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L LEGAL STANDARDS.

1. The Nuclear Regulatory Commission (“NRC”) may fenew a commercial
nuclear power plant dperating license only if it ﬁnds that the license requirements are “in
accord with the éommon defense and securiFy and will provide adequate protection to the
health and safety of the public.” 42 U.S.C. § 2232(a).

2. The standards governing. license renewal are set forth in l\O CF.R. §§ 54.21
and 54.29. Pursuant to these rules, “{t]he license renewal revie\;v is intended to identify any
additional actions that will be needed to maintain the functionality of the systems, structures,
and components in the period of extended operation.”. Final Rule, Nuclear Power Plant
Lice‘nse Renewal; Revisions, 60 Fed. Reg. 22461, 22646 (May 8, 1995). Licensé ren(ewal
proceedings cbver: (1) “the plant’s systems, structures, and components that are subjegt to an
evaluation of time-limited aging analyses,” and (2) “the plant structures and components that
will require an agiﬁg management réview for the period of extended operation.” Duke | |
Energy Corp. (McGuire Nuclear Station, Units 1 .& 2; Catawba Nuclear Station, Units 1 &
2); CLI-01-20, 54 NRC 211,212 (2001).

A. Review of plant structures and components subject to an evaluation of
Time-Limited Aging Analyses (“TLAA”)

3. Time-limited aging analyses (“TLAA”) are defined as analyses and
calculations a licensee has performed under its current license, whi_éh (1) involve time-
limited assumptions deﬁﬁed by the current operating'term, and (2) were used to make a
safety determination concerning the effects of aging on systems, structures or

components within the scope of license renewal. 10 C.F.R. § 54.3 (a).'

! The full definition of TLAAsS is as follows:



4. NRC regulation 10 CFR § 54.21(c) requires that a license renéwal
appiication (“LRA”) must contain “an evaluation of time-limited aging analyses.”
Section 54.29 in turn provides that the NRC may‘issue a renewed license only after it
finds that any TLAA evaluations/ providé “feasonable assurance that thé activities
authorized by the renewed 1icense will continue to be éondﬁcted in accordance with the
[Current Licensing Basis]*....” 10 C.F.R. § 54.29.

5. “Reasonabl_é a/issurance” under 10 C.F.R. § 54.29 refers to the required‘

degree of assurance that the “adequate protection to the health and safety of the public” _

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 operating term, for example, 40
years;

_(4) Were determined to be relevant by the licensee in making a safety
determination; o
(5) Involve conclusions or provide the basis for conclusions related to the
capability of the system, structure and component to perform its intended
functions, as delineated in § 54.4(b); and ’
(6) Are contained or incorporated by reference in the CLB [current licensing
basis]. ‘

10 CFR § 54.3(a).

2 Current Licensing Basis (“CLB”) is defined in 10 C.F.R. § 54.3 as:

“the set of NRC requirements applicable to a specific plant and a licensee’s written commitments for ensuring

compliance with and operation within applicable NRC requirements and the plant-specific design basis

(including all modifications and additions to such commitments over the life of the license) that are dockéted
and in effect. The CLB includes the NRC regulations contained in 10 CFR Parts 2, 19, 20, 21, 26, 30, 40, 50,

51, 54, 55, 70, 72, 73, 100 and appendices thereto; orders; license conditions; exemptions; and technical
specifications. It also includes the plant-specific design-basis information defined in 10 CFR 50.2 as
documented in the most recent final safety analysis report (FSAR) as required by 10 CFR 50.71 and the
licensee’s commitments remaining in effect that were made in docketed licensing correspondence such as

licensee responses to NRC bulletins, generic letters, and enforcement actions, as well as licensee commitments

documented in NRC safety evaluations or licensee event reports.”

Thus, the CLB incorporates requirements of the license and certain other documents, such as the FSAR and
formal commitments made in licensing correspondence.
(



standard contained in the Atomic Energy Act, 42 U.S.C. § 2232(a), is satisfied.
Commonwealth Edis-on Co. (Zion Units I and 2), ALAB-616, 12 NRC 419, 421 (1980).-
6. Section 54.21(c)(1) defines three options for cqmpliance with the TLAA\
evaluation requirement. The applicant may include in the LRA either (1) a demonstration
that the TLAA analyses are valid for the period of exteﬁded operation pursuant to §
54.21(c)(1)(i); (2) a projection of the TLAA analyses to the end of the period of extended
'. operation pﬁrsuant to § 54.21(c)(1)(ii); of B3)a planlto manage aging of the systems,
structures or components subject to the TLAA, pursuant to § 5,4.21(0)(1)(iii).3
7 7. Under this three-tiereci approach, analysis of the TLAA deterrﬁines'whether an
aging maﬁagement plan is necessary. An applicant may avoid the obliga“[ion to develop an .
aging rhanagement plan under § 54.21(c)(1)(iii) if it satisfies § 54.21(c)(1)(1) or
54;21(c)(1)(ii) by demonstrating that the TLAA is either valid or can be projec.ted for the

period of extended operation. On the other hand, an applicant must develop an aging

management plan if it cannot or chooses not to justify or project the TLAA.

3 Section 54.21 reads in relevant part as follows:

Each application must contain the following information:
s

(© An evaluation of time-limited aging analyses.

(1) A list of time-limited aging analyses, as defined 1 § 54.3, must be provided.
The applicant shall demonstrate that —

(1) The analyses remain valid for the penod of extended
operations;

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

() The effects of aging on the intended function(s) will be adequately managed
for the petiod of extended operations.

=

10 C.F.R. § 54.21(c)(emphasis added).



8.  Asthe NRC‘explained in the preamble to Section 54.21(c) published in the
Federal Register: o |
The applicant for l1cense renewal will be required in the renewal

application to — -
(1) Justify that [TLAA] analyses are valid for the period of extended

operatlon
(2) Extend the period of evaluation of the analyses such that they are valid
~ for the period of extended operation, for example, 60 years; or-
(3) 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.
Nuelear Regulatory Commission, Nuclear Power Plant License Renewal; Revisions,
Final Rule, 60 FR 22461-01, 22480 (May 8, 1995). |
9. An aging management program adequate to sati‘sfy the reasonable assurance
. standard monitors the performance and condition of structures and components subject to
-aging mechanisms ina manner that allows for timely identification and cerrection of
degraned conditions. See, Nuclear Power Plant License Renewal: Revisions, Final Rule, 60
Fed. Reg. 22461, 22469 (1995). An aging management plan under Seetion'54.21(c)(l)(iii)
should -fherefore eoneist of a program of component inspection, repair and replacement that
speeiﬁes scope, method and frequency. |
10. Pursuant to the plain ianguage of Section 54.21(c), the analysis to validate or :
project a TLAA cannot be performed afte_r license renewal is approved as a component of an
'aging management program developed under Section 54.21(c)(1)(iii). See, In the Matter of
Entergy Nuclear Operations, Inc. (Indian Point Nuclear Generating Units 2 and 3), ASLBP
No. 07-858-03-LR-BD01, Memorandum and Order Ruling on Petitions to Intervene and
Requests for Hearing (July 31, 2008) at 112-1 13 (“[TThe fecalculation of the [CUF' TLAA for

metal fatigue] is not an option for the {aging management plan]. CUFs are threshold values

~ that determine whether such a program is needed for license renewal. . . . Entergy’s proposal



tb perform [CUFen] calculétions in the future, albeit in accordance with specified guidance,
is unacceptaBle because these calculations are not a component of an AMP, but are the -
fundamental fatigue 'anélyses for time-limited aging that 10 CFR § 54.21(c) requires to be
included in the *LRA..”). |

11. An iﬁterpretation pf Section 54.21(c)(1) to allow performance of a TLAA
validation or projection as a component of an aging management plan uﬁder Section
54.21(c)(1)(ii1) would collapse the distinction between Sect‘ions 54.21(c)(1)(1), .
54.21(c)(1)(i1) and 54.21(c)(1)(iii). This is therefore an invalid constructiont:f‘{he rule.

~See, »Kungys v. US, 485 US 759, 788 ‘( 1988) (It is a “cardinal rule of statutory

interpretation that no provision should be construed to be entirely redundant.”); Cf,
DirectTV Inc. v. Hoa Huynh, 503 F.3d 837, 853 (9" Cir. 200‘7')(“We must make every
effort not to interpret a provision ina m?mner that renders other provisions of the same
statute inconsistent, meaningless or sﬁperﬂugus,” and therefore “reject D‘irecT.V’s
attempt to collapse the distinction between subsections. (@) and (e) [of the Federal
Communications Act].”).

12. NUREG-I 801, Rev. 1, Genéric Aging Lessons Learned (GALL)'Report
(2005) (“NUREG-I 8017) provides guidance for the preparat'ion of .TLAAs specifically to
evaluate enVirOnmentally-assi_sted metal fatigue;’ NUREG-1801 advises that a license
renewal applicant may address “the effects of the coélant environment on component
fatigue life by assessing the impacts of the reactor coola£1t_ environment on a sample of
critical components for the plant.” NUREG-1801, Vol. 2 at X M-1 (NRC Staff Exhibit

7). Examples of critical components are identified in NUREG/CR-6260, Application of

NUREG/CR-5999 Interim F atig'ue Curves to Selected Nuclear Power Plant Components



(1995). The sample of critical components “éan be e{/aluated by applyirjg ehvirbnmental
life correction factors to the existing ASME Code fatigue analyses.” NUREG-1 801, Vol.
2 at X M-1. If these components are found not to comply with the ASME Céde
acceptance criteria, CUF less than one with the environmental correction factor applied,
“corrective actions” must be taken that “include a review of additional affected reactor

coolant pressure boundary locations.” Id. at X M-2.

B. Aging Management Review

13. License renewal applicants must “demonstrate how their [aging management]
prografns will be effective in managing the effects of aging during the period of extended
operation.” Florida Power & Ligh;‘ Co. (Turkey Point Nuclear Generating Plant, Units 3 &
4), CLI-01-17, 54 NRC 3, 8 (2001).

14. NRC rule 10 C.F.R. § 54/.21(a)(3) requires an ap\plicant fo “demonstrate that
the effects of aging will be adequatély m‘gnaged so that [structures and cémpOnents subject to
aging managémént review] will be maintained consistent with the CLB for the periodof
extended operation.” NRC rule 10 C.F.R. § 54.29(a) requires an applicant to identify and
take (or plan to takej actipns to manage the effects of aging “such that there is reasonable
assuranc-e tpat .the activities authorized by the repewed licepSe wilyl ’continue to be conducted
in accordance with the CLB Lo
| 15. Anapplicant’s “demonstration” pursuant to § 54.21(a)(3) must inclﬁde
enough detail ’regarding how the applicant proposes to manage the effects of aging as to
allow the NRC Staff and any intervenors before the ASLB to understand and rigorously

evaluate the content and likely effectiveness of that program, in order to determine whether

the § 54.29(a) “reasonable assurance” standard is satisfied.



16.  If an applicant provides insufficient detail regarding its aging management

plans, the NRC will not have enough information to find reasonable assurance of public

AN

~ safety and would be arbitrary and capricious in approving the license renewal. Alternatively,

y

the NRC must postpone its substantive review of aging management plans that must be the
basis for its finding of reasonable assurance until after a license is issued. This péstponement :
would il_legally curtail intervenors’ rights to a hearing before the ASLB on all issues material
to the licensing decision. See, Union of Concerned Scientists v. United States Nuclear
Regulatory Commission, 735 F.2d 1437 (C.A.D.C. 1984) (Section 189(a)) of the Atomic
Energy Act (AEA) requires the NRC to grant a hearing at the request of an interested person
on any maferial issue relevant to the licensing decision; the NRC may not exclude a material
public-safety related issue from consideration by the Atomic Safety and Licensing Board.).
It wogld also violate NRC precedent holding that “the mechanism of post-hearing resolution
must not be employed to obviate the basic ﬁndings prerequisite to an operating license.” In
the Matter of Consolidated Edison Company of New York, Inc. (Indian Point Station, Unit

No. 2), CLI-74-23,7 A.E.C. 947, 950-52 (1974).

C. The status of NRC Staff and industry guidance in license renewall review.

17. An applicant’s demonstration that an aging management program or TLAA
validation or projection methodology conforms to NRC Staff or industry guidance is not
dispositive of whether that program or analysis satisfies the “reasonable assurance” standard
under 10 C.F.R. § 54.29(a).

18. “Agency interpretations and policies are not ‘carved in stone’ but must

rather be subject to re-evaluation of their wisdom on a continuing basis.” Kansas Gas

' and Electric Co. (Wolf Creek Generating Station, Unit 1), 49 NRC 441, 460 (1999),



~ citing, C_hevrdn US4, Inc.l V. Natéral Resources Defense Coz\mcil, Inc., 467 U.S. 837,
863-64-(1984)). |

19.  NUREG-1801, the GALL repdrt, does not contain legally bindit{g
regulatory recitiirements. Its Summary and Introduction iﬁcludes the foHowing

explanation of its legal status:

Legally binding regulatory requirements are stated only in laws; NRC
regulations; licenses, including technical specifications; or orders, not in
NUREG series publications. ‘

* * *®

The GALL‘report 1s a technical basis document to the SRP-LR, which
provides the Staff with Guidance in reviewing a license renewal

- application . . . . The Staff should also review information that is not
addressed in the GALL report or is otherwise different from that in the
GALL report.

NUREG~1801, Vol. 1, Summary, Intfoduction, Application of the GALL Report. -
20.  The GALL report and other NRC guidance documents are treéted as
_evidence of le'gitimate means for complyin.g‘ with regulatory requirements, but the NRC .
Staff must prove the validity of its guidanlc_e if it is contested by an intervenor. /n the
Matter of Carolina Power & Light Company and .North Carolina Eastern Municipal
Power Agency (Shéaron Harris Nuclear Power Plant); ASLBP‘NO. 82-472-03-0OL, 23
| NRC 294 (1986); See also, In the Matte'r‘ of Connecticut Yankee Atoﬁiu'c Power Company
| (Haddarﬁ Neck Point), ASLBP No. 61-787-02-OLA? 54 NRC 177, 184 (.2001)
(“NUREGS and similar documents are akin to ‘regulatory guides.” That is, they provide
guidapce for the Staff’s review, but set neither minimum nor maximum regulatory
requirements.”); In the Matter of Private Fuel Storage, LLC, ASLBP No. 97-732-02-

ISPSI, 57 NRC 69, 92 (2003)(“[A]n intervenor, though not allowed to challenge duly

9



J

- promulgated Commission regulations in the hearing process. . . is free to take issue with .

.. NRC Staff guidance and thinking . ...”). -

D. Operating License Conditions Subsequent: the Proper Scope of Post-
Licensing »Resolu_tion by the NRC Staff

21.  Only “minor matters” may be left to the NRC Staff for pdst-hearing
resolution. In the Matter of Long fsland Lighting C ompany\(Shoreham Nuclear Power
Station, Unit 1), ALAB-788,20 NRC 1102,1159 (1984). The Staff’s post-hearing role

- should be “rﬁihistetial,” and shoulci not involve “overly coxﬁplex” or “discretionary”
judgments on legal or factual issues. In the Matter of Private Fuel Sto}’age, L.LC.
(Independent Spent Fu_e:lA Storage Installation), CLI-00-13, 52 N.R.C. 23, 34 (2000); See kalso,
In the Matter of Southern California Edison Co‘mpany, et. al. (San Onofre Nuclear
Generatzng Station, Units 2 and 3), LBP-82- 39 15 N R.C. 1163, 1216, 1217 (1982) (NRC

 Staff could properly determine whether pubhc information should be printed in Spanish and
confirm the delivery. of emergency equipment, but furthef hearings were required concerning -
the adequacy of medical services to be made available to. the public).

.22. A license condition or commitment must not affect “an improper delegation of
decisional responsibility over adversary issues from the Board. to the staf .? In the Matter of

Long Island Lighting Company (Shoreham Nuclear Power Station, Unit 1), 20-NRC at 1160.

Fundamentally: ,'

[T]he mechanism of post-hearing resolution must not be employed to
obviate the basic findings prerequisite to an operating license — including a
reasonable assurance that the facility can be operated without endangering
the health and safety of the public. In short, the ‘post-hearing’ approach
should be employed sparingly and only in clear cases. In doubtful cases,
the matter should be resolved in an adversary framework prior to
issuance of a license, reopening the record if necessary.




In the Matter of Consolidated Edison Company of New York, Inc. (Indian Point Station, Unit
No. 2), CLI-74-23, 7 A.E.C. 947, 950-52 (1974)(emphasis added).

E.  Burden of Proof in License Renewal Proceéding

23: | In an operating license proceeding, the_ licensee bears the ultimate burden of
proof. 10 C.F.R. § 2.325; Metropolitaﬁ Edison Co. (Three Mile Island Nuclear Station, Unit
1), ALAB-697, 16 NRC 1265, 1271 (1982). It is Entergy’s® burden to demonstrate by a
‘preponderance of the evidence that it has satisﬁed_ the “reasqnable assurance” standard With
re:spect to the issues raised by. each of NEC’s contentions. Com;honwealth Edison Co. (Zion -
Units 1 and 2), ALAB-616, 12 NRC 41 9, 421 (1980)(Applicants have to “provide ‘réasbriable
assurance’ that public health, safety, and enviroﬁme_ntal concerns were protected, and to
demonstrate that assurance by.(‘a preponderance of the evidence.’”).

II. NEC CONVTENTIONSIZA AND 2B
(Environmentally-Assisted Metal Fatigue Analyses)
A. Proposed Findings of Fact

1. | Backeround Concerning Entefgy’s CUFen Analyses and Statement
of the Issue. '

24.  NEC’s Contentions 2A and 2B contest the validity of analyses Entergy has
performed to evaluate the impact of environmentally-assisted metal fatigue on vu[nerablé
plant components and to demonstrate that plant components will meet the ASME Code

2

acceptance criterion for metal fatigue throughout the period of extended operation.

* “Entergy” refers to the license renewai Applicant, Entergy Nuclear Vermont Yankee, LLC and Entergy
Nuclear Operations, Inc.

11



-25.  “Fatigue” is as an age-related degradation mechanism caused by cyclic
stressing of a component by either mechénical or thermal stresses that 'eventually cause
the component to crack. Exhibit NEC-JH_03 at 22.

" 26. YThe fatigue life of a component is represented by a cumulative usage
factor (“CUF”), which represents the fractioh of the allowable fatigue cycles that the
component has experienéed. Exhibit NEC-J H_O3 at 1,22. “Cumulative Usage Factor” is
defined as the sUmrhaﬁon of usage fatigué factgrs. “Usage Fatigue Factor” is defined as
the number of cycles n at any given. stress amplitude divided by the correspoﬂding |
number of éycles to end of lifez N. Exhibit NEC-JH 03 at 22; Joint Déclafation of James
| C. Fitzpatrick and Géry L. Stevens on NEC Contention 2‘A/2B — Environmentally
Assisted Fatigue (May 12, 2008) at A7.

27. | ’i‘hq ASME Code acceptance criterion for metal fatigue requires that the
CUF for a Class 1 component not exceed 1.0. ASME Code Section III; Exhibit NEC-
JH_03 at 1; Joint Declaration of J ames 'C‘. Fitzpatrick and Gary L. Stevens on NEC
Contention 2A/2B — Environmentally Assisted Fatigue (May 12, 2008) at A8.

28..  An NRC Staff witness testified that, when ASME Code fatigue curves are
used, a CUF of 1.0 indicates a 1-5% chance of formation of a three millimeter crack.
Testimony of Mr. Fair, Tr. 900-902. There is, however, wide diségreeme’nt among
researchers regarding the degree of conservatism of the ASME Code curves. Rebuttél 7

/-
Testimony of Dr. Joram Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and 4 éf Al2;
Exhibit NEC-JH_26 at 71.
29:  The reactor coolant enviro@ent is more aggressive than air; it accelerafes

the rate of degradation by fatigue and reduces the fatigue life of corriponent_s. Joint

12



Declaration of James C. Fitzpatrick and Gary L. Stevens on NEC Contention 2A/2B —
Environmentally Assisted Fatigue. (May 12, 2008) at A9. To account for this, the CUF
fc;r a component exposed to reactor cooiant is multiplied by a correction factor, “Fén”, to
obtain an environmentally adjusted CUF or “CUFen.” Id. at A9, A12; Exhibit NEC-
- JH 03 at 1. Fenisthe ratib of fatigue life in éir.at room temperature to fatigue life in
water at the local temperature. Exhibit NEC-JH_03 at 1.

| 30. CUFen must not exceed unity. Joint Declaration of James C. Fitzpatrick
and Gary L. Stevens on NEC Contention 2A/2B - Environmentally Assisted Fatigue
(May 12, 2008) at A12. )

31. . Entergy’s Ligense Renewal Application (LRA)‘§ 4.0 describes Entergy’s
evaluations of Time Limited Aging Analyses (“TLAA”) pursuant to 10 C.F.R. § |
54.21(c). Section 4.3 addresses Entergy’s “[metal] fatigue evaluations that meet the

‘definition of TLAA for Class 1 and non-Class 1 mechanical components at VYNPS.”
LRA at 4.3-1. Table 4.3-3 reports Entergy’s calculétions of the CUFen values that would
obtain at the conclusion of the period of extended operation for nine components. These
components correspond to the limiting locations identified in NUREG/CR-6260. Safety
Evaluation Repbrt Related to the License Renewal of Vermont Yankee Nuclear Power
Station (February 2008)(“FSER”), Exhibit NRC Staff 01 at 4-32.

32. CUFen values reported in LRA Table 4.3-3 for the following components
are greater than one: feedwater no‘zzle, RR inlet nozzle, RR outlet nozzle, RR piping tee,
core spray nozzles, core spray safe end, and feedwater piping.

33. To address this problem, Entergy initially proposed the following in the
LRA: , .

13



Prior to entering the period of extended operation, for each location that
may exceed a CUF of 1.0 when considering environmental effects,
VYNPS will implement one or more of the following:

(1) further refinement of the fatigué analyses to lower the predicted
CUFs to less than 1.0;

(2)  management of fatigue at the affected locations by an inspection
program that has been reviewed and approved by the NRC (e.g.,
periodic non-destructive examination of the affected locations at
inspection intervals to be determined by a method acceptable to the
NRC); :

3) repair or replacement of the affected locations.

Should VYNPS select the option to manage environmentally-assisted
fatigue during the period of extended operation, details of the aging
management program such as scope, qualification, method, and frequency
will be provided to the NRC prior to the period of extended operation.

The effects of environmentally-assisted thermal fatigue for the limiting
locations identified in NUREG-6260 have been evaluated. Cracking by
environmentally-assisted fatigue of these locations is addressed using one
of the above three approaches in accordance with 10 CFR 54.21(c)(1).

LRA at 4.3-7.

part:

34, Entergy later submitted License Renewal Commitment 27, which reads in

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 cumulative usage factors (CUFs) are
less than 1. '

NRC Staff Exhibit 01 at A-8.

35. On August 20, 2007, the NRC Staff rejected Commitment 27 'on the

following groimds:

It is the NRC position that in order to meet the requirements of 10 CFR §
54.21(c)(1), an applicant for license renewal must demonstrate in the LRA
that the evaluation of the time-limited aging analyses (TLAA) has been

14



completed. The NRC does not accept a commitment to complete the
evaluation of TLAA prior to entering the period of extended operation.

NRC Summary of Telephone Conference Call Held on August 20, 2007, Between the U.S.
Nuclear Regulatoiy Commission and Entergy Nucléar dperatiohs, Inc., Concerning the
Vermont iankee Nuclear waer Station License Renewal Application (October 25, 2007),
Exhibit NEC-JH_62 at Enclosure 2.

36. | Entergy therefore agreed to amend its LRA to demonstrate that it had
completed the reﬁnemeni of its environmentally-assisted fatigue analyéié to verify that
CUFens for the NUREG/CR-6260 limiting locations are less than one. Id.

37. Entergy then undertook CUFen reanailyses that pioceed’ed in two major steps.
Entergy first performéd a CUFen reanalysis addressing all components iisted in its LRA
Table 4.3-3, corresponding to the NUREG/CR-6260 limiting locations (“the initial CUFen
Reanalysis”). Entergy"s methodology for this analysis includéd the use of a simplified
Green’s function method to calculate stress loads-during plant trarisient operations on three of
the components analyzed: the core spray, recirculation and feedwater nozéleé. Joint
| Declaration of James C. Fitzpatrick and Gary L. Stevens on NEC Contention 2A/2i3 -
En\iiionmeiitally Assisted F étigue (May 12, 2008) ai A3 7—A39; Tesiimony of Mr. Stevens,
Tr. 925 at lines 9-13. | |

38. The NRC Staff rejected Entergy’s initial CUFen Reanalysis .res—ults for the
core spray, recirculation and feedwater nozzles bgcause Eiitergy and the NRC Staff “were
unable to resolve the issues raised [with reépect to Entergy’s use of Green’s functions to
calculate stress léads].” FSER, NRC Staff Exhibit 01 at 4-40. The NRC Staff ultimately
éoncluded that Entergy’s.initial CUFen Reanalysis could not be the analysis of record for the

three nozzles due to insufficient conservatism resulting from the simplified Green’s function

15



method. Id. at 4—43 (“[TThe results of the Green’s function application using the specific
software could underestirﬁate CUF, and therefore cannot be the analysis of record.”).

39. | The NRC Staff therefore requested that Entergy perform, and Entergy did
perform, an additional so-called “conﬁnhatory” CUFen analysis of the feedwater nozzle
bnly, usi.ng the ASME Code Section III, Subsection NB-3200 methodology to calcul‘at_e
- the stress intensities “without referencing Gréen’s function.” F SER, NRC Staff Exhibit
01 at 4-41; See also, Exhibit NEC—JH~22 (Summary of Meeting Held on Januar}/ 8, 2008,
Between the U.S. Nuélear Regulatory Commission Staff and Entérgy Nuclear
, Operétions, Inc. Representatives to Discués the Response to a Reques/t for Additional
Information ?ertaininé to th¢ Vermont Yankee NuclearIPower Stétion License Renewal
Application).

| 40. Entergy’s Initial CUFen Reanalysis required 12-1.4 “man weeks” per
component to complete. Testimony of Mr. Stevens, Tr. 916 at lines 9-11, 17. The
“confirmatory” énalysis took nine “man Weeks” per component. Testimony of Mr.
Stevens, Tr‘. 919 at line 7. The execution of either the initial or confirmatory analysis ié |
not a mechanical task, but rather requires the analy_st to exercise judgment. Testimony of
Mr. Stevens, Tr.-919 at lines 2, 10; Rebutt'al Testimony of Dr. Joram Hopenfeld

Regarding NEC Confentions 2A,2B,3 énd 4 at A25. |
| 41. ‘Entergy’s “confirmatory” analysis differed from its initiél CUFen
Reanalysis in two respects. First, fhe simplified Green’s Function approach. was not used.
Joint Declaration of James C. Fitzpatrick and Gary\L. Stevens on NEC Contention 2A/2B
- Environmeﬁtally Assisted Fatigue (May 12, 2008) at A39. Second, in one version of

Entergy’s “confirmatory” calculation, maximum Fen values were computed for each
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stress load pair used in calculating CUF, wflereas a single more conservative Fen Value
based on the maximum transient temperature for all load pairs was used .in the initial .
CUFT%n Reanalysis. Id. At fhe request of the NRC Staff following a February 14, 2008
audit of the conﬁrmatqry calculations, Entergy also performed the conﬁrmatory
calculation using the same single maximum Fen yalueA used in the initial CUF en
Reanalysis. Id.; FSER, NRC Staff Exhibit 1 at 4-42.

42. Entergy has thus reported four different CUFen values for the feedwate‘r"
nozzle: a) 2.86 (License Renewal Application Table 4.3-3); b) 0.64 (Initial CUFen
‘Reanalysis using Simpliﬁed Green’s Function Method); ¢) 0.35 (“cohﬁnnatory’5 analysis
using Fen vélues computed for each stress load pair); and d) 0.89 (“conﬁrmator}}”
analysis using same maximum Fen value used in Initial CUFen Reanalysis). LRA Table
4.3-3; Joint Declaration of J aﬁles C. Fitzpa“[rick and Gary L. Stevens on NEC Contention
2A/2B — Environmentally Assisted Fatigue ‘(May- '12, 2008) at A40.

43. ‘The “conﬁfmatory” analysis of the feedwater nozzle is not bounding for
the recirculation and colre'spray nozzles. Testimony of M(r. Fair, Tr. ét 923, lines 19-25,
and 924, lines 1-4, 946, lines 15-25, 951, lines 5-10, 1137 at lines 12-19.

44. Th¢ NRC Staff accepted E4ntergy’s “.cohﬁmlatory” analysis as the
“énalysis of record” fo_; the feedwater nozzle. FSER; NRC Staff Exhibit 1 at 4-43.
Because it does not consider the “confirmatory” analysis bounding for other components,
“however, thé Staff “concludes that similar analysis should be performed for the CS and
RR outlet nozzles and that these a’nellyses will be documented as the ‘analysis of record’

for these two nozzles.” FSER, NRC Staff Exhibit 1 at 4-43. To this effect, “a license

condition for performing the ASME Code analyses for the' CS and RR outlet nozzles will



remain in effect until the applicant has completed and submitted those final analyses for
NRC review and approval no later than two years prior to entering the [period of
extended operations].” F SER, NRC Staff Exhibit 1 at 4-43, 1-12.

45.  The NRC Staff also ultimately accepted a slightly revised version of the
same License Renewal Commifment 27 it féj ected in August, 2007 on grounds that “in
order to meet the reqﬁirements éf 10 CFR § 54.21(c)(1), an applicant for license renewal
must demonsfréte in the LRA that the evaluation of the time-limited agiﬁg analyses
(TLAA) has been corﬁpleted.” Exhibit NEC-JH-62 at Enclosure 2. The Staff reversed its
prior position to find that Entergy’s corhmitment to complete the environmentally- |

‘.assisted metal fatigue TLAA at least two ﬁars prior to entering the period of extended
operation “will address environmentally assisted metal fatigue for the seven components ‘
whicil have not Been_addressed.” FSER, NRC Staff Exhibit 1 at 4-43, A-8 -A-9.

46. NEC’s Contention 2A conte;c,ts the validity of Entérgy’s Initial CUFen
Reaﬁalysis. 'NEC contends that “the analytical methods employed in Entergy’s
tenvironmentally corrected CUF, or] CUFen Reanalysis were flawed by numerous .
uncertainties, unjustiﬁed-assumptions, and insufficient conschétism, and produced’
unrealistically optimistic results. Entergy has ﬁot, by this flawed reanalysis,
demonstrated that the reactor components. assesséd will not fail due t§ metal fatigué |
during the pel;iod éf extended operation.” Board Memorandum and Order (Ruling on
NEC Motions to File and Admit New Contention), November 7, 2007 at 3 NEC’s
Contention 2B contests the validity of Entergy’s “confirmatory” reanalysis of the
feedW;(lter nozzle on these same grounds. Board Order (Granting Motion to Amend NEC

Contention 2A), April 24, 2008 at 2.
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2. Entergy Used a Flawed Methodology in Both its Initial and
Confirmatory CUFen Reanalyses. .

47. Entergy used a flawed methodology in both its Initial CUFen Reanalysis
and its “confirmatory” reanalysis of the feedwater nozzle. Flaws in Entergy’s |
methodology resuitéd in understatement of CUFen values and overestimation of the
fatigue life of the components analyzed. Neither analysis is adequaie to demonstrate that
the components assessed, corresponding to the NUREG/CR-6260 limiting locations, will
meet ASME criteria for safe voperation, CUF less than one, throughout the period of

extended operation.

a. ‘Flaws in Method Used to Compute 60-Year CUF Values

ii. Simp?iﬁed Green’s Function Method Used in fnitial CUFen
Reanalysis for Feedwater, Core Spray and Recirculation
Nozzles Understated CUF by 40%

48. A comparison of the CUFen value Entergy calculated for the feedwater
nozzle using the simplified Green’s Function method in its Initial CUFen Reanalysis,

7

0.64, with its “confirmatory” result calculated using the same single Fen value for all load

.pairs used in fhe Initial CUFen Reanalysis, w, demonstrétes(that the simplified Green’s
Function method understated CUF by about 40%. Exhibit NEC-J H 03 at 6-7, 17-18.

49. Entergy haé neither explained nor investigated the physical reasons for |
discrepancies between results obtained by the Green’s Function methodology and the
more exact methodology, classic NE-3200 analysis. Joint Declaration of James C.

Fitzpatrick and Gary L. Stevens on NEC Contentions 2A/2B — Environmentally Assisted

Fatigue at AS8; Testimony of Mr. Stevens, Tr. 936 at lines 23-25; Tr. 937 at lines 1-13.
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.Results obtained by the Green’s Function methodology therefore incorporate
unquantified uncertainties. Hopenfeld Rebut_tal at A20. Id.

50.  In addition to rejecting Entergy’s Initial CUFén Reanalysis results
obtained using the simpliﬁéd Green’s Function method, the NRC Staff is revisiting the
sufficiency of enviroﬁﬁentally-assisted fatigue analyses based on the simplified Grelen’s
function method submitted in support of license renewal for plants other than VYNPS.
On April 18, 2008, the NRC Staff issued a Regulafory Issue Summary (“RIS”),
requesting that “license renewal appiicants that have used this simplified Green’s
function methodology perform confirmatory analyses to demonstrate that the simplified
Green’s funcﬁon analyses provide acceptable results.” Exhibit NEC-JH-23 at 2. This
RIS also states: ‘;For plants with renevs}ed licenses, the staff is consideriﬁg additional
regulatory actions if the simplified Green’s function methodology was used.” Id. On
April 3, 2008, the NRC Staff issued a NOtiﬁcat/ion of Information in Doéket No. 50-219-
LR (License Renewal for Oyster Creek Nuclear Generating Station), stating that it will
réquire “confirmatory” fatigue analyses due to Oyster Creek’s réliance on the simplified
Green’s function method. Exhibit NEC-JH_24. |

iii. = Unjustified Assumption that Heat Transfer
Coefficients are Constant.

51. In bbth its Initiél and “confirmatory” CUFen reanalyses, Entergy used a
two-dimensional axisymetric model in calculating thermal stresses during transients.
This two-divmensional model cannot account for circumferentiél variations in
~ temperature. Testimony of Mr. Stevens, Tr. 1114 at lines 7-12, Tr. 1116 at lines 7-11.

Entergy’s analyses therefore assume that heat transfer coefficients are constant across the
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entire surface of the compoﬁents_analyzed. Testimony of Dr. Hopenfeld, Tr..1 100-1101,
1108-1109; Testimony of Mr. Stevens, Tr. 1111 at lines 101-13.

52.. The use of a two-dimensional model in the analyses js a shortcut that
saves time and money. Effects of circumferential témperature variations could be
‘evaluated through useof a tﬁree—dimensional model that.includes. the circumferential
bortion of the ‘stru.cture. Testimony of Mr. Stevens, Tr. 1114 ét lines 13-16. It takes. more
tifne to build a three-dimensional model than it does to build a two-dimensional model.
Testimony of Mr. Stevens, Tr. 1114 at lines 19-21.

53._ Héat transfer coefficients are constant only when flow is fully developed;
fully developed flow does not allow for temperature variations. Exhibit NEC-JH_03 at
12; Testimony of Mr. Stevens, Tr. 1118 at lines 16-21.

54. Flow may not be fully developed in the feedwater, core .spray and
recirculation nozzles because they are relatively short and contain geometric

discontinuities. Exhibit NEC-JH_03 at 12-13. To justify the use of the axisyrri.etric
odel and the assumption of constant heat transfer coefficients, Entergy must show that
the flow upstream of each nozzle is fully developed at the entrance.to the nozzle. Exhibit
NEC—JH_O?; ét 13.

55. To determine whether flow is fully developed through the feedwater, core
| spray and recirculation nozzies, it would be necessa;ry to know how the connecting pipes
are oriented with respect to each nozzle; how mahy diameters the pipe is straight

. upstream of each nozzle, and whetfler there afe any discontinuities, such as welds,

upstr'eam‘ of each nozzle. Exhibit NEC-J H_O3 at 8. The record before the Board does not

contain this information.
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56.  Entergy’s witness Mr. Stevens testiﬁed that there are 48 inches of
horizontal pipe upstream of the feedwater nozzle, and this length 1s sUfﬁcient. for fully
déveloped turBulent flow to occur throﬁgh the nozzlé regibn. Joint Declaration of James
C. Fitzpatrick and Gary L. Stevens on NVEC' C(;ntentions 2A/2B — Envirq’nfnentally
Assisted Fatigue at A54. NEC’s witness Dr. Hopenfeld diségreed thaF 48 inches would
be enough to establish fully developed flow for forced convection. Since the‘ins_ide
diameter of the feedwater nozzle is 9.7 i_ncﬁes, aboﬁt 30 to 60 diameters are reqﬁired to
establish fully developed‘ﬂow through the nozzle. | Pre-filed Rebuttal _Testirvnon.y of Dr.

J oxjam Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and 4 at A16. Even when flow
straighteners are inserted to form a uniform flow at the entrance to flow meters, a ‘
miniﬁuﬁ 12.5 diameters of strz;light section upstream of the flow straightener is required,
with the leng;h depending on whether the fitting upstream from the flow straightener is
an elbow or a valve. Testimony of Dr. Hopenfeld, Tr. 1127 at lines 1-12.

57.  Entergy did not submit testimony or any exhibit stating the straight section
lengths upstream of the recirculation and core spray nozzles. If that length is also on the
order of 48 inches, the flow in these nozzles will'not be fully déveloped be,c.ause the
diameter of thesé nozzles is larger than the diameter of the feedﬁ;ater nozzle. Id.

58. Based on the record evidence before the Board, Entergy’s assumption that
flow through the feedwater, core spray and recirculation nozzles is fully developed and.
heat transfer coefﬁc_ien;[s are therefore constant is unjustified.

59. Thermal stresses are very sensitive to the heat transfer coefficient.
Testimony of Dr. H'openfeld', Tr. 1102-1103; Testimony of Mr. Stevens, Tr. 1106 at lines

5, 14-16. Where flow is not fully developed, heat transfer coefficients can vary at
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different points around a nozzle. Testimony of Dr. Hopenfeld, Tr. 1109-1110.
Differences in the flow and temperature field azimuthally around a nozziei create lafge ‘
shear stresses. Testimony of Mr. Stevens, Tr. 1117 at line 20. If Entergy had recognized
possible circumferential variations in the heat transfer coefficient in its CUFen analyses
through use of a three-dimensional model, it might have obtained signiﬁcantly higher
stresses and CUF values. Testimony of Dr. Ho-penfeld, Tr. 1110 at line 3.

| 60. Entergy’s use of a constant heat transfer coefficient does n(;t describe the
variation of heat transfer coefficient, and the stresses, alnng a pipe in transients where the
flow is transitioned from forced convection ﬂow to free convection flow. Exhibit NEC-
JH_03 at 14.

61. To calculate temperature distribution in the nozzles during transients when
condensation takes placé, one mu/st use local heat transfer cqefﬁcients, not average
values. Entergy improperly used average values. Exhibit NEC—JH_O3 at15. |

1it. | Transient Cycle Count.

'62.  The number of transient cycles used in calculating 60-year CUF values in
both Entergy’s Initial and “conﬁrmatnry” CUFen analyses may not be sufficiently
conservative.

63.  The record before the Board is unclear regarding exacﬁy how Eniergy '
determined transient cycle nounts. ‘The' prefiled Testimony of Entergy witness Mr.
Stevens states the following:

The transients used in the EAF anaiysis are a combinaﬁon of the original

VY design transients and additional, more detailed design conditions from

a later BWR 4 design specification. (The later BWR plants have more

detailed thermal transient definitions based on the operating experience

from earlier BWRs). Then VY projections for 60 years were made based
on all available sources, including the numbers of cycles for 40 years in

™
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the VY reactor pressure vessel Design Specification, fhe number of cycles

actually analyzed in the VY Design Stress Report, and the numbers of

cycles experienced by VY after approximately 35 years of operations (July

2007). .

Joint Declaration of James C. Fiizpatriek and Gary L Stevens on NEC Contentions
2A/2B - Environmentally Assisted Fatigue .at AS5S5. In oral testimony to the Board, Mr.
Stevens testified that design basis counts projected to 60 yea'rs by linear e*trapolation
were used. Testimony of Mr. Stevens, Tf. 856 at lines 2-3; Tr. 871 at lines 2-12.

64.  Entergy’s CUFen analyst testified that he believed the transient count used
in the CUFen analyses is conservative bec‘aﬁse the design basis count exceeds the number
of transients. VYNPS has actually experienced, and he does not believe VYNPS will
~ experience a higher rate of transients as it ages beyond its design life (a “bethtub effect”).
Testimony of Mr. Steverjs, Tr. 856, Tr. 1143 at lines 2-25. |

65. Entergy’s CUFen analyst assumed VYNPS would not experience a |
“bathtub effect” even though he had no information about whether the fate of transients at
VYNPS has increased following the power uprate implemented in 2006. Testirﬁony of
Mr. Stevens, Tr. 1143 at lines‘25‘. The NRC Staff has not reviewed this iésﬁe either.

_ | Testimony of Mr. Fair, Tr. 1143 at line 22. \ |

66. In fact, VYNPS has experienced three significant unplenned transients
since August, 2007 — two due to failures of the plant coolihg towers (in August, 2007 and -
July, 2008), and one due to a turbine stop valve incident ('August’, 2007). Testimony -of
M. Fitzpatrick, Tr. 1170-1171. Based .on this experience, Entergy should assume

- VYNPS is likely to experience an increased number of transients during the period of

extended operations over what it has experienced during the current license term.
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67. NEC’s witness Dr. Hopenfeld testified that he was unable to determine
whether the transient cycle numbers uséd iﬁ the CUFen analyses are conservative.
Prefiled Rebuttal Testimony of Dr. J oram_Hopenfgld Regarding NEC Contentions ZA,
2B, 3, and 4 at A21. NRC Staff witness Dr. Chang similarly testified that he Was “unable
fo determine the level of conservatism regarding the number of transient cycles at this
t.ime.” Affidavit of Kenneth Chang Concerning NEC Contentiéns 2A & 2B (Metal

Fatigue) (May 12, 2008) at A10.

b. Flaws in Method Used to Compute Fen Multipliers

i | Failure to Consider-Most Recent Data Published in
NUREG/CR-6909

68. In calculating environmental life correction (F e_ﬁ) factors in both its Initial
and “confirmatory” analyses, Entergy should have considered the most recent data on this
subject published in NUREG/CR-6909, Exhibit NEC-JH_26, in Februafy, 2007.

‘69. Entergy calculated Fen factors usiﬁg the Fen méthodolqu published in
1998 in NUREG/CR-6583 for carbon and low-alloy steels (NRC Staff Exhibit 11) and in
NUREG/CR-5704 for austeniti;: steels (NRC Staff Exhibit 12). Joint Declaration of
James C. Fitzpatrick and Gary L. Stevens.on NEC Contentions 2A/2B — Environmentally
Assisted Fatigue at A28.

70. NUREG-1801, Vol. 2 at X M-1 references thé NUREG/CR-6583 and
NUREG/CR-5704 formulae. The NRC étaff currehtly requires use of the NUREG/CR-

6909 methods and information only for fatigue analyses in new reactors. Regulatory

Guide 1.207 (NRC Staff Exhibit 13).
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71. NUREG/CR-6909, ﬁowever, is based ona larger databas;e than
NUREG/CR-6583 and NUREG/CR-5704. The NRC Staff testified that it includes more
and better data, at least with respect to stainless steel, Testimony of Mr. Fair, Tr. 791 at
lines 23-25, 792 ét lines 1-23. The Staff also testified that, from a technical standpoint,
there is no reason not to apply NUREG/CR-6909 to license renewal. Testimony of Mr.
Fair, Tr. 845 at lines 1-5. .

ii. Failure to Account for Uncertainties in the Impact of
Multiple Relevant Factors

72.  Fen methodology is a developing technology. EPRI has cautioned that |
“the current state of the technology with respect to Fen methodology is iﬁcomplete or
lacking in detail or specificity.” Exhibit NEC-JH_64 at 4-25.

73.  NUREG/CR-6909 updates formulae for computing Fen, but it also
explains the limitations of these formulae in a way that NUREG/CR-6583 and
NUREG/CR-5704 did not. NUREG/CR-6909 describes multiple factors known to affect
fatigue life that are not.accounted for in either the ANL 1998 Equations contained in
NUREG/CR-6583 and NUREG/CR-5704 or the updated equations contained in
NUREG/CR-6909. Rebuttal Testimony of Dr. Joram Hof)enfeld Regarding NEC

Contentions 2A, 2B, 3 and 4 at AS.

74. - Surface finish is one significant factor knewn to affect fatigue life that is
not fully accounted for in any of the Fen formulae. Fatigue life is sensitive to surface
finish. A rough surface significantly reduces fatigue life. Exhibit NEC-JH 03 at11. In .
air, fatigue life is reduced by a factor of 3 when the surface finish of a smooth surface

increases in roughness to 4 microns, which is typical of a maximum roughness of
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surfaces from different metal-working processes in the automotive industry..
NUREG/CR-6909, Exhibit NEC-JH_26 at 14.

75.  Entergy’s CUFen analyses assﬁmed that the ASME fatigue curves were |
adjusted to account for effects of surface finish, and therefore did hét account for surface
finish in the Fen calculation. Testimony of Mr. Stevens, Tr. 1088 at lines 17-20. This
approach was in error. |

76. Ehtergy and NEC witnesses agree that the ASME Code curves were .
adjusted for surface finish by a factor of four to account for different fabrication
processes — ie, for fhe difference: betvyeen mirror polished test specimens and machined
components. Rebuttal Téstimony of Dr.J oram Hopenfeld Reg_ardiﬁg NEC Contentions
2A, 2B, 3 and 4 at A13; Testimony of Mr. Stevens, Tr. 1088 at lines 3-9. Machined
surfaces, hoWevér, are not proto%ypical of surfaces with roqghness fc‘)rmed by corrosion
after ldng exposure to the reactor environment. Surfaces exposed to the LWR
environment are subject to corrosion, erovsivon and pitting, exhibiting a combinatioﬁ of
‘ smqoth surfaces, ridges and holes of various sizes. Rebuttal Testim_ony of Dr.J orém
Ho{penfeld Regarding NEC Contentions 2A, 2B, 3and 4 at Al}'; Tgétimony of Dr.
Hopenfeld, Tr. 1073 at lines 3-12. Surface holes and grooves may prbvide sites for
accelerated corrosion attack, which can accelerate crack growth u_nder cyclic loads.
Rebﬁttal Testimony of Dr. Joram Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and
4 at A13. The ASME Code design fatigue curves therefore do not account for the
relevant surface roughness. Id. |

77. Also, the ASME Code design fatigue curves are adjusted to account for

the effects of surface finish in air. Neither the ASME code fatigue curves nor the ANL
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equations acco_imt for the effects of actual roughness in reactor Watef, which may not be
the same as in air. Rebuttai Testimony of Dr. Joram Hopenfeld Regarding NEC }
Contentions 2A, 2B, 3 and 4 at A5, Table 1. |

78. Existing surface cracking is anothér signiﬁcant'fa_ct(\)r known to affect
fatigﬁe life that is not accounted for in any of the Fen formulae. NEC and Entergy
witnesses agree that existing fatigue éracks at the feedwater nozzles can p;rovide sites for
accelerated corrosion and thereby accelerate fatigue failure under cycling loads. Exhibit
NEC-JH_O3 at A5, Table 1; Testimony of Mr. Steven‘s, Tr. 1053 at 15-16.

79. In the late 1970s, the feedwater nozzles of many BWR plants developed |
cracks due to high cycle fatigue l;ecause of differences in the thermal properties of thé '
claddiﬁg and base metai. Exhibit NEC-J H_d3 at 15. The cladding was removed from
most BWR plants, but not from VYNPS. Id. |

80. Entergy inspects the feedwater nozzles for cracking with ultrasonic
testing, but this type of testing is difficult to do reliably when the carﬁon steel base metal
is clad with stainless steel. Testimony of Dr. Hopenfeld, Tr. 1056 at lines 5-13. Entergy
has acknowledged to the NRC that the feedwater nozzle cladding fnay contain cracks and
that such cracks could grow into the base metal. FSER, NRC‘ Staff Exhibit 1 at 4-26 — 4-
27.

81.  Based on the industry history of feedwater nozzle cracking, Entergy
should have adjusted Fen vélu‘es in its CUFen analyses to account for thé impact possible .
| cracks in the feedwater nozzle cladding and base metal would have én the fatigue life of

the nozzles. Exhibit NEC-JH_03 at 15-16; Testimony of Dr. Hopenfeld, Tr. 1039 at lines

10-18.
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{ 82. Trace impurities in water is a third fac‘tor known to affect fatigue life that
is not accounted for in any of the Fen formulae. Prefiled Rebuttal Testimoﬁy of Dr.
Joram Hopenfeld Regérding NEC Contentions 2A, 2B, 3 and 4 at AS, Téble 1. Entergy
witnesses testified that Entérgy’s CUFen anélyses did not account for this factor becausé
Entergy assumes trace impurities are not present at VYNPS. TeStimony of Mr. Stevens,
Tr. 1094 at lines 13-19; Tr. 1172 at line 14. The record before the Board?' h(_)Wever, ,
contains no evidence t'hz;t trace impurities are not present at VYNPS. A conserv.ative_

.analysis therefore would have assumed that they are present, and increased F en factors
accordingly. | |

83. NUREG/CR-6909 includ_evs bounding values for Fén. These \blalue‘s are 12

* for austenitié stainless steel and 17 for carbo; and low-alloy steel. Exhibit NEC-JH_26,
NUREG/CR-6909 at iii (Abstraci). Because néither the ANL 1998 nor the ANL 2007
equations account for all environmental factors known to affect fatigue life, these
bounding values should be used in CUFen analyses for lic_ensé renewal.

| ' 84, When the bounding values stated in NUREG/CR-6909 are uséd fo correct
the CUF values Entergy submitted in the LRA, the final CUFen of all but one of the
NUREG/CR-6260 sémple locations exceeds 1.0. Exhibit NEC-JH-03 af 20, Table 1.

1i. | l}se oflncorrébt Dissolved Oxygen'Val‘ues_
- 85. In both its Initial and “confirmatory” CUFen reanalyses of carbon and
low-alloy steel components, Entergy improperly used values for dissolved oxygen -

(“DO”) that were biased toward steady state operating conditions, when it should have

used substantially higher DO values that occur during transients.
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86.. = Fatigue cracking is Very sensitive to dissolved oxygen. Testimony of Mr.
Stevens, Tr. at 952, lines 4-6. Higher concentrations of dissolved oxygen worsen fatigue
cracking of carbon and low alloy steel. Testimony of Mr. Stevens, Tr. at 954, lines 11-
13.

87. Dissolved Oxygen values are higher duriné ‘transients than during steady
state bperations. Gases have a negative solubility soefﬁcient. As temperatures go dovx;n,
oxygen concentrations go up. Testimony of .Dr. Hopenfeld, Tr. 975 at lines 5-11; Exhibit
NEC-JH. 53 at Figute 1. -

| 88. Entergy used a DO.valu‘e of 50-100 ppb in its CUFen analyses of carbon
and low-alloy steel components. Testimony of Dr. Hopenfeld, Tr. 981 at lines 10-12; -
Exhibit E-212 at 14. These values are biased toward steady state operating conditions:
they represent an averagé of 13 years daily measurement data, plus one standard
deviation. Testimony of Mr. Fitzpatrick, Tr. 972 at lines 19-23, 973 at lines Al‘-8, Tr. 988
at line 18. | - | |

89.  NUREG/CR-6583 prescribe.s that, in CUFen analyses for carbon and low-
alloy steels, “[t]he values of temperature and [dissolved oxygen] may be conservatively

_taken as the maximum values for the transient.” |

90. . NUREG/CR-6909 goes a step further and recommends a specific value:
0.4 ppm (400 ppb): | | |

-Ths '[d.issolved oxigén] value is obtained from each transient constituting

the stress cycle. For carbon and low-alloy steels, the dissolved oxygen

content, DO, associated with a stress cycle is. the highest oxygen l¢vel in

the transient . . . . A value of 0.4 ppm for carbon and low-alloy steels . . . .

can be used for the DO content to perform a conservative estimate.

NUREG/CR-6909, Exhibit NEC-JH_26 at A.5.
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9.1. - NEC witness Dr. Hopenfeld recalculated CUFen for the carbon and low-

~ alloy steel components Entergy analyzed, using Entergy’s formulae, but substituting a
~dissolved oxygen value of 400 ppb for the 50-106 ppb values Entergy used, and obtained

| CUF en values exceeding 1.0 for multiple components. Testimony of Dr. Hopenfeld, Tr.
985 at lines 12-16.

c. Lack of Error Analysis: Unjustified Assumptions that
Methodology is “Conservative”

92. Entergy has not performed an error analysis to show the admissible rarige
for each variable in its CUFen analyses. Entergy’s witnesvs Mr. Stevens testified that
Entergy’s CUFen analyses incorporated several “conservatisms,” but he was unable to
quantify the degree of conservatism. J oipt Declaration of James C. Fitzpatrick and Gary
L. Stevens- on NEC Contention 2A/2B — Environmentally Aésisted Fatigﬁé (May 12,
2008) at A30; Testimony of Mr. Stevens, Tr 854 at lines 4-16, Tr. at 905-906, 910.

93. Because the level of uncertainty in Entergy’s analysis is high, properly
identified assumptions and a competent assessment of their relative effects on CUFen is
essential. In other words., to assume conservatism without quantification is not very.
conservative. Without an error band, Entergy’s results have little significance and fmpart

little confidence that fatigue failure will not occur. Rebuttal Testimony of Dr. Joram

Hopenfeld Regarding NEC Contentions 2A, 2B, 3 and 4 at A25.

B. Proposed Conclusions of Law
94.  CUF analyses are a TLAA. See, Entergy’s LRA § 4.3 (CUF analyses are
“metal fatigue evaluations that meet the definition of TLAA”); Exhibit NEC-J H_62,

NRC Summary of Telephone Conference Call Held on August 20, 2007, Between the

)
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U.S. Nuclear Regulatory Commission and Entergy "N’uclear Operations, Inc., Concerning
the Vermont Yankee Nuclear Power Station License Renewal Application at Enclosure 2
(“Fatigue analyses based on a set of design transients and on the life of the plant are
treated as TLAAS.”); In the Matter of Entergy Nuclear Operations, Inc. (Indian Point
Nuclear Generating Units 2 and 3), ASLBP No. 07-858-03-LR-BD01, Memorandum and
Order Ruling on Petitions to Intervene and \Requests for Hearing (July 31, 2008) at 112-
113.

95. Entergy’s CUFen analyses that NEC’s Contentions 2A and 2B address are
analyse§ to project Entérgy’s CUF TLAA to the end of the period of extended operations
pursuant to 10 CFR. § 54.21(c)(1)(i1). As such, these analyses would substitute for the
management of aging due to environmentally-assisted metal fatigue through an aging

‘management program involving inspection, repair and replacement of components. 10
C.F.R. § 54.21(c)(1).

96. | Entergy must demonstrate by a preponderance of the evidence that its
CUFen analyses provide “reasonable assurance” that plant components vulnerable to
environmentally-assisted metal fatigue will meet the acceptance criteria (CUFen less than

“one) throughout the period of extended operations. 10 C.F.R. §§ 54.21(c), 54.29, 2.325.

97. For the reasons stated in paragraphs 47-93, neither Entergy’s Initial nor its
“confirmatory” CUFen analyéis satisfies this standard. Acceptance of the results of these
analyses as the basis to forego an aging management plan involving inspection, repair

and replacement will jeopardize public health and safety. -
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98. In addition, because Entergsl’s “confirmatory” CUFen analysis fér thé .
~ feedwater nozzle does not bound the analysis for. other components, Entergy’s CUFen
_analyses are inéomplete. |

99. Both Entergy’s License Renewa1 Commitment 27 and the proposed
License Cond.iti(')n that would réqUire Entergy to suBmit “confirmatory” CUFen analyses
for the core spray and recirculétibn nozzles two yéars i)rior to entering the period of
extended pperatidn are both inconsistent with NRC regulations. Pursuant to 10 C.F.R. §
54.21 (c)(l)(ii); Entergy‘ must include the complete results of its CU/Fen analyses in its
License Renewal Application.

100. License Renewal Coﬁmitment 27 and the proposed License Condition are
also inconsistent with NRC precedent that confines the NRC Staff’s post-licensing role to
the ministerial determination of minor matters that do not involve compleg or
discretionary judgments on factual or legal issues. The NRC Staff’s review of Entergy’s
“conﬁrmatory” CUFen analyses for the cd_re spray and recirculation nozzles, which will .
involvé the application of a highly compl.ex rﬁethodology that requires the analy’s‘_[ to

exercise substantial subjective judgment, cannot be considered minor or ministerial.

III. NEC CONTENTION 3 (Steam Dryer)
A. Proposed Findings of Fact |

1 Background

101. In 4 boiling water reactor, the steam dryer is a stainless steel component that

removes moisture from steam before it leaves the reactor. The dryer is installed in the

reactor vessel above the steam separator assembly. Joint Declaration of John R. Hoffman -

and Larry D. Lukens on NEC Contention 3 — Steam Dryer at-All.
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)1 02. NEC, Entergy and the NRC Staff agree that, although the stleamvdryer does
not perform any safety functions, its structural integrity must be.maintained through all plant
operating conditions to avc;id the generation of loose parts that might travel through the plant
and damage other safety-related eciuipment. Joint Stipulation (July 8, 2008) 999, 10; Exhibit
NEC-JH_54 at 1; Joint f)eclaration of John R. Hoffman and Larry D. Lukens on NEC -
Cohtention 3 — Steam Dryer at AT1-Al4. »Maintainihg the structural integrity of the steam

“dryer is the objective of Entergy’s steam dryer aging management plan. |

103. The generation of loose parts from the steam dryer can result from fatigue
failure of the steam dryer caused b}; flow-induced vibhation. F low induced vibration is
mechanical vibration resulting from interactions between the Velasvtic forces in the dryer ahd
the dynamic forces hf the ﬂovs)/ing steam. Exhibit NEC-JH_54 at 1. Anincrease in flow
velocity,-such as occurred when VYNPS increased its opératihg power by 20% in 2006,
results in increased potential for destructive flow-induced vibration. Exhibit NEC-JH 54 at
4-5. o

.104.  Fatigue failure can result from either “high-cycle” or “low-cycle” fatigue.
High-cycle f_aﬁgue results from lowér stresses over a lafge number of cycles. Low-cycle
fatigue results from high stress over a small number of cycles. Testimqny of Mr. Hoffman,
Tr. 1263 at lines 3-7.

-105.  Fatigue failhre of the steam dryer resulting in the generation of loose.pafts
o_ccufréd at the Quad Cities nuclear power plant following a power uprate. Exhibit NEC-
JH_55, GE-SIL-644 at Appendices A and B. This industry experience demons.trates that
even small pfessufe fluctuations oh the dryef can generate alternating stresses that exceed the

endurance limit at some dryer locations. Exhibit NEC-JH_54 at 2, citing, GE-SIL-644.

{
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106. To identify all the specific méchaﬁisms by which loose pieces‘ of the steam
dryer might damage safety-re.lated equipment, or exclude any specific mechanism, it would"
be necessary to conduct a comprehensive analysis of the possible accident scenarios.
Testimony of Dr. Hopenfeld, Tr. 1252 at lines 23-25, 1253 at lines 1-15, 1255 at lines 24-25,

1256 at lines 1-10. The record before the Board does not include such a study.

2. Entergy’s Proposed Steam Dryer Aging Management Plan

107.  The complete description of Entergy’s steam dryer aging management plan
included in the License Renewal Application is as follows:

Cracking due to flow-induced vibration in the stainless steel steam dryers

“is managed by the BWR Vessel Internals Program. The BWR Vessel-

Internals Program currently incorporates the guidance of GE-SIL-644,

Revision 1. VYNPS will evaluate BWRVIP-139 once it is approved by.

the staff and either includes its recommendations in the VYNPS.BWR °

Vessel Internals Program or inform the staff of VYNPS’s exceptions to

that document. -

License Renéwal Application, § 3.1.2.2.11 “Cracking due to Flow-Induced Vibration.”

108. BWRVIP-139isa guidance document for steam dryer management prepared
by an industry association, the BWR Owners Group. Testimony of Mr. Scarborough, Tr.
1201 at lines 3-20. A proposed revised version of this guidance document, “BWRVIP- .
139A,” is now undergoing review and possible amendment by the NRC Staff. FSER, NRC
Staff Exhibit 1 at 3-174; Testimony of Mr. Scarborough, Tr. 1215 at line 4; Testimony of Mr.
Hsu, Tr. 1234 at linés 8-16.

109. Neither BWRVIP-139 nor draft BWRVIP-139A is included in the record
before the Board. NRC Staff and Entergy witnesses testified that the two documents differ

. . . /

regarding recommendations for visual inspection of the steam dryer in BWR plants operating

under EPU conditions. BWRVIP-139 recommends a visual inspection, but does not
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recommend a program of regular reinspeétion. BWRVIP-139A may uitimately recommend
reinspection criteria of sor'nve i(ind. Testimony 0f Mr. Lukens, Tr. 1124 ét lines 1-3;
Testimony of Mr. Scarborough, Tr. 1224 at lines 18-25, 1225 at 1-5.

110. Asstated in the LRA, oncé BWRVIP-139A is approved by the NRC Staff,
VYNPS will decide whether to incorporate any new fecommendations into the VYNPS
steam dryer aging management plan. VYNPS may take excepﬁon to conditions or
limitatiops that exceed the requiremeﬁts of BWRVIP-139. Testimony of Mr. Lukens, "1\“r.
1219 at lines 10-13.

111.  The NRC Staff has accepted Entergy’s Licénée Renewal Commitment 37 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 éxtended operation.”
FSER, NRC Staff Exhibit 1 at A-12.

112. Tﬁe steém dryer aging rnanagementvprogramk the NRC Staff reviewed and
ai)proved in the FSER is the program described in this Stea’mbryer Monitoring Plan,

" Revision 3 (“SDMP”), ﬁot the program described in BW}‘IVIP-139. Testimony of Mr.
Rowley, Tr. 1231 at lines 21-23. Likewise, Entergy’s prefiled written testimony to the Board
-regarding its steam dryer aging management plan de.scribes the SDMP, not the BWRVIP-
139. Testifnony of Mr.Lukens, Tr.1238 at lines 18, 19. .
| 113.  The Steam Dryer Monitoring Plan (SDMP), ‘Exhibit E3-05-VY, was

devel.oped in-conjunct'ion with Entergy’s VYNPS application to the NRC for extended

power uprate (EPU), which was approved in 2006. Tﬁe SDMP sets guidelines forb
monitoring and inspeétion of the steam dryer during and for a finite period of time after

ascension to uprate power.
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114.  The SDMP requires monitoring of certain plant parametérs that may
indicate thét the steam dryer is damage‘d. Exhibit E3-05-VY at 3. Ttalso requires visual
inspection df the steam dryer in accordance with proéedu;es recommended in General
Elect'ric Service Information Letter 644 (GE-SIL-644) during refueling outages séheduled
in Fall 2005, Spring 2007, Fall 2008 and Spring- 2010. Id. at 7.

115. GE-SIL-644 is a document published by General Electric (“GE”) that
contains GE’s 'recommendations for mainténance of GE steam dryers, including
guidelines for baéeline and repeat visual inspection of steam dryers in BWR plants like
VYNPS that are operéting at an uprated power level. EXhibit,’E3-O6 at 7, Appendix C.

116. Entergy is required to implement the SDMP pursuant to Vermont Y\ankee
Nuclear Power Station, Amendment to Facility Operating License, Amendment No. 229.

)
Under the terms of this license condition, Entergy’s obligation to implement the SDMP
will expire once (1) Entergy conducts a visual ins‘pection of the steam dryer during three
scheduled refueling outages (beginning ih the Spring of 2007); (2) Entergy imialerﬁents
“operating limits, requiréd actions and surveillances” specified in [the SDMP] during one

p
full operating cycle at EPU; and (3) visual inspection of the steam dryer does not reveal

any new unacceptable flaw ‘:)r flaw growth due to fatigue. Id. at § 2.M;4-8. If visual
inspect(ion does reveal new unacceptable flaws or flaw growth, [SDMP] requirements
“shall extend another full operating cycle until the visual inspection §tandard of no new
flaws/flaw growth based on visual i'nspéction is satisfied.” Id. at § 2.M.4. The NRC
Staff acknoWledges that Entergy’s obligation to implément the SDMP will expire |
pursuant to the terms of Licenée Amendment No. 229. Testimony of Mr. Scarborough,

\

Tr. 1196 at lines 14-19, 1197 at lines 1-11.

(
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117.  The requirement to visually inspect the steam-dryer in accordance. with GE-
SIL-644 is part of the VYNPS current licensing basis only via the SDMP and Operating’
License Amendment No. 229. Testimony of Mr. Scarborough, Tr: 1410 at line 3; Testimony
of Mr. Hsu, Tr. 1410 at line 8-9; Testimony of Mr. ’Lukens, Tr. 1410 at lines 16-18.

118. i The steam dryer aging management program Entérgy proposes to implement
during the period of extended operation does not involve any means of estimating and
bredicting stress loads on the steam dryer, establishing flow induced vibration load fatigue
niargins, or demonstrating that stresses on the dryer will fall below ASME fatigue limits.

119.  Entergy did perform this type of stress load anélysis in conjunction with the
VYNPS EPU application. The record before the Board in this proceeding does not include
any specific information about how this analysis was performed or its results. Neither of
Entergy’s Contention 3 witnesses were involved iﬁ the pre-EPU analysis or could testify to it.
Te'stimony of Mr. Hoffman, Tr. 1271 at iine 1; Testirﬁony of Mr. Lukens, Tr. 1271 at lines 4-
5. Entergy has represented in this proceeding that its steam dryer aging management
program does not depend upon or use the pre-EPU analysis. Declaration of John R. Hoffman
in Support of Entergy’s Motion for Summary Disposition of NEC Contention 3, Exhibit
NEC-JH_61 at 9 23-24 | |

120.  Entergy provided additional detail concerning the plant parameter monitoring
component of its aging management program under the SDMP in testimony to the Board.
According to the testimqny of Entergy witness Mr. Hoffman: “VY Off—I/\Iormal Procedure
ON-3178, [Exhibit E3—07]{ alerts the operators that any of the following events could be
indicative of significant dryer damage: (a) sudden drop in main steam line flow > 5%; (b) > 3

inch difference in reactor vessel water level instruments; and (c) sudden drop in steam dome
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pressure > 2 psig. In addition, periodic measurements of moisture cerryover are evaluated in
accordanee with the requirements of GE-SIL-644 to determine whether significant cracking
has occurred.’; Joint Declaration of John R. Hoffman and Larry D. Lukens on NEC
Contention 3 — Steam Dryer.

1217 Entergy’s witnesees testified that they assume the parameter monitoring
component of the proposed .s‘team dryer aging management program will effectively detect
any damage fo the steam dryer in time to permir plarlt operaiters to srlut down the plant before
l dryer degradation results’in .the generation of loose parts. Testimony of Mr. Hoffman, Tr.
1270 at line 5. This assumption is not supr)orted by the record evidence, as stated in the |
following paragraphs 122-126. |

122.  Entergy and NEC witnesses agree that only fairly large cracks that are open
enough to allow flow through will affect the plant parameters Entergy propeses to monitor.
Exhibit NEC-J H 54 at 5. Testimony of Mr. Hoffman, Tr. 1296>at lines 4-10; Testrmony of
Mr. Hoffman, Tr. 1310 at lines_21-%5.

123.  Entergy’s witness_es could not testify to the resolution of the preposed
parameter monitoring program; Entergy does not know the minimum size crack its oo
menitori'ng program can detect. Testimony of Mr. Hoffman, Tr. 1334 at line 21. Entergy’s
witness Mr. Hoffman \;vas unable to offer even a rough estimate of program resolution, and
/could not say Whether the program would detect ar six foot long crack opened up one foot.
Testimony of Mr. Hoffman, Tr. 1334 at rine 25.

' 124. GE-SIL-644 states the limitations of parameter monitoring as follows:

“monitoring steam moisture content and other reactor parameters does not consistently
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pred-iét imminent dryer failure nor will it preclude the generation of loose paﬂs.” ‘Exhibit E3-
06 at 6. |

' 125.‘ Even assuming that a crack in the steam dryer did cause abnormal parameter
readihgs detectqd by Entergy’s monitoring pr(:gram, f)lant operators wouid ﬁot immediately
shut down the piant. Plant staff would undertake an evaluation to determine whether |
abnormal pafameter readings result from steam dryer damage or some other factor, and
would make a judgment call about whether to shut dowﬁ the plant. Testirﬁony of Mr.
Hoffman, Tr. 1308-1309, Tr. 1342-1343.

126. - Fatigue cracks may be slow to initiate, but\once initiated they propagate very
fast when exposed to alternating stresses of sufficient magnitude and frequency. Exhibits |
NEC—JH;54 at 4; NEC-JH_63 at 24. : - )

127.  Itis possible if not likely that fatigue failure of the steam dryer would lead to
fhe generation of loose parts i)efore damage to the dryer is detected by the proposed
parameter monitoring program, or beforéplant operat'ors complete the evaluation of
ébnormal parameter readings that would precede a decision to shut down the plant.

128.  Entergy’s Witnesses testified that their confidence in the sufficiency of the
proposed aging managemeht program is substantially based on their assumption that the
VYNPS steam dryer is not subject to high-g:ycle fatigue and therefore either would never
suffer fatigue-induced degradation u,nder' normal operating conditions, or might develop only
very slow-growing cracks. Testimony of Mr. Hoffman, Tr. 1297 at liﬁes 20-24, Tr. 1310 at

lines 21-25, Tr. 1321 at lines 9-13. The record evidence does not support Entergy’s

assumption that the steam dryer is not subject to high-cycle fatigue.
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129.. In direct contradiction to testimony he submitted in support of summary
disposition of NEC’s Contention 3, Exhibit NEC-J H 61 at 9 23-24, EntergY’s witﬁess Mr.
- Hoffman testified at the Board hearing on NEC’s Contention 3 thai Entergy substantially
relies on the results of itS pre-EPU stress load analysis of the steam dryer for conﬁrmatiqn
that the dryer 1s not subjectb to high-cycle fatigue. Testimony of Mr. Hoffman, Tr. 1270 at
lines 16-23, 1280, lines 19-25, 1282'at lines 7-12 and 19-22, 1283 at lines 3-14. The re_cord
evidence before the Board contains no detailed information regarding the methods or results
of this analysis. The Board is therefore unable to evaluate this analysis as a basis for
Entergy’s aging management program.

130. Mr Hoffman further teétiﬁed that Entergy assumes the VYNPS‘stearﬂ dfyer is
~not experiencipg high cycle fatigue because Entergy has not detectéd fatigue damage during
the two years since EPU. Testimony of ‘Mr. Hoffman, Tr. 1294 at lines 16-25, 1295 at lines

1-5, Tr. 1298 at lines 8-12. In other words, Entergy assumes that the dryer will never break
. ) - _
because it hasn’t broken so far. Mr. Hoffman testified: “we‘could(havé built a component
' apd never. analyzed it and simply operate it, and oi)erate it beyond a certain levjel without a
failure you would conclude without any knowledge of what the-lstress‘és were that it was not
subject to high cyclé fatigue.” Testimony of Mr. Hoffmaﬁ, Tr. 1311 at lines 18-24.

131. - This is not a valid assumption. It is not possible to know that the VYNPS

steam dryer is not subject to high-cycle fatigue without performing thevmeasurerrjlents and

~

analysis necessary to actually make that determination. Testimony of Dr. Hopenfeld, Tr.

«

1314, Tr. 1349 at lines 10-25, Tr. 1350 -at lines 1-12. Fatigue.cracking is a time-dependent

- phenomenon; the fact that cracks have not developed to date is not at all an indication that



they wiil not develop in the future. _Preﬁled Rebuttal Testimony of Dr. Joram Hopenfeld
Regarding NEC Contentions 2A, 2B, 3 and 3 ai A29, A33.
132.  Entergy witnesses testified that it would be impractical to place instruments -
on the steam dryer in order to measure dryer loads. Testimony of Mr. Lukens, Tr. 1378.
However, General }j:lectric has measured loads by placing instrumentétion on prototype
steam dryers for new reactor designs. Testin}ony of Dr. Hop.enfeld, Tr. 1387 at lines 7-16.
133.  Finally, Entérgy hés not demonstrated how the _stedm dryer would respond .to
sudden large changes in forces on the dryer caused by a design basis accident. The NRC
Staff did not reviev.v this issue. Testimony‘of Mr. Hsu, Tr. ‘13 18 at lines 20-22. Entergy’s
| only evidence of the dryer’s ability to withstand a design basis accident .stems from the pre-
EPU analysis. Testimony of Mr. Scarborough, Tr. 1'3 97 at lines 21-23; Testimony of Mr.
Hsu, Tr. 1398 at line 5. The pre-EPU analysis is not part of the record before the Board in

this proceeding. )

B. . Proposed Conclusions of Law

134.  Entergy must demonstrate by a preponderance of the evidence that its
steam dryer aging -managément program is adequate to provide reasonable assur‘ance that
fatigue-induced dete_fioration> of the steam dryer will not lead to the generation of 1oose '
parts during normal operations, transients or accident events throughout the proposed
period of extended operation. 10 C.F.R. §§ 54.21, 54.29, 2.325. |

135. Eﬁtergy fails to satisfy this standard. First, Entergy’s proposed aging
management program is uhacceptably ambiguous, and subject to multiple contingencies.
Tﬁe BWRVIP-139 program referenced in Entergy’s License Renewal Applicatiori (LRA)

is not described in any detail in the LRA, and is not in evidence before the Board in this

-
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proceeding. Its contents are therefore unknown to the Board. This document will soon
be superseded by BWRVIP-139A, the conteﬁts of which are also unknown to the Boafd.
Entergy may.choosé in its discretion not to implement some of the unspecified
recommendations of BWRVIP7139A.' The aging management program the NRC Staff
reviewéd in the FSER and Entergy described in its testimony to the Board is the Steam
Dryer Monitoring Program, Rev. 3 (“SDMP”). Entergy is obligated to implement fhe
SDMP only pursuant to Aniendment No. 229 to its current VYNPS operafing license.
This obligation will expire, pbssibly before the expiration Qf Entergy’s current operating
license. | |

136. Entergy is obligated to condﬁct repeat visual inspection of the steam dryer
only pursuant to the SDMP. Entergy therefore has /not committed to a program of visual
inspe.ction throughout the period of extended operation. |

137.  Entergy’s proposed aging management plan reduces to a program, which
" is not described in the Licepse Renewal Application, consistiﬁg solely of the monitoring
of blant,parameter_s that could indicate failure of the steam dryer, uninformed by
knowledge of stress loads on-the dryer. As stated in paragraphs 107-133, thisiproposed
program is insufficient to satisfy the “reasonable assurance” standard.

IV. NEC CONTENTION 4 }
(Flow-Accelerated Corrosion) ‘
AL Préposéd Findings of Fact

1. Background Conceming Entergv’s Proposed FAC Management
Program and NEC’s Contention 4

138. NEC Contention 4 is that Entergy’s plan for managing flow-accelerated

corrosion (FAC) in plant piping fails to meet the requirements of 10 C.F.R. § 54.21(a)(3),
. J
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ie, fails to demonstrate that the effects of aging will be adequately managed so that the
intended function(s) will be fnaintained consistent with the CLB during the period of
extended operations.

139. Entergy’s LRA states that its FAC management program during the pl)eriod
of extended operation will be “comparable” to the program described in NUREG-1801,
Vol.2,Rev. 1, Sectién XI.M17. LRA at B-47. NUREG 1801 XI1.M17 stat/e\s that the

FAC program:

Relies on implementation of the Electric Power Research Institute (EPRI)
guidelines in the Nuclear Safety Analysis Center (NSAC)-202L-R2 for an
effective flow-accelerated corrosion (FAC) program. The program includes
performing (a) an analysis to determine critical locations, (b) limited baseline
inspections to determine the extent of thinning at these locations, and (c) follow-
up inspections to confirm the predictions, or repairing or replacing components
as necessary. :

140. In testimony filed in this proceeding, Entergy has represented that its FAC
management program during the period of extended.operatio\n will be identical to the
FAC progrém now in effect at VYNPS under the current operating license. Joint
Declaration of Jeffrey S. Horowitz and James C. Fitzpatrick on NEC Contention 4 —
FloW—Accelerated Corrosion (May 12, 2008) at A19. Entergy makes no commitment in
its License Renewal Application to extend its existing program, nor does it describe any
specific detail of its existing program in the LRA. Testimony of Mr. Fitzpatrick, Tr.
1502 at lines 5-6. " |

141.  Entergy also represented in testimony to the Board that it will use a
pfedictive code called CHECWORKS to define the scope of F AC inspection. Id. at A20,
A21. CHECWORKS is currently used at VYNPS as a tool to identify piping locations

susceptible to FAC, predict FAC wear rates, plan inspections, and evaluate inspection

data. Joint Declaration of Jeffrey S. Horowitz and James C. Fitzpatrick onrNEC
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Contention 4 — Flow-Accelerated Corrosibn at A26. Approxima;ely one-third of FAC
inspection locations at VYNPS are selected based on CHECWORKS predictions.
Testimony of Mr. Fitzpatrick, Tr. 1674 at lines 6~7.

142. CHECWORKS is rr;eant'to proyide “a bounding analysis fof FAC.”

- NUREG-1801, Vol. 2, Rev. 1, Section XIL.M17 { 5.

143.  CHECWORKS is an empirical model that is calibrated with plant-specific

data. Direct Testimony of Dr. Joram Hépeﬁfeld Regérding NEC Contentions 2VA, 2B, 3

and 4 at A22; Joint Declaration of J effrey S. Horowitz and James C. Fitzpatrick on NEC

Contention 4 — Flow-Acceierated Corrosion at A28. Plant inspection data are input to the

model in the form of a métrix of thickness readings covering a c‘omponent. Joint

Declaration of Jeffrey S. Horowitz and James C. Fitzpatrick on NEC Contention 4 —

‘Flow-Accelerated Corrosion ét A28.

2. Enterﬁy Must Recalibrate the CHECWORKS Model Following
Implementation of EPU

144. If plani pérameters that affect FAC change, CHECWORKS must be
recalibrated baséd on sufficient {nspection‘ data to reestablish reliéble FAC trends under
the new operating ’cénditions. Direct Testimony-of Dr. Joram Hopenfeld Regarding NEC
Contentions 2A, 2B, 3 and 4 at A22; Exhibit NEC-JH_36at 6-8.

145.  The twenty percent increase in the VYNPS operating power implemented
in 2006 cl;_anged parameters that affect FAC, including flow velocity. Direct Tés'timOny
--of Dr. Joram Hopenfeld Regarding NEC Contentions 2A, 2B; 3 and 4 at A22.

146. .It is necessary to recalibrate the CHECWORKS model following an
increase. in ﬂbow velocity because the rate and location of FAC varies significantly with

the flow rate, and it is difficult to predict specifically how it will change. NEC-JH_36 at
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2-4, 20; Exhibft NEC-RH 03 at 1-7. It‘is\difﬁé»ult to predict a) where localized corrosion
will occur; b) how fast it will tai(e place, and c) where it will move as the flow rate
changes. Exhibit NEC-RH_03 at 1-7. )

147. This is because FAC is in part a local phenomenon due to variations of
local turbulence caused by géometric discontinuities such as curvéd pipe, noézles, tees, or
orifices. FAC rates \./ary depending on the intensit'y of local turbulence, and the
relationship between flow velocity and FAC rate is not always linear. The linear
relationship bétween FAC rates and fluid velocity transitions to an expoqential one as the
local turbulence becomes suéh that.erosional feattifes are manifest. Whether such
' fransition actually occurs when flow velocity increases must be determined

experimentally. Rebuttal Testimony of Rudolf Hausler at A5; Rebuttal Testimony of Dr.
Joram Hopenfeld'at A42, A52, A53, A54.

148.  The need to calibrate the CHECWORKS model with inspection data |
regularly, not jﬁst following changes m I;lant parameters that affect FAC, results from the
fact that FAC does not necessarily vary linearly with time. Rebuttal Testimony of Dr.
Joram Hopenfeld at A53. The rate of FAC is ngt constant with time because FAC causes
the material surface to change. As‘the surface changes, the turbulence and mass transfer
also changes.and the rate and location of corrosion may change. Testimony of Dr.

| Hausler, Tr. 1688 at lines 5-11.

149. Entergy’évwitness Dr; Horowitz testified that he believes that tﬁe veloéity
depé.n(ience of FAC is linear, not exponential, because that assumption is built into the
CHECWORKS model; and confirmed by the fact that the model worké well. Testimoﬁy :

of Dr. Horowitz, Tr. 1622 at lihes 1-9. In fact, the model does not work well; the
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correlation betwee\n CHECWORKS predictions and actual data.is poor. Testimony of
Dr. Hopenfeld, Tr. 1618 at lines 2-12; Exhibit E4-30 at 57.

150. | The linear velocify r\r\lodel that CHECWORKS incorporates is based on

data on copper dissolution in hydrochloric acid, which is drastically different from the
f
corrosion of carbon steel in water. Rebuttal Testimony of Dr. Joram Hopenfeld at A41.

151. There has never been an independent study or analysis of the capabilities -
of CHECWORKS; Testimony of Dr. 'Horowitz, Tr. 1592 at line 23. EPRI members have
been unwilling to pay for a “nuclear level QA” of the program. Horowitz, Tr. 1595 .at |
lines 18-25. " |

| 152. Entergy’s witness on NEC’S Contention 4 contended that it is not
necessary to recalibrate CHECWORKS with plant inspection data following an increase
in flow velocity in part because they defined FAC to exclude corrosion with erosional
.fgatures, such as occurs where the relationship between corrosion and fluid velocity
trans_itions from linear to exponential. Accbrding to Entergy’s witness Dr. Horowitz,
CHECWORKS is designed to predict only FAC déﬁned as metal dissolution. Testimony
of Dr. Horowitz, Tr. 1469 at lines 23-25.

153. Witnessés for NEC defined FAC to inclu_de corrosion with erosional
features caused by local turbulence. Rebuttal Testimony of Dr. Rudolf Hausler at A6;
Exhibit NEC-RH_OS; Rebuttal Testimony of Dr. Joram Hopenfeld Regarding NEC
Coﬁtentions 2A, 2B, 3 and 4 at A45, A42, A52, A54. The NRC Staff concurred in this
" cieﬁnition, which was the basis for the NRC Staff review of Entergy’s FAC program'..

According to the testimony of NRC Staff witnesses Mr. Hsu and Mr. Rowley: “Flow- .

accelerated corrosion is also known as erosion-corrosion. It is corrosive attack
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accelerated by high velocity flow, either washing away otherwise protective films or
mechanically diéturbing the metal itself.” Affidavit of Kaihwa Hsu and Jonathan G.
Rowley Concerning NEC Contention 4 (Flow-Accelerated Corrosion) (May 13, 2008) at
A4. | |

154.  The NRC Staff testified that if Entergy’s aging managemenf program for
FAC does not address mechanical corrosion, Ehtergy has other programs to manage this
problem. Thé NRC Staff could not, however, identify these alleged programs.
Testimony of Mr. Hsu and Mr. Rowley, Tr. 1483-1485. This‘ issué is not addressed in the
FSER. Testimony of Mr. Hsu, Tr. 1487 at lines 18-19.

155.  For the reasons stated in paragraphs 144-154, the increase in flow velocity
resulting from VYNISS’S 2006 power uprate will likely result in new locations of
corrosion that CHECWORKS as calibrated to pre—upréte conditions will be unable to
) predict. Entergy therefore should not consider CHECWORKS “a bounding analysis for
FAC” until the model is recalibrated to the current. operating conditions. | |

156‘.. .Reliance on CHECWORKS before full recalibration could result in an‘
improper scope of FAC inspection, and the failure to inspect and ide'thify hazardoué FAC
of plant equipment.

3. Time Needed to Recalibrate CHECWORKS

157. Entergy ;:onducts FAC inspections during refueling outages every 1.5
years.

158. Entergy does not take a measurement at every inspection point within the
scope of its FAC management program each time an inspection is conducted. In three -

inspections since the power uprate in 2006, Entergy will have taken one measurement for
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each inspéction point and two measurements for some inspection points. Testimony of ‘
Mr. Fitzpatrick, Tr. 1677 at lines 10, 17-18.

159. Entergy does not attempt to quant,ify. the variability of any‘single
measufement. The baseline inspection is a single measurement process. Testimony of \
Mr. Fitzpatrick, Tr. 1560 at lines 5-7.
160. A minimum of three data points for each inspection location are necessary
“to establish a trend. Assuming that measurements are taken at ohe-third of all inspection

A
locations during each inspection period, and an inspection period is 1.5 years, it would
take nine inspections, or 13.5 yeafs, to obtain three data points for each location.

Testimony of Dr. Hausler, Tr. 1676 at lines 3-25; 1677 at lines 1-6; Exhibit NEC-JH_36

at 15-16; Exhibit NEC-RH_03 at Appendix A.

4: Entergy Fails to Commit Sufficient Resources to its FAC
Management Program in Violation of NSAC-202L Guidance

161. For optimal performance, CHECWORKS should be updated with plant
inspection data within 60-90 days after each inspection cycle/ refueling outage.
Testimony of Mr. Fitzpatrick, Tr. 1585 at lines 1-2; Testimon; of Dr. Horowitz, Tr. 1714
at lines 8-5, 20-21. No requirement of the current licensing basis addresses the fre;quency
with which Entergy must updafe the model. Testimony of Mr. Rowley, Tr. 1588 at lines
16.

162. VYNPS has gone as long as three years‘vbetween CHECWORKS updates.
Testimony of Mr. Fitzpatrick, Tr. 1585 at lines 15-16; Exhibit NEC-UW-09. Model
update lapses were due to resource constraints. Testimony of Mr. Fitzpatrick, Tr. 1585 at

/
lines 5-6, Tr. 1715 at lines 10-15.

49



163.  NSAC-202L-R3, Recommendations for an Effective Flow-Accelerated
Corrosion Program (N S—AC-202L-R3) states: “Corporate commitment is essential toan
effective FAC program. It is recommended that this commitment include the following:
Providing adequate financial resources to ensure that all tasks are properly completed.”

- Exhibit E4-07 at 2-1. The failure to keep the CHECWORKS model consistently updated

at VYNPS due to resource constraints indicates a failure to satisfy this requirement.

B. Proposed Conclusions of Law

164. Entergy is required to demonstrate by a preponderance of the evidence
that its aging management program for flow-accelerated corrosion is adequate to provide
reasonable assurance that, consistent with the VYNPS CLB, the minimum wall thickness
of plant equipment vulnerable to flow-accelerated corrosion (FAC) will not be reduced
by FAC to below ASME code limits during the proposed period of extended operations.
10 C.F.R. §§ 54.21, 54.29, 2.325.

165.  For the reasons stated in paragraphs 138-163, Entergy fails to satisfy this
standard.

V. CONCLUSION |

Extended operation of VYNPS as Entergy has proposed in its LRA will
jeopardize public health and safety. The LRA should be denied. If the Board does not
deny the LRA, it should at a minimum require the following With respect to the issues
addressed by NEC’s Contentions 2A, 2B, 3 and 4. |

A. Formulation of a Fatigue Management Program

1. Priof to the approval of the LRA, Entergy should develop a fatigue management

- plan founded on the premise that the CUFens for all the NUREG/CR-6260 sample
components, with the exception of the RR Inlet Nozzle, will exceed 1.0 at some
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time durlng the extended penod of operatlon Following are the elements of the
program:

Expand the fatigue analy31s as outlined in EPRI MPR-47, Exhibit NEC-JH_64 at
3-5.

For the selected high usage components, calculate Fen values either by using
bounding Fen values as specified in NUREG/CR-6909 or using Fen equations as
specified in NUREG/CR-6909. .

If NUREG/CR-6909 Fen equations are selected, use oxygen concentrations of

400 ppb for carbon and low-alloy steel during transients as specified in-
NUREG/CR-6909. For stalnless steel components use steady state oxygen
concentration.

" In calculating temperature distributions for components where the flow is not well

characterized, allow for local heat transfer variations using appropriate geometric

. factors that can be found in the literature.

In determining the number of transients for the 60 year period, use the actual

numbér of transients up to the time of the power uprate, 34 years, and multiply by

(60/34)(1.2). The factor of 1.2 accounts for the expectation that the power uprate
together with the increase in the plant’s age would result in a larger number of
transients.

F or all components with CUFen exceeding one, formulate a detailed inspection
and maintenance program, specifying inspection frequency, probability of
detecting fatigue cracks in the affected areas, and cr1ter1a for repair or replace
components :

i

_ The fatigue management program should be reviewed by an 1ndependent third

party.
B. Requirements for Steam Dryer Monitoring

Before VY is granted License Extension, Entergy should be required to complete the

following: _ : / : 3

1.

A thorough evaluation of the feasibility of instrumenting the dryer to obtain
information about loads on critical parts of the dryer during steady state and transient

~ operations.

Ifi 1nstrument1ng the dryer is feasible, install instrumentation prior to the extended
period of operation.
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3. If instrumenting the dryer is not feasible, instrument the steam lines and imprové on
present analytical tools to predlct loads on the dryer, including additional scaling tests
“at GE.

C. Inspection Requirements for FAC at VY
Entergy should institute a FAC program at VY in accordance with the brocedure-
described in Exhibit NEC-JH-36 at 15. Briefly, this should be executed as follows:

1. Identify all safety related components in the entire VY plant that are subject to .
FAC as defined in NEC-JH-36 at 1.

2. The list of components should be reviewed by an independent third party.

3. In order to facilitate inspection, the components listed in 1 should be classified
into four groups of workable size. Each group should be inspected in accordance
with the schedule outlined in the Table at Exhibit NEC-JH_36 at 15. An
inspection grid for each component should not exceed 17x17.

~August 25, 2008 New England Coalition, Inp. v o

Andrew Raubvogel 0

Karen Tyler

SHEMS DUNKIEL KASSEL & SAUNDERS PLLC
For the ﬁrm

Attorneys for NEC
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