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Office of the Secretary

Attn: Rulemaking and Adjudlcatlons Staff
Mail Stop O-16C1

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Re:  Inthe Matter of Entergy Nuclear Vermont Yankee, LLC and Entergy
) Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Stat1on) '
Docket No. 50-271-LR, ASLBP No. 06-849-03-LR
Filing Discussing Proprietary Documents

Dear Sir or Madam:

Please find enclosed for filing in the above-stated matter New England Coalition,
Inc.’s Motion to File Corrections to Exhibits and to Withdraw Certain Testimony of
Ulrich Witte. 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:

1. Recommendations for an Effective Flow-Accelerated Corrosion Program
(NSAC-202L-R3);

2. EPRI: 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.

© | COLLEGE STREET + BURLINGTON, VERMONT 0540 |
TEL 802 /860 1003 + FAX 802/ 860 1208 - www.sdkslaw .com ‘ b

) . : . *Also admitted in the State of saine5
- _ 0 9// ) **Also admitted in the District of Columbia



" Pursuant to the Protective Order governing this proceeding, an unredacted version
of this filing 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 will be served
on all other parties. ‘

Thank you for your attention to this matter.

Sincerely,

Karen Tyler »)/V |
SHEMS DUNKIEL KASSEL & SAUNDERS PLLC

Cc: attached service list



UNITED STATES
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD
Before Administrative Judges:
Alex S. Karlin, Chairman
Dr. Richard E. Wardwell
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In the Matter of

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)
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NEW ENGLAND COALITION, INC’s MOTION TO FILE
CORRECTIONS TO EXHIBITS AND TO WITHDRAW
CERTAIN TESTIMONY OF ULRICH WITTE

Pursuant to 10 CFR § 2.323, New England Coalition, Inc. (“NEC”) hereby moves
to file corrections to Ulrich Witte’s report, Exhibit NEC-UW_03, and corrected Versio\ns
of Exhibits NECfUW_l 5 and NECfUW_'20. NEC also moves to withdraw portions of .
Mr. Witte’s report, Exhibit NEC-UW_03, and of Mr. Witte’s dir?ct and rebuttal
testimony that concern Entergy’s aIleged reduction of the number of FAC inspection data

points between the 2005 refueling outage and the 2006 refueling outage.

I Mofion to File Corrections to Exhibit NEC-UW_03 and Corrected Versions - -
| of Exhibits NEC-UW_15 and NEC-UW _20 '

In the process of responding to Mvot.ions in Limine to éxclude from the record Mr.
Witte’s report, Exhibit NEC-UW _03, filed April 28, 2008, Mr. Witte identified and

corrected a number of citation errors in this report. These errors involved the
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/ - . . . .
transposition of exhibit numbers and other clerical mistakes. Mr. Witte also determined
that one of his Exhibits, NEC-UW'__I 5, 1s incompléte; and a second, NEC-UW_20, was
printed from a corrupted file.! Mr. Witte completed a corrected version of hiis report,

Exhibit NEC-UW 03, on June 19, 2008. NEC filed both this corrected report and

corrected versions of Mr. Witte’s Exhibits NEC-UW_15 and NEC-UW_20 on June 19,

2008, as Attachment A to NEC’s Opposition to Entergy’s Motion in Limine. The

corrected report and exhibits are attached hereto as Attachment A.

This motion is timely filed within ten days of the date Mr. Witte completed
corrections ~to his report. 10 CFR § 2.323(a). Mr. Witte’s corrections d‘o not change the -
substance of his report or testimony. The substitution of the corrected report and exhibits
therefore is not prejudicial to the other parties:

1L Motilon to Withdraw Certain Testimony of Ulrich Witte

NEC moves to withdraw portions of the Prefiled Direct Testimony of Ulrich
Witte Regarding NEC Contention 4,.0f Mr. Wltte s report Exhlblt NEC UW _ 03 and of
the Prefiled Rebuttal Testlmony of Ulrich Wltte Regarding New England Coalition,
Inc.’s Contentions 2A, 2B and 4 that discuss Entergy’s alleged reductlon of the number
of FAC \inspection d(ata points between the 2005 refueling outage and the 2006 refueling |
outage. The specific discussioh NEC moves to withdraw is indicated on the copies of
Mr. Witte’s testimony and report attached hereto as A;ttachments B-D.

In the process of responding to Motions in Lirﬁine to exclude his rebort, Exhibit
NEC-UW_03, Mr. Witte determined that his discussion of the alleged reduction in FAC

/inspection data points was based on a corrupted version of the document filed as Exhibit

M M. Witte converted this document to a text-searchable format from a PDF file. 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.

3



NEC-UW_20. Mr. Witte converted this document to a text-searchable format from a

\

PDF-format file. The conversion altered some of the text of the document, including the
number of 2005 inspection data points. -Page NEC037118 of the converted document
states that the 2005 RFO inspection scope consisted of “0137 large bore components.”
The PDF-format copy of this document that Entergy produced to NEC states that 37 |
components were inspected. |

-

III.  Consultation
- " / )
NEC has consulted or attempted to consult with all parties concerning these

motions. The NRC Staff is not opposed}. Entergy could not take a position without
reviewing NEC’s filing. The State of Vermont is not opposed to the filing of these
motions, but reserves the right to comment on their substance. The States of

Massachusett_é and New Hampshire did not take a position.
o

June 27, 2008 New England Coahtlon Inc.

’ byr- ({/U/\W W \

Andrew Raubvogeo

Karen Tyler

SHEMS DUNKIEL KASSEL & SAUNDERS PLLC
For the firm

Attorneys for NEC



ATTACHMENT A

EVALUATION OF VERMONT YANKEE NUCLEAR POWER STATION LICENSE
EXTENSION: PROPOSED AGING MANAGEMENT PROGRAM FOR FLOW ‘
: ACCELERATED CORROSION NEC-UW 03

CORRECTED

- I Ihtroduction _

I submit the following comments in support of the New Er;gland Co_alition, Inc.’s RED AC\TED
(“NEC”) Contention 4. My comments concern the Applicant’s aging managerﬁent |
program, specifically addressing the ﬁdélity_of the Flow-Accelerated Corrosion (“FAC”)
Program (NEC Contention 4). | ’ \

NEC asserts that the applicatidn for Licerise Renewal submitted by Entergy for
Vermont Yankee does not include an adequate pl‘an to monitor aﬁd manage aging of plant
' \equipment due to ﬂow~acéelerate_d corrosion (‘fFAC”) during éxtended plant operation.

. The Applicant has represented that its FAC management prograin during the period of

éxtended operation will be the same as its program under the current operating license,
- and consistent with industry guidance, including EPRI NSAC 202L R.3. The use of the
' CHECWORKS model is a central element in the Program implementation.

In the Applicémt’s motion for summary disposition, the Applicant proffered a
response that credits the its current program for FAC managementwat‘ the facility, and
‘sirr\xbly extends the current p;ogﬁm for the renewal period, making the following
statemen‘t: “furthermore, the FAC program that will be implemented by Enterg(y is the
same program being carried out today, which has not been_otherwiée challénged by NEC,
will meet all reguiatory guidance.” Ref. Entergy Motion for Summary‘Disposition on
New England Coalition’s Contention 4 (Flow Accelerated Corrosibn), June 5,2007, at 3.
Italics added.

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

basis regarding its FAC program. The Applicant asserts that the plans for monitoring flow \
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accelerated corrosiqn,' including the FAC Program goal of preclusion.includes appropriate
procedures or édministrative cc/>;1trols to aésure that ﬂ';é structural steel integrity of all steel
lines containing high-energy fluids is maintained. /d at 6. The appl‘icant is argues that
since the VY FAC progrém is based on EPRI guidelines and has been in effect since 1990,

" one could therefore éonclude the applicant hag established methodoloé); so as to preclude
of negative design margin or forestall an actual pipe rupture, and Entergy infers that it is
technically adequate and is compliant with its licensing basis requirements.

_ Idraw a di\fferent conclusion. Based on the implemented program presently in
place, and the histprical inadequacies necessary for effective implementation (including
evolution) of the FAC progrém, the overlsights are substantial in program scope,

' application of moégling software,A and finally necessary revisions to the program not
implemented as was promised to support the power up-rate. 1 am not a]bne in this
(_:onclusion. Program weakne.sses and failures have been identified by others and form the
basis of condition reports, the caiegorization as‘ unsatisfactory in a Qu"a]ity\Assurance
Audit dated November 11, 2004, and noted as “yellow” in a cornerstohe roll-up report
cifca 2006%. In addition, the NRC Project Managgr made a recent inquiry into indications
of én out-of-date program.®  On Monday, April 21, 2008, 1 spoke by phone with NRC
resident inspector Beth Sienel, and she confirmed that, even now, Entergy has not

/colmp]eted 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: 38 dated

] 10/03/2006, page NEC038424, Open Action Items, (includes Afl 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.

* Exhibit NEC-UW_14.
. 2



into question the results of FAC inspection during RFO 25 and RFO 26, in which powér
~ .
up-rate design data apparently is as yet not incorporated. o

These program implementation delays are substantive, and based upon the

.information provided to NEC appear to remain unresolved. . These deficient conditions
g

raise quéstions as to the fidelity of the entire license renewal application, Entergy’s

commitments for license renewal, m;magement oversight, and the efﬁcacy ofthe .

regulatory-required Corrective Action Program. |

Ifit is;tr.ue 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 quéstioﬁ warrant condition reports under the Entergy Corrective Action Program,
in particuldr given that( they appear to violate regulatory commitments regarding the Flow
_Accelerzitéd Corrosion Program.

10 CFR Part 50 Appendix B, “Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocess_ing Plants,” provides that a condition that is deficient is required to be
identified, investigated, and remediated expeditiously. Promises to correct the deficient
.program at some point in the future are not sufficient, unless al} rfzasonab]e 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

J

) .

4 ]\_OCFR Part 50, Appendix B, X V1, “Corrective Action,” states: “Measures shall be established to assure
that conditions adverse to quality, such as failures, malfunctions, deficiencies, deviations, defective material
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.” ’



for years® led the Japanese Mihama Plant FAC pipe rupture in 2004, causing five
fatalities.® As discussed in detail below, Vermont Yankee misseé 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 culfural shiﬁ;oward proactive corrective action and away from a reactive

mentality of delaying needed corrective actions to programs such as FAC that result in

unresolved deficient conditions and unnecessarily narrowed safety margins for longer

periods of time than are necessary.

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

|

A common metric used by the regulator (for example in ROP reviews) and
management is the volume of the backlog of open corrective actions and the nu?nber of
open corrective actions that date further baci< than one year, two years or even three or
more years, to establish the ﬁ'delit;/ of the licensee’s compliance with the terms of its
operating license and associated commitmenté. The metric is }xseful in evalﬁating Flow

~—

Accelerated Corrosion management at Vermont Yankee.

II. Summary Assessment
Based on a detailed review of the record provided to NEC regarding the Flow-
Accelerated Corrosion Program, my conclusion is that the FAC program appears to have
been in non-compliance vyit_h its licensing basis from abbut 1999 through February 2008.
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.

% Exhibit UW_20, Page 6 of 14 of VY FAC Inspection Program PP7028, 2005 refueling outage ; at

NECQ3TI09. e

~

§ Kepco Ordered to Shut Down Mihama Reactor. The Japan Times, September 28, 2004, available at
hup.//search. japantimes.co. jp/member/member.hitmi?nn20040928a6. him.
' 4

e -(Deleted: 7
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as much as four years. The last condition report regarding FAC, CR 2006-2699, was
written on August 30, 2006. Althéugh noted in the corerstone report dated Cctober of
2006?, the condition report apparently was never provided to NEC. The condition report
aggregated approximateiy six corrective actions to the program that had been igncired and

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

In addition, the most recent FAC inspectiqn was performed under superseded
procedures and the results therefore are\of potentially no programmatic valqes. Procedure
ENN-DC-315, was revised and in effect on Mérch 1, 2006, yet superseded on December
1, 2006 by yet anew program level procedure. Close e;(amination éhows that the
procedurés brepared, approved and implemented by Entergy for implementing the FAC
Program were substantially revised, yet were not used in the most recent flow-accelerated
corrosion in:pections after VY increased operating power by 20 percent in the 4March,
2606 EPU, nor were they available for RFO 25, the first c;utage after power up-rate.
Required changes, including both a software upgrade and-design parameters regarding the
substantial plant modification to uprate the plant to 120% power, were not incorporated

. N :

for either outage, and were in fact still being implemented in February 2008, when Staff

inquired on this subject..

7 Exhibit NEC-UW_07 Cornerstone Rollup, Program: Flow Accelerated Corrosion, Program Infrastructure
Cornerstone, Quarter: 3", dated 10/03/2006, page NEC038419 (“Corrective Action Plan to complete open . - —[Deleted: 1

Location Worksheets/ Methods and Reasons for Component Selection,” April 3, 2006, at 1, NEC017888,

I

3 )

# Exhibit NEC-JH_42, VY Piping FAC Inspection Program PP 7028- 2007 Refueling Outage, Inspection - -{Deleted: Uw_20



I T Fecduwater System FAC

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

the RFO 24 outage.

To be an even marginally predictive modeling tool, the CHECWORKS model
R . {Formatted: Highlight

should have been kept current for successive outages,—_ P

. { Formatted: Highlight

PSR ) th2t 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 incorporate the program, which depeﬁds
heavily on trending of data 6f multiple outages, they incorporated in one plunge plant

design conditions during the 3"i quarter 2006. The scoping document supporting selection

of grid points collected essentially all the sins of the past, including, for cxampie, 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 dvocumentl Y

o~

/

e ” { Deleted: |

e [ Deleted: |

. '[Deleted: [ 1

o ( Formatted: Highlight

— AL A

!! 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 partiéular inspection point, (2) CHECWORKS User ~
Groups, (CHUG) suspec'ts}found at other plants, (3) exclusion of components that were
_intended to be replaced based upon another regime or degraded condition.

Had data from previous FAC inspections routinely been entered into
CHECWORKS, the selection of grid points and ranking would h?;ve provided a better
historical perspective on where to inspect in successive outages, including the most recent
outage. With the exception of VY’s strength in reactively replacing piping OF components
with FAC-resistant rr_latgrial during repairs or maintenance, the program itself was not

effective as a predictive modeling tool. Simply stated, once something ruptured or was

found to be outside its design margin, it was replaced in a reactive'manégement appro'ach.

‘Proactive management of the program to predict failures has been inadequate in the FAC

{ i

Program, as referenced above.

Even the most recent inspection completed for RFO 26 appears to have been

structured around procedures that were superseded, scoping requirements to establish a

new baseline of pipe geometry and as-found wall thickness 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 NEC(Q37107. The condensation system showed one component with

negative time to Tmin. The Extraction Steam System indicated three components with negative time to code :
min wall. PageNECQ37108. e -[Deleted: 7

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.
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The current program-level 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 NSAC 202L

, .

‘guidance or in an orderly trending of data by CHECWQRKS based upon repeated passes
with new grid points and new rankings selected. Data input and pasges by CHECWORKS
were not.accomplished on an outage-by-outage basis\.I4 ’

With only 63 poin_‘cs/examined in RFO 26", the baséli‘ne for the power up-rate
conditions appears not to have been establishéd. I found it troubling that RF O 26 results

: v
were provided to the Advisory Committee on Reactor Safeguards (“ACRS”) on June 5 ,
2007, but apparently were not di;clbsed to NEC.

VY is the first plant modiﬁed to achieve Constant Pressure Power Up-rate to 120%
power and only one other plant out of the ﬂéet of 104 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 bencharking,data, and is of marginal use.

The history of the one other up-rated power plant, Clinton Power Station, suggests
the possibility of future problems at Vermont Yankee. The NRC inspected Clinton Power
Station, including a re\'liew‘of the FAC program, after its up-rate in January 2003 and

found the program to comply with its licensing basis, including NSAC 202L and the use

P Exhibit NEC:UW 07 atNECO3842d. ... . ... ... ... .--{peleted:10

.- - Deleted: uw-20 -

Records for 2005 Refueling Qutage at NE( L [ Deleted: 7

15 Exhibit NEC-UW-11, Official Transcript of Procéedings ACRST-3397, Advisory Committec on Reactor \“\ { peleted: 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 significant changes to the model—such as
apower uprate. . ' ' . '
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of CHECWORKS. Program inputs were fully incorporated from previdus inspection data
and hee;t balance up-rate data.‘ Wear rates we_r;a predicted to increase 8% because of up-'
ratéd power conditions. Although tﬁe increase was a concern to the regulator, the program
was found’.to be adequate. Yet only nine months later, Clinton experienced a FAC
rupture'®. It is relevant that this failure occurred aplproximately 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 people, failed after 15 years 6f
operation, and required 190 component replacements due to FAC. The ac;cident led to
unpredicted causal events outside the engineering design basis—including discharge of
CO,, seepage of the heavier than air ga‘s into the control room, requiring reactor operators
'to don Scott air packs and with some operatc;rs exhibiting symptoms such as dizziness .
becaus; of control room habitability'®. Pleasant Prairie, a fossil plant with similar
conditions, endured a catastrophic FAC failure at 13' years, causiné.two fatalities'”, and a
Japanese plant failed without warning, killing five people, simply because of a failure to
inspect one component section due tc; an administrative »oversight, repeatedly missed by

program owners.?’ The oversight was never noticed during quality control or quality

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

!

\
~
| '°Exhibit NEC,JH-42at 7(NECOIT894), . ... . ... ...
| ' Exhibit NEC_UW-04; Exhibit NEC_UW-05 at §XIM17. o

"8 Exhibit NEC-UW_22 U.S. NRC NUREG 0933; Issue 139: thinning of Carbon Steel Piping in LWRs
 (Rev. 1)at 1-4.

'* Exhibit NEC_UW-21, Milwaukee Sentinel, March 9, 1995.

| 2 Exhibit NEC_UW-20 at NECO37109., .

- - '@eleted: uw-20 -

- '@eleted: o

- { Deleted: a9, NEC017896
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These plants were not:specifically usiﬁg aging management tools, where as othefs,
such as Clinton, did—but each FAC failure occurred well before the plants reachéd their
engineered end—c‘)f—life‘o'f 40 years. The event at Mihama occurred due to nothing more
than z;n administrative failure to routinely inspect a known FAC-susceptible cémponept.

I fully concur with NEC’s consultant Dr. Joram Hopenfeld that comprehensive
'benchrr;arking will be required throﬁgh the number of years when unmanaged FAC

failures typically begin to emerge, such as the operational age of the SulTy. plant at the

time of FAC failure, or the Clinton Plant failure.

L4 .

II1. Licensing basis for management of flow-accelerated corrosion

at VY and review of the program impiementation

I reviewed the FAC program in four parts: Part A, examining the current licensing

basis; Part B, the implementation of the licensing basis; Pa;t C, the Licensee’s own record
of prob]em>s with impleméntation; Part D, my independeﬁt observations based on the
.recc.>rd provided to NEC, and the requirements for implementing an effective program
undexﬁ NRC-endorsed guidance, with which the Licensee has stated £hat 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 the current status of

application for license renewal includes the following documents:

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




. . J ) : N~
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:*

i. USNR generic letter 89-08, Erosion corrosion —induced pipe wall thinning;
1ii. - Vermont Yankee Letter to USNRC;

iii. 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;

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

v. 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;
vi. 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;
vii. USNRC letter to Vermont Yankee, Vermont Yankee Nuclear Power
, Station—Relief request for use of ASME code case N-597 as an
Alternative Analytical Evaluation of wall thinning (TAC No. MB1530)
dated July 27,2001. NVY 01-74; o ’
viii. VY memo: J.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.

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

regarding license renewal include:
B { /
ix. Flow accelerated corrosion in power plants TR- 10661 1-R1, published by
EPRI in 1999;
x.  Official Transcript Advisory Commlttee 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 ltéms i., ii, iii, 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. K
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xiii.  VYNPS License renewal Project Aging Management Program Evaluation

Results. (NEC00113191) . h
B. Implementation of the Flow Accelerated Program in accordance with
the CLB.

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 mspectlon records for 2005

refueling outage;
xviii. ENN-CS-S-008, rev 0, effective 9/28/2005, pipe wall thinning 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:

v

i

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-VY 1, Engineering 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. Comerstone Rollup update last dated 10/23/2006

12



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

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

I. The current licensing basis goal is to preclude ﬁegative design margin or pipe
rupture due to Flow-Accelerated C(;rrosion and is centered around use of EPRI document
NSAC 202L. The guidance is speciﬁcz;lly endorsed by the NRC under NUREG 1801,
which calls for a three prong approach to minimize uncertainties:
(1) Use of 2 model such as CHECWORKS [with precmon in data collection,
examination, and frequency];

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

(3) Use of industry events that have potential relevance to VY in material
condition, design parameters, and operating history.

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

OECD Pipe Failure Data Exchange Projéct (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 spemﬁc Generic Aging Lessons
Learned (GALL) Report:

1. Scope
2. Preventative actiqns}

-

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.

2 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,ZO;nc]udes a failure rate for BWR plants. The _

probabilistic risk assessment for BWR plant FAC failures is reported as.10E-5 (higher than reactor accident threshoid” ~ ™~

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

/
6. Acceptance 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 yielding the highest predictability of wall thfnning and the most certainty in ranking test

" points for inspection on a routine that collects 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.?®

4. I

I ' The record indicates that the

Vermont Yankee Nuclear Power Station (“VYNPS”) FAC program only partially

implemented its licensing basis requirements to achieve a successful FAC program and

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

,
/

* Exhibit NEC-UW_06 at 152-157; Exhibit NEC-UW_08 at 2.

A

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

YExhibit NECYH 38at3-3.4:L -

NEC038529, NEC038531-038533; Exhibit NEC-UW_07 at NEC038422.
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5..  The self-identified deficiencies in Enteréy’s current VYNPS FAC Program are

identified in multiple documents. |

e e
|
N ' Entergy apparently ignorea the
warning. More troubling is that Entergy continued to be in n;)n-cqmpliance wifh its
]icensing) ba;is through the years‘.l999-200_§. This dleﬁciency was again note_d‘in late 2004
under an internal quality assurance au(‘i/it, and two Condition Reports were wriﬁen.3° .

6. Relevant data apparently was not entered into the CHECWORKS model until ihe
third quarter of 2006.>' The October 23, 2006 rollup thus confirms that the model was not }
kept current during a séven-year period and suggests that susceptible"locationé may not
have beeh inspected during this time period. This lengthy lapse significantly weakened

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

. s ) > ,
-also evident that EPU data was still being modeled and validated in 2008.” | SRS
‘ v 4 :

% Exhibit NEC-UW-09at 2. NEC038531 -NEC038555. "CR-VTY-2004-03062” and "CR-VTY-2004-

03061.”

* Exhibit NEC-UW-07, at NEC038424 (“CHECWORKS models and wear data analy51s updated with all

" previous inspections in 33, quarter 2006.).

el to Jonathan Rowley, Feburary 20, 2008

:;Exhibit NEC-UW 14, Email from Beth Sien
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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, the plant was essentially operating in a state in which component

wear was improperly trende\d and pipe conditions were actually unknown. Reliance on

‘C‘HECWORK.S for t'his time period for predicting grid points, ranking susceptible ‘

/ . components, and inspecting new points was therefore virtually without/ technical or ] -
empirical value. Without prop;ar' trending, the predictability goal of CHECWORKS is

lost; it essentially became a data collection repository.

\ L !
8.- During the years 2000-2006, the VYNPS FAC program apparently used an .
. Y ( Formatted: Highlight ]
outdated version of the CHECWORKS software. I
- ‘ ’ : . ( Formatted: Highlight ]
I, Fricrey’s failureto
. ‘ : _ / \
- |
| ¥ Exhibit NEC-UW-08,at 5-6; NEC-UW-20 at NEC037103. L - { 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' con/qponents, including the condensate system and

the extraction steam systems, were determined to have “negative time to Tmin,;’ meaning

that wall thinning was being predicted as beyond operability limits and should be .
considered unsafe with potentlal ruprure at anytime.*® “Negative cycles of operat:ons

\

meaning wall thinning beyond acceptable code limits, were also predicted. The hours -
negative to the next inspection were substantial—pfedicting potential code violation or
failure ;could have occurred 3000+ hours previously to October 23, 2006. Tt is sm;prising
that the Licensee apparently did not write condition reports for this condition. I do not
believe that NEC received any notice of Condition Reports relevant to this significant
indication by CHECWORKS predicting substantial wall thinning beyqnd code limits to
occur with negative margin of this magnitude. This issue is particularly troubling given
that the equipment failure event is unpredictable, and batastrophic when wall thinning is
beyond acceptable limits. Despite CHECWORKS’ prediction of wa]]vthinni.ng_, the plant
continued to operéte., I have not seen any inspection or audit discussion of this situation.
It does, however, appi;,ar‘ on the R_FO 24 Inspectioh Plan,37 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.*®

|| * Exhibit NEC-J1142 at NECOI7893. See also NEC-UW-20 a NECO37I08. ... __ ... __ .- {Delewediuw

| *" Exhibit NEC-JH_43 at NEC020189. {Deleted: o5
) e e S e "&eleted: 5

| % 14 atNECO20197. . ______ L e - - { Deleted: 41

SEuE
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10. ~ The VYNPS FAC program was deemed unsatisfactory under qdality assurance

‘review dated November 22, 2004, and two condition reports were written.>> On page 5,

the report notes the need for program management to ensure update of susceptible piping .-

A

to be identified and modifications to be incorporated,’®_In addition, the report notes that .-

cross-discipline review required by procedure had not been performedf’

11.  The 2006 cornerstone report shows a number of indicators as yellow, with lists of
open CR corrective actions, and a new CR written in :August 30,2006.* The report lists
‘six corrective actionis and four CRs that were written as early as 2003 that remain open.“3
These include references to a number of progress m&icators, but authors of the report
continue to eipress concern over the program and the slow progress to update the

CHECWORKS model. 1reviewed several of the listed condition reports, some more than

four years old, and found no indication that corrective actions recommended in these

reports were completed. )

12. In at%dition, in 2005 a sixth CR was written, CR-VTY-2005-02239, stating
“CHECWORKS predictive model for Piping FAC inspection program was not updated
per appendix D of PP7028.”** The first piige 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 assértion is

| *® Exhibit NEC-UW-09 at 2 (NEC038514).

| *Exhibit NEC-UW-02 at S(NECO38SIT). .. ... ...

\

|0
| *Exhibit NEC-UW-07 at NECO38419, NECO38422. ..

| * Exhibit NEC-UW-QZ at NEC038424. ...
s { Deleted: 3
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another indicator that the VY FAC program was prima facie in noncompliance with its

CLB.

/

13.  Areview of a focused self-assessment was performed. This assessment was called

for under one corrective action from a condition report LO-VTYLO-2003-00327. The

report identifies numerous issues that required or require action to bring the FAC program

-into compliance with the CLB. For exémple, the progrém susceptibility review report for
2004 was not formal, and did not properly separate scope for ranking.”” The report was

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

’

14.  PP7028 notes plant modifications and inspection results as not updated since May
15,2000.% |

15.  Ranking of small-bore piping was not done. With no ranking, the basis for
selection of high susceptibility points for small-bore piping is not evident.*” Procedural
conflicts were identified with missing programmatic requirements.**

16. A flow-accelerated corrosion related pipe break associated with a 1”” elbow, SSH

(WO 06-6880), appears to have occurred in 3% quarter 2006.% L

5 Exhibit NEC-JH_44 at 17.
C1d. at 18.

| ¥1d.at19.
| **1d.at27-29.
" | *Exhibit NEC-UW-Q7 at NEC038428. e
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137 large-bo nspectlon pon;tj/)(e 2006 re ooutage ins pect 0/ presented othe
ACRS oy/uneS 2007, covered only 63 pojfits.*

18. The 2006 refueling outage FAC inspection scope, planning, documentation, and
procedgral ;malysis all appear to have been performed under a supersede;d program
document; ENN-DC-315 Rev.1 was effective.March 15, 2006, superseding the PP7028
Piping FAC Inspection Program.”’ Yet VY inspection plan for FAC Program PP7028 was
approved on May 11, 2006, almost two months after the PP7028 program document was
superseded This error potentlally 1r§/alldates the baseline requirement of

| CHECWORKS, in accordance with NRC-endorsed guidance, to establish the as-found
condition of components and piping.”> The fundamental step of updating in})utS is

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

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

invalid [
— Given 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.

] 33 Exhibit NEC-UW-06 at § X1.M17.

| % Exhibit NEC- JH-38 at 4-5.
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19. No indication is provided that plant isometrics were updated as required as of -

10722/04.%°

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

1 agree with the testimony of Dr. Joram Hopenfé]d that CHECWORKS is an
empirical model that must be updated with plant-specific data. NUREG 1801 does not e

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

advise that a baseline must be established as noted above || N NN

’ \

« o
I 1his rcquirement is reasonable given that each plant has unique

characteristics and of)erating history. Separate industry guidance supports five to ten years
of data trending.’” Trending to the high end of the range is appropriate where variables
affecting wear rate, such as flow velocity, have significantly changed, as at VYNPS

following the 120% ﬁower up-rate. .

AY .
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

. " . s ’ - . . . .
of which were preanted because of the repeated missed inspections in previous outages

. (that, significantly, occurred prior to up-rate).

53 Exhibit NEC-TH_44 at19.

. —‘—- [ Deleted: I
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> 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 5 to 10 years is reviewed and trended.”).
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I do not agre_e that a prolongéd period of data collection is not necessary to use
CHECWORKS effectively at VYNPS after the 120% power up-rate because the
predictive algorithms built into CHECWORKS are basgd 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
different plant from VY. Tomy knowledge, out of 104 operating plants only six have
increased operating éower by more than 15%.°% Of this Qbup, at least three — Clintoﬁ, :
Dresden, and Quad Cities — appear to have FAC-related issues.” Th¢ argument that .
CHECWORKS incorporates relevant industry data is difficult to accept when so few
plants are opérating under analogous conditions, and 50% of those have experiepced FAC

related problems. : \

The need to e;(tend 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 éroject manager to the
resident inspectors office only two months ago, it appears the NRC Was informed that the
EPU up-rate conditions were still being verified and the process was at this late date
incomplete afier two outages had passed since EPU design was completed, licensed, and
implemented. The apﬁarent failure to u;?dafe the program underscores the lack of
benchmarking done to date regarding the CHECWORXKS software, and demonstrates

' : b .
troubling failures by Entergy to adhere to their own procedural requirements and failure to_

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

38 éxhibi( N:EC-UW_I 8, Union of Concerned Scientists, “Power Uprate History,” July 12, 2007.

59 Exhibit NEC-UW_20 at NEC037109 NEC037116: JH 42 at NEC017894_ NEC017897, NEC017898: ~

JH 43atNEC020196, - - Deleted: uw-0s




2005, regarding use of the tool and the applicant’s intention to conduct benchmarking

testing during RFO 25 and RFO 26.

Based oh the foregoing, it is my opinion that seven or more cycles will be

necessary to establish a credible Benchmarkin\g of CHECWORKS to VYNPS under up-

rated operating conditions | ENGEENGE

IR ! is 2I50 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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i * Depantment of Mechanical and Nuclear Engincering ' (814) 865-2519

w College of Engineering Fax: (814) 8634848

~The Pennsylvania State University h
137 Reber Building
University Park, PA 16802-1412

(

.Dr. Brian W. Sheron
Associate Director for Project Llcensmg and Technical Analysis
U.S. Nuclear Regulatory Commission

MS 05E7

11555 Rockville Pike

Rockville, MD 20852-2738

Dear Dr. Sharon:

Enclosed are the results of a pl‘OJeCt gwen to my Penn State Graduate Students on fmdmg pipe
failure data over a range of pxpe sizes and conditions. We specifically looked for stainless steel
data as well as carbon stee] 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
r of the reports the students did separate the failure and leakage data by mechanism such that we

could then screen the data.

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 probabllxty level for failure as
compared to a more significant decrease in the failure probablhty as given-by the NRC break

frequency spectrum . ,

1 am complying 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 assessmc:{lt.

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

L.E. Hochreiter
Professor of Nuclear and Mechanical Engineering

College of Engineering An Equal Opportunity University
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Executive Summary

Currently the Nuclear Regulatory Commission (NRC) is contemplating 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 1
catastrophic rupture of a hmmng size pipe at a nuclear power plant is a very low probability

event,

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 maintaining
a coolable geometry and having the capability 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 stainless steel), pipe size, and failure mechanism.
Then, normalized failure frequencies were calculated 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 functxon of p1pe size were compared to the NRC

predicted failure frequencies.

For this project our group collected two, indépendent sets of data. The first set was provided by
the QECD 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 comparison of the trends observed for each

data set and the NRC predictions..
{

The results from both the OPDE and the independent sets of data detailed in this reportdonot
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.
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1.0 Detailed Introduction of Problem

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
hypothencal 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. Maximum cladding oxidation must not exceed 0.17 times the total cladding
thickness before oxidation.

¢. Maximum hydrogen generation. The calculated total amount of hyﬂrogen
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
Y 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- lwed
radloactlvxty remaining in the core. y

‘While requmng that all plants be analyzed in the case of a double-ended gulllotme break of the
largest pxpe 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, risk analyses indicate that large break LOCA s are not significant contributors 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]

The proposed change would divide the break spectrum into two categories based upo'n 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 (a) through (e)
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 plpes 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) .
?lant Break Size o . . _ o
ype (inches) 5% Median Méan 95%
172 3.0E-05 | 2.2E-04 | 4.7E-04 1.7E-03
17/8 2.2E-06 | 4.3E-05 | 1.3E-04 | 5.0E-04
BWR 314 2.7E-07 | 5.7E-06 2.4E-05 9.4E-05
7 - 6.6E-08 | 1.4E-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 A
12 7.3E-04 | 3.7E-03 | 6.3E-03 | 2.0E-02
17/8 69E-06 | 9.9E-05 | 2.3E-04 8.5E-04
PWR ' + 314 1.6E-07 | 4.9E-06 | 1.6E-05 | 6.2E-05
7 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
41 42E-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 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 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 Pzpe Failure Data Exchange Project [3] b

OECD Pipe Failure Data Exchange Pro_lect (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
the United States. “The objective 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 organizations contracted by a project 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: prov1ded in thxs database, and

considered for this project.

The database listed the plant type, reactor system, apparent cause of failure, pipe 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. .
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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 given 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 faxlure The
definitions of each failure type have been included in Table 2-4,

Independently Collected Data [5-36]

For the purpose of this project our group collected separate information on instances 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 provxdes an independent 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.



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

"ToE | Tvre | Group | APPARENTCAUSE | “Grout” | or necors | Fui | pen | Deformation | B | veak | TN | Roptoe | Severance | T80 | ol
BWR | SS RAS Severe gverloading 2 3 1 2
BWR SS RCPB extemal damage 3 . 1 1
BWR 5SS RCPB Severe Overloading 4 R t
BWR SS SIR . Sevete overloading 6 1 1
BWR CcSs STEAM ‘Water Hammer . 6 ! 1
BWR -SS RCPB HF:Welding Error 3 7 1 1 { 4
BWR SS RAS - | TGSCC - Transgranular SCC 2 7 1 1 i 4
BWR SS SIR 1GSCC - Intergranular SCC 4 4 1 "2 ]
BWR SS RAS 1GSCC - Intergranular SCC 4 56 | 32 9 | 3
BWR |- SS§ SIR . [\] 1 1
BWR SS RCPB TGSCC - Transgranular SCC ! 1 1
BWR S§ 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 Cooling Systems Carbon
CS 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
- PCS z’snver Convcrsiox} Sy§tems {incl, Steam Extraction Carbon
ines, Heater Drain Lines, etc,) -
i RAS ~ 2?32: é}u{gl)xary Systems (incl., CiVCS. 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 steanE admission) e P Carbon
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Table 2-3, Definition of OPDE Pipe Size Grou

. . Correspondin, Corresponding
ngoig':c Pipe ngetergs 'Pipe;Dﬁamete;
(mm) -(inches)

i DN <15 DN <0.6
2 15<DN <25 0.6<DN<1.0
3 - 25<DN<50- 1.0<DN <20
4 50 <DN < 100 2.0<DN <4.0
5 J00<DN <250 | 4.0<DN<10.0
6 DN > 250 DN > 10.0

Table 2-4. OPDE Pipe Failure Def' nitions.

Type Description
Crack - Part Part through-wall crack (> 10% of wall thickness) ,
Through-wall but no active leakage; leakage may be detected glven a plant mode
Crack - Full
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 geometry of the throughwall defect
Pinhole Leak . . . =
and the underlying degradation or damage mechanism
. Leak rate in excess of Technical Specification limits but within the makeup
Large Leak o .o .
: capability of safety injection systems
Severance IFull circumferential crack — caused by external impact/force, including high-cycle
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 combmatlon with a

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




3.0 Collapsing and Analyzing-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
i 4 2.0-4.0
\ 5 4.0-10.0
| 6 >10.0 A

A

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
Category |  Size (inches) )
1 172
2 17/8
3 3114
4 7
5 18
6 4]

’

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

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 wﬂ] be discussed later in this report.

Aﬁer collapsing the data based on pipe size, the data was then collapéed 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 sxmphf ication

purposes.
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1. Corrosion
2. Flow Accelerated Corrosion (FAC)
3. Microbiological Induced Corrosion (MIC)
4. Erosion -
5. Fatigue -
- a. Thermal Fangue N

b. Vibration Fatigue
6. Human Factors (already combined in the OPDE database)
-a. Welding Error
b. Fabrication Error \
c. Human Error , ,
7. Mechanical Failures a ’
~.a. .Excessive Vibration
b. Overpressurization
c. Overstressed
d. Severe Overloading
8. Stress Corrosion Cracking
9. Water Hammer
10. Miscellaneous ‘ )
. Brittle Fracture '
Cavitation
External Damage
Fretting
Freezing
Hot Cracking
Hydrogen Embrittlement
Unreported

PR Mo o0 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 pipes, 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 v
years of operation. This gives a failure frequency in l/calandcr-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 availability factor of 0.81 to get calendar years.

13



The normalization by pipe size (regardless of failure mechanism) and failure mechanism-
(regardless of pipe size) was repeated for BWR stainless steel failures, BWR composite failures, -
PWR carbon failures, PWR stainless steel failures, PWR composite failures, 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 mechamsm) :

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 Database. ‘ ‘ ' ~

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

) ) i .
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 information
was given 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.
AN
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4.0 Results and Comparisons .

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.

f

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 predictions [38].

Table 4.1-1. OPDE Calculated, and NRC Predicted, Normalized
Failure Frequencies (1/cal- 'TS). -

,I;.;f:; - | Pipe (?;t;g;ow $ | 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
> 10.0 4 2E 05 3 9E-08

. 8 2E- 05 4 75-04
_ 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
g > 10.0 7.2E-05 2.2E-06

<

\
)

Figure 4.1-1 displays this information graphically on a semi-log plot with normalized faifure
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 pipe 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 frequencies as a function of pipe group size for both
carbon and stainless steel pipe failures in both BWR and PWR plants.

* 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
caich a crack or leak before a complete failure occurs. As a result, a separate analysis

considering only the pipe ruptures listed in thé¢ 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 rupmre only analysis are shown below in Figure 4.1-2.
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Figure 4.1-2 Normalized rupture 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. Normalized Rupture Frequencies.

Nommalized
Plant | Pipe Size | 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
2.04.0 10 2,7E-05
b PWR 20100 29 7.7E-05
, >100 | 21 5.6E-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
BWR 4.0-10.0 11 - 2.9E-05
>10.0 1.9E-05
Total 60 —




The second assumptxon of concern is the nature of the mformatlon contained in the OPDE

database. Since the “hght” 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 Iargest 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 pomon of the dlstnbutlon still falls

outside the boundaries for both PWRs and BWRs.
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Figure 4.1-3. Normalized Failure Frequency Distributiox; for PWRs.
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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 failure 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).

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

Both Carbcgr:i;e;ilpaer;d Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only -
Pi.P e Size Normalized Failure Normalized Failure Normalized Failure
(inches) ?Yu_n.]ber Frequency Nun?,b er Frequency F;.’ ".'lb er Frequency
of Failures (1/calyrs) of Failures (1/cal-yrs) of Failures (Veal-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 - 1011 —
) /
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Table 4.1-4. Summary of BWR Pipe Failures from the OPDE Databasc as of 2-24-05

“Both Carbc;r:ese;e;;pif;d Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only
Pipe Size : : ; . e :
(mches) Number Non;?::z‘f:ni ;"q‘.'e Number of Non;?:;z;:n}:;xlure Number Non;::qz::ni ;l!ur €
of Failures ( /cal-yrs) Failures (1/cal-yzs) of Failures (1 Jeal-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
2.04.0 259 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 — 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, respectively. 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. Figure
4.1-5 shows that failures of stainless steel pipe$ 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 + stamless) foreach 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 fora -
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 4.16.

It can be seen from these two figures that conducting the analysis in this modified manner
collapses the data, meaning that the failure frequcncxes, 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 1mportantly, however, conducting this modified
analysis did not show any substantial improvement in matching the data to the NRC predictions.
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Table 4.1-5, Summ;ry of PWR Pipe Failures from OPDE Database as of 2-24-05, using the

3

Modified Analysis Method.

Both Carbcér:ese:e;ilpaer;d Stainless Carbon Steel Pipes Only Stainless Steel Pipes Only
*Z‘lﬁzlf;:; | Number | Normalized Failure | | Normalized Failure | \ T Normalized Failure
of Failures Frequency of Failures Frequency of Failures Frequency
(1/cal-yrs) (1/cal-yrs) (l/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 -e- 1011 .-

)
7

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

Both Carbon Steel and Stainless

o Steel Pipes _ Carbon Steel Pipes Only Stainless Steel Pipes Only
i:ﬁ :hil:; Number Nomnalized Failure Number | Normalized Failure Number Normalized Faifure
of Failures Frequency of Failures Frequency of Failures Frequency
C (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

JBWR data.

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

Table 4.2-1. OPDE Calculated, NRC Predicted, and Independent
nencies (llcal-yrs).

Database Calculated, Normalized Failure Fre

Plant Pipe Size NRC Independent

Type (i};ches) OPDEData.| piction Da:)abase
0.0-1.0 1.3E-04 6.3E-03 3.6E-05

1.0-2.0 4.4E-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

>10.0 4.2E-05 3.9E-08 1.1E.04

B I p 3 ) BB S TN Al R L

0.0-1.0 8 25-05 4 7E~04 2.3E-05

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

p 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 forelgn 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 independent 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 compared to what the NRC’s prediction. The
PWR frequency shows a vast difference at the higher pipe size groups which in turn contradicts
the thmkmg 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 Size for

 PWRs.

S

Figure 4.2-2 presents the overall BWR data for the mdependent 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-llght 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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Figure 4.2-2. Normalized pipe failure frequency as a function of Pipe Group Size for
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Overall, the two independent data sets show contradicting trends wheh 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.

1
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4.3 Pipe Failures as a fzmc?ion 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. 3 :

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

Plant Failure Mechanism Fjarbon Steel §tainless Steel Total Failure
Type : 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
PWR Misc 1.15E-06 2.69E-06 3.84E-06 :

Iy
I AN

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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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. '

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
aré primarily a factor of operation. Inregards 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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P
The frequenc1es of plpe failures by corrosion shown in Figure 4.3-4 are nearly mdependent of

pipe size. With the éxception 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.
' \

, ,
F igure 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 frequent)y 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 mformatlon from figure 4.3-3 that shows mechamcal failures bemg
relatively equal for all pxpe sizes and types. The frequencies of the different plpes 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 mches)
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5.0 Conclusion§ from Data

5.1 P?pe-Failures as a function of Pipe Size from OPDE Data

1.

The main problem with the OPDE database i is 1t does not have any resolution beyond
pipe sizes greater than 10 inches.

For both PWRs and BWRs the results of the OPDE database underestimate the failure —
frequency for the smaller plpe 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 prediction.

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  ~

N

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.

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

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.

3.3 P(be 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 llmlted by corrosion, fatigue, and stress corrosion cracking,

For some failure mechanisms the frequency of fallure 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 pipes fail more frequently.

/
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3. 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 thxs
data points been included as probable failures, water hammer would have become one
of the leading failure mechamsms
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PIPESIZE | TOTALNO,
PLANTTYPE| PIPE TYPE | SYSTEM GROUP APPARENT CAUSE GROUP [ OF RECORDS| Crack-Fus | Crack-Part | Daformation] LargeLeak |  Leax Prleax | Rupire | Soversnce | SmalLeak | Wal hivung
TS RUXC Caviaton 5 7 g 3 - g
[<3 AUXC g Cavlaban-erosion 5 t 1
CS AUXC Cantaton-oosion 6 1 l >
CS AUXC Carrosion 2 [ 1 B 1 0 1
Cs AUXC Concsion 3 7 - 1 3 10 3
[=3 AUXC Corosion ] [0 7 3 W
[ AUXC Conosion 3 20 . 1 " - i [ 3 3
CS AUXC Corosion [J 18 1 1 5 10 1
C§S AUXC - Erosioncavitaton [3 2 1 1
PWR - CS AUXC Erosion-corrasion 1 4 - 1 3
PWH [=3 AUXC Ercsioncarosion 2 17 - 1 3 (N
PWR TS AUXC Eros 3 15 3 [
PWR TS AUXC Erosionconosion ] 3 3 1 T 0 3 [
PWR C8 AUXC Eroson-corasion 3 20 1 3 5 1 10
PWR [ AUXC Eroslon-comasion 3 20 3 T B 7
PWR cs AUXC Extemal impact 3 7 1
PWR [+ AUXC FAG - Flow Acceiacsted Camosion [3 k] 1
PWR [3 AUXC GaNanc Corosion B T ; i
TPAR =3 AUXC HF CONSTANST 7 1 T
PWR [ AJXC HF.CONSTANST 2 0 s 1
PR [ AUXC RF.CONS 1ANST 3 3 0 3
PWR CS AUXC HF.CONSTANST 5 2 v 1
PWR =3 AUXC HF Human Ermor < 2 1 0
PWR [ AUXC HF Fhaman Emor " 3 T 1
[T PWR [+ "AUXG HEWekang Efor 3 [ ) [
PWR (=3 AUKC " HEWeang Enor B 7 7
PR TS AUXC MIC - MicrQioiog caly in0ucad COmosIion 2 2 K| 1
PWR [ AUXC MIC - MiCTobIoog Caty InduCed Comosion 3 4 3 i
™ PWR | €S AUXC [T geaty nucod G 0 [ 7 0 3
PWR [ AUXC WIC - NaTobioiog caty nduced COnosion 3 12 1 1 7 3 3 1
PAR 1 CS AUXC NI « Wacr Shlciog Caly nducad Corosion [ 3 ) 7 — 1
PWR CS AUXC Severs overoading N -t 1 N [}
PWR CTs AGXC Severs ovaicsang ) Z = 2
PWR [=3 AIXC Tharma latgie 1 1 1
PWR C§ AUXC Uevepariad 3 1 0
PWR CS AUXC Vibrasan-Fatoue 2. 7 17
PWR 5 AUXC Viraron st 2 7 § v 3
— PWR &S = HF CONSTANST 1 - 0
PWR__ | &8 =3 HF Weidng Ervor T 7
PWR [ cS IGSCC - Wiacgranuar SCC. 3 3
[ PWR [ [} VGSCO - Transgranier SCC B 3 3
[ PaR_ T 8S Cs Ury eporisd 3 i 1
PR BS [ Vibrasorvlatgie 2 [ 1 5
PWR S8 Cs * Vibrabon-{abgue 6 1 [
PWR CS EHC Sevess O 2 2 2
GG TS EH Vs a5ar-F 81008 1 3 i) 1 [
PR Ct EH ) 2 5 1 ] 7
PWR CS EHC Vibraton-fabgue 4 1 1
PWR_ [ EPS Vibravorniaiguo 1 T 3 2 7
~PWH 1 6% EPS Voratanlutgus 2 3 — 1 2
T PWR ] 3 FPS Camowon Fl 3 0 3
[ PWR_ cS ¥PS Carrosion 3 3 1 2
[ PWR_ TE FPS Carowon X 3 3 B
P WR_ 3 FPS Coasion [ 3 1 1 1 [
I PWR TE ¥P5 Cavovon 5 2 1 1
PWR (=3 FPS HE.CONSTANST 3 ] 1 0
[~"PWR TS FPS HE.FOman 1ol 3 1 [
™ PWR cS FPS HF-REPARMAINT 6 . 1 1
" PWR 5 FPS . HF Wewng Ervor [ 1 i
[~ PR 5] ¥PS Wi « Microbialog caly induced Comorion 5 i 1 ] 2 1 2
PR S FPS MIC <k Y nduced Cormoss © 4 4
— PWR | CS " FPS Sovers overicadng 3 1 f]
PWR C5 FPS _Sevefs overioadang 4 1
PR 3 FPS Severs overoatng F) F)
PWR CS FPS Severo overaading 6 1
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PWR &S RCPB HF.CONSTANST 1 6 2 3
PWR SS RCPB. HF CONSTANSY 2 12 4 0 7
PWR 3 RCPB HF_CONSTANST 3 F] ]
PWR 5S RCPB HF CONSTANST 4 1
PR [ RcPa HF.CONSTANST. 3 [
T FPWR SS RCPB HF Deslgn Enor 1 0
PWR (S RCPB HF.Design error 2 1 T
“PWR [ RCPB " HEREPAIRIMAINT 1 1
PWR (3 RCPB HF Wekdng Erfor 1 3 2 1
PR 3 RCPB HF.Wekdng Efor 2 11 1 )
AL
PWR S RCPB HF Weidng ErTos 3 2 7
BWR 5SS 8 HF Weking ofor 3 1 1 "
PWR &S RCPB rogen smixittement B 1 1
%R - =) RCPB WGSCE - Wiefgrandar SCC 6 9 i
PWR &S RCP8 PWSCC B 2 1 1
PWR &S RCPB PWSCC 2 il 76 Fl ) 4 10
PAR &S ~RCPB PWSCC 3 6 1 3
PWH S RCP8 PWSCC 4 3 1 2
PWR &3 RGPB PWSCC, B 2 1 ; ]
. PWR [55 RCPB PWSCC [ 7 2 2 3
PWR 8S RCPB Severs overoadng 2 3 3
PWR SS RCPB Severe ovesioad. 3 1
PWR BS RCPB TGSCC - Transgrandar SCC k) 7 1 1 1 ]
PWR 3 RCPB TGSCE - | Rrsgranyar SCC 2 T 5 1 4
PWR 53 RCPB TGSCC - Vransgrandar SCC 5 1 1
PR §S RCPB Thenmal 1abgue " T 0 ry
PWR 55 RCPB Thommal {stigus 2 1 3
PWR 65 RCPB Thermal latgua 3 2 1 1 1 1
PWR €5 RCPB Tharmal (8t gue 3 1 1
PWR 53 RCPB Thenmal Fatgue « Cyclng 3 1 1
[TFWR &5 RCPB Thormal Fatgua - Cychng 3 1 ¥
PWR [ RCPB Virator-Favgos 1 31 1 5 - P2
PWR [ “RCPB Virabon-Fatigue 2 82 F3 3 10 1 58
PWR ) REPE Viratonlatoue 3 1 4 7
PWR 5 RCPB Viraton-labgus 4 2 1 1
PWR S RCPE Vibraban-Fataue [ 2 2
PWR 538 RCSINSTR Fal - 1 3 3
PWR SS RCSINSIR HF.CONSTANST 1 i 3
~TPWR &S RCSANSTR HFE:CONSTANST. 2 1 1
[ FaR 85 RCSINSTR Viruson Fasgue 1 T D
PWR 85 RCSINSIR VixBhorn a8 gue 2 1 1
PWR [ G Coosion 1 1 1
PWR 3 G O Thermal Fasguo 2 1 3
PWR () &G FAC - Flow Accalarsted Comosion 3 3 2
PWR CS ) REWeldng Error 6 1 1
PWR [ 6 PWECC 1 3 3
PWR TS ~SG TGSCC « Transgraniar SCC Fl i 1
[ FWR [+ G Viox s50n-Fobgus ] ) p]
[ PWR_ 3 G VX B5ON185050 0 1 1
PWR =] IR BAECC E 1 3
[~ PWR [ SR BASCE 3 1 £
PWR &S SIR Caviaton-arouon 1
PWR &3 SIR Cawlaton-erosion 6 2 F]
PWR 3 SR Carouon 2 [ 1
PWR 65 SR “ECSCL - Extenal Chionde induced 5CC [ 3 Z [
PWR 8BS SIR ECSCC ~ Extamal Chiloride Wiauced SCC 6 1 1
PR &S SR Erosar-cavilason 2 3 1 Z
PWR _E5 SIR FAC - Flow Accelorated Corrasion 2 [] K]
PWR [ SIR Freexing 1 1 1
PWR =] EiR Fiel 6 1
PWR = SIR HF.CONSTANST 1 1 j
PVIR €5 SIR RF.CONSTANST 2 4 i 3
PWR 63 SIR HF.CONSTANST 5 2 [ 1
PWR - 88 SIR HF Human efor /. 2 . 1 1
PWR &S SIR HF.REPAIR/MAINT 3 1 = 1
PWR sS SIR HF.Weldng Ervor 1 3 2 1
PWR [ SR HF Wekang enor 2 T 7 1 )




[ PWR 53 SiR HF Wedng Engr 3 [ 0
PWR £5 BIR HF.Wekdng Eror 3 2 0
PWR §S SIR HEWelang Emor 5 2 1]

PWR S5 L SIR HF Weidng Eror 6 1

PWR 53 SIR . Oversressed 3 3
PAR__ S5 SIR PWSCC

PWR = BIR PWSCC 3
PR ) SIR PWSCC 2 7

FWR 53 SR PWSCG 5 17 7 0
PWR = SIR Bevere Ovoroadig 1 1 3
PWR 65 SIR . Sgvere overioadng 2 3 2 1

[ PWR ES SIR "Sever 0 overioad: 3 H i [
PWR B3 SIR Baveis veranng A 2 1
PWR SS SIR TGSCC - Transgranutar SCC 1 1
PWR &5 BIR TGSCG- Tiaasgrandar 6CC 2 1 [
PWR £S SIR TGSCC - Transcranitar SCC 4 1
PWR &5 SR TGSCC - Vransgranuiar 5CC 5 1 1
PWR SS SR Thomial {atgug 3 7 7

~PWR &S SIR Thermal lalgue 3 3 2 T
PWR 65 SIR Themal 131906 3 3 7 3

[ PWR 5S SIR Thenmas Faxguo - Gyang 3 1 1
PWR . 8§ SIR Thermal Fedgue - Cycing 4 1 []

[ SIR Onreported 3 7 F
PWR £S SiR Usveportad 5 1 1

[T PWR ) SIR Unseporiod 3 1
PWR [ _SIR Vixevon{atgue 0 3 i 1

PR 55 SIR VOraton1asous 1 B ] 3

Ek:" 55 SIR ViDia5on1850u8 2 [F] 2 1 2 31
PWR 55 SIR Vibraton-1abgoe 3 9 7 7
PWR S8 SIR Vibraton-fatique 4 3 . 3

[~ —PWi 55 SIR Vibasorrisigos 5 7 1 0

€S | SicAW Comosion 3 1
PWR 3 STEAM Conosontatgoe 3 1 1

|~ PWR [X STEAM Erosion ] [ 7
PWR =3 STEAM Erosion 3 1

[ PR s STEAM FAL » Flow ACCEICH016G COTOMON 3 70 3 ]
PWR [ STEAM FAG ~ Flow ACEIone1sd COmoson 3 5 B
PWR CS ETEAM FAL - Fiow Accoleratad Comosion 4 8 [) .
PWR [ STEAM FAC « Flow ACcelorsed Comosion 14 3 [] 1

[T PwR__ =3 STEAM FAL - Fiow ACCOler @163 CoTasion [ [ 7
PWR &3 STEAM Fre il

PR 3 STEAM HF.CONSTANST H 3 1 ]

TR [=] STEAN RF Humen Enor 2 1 [

PWR CS STEAM HF Human eror 6 1 1

T STERM . NFWeldng Exror - 7

—FWR T C T STERM AF-Weidng Enor 1

[ PWR CS SYEAM HE.Weking eor 6 2 2
PWR [« STEAM Overstvsssad 1
PWR C5 STEAM Savere overioadng 4 1
PWR [ STEAM Severe ovedoadng [ 2 2
P &3 STEAM A Savers overoadng 3 3 7 1
PWR L5 STEAM Vibiaton-1angue 1 2 1 1

PWR CS STEAM Vireron-lasoe 2 ) 1 [ 3

[ PWR CS STEAM Vixahon-133000 3 2 1 7

F—PWR cs STEAM Vibrabon-lavgus 4 1 T

PR TS STEAM Viraston{aigos 3 1 T
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PIPESUZE TOTAL NO.
PIPETYPE | SYSTEMGROUP |- APPARENT CAUSE GROUP _ |OF RECORDS! Crack-Ful | Crack-Past | togeteak] “Lesk | Phsteak | Rupure | soveranc | SmotLoak |Wattuering
C8 AUXC Corosion 1 1 1
CcS AUXC Coroslon 4 3 ]
C§ AUXC j Carrosion 3 2 [ 0
cs AUXC Comrosion 4 3 1 1 Y
cs AUXC Comosion 5 4 ] ] ] 1
CS AUXC Coacsion 6 T 3 3 5 T
[ AUXC Erosion-caviaton 3 1 7
CS AUXC Esoslon-canistion 6 - 1 3
[ AUXC Ezosion-corrosion 3 4 2 2
(<] AUXC Erosion-coTosion - 4 ki i) 2 1 3
cs AUXC Erosion-comosion s 9 3 ) (]
[ AUXC Erosion-comqosion 6 15 3 8 ] 3
3 AUXC HF.CONSTANST 2 1 [
3 AUXC HFCONSTANST 3 1 )
=3 AUXG HF-Fabncobon EOK 1 1
[) AUXC MIC - & Y Induced C p 1 Y
=3 AUXC MIC < Wicrobiologealy halcsd Coosion 4 3 3
(<3 AUXC MIC - Microdioiog caly inauced Comosion 5 1 [ ™
3 ADXC___ WIC - MiCrabioiogicaly nauced Comeeion 3 [ 3 -
[=3 AUXC Sevoro overios 3 3 3
[ AUXC Severe overios 3 2 [ ]
=3 AUXC Sovere overoadng 6 2 2
[ AUXC Urveported 6 1 i
cS AUXC Vibrabon-ague 2 1 1 2 )
=3 AUXC ViratonFage 3 - K 3
CS AUXC Vibrason-Febgue 4 1 " 1
CS AUXC VRraton-Fabgue 5 1 1
85 | Containment Sysiem Bnite (rachr s 6 1 [
&S Contanment Systam |- Cormosion 2 - 1 ~ 1
__BwR__ | &5 TortaaTnen Sysem - RF.CONSTANST € 3 3
(=] Contasiment Sysiem IGSCC » nacg srutar 5CC [ 1 1
3 Conlknment Systom { . Sevece overkadng & 1 7 1
£S Caoniaunmend Syslem Savers overioading 6 2 1 )
$S Contanmeont Sysiem Vibrason-Faique 1 1 )
S CcS .~._Fab 1 1 0
S ) Tor Wk ENTOE [ [l 3
85 . CS IGSCC » kergranuisr SCC 4 1 0 >
[13 CS TGSCC - Transgranuer SCC 6 1 T
CS EHC 2 1 1
=] EHC Fra 1 2 1 )
=3 ERC HF.CONSTANST i 1 1
BWR CS ERC HF:Human esror 1 1 [
[+ ERC HF.Human eitor 4 il 1
[ EHC HF Weldng Ervor 2 1 T
[=3 + EHG : WViorason-Fatgue [} 3 3
CS EHC Vibrsborratgue 2 7 1 2 2 2
C& EHC Vibrason-labgue 3 1 1
SS EPS Fatque 1 1 [
&S EPS Vibraton-{stgie 1 7 1 2 q
65 EPS Vioratan-asoue 2 2 ]
BWR CB FPS Coaosion 1 1 3
8WR - [ FPS Camosion 4 1 1
CS FPS Conrosion 3 2 1 1
[ FPS FAC - Flow Acteieratad Comosson 4 1 1
[ FPS Fre! - 5 1 7
(L3 FPS HF.CONSTANST B 1 1
TS FPS HF.Human error 3 1 0
Cs FPS HE:Human Error [ 1 1
| aWR_ TS FPS HFINSTICONST 5 i 7
cS _FPS HF.Weldng Error 4 1 1
CS FPS MNIC - M Y Induced CoToslon 3 1 1
CS - FPS . Bevers overicadng 4 1 1
=3 FPS Savels Overiocadng [ 2 2
[T BWR. [ FPS Virstaniaigie 1 i 1
[ B [=3 FPS Vibravon-(asgue 3 1 1




N

Comasion

BWR §S FWC 2 2 2
BWR ES FWC Comosion 3 1

8AR &8 PWG Corosion 4 2 7
BWR ES PWC Concsion 3 F £
“BWR 55 FWC Corosion 3 1 1

T BWR S5 FWC Comosion-lasgue ) 1 1

. BWR 58S FWC - Corrosian-fahigus 3 ] 1

L
BWR [ FWC ECSCC - Exiemal Chlorida nduced 5C5 1 1 -
BWR £S FWC Erosion 2 2 2
BWR [ FWC Erosion = 3 1
BWR 88 FWC Ercsion 4 7 T
BWR ES FWGC Erosicn [ 1 1
BWR 3 FWC Erosioncauiaton 4 2 1
BWR S8 FWC Erosion-caviaton S 2
BWR 3 FWC FAC » Fiow AcCeiralad Comosion 1 i) 1
BWR 55 FWC FAG = Flow Acceieralod Comosion F: 4 3
BWR S FWC FAL « Flow Acceioratad Comosion E 2 - )
BWH £S FWC FAL - Flow Accelesslag Coasion 4 3 - 2
BWR 8% FWG FAC -« Flow ACCEOT8180 COrosion 3 2 1 1 10 3
BWR 69 FWC FAC - Flow Accelaralad Comosion 6 20 7 1 7
BWR 55 FWG. Fatguo 3 1 [
BWR - SS FWC HF.CONSTANST 4 1 1
BWR 55 FWGC HF.CONSTANST 5 1 i
BAWR &S FWC HF.CONSTANST 3 1 1
BWR [ FWC HPHuman envor 1 1
BWR §S FWC HF Weldng Eror ] 2 2
BWR 3 FAC 'HF Weldng eTor 5 7 i
BWR S FWC IGSCC « Intecgraruiar & 4 1
BAR [ FWC Severe avatioadig 1 1
BWR SS FWC Sevefe overicadng 3 1 1
BWR &S FWC Bever s overioadng 4 1 1
BWR 3 FWC Bavers ovesioadng 5 3 2 1
BWR 5S FwWC Severs overioadng 6 1 1
BWR SS FWG SICC - Srainate kxa.ced Comasion racking 2 1 (]
BWR ) FWC SICC - S¥ainralo Indiced Conosion Cracking 4 1 1
BWR =) FWC BICC - SKalrate HOUCE] Carosion Crackng 3 1 F

TTTEWR 5S FWGC BICC « STMNTale NOXCES Comoson Crecking 3 3 [
BWR 3 FWC Thocnal Taigue 3 3
BV 5 FWC Thormal Fatigos 3 3 i 0

[T BWR BS FWC Tharmal Teigue 5 5

[~ 5WR &S FWC Thamal (s3gue & [ < 1
BWR 55 FWC ~Usreported 3 1
BWR BS FWG Ueveparied 1 i 1
BWR [ FWC —_Usseparted 3 7 7 [

[ BWR [ FWG VXSbo-18k 008 3 2 1
BWR &S FWC Vixasonisigon F 21 3 15
BWR &S FWC Vibratan-st0ue 3 8 1 1 [
BWR 3 FWC Vibrabor-latgon 2 3 3 3
BWR 58 FWC . Vibraten-latgus 5 5 1 7
BWR ES FWC Vibrabon-{akgus 3 i [

BWR S Ly . 2 [
BWR S A-SA Corfosion 2 1 1

[ BwWR 3 WSA Frotung 2 3
BWR CS A-BA HF Human eor 1 1
BWR 3 ASA IGSCC - margronuar 6CC_- 2 1 1
BWR (<3 {A-SA Eevere Overioadng 1 1
BWR CS ASA Sevoce Overiosdng 2 1 1
BWR CS SR Vibrsron-iaiige 1 5 1
BWR [ ASA Viraton-Fatgus 7. 0 il 0
BWR 5 PCS 3

[ 8WR C5 PCS Comosion i 3

[ EWR__ TS PCS Comotion 3 1

[ BWR ~CS PCS Erosion 3 1

—TBWR ~C8 PCS "FAC - Flow Acceloraled Canosion 2 2 [

T 8wWR (<3 FCS FAC « Flow ACCoR 8160 COTosion 3 1 3

[ owR =3 PCS FAG - Fiow ALLew1atod Comoson 4 3 3
BWR [ PCS FAC - Flow Acceloraled Comosion 5 12 4 8




FAC - Fiow Acceleratad CarTosion

L)

CS PCS 6 1 7
BWR [ PCS HF Weldng effor 2 1 1
BWR [~} PCS Severs overicadng 2 []
BWR CS ~PCS. Sevece overioadng 6 2 ] i
BWR CS PCS Thesmal (atgue 2 1
BWR CcS PCS Virston-atigse 1 1 1
BWR [ PCS " Vixaton-{asgue 2 7 ry 3
BWR <5 PCS Noreron-{atoue 3 1 1 N
BWR [=3 PCS Viraborv-(abgue 0 2 0
BWR 8S RAS Caviiavon-srosion 5 1 1.
BWR 6S RAS Corroslon 2 3 )
EWR €S RAS Cormosion 3 ) n
BWR 3 RAS Carrosion 4 6 s
BWR s9 RAS Carvosion 6 3 3
BWR BS RAS Contcsionfstgus 1 1 3
EWR €S RAS ELSCL - Extemnal Chionoe 5iauced SCG 1 [ 0
BWH [ RAS ECSCC - Extema Chiorde Induced SCC 2 17 8 (]
BWH &S RAS "ECSCC » Exiamal Chioride ©auced SCC 3 2 F
BWR &S RAS FAC - Flow Acceieralad Corrosion 3 1 1
BWR (53 RAS Fasque 4 1 ]
BWR 8§S RAS AF.CONSTANST 2 1 7
BWR SS ~RAS HF-CONSTANST 3 1 7
EWR [13 RAS HF.CONSTANST a [ )
BWR §S RAS HF CONSTANST 5 1 1
BWR 5S RAS HF Human &ror 1 1 1
[ BWA_|__SS RAS HFrkenan eror 2 2 3
BWR €S RAS RF REPAIRVWMAINT 1 1 1
BWR 65 RAS HFREPAIRMAINT 2 1 0
BWR SS RAS HF.REPAIRMAINT ] 1 1
BWR SS RAS HE Wekdng orvor 2 2 2
[ BWR [ TS HEWGnY 10r 3 H T 1
BWR ES RAS HF Weldng errof 4 1 i i
BWR 5S RAS HF.Weking Ervor 6 4 1 1 7
BWR [ RAS TDSCG » NBF0naiNe SCC a 1
BWR §S RAS IGSCL - Iniergranuar 5CC 2 6 [} ry
BWR 33 RAL IGSCL - MU anuAr 6LG 3 4 2 Z
BWR &S RAS IGSCC » biergranuar SCC 4 6 1 32 ® 1 13
BWR SS RAS IGSCG « Intergranuiar SCC 6 55 2 35 8 7
BWR S RAS IGSCC - arganiar 5CG 3 2 7 1
BWR -85 RAS Severe overioading 1 1 ]
BWR &S RAS Severs ovarioadng 2 3 2
BWR 8S RAS Sevele overioadng 4 1 1
BWR 8S T RAS TGSCG - Ti ar SCC [} i 1
BWR [ RAS TGSCC - Transgramar SCC 2 7 1 1 1 4
BWR () RAS TGSCE « Vansgrandel SCC 3 7 6 0
BWR SS RAS TGSCC » ransgranudar 5CC 4 66 66
BWR 55 RAS TGSCC - Transgranutar SCC 6 1
BWR 8S RAS Thermal (stgue [ i
[ BWA S RAS Fhomal iatgue F 3 7 3
BWR 55 RAS Theamal faticue 3 1 1
BWR 6S RAS Themmal Fatigus 4 1 1
BWR &S RAS Thermal {abgue 3 10 3 5
BWR &S RAS Theamal Fadgue - Cyckig 4 3 3
BWR S8 RAS Thesmal Fatgua - Cyelg & 1 1
BWR £S5 RAS Yhormel Fasgus - Cycing 6 1 1
BWR 65 RAS Urveporied 3 1 1
BAR 55 RAS Uarepartad 5 i [
T BWR ] = RAS Virsionlsigue 1 4 7 3
[ BWR £S RAS Viratan{atoue 2 % i 1 1 [X)
[ BWR [ RAS ViXatonTaigue - 3 7 T 0
TTewR (= RAS ViXaton-latgos 1 2 7 1.
BWR S8 RAS Vibrason-lasgue [] 1 1
BWR 55 RAS VWater Hammer J 1
BWR [ RCPB 2 [
[T B8R &3 RGPS Cortouon i T
BWR &9 RCP8 Caorroson 2 1
BWR 85 “RCP8 ECSCC « Extemal Chiands $nduced SCC 1 3 2 1




BWR S RCFB ECSCC » Extermal Chionde incdced SCC 4 1 1
BWR ) RCPB Erosion Fl 1 7
BWR &S __RCPB extemal damaga 3 1
BWR / [ RCPG FFCONSTANST 1 1 i
T BWR &S RCPE HF-CONSTANST 3 3 2
BWR = RCFB HFF Emor Fa ¥
BWR 3 RCPB HF.Fabncabon Evor 3 1
BWR $S RCPB HF:Fatxicaton Emor € 1
BWR__ | &S RCPB HE:REPARMAINT 2 1 [
BWR 5S RCPE - HF.Weidn\] error 1 1
BWR [ : RCPB _HF.Weidng error 2 2 2
BWR &S RCPB RFWeidng ETor 3 7 T 7 — 4
LA L. e,
. BWR BS RCPB RF.Weldng evor - 3 1 Y
BWR BS RCPB HF Weldng eor 6 3 [)
BWR = RCPB Hot Gracking 0 1 3
BWR ES RCb8 GSCE - G grandar SCC v 0 F f) ¥
" BWR___ ES RCPB JGSCC - Wergr artiar SCC 7 3 2 7
T BWR S RCPB IGSCC « Wiéf (rantar SCC 3 2 Z"
“BWR__ | &S RCPB IGSCC - buergrenuar SCC. 1 20 5 2 7 4
BWR §S RCPB TGSCC « e g andar SCC [ 10 7 i 2
BWR 5S “RCPB IGSCC » iderg snuar SCC [: 203 174 1 2 3
BWR 5S RCPB Ovesprossurization 4 F]
[TBWR__ §S. RCPB Seve(s Overoasng < [ 1
BWR ) RCPS SICC - Staindale NaUCed Comosion Creciang 3 T 1
BWR &S RCPB TGSCC - Vransgramdar SCC 1 1
BWR 5S RCPB TGSCC - Viansgranuar SCC 2 1 1
BWR S5 RCPB. TGSCC - 1ransgranyar 6CC 3 1 i
BWR = RCPB Thermal Fatgue Pl 2 5
BWR €S RCFS Thormal Fatgua 3 1 0
BWR = RCPB Vibraton {at gue 1 3 3
BWR 55 RCFB Vibrason-Fabgua Z (7] 1 ] Z 3
BWR 55 RCPH ViratonFaioue 3 4 4
[ BWR BS RCPB Virsvaniaigue 1 1 ~ 1
™ EWR 53 RCSINSTR ECSLC - Exiomal Chiarkia nauced SCC. 2 1 1
[ 8WR_ BS RCSINSIR ECSCL - Extornal Crionds nauced SC0. E 1 T
BWR BS RCSINSIR RFWeldng eior 7 2 1 1
BWR 65 RCSANSTR TGSCG ~ Wil g rukar BGG 1 2 1 1
BWR 55 RCSINSTR TOSCG - Vransgranier 6CC 1 2 i i
[ BWR &S RCS-INSTR TGSCC - Tronegraniar 5CC 2 1 3
—"BWR__ |65 SIR [ 1
BWR &S &R Batie rackye [ 0 2
BWR ) SIK Cairosion 3 1
BWR [ SiR Corrosion-{aigue 5 1
BWR S| SR ECSCC = Extomal CHioiide 1hauced 5CC. 1
BWR 55 SIR ECSLL - Extermal Chionds 0uced S6C € 1 3
[ BWVR__ 55 TR Eroson 2 2 i 1
[T BWR BS SIR Erosion 5 1 1
BWR BS BIR FAL - Fiow ACCEEra1e] COTOsion 2 1 3
[ BWR [ SiR TAG « Flow ALCoRralag Cormesion 3 4 2 i
[~ 8WR X3 SR FAG - Fiow AcCesrslod Conosion 0 2 T 0
T BWR BS" BR Faugoe 1 [ 1
i B8WR__ &S SIR Fangue 2 [ ]
[ BwWA | 65 SR Fougue [ 1 7
BWR [ SR Fa 1 0
~—8WR__| &S SR HF.CONSTANST. 2 2 ]
B [ SR HF CONSTANST 1 k)
BWR 5 SR RF.CONSTANST 0 1 7
BWR S5 SIR HF.CONSTANST B [ T
BWR (3 “SIR W FobACAICh ENOr 5. 2 7
—8WR__|___&5 SR HF.F ADACANON ETOF G 1 1
BWR 53 BIR HF.Huan error 1 1 1
BWR £S5 SiR HF:Human evor 2 1 1
[~ BWR &S SR HF Welong Ertor 7 2 7
BWR 63 SR HF.Weidng Eror 4 1
BWR 5 SIR FiF Weidng Eror 5 10 9 7
BWR &9 SIR T Woidn) Eor 6 3 2 2
—awR__| SR GSCLG » Wlergranins SCC. 7 3 7 T




 BWR 3 SIR IGSCE - nlergrandar SCL 4 [ 1 2 1
BWR SS SIR IGSCC - ntergranudar SCC S 64 2 51 6 5
BWR 5S SR 1GSCG « Wlorgranuss 500 3 g7 18 T
BWR ES SR WIC < Wk caly induced Canosion 5 1 0
BWR 3 SR Ovorprassurizston 3 1 1
BWR S5 SR Overskassid pi 2 7
BWR 65 SIR ~Severs ovareang 2 2 0
BAR SS SIR Gavers overioadng ) 1 1
BWR 53 SIR S&velo overioaang 6 1
BWR 58 SIR TGSCC - Teansoraridar SCC ) 1
BWR = SR TGSCC - Viansgrarider SCC 1 1
BWR 85 SIR Tharmal fsbgue 3 3

WR 3 SR Thesmal {atgue 3 3
|- _BWR §s__ SR Thermal (atgue 1 1
WR 53 SIR Themmal Faigue - Cyckng 2 1
BWR [N SIR Urveported 3 1
BWR 63 . SIR \Vibraton-Fabgue -0 2
BWR SS$ BIR Vibraton-fave 1 6 1 3
- BWR 5S SIR Vibraton-fatgus 2 27 2 q 1 3]
BWR [ SIR Vibrasor-{atigus 3 3 1 2
BWR 55 SIR VibrBsonsigie 4 2 3
BWR 53 SIR VIDrasson-1asgus 5 1 1
BWR [] SIR \Vibraton-{sigue [3 1
BWR [ STEAM Corotion F [ 3
BWR [+ STEAM ECSCC - Extenal Chiarida induced SCC 1 1 1
BWR CcS STEAM Erosion 3 1 1
BWR CS STEAM Erosion 4. 1 7
BWR CS STEAM FAC « Figw Accelorsied Carosion 2 16 3 0 12
BWR CS STEAM FAC « Fiow Accelarated Comosion 3 -7 6
BWR (=] STEAM FAG + Flow Acceioratad Corosion 4 3 3
8WR CS STEAM FAC - Flow Accelorsied Catosion 5 7 7
BWR [ STEAM FAL - Flow Acceiarstad Cartosion [3 Kl 1
BWR [+) STEAM Fatguo 2 3
BWR cs STEAM HF.CONSTANST N F 1
BWR CS STEAM HF:CONSTANST 1
BWR CS STEAM HF.CONSTANST 1
BWR [+1] STEAM HF REPAIRMAINT 1 1
BWR [ STEAM HF Weidng erol 2 ~ 2 2
BWR CS STEAM HF - Weldng enror 3 2 2
BWR [«3 STEAM HF Weidng eror 5 1
BWR C5 STEAM HF.Weking Erfor 3 1 1
BWR CS STEAM IGSCC « irergramiar SCC 6 1 1
BWR (&3] STEAM Overpressurizaton 2 1 g 1
BWR Cs STEAM Sovere overiosdng ] 1 3
BWR cs STEAM SICC - Skaln<ale ndxced Comosion Cradking ) 1 1

[T 8wR CS STEAM BICC ~ St auviale MOXed CaTosion Crackang 3 3 3
BWR [+13 STEAM - TGSCC » Transgranndar 5CC 1 10 4 4
BVR [ STEAM TGSCC - Vransgrantiar SCC 7 Z 1 1
BWR =3 STEAM Theimal fatgue 2 1 - [
BWR CS STEAM Thermal lssgue 3 1 1
BWR CS BIEAM Thermal fatigue 6 1 7
BWR G5 STEAM Vibrason-Fatgue 1 2 k) 1
BWR C6 STEAM Vraton-lesg0e 2 12 - 1 ] 3
BWR [+ STEAM Varaton-fstique 3 2 2
BWR [ STEAM ‘Vibratan-Fabgus 6 1 1
BWR [ STEAM Water Hammer ] 1 1
BAR C5 STEAM Waler Haryner/ 6 1

~



Appendix B

FR (Framatome Reactors)

Haddam Neck 4 Erosion GL 89-08
CANDU 4 Thermal Fatigue Korean
CANDU 4 Thermal Fatigue " Karean
CANDU 4 Thermal Fatigue Korean
CANDU 4 " Thermal Fatigue Korean
Millstone Unit 3 5 Erosion/Corrosion IN 91-18
Arkansas Nuclear One Unit 2 6 Erosion "IN 89-53
DC Cook Unit 2 5] Erosion Bulletin 79-13
DC Cook Unit 2 6 Erosion Bulletin 79-13
Fort Caihoun Station 6 FAC IN 87-84
Surry Unit 1 5] Not yet determined IN 81-D4
Surry Unit 2 6 Erosior/Corrosion IN 86-106
Trojan 1 -6 Erosion IN 87-36
Zion 1 5 Human Factor IN 82-25
FR (Framatome Reaclors) 6 Corrosion Korean
6 Corrosion

Diablo Canyon Unit*s3:

:Thermal Fatigue 3| 2Ry

Lovilsa Unit 1 4.5

Erosion/Corrosion ;

equoyah Unit 4

L Thes s Surry Unit 4365 :.Erosion/Corrosion ; B . Y
Wolf Creek N Vibration IN 89-07
KSNP Korean Standard Nuclqar .
Power Plant ~ ] PWR: SS 0.375 1 Thermal Fatigue Korean
QOconee Unit 3 1 Mechanical Failure IN 92-15
WH-3 - 1 Flow Induced Vibration Korean
WH-3 1 Flow Induced Vibration Korean
H.B. Robinson Unit 2 '3 SCC IN 91-05
QOconee Unit 2 3 Vibration IN 97-46
Prairie Island Unit 2 3 Scc IN 91-05
WH-3 3 Flow Induced Vibration Korean
WH-3 3 Flow Induced Vibration Korean
WH-3 3 Flow Induced Vibration Korean
Crystal River Unit 3 4 Fatigue IN 82-08
Fort Cathoun Station 4 SCC IN 82-02
Maine Yankee 4 SCC IN 82-02
Maine Yankee 4 SCC IN 82-02
Maine Yankee 4 SCC IN 82-02
Maine Yankee 4 SCC IN 82-02
Maine Yankee 4 SCC IN 82-02
Maine Yankee 4 - SCC IN 82-02
Ginna 5 SCC |E Circular76-06
Foreign . 5 Thermal Stress Bulletin 88-08
Arkansas Nuclear One Unit 1 6 SCC I1E Circular76-06
Oconee Unit 2 6 . Erosion IN 82-22
Sequoyah Unit 1 6 Fatigue IN 95-11
Sequoyah Unit 2 6 Muman Factor IN 97-19
Sun'y Unit 2 6 SCcC IE Clreular76-06
#v 2 Human Factorf:&+{ ‘¥ Bulletin-79-03 .
= Bulletin'78-03¢.

B Bu|let|n 79-03 -

w:)TMl unit:1

TN unlt uﬁ o

i % SSZ:‘t 5‘.‘%

- \—lssm

N 88—bi -

v IN 99-19 o




Appendix B (cont.)

Plant™ Type | Material | Diameter Pg):oige Fallure Mechanism Reference

Dresden Unit 2 BWR CS 4 4 Human Factor Butletin 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 D.25 1 Vibration IN 89-07
-_Pilgrim BWR SS 1 2 Corrosion IN 85-34
Browns Ferry 3 BWR SS 4 4 Sce . IN 84-41
Browns Ferry 3 BWR SS 4 4 ScC IN 84-41

Nine Mile Point Unit 1 BWR S8 6 5 Scc Bulletin 76-04 -
Dreseden Unit 2 BWR 8§ 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 s 10 6 Thermal Fatigue IN 75-0%
Dreseden Unit 2 BWR 8S 10 6 Thermal Fatigue IN 75-01
Hatch Unit 1 BWR S 22 6 SccC IN 83-02
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 22 6 SCC IN 83-02

Hatch Unit 1 BWR SS 22 6 SCC IN 83-02
Hatch Unit 1 . BWR §S 20 6 ScC IN 83-02
Hatch Unit 1 BWR 'S§S 24 6 SCC IN 83-02
Montecello BWR SS 22 6 SCC IN 83-02
Montecello BWR SS - 12 6 ScC IN 83-02
Montecello BWR SS 12 6 SccC IN 83-02
Montecello BWR SS 12 6 SCC . IN 83-02
Monteceilo BWR SS 12 6 ScC IN 83-02
Montecello BWR SS. 12 6 SCC IN 83-02

X A Browns Ferry. & T 3 S IN82-24 Bhe
Sy et Dresden Unltt T8V




Appendix C. Collapsed OPDE Database

Collapsed OPDE Raw Data as function of Pipe Size

Pipe Size Group Resulting Number of Failures |
Flant 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 75 153
PWR 4.0-10.0 126 112 238
. >10.0 93 126 219
. 1536
375
107
259
284
330

271
' 272
: 2.0-4.0
+
PWR+BWR 3.0-100
>10.0
Total 796 2095 2891
N



i

Collapsed OPDE Raw Data as function of Failure Mechanism

Resulting Number of Failures

Plant Type Failure Mechanism s S CS1SS
Corrosion 106 28 134
FAC 119 121 240
MIC 43 1 44
Erosion o6 12 108
Fatigue 92 501 593
PWR Human Factors 36 126 162
‘Mechanical Failures 22 37 ~ 59
SCC 5 169 174
Water Hammer 2
Misc 20
Total 1536

BWR

Corrosion
FAC )

MIC ‘ 6 1 7

Erosion 40 9 49
' Fatigue 71 225 296
Human Factors 24 85 109
Mechanical Failures 18 . 25 43
SCC 19 624 643

Water Hammer .2 1 3
Misc 4 19 23

' PWR+BWR

FAC 177 361

MIC 49 2 51
Erosion 136 - 21 157
Fatigue 163 726 889
Human Factors 60 - - 211 271
Mechanical Faitures 40 62 102
SCC 24 793 817

Water Hammer 2 3 5
Misc 10 33 43
Total _ 796 2891

2093
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| _ CORRECTED
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ENN Nuciear Management Manual Non QA Administrative Procedure ﬂ% l
ENN-DC~183 Rev.1 Facsimile of Attachuent 9.10 .
Program or Component Scoping Memorandum

[ 2004-2005 Program Scope Momo
Verment Yankee — Engineering Department

WBS Element: | FAC Inspection Program | Project Number: |
Title: | Piping Flow Accelerated Corrosion (FAC) inspection Program 2004 z
2005 Program Related Efforts -
.___Department { Design Engineering — Mechanical / Structural
Owner: | James Fitzpatrick
Backup: | Thomas O’'Connor
Procedure No. | PP 7028*", Yermont Yankee Piping Flow Accelerated Corrosmn
& Title: | Inspection Program
Datailed Scope of Project (Explanation): Engineering activities to support ongo:ng
Inspection Program to provide a systematic approach to insure that Flow Accelerated
Corrosion {FAC) does not lead to degradation of plant piping systems. Currentiy™ Program
Procedure PP 7028 controls engineering and inspection activities to predict, detect, monitor, -
and evaluate pipe wall thinning due to FAC. Agtivities include modeling of plant piping using
the EPRI CHECWORKS tode to predict sasceptibihty to FAC damage, selection of
components for inspection, UT inspections of piping components, evaluation of data, trending,
monitoring of industry events and besl practices, pamc:patzon in industry groups, and
recommending future repairs and for replacements prior to component failure.
** Expected to adopt a new ENN Standard Program Procadure ENN-DC-315 {which is
currenily under development with an accelerated development date of 6130104)

xgected Benefits (Justification). VY committed lo have an efrecuve p[pmg FAC inspection
pragram in response ¢ Gl 89-08. _

Consequences of Deferral. Possible hazards 0 plant personnel Loss of plant availability,
unscheduled repairs, and deviation from previous regulatery commitments.

Duration of Program: Life of plant

2004 Key Deliverables or Milestenes: , Completion
D v Estimate

Complete Focused SA write up & genserate appropriate corrective 6/18/04

actions (coordinate activities with program standardization efforts). L

Completion of RFO 24 documentstion, write and issue RFO 2004 - 7123/04

Inspection Report .

Software QA on XP platfcrm for CHECWORKS FAC module Version ‘ 8/13/04

1.0G : ~ :

Issue 2006 RFO QOutage Inspection Scope, including Scoping 9/1/04

worksheets.

Updats Piping FAC susceptibility screeniig to account for piping and 8/13/04 -

drawing updates. Include effects from NMWC, powsr uprate, & life

extension, .

Update piping Small Bore piping database and deve!op new prtonly 10/01/04

logic for inspaction schadulmg )

Page 1 of 2 Lot &~
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ENN Nuciear 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 modeis using Version 1.0G with latest 2002 12/31/04

RFO & 2004 RFQ Inspection data (Nole ideally resuits are to be used
in determining the 2005 inspection scopse, however schedule
mitestones override program fogic.}

Adoption of ENN-DC-315 ENN Standard FAC program 10/31/04

Pracedure fo include all previous improvements identified )
Self Assessments. ' :
Ongoing Program Maintenancs. !ncludes procadure revisions, o 12131/04

program improvernents, benchmarking, attendance al industry (EPR!
CHUG) meetings, evaluation of industry events (indusiry awareness)
for effects.on VY, license renewal project input, and fleet support.

2005 Key Delivarabies or Milastones:

Perform Program Self Asssssment (minimurb once per cycle). 41105

Converssion of CHECHWORKS1.0G models to SFA Version 2,1x 91105
RFO 25 support ___ 1115/058
. Completion of RFO 25 documentation, develop RFO 25 Outage ’ 12131406
t Inspection Report ’ ' ]
Ongoing Program Mainienance. Ineludes; procedure revisions, 123105

program improvements, benchmarking, attendance at industry (EPRI
v | CHUG) meetings, evaluation of industry events (lndustry awarengss)
for effects on VY, and flest support.

2008 Kev Deliver@}gles or Milestones: : 3 J
1 Issue 2005 Outage Inspection Report ‘ 1115106

Update SFA Predictive Models with 2005 RFO data. - 4I15/06 S
" | Ongoing Program Maintenance. Includes: procedure revisions, / 12/31/06 :

program improvements, benchmarking, attendance at industry (EPR)
CHUG) meetings, evaluation of industry events {industry awarenass) ,
for effecis on VY, and fleet support. : ‘

Estimated Budget or Expenses: Amount/Hrs

Capiured in DE Mech /Structural Base Budget NIA

Others Impacted By Project: : Estimated Hours

System Engineering 40 *

Enginestring Support” - : . ~
Reactor Engineering

Design Enginsering .
Fluid Systems Engineering 40
Elsctrical / 1&C Enginsering
Mechanical / Structural Dasign

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

. Page2of2
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C 2004-2005 Piping FAC Inspe. . on Program  Leve! 3 Fragnet

YEAR 2004 {2™ half) {Time Line from 6/01/04 to 1&:31 94}

B F-'?epérer Reviewer | TOTAL Est, Est. Delivery
Task No. | Task Description ) {HRS) {HRS) . (HRS) Start { Compietion
Estimated Estimated, | Estimated. Date

Complete Focusad SA writs up. & generale appropnaba correctve : .

04-1 actions (coordinafe sclvities with program standardzzanon 20 10 3G 6/1/04 6/18/04
efiorts), : .
Completion of RFO 24 documentation, write and issue REC 2004

042 inspection Report 68 30 g0 6/14/04 7123{04

_ Sottwars GA on XP piatform for CHECVIORKS FAG modu;e ]

04-3 | Version 1.0G 28 - 10 30 7i1/04 8/13/04

- Update Piping FAC susceplibifity scresning (0 account for piping - o .

04-4 ang drawing updstes, Include effects from NMWC power upate, & - 20 80 7/12{04 8113104
& fife extension. :
Update piping Smail bore piping databass and develop new , .

D4-5 prionity logic for inspection scheduling. a0 - B 80 /564 10/01/04

04-6 Update CHECWORKS modsfs using Version 1.0G with fatest ' .

.§ 2002 RFO & 2004 RFG Inspection data _ 180" 80 240 8125104 12134704

lgsue’ 2005 RFC Outagé Inspection Scope. Including Scopin,cj\

047 worksheets 40 : 20 80 812104 91104

- v . .

04-8 Deveiopmenb‘adoptmn of ENN-DC-315 ENN i i
Standsrd FAC program Procedure fo includs al 80 40 " 420 G204 10/31/04
previous improvements identified Salf .
ASsESSmBRts.

048 Ongoing Program Maintenance. Includes: procedure revisions, 160 40 2080 G104 12/31104
program improvements, banchmarking, attendance at industey . _

{EPR! CHUG) mestings, evaluation of industry events (industry
awareness) for effects on VY, LR project inpu!, and fleet supporl,

TOTAL | {From end of RFO 24 o December 31, 2004} 620. . 270 V 8380 ‘
MRS

. \ . B
% . Page 1 of 2 .
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2004-2005 Piping FAC Inspe.. .on Program  Level 3 Fragnet

YEAR 2005 (1/4/05 TO 12/31/05)

)

‘Preparér

Reviewer

TOTAL,

Est.

. Est,
Task No. | Task Description (HRS) (HRS) | (HRS} Start Delivery
Estimated | Estimated. | Estimated. | | Completion
. . Date
Perform Program Self Assessment (minimum once per cycle).
05-1 ) : 40 20 60 3/1/05 4/01/05
Conversion of CHECHWORKS 1.0G models o SFA Version 2.1x ‘
05-2 360 180 540 4/1/05 901/05
" TRFO 25 Preparation & Outage Support
05-3 , 160 80 . 240 G5 11/18/0504
05-4 Completion of RFO 25 documentation, develop REO 25 Outsgs . B .
- | tnspection Report : | 60 30 80 11/15/05 | 12/31/05
05-5 Ongoing Program Maintenance. Includes: procedure revisions. ) ' : ,
rogram Improvements, benchmarking, attendance at industry 3 2
?EPRI CHUG) meetings, eveluation of industry events (industry 40; 20 60 1/61/05 1 /31105
awareness) for effects on VY, and fleet sugport,
Total Hrs 990
- Page 2 of 2 -
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VY Plping FAC Inspection Program PP 7028 - 2005 Refueling Qutage

, lrispéction Locaticn Worksheets / Methods and Reasons for Camponent Selection
ety )
Dot : . el
M Q‘L %/tlﬁ( Reviewed 'i‘z M (}éw““—’??[\/qf"

. Note; Bevised for VY and Industry Events and Operatiny Exfierience on 11/05

Piping components are selectad for inspection during the 2004 relueling outage based.con the fol Iowmg groupings
andior sritetia,

' LargeBore Fiping . -

LA Cornponents selected from measured or apparant wear found in pravicus inspection results.

7

LB: Components rarnked high for susceptibtiity from current GHECWORKS evaluation.

LG Components identified by industry events/experience via the Muclear Network or through the EPR] CHUG.

~

LD: Components selected to calibrate the CHECWORKS models.

LE; Componsnts subjscted fo off nonmal flow conditiens. Primarily isolated lines ta the condenser in which
/ {eakago is indicated from the turbine performance monitoring system. {through the Systems Engineering

Group)- ’ _
LE: Engineering judgment / Other

L& | Piping idntified fror EMPAC Work Ordérs {maffunctioning equip., leaking valves, etc.) p
Srnalk Bora Fib ing - ‘ ’

SA; _$uscep1|b{e piping lcedtions (gmups of componems} contained in the Smaii Bore Piping data Base which
haVe not rocdeived ar initial inspection,

sB: Cornpongnts selécted from maasured or apparent wear found in previous inspection restits.
. 8C: Cﬁmp'dneing ~i‘d§?’=’1ﬁ§i@":ﬂ y industry evéntelexgerience via the Nuelsar Network or thiough the £EPRI CHUG,

S Cnmpaﬂém’s sub}écted to eft normal flow cenditions. Primarily isolatéd fines to the condenser it which
C jeakagie B ndidated from ths tutbine perormance monitoting system. (through the Sysiems E‘:‘ngirreer‘ ifig.

Greup).
SE:  Enghesting Judgment / Other:

S8G:  Piping identified from EMPAC Work Orders {maffunctioning equip., (eaking vaives, etc.).

Faedwater Henter Shells

No feedwater heater shell inspeations will be 'peffefméd during the 2005 RFQ. Al 10 of the feedwater heater shells
have been replaced with FAC resistant materials, ‘

Page 1 of 14
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VY Pspmg FAC Inspaction Program PP 7028 - 2005 Refusling Outége

lnspection Locatron Worksheels / Methods and Reasons for Component Selection

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

~“

~
w(

From the 19981 996!1998/1 999/?001 1200242004 Retfueling Outage Inspactions (Large Bors Piping) these

components were identified as requiring fiture mondoring. The following components have either yet to be mspec’(ed

as recommended, of the recommended inspaction is in a fulure outage.

Inspect. | Loc. | Component iD Notes /Comments / Conclusions
No.. SK. : : . a o
95-18 | 01 | FD13ELOS 1996 Report: calculated time ta Tmin is 11.5 & 12 cycles based ona
86-19 FE135P06 single measurement.’ The 2005 BFO is 6 cycles since the inspection,
- o UT inspect ¢lbow and downstréam pipé in 2008
§96:36 | 002 FDO2SP05 1996 Report: calculated tims to Tmin is 9.5 oycles based on a single
meaglrament. The 2005 RFO is § cycles since tha inspaction.
. ; . YT inspeet sibow aiid downistreain pipe in 2007
9837 } 005 | FDOVSPD1 1596 Hopont: calcuiated 57116 1o Triin 1896 cyicles based on a Single
meuswrement. Thé 2005 BFO is 6 cycles since the inspection,
L _— UT ingpeet elbow dih downstivain pipe in 2007
g8-39 | 005 | FDO7SPO2US 1958 Reaport: caldufatedtine 10 Tmin i5 $6.5 ¢ycios based on a sngie
meisutement. The 2005 BFO is 6 cyolss since the inspection.
_ ¥ ingpect gibow and downsfesam Efp}? In 2008
98:05 | 005 FDO?ELGS 1948 Report: calculated time to Tmin is 7.5 & 6.7Gycles baséd on a
987 FROYELOY single reedsuremant. The 2005 RFO is 5 cycles since the ingpaetion.
Glven no-gignificant wear found in adjdcent components {RSL =14.3
cycles on FDO?SPG?} defer ;nsbectlon unti) th@zﬁ. UF :m;p’eet
. ; 1 pipa BR0Y GBin.
Bg13 [ 011 F-’EG&ELM S oyple
i FE085P04L smgle [ anspectlon. The 2@05 RFEQ us 4 cyctes singé the’ inﬁpgcﬁon
o . YT ingpaammw md:d@rm tesam pips,
g9-16 | ot FDOBSPUS y :
9 %‘f jooe | PRT4ELO3 ' Bipe at p 5a
8928 | - "FB148P03 . 2&@4 Given that.the only low readmgs werg at: ﬂm p;ge G e
ang that 2004 RFO wiik inelydss roplasefsnt 6f bioth: NG, 1; iﬁgd&vater
higaters focated undsr the elbow. UT inspéct elbow Fméﬁm@ &
Ao ) £ %148?@18 in the 2005 REQ.
88-32 | 017 | FDO4TEQ1(pipe cap) 9 ﬂepor{ calcufated time to Trin is 6.2'2 6.8 cycles based on a
99-33 f CNB:-Noz32-A single measturemerd. The 2005 RFC is 4 cycles since the inspestion.
] . UT inspect elbow and downstream pige in 2005
96-35 | 019 FDOBTEQ1(pipe cap) | 1988 Regort: calcutated time to Tmin is 8.6 & 8.5 cycles based ona
99:36 CND-Moz32-C - single measwrement. The 2005 RFQ is 4 cyeies since the ;nspemson
UT inspect diliow and downstieam. pips in 2005
0208 | 016 § FDISELDI 2602 recormmerigation to Inspect the gltiawin 2007 based on a. smgle
02-08 FD188PO2US measurement, Re-inspect elbow and downstream plpe in 2007 (3
] ( cycles from 2002),
0403 |00t | FDOITEQS 2004 recommendation to inspect tee 1n 2008 based on the default
« { wear rate of 0.005 inch/cycle. Re-Inspect upstream elbow and iee in
. - 2008, -
04-08° } 002 | FDORRDOH 2004 recommendation to re-inspect in 2011 based on the default wear
i rate of 0.005 inch/cycle. Re-inspect reducer with downstream
gtbow and tee In2807.

- Page 20f 14
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VY Piping FAC Inspection Program PP 7028 - 2005 Refueiing Outage
Inspection Location Worksheets / Methods and Reasons for Component Selection

i.A: Lavge Bore Components selected{identified) from previous Inspection Results ~continued

) 1

Notes /Comments ! Conclusions

inspect. | Loc, | Component ID
NO. g | SK. 1. . W .
0408 [ 001 | FDO2TEOQ1 2004 recommendaion 1o inspect tee n 2007 based on the defadlt
i wear rate of 0.005 inch/cycle. Actual point to point measurements from
1899 to 2004 indicate rno wear, Giver EPU operation, re-inspeet with
upstream elhow and reducer in 2607.
04-09 ) 001 | FDO3SPOot 2004 recommendation to inspect pipe section in 2011 based on a
‘ single inspection and the default wear rate of 0.005 inch/cycle He-
. inspect in 2011.
04-10 001 FDO75P02DS 2004 recomynendation to inspest pipe sectmn In 2008 based on a
: ] singte inshection. Re-inspect with downstreans elbew in 2008.
10413 |00t | FD14ELD3 ‘2004 rocommendatian to inspect Row 13 phip piecs 1o DS valve In
L 2008 is based on a single UT inspsction. Re-inspect in 2008,
04-23 oot - MSQQTEm o 2004 recommiendation to inspett plpe section in 2010 due o focalized
1T .| MSDaTESs wear diroctly under 2 lines. Re-ingpect in 2619.
04-23 | 001 MEDIELOS 2604 recommendiition ta inspeet p pe section in 2010 base on a smgle
Enspecﬁon Re-inspect in 2034,

Turbine Cross-around Piping:
Previous Internal Visual UT & Repair History:

Vear | eetngt Visigl =V, Itetnal T hieknass SAIT, Hepais, Perionned <H

[ine Mat.
E . -Replaced Iggty (s | RPOT7 | AEDIB | BFOI9 | REORO | REGR21 | RFOZZ | RFO28 | SBG04
% P Lsiemp | LFvoss Isvdes | rigss | S1868 | F1999 | oddos | F2ov2 | REOZ
N T T I kA B A vV ' A
36?’~B. GEY- (1981 1V V. v v v v v D V.
50 | GE” | 1981 |V v V" v ‘ v
45D | GEP [798Y v v v v
(304 TP A0 qees 1y I v | 1V . ‘
as [CE T Jarigma; WORR VWY WU VAT Y Vv v \
- 30 Q SRRIER YIUTIR ' v
AEZ 85 3 ' Y.
SF swa:ght pipe sections replaced wrzh GE B&OA%Z& glbows on the B & & lines are ongmal GE Spaxfmcatfan

BEBAGTD, elbows on AED fines are DSOAGTE (Tnom =0, 825 irich).
*30"AB,C repTaced with AB81 CL22 (2-1/4Ct), Fittings A234 WP22. {Tnom. = 0.625 inch)
30" B remains GE B50AZ42D, fittings and GE DSOAB?D carbon stael (Tnom =0.50 mch}

NOTE: Reference Dwg. No, 5920-6841 Sh. 1 of 2 needs to be updated 'mth correc't mtormat:on This wili be
parfouned duiring tiie EPU design changs efion.

The HP turbine rotor was replaced in 2004, Internat visual inspection of all four 36clameter fines was pertformed. An
Internal visual inspection of the 30°C line. (first inspection since the 1993 rep!acement) and the 30" I iine was
peﬁormad

2005 RFO based on increased flows and the possibility of different flow regimes in both the 36 & 30 inch piping,

perform a visual inspection. LP turbine work.in 2005 RFO may provide opportunity for access to the 30 ¢ l;nes Asa

m:mmum inspect {2) 36 inch Emes and the carbon steel 30" B fing,

Page 3 of 14
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VY Piping FAC Inspection Program PP 7028 - 2004 Refueling Dutage
Inspection Lacation Worksheets / Methods and Beasons for Component Selection

~

LB: Large Bore Compenents Ranked High for Susceptibility from CHECWORKS Evatuation

The current CHECWORKS wear rate caloutations contain inspection data up to the 1999 RFO and wear rate

predictions are current to the 2001 RFO. The 2001 and 2002 BFO inspection daja has been entered into the
CHECWORKS database. However, updated wear rate calculations are not complete, and won't be in time to support
the schedule daie for issuihg the inspeaction scope for the 2005 outage. Based on a review of the 2001 and 2002

- RFQ inspection data for components on the Feedwater, Condensate, and Heater Drain Systems, the CHECWORKS

modsls stilt appear to over-predtct actual wear Nothing new or unanticipated was observed in either 2002 or 2004,

Feegwater System ' . .

Llsted befow are compormms whlch moet the following criteria:
a} negative time to Train frorh the predictive CHECWORKS runs whrch include Inspection data up fo the 1989
RFO.
b} rio inspactions have been performed on these components or the corresponding components In a paralis! train
gince the 1983 RFO. .

Cormponsnt | Location Location , . Notes

S Skalch - . e y o
FHoTEL0B 45 | T8 FPR Ejev. 241 Campongnts on othiet frain were inspested
FOOTTEDT acs T.8:Heater Bay Elgvs 228 1 Compenents on dther train were inspécted in 1998,
FDO7RLI1 & 248 Results indigate minimal wear. After updating the

CHBOW@RKS model with ntewer data, assess need
wradﬁ;ﬂonai inspestions in 2007 RFO,

. FFDOTEL12 008 T.B Heater Bay Elev. 248 Feedmtar heater replacement occurred in 2004 RFO

— , wear pattamn,
FDOSTEOL | 012 T.B Heater Bay Elevs 298 | Infermédiata compenents FDOBELO6 & FDG&SPOS werg

FUDSELOT & 248 } inspieeted in 1998. Results indicate minimal wéar. After

Inforral visual inspactions of internals and cut pipe
profile ingicated a stable rad oxide and no distinguishable

upidating CHECWORKs model with newer data,
ass@ss need tor inspecting components or !he trdin

FLDGQELQB §is 7B Haater Bﬁy Blov. 548 f?seﬁ%?ér heater replacsment decoired ih 2604: F{FO

Informal visual Wispaciions of internals and ¢ijt ) pipe
profie indicated a stagle rect oxide-and o distmguishable/,
wear pattorn,

EOTERIG8 | 015 | BX team Tunnel £ 256 | infetnal visual of slbow Rararmad Tn 1696 Gariig ROtk

| valve Feplacement, no indication of wall loss at that fitne.
Corresponding companent on fine 16™ FDW-14 was
inspected in RFO24. After updating CHECWOHRKs
madel with newer data, assess need for inupecting
-this gompopant in 2007 RFO, '

Page 4 of 14.
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VY Pipiﬁg FAC Inspection Program PP 7028 - 2005 Refueling Outage
inspection Location Worksheets / Méthods and Heasons for Component Selection

LLB:  Large Bore Components Ranked High for Susceptibility fram CHECWORKS Evaluation - continued
) AN
Condensate System : RS

Qnly one camponent was identified as having a negative time to Tmin. This was CD30TEQ2DS, the downsiream side
of a 24x24%20 tee on the condensate header in the feed pump room. The CHECWORKS prediction for the
downstream side of the.tee has a small negative hrs relative to the remainder of the componeamts in the sysism and
relative fo the upstream side of the same tee. Other tees on the same header have been previously inspected ahd
shew no significant wear. The CHECWORKS model includes UT data up to the 1989 RFO. The inspections on this
system performed in 2001 indicate minimal wear. Compehents CD3LTED2 and CD308P0A were inspected in
2004. This data along with the 2001 inspection data will be input to CHECWORKS to better calibrate the mdded,

M‘oiéfgre Separater Drains & Heater Drain System

No¢ componehts ideftified as having negative tlmes o Timin, No components wete selected for inspection in 2004,
2002, or 2004 based on high susceptibiity. However future operation under HWC will change dissolved oxygen in
“systen. A separate gvaluation has been perfermed and components w¢=re selected for inspaction in 2002 See

‘Bection LD balow. -

i

Extraclion Siezm $v$!em

Three sornpenents on this system with negative time to code min, wali* The piping is Chrome~Moly ESt:ATEO‘J &

_ ES4ATE02 30inch diameler tees inside the condenser have negative prediction (-3426Hrs) for’ tirtve to il Wil The
riegative tirres 16 tmin may be conservative based oh thie medeling techinigues used. Refinernent of the sigdel okibis
systemisdv progress. The Negative time totimh ig Thost lkely & funition of tatk of inspection. data ysy ;;ciuai‘we‘ah

.Dug o external lagilng on this pipinig dnd the locatian inside the gondenser, no:componepts arg seiea, d far Xtamai
(W ispaction in 2804 hased oo high susceptibility. Howgver, an opportumty ta perigrm ah Iiténal vis
of all thé Extrantion Steain lines Inside the condenser during planed LP turbine work in the 2005 RFO rivay’ préseht

. itsalf. Sée Section LF helow.

Nota the short section of straight pipe on line 12°-E8-1A at the connaction to the 36 inch A cross‘ar'ouz_-‘nd'is.assufhed .
to tie. A108 Gr. B carbon steél is not modsled in CHECWORKS. This component was inspsctad in 2004 by extérial
UT arid an internal visual ingpection fram the 36° sross around fitte.” } /

Page 5 of 14
Vo = NEC037108



VY Piping FAC inspection Program PP 7028 - 2005 Refueling Out&ge
inspection Location Worksheets f Methods and Reasons for Component Selection

LC: Large Bore Components Identified by Industry Events/Experiencea.

Review of FAC related Large Bore Operating Expertence (OE) and/or piping failures reported since April 2003

~tn

L Date Plant— Type . Description & Reco:ﬁmended Actions at VY
8/9/2004 | Mihama 3 - OE19388/0E18895: Rupiure of Condensate line downstreatm of restriction orifice.

PWR PWHR system highly susceptible o singla phase FAC due to fow DO. Similar region
. of systen as 1986 Surry event {5 fatalities). Based on info gathered by
INPOICHUG/FACHet the focation was omitted from previous inspections due to
clerical error, once discovered management missed opportunity fo inspect and
deferred inspeciion untll 804, Too late. Lesson: make sure all highly susceptible
fovations get inspected. PWR Condsnsate/feedwater piping s much more
susceptible to singte phase FAC than BWR with O2 injestich. Given that, previous
inspextion history, and condensate CHECWORKS modeling; inspect piping BS of all
flow orifices in the higher iemperature condensate system that Rave fiot Hiéén
praviously inspected in RFO25. inspect CO30FEG1 7 CHIDELY T / CRIOSPY2 in
HIFOZS (re-peat inspection from 1389). Also, inspest COIIPEGH !Gfﬁﬁ Eifd)

CIEPSEYS In REDES (ngw inspention).

10/17/03 | Duane Arricld - | OE17300; Through waill leak in 47 diamptet chmm&moiy Haarer Brain Sysrem
BWR ' . bypass line 10 the condenser. The line'was 2 temporary installation dueto delayed
FWD heater instalfation. The cause of the leak appears to he droplei impingémont
erosion due to use of a bypass contro] valve. The-equivalent lies’at VY aréthe
Heatsr Drain bypass lines-to the condenger downsiream of 1ié h)gh tovt coptral
valvee. Thase line have R?B's atiaehed fo Thgnitay leaka,ge i & e

9/24/63 | South Toxas

Project - PWR water o

pH and veloclty of 12.3 Fi. fsec Tonueus Hovi ‘pathand oentrotvaim- wze'a;sr may be

impingetngnt, PWR:system Low dissobved oxygeq. ‘ Bquivs it ystem VYis

Condensafe Demmerailzer Sysiem whlch is 1w {emp and ra i ‘C'EG2L
ot A rAtLER, Np- : .

11707703 | Biaigwood 2-
PWR

duetd sthgle phe(sa- ?AC fhan BWR feedwaﬁer pipmg A’(W Saler.

-] puitip dnsdharga nozzles:arid dawnstream plping Have muma!e:msp%ﬁon At No

) further actions are anticipaien frém this OF, )

10/31/03 { Clinton -BWR [ OE17412/OE18478: Thrt}ugh-wafl leaks in 24/ B heater Vet Thes 6o ctmdenser
{lagsr bors lines assumed given description of backing rings in piping). Apparerit
cause attributed {o steam jet impingament from wet steafn. Equivalent ling at VY is
commoan 4 inch feedwater hoater vent line for No.4 FDW heaters. This line is
includad in the S5B database sint2 it connects 1o (2} 2-1/2” ines. spestion priority

. ) will ba determined in the small bore ranking and prioritization,

11/19/03 | Hopo Creek - OE17700: Pinhcle léak aiid wall thinning in 8¥in carbon steel Extraction Steain

BWR supply kine to Steam Soal Evaporator. Location of wear is downstrearn of pressure

salety valves. Apparent Cause of leak & wear is due to Hquid droplet impingement
due to high flows from failure of pressure safety relief vaives, No eéivalent

. gonfiguration at VY, .

) . 11R24/04 1 LaSalle 1 - BWR | OE17199/ OE18381: Tough-wall holes in extraction steam piping inslde condenger.

. Location of holes at intet nozzies to No.2 FDW heaters located in the neck of the
condensers (2™ lowest stage). All 12 nozzle are C.S. with A335-P11 upstream
piping. VY has only the No. 5 FDW heaters in the neck of the condenser. The No.

5 FOW healers were replaced with Chromo-moly shells. ES piping is A335-P11 or
equivalent which is FAC resistant. No further actions are anticipated from this OE.,

Page 6.0i 14
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VY Piping FAC lnspectfon Program PP 7028 - 2005 Refusling Outage
_ Inspection Location Worksheets / Methods and Reasons for Component Sefection

~

Large Bore Components ldentifled by Industry Events/Experience - continued

o h

Date

Plant~ Type ~

Description & Recommended Agtions at VY

2/17/04

Paach Bollom 2
BWHR

0£18637: On fine leak in 10 inch main steam drain fine header fo the condensar.
Hole was located directly below the connection of 1* main steam load drain. The
header was replaced with 1-1/4 Chrome material approx. 5 years before the leak.
Also, ROs in steam drains were moditied. The cause was attributed to steam
impingement. Additional information o foliow after next RFQ. The only large bore
drain coliector at VY is the 8 inch diameter low point drain header, fine 8"MBD-9.
Flow is through steam traps and L.CVs vs. a continuous flow through a restfiction
orifice. This line is now part of the AST ALT boundary. Inspections of the entire
bottom of this header wers performed during RFO24 with recommendations for
repeat inspections in 2010.

8/26/04

Palo Vertde 3- .
PWR \

\

OE20386: Through wall lsak feund on a 10 inch flashing tee cap on theLP
feedwater-hedter drains: Problems with inspection of flashing tees i pragram, Only
14 qut of 153 susceptible losations have UT data at Palo Verde 1,2,3. Thére are no
flashing tees D.B. of LCVs on the heater drain system at VY. The only flashing tees
at VY aré located on the FWD pump rain flow lines at the condenser. Ihgpection of
all 3.ines. & FRW-4, §"EDW-5, and 6"EBW-6 s seheduled for REFO2S.

QI24104

Paiisades- PWR

OF19494; Wall thinning in carbon Steel Extraction Steatn piping. Incréased
localized wear downstraam of Bleader trip valve, -Equivalent piping al VYis .
Extraction Steam. piping- -downstrean of the reverse curent valves. ES piping at VY |
js AA36P nﬁ whichi is FAC resistant. No'tuiliier actior Is fequifed for this OF,

¥

/T4

Ca‘ié»&aba 2
PWR

QET9350: Walt thinning feynd f8Ur differert aréas on FOW piping. Two:dreas are
not conmdered spacific to Catawba: 1)Arga whets inain féetwatér hypass 1&g
vaives regntirs the fecdwater header and 2) downsfream of the main 1esdWdter reg
valves. PWR fesdwater systers éhemistry has-low D.0O. tharefere niore suscepuble
10/ walf foss-due to singjle phase FAL than BWR feedwater piping. Af VY arsa 1}
dodes 110t exist (bypass lings dump to the condenser) 2} Inspections hav%e‘been
perfonnedupstraamand downstream of both main-feed reg.  vajves. m%p
: ASHeR Are sehudiiid for REGHS, No fuither agtionsdre

TBeE

Duane Amold -

"BWR

OF.
: Al mmnmg domsﬁream of Tarus Cae!ing Test Réturn: Header Isoiatuun
Valve. Apparent cause was cavitallon erpsion dus to hiofting in valve dofing HPG!
& HOIC Ignting. At VY, the equivalent valves are VI0-34A & 348. The dogres of
cavitation present is dependem &t the syslei design and may vary from' pTant to
plant. Previous UT inspactions ware parformed on vaive hodies and dowhstream
redducers in early 90s. No significant wear was found. Consider inspection of
downstream piping in AFO26 if additional OF warrants it.

21605

Calvert Cliffs 1 -
PWR

OE20127: Through-wall Ieak in 6 inch steam vent header for MSR rain tank. VY
does ot have sanie configuration. No Moisture Separator Re-heaters

27105

Clinton -BWR

AN

OE202485: Catastrophlc failtre of turbine extraction stgam line bellows inside
condenser. Found through-wall holes ES piping DS of bellows due to FAC.
Apparent cause was atiributed to the steam et from the holes inducing vibration Qf(
the expansion joint that fed to high sycle fatigus failure. At VY exiraction steam
piding inside the condenser is A335-P11 or aguivalent which is FAC res;stant No
further actions are anticipated from this OF. :

5/9/01

Grand Guif -
BWR

Pin Hole Leak in 4 inch carbon steel elbow in BHR min flow ime System has fow
use at VY (<2% of time). { Perry also found thinning at elbow per C.Burton at CHUG
meeting.) A review of VY drawings VYLRHR-Part 14 Sht.1/1 and VYLRHR Pait 15
8ht.1/1 show elbows downstream of restriction orifives. Previoys VY Inspections
downstream of orifices on HPCl/and CS systems found no problems. Keep OF
listed for futuro consideration.
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VY Piping FAC Inspection Program ‘PP 7028 - 2005 RBefueling Outage

Inspection Location Worksheets / Methods and Reasons for Component Selection

_ Large Bore Components lden tified by Industry EventsIExpe(iehce - gontinued

LC:
| Date Plant — Type Description & Recommended Aclions at VY )
92402 | P2 - PWR Pin hole leak on 26 1" cross-under piping (HP to MSR) in viciity of dog bongs at

expansion joint under location of weld overlay localized wear underfaround a
previaus weld overlay repair. VY hag solid p1pang {no expansion joints), Wsual

CHUG
Masting

Inspections of 39" B CAR carban steel pipi ‘%wﬁ! ba performed In 2005,
1445/02 | Surry 1-PWR Leak in 8 inch Condenser drain header for 374" pt. FOW Heater venis. Also

: thinning in Gland Steam Piping inside the condenser and the12” Condensar Drain
header from MS Drain trap fines. The only large bore drain colisctor at VY is the 8
inch diameter Tow point drain headsr, iine 8°MSD-8. This fine is now part of tha AST
ALT boundary. Inspections of selected components gn this line were pertormed
during RFO24 with recommendations for repeat inspections in 2010 {Section 1.8
ahove}. Qiven this line is part of the ALT Boundary Enspec! approx. 2 fi: long
' secﬂon at condghser wall during HFOZ8 (2007) or KFOR7 (2008).

A

Large Bore Components Selected to Calibrate CHECWORKS

The CHECWORKS modsls have heen Upgraded to include the 98, 88, & 88 RFQ inspaction data. The 2001 and
2002 inspéption data has been loaded however wear rate analyses have nol been completed at this time.

Cbﬁdensxj‘ie

In 2001 components on the h:gher temperature end of the Condansate Systom were inspec’ted to ¢afibrate the
CHECWORKS moiels. The inspection data indleate minimal wear and shéuld reinforce the assessivient of law wear
in the Condensate Qy;stem AddRionat components seiemed for inspection in 2004 in Saction 1B abova wil] be used

to calirate fhe CHECWORKS model.

mi. s's.h i and $6Mmo Pass 2) indicate low wear rates, Dursng 2002 & numbey ot new inspecﬂcns Were
petto i iy cathoh stael piping upstream-of the level control valves (LCV) 16 oltain a bassline:prior 16 oparation )
ot hydlrogan water ohiemisty. Piping down stream of the LGV is FAC resistant miaterial except for et 16 NS5 '

Feadwater heaters. No additional components on the Heater Drain system will be inspected in 2005,

Feedwater

No inspections on fine 18" FOW 12 have been inspected: inspect FD12EL06 and FD128P0OBUS in 2005

Main Steam

Only 2 components i the Main Steam system on line 18'MS-7A in the drywell have been inspecied to date. Inspect
MS1BELD7 and M3 DSF13US in 2005, { Note this also addresses a ficense renewal constderation far monitoring of -
Main Steam Piping). .

PageSof 14
NECO037111 o

¢



YY Piping FAG lns;:eciioh Program PP 7028 - 2005 Rejueling Outage
Inspestion Logation Worksheets { Methods and Reasons for Component Selection

\

3

LE: Large Bore c:}mponents sub]ecled to off normal fiow conditiens idgntified by turbine performarice
monitoring system {Sys’(ems Engineering Group). -

The Systerns Engineering Productron Vanance Reports for 2003 listed the "B" and *C° toadwater pump min flow
valves as leaking into the condenser. There are sastions on carbon steel piping at the connection 1 the condenser
on alt three fines. As a minimum inspeot the *B” and “&” iines in 2005,

\

Thers have been concetns with cavitation at condensate min flow valve FCV-4, An interna inspection of the valve
performed in RFO 24 showed some damdge io the valve internals. Mowaver, due to a leaking isolatien valve the
conadting piping was fooded and an intemal visual inspection could not be performed, UT inspeet the upstream
and-downstream piping during RFO25, The valve is vperated during outages and startup at relatively low
temperatufes for FAC to occur. The piping is un-msufated and close to the floor. No insulation removal or scafotdmg

Wﬂi bie réquired.”

Bince startup from 2004 (RFQ24), no other leaking valves or steam traps have been identifled (to dats) using the
TukBbing Patforniance Monitoriag (TPM) system. Howevef if new data indicates leaking valves then, addgitions fo the

dutage scope may be requ;sed.

LE: Enginsering Judgment / Other

Nihg ASM’E Section Xi Class 1 Category B-J welds are to be inspected by the FAC program per Code Casa N-560 in
l;s.fu of.a. Sectian Xl votumetric weld inspection. The VY S| Program Interval 4 sohedule for mspec&on of thsse wilds:

is as follows: .

Refusting Outags Segtion X) Description FAGC Program Componsnts,
' 18I Progiam Weld '
. ID o ' !
BAB-F3B Upstrdam pipe totee | “A” Feedwater on Sketch 010
! FW18F30C - | t8efo rdéducer , FD19TEO1 ’
Tt | FWiaF4 rgdiscer to pipe FDwBE)m
F-"ériod 1, Fw21-Fi tea 16 pipe ' Foiotbes
Outage 3. . £D215P01
Eall 2011 (RFO29) FW18-3A ' upstream pipeto tee “B” Feedwater on Sketch 016
intervat 4 FWw2Q-3a tee o reducer FOHETED
Period 3, FW20-F1 . reduger to pipe - | FD20RDOM
QOutage 6, FW20-F18 horizontal pips to pipe | FD208P01
FW1i8-F4 te@ 1o pipe FDIBSP04
- — . : :
Continued
!
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VY Pipihg FAC inspection Program PP 7028 - 2005 Refueling Outage
Inspection Location Workshests / Methods and Reasons for Component Selection

\

LF: Engineering Judgmentf Cther ~continued
Exzendeavpowel" Uprate (EPU) - : e \

1 Feedwater sysiem:

EPU evaluation for Feedwater System: The primary focus of work to date {for PUSAR and RAls } was on velocily
changes given only.slight increases it temps and no chemistry changes. With all 3 FDW pumps running the 16 inch
diameter linos to the 24 inch FDW header have approx. [1.2(2/3) = 0.80] 20% reduction in velocity, Velocifies in the
remainder of the system increase approx. 20%. The highest velocities are at the 10 inch reducers upstream and
dovinstream of the FOW REG valves. The expander ang downsiream piping have mulliple inspection data-wWith
FDO7RDE3/FDO7SF03 last inspasted in 2001 and FDOBRDOF/FDOBSPO2 last inspected in 1999, Bath of thess
seginénts should be re- inspected after some lime of eperation at EPU flows. Assuming EPU starting éarly in
‘2008, inspect components FDOSRD03 & FOOSSP02 in 2005 to obtaln an up to date pre-EPU measurenient.
inspéct FDO7RO03 / FOD7SP03 in 2007 for a post EPU measurement, -

\

Condensate Svstem:

Given the 8/04 Mihama event: consider additional gomponent in the condensate system for inspection
downstréam of tiow oriﬁces & veniuries‘ .

FE-102-4 and downstream pipe on 247C-8 venturi type (1B condensale pump room overhead) Given
fow opgrating témperamras and upstream of oxygen injection point, scope out and evaluate for
inspection in BFO26 In 2007

FE: 2-1 A to FE- £2. 1£~.’ on Condensate De-minerafizer System { Restriction Onifices). Biven iow
operatmg temperaiums dnd upstream of oxygen injection point, scope out and evaiuste for
ingpodtion ik BEORE i 2007

FE O2~7and downstieam ptpe on 14"'C-21 venturi type TB Heater. Bay El 2375 Given low cperatmg ' -
temperatures and used 16r start-up, scope out-and’ evatuata for mspectmn in REQSS i 2607 _

?E*‘IOQQA o 20"0 30, Tooate i 1o T E‘-‘?ﬂ abmre F’;’JW pump A fventuri type) Prevwl.)sly
inspeciéd n 1989 ﬁ@!nspect PE and downstream pipihig in RFO25

FE-?OQQB O 21]"0431 !@catad in tha TBFPR ghove FDW pumip 1B (venturi type) No prevsous
inspaction data. Ihspeot FE and dowristreany piping In REO25

FE-102-2C on 20°C-32, located in the TB FPR above FOW pump 1G {venturi type} Previously
inspected in 2001

b

-All Extraction Steam piping is A335-P11, a 1-1{4 chrome"mat'eriai, gxcept for a short carbon steel stub plece in line
127.E8-1A at the connhection to the 36” A ¢ross around fine. An intarnal visual inspaction of this stub plece Was PR
periormed with the cross around inspection in RFO24, Also an UT inspectlon of ES1ASPO1 was performad in

RFO24. 4 . o

Extraction Steam piping in the condenser has external lagging which requires mgnf&cant effort for removal when
performing externat UT inspections (plus there ate significant staging costs). The p:pmg is A338-F11. However an
spportunity to perform an internal visual inspection of afl the Extraction Steam lines inside the condenser during

" planed LP turbine work in the 2005 RFO may present iiselt.

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

LG: Piping identifiod from EMPAG Work Orders (malfunctionihg equip., leaking valves, eip,)

Word searchies of open work orders on EMPAC were pedformed for the following keywords: trap, leak, vaive, reb ace,
o tepanr erdsion, corrosion, steam, FAC, wear, hole, drain, and inspect, No pmvlgusiy unidentified componsnis or
T pining were identified as réguiring monitoring during the Fall 2005 RFO.

Note: the ntemal baffle plate in Condenser B for the AQG train tank ratum Bne 1o the condenser is to be replaced in .
RFO 25 (ER 04-1454/ ER 05-232 /ER 05-0274). Erosion on baitie plate is from condenser slde {not piping side).

kntemaf viéual inspection of LOV-103-3A-2 di:ring RFO 24 indicated some type of casting flaw. The Systom Engineer
sugpacts possible leaking by the rormally closed valve. The downsiream piping was last inspotted.in 1890, The line
typically has no flow. Re-ovaluate using the Thermal Pedonnanoe Monitoring System Data and conszder inspection

of downstream plping in REO26,

Through wall feak in the steam seal header supply line 155H4 discovered on 9/24/04 (CR-YTY-2004-02985). A
“termporary leak enclosure was instajfed and a planned permanent repair is scheduled for RFO25. The leaks are on
the bottoih of un-insulated piping upsiream of the gland geal. Field inspection of the leak location shows that the
piping at the lpak siopmg déwn to-thw gland saal, not sloping up to the seal a shown on the design drawings. UT data
on the top of the piping near the leak shows full wall thicknass. At this time, the exact mechanism which caused the |
lealk is not known. Additionat inspections to determine the extent of condition on the 3 other gland seal steamn suppty

 lines are required

inspact the 80 degiee elbow and approx. 2 fi. of downstream ;;ipmg on lines 1S5H3; 1SSM 15845, and
1 SSHS during:RFO.26. Alsg haséd on irdustry OE and similar piping geometry, inspect 2 of the SPE lines
{(18PES sind 18HES diring ﬁko 28,

3

{ ~ .
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/ ¢ VY Piping FAC Inspection Program PP 7628 - 2005 Refueling Outage
Inspection Location Weorksheets f Methods and Reasons for Component Sejection

2
!

- Sinall Bore Piping : ¢

SA: Susceptible piping locatlons (groups of com ponents) contained in the Small Bore Piping data base wh:ch
have not received an inttial ;nspectlon .

locations on the continuous FOW heater vents 10 the condenser on the No. 3 heaters were inspected in 2002. The
continuous venis on the No. 4 heater were installed new in 1895. The start up vents operate less than 2% of
operating titme. Mo wear was found in previous inspections on Heater Vent piping from the No.1 & 2 heaters. Given
that and the iower pressure in the No. 4, shells 2 complele mspectlon of the remainder of the No. 4 heater vent piping
oan be deferred. The existing small bore date base and the piping susceplibility analysis is under revision. No
additional componerts from Revision 1 of the data base will be inspected. ’

SB Components selected from measnred or appamnt wear found in previous inspection resufts.

Smail Bore Point No. 20, 2—1 /2 MiSD-6 @ gonnegtion to ooadansem at Nozzle 33 (Inspection No, 96-S801 ideniified
a low reading.at weld on stub to condenser). Upstream valves are normally closed. TPM system does nol md;caie

any abnorma! ﬂow lnspect this piping In RFQ 28

‘A through wall leak in the turbine bypass valve chest 1* seal legk-of line form the No. 1 bypass vales ocourred in
2603, (VY Event Report 2003-044). A temporary ledk enclosure wis Instalied (T.M.2003-002) o contain the leak).

- WO 03-0364 was written to inspectrepaiireplace/ine. A loealized fike- for-like (carbon steel) replacement of the leak
iocation Wak perférinad-in AFO 24. Additional inspections on this Hne identified localized wall loss andone addat:onai
like-for-ike répral was perfdrmed. Engmaermg Request ER 04-0963 was written o commetaly replace this piping
with thfoma-aly piping. (Bresden has alféady done this). The repsladerent (ER D4-0964) is cuireiilly scheduled
f5r BFO 25, M ihis ac!mty gets “descoped” then, addltmnal ins;)ecﬂons wiil be req Gired to insire the piping

is decipiable for continiéd operation.

|
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VY Piping FAC Inspection Program PP 7028 - 2005 Hefueling Outage
Inspection Location Worksheets f Methods and Reasons for Componend Selection |

Smali Bore Piping

- SC: Components identiflod by industry eventsfexperience via the Nuciear Netwark or

through the EPRI CHUG.

[

i

~
-
-t

Date

Plant — Type

Description & Recommended Actions at VY

1772003

Limerick 1,
BWR .

QOE17818: Through wall leak in 1 inch drain ling back to condenser off ES pzpmg
at the connection to the large bore line, Normally no flow In line due o NG,
valve. Piping downstream of vaives o condenser on af 3 finas was scheduled
for replacemsnt. Location US of valve was thought not to be susceptidle.

ES piping at VY is FAC resistant A335-P11 with no drainis back to the
condenser. Lesson from this event is any carbon stee! line in a wet staam
systemn s suscephible & should be menitored.  Also fult line reptacement insures
all susceptible piping is replaced.

1775/04

Clinon — BWA

OEY7854: Poianitial tend for adverse equipment condition downstream of
orifices. (Ref. Previous experience a Clinton with CRD.pump min flow ROs)
{napect GRD pump min flow orifices alsg gg:ngas of RO-64-2 in RFD25

/ - HI08/04.

V.C. Summer -
PWR

QE15788; Cowiglets failure of-a 1 inch E3 fine at the locafion of a pravidusly
instafled Fetmariite clamp repair. Piévious feak at weld installed in MAY 2004.
Ses presentation at January 2068 CHUG meeting. {They didfiot do UT on the
pipe o assure stryctural integrily prior 1o installing the clamp.).

305 -

McGuire 2-

| PWR

\\

Though—waﬂ ledkin & 2 inch carbon steel vent iing on the'MSR heating steam
vent fine. Cawsgd by FAG when ﬂash:ng oceurred upstream of RO {design
lozation) o MSRS or equivalent focarion at VY,

3756759

Darlington 1 -
PHWH

Sevired fike at stoam trap ol Wﬁargé pipe at' thréaded connedtion. Equlvatent to
HHS systarn at VY. (INPO-Evenf 931-930429-3) Threated connections typically
on dondénsate side of HHS pipiriy. Loviar energy/consequehce of 1k, include
HHS pipirig. it FAG Susteptibiity- Réview, and in the-8mall Bore Datdtiase.
Inblugle ranking arid: o@nseﬁmamaﬁ% of faiiire.

6/14/99

Dailinigtori 2 -
PHWR

Lezk on steant irap discriarge pie.at threaded connaction. Equaleat o HHS ©

systén at VY. [INFO Evend 932-950614-1) Saime as ahove. A

91/

Pgach Boﬁom
3 »BWR

(From 1714702 CHUG Mésiihg), ieak on 1 inch Sohy. 80-ne from in'Off Gas Be»
combingr, gra»heaterdmm s ta soridenser. PO anal review of AOG
steam supply : Horate inte F’AC Susceptibilly Hoview, Updite

| smait bore-datiliase to- itclide raRking anid sofiseuenaes of fiture,

3;"15!}(12

7 OHUG Mg, 7

Hatc'h‘wé -BWH

Cohdehsdrin teakage dus 16 throtgh wall Srosioh (exfemaﬂ of 1172 rich *siop”
‘draing fings insid the condenser. Lines in each unit were cut drd cappad

' similar everits at Byron Unit 1 {OF 12608) and Columbia (OE12545). Lirerick &
Dresden. VY sicp drain lnes inside condenser were walked down during
RFOZ4. Some external srasion on biping and supporis was found.

1/15/02

A ] CHUG Mtg.

Catawba 2 -

PWR

Leak in HP turbine pocket sheff drain 1 inch dia. CEM shewed pipe as P-11.

| Howsver, A-108 Gr. B was installed. Inspections were be performed on this line |

in 2004 1o base fine condition prior 1o HP {urbine rolor replasement.

1/15/02

CHUG Mtg.

Dresden 2 ‘
BWR

Thinning found in Bypass valva loak-off ine to the 7" stage extragtion steam
fine, Line is 2" Sch, 80, GE BAA3DB. Lowest reading was 0.070" found usirg
Phosphor Plate radiography. Line was replaced wilh A335 P-11. Samio fineas

| 2008 VY through wall leak. Partial CS replacament was parformed in AF024.

Piping is scheduled to be mptaoed with A335-P11 in RFO25 (ER 04-0965).

Page 13 of 14
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B VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Qutage
nspaction Location Worksheets / Mlethods and Reasons for Component Selection

v

Small Bore Piping

SD:Jorviponents subjected to off normal flow conditions, as Indicated fro;j(;ﬁle twrbine performance
monitoring system (Systems Enginaering Group)

Mo small bore lines have been identified by Systems Engmeenng on or before 341/05.

8€: Engineering iﬁdgment
Look at piping DS of orifices based on BWR OF

Condensate: Given the 8/04 Mihama event: consider additional component in the sondensate systern for inspection
downstream of flow orifices & venturies. '

FE-102-6 and downstfeam pipe on 21/2”C~43 voniurt ype (TB heater bay alav. 230+/- Given jow
operatmg terhperatures and upstream of oxygen m;er'non point, soope out and evaliuate for inspéction

in }26 in 2007

8G:  Piping identifled from EMPAC Work Orders (malfunctioning equip., leaking valves, etc.)

Sée LG above, The EMPAC search perdormediin LG above is applicable o beth Large and Smali componénts. = ~
. \ .

Page 14 of 14
NECO37117



MEMORANDUM

Vermont Yankee Design Engineering i l\% 3
- To 8.D.Goodwin : Pate May5, 2005
From James Fitzpatrick _File # VYM 2004/007a

Subject Piping FAC Insnectuon Scope for the 2005 Refueling Outaqe {(Revislon 1a)

REFERENCES -

(a} ‘PP 7028 Piping Flow Accelerated Corrosion Inspection Program, LPC 1, 12/8/2001.

(b) V.Y. Piping F.A.C. Inspection Program - 1986 Refusiing Outage inspectlon He;:orf March 23,1899

{c) V.Y. Piping F.A.C. Inspection Program - 1998 Refusling Outage Inspection Report, April 2,1999.

{d) V.Y. Piping F.A.C. Inspection Program - 1989 Refusling Outage Inspection Aeport, February 11, 2000.
{e) V.Y. Piping F.A.C. Inspection Program,- 2001 Refusling Outage Inspection Report, August 11 2001

{f) V.Y. Fiping F.A.C. Inspection Program - 2002 Refueling Outage nspection Report, January 20, 2003,
{g) V.Y. Piping £.A.C. Inspaction Program - 2004 Refueling Cutagea inspection Report, February 15, 2005

(h) DISCUSSION

Altached please fing the Plp;ng FAC Inspection Soope for the 2005 Refueling Outage. The scope
includes focations identified using: previous inspection results, the CHECWGORKS models, industry and
‘plant operating experience, input from the Turbine Petformance Monitoring System, the CHECWORKS
. study performed to postulate affects ¢f Hydrogen Water Ohemlstry operation on FAC wear rates in
plart piping, and enghneering judgment.

The pianned 2005 RFO inspaction scope consists of 37 iarge bore components at 16 locations,
tnternal inspection of three legs of the turbine cross arcund piping, and 5 ssctions of small bore piping.
Also, any industry or plant events that oceur in the interim may necessitale an increase in the planned

SCOpe.

} will be avaﬂabie to support planning and inspections as necessary 1 you have any questions or need
additional information pleass contact me, , N

{Revision 1 identifies Small Bore Inspections due to Endustry OFE).
*{Revision 1a adds component Nos, to 8SH & SPE pipling & corre inor typos in Attachiment }

’

_ ’ . am 3C Fitzpatrick
) - n Enginesring

~

i ; ) MechamcaifStruch;rai Group

ATTAGHMENT: 2005 RFO FAC Inspaction Séope 3/11/05 (3 Pgs) Revised 6/5/05 - |

A
CC  L.Lukens Code Programs Superviser ¢
D.King {151) '
, TMOConnor {Design Enginesting)
Neit Fales {Systems Enginaering)

| | '?Mé'\'ovl%
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LARGE BORE PIPING: External UT Inspections

| | ATTACHMENT te-vYM 2004/0072 .
VERMONT YANKEE PIPING FAC INSPECTION PROGRAN 2005 INSPECTION SCOPE (5/5/05)  Page 1 of3

Point Component [D | Location Location Pravious Reason / Comments / Notes
No. Sketch : Inspections

200501 | FD14ELO3 Q0B | T.B. Hir, Bay Elev, 267, 1989 1898 recommendation for repeat inspection.
2005-02 FD? 48PO3US 008 ! “ : 1999 ' ’ :
5005-03 | FDOARDO1 017 | T.B. Hir, Bay Elev. 246, 11999 | inspect per 1969 calcuiated wear ate,
2005-04 | FDO4ATED j 017 N N “ 1999 ,
2005-05 | Cond Noz 32A 017 - * ¢ ¢ 1998
5005-06 | FDOSADOY 018 1 T.B. Hir. Bay Elev. 245, 1993 TPM system indicated leakage by normally
2005-07 | FDOS TEO1 - 018 N “ * 1993 closed valve.
2005-08 { Cond Noz 328 018 _— “ “ 1983
2005-09 | FDOBRDO1 019 | T.B. Hir. Bay Elev, 245, 1999 inspect per 1989 calculated wear rate. Also,
2605-10 | FDOBTEDT 019 ¢ “ b 1899 TPM system indicated leakage by normmally
2005-11 | Cond Noz 32C | 018 " " - 1998 closed vaive.
2005-12 | FDOSRDO3 011 | T.B. FPR Elev. 231 1999 | £PU flows increase .
200513 | FDO8SPC2 011+ o 1899 Lo
2005-14 | FD12EL06 007 | T.B. Btr. Bay Etev. 264. NO | Checworks Model Calibration. Asbestoé
2005-15 | FD12SP08US 007_ -~ " * NO removal required,
2005-16 | CDSOFEQ1 037 | 1.5. FPR Eiev. 241 1989 | FE-102-2A (Miharma Event)
2005-17 | CD30EL11 037 above “A” EDW pump 1989 ' -
2005-18 . | CD30SP12 Q37| i 1988

4 27
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ATTACHMENT to- vYM 2004/007a

Paint Component ID | Location Location Previous Reason / Commenis / Notes
- No. - Sketoh Inspections

2005-19 | CD31FEQ1 038 | T.B.FPR Elev. 241 NO | FE-102-2B (Mitama Event)

2005-20 | CD21EL04 038 | above “B” FDW pump NO Asbestos removal required.

2005-21 CD31SP04 038 ' NO '

2005-22 CcD211D02 040 T.B. Bir. Bay Elev. 230. NO Inspec{ pfp!ﬂg upstream and downstream of
2005-23 | CD21RDO1 040 ¢ ¢ * NO FCV-102-4 {piping is not insulated).

2005-24 | 1SSH3ELOS * Turbine deck at packing NG LP Turbine Steam Seal supply lines dus to
2005-25 | 158H3SPOSUS * 3 Hir, Bay Elov. 254, through wall leak at elbow on line 1SSH4,
2005-26 | 18SH4ELO1 *- | Turbine dsck at packing NO : )
2008-27 | 1SSH45P02US v 4 Hitr, Bay Elev, 254, *See markup of Dwg. 5920-1239

2005-28 | 1SSHSELOY - Turbine deck at packing NO

2005-29 | 1SSH5SPORUS v 5 Hitr. Bay Elev. 254,

2005-30 | 1SSHE6ELOS v Turbine deck at packing NO N

2005-31 1SSHESPOBUS - 6 Hir, Bay Elev. 254, : S/
2005-32 | 28PE3ELOY - Turbine deck at packing NO  [LP Turbine SteamPacking Exhaust at packing 3
' 2005-33 | 2SPESSPO1US - 3 Hir. Bay Elev, 264. -and 5 due to through wall leak at efoow on line
2005-34 | 25PESELGT v Turbine deck at packing NO 158H4.

2005-35 | 2SPESSPO1US g 5 Hir, Bay Elev, 254,

' *Ses Markup of Dwg. 5820-1239

2005-36 | MS1DELOY 080 | RX Stm Tunnel Elev, NO . EPU and LR data required for Main Steam lines.
2005-37 | MS1DSP13US 080 254 to 260 NO ‘

[ ARGE BORE UT NOTES:

1. Coordinate minimum extent of insuiation to be removed with J Fitzpatrick or T.M. O'Connor from DE-M/S,
2. A*No" in the previous inspection coltmn mdicetes asbesios abatement may be required.

Page2 of 3
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ATTACHMENT to-vYM 2004/0072 -

LARGE BORE PIPING: internat Yisual Inspections (with supplemental UT as reqizired\

inspection Point No. | Description
2005-38 ' 36" CAR A (38 inch diameter Line A Turbine Cross Around undar HP tumme )
2005-39 36" CAR C ( 36 inch diameter Line C Turbine Cross Around under HP turbine )
2005-40 30" CAR B (30 inch diameter Ling B Turbine Cross Around upper east side of heater bay)
SMALL BORE PIPING )
Small Bore { S.B. Systém Description Location Dra\;vings Reason /Comfnents
inspection | Data » / -
Number Base
No. v
05-5B01 119 Condensate | 17 piping DS of B.O. 64-2 T.B. Haater Bay G191157 Sht.t tndustry QOEt7654
. ' : : ' £920- FSE ~17
05-5B02 128 - | CRD 1" Piping D.S. of R.O-3-24A | Rx. SW Elev, 232.5 | G191170/ G191212 | Industry OE17654
o ' P38-1A [ G1912t5
05-SB03 129 1 CRD 1" Piping 0.5, of R.0,-3-25A | Rx. SW Elev. 232.5 | G191170/G191212 | Industry OE17654
! P38-1A /1 G191215
05-SB04 130 CRD 1" Piping D.5. of R.O.-3-24B | Rx. SW Elev. 2325 | G191170/ G191212 § Industry OE17854
) ; ) P28-1B /Gig1Z15
05-8B05 R CRD 1" Piping .8, of R.O.-3-25B | Rx. SW Elev. 282.5 | GI181170/ G191212 | Industry OE17654
: P38-18 [ G191215 '
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/ VERMONT YANKEE ;ﬁr(
SCOPE MANAGEMENT REVIEW RORM Phlofls

Date: \l/ Uny v  Tracking Number;
{7 : {Assigned by Work Scppe Control Coordinator)

Work Order Number:_ (4 -~ OO AAK3 -~ Reference Docitient 2.~ ~04- Chz

| . CR, TARC. IRzt [
Initiator; _JAMES Ej ZBR R AL N Approved \ { ;\ » -

A ~ . Dept. Mgr.
Location of Work to be Performed: TS, Dy sl
] ADDITIONL] DELETION)] CHANGEL] . |

Descriptioz(l

Qg L 1ponus g SEA"Sa h0m Didu Uit

S 3 4 : Chte Lo akam DR DefEro., B RESTOOD
R T ,ZAOD%'U;\V; '

/ Review Process

Additional Cost:
Dutation and Scheduling fmpact:
Assipned Dept./Man-Hours to Compiete:
Souree of Manpower/Other Scope Impacted:
Dose, Chemistry, Safety Implication:
Engineering lmpact - Man-Hours/Enginsering Dept,
Optional Ways to Address;

Approval Process
Please provide a brief justification

Scope Review Committee Recommendation/Planning Priority: A’?}P A At \‘ID""’LQJL-{’

Priority "C* WO Responsible Dept Approval

e . o ) . N
General Manager, W - } . )
l Plant Operations! Y Al . ], isapprove Date: U .( - Q(

BMPAC Change Made for E@@c & Prionity____ /
3CC Date
Log Updated: . '
Copies to Work Control, Outage Scheduﬁn{a{)(/
o VYPPF 7102.01
PP 7102 Rev. 2
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' These inspections require access to the SSH & SPE piping on sievation 272 of the Turbine

Yhto

" Prepared By: James Fitzpatrick
Date: 11/1/05

-RFO 25 FAC Program inspesiions location nos. 2008-25 through 2005-35

Bofarences; . ' ]
\ 4
Work Order 04-004983-000, FAC Inspections

Work Order 04-004983-810, Surface Preparation on SSH piping

™ 04-031

Wark Order 04-004884-008 .

ER-05-0190 :

CRATY-04-20885 CA3 ' , ‘

'

Backoground:

CR-VTY-2004-02925 documents a stearn/water leak on the turbine steam seal piping, line 1SSH4
10 the No.4 packing. TM 2004-031 installed a temporary eak enclosurs on this fine.

Inspections on Turbine Stearn Seal Piping were included in'the scops of the FAC program for RFO
25 per CA3 of CR-YTY-2004-02925. The purpose of these inspections is to determine the exdent
of condition on the remaining steam seal piping.

Work Scobe

Building. The piping is located under the LP turbine appearanee lagging deck pfates and requires
removal of section of the plates to 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, 0

2004-4884-008).

Riscussion

Restoration of TM 2004-031 was remioved from the outage scape o 10/24/05 due lo interfarance
with critical path work planned on the LP turbines. A detailed rationale for defaying restoration of
the Tit from RFO25 was developed by George Benedict on 8/98/05 and is attached here. The
same reasoning and technical basfs applies to these inspections.

in addition thess 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 parallel and simitar locations on the Steam Seai 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. Defeyral of these inspections does not pose a significant personal safety hazard as
exposure to these lines during operation is minimal. The possibility of a leak at ancther location on
the Steamn Seal piping still exists. However, the low operating pressures and the results of UT
measurements made on the 18SH4 line at the location of the axisting leak indicate that any faiiure

woulkd be a pmhofe fype leak vs. a catastrophrc failyre of the pipe.

{

NECO037137
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: M . ' 'Preparczd By: G. Benediet -
[ v - .

Pate: 9/28/05

x

~ Replacement of N4 Steam Supply Piping :

,
i
‘

: @Mggegcg; :

Work Order 04-4384-06
TM 2804-031
ER 05-0190

ist ry. - o - R
The steam seal supply line to TB-1-1A, N4 packing developed a leak from what appears fo be
the result of pipe erosion on one of the pipe radiuses. Team Inc. was contacted to develop on-
line repair aptions and determined that the most appropriate long fenm repair would be to insiall a
pre-fabricated clamping device. The clump was fabricated as recommended and successtully

* installed per the above referenced T empgraty Modification {TM 2004.031).

Work Scope:

‘The permanent repair for the N4 steam seal supply li\ne is cunenﬁy 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 to remove
sections of the 1P turbine appearance lagging deck plates to gain access to the piping. Use of the
overhead crane will alse be reguired 10 removefinstall piping and deck plates,

During RFO 25 a significant amount of work will be performed on the LP turbines which are
toeated in the immediate area of the degraded N4 steam seal supply line. The LP furbines 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
ine repair will create peISOnnel safety hazards, potential equipment damage, and logistical
'wmphcahonb

NEC037138
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' A o : - -Pft?paredBj G. Benedict

Date: 9728105 -

e L T

{
The following represents the specific issues that will be present during the implementation of the
N4 steam seal line replacement and the LP tuchine ingpectton:

‘Personnel Safety:

- Fall and drop bazards will be created by both work crews in proximity to boih
work aress. Open holes will exist on the turbine deck appearance lagging deck )
plates and in the area between the LP inner casings and exhaust hoods. Although,
personnel protection barriers and equipment will be utilized to mitigate fall and
drop hazasds, personnel awareness, focus, and goal will be on each individuals
own task. The drop and fall hazards will be continually changing as each work
activity progresses and although personnel are required to communicate changes

. 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 steamn seal piping will continually be interrapted die to
“overhead hazards from materials being removed and returned 1o the LP turbine
centerfine. Once again due to the pace of the LP hurbine inspection and the fact
that the steam seal piping replacement crew will be in and out of the work area
which is not visible from the turbine floor only increases the potential to
inadvertently iransfer a Joad over the piping replacement crew.

Equipment Safety and Quality:

» The removal and installation of the steam seal piping will involve welding and
grinding activities. Shielding 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 0il sumps, exposed shaft journals, and bearing '
babbitt surfaces increases the risk for accidental danmiage.

Schedule and Logistics

> The LP turbine work is the primary critical path activity for the Outage and any
delays encountered by the impicmenta'ﬁon of the N4 steam seal supply line repair
will most Jikely result 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 fit-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” LP to be
Jogistically separated from the “B” LP on the sight side of the centedine which

NEC037139



‘ \ ' © Prepared By: . Bensdict

 Date: 9128105

Skntergy

,will create a delay in the Examier of toolmg and materials between LP“A” and
“Bn

‘ > Asbestos concern: There is a potential that the stearn seal line being repaired
contains asbestos insulation. Any asbestos insulation issues could shutdown-work
on the turbine deck. :

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

Technical Basis for Deferal: - —

Team 1nc. was contacted to dozermme {he feasibility of operating the unit for an additional cycle
with the Team clarnp in place The response from Team Inc. was very faverable with repard to
operating an additional cycle with the clamp in place. According to Jim Savoy (Team Ine.
District Manager) many commercial industrial facilities that have utiized clamps similar to the
one instatled on the N4 steam seal supply line have operated for extended periods much greater
than the mquested 18 months.

The steam seal supply 1s approximately 2 — 5 1bs. of pressure with & maximum temperatore of
255 degrees F. This is considered very low in comparison to many of the applications tbat Team
Inc. has installed similar long term clamps on. If the clamp is left installed for an additional
operating cycle there is a risk that the clamp will leak once the plant is plased back on-fine.
Although considered a low probability, the nsk is due to the thermal cycling of dissimilar.
aterials that 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.

N

{ oD
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! o YERMONT YANKEE
: : SCOPE MANAGEBMENT REVIEW FORM

Date: _/ U/ 2 3/ oS’ ) Trackirlé Nurber:
' . . S (Assigned by Work Scope Control Coordinator)
Work Order Number: 04(”' ‘/09 §4-06 Reference Document 1 M 2004~ 53 | ’

_ | (ER, MM, T™. 0028, cic.)
Initiator: /ééﬁ /. < fek (et Approved By:

' . o : Dept. Mgr.
Location of Work to be Performed: __{ #28 Leck _

j ApprIONL]  pELETIONGY cranGe )
Description

QMT" of Sfes nm seal sedoly DB, Thinc <5 O Fetp [tak
v #rs 7

Auat 10 OFLE.

,

: Justification for Request
':f;émég._} ::u/}é/: Crﬁ.’o?é'de/ oad{ 4():»44’ ,a/annt.o( =) ‘7(5(-( LR ﬁﬂo//ne.s,
Sﬂ,g alz‘zc/ug M Wmﬁdgﬁé:%mfx +Ae lgﬂ;&&/m;: Ear ssoudd ¥¢/e.y A
crztbicol poth gn  Hha Futbione degl. 4

Review Process

Additional Cost: . \C
[ Duratioa and Schedaling Impact: . '
Assigned Dept./Man-Hours to Complete:
Souree of Manpower/Other Scope Impacted:
Dose, Chemistry, Safety Implication:
Engineering Impact - Man-HobrsfEngineering Dept.
Optional Ways to Address;

: , Approval Process
Pleasa provide a brief fustification
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R¥FO-25 Piping FAC Inspections . '
Outage Scope Chailenge Meeting 5/4/05 ’% 5“

Short or cryptic summary of what the project involves and why we need to complets the project in
RFO 25 {e.q. regulatory reguirement, risk fo generation, program reaulrement appropriate

management of the asse’{ )

in response to USNRC Generic lstter 89 08, inspections of piping components susceptible
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 thspection Program”. Before the
- start of RFO25, VY will transitionto g new Entergy procedure “Flow Accslerated Corrosion
Program’, ENN-DC-315.

N

Description of the scope of the gm';éct, what it encompasses, -options that have boen consfclenad
{identify minimal required vs. disgretionary — could be deferred scope.) Other culage scope that

interfaoes‘with or ¢an be inclucfed in this prolsct: Impacts on others.

The scope of the mspect:ons for aach refusling outage is based on previcus inspection
results, predictive modsling, 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 includes:

£xternat {Jltrasomc Thickness (UT) Inspection of 37 large bore components at 16 locations.
includes:.

5 components recommended for repest inspections based on pnor UT data

2 components for CHECWORKS modet calibration

6 components based on Operating Experience (Mihama Event)

& components downstream of teaking N.C. valves (identified from TPM)

4 components based on increased EPU flows ™~ 7

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

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

f'vocoov

External Ultrasomc Thickness (UT) Inspection of 5 sections of small bore piping based on
industry experience. Includes 4 sections of pipmg downstream of restriction orificas at the.
CRD pumps. .

intemal stuai i};spection of two 36 inch CAR lines 10 assess changes in flows from HP
- turbine modifications installed in RFO 24. internal Visual inspection of the onty remaining
~ carbon steel 30 inch diameter line 30™-B, :

Pre-outage scope and long lead time parts/contracts that have been identified.

None

Page 10f3
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RFO-25 Piping FAC Inspections :
Outage Scope Challenge Meeting 5/4/05 ‘

Initiatives, creative opporiurities, unique problems associated with the project.

None

The inspection process used is the industry standard. Removal 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 removat is
primarily applicable to PWR plants. Limited use on BWRs,

Design Engineering — M/S has m}nimized 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 replacements.

identify additional organizational support reqwred and speC|ﬂQaIly, management support
20e85ary.

Inspections will be performed by the 181 personnel. Scheduling and staffing will be
coordinated with other IS] activities. inspections are performed using approved NDE
procedures. Training on inspection procedures is performed under the 191 program, Grid
marking per new ENN Standard ENN-EP-8-0056

—_——

Primary DE-M!S intetface is thelSI Level Il and/or 131 Program Engineer for coordination in
review and approval of inspection data. Interface with craft & other plant groups is normally
through established links in the 1S program._Unusual situations which require addltzonat

- support will be raised o management leve} as reqwred .

Two DE-M/S engineers {J.Fitzpatrick & T.O’Co nnor) currently trained in evaluation
procedures and have prior VY FAC Program Experience. Other DE-M/S engineers with pipe
stress experience can be {rained on shott notice. The number of inspections is siightly higher

. than the last fwo outages. Coverage will be provided 7 days a week {or as requlred) to
. evaluate UT data. v _

The FAC Program Coordinator (J.Fitzpatrick) is responsible to insure that inspections are
performed and the data is evaluated in accordancé with the program requirements, Activities
will be coordinated with the 151 coordinator (Dave King). Any problems that arise that can not
be handied at the engineer level, will be elevated per outage management guidetines (30

minute rule, stc.).

Page2cof 3
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/i ' RFO-25 Piping FAC Inspections
~ Qutage Scope Chal!enge Meeting 5/4/05

Identi reparation issues necessary tc meet upcoming outage milestones.
. Coordmatlon with L.P Turbfne work for mspection of S8H componen!s (physical space)

« Coordination with L/P Turbine/Condenser work for ventitation path (openmg) for the 30"
B Cross Around Line and for a window to perform mspectlons {noise issue).

» ER for Design Engmeenng — Fluid Systems to develop a (paper) Design C,hange to
reduce the plping design pressure in the Feedwater Pump Bypass Lines at the _
~oondenser. Current design pressure for the piping attached directly to the condenser is
- 1900 PSI. Local sections of carbon steel piping remain at the condenser. Leaking valves
during past operation cycles may have resuited in increased wear in carbon steel section

of %me

ldentﬁr if all necessary outage and pre—outaqe WQ's for the projact/program scope are generated.,

Work Orders te for support activities and inspections {04«4983 000 senes) / M, Q{b\ ;{»W

@Avqom |
'dent;_v if any opporiumties to perfom'} am: gart of thls scope couid be completed pre-outage?

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

nO]Se airea.
( U B HS504,08u0 )

Page 30f 3
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Fitzpatrick, Jim | @51 %@L

) “tbm: Fitzpatrick, Jim

sent:  Tuesday, September 27, 2005 11:45 AM

To: YTY_Engineering-Mechanical Structural; VTY_EFIN_DL
Subject: FV: Communication of Approved Engineering Standard

FYi

“This is a new fleet standard for evaluation of thinned walf piping components vitich wﬂl Yeplace ENN-DC-133. ENN-DC-

£33 will be superseded,
VY Depattment Procedure DP 0072, “Structural Evaluation of Thinned Wall Piping Components will be revised or

supersedod as required when ENN-DC-315 is adopted.

) Entn,r Conditlons for this Standard will be in ENN -DC-315 “Flow Accelorated Corros:on ngram” and ENN-DC-185
"Through wall leaks in ASME Section Xi Class 3 Moderate Energy Piping Sysiems" WPO has the responsibitity o revise
the references to ENN-DC-133 in these procedures. . _

Qualifications/Training ;

At present there is no ENN QUAL CARD for use of this Engineering Standard, Calcuianons performed using standard are
documented per ENN-DC- 126, Based on the scape of this standard, only Design Enginesring — Civil/ Structural personnel

and the Mechanical types in EFIN with previous pipe stress expersence have the charler and background to apply this

standard. v y

Summary ot Changes trom ENN-DC-133 as applicable to VY:
s More formalized ties to ENN-DC-315, Wear rate determmatfon for FAC progsam enspect:ms is the
responsibility of the FAC Program Engineer
- »  Caicutation of component Wear, Wear Rate and Predicted Thickness is consistent the same as DPOO?Z The
only change from DPOO72 is a reduction on the Safety Factor (SF) from 1.210 1.1,
o The methods used to caloulate the cade required thickness for préssure and moment ioads are consrsient
with DP0072, but presented in a differont format.
No significant changes to application of ASME Cods Case N-513 for though wall leaks
. -Added attachimant for guidants in calcuation of component wear rates.
Excel spreadsheat tiemplates are available to facilitate caloutations.

L A

“From: Ettiinger, Alan

Sent: Monday, September 26,2005 9:33 AM

To: Casella, Richard; Fitzpatrick, }u'n‘ Lo, Kai; Pace, Raymond
Cc: Unsal, Abmet

Subject. Communication of Approved Engineering Sta ndard

n accordance with EN-DC-146, as the Sité Procedurs Champion {SFC) at your site, pleass inform and communicate to
applicabls site personnel, the issuance of the following fleet NMM Engineering Standard. .

.ENN-CS-S-O{]B, sevision 0 Pipe Wall Thinning Structurat Evaluation
This standard superssdes ENN-DC-133. .The standard can be accessed n IDEAS on the Citrix server.
“The standard becomes effective, and will be posted on September 28, 2005. ’ -
H you have any gusstions, ploass give me a call, '

T

|
N

10/22/2005 | {
: NEC037148
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1. Introduction

IA submit the following comments in support of the New England Coalition, Inc.’s
‘ N
(“NEC”) Contention 4. My comments concern the Applicant’s aging management

program, specifically addressing the fidelity of the Flow-Accelerated Corrosion (“FAC”)

Program (NEC Contention 4).

NEC asserts that the application for Liéehse Ren;a;zval submitted by Ente'rgy for
"Vermont Yankee does not ir;clude an éd_equate plan to monitor and manage aging of plant
\equ'ipmenvt due to flow-accelerated corrosion (“FA\C”) during extended plant operation.

Tf}e,Applicant has represented that its FAC managemeﬁt program during the period of

' extended\bpe_ration.will be the same as its program under the current operating license,
and consistent with industry guidance, including EPRI NSAC 202L R.3. The use of the
CHECWORKS modél is a central element in the Program implementation. /

In the Applicant’s motion for sufnmary disposition, the' Applicant proffered a
response that credits the its current program for FAC management at 'the facility, and
simply e>(<tends the current program for the renewal period, making the foilowing
statement: “furthermore, the FAC pfogram that will be implemented by Entergy is the
same progrém being carried out today, V\;hich has not been otherwise challenged by NEC,™
will meet all reéulatory guidarllce.” Ref. Entergy Motion for Summary Disposition on
New England Coalitioﬁ’s Contention 4 (Flow Accelerated Corrosion), June 5, 2007, at 3.
Italics added. |

The Applicant has asserted that it is in full.compliance with its current licensing
basis regarding its FAC p;ogrérn. The Applicant asserts that the plans for monitoring flow

" accelerated corrosion, including.the FAC Program goal of preclusion includes appropriate

procedures or administrative controls to assure that the structural steel integrity of all steel

P



lines containing high-energy fluids is maintained. /d atk6. The applicant is argues that )
since the VY FAC program is based on EPRI guidelines and has been in effect since 1990,
one could therefore conclide the 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 adequate and is compliant with its licensing basis requiremems.

I.draw a different conclusion. Based on the imple;nented program presently in
place, and the historical inadequacies necessary .for effective implementation (includin'é
evolution) of the FAC program, the oversights are substantial in program scope,
application of modeling software, and finally necessary fevisions to the _program not
impllereented as was promised to support the pewer up-rate. Iam not alone in this

~conclusion. Program weaknesses and failures have been ideﬁtiﬁed by others and form the
ba/sis of condition reports, the categorizati_on as unsatisfactory in a Quality Assurance
Audit dated November 11, 2004', and noted as “yellovs/” in a cornerstone roll-up report
cisca 20062. In addition, the NRC Project Manager made a recent inquiry into indications
of an out-of-date pngram.é On Monday, April 21, 2008, I spoke by phone with NRC
resident inspector Beth Sienel, and she confirmed that, even now, ‘Entergy has not
completed veriﬁcatien of .the upgrade of the CHECWORKS model to EPU design | '
conditions. This con/cern regarding deficiencies in implementation of the program brings
into question fhe results of FAC inspe;tion ’dburing RFO 25 and RFO 26, in which power

up-rate design data apparently is as yet not incorporated.

/

! Exhibit NEC-UW _9, Audit No.: QA-8-2004-VY-1, “Engineering Programs”, page 2, NEC038514

2 Exhibit NEC-UW_7, Cornerstone Rollup, Program: Flow Accelerated Corrosion, Quarter: 3%, dated
10/03/2006, page NEC03824, 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.



These prdgrém impiementation delays are substantive, and based upon the

| inforrﬁation provided to NEC appear to .remain unresolved. These deficient conditions
raise questions as to the fidelity of the entire license renewal application, Entergy’s
commitments for license renewal, management oyersight, and the efficacy of the

- regulatory-required Corrective Aétion Program. | )

/ [fit is true that power ﬁp-rate parameters such as flow velocity were not .
incorpBrated into the FAC program model, these deficiencies appear to be s&bstantive and
without question waﬁ*ant condition reports under, the Entergy Corrective Action Program, -
in particular given that thesf appear to violate regulatory commitments regarding the Flow
Accelerated Corrosion Program. .

10 CFR I"an 50 Appendix B, “lQuality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants,” provides that a condition that is deficient is required to’be
identified, investigated, apd remédiated expeditiously‘.4 Promises to correct the deficient
program at some point in the future are not sufficient, unless all re;lsonable alternative

methods for remediation are exhausted and the condition is shown to be safe in the
2 ‘

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

\

4 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 material
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.” ' ' '

4



for years® led the Japanese Mihama Plant FAC pipe rupture in 2004, causing five
fatalities.® As discussed in detail beléw, Vermont Yankee missed dozens of points.

Identification of discrepancies and timely correctiye action are the comerstoﬁés of
a well-managed plegnt.‘ In my experienc¢ assisting problematic planté, éhange 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 conditions and unnecessarily na;\‘roWed safety ma&rginé for longef
periods of time than are necessary. )

A common metric used by the regulator (for example in ROP reviews) and
management is the \./olume of the backlog of open corrective actions and the number i)f
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 compliance with the terms of its

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

- Accelerated Corrosion management at Vermont Yankee.

N —

/ 1L Summary Assessfnent
Based on a detailed review of the record provided to NEC regarding the Flow-
Accelerated Corrosion Program, my conclusion is that the FAC program appears to have
been in non-compliance with its licensing basis from about 1999 through February 2008.
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.
"NEC0737109 .

® The Japan Times, September 28, 2004./



N

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
2006, the condition report apparently 'was never provided to NEC. The condition report
aggregated approximately six corrective actions to the program that had been ignored and

A

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

In addition, the most recent FAC inspec;tion was performed under superseded
procedures and the results therefore are of potentially no programmatic value®. Procedure
ENN-DC-3 15, was revised and in effect on March 1, 200_6, yet superseded on December
1, 2006 by yet a new program level procedure. Ciose examination shows that the |
procédures prepared, approved énd implemented by' Entergy for implemehting the FAC

Program were substanﬁally revised, yet were not used in the most recent flow-accelerated

corrosion inspections after VY increased operating power by 20 percent in the March,

- 2006 EPU, nor were they available for RFO 25, the first outage after power up-rate.

Required changes, including both a software upgfade and design parameters regarding the
substantial plant modification to uprate the plant to 120% power, were not incorporated

for either outage, and were in fact still S)eing implemented in February 2008, when Staff

inquired on this sybj’ect.

' ) \ -
7 Exhibit NEC UW'_07 Cornerstone Rollup, Program: Flow Accelerated Corrosion, Program Inﬁ'astructure

Cormnerstone, Quarter: 3, dated 10/03/2006, page NEC03119, “Corrective Action Plan to complete open
LO-CA tasks developed 10/02/2006, (CR-2006-02699)—see also footnote 3. ‘

8 Exhibit NEC-UW _20, VY Piping FAC Inspection Program PP 7028- 2007 Refueling Outage, Inspection
Location Worksheets/ Methods and Reasons for Component Selection,” April 3, 2006, at t, NEC017888
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I T Fcccviater System FAC

review was nin using 1999 Ultrasonic Test (“UT”) data, yet the results were not used in
the RFO 24 outage.

To be an even marginally predictive modeling tool, the_CHEC\;NORKS model
should have been kept current for succes.sive outages, including multiple systems changesv
(as defined by EPRI guidance f) that were required to be managed for FAC as far back as
1999. The predictive capability of CHECWORKS was 'virtuall3l/ no‘n—existent for the
peridd from 1999 forward. Although Entergy did iﬁco,rporate the program, which depends
heavily on trending of data of multiple outages, they incorporated in one plunge plant
design conditions during the 3™ quérter 2006. The scoping document supporting seleoti(\m
<;'f grid points. ’collected essentially all the si‘ns'of the past, inc\luding, fo; exiarr'lple, stale
. predictive inspec/t\ion data from the out-of—date version Qf CHECWORKS, and placed
heavy reliance on engineering judgment. As provided under the 2005 scoping document"!

~

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

,

1% Exhibit NEC-UW _22.

'! 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
showed an trend of increased frequency of reinspection . See NEC037106. Page 4 of 14 provides for
Tnegative margin or no inspections for Feedwater System. Conclusions called for “assessing the need” for
inspections in 2007 outage. See page NEC37107. The condensation system showed one component with
negatlve time to Tmin. The Extraction Steam System indicated three components with negative time to code
min wall. Page NEC0737108. ' :
6
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( ) .
inspections had ceased to examine a particular inspection point, (2) CHECWORKS User

Groups, (CHUG) suspects found at other plants, (3) exclusion of components that were -
_intended to be replaced based upon another regime or degraded condition.
Had data from previous FAC inspections routinely been entered into
CHECWORKS, the selection of grid points and ranking would have provided a better
historical perspec.:tive on where to inspect in successive outages, including the most recent

( , 4

outage. With the exception of VY’s strength in reactively replacing piping or components
‘with F AC;rgsistant material during repa\irs or maintenance, the program vitse[f\‘ was not
effective as a predictive modeling tool. Simply stated, once something ruptured or was
found to be outside its design margin, it was replaced in a reactive management approach.
Proactive managemént of the program to predict failures hal@ been inadéquate in the FAC
Prograrxi; as re;ferenced above.

Even the most rece;lt inspeption completed for RFO 26 appears to have been
structured /around procedures that were superseded, scoping requirements to establish a
new baseline of pipe geometry and as-found wall thickness were based on stale data, ar}d
the upper-tiered governing procedure that wés used had not been revised since 2001 and
was therefore void."

The current program-level' procedure had been in existence since March 2006.

/

Scoping was performed in May of 2006 under the void pfocedure, and updating of

\

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.



- 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 NSAC 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

. e

were not accomplished on an outage-by-outage basis."*

With only 63 points examined in RFO 26", the baseline for the power up-rate
conéiitions appears not to have been established. I.found it troubling that RFO 2‘6: results
were provided to the Advisory Committee on Reactor Safeguards (“ACRS™) on June 5,
2007, but apparently were notJ discloséd to NEC. |

VYvis the first plant modified to achievé Constant Pressure Power Up-rate to 120%

‘

power and only one other plant out of the fleet of 104 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 benchmarking déta, and is of marginal use.

The history of the one other up-rated power plant, Clinton Power Station, suggests
the possibility of future problems at Vermont Yankee. The NRC inspécted Clinton Power
Station, inchiding a review of the(FAC program, after its up-rate in January 2003 and
found the program to_éomply with its licensing basis, including NSAC 202L and t\he‘:use

of CHECWORKS. Program inputs were fully incorporated from previous inspection data

and heat balance up-rate data. Wear rates were predicted to increase 8% because of up-

15 Exhibit NEC_UW-10. ,
1* Exhibit NEC_UW-20, VY Piping FAC Inspection Program PP 7028- 2007 Refueling outage, Inspection
Location Worksheets / Methods and Reasons for Component Selection” at 9, NEC017896

15 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 jncrease the number of FAC inspections by 50 percent from what we typically do in
outages. We did 63 inspections overall.” [t is also noted thatthe 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.
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rated power conditions. Although the increase was a concern to the regulator, the program
was found to be adequate. Yet oni)i nine months later, Clinton experienced a FAC

- rupture'®. It is relevant that this failure occurred apprdximately 16 years after Clinton
received its operating license in 1987—while apparentiy compiying with its CLB and the

[

EPRI guidance.!’

Plant Surry, where a rupture due to FAC killed four people, failed after 15 years of
~operation, and required 190 componént replgcements due to FAC. The accident led to
unpredicted causal events outside the engineering design basis—including ;iischarge of
CO,, seepage of the heavier than air gas into thlc:'control room, requiring reactor opeiators
to don Scott air packs and with some o;ierators exhibiting symptoms such as dizziness
‘because of control room habitability'g. 'Pleasant Prairie, ai fossil plant with similar
coriditions, endured a catastrophic FAC failure at 13 yéars, causing two fatalities'®, and a
.J;apanese plant failed without warning, killing five people, simply because of a failure to
inépect one component section due to an administrative oversigiit, repeatedly missed by
program 'owners.zl0 The oversight was never noticed during quality control or quality
assurance reviews, or spotted by the system engine'érs res_ponsible.for F AC at'the plant.

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

e .

' Exhibit NEC_UW-20, at 7, NEC017894
17 Exhibit NEC_UW-04; Exhibit NEC_UW-05.

18 Exhibit NEC-UW_22 U.S. NRC NUREG 0933; Issue 139: thinning of Carbon Steel Piping in LWRs
(Rev. 1). , ,

9 Exhibit NEC_UW-21, Milwaukee Sentinel, March 9, 1995.

20 Exhibit NEC_UW-20 at 9, NEC017896



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
benchmérking will be required through the number of years when unmanaged FAC
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.

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

[ reviewed the FAC program in four parts: Part A, examining the current licensing
basis; Part B, the implementation of the licensiﬁg basis; Paﬁ C, the Licensee’s own record.
of problems with implementation; PartvD, my indeipendent obseryations based on the
record provided to NEC, and the requirements for implementing an effectivé 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 the current status of
application for license renewal includes the following documents:

1. NUREG 1801 Re\; 1, §XI-M17, Flow Accelerated Corrosion

10



. 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:22

ii.

i1l

iv,

V1.

Vii.

viii,

-

USNR generic letter >89—08, Erosion corrosion ~induced 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
Response to NRC Bulletin No. 87-01: Thinning of Pipe Walls in Nuclear
Power Plants, dated December 24, 1987;

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

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

A Vermont Yarrkee 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 Nuelear Power
Station—Relief request for use of ASME code case N-597 as an

Alternative Analytical Evaluation of wall thmnmg (TAC No. MB 1530)
dated July 27, 2001 NVY 01-74; .

VY memo: J.F Calchera to OEC (R. MeCullough), subject: resporlse to

commitment item: ER-990876_01, Reevaluate Feedwater Heater
Inspection Program to address Ownership, dated April 25, 2000.

\

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

regarding license rénewal include:

2 Jtems i., ii, ii; iv, and viii listed as commitments were not provided to NEC but were only referenced in
Entergy’s program level dociuments, 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



ix. Flow accelerated corrosion in power plants TR-106611-R1, pubhshed by
EPRI in 1999;

x. Official Transcript Advisory Committee on Reactor Safeguards
N : subcommittee on Power Uprates November 30, 2005;

xi. RAISPLB-A-1(LR001576);
xii. Section 12-2 Wear rate analysis (Excerpt from an EPRI repoft);

xiii. VYNPS License renewal Project Aging Management Program Evaluation
Results. (NEC00113191) '

"B.  Implementation of the Flow Accelerated Program in accordance with
the CLB.

I reviewed the following documents to ensure the implementetion 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 mspecuon program, FAC inspection records for 2005
refueling outage;

xviii. ENN-CS-S-008, rev 0, effective 9/28/2005, pipe wall thmmng 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)-_'

L

A
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through October, 2006), NRC Inspections, and various revisions fo 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; N
xx1." - Audit No. QA-8—2004-VY1’, Engineering Programs, dated 11/22/2004;

xxil. 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;
. L ’ (
xxv. VYNPS License Renewal Project Aging management Program Evaluation

Results.23

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

.

1.~ The current licensiné basis goal is to preclude negative design margin or pipe
rupture due to Flow-Accelerated Corrosion and i centered around use of EPRI document
NSAC 202L. The guidance is specifically endorsed by the NRC under NUREG 1801 ,

which calls for a three prong approach to' minimize uncertainties:

2

. ° \ /
(1) Use of a model such as CHECWORKS [with precision in data collection,
examination, and frequency];

S \ ‘
(2) Use of sound engineering judgment in selecting inspection points that are
independent of CHECWORKS; and

 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.
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‘ (3) Use of industry events that have potential relevance to VY in material

. condition, design parameters, and operating 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 accompl‘ish the licensing basis goal, the FAC Prbgram needs explicitly to
include each of the following ten elements under the specific Generic Aging Lessons
- Learned (GALL) Report:

1. Scope
2. Preventative éctions
3. Parameters monitored or inspected
4. Detection of aging effects | -
5. Trending
6. Acceptance criteria
7  Corrective actions
8. Confirmation processes

-

9. Administrative processes

2 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. Pages 20 and 30 include a failure rate for BWR plants. The
probabilistic risk assessment for BWR plant FAC failures is reported as 10E-5 (higher than reactor accident threshold
PRA for Design Basis Accidents). 8 )

14



10. Operating experience?’

3. Implementation of these ten elements is accomplished under formal program-levél
procedures. Successful implementation requires actions in seciuence that are constructive
- t6 yielding the highest predictability of wall thinning and the most certainty in ranking test
points for inspection on a routine that collects wear data'in a timely fas\}\xion, then adjusts
the selection scope bésed upon multiple trending of data, along with inéorporation of

changes to the plant.”®

4. I
- . /
I * The record indicates that the

\ L ,
Vermont Yankee Nuclear Power Station (“VYNPS”) FAC program only partially

implemented its licensing basis requirements to achieve a successful FAC program and

that Entergy was aware of the problematic state of the program for many years.28 y

5. The self-identified deﬁc.ie‘ncies in Entergy’s current VYNPS I;AC Program are
identiﬁeci in multiple documents. Perhaps most signiﬁcanﬂy, it appears that Entergy was
first notified by EPRI as early as 2000 that it had not been fully updating the
CHECWORKS modei in use at VYNPS with plant inspection data collected or plant
rhodiﬁcations performed during previous inspections. * Entergy appareptly ignored the
warning. More troubling is that Entergy continued to be in non-compliance with its

* Exhibit NEC-UW_06; |

26 Exhibit NEC—UW_[ 8 at 20, 30. This Exhibit provides industry-wide data on FAC failures. The high rate
of failure in BWR plants underscores the need for precision in implementing an FAC program.

/

8 Exhibits NEC-UW-05 at NEC017893-912: Exhibit NEC-UW-09 at NEC038422.

i
4

. ® Exhibit NEC-UW-10.
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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 apparently was ﬁot entered into the CHECWORKS mode] until the
third quafter 0f 2006.>' The October 23, 2006 rollup thus confirms that the model was not
kept éurrent during a seven-year period and-suggests that susceptible locations may not

w ' RS

have been inspected during this time period. This lengthy lapse significantly weakened
\ Co

‘'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.% _

. \
! !
/ —

30 Exhibit NEC-UW-11; Exhibit NEC-UW-12.

3! Exhibit NEC-UW-09 at NEC038424 (“CHECWORKS models and wear data analysis updated w1th all
previous inspections in 3™ quarter 2006.”). '

32 Exhibit NEC-UW_14, Email letter
3 Exhibit NEC-UW _17.[Proprietary], Entergy: Letter to NRC re: Extended Power Uprate Response to

Request for Additional Information..
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i

/ .
" ‘recommendation was not implemented until 2006.% Entergy’s failure to update the

. Ve .
In spite of Entergy’s commitment, the required additional susceptibility scoping

analysis is not apparent to NEC in information provided.

7. From 1999—2006, the pla;nt was‘essentially operating in a state in which componentl '
wear was improperly trended and pipe conditions were actually uMmIQWn. Reliance on
CHECWORKS for this time petio_d for predicting grid points, ranking susceptible
components, and inspecting.new pointé was therefore virtually without technical or
empirical value. Without prOpér trending, the predictabilitygoal of CHECWORKS is

‘ - . - C -
lost; 1t esseﬁtlally became a data collection repository. ~ O ;

8. During the years 2000-2006, the VYNPS FAC program apparently used an
outdated version of the CHECWORKS software. As far back as 2000, EPRI |

recommended that VYNPS updaté to the current version of the software, but the

\ I !

' CHECWORKS model in a timely fashion makes data comparison between operating

cycles more difficuit.

9. In 2004, at least four VYNPS components, including the condensate system and
the extraction steam systems, were determined to have “negative time to Tmin,” meaning
that wall thinning was being predicted as beyond operability limits and should be

considered unsafe with potential rupture at anytime.36 “Negative cycles of operations,”

1 ™

35 Exhibit NEC-UW-10.

36 Exhibit NEC-UW-05 at NEC017893.
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rheaning wall thinning beyond acceptable code limits, were also predicted. The hours

negative to the next inspection were substantial—predicting potential code violation or
failure could have occurred 3000+ hou;s previ;)usly to October 23, 2006. It is surprising
ihat the Licensee apparently did not write condition reports for this cpnditiori. Ido not
believe tﬁat NEC received any notice of Condition Reports relevant to this significant

’ inglication by CHECWORKS predictihg substantial wall thinning beyond code limits to
occur 'with ﬁegative margi'n of this rgxagnituéie._ This issue is particularly troubling given,
that the equipment faifure event is unprediqtable, and catastrophic when v;/all thinning is
beyond acceptable limits. Despite CHECWORKS’ prédiction of wa]ll thinning, the plant
continued to oper’ate-. I have ﬁot seen any inspecﬁdn or audit discussion of this situation.
It does, however, appear 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.”®

)

10.  The VYNPS FAC program was deeméd unsatisfactory under quality assurance

review dated quémber 22, 2004, and two condition reports were written.>® ;On page 5, |
. the report notes the neéd for program management to ensure “update of susgeptible piping
to be identified and ;nodiﬁ;:ations to be incorporated.”“o‘ In addition, the report notes that

'cr'oss-discipline review required by procedure had not been performed.”

%7 Exhibit NEC-JH_43 at 5. | .
#1d. at41.

3'Exhibit NEC-UW-11 at NE((303 8514,

* Exhibit NEC-UW-11 at 5.

1 Exhibit NEC-UW-11.
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11.  The 2006 cornerstone report shows a number of indicators as yellow, with lists of
open CR corrective actions, and a new CR written in August 30, 2006.* The report lists
six corrective actions and four CRs that were written as early as 2003 that remair; c)_penf“3
These include referenées 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. I reviewed several of the listed condition reporfs, some more than

four years old, and found no indication that corrective actions recommended in these

reports were completed.
N

12. In additioh, in 2005 a sixth CR was writfen', CR-VTY-2005-02239, stating
“CHECWORKS predictive model for Piping FAC inspection program was not updated
per appendix D of PP7028.** The first page of the CR includes a statement that this
conditién had no ifnpact 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

another indicator that the VY FAC program was prima facie in noncompliance with its *

CLB.

13. A review of a focused self-assessment was performed. This assessment was called
for under one corrective action from a condition report LO-VTYLO-2003-00327. The
report identifies numerous issues that reqﬁired or require action to bring the FAC program

into compliance with the CLB. For example, the program susceptibility review report for

# Exhibit NEC-UW-09 at NEC038419, NEC038422.
3 Exhibit NEC-UW-09 at NEC038424.
4 Exhibit NEC-UW-13 at 1.
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ACRS on June 5, 20

2004 was not formal, and did not properly separate-scope for ranking.** The report was

not given an adequate review, nor placed in the (10cument control system. v

v14. PP7028 notes plant modifications and inspection results as not updated since May \
15,2000.% |

15. Ranki:{g of small-bore piping was not doﬁe. With no ranking, the basis for
selection of high susceptibility points for small-bore piping is not evident.*” Procedural

i

conflicts were identified with missing programmatic requirements.*® {

16. A flow-accelerated corrosion related pipe break associated With a 1” elbow, SSH

(WO O6-6880j, appears to have occurred in 3™ quarter 200A6.49

S

17.  Entergy appagently reduced the n mber of FA(?i/mpection data points betyfeen the

tage and the 2006 péfueling outage, i1 violation of its compitment to

2005 refueling

increase jdspection data poinfs y 50%. The 2005 refueling outagé ins

137 farge-bore inspection goints. The 2006 yéfueling outage inspegtion, presented to the

, covered only 63

~

18. The 2006 refueling outage FAC inspection scope, planning, documentation, and
procedural analysis all appear to have been performed under a superseded program

document. ENN-DC-315 Rev.1 was effective March 15, 2006, superseding the PP7028

5 Exhibit NEC-JH_44 at 17.

"% 1d. at 18.

T1d.
“®1d. at 27. v .
“ Exhibit NEC-UW-09. | ’
5% Exhibit NEC-UW-14.
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Piping FAC Inspection Program.’ ' Yet VY inspection plan for FAC Program PP7028 was
appfoved on May 11, 2006, almost two months after the PP7028 program document was
superseded‘52 This error potentially invalidates the baseline requirement of
Ci{ECWORKS, in accordance with NRC-endorsed guidance, to establish the as-found
condition of components-and piping'.53 The fundamental step of updating inputs is
required iﬁ the NSAC '202L approach for FAC, and is a required step in the
CHECWORKS instructions.. Esseﬁtially, working to avoid procedure makés thé results
invalid. NSAC 202L calls for the baseline for the configuration change to be treated thé
same as new design.” Givén the significant changes to the plant, a baseline pass with
accufate inputs was necessary, and subsequent passes were nécessary to establish the grid

" locations and high susceptibility inspection points.

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

10/22/04. ‘
’ . 3
1V. Time needeq 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

5! Exhibit NEC-UW-15 (ENN-DC-315); Exhibit NEC-UW_20(PP7028).
32 Exhibit NEC-UW-05 at NEC017888.

53 Exhibit NEC-UW-06 § XIL.M17. \

54 Exhibit NEC-UW-06.

s 'Exhvibit NEC-JH_44 at 19.

s
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A

advise that a baseline must be established as noted above. ||| GcNEKzNNGNGEGG

. : . .
_—x
’

I (:is ccquircment is reasonable given that each plant has unique

,characteristics and operating history. Separate industry guidance supports five to ten years
of data trendigg.57 Trending to the high end of the range is appropriate where variables
affecting wear rate, such as flow velocity, have significantly changed, as at VYNPS .

following the 120% power up-rate.

Givén the deficiencies in thé 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 we;re predicted because of the repeated missed inspections in previous outages

(that, significantly, occurred prior to up-rate). .

I do not agree that a_prqlonged period of data collection is not necessary to use
CHECWORKS effectively at VYNPS after the 120% power ﬁp-rate because the
predictive algorithms built into CHECWORKS are based on FAC data from ﬁ{aﬁy plants.
VYNPS is unique in its approéqh of Constant Pressure Power Up-rate to 120%., Clinton is —
the only other plant to accomplisl\q a one;step up-rate to 120% power aﬁd is a very

different plant from VY. To my knowledge, out of 104 operating plants only six have

v

/

37 Exhibit NEC-UW-13 at 38 (“In order to establish a baseline for the plant’s\equipment performance and
reliability, the operating history ov_er' the past 5 to 10 years is reviewed and trended.”).
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increased operating power by more than 15%.°® Of 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 difficultto accept when so few

i .

plants are operating under analogous conditions, and 50% of those have experienced FAC

related problems.

The neéd toextend the periéd of data collection is further evidenced b}i the fact
‘that the CHECWORKS model was not updated with plant-specific changes until after
RFQ 26. Furthermore, by inference from an inquiry by the Staff project Vmanager to the
resident inspectors ofﬁcé only two months ago., it appears the NRC was informéd tha';.the
Ei’U \/up—rate cohditions were still being verified and the process was at this late date
z:ncomp’lete after two outages hac/i passed sin'c‘e EPU design was completed, licensed, and
‘implemented. The apparent failure to update the program underscqrés the lack of
| benchmarking done to date regarding the CHECWORKS software, and demonsfrates
troubling failures by Entergy to adhere to their own prdcedural requfrements and failure to

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

.2005, fegarding use of the too_'l and the applicant’s intention to conduct benchmarking

A

testing during RFO 25 and RFO 26.

\

Based on the foregoing, it is my opinion that seven or more cycles will be

necessary to esfablish a credible bénphmarking of CHECWORKS to VYNPS under up-

rated operating conditions. |

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

%% Exhibit NEC-UW-05. .
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I | is 2iso my opinion that benchmarkirig

can only be accomplished after the current program deficiencies are corrected and a proper

baseline is established.
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ATTACHMENT B
NEC-UW_01

UNITED STATES OF AMERICA (
NUCLEAR REGULATORY COMMISSION

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

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

Inthe Matter of .
Docket No. 50-271-LR

>

ENTERGY NUCLEAR VERMONT
YANKEE, LLC, and ASLBP No. 06-849-03-LR S

ENTERGY NUCLEAR OPERATIONS INC.

_(Vermont Yankee Nuclear Power Station)

\
o PRE-FILED DIRECT TESTIMONY OF ULRICH WITTE
v -~ REGARDING NEC CONTENTION 4

AN

Q1.  Please state your name and address.

Al. My nameis Ulrich Witte. Ireside 6n 71 Edgewood Way, Westville, Connecticut, 0651 5.
Q2. 'Wh'at is your educational and pro'fessional background?

AZ. I obfainéd a BA in physics from the University of California, Berkeley in 1983. I have
over twenty—six years of professional experience in engineering, licensing, and regulatory
compliancé of commercial nuclear facilities. I have con;iderable experience and ekpertise in the
aréas bf conﬁguration'\ménagement, engineering design change 'controls,. and Iicensiﬁg basis
reconstitution. I have authore;i or contributed to two EPRI documents in' the areas of finite
element analysis, and ehgineering design control optimizéftion programs: I have chaired the

. development of industry- guidelir‘leé eﬁdorsed by the American Natioﬁal Standards Institute

/ regarding configuration management programs for domestic nuclear power plants. My 26 years

v
v
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\

— .
of experience has generally focused on assisting nuclear plant owners in reestablishing fidelity of

the licensing and design bases with the current plant design configuration, and with actua(l plant
operations. In short, my. expértiée is in assisting problématic plants where the regulator found
reason to require the owner to reestablish competence in-safely operating the facility in
accordance witﬁ regulatory requirements. My experiénce is further detailed on my curriculum

vitae filed with this testimony as Exhi/bit NEC-UW_02.
Q3.  What is your understanding on NEC Contention 4 in this proceeding?

A3. NEC Contention 4 asserts that Entergy’s plan for managing flow-accelerated
corrosion (FAC) in plant piping fails to meet the requirements of 10 C.F.R. § 54.21(a)(3),
i e.; “fails to dethnstrate that the effects of aging will be adequately managed so that the

intended function(s) will be maintained consistent with the CLB during the perio&l of

. extended operations.”
Q4. Did you prepare a repoﬁ regarding this contention?
. J

Ad. Yé:s Idid. My report is filed with this testimony as Exhibit NEC—UW;O& "This
testimony and my report provide, to the best of my knowledge, true and accurate statemc;nts of
the facts and my conclusions regarding the issues relevant to NEC’s Contention 4\

v

Q5. What materials didiyou review in support of your report and testimony?

AS.  Ireviewed tile implemented F Aé program and FAC inspection program, other

~ inspection programs that Entergy has in place, and recbrds and histories of these
inspections. Ialso reviewed industry;wide; standards for FAC programs, NRC data,
information and reports, the CHECWORKS program and Entergy’s\ ;:ommitmentsto B

N
]
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upgrade the CHECWORKS Imodel to EPU design conditions, insp;:ction reports, EPU | -
péraﬁeters, Plant Quality Assurance audits, Condition Reports, Corrective Actions, NRC
regulatipns, EPRI review of the VY plant, Cornerstone Rollup, examples from other
plants, and Entergy’s application and the récord (including reports, proposed programs,
and testimon); to the NRC A;dvisory Committee on Reactor Safgguards Subcommittee on
Plant License Renewal) provided by Entergy or others_in support of its appiication,

' including pipe wall thinning structural evaluation.

i

Further materials that I reviewed are specified in my attached report.

These are materials that are regularly used by experts in my field to assess aging
/ . . ' Lo
‘management programs and flow-accelerated corrosion. Iapplied these materials in a

N y ) .
standard manner that is routine with experts in this field.

Q6.  Were these materials sufficient to allow you to form opinions and draw

conclusions using your expertise? ' N

A6.  Yes, I had sufficient information to formulate the assessment stated in my _réport and

' maintain standards that.are widély accepted by expens in this field. The Applicant did not, -
'however, produee compl_ete information to NEC regarding its methodology. My réport noteé .
where theVApplicant’s' materials fail to provide sufﬁcient information. As I have explained in my ‘.

. repo}'t, the information the Applicant produced is insufficient to validate its aging management

J .
program. ) o !

Q7.  Please summarize your conclusions.

A7. Insummary, I reached two conclusions:



First, the data collected under the current VYNPS FAC program during the post-EPU
refueling outages scheduled prior to the e)\(piration of the cuﬁent VYNPS license is insufficient
to benchmark CHECWORKS to VYNPS’s post-EPU conditions. The Applicant states without
ambiguity that the present program is sufficient not just for current gperaﬁons and maintenance
of the plant, but f;or the license renewal period as well. The record of a historical regulatory

compliant program indicates otherwise.

,  Second, the current VYNPS FAC program does not appropriately implement industry

guidance, and does constitute an adequaté aging management plan with respect to FAC.

g
_ More specifically, my conclqsions are:

m Contrary to EPRI reéomméndations, from 1999-2006, Entergy apparently tlailed
to update the CHECWORKS model in use at VYNPS with plant inspecﬁon aata or information
concerning plant modifications. This l;angthy lapse may have significantly weakened the
trending and predictive capability of the software, both duril;g the lapse périod and presently.

The update to incorporate EPU design data appears to still be in progress as of February 2\008.

i

" Contraljy to EPRI recommendations, the VYNPS FAC program apparently used

an outdated version of the CHEC_WORKS software during the years 2000-2006.

n ,I In 2005, the CHECWORKS model predictéd wall thinning close to or exceeding
acceptable code limits at several 1-ocati6ns, but Entergy apparently produced no Condition .
Reports addressing these imminent potential pipe ruptures, or at least has not produced such _ |

reports to NEC in this proceeding.



n Numerous internal Entefgy reports label the VYNPS FAC program
unsatisfactory. The program was deemed unsatisfactory in the 2004, and the 2006 cornerstone
‘report expressed concern about the prograrﬁ and specifically the continued slow progress in

hpda_ting the CHECWORKS mod_elv.

An FAC-related pipe rupture appéars to have occurred during the third quarter of

;-
/ N~

2006.

N The 2006 refueling outage FAC inspectioﬁ scope, planning, documentation and

N

' . , . :
- procedural analysis all appear to have been performed under a superseded program document,

potentially invalidating the pre-EPU baseline for use of CHECWORKS.

Further detail and supporting information is in my attached report.

I declare pursuant to 28 U.S.C. § 1746 under penalty of perjury that the foregoing is true and

correct. ‘

-

Executed on April __ , 2008 ,
. - Ulrich Witte
‘(
s
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I declare under penalty of perjury that the foregoing is true aﬁd' correct.

Ulrich Witte

At Weabide , Connecticut, this _ 234 day of April, 2008 personally appeared
Ulrich Witte, and having subscribed his name acknowledges his signature to be his free

act and deed. -
fore me: bam}#ic M\NV Sj
J Notary Public

My Commission Expires 8- 3 | — 201
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Vermont Yankee Nuclear Power Station
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PRE-FILED REBUTTAL TESTIMONY OF ULRICH WITTE
REGARDING NEW ENGLAND COALITION, INC.’S CONTENTIONS 2A, 2B AND 4

-

Q1. Please state your name.
Al. My name is Ulrich Witte. e o ' .
Q2.  Have you previously provided testimony in this proceeding? '

/ .
A2. . Yes. Iprovided direct testimony in support of New England Coalition, Inc.’s
(NEC) Initial Statement of Position, filed April 28, 2008, . R
- Q3. Have you reviewed the initial statements of position, direct testimony and

exhibits concerning NEC’s Contentions 2A and 2B filed by Entergy and the NRC

Staff?

A3. Yes. I have reviewed Entergy’s Initial Statemerift of Position on New England.

' Cbalition Contentions (May 13, 2008), and the Joint Declaration of James C. Fitzpatrick
and Gary L. Stevens on NEC Contention 2A/2‘B - Em{_ironmentall;-Assisted Fatigue
(May 12,,\2008) and exhibits &ereto. I have also rev_ievbed the NRC Staff Injtial Statement

of Position on NEC Contentions 2A, 2B, 3, and 4, the Affidavit of John R. Fair



Ccncer_ning NEC Contentions 2A & 2B (Metal Fatigue) (May 13, %008) ar;d exhibi'ts -
thereto, the Affidavit of Kenneth Chang Concerning NEC Contentions 2.A & 2B (Metal .
Fatigue) (May 12, 2008) and exhibits thereto, and the revised Afﬁdavit of Dr. Chang
prpvided on May 22, 2008. | | | | A o ' \

("

I. NEC’s Contentions 2A and 2B — Environmental Assisted Metal Fetigue Analysis
Q4. Please describe your qualiﬁcations to provide testimony concerning NEC’s
Contentions 2A and 2B.
A4, 1have extensive experience in original stress analys;s in qﬁalifying Class 1 and
Class 2 pipe and components, and applicable ASME codes as weil as ANSI B31.1 codes,
in caﬂicular in the design, analysis, construction, and qualification of Class 1 and 2
systems within the domestic nuclear industry. This experience includes, for exemple,
orjginal stress analysis for McGuire, Catawba, and V.C. Summers Power Plants. In
addltlon I have performed non-linear finite' element ana]y51s for a number of components
and | am famxhar with Swanson’s computer algorithms such as ANSYS RELAP, and
other commercial analytical computer programs. Under contract to EPRI, I conducted
detailed correlation studies of non-linear finite eiement analysis cocie predictjons against |
- actual in situ testing of pipiné and components at the Indian Point 1 Nucleer facility after
the plant/Was closed. The resuI';s are published in EPRI Report Number 8486, — Seismic
Piping Test and Analysis, 1980. |
-QS. Do you agree that Ente;'gy’s “confirmatory” CUF., analysis of the feedwater '

nozzle fully incor‘porates thermal fatigue history for the feedwater nozzles?



AS. Nd. .The NRC Quéstioned the Applicanf’s “simplified analysis” with respect to the
Feedwater nozzle as part of Request for Additionai Infonnation (RAD) datéd October 9,
2007, during NRC LR Audit. The Staff was unsatisfied with the responses by Entergy,
dated October 19, 2007 and November 14, 200/-7. During a meeting with Staff on J anuary
8, 2008, the‘A'pplicant corﬁmitted to performing refined aﬁalysis on the Feedwater nozzle
including the use of actﬁal opergtional thermal fatigue histo;‘ies, as opposed fo derived
histories from the GE Specification. Incorporation of operational _hiétories of the B

Feedwater nozzlé was made a formal commitment in BVY 08-008, dated Februéry 5,

2008. | /

An operational event that results in an unanalyzed thermal transient to the reactor
'vessél is relevant and cannot sim;;ly be set aside as licensees did for some period of time.
The event'at Vermont Yankee (VY) was no exception. The causal relations\_hip between
the event as fouﬁd in historical records and the cohsequehces in terms of thermal shock is
key. Dun'ng the early years of plant start-up and operation th;re where many unplanned

forced shutdowns. I found: 42 for VY. Not exacﬂy a siiky smooth running reactér. Three
were downright dangerous.

GE and the Licensee did not fully predict.all of the events in their shutdown
estimates. Hence, those that were outliers needed .d(_atailed éhalysis. During the mid-
1980s and into the 1990s this fact came to light starting with NUREG 0599 and others.
Operatfonal events 1&& to the need for carefui and reﬁnéd transient analysis. The

| simplified method was shown to be o.verly dependent on skillful and expeﬁencéd

engineering. New methods removed the uncertainties and doubts of accuracy in CUF and _

(



CUFeq. Not just cycle counting but examination of derivative temperature changes forced
on the reactor VCSS(;I, the associgted safe end; and on, Qf course, ;the feedwater nozzle as
well. Tknow, because I was required immediately to notify the Technical Support Center
(the emergency response area assembling management to provide teéhnical support) for
just such an event occu;'red on December‘26[h, 1986, at 6am, whic\h brought down anqther

plaht for many mohths, plécing ihe plant under its emergency plan. There was a concern .
that the plant would never operate again.

Based upon my examination of Vermént Yankee’s historical records and my own
expeﬁence of the challenge of maintaining nuclear plant operational history beginning

‘with plant start-up, it appears to me that major thermal transients have likely not been
incorporated into the operational history, as referenced in the SER. This deficiency is
pa;rticullarly significant Where the reactor vessel has experienced an unplanned and
unanalyzed transient that was outside the engineered design basis.. Occurrence of these
events tHroughout the industry Was not as uncommon as.one might presume.

Assessment of fransient impact to specific component life is re&ul;red following
such an event to reestablish’ fidelity with the plant’s design basis and is accompanied by
additional fatigue analysis. The outcome of the engineering analysis holds one of three

: pbssibilities: (1) severe damage has occurred to thé nozzle or vessel (less likely), (2) no
additic;nalv fatigue uéage outside the GE Specifications has occurred (éls‘o not likely), or (3) |
- some additional usage outside the GE Specifications has occurred and therefore the

‘component life is shortened (likely). Assessment and incqrporation of the assessment of”

these impacts into plant operating records is essential to providing a basis for effective -

aging management programs.

L
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An example of an historical Vermont Yankee event with the potential to impact the
useful life of a number of systems, structures, and components occurred on December 1,

1972. On that date, the reactor automatically scrammed when an internal fault on a stértup

\

transformer resulted in a loss of offsite power. The emergency diesel generators ~

aufomatically started and connected Fo their\ electrical buées. The high pressure coolant
~ injection (H}}’CI) system got an autc;matic start signal on high drywell pressure, but failed
to start. The operators manually started HPCI. Three reliéf vélves opened when reactor
‘ préssure increased to 1,130 pounds per square inch gauge. A fourth relief val_ve should
| A havé dpened, but failed to do so. One of the three relief valves that opened cha&ered on
its seat about 100. psig below its set ﬁoirit. Tﬁe transient was significant as reflected by the
| fact that oddsv of a core melt from this single event were 1.4E-3. See, Exhibit UW-24.
More significant to the issue of fully recovering the record of all transients and accurately
incorborating them in assessing feméinjng fatigue life is the assessment of wear, dan;age, '
aifld stress on each relevant‘ component during eaéh significant transient event. |
) There are other examples of transients that appear to have nbt bee;l incorpérated as
input i.n‘the refined fatiége. analysis. During the period from 1973 through 1977, Vermont

Yankee experienced 42 unplanned forced shutdowns. This is a significant number, and

‘expended much of the fatigue life of the reactor vessel and feedwater nozzle. See Exhibit _

Uw-25.

Of these 42 forced shutdowans, in {1976 Vermont Yankee ~experiehced 10 unplanned
reactor scrams. Exhibit UW-24. One of these, on July 6, 1976, occurred during
" surveillance testing when the air operator plunger on a relief valve did not move when air

was applied. Two of the other three relief valveé failed. The failures were traced fo air



(
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operétbr diaphragms daméged during excessive heating. The damage was attributed to

improper insulation in the proximity of the diaphragms and an extended operating cycle.

Coré melt frequency for this event was ém astofmdingly high number 6.25 E-2. Exhibit

UW-24. Again, the event stressed a number of systems and ifnpapted the fatigue life of

numerous components. o

I made a comﬁaris.on of the Engineeﬁng Design Input document, EN-DC-141, -
Rev. 3 provided to NEC by Entergy, to aV_ailable records contained in the following
documents and as compared to the responses provided to Dr. Chang’s questions contained
in Exhibit UW-26, “NRC Audit 10/09/07, with responses provided 10/18/07%

It appears that, in Entergy’s calculation of 60-year CUFs in its CUFen réanalyses,
6perational histdﬁes were not properly or 'accurately compiled and that instead of
documented transients, estz.'mated thermal transient hisfbries were used to\ predict the
' number of Reactor Thermal Cycles for 60 years. Purported aélded conservatisms rq'main

unqualified and unjustified. The estimates of thermal transients are provided on
Attachment 1, Page 1 of 6, EN-DC-141, Rev. 3 See Exhibit UW-27 “Design Input
Record, Envifonmental Fatigue Analysis for Vermont Yankee Nuclear Power Station.”

: Q6 Why 1s this of concern in assessing the validity of Entergy’s CUFen reanalysis?
A6. | Refined fatigue analysis fidelity largely turns on correct design inpufs. The -
simplified Gréen’s-Functiop method challenged by Staff on January 8, 2008 and in other
records, was éssentially about uncertairity' in assumptions and estimates. My observation

 is that this par.ticular‘ design input is ein ungrounded eétimate, an assumption, qnd not an |

actbal historical number; any conclusion stemming from it, therefore, cannot be relied on

without corroboration. Clearly, to proceed with estimates based on a flawed record of all



transient events is not appropfiate. The rationale provided for not using actual transient
operational cycles as found in Exhibit UW-26 at sequential page no. 8 (Bates number
NECO69994)3 is not valid in the event of a thermal transient event that was outside the
Qriéinal design basis. Entergy, has not shown that those events were incorporated. }

" Second, the estim\ated transient history — assumption Z may or may not be
conservative. As noted above, the plant e)gpgﬁenced certain transients during its
" operational life from initial plant start up and testing, commercial operation, then uprate to

120% pdwer beginning in 2004. Actual excursibns, ih’particular those that appear to be
“outside the GE design speciﬁcatiohs, should have been accounted for in the refined
a.malysis.\l From the analysis provided, at least in the first example, they were not. |
Third, considering Extended Power Uﬁra;te céntributing factors such as increased

flow, cdhip(;nent modiﬁCati-on, increased vibration, and ihcreaséd core heat 'and neutron
flux, the transients-experienced by the plant beginning with power escalation to 120%
_should be given more weight in forecasting' thermél transient cycles. There is no credible
basis provi’,ded in the Applicant’s analysis that justifies .t};elzrmai cycle projections.to 60
years.’ »

~ In summary, By using estimated histories as _opbosed to actual histofy, specific,
transients that shorten thie'cor.nponent fatigue life appear not to be acknowledged or
| included in thé ‘Applicants fatigue analysis, making the results ipcluding C.U‘Fen ’
unéubstantiated.

!

I1. NEC’s Cdntention 4: Flow Accelerated Corrosion Plan




- Q7. Have you reviewed the initial statements of position, direct testimony and

exhibits concerning NEC’s Contention 4 filed by Entergy and the NRC Staff?

A

‘A7.  Yes. Thave reviewed ’Ent¢rgy_’s Ini}ial Statem¢nt of Position on New England -
Coalition Cont_ehtioris (May 13, 2008), and the Joint Declaration of James C. Fitzpatri;’:k
-and Dr. Jeffrey Horowitz on NEC Conte'ntiqn 4 — Flow[Accelerated Corrosion (May 12,.
2008) and exhibits thereto. Ihave also reviewed the NRC Staff Initial Statement of .
Position on NEC Contentions 4, and the Affidavit of Kaihwa R. Hsu e;nd Jonathan G.
Rowley Concerning NEC Contention 4 (Flow-Accelerated Corrosion) (May 13, 2098),

and exhibits thereto.

" Q8. Entergy contends that you have no experience or expertise rélevént to the
festimony you have provided concerning NEC’s Contention 4. How do you respond?
A8. Ihave extensivé e){perience in development of engineering programs including
controls for design 'change processes, configuration management programs and
comprehensive initiatives in affecting operati-ng nuclear power statiOns. These processes
typically involve complex multi.fllmction and multi—orgénization challenges. These

' programs are often.ma\nda.lted under federal regulations, or committed progra;ms for a
liceﬁsee tc; re-establish fidelity with its current desi gn basis and license conditions. I have.
substantial experience in, for example, implementation and validatio;l of NUREG 0737, .
“Clarification of TMI Actiqn Plan Requirements,” and was a principél manager in the
successful restoration of Indian Point(3 ﬁom the NRC’s Watch list, as well as Millstone
Units 2 andl 3. For the Tennessee Valley Authority, specifically the completion» of the
Watté Bar Nuclear Plant, I developed a program entitled ‘;Prdgrarn to Assure Compietion

and Quality.” For Georgia Power’s Plant Hatch, I developed and impleménted a

- 8



Conﬁguration Management Program, led in-house Safety System Functional Inspections,
and an Electrical Distribution Function Insp\ection so as to prevent Plant Hatch from going
‘on the NRC’s watch list. For Northeast Utilities, I~developed a multiple department and |
multi-function program to reestablish the fidelity of tﬁe design basis and licensing basis,
including identifying, dispositioning and eithqr eliminating or implementing over 36,000

. ’ / . '
regulatory commitments. My leadership in 'estab]ishing and implementing these programs
- succeséful iniﬁatives — was well-recéived by the Licensee and well-received by the »
regulator. By, their transparency to the c.ommunity, they were géperally éc;:epte’d as
. irripr;)vements by:the Licénsee in protecting the health and safety of the public and/
minimizing risk to pul;lic assets.

‘. Asa seaso/ned engineer, manager, and problem solver, my expertise and track
record demonstrate successfully implemented so‘lutions to complex organizatio\nal,
technical, or regulatory challenges in nuclear plant operations.\' '

" Applying my expertise in Engineering Design Control Programs, I note that
Entergy’s proposed Flow Accelerated Corrosion management pro)gram is based on use of
a predictive modeling tool derived from an empiricaily,based program with heavy relianqe
on engineering judgment; coupled with experiencé, oversight, and effective moﬁitoring of

\
FAC—relaﬁed wear to certain vglnerable plant systems. My exbertise in program
management focuses on correct and effective implementation of the program and finding a
record that is au&itable, defendable against prbgram requirements and transparent. To

e

quote the NRC Staff’s position regarding flow accelerated corrosion, “Corrosion is not an

exact science. Due to epistemic and aleatory uncertainty, absolute wear rates cannot be

determined....” NRC Staff Initial Statement of Position at 20. Thus the burden in _



constructing and maintaining an effective FAC program'must emphasize }’eliancé on
engineering judgmeﬁt, coupled with experience, oversight, flnd effective monitoﬁng of
FAC-related wear.

While I do not purport to be intimately familiar with the empirically based
: CHECWORKS algorithm, I can attest to sufficient expertise in/evaluating the ﬁdelity ofa
| compr¢hensive FAC program. I believe that the parties and witnesses are not in dispute -
that an effective flow accelerated prografn' 1s highly dependent on sound enginéeriﬁg
judgment and precise ixﬁplementation, including the program goal of effective -
management of the predictive results, so as to preclude wall thinning‘ bejond acceptahce ‘

-

. § .
criteria during the license renewal period.
' !

A. Summary Rebuttal

Q9. Do you believe that Entergy’s Flow Accé];rated Corrosion Management. .
Program as inipleménted to date will be adequate for purposes of agiﬁg management
during the psriod of eitend_ed operation, as Entergy and. the NRC Staff assert in
their initial statements of position and direct testimony?

A9, No’ gntérgy asserts on page 34,35, and 37 of their Intial Statement of Position to -

New England ‘Coalition Contentions, that their intention to credit the existing program as

demonstrated to ble adequate with no changes plamied. Staff underwrites this assertion as

well on page 20 of the NRC Staff’s Initial Statement of Positipn on New England

. Coalition Contentions. I do not agree the program as implemented to date is adequaté. "
NEC raised significant concerns regarding the F low-Accelerated‘Corrosioﬁ

Program and asserted that the applicatidh for Liceﬁse Renewal submitted by Entergy for

Vermont Yankee does not include an adequate plan to monitor and manage aging of plant

10
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equipment due to flow-accelerated corrosion during extended plant operation‘ The
responses provided in summary disposition as well as Entergy’s Reply and Staff’s Reply
do not adciress NEC’s concemns and 1n fact raise troﬁbling new concerns beyond sifnply
the sufficiency of the Vermont Yankee ﬂow;accélerated cofroéion program as ﬁresently
credited\ for license renc?wal. |
The Applicant’s response summarized during motion ,for.summary disposition is
tha t it’s presezt FAC program is consistent with industry guidance including EPRI NSAC E
202L R.3 and tﬁat the -use of the CHECWORKS model is a central element in tf_le FAC
program implementation. The Applicant stated that it is relying on ité current pro;gram for
FAC management for the license renewal period, and “furthermbre, the FAC program that
will be implementgd by Entergy is the same pkbgram being carried out today... [and] will

\

meet all regulatory guidance.” See Entergy Reply at 34.

Entergy represents that it will rely on its current FAC mapagement program for.
purposes of FAC mariagement during the li;ense renewal period, thatl no changes to this
program are planned, and that this prbgram complies with EPRI guidelines. See,

" Entergy’s Initial Statement of Position on New England Coalition Conterﬁioﬁs‘ ét 34 (“The
current FAC program, Which will be Psed during the license renewal period, meets

| ‘industry pr;zc'rice as reflected in NSAC-202L..."). My_re;\liew provided in pre-filed
testimony shows that Entergy’s current program is not in compliance with EPRI
guidelines. | |

Q10. Entergy asserts on page 34 of its Initial Statemenf of Position that “the

program has been reviewed, audited, and inspected with only minor, mostly

11



administrative issues identified,” and discounts its own Quality Assurance audit,
which declared the program “unsatisfactory.” How do you fespond?
A10. 1 believe that these statements indicate that Entergy may have ignorgd or

| misconstrued the fundamental Tequirements 0% 10CFR Part 50, Appendix B, “Q\;ality
Assuranc;,e Requirements for Nuclear Power Plants.” It appears 'that. federal requirements
for Quality _Assuranée (QA) are being set aside. Quality Assurance Division Audit No.
‘QA-8-2004-VY-1 declared the Flow Accelerated Program “unsatisfactory,” submitted two
Condition Repbrts, and found ﬁv;e findings and seven areas of improvement. See, Exhib/it
NEC-UW_09 at 2. Yet Entergy’s Initial Statement of Position interprets the 387§agé
doc@ent as containing “only minor, mostly administraﬁve issué[s].” Entergy Initial
Staiement of Position at 34.

Furthermore; the Entergy asserts this single analytical tool for predicting
unacceptable wall thinning should, as policy, be set aside as ;t was for four components,
See Exhibit NEC-UW_20 at 5 of 14. Thus the Entergy provides a second indi(;ator where
the Licensee-obliquely:waived Appendix B requirements for Quality Assurance. See
Entergy S:atemen;t of In:itial Position at 4;3. i
< : v

That again is misapplication of the requirements of Appendix B, which is
particular to the Flow Accelerated Progrém, where the Applicant’s only d‘efense, to its
failure to prepare condition reports assc)ciated. with unacceptable wal{}hinning; a
prediction derived from its own anal)—/‘sis, is soméhow that this component shown not to be
meeting quality standardé is deemed accep;cable “és is” until the next outage. Therefore,

there are two indications of a troubling and clearly deep-seated failure to pfoperly o

implement the requirements ofa compliant Quality Assurance Program. Appendix B to

12
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10 CFR Part 50 requires among other things, Section III, “Design Control; and Section
4 {
XVI, “Corrective Action” The latter section of the rule includes the following:

Measures shall be established to assure that conditions adverse to
quality, such as failures, malfunctiéns, deficiencies, deviations, defective
material and equipment, and nonconformances 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 the
appropriate levels of management.

Quality Assurance requirements are not a practice that may or may not be

’

voluntarily implemented by the Licensee, but are in fact are regulatory requirements
3 ‘ P

promulgated under federal rules. The Applicant incorrectly asserts that a failure

-

theoretically predicted by the CHECWORKS model is somehow treated differently than a

failure predicted by actual inspection data. The Applicant is incorrect in assuming that a

~ failure predicted by CHECWORKS doés not meet the threshold for a condjtion report,

. : f . o
with timely follow-up or corrective action, as fundamentally required under Appendix B.

The Licensee has no regulatory grounds to escape a determinal(tion of potential failure by
reason of its assertion that “if aplanning tool such as CHECWORKS .....dete_imines a
theoretical conclusion... as such no condition repdrts are required.”\ See Entergy
Statement of Initial position-at 48. This improper rationale is essentially analogous to a
Licensee ignoring a Technicai Spéciﬁcation requirement calling for declaration of a
component or system to be classiﬁéd as inoperable and a Limiting Condition of Operation
started if a surveill.ance; is missed. In the analogous situation, a component is

édministratively_ (theoretically) declared inoperable, although its actual functionality is

unknown.

13



The consequences of the Licensee’s apparent policy regarding Appendix B
requirerﬁents, for Vermont Yankee’s Flow Accelerated Corrosion Program are significant
and have broad implications to multiple programs reliea upon for renewal. Essentially,

_ following the Liccnsee;’s logic every program can be viewed as theoretical when it is
intended to be a predictive tool. ﬂe' implications of Entergy’s statements are profound
and raise questions regarding.credibility of all the Aging Related Manégement Programs
proposed anci Entergy’s actual intentioﬁs for monitoring, and maintaining the planf if the
license is extended. |

| Qll.‘ Has.applicant provided in its response any reasonable assurance that pipe
thinning beyond code limits will not occur in the period betwee;l outages?
All. No. Quite to the contrary, tile applicant has stat;ed at page 48 of its Initial
)
Statement of Position, in reference to page 5 of 14 of PP7QZ8 Piping Inspectién Program,
Exhibit NEC-UW _20, that wear rates predicted to exceea code limits will not be acted
upon until thé next outage. Basea bn\statements made by the Applicant regardiﬁg pipe
thinning pf_edictions inclqding hegatiVe time to inspect (described as ﬁegative Trmin in the
ddc;urrl\ent) and predictions of unacceptable wear rates leading to thinning beyond code
limits prior to the next outage, coupled with the decision to not prepare condition reports
(or an analogous report consistent with requirements of a corrective action program as paft
of Appendix B), it is my opirﬁon that reasonable aésurance 1S not prd_vided, and that the
NRC Staff erroneously concluded that the program is complete, correct and adequ'a.té. -

Therefore, my opinion is that the staff erroneously concluded that the program is -

complete, correct and adequate.

14



Q.12 Does Entefgy’s Initial §tatement of Position resolve the programmatic

1

weaknesses you identiﬁ_ed in your diréct testimony, including open corrective actions,
stale open action items from condition reports, and the negative assessment of the

program stated in the 2006 cornerstone roll up report?

T AL2. No‘. Entergy characterizes the issues I have identified as; shortcomings in the
documentation paperwork with no substan‘;i‘ve implications. [ disagree. Any one of the
Quality Assurance findings are significant. For example, a classic indictor of a

- problematic program is age of open correcti\./e actions. A second indicator is number of"
Condition Reports, and number of extensions plénned and then posfponed to implement
necessary actions to maintain the program current. Data drawn was sometimes more than

i

fifteen years old.
Entergy expends much discussion, largely ona generic basis, on what ought to .
constitute a good FAC program. Entergy State'ment.of Initial Position at 36. However,

Entergy does not respond to or take into consideration the VY’s actual repeated historical
' )

failures to implement the FAC program from 1999 to the preéent day, which I have
identified in my report, filed in tliis proceeding és Exhibit NEC-UW-03. With few
exceptions, these humerous programmatic failures go unchallenged by Entergy.

Mosf signiﬁéantly, successive implementatioh of CHECWQRKS to current plant

v P

design inputs is imdisputed as a mandatory element of the program, as required under

N

NSAC 202L rev. 2 and rev. 3. Entergy makes no claim that this was consistently done.
- Successive-data passes at appropriate intervals; with scope selection, current

operating conditions etc, taken into consideratio_n'are a fundamental element to identifying

appropriate grid selection points, and trending of wear items. However, this obligation
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‘was consistently ignored for many years and at best done in fragments for many outages.
\See Exhibit NEC-UW_03, ‘_‘Evaluation of Vermont Yankee Nilclear Power Station
Licensé Extension.” This approach places the relviewer in the unténable position of having
to look a look at wear data for t;ehds with only very limited data points and then sbeculate

as to whether the data set is sufficient. This approach is invalid.

Detailed Review of Entergy and Staff Replv

Q13. Do you take issue with the general merits of the approach to FAC

N

management recommended in NSAC 202L?

A13. No. My focus is strictly on the adequacy of the implementation of NSAC 202L at
VY. | K

Q14.0n Page 38 of its Initial Statement of Position, Entergy makes the following
assertion regardmg FAC Susceptibility review: “the only CHECWORKS mputs
_ affectingFAC wear rate that need to be changed t(; model uprate conditions were the
flow rate and the temperature. These were updated at VY upon implementation of .
the EPU.” Do you agree that flow rate and temperature are the only mputs that were
necessary to incorporate into the model?
Al4:- No. Idisagree. Identification of the added inputs should be made, incorporating the
results of all pertinent susceptibility analyses. Apparently, this has not been done. First,
Exhibit E4-32 is a copy of a susceptibility analysis performed by Entergy in 2005. This
analysis was performed fully five years after the previous analysis was compieted in 2000.
This five 'year gap is found by examining the dates associated with the 2005 Susceptibility
- analysis. Numerous changes to the plant occurred between 2000 and 2005. For example,
in 2003, the reactor recirculation and residual heat removal piping was\feplaced. See,
Exhibit NEC-UW_27 at 6, Attachment 1. Second, operational factors.(such as TECH
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.
SPEC c}ianges, configuration changes, and material changes) should have triggered a new
susceptibility analysis well before the analy:sis pei"forrned in :2005. |

In brief, beginning in 2004, substantial plant modifications were performed,
including system modiﬁcations etc, yet a current Snsceptiliility Analysis was not
perfornied until 2005. The premise that only flow rate and temperature input changes
were needed is not properly supported and incorrect.

/It is apparent that Vermont Yankee’s FAC program management was broken from
February 28, 2000 threugh October 25, 2005 Eesed/npon lack of Susceptibility Analysis
-alone. A compalrisnn‘of program .scope for'pi)ping inclusion, exclusion, small bore, large
bore, fluid 'iype etc, shouid have been incorporated into the FAC Program under the
station Engineering Design Controls prqgrani on an ongoing basis——esseniially any time a
plant rnodiﬁeation, eystem function change, or operational change was contemplated.
Based upon the Applicant’s information provided on bage 38 of Entergy’s Statement of
Initial Position, as weli as the Table 2 of Exhibit Eéi-32, the susceptibility analysis was set
aside for more than five years, losing both continuiiy and assurance that all modifications
have been evaluated and taken into consideration.

Proper grid pOin’i selection, prop‘er,samplin.g, proper frequenc-y anci the consistent
integration of new data all serve to remove speculation and uncertainty in the accuracy ef :
_ CHECWORKS. fhis(fact by itself provides ihe impetus for a “new baseline,” especially
in light of the fact tha‘i a current baseline is, for all praetical purposes, laeking. In -
~‘ conjunction with the relative uniquenese of the CPPU poWer uprate—chem-istry changes,

- geometry changes, and of course velocity changes, the need for a “new baseline” is

compelling. The strength of the CHECWORKS and the NSAC 202 methodology

17



,
endorsed in the GALL Report, is in its successive passes with tight control of changes in

requisite input_.vaﬁables. These core eiements have yét to be implemented.

In 2005, Entergy ;elied_ on ancient susceptibility data for component selection
points, s/uch as small bore pipiné from data circa 1993. See Exhibit NEC-UW_20 at page
}'2 of 14. Five smaH bore points were selected fhat had never been inspected previously, _
indiééting.loss of control of the program. Eﬁtergy’s defense of this methodology raises
significant doubt as to the éfﬁc)acy of the current program, and therefore the FAC program

for the lice/r;se renewal period. |

A lack of a timely susceptible review can only serve t.o‘ skew the results
appropriate selection of specific wear points. An updated and inclusive Susceptibility
Review should definitely have been required by NRC Staff in their review. It apparently -
was not. | | |

_The Susceptibility review did not appear to address wear points associated With
plant modifications, and .b'ase‘d ubon the descoping of the inspection, even after

‘ recommending by engineering judgment, to include certain points they were not. See -

“Exhibit E4-38 referenced in Entergy’s Statement of Initial Position at page 39.

Q15. On page 39 of its Initial Statement of Position, Entergy states that in 2007, RFO




analogy would be the retail store that raises its prices on certain goods, prior to offgring
. D .

thexn at a sale discount.
\

ntergy’s commitment to increase the number of inspection point$ by 50% was

made in response to an RAI, ackno\wledged in Entergyfs 'Statément 2 Initial Position at
39, but this co itment was tacitly fulfilled by increasing the mbéf of inspection
points for RFO 26 on aftér decreasing the number of inspeftion points (by descoping)
for RFO 25. The Scopingjocument for RFO 25 containgd significantly. more inspection -
poin£s. See, Exhibit NEC-UW\20, “PP7028 Piping EAC Inspection Program FAC

INSPECTION PROGRAM RECORRS FOR 200/ REFUELING OUTAGE.” On page

J

20, it states “The planned 2005 RFO insps ctio scope consists of 0137 large bore
~ components at 16-l6caﬁqns. ..[a]lso, any iMdusky or plant events that occur in the interim

may necessitate an increase in the plarfned scope.” Nn addition, criteria for inspection of
7 P P

gompoﬁents outside of CHECWQ 3 S grid selection is yrticulated to inc_lﬁde points
| simply because of the length intervalé since previous inspedjons. These include
Feedwater piping, and M#insteam piping. Id. at 3.

However, theAiumber called for in the above scoping docume is considerébly
more than the agtual number of large bore componen'/cs reported ta be insp fed during
RFO 25,' asAn Exhibit E4-38, where the Applicant notes that it linﬁted its inspedtion to 27

large bére points. The actual inspection of 63 large bore points for RFO 26 is aboutNG of

b€ number of planned inspection points for RF0 25, not 50% more.

Q16. Entergy disagrees with your statement in direct testimony that “trending to.

the hig'h« end of the range [for bench marking] is appropriate where variables

f
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: .affecting wear rate, such as flow velocity, have significantly changedv‘, as at VYNPS
following. the 120% power hp-rate..).”. How do you respond? |

Al6. Entergy questior;s the relevance of the report brought forward in my/direct
testimony iﬁ support of this staterﬁent. The report i_n question is “Aging Management and
Liiie Extension in the U.S. Nuclear Power Industry,” Exhibit NEC-UW _13, or ‘the
“Choc}de Report.” Entergy asserts that this report does not ‘support trending to the high
end_of the raﬁge where variables such as flow velocity etc héve signiﬁcantly changed; '
because it is not industry guidaﬂce, but a report:p'r‘oduced at the behest of the Petroleum
-Safety Authority of Norway regarding aging managemént and life extensioﬁ in the U.S.

{
nuclear power industry.

The Chockie Report most certainly assimilates industry guidance, including
regulatory rules and implementation of those rules, énd compiles aging programs strictly
wi'th r\espect io,the United étates domestic nuclear power plants. On page 38, it answers
exactly what is required if there is no pre-existing baseline, as is the case for Vermont
Yankee. The use of the report by the Norway Pétrolcum Safety Authority has' no beavring
von its content. The report is on point to Cbntention‘ 4. |

The Chockie Répon is applicable to the question of what constitutes an adequate —

baseline. Entergy assumes that its present baseline is adequate. I believe after ~
examination of the failure to adequately implement the program, that VY does not have an
adequate baseline. The Chockie Report is a concise primer on the effective

implementation of NSAC 202L, including CHECWORKS, and by‘infefe’nce impeaches’

Entergy’s Application as well as the adequacy of NRC Staff Review.
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Q17 Do you agree with Entergy’s statement contained in a single paragraph on page
45 of Entergy’s Initial Statement of Position that the followihg eight claims you made

in your direct testimony have no merit?

a. “that data from previous FAC inspections (prior' to the EPU) were not
entered into the CHECWORKS database (NEC-UW _03 at 2, 3, 6, 7-8, 15,

16, 17);”
b. “that CHECWORKS was not updated with the uprate parameters (id. at
§,23);
that, for the period 2000-2006, VY failed to use a current version of
- CHECWORKS (id. at 6, 17);”
d. “that four components were predicted in 2004 to have wall thinning
_beyond operability limits (id. at 17-18, 22);”

g

“that open corrective actions identified in condition reports may not have
‘been completed (id. at 3-4, 18-19);”

f. “thatranking of small bore plpmg was not done (id. at §, 20);”

the numbe 5t mspectlon pointswere reduced after’the 2005 outage
ld at7,8,2 ,and”

h. “that the 2006" refueling outage inspection “scope, planning,
~ documentation, and procedural analysis appear to have been performed
under a superseded program document” (id. at 5, 7, 20-21).”

P

{

Al7. No. Idisagree. Entérgy states that these claims have no merit but does not actually
refute them, or specifically address the majority of the documents I cite in support of my

direct testimony. Entergy’s reply to my direct testimony consists primarily of conclusory
. )

denials.

Q18. Does this conclude your rebuttal testimony?

Al8. Yes
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