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Office of the Secretary

* Attn: Rulemaking and Adjudications Staff
Mail Stop O-16C1
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Re:  In‘the Matter of Entergy Nuclear Vermont Yankee, LLC and Entergy -
Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station),
Docket No. 50-271-LR, ASLBP No. 06-849-03-LR
Filing Discussing Proprietary Documents

Dear Sir or Madam:

Pleas’e find enclosed for filing in the above-stated matter New England Coalition,
‘Inc.’s Opposition to Entergy’s Motion in Limine. This filing attaches an expert witness
report, NEC-UW _03, which discusses the following documents that Entergy has =~
designated proprietary, all of which NEC has previously filed in this proceeding:

l. Recommendations for an Effective Flow-Accelerated Corrosion Program
(NSAC-202L-R3); . : p o

2. EPRL Recommendations for FAC Tasks;
3. Letter to James Fitzpatrick from EPRI (February 28, 2000); and

4.  Letter from Entergy to NRC re. Extended Power Uprate: Response to
Request for Additional Information. /

The first two documents are EPRI guidance documents for flow-accelerated corrosion

~ programs. The third is a letter to an Entergy staff person at the Vermont Yankee (VY)
plant, stating EPRI’s evaluation of the VY FAC program, and recommending certain
changes to that program. The fourth is Entergy’s response to a NRC Staff Request for

( Additional Information concerning issues related to Entergy’s VYNPS EPU application.
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- 0 y / ’ . **Also admitted in the District of Columbia
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Pursuant to the Protective Order govemmg this proceeding, an unredacted\versmn
~ of this filing, including the four proprietary documents, will be served only on the Board,
the NRC’s Office of the Secretary, Entergy’s Counsel, and the following persons who
have signed the Protective Agreement: Sarah Hoffman and Anthony Roisman. A
redacted version of this filling that does not include the proprletary documents will be
served on all other parties.

Thank you for your attention to this matter.
Sincerely,

e %V'

Karen Tyler
SHEMS DUNKIEL KASSEL & SAUNDERS PLLC"

Cc: attached service I}st



In the Matter of

. UNITED STATES
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD
Before Administrative Judges:
Alex S. Karlin, Chairman

‘Dr. Richard E. Wardwell
Dr. William H. Reed

Docket No. .50-271-LR
ASLBP No. 06-849-03-LR

ENTERGY NUCLEAR VERMONT YANKEE, LLC
and ENTERGY NUCLEAR OPERATIONS, INC. -

(Vermont Yankee Nuclear Power Station)

NEW ENGLAND COALITION, INC’s OPPOSITION TO
ENTERGY’S MOTION IN LIMINE

New England Coalition, Ing/. (“NECj’) opposes Entergy’s mption to exclude from
the record portions of its direct and rebuttal testimony and other evidence. The Nuclear
Regulatory Commission rules that gbvern the Board’s decision of thié motion require
only that evidence must be “relevént, material, and reliable,” and that a party’s rebuttal |
must be “directed to the initial statemeﬁts and testimony of other participants.” 10°CFR
§§ 2.337(a), 2.1207(2)(2); See also, 10 CFR § 2.319(d)(“In proceedings under this pélrt,
strict rules of evidence dQ n(0t apply to written submissions.”). “Relevant” evidencé is
defined by the Federal Rule\s of E\ilidence as “evidence having any tendency to make the
existence of any fact that is of consequenée to the determination of the action more

probable or less probablé than it would be without the evidence.;’ Federal Rules of .

Evidence 401. With one exception noted below;NE‘C’s‘testimony and other evidence -



~

that Entergy would exclude from the record meets these standards and is thcrefore

admissible.

The scope of admissible evidence iri this ASLB hearing overseen by a panel of
" judges with te‘.chnical expertise i's very broad in recognition that such épanel is well
equipped to evaluate the evidence and give it its broper weight in thé’ final decision.

The Supreme Court relaxed the formal rules about the admissibility of
evidence in agency proceedings as early as 1904. Today, it is well
accepted in federal courts that relevant evidence not admissible in court,
including hearsay, is admissible at an administrative hearing. Not only
may an agency admit and rely on evidence not admissible at trial but it
cannot ignore relevant and probative evidence merely because the
evidence would not be admissible in a trial. This has developed because
the rules of evidence are designed to protect unsophisticated members of a
jury and hence are not appropriate for hearings in which the trier of fact is
sophisticated and usually expert in the area of the factual controversy.

2 Admin. Law & Prac. §5.52; See also, Catholic Medical Center of Brooklyn and
Queens, Inc. v. N.L.R.B., 589 F.2d 1166, 1170 (1978)(“an agency thus may not provide

for the exclusion of relevant evidence”). The majority of Entergy’s arguments for

exclusion of NEC’s evidence go to its weight, not its admissibility.

1. The Board Should Deny Entergy’s Motion in Limine

A. NEC’s Contentions 2A and 2B

Entergy moves to exclﬁdc discussion in NEC’s Rebuttai Statement of Position
and the Rebuttal Testimon}E of Joram Hopenfeld of Entergy’s positions in proceedinygs
concerning its license renewal application for the Indian Point plant that i) it should not
be required to provide any i\nfjormation about its CUFen analyses for the NUREG/CR-
6260 Iocations until after the close of the ASLB proceedings, and 2) Staff should accept a

| . -
commitment to perform these analyses as part of an aging management program under 10



~

CFR § 54.21(0)(1)(iii).] Entergy also moves to exclude Exhibit NEC-JH_67, which
includes related NRC Staff correspdndence filed in the Indian Point docket.

This discussion and correspjdndence are directly relevant to NEC’s rebuttal
argument concerning the NRC Staff’s interpretation of 10 CFR § 54.21(c)(1). ‘'The Staff
contends Fhat Entergy can complete the projection of its énvironmentally-ass;isted metal
fatigue TLAA as \part of an aging management plan under § 54.21(c)(1)(iii), and is not
. required to include this anélysis in its license renewal application under § 5'4.2;1(c)(1)(ii).
NEC is aware of no binding Nuclear Regulatory Commission or federal court precedent
on this.question of regulatory interpretation. As discussed in NEC’s Rebuttal Stétement
of Position, the Board should therefore consider the plain language and structure of the
rule. Tt should also consider the policy implications of the NRC Staff’s proposed
construction.

The discussion and document Entergy would exclude illustrate these policy
| implice'ltions — they make clear that the Staff’s interpretation of the rule would permit a
license renewal applicant to perform any analysis to project TLAAs to the end-of the
period of extéhded operations under licensing com;hitments after the close of any ASLB
proceedings. They further illustrate that license renewal applicants are in fact likely to
defer TLAA analyses in order to avoid the obligation to releas; information regarding
TLAA méthodologies to intervenors. The Board should deny Entergy’s motion to
exclude this relevant information. |

: {
B. NEC’s Contention 3

1. Hopenfeld Rebuttal Concerning Validity of EPU Stress Load
Analysis. . :

=~ - .
! See, New England Coalition Rebuttal Statement of Position at 6; Rebuttal Testimony of Joram Hopenfeld
at A19. '

\



Entergy moves to exclude Dr. Joram Hopenfeld’s rebuttal testimony at A34
regarding the validity of analytical tools used to estimate stress loads on the steam dryer
during the power ascension phase of EPU implementation, on grounds that the validity of
the analytical tools used during the power ascension phase has been ruled as out of the
| scope of Contention NEC-3. Dr. Hopenfeld’s rebuttal testimony on this subject is
dfrecﬂy responsive to the following direct testimony of Entergy witness Mr. Hoffman:

The analytical tools that were used during the uprate proceeding to

demonstrate that loads on the dryer will be below its endurance limit were

performed as part of the design validation process that demonstrated the

adequacy of the design and established the current licensing basis. . . .

[T]he loadings on the dryer derive from plant geometries . . . . Those have

not changed since the uprate was implemented, so there has been no

change to the loadings on the dryer and the resulting stresses. Therefore,

there is no reason to provide continued instrumentation to measure

loadings or further analytical efforts.

Joint Declaration of thh R. Hoffman and Larry D. Lukens on NEC Contention 3 —
Steam Dryer at A63. '

As discussed in both NEC’s Statement of Initial Position and its Rebuttal
Statement of Position, NEC acknowledges that the Board has narrowed the scope of
NEC’s Contention 3 to exclude the validity of the analytical tools used to estimate stress
loads on the steam'dryer during EPU implementation. The Board did not, however, make

“any ruling on the validity of these tools or the adequacy of the EPU stress load analysis as
the basis for Entergy’s steam dryer aging management program dﬁring the period of
extended operations. In fact, the Board expressly ruled that this latter issue remains
unresolved. In the Matter of Entergy Nuclear Vermont Yankee, LLC and Entergy

!
Nuclear Operations, Inc. (Vermont. Yankee Nuclear Power Stétion), 64 NRC 131, 189 .

(September 22, 2006).



\

The Board foreclosed litigation c_dnceming the EPU stress load analysis based on |
J .
Entergy’s representations that its aging management plan would not rely on this analysis

\

or involve use of the same analytical tools used in this analxsis. See, Exhibit NEC-+
JH 61, Declaration of J ohn R. Hoffman in Support of Entergy’s Mqtion for Summary
Disposition of NEC Contention 3 at 1 23-24. If the Board stfiké‘s Dr. Hopenfeld’s,
‘rebuttal testimony concerning the validity of the EPU stress load analysis, it should also
disregard the multiple statements contained in Entefgy and the NRC Staff’s Statements of
Position and testimony that totally contradict Entergy’s representatic;ns that were the
basis for the Boérd’s decision to foreclose litigation concerning tlhisv analysis. See, e.g."'
Joint-Declaration of John R. Hoffman and Lar_ry D. Lukens on NEC Contention 3 —
Stéam Dryer at A63; NRC Staff Initial Statement of Position at 19 (Th¢ Staft’s position is
that sfreés a;lalysié as a means of estimating and predictin’g,stres_s loads during operations

~

“is not necessary because the results of the EPU power ascension program demonstrated

-

“that the pressure loads during the EPU operations do not result in stress on the steam
dryer that exceed ASME fatigue stress limits.”).

2. Hopenfeld Rebuttal Testimony Concerning IGSCC Cracks inthe VY
Steam Dryer.

Entergy moves to exclude portions of Dr. Hopenfeld’»s rebuttal testimony

concerning the possibility that existing IGSCC cracks in the steam dryer could grow by

. . N ) .
fatigue and portions of NEC’s Rebuttal Statement of Position that discusses this

"testimony.? Entergy contends that this testimony is outside the scope of NEC’s
. 7 E '

Contention 3. s _ .

~

2 See, NEC Rebuttal Statement of Position at 20; Hopenfeld Rebuttal Testimony at A29 — A31.



Contention 3 is that Entergy’s steam dryer aging management program does not
provide reasonable assurance that cyclic loads on th/e dryer will not resuit in hazardous
deterioration of the dryer. The deterioration of concern is reasonably interpreted to
éncompass both new dryer flaws caused by cyclic loéds and growth in any existing flaws
caused by cyclic loéds. Entergy’s argument that the Board must ignore the possibility

that dryer flaws that are not fatigue-induced could grow by fatigue involves an absurd
splitting of hairs.
Moreover, Dr. Hopenfeld’s testimony is proper rebuttal directly responsive to the

4

following direct testimony of Entergy witness Larry D. Lukens:

QS58. Do the results of the most rec'ent dryer inspections shed any light on
the long term outlook for the physical integrity of the VY steam dryer?

‘A58. (LDL)" Yes. The most recent steam dryer inspections show ‘that the
VY steam dryer has a modest number of IGSCC and stress relief

_ indications typical of its age and service. These inspections show that
none of the indications identified to date are active; that is, they exhibit no
discernible growth from one inspection to the next.

Joint Declaration of John R. Hoffman and Larry D. Lukens on NEC Contentions 3 —
Steam Dryer. |

Entergy also objects to the adn;ission of Exhibit NEC-JH_68 to Dr. Hopehfeld’s
rebuttal testimony. This document is a copy of Ente_:rgy Condition Repdrf CR-VTY-
2007-02133 anci atf[ached documentation, including an Entergy eﬁgineering report stating
that_“continued growth by fatigue [of IGSCC cracks in the steam d;'yer] cannot be ruled
»3

{
out.”™ Again, this document is within the scope of Contention 3 and directly responsive

to the above-cited direct testimony of Mr. Lukens.

> A copy of this document was also filed as Exhibit NEC-JH_59 to Dr. Hopenfeld’s direct testimony. Due
to a clerical error, Exhibit NEC-JH 59 is an incqmplete copy of the document.



Entergy argueé that Exhibit NEC—JH_68 is unreliable evidence because the
specific statément Dr. Hopenfeld quotes is contained in a draft version of Entergy’s
report, and the final version of this report did not include this sentence. vThe fact that the

~
statement»that “continued growth by fatigue cannot be ruled out” is in a draft version of a
reporf from which it was ultimately omitted does not rénder the draft report inadmissible
evidence. On the contrary; the Board should'que‘stion Entergy’s witne;sses about why this’
statement was included in the draft reporf, and the basis for removing it from the final

version. : P

C. NEC’s Contention 4

1. Testimony of Joram Hépenfeld and Rudolph'Hausler
a. Definition of FAC
Entergy moves to exclude discussion of Whether flow-accelerated corrosion by'
déﬁnition excludes corrosion associated with localized turbulence, in which the rate of
corrosion doés not vary linearly with velocity. This diécussion is contained in the
festimony of both D{s. Hopenfeld Aand. Hausler, portions of Dr. Hausler’s report, “Flow
Assisted Corrq\sion (FAC) and Flow-Induced Localized Corrosion: éomparison and |

Di$cussion,” Exhibit NEC-RH_05, and portions of NEC’s Rebuttal Statement of

-~

.. 4
Position. r \

1

Entergy’s argument that this testimony is outside the scoﬁe of Contention 4 or
introduces new issues is utterly incorrect. Dr. Hopenfeld’s view that the rate of FAC
does not always vary linearly with velocity is key to his view that the CHECWORKS

~ model must be recalibrated to EPU operating conditions. Dr. Hopenfeld has raised this

i

4 NEC Rebuttal Statement of Position at 23-24; Rebuttal Testimony of Dr. Joram Hopenfeld at A45;
Hausler Rebuttal Testimony at A6, Exhibit NEC-RH_05 at 1, 6 and 12. :



issue repeatedly throughout these proceedings. He first raised it in his declaration in
support of admission of NEC’s Contention 4:
[ questioned the validity of this very contention concerning velocity
dependence for the following reason. It is commonly accepted that mass
transfer phenomena play an important part in the mechanism of FAC. As
such, the mass transfer coefficient would control FAC when the process is
not controlled by chemical kinetics. At high turbulence, such as flow
_around bends and in pipe enlargements, the mass transfer coefficient is
proportional to the velocity square and not to the velocity.
Second Declaration of Dr. Joram Hopenfeld (June 27, 2006) at § 21. Both Drs.
Hopenfeld and Hausler raised this issue in their direct testimony. See, Exhibit NEC-
JH 36 at 2-5; Exhibit NEC-RH 03 at 5 (“In the majority of cases a relationship between
the corrosion rate, w, and the flow rate, U, can be approximated with an exponential
relation”). The continued discussion on rebuttal is in response to the direct testimony of
-/
Entergy witness Dr. Horowitz concerning this subject. See, Joint Declaration of Jeffrey
S. Horowitz and James C. Fitzpatrick on NEC Contention 4 — Flow-Accelerated
‘Corrosion at A47-A49.
b.  Use of CHECWORKS Code
Entergy 6bj ects_to discussion included in Dr. Hopenfeld’s report, Exhibit NEC-
JH_36 at 9-11, concerning industry experience with FAC. The discussion of industry
experience is relevant to Dr. Hopenfeld’s view that the CHECWORKS model is difficult

to use properly because it must be carefully calibrated to plant conditions.

2. Direct Testimony and Exhibits of Ulrich Witte.

Ulrich Witte has reviewed Entergy’s records of its flow-accelerated corrosion
management program under its current Vermont Yankee operating license and provided

direct testimony in support of NEC’s Contention 4 that mainly concerns whether this



program appropriately implements industry guidance and complies with the \>ermont .
Yankee CLB. Mr. Witte’thestimony is within the scope of NEC’s Contenti_‘on 4 both 1)
because Entergy has represented that its aging management program addressing flow-
accelerated corrosion will be identical to its FAC mahagement program under its current
Verrﬁont Yankee operating license; and 2) because‘_ Mr. Witte has identified a failure to
consistently update the CHECWORKS model with plant inspection data that bears on
NEC’s claims concerning the time necessary to recalibrate the model to post-EPU
operaﬁng ;:onditions. (

Entergy moves.to exclude in their entirety the Prefiled Direct Testimony of Ulrich
Witte Regarding NEC Contenﬁon 4, dated April 23, 2008 (Exhibit NEC-UW_01); Mr.
Witte’s report, “Evaluation of Vermont Yankee Nuclear Power Station License
Extension: Proposed Aging Management Program for Flow Accelerated Corrosion
(Exhibit NEC-UW_03); and all other Exhib}ifts cited in Mr. Witte’s testimony and report
(Exhibits NEC-UW_02 and NEC-UW_04 — NEC-UW_E2).

Entergy first contends that Mr. Witte does not qualify as an expert oﬁ the issues
raised by NEC’s Contenfion 4. This argument ignores the majority of Mr. Witte’s
curriculum vitae. See, Exhibit NEC-UW_02. In fact, Mr Witte has substantial
expefien'ce in licensing and regulatory compliance of commercial nuclear facilities,
which does qualify him_ to identify problems in Entergy’é implementatioﬁ of its FAC
management (prog'ram based on a review of program documentation. Mr. Witte has
evaluated the compliance of nuclear facilities with regulatory requirements and in\dustry
guidance many times before. He characterizes his expertise as “assisting problem plants

where theregulator found reason to require the owner to reestablish competence in safely

<
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operating the fécility in acc.ordance with regufatory requirements.” Exhibit NEC-UW 01
at A2. His experience includes svix:years as a Project Manager for Dominion Resources\,
Inc., Millstone Station, where he developed a successful program to manage
implementation of docketed commitments to the NRC, and five yéars as a rﬁanagér with
the New York Power Authority (NYPA), Where he established a program to bring NYPA
nuclear facilities intovcompliance with EPRI guidance and NRC requirements. Id.
Entergy and the NRC Staff both challenged Mr. Witte’s qualifications when he

provided a declaratioh stating his evaluation of the Méy 2007 VY steam dryer inspection

report. The Board rejected this challexnge: .

[Bloth Entergy and the Staff questioned the qualifications of Mr. Witte,
NEC’s expert, to interpret and evaluate the May 2007 [steam dryer]
inspection report. While Mr. Witte does not appear to have extensive
training or experience in analyzing and interpreting inspection results, the

- Board finds that his background in the areas of configuration management,
engineering design control changes, and licensing basis reconstitution
provides him with the management-level capability to review results and
assess whether there are apparent issues with the data that may raise
concerns warranting further investigation and resolution. The Board finds
that, based on his training and experience, Mr. Witte can reasonably assist
the Board in deciding this case. '

Memorandum and Order (Ruling on Motion for Summary Disposition of NEC

Contention 3)(September 11, 2007) at 13.

.
Entergy next contends that Mr. Witte’s entire direct testimony and all associated
“exhibits should be excluded because some observations of Entergy’s FAC management

program contained in Mr. Witte’s report, “Evaluation of Vermont Yankee Nuclear Power

Station License Extension: Proposed Aging Management Program for Flow Accelerated

Corrosion” (Exhibit NEC-UW_03), are unsupported. See, Entergy Motion in Limine at

-

24-25.

10
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| Mr. Witte’s report clear-ly' identifies the basis for his conclusions regarding .
Entergy’s program: it lists all the Entergy documents and NRC and industry guidance for
FAC management thet he reviewed in preparing it. Exhibit NEC-UW_03 at 10-13. NEC
disagrees with Entergy’s apparent argument that an expert witness rﬁust provide a citatien
for his every statement. Certainly, the testimony of Entergy’s expert witnesses in no,
respect satisfies this standard. Mr. Witte Has, nonetheless, identified some eitation errors |
in the copy of his report filed as Exhibit NEC-UW .03. He has also determined that one
of his E)ehibits, NEC-UW 15, is_incomplete; and a second,‘NEC—UW_20 was printed
from a corrupted file.” A corrected veréiop of Mr. Witte’s report and of his twvo:Exhibits
is att‘ached hereto as Attachment A. All corrections to citations are indicated.

The following lists Mr. Witte’s allegedly ﬁnsupborted observations, and notes *
where appropriate referencee are p?ovided in the corrected Vefsion of Mr. Witte’s report, -
Attachment A hereto.

[ ] Ehtergy’s most recent FAC inspection was performed under superseded

| pfocedu'res. Mr. Witte cites two decﬁments in support of this observation: Exhibit NEC-
UW._IZ,LENN-DC-?) 15, effective March 15, 200§, at 1/ (“This procedure supersedes the
following site proceduree: - VY-PP%O28);Land Exhibit NEC-JH 42 at NECC] 7888

(VY Piping FAC Inspection Program PP 7028 — 2007 Refueling Outage (April 3, 2006). .
* See, Attachment A at 20 n. 51, 52.

[ The CHECWORKS model was not updated during a seven-year period. Mr.

AEEEN

Witte’s references include the following documents: Exhibit NEC-UW 10, Condition

Report CR-VTY-2005-02239 (“The CHEC_WORKS predictive models for the Piping .

5 Mr. Witte converted this document to a text-searehable format from PDF. The conversion changed the - -
substance of some of the text. The corrected version of this Exhibit is printed from the PDF file Entergy
produced to NEC.

11
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FAC Inspection Program were .not updated after the 2002 and 2064 refueling outages as
required per Appehdi;( D of PP 7028. . . . Scoping for FAC inspections for RFO 24 and
RFO 25 was based on CHE@WbRKS predicted wear rates from the 2000 and 2001
CHECWORKS model updates.”); Exhik/)it NEC-UW_07 at NEC038424
(“CHECWORKS models and wear data analysis updated with all previous inspéctlions in
3" quarter 2006”); Exhibit NEC_—UW_14 (2/20/2008 e-mai_l from Beth Sienel to Jonathan
Rowley: “I talked to the FA? program owner (Jim Fitépatrick) and‘he said the
[CHECWORKS)] update is in progress.”).~ Attachmient A at 15'n.29, n. 31, n. 32 a’md 44,
[ From 2000-2006, the VY FAC program uséd an outdated version of the i
CHECWORKS software. Mr. Witte cites the following documents: Exhibit NEC-
UW_OS at 5-6, Exhibit NEC-UW_20 at NEC037103. See, Attachment A at 17 n. 35.

[ The VYNPS FAC brogram was deemed unsatisfactor;/ under quality assurance
review. Mr. Witte cites the following document in supporf of this observation: Exhibit’ '
NEC{UW_(;9 at 2, Audit No. QA-8-2004-VY-1 (result summary table states that FAC
program is “gnsatisfactory.”). See, Attachmeﬁt Aat2n. 1.

[ “The first page qf the CR includes a statemént that this condition had no impa/ct .
on tﬁe RFO 25 inspection Scoﬁe —i.e., indicating that updating of CHECWORKS was not
necéséary for estgblishing scope of RFO 25.” Mr. V\//itte cites the followihg document:
Exhibit NEC-UWI-IO at 1, CR-VTY-2005-02239 (“Scoping for FAC inspections for RFO
24 and RFO 25 was based on CQECWORKS predicted wear rates fromythe 2000 and
20\01 CHECWORKS model updates.”.).i See, Attachment A at 19 n. 44.

= Ranking of small bore piping was not done. Mr. Witte cites the following

document: Exhibit NEC-JH_44 at 18, Focused Self-Assessment Report (10/28/04) (“The

12 |



sﬁsceptibility analysis for small bore piping is comblete. However, inspection priorities
are not documented. . . . Without a priority ranking, it is difficult to determine if all the
high priority lines have been selected. Ranking for the small bore lines was scheduled for
the surerﬁer, 2003, but had to be pushed back due to emergent work on the power uprate :

project.”). See, Attachment A at 19 n. 47.

f

Finally, Entergy also takes issue with Mr. Witte’s opinion stated at several points

in his report that Entergy’s failure to consistently update the CHECWORKS model
weakened the predictive capability of the software and undermined the effectiveness of

the FAC program. Entergy’s disagreement is not reason to exclude Mr. Witte’s

)

testimony. Mr. Witte has provided the information the Board needs to evaluate his
opinions: he has identified both his qualifications and the information he considered. The

Board should consider his testimony.

II. Entergy’s Motion in Limine Should be Granted with Respect to One
Portion of the Testimony of Ulrich Witte.

Entergy has moved to exclude Mr. Witte’s testimony that \Enéergy reduced the -
'nurr'lber of FAC inspection data points between the 2005'refueling‘ outege and the 2006
refueling outage, Exhibit NEC;UW_O3 at 20. Mr. Witte has determined that he relied for
this testimony ona eorrupted version of the document filed as‘Exhibit'NEC-UW_20. Mr. i
Witte converted this document to a text-searchable format from a PDF file, and the

conversion changed the text of the document. NEC will file a motion to withdraw Mr.

Witte’s testimony concerning this issue. ‘ o

* * *



The Board should deny Entergy s Motion in Limine except w1th respect to the
testimony of Ulrich Witte concermng the reductlon of FAC inspection data points

between RFO 2005 and RFO 2006, Exhibit NEC-UW_03 at 20.

June 19, 2008 New England Coalition, Inc.

L ‘fw\V

Andrew Raubvogel J

Karen Tyler

SHEMS DUNKIEL KASSEL & SAUNDERS PLLC
For the firm

Attorneys for NEC
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EVALUATION OF VERMONT YANKEE NUCLEAR POWER STATION LICENSE

EXTENSION: PROPOSED AGING MANAGEMENT PROGRAM FOR FLOW
' ACCELERATED CORROSION

" 1. Introduction
I submit the following comments in support of_the New.England Coalition, Inc.’s
(“NEC”) Contention 4. My comments concern the Applicant’s aging manbaf.;err.l.e;nt
program, specifically addressing the fidelity of the Flow-Accelerate_d Corrosion (“FAC”)
Program (NEC Contention 4). ‘
NEC asserts that the applicatidn for License Renewal submitted by Entergy for
- Vermont Yankee does not include an adecﬁuate plan to monitor and manage aging of plant
eduipment due to flow-accelerated corrosion (“fAC”) during extended plant operation. /
| ,Thé Applicant has represented that its FAC management program during the period of -
extended operation will be the same as its program under the current operating license,
- and consistent with industry gqidance, including EPRI NSAC 202L R.3. The use of the
CHECWORKS model is a central element in the Program implementation.
< In the Applicant’s motion for summary disposition, the Applicant proffered a
response that credits the its current program for FAC management at the facility, and
éimply extends the current program for the renewal period, making the following
statement: “furthermore, the FAC program that will be implemented by-Entergy is the; ’)
same program being carried out today, which has not t‘)eenlotherWise challenged by NEC,
will meet all reguiatory guidance.” Ref. Entergy Motion for Summary Disposition on
New England Coalition’s Contention 4 (Flow Accelerated Corrosion), June 5, 2007, at 3.
Italics a(;ded. )

The Applicant has asserted that it is in full compliance with its current licensing

basis regarding its FAC program. The Applicant asserts that the plans for monitoring flow

ATTACHMENT A
NEC-UW_03

CO/RRECT'ED

REDACTED



accelerated corrosion,fncluding the FAC Program goal of preclusion includes aopropriate
procedures or administrafive controls to assure that the structural steel integrity of all steel
lines containing high-energy fluids is maintained. /d at 6. The applicant is argues that
since the VY FAC program is based on EPRI guideiines and has been in effect since 1990,
one could therefore conclude tHé applicant has established methodology so as to preclude
of negative design margin or forestall an actual pipe rupture, and Entergy infers that it is
technically adeqoate and is compliant with its licensing basis requiréments.

I draw a different conclusion. Based on the implemented program pfesently in -
place, and the historical inadequacies necessary for effective implementation (including
evolution) of the F AC program, the oversights are substantial in program scope,

application of modeling softv{vare,. and finally necessary revisions to the program not

~
/

implemented as was promised to support}fhe power up-rate. I am not alone in this’
conclusion. Program weaknesses and failures hav-e been identified by others and form the
basis of condition reports, the categorization as unsatisfactory in a Quality Assurance
Audit dated No‘vember 11,2004, and noted as “yellow” in a cornerstone roll-up report
circa 2006, In addition, the NRC Project Manager made a recent inquiry into indications
of an out-of-date program.3 On Monday, April 21, 2008, I spoke by phoﬁe with NRC
resident inspoctor Beth Sienel, and she conﬁr;ned that, even now, Entergy has not

- completed verification of the upgrade of the CHECWORKS model to EPU design

conditions. This concern regarding deficiencies in implementation of the program brings

! Exhibit NEC-UW_9, Audit No.: QA-8-2004-VY-1, “Engineering Programs”, page 2, (NEC038514).

" 2 Exhibit NEC-UW_7, Comerstone Rollup, Program: Flow Accelerated Corrosion, Quarter: 34 dated
10/03/2006, page NEC038424, Open Action Items, (includes All CR-CAs; ER post action items and LO-
CAs, is shown as “yellow”, however, 6 LO-CAs are shown as open. By definition, “Red” includes 2 or
more CR-CAs and /or E/R post action items (excluding LOs action items) greater than one year.

3 Exhibit NEC-UW _14. ' -



inéo question the results of FAC inspection’ during RFO 25) and RFO 26, in which power
up-rate design data appareﬁtly is as yet not incorporated.

These program implementation delays are substantive, and based upon thé
.information perided to NEC appear to remain unresolved. These deficient conditions

: \
raise questiohs as to the fidelity of the entire license renewal application, Entergy’s
commit}ments fof license renewal, management oversight, and the e;fﬁcacy of the
regulatory-required Corrective Action Program.

If it is true that power up-rate parameters such as flow velocity were not
incorporated into the FAC program model, these deficiencies appear to be substantive and
without/question warrant condition reports under the Eﬂtergy Corrective Action Program,
in particdlar given tha; they appear to violate regulatory commitments regarding the Flow
Accelerated Corrosion Program.

10 CFR Part 50 Appendix B, “Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants,” érovides that a condition that is deficient is required to bev
identified, investigated, and remediated expeditiously.4 Promises to correct the deficient
prografm at some point in the future are not sufficient, unless all reasonable alternative

~

methods for remediation are exhausted and the condition is shown to be safe in the

interim. Lack of oversight and a single missed inspection point that remained unnoticed

’

* 10CFR Part 50, Appendix B, XVI, “Corrective Action,” states: “Measures shall be established to assure
that conditions adverse to quality, such as failures, malfunctions, deficiencies, deviations, defective matérial
and equipment, and non-conformances are promptly identified and corrected. In the case of significant
conditions adverse to quality, the measures shall assure that the cause of the condition is determined and
corrective action taken to preclude repetition. The identification of the significant condition adverse to
quality, the cause of the condition, and the corrective action taken shall be documented and reported to
appropriate levels of management.”

)
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for ).'ears5 led the Japanese Mihama Plant FAC pipe rupture in 2004, causing five
fatalities.®. As discussed in detail below, Vermont Yar;kee missed dozens of points.
Identiﬁcatioﬁ of discrepancies and timely corrective action are the cornerstones of
a well-managed plant. In my experience assisting problematic plants, change' usually
begins with a cultural shift _toward proactive corrective action and away from a reactive
“mentality of delaying needed corrective actions to programs such as FAC that result in
unresolved deficient condition; and unnecessarily r;'arrowed éafety margins for longer
periods of time than are necessary. |
A cofnmon metric used by the regulator (for example in ROP reviews) and
.managefnent is the volume of the backlog of open corrective actions and the number of
open corrective actions that date further back than one year, two years or even three or
more years, to establish the fidelity of the licensee’s éompliance‘with the terms of its

operating license and associated commitments. The metric is useful in evaluating Flow

Accelerated Corrosion management at Vermont,Yankee.

n Summary Assessment
Bas\ed on a detailed review of the record provided‘ to NEC regarding the Fio_w-
Accelerated Corrosioﬁ Program, my conclusion is that the FAC progran; appears to have
been in non-compliance with ité licensing basis from about 1999 through Febr;lary 2068.

The failure to comply is evidenced by the licensee’s own assessments, audits, and
: . \

condition reports, roll-up of numerous cornerstone reports, and focused self-assessments.

" Corrective actions from approximately five Condition Reports (“CR”) remained open for '

3 Exhibit UW_20, Page 6 of 14 of VY FAC Inspection Program PP7028, 2005 refueling outage at
NECQ37109.  ~

% Kepco Ordered to Shut Down Mihama Reacior. The Japan Times, September 28, 2004, available at
http./isearch japantimes. co jp/member/member Itmi? nn20040928a6 htm.

4
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as much as four years. The last condition report regarding FAC, CR:2006-2699, was ‘ -/ /
written on August 30, 2006. Although noted in the cornerstone report dated October of

20067; the condit%on report ap'parently was never provided to NEC. The condition report

aggregated approximately si)'< corrective actions to the program that héd been ignored and

the current status was then open and which is presently unknown to NEC.

In addition, the most recent FAC inspection was performed under superseded
procedures and the résults therefore are of potentially no programmatic value®. Procedure
ENN-DC-315, was revised and in-éffect on March 1, 2006, yet superseded on December
1, 2006 by yet a new program leQel procedure. Close examination shows that the
procedures prepared, approved and implemented by Entergy for implementing the FAC
Program were substantially revised, yet were not used in the most recent flow-accelerated
co‘rrosion inspections after VY increased operating power by 26 percent in the 1\//Iarch,
2606 EPU,) nor were they available for RFO 25, the first dutage éﬁer power up-rate.
Required changes, including both a software ﬁpgrade aﬁd design parameters regarding the
subsfantial plant modification to uprate the plant to 120% power, were not incorporated
for either outage, and were in fact still being implémented in February 2008, wﬁen Staff

inquired on this subject.

7 Exhibit NEC-UW_O"/ Comerstone Rollup, Program: Fl'ow Accelerated Corrosion, Program Infrastructure

Cornerstone, Quarter: 3%, dated 10/03/2006, page NEC038419 (“Corrective Action Plan to complete open _ _ _ .. - '-Geleted: 1

LO-CA tasks developed 10/02/2006, (CR-2006-02699)")._See also pp. NEC038422, NEC038424,

NEC038426-28——sce also footnote 3.

8 Exhibit NEC-JH_42, VY Piping FAC Inspection Program PP 7028- 2007 Refueling Outage, Inspection _ - _ . - -ﬁeleted: Uw_20

- ’ . /
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I The Fecdwater System FAC

review was run using 1999 Ultrasonic Test (“UT”) data, yet the results were not used in

the RFO 24 6utage.

To be an even marginally predictive modeling tool, the CHECWORKS model

should have been kept current for succéssive outages, — P

j

. -{Formatted: Highlight

. { Formatted: Highlight

-

P ) that were required to be managed for FAC as far backas .-~

1999. The predictive capability of CHECWORKS was virtually non-existent for the
period from 1999 forward. Although Entergy did incérporate the proéram, which debends
heavily on trending of data of muitiple outages, they incorporated in one plunge planf .
design conditioﬁs during the 3 quarter 2006. The scoping document‘ supporting selection
of grid points collected essentially all the sins of the past, including, for exarﬁble, stale
predictive inspection data from the out-of—date version of CHECWORKS, and placed

~
heavy reliance on engineering judgment. As provided under the 2005 scoping document'',

' Exhibit NEC-UW_20, PP7028 Piping FAC Inspection Program, FAC Inspection Records for 2005
Refueling Outage, undated, NEC037099. Includes on page NEC037104, Inspection Locations and Reasons
for component selection, dated 3/1/05. Note on page 2 of 14 of this report, exclusions of inspection scope
were based upon cycle predictions from 1999, and did not appear to include Uprate design changes, nor
account for the EPRI model not being current. Many recommendations from 1999 were not to reinspect until
2007—or 9 years. This approach appears to be entirely inconsistent with NSAC 202L.. Newer examinations

6
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( _
the rationale for selection of grid points relied on (1) length of time since the lapsed

inspections had ceased to examine a particulaf inspection point,. ) CHECWORKS User -~
Groups, (CHUG) su)spec'ts found at other plants, (3) exclusion of c'omponents that were
intended to be replélced based upon another regifne or degraded condition.

Had data from previous FAC inspections routinely been entered into
CHECWORKé, the selection of gr\id_ points and ranking would have provided a better
historical perspective on where to inspect in successive outages, including the most recent
outage. With the exception ovaY’s strength lin reactively réplacing piping or components
with FAC-resistant material during repairs or maintenance, the program itself was ﬁot
effective as a predictive modeling tool. Simply stated, once something mptﬁréd.or was

N

found to be outside its design margin, it was replaced in a reactive maﬁagément approach.
Proactive management of the program to préd;'ct Sailures ha)ls be\eh inadequate in the FAC
Program, as referenced above. |
Even the most recent inspection completed for RFO 26 appears to have been
structured _around procedures that were superseded, scoping requirementé to gstablish a
new baseline of pipé geometry and as-found wall t.hickness were based on stale data, and
the upper-tiered governing procedure that was used had not been revised since 2001 and

* was therefore void.'?

showed an trend of increased frequency of réinspection . See NEC037106. Page 4 of 14 provides for
negative margin, or no inspections for Feedwater System. Conclusions called for. “assessing the need” for
inspections in 2007 outage. See page NEC037107. The condensation system showed one component with

min wall. Page NECQ37108. , . .- { Deleted: 7

negative time to Tmin. The Extraction Steam System indicated three components with negative time to code

12 Exhibit NEC-UW-11, Official Transcript of Proceedings ACRST-3397, Advisory Committee on Reactor
Safeguards Subcommittee on Plant License Renewal, June 5, 2007, at page 43. Entergy’s Mr. Dreyfuss
stated: ““...we did increase the number of FAC inspections by 50 percent from what we typically do in
outages. We did 63 inspections overall.” It is also noted that the average number of points examined by the
domestic industry is 82—under a well managed program, without significant changes to the model—such as
a power uprate® ' ' :



The current pr(;gram—leve] procedure had been in existence since March 2006.
Scoping .was performed in May of 2006 under the void procedure, and updating of
CHECWORKS was not done until 3rd quarter 2006."> Grid points, scope selection, and
small bore piping susceptibility do not appear to have been ranked under NSAé 202L
guidance or in an orderly trending of data by CHECWORKS based upon repeated passes
with new grid points and new rankings selected. Data input and passes by CHECWORKS
were not accomplished on an outage-by-outage basis." _\' |

With only 63 points examined in REO 26", the baseline for.the power up-raté .
éonditions'appears not to have been establishéd. I found it troubling that RFO 26 results
were provided to the Advisory Committee on Reactor Safeguards (“ACRS”) on June 5,
2007, but apparently were not\disclosed to NEC.

VY is the first plant modified to achieve Constant Pressure Power Up-r;lte to 120%
power and only one other plant out of the fleet of 10;1 was licensed to 120% increase in
power in one step. Given the uniqueness of the design of VY’s power up-rate,
CHECWORKS has little industry bénchfnarking data, and is of marginal use.

The history of the one-other up-rated power plant, Clinton Power Station, suggests -
the possibility of futL;re problems at Vermont Yankee. The NRC inspected Clinton Power

Station, including a review of the FAC program, after its up-rate in Januéry 2003 and

found the prograin to com'ply with its licensing basis, including NSAC 202L and the use

A

| ' Exhibit NEC:-UW_07atNECO38424.  {Deietedi 1
** Exhibit NECL/W-20, VY Piping FAC Inspection Program PP 7028- 2003, FAC Inspection Program - - { Deleted: _uw-20
Records for 2005 Refueling Outage at NECQ37112 -NECO37120. ~_ _ _ ___________________ - [ Deleted: 7
15 Exhibit NEC-UW-11, Official Transcript of Proceedings ACRST-3397, Advisory Committee on Reactor A \\\ [ Deleted: 9,
Safeguards Subcommittee on Plant License Renewal, June 5, 2007, at page 43. Entergy’s Mr. Dreyfuss { Deleted: 017896
stated: “...we did increase the number of FAC inspections by 50 percent from what we typically do in '

outages. We did 63 inspections overall.” It is also noted that the average number of points examined by the
domestic industry is 82—under a well managed program, without significarit changes to the model—such as
| apower uprate
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of ICHECWORKS. Program inputs were fully incorporated from previéus inspection data
and heat balance up-rate data. Wear rates were predicted to increase §% because of up-
rated power conditions. Although the increase was a concern to the regulator, the program |,
was found to be adequa:te. Yet only nine months later, Clinton experienced aFAC
rupturem.\ It is relevant that this failure occurred approximately 16 years after Clinton
received its operating license in 1987—while apparently complying with its CLB and the
EPRI guidance."’

Plant Surry, where a rupture due to FAC killed four peqple, failed after 15 years of
operation,vand required 190 cofr}ponent replaﬁcefnents due to FAC. The accident led to
unpredicted causal events outsiae\ the _epgineefing design bésis—including discharge of
CO,, seepage O,f the heavier than air gas into the control room, requiring reactor operators
to don Scott air packs and with some opefators exhibiting symptoms such as dizziness
because of control roorﬁ habitability'®. Pleasant Prairie, a fossil plant with similar
conditions, endured a catastrophic FAC failure at 13 years, causing two fatalitieslg,‘ and a

k Japanese };lant failed withou\t warning, killing five ﬁeople? simply bexcause of a failure to
inspect one component section due to an administrative oversight, repeatedly missed by

rogram owners.’’ The oversight was never noticed during quality control or quali
prog £q q

assurance reviews, or spotted by the system engineers responsible for FAC at the plant.

|

)

| ' Exhibit NEC JH-42at 7(NECOL7894). . . .. ... ...............--"Deleted:UW-20
| 7 Exhibit NEC_UW-04; Exhibit NEC_UW-Q5.at §XIMI17. .. _ . - { Deleted: 0
18 Exhibit NEC-UW_22 U.S. NRC NUREG 0933; Issue 139: thinning of Carbon Steel Piping in LWRs
| (Rev. 1).at 1-4. :
k ' ‘ .
1 Exhibit NEC_UW-21, Milwaukee Sentinel, March 9, 1995.
| 2 ExhibitNEC_UW-20 at NEC037109,. . - - -{ Deleted: at 9, NEC0I 7896



These plants were not specifically using aging management tools, where as others,

such as Clinton, did—but each FAC failure occurred well before the plants reached their

N
\

engineered end-of-life of 40 years. The event at Mihama occurred due to nothing more
than an administrative failure to routinely inspect a known FAC-susceptible component.

I fully concur with NEC’s consultant Dr. Joram Hopenfeld that comprehensive
™~
{ .
benchmarking will be required through the number of years when unmanaged FAC
: 3

failures typically begin to emerge, such as the operational age of the Surry' plant at the
\ '/ . .

time of FAC failure, or the.Clinton Plant failure.

!

HI. Licensing basis for management of flow-accelerated corrosion
at VY and review of the program implementation

N

I reviewed the FAC program in four parts: Pm A, examining the current licensing
basis; Part B, the implementation of the licensiné basis; Part C, the Licensee’s own record
of problems withu implementation; Part D, my independent observations based on the
record provided to NEC, and the requirements for implementing an effective program
under NRC-endorsed guidance, with which the Licensee has stated that it has complied.

A. /The current licensing Basis and the proposed licensing basis for the flow
‘accelerated corrosion program: °
My review to establish the current licensing basis and thg current status of

application for license renewal includes the following documents:

1. NUREG 1801 Rev 1, §XI-M17, Flow Accelerated Corrosion




3. CHECWORKS EPRI procedures provided by the Applicant, including fleet
procedure EN-DC-315, Rev. 0, “Flow-Accelerated Corrosion Program” effective
December 1, 2006. ‘

4. Commitments made by the licensee including the following:?

1.
ii.
iii.

iv.

vi.

vil.

viii,

USNR generic letter 89-08, Erosion corrosion —mduced pipe wall thinning;
Vermont Yankee Letter to USNRC;

Vermont Yankee letter to the USNRC, Vermont Yankee Response to NRC
Bulletin No. 87-01: Thinning of Pipe Walls in Nuclear Power Plants, dated
September 11, 1987;

Vermont Yankee letter to the USNRC, Supplement to Vermont Yankee
Responseto NRC Bulletin No. 87-01: Thinning of Pipe Walls in Nuclear
Power Plants, dated December 24, 1987;

USNRC Generic Letter 90-05, Guidance for Performing Temporary Non-

- Code Repair of ASME Code Class 1, 2 and 3 Piping, dated June 15, 1990;

Vermont Yankee letter to the USNRC, request from code relief for use of
ASME Code Case N-597, as an alternative to analytical evaluation of wall .
thinning;

USNRC letter to Vermont Yankee, Vermont Yankee Nuclear Power
Station—Relief request for use of ASME code case N-597 as an

Altematlve Analytical Evaluation of wall thinning (TAC No. MB1530)
dated July 27,2001. NVY 01-74;

VY memo: I.F Calchera to OEC (R. McCullough), subject: response to
commitment item: ER-990876 01, Reevaluate Feedwater Heater
Inspection Program to address Ownership, dated April 25, 2000.

N

Industry guidance and other records that were used for interpreting VY position

regarding license renewal include: ( ' (

ix. Flow accelerated corrosion in power plants TR-106611-R1, published by
EPRI in 1999;
x. Official Transcript'Advisory Committee on Reactor Safeguards
subcommittee on Power Uprates November 30, 2005; '
xi. RAI SPLB-A-1 (LR001576); _
. xii.  Section 12-2 Wear rate analysis (Excerpt from an EPRI report);
\
2 Items i., ii, iil, iv, and viii listed as commitments were not provided to NEC but were only referenced in

Entergy’s program level documents, and therefore were not directly reviewed. They do not appear on
Entergy’s Appendix A, licensee renewal list of commitments, but are listed in program level documents that
were valid until March 15, 2006. No evidence of withdrawal, modification, or otherwise changes to these
commitments was provided to NEC.

11



xiii. VYNPS License renewal Project Aging Management Program Evaluation )
Results. (NEC00113 191) -

B. Implementation of the Flow Accelerated Program in accordance with
the CLB.
J
I reviewed the following documents to ensure the implementation of the FAC
program in accordance with the CLB:

xiv. ENN-DC-315, Rev. 1, “Flow Accelerated Program;”
xv. VY-PP7028, Piping Flow Accelerated Corrosion Inspection Program,;
xvi. - VY —PP7028, FAC Inspection program PP 7028- 2007 Refueling outage;
xvii. VY -PP7028, piping inspection program, FAC 1nspect10n records for 2005
refueling outage;
xviii. ENN-CS-S-008, rev 0, effective 9/28/2005, pipe wall th1nn1ng structural
’ evaluation;

xix. DP-0072.

C. Review of Inspection Histories, EPRI Reviews, Quality Assurance
" Reports, Cornerstone Roll-ups, Focused Self assessments, Condition
Reports, and Independent Assessments, and NRC Inspection Reports.

In addition, I reviewed inspection histories, condition reports, quality assurance
reports, and one cornerstone report rollup on trending in the FAC Program (2003)-
through October, 2006), NRC Inspections, and various revisions to VYLRP subsections

and revisions. The list included the following:

xx. Focused Self Assessment Report, Vermont, Yankee Piping Flow -
‘Accelerated Corrosion inspection report, Condition Report LO-VTYLO-
2003-0327;

xxi. Audit No. QA-8-2004-VY1 Engmeerlng Programs, dated 11/22/2004
xxii. EPRI review of Vermont Yankee Nuclear Power Flow-accelerated
corrosion, dated February 28, 2000
xxiii. CR-~-VTY-2005-02239;
xxiv. Cornerstone Rollup update last dated 10/23/2006;

N



xxv. VYNPS License Renewal Project Aging management Program Evaluation
Results.23

D. Current status of the FAC Program with respect to the
licensing basis. v

1. The current iicensing basis goal is to preclude negative design margin or pipe
rupture due to Flow—Accel_erated Corrosion and is centered around-use of EPRI document )
NSAC 202L. ];he guidance is speciﬁcallyendor‘seri by the NRC under NUREG v1'801,
vsrhich calls for a three prong approach to minimize uncertainties: ‘
(1) Use of a model such as CHECWORKS [with precision in data collection,
examination, and frequency]; .

(2) Use of sound engineering judgment in seleeting inspection points that are
independent of CHECWORKS; and' ' :

(3) Use of industry events that have potentlal relevance to VY in material
_condition, design parameters, and operatmg history.

There are numerous FAC-related failures throughout the industry. Examination of the.

OECD Pipe Failure Data Exchange Project (OPDE) database provides that information.**

2. To accomplish the licensing basis goal, the FAC Program needs explicitly to
include each of the following ten elements under the spec1ﬁc Generic Aging Lessons
Leamed (GALL) Report:

1. Scope

2. Preventative actions

3. Parameters monitored or inspected

) .
2 These documents were typically provided to NEC in fragments, with no title page, no document date, no

record of whether the documents were current and had superseded others, and no signature or references to

the author.

,
4 Exhibit NEC- UW_15, NucE 597D-Project 1, Data Collection of Pipe Failures occurring in Stainless Steel and Carbon

Steel Piping. provides industry wide data on FAC failure. Page,20,includes a failure rate for BWR plants. The " { Deleted: s

probabilistic risk assessment for BWR plant FAC failures is reported as 10E- 5 (hr gher than reactor accident threshold - ( Deleted: and 30
: an

PRA for Design Basis Accidents).
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4. Detection of aging effects
N

5. Trending

6. Acce}ﬁtance criteria

7. Corrective actions

8. Confirmation processes ) )

9. Administrative processes

10. Operating experience®’
3. Implementation of these ten elements is accomplished under formal program-level
‘procedures. Successful implementation requires actions in sequence that are constructive
to yieldiné the highest predictability of wall thinning and the most certainty in ranking test
points for inspection on a routine that gdllects wear data in a timely fashion, then adjusts

the selection scope based upon multiple trending of data, along with incorporation of

changes to the plant.?®

N

s I
_.27 The record indicates that the
Vermont Yankee Nucléar Power Station (“VYNPS”) FAC p)rograf‘n only partially |
implemented its licensing basis requirements to achievé a successful FAC program and

that Entergy was aware of the problematic state of the program for many years.?

| % Exhibit NEC-UW_06 _at 152-137; Exhibit NEC-UW_08 at2.

failure in BWR plants underscores the need for precision in implementing an FAC program.

| 7 Exhibit NECYH_38at 33,41,
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5. The self-identified deficiencies in Entergy’bs current VYNPS FAC Program are
, A ' ; ' . {Formatted: Highlight

identified in multiple documents. IR

N
I ** Entergy apparently ignored the

“warning. More troubling is that Entergy continued to be in non-compliance with its

licensing basis through the years 1999-2006. This deficiency was again noted in late 2004

under an \internal quality assurance audit, and two Condition Reports were written. >

6. ' Relevant data aﬁparently V\;as not entered into the CHECWORKS model until the

third quafter' 0f2006.3' The October 23, 2006 rollup thus confirms that the model was not -
kept current during a seven-year period and suggests that susceptible locations may not

have been inspected during this time period. This lengthy lapse significantly weakensad | \

the trending capability of the software, both during the lapse period and presently. It is

also evident that EPU data was still being modeled and validated in 2008.”2 [ » .

|  Exhibit NEC-UW-08.a 1,46, : ' | - {peteted: 10 :
°"_{ peleted: 11; Exhibit NEC-UW-12
* Exhibit NEC-UW-09,at 2, NEC03853 1-NEC038555, “CR-V1Y-2004-03062 and "CR-VIY-200d- .- [Dpeleted: 9
03061.7 : . , . L ‘I Deleted: letter

| ¥ Exhibit NEC-UW-07, at NECO38424 (“CHECWORKS models and wear data analysis updated with all " .’ { Formatted: Highight
previous inspections in 3" quarter 2006.”). /I,"l{Formatted: Highlight
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zzEx'hibit NEC-UW 14, Email from Beth Sienel to Jonathan Rowley, Feburary 20, 2008,
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In spite of Entergy’s commitment, the required additional susceptibility scoping

analysis is not apparent to NEC in information provided.

7. From 1999-2006, thg plant was eséentia]ly operating in a state in which component
wear was imbroperly trended and pipe conditions were actually unknown. Reliance on
CHECWORKS for this‘ time period for predictin;; grid points, ranking siisceptible
components, and inspecting new points was thqyrefore virtually without technical or
empirical value. Without proper trending, the predictability goal of CHECWORKS is

lost; it essentially became a data collection repository.

’ L o - ‘ !
8. During the years 2000-2006, the VYNPS FAC program apparently used an

. { Formatted: Highlight
I

outdated version of the CHECWORKS software. I .t

— ) .

... { Formatted: Highlight

I ntergy’s failureto .
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34 .

| % Exhibit NEC-UW-08 at 5-6, NEC-UW-20 at NEC037103. -~ {Deleted: 10
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update the CHECWORKS model in a timely fashion makes data comparison between

operating cycles more difficult.

9. In 2004, at least four VYNPS components, including the condensate system- and
the extraction steam systems, were determined to have ‘Lhegative time to Tr;lin;” meaning -
that wall thinning was being predicted as be‘yond operability limits and should be
considered unsafe with potential rupture at anytirvne.36 “Negative cycles of operations,”
meaning wall thinning beyond acceptable code limits, were also predicted. The hours
negative to the next inspection were substaﬁtial—’predicting potential code violation or
failure could have occurred 3000+ hours previously to October 23, 2006./ It is surprising
that the Licensee apparently did not write condition reports fo; this condition. I do not
believe that NEC receive;i any notice of Cbndition Reports relevant to this significant
indication by CHECWORKS predicting substantial wall thinning beyond code iimits to
occur with negative margin of this magnitude. This-issue is particularly troubling given‘
that the equipment failu.re event is unpredictable, and c_atastrophic'when wall thinning is
beyond acceptable limifs. Déspite CHECWORKS’ prediction of wall thinning, the plant
continued to operate. T h;ve not seen any inspection or audit discussion of this situation.

It doés, however, ai];pear on the RFO 24 Inspection Plan,?” oddly with the same number of

hours of negative time to Tmin, even with the plan including wear data observed of 30%

increase at Quad Cities and Dresden after the up-rate.® ‘ /
!
/
v \ i
| * Exhibit NEC-JH42 at NEC017893,_ Sece also NEC-UW-20 st NECO37108." . .. . .. .. _.--{Deleted: UW
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10. * The VYNPS FAC program was deemed unsatisfactory under quality assurance

review dated November 22, 2004, and two condition reports were written.*® On page 5,
: ( Deleted: «

3 ‘{ Deleted: ~

'to be identified and modifications to be incorporate'd.,‘f'_o_ In addition, the report notes that

. .
cross-discipline review required by procedure had not been performed.”’

11.  The 2006 cornerstone report shows a number of indicators as yellow, with lists of
open CR corrective actions, and a new CR wr?tten in August 30, 2006.* The report lists
six corre;ctivg actions and four CRs that were written as early as 2003 that refnain openf43 ’
These include references to a number of progress indicators, but authors of the report
continue to express concern over the program and the slow progress to update the
CHECWORKS model. 1reviewed se(veral of the listed condition reports, some more than
four years old, and found no indication that correétive actions recommended in these

reports were completed.

12. In addition, in 2005 a sixth CR was written, CR-VTY-2005-02239, stating
“CHECWORKS predictive model for Piping FAC inspection program was not updated
. O
- . ‘
per appendix D of PP7028.”* The first page of the CR includes a statement that this

condition had no impact on the RFO 25 inspection scope — i.e., indicating that updating of

CHECWORKS was not necessary for establishing scope of RFO 25. This assertion is

| Exhibit NECUW-09 at2 (NECO38514). . {Deleted I

| “°Exhibit NEC-UW-09at SINBCO38SIT). ... ...... . ... ... .--{Deleted:1I
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another indicator that the VY FAC program was prima facie in noncompliance with its

CLB.

\

13. Areview ofa f(;cused self-assessment was performed. This assessment was called '
for under one corrective action from a condition report LO}-VTYI:O-2003.—OO327. The
report identifies numerous issues that required or require actior\x‘ta bring the FAC program
into compliance with the CLB. For examplé, the program susceptibility review report for
2004 was not formal, and did hot properly separate scope for ranking.*> The report was

not given an adequate review, nor placed in the document control system.

14.  PP7028 notes plant thodiﬂcations and insbection results as not updated since May

15,2000.%¢

15. Ranking of small-bore piping was not done. With no ranking, the basis for
seleétion of high susceptibi\lity éoints for sméll-bor_e piping is not evide.:nt.47 .Procedural
conflicts were'identiﬁed with missing programmatic requirements.*® |

16. A flow-accelerated corrosion related pipe break associated wit}: a 1” elbow, SSH
(WO 06-6880), appears to have occurred in>3rd quarter 2006." . ’

17. | E;nterg)./ apparently reduced the number of FAC inspection data points between the

2005 refueling outage and the 2006 refueling outage, in violation of its commitment to

increase inspection data points by 50%. The 2005 refueling outage inspection called for

) -

* Exhibit NEC-JH_44 at 17.
“Id. at 18.

\

| *1d, at 19.

| *81d. at 27-29. ! )
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137 large-bore inspection points. The 2006 refueling outage inspection, presente.d to the
AGRS on June 5, 2007, covered only 63 points.*® -
18. The 2006 refueling outage FAC inspection scope, plaming, docurﬁentation, and
procedural analysis all appear to have been performed under a superseded program
document. ENN;DC-3 15 Rev/.l was effective Mérch 15, 2006, superseding the PP7028
Piping FAC Inspe;:tion Program.’! Yet VY inspection plan for FAC Program PP7028 was
approved on May 1 ]" 2096, almost two months after the PP7028 progfam document was
superseded.’® This error potentially invalidates the baseline requirement of ‘
,CHECWORKS, in accordance with NRC-endorsed guidance; to establish the as-found
condition of componeﬁts and piping.>® The fundamental step of updating inputs is

required in the NSAC 202L approach for FAC, and is a required'step in the

CHECWORKS instructions. Essentially, working to a_void procedure makes the results

B { Formatted: Highlight.

invalic [ T
I Gic the significant changes to the plant, a baseline pass with

accurate inputs was necessary, and subsequent passes were necessary to establish the grid

locations and high susceptibility inspection points.

N
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19. No indication is provided that plant isometrics were updated as required as of

10/22/04.%°

V. Time needed to benchmark CHECWORKS for Post-EPU use at VYNPS

I agree with the testimony of Dr. Joram Hopenfeld that CHECWORKS is an
empirical model that must be updated with plant-specific data. NUREG 1801 does not

specify the number of years’ data necessary to benchmark CHECWORKS, but does

advise that a baseline must be established as noted above_"

I s rcquirement is reasonable given that each plant has unique

characteristics and operating history. Separate industry guidance suppofts five to ten years

of data trending.”” Trending to the high end of the range is appropriate where variables
affeéting wear rate, such as flow velocity, have significantly changed, as at VYNPS

following the 120% power up-rate. \

Given the deficiencies in the current VYNPS FAC program discussed in this

. statement, trending under the program is of marginal value. In addition, substantial

“negative margin” conditions were identified in scoping the 2005 FAC inspection—many

of which were predicted because of the repeated missed inspections in previous outages
' ¢
(that, significantly, occurred prior to ﬁp-rate). ‘ \

)

% Exhibit NEC-JH_44 at 19. b ~

|

38

37 Exhibit NEC-UW-13 at 38 (“In order to establish a baseline for the plant’s equipment performance and
reliability, the operating history over the past S to 10 years is reviewed and trended.”). - .
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I do not agree that a prolonged period of data collection is not necessary to use
CHECWORKS effectjvely at VYNPS after the 120% power up-rate because the
predictive algorithms built into CHECWORKS are based on FAC data from many plants.
VYNPS is unique in its approach of Constant Pressure Power Up-rate to 120%. Clinton is
the only other plant to accomplish a one-step up-rate to 120% power and is a very
differen,t'plant frofn'VY. To my knowledge, out of 104 operating plants oﬁly six have
increased operating power by more than 15%.® Qf this group, at least three — Clinton,
Dresden, and Quad Cities — appear to have FAC-related issues.*® The argument that .
CHECWORKS incorporates relevant industry data is difficult to accept when so few
. plents are operating under analogous conditions, and 50% of those have experienced FAC

related problems.

The need to e’xtend the period of data collection is further evidenced by the fact
that the CHECWORKS model,was not updated with plant-specific changes until after
RFO 26. Furthermore, by inference from an inquiry by the Staff broject maﬁager to the |
resid_ent inspectors office only t\%{o months égo, it appeafs the NRC was inférmed that the
EPU up-rate conditions were still being verified and thé process was at this late date
incomplete afier two outages had passed since EPU design was completed, licensed, and
implemented. The apparent failure to update the pirogram underscores the lack of
benchmarking don¢ to date regarding the CHECWORKS software, and demonstrates
troubling failures by Entergy to adhere to their own procedural requifements and failure to

honor commitments made to the regulator, for example, made to the ACRS in November

% Exhibit NEC-UW_18, Union of Concerned Scientists, “Power Uprate History,” July 12, 2007.

3% Exhibit NEC-UW_20 at NEC037109, NEC037116; JH 42 at NEC017894. NEC017897. NEC017898;
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2005, regarding use of the tool and the applicant’s intention to conduct benchmarking

_ testing during RFO 25 and RFO 26.

Based on the foregoing, it is my opinion that seven or more cycles will be
: }
necessary to establish a credible benchmarking of CHECWORKS to VYNPS under up-
rated operating conditions G
I | is 2'so my opinion that benchmarking
can only be accomplished after the current program deficiencies are corrected and a proper

. baseline is established.

€ Exhibit NEC-UW-08, [Proprietary]
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.Dr. Brian W. Sheron
Associate Director for Project Llcensmg and Technical Analysis .
U.S. Nuclear Regulatory Commission )
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11555 Rockville Pike :
Rockville, MD 20852-2738
Dear Dr. Sharon:
‘Enclosed are the results of a project given to my Penn State Graduate Students on finding pipe N

failure data over a range of pipe sizes and conditions. We specifically looked for stainless steel
data as well as carbon steel pipe data. Since the data is from several sources other than nuclear
the pipe wall thickness may not always be comparable to reactor pipe wall thicknesses. In some
of the reports the students did separate the failure and leakage data by mechanism such that we
could then screen the data.

. S/
I had the students normalize the data in such a fashion that we could then compare to the break
frequency spectrum curves generated by the NRC experts group. Idid talk to Rob Tenoning on
the best way of normalizing our data such that we would be consistent with the break frequency
plots. The key findings from the students work is that the data, when plotted in the same manner
as the break frequency spectrum plots from the NRC experts work, shows a much flatter
behavior at the larger pipe sizes indicating a more similar probability level for failure as
compared. to a more significant decrease in the failure probability as given by the NRC break
frequency spectrum.

ITam complymg all the independent sets of data in a spread sheet and will attempt a further . ,

screening. Once complete, I will send you a copy of the data. I wanted you to have these report
now with all the'data so you could make an independent assessment.

Please let me know if you need anything else.
Very truly yours,

{.E. Hochreiter _ -
Professor of Nuclear and Mechanical Engineering

College of Engineering An Equal Opportunity University
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Executive Summary

Currentl):' the Nuclear Regulatory Commission (NRC) is contempiating changing the acceptance
criteria for Emergency Core Cooling Systems (ECCS) for light-water nuclear power reactors

contained in NRC Regulation 10 CFR 50.46. This regulation sets specific numerical acceptance -

criteria for peak cladding temperature, clad oxidation, total hydrogen generation, and core

cooling under loss-of-coolant accident (LOCA) situations. Furthermore, the regulation requires

that a spectrum of break sizes and locations be analyzed to determine the most severe case and to
ensure the plant design can meet the acceptance criteria under such conditions.

Currently the regulation states that breaks of pipes in the reactor coolant pressure boundary up to,
and including, a break equivalent in size to the double-ended rupture of the largest pipe in the
reactor coolant system must be considered. While this restricts the design, it maintains a large
safety margin ensuring the plant is covered under all LOCA situations. However, an impetus for
change has resulted from materials research, analysis, and experience that indicate that the
catastrophic rupture of a limiting size pipe at a nuclear power plant is a very low probabnlxty
event. - n.

- If approved, the proposed change would divide the break spectrum into two categories based
upon the likelihood of a break. Breaks of higher likelihood, breaks smaller than 10 inches,
would need to meet the current requirements set forth in 10 CFR 50.46. Breaks of a lower
likelihood, those larger than 10 inches, would only need to meet the requirements of mamtammg
a coolable geometry and having the capablhty for long term cooling.

The purpose of this project was to collect data on instances of pipe failures including cracks,
~ leaks, and ruptures. For each instance of failure the plant type, pipe diameter, type of pipe,

failure mechanism, and type of failure was recorded. The data was then collapsed based on plant -

type (PWR or BWR), type of pipe (carbon or stamless steel), pipe size, and failure mechanism.
" Then, normalized failure frequencies were caqulated as a function of both pipe size and failure

" mechanism per reactor year., Plots of the frequency distributions were generated on a semi-log
scale, and the frequency distributions as a functlon of pipe size were compared to the NRC
predicted failure frequencies.

For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The
second set consists of 67 data points collected by our group from various sources. The two sets
of data were not combined due to the lack of information accompanying the data presented in the
OPDE database, such as plant name or exact failure size. This made it impossible to identify
overlapping coverage and combine the information. Rather, within this report we have analyzed
each data set individually in order to make an overall companson of the trends observed for each

data set and the NRC predictions.

N

The results from both the OPDE and the independent sets of data detailed in this report do not
support the NRC’s assertion that larger sized pipes do not break frequently enough to be used as
design criteria. The overall trends of both sets of data show that the frequency of failures does
not decrease as sharply with increasing pipe size as the NRC predicts.

1



Table of Contents !

1..0 Detailed Introduction to the PIoblem ...ttt eereeseeenes 6
2.0 Data Collected .....ovirernierrininctsessnsnsesssenesnssssssssssessnssnenss e st 8
2.1 OECD Pipe Failure Data Exchange Projecl.............:...[ ............................................ 8
2.2 Independently COllected DAIQ............ovvvveisisecenninssrnnsisssiss st ssssaenins 9
3.0 Collapsing and Anaiyzing the Collected Data....ccceveeiirvireesenrrensessnresrceseseseesessersessesssenesenes 12
4.0 Results and comparison; ........................................................................................................ 15
4.1 Faflure Frequency as a function of Pipe SHZE rvveeressvernesssersessneensisesenes ;....‘ ........ treeeene 15
4.2 Failure Frequency as a}unction of Failure Mechanism................ erereereresnetn b enrerans 25
5.0 Conclusmns ......................................... 31
6.0 References .......... ettt s ses e s seansansenasanentaas 33
Appendix A — OPDE-Light Database
Appendix B — Independent Database
Appendix C ~ Collapsed OPDE Data
Appendix D — Copies of References _ BN
\
\



List of Figures

Figure 4.1-1.

Figure 4.1-2

Figure 4.1-3.
Figure 4.1-4.
-Figure 4.1-5.

Figure 4.1-6.

- Figure 4.1-7.

Figure 4.1-8.

Figure 4.2-1.
Figure 4.2-2.

Figure 4.3-1.
Figure 4.3-2.
Figure 4.3-3.

Figure 4.3-4.
Figure 4.3-5.
Figure 4.3-6.

Figure 4.3-7.

Normalized pipe failure frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants

Normalized rupture frequehcies as a function of pipé group size for both carbon
and stainless steel pipe failures in both BWR and PWR plants

Normalized Failure Frequency Distribution for PWRs
Normalized Failuré Frequency Distribution for BWRs
Normalized pipe failure frequencies as a function of pipe size for PWRs

Normalized pipe failure frequencies as a function of pipe size for BWRs'

Nonnahzed pipe failure frequencies as a function of pipe size for PWRs using the

Modified Analysis Method.

Normalized pipe failure frequenmes as a function of pipe size for PWRs using the

Modified Analysis Method.
Normalized pipe failure frequency as a function of Pipe Group Size for PWRs
Normalized pipe failure frequency as a function of Pipe Group Size for BWRs

PWR Failure Frequency for Carbon and Stainless Steel Plpes as a Function of
Failure Mechanism :

BWR Failure Frequency for Carbon and Stainless Steel Pibes as a Function of
Failure Mechanism

\

PWR and BWR Failure Frequency for Carbon and Stainless Steel Pipes as a

' Function of Failure Mechanism

Pipe Failure by Corrosion as a Funcﬁon of Pipe Size (PWR & BWR)

Pipe Failure by Fatigue as a Function ofPipe Size (PWR & BWR)

Pipe Failure by Mechanical Failures as a Function of Pipe Size (PWR & BWR)
P};;\);}I{ ;ulure by Stress Corrosmn Cracking as a Functlon of Pipe Size (PWR &

P



List of Tables

Table 1-1. NRC Total Preliminary BWR and PWR .Frequencies

Table 2-1. Excerpt from “OPDE-Light” Database |

Table 2-2. Description of Plant Systems and Type of Piping S

Table 2-3. Definition of OPDE Pipe Size Groups ' , ~
Table 2-4. OPDE Pipe Failure Definitions

Table 3-1. Deﬁhition of Pipe Size Groups Lo ’ \ .

| Table 3-2. Definition of NRC LOCA Groups

Table 4.1-1. OPDE Calculated, aﬁd NRC Predicted, Normalized Failure Frequencies (1/cal-yrs).
Table 4.1-2. Normalized Rupture Frequencies

‘Table 4.1-3. S‘ummary of PWR Pii)e Failures from the OPDE Database as of 2-24-05

Table 4.1-4. Summary> of BWR Pipe Failures from (_OPDE Databas.e as of 2-24-05

Table 4.1-6. Summary of PWR Pipe Failures from OPDE Database as of 2-24-05, using\\the
Modified Analysis Method. )

Table 4.1-7. Summary of BWR Pipe Failures from OPDE Database as of 2-24-05, using the
Modified Analysis Method.” '

/ .
- Table 4.2-1. OPDE Calculated, NRC Predicted, and Independent Database Calculated,
Normalized Failure Frequencies (1/cal-yrs)

Table 4.3-1. Failure Frequencies of Pipes for each Failure Mechanism



1.0 Detailedlntroduction of Problem

: 7 ™
In order to ensure the safety of nuclear plants the cooling performance of the Emergency Core -
Cooling System (ECCS) must be calculated in accordance with an acceptable evaluation model,
and must be calculated for a number of postulated loss-of-coolant accidents (LOCA) resulting
from pipe breaks of different sizes, locations, and other properties. This is done to provide
sufficient assurance that a plant can handle even the most severe postulated LOCA. LOCA’s are
hypothetical accidents that would result from the loss of reactor coolant, at a rate in excess of the
capability of the reactor coolant makeup system. Currently, the evaluation criteria for these
types of accidents state that pipe breaks in the reactor coolant pressure boundary up to and
including a break equivalent in size to the double-ended rupture of the largest pipe in the reactor
coolant system must be considered. In the case of such an event the NRC has set forth the
following criteria that must be met for a design to be considered acceptable [37]:

:a. Peak cladding temperature must not exceed 2200° F.

b. Maxlmum cladding oxidation must not exceed 0.17 times the total cladding
thickness before oxidation.

\

¢. Maximum hydrogen generation. The calculated total amount of hydrogen
generated from the chemical reaction of the cladding with water or steam shall not
exceed 0.01 times the hypothetical amount that would be generated if all of the
metal in the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react. ‘

d. A coolable geometry of the core must be maintained.

e. After any calculated successful initial operation of the ECCS, the calculated core '
temperature shall be maintained at an acceptably low value and decay heat shall
be removed for the extended period of time required by the long-lived
radioactivity remaining in the core.

While requiring that all plants be analyzed in the case of a double-ended guillotine break of the
largest pipe restricts the design, it does maintain a large safety margin ensuring the plant is
covered in all pipe break situations. However, an impetus for change has resulted from materials
research, analysis, and experience which indicate that the catastrophic rupture of a large pipe at a
nuclear power plant is a very low probability event. The hypothesis that is currently being set
forth is that small pipes break more frequently than large pipes. The criteria would change so
that the NRC would refocus their analysis efforts because they want to make sure that the
appropriate amount of time and money are being invested in the areas of most concern.

Furthermore, nsk analyses indicate that large break LOCA s are not significant contnbutors to
plant risk. According to a presentation given by Dr. Brian Sheron of the NRC at Penn State in
the Fall 2004, “using the double ended break of the largest pipe in the reactor coolant system as
the design basis for the plant results in ECCS equipment requirements which are inconsistent
with risk insights and places an unwarranted emphasis and resource expenditure on low risk

(



contributors. This also places constraints on operations which are unnecessary from a public
health and safety perspective.” Therefore, the proposed rule change would use the pipe size with
the largest break frequency as the design basis for pipe rupture and accident analysis of the plant.
A pipe size with a 10 inch diameter is currently being suggested. [37)]

‘ ¢ N ‘ P
The proposed change would divide the break spectrum into two categories based upon the
likelihood of a break. Breaks of higher likelihood, or those smaller than 10 inches, would need
to meet-the current requirements set forth in 10 CFR 50.46. These include criteria (2) through (€)
above. On the other hand, breaks of a lower likelihood, or those larger than 10 inches up to and -
including a double-ended guillotine break of the largest pipe in the reactor coolant system, would
only need to meet the requirements of maintaining a coolable geometry and having the capability
for long term cooling. Thus, criteria (a), (b), and (c) would be eliminated for these cases. [37]

The purpose of this project was to collect data on instances of pipe breaks, leaks, and cracking.
These failures included pipe failures from broken pipes either by splits, ruptures, or guillotines,
and cracks in pipes, either circumferential or length wise. For each instance found the plant type,
pipe diameter, type of pipe, failure mechanism, and type of failure was recorded. Only stainless
_ steel and carbon steel pipes were considered. Then, normalized failure frequency distributions
were developed and compared to NRC predictions.

, -

The predicted NRC failure frequencies were taken from Table 3 on page 14 of 10 CFR 50.46,
LOCA Frequency Development [38]. This table is replicated below.

Table 1-1. NRC Total Preliminary BWR and PWR Frequencies.

Effective Current-Day Estimates (per cal. yr)
Plant | preak Size : ) ) - -
Type (inches) 5% Median Méan 95%
172 3.0E-05 | 2.2E-04 { 4.7E-04 1.7E€-03
1718 2.2E-06 | 4.3E-05 1.3E-04 5.0E-04
BWR 3144 i 2.7E-07 | 5.7E-06 2.4E-05 9.4E-05
7 -] 6.6E-08 14E-06 6.0E-06 2.3E-05
18 1.5E-08 1.1E-07 2.2E-06 6.3E-06
41 3.5E-11 | 8.5E-10 | 2.3E-06 8.6E-09
172 7.3E-04 | 3.7E-03 6.3E-03 2.0E-02
17/8 6.9E-06 | 9.9E-05 2.3E-04 8.5E-04 r
PWR « 3144 . 1.6E-07 | 4.9E-06 1.6E-05 6.2E-05
i -] 1.1E-08 | 6.3E-07 2.3E-06 8.8E-06
_ 18 5.7E-10 | 7.5E-09 | 3.9E-08 | .1.5E-07
11 4.2E-11 14E-09 2.3E-08 7.0E-08

\ | )



2.0 Data Collected ‘ - ‘ -

For this prOJect our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failuré Data Exchange Project (OPDE), with a total of 2891 data points. The:
second set consists of 67 data points collected by our group from various sources listed as
references in this report. The two sets of data were not combined due to the lack of information
accompanying the data presented in the OPDE database, such as plant name and exact failure
size, which made identifying overlapping coverage impossible. Rather, within this report each
data set was individually analyzed in order to make an overall comparison of the trends observed
for each data set and the NRC predictions. :

. OECD Pipe Failure Data Exchange Project [3]

OECD Pipe Failure Data Exchange Project (OPDE) was established in 2002 as an
international forum for the exchange of pipe failure information. It is a 3-year project
with participants from twelve countries, including Belgium, Canada, Czech Republic,
Finland, France, Germany, Japan, Republic of Korea, Spain, Sweden, Switzerland and i
the United States. “The objectlve of OPDE is to establish a well structured,
comprehensive database on pipe failure events and to make the database available to
project member organizations that provide data.” [3] The OPDE database evolved from
' what existed in the “SLAP database” at the end of 1998'[2].

OPDE covers piping in primary-side and secondary-side process systems, standby safety
systems, auxiliary systems, containment systems, support systems and fire protection
systems. Furthermore, ASME Code Class 1 through 3 and non-Code piping has been
considered. At the end of 2003, the OPDE database included approximately 4,400

- records on pipe failure. The database also includes an additional 450 records'on water
hammer events where the structural integrity of piping was challenged but did not fail.

- Access to the actual OPDE database is restricted to organizations providing input data.
However, a “OPDE-Light” version of the database will be made available later this year
to non-member orgamzatlons contracted by a prol ect member to perform work or which
pipe failure data is needed. This version will not include proprietary data, such as the
exact pipe diameter, where failure occurred, and preclude any plant identities or dates.
Our group was fortunate enough to get a copy of this “light” version of the database for
BWR and PWR pipe failures reported as of February 24, 2005. A total of 2891 failures
(1536 for PWR plants and 1355 for BWR plants) were provided in thxs database, and
considered for this project.

The database llsted the plant type, reactor system apparent cause of failure, plpe size
group, number of total failures for each cause and pipe size group, and then a break down
of the type of failure within the category. An excerpt from the OPDE-Light database has
been provided for clarification in Table 2-1 on the following page. The database, in its
entirety, has been included in Appendix A of this report. '



However, there are a few problems with this database related to the purpose of this
project. First, since the database did not provide the type of pipe (carbon or stainless) for
each failure, a reasonable prediction of what type of pipe was involved in the failure
based on the plant system, which was given, was made. The type of pipe assumed for
each system is also givern in the following. page in Table 2-2.

Additionally, as previously mentioned, no explicit pipe diameters were given for each
failure due to the proprietary nature of this information. Rather, the failures were
collected into group sizes before it was sent out. A total of six group sizes were utilized
by OPDE. The range of pipe diameters that comprise each group is given in Table 2-3.
The main problem with these groupings, and the database in general, is that pipes larger
than 10 inches in diameter are all grouped together and there is no way of determining
how much larger than 10 inches they actually were. Finally, for the purpose of this
analysis any crack, leak, or issue (i.e. wall thinning) with the pipe was considered to be a

- failure. However, the OPDE database lists the information by type of failure. The
definitions of each failure type have been included in Table 2-4,

Independently Collected Data [5-36] .

K

For the purpose of this project our group collected separate lnformauon on mstances of
piping failures and their causes. The information was collected primarily from Nuclear
Regulatory Commission (NRC) bulletins, information notices, event reports, and generic
letters. Our group was able to compile a total of 67 instances of piping failures. This
database is provided in Appendix B. While our database is much smaller than the one
compiled by the OECD Pipe Failure Exchange Project, it provides an 1ndepcndcnt check
of the trends observed by that database.

A list of references is provided at the end of this report, and some of the actual
references, printed from the NRC website, have been included in Appendix D.
A
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Table 2-1. Excerpt from “OPDE-Light” Database |

"TvpE | TvE | ‘Group | APPARENTCAUSE | TERoE | oreconps | Pt | pen | Deormtion | TR | Leak | [ | Rupure | sevennce | 03| (S
BWR SS RAS chcre overloading 2 3 | 2
BWR SS RCPB external damage ~ 3 1 1
BWR SS RCPB Severe Overloading 4 1 1
BWR SS SIR Severe overloading 6 1 1
BWR cSs STEAM Water Hammer 6 I 1
BWR SS | RCPB HF:Welding Error 3 7 1 -~ | 1 4
BWR SS RAS TGSCC - Transgranular SCC 2 7 1 1 1 4
BWR SS SIR 1GSCC - Intergranular SCC 4 ~ 4 1. 2 1
BWR SS RAS IGSCC - Intergranular SCC . 4 56 i 32 9 | 13
BWR SS SIR 0 1 1
BWR SS RCPB TGSCC - Transgranular SCC 1 1 1
BWR SS SIR IGSCC - Intergranular SCC - 2 3 1 1 1
BWR SS RCPB Qverpressurization 4. 2 1 1
BWR CS AUXC Vibration-Fatigue 5 1 1
Table 2-2. Description of Plant Systems and Type of Piping. .
- Plant Group Representative Plant System Names Type of Piping
) AUXC Service Water Systems, Raw Water Coolmg Systems Carbon
CsS Containment Spray System Stainless
EHC Electro-Hydraulic Control System Carbon .
EPS Emergency Diesel Generator System Stainless
FPS Fire Protection System - Carbon
FWC Feedwater & Condensate Systems Stainless ~ .
IA-SA Instrument Air & Service Air Systems Carbon’
Power Conversion Systems (incl. Steam Extraction
PCS Lines, Heater Drain {Encs cgc ) - Carbon
) RAS g::a\;}cs)r é;)gl)mry Systems (mcl CVCS, RWCU, Stainless
RCPB Reactor Coolant Pressure Boundary Stainless
SG Steam Generator Systems (e.g., S/G Blowdown System) Carbon =~
SIR Safety Injection & Recirculation Systems Stainless
Main Steam (from nuclear boiler/steam generator up to
STEAM turbine sieans admission) £ P Carbon T~
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Table 2-3. Definition of OPDE Pipc Size Grou

Corresponding Corresponding
Png:oilze Pipe Diameters Pipe Diameters

P (mm) (inches)

1 DN <15 DN <0.6
2 15 <DN <25 0.6 <DN<1.0
3 25<DN <50 1.0<DN<2.0
4 50 <DN <100 2.0<DN<4.0
5 100 <DN <250 4.0<DN<10.0

6 DN > 250 DN >10.0

)

Table 2-4. OPDE Pipe Failure Definitions.

s,

Type Description
Crack - Part Part through-wall crack (> 10% of wall thickness)
Crack « Full Through-wall but no active leakage; leakage may be detected given a plant mode

change involving cooldown and depressurization.

_|Wall Thinning

Internal pipe wall thinning due to flow accelerated corrosion - FAC

Small Leak Leak rate within Technical Specification limits
: Differs from “small leak” only in terms of the geomelry of the throughwall defect
Pinhole Leak X K ! .
and the underlying degradation or damage mechanism
Leak rate in excess of Technical Specification limits but within the makeup
Large Leak
capability of safety injection systems
S Full circumferential crack — caused by external impact/force, including high-cycle
everance . . .. . . % .
: mechanical fatigue — [imited to small-diameter piping, typically
Large flow rate and major, sudden loss of structural integrity. Invariably caused
Rupture by influences of a degradation mechanism (e.g., FAC) in combination with a

severe overload condition (e.g., water hammer)




It can be seen that for LOCA categories 1 though 5 the effective break sizes fall within the \

3.0 Collapsing and An'alyzing the Collected Data

The next important step in this analysis was collapsing the collected information into a usable
form by specifying pipe size groups and failure mechanisms. The data was broken into separate
bins based on plant type (PWR or BWR), pipe type (carbon or stainless), failure mechanism, and
pipe size. Table 3-1 below lists the pipe diameters included in each bin for this analysis.

Table 3-1. Definition of Pipe Size Groups.

_OPDE Pipe | Corresponding Pipe
Size Groups | Diameters (inches)
142 0.0-1.0
3 1.0-2.0
4 2.04.0 ‘
5 4.0-10.0
6 .>10.0

Note: This grouping of piping diameters includes one less bin than used by the OPDE database.
Combination of the data from groups 1 and 2 of the OPDE database allowed the bin sizes to
correspond more readily with those used by the NRC for listing predicted failure frequencies,
taken from page 14 of 10 CFR 50.46, LOCA Frequency Development. The categories used for
the NRC predicted failure frequencies are given in Table 3-2. [38]

Table 3-2. Definition of NRC LOCA Groups.

LOCA | Effective Break p
/ Category | Size (inches) :
‘ ] 12
2 - 17/8
3 31/4
; 4 7
S 18 !
6 41 »

)

ranges listed for the pipe size groups, after pipe size groups 1 and 2 from the OPDE database
were combined. LOCA category 6 was not considered in this analysis since the OPDE database
did not provide specific information for pipes larger than 10 inches. The effect of this on the .
results will be discussed later in this report. ‘

~

After collapsing the data based on pipe size, the data was then collabsed further by combining
some of the failure mechanisms. The following is a list of the failure mechanisms that are used
to group the data. Several items have been placed into general categories for simplification
purposes. ' \

\
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1. Corrosion

2. Flow Accelerated Corrosion (FAC)

3. Microbiological Induced Corrosion (MIC)
4. Erosion

5. Fatigue

a.. Thermal Fatigue
» b. Vibration Fatigue.
6. Human Factors (already combined in the OPDE database)
a. Welding Error
b. Fabrication Error
c. Human Error

7. Mechanical Failures v
a. .Excessive Vibration e
) b. Overpressurization '

{

c. Overstressed
d. Severe Overloading
8. Stress Corrosion Cracking
N 9. Water Hammer
10. Miscellaneous
Brittle Fracture
Cavitation
External Damage
Fretting
Freezing.
Hot Cracking
Hydrogen Embrittlement
Unreported =

B the po o

After collapsing the data, it needed to be normalized so that failure frequency distributions could
be calculated. Failure frequencies were calculated in for carbon steel plpes stainless steel pipes,
and a composite (both carbon and stainless) pipes as a function of both pipe group size and
failure mechanism, separately for PWR and BWR plants.

The number of failures in each bin was normalized by dividing by the total number of failures.
- This gives the fraction of failures for each bin size. For example, when looking at carbon steel
pipes in BWRs the number of failures in each pipe group size, regardless of failure mechanism,
was divided by the total number of pipe failures (carbon + stainless) in BWRs. Similarly, the
number of pipe failures in each failure mechanism bin, regardless of pipe size, was divided by .
the total number of pipe failures in BWRs.

Then, after normalizing the data, the fractional size in each bin was divided by 3390 calendar -
years of operation. This gives a failure frequency in 1/calander-years for each bin size. The
number 3390 represents the number of reactor years experience in the US (2745 years) as of the
end of 2003; divided by an assumed avallablllty factor of 0.81 to get calendar years.

13



The normalization by pipe size (regardless of fallure mechanism) and failure mechanism
(regardless of plpe size) was repeated for BWR stainless steel failures, BWR composite failures,
PWR carbon failures, PWR stainless steel failures, PWR composite fallures total carbon steel
failures, total stainless steel failures, and total composite failures for a total of nine situations
analyzed and a total of eighteen frequency distributions developed (nine as a function of pipe
size and nine as a function of failure mechanism).

Finally, the frequency distributions developed were based both on pipe size and failure
mechanisms for the different types of pipes had to be plotted against the NRC’s predicted
frequencies. Semi-log plots of failure frequency as a function of pipe group size were used.

OPDE Databqse. ~ ‘ o o . '

In order to use this database it had to be collapsed into a more useful form. First, after
determining the type of pipe associated with each system, the plant system was no longer
taken into consideration. Next, for the purpose of this project any type of failure (i.e.”
crack, rupture, wall thinning) was considered to be a pipe failure. Furthermore, as shown
above several causes of failure were combined together into one failure mechanism.
category The collapsed form of this database is provided in Appendix C.

-

Independent Database

There were 67 incidents recorded, which in the end did not provide enough data points in
each bin to come up with a good normalized frequency distribution.” When the data was
‘ sorted on plant type, then pipe material and finally on pipe size, various bins of pipe sizes
' had zero incidents. Appendix B is a listing of all of the incidents which were found. This
listing is sorted on plant type, pipe material, and finally on pipe size. The highlighted
incidents throughout the appendix represent incidents for which not enough mformatlon
was ngen in the source to include this data in our analysis.

Failure mechanism plots were not made due to the lack of variety in failure mechanisms.
The majority of the failure mechanisms were erosion/corrosion and stress corrosion
cracking.



4.0 Results and Comparisons o

* 4.1 Pipe Failures as a function of Pipe Size from OPDE Data

This section of the report examines the results of pipe failures as a function of pipe size.
Normalized failure frequencies for carbon steel, stainless steel, and composite (carbon and
stainless) pipes are presented individually for PWRs and BWRs. The NRC has developed their
own failure frequencies for PWR and BWR plants as function of pipe size, but does not have
-separate frequencies for carbon and stainless steel pipes. .

Table 4.1-1 lists the normalized failure frequencies for both PWR and BWR plants, regardless of
pipe type, calculated from the OPDE database data and the NRC mean predi>ctions [38].

A

? Table 4.1-1. OPDE Calculated, and NRC Predicted, Normahzed
Failure Frequencies (llcal-} rs). :

f;';‘e‘ | Pipe (Si;i;g;“ps OPDE Results | NRC Predictions
0.0-1.0 1.3E-04 6.3E-03
1.0-2.0 4 4E-05 2.3E-04
PWR 2.0-4.0 2.9E-05 1.6E-05
4.0-10.0 4.6E-05 2.3E-06
> l 0.0 . 4.2E-05 3.9E-08

b TR A B R R I P e e W

0 0 1 0 8.2E-05 4.7E-04
. 1.0-2.0 2.3E-05 1.3E-04
BWR 2.0-4.0 5.6E-05 2.4E-05
- 4.0-10.0 6.2E-05 6.0E-06
>10.0 7.2E-05 2.2E-06

- ' Figure 4.1-1 displays this information graphically ona semi-lOg plot with normalized failure
frequencies on the y-axis and the pipe size groups on the x-axis. The figure shows that the
results of the OPDE database underestimate the failure frequency for the smaller pipe size groups -
and overestimate the failure frequency for the larger plpe size groups compared to the NRC
predictions for both PWRs and BWRs. However, there is less disparity in the two BWR

predictions than the two PWR predictions.

The NRC predicts that PWR plants are much more likely to have pipe failures in smaller pipes
than larger pipes. This trend remains the same in NRC prediction for BWR plants, but is not
nearly as drastic. The OPDE results for both PWR and BWR plants show a much more
consistent failure frequency both over the range of pipe sizes and between PWR and BWR

plants.
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Figure 4.1-1. Normalized pipe failure ffequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants.

N

There were three issues in the data analysis that were initially thought to factor into the
difference in results between the analyzed OPDE database and the NRC predictions. The first
assumption was that all types of cracks, leaks, ruptures, or other issues were considered to be a
complete failure in the pipe. In actuality this is not true since inspections or other indicators may
catch a crack or leak before a complete failure occurs. As a result, a separate analysis
considering only the pipe ruptures listed in:the OPDE database was conducted. However, the
calculated frequency distribution considering only ruptures did not change significantly, in either
trend or magnitude, from the results obtained when considering all issues to be a failure. The
results of this rupture only analysis are shown below in Figure 4.1-2.
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Figure 4.1-2 Normalized rup‘ture frequencies as a function of pipe group size for both -
carbon and stainless steel pipe failures in both BWR and PWR plants.

The data for this plot is shown in Table 4.1-2.

Table 4.1-2. Normalxzed Rupture Frequencies.

Normalized
Plant | Pipe sze Instances Failure
Type (inches) | of Rupture Frequency
(1/cal-yrs)
0.0-1.0 {|. 37 9.8E-05
1.0-2.0 14 - 3.7E-05
2.0-4.0 10 2.7E-05 _
) PWR 4.0-10.0 29 7.7E-05
>10.0 21 S.6E-05
Total 111 -
0.0-1.0 31 8.2E-05
1.0-2.0 5 1.3E-05
2.0-4.0 6 1.6E-05 | N
BWR 4.0-10.0 11 2.9E-05
>10.0 7 1,9E-05
Total 60 —_—
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The second assumption of concern is the nature of the information contained in the OPDE
database. Since the “light” version of the database did not specify the exact pipe size due to the
proprietary nature of this information, all pipe failures greater than 10 inches were included in
one bin for this analysis. However, for the NRC predictions there are two categories for pipes
greater than 10 inches, LOCA categories 5 and 6. As a result, the OPDE calculated failure
frequencies for the largest pipe group size would be expected to be larger in magnitude than the
NRC’s predictions since it covers a wider range of pipe sizes, and thereby a greater fraction of
the total when normalized.

The final concern is the OPDE database excludes instances of steam generator tube rupture

(SGTR) from consideration. By doing this the total number of failures in the smaller pipe size

- groups is reduced, and the calculated frequencies are lower for the smaller pipe size groups than
if SGTR had been considered. \

The next two plots, Figure 4.1-3 and Figure 4.1-4, present the same data as is included in Figure
4.1-1, but these figures include the ranges for.the NRC prediction. It can be seen that even when
~the range of validity is taken into consideration, a large portion of the distribution still falls
outside the boundaries for both PWRs and BWRs.
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‘ -a- {‘IRC Mean
\ 0OE X N ) ) X NRC g5th Percentile
.. \ooE-02 R ¢  NRCMedian
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g 100803 X
z — -
5 10004 * =
g \ - X “ ‘
uw 1.00E.05 - = - —x
£ S ...
= . =
iC 1.00E-08 ' I
© ¢ .~
[ -~
-u -
& ; . x
g 1.00E-07 - ~—
|5 . | -
1.00E-08 . . +
1.00E-09
1.00E-10 = ‘ :
0.0-1.0 1.0-20 T 2040 : 4.0-100 >10.0
Plpe Size (inches) o

. Figure 4.1-3. Normalized Failure Frequency Distribution for PWRs.
_ _ : 2
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Figure 4.1-4. Normalized Failure Frequency Distribution for BWRs. ,

Table 4.1-3 and Table 4.1-4 serve as summaries of the information on pipe féilure as a function
of pipe size and pipe type from the OPDE database for PWRs and BWRs respectively. All the
data contained in these tables was normalized based on the total number of failures for the given

plant type (1355 for BWR and 1536 for PWR).

¢

L

Table 4.1-3. Summary of PWR Pipe Failures from OPDE Datal;ase as of 2-24-05

Both Carbc;r:ei:e;:pir;d Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only
]?lﬁ zhse: :)e Number Normalized Failure Number Normalized Failure Number Normalized Failure
of Failures Frequency of Failures Frequency of Failures Frequency
(l/cal-yrs) ‘ (Vcal-yrs) (1/cal-yrs)
0.0-1.0 698 1.3E-04 154 3.0E-05 544 1.0E-04
1.0-2.0 228 4.4E-05 74 1.4E-05 154 3.0E-05
2.0-4.0 153 2.9E-05 78 1.5E-05 75 1.4E-05
4.0-10.0 238 4.6E-05 126 2.4E-05 112 2.2E-05
. >10.0 219 4.2E-05 93 1.8E-05 126 '2.4E-05
Total 1536 — 525 e 1011 -—
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Table 4.1-4. Summary of BWR Pipe Failures from the OPDE Database as of 2-24-05

Both Carb(;rtxeiie;;paer;d Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only
Pipe Size ' : : : - - T
(inches) Number NO";?;Z::;;""? Number of Non;i:;z:gni;rlure Number Non;:;::gni;ﬂure
of Failures (Vcal-yrs) Failures (/cal-yrs) of Failures (1/cal-yrs) ‘
0.0-1.0 375 8.2E-05 118 2.6E-05 257 5.6E-05
1.0-2.0 107 1.1E-05 32 7.0E-06 75 1.6E-05
2.0-4.0 259 2.6E-05 32 7.0E-06 227 4.9E-05
4.0-10.0 284 2.9E-05 50 1.1E-05 234 5.1E-05
> 10.0 330 3.4E-05 39 8.5E-06 ' 291 6.3E-05
Total 1355 ~—— 271 o 1084 -—

There are a few important things to note from these tables. ‘The first is that there have been a
similar number of failures reported in BWRs as PWRs (1355 vs. 1536). Second, there were 4
times as many failures of stainless steel pipes as carbon steel pipes in BWRs (1084 vs. 271), and
almost two times as many stainless steel failures than carbon steel failures in PWRs (1011 vs.
525). It was not expected to find more stainless steel failures than carbon steel failures. It
should also be noted that while the number of stainless steel pipe failures is about the same for
both BWRs and PWRs, but nearly twice as many carbon steel failures were observed in PWR
plants than BWR plants (525 vs. 271).

Figure 4.1-5 and Figure 4.1-6 shows a more detailed representation of failure frequencies as a
function of pipe size for PWR plants only, and BWR plants only, respectivély. These ﬁgures
present the separate failure frequency distributions for carbon steel and stainless steel pipes,
where the data is normalized based on the total number of failures for each plant type., Fxgure
4.1-5 shows that failures of stainless steel pipes are more frequent than carbon steel pipes only
for smaller pipe sizes in PWRs. Fxgure 4.1-6 shows that stainless steel pipe failures are much
more frequent than carbon steel pipe failures at all pipe sizes in BWRs.

As previously mentioned, the data for these two figures (4.1-5 and 4.1-6) was normalized using
the methodology explained in the Data Analysis Section, using the total number of failures
(carbon + stainless) for each plant type. Conducting the analysis in this manner allows for
relative comparisons of failure frequencies to be made between the two types of pipes, however,
it does not allow for the failure frequencies to be compared to the NRC predictions. As a result,
a second analysis was done where the data was normalized based on the number of failures for a
given pipe type in each plant type. In other words, the BWR carbon steel failures would be
normalized by the total number of carbon failures in BWRs. The results of this modified
analysis are given in-Figure 4.1-7 and 4.1-8 for PWRs and BWRs, respectively. The summary

" tables, with the recalculated frequencies, have also been included as Table 4.1-5 and Table 4.1-6.

It can be seen from these two figures that conducting the analysis in this modified manner
collapses the data, meaning that the failure frequencies, based strictly on pipe size, are very
similar for carbon and stainless steel pipes in both types of plants. However, the fact remains
that stainless pipes are still more likely to fail than carbon pipes in both plant types, based in the
relative number of failures for each. More importantly, however, conducting this modified
analysis did not show any substantial improvement in matching the data to the NRC predictions.

\
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Figure 4.1-5. Normalized pipe failure frequencies as a function of pipe size for PWRs.
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Figure 4.1-6. Normalized pipe failure frequenciés as a function of pipesize for BWRs.
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Figure 4.1-7. Normahzed pipe failure frequencies as a functlon of pipe size for PWRs usmg
the Modified Analysis Method.
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Figure 4.1-8. Normalized pipe failure frequencies as a function of pipe size for BWRs using
the Modified Analysis Method. -



Table 4 1-5. Summary of PWR Pipe Failures from OPDE Database as of 2-24- 05 using the
Modified Analysis Method.

Both Carbon Steel and Stainless

Carbon Stee! Pipes Only

Stainless Steel Pipes Only

Pi . ~ Steel Pipes
(llg zhil:)e Number Normalized Failure Number Normalized Failure Number Normalized Failure
of Failures Frequency of Failures Frequency ] of Failures Frequency
(1/cal-yrs) (1/cal-yrs) (1/cal-yrs)
0.0-1.0 698 1.3E-04 154 8.7E-05 544 1.6E-04
1.0-2.0 228 4.4E-05 74 4.2E-05 154 4.5E-05
2.0-4.0 153 2.9E-05 78 4.4E-05 75 2.2E-05
4,0-10.0 238 4.6E-05 126 7.1E-05 112 3.3E-05
> 10.0 219 4.2E-05 93 5.2E-05 126 3.7E-05
Total 1536 - ' 525 --- 1011 ---

Table 4.1-6. Summary of PWR Plpe Failures from OPDE Database as of 2-24-05, using the
Modified Analysis Method.

Both Carbon Steel and Stainless

Carbon Steel Pipes Only

Stainless Steel Pipes Only

o Steel Pipes
l;:ﬁzhs(::)e Number Normalized Failure Number Normalized Failure Number Normalized Failure
of Failures Frequency of Failures Frequency of Failures Frequency
: (1/cal-yrs) (1/cal-yrs) (1/cal-yrs)
0.0-1.0 698 1.3E-04 154 3.4E-05 544 7.0E-05
1.0-2.0 228 4.4E-05 74 9.3E-06 154 2.0E-05
2.0-4.0 153 2.9E-05 78 9.3E-06 75 6.2E-05
4.0-10.0 238 4.6E-05 126 1.5E-05 112 6.4E-05 .
>10.0 219 4.2E-05 93 1.1E-05 126 7.9E-05
Total 1536 .- 525 - 1011 -—




4.2 Pipe Failures as a function of Pipe Size from Independent Data '

The independent database was used primarily to confirm the OPDE database predictions, along
with comparing this set of data to the NRC data. Due to the small number of incidents found in
this database, some of the pipe group size data groups had values of zero. When plotted on a
semi-log scale, similar to the NRC and the OPDE plots, the points do not appear on the plot for
that particular pipe size group. This occurs only once for the total normalized frequency plot for

BWR data.

Table 4.2-1 shows the comparison of the OPDE, NRC and the independent database frequencies.

" Table 4.2-1. OPDE Calculated, NRC Predicted, and Independent
Database Calculated, Normalized Failure Frequencies (1/cal-yrs).

Plant Pipe Size NRC Independent

Type (igches) OPDE Data Prediction Dafabase
0.0-1.0 1.3E-04 6.3E-03 3.6E-05

1.0-2.0 44E-05 2.3E-04 3.6E-05

PWR 2.0-4.0 2.9E-05 1.6E-05 9.4E-05
4.0-10.0 4.6E-05 2.3E-06. 2.2E-05

3.9E-08 1.1E-04

. 4.7E-04 2.3E-05

1.0-2.0 2.3E-05 1.3E-04 0.0E+00

BWR 2.0-4.0 5.6E-05 2.4E-05 3.4E-05
4.0-10.0 6.2E-05 6.0E-06 2.3E-05

>10.0 7.2E-05 2.2E-06 2.2E-04

The Figure 4.2-1 presents the overall normalized frequencies of PWR plants in the United States,
and roughly 10 foreign plants for the independent database, the entire OPDE-light, and the NRC
mean data given in reports. As seen, the NRC mean values of frequency decrease as the pipe
size increases. Although in the two other mdependent sets of data obtained, the frequencies
remain relatively the same throughout the pipe size groups. Pipe sizes which were less than
roughly two inches had a lower frequency for the two independent data sets compared to the
NRC data, and the pipe sizes above the two to four inches group size show a higher frequency
compared to what the NRC’s expert elicitation has predicted. This figure shows that the two
independent data sources follow similar trends compa:ed to what the NRC’s prediction. The
PWR frequency shows a vast difference at the higher pipe size groups which in turn contradicts
the thinking that larger the pipe size have a smaller break frequency.
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Figure 4.2-1. Normalized pipe failure frequency as a function of Pipe Group éhe for
» PWRs.

Figure 4.2-2 presents the overall BWR data for the independent data, the OPDE-light, and the
NRC data. A similar trend for each data set can be seen in BWR’s as in PWR’s, except that the
frequency range is much smaller for BWR’s than PWR’ s. The independent data provided no
 pipe failures in the pipe size group of one to two inches, 'and thus on a log-scale, no data point
appears on the figure. Once again the independent data and the OPDE-light data coincide
~ throughout the pipe size groups, and contradict the NRC prediction of pipe failure frequencies;
except for the range of two to four inches again they are similar. Pipes which are larger than ten
- inches prove to have a higher frequency in the two independent data sets when compared to that
of the NRC data set provided by expert elicitation. ”
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a

Overall, the two independent data sets show contradicting trends when compared to the NRC
normalized frequencies. Instead of the double-ended guillotine break being analyzed for every |
plant for the largest pipe in that plant, the NRC is trying to make the maximum break size which
needs to be analyzed ten inches. The reasoning for this is due to low frequency of breaks in
pipes of larger diameter than ten inches. This data above shows that the frequency from raw.data
does not agree with the current NRC predictions by expert elicitation. There is a high frequency
of occurrence in pipe sizes greater than ten inches according to the independent data found.



4.3 Pipe Failures as a fimciion of Failure Mechanism _

* This section of the report summarizes the frequency of failure mechanisms for carbon and
stainless steel pipes. The information presented in figures 4.3-1 through 4.3-3 represents the
normalized failure frequencies for each failure mechanism. This data is also presented in tabular
form in table 4.3-1. The data was collapsed by pipe sizes and broken apart by steel type and

plant type. The data was normalized for each type of steel based on the number of reactor years
-and the total amount of failures (carbon +stainless) for each plant.

Table 4.3-1. Failure Frequencies of Pipes for each Failure Mechanism.

Plant . . Carbon Steel Stainless Steel ~ Total Failure
Type - Failure Mechanism Failure Frequency | Failure Frequency Frequency
PWR Corrosion 2.04E-05 5.38E-06 2.57E-05
“PWR FAC 2.29E-05 2.32E-05 4.61E-05
PWR MIC 8.26E-06 1.92E-07 8.45E-06
PWR Erosion 1.84E-05 2.30E-06 2.07E-05
PWR Fatigue 1.77E-05° 9.62E-05 , 1.14E-04
PWR Human Factors 6.91E-06 2.42E-05 ‘3.11E-05
PWR Mechanical Failures 4.23E-06 7.11E-06 1.13E-05
PWR SCC - 9.60E-07 3.25E-05 3.34E-05
PWR Water Hammer 0.00E+00 3.84E-07 3.84E-07
2.69E-06 .B4E-06 :
g & TRy
BWR Corrosion 6.31E-06 6.97E-06 1.33E-05
BWR FAC 1.26E-05 1.37E-05 2.63E-05
BWR - MIC 1.31E-06 2.18E-07" 1.52E-06
BWR Erosion 8.71E-06 1.96E-06 1.07E-05
BWR Fatigue 1.55E-05' 4.90E-05 6.44E-05
BWR Human Factors 5.22E-06 1.85E-05 2.37E-05
BWR Mechanical Failures 3.92E-06 5.44E-06 ~ 9.36E-06
BWR SCC 4.14E-06 1.36E-04 1.40E-04
BWR Water Hammer 4.35E-07 2.18E-07 6.53E-07
BWR Misc 8.71E-07 4.14E-06 5.01E-06
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Figure 4.3-3. PWB and BWR Failure Frequency for Carbon and Stainless Steel Pipes as a
Function of Failure Mechanism

From these plots it was determined that PWR plants are dominated by fatigue failures and BWR
plants are dominated by stress corrosion cracking failures. However, in general the most
frequent failure mechanisms for both plants are corrosion, fatigue, mechanical factors, and stress
corrosion cracking. These four failure mechanisms were analyzed as a function of pipe size in
figures 4.3-4 through 4.4-7.

. 0
For these plots corrosion includes general corrosion, flow accelerated corrosion, and )
microbiological corrosion. Stress corrosion cracking was not included with corrosion because
the pipe failure method for stress corrosion cracking is different than the other corrosion types.
Though mechanical failure frequency was not the highest, mechanical failures were chosen
because they appear to be independent of pipe type and plant type. Human factors were ignored
because they are a factor of quality assurance as opposed to the other failure mechanisms which
are primarily a factor of operation. In regards to human factors it is not known if they have
decreased with reactor operating experience because the dates of failures was not included with
the OPDE data.
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The frequencies of pipe failures by corrosion shown in Figure 4.3-4 are nearly independent of
pipe size. With the exception of the smallest of pipe sizes (< 1.0 inches) the frequency of failure
for each type of steel is relatively constant. Stainless steel has a lower frequency of failure due
to corrosion than carbon steel, which is expected because stainless steel is meant to be corrosion
resistant. ' '

Figure 4.3-5 shows that carbon steel is less likely to fail by fatigue than stainless steel for all pipe
sizes. The figure also shows that as the pipes increase in size they fail less frequently by fatigue.
This is more than likely due to greater movement of the pipes as they decrease in size. The
amount of force required to fatigue a larger pipe is greater than that of a smaller pipe.

Figure 4.3-6 supports the information from figure 4.3-3 that shows mechanical failures being
relatively equal for all pipe sizes and types. The frequencies of the different pipes in each bin are
roughly the same and they stay relatively constant across the spectrum of pipe sizes. The
different failures that were grouped into mechanical failures as listed in the section 3.0 are
excessive vibration, overpressurization, overstressed, and severe overloading. Though the
instances of these failures are low they seem to affect all pipes relatively equally.

Stress corrosion cracking appears to be much more prevalent in stainless steel pipes as opposed
to carbon steel pipes as shown in Figure 4.3-7. The discontinuity in the carbon steel data is due
to plotting a frequency of zero on a log scale. For both stainless and carbon pipes the frequency
of failure increases for the largest pipe size (> 10 inches).

r~
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5.0 Conclusions from Data

)

K

5.1 Pipe Failures as a function of Pipe Size from OPDE Data

1.

'Ihe main problem with the OPDE database is it does not have any resolution bcyond
pipe sizes greater than 10 mches

For both PWRs and BWRs the results of the OPDE database underestimate the failure
frequency for the smaller pipe size groups, and overestimate the failure frequency for
the larger pipe size groups, compared to the NRC predictions. In both cases the
OPDE data does not predict as drastic of a difference in the frequencies for small
pipes and large pipes as the NRC does..

The OPDE database excludes instances of steam generator tube rupture (SGTR) from

~ consideration. By doing this the total number of failures in the smaller pipe size

groups are reduced, and the calculated frequencies are lower at smaller pipe sizes than
if SGTR had been considered. This may be one source of difference in the OPDE
results and NRC predxctlon

The OPDE database reports failures of stainless steel pipes are more frequent than -
carbon steel pipes for smaller pipe sizes in PWRs and stainless steel pipe failures are
much more frequent than carbon steel pipe failures at all pipe sizes in BWRs.

5.2 Pipe Failures as a function of Pipe Size from Independent Data

1. The data set collected independently by our group compares very well with the trends
observed in the OPDE data, but does not match the results predicted by the NRC.

2. The main problem with this data set is the limited amount of data points.

3. Failure mechamsm plots were not made due to the lack of- vanety in failure
mechanisms. The majority of the failure mechanisms were erosion/corrosion and
stress corrosion cracking. « :

5.3 Pipe Failures as a function of Failure Mechanism /

1. The failure mechanism that appears to dominate PWR plants is fatigue failure, and
BWR plants are dominated by stress corrosion cracking failures. In general both
plants are limited by corrosion, fatigue, and stress corrosion cracking.

2. For some failure mechanisms the frequency of failure increases as pipe size increases.

Stress corrosion cracking is one failure mechanism where this trend is seen. It should
be noted that this does not necessarily contradict the NRC’s assertion that larger pipes
break less frequently. This conclusion only states that for some failure mechanisms

large pxpes fail more frequently.
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. Although the OPDE data does not show water hammer to be a significant failure
mechanism, it should be noted that the OPDE database listed 450 separate water
hammer events where structural pipe integrity was challenged but not failed. Had this
data points been included as probable failures, water hammer would have become one
of the leading failure mechanisms.
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. — PIPESZE | TOTALNO. -
PLANT TYPE| PIPE TYPE | SYSTEM GROUP APPARENT CAUSE GROUP | OF RECORDS| Crack-Fus | Crack-Part | Deformation] LergeLeak |  Leak PH-Leak | Ruptse | Seversnce | Smaltesk | Wal finng
PWR -GS AUXC Cawtaton 5 [ 1
PWR [53 AUXC Cawlabon-ecosion 5 1 ~ 1
PWR Cs AUXC Cawlaton-erosion 6 1 1
PWR [ AUXC Comosion 2 15 1 2 1 10 1
PWR [ AUXC Comosion 3 17 1 3 10 3
PWR [ AUXC Corrosion ] 15 1 3 D)
PWR [ AUXC Carrosion - 3 20 Y 1 9 8 1
PWR €S AUXC Conosion & -18 1 1 5 10 f]
PWR [ AUXC Erosion-cawiaton 3 2 1 1
PWR CS AUXC Erosion-corrosion 1 4 1 3
PWR Cs AUXC Erasioncorosion 2 17 - 1 2 14
PWR Cs AUXC ErosION-COmosion 3 15 5 10
PWR Cs AUXC Erosion-corrosion 4 13 1 1 1 ) 3 1
PWR cs AUXC Eroson-comosion .6 - 20 1 3 5 1 10
PWR cs AUXC Erosion-comosion 6 20 E) 1 ) 7
PWR Cs AUXC Exlemal impact 5 1 1
PWR CB AUXC FAC - Flow Accelarsted Comosion 3 [ 1
PWR [ AUXC Galvanic Cormosion 2 1 1
PWR [ AUXC HF CONSTANST 1 1 1
PWR [ AUXC ~ HF.CONSTANST 2 4 4
[ PWR Cs AUXC HF.CONSTANST 3 2 1 1 p
S oo g L
PWR CS AUXC HF.CONSTANST 5 2 Kl 1
~ PWR C§ AUXC HF.Human Eroc - 2 1 [ -
PWR C§ AUXC NF. Human Error 3 1 1
PWR [ "AUXC HF Welang Eror 3 5 N ? [
PWR CS AUXC ; HF Welang Error 3 b - 1
-PWR [ AUXC MIC - & gcaty induced Ci 2 2 7 1
PWR [ AUXC MIC - Microbiclogcaty induced Comosion 3 4 3 1
[ PWR Cs AUXC MIC - Microblologcaty induced Carrosion 4 11 7 1 3
PAWR Cc§ AUXC MIC - Microbiologicaly induced Corosion 5 12 1 1 1 3 6 1
PWR CS AUXC MIC - Microblologically induced Corrosion 6 3 [} 1 1
PWR CS AUXC Severs overioading 1 1 1
PWR C8 AUXC Severa ovaroadng 4 2 2
PWR [ AUXC Thermal s¥gus 4 [) 1
PWR CS AUXC Unreporied 3 1 i
PWR CS AUXC Vibrasan-F asgue 2 17 7
PWR cs AUXC Moraron-{aigue 4 7 [ 2°
~PWR §S = HF.CONSTANST 2 1 - i
T PWR [ CS HF Weidng Eror 3 1 1
[ PWR [ CS IGSCC - nlergramiar SCC 5 3 3
L PWR [ CS TGSCG - Transgranusr SCC. 5 3 3
S -
PWR S5 CS Unréporied 3 1 1
. PAR £5 CS Virason-{stigue 2 6 1 ]
PWR S8 CS Vibraton{sigue S 6 1 1
PWR Cs EHC Sevese Overioadng 2 2 2
PWR [ EHC Vibrabon-F sbgue 1 3 1 1 1
PWR [ EHC Vibraton-F sigue 2 9 1 1 7
PWR CS EHC Vibrabor-{ague 4 1 1
PWR §S EPS Vibrason{atigue 1 " 2 2 7
PWR 65 EPS \Vibrasan-{ssgue 2 3 1 - 2
PWR 5 FPS Comoslon 2 4 1 3
—PWR 53 FPS Caosion 3 3 1 2
PWR C5 FPS Corrosion N 4 3 3
[ PWR_ [v3 FPS Coroson [ 4 1 1 1 [
PWR CB FPS Comosion 3 2 [ [ -
[T PWR C5 FPS HF.CONSTANGT 3 2 [ 1
PWR 3 FPS HF Humaa emor 3 1 1
~PWR (3 FPS HFREPAIRMAINT 3 1 [
~PWR C8 FPS HF Weldng Error 3 1 1
PWR 3 FPS MIC ~ Micr gcaty inauced C 5 7 1 1 2 1 2
[~ PWR CS FPS MIC - Microblologcaty Induced C 6 4 4
PWR 5 FPS Bovero overiocadng 3 7 [
[ PWR [3) FFS Sevefo overloads 4 1 1
[T PWR_ [+3 FPS Severe overos s 5 2~ 7
PWR CS FPS Gevere ovarioadng 6 1 L]
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PWR S FWC Carrosion 3 3 1 —. 2
PWR S FWC Cosrosion 4 1 1
PWR ) FWC Corosion 6 3 1 1
PWR S FWC Comosion-{atgue 4 1
PWR 55 FWC Comosion-fatgue 6 3 1
PWR 88 FWC Erosion 2 2 2
PWR S FWC Eroson 5 1 1
PWR 3 PWC . FAC « Flow A d C 1 2 1 1
PWR 5S FWC FAC - Flow Acceiorsted Cormosion 2 4 1 1 1 1
PWR [3 FWC FAC « Flow Accelerated Carmosion 3 7 3 1 2
PWR 53 FWC FAC « Flow Acceder aled CorTosion 4 11 1 2 3 2 2
PWR [] FWC FAC - Flow Accelersted Corosion 6 27 2 1 11 4 8
PWR [5] FWC FAC = Flow Accelarated Corrosion [] 67 1 7 8 50
PWR S5 FWC Fatgue 2 3 1 2
PWR 3 FWC Fabtgue 3 1 1
PWR BS FWC Fabgus 4 1 1
PWR 5S FWC Gavanic C 3 2 2
PWR 5S FWC HF.CONSTANST 2 2 1 1
PWR 3 FWC HF.CONSTANST 4 2 — 2
PWR S5 FWC HFCONSTANST 6 1 1
PWR 65 FWC HF.Design esTor 1 1 1
PWR SS FWC HF Fabncation Eror 4 1 1
PWR S8 FWC HF REPAIRMAINT 4 1 1
PWR 8S FWC HF-REPAIRMAINT 6 1 1
PWR S5 FWC HF Weldng Emor 1 1 1
PWR SS FWC HF.Weldng Ervar 2 2 2
PWR 55 FWG HF Weksng eimor 3 2 1 1
PWR 55 FWC HF.Weiang error [] 1 1
PWR BS FWC HF.Weldng Efror [3 3 1 1
PWR SS FWC Severs overloadng 2 5 4
PWR SS FWC Sevese ovarioadng 3 1 1
PWR 83 FWC Sovere overioadng 4 2 1
PWR &3 FWC Severe overioadng [} 2 1
PWR 83 FWC Sovera overosdng [3 6 4 1
PWR 55 FWC Tharmal Fetige 2 2 1 1
PWR [ FWC Thenrel Faiguo 3 2 i [
PWR £5 FWC Tharmal Fatigus 6 13 1 3
PWR &S FWC Thormal Faigue - Cycing 3 1 1
PWR 55 FWC Thermal Fabgue - Syatficaton [3 5
PWR §S FWC Wibraton-{atgus 1 5 . 3 2
PWR &S FWC Vibraton-F atigue 2 23 1 2 2 18
PWR 55 FWG Vibrason-fatigue 3 5 3 1
PWR SS FWC Wbrason-Fatgue 4 2 1 1
[ PWR__ X3 FWC VxaboFasgue ) O 2
PWR £S5 FWC Vidraton-{stgus 6 5 1
PWR SS FWC Water Hammer [} 1 1
PWR [ FWGC Waler Hammer 6 1 1
PWR CS IA-SA -~ Faigue 2 1 [l
PWR [¥3 1A-SA HF.Human ervor 1 2 1 1
PWR CS LA-SA HF Human erfor 2 2 2
PWR CcS A-SA = Severs overiocadng 2 1 1
PWR [+] 1A-SA Severe overoadng 3 1 1
PWR C§ 1A-SA Vibration-fatgue 1 4 1 2 1
PWR CS - 1A-SA \ibraban-fabgue 2 11 6 4 2
PWR CS PCS Corosion 2 1 1
“TPWR [ol: PCS Erosion 5 2 3
PWR [} PCS Erosion 6 1
PWR CS PCS FAC - Flow Accelerated Corrosion 2 4 1 3
PWR CS PCS FAC - Fiow Accsierated Conosion 3 7 2 5
PWR [ PCS FAC - Flow Accelerated Comosion 4 9 1 4 3 1
PWR CS PCS FAC - Flow Accelerated Comosion 5 28 3 6 20
PWR Cs PCS FAC - Flow Ac d Ci 6 12 2 3 7
PWR =3 PCS Fatque [ 1 1
[~ PWR (%3 PCS Fretiog 3 1 1
PWR 3 PCS HF Weldng aror 5 1 1
PWR CS PCS PWSCC 4 1 1
PWR CS PCS Severe overloadng 2 1




PWR [ PCS Savere Gverioadng 6 2
PWR CS PCS Thermal faboue 3 1 1
PWR cs PCS Vibraton-Fatigue 1 2 1
| YR
PWR cS PCS Vibrason-1atgua 2 10 0
PWR CS PCS Vidraton-{aique 3 i) 1
PWR [5] PCS \Vibraton-{asgue [ 4 4
PWR 53 RAS BASCC - -2 2 1 1
PWR [ RAS BIA-SCC : 3 5 4
PWR 53 RAS .. BaNe-Fiactre 1 1 1
PWR 3 RAS Caviiaton-erosion 6 1 » 1
PWR 5S RAS Camosion 1 1 1
PWR SS RAS Carrosion 2 2 1 1
PWR S RAS Corosion 4 5 3 1
PWR SS RAS Conrosion 5 2 1 1
PWR 5S RAS ECSCC - Extemal Chioride inducad 5CC 1 8 4 - 2
PWR 55 RAS ECSCL - Extemal Chionde Induced SCC 2 1 1
PWR 63 RAS ECSCC - Extemal Chionida induced SCC 3 1 1
PWR SS RAS ECSCC - Extemal Chionds Induced SCC 4 2 2
PWR 55 RAS Ercsion-caviiaton 4 -2 2
PWR £S - RAS Excessive Vibraton 3 1 1
PWR 55 RAS FAC « Flow Acceloraled Comosion 2 1 k]
PWR SS RAS FAC - Flow Accelerated Corosion 3 1 1
PWR §5 RAS Freiing i 1 1
PWR ) RAS Fratng 3 1 1
PWR S8 RAS HF.CONSTANST 1 3 1 1 1
PWR SS RAS HF CONSTANST 2 6 . 1 [}
PWR S5 RAS HF CONSTANST 3 5 1 4
PWR SS RAS HF.CONSTANST 4 3 3
PWR 8S RAS HF .Fabncaton Eror 2 1 1
PWR 58 RAS HF Human eror 2 1 1
PWR =S RAS HF Human eror 3 1 1
PWR &S RAS HF REPAIRMAINT 1 1 1
PWR £S5 RAS HF Weiding Erfor 1 4 1 3
PWR SS RAS HF Welang Emtor 2 7 2 4
PWR 3 RAS HF.Weidng Error 3 4 1 1
PWR 55 RAS HF.Weidng error 4 2 3 1
PWR 53 RAS KGSCC - ket granudar SCC 4 1
PWR 55 RAS MIC - Microbiclogrealy induced Corrosion 2 1 )
PWR 55 RAS Overpressurization 5 1
PWR [ RAS PWSCC 2 2 1
PWR &S RAS PWSCC 3 7 AR 6
PWR . 5S RAS PWSCC 4 [ 4
PWR (3 RAS . PWSCC 5 3 1 2
PWR £S RAS Severs overioadng 2 1 1
PWR 53 RAS Severa overioadng 3 3
PWR SS RAS TGSCC « Transgranular SCC 1 5 5
PWR 5S RAS TGSCC » Transgramudar SCC 2 1
—PWR 55 RAS TGSCC - Tiansgrarusr 5CC. 3 3 1 2
PWR £S RAS TGSCC - Transgranulsr SCC 4 1 1
PWR SS RAS Thermal Fetgue 3 ] 1 3
PWR 55 - RAS Theamal Fatque 4 2 1 1
PWR &S RAS Thermal Fabgue - Cychng 3 1
PWR B3 RAS Unreporied- 4 1 [
PWR SS RAS Urseportod 5 1 1
PWR 58 RAS Vibrabon-faigue 1 10 8
PWR [ RAS Wibraton-fasgue 2 105 7 12 76
PWR &S RAS Vibrason-fatique 3 44 2 7 25
P SS RAS Vorabondabgue - 4 10 1 2 7
[ PWR [ RAS Vioraton-sigua 5 4 3
T PWR £S5 RAS Vibrabon-labgue 3 1 ()
PWR 85 RCPB B/ASCC 1 1 1
PWR SS RCPB B/A-SCC 2 1 1
PWR [ RCPB Corrosion 2 2
PWR 8S RCPB Comosion-fasgue 2 1 1
PWR [ RCP8 Corosion-lasgue 4 il
PWR 53 RCP8 ECSCC - Extemnal Chioride Induced 8CC 1 1
PWR 55 RCPB Fretung 1 1




) RCP8 HF CONSTANST 1 B 3
§S RCPB HF.CONSTANST 2 12 2 7
3 RCPB HF .CONSTANST 3 2 2
5 RCPB HF CONSTANST 4 1 1
[ RCPB HF.CONSTANST 5 1 1
S5 _ RCPB HF.Design Emor 1 - 1 1
SS RCPB RF.Desion arror 2 [}
§S RCPB HF-REPAIRMAINT 1 []
[ RCPB " HF Wekang Ervor 1 3 1
53 RCP8 HF Wekdng Error 2 1 9
5S RCPB HF Weldng Ertor 3 2
55 RCPB HF Weking eror 6 1
583 RCPB Hydrogen embritiement 1 1
$S RCPB IGSCC - lntergranular SCC 5 1
&S RCPB PWSCC K] 2 [ 1
[ RCPB PWSCC 2 @ 26 10
&S RCPB PWSCC 3 6 5
5 RCPB PWSCC ] 3 2
[ RCPB PWSCC 5 2. 1
[ RCPB PWSCC 3 7 3
3 RCPB Severe overioadng 2 3 3
SS RCPB Severe oveioac 3 1
53 RCPB TGSCC - Transgranutar SCC 1 7 1 4
53 RCPB TGSCC » Transgranudar SCC 2 [
€3 RCPB_ TGSCC - Transqgrandar SCC [N 1
$S RCPB Thermal latgue 1 1
§S RCPB Thermal fatigue 2 1 1
55 RCPB T Thermallatgue - 3 1
55 RCPB Thermal tatgue 6 1
SS RCPB Thermal Fatigue » Cyckng 3 1 1
58S RCPB Thormal Fatgua - Cyckng 3 1
&S RCP8 Vibrabon-Fatigue 1 3 1 24
55 RCPB \Aorabon-F atigue 2 82 2 66
53 RCPB . Vioration-{adgue 3 11 7
SS RCPB ° Vibraton-tatigus 4 2 1
[ RCPB Vitratan-Fatgue [ 2 2
53 RCSANSTR Falgue 7 1 1
—8S RCSINSTR HF.CONSTANST 1 1
. 5 RCS-INSTR HF-CONSTANST 2 1
PR 55 RCSINSTR Vibrason-Faigos 1 7 1
PWR S RCS-INSTR "~ Vibraton-latgue 2 0 1
PWR 3 5 Cortosion 1 1 1
PWR CS G Deformaton/ihenmal Fatgua 2 ) 1
PWR - [=] 29 FAC - Flow Acceleraiod Corosion 3 3 2
PWR Cs G HF Weldng Error 3 1
PWR [ G PWSCC 1 3 3
BEE 5] SG TGSCC - Transgrenuar SCC 2 1 1
[ PWR TS 5G Vrason-Feigue 2 2 2
[—FWR TE 56 Viraton fatoue 4 i 0
PWR S8 SIR WA-SCC 3 1 1
[~ PR SS SIR BIASCC 5 3 2
PWR 5S SIR Caviaton-ecosion 3 1
PAR ) SIR Cavtaton-erosion 5 2 2
[ PWR S5 SIR Corrosion 2 1 ) 1
PWR 65 SIR ECSCC « Extornal Chioride induced 5CC 3 3 1
I PWR 3 SIR ECSCC - Extemal Chionda induced SCG 3 1 1
Ty €S SIR Erosion-caviiaton 2 3 0
T PR §S SR FAC - Fiow AcCeleraied COTosion 2 7 [
PWR &S SiR Freezing 1 1 4
PWR €S IR Fro 3 7
PWR 53 SIR HF.CONSTANST 1 1 j
| PwWR_ 55 SR HF.CONSTANST 2 4 3
PWR 5 SIR HF.CONSTANST 5 2 1
PWR ] SIR HF Human sor 2 1 1
PWR [ SIR HF REPAIRMAINT 3 1 1
—PWR 3 SR HF Weldng Efor 7 k) 7
PWR 65 SIR HF Weking efror 2 7 ]




~
[ PR _ £5 SR HE Weking Envor 3 i 1
PWR 55 SIR HF Weldng Enor 4 2 1
FWR (= SIR HF Welang Error 5 2 L)
FWR S5 . SIR HF Weldng Ervor 6 1 1
PWR 83 SIR Oversvested 1 3 3
PWR 53 SIR PWSCC 2 1
PWR 55 SIR PWSCC 3 5 6
PWR §S SIR PWSCC 4 2 2
PWR - [ SIR PWSCC [) 17 2 10
TPWR [ SIR Teavere Overicadng 1 1 1
PWR 55 SIR .Severe overicadng 2 3 2 1
PWR £S5 SiR “Severe overoadng [ 2 1 1
PWR 63 SIR Severe overioadng 6 2 1
PWR S5 SIR TGSCC - Transgranuar SCC 1 1
PWR &S SIR TGSCC - Transgranuar 5CC 2 1 1
PWR £S SIR TGSCC - Transgranuar SCC 4 1
PWR 6S SIR TGSCG - Transgranuar SCC 5 1 1
PAWR SS SIR Thermal fatgue 3 1 1
PWR 5S SIR Thesmal [a¥gue 4 3 2
FWR 58S SIR Thermal fatgue 5 8 2
PWR 6S SIR . Thenmal Fakgue - Cyckng 3 1 1
PWR . S8 SIR Thermal Fasgue - Cycing 4 1 1
PWR $S SIR Urreported 3 2 2
PWR §S SiR Urveported [ 1 1
PWR £S5 SIR Urceporied 6 1
PWR £S SIR Viraton-iabgue 0 3 1 1
PWR 65 SIR \Vibranondatgue 1 8 2 6
PWR £5 SIR Vibraton-fatque 2 42 2 2 a1
PWR 3 SiR Viorston-labgue 3 9 g 7
PWR ) SIR Virator-istigue 4 3 3
PWR 55 SIR Viraton-faggoe 6 7 1 4
PWR CS STEAM Corosion 3 1
[~ PWR [<3 STEAM Conosonlatgue s 1 1
PWR =] STEAM Erosion 4 1 1
PWR CS STEAM Erosion [ [
PWR CS STEAM FAC - Fiow AC aCi 2 10 [ 9
PWR CS STEAM FAC - Flow Accelefaited Comasion 3 9 - 9
PWR CS STEAM FAC - Flow Acceteraied Comosion 4 8 1 5
™ FPWR | CS STEAM FAC - Flow ACCtiorated COmosion 5 14 3 S
PWR [ STEAM FAC - Flow Atceieratad Coosion 3 14 1 10
PWR [ STEAM Fretung 3 1
| PWR 3 STEAM HF.CONSTANST 2 3 1 2
PWR CS STEAM HF.Human Error 2 1 1
PWR CS STEAM HF Human eror 6 1 1
PWR C5 STEAM HF Weldng Ertor . 1
PWR (<3 STEAM HF-Welang Error ;3 1
PWR CS STEAM HF Wekang emor 6 2 2
PWR [+ STEAM Oversvessed K] 1
PWR C5 STEAM Severe overoadng 4 1 1
PWR CS STEAM Savere overoadng 6 2 2
[~ PwWR (3 STEAM , Severe overoading 3 3 2 1
PWR [ STEAM Vibraton-fatque 1 2 k] 1
PWR Cc8 STEAM Virason-lasgue 2 9 1 [ 6
PWR [ STEAM Vibraton-iaigue 3 2 1 1
PWR [+ STEAM Vibraton-{atgue 4 1 1
PWR CcS STEAM Vibraton-{aigus 6 1 1
M

-

~



TOTALNG.

PIPE SIZE
PLANY TYPE| PIPE TYPE | SYSTEM GROUP APPARENT CAUSE GROUP _ |OF RECORDS| Crack-Ful | Crack-Part | Deformation| Large Leax Leak PA-Leak Ruptre | Severance | Smalk Leak § Wal timing
BWR CS AUXC Corrosion 1 1 K -
BWR CS AUXC Corrosion 2 4 1 3
BWR [<: N AUXC Corrosion 3 2 1 1
BWR [ AUXC Corrosion 4 3 1 1 1
[ 8WR CS AUXC Comosion 5 4 1 1 $ i)
BWR CcS AUXC Corrosion 6 7 2 2 2 1
BWR [<3 AUXC Erosion-cawtaton 3 1 1
BWR [ AUXC Erosion-cawtation 6 1 1 N
BWR CS AUXC Erosion-Corrosion 3 4 2 2
BWR =3 AUXC Erosion-coosion 4 7 1 2 1 3
- BWR CS AUXC Ercsion-corrosion 5 9 3 5 1
BWR CS AUXC Er 6 15 2 8 2 3
BWR CS AUXC HF.CONSTANST 2 1 i
BWR [<3 AUXC HF:CONSTANST - 5 1 1
BWR cSs AUXC HF-Fabncaton Eror 5 1 1
BWR CS AUXC MIC~ Y incuced C. 2 \ 1 1
BWR CS AUXC MIC - gcaly induced C 4 2 - 2
BWR CS AUXC MIC - Microbiologicaty induced Comasion 5 1 1
BWR CS AUXC MIC - Miczobiologicaty induced Comosion 3 1 1
BWR [ AUXC Severa oversong 3 3 3
BWR [+ AUXC . Severs overoadng [ 2 1 1
BWR CS AUXC Severe overicadng 6 2 2
BWR CS AUXC Urreporied 6 1 1
BWR CS AUXC Vibratan-fasgue 2 11 1 r 2 8
8WR cs AUXC Vibraton-Fasgue 3 - 1 1
BWR [ AUXC — Vibrabon-Fatgue 2 1 1
BWR [+ AUXC Vibrabon-Fatque 5 b k]
BWR [ Contasmment Syslem 8nde lrachse 5 1 1
BWR S5 Contaimend System Comosion 2 1 1
BWR 3 Containment System HF.CONSTANST 5 3 1
BWR &S Contaiment System IGSCC - Inlorgrarusar 5CC [3 -1 1
BWR 8§ Contaament System Severe overioadng [ 1 1
BWR £S5 Contawnmend Syslem Severe overioadng 6 2 1 1
; BWR 5SS Conlainmeni Sysiem Vibrason-Farque 1 1 — 9
BWR . 83 - [+ - Fatgue 1 1 k)
BWR 8S CS HF Weidng Error [1] 1 1
BWR = CS 1GSCC « intergranutar SCC 4 1 1
BWR 6S =] TGSCG - Iransgranuer SCC 5 1 1
BWR CS £EHC 2 1 1
BWR cs EHC Freting 1 2 1 1 :
BWR CS EHC ~ HF.CONSTANST 1 1 1
BWR CS EHC HF:Human emor 1 [] 1
BWR Ccs EHC HF.Human error 4 1 1
BWR CS EHC - HF Weidng Error 2 1 - 1
BWR CS EHC Virason-Fatgue 1 3 K]
BWR [=3 EHC ~ Vibrston-fatgue 2 7 1 2 7 - 2
BWR C8 EHC \Vidraton-tabgue 3 k) 1
BWR 85 - EPS Fatgus - 1 1 1
BWR 3 EPS -~ Voraton-fasgie 1 7 1 2 4
BWR 65 EPS Virason-1aBgue 2 2 H
BWR [+ FPS Corrosion 1 1 ]
BWR [+) FPS . Corrosion 4 [ 1
BWR CS FPS Comosion 6 2 4 1
BWR CS FPS FAC - Flow Accelerated COmoson 4 1 1 g
BWR C6 FPS Fre 5 1 i 1
BWR [ FPS HF CONSTANST 5 1 ~ i 1
BWR CS FPS HF.Human error. 3 1 1
8WR [+ FPS HF:Human Error & 1 1
BWR Cs FPS HF.INSTAONST 5 1 1
BWR - [+53) FPS HF.Weidng Eror 4. 1 1
BWR CS FPS MIC « M 8y induced C ? 3 1 1
BWR CS FPS - Gevelo ovoricadng 4 k] 1 -
BWR [<3) ~ FPS Severe Overioadng [ 2 2
BWR CS FPS. Vibraton-{aigue 1 i 1
BWR CS FPS Vibraton-{atgue 3 1




BWR §S FWC Comosion 2 2 2
BWR £S FWC Corrosion 3 1
BWR &S FWC Comosion 4 2 F
BWR ES FWGC Comosion 3 7 2
BWR [ FWC Corrasion . 6 1 1
BWR S5 FWC Corosion-tatgue 2 1 []
BWR 538 FWC Corosion-tatigue 3 1 1
BWR 88 FWC ECSCC - Extemnal Chioride induced 5CC 1 1
BWR S FWC Esosion 2 2 2
BWR £S FWGC Efosion 3 1
~ BWR 3 FWC Esosian 4 1 1
BWR &S FWC Erosion 5 1 1
BWR B8S WC Erosioncawtaton 4 2 1
BWR S5 FWC Efoson-cavtaton [} 2
BWR 55 FWC {  FAC « Flow Actetorated Comosion k] k] 1
BWR 8§35 FWC FALC « Flow Accelerated Corrosion 2 4 3
BWR 3 FWC FAC  Flow Accelorated Corrosion 3 2 E)
BWR 8S EFWC FAC - Flow Acceleratad Cormrosion — 4 3 2
BWR 55 FWC FAC - Flow Acceioratad Comosion 3 22 1 1 10 )
BWR 85 FWC FAC - Fiow Accelerated Carmosion 6 20 2 1 17
~ BWR SS FWC Fatgue 6 1 1
BWR SS FWC HF.CONSTANST 4 1 1
BWR 55 FWC HF.CONSTANST 5 1 1
BWR [ FWC HF.CONSTANST 6 1 -1
BWR [ FWC HF:Human error 1 1
BWR §S FWC HF . Weksng Eror 2 2 2
BWR 55 FWC HF Weldng errar - 5 1 1
BWR SS FWC 1GSCC - intergranndar SCC 4 1
8WR [ FWC Severe overioading 1 1
BWR 8§ e Severe ovarioadng 3 1 1
BWR 3 FWC Bevera overoadng 4 1 1
BWR S5 FWC Severs overcedng 5 3 2 1
BWR 5 FWC Severe overicadng . 6 1 1
BWR SS FWG SICC - Svan-rate ixduced Carrosion Cracking 2 E] 1
[ BWR ES FWC SICC - S¥ainrals NOUCEd COTosion Crackng 4 1 1
BWR X3 FWC SICC - Swain-rate Induced Cormosion Cracking 3 3 1 Y]
BWR 55 FWC - BICC - Strain{eie induced Corramon Cracking [ 4 3 ]
BWR £S FWC Thema! latgue 2 3 3
BWR. 85 FWC Thermal Fabgue 3 3 1 1
[ BWR &S FWC Thormal fa8gue 3 3 3
BWR £S FWC Thormat fatigue [3 5 4 []
BWR SS FWC | Unreported 3 1 1
BWR &S FWG Urreporied 4 1 (]
BWR ] FWC Urreparted 3 2 1 [
BWR BS FwWC Viraton-tasgue 1 2 1
BWR [ __FweC Vibrason-fasque 2 21 3 15
BWR 85 FWC Vibrabon-faggue 3 8 1 1 3
BWR [ FWC \Vibrabon-fatgue 4 3 1 2
BWR §8 FWC Vibraton-tatgue 6 5 [] 2
BWR &S FWC Vibraton-tatgue 6 1 1
BWR CS IASA : 2 1 .
BWR [+ lA-SA Comosion 2 1 1
:Bﬁg c5 A-SA Fretung 2 1
BWR CS WA-SA HF: Human error 1 1
BWR CS A-SA IGSCC - intergy sruar S5CC 2 1 1
BWR =3 ASA Severe Overoadng 1 4
BWR 3 IASA Severs Overicadng 2 0 = 7
BWR [ A-SA Vibraton-latgue kK 5 1
BWR CS W-SA Vibraton-Fatgue: 2 4 1 1
BWR [&3 PCS 1
[~ BWR C6 PCS Carrosion 1 [ [
BWR CS PCS Corrosion 3 1 1
BWR CS PCS Erosion [] 1 1
BWR CS PCS FAC « Flow Accelarstod Corfosion 2 2 1
BWR 3 PCS FAL - Fiow Accelorated Corrosion 3 1 1
BWR CS PCS FAC - Flow Acceleratad Corfosion 4 6 €
BWR [+ PCS FAC - Flow Accelerated Corrosion (] 12 8




-

BWR CS PCS FAC - Fiow Accelerated Cormosion [3 2 1 1
EWR [ PCS HF. Weidng emor 2 1 1
BWR [+ PCS Severe overicadng 2 2 1
:ER cS PCS ‘Savere overiosang 3 2 1 1
BWR Cs PCS Thermal fatque 2 NI 1
BWR Ccs PCS Vibraton-fatigue 1 1 1
BWR cs PCS Vibrason-tabgue 2 7 4 3
BWR [<3 PCS Viorason-{atigue 3 1 []
BWR [3 PCS Viraton-1aigus 4 2 2
BWR 58S RAS Cavlason-erosion [] 1 1
BWR &S RAS Corrosion 2 3
BWR 55 RAS Cortosion 3 4 4
BWR 65 RAS CoTosion 4 6 6
BWR [ RAS Comeslon & 3 3
BWR 8S RAS Corosion-laigue 1 1 1
BWR 85 RAS ECSCC - Extemal Chionde induced SCC 1 ] 1
BWR ] RAS ECSCC - External Chioride induced SCC 2 17 8 ]
BWR 5S RAS ECSCC - Extemal Chioride induced SCC 3 2 2
BWR £S RAS FAC « Flow A C. 3 1 1
BWR 8S RAS Fasgue 4 1 E]
BWR £S5 RAS - HF CONSTANST 2 1 1
BWR SS RAS HF.CONSTANST 3 1 1
BWR 3 RAS HF.CONSTANST 4 1 1
BWR 3 RAS HF .CONSTANST [ 1 1
BWR [ RAS HF_Human ertor 1 1
BWR SS RAS HF :Human emor 2 2
BWR 55 RAS HF REPAIR/MAINT 1 1
BWR §S RAS HFREPAIR/MAINT 2 1 1
BWR SS RAS HF . REPAIRAMAINT 4 1 1 .
B8WR SS RAS HF. Weilding ervor 2 2 2
BWR 85 RAS HF - Weldng ervor 3 2 1 1
BWR 8S RAS HF Weldng ertor 4 - 1 1
BWR 68 RAS HF.Weking Error 6 4 1 1 2
SWR [ RAS 10SCC « ntecdenanse SCC 4 1
BWR 5S RAS IGSCC - Intergranlar SCC 2 [3 1 4
BWR 3 RAS IGSCC - ntecgyarndar SCC 3 4 2 2
BWR 5S RAS IGSCC « Intergrarsar SCC 4 56 1 32 9 13
BWR S8 RAS IGSCC « lergranutar SCC [ 56 2 35 8 7
BWR S RAS IGSCC » Ilergranutar SCC 3 2 N 1 1
BWR [ RAS Severe overicadng 1 1 [
BWR BS RAS Severs overioadng 2 3 2
BWR [ RAS Severe overioadng 4 1 - 1
EWR 55 RAS TGSCC - Transgranier SCC 1 1 1
BWR [ RAS TGSCG - Transgamaar 5CC. 2 7 T 7 1 [
BWR £S RAS TGSCC - Transoranar SCC 3 7 6 1
BWR S5 RAS TGSCC - Transgranutar SCC 4 986 86
BWR 3 RAS TGSCC - Transgranutar SCC 6 1
BWR §S RAS Thermal (atique 1 1 1
BWR &S RAS Thenmal fatgue 2 2 1 1
BWR SS RAS Thermal fatique 3 1 1
[ BWR £S RAS Themal Fatgue 4 1 1
BWR 3 RAS Thermal fatgus 6 10 [ [
BWR 58S RAS Thermel Fabgue - Cyckng 4 3 3
BWR 58 RAS Thermal Fatgue - Cychng 5 1 1
™ BWR €5 RAS Thermad Fatgoe - Cyckng 6 1 1
BWR 33 RAS Urreporied 3 1 1
BWR BS RAS Urveparied 3 1 1
G &S RAS Viorslor-abgue 1 4 1 3
BWR &S - RAS Wibraton-{atgua 2 15 ] 1 i1
BWR [ RAS® Vibraton-fatgue 3 7 1 4
BWH £5 RAS Vibratonfaigue ‘ 2 y 3
BWR S8 RAS Vibratan-faigue [ 1 ~ 1
BWR 55 RAS Waler Hammer 1 1
BWR 8S RCPB 2 []
BWR ] RCPB Corrosion -1 1 1
BWR 539 RCP8 Corrosion 2 1 1
BWR 53 RCPB ECSCC - Extamnal Chionde naxed SCC 1 3 2 1

1




BWR &S RCPB ECSCC - Extomal Chionde nduced SCC 4 1 1

BWR SS RCP8 Erosion 2 1 1

BWR 55 RCPB extemal damage 3 1

BWR 5S RCPB HF:CONSTANST 1 1 1

BWR 58S RCPB HF . CONSTANST 3 2 2

BWR SS RCPB HF Fabacaton Error 2 1 1

BWR SS RCPB HF.Fabncaton Ervor 3 1 1
BWR §S RCPB HF.Fabricaton Error 3 1 1

BWR 6S RCPB HF.REPAIR/MAINT 2 1 1
BWR SS RCP8 HF Welang ermor 1 1 1

BWR [ RCP8 HF.Weking error 2 2 2
BWR 6S RCPB HF.Weking Emor 3 7 1 1 4
BWR £S RCPB HF Weidng eor 6 1 1
BWR 8S RCPB HF.Weldng emor 3 8 B

BWR §S RCPB ot cracidng 2 1 3
BWR 65 RCPB IGSCC - Inlergranuar SCC 1 4 2 1 1
BWR &S RCPB IGSCC - ergrandar SCC 2 3 2 1
BWR S RCPB IGSCG - Iniergranuiar SCC 3 2 2

BWR 3 RCPB IGSCC - Intergranuiar SCC 4 20 5 2 7 4
BWR SS RCPB 1GSCC - Intergranuar SCC 6 10 7 [] 2

BWR 3 RCPB IGSCC - nlergrandar SCC 6 203 174 1 22 3
-BWR 5] RCPB Overpressurization 4 2

BWR 5S RCPB Severe Overioad: 4 1

BWR 8S RCP8 _ SICC - Svain-rate Induced Corrosion Cra: [ 1 1

BWR &S RCPB TGSCC - Transoranuasr SCC 1 1

BWR &5 RCPB TGSCC - Transgranuar SCC 2 1 1

BWR 3 RCPB TGSCC - Transgrandasr SCC 3 1 1
BWR &S RCPB Thermal Fatigus 2 2 2
BWR 6S RCPB Thermal Fatgue 3 1 1
BWR S$S RCPB Vibraton-{abgue 1 3 3
BWR §5 RCPB Vibraban-Fabgue 2 42 /1 4 2 33
BWR §S RCPB Vibraton-Fedgue 3 4 j 4
BWR 6S RCPB Vibravon-iatgue 4 1 1
BWR 83 RCS-INSTR ECSCC + Extomal Chionide Induced SCC 2 1 1

BWR [ RCS-INSTIR ECSCC - Extornal Chioride Induced SCC 3 1 1

BWR &S RCSINSTR HF-Weldng eror F 2 7 1
BWR = RCSINSTR IGSCC - harganular SCG 4 2 1 1
BWR 5S RCSINSTR TGSCC - Transgranuar SCC 1 2 ~ [ 1
BWR &S RCS-INSTR TGSCC - Transgranuar 5CC 2 1 1
BWR ] SIR 0 []

BWR &S SIR Bate frachre [ 4 4

BWR 3 SIR Commosion 3 1 1
BWR 55 SIR Corosion-{aigue ] 1 1
BWR §S SIR ECSCC - Extemal Chiorida Induced SCC 1 1 1
BWR [ SIR ECSCC - Extemal Chioride Induced SCC & 1 1

BWR 5SS 5IR Erosion 2 2 1 1
BWR &S SIR Erosion 5 1

BWR 8S SIR FAC - Flow Acceleraied Corrosion 2 4 4
BWR [ SIR FAC - Flow Accelorated Carrosion 3 4 2
BWR S SIR FAC - Flow Acceiersiod Comosion 4 2 q

BWR - 3 SIR Faigue 1 1 1
BWR 8S SIR Faigue 2 1 1 -

[ 8WR BS SIR Favgue B3 3 1

BWR S8 SIR Fadgue 6 1 - Y
BWR 3 SIR HF.CONSTANST 2 2 2
BWR [33 SIR HF.CONSTANST 3 1 1
BWR 6S SIR HF.CONSTANST 4 1

BWR 5SS SIR HF.CONSTANST 5 1 1
BWR 5S SIR HF:Fabncason Error [] 2 2

BWR 85 SIR HF_.Fabncation Ermor 6 1 1

BWR 63 SIR HF Human error 1 1 1
BWR - 85 SIR HF Human eror 2 1 1

[~ 8wR 3 BIR HF.Welang Eror 2 2 2

BWR 65 SIR HF.Weldng Emor 4 )

BWR 53 SIR HF:Weldng Error 5 10 [] 1

BWR [X) SIR — HF.Weldng Ermor 6 6 2 2
BWR [ SIR 1GSCC - hiergrandas SCC 2 3 1
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BWR [ SIR IGSCC - Intespranuar SCC 3 [) 1 2 1
BWR SS SIR IGSCC - Intergranutar SCC 5 64 2 51 6 5
BWR S SIR IGSCC - intergranuar SCC 5 2 18 4
BWR [ SIR MIC - Microblologcaly Induced Carosion 5 1
BWR 83 SIR Overprassurizaton [] 1.
BWR ES) SIR Overstressed 2 2 2
BWR 65 SIR Severa ovaroading 2 2 1
BWR 5S SIR 54vers overoadng 4 1 k]
BWR [ SIR Severe overioadng 3 1
BWR SS SIR TGSCC - Transorandar SCC 3 1
BWR £S SIR TGSCC - Transgranuar SCC 6. 1 K]
| BWR 3 SIR Thermal tatigie 2 3 3

, BWR 55 SIR Thermal fatigue 6 3 K]
BWR S8 SIR Thenmal fatgue 6 1 1
BWR §S SIR Thermel Fadgue - Cycing 3 2 7 1
BWR S5 SIR Urveported 5 1 1
BWR 8S SIR \ibrason-Fatque - 0 2
BWR §S SIR Vibraton-fatgue 1 6 1 6
BWR 3 SIR Vibrsbon-faigue 2 27 2 1 21
BWR &S SIR Vibrason-fatigue 3 3 1 2
BWR S5 SIR Vibraton-{atoue 4 2 2
BWR 53 SIR VIDrason-iasgue 5 1 1
BWR (3 SIR \ibraton-falgue 6 1
BWR Ccs STEAM Corosion 2 1 1
BWR [ STEAM - ECSCC - Extenal Chioricde induced SCC 1 1
BWR CS STEAM Erosion 3 1 - 1
BWR CS STEAM Erosion 4 1 1
BWR CS STEAM FAC « Fiow Acceleraled Corrosion 2 16 E) 12
BWR [+ STEAM ¢ FAC - Flow Accelerated Comosion 3 7 . 6
B8WR Cs STEAM FAG - Fiow Acceleraiad Corosion 4 3 3
BWR CS STEAM FAC « Fiow Accelorated Corrosion [ 7 7
BWR =3 STEAM FAL - Fiow A Corrosion 6 1 1
BWR [<3 STEAM Favgue 2 3 1
BWR CS STEAM HF.CONSTANST 2 1 1
BWR CS STEAM HF.CONSTANST 3 1 1
BWR S ' STEAM HF.CONSTANST 4 1
BWR CS STEAM R REPAIRWAINT 1 1
BWR [+ STEAM HF Weldng etor 2 2 2

- BWR CS STEAM HF Weidng eror 3 2 2
BWR CS STEAM HF Weldng emor ] 1
BWR CS STEAM HF Weldng Eiror & 1 1
BWR CS STEAM 1GSCC - intergranutar SCC 6 1 1

-BWR Ccs . STEAM Overpressurization 2 1 -
BWR [ . STEAM Severe overcadng 4 1
BWR [+3 STEAM . SICC - Strain+ale induced Corosion Cracking § 1 1
8WR CS STEAM SICC - Staintate nduced Cormosion Cracking 6 3 3 -
BWR CS STEAM TGSCC - Tsansgranuar SCC 1 10 4 4
BWR C6 STEAM TGSCC - Transgranuter SCC 2 2 1 1
BWR C5 STEAM Thermal fatigue 2 1 1
BWR CS STEAM Thermal fasgue 3 1 1
BWR CS STEAM Thormal fatgue 6 1 1
BWR CS STEAM Vibradon-F abgue 1 2 1
BWR CS STEAM Vibraton-{atgue 2 12 1 6
BWR cs STEAM Vibragon{stigue 3 2 2

[ 8WR CcS STEAM Vibraton-Fevgue 3 1 1

BWR CS STEAM Water Hammer [ 1 1 -
BWR C5 STEAM Waler Hammer 6 1




AppendixB |

Haddam Neck PWR CcS 2.25 4 Erosion GL 89-08
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue "~ Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU PWR CS 4 4 Thermal Fatigue Korean
Millstone Unit 3 PWR CS 6 5 Erosion/Corrosion IN 91-18
Arkansas Nuclear One Unit 2 PWR CS 14 6 Erosion , IN 89-53
DC Cook Unit 2 16. 6 Erosion Bulletin 79-13
DC Cook Unit 2 16 6 Erosion Bulletin 79-13
Fort Cathoun Station 12 6 FAC IN 97-84
Surry Unit 1 30 6 Not yet determined IN 81-04
Surry Unit 2 18 6 Erosion/Corrosion IN 86-106
Trojan 1 14 6 Erosion IN 87-36
Zion 1 24 6 Human Factor IN 82-25
_ FR (Framatome Reactors) 10 - 6 Corrosion Korean
FR (Framatome Reactors) 28 6 Corrosion Korean
Wk a0 e Thermal Fatigue 303 | 2eiwiNL92-20 457

*iré % Diablo Canyon Unit5:5nd: §i

:LoviisaUpit 14

~Erosion/Corrosion ;

23 Thermal Fatigue 3

%« Sequoyah Unit 1 ‘PWR: PEX
mEasSumy Unit 122 SPWREB OSSP ; *'x Eroslon/Corrosion ' | s
Wolf Creek PWR SS 0.25 1 Vibration
KSNP Korean Standard Nuclear
Power Plant PWR SS 0.375 1 -Thermal Fatigue Korean
Oconee Unit 3 PWR SS 0.75 1 Mechanical Failure IN 92-15
WH-3 . PWR . 8S 0.75 1 Flow Induced Vibration Korean
WH-3 PWR SS 0.75 1 Flow Induced Vibration Korean
H.B. Robinson Unit 2 PWR SS 2 3 SCC IN 91-05
Oconee Unit 2 PWR SS 2 3 Vibration IN 97-46
Prairie Island Unit 2 PWR 8S 2 3 ScC IN 91-05
WH-3 PWR S8 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
WH-3 PWR SS 2 3 Flow Induced Vibration Korean
Crystal River Unit 3 - PWR SS 2.5 4 Fatigue IN 82-09
Fort Cathoun Station PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR 8S 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Maine Yankee PWR SS 3.5 4 SCC IN 82-02
) / Maine Yankee PWR SS 3.5 4 SCC IN 82-02
Ginna PWR SS 8 5 SCC |E Circular76-06 |
Foreign PWR SS 8 5 Thermal Stress Bulletin 88-08
Arkansas Nuctear One Unit 1 PWR SS 10 6 SCC |IE Circular76-06
Oconee Unit 2 PWR SS 24 6 Erosion IN 82-22
Sequoyah Unit 1 PWR SS 16 6 Fatigue IN 85-11
Sequoyah Unit 2 PWR SS 10 . 6 Muman Factor IN 97-19
Surry Unit 2 PWR SS 10 6 SCC |E Clrcular76-06
= Palo Verde: ;5 " | A SS A nVars: i 't 'Bulletin-79-03 -+
San Onofre Unit 23 32 "Bulletin 78-03¢..

"Bulletin 79-03 .-

'IMILunit 1

2 TMI unit:t

CTME unit 1.

IN9919 <

£2/Point Beach Unit 447wy




Appendix B (cont.)

Rl

N

\

. Plant Type | Material | Diameter P'glgfe Failure Mechanism Reference
Dresden Unit 2 BWR CS 4 4 Human Factor Bulletin 74-10
Nine Mile Point Unit 2 BWR CS 8 5 Fatigue Event 36016
Vermont Yankee BWR | - CS 12 6 SCC IN 82-22
Cooper Station BWR SS 0.25 1 Vibration IN 89-07
- Pilgrim, BWR SS 1 2 - Corrosion IN 85-34
Browns Ferry 3 BWR | SS 4 4 SCC iN 84-41
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41
Nine Mile Point Unit 1 BWR SS 6 5 ScC Bulletin 76-04
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
' Dreseden Unit 2 BWR SS 10 6 ‘Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue - IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
" Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 227 6 SCC ¢ IN 83-02
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 BWR SS 22 6 SCcC IN 83-02
Hatch Unit 1 BWR 8S 20 6 SCC’ IN 83-02
Hatch Unit 1 BWR S8 24 6 SCC IN 83-02
Montecello BWR S§S 22 6 SCC . IN83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR SS 12 6 ScC IN 83-02
Montecelio BWR SS 12 6 SCC . IN 83-02
Montecello BWR SS 12 6 SCC IN 8§3-02
Montecello BWR SsS 12 6 SCC
Browns Ferry 1 g ; J %
Dresden Unlt:1 =

!




Appendix C. Collapsed OPDE Database

* Collapsed OPDE Raw Data as function of Pipe Size

Pipe Size Group

Resulting Number of Failures

Plant Type . (inches) cS SS CS+SS
) 0.0-1.0 154 544 698
’ 1.0-2.0 74 154 228
2.0-4.0 78 15 153
PWR 4.0-10.0 126 112 238
>10.0 126 219

Total

BWR

0.0-1.0

1.0-2.0°

2.0-4.0

4.0-10.0

> 10.0

PWR+BWR

0.0-1.0

- 1.0-2.0

2.04.0

4.0-10.0

>10.0

Total




!

A

Collapsed OPDE Raw Data as function of Failure Mechanism

Failure Mechanism

Resulting Number of Failures

Plant Type cs Ss CS+SS
Corrosion- 106 28 134
FAC 119 121 240
MIC - 43 1 44
Erosion . 96 12 108
. Fatigue 92 501 593
PWR, Human Factors 36 - 126 162
Mechanical Failures 37 Y59
SCC 169 174
Water Hammer 2 2
Misc ~ 14 . 20
1011 1536
T ) o D R e A
. Corrosion 32 61
FAC - 63 121
MIC ~ 1 7
Erosion 9 49
: Fatigue 225 296
BWR Human Factors 85 109
Mechanical Failures 25 . 43
scCc 624 643
Water Hammer 1 3

PWR+BWR

I
{

FAC 177 184 361
MIC 49 -2 51
Erosion | 136 21 157
Fatigue 163 726 889
Human Factors 60 - - 211 271
Mechanical Failures 40 62 102
' SCC 24 793 817
Water Hammer - 2 3 5
Misc 10 33 43
Total 796 2095 2891

(4
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PP7028 Piping FAQ Inspectiorf Program

FAC INSPECTIONPROGRAM RECORD.S FOR 2005 REFUELING OUTAGE

/ TABLE OF CONTENTS
| TAB ¢ | , Pages
1 FAC 2d04-2005 P}ogram EWC émgram Scoping Memo & Level 3 Fragnet = 25
(4 pages) .
2 2005 Refueling Outage Inspection Location Worksheets / 6-18

Methods and Reasons for Component Selection (14 pages)

3 - VYM 2004/007a Design Engineering — MIS Memo: J.C. Fitzpafrick to 20-37
- 8.D.Goodwin subject, Piping FAC Inspection Scope for the 2005 Refueling
Outage {(Revision 1a), dated 5/5/05. {18 pages} | |

4 VYPPF 7102.01 VY Scope Managament Review Form for deletion of FAC 38-43
Large Bore Inspection Nos. 2005-24 through 2005-35 from RF(Q25, dated
11/1/06 (6 pages) , A

5 2008 RFO FAC Fiping Inspections Scope Challenge Meetmg Prebeniatlon, 44 -46
- 5/4/05 (3 pages) '

6. ENN Engineering Standard Review and Approval Form from VY for: “Flow 47-48
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7 ENN Engmeermg Standard Review and Approval Form from VY for, “Pipe 49-50
Wall Thinning Structural Evaluation” ENN-CS-8-008, Rev. 0. dated
922/05 & VY Email: Communication of Approved Engineering Standard
date 9/27/05 { 2 pages)

8 EN-DC-147 Engineering Report No. VY-RPT-06-00002, Rev.0, VY F’ip'rhg 51 -69
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Refueling Outage Inspection Report (RFO25 ~ Fall 2005) (19 pages)
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ENN Nuciear Management Manual Non QA Adninistrative Procedure n% l
ENN-DC-183 Rev.1 Facsimile of Attachment 8.10
Program or Component Sceping Memorandum

[ 7004-2005 Program Scope Memo
: : Vermont Yankee — Engineering Department

WEBS Element: | FAC Inspection Program I ' Project Number l
' Title: Piping Flow Accelerated Corrosian (FAC) inspection Program 2004 &
2005 Program Related Efforis -
___Depariment: { Design Engineering — Mechamcat { Sfructural
Owner: | James Fitzpatrick
Backup: | Thomas O'Caonnor
Procedure Na. | PP 7028**, Vermont Yankee Piping Flow Accelerated Corrosion
& Title: | Inspection Program
Detailed Scope of Project {(Explanation): Engmeermg activities fo suppert ongoing
Inspection Program to provide a systematic approach to insure that Flow Accelerated
Corrosion {(FAC) does not lead to degradation of ptant piping systems. Currentiy*” Program
Procedure PP 7028 controls engineering and inspection activities to predict, detect, monitor,
and evaluate pipe wall thinning due to FAC. Activities include modeling of plant piping using
the EPRI CHECWORKS code to predict susceptibility to FAC damage, selection of
components for inspection, UT inspections of pibing components, evaluation of data, trending,
monitoring of industry events and best practices, pariicipation in industry groups, and
recommending future repairs and /or replacements prior o component failure,
** Expected to adopt a new ENN Standard Program Procadure ENN-DC-315 (which is
currenily under develcpment with an accelerated development date of 6/30/04).

" Expected Benefits {(Justification}. VY committed to have an affective ptpmg FAC inspection ' =
| program in response ¢ GL 89-08.

Consequences of Deferral: Possible hazards to plant personnel, Loss of plant ava:lat)thty,
unscheduied repairs, and deviation from previous regulatory commitments,

[Duration of Proaram: Life of plant

7

2004 Key Deliverables or Milestones: ¢ Completion
' Estimate
‘Complete Focused SA write up & generate appropriate correclive B/18/04
actions (coordinate aclivities with program standardization efforts).
Compietion of RFO 24 documentation, write and issue RFO 2004 7/23/04
- | Inspection Report ‘
| Software QA on XP plalform for CHECWORKS FAC modula Version 8/13/04 ’
. /

1.0G ] | |
1ssue 2005 RFO Outage Inspection Scope. 1nciudmg Scoping 9/1/04

| worksheets. -
Update Piping FAC susceptibility screening to account for piping and 8/13/04
drawing updates. Include effects from NMWC power uprate, & life
extension.
Update piping Small Bora piping database and deveiop new priority 10/01/04
Eoglc for inspaction schadulmg

. X o Pagetof2 IO@Q"
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ENN Nugclear Management Manual Non QA Administrative Procedure
ENN-DC-183 Rev.1 Facsimile of Attachment 9.10
Program or Component Scoping Memorandum

2004 Key Deliverables or Milestones: - continued ‘ Completion

, Estimate
Update CHECWORKS models using Version 1.0G with latest 2002 . 12/31/64

RFO & 2004 RFO Inspection data (Note idealfly results are to be used
in determining the 20035 inspection scope, however schedule
milestones override program fogic.}

Adoption of ENN-DC-315 ENN Standard FAC program ‘ 10/31/04
Pracedure to include all previous improvements identified R

Self Assessments. ‘ _ -
Ongoing Program Maintenance. !ncludas procadare revisions, 12/31/04

pragram improvements, benchmarking, attendance at industry (EPRI
CHUG) meetings, evaluation of industry events (industry awareness)
for effects on VY, licanse renewai project input, and flaet support.

2005 Kevy Deliverabies or Milesiones:

Perform Program Self Asssssment (minimum once per cycle). ' 441105

Conversion of CHECHWORKS1.0G models to SFA Version 2, Ax 9/1/05

| RFO 25 support 11/15/05
‘ Comp!etion of RFO 25 documentation, develop RFO 25 Qutage 12131105

_Inspection Report J

Ongoing Program Maintenance. Includes; procedure revisions, C 13105

program.improvements, benchmarking, attendance at industry (EPRI
CHUG) meetings, evaluation of industry events (industry awareness}«
for effects on VY, and fleet support. .

| 2008 Key Deliverables or Milestones:

Issue 2006 Outage Inspection Report 1115106 ’
N

Update SFA Predictive Models with 2005 RFO data. - - - 415/06

{Ongoing Program Maintenance. Includes: procedure revisions, 12/31/06

program improvements, benchmarking, attendance at industry (EPRI
CHUG) meelings, evaluation of industry events {industry awareness)
for effacts on VY, and fleet support.

Estimated Budget or Expenses: -~ Amount/Hrs
Captured in DE Mech./Structural Base Budget N/A
Others Impacted By Project: : Estimated Hours

System Engineering . N a6

Enginesting Support
Reactor Engineerlag
Design Enginsering
Fluid Systems Engineesring . 40
Electricat / 1&C Enginaering
Mechanical / Structural Design

Level 3 Fragnet: {Attached)
Performance Indicators for FAC Program are contained in the ngram Health Report
(Attached)

?agé 20f2
Lot &

. | NEC037101



2004-2{)05 Piping FAC Inspe. . on Program Level 3 Fragnetl

™ .
YEAR 2004 (2™ half}  (Time Line from 6/01/04 to 12/31/04 }
Preparer Raviewer | TOTAL Est, Est. Delivery
Task No, | Task Bescription {HRS} (HRS) (HRS} | Start f Completion
Estimated | Estimated. | Estimated. ' Date
Complete Focusad SA wiits up & generaie appropriate corrective
04-1 actions {cuondinate activiies with program standardization 28 10 a3 6/1/04 B/18/04
efforts). : » ) .
Completion of REQ 24 documentation, wiits and issug RFQ 2004
042 inspection Report . 60 30 90 6/14/04 123104
Software (3A on XP platform or CHECWORKS.FAC modute
043 Version 1.0G : 20 10 30 71104 8/13/04
Update Piping FAC SusCeptibiiity screening (0 account for piping _
’04-4 and drawing updates. Include effects from NMWC, power uprats, 40 20 80 712/04 8113104
' & life extension. . -
Update piping Smail bore piping database #nd develop new
04-5 prionty logic for inspection scheduling. 40 20 80 /604 10/01/04
548 T Update CHEGWORKS models using Version 1.0G with latest - _ ,
2002 RFO & 2004 RFQ Inspection data 180 a0 240 8125404 12/31/04
lssue 2005 RFO Qutage Inspection Scope. Including Scoping
04-7 worksheets. : 40 20 60 82104 | 9i/04
04-8 Pevelopment/adoption of ENN-GC-315 ENN
, Standard FAC program Procedure to includae all ~ B0 40 120 6i2/04 10/31/04
previous improvements identified Self ”
Asses5mBants, _ N
04-8 Onguing Program Mainfenance. Includes: procedure revisiens, 160 40 200 6/1/04 12/31/04
program improvements, banchmarking, attendance at industry
{EPRI CHLIG) meetings, evaluation of industry events (industry
awarenessj! for effects on VY, LR project input, and fleet support.
TOTAL | (From end of RFO 24 to December 31, 2004) 620 270 890
HRS . - :
WY
% N Page 1 of 2
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2004-2005 Piping FAC Inspe._.on Program  Level 3 Fragnet

" YEAR 2005 (1/1/05 TO 12/31/05)

Reviewer

TOTAL,

N _ Preparer Est. Est,
Task No. | Task Description B (HRS) (HRS) (HRS} | Start Delivery f
Estimated | Estimated. | Estimated. Complation
. Date

Perform Program Seif Assessment {minimum once per cycls), : -
05-1 ‘ ’ - 40 20 &0 31408 | 4/01/05

Conversion of CHECHWORKS 1.0G models 1o SFA Version 2.1x
05-2 ' ' 360 180 540 411105 ACH05

: R?:O 28 Preparation & Quiage Support »

05-3 160 80 | 240 9/1/05 114150504 |
05-4 Comptetion of RFO 25 documentation, develop RFO 25 Cutage .

inspection Report 60 30 80 1141505 | 12/31/05
(05-5 Ongoing Program Mainternance. Includes: procedure revisions, . _ ,

program improvements, benchmasking, attendance at industry . \

{(EPR] CHUG) mastings, evatuation of industry svents (industry' 40 20 60 101/05 12731 ;05

awareness) for effects on VY, and flast support, ~

Total Hrs ) 990
/
/ ’ -
~ (
AN
K
I = Page 2 of 2

N
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vy ?Iping FAC Inspection Program PP 7028 - 2005 Refueling Qutage

Inspect!on Location Worksheets / Methods and Reasons for Component Selection
T ! Ly
M Q‘(‘\ q)hjﬁ( ‘ Reviewed | r M (’\&(M-#W*b[i/m/'
v . S l l

Note; Bevised for VY andalndustrv Events and Operating Experience on 3/1/05

| Piping components are selected for inspection during the 2004 refueling outage based on the following groupings
andfor oritetla, .

Large Bore Fiping - | | - .

LA Compohents salected from measured or apparent wear found in previous inspection results.

LB: Cbmponents ranked high for susceptibility from current CHECWORKS svaluation. ’

LC: Componenis identified by industry events/expetience vtg the Muclear Network or through the EPR] CHUG.
LD: Compdnems selected to caﬁbra%e the CHECWORKS models.

LES Components suhjected tooff normal flow conditions. Primarily isolafed lines to the condenser in which
leakage is indicated from the turbine pérfermance monitering system. {through the Systems Engmeermg
Group). '

LE: Engineering judgment / Other
LG: Ptpmg |oiemlf;ed from EMPAC Work Orders {maif{mcnonmg equzp Ieaking valves, ete.)

 SmallBore Fliinng

SA: _Suscembi:e piping loeations (groups of eomponems) contained in the Smail Bore Pipzng da:a base which
haVie ot radeived ar initia! inspection.

‘ o8B Components seiected from measured or apparent wear found in previous inspection resuits.
$C: Cﬁlﬁ»p‘dhaiit's\idéﬁtiﬁﬁtﬂ:by industyy evertsixgerience via the Nuetear Network or thieugh the PRI CHUG,

IN Componérits sub}ec’tefd to off normal flow condifiens. Primarily isolated lines to the condenser ir which
i6akige 5 ndicated from the turbine performance monitofing system. (through the' Sysiems Engmeering

h Group).
SE; Enginesting Judgment} Oither. n

SG:  Piping identified from EMPAC Work Orders {maHunctioning equip., !eakih’g vaives, eic.)

Feodwster Haater Shells

No feedwater heater shel Inspections will be ‘performed during the 2005 RFO. Afl 10 of the feedwater heater shells
have been replaced with FAC resistant materials.
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VY Piping FAC Inspection Program PP 7028 - 2005 Refusling Outage
Inspection Location Worksheels / Methods and Reasons for Component Selection

LA: targe Bore Components selected(identified) from previous Inspection Results

== From the 1995/1986/1998/1 999/2001 1200212004 Rehueling Outage Inspections (Large Bore Piping} these :
components were identified as requiring Hiture monfioring. The following components have ¢ither yet 10 be inspected
as recommended, of the recommended inspaction is in a fulure outage.

Inspect. | Loc. | Component iD Notes /Comments / Conclusions v

No.. SK. . —

g5-18 [ 001 | FD13ELO5 1998 Report: calculated timedto Tenin is $1.5 & 12 cycles based on a

86-19 FD135P06 single measurement. The 2005 RFQ is 6 cycles since the inspection.
. : . UT inspect ¢lbow and dowhstréam pipe in 2008 .

46-36 002 FDO28P0S 1996 Report: calculated time o Tmin is 9.5 cyn!es based on a smg!e

measurement. Tha 2005 RFO is § cycles since the inspection.
B . - ‘ YT inspesct efbow and downstreaim pige i 2007
98-37 [ 005 | FDO7SPO1 1996 Heport: cdlculated e o Triin 8 9.6 cycies based on a sitigle
messurement. Thé 2608 BFO is 6 cycles since: the inspection.
_ - UT tnspieot elbois dnd dovinstrasm pips in 2007 -
| 96-39 005 FDO7SPa2US 1996 Hapart: caldulated time to Timin is $10.5¢yéles based on a smgie
\ : measutement. The 2005 RFO is 6 eyoles since the inspection.
' : _ : YT ispect eibow dnd dovwnsfrsam ping In 2008
98:05 | 005 FDOYELOS 1998 Repor: caictilated tmeto Tmin s 7.5 & 6.70ycles bhased on a
9807 - | FRO7ELO? single medsurement. Thi 2005 RFO is 5 cyeles since the irispection.

. |-Given no-sighificant wear found in adjdacent compgnents {R8L =14.3
cycles on FDOTEPE?) défer inspection until RFO2E, UT ingpeat
. _ élbioy EDOTELOT and dowristresm pips BIOTRPORIn 2007
§878 [011 | EDOBELCS 1995 Hopart calouialsdime 10 Triin 15.7.9 & 12.5 oyolos tased on &
FOOBSPO4 single UT inspection.  The 2065:RFQ is 4 cycles sinee the inﬁpefctmn
YT iﬁpaﬁtg}hgw and dowi: 1ream l;a i 20

6816 o1T | Fi0asres

'§9 BT TR

. ' Tiendaticn o' Bipe upstraam Qountermm in
, 8528 |- 'FD14SP0O3 . 2&614 leen that 1he only low- rea&ngs were at th pige. cotntaiiore
_ ' o and that 2004 REO wirk ineludéd toplasement ¢f both No. 1 M%Water

haatafs fooated undér the elsow. UT lnspéct elbbw FB1AELO3E
e pipe FD1AGE03 in the 2005. aeo.

89-32 | 017 FDOATEOt(ptpe cap) | 1 Repon calcutated time to Tmin is 6.2 & 6.8 cycles baséd en a
99¢-33 CND-Noz32-A * single measuremertt. The 2005 RFO is 4 cycles since the inspection.
UT tnspect elbow and downstream pipe in 2005

99-35 | 019 | FDOBTEO1(pipe cap) | 1999 Feport: calculated thve to Tmin is 3.6 & 8.5 cycles based on a

99=3§ CND-Noz32-C single measurement. The 2005 RFQ is 4 cyeies since the inspestion.
UT inspea sibiow and dewnstream. pipe in 2005

02-08 | 016 | FDISELH 2082 recommeridation o Inspect the gibow in 2607 based oh a. gmgle

02-08 'FD18SPB2US meastrement, Re-inspest elbow and downstream pipe in 2'(‘?13’7'{3

4 cycles from 2002).
04-03 601 FDOITEQS - | 2004 recommendation to inspect tee in 2008 basad on the default
: ‘ : wear rate of 0,005 inch/cycle. Re-Inspect upstream elbow and tee in

2008,

04-06 | 002 | FDORRDGH 2004 recommendation to re-inspect in 2011 based on the detault wear
T - rate of 0.005 inch/cycle, Re-inspect reducer with downstream
atbow and tee In 2007.

Page 20f 14
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W Piping FAC Inspection Program PP 7028 - 2005 Refueiing Outage

Inspection Location Worksheets / Methods and Reasons for Component Selectian

wA: Large Bore Components selected(identified) from previous Inspection Results ~gontinued

~

Loc, “

nspect. Component 1D Notes /Comments / Conclusions
No. SK. P
04-08 | 001 FDO2TED! 2004 recommendation o inspect tee m%o? based on the default
: ' wear rate of 0.005 inch/cycls. Actual point to point measurements from
1999 to 2004 indicate ro wear, Given EPU operation, re-inspect with
upstream efhow and reduger In 2607.
04-09 | 001 | FOO3SPOt 2004 recommandation to inspect pipe section in 201 based ona
' o singte inspection and the default wear rate of 0.005 znchfcycla He-
. inspect in 2011, 4
04-10 o001 FEO78P02DS 2004 recommendation to inspest pipe section In 2008 based on a
kb single ingpegtion. Re—inspect whh downstrearns elbow in 2008,
0413 | Q03 FD14£403 ‘2004 rocommiendation to ingpect Row 13 pup piecs 1o DS valve In
B : 2006 is hased on a alagle UT inspection. Re-ingpect in 2008,

1 04-23 LSIN M$§_)9“§E01 to 2004 recommendatiob to inspact pipe section in 2010 due to [ocalized
. MSDOTENS wear directly under 2 lines. Re-ingpect In 2610. ‘
04-23 | o0t MSDOELDS 2004 rscommendation ta inspect pipe section in 2010 base on a single

spectiot:. Re-inspet:t in 2014,

Turbirie Gross-around Piping:

Prev:ous Internal Visual UT & Repanr History:

ear Intarnai msUgl =Y , Intemial Thicknass =UT, Repairs Perormed =R

Tine | Mat.
.; | Replaced I'RFOTB | RFOT/ | AFOTB | HFOT9 | AFOZ0 | REGRT | RFO22 | RFOZS | 52004
;P I seee | Fress | o1ges | Eipge | si8oa | Fiode | eseos | Frooe | ARoas
RN TS O A & VoV ' '
3'3?’"3, ..{%Ew. 11881 |V v Vv v 7 v
: | 1esd v v v y
FlieEy | vV 7 v
A% L1988, AV 1 v Ty ) ‘
| Onignal | ORI [ WBT{WUT VAT [V TV v
22" A.L’f.ags wu*:*m = -
* 1985 v

K 36" stralghf pipa sactions replaced wrth GE ESBM&;‘EE, elbows on the B & C linos are ongmal GE spaffmcatfon
DEGAGTY, elbows on A'&D fines are DSOAS7E (Tnom =0, 625 irich), 4

*30" ABC repfaoed with ABS1 CL22 {2-1/4Ct), Fittings A234 W22, (Tnom. = 0.625 inch)
30" B remains GE B50A242D, fittings and GE DS0AG7D carbon steel (Thom = 0.50 inch}.

NOTE; Refarence Dwg. Na, 5320-6841 Sh. 1 of 2 needs to be updated with correct information. Thls wilbe
performed durmg tie EPU design change eftort,

The HP iurbme rotor was replaced in 2004, Internal visual mspect:on of alt four 36"dlameter lines was performed. An

Irternal visual inspecuon of the 30°C line (first inspection since the 1993 replacement ) and the 30" D Ing was
performed.

- . ¢

2005 RFQ based bn increasad flows and the possibility of different flow fegames in both the 36 & 30 inch piping,
~ perform a visual inspection. LP turbine work in 2005 REO may provide oppodunuy for access to the 30 “ lines. At a
Tqainimun inspect {2} 36 inch ines and the carbon steel 30" B fine.

‘Page 3 of 14 .-
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VY Plping FAGC Inspection Program PP 7028 - 2004 Refueling Qutage
Inspection Location Worksheets f Methods and Heasons for Component Seifection

LB: Large Bore Components Ranked High for Susceptibilit? from CHECWORKS Evaluation

The current CHECWORKS woar rate caloufations contain inspection data up to the 1899 AFO and wear rate
predictions are current to the 2001 RFO. The.2001 and 2002 RFO inspection data has been entered into the
CHECWORKS database. However, updated wear rate calculations are not complete, and won't be in tima to support
the scheduls daie for issufhyg the inspaction scape for the 2005 outage. Bassd on a review of the 2001 and 2002
RFQO inspection data for components on the Feedwater, Condensate, and Heater Drain Systems, the CHECWORKS

" models stilt appear to over-predict actual wear. Nothing new or unanticipated was observed in either 2002 or 2004.

Feedwater Svstem : -

Listed below are components which mest the followirig criteria:

a) negative tifne to Tmin from the predictive CHECWORKS runs which include !nspect:on data up to the 1999
RFO.

b} no inspections have been performed on these components or the correspond ng oomponems in a paralle train
sitice the 1998 RFO.

Cc;mpcxneni Location Location : Notes

LB Skateh . - . -
EQO?E”_OS 065 B FPH Elev, 241 Components on other train werg inspected
FROTTEGT 006 T.8 Heatér Bay Elevs 228 | Components on other train were insijected In 1998,
FDOTEL11 & 248 Results indicate minimal wear. After updating the

CHBOW@BKS mode! with newer data, assess need
iomdsz;tional inspections in 2007 BFO,

FDOJEL12 | 096 T.B Heatér Bay Elov. 248 | Feedwaler heater replacement oceurred in 2004 FiFO

Inforral visual inspections of internals and cut pipe
profile indicated a stable red oxide and no distinguighable

N wear pattarn,
FDEBTEG! | 012 T.E Heater Bay Elevs 298 | Intermétiate compenents FDOBELOS & FDG&SPOB were

EDggELO7 |- & 248 ‘ rispiectad in 1998, Results indicate minimal wéar. Affer
o : updating CHEGWGHKS model with newer data,
ass’ess need tor ms;aeetmg components on the train

; FDQSELOB o1z T.B Haater Bay Blov, 248 'ﬁeeawafér hea&er rsplacement securred in 2004-REO,

o . { Informal viskial Wispoctivns of inteimals and cit pipe
profiie indicatéd a stable red oxide and no dastmguishame
wear pattern,

OR8G5 K Steam Tuhnel E1. 555 | Infemal visual of clbow ferformad I 1998 durig oRack

valve feplacement, no indication of wall loss at thét tifia.
Cofresponding component on fine 16™ FDW-14 was
inspected in RFO24. After updating CHECWOHRKs
-medel with newer data, assess need for inspecting
-this componeant in 2007 RFOQ,

\
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VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Outage
Inspection Location Worksheets / Methods and Reasons for Component Selection

: 2
LB:  Large Bore Components Ranked High for Susceptibility fram CHECWORKS Evatuation ~ continued \
" Condensate System ' _— %

"= Onlyone éomponent was identified as having a negative time to Trnin. This waSWCDSOTE()zDS the downslream side
of a 24x%24%20 tee on the condensate. header in the feed pump room. The CHECWORKS predsc![on for the
downstream side of the tee has a small negative hrs relative to the remainder of the cornponents in the system and
relative to the upstream side of the same tee. Other tees on the same headler have been previously inspected ahd
show no s&gnihcant wear. The CHECWORKS maodel includes UT data up to the 1999 RFO. The inspections ot this
system performed in 2001 indicate minimal wear. Components CD30TED2 and CD30$P04 were inspected in
2004. This data atong with the 2001 inspection data will be input to CHECWORKS to better calibrate the model,

Moisture Separator Drains & Heater Drain System

N6 componghts identified as having negative times to Tmin. No components wete selected for inspection in 2001,
2002, of 2004 based on high susceptibiiity. However future operation under HWC will change dissolved oxygen in
system. A separate evaluation has been performed and components were selected for inspaction in 2002 See
Section LD betow. :

Extraction Steam Gystem

Thrae somponents on this system with ntegative time to code min, wall: The piping is Chrome-Moly. ES4ATEQ! & ‘
- ES4ATEQ2, 30inch diameter tees inside the condenser have neganve pradiction (-3426Hrs.j for tirve to milih WAl The
riegitive tirries 16 tmin may be conservative based eh e madeling technigues used. Refinement of thi rigdel ot th:s
systEn isdiv progress. The regative time fortrh is host likely-& funstion of tack of lnspectfon data vsy aciuai aY. -
Due {g-6xteinal tagging on this piping and the ingation inside the condenser, no: COMPOneRts arg seleeted 16 ektamai
uT ingpatiion in 2004 hased on high susceplibifity. However, an opportumty to periorm an internal visuak insg:
of all thé Extrantion Steam livies Inside the ¢ondenser during planed LP turbine werk in the 2005 REC may prés ; t
itself. See Section LF below. ’

Note the shon section of strasght pipe orf ine 12"-E8-1A at the connection 1o the 36 inch A cioss around is. assumed .
to be- A1G5 Gr. B carbon steél is not modaied in CHECWORKS. This compoenent was inspected in 20b4 by externai
UT arid an interrial visual inspection frem the 36 cross around ime

Page 5 of 14
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VY Piping FAC inspection Program PP 7028 - 2005 Refueling Outage
inspection Location Worksheets / Methods and Reasons for Component Selection

Z

LC:

4

Large Bore Componentis Identified by Industry Eventslﬁiperiehca

Review of FAC related Large Bore Operating Experlence (O} and/or piping fallures reparted since April 2003

-~

e | Date

Plant— Type

Descr;pt:on & Recomunended Actions at VY

8/9/2004

Mihama 3 -
PWR

| RPOZS (re-peat inspection from 1389). Also, inspect COIIFEG! / CHFIELOA /

OE19368/0E18895: Rupiure of Condensate line downstream of restriction orifice.
PWR system highly susceptible 1o single phase FAC dus:to fow DO. Similar region |
of system as 1986 Surry event (8 fatalitios). Based on info gathered by
INPO/CHUG/FACHet the focation was omitted trom previous inspections dus to
clefical efror, once discovered management missed opportunity to inspect and
deferred inspection until 904, Too fate. Lesson: make sure all highly susceptible
locations get inspecled. PWR Condensateffeedwater piping is much mote
susceptible to single phase FAC than BWR with O2 injection. Given that, previous
inspection history, and condensate CHECWORKS modeling; inspect piping DS of all
flow orifices in the higher temperature condensate systam that have ot igan
previously inspected in RFQ25. Inspect CH30FEST / CHINELY1 / CO3SPD2 in

CHENSEYS In REODS (new insprestion).

10/17/03

Duane Arrold ~
BwWAR

QE17300: Through wall leak in 4” diamieter chromeumoiy Haater Brain Sysrem
hypass line to the condenser. The line-was 2 temporary installation die o delayed
FWD heater instalfation. The cause of the leak appears 1o he droplpt |mpmgement
erosion due to use of a bypass contro| valve. The- equwa!&mt liries at VY aré the
Haater Drain bypass lines to the condengsr downsiream of 1fe hj,gh lavst cortrol
valves. Thase lire have _F‘t‘fB‘s attached fo manitor Idakage intg the vaie’ﬂ?ee‘r

9/24/03

Fouth Texas

Projedt - PWR

-OE“[ 7378: P;ttmg & it
' Polishing Systerm. Plpa is Qarbon sfeel Iow wa

pH, and velocity of 12:2 Fi/sec Tortuoiss flovi giéittr ibis
impingjemint, PWR:system Low. dissolved: oxygen. Equwabents s m avyis
Gondpnsate Demme'rahzer Sysiem whlch is- lz)w temp and sergeng per NSAC»éﬂzL

11767703

Braldwood 2-
FWR

N

dueto single Phiase ?AC fﬁan BWE fesdwater plping: A fisiioates.
puiiip disoharge nozzles and dewnstioatn plsing Hiave mump!ezmspeeﬁon dita. No
further actions s anticipateg fram ihis. OF,

10/31703

Clinton -BWR

QE17412 / QE184786: ThrougMuaEl leaks in 247 B heater vent lmes tothe cbhdenser
{lager bora lines assumed given description of backing rings in piping). Apparerit
cause attributed o steam jet impingement from wet steam. Equivalent line at VY is
common 4 inch feedwator heater vent line for No.4 FDW heaters. This line is
included in the SSB datdbase since it connects 1o (2} 2-1/2" [res. Inspection priofty
will be determined in the small bore ranking and prioritization.

11/18/03

Hdpe Creok —
BWR

OE17700: Pinhele iéak and wall thinring in 8 in carbon steel Extraction Sieai
supply fine to Steam Seal Evaporator. Location of wear is downstrear of pressure
safety valves. Apparent Cause of leak & wear is dus to fiquid droplet iimpingement
due 10 high flows from failure of pressure safely ralisf vaives, No eduivalent
configuration at VY.

[ 17ea0a

LaSalle 1 - BWHR

DE17199 /7 OE18381: Tough-wall holas in extraction steam piping inside condenser.
Location of ho!es at intet nozzies to No.2 FOW heaters located in the neck of the
condoensers (2™ towest stage). All 12 nozzle are C.S. with A385-P11 upstream
piping. VY has onfy the No. 5 FDW heaters in the neck of the condenser. The No.
5 FOW heatars ware roplaced with Chromo-moly shells, ES piping is A335-P11 or

equavalent which is FAC remsiant No further actions are anticipated from this OE,
Page 6 of 14 '
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VY Piping FAC Inspection Program PP TO28 - 2005 ﬂe?ueiing Qutage

Inspection Location Worksheets / Methods and Reasons for Component Sefection

Ly

-~

Large Bore Components tdentified by Industry Eventsﬂ'ﬁxperienoe - continued

3
o~

Tas | Date

{ Plant-- Type ~

Description & Recommended Actiong at VY

211704

Peach Botiom 2
BWR

0E£18637: On fine leak in 10 inch main steam drain line header fo the condenser
Hole was located directly below the connection of 1* main steam lead drain. The
header was replaced with 1-1/4 Chrome material approx. § years before the leak.
Afso, ROs in steam drains were modified. The cause was attributed to steam
impingement. Additional information o foliow after next RFQ. The only large bore
drain collector at VY is the 8 inch diameter low point drain header, line §°M50D-9,
Flow is through steam traps and L.CVs vs. a continuocus flow through a restriction
orifice. This line is now part of the AST ALT boundary. Inspections of the entire
bottom of this header were performed during RFO24 with recommendations for
repeat inspections in 2010.

8126704

Palo Verde 3-
PWR

QE20386: Through wall leak found on a 10 inch flashing tee cap onthe LP
feetwater-hedter drains. Problams with inspection of flashing tees in program, Only
14 qut of 153 susceptible locations have UT data at Palo Verde 1,2,3. Thére are no
flashing tees D.S, of LCVs on the heater drain system at VY, The only flashing tees
at VY are located on the FWD pump min flow lines at the ¢ondenser. mgpection of
all 3.lines. 6"FOW-4, 6"EDW-5, and 6”FBW-6 is scheduled for RFO2S,

/24104

| Paiisades- PWR

OE18484: ‘Wall thinning in carbon steel Exdraction Steam piping. [noréased
localized wear downstream of Bleeder trip valve, Equivalent piping at VY is
Extrashon}Steam piping downstream of the reverse current valves. ES piping at VY
is A335-P11 which isFAC resistant. No'fuitiier actior is requ;(eé forthis OF,

" 9/18/D4

Catawaba 2 -
PWR

l

QE19350: Wall thinnirig found f8Ur differert aréas oit FDW piping. Two:areas are
npt conmdered spacific to Catawba: 1)Aréa wheis fnain foetwater hypass rég
valves reanters the feadwater header and 2) downstream of the main fesdiwater reg
valves. PWR fesdwater systerr chemastfy has low D.O. therefere niore susosptible
10 wall toss dus to single phase FAC than BWR feedwater piping. Af VY arga 1)
doses not exist (bypass lines gump to the cendenser} 2} Inspections havé ‘Been
pezforrned upstream and downstream of both main feed reg vaives H it ]
m (D03 hpd FIER0S dre séhedaiéd forREGES. No mnher AGGHE dre

104"

BWR

Diane Arnoid - ”‘3&'1

04 Wall thinning' demstrerm of Tarus Cae!ing Test Raturn: Hea«;fer Isoiatmn
Valiva. Apparent cause was cavitation erosion dus to thiefling in valve difing HEG!
& REIC testing. At VY, the- equwﬁieni valves are V10-34A & 34B. The degiree of
cavitation present is dapendent of the system design and may veiry fiom pfant to
plant, Previous UT inspectiong ware performed on vaive bodies and downéiream
rodicers in early 90s. No significant wear was found. Consider inspedétian of
downstream piping in AFO26 if additienal OF warrants it.

276705

Calvert Cliffs 1 -
-PWH

OE20127: Through-wall Jeak in 6 inch steam vent header for MSR rajn tank. VY
does not have samie configuration.  No Moisture Soparator Re-heaters

17105

Clinton -BWR

CE20248: Catastrophlc fallure of turbine extraction steam fine bellows inside
condenser. Found through-wall holes ES piping DS of belflows due to FAC.
Apparent cause was attributed to the steam jet frarn the holes inducing vibration of
the expansion joint that led to high ¢ycle fatigus failure. Al VY exiraction steam
piping inside the condenser is A335-P11 or equivalent which is FAC resistant. No
further actions are anticipated from this QF.

5/9/01

Grand Guif -
BWR

Pin Hole Leak in 4 inch carbon steel elbow.in RHR min flow line. System has 1ow
use at VY (<2% of time). { Perry also found thinning at etbow per C.Burton at CHUG
meeting.) A review of VY drawings VY)-RHR-Part 14 Sht.1/1 and VYELRHR Part 15
Sht.1/1 show elbows downstream of restriction orifices. Previous VY Inspactions
downstream of oxifices on HPCl/and CS gystems found no problems. Keep O
listed for future consideration. ,
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_ VY Piping FAC Inspection Programy PP 7028 « 2005 Refusling 0utaga ‘
tnspection Location Worksheets / ldethods and Reasons for Component Selection

LC:  Large Bore Cpmpanehts Identified by Industry Events/Experience - continued

he P
3 . . , h
2

Date Piant — Type Description & Recammended Actions al VY

924100 | P2 -PWR. ;| Pin hole leak on 26 1" cross-undar piping (HP to MSR) in vicinity of dog bongs at
‘expansion joint under location of weld overfay localized wear underfaround a -
previaus weld overtay repair. VY hag sofid piping (no expansion joints}. Visual
Inspections of 307 B CAR carban steel pipi g will be performed In 2005,

- Heater Dfains/. Moisture, Separator Drains;

114502 | Surry 1-PWR | | Leak in 8 inch Condenser drain header for 3°/4" pt. FOW Heater venis. Also
CHUG thinning in Gland Stedam Fiping inside the condenser and thet2” Condensér Drain
Meeting hwoader from MS Drain trap lines. The only large bore drain coliector at VY is the 8
inch diameter low point drain header, fine 8"MSIDM8. This fine i8 now part of tha AST
ALT boundary. Inspections of selected components on this line were pertormaed
during RFO24 with recommendations for repeat inspeactions in 2040 (Section 1.8
! above). Given this line is part of the ALT Boundary inspect approx. 2 #l. lotg
‘ saction at candensar wali during #FG26 {20[}’?) or RF«‘OE? (2(308}

\\

LD Large Bore Components Selected to Calibrate CHECWORKS ;
The CHECWORKS models have been upgraded to include the 96, 98, & 99 RFQ inspection data. The 2001 and
2002 inspéction data has beon loaded however wear rate analyses have nol been completed at this time.

Condansite:

In 2001 coriiponents on the higher temperature end of the Condansate System were Inspected to calibrate the
CHECWORKS moidels. The ingpaction data indlcate minimal wear and should reinforce the assessirient of {ew wear
in the Congensate Symem Addiionat components selected for ingpedtion in 2004 in Section 1B above will b used
to calibrate the CHEGWORKS modet.

* it mme, 2002 RFO there was limited inspection data for the Heater Drain system. The current CHECWORKS

maﬁa!é {iess 1 ‘and $orie Pass 2) indicate low wear rates, During 2002 a number of new inspections were
pefrfﬁr?ned un tha carbibn stéel piping upstream of the level control valves (LCV) to oblain a baseline:prior 19 operation
o hiviirogen water chiemistty. Piblng down stream of the LOVs i is FAC resistant wiaterial axcept for infet 16 N6.5
Feadwater h@atafs No addltienal comrﬂcnents on the Heater Drain systerm wifl be inspected in 2005. .

Fegdwater:

No inspections on kne 18"-FDW-12 have béen inspected: inspect FDi 2EL0G ami FP12SPOSUS in 2005

N‘Eam Steam

Only 2 components In the Main Steam system on lina 18 MS-7A in the drywell have been mspec:‘ied to date. Inspect
MS1DELO7 and MSTDSP13US in 2005, { Note this also addresses a ffoense raitewal consideration far monitoring of
Main Steam Piping).

L ~ Page8of 14 4
NEC037111 ' S



VY Piping FAG Inspection Program PP 7028 - 2005 Refueling Outage
. Inspestion l.ocation Worksheets f Mathods and Reasons for Component Selection

LE: Large Bore Components subjected to off normal fiow conditions lc{gntified by turbine performarice
monitoring system (Systems Engineering Group). ' o

The Systerhs Engineering Production Variance Raports for 2003 listed the “B" and “C° faadwater pump min flow
vajves as leaking into the condenser. There are sactions on carbon steel piping at the connection to the condenser
on alf three fines. As a minimum inspect the “B” and “C” fines in 2005,

Thiere have been concerns with cavitation at condensate min flow vatve FCV-4. An internal inspection of the vaive
pefformed in RFO 24 showed some damage to the valve internals. Howaver, due to a leaking isolation vafve the
coniiacting piping was flooded and an internal visual inspection could not be perfarmed. UT inspect the upstreaim
and-downstream piping during RF025. The valve is operated during outages and startup at relatively low

’ temperatures for FAC to occur. The piping is un-insulated and close to the floor. No insulation removal or scafoldmg
wilt be réquired.

Since startup from 2004 (RFQ24), no other leaking valves or steam raps have been identifled (to date) using the
Tutbing Petfermance Monitoring {TPM) systern., However, if new data indicates leaking valves then, additions to the

oulage scope may be recuired, v v

LF: Enginecring Judgment f Other

Ning ASME Section X Class 1 Category B-J welds are to be inspacted by the FAC pragram per Code Case N-656 in
Beu of & Sgctian X1 volumetric weld :nspecaon The VY 181 Program Interval 4 schedule for inspection of these wilds-

. is as follows: . - _ .
Rafugling Qutage Seclion‘ Xl Description FAC Program Components
. 18 Program Weld '
D .
FW 19-F38 upstrgam pige totee | “A” Feddwater on Sketeh 010
FWI1S-F3C tee 10 reéducer FR19THEO
tntewai 4 FWig-F4 raducer to pipe FD1gRDOYT N
Fariod 1, Fwa1i-Fi tee to pipe FieBFos
Outage 1 \ ED21SP0T -
Eall 2611 (RFO29) Fitt18-3A up'straam pipe to tee *B" Feedwater on Sketch 016
intervat 4 Fw20-34 tes to reducer FDASTEDY
Period 3, FW20-F1 reduscer to pipe FD20R0OM
Quiage &, FW20-F18 horizontal pipe to pipe | FD208PO1
FW18-F4 teé 1o pipe FD18SP04
Continued

- Page9of 14
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VY Plping FAC inspection Pfogravm PP 7028 - 2005 R'e.fue!ing Oulage
Inspeciion Location Worksheats / Methods and Reasons for Companent Selection

LF: Engineering Judgment/ Other —continued

. Extended Power Uprate (EPU) ' ' e

Feedwater SXS tom: N

EPU evaluation for Feedwater System: The primary focus of work to date {for PUSAR and RAls } was o velocity
changes given only slight increases it temps and no chemistry changes. With all 3 FDW PUTIPS running the 16 inch
diameter lines to the 24 inch FDW header have approx. [1.2(2/3) = 0.80] 20% reduction in velocity. Velocities in the
remainder of the system increase approx. 20%. The highest velotities are at the 10 inch reducers upsfream and
downstream of the FOW REG valves. The expander and downstream piping have multiple inspection data with
DO7RD03/FDO75R03 last inspected in 2001 and FDOBRDO3/FDOBSPLU2 last inspected in 1995, Bath of these
segmen‘ls should ba re- inspecied after some time of eperation at EPU flows. Assaming EPU starting éarly in
2008, inspect components FDOSRDO3 & FOOBSP02 in 2005 to abtain an up to date pre-EPU measureritent.
inspect FDO7R D03 / FDD7SP03 in 2007 for a post EPU measurement, -

Condensate System;

Given the 8/04 Mihama event: consider additional compenent in the condensate system for inspection |
downstréam of flow onfices & venluries;

FE-102-4 and downstream pipe ont 24°C-8 venturt ype (TB condensate pump room overhead) Given
fow ofjerating témsératuras and upstream of oxygen injection point, scope out and evalua‘le for
inspection In BRFO26 In 2007 ,

FE: 52-TA to FE- 52 1E on Condensate Be-mineralizer System ( Restrictson Orifices). Given low
operatmg tempet‘atums dnd upstream of axygen injection point, scope out and evaiuate far
( | mspedtion in BEOPS iis 2007

FE-102-7and downstrearmn ptpe on 14"C-21 venturi typa TB Heater. Bay E1237.5 Given low operanng .
temperatures and used f6r start-up, scope out-and evatuate Sor mspectmn in RFO26 W0 2807 -

. FE*‘IOE»?A =118 20"0 30, Ioc&ied in lhe "i‘i‘;i EPR above F§¥3W pump 1A {venturr type) Prewouz;ly
inspacted i 1989 Kée:Inspéct BE and downstream pipmg in'RFO25

FE-10028 of 2n"C~31 iocatad n tha TBFPR gbove FDW pump 1B (uenturl type) No prevsous
inspection data. Ihspect FE and dowristream piping In REQ25

FE-102-2C on 20"C-32, locaied in the TB FPR above FDW pump 10 {ventun type} Praviously _ f
inspected in 2001 . > -

All Extraction Steam piping ig A335-P11, a t-1/4 chrome material, except for a short carbon stee! stub piece in fine
127.ES-1A at the connection to the 36" A cross around fine. An internal visual inspection of this stub piece Was
performed with the cross around inspection in RFQ24, Also an UT inspection of ES1ASPO1 was performed in
REQ24.

Extrattion Steam piping in the condenser has external tagging which requires significant effort for removal whern
performing external UT inspections {plus therg are significant staging costs}. The piping is A335-P11. However an
\ spportunity to perform an internal visual inspection of all the Extraction Steam lines inside the condenser during
© " planed LP turbine work in the 2005 RFQ may present itself.

S

Page 10 of 14
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VY Piping FAC Inspection Pragram PP 7028 - 2005 Refueling Outage
- Inspection Location Worksheets / tethods and Reasons for Component Selection

LG: Piping identificd from EMPAC Work Orders (malfunctioning equip., leaking valves, etc.)

Word searches of open work orders on EMPAC were performed for the following keywords:; trap, leak, vaive, reptace,
repair, erbsion, corrosion, steam, FAC, wear, hole, drain, and inspect. Mo previgusiy unidentitied components or
PSS plpmg were identified as réquiring monitoring during the Fali 2005 RFO.

Note: the intemal baffte plate in Condenser B for the AQG train tank raturn fing to the condenser is to be repiaced in
RFO 25 (ER 04-1454/ ER 05-232 /ER 05-0274). Erosion on hatfle plate is from condenser slde (not piping side).

Internal visual inspection of LOV-103-3A-2 during RFO 24 indicaled some type of casting flaw. The System Engineer
suspects possible leaking by the normally closed valve. The downstream piping was last inspected in 1990. The line
typically has no flow. Re-evaluate using the Thermal Performance Monitoring System Data and cons;der ingpestidn
of downstream pzpmg in RFO26,

Through wall leak in the steam seal header supply line 155H4 discovered on 9/24/04 (CR-VTY -2004-02985). A . ;
terporary leak enclosure was instalted and a planned permanent repair is scheduted for RFO25. The leaks are on
the bottom of un-insulated plping upsirgam of the gland seal. Field inspection of the leak location shows that the
' - piping at the leak sloping down to-thie gland seal, not sloping up to the seal & shown on the design drawings. UT data
: on the top of the piping near the leak shaws full wall thickness. At this time, the exact mechanisty which caused the
~leak is not known.. Additional inspections to deten‘mne the extent of condition on the 3 other gland seal steam supply

fingg are required
N

inspact the 80 dégiee elbow and approx. 2 ft. of downstream piping on lines 1SSH3; 1SSH4 185H5, and
1S8HE during. BFQ.25. Also baséd on isdustry OE and sirbilar piping geomitry, inspect 2 of the SPE lines
(18PE3 and 15PE5 diring AFO 25.

/

Page 11 of 14
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VY Piping FAC Inspection Program PP 7028 - 2005 Refﬁei‘mg Cutage
Inspection Location Worksheets / Methods and Reasons for Component Selection

Sinall Bore Piping '

SA: Susceptible piping locations (groups. ot‘ componenis) contained in the Small Bore Piping data base whlch
have not recelved an initial inspection.

Locations on the continuous FOW heater vents 10 the condenser oh the No. 3 heaters were inspected in 2002. The
continuous vents on the No. 4 heater were installed new in 1995, The start up vents operate less than 2% of
operating time. No wear was found in previous inspections on Meater Vent piping from the No.1 & 2 heaters. Given
that and the Idvrer pressure in the No. 4, shells a complete inspeciion of the remainder of the No. 4 heater vent piping
can be deferred. The existing small bore date base and the piping susceptibility analysis is under revision. No
additional componerits from Revision 1 of the data base wili be inspected. :

v 1

SB: (:omponems selected from measured or apparent wear fouml in previous inspection results.

Small Bore Point No. 20. 2-1/2" MSD-6 @ ¢onnection to ooudenserA at Nozzie 33 {Inspectron No, 96 -SB01 identified
a low reading.at weld on stub to condenser). Upstream valves are notmally closed. TPM system does not indicate
any abnorma! flow. taspect this piping in RFQ 26 '

‘A through wall Teak in the lurbine bypass valve chest 1¥ seal leak-off line form the No, ? bypass vales occurred in
2003. (VY Event Report 2603-044). A ternporary ledk enclosure wds instalied (T M.2003-002) 1o contain the feak).
W.0. 03 0384 was written to inspectrepaireplacesine. A localized like-forlike (carbon steef) replacemment of ihe leak
iogation was patférmad in RFO 24. Additional inspections on this ine identified localized wall loss and’ one additiorial
like-for-iike répalr was performed. Engingering Request ER 04- 0963 was written fo compietely replace this pipifig
with chrome-raaly piping. (Dresden has aliéady done this). The réplageirent (EFt D4:0964) is curremly sthedutsd
6r RFO 25. 1 this aglivity gets “de-scoped” then, additional inSpecﬂons will be vequired to insied the piping
ts acc‘epiab[e for continucd operatucm.

Page 12 of 14
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VY Piping FAC [nspection Program. PP 7028 -« 2005 Hefueling Qutage

Inspection Location Worksheets / Metheds and Reasons for Component Selection |

Smali Bore Piping

-8C: Components identified by industry events!experlence via the Nuciear Ne!work or

through the £EPRI CHUG.

N

Nt |

%

-
~
s .

“ + Date Plant — Type Description & Recommended Actaons at vy
117772003 Limerick 1, QE17818; Through wali leak in inch dram fine back fo condenser off ES piping
N BWR at the cannection to the large bere line. Normaily no flow in fine due o N.C. .
' : valve. Piping downstream of valves to condenser ot all 3 fines wds scheduled
for replacament. Location US of valve was thought niot to be suscentitle,
ES piping at VY is FAC resistant A335-P11 with no drains back to the [
condenser. Lesson from this event Is any carbon stee! fine in a wet steam
systemn is susceptible & should be monitored. Also full line replacement insures
) : all susceptible piping is replaced.
1/16/04 Clinton—BWR | OE17654: Potential tend for ddverse equ;pmem condmon downstream of
orifices. (Ref. Previous experience a Clinton with CRD.pump min flow ROs)
. inspect CRD pump min flow orifices alse piping DS of RO-64-2 in RFO2S
12708/04 V.C. Summer - | QE19798: Cormipleté failure of-a 1 inch ES line at the Iocafion of a previdusty
PWR installed Fetmanite clamp repair. Prévious feak at weld installed in MAY 2004.
Ses presentation at January 2065 CHUG mesting. {They did not do UT on the
_ / pipe to assure structural integrity priof to instailing the clamp.)
3105 MeGuire 2- Though- -wall leak in a 2 nch carbon steet vent ling on the'MER heating stearn
PWR vent line. Caused by FAC when ﬂashzng ocourned upstream of RO (design
. focation) No.MSRBS or es;uwalent jocation at VY.
[ 4/29/99 Darlington 1 - Severed liie at stéanm trap d¥CHargS. Bipe &t thréaded connection.. Equwaient 6
a PHWH HHS syistérih at VY. (INPO:Event 931.980420-1) Thréaded connections typically
- o dondénsats side of HHS pipiig. Lower energy/consequentce of lsdk, include
HHS pigirig in FAC Susteptibiity Review, and in the Small Bore Database.
B Ingiudie ranking ard conseguerees of filvre. ,
§/14/99 Darliriglori 2 - leak on stearn trap discharge pipe.at threaded cohnaction. Eguivalenit to HHS
| PHWR systém at VY. (INFO Event 932:990514-1) Same as abbve.
/N Pgachi Bottorh | (From 1/14/02 CHUG Mebtifigh, foak on 1 ingh-Soh. 800 = frofm in Off Gas Ho-
5 3 ~8Wﬁ combinar pras heaterdmm metia ceﬁdenser Pe?ferm fionat roview of AOG
.| stean supply system snd-incorporate into FAC Sus'cepnbiﬁiy Reoviaw, Uptate
S . smalt boig databiase to include ranking and doriseguenees of failute,
116/02 Hatchi/2 -BWR | Condehsorin leakage due 16 through wall grosior (8xteriadl) of T-1/2 inch siop
CHUG Mtg. ‘draing finss inside the condenser. Lines in each unit were cut dnd capped
: similar events at Byron Unit 1 (OF 12608} and Columbia (O£12145). Umemk &
‘ Dresden. VY siop drain ines inside condenser were walksd down during
A ) RFC24. Some external erasion on piping and supperts was found.
/1502 Catawba 2 ¢ Leak in HP turbine pocket shell drain 1 inch dia. OEM showed pipe as P-11.
CHUG Mtg. | PWR However, A-106 Gr. B was installed. Inspections were be performed on this line
in 2004 to basge line condition prior t¢ HP urbine rotor replacement.
1/15/02 ‘Dresden 2 /| Thinning found in Bypass valve lgak-off Ine to the 7" stage extraction steam
CHUG Mtg. | BWR fine. Line is 2" Sch, 80, GE B4A3BE. Lowest reading was 0.070" found using
Phosphor Plate radiography, Une was replaced with A335 P-11. Samie fine as
2008 VY through walt leak, Partfal CS replacement was performed in HAFO24.
Piping is scheduled io be replaced with A335-P11 in RFO25 (ER 04- -0885).

Page 13 of 14 S
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$G:  Piping identified from EMPAC Work Orders {malfunctioning equip., leaking valves, ete.)

VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Outage

Inspection Location Worksheets / Methods and Reasons for Component Selection
. ¢

Small Bore Pipinq/ : .

Y,

SB:Components subjected to off normal flow conditions, as Indicated frour{he turbine performance
monitoring system (Systems Enginecring Group).

No small bore lines have been identified by Systems Engineering on of before 3/1/05.
~ . ‘

S#: Engineering judgment .
Look at piping DS of orifices based on BWR OE : . ‘

Conciensate Given the 8/04 Mihama event sonsider additionat oomponent in the condensate system for inspection
downstream of flow orifices & venturies. :

. i ' /
FE-102-8 and downstream pipe on 21/2°C-43 veniuri type {TB heater bay slav. 230+- Given low

operatmg terhperitures and upstream of oxygen rn;er'uon point, scope out and evaluate for inspéction
in {26 in 2007 . . F

See LG above. The EMPAC search performediin LG above is applicable to both Large and Smali companénts.

¥ ‘ Page 14 of 14 L
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MEMORANDUM

Vermont Yankee Design Engineering | { l\% ' 3
To S.D.Goodwin ‘ bate May 5, 2005 *
. . )
from James Fitzpatrick _Fite # VYM 2004/007a

Subject Piping FAC Inspection Scope for the 2005 Relfueling Outage (Revision 1a)

REFERENCES

() PP 7028 Piping Flow Accelerated Corrosion Inspaction Program, LPG 1, 12/6/2061.

{b} V.Y. Piping F.A.C. Inspection Program - 1896 Refuefing Outage Inspection Report, March 23,1899.
{c} V.Y. Piping F.A.C. Inspection Program - 1998 Refueling Outage Inspestion Report, April 2,1909.

(d} V.Y. Piping F.A.C. Inspection Program - 1989 Refueling Quiage inspection Aeport, February 11, 2000,
" {e) VY. Piping F.A.C. Inspection Program - 2001 Refusling Outage inspection Report, August 11,2001,
) V.Y.Piping F.A.C. Inspection Program - 2002 Refueling Outage Inspection Hepot, January 20, 2003,
{g) V.Y. Piping F.A.C. Inspection Program - 2004 Refueling Outage Inspection Report, February 18, 2005

(h) DISCUSSION |

Attached please find the Plpmg FAC !nspeonon Scope for the 2005 Refueling Outage. The scope
" includes focations identified using: previous inspection results, the CHECWGRKS models, industry and
plant operating experience, input trom the Turbine Performance Monitoring System, the CHECWORKS
study performed to postulate affects of Hydrogen Watef Chemlstr y operation on FAC wear rates in
plant piping, and englneering judgment.

The pianned 2005 RFO inspection scope consists of 37 large bore components at 16 kacations,
internal inspection of three legs of the turbine cross around piping, and 5 sections of smali bore piping.
Also, any industry or plant events that ocour in the interim may necessitate an increase in the planned
scope. ‘ ' ' ’

t will be available 1o support pianmng and mspect!ons as necessary. If you have any Quesiaons orneed
addittonal mformatton please contact me, _ .

(Revision 1 identifies Small Bore Inspections due to lndustry OE).
*{Revision 1a adds component Nos, to SS8H & SPE piplng & corre inor typos in Attachment )

\

arn 3C Fltzpatnck
n Engineering
Mechamcab’Sirucmrai Group

ATTACHMENT: 2005 REO FAC Inspection Scope 3/11/05 (3 Pgs) Revised 5/5/05

CC  L.Lukens Code Programs Superwsor
D.XKing {181)
T.MOConnor {Desigh Enginesring)
Neit Faies {Systems Engineering)

s \oe |4
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0 #2

VERMONT YANKEE PIPING FAC INSPECTION PROGRANM 2005 INSPECTION SCOPE (5/5/05)

ATTACHMENT to- v YM 2004/007a

LARGE BORE PIPING: External UT Inspections

Page { of 3

Provious

Reason / Comments / Notes

- Point Component ID | Location Location
No. 7 Sketch Inspections
2005-01 { FD14ELOR 008 | T.B. Hir, Bay Elev, 267, 19989 1998 recommendation for repeat inspection.
2005-02 i FD143 PO3US 008 * “ “ 1999 _ :
~ .
2005-03. | FDO4RDO1 017 | T.B. Htr Bay Elev. 245. | -~ 1999 Inspect per 1989 calculated wear rate. -
2005-04 | FDOATEO1 i 017 " 1999
2005-056 | Cond Noz 32A 017 * ! ! 1998
2005-06 FDGSRGO1 018 | T.B. Hir. Bay Elev. 545, 1893 TPM system indicated leakage by normatly
2005-07 | FDOS TECY 018 ! “ “ 1993 Closed valve,
2005-08 | CondNoz32B | 018 ‘< 1983 |
2005-02  { FDOBRDO1 019 1 T.B. Htr Bay Elev, 245‘ 1999 Inspect per 1999 calculated wear rate. Also,
2005-10 | FDOSTED 019 i ¢ 1893 |, | TPM system mdmated leakage by nommally
2005-11 | Cond Noz 32C 018 * . - 1998 closed valve.
2005-12 | FBOBRDO3 011 | T.B.FPR EEev 231 1989 £PU flows increase .
2005-13 | FDO8SPO2 S 011 ¢ : 1899 :
1 2005-14 | FD12ELO6 '’ 007 | T.B. Htr, Bay Eiey. 264, NO Checworks Modei Calibration. Asbestos
2005-15 | FD12SP08US 007 “ “ - NO removal required.
5005-16 | CDI0FEOT 037 | T.B. FPR Elev. 241 1680 | FE-102-2A (Mihama Event)
2005-17 - | CD30EL 11 037 above “"A” FDW pump 1989
2005-18 - | CD30SP12 037 1989

NEC037119 .
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ATTACHMENT t- vYM 2004/307a

1. Coordinate minimum extent of insulation to be reh’ioved,wfm JFitzpatrick or T.M. O'Connor from DE-M/S.

2. A*No” in the previous inspection coltrnn indlcates asbestos abatement may be requirsd.

Page 2 of 3

NEC037120

| Point Component ID | Location Location Previous Reason / Comments / Notes
No. Sketch Inspections

2005-19 | CD31FEQ1 038 _ | 1.5. FPR Elev. 241 NO | FE-102-0B (Mifama Event)

2005-20. | CD31EL04 03g | above "B” FDW pump NO Asbestos removal required.

2005-21 CD315P04 038 NO '

5005.00 | CD21RD02 040 | T.B. Hir. Bay Elev. 230. NG 1inspect piping upstream and downstream of
2005-23 | CD21RDO1 040 * ¢ “ NO FCV-102-4 (piping is not insulated).

2005-24 | 1SSH3ELOS * Turbine deck at packing NO LP Turbine Steam Seal supply lines dus to
2005-25 | 1SSH3SPOSUS * 3 NHir, Bay Elev. 254. through wall leak at elbow on line 1SSH4,
2005-26 | 1SSH4ELO1 N Turbine deck at packing NQ

2005-27 | 1SSH4SPO2US N 4 Htr. Bay Elev, 254, ‘ *See markup of Dwg. 5820-1239

2005-28 | 188HSELO1 v Turbine deck at packing NO

2005-29 | 18SH58P02US v & Htr. Bay Elev. 254,

2005-30 | 1SSHEELOE Y Turbine deck at packing NO

2005-31 | 153H6SP08US : & Hir. Bay Elev. 254, .

2005-32 | 2SPE3ELM - Turbine deck at packing NOC LP Turbine SteamPacking Exhaust at packing 3
2005-33 | 28PE3SPO{US ¥ 3 Hir. Bay Elev, 264, and 5 due to through wall leak at elbow ¢n line
2005-34 | 25PESELO1 - Turbine deck at packing - NO 18SH4. .

2005-35 | 2SPESSPO1US ’ 5 Hir. Bay Elav. 254, _

~ “Ses Markup of Dwg. 5820-1239
2005-36 | MSIDELO7 | 080 RX Stm Tunnel Elev, NO . EPU and LR data required fér Main Steam lines
2005-37 | MS1DSP13US 080 254 to 260 ’ . NO .
n D
LARGE BORE UT NOTES: :




AR

ATTACHMENT tu- vYM 2004/007a

LARGE BORE PIPING: Internal Visual Inspections (with supplemental UT as required

Page 3of 3

N NEC037121

inspection Point No. | Description ’ A
2005-38 36” CAR A ( 38 inch diameter Line A Turbine Cross Around under HP turbine )
| 2005—39 36" CAR C ( 36 inch diameterLine C Turbine Cross Around under HP turbine )
2005-40 30" CAR B (30 inch diameter Line B Turbine Cross Around upper east side of heater bay)
: o
SMALL BORE PIPING
Small Bore | S.B. System Description Location Drawings Reason /Comments
inspection | Data ’
Number Base
: No. : .
05-SB01 119 Condensate | 1° piping DS of B.O. 64.2 T.B. Heater Bay Gi191157 Sht.t tndustry QE176854
: 5920- FSI-17
05-5802 128 CRD 1" Piping D.S. of R.0.-3-24A  {"Rx. SW Elev. 2325 | G191170/ G191212 | Industry OE17654
: : . Pas-tA . { G101215 :
05-8SBG3 129 CRD 1" Piping D.5. of R.O.-3-25A | Rx. SW Elev. 232.5 | G191170/G191212 | Industry OE17654
v ’ ' P38-1A f G191215
05-SB04 130 CRD 1" Piping D.S. of R.O.-3-24B Rx. SW Elev. 2325 | G191170/ 5191212 | Industry OE17854
- ' } P28-18 CHGi91215
05-5B05 131 CRD 1" Piping .3, of R.O.-3-25B Ax. SWElev. 232.5 | G181170/G191212 | Industry OE17654
‘938-18 [ G191215 )
s
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(COLUMN LINE P
MATCH LINE SXETOH Ko@2d /

X, ' FOI45PR2

'Q%L R : (| ! -
2N : - 16" 16* REOUCER o :
) e L FmRoel $ g
: \ ?Q\@..% - -
. . TN 2 S @D REVISION 1 11/24/9) /
. 16* DIA QUTLET 3 I"‘fe; B c\'\\& VER O‘ T !
O e o ; MONT YANKEE PIPING ER‘OSTO}\fw
B : 1 CORROSION INSPECTION PROGRAM
| P, iy, | FEEDWATER LINE 16%FOW-14"
TURBINE BUILDING-HEATER BAY R
REFERENCES: §191157,6191182,6191183,5928-F5~125 - . COMPONENT LOCATIONSKETCH No.bss

Appendix A PP 7028 Oiiginal Page 13 of 102
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CONDENSER A
NOQZZLE 52

‘a
R4,
6&0'

-

. TURBINE BULDING—FEED PUMP ROOM/HEATER DAY
REFERENCES: G91157,G191182,G151 183

‘ ot o §9S0-F$-124,5920-F5-125 ~
) d}’%ﬁ*‘ .
e
L N
ZOOE-072 o )
2005= 04 ‘?h,&’
1op5-05 ) ’ | -
™~ REVISION It {1/724/9)

Yo, [VERMONT YANKEE PPING EROSON-

CORROSION INSPECTION PROGRAM

FEEDWATER LINE 4°-FDW-4

CONPONENT LOCATION SKETCH  No.Ot7

NEC037123

\

Appendix A PP 7028 Original Page220F102

—



HEATER BAY

TURBINE BULDING-FEED PUMP ROOM/HEATER BAY
REFERENCES: G151157,6191182,6191183
| 5950-FS-124,5920-F5-125

;0

REVISION 11 11/24/91

VERMONT YANKEE PIPING EROSCON-
CORROSION INSPECTION PROGRA M

FEEDWATER LINE 4'-FDW-5

COMPONENT LOCATION SKETCH No.0!8

NEC037124
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ol # A

~

-TURBINE BULONG-FEED PUMP ROOM/HEATER BAY

REFERENCES GIG1187,G197182,6191183
5950-F5-124,5920-F5-125

&
P,
d"ov

CONDENSER A,
NOTZLE 52

REVISION 11 11/25/51
VERMONT YANKEE PIPING EROSION-
CORROSION INSPECTION PROGRAM

FEEDWATER LINE 4" -FDW-6

COMPONENT LOCATION SKETCOH  Ne.G19

Appendix A PP 7028 Original Page 240f 102
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.......

2485 =\3 P

FDOEEL0T
Sk

TURBNE BU&DNG-FEED PUMP ROOM
REFERENCES% G191157,G181182,6191183,5920-F5-104

REVISION 1 t1/24/5%

VERMONT YANKEE PIPING ERQSION-
CORROSION INSPECTION PROGRAM

FEEDWATER LINE 19°-FOW-8

COMPORENT { QCATION SKETCH  No.Ot

. NEC037126
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%2

NEET NOZZLE
'HEATER E-1-1A }\
—t

FDI26107

~t—

FDI125P09

EL 251'-4* REF

FO12EL09

TURBINE BULDING-HEATER BAY ‘
REFERENCES: G191 157,G191182,G151183,5920-F5-125

| FD125P10

FDI2TEO

FDIZELGE

REVISION |: 11/24/9]

VERMONT YANKEE PIPING EROSION-
CORRQSION INSPECTION PROGRAM

- | FEEDWATER LINE 18" FOW-12

COMPONENT LOCATION SKETCH  Ne 007 J

' NEC037127
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El 24p-0°

CO20=L 12

CO3SPI3
(FLANGED SPOOL PECE

"@OOS_"W CUSORD0S tj 16"%20" FECUCER
__-—-——'__'_. ’ T

2005 ~F

FEEDWATER PUMP

shehith

o ™~

Q “:@ﬂﬁ.

REVISION Or 7/13/90 o
VERMONT YANKEE PIPING EROSION-

CORROSION INSPECTION PROGRAM
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* TURBINE BULDING~FEEDWATER PUMP ROOM
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COMPONENT LOCATION SKETCH  No. 038"
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CO&PONENT LOCATION SKETCH  No.040¢
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VERMONT YANKEE ;
SCOPE MANAGEMENT REVIEW FORM Vo lofls
Diate: \l; g ' o Tracking Number,___
. {7 } ‘ {Assigned by Work Scope Control: Coordmator)
Work Order Number:_O4 -~ OO4 ﬁ%i-*ow Reference Doc
. . , N CR, TA ct
itiator:_TThmES ATZRIN RAL ke Approved fj ,n%*

Location of Work to be Performed: TR Lyg sl

. Dcpt Mg,

1 ‘ ADDITION[] DBLETIONY] CHANGE[}

Description

Iustrﬁcauon for Request

e (‘F- ovn Lob Ao 0’%1 -

Review Process

Additional Cost:

Duration and Scheduling Impact:

Assigned Dept./Man-Hours to Compiete;

Source of Manpower/Other Scope Impacted: : =

Dose, Chemistry, Safety Implication:
Engineering Impact - Man-Hours/Engineering Dapt -

Optiontal Ways to Address; ’ B

| Priority "C* WO Responsible Dept Approval_

) . Apprbval Process
Plense provide a brief justification

Scope Review Commiftee Recommendation/Planning Priority: AW)P»NN&— ;Mﬁ"'lff'

. K
General Manager, W/(M
Plant Operations: )

EMFPAC Change Made for E@c & Priority_

@Dlsapprovc Date A QS/

/

SCC Date
Log Updated: .
Copies to Work Control, Outage’ Schodu mc/a(/(_;/
VYPPF 7102.01
PP 7102 Rev. 2
. Page Tofl
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Prepared By: James Fitzpatrick
. ate 11/1/05

F’iFO 25 FAC Program ingpections iocation nos. 2005-25 through 2005-35

Refarences:

Work Order 04-004983-000, FAC Inspections

Work Ordar 04-004983-010, Sutface Preparation on SSH piping

TM 04-031

Waork Order 04-004884-008

ER-06-0190 , : _ ‘
CR-VTY-04-2985 CA3 - o ‘ L ' - ,

Backgrou nd:

" GR-VTY-2004-02925 documents a stéam/water leak on the turbine steam seal piping, line 1SSH4

to the No.4 packing. TM 2004-031 instalied a temporary [eak enclosure on this fine.

Inspections on Turbine Steam Seal Piping were included in'the scope of the FACprogram for RFO
25 per CA3 of CR-VTY-2004-02025. The purpose of these inspections is to determine the extent
of condition on the remaining steam seal piping.

Work Scope

These inspections require access to the SSH & SPE piping on elevation 272 of the Turbine

‘Building. The piping is located under the LP turbine appearance lagging deck pfates and requires

removal of section of the plates 1o access the piping for surtace preparation and inspection. 1t was
intended that these inspections be performed along with restoration of Temp Mod 2004 031 (W.O.
2004-4884-006).

Discussion _

Restoration of TM 2004-031 was removed from the outage scope on 10/24/05 due to interference
with critical path work planned on the LP furbines. A detailed rationale for getaying restoration of
the T from RFO25 was developed by George Benedict on 9/98/05 and is attached here. The
same reasoning and technjcal basis applies to these inspections.

in addition these inspections are not programmatically required under PP 7028 (Piping FAC
Inspection Program). The inspections were added to the RFO 25 scope to determine the condition
of the piping at parallsl and similar locations on the Steam Seal piping as the 2004 through wall
leak.

The system is a low pressure system with piping located in the heater bay or under the turbine
deck plating. Deferral of these inspections dnes not pose a significant personal safety hazard as
exposure to these lines during operation is minimal. The possibility of a ieak at anather location on
the Steam Saal piping still exists. However, the low operating pressures and the results of UT
measurements made on the 18SH4 line at the location of the existing leak indicate that any {ailure
would be a pinhole type [8ak vs. a catastrophic failure of the pipe. _

\
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. ; | - ' - Prepared By: G. Benadict
P 3 } Date: 9/28/05

Replacement of N4 Steam Supply-Piping

References:

Work Order 04-4884-06:
T™ 2004-031
ER 05-0156

History, '

The steam seal suppiy line to TB-1-1A, N4 packing developed a leak from what appears to be
the result of pipe erosion o1 one of the pipe radiuses. Team Inc. was contacted fo develop on-
line repair aptions and determined that the most appropriate long term repair would be to tnstell a

. pre-fabricated clamping device. The clamp was fabricated as recommended and successfully .
instailed per Lhe above referenoed Temporary Modification {TM 2004-031).

A
'The permanent repair for the N4 steam seal supply line is currently scheduled to be implemented
during RFO 25. The pipe clamp and the degraded section of pipe will be removed and new
piping will be field fit and ingtalled. To facilitate this work, it will be necessary 1o remiove
sections of the LP turbine appearance lagging deck plates to gain access to the piping. Use of the
overhead crane will also be required to remove/install piping and deck plates.

LR Turbine and Stearn Seal Pipe Repais Interaction:

During RFO 25 a significant amount of work will be performed on the LP turbines which are
foeated in the immediate area of the degraded N4 steam seal supply line. The LP turbines will be
completely dismantled to facilitate the installation-of the new 8" stage diaphragms and to
perform the required ten year inspection. The location of the degraded steam seal line is directly
between both LP turbines and implementing the LP inspection in conjunction with the steam seal
line repair will create personnel safety hazards, potential equipment damnage, and logistical
complications.

\
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| A - T Prapazed By: G. Benedict
. A e Date: 9428105 -

( '

The ~following represents the specific issues that will be present during the implementation of the
N4 steam seal line replacement and the LP tathine inspection:

« Personnel Safety:

> Fall and drop bazards will be created by both work crews in proximity to both

work areas. Open hofes will exist on the turbine deck appearance lagging deck
plates and in the area between the LP inner casings and exhaust hoods. - Although,
personne! protection barriers and equipment will be utilized to mitigate fal} and
drop hazards, personnel awareness, focus, and goal will be on each individuals
own task. The drop and falt hazards will be continually changing s each work
activity progresses and although personnel are required to communicate changes

S to safety hazards these types of changes will be extremely difficult to manage due
to the pace of the LP turbine inspection activity.

» The crew working on the steam seal piping will contmuaily be interrupted due to
overhead hazards from materials being removed and retarned 10 the LP turbine
centertine. Once again due to the pace of the LP turbine inspection and the fact
that the steam seal piping replacement orew will be in and out of the work area
which is not visible from the turbine floor only ncreases the potential to !
inadvertently trangfer a load over the piping replacement crew.

Equip:ﬁem Safety and Quality:

¥ The removal and installation of the steam seal piping will involve welding and
grinding activities. Shtelding can and must be installed to prevent inadvertent
weld flash, slag, and grinding dust, however, performing these types of activities
in the vicinity of open bearing oil suraps, exposed shafl journals, and beating
babbitt surfaces increases the risk for accidental damage. ,

\

Schedule and Log\is:»tics

» The LP tusbine work is the primary crifical path activity for the Outage and any

delays encountered by the implementation of the N4 steam seal supply line tépair -

. will most likely resuft in an increase in duration. The repair of the steam seal line
will require a moderate use of the turbine building crane to remove/install deck
plates, piping, and appearance lagging. In addition, crane support will be required
to remove damaged pipe...install and fil-up new pipe sections. . remove new
section to perform non-field welds. ..and permanent installation. There is zero
turbine building crane availability during RFO 25.

» The open hole caused by the removal of deck plating will cause the “A” L to be
Jogistically separated from the “B” LP on th'; right side of the centerline which

NEC037139



‘ o ' Prepared By: G. Benedict
e . \ - . . Date: 9/28/05

L Sitlo

‘,WIH create a delay in the Erdmier of tooling and ma{euais between EP “A” and
(‘B‘H -

» Asbestos concern: There isa potcutial that the stearn seal line being repaired
contains ashestos Insulation. Any asbestos insulation issues could shutdown work
on the turbine deck.

» Maintenance resources: Maintenance crews assigned to the steam sea) line repair
have 7 shifts available to perform this repair. 1f there are any delays in
performing the repair (e.g. coordination issues or emergent 1ssues during the
work), the maintenance crew would be required to Ecave the steam seal pipe repair
and return {o the refuel floor.

Technical Basis for Deferral:

Team inc. was contacted to determine {he feasibility of operating the unit for an additional cycle -
with the Team clamp in place. The response fiom Team luc. was very faverable with regard to

operating an additional cycle with the clamp in place. According to Jim Savoy {Team Inc.

District Manager) many commercial industrial facilities that have utilized clamps similar to the (.

one installed on the N4 steam seal supply line have operated for extended periods much greater

than the requested 18 'months.

The steam seal supply 1s apprommately 2 — 5 1bs, of pressure with a maxirmum temperamrb of
255 degrees F. This is considered very low in comparison to many of the applications thal Team
Inc. has installed similar long term clamps on. I the clamp is left instalied for an additional
operaling cycle there i3 a risk that the clamp will leak once the plant is placed back on-fine.
Although considered a low probability, the nisk is due to the thermal cycling of dissimilar. -
1naterials thet are utilized in the clamping and sealing process. If a leak were to occur Team Ing,
would re-inject the clamp with sealant which has been successfully performed at other locations.

i
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| VERMONT Y ANKEE &
. SCOPE MANAGEMENT REVIEW FORM

vDate 10/ 05: ,,,,, — _ Trackis;g Number:

(Assigned by Work Seope Control Coordinator)
Waork Order Number: 0"5/"' Q/f §4-06 Reference Document__1#M 200483 (.

. : (BR, MM, TM., 0028, etc.)
Initiator; /é¢€ /- </’ 1[54(/'7 Approved By: ’

-~

Dept. Mgr.

Location of Work to be Pesformed: __{ 4R8 /e,

ADDITION[]  DELETION[Y cnance £

Description : o
Aealecernent OF tean seal vusoly Pipiag, Tane <5 _o ferp [tak
,ﬂmm oA _plge, i

' Justification for Request
Torkeetd s _aiitt  cantraaf el wapk ,o{¢nn¢a( g T :.’.P Aaémcs
Sea affachind memo  that paecomesrs  Ahe 4446/.;,,44_; HRard woudd ,,(,,/.,., y
,.Q&_f]_ﬁw_ftﬁf"\ an e tuabine deok. -

Review Process

Additional Cost:
[ Duration and Schedaling Impact: _
Assigned Dept./Man-Houss to Complete:
Source of Maapower/Otlier Scope hnpacted:
Dose, Chemistry, Safety Dinplication:
Engmeenng Impact - Man-Houmfbngmwmg Dept.
Optmmal Ways to Address:

) Approval Process

Please provide a brief justification

Scope Review Committee Recommendation/Planning Priority:

Priority *C" WO

' ns7é Dept Approval :
— -rs
e MW”\“ - Disapprove Date:_[07 2}{'98/
;.»Q éf Event Co@riw " /

EMPAC Cha
' sCC Date
Log Updated: ‘
Copies to Work Control, Outage Scheduling, ;
VYPPF 71102.01
‘ PP 7102 Rev. 1
i ' ' Page lof 1
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RFO-25 Piping FAC Inspections
- Outage Scope Challenge Meeting 5/4/05 m S‘

M

Short or cryptic summary of what the project involves and why we need fo complete the project in

RFO 25 {e.q. reguifatory requirement, risk to generation, program reqmrement appronnate

management of the ass?t ) :
in response fo USNRC Generic letter 88-08, inspections of piping components suscaptible
to damage from Flow Accelerated Corrosion (FAC) are performed sach refueling outage.
The planning, inspection, and evaluation activities are currently defined in program
procedure PP 7028, "Piping Flow Accelerated Corrosion tnspection Program”. Before the
start of RFO25, VY will transition {0 a new Entergy procedure “Flow Accelerated Corroston
Program”, ENN-DC-315.

" Description of tha scope. of the project, what it encompasses, optsons that have been considered
ify rainimal required vs. discretiona

interfaces with or can be included in this prolect; Impacts on others.

The scope of the inspections for sach refusling outage is based on previous inspection
results, predictive modeling, industry and plant operating experience, postulated power

. uprate effects, and engineering judgment. The scope for the Fall 2005 RFO is defined in -

~  Design Engineering-M/S Memo VYM 2004/007, Revision 1. The 2005 RFO Scope mcfudes:

£xtemat Ultrasonic Thickness (UT} Inspection of 37 large bore components at 16 locations.
includes: )
5 components recommended for repeat inspections based on prior UT data

2 components for CHECWORKS modei calibration

& components based on Operating Experience (Mihama Event)

6 components downstream of leaking N.C. valves (identifi ed from TPM)

4 components based on increased EPU flows

2 compenents D.S of FCV -104-4 (suspected cavitation )

12 components based on current through wall leak in SSH at LP turbines z

LR S BN BN I N 4

External Ultrasomc Thickness {UT) [nspection of 5 sections of small bore piping based on

industry experience. Includes 4 sections of papmg downstream of restriction orifices at the

CRD pumps.
intemal Visual Inspection of two 36 inch CAR lines to assess changes in flows from HP
turbine modHications installed in RFQ 24. Intemal Visual inspection of the only remaining
carbon stee!l 30 inch diameter line 30™-B. '

Pre-gutage scope and long lead time parts/cbn’{racts that have been identified.

None

Page 10f 3
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i RFO-25 Piping FAC Inspections
Outage Scope Challenge Meeting 5/4/05

‘Initiatives, creative opportunities, unique problems associated with the ;)ro‘iect.

None

The inspection process used is the industry standard. Removat of insulation and surface

_preparation are required for the UT equipment. Remote methods which do not require
insulation removal are still in the development stage, and do not currently have the accuracy
required to trend low wear rates (EPR} CHUG). Phosphor Plate Radiography which is
currently being adopted to screen small bore components without insulation removai is
primarily applicable to PWR plants. Limited use on BW‘Rs.

. { , '
Design Engineering — M/S has minimized the number of inspections performed each RFO.
VY has traditionally trended well below industry average number of components inspected
each RFO. This is primarily due the original design of the plant and replacements with
Chrome-Moly piping. Recent trends in numbers of components inspected at other plants
show reduced numbers of inspactions based on piping reptacements

3
| . ;

identify additional organizational support reqwred an(j specifically, management supnort
acessary,

Inspections will be performed by the 1S! personnel. Scheduling and staffing will be

coordinated with other I1S] activities. inspections are performed using approved NDE

procedures. Training on inspection procedures is performed under the 18I program.. Grid
- marking per new ENN Standard ENN-EP-S-005

Primary DE-MfS intetrface is the (S| Level }l and!or 1SI Program Engineer for coordination in
review and approval of inspection data. Interface with craft & other plant groups is normally
through established links in the I1S1 program. Unusual situations which require additional
support will be raised to management levet as required. .

Two DE-M/S engineers (J.Fitzpatrick & T.0'Connor) currently trained in evaluation
procedures and have prior VY FAC Program Experience. Cther BE-M/S engineers with pipe
stress experience can be frained on shott notice. The humber of inspections is sfightly higher

- than the last two outages. Coverage will be prowded 7 days a week {or as required} to
evaluate UT data. / _

The FAC Program Coordinator {J. Fttzpatnck) is responsible to insure that anspectlons are
performed and the data is evaluated in accordance with the program requ#rements Activities
will be coordinated with the I1SI coordinator (Dave King). Any problems that arise that can not
he handled at the engineer level, will be elevated per cutage management guidetines {30

minute rule, etc.).

1 Page2cof 3
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f RFO-25 Piping FAC Inspections.
Outage Scope Challenge Meeting 5/4/05
v e*"‘} ) . .

Identify any preparation issues necessarv te meet upcoming outaqe milestones.

» Coordination W|th L.P Turbine work for inspection of SSH components (physical s;)ace)

« Coordination with L/P Turbine/Condenser work for ventitation path {opening) for the 30"
8 Cross Around Line and for 2 window to perform lnspectlons (noise issue). !

« ER for Design Engineering — Fluid Systems to develop a (paper) Design Change to
reduce the plping design pressure in the Feedwater Pump Bypass Lines at the
condenser. Current design pressure for the piping attached directly ta the condenser is
1900 PSI. Local sections of carbon stee! piping remain at the condenser. Leaking valves
during past operation cycles may have resuited in increased wear in carbon steel section
of fine.

Identify if all necessary outage and pre-outage WO's for the prolect/program scobe are generated.

Work Orders to for suppori actmtles and inspections (04-4983-000 senes) / M\QgV\ rfw

@@vll{pw’\ ‘

~"'Ient1_y |f any opportunities to perform any part of this scone couid be completed pre-cutage?

The only components which are not hlgh temperature and are in an accessible location
during plant operation are 4 sections of smali bore piping downstream of restriction orifices
af the CRD pumps. These may be inspected during operation. However, this is a high

noise area. _
) (UN\U&‘M@&')\) ’

/
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pracedura NE-SGE3. NE-B053 has been superseded by ENN-NDE-8 .08
All VY comments were resolved during development of this standard.
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NECO037147



Fitzpatrick, Jim e | @L‘ 7,0?‘7/

“rom: Frtzpat(ick Jim

J'e:nt: ‘E'uesday, September 27, 2005 1145 AM

To: VTY_Engineering-Mechanical Structural; VTY_EFIN_DL
Subject: FW: Communication of Approved Engineering Standard

FY1 !

‘Ehts is a new ﬂeet standard for gvaluation of thinned walf p1pmg components which will replace ENN-DC-133. ENN-DC-

133 will be superseded.
VY Depacttment Procedure OP 0072, “Structural Evaiuatron of Thtnned Wail Fiping Components will be revised or

superseded as requirad when ENN-DC-315 s adoptad

' Entry Conditions for this Standard wilt be it ENN -DC-315 “Flow Accelorated Corroswn Program” and ENN-DC-185
“Through wall leaks in ASME Section XI Class 3 Moderate Energy Piping Systems”. WPO has the responsibiity o revise
tho references to ENN-DC-133 in these procedures. '

Qualifications/Training : J

At present there is no ENN QUAL CARD for Use of this Engineering Standard, Calaulations performed using standard are
documented per ENN-DC-126.-Based on the scape of this standard, only Design Engineering — Civil/ Structural personnet
and the Mechanical types in EFIN with prevuous pipe stress experience have the charter and background to apply this
gtandard. .

Summary ¢t Changes froam ENN-BC-133 as appizcable to VY:
o More formalized tios to ENN-DC-315, Wear rate determination for FAC program mspect;orxs is the

responsibility of the FAC Program Engineer |

Caicutation of compenent Wear, Wear Rate and Predicted Thickness is consistent the same as DP0D72. The
only change trom DPOO72 is a reduction an the Safety Fagtor (SF) from 1.210 1.1, ;

The methods used to calculate the cade required thickness for pressure and moment loads are consistent
with DP0O072, but presentad in a differant format.
e No significant changes to appﬁcatuon of ASME Codg Case N-513 for though wall lpaks
Added attachment for guidance in ealculation of component wear rates.
Excel spreadsheet tatmplates are avallable to facilitate ealculations.

*

i
From: Ettlinger, Alan
Sent: Monday, Septemnber 26, 2005 9:33 AM . ’ o
To: Casella, Richard; Fitzpatrick, Jim; 1o, Kai; Pace, Raymond ’
Cc: Unsal, Ahmet
Subject Communication of Approved Engineering Standard

I accordance with EN- D(-146, as the Site Procedure Champion (SPC) at your site, please inform and commumcate to
applicable site personnel, the issuance of the following fleet NMM Engineering Standard,

ENN-CS-S-008, revision 0 Pipe Wall Thianing Structurat Evaluation |

This standard supersedes ENN-DC-133. .The standard can be accessed in IDEAS on the Citrix server.

The standard becomes effective, and will be posted on September 28, 2008. ™

B
i you have any guestions, please give me a call.

-

e

10/22/2005
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION .

Before the Atomic Safety and Licensing Board

In the Matter of

Entergy Nuclear Vermont Yankee, LLC
and Entergy Nuclear Operations, Inc.

(Vermont Yankee Nuclear Power Station)

Docket No. 50-271-LR
ASLBP No. 06-849-03-LR

N N N N N N

CERTIFICATE OF SERVICE

I, Christina Nielsen, hereby certify that copies of NEW ENGLAND COALITION,

~ INC.’S OPPOSITION TO ENTERGY’S MOTION IN LIMINE in the above-captioned
proceeding were served on the persons listed below, by U.S. Mail, first class, postage prepaid;
and, where indicated by an e-mail address below, by electronic mail, on the 19" of J une, 2008.

Administrative Judge
Alex S. Karlin, Esq., Chair
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

E-mail: ask2(@nrc.gov .

Administrative Judge

William H. Reed

1819 Edgewood Lane
Charlottesville, VA 22902

E-mail: whreville@embargmail.com

Office of Commission Appellate Adjudication
Mail Stop: O-16C1 ’

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

E-mail: OCAAmail@nrc.gov

Administrative Judge

Dr. Richard E. Wardwell

Atomic Safety and Licensing Board Panel
- Mail Stop T-3 F23

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

E-mail: rew@nrc.gov

Office of the Secretary

Attn: Rulemaking and Adjudications Staff
Mail Stop: O-16Cl1

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

E-mail: hearingdocket@nrc.gov

)

Sarah Hofmann, Esq.

Director of Public Advocacy
Department of Public Service

112 State Street, Drawer 20
Montpelier, VT 05620-2601
E-mail: sarah.hofmann@s‘tate.vt.us

“Lloyd B. Subin, Esq. N

Mary C. Baty, Esq.

Susan L. Uttal, Esq.

Jessica A. Bielecki, Esq.
Office of the General Counsel
Mail Stop O-15 D21~

U.S. Nuclear Regulatory Commission ‘
Washington, DC 20555-0001

E-mail: Ibs3@nrc.gov; mebl@nrc.gov:;
susan.uttal@nrc.gov; jessica.bielecki@nrc.gov

Anthony Z. Roisman, Esq.
National Legal Scholars Law Firm
84 East Thetford Road

. Lyme, NH- 03768

E-mail: aroisman@nationallegalscholars.com




Marcia Carpentier, Esq.

Lauren Bregman

. Atomic Safety and Licensing Board Panel
Mail Stop T-3 F23-

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

E-mail: mxc7@nrc.gov

Lauren.Bregman(@nrc.gov

¥

Peter C. L. Roth, Esq.

Office of the Attorney General
33 Capitol Street

Concord, NH 03301

E-mail: Peter.roth@doj.nh.gov -

%

David.R. Lewis, Esq.

Matias F. Travieso-Diaz

Pillsbury Winthrop Shaw Pittman LLP
2300 N Street NW

Washington, DC 20037-1128

E-mail: david.lewis@pillsburylaw.com
matias.travieso-diaz@pillsburylaw.com

Diane Curran
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.

1726 M Street N.W., Suite 600
Washington, D.C. 20036
E-mail: deurran@harmoncurran.com

Matthew Brock

Assistant Attorney General
Environmental Protection Division
Office of the Attorney General

One Ashburton Place, 18" Floor
Boston, MA 02108 )
E-mail: Matthew.Brock(@state.ma.us

,//

- Christina Nielsen, Admlmstratlve Assistant
SHEMS DUNKIEL KASSEL & SAUNDERS PLLC



