quency sufficient to identify and mitigate any flaws before they can grow to a size that would be
detrimental to the integrity of the component. Id. The overwhelming majority of visual indica-
tions at VY have not grown since they were first identified, and those few indications that were
determined to need repair had not reached critical size (that is, they had not had a negative effect
on steam dryer integrity) prior to repair. Id.

Dr. Hopenfeld states that, once fatigue cracks initiate, they propagate very fast when ex-
posed to alternating stresses of sufficient magnitude and frequency, so that even if one does not
find cracks during an inspection, there is absolutely no reason why such cracks would not start
propagating once the plant is restarted. F inding 167. VY’s operating experience after the EPU
(exemplified by the data collected during the 2007 inspection and the continuous rﬁonitoring of
plant operating parameters for over two years) demonstrates that the stresses experienced by the
dryer are below the fatigue limit for the material and are insufficient to initiate and propagate
~ high-cycle fatigue cracks. Id. Instead, the cracks that have been found in the dryer are due to
IGSCC and are small cracks that grow very slowly, if at all. Id. |

c. Need for Stress Load Estimation and Measurement

Dr. Hopenfeld asserts that the aging management program for the VY steam dryer should
include “some means of estimating and predicting stress loads on the dryer, establishing load fa-
tigue margins, and establishing that stresses on the dryer will fall below ASME fatigue limits”
Finding 168. At the hearing, however, Dr. Hopenfeld was unable to explain how he would go-
about estimating stress loads on the dryer. Id. |

Stress load estimation and prediction are unnecessary because confirmation that stresses
on the VY steam dryer remain within its fatigue limits is provided by the inspection results,

which show that high cycle fatigue is not occurring. Finding 169.
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Further confirmation that the stress loads on the steam dryer are below the fatigue limits
is provided daily by the fact that the dryer has been able to withstand without damagé the in-
creased loads imparted on it during power ascension and for the over two years of operation
since the EPU was implemented. Finding 170. If a dryer failure leading to the generation of
loose parts was to occur at VY, it would have taken place prior to this time. Finding 171.

Dr. Hopenfeld could not cite any instances of steam dryer failures occurring beyond
eighteen months after implementation of a power uprate. Finding 172. Mr. Scarbrough con-
firmed that most dryer failures occurred shortly after the implementation of a power uprate, and
the longer occurring case, at Dresden Unit 3, was discovered no more than eighteen months after
uprate implementation. Id.

It takes approximately 10 million cycles for a component to accumulate enough fatigue-
inducing vibration cycles during normal operation to reach the fatigue iimit. Finding 173. Such
a limit 1s reached within a year or two of operations, so that operation of a steam dryer for a year -
or two is sufficient to accumulate enough fatigue cycles to cause significant cracking in suscepti-
ble areas of the dryer. Id. Conversely, good performance (such as exhibited by the VY steam
dfyer) during thé first operating cycle after the uprate strongly suggests that the dryer will not
experience a fatigue-induced failure. Id. The limit in number of vibration cycles that could lead
to high-cycle fatigue has alfeady been reached at VY without adverse consequences being ob-
served; hence, the steam dryer at VY is not subject to failure through that mechanism. Id.

There will be no change in dryer loads or stresses during the license renewal period of
operation; hence, there is no reason to expect fhat the dryer will be subj ected to increased
stresses in the future. Finding 174.

Dr. Hopenfeld also expresses the view that Entergy should have introduced additional
analytical tools for predicting the loads on the dryer. Finding 175. However, the analytical tools

that were used during the uprate proceeding to demonstrate that loads on the dryer will be below
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its endurance limits were utilized as part of the design validation process that demonstrated the
adequacy of the design and established the current licensing basis. Id. Because the predicted
loads on the dryer were shown to be below the endurance limit, the design analysis was not time
limited and thus does not need to be revisited at the license renewal stage, where only time lim-
ited aging analyses need to be evaluated. Id. Further, the loadings on the dryer derive from plant
geometries that have not changed since the uprate was implemented; so, there_ has been no
change to the loadings on the dryer and the resulting stresses. Therefore, there is no reason for
further analytical efforts. Id.

With respect to directly measuring dryer loads, Entergy testified that such measurements
would not be feasible because they would require welding gauges to the dryer, which would in-
troduce new high stress areas, and would also require running electric wires from the dryer to
outside the vessel directly on the steam flow path. Finding 176. In addition to the difficulties of
such installation, the gauges could become potential loose parts in the event of a dryer failure.
Id. By contrast, all other instrumentation currently installed in the reactor is in place at the bot-
tém of the vessel. Id.

In light of these difficulties, the only way to measure steam dryer loading is to install
strain gauges on the steam line and extrapolate their reading to the dryer location, which is what
Entergy did during the uprate. Finding 177. Dr. Hopenfeld questioned the accuracy of such
measurements, but failed to describe an alternative way in which such measurements might be
made. Id.

Dr. Hopenfeld was also unable to specify how long should his proposed dryer measure-
ment program last. Finding 178. The Staff opined that the three inspections at consecutive out- |
.ages after the uprate and the more graded approach recommended by GE-SIL-644 thereafter
| should be sufficient, if no fatigue cracking was observed, to manage the potential for steam dryer

fatigue. Id.
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Monitoring stresses on a component on an ongoing basis is not carried out for any other

component at VY, nor anywhere in the industry. Finding 179.
d. Effect of IGSCC Cracks

Dr. Hopenfeld states that “/GSCC can provide sites for corrosion attack which in turn ac-
celerate crack growth undér cyclic loading.” Finding 180. The sole basis for this opinionis a
statement, which he attributes to General Electric’s report of its inspection of the VY dryer in
2007, to the effect that “[t}he dryer unit end plates are located in the dryer interior and are not
subject to any direct main steam line acoustic loading. However, continued growth by fatigue
cannot be ruled out.” Id.

Fatigue cracks start at locations that have a high stress riser. Finding 181. Thus, for a
crack due to IGSCC to become a site for fatigue failure, the IGSCC has to occur in a high stress
area. Id. No IGSCC indications in high stress areas have been found to date in the VY steam
dryer. Id. The IGSCC indications found at VY are in low stress areas, from which fatigue may
not develop. Id.

The document quoted by Dr. Hopenfeld is an Entergy VY Engineering report used to
clear one of the corrective actions associated with indications identified in the 2007 dryer inspec-
tion so that it would not be a bar to restarting the plant after the 2007 outage. Finding 182. The
sentence quoted by Dr. Hopenfeld does not appear in the final, signed report but in an earlier
draft of the report. Id. The phrase was deleted from the final version because it raises a possibil-
ity that does not in reality exist, since the indication is on the dryer interior and is not in an area
of high stress. Id.

e. Effects qf Steam Dryer Failure on LOCA Response
At the hearing, Dr. Hopenfeld sought to elaborate on his concern that a failing steam

dryer could release loose parts that interfered with VY’s ability to respond safely to a loss of
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coolant accident (“LOCA”). Finding 183. However, he was unable to provide any specific sce-
narios under which this could occur. Id.

There is no regulatory requirement to consider a LOCA coincident with a steam dryer
failure. Finding 184. Moreover, prior to implementing the EPU, Entergy analyzed the dryer re-
sponse to various accident sequences and determined that there was no accident situation, includ-
ing a LOCA, that would result in loads on the dryer in excess of its design allowables, which are
set by the ASME Code endurance limit for the material. Id. The results of those analyses is con-
sistent with Entergy’s testimony that fatigue failure of the dryer is caused by long term exposure
to normal operating loads, as opposed to short duration accident loads. Id. |

The Staff did not review a potential failure of the steam dryer in conjunction with a de-
sign basis accident as part of the license renewal reviews because those analyses were performed
as part of the uprate and remain valid as long as the steam drjer maintains its integrity, which is
assured by the dryer monitoring program. Finding 185.

Mr. Scarbrough testified that he knows of no scenario where loose parts from a failing
steam dryer could interfere with the ability to mitigate the effects of a LOCA. Finding 186. In
Those instances in which a steam dryer has experienced a failure leading to loose part genera-
tion, the loose parts have not interfered with the operation of safety-related components. Id.

Dr. Hopenfeld postulated a scenario in which a dryer, already weakened by significant
cracks, would fail upon being subjected to the loads imparted by a LOCA and would generate
loose parté that would interfere with the safe shutdown of the plant. Finding 187. Occurrence of
such a scenario would be unlikely because the plant parameter monitoring program would detect
the existence of significant cracks and cause their evaluation and the potential shutdown of the
plant. Id. Were such a situation to arise, however, the loose parts would probably escape with

the steam released by the LOCA without adverse consequences. 1d.
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5. Conclusions to be drawn from the evidence

The evidence shows that Entergy has instituted a program, in effect as part of the plant’s
current licensing basis and to be continued after renewal of the VY license, to continuously
monitor plant parameters indicative of potential cracking of the steam dryer and proioerly evalu-
ate and respond to any significant departures of those parameters from their normal range. This
program is conducted by highly qualified and trained individuals. Entergy also performs during
each refueling outage thorough visual inspectioné, conducted in accordance with industry guide-
lines, of the areas of the steam dryer potentially susceptible to fatigue crack formation. The fact
that the VY steam dryer has shown no evidence of fatigue induced cracks after over two years of
EPU operation strongly indicates that routine inspection of the steam dryer during the period of
extended operation will be sufficient to provide reasonable assurance of continued steam dryer
integrity. In all, thé steam dryer inspection and monitoring plan that Entergy will implement dur-
ing the period of extended operation after license renewal will assure that the aging effects on the
steam dryer will be adequately managed. For that reason, there is no support for the claims made
in NEC Contention 3, which should be rejected.

NEC has argued that Entergy is still relying upon the analyses it performed in implanting
the EPU. If that were true, there would be no need for any aging management program, because
the determination through the analyses that the stresses will remain below the endurance limit
would indicate that fatigue is not an aging effect for the dryer. In contrast, Entergy has commit-
ted to both inspections and monitoring of parameters on a continuing basis. It is the results of
those inspections and monitoring that indicate that stresses are below the material’s endurance

limit.
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IV. NEC CONTENTION 4

A. Background |

As originally admitted into this proceeding, the claim raised by NEC Contention 4 was
‘that “Entergy’s License Renewal Application does not include an adequate plan to monitor and
manage aging of plant piping due to flow-accelerated corrosion during the period of extended
operation.” LBP-06-20, 64 N.R.C at 192. The basis for that claim, however, waé NEC’s asser-
tion that Entergy’s plan at VY to monitor and manage the aging of plant piping and components
due to flow-accelerated corrosion (“FAC”) is inadequate in that its selection of the components
that must be inspected for FAC relies on CHECWORKS, an “empirical code,” which “must be
continuously updated with plant-specific data,” and which has not been benchmarked with suffi-
cient data reflecting parameter changes associated with VY’s EPU. NEC alleged that Entergy
cannot rely on CHECWORKS because the recent power uprate has changed plant parameters,
including coolant flow rates, and that the model cannot generate accurate recommendations be-
cause it has not been benchmarked with data reflecting these new parameters. For that reason,
said NEC, “Entergy cannot assure the public that the minimum wall thickness of carbon steel
piping and valve components will not be reduced by FAC to below . . . code limits during the pe-
riod of extended operation.” L BP-06-20, 64 N.R.C. at 192-94.

Entergy filed a motion for summary disposition of NEC Contention 4. Entergy’s Motion
for Summary Disposition of New England Coalition’s Contention 4 (Flow Accelerated Corro-
sion) (June 5, 2007). In its “Memorandum aﬁd Order (Ruling on Motion for Summary Disposi-
tion of NEC 4)” (August 10, 2007) (unpublished) (“Auéust 10, 2007 Order”), the Board denied
Entergy’s motion for summary disposition, concluding there were conflicting expert opinions be-
tween Entergy (whose experts asserted that extensive benchmarking of CHECWORKS is not
necessary and the data from three refueling outages at EPU conditions is sufficient) and NEC’s

expert asserts, that 10-15 years worth of data is necessary. See August 10, 2007 Order at 7.
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B. Witnesses

1. Entergy Witnesses

Entergy’s testimony on NEC Contention 4 was presented by a panel of two experts, each
with extensive experience in the management of flow accelerated corrosion (“FAC”) in boiling
water reactor (“BWR”) components. The first witness on the panel, Dr. Jeffrey S. Horowitz, has
more than 36 years of experience in the field of nuclear energy and related disciplines and 22
years of experience specializing in FAC and nuclear safety analysis. Entergy NEC 4 Dir. at A3.
Dr. Horowitz designed and implemented a computer program to assist utilities in determining the
most likely places for FAC wear to occur, and thus the key locations to inspect for component
wall thinning. He developed the computer programs CHEC (Chexal-Horowitz Erosion Corro-
sion) in 1987, CHECMATE (Chexal-Horowitz Methodology for Analyzing Two-Phase Envi-
ronments) in 1989, and CHECWORKS (Chexal-Horowitz Engineering Corrosion Workstation)
in 1993. Id. at A6. He has performed, by himself or with another engineer, audits of the FAC
programs at over fifty nuclear units in the United States and Canada, including a FAC program
aﬁdit at VY, in April 2007. Id. at A7. Dr. Horowitz played a significant role in drafting NSAC-
202L, entitled “Recommendations for an Effective Flow-Accelerated Corrosion Program,” and
each of its three revisions, which has become the most important standard-setting document for
the conduct of FAC control programs in the United States. Id. at A8. Dr. Horowitz has authored
numerous articles and given numerous presentations regarding FAC. Id. at A9-A10.

The second witness on the panel, Mr. James C. Fitzpatrick, has thirty years of experience
in design, construction, and modification of nuclear power plant structures, pipihg systems, pres-
sure vessels, and other equipment. Id. at A13, A15 and A16. Mr. Fitzpatrick was the Cognizant
Engineer for the VY FAC Program through June 2007, and was responsible for developing the
scope of refueling outage inspections, providing on-site engineering support, screening and
evaluating piping and components, determining if the sample of piping locations designated for

inspection during a refueling outage needed to be expanded, coordinating piping and component
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repairs and replacements, updating the CHECWORKS models of plant piping systems, and
maintaining the FAC Program Manual supporting documents. Id. ét Al6.

Entergy witness Dr. Horowitz is qualified as an expert in the analysis and prediction of
the potential flow-accelerated corrosion of piping and other components in operating reactors,
the effects of erosion and other mechanisms that may cause the degradation of piping and other
components; industry standards and guidance relating to the analysis and prediction of FAC; the
development and use of computer codes, particularly the CHECWORKS code, in the identifica-
tion of piping and corﬁponent locations susceptible to FAC; the ability of programs such as
CHECWORKS to predict FAC susceptibility of piping and components in plants that have un-
dergone a power uprate; and the operating experience in the United States and abroad with re-
spect to FAC.

Entergy Wi;[ness Mr. Fifzpatrick is qualified as an expert in the development and imple-
mentation of programs to control FAC; the selection of piping and component locations that need
to be inspected for potential FAC effects; the history and status of the site-speciﬁc FAC program
at VY; and the extent to which computer codes such as CHECWORKS are used to assist in se-
lecting piping and component locations to be inspected for FAC.

The testimony and opinions of the Entergy witnesses on NEC Contention 4 are based on
both their technical expertise and experience and their first hand knowledge of the factual issues
raised in the contention.

2. NRC Staff Witnesses

The NRC Staff provided testimony on NEC Contention 4 through a panel of two wit-
nesses, Messrs. Kathwa R. Hsu and Jonathan G. Rowley. Mr. Hsu is currently a senior mechani-
cal engineer in the Division of Engineering in the Office of New Reactors. Statement of Profes-
sional Qualifications of Kaihwa R. Hsu (Staff NEC 3 Dir., following p. 14). Previously, he was a

materials engineer in NRR’s Division of License Renewal. Id. Mr. Hsu has 27 years of experi-
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ence in the nuclear industry, including significant experience with FAC-predictive codes through
his work for the NRC and Westinghouse, where he was part of the team that developed a com-
puter code, the Westinghouse Corrosion-Erosion Monitoring System, which, like
CHECWORKS, predicts pipe thinning due to FAC. Id. As part of his official duties, Mr. Hsu
served as a technical lead for the license renewal safety audit at VY, and reviewed Entergy’s
FAC program for VY. Id.

Mr. Hsu is qualified as ‘an expert witness on the development and use of computer codes,
particularly the CHECWORKS code, in the identification of piping and component locations
susceptible to FAC; the ability of programs such as CHECWORKS to predict FAC susceptibility
of piping and components in plants that have undergone a power uprate; the Staff’s review of the
FAC management program at VY; and the Staff’s interpretation of the adequacy of the VY FAC
inspection program during VY’s operatioﬁ after license renewal.

Mr. Rowley has over fourteen years of experience in materials science and engineering.
Statement of Professional Qualifications of Jonathan G. Rowley (Staff NEC 3 Dir., following p.
14). Mr. Rowley has been responsible for coordinating the Staff’s review of Entergy’s Applica-
tion and the Staff’s preparation of its “Safety Evaluation Report with Confirmatory Items Re-
lated to the License Renewal of Vermont Yankee Nuclear Power Station,” dated March 2007
(ML070870378) and the FSER. Id. In addition to his involvement the Staff’s review of Entergy’s
Application, Mr. Rowley was involved in the Staff’s review of the license renewal applications
for the D.C. Cook and R.E. Ginna plants.

Mr. Rowley is qualified as an expert witness on the subjects of Entergy’s Application and
its review by the NRC Staff, NRC regulatory requirements and guidance pertaining to license re-
newal applications, and the bases for Staff approval of Entergy’s Application as it relates to the

FAC control program.
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3. NEC Witness
The NEC testimony on Contention 4 was presented by a panel of three witnesses: Dr. Jo-
ram Hopenfeld, Dr. Rudolf Hausler, and Mr. Ulrich Witte. Dr. Hopenfeld lists as his relevant ar-
eas of expertise thermal/hydraulics, materials, environmental interaction, radioactivity transport,

industrial instrumentation and environmental monitoring. Id. Dr. Hopenfeld’s curriculum vitae

(NEC Exhibit NEC-JH_02) does not state that he has any professional experience or training on
matters relating to FAC management programs or the use of CHECWORKS or other computer
codes to assist in identifying piping or component locations that may be susceptible to FAC.

Dr. Hopenfeld has little qualifications on corrosion and other degradation mechanisms in
nuclear power plant piping and components.
| Dr. Hausler has Bachelor’s and Master’s degrees in Chemical Process Technology and a
Ph.D. in Chemical Engineering, all from the Swiss Federal Institute .of Technology. His areas of
expertise are “corrosion prevention, chemical inhibition, material selection, failure analysis, and
trouble-shooting.” Hausler Dir. at A2. He has served as a consultant to oil and engineering
companies the selection, testing, and application of corrosion inhibitors. Id. His work in the nu-
clear industry appears to be limited to analyzing the safety of nuclear fuel storage casks. Id. Dr.

Hausler’s curriculum vitae does not reveal he has any experience on corrosion, erosion or other

forms of degradation of nuclear power plants components, or any experience or expertise in the
use of CHECWORKS or other computer codes to assist in identifying piping or component loca-
tions that may be susceptible to FAC.

Mr. Witte has a Bachelor’s degree in Physics from the University of California, Berkeley
(1983). He describes his professional experience as including “configuration management, engi-
neering and design change controls, and licensing basis reconstitution” and work in “engineer-
ing, licensing, and regulatory compliance of commercial nuclear facilities.” Witte Dir. at A2.

His experience has “generally focused on assisting nuclear plant owners in reestablishing fidelity
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of the licensing bases with the current plan design configuration, and with actual plant opera-
tions.” Id.

The Board had occasion to rule on Mr. Witte’s qualifications to testify on NEC Conten-
tion 4. In granting in part Entergy’s Motion in Limine to exclude Mr. Witte’s testimony on NEC
Contention 4 (Entergy’s Motion in Limine, June 12, 2008, at 22-25), the Board found that Mr.
Witte qualifies as expert on configuration management issues, but struck his testimony as to the
predictive accuracy of the CHECWORKS model, the requirements necessary to benchmark it,
and other technical aspects of predicting and modeling FAC.” Order (Rulings on Motions to
Strike and Motions in Limine) (July 16, 2008), slip op. at 7."*

C. Applicable Legal Standards

The applicable legal standard for the Staff’s approval of VY’s aging management pro-
gram with respect to FAC is whether there is reasonable assurance that the aging effects of FAC
on reactor coolant pressure boundary piping and associated components will be adequately man-
aged at VY so that the intended functions of the piping and associated components will be main-
tained consistent with the CLB for the period of extended operation. 10 C.F.R. §§ 54.21(2)(3),
54.29(a). |

Thus, the legal issue to be addressed with respect to NEC Contention 4 is whether there ié
reasonable assurance that the proposed FAC aging management program adequately manages
the aging effects of FAC on reactor coolant pressure boundary piping and associated components
and is consistent with the CLB.

The FAC program at VY is an existing program currently in effect. Entergy NEC 4 Dir.

at A19; Tr. at 1524 (Rowley). The Application states that “[t]he Flow-Accelerated Corrosion

18 The Board declined to strike Mr. Witte’s testimony on factual matters “as to events and activities that are primar-
ily factual and otherwise historically verifiable in this proceeding.” Id.
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(FAC) Program at VYNPS is comparable to the program described in NUREG-1801, Section
XI.M17, Flow-Accelerated Corrosion.” Application, Appendix B, Section B.1-13 at B-47. The
Board raised sua sponte the issue whether “a renewal application that contains a short written de-
scription of an aging management program that lacks content or details but instead states that it is
‘comparable to’ and ‘based on’ the relevant section of NUREG-1801 or EPRINSAC-202L,
‘demonstrate that the effects of aging will be adequately managed’ as required by 10 C.F.R. §§
54.21(a)(3) and 54.21(c)(1)(iii).” Order (Regarding the Briefing of Certain Legal Issues) (June
27, 2008) at 5.

Under the NRC regulations, the Application may properly adopt the pro gfam descriptions
in NUREG-1801 and NSAC-202L to establish an acceptable aging management program ac-
cording to NRC rules. 10 C.F.R. § 54.17(e). Moreover, Section B.1.13 specifically states that
“[t]he Flow-Accelerated Corrosion program at VYNPS is consistent with the program described
in NUREG-1801, Section XI.M17, Flow-Accelerated Corrosion” and identifies the exceptions
and enhancements to “NUREG-1801, Section X1.M17, Flow-Accelerated Corrosion” as “None.”
Application at B-47.% Therefore, the Application is not lacking in necessary specificity by in-
corporating by reference the guidance in NUREG-1801 and NSAC-202L.

With respect to the issue of whether compliance with the GALL Report satisfies the re-
quirements of 10 C.F.R. § 54.21(a)(3), such compliance is not in itself incontrovertible evidence

that the effects of aging will be adequately managed, but the GALL Report is entitled to particu-

This issue was not raised by NEC in the text of NEC Contention 4 or any of the bases asserted in support of the
Contention. Indeed, NEC’s bases focused on whether CHECWORKS requires 10-15 years of data for “bench-
marking.” See LBP-06-20, 64 N.R.C. at 192-93. NEC Contention 4 did not challenge the Application’s com-
pliance with NUREG-1801 or EPRI NSAC-202L, or the incorporation by reference of those standards into the

Application. Nor has NEC raised any objection to the specificity of the description of the VY FAC program in
its contention.

20 At the hearing, Entergy witness Mr. Fitzpatrick testified that any departures from the guidance in NUREG-1801

or EPRI NSAC-202L would be identified by Entergy and reviewed by the Staff. Tr. at 1493-94 (Fitzpatrick).
No such departures have been identified in the record of this proceeding.
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larly significant weight in addressing the issue of adequacy of aging management programs. It
~ identifies aging management programs that have been determined by the NRC to be acceptable
programs to manage the effects of aging on systems, structures and components within the scope
of license renewal as required by 10 C.F.R. Part 54. The GALL Report is based on a systematic
compilation of plant aging information and the evaluation of program attributes for managing the

effects of aging on systems, structures and components for license renewal. GALL Report at 1-

- 3.

The NRC Staff developed the GALL Report at the direction of the Commission to pro-
vide a basis for evaluating the adequacy of aging management programs for license renewal.
GALL Report at 1, 4; Memorandum from A. Vietti-Cook to W. Travers, “Staff Requirements -
SECY-99-148 - Credit for Existing Programs for License Renewal” (Aug. 27, 1999) (ADAMS
Accession No. ML003751930). When the GALL Report was subrrﬁtted to the Commission for
approval in April 1991, the Staff stated:

Applying the GALL report will reduce the need to review plant-
specific aging management programs. .... In addition, when ap-
plicants state that their aging management programs are bounded
by the GALL programs, the staff's review will shift from reviewing
each program in detail to verifying the applicant's assertion. This
will significantly reduce staff review resources and increase the ef-
ficiency of the review. The staff believes that the improved license
renewal guidance documents will increase the stability and pre-
dictability of the license renewal review process because they de-
scribe the framework for a disciplined process that clearly articu-
lates the evaluation criteria. They also provide a clear and sound
technical basis to support the staff's conclusion that (1) actions
have been identified and have been or will be taken with respect to
managing the effects of aging during the period of extended opera-
tion for structures, systems, and components within the scope of
the license renewal rule, (2) and that actions have been identified
and have been or will be taken with respect to time-limited aging
analysis that are required to be reviewed in accordance with the li-
~ cense renewal rule. These documents should also increase public
confidence in the license renewal review process because the pub-
lic was involved in developing them, and the public's comments
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were considered and incorporated, and because the documents will
make the staff's license renewal reviews more predictable.

SECY-01-0074, Memorandum from W. Travers to Commissioners, “Approval to Publish Ge-
neric License Renewal Guidance Documents” (Apr. 26, 2001) (ADAMS Accession No.
ML010990201) at 4-5 (emphasis added).

The Commission approved the issuance of this guidance. The Commission commended
the Staff for its outstanding efforts in developing these license renewal guidance documents, and
stated: “These documents should serve to enhance the predictability, consistency, and efficiency
of the NRC reviews of license renewal applications.” Memorandum from A. Vietti-Cook to W.
Travers, “Staff Requirements - SECY-01-0074 — Approval to Publish Generic License Renewal
Guidance Documents (July 2, 2001) (ADAMS Accession No. ML0O11860168).

Thus, it is appropriate that compliance with guidance documents, such as the Gall Report,
other NUREGs, or the Standard Review Plan, that are developed by the NRC to assist licensees
or applicants to comply with applicable regulations, be afforded special weight. Such deference
is particularly appropriate with respect to the GALL Report because it was developed at the

Commission’s direction with considerable public involvement and its issuance was approved by

the Commission. Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation),
CLI-01-22, 54 N.R.C. 255, 264 (2001) (“Where the NRC develops a guidance document to assist

in compliance with applicable regulations, it is entitled to special weight.”)*

2l In Florida Power & Light Co. (Turkey Point Nuclear Generating Plant), CLI-01-17, 54 N.R.C. 3 (2001) the
Commission explained that the focus of license renewal adjudicatory hearings are the same as the scope of the
Staff review:

In sum, our license renewal safety review seeks to mitigate the “detrimental effects of aging resulting from
operation beyond the initial license term.” 60 Fed. Reg. at 22,463. To that effect, our rules “focus| ] the re-
newal review on plant systems, structures, and components for which current [regulatory] activities and re-
quirements may not be sufficient to manage the effects of aging in the period of extended operation.” Id. at
22,469 (emphasis added). Adjudicatory hearings in individual license renewal proceedings will share the
same scope of issues as our NRC Staff review, for our hearing process (like our Staff's review) necessarily
examines only the questions our safety rules make pertinent.

54 N.R.C. at 10 (footnote omitted).
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In summary, the Application is not lacking in content or specificity by incorporating by
reference the guidance in NUREG-1801 and NSAC-202L. The legal issue on NEC Contention 4
1s whether there is reasonable assurance that the current FAC management program, if continued
during the license renewal periocf, will comply with the reference guidance documents and by
doing so will adequately manage the aging effebts of FAC on reactor coolant pressure boundary
piping and associated components during the period of extended plant operation following re-

newal of the VY license.

D. .Summary of the Evidence

1. Summary of VY’s FAC Management Program

a. Definition of FAC

Flow-accelerated corrosion is an age-related degradation mechanism that attacks carbon
steel piping and components exposed to moving water or wet steam. Finding 189. FAC is
caused by the protective oxide layer that builds on the surface of carbon steel piping and compo-
nents being dissolved into the flow stream. Id.

If FAC is not detected, the piping or component walls will become progressively thinner,
until the material in the affected area can no longer withstand internal pressure and other applied
loadé and a rupture eventually occurs. Finding 190. FAC wear causes a pipe rupture, whereas
damage due to other mechanisfns (e.g., erosion) causes leaks and does not impact the structural
integrity of the piping. Id. FAC only attacks carbon steel components in the presence of purified
flowing water or wet steam. It does. not attack steels containing other fluids, such as oil. Id.
Steels containing appreciable amounts of chromium have been found immune to FAC. Id.

FAC is only one of several mechanisms that can affect the physical integrity of piping
and components. Finding 191. FAC is a chemical (corrosion) mechanism, not a mechanical
damage mechanism (i.e., erosion). Erosive damage also occurs in nuclear piping, but such dam-

age is normally confined to small leaks. Id.
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The definition of FAC, as opposed to erosion-corrosion, was made more precise to avoid
confusion that occurred when one used the term erosion-corrosion because the countermeasures
that would be used to deal with a particular phenomenon differ depending upon whether the
problem is erosion or flow-accelerated corrosion. Finding 192.

Cavitation is not an aging management issue, but is normally considered a design issue.
Finding 193. Once a plant experiences cavitation the wear from cavitatioﬁ is not trended, but in-
stead the problem is fixed. Id.

Impingement damage normally occurs when high velocity streams of steam impinge on
piping. Finding 194. As contrasted with FAC, impingement tends to be localized, causing little
holes, and it often occurs under upset-type conditions, not normal operating conditions. Im-
pingement damage is basically unpredictable. Id. Because it is a different mechanism from
FAC, impingement is unaffected by replacing carbon steel with FAC-resistant material such‘as
stainless steel or low-alloy steel. Id.

Although water flowing at a high enough velocity may cause erosion in addition to corro-
sion, that kind of erosive damage is not seen in light water reactors because the water velocities
necessary to cause that damage in carbon steel piping are not seen in light water reactors. Find-
ing 195.

Dr. Hopenfeld testified that he was not an expert on the characteristics of oxide layers in
piping and could not separate erosion and corrosion, and deferred to Dr. Hausler’s explanation of
the concept of erosion-corrosion. Finding 196. Dr. Hausler testified that corrosion engineers
have, in fact, used the term erosion like Dr. Horowitz and as Mr. Fitzpatrick indicated in areas of
high turbulence, becauée where there is high turbulence you get somewhat localized corrosion.
Id. Dr. Hausler agreed with Dr. Horowitz and Mr. Fitzpatrick that the mechanism being dealt

with in FAC was a dissolution phenomenon. Id.
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b. Description of VY’s Proposed FAC Progfam

Section B.1.13 of the Application states that the VY program for addressing FAC is con-
sistent with the program described in the NRC guidance document “Generic Aging Lessons
Learned (GALL) Report -- Tabulation of Results,” NUREG-1801, Vol. 2, Rev. 1 (Sept. 2005),
Section XI.M17, Flow Accelerated Corrosion. Finding 197. There are no éxceptions in the Ap-
plication to the guidance in NUREG-1801 with respect to FAC. Id.

The VY FAC Program currently in effect substantially follows the current version of
NSAC-202L, NSAC-202L-R3 (Entergy Exh. E4-07). Finding 198. The VY FAC Program in-
cludes, as recommended in the GALL Report and the NSAC-202L guidelines, “procedures or
administrative controls to assure that the structural integrity of all carbon steel lines containing
high-energy fluids (two-phase as well as single-phase) is maintained.” Id.

The VY FAC Program includes the following activities: (a) conducting an analysis to de-
termine critical locations; (b) performing baseline inspections to determine the extent of thinning
at these locations; and (c) performing follow-up inspections to confirm the predictions, or repair-
ing or replacing componénts as necessary. Finding 199. NSAC-202L provides the general
guidelines that are implemented in the FAC Program. Id.

The VY FAC Program during the license renewal period will be identical to the existing
program and will conform to the EPRI guidelines contained in NSAC-202L. Finding 200. It
will include “procedures or administrative controls to assure that the structural integrity of all
carbon steel lines containing high-energy fluids (two-phase as well as single-phase) is main-
tained.” Id. It will also provide detailed instructions on: (a) how to conduct the inspections; (b)
how to evaluate the inspection data; (c) the acceptance criteria for inspected components; (d) the
disposition of components failing to meet acceptance criteria; (e) the expansion of the sample to
dther components similar to those failing to meet acceptance criteria; and (f) the updating of

CHECWORKS models to incorporate inspection data. Id.
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VY has programs in place that deal wifh phenomena, other than FAC, that cause pipe
wall thinning. Finding 201. The VY FAC Program, however, would detect pipe wall thinning in
piping inspected under the program regardless of the cause of the thinning. Id. Other programs
manage aging in piping systems not within the scope of the VY FAC Program. Id. Inspection
locations to check fo'r mechanical damage (non-FAC wear) are selected by operating experience.
Id.

Phenomena that may cause wall thinning that are not FAC are not tracked in VY FAC
Program because they are not aging management issues. Finding 202. Cavitation is a design is-
sue, and is not subject to trending. Id. Impingement, although sometimes capable of being
trended, is an unpredictable phenomenon that can be related to design issues. Id.

c. Scope of the VY FAC Program

All piping at VY that may experience FAC is included within the scope of the VY FAC
Program. Finding 203. Compared to the majority of nuclear power plants in operation, VY is a
relatively small and simple plant. Id. There are fewer FAC-susceptible systems and piping
components than at a typical plant, and many of those were either originally constructed of FAC-
resistant materials ér have been replaced with FAC-resistant materials since their initial installa-
tion. Id. |

The extraction steam system piping, which contains a significant portion of the two-phase
piping in a power plant, is constructed from FAC-resistant materials. Finding 204. A number of
other components and associated piping subject to two-phase flow have been replaced with
FAC-resistant materials. Id. The original plant design and the component replacements have re-
sulted in a significantly smaller amount of FAC-susceptible piping at VY as compared to the
typical nuclear power plant of similar size. Id.

Since VY went into operation, carbon steel piping and equipment in a number of systems

has been progressively replaced with FAC-resistant materials. These include: (a) all 10 of its fe-
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edwater Heaters; (b) both low pressure turbine casings, including the attached extraction steam
nozzles and piping; (c) all of the two phase flow piping in the moisture separator drains system;
(d) the majority of the two phase flow piping in the heater drains system except at the lowest
pressure feedwater heaters; () the majority of the turbine cross around piping; (f) small bore
steam drain lines to the condenser coming from the high pressure cooling injection system, the
reactor core isolation cooling system, and the advanced off-gas system; (g) small bore shell vent
lines for all four of the high pressure feedwater heaters. Finding 205. Nearly all of the large
bore piping at VY which is exposed to two-phase flow was either origihally constructed with, or
re-placed with, FAC-resistant material. Id. |

d. Selecting Components for Inspection

The VY FAC Program conforms to the inspection recommendatioqs contained in NSAC-
202L. Finding 206. The FAC Program calls for piping and component inspections to be con-
ducted at each refueling outage, with the .items to be iﬁspected being selected based on: (a) re-
quired re-inspections and recommendations from previous outages; (b) CHECWORKS suscepti-
bility rankings; (c) industry/utility/station experience including items identified through work or-
ders and condition reports; (d) susceptible non-modeled large bore and small bore program pip-
ing; (e) engineering judgment. Id. Entergy’s FAC program also takes risk significance and
component susceptibility to failure into account. Id.

In a typical inspection, approximately one-third of the piping and components will be se-
lected based on CHECWORKS results, approximately one-third will be chosen based on previ-
ous inspection data, and the remainder will be selected based on operating experience. Finding
207. Although CHECWORKS is a useful analytical tool, the VY FAC Program is not dependent
on the CHECWORKS results to select the piping to inspect, and such éelection could be man-

aged without resorting to CHECWORKS. Id.
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The trending of wear on piping is not based on the use of CHECWORKS but on actual
inspection data. Finding 208. The actual trend wear rates from inspection data are also used to
select components for inspection. Id. The selection of components for inspection by the FAC
engineer is subject to peer review by another engineer. Id.

At VY, the initial scoping and inspection selection of small bore piping was performed in
1993 and 1995. Finding 209. The scope and criteria for determining the inspection locations is
documented in FAC Program documents. Id. The small bore inspections were initiated prior to
the inclusion of small bore guidance provided in NSAC-202L. Id.

e. Inspecting Components

When components are selected for inspection, Entergy follows an Enginéering Standard,
“Flow Accelerated Corrosion Component Scanning and Gridding Standard,” to perform the in-
spections. Finding 210. This standard defines the methodology for gridding the components that
are to be inspected and the size of the grids. Id.

Historically, grid size is related to the physical size of the component being inspected.
There are two aspects to grid size: (1) where piping degradation is found, the grid size is nor-
mally made smaller to more accurately define the wear area; and (2) the larger the pipe, the lar-
ger amount of material that may be lost before the component fails, allowing for a “larger” grid
(i.e., the defect size that would cause failure varies directly with the size of the pipe). Finding
211. Both of these approaches are consistent with NSAC-202L. Id.

Under the VY FAC Program, the size of the grid varies with the outside diameter of the
pipe. Finding 212. The grid sizes are based on the recommendations in NSAC-202L. Id.

Rather than recording the thickness reading at particular grid points, however, the VY FAC Pro-
gram takes an additional step in performing the inspections: the components inspected at VY are
scanned in their entirety. Id. This ensures that the thinnest thickness readings in the component

are found. Id.
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The extent to which the thickness of a component is measured depends on the compo-
nent. Findin_g 213. If, for example, the componént is an elbow, the entire elbow is scanned. Id.
The pipe downstream will be inspected axially for two diameters in length, as provided in
NSAC-202L. Id. If there is another component within two diameters of the component being
measured, the components are modeled in CHECWORKS and are inspected consistent with the
inspection program. Id.

With respect to how far downstream of a component such as an elbow should piping be
inspected, Dr. Hopenfeld testified that a minimum distance of 25 to 45 diameters should be in-
spected, but could give no basis for that range other than his opinion that it is a customary num-
ber that has been around for many years. Finding 214. However, VY has done axial inspections
on four different lines beyond a distance of two diameters from a component and has not found
any excessive wear more than two diameters past the component. Id.

f. Role of Water Chemistry in the VY FAC Program

In 1980, an oxygen injection system was added to VY to improve the water chemistry
towards minimizing FAC. Finding 217. Oxygen is injected into the condensate and feedwater
trains just downstream of the condensate pumps in order to mitigate the effects of FAC on piping
exposed to single phase flow. Id. This treatment resﬁlts in about 40 parts per billion (“ppb”) dis-
solved oxygen in the condensate and feedwater trains. Id. This level of dissolved oxygen serves
to reduce the rate of FAC because, by maintaining this concentration of dissolved oxygen in the
condensate and feedwater lines, the stability of the oxide film is enhanced, the rate of dissolution
is reduced, and the potential for corrosion is decreased. The change to hydrogen water chemistry
in 2003 did not change, nor was it expected to change, the oxygen concentrations in the feedwa-

ter system, as demonstrated by measured plant data. Id.
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2. Use of CHECWORKS

a. Description of CHECWORKS

In December 1986, an elbow in the condensate system at the Surry Unit 2 nuclear plant
failed catastrophically. Finding 219. This failure caused steam and hot water to be released into
the turbine building, resulting in the deaths of four workers and severe injuries to others. Id.
Post-accident investigations revealed that FAC was the cause of the degradation to the elbow.

Id.

In response to the Surry accident, EPRI became committed to developing a computer pro-
gram that would assist utilities in determining the most likely places for FAC wear to occur, and
thus the key locations to inspect for pipe wall thinning. Finding 220. Dr. Horowitz developed
the corhputer program CHEC (Chexal-Horowitz Erosion Corrosion) and demonstrated and re-
leased it to U.S. utilities in 1987. 1d. CHEC was replaced by CHECMATE (Chexal-Horowitz
Methodology for Analyzing Two-Phase Environments) in 1989. Id. CHECMATE expanded on
the caipabilities of CHEC by adding algorithmé to calculate FAC under two-phase conditions. Id.

CHECMATE was later re-placed by the current program, CHECWORKS (Chexal-
Horowitz Engineering Corrosion Workstation), in 1993. Finding 221. Dr. Horowitz remained
the technical lead person in the development of the new and revised versions. Id.

CHECWORKS is a multi-purpose computer program designed to assist FAC engineers in
identifying potential locations of FAC vulnerability. Finding 222. CHECWORKS is designed
to be used by plant engineers as a tool in identifying piping locations susceptible to FAC, pre-
dicting FAC wear rates, planning inspections, evaluating inspection data, and managing inspec-
tion data. Id. It predicts FAC wear rates based on é number of variables that define: (1) the wa-
ter chemistry; (2) the flow rate; (3) the geometry of the components; (4) the material properties

of the components; (5) temperature; and (6) steam quality. Id.

80



CHECWORKS creates a calculation of FAC wear rate that is composed of seven factors:
FAC Rate=F1 * F2 * F3 * F4 * FS * F6 * F7. The seven factors are: (l)-Fl = Temperature fac-
tor; (2) F2 = Mass transfer factor; (3) F3 = Geometry factor; (4) F4 = pH factor; (5) F5 = Oxygen
factor; (6) F6 = Alloy factor; and (7) F7 = Void fraction factor. Finding 223. The |
CHECWORKS model is based on an established method for calculating FAC wear and is based
upon laboratory data and plant data. Id.

The correlations built into CHECWORKS are based on laboratory experiments on mod-
eled geometries, published correlations, and operating data from many nuclear units. Finding
224. These data support the nearly linear relationship between flow velocity and FAC wear rate.
Id.

Dr. Hopenfeld testified that he believed that the geometry factors used in CHECWORKS
were inaccuréte because they used an average value to calculate “pressure drops” at a fitting,
when he believed that the local flow velocity value, not the average value should be used and
that correction would result in an order of magnitude of difference in results. Finding 225.
However, nuclear plants operate under the same conditions for long periods of time. So, so it is
appropriate for CHECWORKS to use the average velocity corresponding to the power plants'
Tun time. Id. With respect to changes in local velocity due to geometric discontinuities such as
elbows and fittings, CHECWORKS uses the average velocity in the cross-section, and the ge-
ometry factors to correct for the different flow patterns that occur at those locations. Id.

Dr. Hopenfeld testified that he did not believe that the relationship between corrosion and
velocity used in CHECWORKS was accurate because it was based on copper dissolution in hy-
drochloric acid, and hydrochloric acid is not used to cool reactors and most material in reactofs is
not copper. Finding 226. However, the copper tests were not used to establish wear rates, but
serve only as a fast way of doing tests of various geometries. Id. All the geometry factors used

by CHECWORKS are based on actual plant data. Id.
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CHECWORKS uses a nearly linear Velocity relationship with mass transfer. Finding
227. The linear velocity relationship is based on Dr. Horowitz’s review of experimental data
and plant experience. Id. Unlike erosion mechanisms, FAC damage is linear with time (i.e.,
there is a constant corrosion rate). Id. This linear relationship has been demonstrated in numer-
ous laboratory tests and by the fact that field measurements match predictions using a linear
model. Id. Studies from nuclear power plants that have undergone power uprates show in-
creases in FAC wear rates proportional to velocity. Id.

If CHECWORKS’ model of the relationship between velocity and mass transfer were in-
accurate, a user would immediately see discrepancies on the predicted wear of piping upstream
and downstream of components such as reducers — e.g., the wear rate predictions of an eight inch
diameter pipe would be over-predicted, and that of a six inch diafneter pipe would be under-
predicted. Finding 228. No plant using CHECWORKS has reported such erroneous results. Id.

The rate of FAC is constant as long as conditions remain constant and, under constant
conditions, FAC rate can be determined by two data points. Finding 229. Although Dr. Hausler
testified that surface finish could affect the rate of FAC wear, the variation in wear rate with
roughness is very small; in large pipes, the extent of roughness does not have much of an effect
on flow once the surface of a pipe has become rough. Id.

The single most important variable in FAC wear rates is the chromium content of the pip- .
| ing. Finding 230. CHECWORKS conservatively assumes that steel components contain the
lowest amount of alloying elements allowed by the specification (typically, zero). Id. Such an
assumption disregards the beneficial effects of chromium in retarding the onset of FAC. Id.

CHECWORKS produces for every component in each analysis line a predicted wear rate,
and predicted total wear for that component. Finding 231. For components with measured data,
it also compares the‘ predicted wear with the measured wear at the time of that inspection and

presents the time to reach a user-defined critical thickness in tabular fashion. Id.

82



The CHECWORKS User Group has met twice a year since 1989 and has been the major
source of feedback on the adequacy of the program. Finding 232. In no instance has a pipe fail-
ure been determined by the NRC to be a result of inaccurate predictions by CHECWORKS. Id.

The CHECWORKS model is periodically checked against laboratory and plant operating
data as it becomes available to examine how well the CHECWORKS correlation performs.
Finding 233. For example, inspection results at VY show that CHECWORKS over predicts
FAC wear rates for the feedwater line. Id. This is common to all BWR feedwater lines. Id.
When a new issue occurs or when users report that something is not working as well as
. CHECWORKS would like, EPRI will conduct a separate study to look at that individual parame-
ter. Id.

Dr. Hopenfeld testified that an alternative to the use of CHECWORKS would be for each
plant to have an expert that would be working on, and completely dedicated to, FAC evaluations.
Finding 234. VY has a dedicated FAC engineer whose job is solely to maintain the FAC pro-
gram. Id. |

b. Modeling of a Plant in CHECWORKS

CHECWORKS modeling of a nuclear unit starts with the development of a plant heat
balance diagram (“HBD”), which is a schematic representation of the major lines and connec-
tivity of the power producing portion of the nuclear plant. Finding 235. The HBD model con-
structed in CHECWORKS is then populated with the thermodynamic conditions representative
of each power level at which the plant has operated at, or is contemplated to operate. Id. The
user then inputs the oxygen copcentration conditions that have been used or are anticipated. Id.
These inputs define the operational history of the plant in terms of what power levels have been
used with what water chemistry for how long. 1d.

The user enters as input to CHECWORKS information concerning the piping systems to

be analyzed. Finding 236. Most of this information is at the component level and deals with ge-
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ometry, wall thickness, operating conditions, and pipe material. [d. CHECWORKS includes
over fifty geometry models to represent various component geometries. Id. In cases where the
component geometry does not match any of the models, the CHECWORKS user is instructed to
either use a conservative model or schedule the component for inspection. Id.

The VY FAC Program uses a thickness measuring process that scans the components in
their entirety by moving an ultrasonic transducer over the entire surface within a grid “square.”
Finding 237. The data logger automatically records the minimum reading anywhere within the
grid square and the qualified inspector verifies that reading. Id.

Dr. Hopenfeld testified that he believed that a one inch grid for component inspection
would take care of all uncertainties about flow turbulence and the effect of geometric disconti-
nﬁities. Finding 238. However, under the methodology used at VY the size of the grid is imma-
terial, since the entire component is scanned. Id.

In the CHECWORKS analysis, the plant is divided into a number of analysis lines, which
do not have to be physically connected, but represent components which have the same water
chemistry and generally the same temperature. Finding 239. These components are expected to
behave in the same way. Id. Depending on the complexity of the reactor itself and the amount
of inspection data available, there is typically between 20 and 50 or more of these lines. Id.

In CHECWORKS, analysis lines are used in determining the FAC wear rate of compo-
nents because the FAC wear rate for any individual component in that line is relatable to any
other component in that line because components in a line will have the same dissolved oxygen,
the same pH, the same temperature, the same flow rate. Finding 240. Use of analysis lines al-
lows the user to compare wear rate inspection data from different components in the same analy-
sis line to determine if there is a good comparison. Id. By taking data on an analysis line and
comparing inspections, the random scatter in the data is minimized and potential inconsistencies

can be identified and investigated. 1d.
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c. CHECWORKS Analysis Process

Based on the user inputs, an initial “Pass 1 Analysis” is conducted to report predicted
wear rates. Finding 241. The results of the Pass 1 Analysis, together with other information in-
cluding operating experience at similar units, are normally used by the FAC engineer to generate
a list of components for inspection. Id. Once this information is specified in the plant database,
the plant engineers are able to conduct wear rate analyses of any or all of the piping defined in
the database. Id. |

Although inspection data are not required for a Pass 1 Analysis, inspection data may also
be used as inputs into CHECWORKS. Finding 242. Inspection data may be input in the form of
a matrix of thickness readings covering the component. Id. Typically, these data sets are from
ultrasonic measurements of the wall thickness at local points (i.e., grid points) or from scanning
the component and recording the minimum thickness at grid points. Id.

| When inspection data are available, a “Pass 2 Analysis” can be run. Finding 243. A Pass
2 Analysis compares the measured inspection results to the calculated wear rates and adjusts the
FAC rate calculations to account for the inspection results. Id. The program does this by com-
paring the predicted amount of degradation with the measured degradation for each of the in-
spected components. Id. Pass 2 Analyses provide the analyst with the opportunity to evaluate
the goodness of fit of the model to actual results, the location of any outliers, and the possibility
of modeling improvements. Id. However, none of the algorithms in CHECWORKS are modi-
fied by the incorporation of plant-specific data. Id.

Using statistical methods, a correction factor is determined, which is applied to all com-
ponents in a given pipe line — whether or not they were inspected. Finding 244. A line correc-
tion factor is calculated by CHECWORKS for each analysis line in its entirety. Id. The line cor-
rection factor is used to fine-tune the results of the CHECWORKS analysis so to improve its

predictive ability. Id.
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d. Modeling Changes in Plant Conditions

The use of CHECWORKS does not change as a result of a power uprate or any other
change in operating parameters. Finding 245. CHECWORKS was designed té handle changes in
plant operating conditions. Id. CHECWORKS can be used to forecast what impact a proposed
change in operating conditions will have on FAC wear rates. Id. |

When a power uprate is implemented, the user updates the relevant input parameters
(e.g., thermodynamic conditions, temperature, oxygen concentration, etc.), and lets the program
calculate the predicted FAC wear under the new conditions. Finding 246. With the impleménta—
tion of the power uprate at VY the only CHECWORKS inputs which affect wear rates that
changed were the flow rate and the operating temperature. Id.

The Pass 2 Analysis can be used as a planning tool by performing it in advance of the
uprate to determine if, under uprate conditions, systems and sub-systems would experience sig-
nificantly greater FAC rateé than those predicted before the uprate. Finding 247. CHECWORKS
- was specifically designed to accommodate power uprates and is routinely used throughout the
- U.S. nuclear industry for this purpose. Id.

Dr. Hopenfeld testified that CHECWORKS would need ten to fifteen years of VY uprate
data to calibrate CHECWORKS to reflect uprate operating conditions; Dr. Hausler likewise testi-
fied that 12-15 years would be a reasonable estimate of time to calibrate CHECWORKS. Find-
ing 249. However, for purposes of CHECWORKS use, power uprates are no different from
other operational changes. Id. The differences in rates experienced in a power uprate are gener-
ally smaller than those experienced by units when their water chemistry changes. Id. It has
never been necessary to “re-calibrate,” “re-baseline” or “benchmark” CHECWORKS when
plants have changed their water chemistry, power output has beeh increased, or other operational
changes have taken place.  1d. |

Dr. Hopenfeld is of the view that, in order to establish the rate of FAC, many years of in-

spection data would be needed, including inspection of every potentially susceptible run of pip-
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ing three times over five inspection periods. Finding 250. However, the development of |
CHECWORKS and the EPRI guidance have eliminated the need for such an approach. Findings
249 and 250. It is not necessary to have ten to fifteen years of inspection data collected after a
power uprate for an effective FAC Program. Finding 250. The new values for flow rate and
temperature are simply used as inputs into CHECWORKS and CHECWORKS provides FAC
rate calculations for the modeled components under the uprated conditions. Id. Locations that
CHECWORKS shows as having the highest wear rates are typically those with the most tortuous
geometry, such as around control valves, across reducgrs, and downstream of valves. The effect
of such geometric discontinuities does not change with a power uprate. Id. Because only the
flow rate and temperature are changed at VY due to the power uprate, any FAC rates established
after the uprate will be constant and the effect of the uprate on FAC will, therefore, be apparent
with the first inspection after the uprate; Id.

Plant operational data used for the correlations in CHECWORKS involves approximately
thirty different units. Finding 251. VY, under power uprate conditions, is a fairly small plant in
terms of power level compared to the other units. Id. CHECWORKS covers the range of condi-
tions at operating light water reactors, including VY. The change at VY with the power uprate is
primarily one of velocity, and the maximum velocity is comparable to that at any number of
other nuclear power plants. Id. The algorithms used to predict the FAC wear rate are based on
extensive laboratory and plant data, including data on FAC wear rates where the flow rate andl
the temperature exceed those present at VY after the uprate. Id. This assures that the FAC wear
rates predicted by CHECWORKS are accurate. Id.

e. CHECWORKS and Quality Assurance

CHECWORKS is not used for nuclear design but only to provide information to FAC

engineers. Finding 251. The information used by CHECWORKS is not directly used for func-

tions covered by “nuclear level” quality assurance. Id.
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3. Use of NSAC-202L and CHECWORKS in the VY FAC Program

a. NSAC-202L

Dr. Horowitz played a key role in drafting the original version of NSAC-202L and in
each of the three subsequent revisions to NSAC-202L. Finding 252. NSAC-202L has become
the most important standard-setting document for the conduct of FAC control programs in the
United States, and has also been accepted as a valuable guidance tool by INPO and the NRC. Id.

The original VY FAC Program was instituted prior to the issuance of EPRI’s gﬁidance
document, NSAC-202L. Finding 253. Howéver, the FAC Program’s documents have been re-
Vised as necessary over time to conform to the recommendations in the various revisions to
NSAC-202L. Id. The VY FAC Program currently in effect substantially follows the current
version of NSAC-202L. Id.

b. Use of CHECWORKS in the VY FAC Program

VY uses five criteria for selecting which components and locations will be inspected for
potential FAC effects during a plant refueling outage. Finding 254. Those factors, which are
consistent with the guidance in NSAC-202L, are: (1) pipe wall thickness measurements from
past outages; (2) predictive evaluations performed using the CHECWORKS compﬁter code; (3)
industry experience related to FAC; (4) results from other plant inspection programs; and (5) en-
gineering judgment. Id.

Currently, the FAC Program at VY primarily uses CHECWORKS as a tool in planning
inspections, evaluating inspection data, and managing the ultrasonic thickness (“UT”) data com-
piled over the past thirteen refueling outages at Vermont Yankee. Finding 256.

c. Updating VY Plant Data for Use in CHECWORKS

NSAC-202L, Rev. 2 does not specify a specific interval for model updates. It merely

states: “It is recommended that whenever possible, the Predictive Plant Model utilize the results
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of \}vall thickness inspections to enhance the FAC predictions. In CHECWORKS this is called
Pass 2 analysis.” Finding 257. |

All applicable inspection data were updated for VY during the Summer and Fall of 2000.
Finding 258. Additional updates were performed for the feedwater system in 2003. Id. In addi-
tion, inspections performed in 2001, 2002, 2004, and 2005 showed that the wear rates predicted
by the CHECWORKS model were consistently conservative. Id. |

' Inspection data Were not entered into CHECWORKS immediately following inspection
outages in 2004 and 2005. Finding 259. Mr. Fitzpatrick wrote condition reports regarding the
failure to update the CHECWORKS model with inspection data. Id. These condition reports
were intended to identify to management the neeci for additional human resources. Id. VY now
has a dedicated FAC engineer whose job is to keep the FAC program current. Id.

The inspection planning and component selections made during the outages where in-
spection data had not been entered into the CHECWORKS model were based in part on the con-
servatively high wear rates previously predicted by CHECWORKS. Finding 260. The
CHECWORKS update performed in 2006 confirmed again that the previously predicted wear
rates were conser.\/ati\}e. Id. Runs of the updated model did not identify any instance where rec-
ommended inspections were not performed. Id.

Comparison of the CHECWORKS predictions with subsequent inspection data have uni-
formly shown that the CHECWORKS predictions are conservative (i.e., they predict higher wear
rates than those observed during the inspection). Finding 261. Thus, even if the most recent in-
spection data had not been entered into the CHECWORKS program, the result would have been
over-estimation of FAC wear. Id. The condition report written by Mr. Fitzpatrick ¢onclﬁdes,
therefore, that not updating the CHECWORKS database with the most recent inspection data

was not necessary in order to determine the appropriate scope of the RFO 25 inspection. Id.
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VY updated the version of CHECWORKS it used from CHECWORKS FAC 1.0D to
CHECWORKS FAC 1.0F in 2000. Finding 262. Version 1.0F was used for the 2003 and 2006
model updates. CHECWORKS FAC 1.0G was installed in 2006. Id. There were no differ-
ences in versions 1.0D, 1.0F, and 1.0G with respect to water chemistry and wear rate predictions
for BWRs. Id. |

d. FAC Inspections Since VY Uprate

The scoping process for the FAC inspection in the 2007 refueling outage (“RFO 26)
started before RFO 25 was complete. Finding 263. The RFO 26 scoping was performed using
the same criteria as contained in Section 5.3 of ENN-DC-315, Rev.1. Id.

As an added measure of conservatism, Entergy is increasing the FAC inspection scope by
at least 50% for the first three outages following the EPU. Finding 264. In 2005, in RFO 25, the
last refueling outage prior to the EPU, a total of 35 FAC inspections were performed, including
27 large bore inspections. Id. In RFO 26, the first outage since the EPU, the inspection scope
- was increased by more than 50%, as there were a total of 63 inspections performed, including 49
large bore inspections. Id. These additional inspections provide further confirmatory data points
for the use of the FAC Program. Id.

The results of the 2007 FAC inspection demonstrate that data from repeat inspections
(before and after the uprate) of large bore components in the feedwater system show that essen-
tially no wear has occurred since the commencement of the EPU in March 2006. Finding 265.
Because no significant increase in wear was shown in the first post-uprate inspection, there is a
high level of confidence that no significant change in the rate of wear will be found in the next
two inspections. Id.

e. Use of CHECWORKS after License Renewal
After license renewal, Entergy will continue to use the CHECWORKS program to assist

in identifying the locations where piping inspections should be performed. Finding 266. Data
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collected at VY since 1989 and in the three sets of inspections that will be conducted during re-
fueling outages between the implementation of the EPU