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Basig Statement

'Re-defined Significant wall thmmng

Deleted superseded procedure ENN-DC-133 from text and replaced with ENN-OS-S-OOs

Added EPRt CHUG position Paper No.4 to references -

Added “CHECWORKS Steam /Feedwater Application, Guidelfnes for Plant Mndelmg and Evaluatuon of
Camponent Inspection Data to references.

Added Passport 1o fext in section 4.4.11. :

Added “degraded and deticient” components to text of sectlon 4.4.16

-Added threshold for generating condition reporis to section 5.11.3 . -

Added “exoept as provided below” and “Reference section §. 12.2" ta section 5.12.1.

_ Added‘text “an It Is determined that sample expansion” to section 5.12.2

| Added “deflclent” to section 5.13.1 )

Edlted varlous typos 1o section 8. . :
Edited logic diagram in attachment 9.3. L ' : o
Re-indexed gection 5.2 to 5.17 h : : :

Add VY to ENN Flegt procedure
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PURPOSE

The pumpose of this procedure is to provrde requlrements for establlshmg and -

- maintaining an effective Flow Accelerated Corrosion (FAC) Program that will ,
' standardize Entergy Nuclear Northeast Fleet's approach towards mltlgatmg FAC

damage

This procedure uses a syslemalrc approach for long term momtonng to enhance the
reliability of the affected FAC components by reducing the probability of failures and
reduces marntenance costs assoclated with unplanned or unnecessary repalrs

This procedure provides criteria and methodology for selacting components for

- inspection, performing inspections, gridding, evaluating inspection data, disposition of
- results, sample expansion requirements, piping repalr/replacemem crltena progﬁam '

responsrbllmes and documentation requwements

This program is applicable to plant plprng systems and feed water heater shells
susceptlb!e to FAC . _

This procedure may be used a gurde for evaluating systems and components that
don't meet the criteria of the FAC program.

REFERENCES

NRC Generic Letter 89-08, ErosronfCorrosron lnduced Ptpe Wall Thlnning

NUREG- 1344 “Erosmn/Corroswn-lnduced Plpe Wall Thlnnmg in U.S. Nuclear Power _
Plants” -

' NSAC 202L (atest ravision, EPRI Document "Ftecommendatrons for an Effectlve

Flow Accelerated Corrosion Program

EPRI Technical Report, TR-106611, “Flow-Acceierated Corrosron in Power Plants"

NHC Bullettn No. 87-01, "Prpe Wall Thmnrng
.ENN-Ll 102, "Correctlve Actlon PrOCess "
_ EPFll CHECWOR KS FAC Applicatron Users Gmde/, CHECWOHKS computer models.

ENN-NDE-9. 05 "Ultrasonic Thlcknees measurement"
ANG| B31. 1 “Power Prplng“ (For appllcable code year see mdrvrdual plant FSAR)
ENN.—DC-126, “Calculations”. '
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Flow Accelerated Corrosion Program

- [24]
.. Heater Shells for Flow Accelerated Corrosion Damage" Febmary 2000.

-[11],'

[12]

g

[14}

18]

[16]

)
el

9]

[26]

[21]
2]

)

(28]

ENN-CS-5-008, “Pipe Wall Thinning Structural Evaluation”.
Site ASME X! Repair / Replacemenl Program as apphcable

ENN-EP- S 005 "Flow Accelerated Cormsnon Component Scannmg and Gnddmg

Standard“

EPRI Repon, "Slngle-Phase Erosnon!Corroszon of Carbon Steel P}p:ng" February
: 198? v '
. 4 P

| EPRI Repon "Practlcal Consuderation for the Flepaw of Plpmg Systems Damaged by

ErosionfCorrosnon" dated 10/5/87

NHC Generic Letter 80-05, "Guidance for Performlng Temporary Non-Code Hepalrs of g
, ASME Code Class 1 2 &3 Piping".

INF’O SQER 87-3, "Ptpmg Failures in ngh Energy Systems Due to

‘Ergsion/Corrasion", March 1987.

' INPO Srgmf:cant Operatung Expenence Hepon (SOER) 82-11, "Erosxon of Steam
'Piping and Resulting Faulure February 1982 - _

EPHI CHUG Pgsition F’aper #3, *A Summary of Tasks and Resources Requu'ed to
Imptement an Effective Flow Accelerated Corrosion Program *

Entergy Qual:ty Assurance Manual

ENN FAC Qualmcanon Card ENN-TK ESPG-042, "Implementmg the Fiow
Accelerated Gorrosion Program “.

N

- JAF—SPEC-MISC 03290 Rev.0, “Specvﬁcatlon for Evaluation and Acceptance of Local
Areas of material, parts and components that are less than the specified thlckness

By REEDY Engineering.

1P3-SPEC-UNSPEC-02936 Rev.0, “Specrflcatlon for Evaluation and Acceptance of
Local Areas of material, parts and components that are less than the spegcified- - -+ —vs s

tmckness" By REEDY Engineering. -

EPRI CHUG Position Paper No. 4, “Flecommendatlons for !nspecting Feedwater

| "CHECWORKS Steam IFeedwater Applacatnon Guldelmes for Plant Modehng and

Evaluation of Component lnspectlon Data", EPRI No. 1009598, Fmal Report

September 2004. _ . ! ~
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DEFINITIONS

Base Line 1nspectron — An rmtrai wall thrckness measurement of a component taken
priot to being placed in servrce '

Basls Document Program dowments that- defme the scope aﬂnbutes commrtments
evaluation reports and predictive models that forms the basis of the FAC program
(i.e., System Susceptibility Evaluation reports). These documents contain the basis for
the plant piping in the CHECWORKS model, the susceptrbie not-modeled (SNM)
plplng and those that aré non- susceptrble ' R

EPHI CHUG — EPRI CHECWORKS USEHS GROUP

. Code Minimum Thrckness (Tmln) The mtmmum required giobal wall thickness based

on hoop stress

Critical Thrckness (Tcnt) The minimum. required wall thrckness per code of
construction required to meet all design-loading conditions.

. Defi clent Component A component rdentrfred by examrnatron' to be below Taoépt wall
- thickness.or projected to be below Taccpt wal! thrckness by the next refueling outage.

- Degraded component — A component rdenlrfred as bemg below The scree mng criteria

that is acceptable for continued operatnon

Exammatnon Denotes the performance of ail vrsual observation and nondestructrve

testing, such as radiography, ultrasomc eddy current liquid penetrant and magnetrc

particle methods

'Examination Checklistf Traveler - A data sheet developed for the components being

inspected and may contain but is not limited to the following: Triom, Tmeas, Tmin,
Screening criteria, components name, system number, previous data, mspectlon
datasheet number, grid size, examrnatlon extent, work order and affrlnated minimum

o wall calculation.

Flow Accelerated Co'rrosion (FATY~"Dagradationtand éﬁr‘fsequeht‘ waltthinningofa *
component by a dissclution phenomenon, which is affected by variables such as

- temperature, steam quality, steam/fluid veiocity, water chemistry, component material
“composition and component geometry Prewously known as Eros:on/Corrosron

Gnd ‘A patiern of points or lineson a prprng COmponent where UT thlckness -

 measurements wifl be made. Grid ‘may be. permanently marked with curcumferentral

and Iongrtudrnal grid lines.

NEC005988
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 Flow Accelerated Carrosion Progrem

[12] Grid Point - A Specific location an a piping compenent, where a UT thickness -

- measurement will be made. Grid points are at the mtersectlons of the cireumferential
and tongttudmal grid Imes : .

| [13] Grid Potnt Reading - UT readmg taken at the intérsection of the gnd location

[14} Grid Scan— 100% scan of the area betwean the grid lines. The lowest measurement in
- -each area to be recorded as the measured thtckness

[15] 'Gnd Size - The distance between gnd points in the c:rcumferennal or longuiudmal
direction. Also called grid space or grid spacing. - ,

[16]) - tnitiat Thickness (Tinit): The thlckness determined by ultrasomc exammatlon prior to
the component being placed into service (baseling) or the first ultrasonic examination
~during its service life. If an examination has not previously been performed onthe
component, the initial thickness shall be detérmined by reviewing the initial ultrasonlc
data for that component. The area of maximum wall thickness within the same region
.as the worn area shall be identified and compared to Tnom. If the thickness is greater
than Tnom, the maximum wall thickness within that region shall be used as Tinit. If '

that thickness is less than Trom, Tnom shall be used as Tinit. Initial thickness for pipe =

may also be calculated as the nominal thickness multiplied by a factor of 1. 125
. {1.125"Tnom} for oonservat:sm -

[17] Inspection Locatlon Aspecnf'c component (ae elbow, tee, reducer Stralght p|pe |

sect:on)
/R

f18]- Inspection Outage - the outage during which the component was mspected

o [19] Large-bﬁre Piping - Ptpmg generally greater than 2" nomlnal plpe slze wuth butl weld

fitlings. -

| [20] Line Scans— plptng segments broken mto one-foot lengths (Sma]l Bore plpe}

| (21} thmum acceptable wall thlckness (Taccpt) — Maxnmum value of Tmln or Tcnt

)

[22{ Mmunum Measured Thicknéts = {Tmeas or Tmniy z5 identified by attrasunic thrckness oo
examination, the present thickness at the thtnnest point on a component :

[23] .thmum requ:red thickness (Taloc) Minimum requirad pipe wall thlckness for
internal pressure based on local thinning requirements. N

_ {24] "~ Next Scheduled tnspectuon (NSI} -The outage at which an mspechon will be performed

-on a given component ‘ » \

(251 Nominal Thuckness (Tnom) Wa|l thuckness equat to ANSI standard thlckness

NEC005989
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[29]
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e
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(34]
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[36]

PASS 1 Anelysrs Runs modeled in CHECWORKS that erther have no inspection
~ data, an insufficient number of inspections fo provide a proper calibration, or where
there is no expectation of ever developing a proper callbratron :

PASS 2 Analysis - The process of utilizing UT rnspectron data thrckness ,
measurements in CHECWORKS to predict wear and wear rates for components

Piping Segment A'run of piping that conersb; of inspection locations which have
_ common operattng parameters {i.e., temperature, pressure, flow rate, Oxygen content
and pH level). ‘ _

‘Predicted .Thickness (tp, Tpred) -The -catculated thickness of a cor'nponent based upon

~.arate of wear to some point In time (e g., next re‘fu'eling, next scheduled examination).

Quadrant Scan~ Piping segments divided in quadrants A, B, C, D that are 90 degrees
apart and broken into one-foot Iengths or as specified by the FAC engrneer ‘

" Qualified FAC Engtneen Individual who has eompleted the FAC Qualrncatlon Card
who participates in the Engineering Support Personnel (ESP) training program and
demonstrates knowledge requrred for the use of the CHECWORKS computer

program

Reference Point - The point on a prprng component where the longltudrnal and
circumferential grid lines originate. .

)

Remaining Service Life (RSL) - The amount of time remaining based upon'an' )
“established rate of wear at whrch the component is antrmpated to thinto Taccpt

: Setety Factor — A Margtn of Safety used to account for i maccuracres in wear rate
evaluation.

Sample Expansron The addrtaon of rnspectron Iocatrons based on srgnrfrcant or
unexpected wall thinning durfng planned inspection(s).

‘Significant wall thmnmg Wall thrnnrng toa thrckness Iess than 60% of pipe nomrnat

= wall thickness érwall thinning to-athickness-kat is half the rémaining marginof trre R

e

[38]

- piping /component which is above Taccpt. [% (0. 875Tnom + Taccept)] or
{Tacept + 0.020} which ever is greater v

"Small-hare Prpmg Piping that is genetally 2" or !ess nomrnal diameter and that

typically uses socket welded fittings.

’Subsequent Inspectron - Inspection of components that have had a baseline
inspection and/or an initial operational inspection. o
: : . : r

NEC005990
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[39] Susceptlble Lme Piping determined to be susceptlble to FAC usmg the EPRI _
- susceplibility criteria in' NSAC 202L, industry experlence and as documented inthe

: System Susceptible Evaluatuon

[4.0]‘ Susceptible Non-Modeled {SNM) Piping - A subset of the FAC susceptlble Imes that
~ cannot be modeled using the EPRI CHECWORKS software. . .

[41.] : Tlme Time in service shall be actual hours on line or of operallon andlf or hours
critical. Calendar hours mel,lr be used for conservatlsm

[42) UT Datasheets - Paperwork that documents the results ol the ultrasonlc thlckness
mspectrons o . . o _

[43]' ' _Wear (W) The amount of mate rial removed or lost from a components wall thlclr.ness :
since baseline or subsequent to being placed in service. .

I
1
I
I
1
1
1
]
l [44] Wear Rate (WF_t) Wall foss per unit time. |
40 RESPONSIBILTIES . | N
' ' "‘4.1 MANAGER, ENGINEERING PROGRAMS (ENNE FLEET PROGRAMOVEHSIGHT} |
_ .' 1] 'Prowdlng a single point of aooountablllty andis responsuble for the overall heatth and
I S direction of the FAC programs.
[2] ., E'nsun'ng that’-the ENN FAC programs are e'lfectlvely develobed and imolemented_. e
I @l ' Providing oversight for mplemenlmg the FAC programs
41 Co-ordmate FAC vmrkmg group meetings. '
1
I
I
1
1
1
1

[5] -Co-ordmate ENN FAC Self~Assessments. v
42 SUPERVISOR, CODE PHOGRAMS

v e

11 Jw Deatgnate tesponsible enginge! rfPersonnel from the Code Programs Engmeﬁ‘nﬂg C s
Group for the implementation and mamtenance of the Flow Accelerated Corrosion :

-

Program.

-« [2]  Ensure that the Flow Aocelerated Corrosion Program actwltree are conducted in
acco rdance with this procedure. _

[3] Shall ensure that repair procedures are in place to supporl any planned reparrs or.
r replacements _ ‘ L

NEC005991
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e
]
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o

(4]

Ensure audits and survelllance of selected Flow Accelerated Corrosion (FAC)
activities are performed to verlfy compllance with applrcable oodes procedures and
- drawings. : . . '

A.\

Provrdes personnel to perform NDE dunng normal plant operatron and unscheduled

N outages

6

—~

Nyl
81
[9]'_ .
-~ sewices prior to the outage.
43

ol

Shall provide q’uallfred Non-Destructuve Examrnatron pereonnel to perform fiow
accelerated corrosron mspechons dunng scheduled refuellng and marntenance
outages. . . g - ~ :

Provides personnel to perform reviews of all final FAC UT data sheets

Prowdes personnel to review vendor procedures personnel certrflcatrons and -
equipment certifications. _ S

Assuring adequate techmcal personnel are avallable to provrde requrred supporl

NDE LEVEL Il OR DESIGNEE

Revrews and approves FAC personnel and equrpment certrfrcatzons ‘and NDE
pracedures rncludlng revisions, -

NDE Level ll or Level lll‘ reviews and signs all final FAC UT data sheets to ensure
appropriate NDE examinations have been completed in accordance with the FAC .
program. The NDE level Il review of Risk Informed examination shall be performed in -

" accordance with the site ISI program requrrements

| 6]

© comipliance” "t T ik ‘.VL_._‘

3 Resolulron of anomalres lound in mspeclmn data.

identify drscrepancres or dellmenmes and |n|tlates oondltron report in accordance wrth :

"FAC program or sne protocols as appropnate

Performs oversrght of selecled FAC examrnanons to venfy vendor procedure

Tt eme T

Performs lunctrons in accordance with applrcable procedures mcludmg the Entergy

‘Quality Assurance Program.

' FLOW ACCELERATED CORROSION ENGINEER -

Shalf determine scope of inspections. The FAC Engineer shall develop a fist of
components/piping segments to be inspected prior to each outage using the criteria of
NSAC 202L and CHECWORKS Pass1 and Pass 2 output as a guide. Prewous

- NEC005992
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&1

19

“

(5]

o
m
8
9]
| | [10}

ﬁ'ﬂ\

e
[1‘3]-
(14}

-~

outage inspection results shall be revrewed prior to developmentof the rnspectron lrst
This list shali be_based on the susceptibility to flow accelerated corrosion and the
severities of wear identified from previous ;nspectron results.

| Revrew and/or perform an englneenng avaluation for all Flow Accelerated Corroslon
inspections where pipe wall thinning has been identified and concuron any -
recommended action. Calculatrons shall be done in accordance with ENN DC- 126 &

ENN-CS-8-008.

Shall ensure that appropnate rnSpectrons are performed in accordance with the scope
ol the Flow Accelerated Corrosion F'rogram : . -

Shall review and may srgn all mepectron data and make recommendatrons for
repa:n’replacement of piping matenals in accordance with applrcable site protoccls

- Shalt provrde NDE data for revrew and Srgnature to the ANII, |l reqwsted by the ANI.

Shall pravide Flrsk lnformed lnspectron to the AN for revrew and srgnature if .
applrcable : .

Develops or revlews program basis documents

Shall revise andfor expand the scope of the Flow Accelerated Corros:on mspeclron
program to rnoorporate lndustry and m—house experrences and track!trend rnspectron

results, o : ! 2
Shall malntain records of all inspection results ahd inspection databas’e

Develop a FAC examination checkllsv’traveler that contatns Tnom, screening crtterra
- Taccpt, line number stc. for the components being mspected - .

Shatl initiate request for engineering services in accordance with the .
MAXIMO/PASSPORT or site specific work control system for piping replacement or
engineering evaluations as required. This request should include recommended
‘materials for replacement and confrguratron changes if appllcable, to reduce the -

. 'eftect‘s of fiow accelerated corrosion.

The FAC Engrneer shall peried:cally review oornpleted plant modrfrcatrons o assess
their effect on the scope of the f!ow acoelerated corrosion program.

The FAC Engmeer shall assrst in vendor o\rerslght as required .

' Marntalmng controt of the predrctlve models (CHECWOHKS) which includes any _ 'v
development updates or ravisions to the models. o _

~ NEC005993 .
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- [19]

[16]

o

(18]

o _[1§]
201

. [21_].'

4.5
(1]

2]

14]

45
]

Flow Accelerated Corrasien Program
Developing,"revising, and issuing FAC program documents. -

Initiating and/or responding to Condition Reports aynd Englnéenrig Requests for
evaluating degraded and deficient components or other d:screpanmes or deficiencies

- within the scope of the FAC program

Developmg post outage mspechon summary reports.-

‘Review and disposition Operatmg Event (OE} notices for apphcabmty to the FAC
program. .

Analyzing mspectnon data to determine component acceptabihty for contmued service
and ta determine the need for sample expansion. ‘

Pnormzmg and rankmg mspectlon in terms of susceptlblhty and consequence of

- fallure
Develop and maintain the System Susceptnbdlty Evaluation report

‘DESIGN ENGINEERING/F[ESPONSIBLE ENGINEER

Provide minimum acceptable wall thlckness (Taocpﬂ to the FAC Engmeer
Fiesponsnbmty may be delegated to another department or qualified personnel

‘ Peﬁorm local wall thinning evaluattons for components having UT measurements,that

are below or are projected ta go below the minimum acceptable wall thlckness
{Tacept) or administrative wall thickness reqmrement '

Prepare and issue engineering response packages for: component requiring
replacement. Respons“mhty may be delegated to another department or qualmed

personnel.

Perform remamlng service Inle evaluatson for components in the FAC program as
requnred . .

MA!NTENANCE SUPERWSOH/DESIGNEE

—~

The maintenance Supervisor or des;gnee will ensure that adequate craﬂ personnel are

available to support the FAC program. The supervisor shall ensure that scaffolding is
erected, when needed, and insulation removed from components/piping segments

~ that will be inspected and that the piping is prepared for inspection. Scaffelding -

erection in salety related areas should be in accordance with site procedures.

A

< .

NEC005994
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Flcvf Accelerated Cor'rcs'ion F'rdgrrgm-

: .{2] - The mamtenance superwsor or desagnee shall mfcrm the FAC engineer when itis _

' necessary fo remove a pipe support for inspection. An engmeenng evaluatnon is
/ required if a plpe support requires removal.

[3l The mamtenance supervisor must ensure that surfaces to be mspected are free from .

ali foreign materials that would interfere with the inspections, i.e., dirt, rust, paint; etc.
'ILcleaning is required, this may be accomplished by power sandlng, flapper wheel
only) hand wire brushmg. or hand sanding in accordance with snte ’

proceduresfprotocois

41 The maintenance supervisor shall ensure restoratnon cf linas, i.e. insulation replaced,v
S scaffcldmg removed, upon completion cf the FAC mSpechon : ,

47 “FAG INSF'ECTION COORDINATOR -

1] - AFAC ooordmator may be chosen to Implement the activities of the mspecucn plan

the dutles may include but i is not fimited to the follcwmg activities:
- {a) Performmg component waik downs
by Generatmg NDE mspectlon packages
{e) ‘Def ining NDE staffmg as reqwred '
{d) f: ' Scheduling of inspectio‘ns
(e) ' Ac:qumng data as reqmred
. O .‘ Prov:dlng field coordination to ensure tlmely mspectron are accomplashed
(g)  Tracking progress of the FAC unspcctlcn_project B
(h) Transmitﬁng inspection results o fne FAC Enginféer ; |
60 DETALS S .
5.1 .PRECAUTIONS AND LIMITATIONS R
o None A
52  ANALYSIS/PRE- EXAMINATION

1] The criteria contamed in NSAC-202L, latest revision, shall be used to perform the
v System Suscephbnhty Evaluation (SSE) '

'NEC005995
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[5]

1)

~

The System Suscepnbmty Evaluation report shall be developed and peer checked in
accordance with ENN piocedures, .

Non typlcal operatlon of systeme should be taken into consuderatnon and if nec:es;sanyr
factored into the FAC program. ,

T

The susceptible small-bore piping inspecﬁon priority ranking should consider

personnel safety, consequence of faitur'e and plant unavai!ability

lndustry and plant expenences relatmg fo FAC will be factored mto the program

The CHECWORKS modal should be used for guldance in determining mspectlon _

priority based on relative ranklng for spec:ﬁc locations to be examined for FAC

damage. ‘
PREPARATION OF OUTAGE INSPECTIONPLAN L

The FAC Program Engineer shall prepare an Outage lnspection Plan prior to the
outage to. meet site milestones.

The Qutage lnspectnon Plan shouid consider the cost of repalr/replacement ver3us
inspection. o N ,

- The Qutage lnspect:on F’Ian should cormder |nspectton priority based on relatwe
-ranking for specific locatzons to be examined for FAC damage.

- Each ldentmed locatlon shall be documented in the mspectson plan along with the
companent number and reason for selectlon ’

- The inspectlon' plan shali be reviewed.

Compone nt Selectuon

' (a) The FAC engineer shall prepare a FAC Outage lnspectnon soope as directed by

~ plant mllestones or as directed by Station management

(b)  Inspection. setectlons shali be made in‘accordance w:th the requurem_ents of this

procedure and shall be identified based on CHECWORKS results,
industry/station/utility expetience, required re-inspections, the non- modeled _
- pregram piping and engmeenng judgment.

(¢} If aselected mspectlon Iocanon is determmed to be excessively diificult,

impractical or costly to examine due to inaccessibllity, temperature, ALARA
concerns, scaffolding requ:remenls or other factors, then an equwalent
aftemate mspection locahon may be selected. . ’ )

'NEC005996 -,
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 Drawing Preparation

1

(@ Component‘s' selected shall be formally documented.

(e} The criteria for component selection should consider the following: .

(1 Componenis selected from measured or apparent wear found in
previous mspectlon results. _

2 Components ranked hlgh for suscepthllny from current CHECWORKS
: evaluahon _ _

(3 _Componems identified by mdustry evenls!expenence via lhe Nuclear
Network or lhrough the EPFll CHUG. _

(4 Components selected to calibrate the CHECWORKS models

. (5) Components subjected to off normal flow conditions. ananly isolated
lines to the condenser in which leakage is indicated from the turbme '

: performance momlonng system.

'(6) | Englneerlng |udgmenUOlher

{7 ' Plplng |dentalled from Work Orders (malfunctlomng equupment Ieakmg
- valves, etc) : :

8 Susceptlble piping locatlons {groups of componems) oontamed in the
~ Small Bore Piping database. which have not recezved an initial

- mspectlon -

9 ) Piping ldentlfled from Condltlon Fleporlsi Correctlve actlon Work Orders
‘ (malluncllomng equip, leaking valves, efc.}. : ,

(1 0) Feed water Heater Shefls

lnspecllonschedule e R .

(@) Inspection sequence and sched ule should be developed based on pnonty i,

established by the FAC engineer considering repair/scope expansion potentlal
‘Consideration will also be incorporated based on other outage work prlontles

lob conflict and system wmdow duration.

(b") ~ The FAC outage schedule should contain sufficient tlme for analysls and
evaluations of the components bemg inspected.

. )

NEC005997
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(a} - For each component scheduled for inspection, an isametric or other acceptable
location drawing should be prepared prior to the outage that identifies the
component to be examined. When appllcable ensure the component number is.
shown onh the drawing. : _ .

Obtain Mlmmum Acceptable Wall Thickness (Taccpt)

(a) - Obtain Tacept {maxnmum of Tmin or Tcrit) values for each component to be
- inspected. Those values may be obtamed as required prior to or during an

outage

(b}  These criteria may be oblained from englneerlng calculatlons or by other
- approved methods ' :

8

_C_omponent ldentlflcatton

' {a) Inspected components should have a umque identifier to allow for the trackmg

of mspectlon data. .

) Component identifiers may allow for the |dent|f:catlon of the Unit, system,

sub-system, line number and correspondlng locatlon of thal component within a
sub-system. : : '

. {¢y Components in the CHECWORKS non-modeled piping may be identified by

. usmg line numbers. -

Pre-inspection Actmtles

(a)  Review inspection schodule mspéctlon requirements and sequéence with

| appropriate plant personnel to ensure requxrements for the completion of the '
FAC mspectlon are understood '

A

() The FAC engmeer should partucupate in the preparatron of FAC mspectlon work

packages as requured

Al

. GH'DD'NG ot oA e .':_?2__ .. ‘..b-' . - - _‘g’ ;_"__‘ -/' - s e e ,‘,.'. I

Gridding of companents shall be performed in accordanoe with recommendation of
NSAC 2021, ENN-EP-S-005 or as sp‘ecifled by the FAC engineer..

“Gridding information shali be documented on the apprOpnate NDE uT data sheet; a

sketch may also be requared

\ NEC005998
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NDE TEST METHODS AND DOCUMENTATION

Compo’_ne“nts cen-be inspected for FAC wear using ultrasonic testing (UT),

UT thickness méasureknent is the'primary"method of determining pipe wa!l thickness.

(1

@

@)
()

Grld Point Readmg
Grid Scan
Quadrant Scan

Lina Scan L

9.05 or other approved site or vendor procedures

UT Data sheets

 radiography testing (RT), visual observation or other approved methods.

/

v (a) v lnspechons wnll be performed by using one of the foilowmg techmques

: Ullrascmc Thlckness measurement shall be performed in accordance with. ENN NDE-

| (a) A data sheet for componems inspected shall be prepared The mformatlon

included in the sheet shouid contain but is not limited to the following:

@

@
(3)
@
©

)

%)

(®)
@

(10)

S (13)

- Axial and radial grid boundaries

Plant’s name/unit

Components name

_Component sketch

NDE technician signature/ date :

Grid size

Sem o -0

‘Calibration information
* Level Il or Level Il signature/dale

: lWérk orger information

Nominal & Measured thickness

87.5% nominal thickness screening criteria

NEC005999
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(12) Scanning methed - -
EVALUATION OF UT INSPECTION DATA

NOTE

Historically, typlcal manufacturmg pracﬂce has been to supply fittings (especnally tees, -
elbows and reducers) with wall thickness s:gnlflcantly farger than the piping nommal
thickness. . )

yy

2]

[3]

14]

- [5]

6]

71

The data raview should consnder screening for further evaluation. Factors that should
e considered when reviewing the inspection data include unknown initial thickness
{especially i ttmgs) c0unter—bore obstructlons and manutactunng wall thickness
variations, ‘ . . .

For each component that is examined and is below the screening criteria of 87 5% of

: nommal wall, the wear, wear rate, remammg sennce life shall be calculated

The FAC Program Engmeer or desrgnee shall review the UT data fo ensure that the
data is complete and corresponds to the requirements specified on the inspection data

- sheet (i.e., grid size, spacing, flow direction, starting and ending tocatlons, v

obstruct:ons ‘missing data, suspect readings and orlentatnon)

If low readlngs are determnned from repeat mspectlons that are due to counter-bore,

- then ihose areas shall be noted and addlhonal mspecttons are not requued

Grid Refinement R

(@)  Agrid reduction / refmement may used lf the minimum measwed thickhessis -
less than the minimum required wall thickness, severe wall thinning is detected,
engineering judgment, or the projected thickness is less than the minimum

© required wall thsckness or as directed by the FAC engineer.

A}

(b)  The results of the grid retmemem or scan shall be documented on an
- mspectlon data sheet :

Grid Extension - » I

{a) If measurement indicates wall loss at either edge of the gnd then the grid

~ should be extended until the entirg wear pattern is mapped.
Determ matlon of tnmal Wall Thickness

{a) For ﬂttmgs the band area and blanket methods calculate wear. Inmal
Thlckness {Tinit): The thlckness determined by uttrasomc examination prior to

NEC006000
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" {a) Remaining service life (RS} shall be evaluated as follows units o be

[8]

' Determmatlon of Wear

the component bemg placed into ser\uce (baselme) or the first ultrasonic.

- ‘examination during its service life. If an examination has not previously been
performed on the component, the initial thickness shall be determined by -
reviewing the initial ultrasonic data for that component. The area of maxitmum
wali thickness within the same region as the worn area shall be identified and -

- compared to Tnom. If the thickness is greater than Tnom, the maximum wall-
thickness within that region shalt be used as Tinit, If that thickness is Iess than
'Tnom Tnom shall be used as Tinit. ‘ _ .

(b) - | 'lmttal thxckness for pipe may be calculated as the nommal thzckness multlphed '
bya factor of 1. 125 (1. 125Tnom] for conservatism. - _

(a} Wear of piping components may be evaluated using the band, area, bianket or
paint-to-point method as deflned in NSAC-202L, Iatest rewsxon

| {b) Evaluation of inspection data that is determmed o requue wear evaluatlon shall

19

(1]

be documented and revuewed

Wear rate Determmatlon

(a) Wear rate is determined by wear! unit time: (Units to be con&stent with
- thickness evaluatlon) : .

by A reasonable safety factor may be applued to the wear ratos to account for
: maccurac:les in the FAC wear rate calculatlons

() Wear rate evaluatlon should be evaluated on a component evafuahon sheet

Predicted Thickness (tp, Tpred)

R (@ - The prolecled ar predicted thwkness to the next schedule ; refueling outage. h

Tpred Tmeas Safety factor x Wear Rate X Tnme

A safety factor of 1. 1 may. be applied to ENN plants. ff & value other 11is used "
the reason shall be documented. ‘

‘Determination of Remaxnmg Service Life (RSL}

. consistent wnth thickness evaluatlon

'RSL = (Tmeas — Taccpt) / {Safety Factof x Wear Rate}

-

NEC006001
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EVALUATION OF RT INSPECTION DATA

- Qualified NDE personnel shall rnterpret the frlm and report the examrnatron result to
~ the FACengineer. 1 - : .

Appmpnate oonservansm should be used to determrne rf a component requrres
replacement or re-inspection as a consequence of qualrtatwe nature of RT.

RT rnspectron shall be recorded on a data sheet.

- EvALUATroN OF wsum, INSPECTION DATA

: Where accessible, vrsual rnspectrons may be performed on two-phase flow Irnes '

Foliow- -up ut Inspectron is requlred for locations showing evidence of extensive wear.

‘ -'Due to the qualrtatrve nature of visual inspections, appropriate conservatism should be

used when determining whether a component is acceptable to retum to senrrce and

- when establrshrng a re-inspection frequency
- DISPOSITION OF INSPECTION RESULTS

| 'The following are used to disposition component rnspectron results Fleference

attachment 9.3 for logic dragram

NOTE

| Certain compornients may have very little margin remaining as a consequence of high

stresses in the line even though Tpred = 0.875Tnom and therefore may require evaluatron
for example Feedwater, Condensate, RHR, etc : _

] -

[2]

SGWICS

3

[4}
[5]

H Tpred = 0. 875 Tnom the component is aocepiable asis: and may be returnecl to
\

If Tpred is £ O 875 Tnom Evaluate for sample expansron (Referenoe sectron 5. 12)
If. Tpred 303 Taom for salety related piping reparr or replacement is reqwred

if Tpred < 0.2 Tnom for non-safety related, reparr replace or evaluate as warranted.

A Tpred 2 Tacopt the component is acceptabte for contrnued operatrons, however

momtorrng is required,

NEC006002
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f1]

2]

| 511
m

J

Tpred is -:Taccpt a structural evaluatlon per ENN-CS- 8-008 is required, also a sample ‘

expansion evaluation is required or repair or replace in accardance with the

, requirements of ASME" Seelion X! Repair and Replacement Program.

'If Tmeas is <Taccpt a struclural evaluation per ENN Cs- 8-008 is requrred

HE-INSPECTION F{EQUIREMENT

if the remammg service Irfe of a compenent is greater than or equal, to the number of
hours in the next operating cycle, then the component may be returned to service.

" the component's remaining life is greater than the number of fhours in the next
‘operating cycle but is less than the number of hours in the next two operating cycles,

“then the ¢omponent should be considered for reﬂnspectlon repalr or replacement

: durmg the next scheduled outage ' :

" If the component is acceptable for continued service, then it shall be re-examined
" before or during the cutage immediatély prior to the cycle during whlch it lS projected
- lowear to the minimum allowable wall thrckness _

COMPONENTS FAILING TO MEET INITIAL SCREENING CRITERIA

“lfthe resulis of the remammg {ife evaluatnon are sharter than the amount of time until
- the next scheduled inspection, there are several options for dlsposmon of the

- component, as follows:

-~ {a) Shorten the inspection interval (forcomponents that can be inspected online)

(h) = Refine the Tacept value thrOUQh a detailed stress analysis, whrch should be
prowded by Deszgn Engmeerlng . :

{c). Repalr or replace the compqnem

' ,. (d) Safely class components that are-less than ot equal to 0.3Tnom must be

21 -

- [3])

“replaced or further strUctural evaluation is required. -

Wall thinning resulting in less than Taccpt shall be reported lmmedlately to the FAC

‘engineer by verbal or written communications.

A condition report shall be generated when SIgnlflcant wall thrnnlng or unexpected

- wear is detected in a system or component.

4

, lme for continued service.

A condition report shall be generated for wall thinning below Teccpt or other site
eslablished limit and a subsequent structural evaluation performed fo drsposmon the

‘NEC006003
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2]
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If & previous condition report' was generated for a component with wall thinning then
no new condition repart is required provided that the associated structural evaluanon
is current and appllcable

\

SAMPLE EXPANSION

Ifa Eo_mponent is discovered that has a current or projected wall thickness less than
the minimum acceptable wall thickness (Taccpt), then additional inspections of '
identical or similar piping components in a parallel or alternate train shall be performed
to bound the extent of thinning’ except as prowded below. Reference section 5.12.2

~“When inspecnons of. oomponents detects significant wa!l thmmng and itis determlned

that sample expansion is required, the sample size for that line should be mcreased o

inglude the followmg

{a) : 'Components wuthm two dlameters downstream of the component displaying -
significant wear or within two diameters upstream if the component isan
expander or expanding elbow.

(b) A minimum of the next two most susCep‘tible components from the relative wear

‘ranking in the same tram asthe Ppiping component d:spiaymg srgmflcant wall.
',thmmng R . .

{c) Correspondmg componenw in each other train of a mulu train line wrth a.
configuration similar to that of the pipmg component dlsplaymg s:gmftcant wall
thlnnmg

If the expanded inspection scope detecls additional degradation, 'the sample
expansion should continue until no additionat components with significant wear are

, detected

Sample expansmn is not required If the thmmng was expecled or if the thmmng is
unique to that component (e.g., degradation downstream of a leaking valve)..

Inspections of components from the current or past outagee may satisty the samip'le

~expansion criteria, therefore, some of the sample expans:on requurements can be met

without performmg addltlonal inspections. -

Sample expansion is not requned for components that are being reqnspected if

“normal or expected wearis detected or wear unique to that component. All other wear

patterns encountered shall be evaluated by the FAC Engmeer to determine 1f sampre
axpansnon is required. _ . _

' NEC006004
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(@). UT DATA Sheet

REPA!R / F{EPLACEMENT OF DEGRADED COMPONENTS

The FAC engtneer shall generate appllcable documents to fac:lrtate repatr or
replacement of degraded or deficient components. : ‘

Componenis expenencmg severe or unacceptable wear should be replaced with _
corrosion resistant material. However like in kind may be appropnate if procurement of
a resistant material would delay plant restart. _, '

7/

Replacing fitting- by-lttlmg that have expenenced significant wearis a satlsfactory
“approach to reducing wear if the wear is very localized (l e., wear is concentrated
: downstream of a flow control valve or ortftce) .

B Repatrs and replacements to plpmg and oomponents within the scope of Class 1, 2, 3

shall be performed in accordance wrth the requirements of ASME Section XI Repaur
and Replacement Program. : -

All temporary non-code repairs to lSI Class 1, 2, 3 shall comply wtth NRC Generic
{etter 90-05.

COMPONENTEVALUATION PACKAGES .

- The FAC Engineer or designee shall assemble a component evaluatton package for
- each examlned component which may contain some of, but is not |l|1‘ltted to the

following:

(b), .lsometrrc drawrng(s) sketches tlow dragrarn and dlgttal photo

) theference to Structural Ithmum walll evaluatton
(d) : Component evaluat:on data sheet. S _ ' .

POST- INSPECTION ACTIVITIES

. The FAC Program Engmeer shall prepare an Outage Summary repon 10 document
the outage FAC activities and submut to Records for retentron in accordance with

appllcable procedures

Update CHECWORKS models with inspection data, )
Update small bore susceptible repOrt es applicable

Update all applicable FAC repars.

NEC006005 -
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516 LONG TERM STRATEGY B | |
{1 The ENNE long-term s;trategg,rr for increased safety, reduced costs and reduced FAC

) 5.17

[11

6.0

rates is accomplished through optimization of the inspection planning process, the use -
of improved matetials for replaced componenm improved water chemistry, and
appropriate design changes :

'METHODS OF DETEHMiNING PLANT PEF{FOHMANCE I ‘

Program performance rndacators seff- assessments and bench markmg are utrlrzed as

- methods for momtonng program and plant performance.

~

INTERFACES , ,
1] ENN-CS-5-008, “Pipe Wall Thrnmng Structural Evaluation”.
[2] - ENN-EP-S- 0as "Fiow Accelerated Corrosron Component Scanning and Gnddrng
- Standard”.. : ‘ _
70 RECORDS . - oo
[1] ' Record retentron shall be in accordance with. site procedures
80 OBLIGATION AND REGULATORY COMMITMENT CHOSS-.BEFERENCE/S
[1] .~ OBLIGATIONS AND COMMITMENTS IMPLEMENTED OVERALL - |
o Document Document Sectibn NMM Procedure SBGﬁQ!} Sité Ap'pllcabilityc'.
; QAPM ‘ABa, ABb, A6c, ABe | All R {al
[ oarm |Biza,b,c, def Al E Al
QAPM IB15a,e - |AI Al
[ 8.0[1)(a) All ' | JAF-
8.0[1}(b) All Al JAF .
8.0[1X¢) All . 1PEC Unit 3
8.0[1}d) _ Al Al IPEC Unit 3
8.0[1)(e) All i (612 Al
1 B.0[1)() All T . [IPECUnit2
8.0[1](g) Al Al | Pugrim
8.0[1)(h} _ Al Al Vermont Yankee
8.0[1}i)({) . All , ;Vermont Yankee
; \
NECO006006
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Flow Accelerated Corrosion Program -
A . )

JAFP 87-0737, JAFNPP Dacket No. 50- 333 Hesponse to NRC | Bulietln 87- :
01 Thinnmg of Prpe Walls in Nuclear Power Plants. ,

~

' JPN-89-051, JAFNPP Docket No- 50-333 Response to NRC Generrc Letter
- 89-08 Emsionf Corrosion [nduced Pipe Wall Thinnmg

IP3~87-0552 Docket No. 50- 286, Response to NRG IE Bulletin 87-01 Thmmng
of Pipe Walls in Nuclear Power Plants _

~ IPN-89-044, Docket No. 50-286. Flesponse to NHG Generic Letter 89—08

Erosion/ Corros:on lnduced Prpe WaH Thlnnmg

NRC Generic Letier 80- 05, *Guidance for Performing Temporary Nonﬁode
Repairs of ASME (1S1) Code Class 1,2, 3 Pipmg“

Mr. Murray Selman (Con Edlson) to Mr. William F{ussell (NRC) “ReSponse to . |

: NRC Bulletin No. 87-01, Letter dated September 11, 1987

BECo 89- 107 Docket 50-293, F{esponse to NRC Generlc Letter 89~08 Erasion/
Corrosion Induced Pipa Wall Thinning. - BN : v

1\r"ermont Yankee letter to USNHAC, FVY-89-86; Dacket No. 50-271. Vermcmt

" Yankee Response to NRC Generic Letter 89-08," Eros:onf Corrosion Induced

Pipe Wall Thmnlng , Datecl JuEyM 1984.

Vermont Yankee letter o USN RC, FVY-87-94, Docket No 50-271, Responss
to NRC IE Bulletin 87-01 Thinning of Prpe Watls in Nuclear Power Plants

. Dated Septemberﬂ 1987.

W

Flow A_ccelerate’d Cermsion PrOgram Attributes.

Vermont Yankee letter to USNRC FVY-87-121, Doclcet No. 50-271, -
- Supplement to Vermont Yankee Response to NRC IE Bulletin 87-01 Thinning °
of Pipe Walis in Nuctear Power Plants. Dated December 24, 1987.
_ATTACHMENTS A S "1-_*

Guidance on Paramelers affecting FAC. = o o

 Wall Thinning Evaluation Process Map.

o . : )
NEC006007
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ATTACHMENT 9.1

Sheet1 of 3

GUIDANCE ON PARAMETERS AFFECTING FAC

GUIDANCE ON PARAMETERS AFFECTING FAC

Listed below are factors to be considered when reviéwing work requests, comporient replacermments and

~ modlfication packages for pogsible impact on the content of the FAC Program governed by DC-315. All-

Design. Change Packages (DCP's) are required to be evaluated for impact to the FAC Program. . Thig
list is not intended to be all-inclusive or to limit the number of items an individual would consider when .
performing this impact assessment. Itis mtended as a reasonable list of items lo consnder for potential

: program content updates.

A ¥

a.

N

’

- Water Chemistry. Many water chemlslry parameters have been shown to contrrbute o -
FAC .

pH Control Amine ~ pH is the primary chemistry parameter aﬁeoting FAC
rates in PWRs. However, the amine used to contral pH also plays an
important role. Amines such as ammonia tend to separate more into the
steam phase in two-phasae flaw congitions, and therefore provide less

" protection’in the drains. Amines such as marpholine and especially

ethanclamine have better partitioning characteristics for FAC.

In a BWR, pH has much less of a role since the pH is stable and there are rio
aming's addad to control the pH. FAC rates decrease as pH level increases.

‘FAC rates seem to drop considerably at pH values of greater than 9.3 - 9.5.

Oxygen Content - FAC rates decreass as oxygen concentration increases.

ppb.

Hydronen Water Chemistry - BWR Plans that do not have hydrogen addition

normally have a main steam oxygen content near 18 ppm. Plants with
hydrogen water chemistry typically have an oxygen ‘cantent from 3'to 12 ppm.
This has a potential to impact the corresion retes in the LP steam systems:
mainly the first and second stage reheater drains based on industry
experience, ,

. ¢ . . .
Hﬂmzine injection - Hydrazine is added to the fead train of PWRs as an
oxygen scavenger and o maintaih a reducing environment in the staam
generators. From zero'to apprommately 150 ppb,an increase in hydrazine -
concentrations seems to increase rates of FAC. Higher concentrations seem
to result in no further increase in FAC rates. EPRI recommends the use of
high levels of hydrazine (>100 ppb) to protect steam generator tubes;
however, this can resuit in accelarated rates of FAC in the feed train..

" Although CHECWORKS does not currently maodel hl'gh hydrazine canditions,

any model updates performed afier the release of ver5|0r| 1.0F should
carefuﬂy consider hydrazine concentrations. : ‘

/

NEC006008
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Flow Acoelerated Corrosion Program

"ATTACHMENT 9.1 _ . S S GUIDANCE ON PARAMETERS AFFECTING FAC
Sheet2 of 3 ) o o

f. : Zine Injection - Industry experience has shown that Zing injection decreases
: corrosion and FAC wear rates due o the concentration of zinc af the oxide
" surface. The amount of reduction depends on the amount of zinc at the

surface

2. Piping Geometry - Piping geometry is one of the most important factors in FAC. . Generaﬁy,
: _geomelriss that produce the greatest turbulence also produce the ‘highest FAC rates.’ Listed
‘below are examples of obvious items that should be considered in any assessment:

a Addit!onorreblaceme'nt of fittings.bendsanqbranch connections.

b Like for.like replacement of any fitting in & system that is susceptible to FAC
a damage or is part of system that is already part of the FAC Program.

0 ~“.e. . -Aherations or rgpairs encountered in the nozzles or walls of FW heatars
‘ : MSR, Dram Tanks, FW Pumps, HD Pumps or CD/CB Pumps.

d _Throﬂled Valves.

- R ... Piping Material Composition - Alloying elements improve the resistance of piping systems 1o
: o FAC. In agcending order of resistance, the following table presents the degree of . ,

lmprovemem over carbon steel: , ) \

L

' _ ' - | Rate (carbon steel) /

- Material | Nominal Composition | Rate (alloy)
P11 | 1.25% Cr, 0.50% Mo 34 '
P22 - | 2.25% Cr, 1.00% Mo 65

304 | - 18%Cr. : »>250

4, fn-Line Camponents - Addition of replacement of such components as thermowells, flow
elements and pressure-reducing orifices should be evaluated. The local effects caused by
. these companenis can generate FAC damage in aroas where overall conditions don't

indicate the need for inspactians. -~ - L
4

s Seerse - CoOmpanenl Supports ~ Additions or dsletions of components Supporis which, could resullie.c...
= .. -1he need for a review of the extstlng code munlmum wall value or & new code minimum wail

calculation.
6 Ogemtlonal Chahges -System operational chémges such as the nonnal opérat:oh of

‘emergency heater drains, switching of spare com ponents extended use of normal start-up
or by-pass lmes eta.

NEC006009
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Flow Accelerated Corrosion Program -

AYTACHMENT 9.1

__GUIDANGE ON PARAMETERS AFFECTING FAC

- Sheet 3 of 3‘

T

Camponent Replacements ~ Records should be updated for like for like replacement of
fittings already in the pragram including new baseline data, changing next scheduled
inspection due date, etc. Note and track whether the replacement components have. had
surface preparatlon and-a UT grid applied for future outage plannirig.

External Sources - Information concemlng FAC Inspection results from ather stations and

‘Nuclear Plants operated by others. General information dlstnbuted by EPRI Reports, INPO
& NRC Bulletms ete. should also be considered. .

Malmenan@ History ~ A review cf the malntenance performed on valves ormces steam

" traps, etc. should be considered. Valves ihat have had ssel leakage can cause very

focalized wear in systems normally exempted Plugged traps create water packets in steam
systems that accelerale metal 10ss. Eroded otifices ¢an cause mcreased metal foss due to

- decrease in back pressure and increase in flow rates.

u Jomt L T g 1AL e - I N ) 2 mvtea N ) - —— .
ey ] i i et AR W s e R T T e T e e DL adeaae
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=~ ' o MANAGEMENT R . .
Enf@lg)/ MANUAL o INFORMATIONAL LisE - PAGE 280F 29

. Flow Accalerated Comosion Program

ATTACHMENT 9.2 .- ’ i_ e FLow ACGELEHATED Connosmu PROGRAM ATTRIBUTES
Sheett of 1 ‘ :
‘ T PHOGRAM A'ITRIBUTES
Attrlbutes:

Program Infrastructure
{a} Program Structure: Roles & Ftesponsnbllltles, Program Ownershlp,
Organizational Interfaces, etc.. !
" {b) Flow Accelerated Corrosion Program Document ¥
{c) Flow Accelarated Corrosion System Susceptibility Review, Latest Rews:on _
{d) Report(s) Summarizing the Augmemed portnon of the FAC lnspectnon program,
‘Latest Revision. v
~(e) CHECWORKS models

. Program Staffing and Experience
(a) Background and Expertise.
(b) Qualification and training. .
“(c) Bench Strength. ’ : . '
(d) Industry Participation. o

Program Impiementation
(a} Inspections
(b} Maintenance and Rapalrs
~(c) Control of Changes and Deferrals
(d} Review of INPQ Operating Expenence documents CHUG operatmg
- experience, NRC notlces

~

Health Monitoring: :
~{f} ‘System Engmeermg Healih reports A
{g} FAC Quarterly Health Heports o

-~ Effestive Assessment' e enn s
{h) Perform FAC Self- Assessmem ona penodlc ba8|s or as deﬂned by appllcable '
prccedures
- Oversight: ,

(k) Eﬁectuve assessment, Benchmarkmg or Audits.

NEC006011
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 ATTACHMENT 9.3 ' ) : ' WALL THINNING EVALUATION PROCESS MAP

Sheet 1 0of 1

Logic Diagram - Evaluation of Pipe Wall Thinning

Posmet | | o

]

/( ‘ i /\ ' . i ey

) / . Repairor - |-

: . fxets >= : ) Replacement !

Yired = 0.875 teom’ N /0;3 tun safety relatedor { ' Reguired. |-
uired thicknes}/ : 0.2 tae for non-safely Pz . l'_I
\ ) / N piping 7 . |Additional Inspection| |
' '\d_ / \ - . Heqxlnired '

. o el |

| ..
! Sample Expansion
| o

]

vy Dotormine need for |
. expanded inspection scope;

. : “and for future inspections |

‘ E .. of component l

I Ty s ] Btuctural evaluation required o
bpreig > "’°‘> e ’l per ENN-C5-8-008

[ S . ..‘._.__.._'.l
o % _

e . e . l | - -:‘.av-_ .'.’.--.:. i oL e _... -t | Yri.s_,_.a }\\/_- NO_ i |

' ¥ . e » ¥ D S

' _ I Acceptable for : - Acceptable for | I R

k y T Continved- . - Continued . | Repair or Replace |

i Acceptable Asls . Operation, Future ., . Qperation, Inspect ; Compaonsntper ;.
; . D inspection. . ; of Repair/ Reptace ; i Plant frocedures | -
. i Required | | NextOutage .. | .
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Executive Summary

All sy'st'ems and equipment degrade over time. 'However,‘the'n_ature‘ and the rate of
degradation depend on such factors as the design, material, construction, mode of
operation, and operating environment. With effective inspection and maintenance

" practices aging degradation can be managed and operational life can be extended well

‘beyond what was originally planned. For over 25 years the United States (US) nuclear
power industry and the US Nuclear Regulatory Commission (USNRC) have worked

- together to develop aging management programs that ensure the plants can be operated
safely Well beyond their original design life. -

This report was prepared by the Chockie Group International to provide.an overview of " -
- the aging management and life extension programs and regulations within the US
commercial nuclear power industry and their possible applicability to the petroleum
industry in Norway It was prepared as part of the project for the Petroleum Safety
Authority (PSA) Norway entitled, Design Life Extension Regulations (PSA Project
Reference Number: NO 99B16). :

Associated with this report are two companion briefing reports that provide focused
examinations of two important aspects of life extension requirements. These are

- Performance Monitoring of Systems and Active Components (CGI Report 06. 21)-an

- examination of the Maintenance Rule requirements for effective maintenance programs,

- and Condition Monitoring of Passive Structures and Components (CGI Report 06.22) —

a review of the License Renewal Rule requirements and process for agmg management
of passwe and Iong lived structures and components.

There are three important pnncrples associated with aging management. These are:
* maintaining the structures, systems, and components (SSCs) in "as new"
condition — with no reduction in performance or safety marglns

e preventing failures of critical SSCs
.. understandmg and managmg the age—related degradatlon mechamsms

During the operating life of a plant’these aging management principles should be'an

integral part of the maintenance program. However, when contemplating life extension
. another set of issues must be considered. As the US nuclear industry and the USNRC

concluded, in order to extend the operating life beyond the ongmal design life
addrtlonal economic and technical factors need to be c0n51dered

' Although the possibility of life extens1on for nuclear plants in the US has existed. for
- more than 50 years, the industry and regulator have been actively developing life
‘extension requirements for only the last 25 years. In 1954 the original licensing

requuements for US nuclear power plants set a 40-year limit for operating licenses. This

‘40-year limit was selected based on economic considerations rather than technical

limitations. However, even at that time, the Atomic Energy Act was set up to allow
renewal of the operatmg hcenses

.
L
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‘In the late 1970's the USNRC and the nuclear industry began to address the issues -

concerning life extension. The first initiatives were directed at determining whether or
not the safe operation of the plant beyond its 40-year operating limit.could be

" technically justified. That is, could the aging effects be adequately managed so the plant

could be operated within the original safety margins dunng the penod of extended

: operatlon‘7

’

To.answer thls questlon both the USNRC and the 1ndustry initiated a number of aging

C research programs. One of the largest aging research efforts was the Nuclear Plant
..~ Aging Research (NPAR) Program. This 10-year, multi- million dollar effort was

sponsored by the USNRC and produced over 150 aging resedrch reports. Other aging -

.. research programs by the industry complimented the work of the NPAR program.

. Based on the results of these programs it was concluded that many aging phenomena are
.+ readily manageable and do not pose technical issues that would preclude life extension

- .for nuclear power plants. As long as there are effective inspection and maintenance

practices the plant life is simply limited by the economic costof repair or- replacement

~ ofany components that do not meet specified acceptance « cntena

The USNRC then moved forward with the development of license renewal requlrements '

and published the uutlal License Renewal Rulé in 1991

For over fifteen years the USNRC and the nuclear mdustry have been contmuously

. refining both the license renewal requirements and the renewal process. There are many
-aspects of these efforts and lessons learned that can be of potential value to the PSA and

the Norwegian petroleum industry.

~ The following are some of the key lessons from the development and implementation of

aging management programs and life extension requuements that could be applicable to

- the'PSA and the Norwegian petroleum industry in their con51derat1on of life extension
and aging management. : .

"Agmg Research Information _
- -The wealth of aging related information produced by the NPAR and mdustry agmg
" research programs remains a useful resource for both nuclear and non-nuclear
.. organizations. Although the aging studies examined SSCs with respect to their operatlon
in the nuclear plants, much of the aging degradation and aging management mformatlon )

is applicable to the petroleum and other mdustnal sectors
, : _ ]
Contmuous Imnrovement : '
Over the years. both the USNRC. and the 1ndustry have been worklng to make the license

- renewal requirements and the renewal process more efficient and effective. For
.example, the initial version of the License Renewal Rule did not provide a predictable -

nor stable process'— it was too open ended and too broad a scope. It was determined that . -

-~ 'many aging effects were already adequately addressed during the initial operating
. license: penod Also, the initial Rule did not allow sufficient credit for existing v
programs, particularly those under the USNRC Maintenance Rule, which help manage -

plant aging phenomena as part of the on-going maintenance program tasks

iv



The resultlng revised Rule estabhshed a 51mpler more stable and more. predxctable
regulatory process. The key changes that were made mcluded

* - focusing on the adverse effects of aging rather than 1dent1ﬁcat10n of all aging
mechanisms such that 1dent1ﬁcat10n of individual aging mechanisms is not
required

e simplifying the mtegrated plant assessment process and makmg it con51stent
with the revised. focus on the detrimental effects of aging -

. adding an evaluation of time-limited aging analyses (TLAA)

* .requiring only pass1ve long—hved structures and components to be subject to
an aging management review for license renewal, thus removmg active SSCs
 from license renewal

Passive Versus Actlve

An important aspect of the US nuclear plant life extension reqmrements is the
distinction between passive and active systems, structures, and components. Passive .
SSCs are those that do not move to function (such as structures, heat exchangers, cables,
‘valve and pump bodies, and piping). Their age related degradation can only be
monitored and trended by performing periodic condition dssessments (such as

" inspections, testing, and measurements). :
By focusing the license renewal process on safety critical passive and long-lived
components the process has been reduced to manageable proportions — llcensees are not :
requlred to con31der all SSCs in order to _]ustlfy extended operatlons '

A diagram of the relatlonshlp of the License Renewal and Maintenance Rules to the
aging management of active and passive SSCs is shown in the figure on the next page.

During the renewal process, the licensee must confirm whether the original design

"~ assumptions will continue to be valid throughout the period of extended operation or

whether aging effects will be adequately managed. The licensee must demonstrate that
the effects of aging will be managed in such a way that the intended functions of passive.

“or long-lived structures and components will be maintained during extended operation.

Need for Guidance

. - One of the key lessons has been the need to provide clear guidance and supbort to all
.. involved parties. Both the USNRC and the industry have developed guidance

documents to assist in the development of aging management programs, the preparatlon
of the renewal application, and the review of the application. As lessons are leamned
these guidance documents are revised to capture new insights or address emerging

“issues. Along with the guidance documents, training programs and support activities
‘have greatly reduced the time and expense in prepanng, rev1ew1ng, and approvmg the

hcense renewal appllcatlons

’
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'Other Aggng Management Lessons Learned
In reviewing the aging management and life extension efforts of the nuclear industry
there are several areas where the experiences of the US nuclear power plants and
USNRC could be of value to the PSA and the petroleum industry. These include:

e integrating agmg management and maintenance requirements — careful
management to avoid duplication of effort and non-effective maintenance tasks

~ e~ developing a long-term maintenance strategy — lmkmg asset management to
maintenance strategy with the Ob_]CCthC to preserve the assets as long as
economically feasible

e reducing component failures — bemg proactive to 1dent1fy incipient failures,
precursors, and age related degradation. - - :

e effectiveness of condition monitoring — nnprovmg the application of dlagnostlc
analysis to prevent failures

. estabhshmg appropriate inspection procedures

e aging management of inaccessible equipment (since replacement and repalr 1s
not usually an econonncally feasible option) »

e sharing experiences by tracking generic failures and momtormg effectlveness
of aging management activities '

e implementing pilot projects to evaluate the effectlveness of new requirements
and processes

vi



“e  properly quantify consequential failure costs — to support reliable conclusions ‘
and to justify 1mplementat10n ofa predrctlve mamtenance and effective aging’
management strategy

Conclusions

- The aging management and life extension process for the uUsS nuclear mdustry has been

refined and improved over the years. It has become an efficient and effective method to
ensure that the nuclear plants in the United States can be safely operated beyond their
"original 40-year operating license. By dividing the safety critical systems, structures,
and components into passive and active categories the industry and regulator have

- reduced the potentlally overwhelmmg analysrs effort to a reasonable and manageable R
size.

e

By working together; the nuclear industry and the US Nuclear Regulatory Commission

- (USNRC) have been able to technically justify life extension. The process has been

structured to not.be an economic or resource burden on either the licensees or the

- USNRC. However, all parties are continually revrewmg the process and results to

1dent1fy where 1mprovements can be made . - !

The process has been selected as a v1able method by many international regulatory and
nuclear 1ndustry organizations, including those in Spain, Taiwan, and Korea. The

. International Atomic Energy Agency in Vienna has also adopted the process ‘as the
~ model for ensuring safe extended life operations.

’

The aging management ‘and life extension process can be easily adapted to other
_industries. The development strategy, research material, specific elements of the process,

and many of the lessons learned can all be of potential value to the PSA and Norwegran
petroleum industry i in ensuring safe extended operations of the facrlrtles
-
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Aging Management and Life Extensmn
| inthe ~
'US Nuclear Power Industry

Ba»ckground‘ '

This report on aging management and life extension actions within the Umted States
(US) nuclear power industry was prepared by the Chockie Group International as part of
the project for the Petroleum Safety Authority (PSA) Norway entitled, Design Life
Extension Regulations (PSA Project Reference Number: NO 99B16).

~

X Report Objective . -

The objective of the report is to prov1de an overview of the development and apphcatlon
of aging management and life extension programs and regulations within the US
commer01al nuclear power 1ndustry

ThlS report is a compamon to two prev10us briefing reports that the Chockie Group' .

International prepared for the PSA. The first, entitled, Performance Monitoring of
Systems and Active Components (CGI Report 06. 21), examined the requirements and
“activities associated with aging management of active systems and components. The
second briefing report, Condition Monitoring of Passive Systems, Structures, and
Components (CGI Report 06.22), addressed the programs and regulations for aging
management of passive Systems structures and components for extended operation.

Information from these two bneﬁng reports has been mcoxporated into thlS overv1ew ’

report.

- T he Prmc:ples of Effecttve Agmg Management

It is a well-established fact that mechanical and electrical equipment can be mamtamed
over long periods of time, using refurbishment, partial/complete replacement and

" reconditioning. There are some automobiles from the early 1900’s that now look better

and work better than when they were made. The technology to maintain equipment in
an “as new” condition is called effective aging management. There are three basic
pnn01ples that form the foundation of aging management programs.

The first pnnc1pa1 is that there can be not reduction in the safety margms over the useful ’
life of the plant. With respect to commercial nuclear power plants, the Nuclear

- Regulatory Commission (USNRC) does not permit reduction in safety margins. This

implies that the plant licensees must maintain the plants in as new condition.

The second major principal is to avoid failures. The reliability of the plant will never be
better than its worst performing system or component. To avoid failures, one must have.

the skills, knowledge, and experience to' recognize pending failures and take timely



corrective actions for all structures, systems and components that are critical to the safe
operation of the plant.

~ The third principal is to understand the behavior of materials when exposed to certain

stressors, (in other words, to understand the applicable aging mechanisms). This v
knowledge helps focuses attention on the “right places and at the right time”. This also
provides the information necessary for addressing the aging degradation situation with-
the right tools and developing effective actions to mltlgate or prevent the problem from
affecting safe plant operatlons( ‘ : _ _(

Since the begmmng of nuclear power in the US the industry and regulator have
embraced these principles and have worked to ensure that the plants are properly .
mamtamed and operated over their operatmg life. :

The Push for Life Extenszon

The operating life of the. US plants has been lnmted to 40-years as is discussed in more
detail in the following section. However, almost twenty-five years ago both the industry
and the USNRC began to address the possibility of life extension. The ﬁrst question
they need to answer was whether it was technically justifiable and econormcally feasible

o operate the plant beyond the original 40-year limit? If so, then what should the life

extension approval process? The results of hundreds of aging research studies and many
years of work have convinced all parties that life extension is both economically and

- technically viable. To ensure that the plants continue to operate within their design

safety margins during extended operation, the USNRC in coordination with the nuclear
industry had developed an effective and efficient license renewal process. The License
Renewal Rule is discussed in detail i in the. CGI Report 06:22 and is summarized in later

sectlons of this report

Report Content

The first sectlon of the report provrdes a brref hrstoncal perspectlve of the rationale for
the life extension requirements and how the process has been split along the lines of

' =active and passive systeins, structures, and components.

- The second section examines the key orgamzatlons that have been mstrumental in the
.development of aging management programs. Included is an overview of how the

various programs relate and complement each other.

The third sectron provides a discussion of the prmc1pal agmg management and life
extension program. The followmg sections examine the two key aging management

requrrements the USNRC License Renewal Rule and Maintenance Rule

The importance of mdustry developed aging management programs and the support and
sponsorship of aging research by both the USNRC and industry is reviewed next..In the -
following sections a number of relevant issues and activities mcludmg early license
renewal and international applications are examined. '



The last part of the report'd'iscusses the lessbns that have been learned over the twenty
plus years in developing and implementing the aging management and life extension

. programs and requirements. Also as part of this later section is a summary of

information, tools, strategies, and lessons that may be applicable to the. PSA and
Norwegian petroleum industry — how the PSA and the industry can take advantage of

 the extensive work and lessons to develop “focused” life extension requirements to
_ ensure that adequate levels of safety are maintained durmg extended operation. ~



Historical Perspective

The 40-Ye_ar Operating License |

When the original licensing requirements for United States commercial nuclear power

. plants were developed it was agreed to limit the licenses for a 40-year operating period.

The 40-year limit was selected based on economic considerations rather than techmcal
hrmtatlons

The 40-year limit was specified by the US Congress \i_n the Atomic Energy Act of 1954.
The law was modeled on the Communications Act of 1934. This Act set up the ~
conditions for radio stations to be licensed and operate for several years. Then the

. stations would be allowed to renew their licenses as long as they continued to meet their -

charters. Srrmlarly, the Atomic Energy Act allows for the renewal of operatmg licenses -
for the nuclear power plants S

o Congress selected 40 years for nuclear power plant hcenses based on the view that this
- was the time required to pay off the plant investments through the anticipated income
- from the electrical rate base. The 40 -year license term was not based on safety, techmcal,.
©or envuonmental factors. : :

As specrﬁed in the Atomic. Energy Act, the plants can reapply for a new operatmg

“license after 20-years of operation. If granted the new license covers the remaining

term of the 40-year operation plus up to a 20-year extension. The regulations do not set
any limit on the number of renewals thata plant can apply for

.- Renewal is voluntary. The decision is primarilyeconomical and whether the licensee

believes they can continue to meet NRC requirements. By June 2006, 21 nuclear plants

~ have received regulatory approval for 20-years of extended operat1on Another mne
_plant apphcatrons are bemg reviewed. .

The Importance of Passwe versus Active - (

The US Nuclear Regulatory Commission (USNRC) and the nuclear industry have
developed a strategy to ensure the extended safe operation of the plants. An important
element of the US strategy is the distinction between passive and active systems, (
structures, and components (SSCs). As a general definition, passive SSCs are those that .
do not move to function (such as, structures, heat exchangers, transformers, valve and
pump bodies, and piping). Their age related degradation can only be monitored and
trended by performing periodic condition assessments (such as mspectlons testing, and.

-, measurements). An aging evaluation is typically required to identify the degradation
mechanisms and to select the effective mspectrons and tests.

I'4
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j 'In.order to e_nsufe that the US nuclear power pla_nts continue to maintain adequate levels
of safety during extended operation beyond their original license period the USNRC has
developed two important sets of requlrements These are the: :

. Maintenance Rule.

. License Renewal Rule

' The requirements for the aging management of “active ” systems and components are |
addressed by the Maintenance Rule (as discussed in CGI Report 06.21). The aging.
management of active SSCs should be part of the plant maintenance program. Good'
maintenance practices should identify and correct any aging degradation issues of the
active SCCs and that no special license renewal aging management requlrements are
necessary. Jfor extended operatlonal approval. »

The foous of the License Renewal Rule is on the management of aging degradation of
safety ctitical "passive" and long-lived systems, structures, and components (SSCs) at

- the nuclear power plants (as discussed in CGI Report 06.22). Long-lived items are those

that are not subject to replacement based ona quahﬁed life or specified time penod

Coples of the Maintenance Rule and the License Renewal Rule are prov1ded in
Appendlces A and B, respectwely

| Benef ts of Life Extension .~ ' |

The industry and govemment have assessed the potentlal economic and envuonmental
. impact of life extension. Extending the useful plant life by 20 years for the 104

operating US plants is the equivalent of building 52 new plants. It would be most likely

that these 52 replacement power plants would be coal fired. The avoidance of harmful

_plant emissions (SO,, NO,, heavy metals, and ash) is a signiﬁcant environmental

accomplishment (see Figure 1). Additionally, life extension is a way of minimizing the .

_ current bottleneck for the disposal of used spent fuel. Over the years, there have been

numerous delays in
the development of

a final national
repository for spent
nuclear fuel. The
extension of the
operating licenses
will allow the plants -
to coritinue to store
the material on-site
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becomes a_\_'/ailable. ’

On the economic
scale,-each plant

represents an asset . _ . '
value of between $1 .~ Figure 1: Comparison of Life-Cycle Emissions
billion to $2 billion. - )




>

. . ,
The largest part of the operatmg costs comes from the deprecratlon of the ongmal

- investment over the first 40 years and the decommissioning fees. After 40 years; the .

only remaining capital costs are those associated with refurbishment and replacement of
aging components The fuel and operations and maintenance costs are'much lower than -
comparable size coal or oil fired plants. The overall benefit-to-cost ratios are on the
order of 2:1 to 4:1 (a saving of between $500 and $1000 million) over the period of

~ extended operation. Accordmg to the Nuclear Energy Inst1tute

. the economic value of the U.S. nuclear fleet over the remammg 40-
‘year life of the plants is approximately 365 billion, and, over a 60-year
life, assuming license renewal, .is 876 billion. (Economlc value is net
present value of future revenue stream net of fuel and O&M costs,
capital additions, etc., expressed in 2002 dollars )

Life extensron also brought into focus the value of increasing capacity factors and the
possibility of power uprate. Many plants have already completed significant power
uprates, gaining 10% to 15% additional capacity with little investment. In fact, the

" equipment reconditioning and replacements performed as a result of lifé extension are

made to also satisfy the needs of power-uprate that is new equipment is purchased with
additional capacity or upgraded. Capacity factors for the operating plants have been

, mcreasmg over the last ten years, mostly by reducing the number of outage days for

refueling and avoiding plant shutdowns. The average fleet capacity factor has increased
about 10% to the present value of around 90%. The combined effect of power uprate

- and:capacity factor increase has provided the equivalent electric output of about 26 -

additional nuclear plants. These efforts were made possible by the prospect of life
extension and the attendant economic savmgs

Because most of the cost of electric. product1on ﬁ'om nuclear plants in the US is
regulated-at the state level, the net savings by the plant operators are ultimately passed
on'to the consumer: As a result, the economic benefits from more efficient extended
operation should be realized by the utility customers. .



below.

_-Development of Aging Management P"rograms"

This section examines the key organizations that have been involved in the development
and unprovement of programs to identify and manage the effects of aging on plant
systems, structures, and components (SSCs). Also briefly discussed is the relationship

- among the many industry and regulatory aging management related programs.

Key Organizations Involved in Nuclear PlantdAg’ing Manageniént

There have been a number of industry and governmental organiZations involved for
over twenty-five years in the development of aging management programs and

requirements for the extended operation of US nuclear plants. The key organizations
are: ' : ' :

. Industry Organizations _
- - Electric Power Research Institute (EPRI)
- Institute of Nuclear Power Operations (INPO)
- Nuclear Energy Institute (NEI)
‘- Borhng Water Reactor Owners Group
- 'Westmghouse Owners Group
- Babcock and Wilcox Owners Group -
- Combustion Engineering Owners Group
¢ . Governmental Organizations
- US Department of Energy (DOE)
- US Nuclear RegulatOry Comrrlission U SNRC)

"The principal aging related actlvrtles of these various orgamzatlons are summanzed

~

"EPRI Agmg Research

~ EPRI, the research arm of the electric ut111t1es sponsored life extension pilot plant and

demonstration projects. These studies provided the initial technical and economic
impetus for individual plant owners to look at plant life extension as a serious option for -
their long-term generation planning. EPRI aging research projects established the basic
aging assessment technology and aging management principles. EPRI programs '
concerning mechanical, electrical, and structural equipment identified potential aging
mechanisms and the effects of aging degradation (those that mamfest themselves and
can be visually or otherw1se observed).

EPRI and various nuclear plant owners groups also sponsored the development of -

- Industry Reports on Component Aging. Aging Management Tools for mechanical,

electrical and structural equipment were produced to provide guidance to the plant
licensees. :

A similar effort was undertaken to deal with the aging management of the non-safety
related portion of the plant. EPRI initiated the Preventive Maintenance Basis project to
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develop an mdustry consensus of best practlces for maintenance and aging management

This project was closely followed by the EPRI Life Cycle Management program to .
create long-term mamtenance strategies on the basxs of hlghest rehabrhty at the lowest

" .costs.

- INPO Malntenance Management Guldanc

Initially there were no uniform implementation procedures for the aging management
programs related to non—safety structures, systems, and components (SSCs). INPO lead
the development of an equipment reliability guide [AP-913] that mcorporatmg the
preventive maintenance (PV) basis, life cycle management (LCM) programs, and
rehabrllty centered maintenance’ (RCM) programs AP-913 has become the standard to
measure plant excellence. _ y v '

) NEI Aging Guldelme

The Nuclear Energy Institute has been respon31ble for taklng the lead in the
development of the guidelines to assist licensees prepare the license renewal v
applications. The NEI-95-10 document, entitled Industry Guidelines for Implementmg

" the Requirements of 10 CFR Part 54 - The License Renewal Rule, provides licensees
'with an acceptable approach for implementing the requirements of the USNRC License

Renewal Rule. This is a living document and is continuously updated based on NEI’s
monitoring of licensees experiences with the license renewal process. NEI continues to
be the focus for interaction between the industry and the USNRC and servesasa
spokesperson for the industry when new life extension-or aging management issues

emerge

DOE Agmg Research
The US Department of Energy (DOE) is respon81ble for natlonal long-term energy

. planning. DOE has supported a number of the EPRI programs including those

addressing méchanical, electrical, and structural equipment aging degradation. Follow-

1

on research by DOE has included the Aging Management Guides for major components-

“and commodities and.the concrete agmg research conducted by the DOE Oak erge

National Laboratory

USNRC Llcense Renewal Research & Regulatlons :

In the early 1980s the USNRC initiated a major aging research program to mvestlgate
the aging degradation of safety related equipment. This program, entitled the Nuclear

- Plant Aging Research (NPAR) program, examined aging degradation in both passive

and active structures, systems, and components. This was a major multi-million dollar
research effort lasting almost 10 years and sponsoring more than 100 aging research
studles The Program eventually generated over 150 techmcal reports ),

The findings from the NPAR Program prov1ded the basis for determining that extended

_ operations of the nuclear power plants were technically justifiable. It also provided the

foundation for the license renewal requirements and renewal process. -

In 1991, the safety requirements for hcense renewal (entxtled Requirements for
Renewal of Operating Licenses for Nuclear Power Plants) were adopted by the USNRC

; ‘These requlrements known as the Llcense Renewal Rule, established the procedures, - -
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‘criteria, and standards govermng the renewal of nuclear power plant operating licenses.

These were made mandatory requirements as part of the United States Code of Federal
Regulations (commonly referred to as 10 CFR Part 54).

For the next few years the USNRC in cooperation with the nuclear mdustry conducteda

. demonstration program to apply. the Rule to pilot plants. The objective was to assess the

effectiveness of the requirements and the application/review process. The USNRC also
, undertook a number of activities related to the 1mplementat10n of the Rule. These
" included: : :

. developmg a draft regulatory gulde ,
¢ developing a draft standard réview plan for license renewal
- reviewing generic industry techmcal aging information

Based on discussions with industry and results from the demonstration program the
USNRC determined that revisions to the Rule were needed. The USNRC found that
many aging effects are dealt with adequately during the initial license penod In |
addition, the USNRC found that the review did not allow sufficient credit for ex1st1ng
‘programs, particularly those under the USNRC Mamtenance Rule, wh1ch also helps

manage plant agmg phenomena

. In summary, the amended Rule estabhshed a regulatory process that is S1mpler more
stable, and more predictable than the initial License Renewal Rule. It put the focus of

the license: renew_al assessment on the licensees aging management activities concerning

. passive and long-lived SSCs. It also clarified the focus on managing the adverse effects

of aging rather than identification of all aging mechanisms. The changes to the
integrated plant assessment (IPA) process were to make it simpler and more consistent
with the revised focus on passive, long-lived structures and components
Relationship of Aging Management Programs .

The original life extension pilot plant studies performed in the 1980 s did not

, differentiate among passive and active components or the safety and non- safety related

portions of the plant. The focus of these studies was to determine the critical .

' components and life ending scenarios as a result of progressive unmitigated degradation

and from this to establish a realistic attalnable plant life. When the USNRC started to

~ develop the License Renewal Rule, they had the benefit of the pilot studies results and
-included the passive and active components within the scope of the Rule. This turned

" out to be a bad decision, as industry tried to cope with very costly implementation costs

and impractical application of the requirements. Because the Maintenance Rule was
being prepared by the USNRC in the same timeframe and dealing exclusively with the
performance monitoring of active components and systems, the License Renewal Rule-
was revised to only encompass long-lived passive components and structures. Notably,
the USNRC regulations only apply to the regulated safety related portions of the plants,
about one-third of the total plant. (A detailed review of the Maintenance Rule i is
pr0v1ded in CGI Report 06:21 ) S

When life extension or license renewal is con31dered, the entire plant needs to be .
assessed and prepared to meet its extended life goal. To this end the industry sponsored



a number of equlpment rehablhty research studies concermng the agmg degradation for

- the non-safety portions of the plant. The initial focus was the development of Reliability

Centered Maintenance (RCM) to identify critical component/parts. It was followed by
the Preventive Maintenance Basis (PMB) to collect and document industry “best .

.practices” for the maintenance of equipment. The relatlonshlp of the various industry
‘and USNRC programs is shown in Fi 1gure 2.

v

However the early aging studles and the license renewal efforts qulckly pointed to a -
maintenance gap. Plants did not have, 1 nor were they developing, and long-term aging
management programs. As a result, EPRI sponsored the development of a Life Cycle

AP-913 — INPO Maintenance Guidance LR - License Renewal Rule

AM -Aging Management - * LCM - Life Cycle Management
Comp. - Components . - MR ~ Maintenance Rule
PM - Preventive Maintenance ) RCM - Rellablhty ‘Centered Maintenance

Figure 2: The Rélationship of Aging Management Programs

Management (LCM) methodology for the plants to use to determine the most effective
alternative from a number of scenanos As deﬁned by AP-913, hfe cycle management
(LCM) is:

.. the process by which nuclear power plants integrate operations,
maintenance, regulatory, ‘environmental, and business activities that
‘manage plant condition (by means of aging and .obsolescence
management) optimize operating life (including the options of early
retirement and ‘license renewal), and maximize plant value while
mamtammg plant safety.



~

LCM can prov1de a ba51s for a long-term maintenance strategy with the highest

reliability at the least cost. LCM makes use of RCM and PMB in addition to addressing - .'

technical obsolescence, aging management and the generic and plant-specific operating

B experience. The LCM program also. considers economics to select the optimum long-

texm maintenance strategy

INPO lead the development of the “umbrella” pfocess t_}iat i_ncorpdrates the various
maintenance and aging management programs and requirements. This resulting industry
guidance document, entitled, Equipment Reliability Process Descrtptzon (AP-913), has

~ become the industry standard by wh1ch plant maintenance performance is currently

judged.

A related maintenance ovefsight activity is exercised by the insurance companies, such
as Nuclear Equipment Insurancé Limited. These insurance companies have created
similar maintenance standards to be followed with the objective of minimizing their -

liability exposure. A benefit-penalty system has been applied by which the insurance

premiums are determined based on the level of compliance with their mamtenancc
standards

11
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The In'dus'tryv “Umbrella” Program (AP-913)

The Equipment Reliability Process Description (AP-913) developed by INPO has
become the industry umbrella for effective plant maintenance practices. Many plants
have adopted all or portions of AP-913, including the applicable parts of the regulatory
programs, such as the aging management and performance monitoring parts of the
License Renewal Rule and Maintenance Rule, respectively. Itis important to note that
the AP-913 is an industry initiative and is not a mandatory requirement. However,
INPO’s role as an industry oversight organization for utility corporate and plant
performance assures that most plants 1mplement part or all of the recommended

© equipment reliability program guldancc

(
Large utlhtres with a substantlal number of plants are creating their own orgamzatlonal

_ standards that essentlally Mirror the AP-913 program features 4 ) : B

The AP-913. proces_s, as shown in Figu_re 3, consists of six basic elements. Each éleme‘nt, -
as briefly described below, has a series of considerations or tasks, which should be part

. of an effective maintenance program.

-Scopirlg and Idenﬁﬁcation of Critical Components -

There are basically three categories of COmponehts within the plant. First, and most -

~important, are the critical components that would shut down the plant or initiate safety

" |Performance Monitoring . ] PM Implementation

* System Performance « Preventive Maintenance (PM) work
« Compenent Performance T + Document equipment “as-found”

+ Predictive Trending Results - equipment condition”

+ Operations Rounds Monitoring « Equipment condition feedback

« Monitor Testing & Inspection Results . . * Standard Post Maintenance Test

Corrective Action

l
i
i
Scoping and Identification of {
l » Comective Maintenance
|
i
1
L

Critical Components
« Common Séoping Critefia

* Cause & Corrective Action

|
« Identify important Functions * I « Prioritization of Equipment Problems. - R o
+ idantity Critical Components | * Maintenance Rule Status o .
« tdentify Non-Critical Components i . : . »
= Identify Run to Faiure Components - . L
~
. } . ) .
k)
1
— S
. . [
Continuing Equipment Refiability tmpr t

Life Cycle Management

+ Development and use of M Templates
Lcnq Term Strategy for System and Component Health

+ Continuing Adjuslmen(s to PM Task and Frequency Bassd on

Station and lndusi!yEqulpmenl Opera(mg Experience *P of Imp
. Documentauon of the PM Technical Bases ion of tong Term Plans with the Station Business

ion of Alternative Mai ies to Ensure Strategy
Rshable Equipment . .
» Continuous Improvement from Plant Staff

Figure 3: Equipment Reliability Process (Source: INPO AP-91 3)
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" systems if they were to fail their functions. The second category is the non-critical
components that are being maintained by regular or vendor recommended maintenance.
The third category is the run-to-failure components for which maintenance is not -
econormcally Justifiable. These components are replaced-on a set time schedule or
followmg thelr failure.

_ Performance Monitoring

- For the critical and non-critical components performance monitoring as requn’ed by the
. USNRC Maintenance Rule is applied at the system or component level (reliability and

~ availability). Performance trendlng is conducted to assure that mitigative or corrective
actions are contemplated prior to the component or system exceedmg its performance
limits.

The routine system of engineer and operator rounds is one example of recommended.

- performance monitoring tasks. The rounds are undertaken frequently (such as daily or.
weekly) to detect minor changes'in equipment behavior. Tasks to be administered
during the rounds may include visual observation of the equlpment looking for
missing/loose parts, leakage, noise, fumes/smell, missing insulation, construction debris,
abnormal vibration, discoloration and rusting, deformation, and cracking of foundations.
Operators are required to confirm the correct position of breakers and switches, read

~ local instrumentation, and verify position of fire and security barriers/doors.

At the crafts level, a “condition code” process has been implemented by most plants to
facilitate condition feedback for the equipment being worked on. This condition code
typically includes three to five levels of equipment conditions as observed by the

- maintenance personnel. Typical levels of condition codes may be:

e - Condition 1: As New
o ‘Condition 2: Meets or exceeds expectatlons

. Condltlon 3: Shows signs of acceptable wear/degradatlon

. Cond1t10n 4: Should be scheduled for overhaul, replacement
. Condltlon 5 Found in failed condition

‘These conditions are simple observations and are recorded ona s‘tanda‘rd. form with the
work package to be evaluated by the system engineer. A more detailed condition code
- table, using a 10-point graduation, is included in AP-913 presented in Table 1.

Other recommended considerations for performance monitoring include:
» use of equipment history and the corrective action database to perform
equipment failure trending for components used across several systems

e specific alert values for condltlon—momtormg data in the component
perfomlance criteria :

13
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Table 1: Equipmént Condition Codes (Source: AP-913)

Unanticipated Failure
Failure not associated with normal wear or aging dlscovered at time of activity

Condition Report required to address condition -

Potentlally mlsapplled structure system, or component requiring engmeenng resolutton :

I[ Repatr/Replacement Reqmred Not Necessanly Due to Normal Wear.or Agmg : ’
Failure not definitely attributable to normal wear or agmg, can be repa«red with replacement in kind material,

. parts, or components N
May requnre engineering resolutlon

M&Aﬁ e
Repair/Replacement Requtred Due to Normal Wear or Aging
Failure that is obviously due to normal wear or aging that can be repaired without engineering evaluation
Consider performing the PM task more frequently

l‘

Measured Parameter Outside Speciﬁe'd Tolerance
Component has not failed, but adjustment is required - )
No replacement parts other than those dictated by the PM task required ) . "
Consider performnng the PM task more frequently - ) . :

Relnablhty Degraded

Component has not failed, but replacement or repairs recommended due to normal wear or aglng to ensure
reliable operation until the next inspection

Consnder performlng the PM task more frequently

Measured Parameter Within Tolerance, but Adjustment Required | .
Adjustments required due to normal wear, aging, or drift . : ) L
. No replacement parts other than those dictated by the.PM task required

Satisfactory
Observed wear considered normal

‘No adjustments required

No replacement parts other than those dlctated by the PM task requrred .

Superior

~  Observed wear less than would be expected

No adjustments required

No replacement parts other than those dlctated by-the PM task requ:red
Consrder performing the PM task less frequently .

) 'Component is in “like new" condmon
Consjder perfonmng the PM task Iess frequently

) s-Found Condltlon Not Appilcable
Administrative task
One-time performance

Condition monitoring task

e trending of as-found equipment condition codes to:

- 1dent1fy patterns of degradation by component type and the need to’
adjust preventive maintenance: (PM) tasks or frequencies

- update PM templates based on station equxpment operatmg experience

- to identify PM outliers for additional eyaluatlon
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o e - use :industry event database (EPIX) to identify component trends being
A . "~ . experienced by other plants and take proactlve measures to avoid similar "~
l . failures :

e identify aging or obsolescence issues -

¢  evaluate the relationship between compornent performance and effect on -
»system functlonal performance . :

* trend key data collected on operator rounds

¢  consult non-nuclear sources of component fallure mformatlon and trendmg
parameters/strategres

_.\

lb REE Correctlve Actlons

This is perhaps the most important element in that it directs the plant to perform a _
rigorous root cause evaluation of equipment failure. It also requires management actions
to develop a plant culture of preventing future failures. According the AP-913:

This is one of the hard links management can establish to reinforce an
intolerance for unexpected equipment failures. By establishing
management expectations that evaluations of unexpected failures
include the question of why the failure occurred and what process
should have prevented it, instead of just repdiring it, continuous
equipment reliability improvement initiatives become a way of life. This
is also an opportunitj {o revisit a previous decision to run to failure.

An evaluation is requlred to determine 1f the fallure was preventable usmg the
following considerations: o S

e What existing barriers should have prevented the failure (procedure

~ completeness, procedure implementation, craft trainin'g,' post-maintenance
testing, tag-out restoration, use of operating experience, troubleshooting,

. unavailability management, and human performance)?

e  What barriers should be implemented to prevent recurrence‘7 Cons1der the
\ risk/benefit of the change.

e What other components are susceptlble to this farlure mechanism; what is the
extent of this condition? C

How did the continuing equipment rellablllty improvement process miss this?

e ‘Could more frequent implementation of exrstmg preventive mamtenance
actions prevent recurrence? o

¢ Should the scope of the preventwe maintenance tasks be mcreased‘7

e s there an aging or obsolescence concern that should be addressed in'the
' corrective actions? '

e Is addltlonal correctlve mamtenance needed?

_ e Is the failed component in USNRC Maintenance Rule s00pe ordid the failure
cause a significant power reduction? :

«  Provide equipment root cause training and quahﬁcatlon including the

' requrrement to part1c1pate in a certain number of root cause analyses per year.
. ) /
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e Develop root-ca_use specialists or mentors, with additional training and
- experience, in departments that frequently participate in this activity. .

Usea graduated approach for root cause determination commensurate with the
~level of consequences of the failure. Examples include trending only, apparent’
cause determination, root cause determination by an individual; and formmg a
root cause team

 Establish clear methods to obtam vendor expertise or increased failure analysis
 for equlpment failures whose root cause cannot be determined by a team.

Search in-house and industry operating experience, mcludmg EPIX, to
determine if similar failures have occurred.

. Are similar components affe_cted by the same problem?

Contmumg Equipment Reliability Improvement

- This element is the focus of the INPO equipment relrabrhty strategy It is structured to

reflect a living maintenance program with continuous feedback, enharicements based on
equipment performance, adjustments to PM frequencxes to compensate for poor or
excellent performance, to look for alternative solutions, recognize application of new
technologies/diagnostics and-to eliminate low value tasks and/or add new tasks where

- the need arises. Equipment reliability is tightly coupled to the need to identify incipient

failures, monitor failures at other plants and look for precursors. This means that we
know the locations, susceptibility to failure and the potential degradatron such that
effective monitoring methods can be engaged. This element suggests that the following
momtormg methods be. considered: - A

¢ . Dégradation can be monitored by installed mstrumentatlon

e Degradation can be detected by a predictive maintenance technique such as
vibration, oil sampling, thermography, or motor signature analysis.

e Degradatron can be v1srbly observed during operator rounds or system engmeer
walkdowns.. :

.o Degradatlon can be measured by surve1llance testing.

Long-Term Planning and Life-Cycle Management -
With the event of power uprate (increasing the power output beyond the design levels

‘e.g., 115 to 120%) and life extension for the nuclear plants, it became evident that long-

term plans needed to be developed to support cost-benefit assessments of these major
capital projects and to formulate a. llfetune maintenance strategy for the plants. The.

utilities were used to strategic plannmg with respect to power need forecasts, selecting .

the type of power generation and revenue projections, however, the nuclear plants
needed a more sophisticated asset management tool, taking into account the unique life

o cycle and maJor capital expenditures for these plants. The Life Cycle Management -
. (LCM) methodology and process was developed to fit this gap and was subsequently

integrated with AP-913. This integration specifically recognizes the need to merge the
long-term maintenance strategy with the statlon busmess plan.
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Preventrve Mamtenance Imnlementatlon

Lastly the program addresses unplementauon issues of the equipment’ rehablhty process.
Plants are expected to have a rigorous work order system by which maintenance

. activities can be scheduled, implemented and recorded. The work order database -

provides a historic record of all work performed and includes data fields for the type of
activity (preventive, corrective, design change, surveillance testing, operations test, etc)
for each component, the date, required hours and in many cases also the labor and
material costs. The data such constitutes a significant element for the reliability
assessment in that the number of failures (each component and all similar components)
can be sorted by year, cost and type, from which failure rates can be computed.
Trending of the number of preventive and corrective work orders can be performed to
ascertain whether the trend is stagnant, positive or negative. The effectlveness of the

N

. maintenance program can therefore be measured over time.
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The Llcense Renewal Rule

In 1954 the original licensing requirements for US nuclear power plants set a 40-year |

* . limit for operating licenses. This 40-year limit was selected based on economic
considerations rather than technical limitations. However, even at that time, the Atomic

~ Energy Act was set up. to allow renewal of the operatmg licenses.

In the late l970s the USNRC and the nuclear mdustry began to address theissues
concerning life extension. The first initiatives were directed at determining whether or
not the safe operation of the plant beyond its 40-year operating limit could be

technically justified — could the aging effects be adequately managed so the plant could
be operat\ed within the original safety margins during the period of extended operation?

* To answer this question both the USNRC and the industry initiated a number of aging_
- research programs. One of the largest aging research efforts was the Nuclear Aging

Plant Research (NPAR) Program. This 10-year, multi- million dollar effort prov1ded the
basis for determining that extended operations were techmcally justifiable. It also
provided the foundation for the hcense renewal requirements and renewal process..

The NPAR Program identified aging as the cumulative,]time—dep,end_ent degradation of a
‘systems, Structures; and components (SSCs) that, _if unmitigated, could compromise

_ continuing safe operation of the plant. Mitigating measures are therefore needed to

ensure that-aging does not reduce either the operational readiness of a plant's safety ..
systems or the defense-in-depth through common-mode failures of redundant, safety-

o related equipment.

" The main goals of the NPAR Program were to understand aging and to 1dent1fy ways to

manage- aging of safety-related SSCs. The specific technical Ob_]eCtIVCS were to:

* identify and characterize aging effects which, if unmitigated ‘could cause
degradation of SSCs and impact plant safety

e develop supporting data to facilitate management of age—related degradation

“e. identify methods of i inspection, surveillance, and monitoring, or of evaluating
' residual-life of SSCs, which will ensure timely detection of significant aging
effects before loss of safety functlon
e evaluate the effectiveness of storage maintenance, repair and replacement
- practices in mitigating the effects of aging and diminishing the rate and extent
of degradation caused by aging -
~ o provide technical bases and support for the License Renewal Rule and the
license renewal process A V

During the mid-1980s the USNRC initiated two other'aging assessment phngs as

‘companions to the NPAR Program. One focused on the aging of nuclear plant vessels,

piping, steam generators, and nondestructive examination techniques. The other -

involved the assessment of age-related degradation on plant civil structures. These three
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vpfograr'ns provided a wealth of information and insights on aging and aging
management that formied the basis for the License Renewal Rule. -

The NPAR Program alone produced over 150 technical reports and numerous papers

and proceedings concerning aging characteristics and aging management of safety-

related SSCs. The major subjects examined by the NPAR and related aging research
. programs are shown in Table 2 : .

N

Table 2 Subjects Examined by the NPAR and Related Agmg
Research Programs

Although the aging studies examined SSCs with respect to their operation in the nuclear
plants, much of the aging degradation and aging management information is applicable
to the petroleum and other industrial sectors. A list of selected aging reports from the
NPAR program is provided in Attachment of the CGI Report 06-22, Condition
Monitoring of Passive Systems, Structures, and Components.

Based on industry initiatives started in 1985, two pilot plahts were chosen to conduct
life extension investigations and feasibility assessments. The principal obJectlves were '
to ﬁnd answers to a number of questlons including:

e What defines the ultimate life of a plant?

o  What are the events that lead to final plant shutdown‘7

¢ What is a realistic and achievable operatmg life?

e  What type of repair and replacement cap1ta1 proj ects would be requ1red‘7
.o Are there any technical or economic obstacles or hmlts‘7

These studxes introduced the concept of “critical components These are components
that if they were allowed to degrade unimpeded would constitute a safety concern and
lead to shutdown. An importance ranking process was developed to identify the critical
components and perform a relative importance ranking, using a Delphi process. The

result was a list of the top 24 components, all passive components and structures. These o

components were then selected for a detailed aging assessment to investigate the
plausible aging mechanisms, identify the associated aging effects that have been

‘observed and to formulate a strategy for effective aglng management using preventive.

)~ 
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and rmtlgatlve mamtenance or correctwe reparr and replacement optlons These efforts
“were later extended to cover a host of other components and commodities, including
active components, to create a more complete picture of the plant’s aging concerns.

While the studies for the two pilot plants were carried out by completely separate

_ research teams, the results and conclusions were very similar. A byproduct of the pilot

studies were the identification of a host of additional aging research tasks, aneed to -
better understarid certain aging phenomena, the recognition that aging management

" needs to start at the beginning of the life cycle and the need to perform some -

maintenance tasks to better monitor material conditions, such as inspections, tests,
fatigue cycle counting, measurmg environmental conditions in electrical enclosures,

© testing soil and water for aggressiveness (chlorides, phosphates pH) with respect to

.concrete and instituting structures inspections.

A techni‘cal review group examined the aging research hndings and concluded that

- many aging phenomena are readily manageable and do not pose technical issues that

would preclude life extension for nuclear power plants. They also stated that as long as
theré are effective inspection and maintenance practices, the plant life is simply limited -
by the economic cost of repair or replacement of any components that don’t meet

: spe01ﬁed acceptance criteria.

With the technical and economic feasibility of life extension demonstrated, the industry
started working with the USNRC to develop a License Renewal Rule that would -

- provide a formal process to allow extended operation beyond the orlgmal 40-year

license.

In 1991 , the safety requirements for license renewal (entitled, Requirements ﬁJr :

" Renewal of Operating Licenses for Nuclear Power Plants) were adopted by the

USNRC. These requirements, known as the License Renewal Rule, established the
procedures, criteria, and standards governing the renewal of nuclear power plant
operating licenses. These were made mandatory requirements ‘as part of the United

~ States Code of F ederal Regulations (commonly referred to as 10 CFR Part 54).

- The scope of this initial version of the Rule included both passive and active -

components for. the safety related’ systems of the plant

Revtswns to the Rule — Lessons Leame_d -

~ Again, the Monticello plant volunteered to be the demonstration plant to test the Rule.

The objective was to assess the effectiveness of the requirements and the application
and review process. Once completed, it became apparent that the prov1s1ons of the -

~_ original Rule required changing — particularly the requirements for commitinents and
- additional maintenance tasks to be implemented. Cost estimates ranged from to $100 to

$500.Million for a plant to comply with rule requirements. .

The Rule did not allow sufficient credit for ex1st1ng programs, particularly those under
the USNRC Maintenance Rule, which help manage plant aging phenomena on an on-

going basis. The initial License Renewal Rule also did not provide a predictable nor
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_ stable process. Industry pomt out, and the USNRC agreed that it is essential to have a
predictable and stable regulatory process t that clearly and unequlvocally defines the
regulatory expectatlons for license renewal.

The revised Rule waS\pubhshed in 1995 A copy is prov1ded in Appendix B. The new
amended Rule established a regulatory process that is: simpler, more stable, and more’

“ predictable. It put the focus of the license renewal assessment on the licensees aging
management activities concerning passive and long-llved SSCs. It also clarified the
focus on managing the adverse effects of aging rather than identification of all aging

- mechanisms. The changes to.the integrated plant assessment (IPA) process were to

~ make it simpler and more consistent w1th the revised focus on pass1ve long-hved
systems, structures and components B

. The relatlonshlp of the regulatory requlrements for the Maintenance and Llcense
Renewal Rules is shown in Figure 4:

!eedback

-‘..o .

Figure 4: 'Relc_i.tionship of Maifztenance_’and.License Renewal Rules

~
-

T he License Renewal Process

The license renewal process proceeds along two tracks — one for the review of safety

issues and another for environmental issues. The safety requirements, as noted above,

An extensive_discussion of the revisions and the US_NRC’S license renewal philosophy can be found in: A
- the Statement of Considerations that accompanied the License Renewal Rule as published in the US

' Federal Register, Vol. 60, No. 88, page 22461, May 8, 1995.
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are addressed in 10 CFR Part 54. The envrronmental requlrements are found i in 10 CFR
Part 51. o , .

The USNRC developed a generic environmental impact statement (GEIS) which
‘covered impacts that were common to most all nuclear power plants. During the review .

process the USNRC focuses on the important environmental issues spec1ﬁc to each
plant. . , S

The license renewal review process (Figure 5) is intended to identify any additional

actions that will be needed to maintain the functionality of the SSCs for the extended

operation. The- USNRC determined that the following can be excluded from the license
. renewal aging management review: - 2

N

e those structures and components that perform active functrons

A structures and components that are replaced based on quahﬁed l1fe or specrﬁed
‘ tlme penod

Figure 5: Sirhpliﬁed Flow Chart of the License Renewal Process. (source: USNRC)

N ) - 3 v )‘
License Renewal Prmczples

The license renewal requlrements for nuclear power plants are based on two key
prmcrples

e the existing USNRC regulatory process (such as the Maintenance Rule) is
adequate to ensure that currently operating plants will continue to maintain

-

f
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- .Scoping

3

adequate levels of safety during extended operation — however, license renewal -
requirements are needed to address age-related degradation unique to life

- extension for certain passive and long-lived SSCs as well as a few other issues
that may arise during the penod of extended operation-

e each plant's licensing basis is requlred to be maintained during the renewal -
- term in the same manner and to the same extent as durmg the original hcensmg
' term : : :

- The License Renewal Application |
Two 1mportant items that are- required to be mcluded in the apphcatlon are: .

e anintegrated plant assessment
" e - an evaluation of time:limited aging analyses

' The application development process involves the folloWing actions:

¢ identification of the SSCs within the scope of License Renewal Rule
o’ identification of the intended functions of SSCs

 identification of the structures and components subject to agmg management
review and intended functions :

' . ~ assurance that effects of aglng are managed '

e development and application of new aglng management programs and
/ mspectlons : .

e - identification and resolution of tlme hmlted aging analyses

* identification and evaluation of. exemptlons containing time-limited aging .
' analyses

~

The scoping phase requires the licensee to identify all plant systems, structures. and
components.that are safety-related or whose failure could affect safety-related functions,
or that are relied on to demonstrate compliance with the several specific USNRC’s '
regulatlons (such as, for fire protectlon and plant blackout)

The scoping or categorization process can be rather complicated and requires careful
review of the nature and function of the various SSCs being considered. For example in
the case of valves and pumps, the valve bodies and pump casings may performan .-
intended function by maintaining the pressure- retalmng boundary and therefore would
be subject to aging management review. :

Integrated Plant As‘sessm'ent (IPA)
The integrated plant assessmeft (IPA) is the core, of the license renewal application

" (Figure 6). The purpose of the IPA is to demonstrate that the structures and components

requiring aging management (w1thm the scope of the Rule) have been identified and the
effects of aging on their functionality will be managed to maintain an acceptable level
of safety during extended operations :
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components is prov1ded in Table 3.

Figure 6: License Renewal Application Activities

- The first part of the IPA process is to determine which of the structures and components

within the scope of the Rule are passive and long-lived. Passive structures and
components are those that perform their function without a change in confi guration or
properties. Long-lived items are those that are not subJect to replacement based on a-

qualified life or specified time penod An example list of such structures and"

)

The objective of this screening exercise is to determine which components and-
structures require aging management- rev1ew to determine. whether or not some form of
agmg management is necessary. : :

There are a number of different techniques that can be used to 1dent1fy and assess aglng

effects. The NEI guidance document (NEI 95-10) lists several approved techniques.

These include material-environment-stressors analysis, analysis based -on common
setting or location, plant specific aging analysis based on loss of intended function, and
the use of similar aging management reviews approved by the USNRC.

_ The licensee must demonstrate that the effects of aging will be mana/ged in _sﬁch a way
 that the intended functions will be maintained for the extended operation period. Where

the licensee can demonstrate that the existing programs provide adequate agirig
management throughout the period of extended operation, no additional action may be
required. However, if additional aging management activities are warranted, it will be

¢
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up to the licensee to define these actions. This can include such activities as developing -
new monitoring programs or increasing current inspections. Licensees should consider
-all programs and activities associated with the component or structure to determine to
what degree they already manage the aging degradation. The four general types of aging

* management programs are:

I

e Prevention — to preclude certain levels of agmg degradation from occurring
(e.g., coating programs to prevent external corrosion of a tank)

* - Mitigation — to reduce or slow aging effects (e g cherrustry programs to
mitigate internal corrosmn of prpmg)

e Condition monitoring — to-inspect for the presence of and extent of agmg
effects (e.g., visual inspection of concrete structures for crackmg and ultrasonic
- measurement of prpe wall for erosion-corrosion induced wall thmnmg

e Performance monitoring — to test the ability to'perform its function (e.g., heat
‘balances on heat exchangers for the heat transfer intended function of the .

tubesy

1
- .

" Table 3: Examples of Structures and Components included in, or excluded from the
Ltcense Renewal Rule Scope (Source: 10 CFR 54) ' :

cable trays
component supports
containment ’
containment Iiner
core shroud.
electrical and mechanical penetrations
electrical cabinets
electrical cables and connections
i equipment hatches
heat exchangers -
piping
pressure retaining boundanes
pressurizer
pump casings’
reactor coolant system pressure boundary
reactor vessel
seismic Category | structures
1 steam generators
valve bodies )
ventilation ducts-

‘power inverters.

-pressure indicators

" transistors

air compressars

batteries

battery chargers

breakers

circuit boards -

cooling fans . -

diesel generators

motors : o .

power supplies

pressure transmitters

pumps (except casing) .

relays - I
snubbers '

switches

switchgears

the contro! rod drive

vaives (except body)
ventilation dampers

water level indicators .

To assist the licensees in perform their plant-specific aging assessments and avoid

- duplication of work from one plant to another the USNRC developed a comprehensive
‘guidance document entitled, Generic Aging Lesson Learned Report (GALL) NUREG-

- 1801. The document provides aging management matrixes for the various passive

" mechanical, electrical and structural components found in a nuclear plant. The GALL .

- report also provides links and references to acceptable aging management programs

inclusive of specific program attributes. An example of a- typrcal agmg matrix from the

GALL report is shown in Table 4.
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;CE - [ AGX#IARY SYSTEMS
~ $ e Gpen-Cydle Cooling Water Sys:em {Service Water Sys!en)
@ " Structure - :
2 em ink andior terial . Envimnn;ent gi"%&gf“w Aging Management Program (AMP g;tl?‘ealtion
2 . IComponent :
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. WILCt1.6a [components, |steel . bitting and crevice [Water System”
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. 1
: [CT18 VICH. rlptng piping [Slanless  [Soi T oss of materiali  |A plant-specific aging management  |Yes, plant-
i 1 components, [stee!l ’ ‘iitiing and Crevice  jprogram is to be evausted. .- poedfic
(AP-56) " |and pdping - corrosion : : o :
) . R e’emenis " X . N .
WVILCY-17 | itCY. Pioing, piping {Stee! iLubricating off 05s of materialf  {Chapter XEM3S, tubricating O IYes, detestion
. . cong : enieral, pitting, and{Anatysis” tx agng’
(AP-30} ard triping crevice covrasion . effects is to be.
‘ fements : : The AMP is to be aug by d
@ : ' ) veriying the effectivencss of the
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- {Chapter. XI.M32, “One-Time
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- - verification program.
()

“Table 4 Typical Agmg Matrzx ﬁom GALL Report (Source NUREG 1801)

The licensee has a choice to utilize the generic ﬁrtding’s of the GALL report as a

-technical basis for his plant, subject to' verification of applicability. If the plant-specific

- conditions, materials, components or aging management programs are different, a plant-
- 'specific assessment is required. The GALL report relies heavily on a condition directed -

maintenance program (inspection, analysrs and testmg) for effectrve aging management
that is to m\omtor the material conditions.

The aging management programs to be credited for hcense renewal must meet a
rigorous 10-point acceptance crrterla shown in Table 5.

The GALL Report includes a comprehensive 1iStihg of all the plausible-aging effects’
and mechanisms, with a definition and explanation of applicability. The basis for these

.. aging effects and mechanisms are contained in the numerous references form the wealth

of the aging research conducted by the industry, EPRI, DOE, and the USNRC. With the
exception of a few induétry-speci_ﬁc or unique degradation mechanisms, these aging -
effects and mechanisms are applicable to almost any industrial facility and are not
specific.to power plants. An edlted versron was extracted from the GALL repoxt is
provrded in Appendix B : :

The last important tool provided with the GALL report, is a series of aging management»
programs (AMPs) targeting the specific aging mechanisms and affected materials.
Licensees are expected to implement these aging management programs as part of their
maintenance program without much deviation. If plant-specific changes are requrred
they must be identified to the USNRC for approval. Each of the aging managément
programs has been developed with substantial industry input to reflect current aging

!
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Table 5: Aging,Management Activity Program Elements (Source, NUREG-‘I 801)

1. Scope of the activity " Scope of the nrogram/activity should include the specific structures and
i components subject to an aging management review for license renewal.
2. Preventive actions - ’ Preventive actions should mitigate or. prevent aging degradation.
3. Parameters monitored or ‘Parameters monitored or inspected should be linked to the degradation of the
- inspected o particular structure or component intended function(s).

4. Detection of aging effects Detection of aging effects should occur before there js a loss of structure or

. : component intended function(s). This includes aspects such as method or
technique (i.e. visual, volumetric, surface inspection), frequency, sample size, data
collection and timing of new/one-tlme |nspect|ons to ensure tlmely detection of
aging effects.

5. Monitoring a(nd trending Monitoring and trending should provide predictability of the extent of degradation
. and provide timely corrective or mitigating actions.

6. Acceptance criteria Acceptance criteria, against which the need for corrective action will be evaluated,
'| should ensure that the structure or component intended function(s) are maintained
under all current hcensmg baS|s desugn condltlons dunng the penod of extended

operation.. .
7. Corrective actions . A Correctlve actions, mcludlng root cause determmatlon and preventlon recurrence,
. should be timely. .
8. Confirmation processes Confirmation processes should ensure that preventive actions are adequate and
: . that appropriate corrective actions have been completed and are effective.
9. Administrative controls ‘ . Administrative controls should provide a formal review and approval process.

10. Operating experience Operating experience of the agmg management actnvnty including past corrective .

. " { “actions resulting in program enhancements or additional programs of actrvmes
should provide objective evidence to ensure that the effects of aging will be
adequately managed so that the intended functions of the structure or component '
~ will be maintained during the perlod of extended operation.

management practlces and to maintain effectlveness There are 39 AMPs for mechamcal :
component aging management, eight structural programs and six electrical programs.

An example of an aging management program for concrete structures is provrded in
Appendlx D.

As with the aging mechanisms and aging effects, the AMPs are equally apphcable to
other industrial facilities, with perhaps a minimized formality and quality control.
o _ S |
Much of the contents contained in the GALL report are repeated in a companion -
document called the License Renewal Standard Review Plan (SRP-LR), NUREG-1800.
This document is for the use by the USNRC staff to assist in the review of the License

‘Renewal apphcatlons and to assure consistency among the reviewers. The SRP-LR also

provides guidance regarding components, aging mechanisms and aging effects not
addressed in the GALL\but'which require_ plant-speciﬁc aging evaluations.

While the agmg management programs are not mandatory, they represent one

‘acceptable method to perform effective aging management under the license renewal

rule. Licensees may deviate and apply their own versions. However, such programs are
subject to acceptance by the USNRC and usually require a substantial justification to
deviate from the standards. In this way, the AMPs constitute a near-mandatory status

and the specific activities referred to the programs, become licensing commitments for
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.
“the extended operatmg period. For components that are not covered by the GALL repoxt

.or for which no standard AMPs are applicable, the apphcant must perform a detailed
documented aging. management review.:

For the typical plant, the aging management review resulted in the identification of
about 200 to 400 specific aging management activities. The activities range from -
completely new programs to changes to existing programs (scope for additional -
components, more frequent inspections, different technology, new locations, etc) and
administrative tasks to document activities, quality control and training. Most of the
impact comes from the additional inspections and testing requirements to-monitor the
degradation and engineering analyses to demonstrate that existing design margins have

- not.eroded and are adequate for the extended operating period. Examples of updated and

new aging management activities and prOgrams are shown in Table 6.

TABLE 6 T ypzcal New and Updated Agmg Management Activities and Programs

Borlc Acid Corrosnon Preventnon Program ' Alloy 600 Aging Management Program
| Fire Protection Program _ Buried Piping Inspection Program
Instrument Air Quality Program ‘| Cast Austenitic Stainless Steel (CASS) Evaluatlon
. Program

‘Maintenance. Program . . Heat Exchanger Monitoring ‘Program

Service Water System Reliability Program Cable Management Programs _ :

Structures Monltonng o Reactor Vessel Intemals Programs

System Testing Program , ‘ Small Bore Piping Program

' System Walkdowns Program . : .Wall Thinning Monitoring Program:

) : Water Chemistry Control - Chemlstry One—Tlme

Inspectlon Program- )

. Time Limited Aging Analysis

e

One of the mhajor provisions of the Rule is the identification and anélysis of Time

7 Limited Aging Analyses (TLAA). The licensee must identify and update time-limited
- aging analyses. During the design phase for a plant, certain assumptions about the

length of time the plant will be operated are 1ncorporated into design calculations for

- various SSCs. In order to obtain approval for a renewed license, these calculations must

be shown to be valid for the period of extended operation, or the affected SSCs must be
mcluded inan appropriate aging management program. :

In essence,_the USNRC requires the licensee to go back to the original plant design
documents and determine if the design criteria included specific time limited
assumptions or criteria. Once identified, the original calculations or qualification tests
must be updated for the new extended operating life. This process may be a simple ratio

- method to establish a new value for fatigue cycles, or it may involve a complex fatigue R

analysis, considering the used-up cycles and extended operating life.
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A comprehenswe review was performed by the industry to identify potent1a1 time
limited aging analyses (TLAAs) that may be part of the original design basis, the
“underlying design codes and standards, and the qualifications tests (i.e. environmental
exposure of cables, corrosion tests) that were performed in support of the ongmal
-design life calculations. The pnn01pal issues identified by this mdustry review are
(NUREG-ISOO & NEI-95-10):

¢ reactor vessel neutron embrittlement
e prestressed concrete containment tendon prestress
e metal fatigue : '
e ‘environmental quallﬁcatlon of electrical equipment
e metal corrosion allowance ‘
e - inservice flaw growtii analyéeé
* inservice local metal containment corrosion

N e hlgh-energy line break postulated on fatigue cumulatlve usage factor .

Once the' licensee _has identiﬁed their speciﬁc TLAAs, analysis must be performed to
extend the design basis for the extended operating period or compensatory measures
must be implemented. The licensee must demonstrate one of the following:

. The analyses remain valid for the period of extended operation or; -

- o The analyses have been prolected to the end of the extended period of
operation; or

~ e The effects of aging on the mtended function(s) will be adequately rnanaged

- for the period of extended operatlon , N

: \

' These options clearly include full or partial replaeement of the component,
requalification by testing, more sophisticated analyses (i.e. finite element analysis and
fracture mechanics) or use of mitigative measures to impede or avoid degradation.
Some plants have chosen to implement stricter preventive and predictive maintenance,
one-time inspections to assess used-up miargins, monitoring of the environments to
recalculate cable life, new inspections to quantify degradation and installation of
coupons to monitor corrosion and: crackmg
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The Mainténdnce Ruiei

Because active components in mechanical and electrical systems are normally operating,
their performance can be monitored and trended to detect incipient degradation. '
‘Representative parameters that can be measured must be established for both the local
components and for the complete system. Examples of local component parameters
‘include flow, differential pressure, vibration, and delta temperature. Rehablhty and
availabilityare exampleés of typical system performance parameters.

Within the nuclear power generatien industry in the United States, the US Nuclear
Regulatory Commission (USNRC) has promulgated a “Maintenance Rule” for the -

- purpose of improving the performance monitoring of critical systems at all nuclear

power plants in the United States.

Regulatory Requirements

Durmg the 1980s, the USNRC became concemed w1th the mamtenance of nuclear
power plants and the attendant decline in reliability. No regulatory provisions were in -
force to require uniform application of maintenance, except for the Technical _
Specifications, which required periodic surveillance testing, and the ASME Code,
-which required periodic inspections of the safety-related pressure boundary components.
With the assistance of a number of volunteer plant owners, the USNRC conducted a
survey of utility practices in an effort to establish the effectiveness of various
maintenance programs (i.e. experience based, vendor recommended, preventive,
corrective, run-to-failure), allocation of utility resources among safety and non-safety
(power production) equipment and utility methods of monitoring and benchmarking
performance. The survey results led the USNRC to conclude that more consistent and
rigorous monitoring ‘and' reporting of individual system performance parameters was
needed. Using industry input, to the USNRC developed a performance-based regulation

that would allow individual plants to define the scope of the program, the performance
parameters and the acceptance criteria. The plant specific application and

implementation would be subject to inspection by the USNRC. The original Rule was

" issued in July 1991 and became effective in July of 1996 and the USNRC began their
" implementation inspections. The Rule was revised a number of times to incorporate
' lessons learned clarifications and new requirements. '

The Mamtenance Rule Provtswns
" The Maintenance Rule was issued under the United States Code of Federal Regulatlons

This is a mandatory rule that all commercial nucléar power plants must follow. A copy
of the full text of the Maintenance Rule i is provided in Appendix A. Although the Rule
consists of only a single page, the underlying documentation, interprétations, and

‘guidance reports amounts to thousand of additional pages of material and information.

" The Maintenance Bule analysis process is shown in Figure 7, '
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The key provisions of the Rule are:

. defining systems momtonng requlrements
. preventive maintenance versus ava1lab111ty/re11ab1hty
-+ . corrective action goal setting
. .operating experience considerations -
e demonstrations of preventive maintenance (PM) effectiveness
. bi-annual performance reviews
. quantification of on-line risk

Systems Monitoring Requirements - v

The Rule makes a significant distinction between important systems that need to.be
performance monitored at the train level and those systems that can be monitored at the
plant level. The systems that are considered to be safety significant with equally or
dlversely redundant safety systems typically have two or three trains or channels.

Standby systems (systems that are activated in response to an accident or'ﬁre’or are

* required to mitigate accident consequences) are monitored using reliability as a
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performance parameter Rehablllty can be measured by such mdrcators as fail-to-start or
fail-to-run per 100 attempts

‘ Normally op‘era‘t_ing systems are monitored using availability asa performance measure.

Auvailability is determined as the fraction of system available hours during the mission

- time divided by the mission time. When assessing reliability and avallabllrty, the

success or ability of accomplishing the defined saféety functions is considered, This
permits some level of degradatlon, as long as the system’ s ﬁlnctlons are not
compromrsed . _ :

Preventlve Maintenance versus Avallabllltv/Rehablhty

The Rule recognizes the conflict between performing prevent1ve (mvasrve) maintenance
that requires the system or component to be removed from service and the need to
maintain satisfactory availability and/or reliability. One of the requirements mandates
that an adequate balance of the two be mamtamed and reported.

Corrective ACthll Goal Setting
If a system cannot meet its performance criteria over a period not exceedlng 24 months,

~ corrective action is required and a new and more specific performance criteria must be -
_ ‘established (Goal Setting) to demonstrate that the corrective action has'been effective.

This Goal Setting assures that recurring problems are fixed. - |,

: Ogeratmg Exgenence Corsiderations

Operating experience must be considered when estabhshmg the performance parameters
and criteria. This experience may be based on generic industry experience. or the

- historical plant performance, failure rates, or reliability / ava1lab1l1ty values assumed in
the plant s probabrhstlc risk analysis (PRA) : :

Demonstratlons of PM Effectlveness . ¢

Systems that are monitored at the plant level requlre demonstration that the prevent1ve
maintenance programs are effective. Plant level performance criteria can include
repetitive failures, plant shutdowns, initiation of safety systems and lost production. If
the established cntena levels are exceeded the system must be elevated to* system level

monitoring”.

System level momtonng requires that an elevated level of monitoring must continue
until it can be demonstrated that the system has achieved 1ts new system level
performance before the system is returned to plant level :

Bl—Annual Performance Rev1ews

The result of the system monitoring and trendmg activities is subject to bi-annual
review to highlight the: .

¢ . performance problems
- e corrective actions taken
¢ changes in performance parameters or criteria

’
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e assessment of the balance between maintenance outages’ and system
, avallablhty

‘¢ evaluation of mdustry operatmg expenence :

~ The evaluatlon of 1ndustry operating expenence is-an atterhpt to identify precursors or
incipient failures that may have occurred at other plants and may have genenc '

implications. -

Miﬁcmtmof()____n_—ug_m : ‘

A new paragraph was added to the Rule in 2000 to address the risk assoc1ated w1th
plant configuration changes made during operation. This includes systems that are taken
out-of-service for maintenance or due to failure/degradation. The on-line risk is
influenced by the importance of the unavailable system, the period of time that it is not _
“available, as well as the status of other. safety related systems. As a consequence the -
USNRC now requires that the on-line rlsk must be quantlﬁed to support continued
operatlon of the plant.

Modifi cattons/lmprovements to the Rule
Following the original issue of the rule in 1991, the Nuclear Energy Inst1tute (NEI)

 formeda utility task group to develop an mdustry guide, NEI-93-01, to assist‘the plants

with the implementation. The USNRC conducted a number of early plant
implementation audits in 1996 and based on these audits it was determined that some .
interpretations and improvements were desitable. The nuclear industry, represented by
the Nuclear Energy Institute (NEI), discussed the implementation issues with the
USNRC and subsequently generated a Revision 1 to NEI-93-01 in 1996.

The USNRC reviewed the revised NEI-93-01 for generic acceptability. In 1997 the
guide was endorsed with some additional provisions (USNRC Regulatory Guide 1.160

. Revision 2). The most significant addition was the inclusion of structures including

concrete and steel structures that house or protect equipment covered within the scope

' ._of the Rule.

" In 2000 the Rule was modified agdin to address on-line risks associated with

maintenance activities. The USNRC added a new paragraph A-4 that then required the
NEI to revise NEI-93-01. The new Section 11 provides guidance to the industry on how

. best to assess on-line risk associated with their maintenance activities. The USNRC .
endorsed the changes to NEI-93-01 in the USNRC Regulatory Guide 1.180.

R Regulatory Inspections and Guidance : -

' The USNRC started plant-spec1ﬁc inspections and audits in 1996 and 1997 to verify the
* acceptability.of methods and procedures and the programmatic approaches taken.

Because the rule is performance based, these inspections were unique and required
substantial guidance and training of the inspector teams. The training guides and
inspection procedures were made available to the industry. This allowed self-
assessments and readiness reviews to be conducted prior to USNRC on-site inspections.
Lessons learned from the inspections were communicated to the industry in a number of
workshops and seminars. :
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- tracking functional failures, which are periodically reviewed to identify trends of

Monitoring Issues L I
‘Monitoring iinportant systems at the train level is considered an effective way to
identify poorly performing equipment. A redundant high performance train could
otherwise-shadow the poorly performing train. Performance monitoring at the train or
channel level is therefore mandated for risk significant systems. The USNRC was also
concerned that generic problems in cross- system component groups (valves, motors,
pumps, solenoids) would not be readily identified. As a result all plants are now -
multiple component failures. A definition for a “Repetitive Functional Fallure was
crafted to include: “Failures of another same component with identical cause”.

Determining meaningful performance parameters for structures became a difficult task.
A “Structures' Monitoring Program” was created and implemented to periodically
inspect (i.e. five to ten year intervals) for functional degradation. The acceptance criteria

‘were defined in the American Concrete Institute (ACI) standards or the American

Institute of Steel Construction (AISC) standards If performance problems are identified,
corrective action is required and the structure must be re- inspected at shorter intervals
until it can be demonstrated that the fix was effective.
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Industry Aging Manageméht}P'r.ograms (PM Basis and LCM)

The EPRI PM Bas:s Program

Recogmzmg the llcense

Table 7: EPRI PM Basis Coriwponent Listing

renewal and mamtenance
rules as effective aging

. basis for the requirements,
except to protect the equlpment warranty prov1s1ons

(Source EPRI TR106857)
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management tools for the
safety-related systems Air Operated Valves V1
and components in the "{ Medium Voltage Switchgear 73
* plants; the industry | Low Voltage Switchgear V3
neéded to develop Motor ControI‘.Centersv V4
commensurate programs Check Valves vo
- ] i Motor Operated Valves V6
to b,e epp lied f°r, the Solenoid Operated Valves V7
traditional part of the Low Voltage Electric Motors (600V and below) - V8
plants, the power Medium Voltage Electric Motors (between 1kV and 5kV) V9
production equipment. It High Voltage-Electric Motors (5kV and greater) V10 -
s obvious that these . _Direct Current Electric Motors V11
systems must also Vertical Pumps V12
undergo a transformation  J-Horizontal Pumps Vi3
. : Reciprocating Air Compressors Vi4
to support an extended ——— - -
> | Rotary Screw Air Compressors - V15
operation. The ﬁrs.t of Power Operated Relief Valves - Solenoid Actuated V16
these compr_ehensw € Power. Operated Relief Valves - Pneumnatic Actuated V17
efforts was the Pressure Relief Valves - Spririg Actuated V18
development of the. HVAC - Chillers and Compressors V19
Preventive Maintenance -] HVAC - Dampers and Ducting V20
Basis Program (PM HVAC - Air Handllng Equtpment vai
Basis) by EPRI to cover ~ jinverters . V22
the majority of generic Battery Chargers V23
Battery - Flooded Lead Acnd - V24
components and . Battery - Valve-Regulated V25
commodities found in the . [Batiery - Nickel-Cadmium (NICAD) V26
plants. The objective was [ Liquid-Ring Rotary Compressor and Pump V27
to research and document | Positive Displacément Pumps V28
 the “Industry Best | Relays- Protective V29~
‘Practices” with respect to - |Relays- Control V30
effective maintenance and | Rei@ys- Timing - V31
aging mahagemen t Heat Exchangers V32
. . . X Feedwater Heaters V33
pr_aetlces: Previously, Condensers V34
plant maintenance was Main Feedwater Pump Turbines V35
- largely based on the Térry Turbines V36
equipment vendor Main Turbine EHC Hydraulics V37~
recommendations, often Transformers- Station Type Oil Immersed V38
without a solid technical ~ [1&C Components V39
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- The PM Basis program initially included 39 ‘component templates' each documented in

- a separate report volume (see Table 7). The program scope was later expanded to add a
variety of instrumentation groups. For each component; the program determined the
appropriate maintenance activities, the recommended frequency for the activity and the
effectiveness of the action. The program also provided a first attempt at correlating PM:
frequency with reliability, i.e. the more often a component is tested or inspected, the
more reliable it is supposed to be and the corollary, what is the reliability reduction if
-the PM task is eliminated. In many cases, a single task will not provide a major
unprovement in reliability, but a comb1nat1on of PM tasks can make a major dlfference.v
7
In addition to the' individual component reports, EPRI converted the .teniplat'es to
electronic format, so that they can be accessed via computer and component reliability
manipulations can be exercised on the ACCESS based software. The best practices are
captured on a summary template for each component. The templates recognize the fact
that not all components are of equal importance and therefore the level of preventive
maintenance may be significantly different, dependant on the components service duty,
environmental exposure and functional importance. The different levels of
recommended PM for the various categories (there are eight different categories to
choose from) are shown on the templates. An example template for large electric motors
is shown in Figure 8 :

'The' Life C ycle Management Planning (LCA{) Process

-The Life Cycle Management plannmg methodology was developed under EPRI and

utility sponsorship to create a tool for the long-term maintenance planning, using both,

_technical and economic measures to find the maintenance plan that will give the highest

reliability at the lowest cost. The LCM process is fairly complex in that it requires a.
relatively accurate representation of the plant’s historic performance, component
failures, failure consequences, such as lost power generation, regulatory scrutiny,
corrective maintenance costs; and the 1mpact of a poor plant performance on the

: corporate image and financial picture. However, given the eventual possibility that the

L o F igure 8: EPRI PM Basis Te emplate Example




- plants will operate for 60 years or longer, it was necessary to change the maintenance

planning horizon and to be able to forecast major capital projects with respect to timing

and cost for the foreseeable future. The following is a quote taken from the EPRI
summary report for LCM planning:

“Life Cycle Management planning is intended to prov1de an effective long-term ~
planning tool for minimizing unplanned capability loss and optimizing maintenance
programs and capital investments consistent with plant safety and an identified plant
operating strategy. Such an operating strategy might include license renewal and/or
plant power uprating. An LCM Plan addresses such issues as aging management,
‘preventive maintenance, obsolescence, and the replacement or redesign of a structure,

- system or component (SSC) important to safety and plant operation. In short, LCM,

v Planning is viewed as a viable process to systematically identify and examine the

important SSCs, optimize their contribution to plant performance, reliability, safety and

~ value, and prepare long-term maintenance management plans and resource projections.

(The basic steps of the LCM process are delineated on the simplified diagram, shown in
Figure 9. The major steps are briefly reviewed to help understand the mterrelatlonshlp
and task objectives.

Commlmg Performance and OLratmg Hlstory

Some plants have included cost data in their WO database which when trended over
time, provides an additional parameter to measure maintenance effectiveness. More

money does not always lead to better reliability. To benchmark the plant’s performance,

 similar operating data, including generic failure rates, is assembled from the EPIX

Figure 9

LCM Planning Flowchart — Technical and:Economic Evaluation

»

Frum B
Flgure 2-1a

-L,_é;___;;_f_r_;_____

See
Figure 2-1¢
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' Aging Evaluatlon

database and other sources (snch as the Fr_ench.EDF_Eireda database). Benchnark_ing
‘has the principal objective to place the specific plant performance relative to its peers. If

“the plant eXperiences a failure rate of twice the industry average, there is ample room

for improvement and investments are economically justified. If the plant turns out to-be
already a leader in performance additional improvements are dlfﬁcult to sell.’

Another aspect of this performance compllatron task is the review of the plant’s
maintenance programs and procedures and to compare the list with the mdustry “Best
Practices”, such as the EPRI PM Basis Templates ‘to identify specrﬁc shortcommgs and
gaps that can be closed to enhance the plant perfor)mance

Condltlon Assessment

" In order to establish a basehne for the plant 5 equrpment performance and rehablhty, the

operating history over the last 5 to 10 years:is reviewed and trended. Typically, the plant
will have a work order database ‘from which the preventive and corrective work orders
can be accessed. A simple count per year will provide a meaningful trend to see if the
malntenance activities are increasing, decreasing or portray a stable trend. Also, the -
ration of preventive to corrective work orders will provide some indication fora
successful maintenance program (corrective work orders are decreasing), or the trend

. will point to problems, that is failures are mcreasmg as an indication of progressrve
_ aging problems. .

- The age of the plant can have a profound effect on. the performance and condition of its

components therefore it is necessary to have a good understanding of the material

condition of the components at the time the assessment is made. Material conditions are
determined from the review of maintenance history, such as inspection reports, test data,
diagnostic data, craft feedback, spare parts use, operating records and a plant walkdown.

" From this an estimate can'be rendered if the plant age is commensurate with its

condition, that is, if its useful life has been expended faster than expected or the: current

: cond1t10n is better than antrcrpated y

]

Next is the aging evaluation to be performed for each major component or- commodlty
group. Here the work performed by the industry groups and USNRC in support of the -
license renewal represents a basis to start the assessments. Typically a matrix is

constructed, showing the basic component parts and materials, their applicable agmg

effects and associated aging mechanisms and the effective aging management programs.
A typlcal aging matrix (this one for electric motors) is shown in Table 8.

'For each line item; the plant s matchmg agmg management program is 1dent1ﬁed and

reviewed to determine if the effective attributes are included and to highlight any gaps

- that need to be addressed. The previous review of the operating history and plant _
" condition records also contributes to this task to ascertain apphcablhty and to assure that

plant specrﬁc condmons are not overlooked



"Table 8: Typical Aging Management Evaluation Matrix (Electric Motor)

Discotoration, -

Cracking

corrosion

Rotor and Stator. Copper and Wmdmg Shorts, Motor Status Monitor.
Windings Insuiation Burning, melting Moisture Intrusion, Refurbishment: ]
End ums : ©  Aging, Dirt, High’ Consider internal inspection-
o : Temperature :
. Overheating Aging, Dirt See above
Rotor Bars Sieel . . Loose Vibration, Age, Fatigue { Vibration monitoring
- : o ) Ondine electrical tests .
‘Rotor Shaft Steel Deformation, Vibration, fatigue, | Vibration menitoring
N : cracking corrosion Bearing temp. monitoring
‘ Internal visual inspectio\n
Bearings | ' Various Loss of Material, Friction, Wear, Loss of Vib'ration' monitoring -
: Cracking fubrication Temperature monitaring
) Oil sampling, analysis
Thermography
Internal inspection
Wiring, | Copper, Insulatioﬁ Loss of Contact, Pinched, crimped, Thermography
Terminations ' loose wire, Aging, | Visual inspection

High pot tests.

Frame, Base Plate

Carbon Steel!

)

Loss of Material,
Cracking,
Deformation -

Corrosion, Vibration,
Loose Bolts -

Vibration monitoring
Visual inspections

.} Recoating

MR Structures Monitoring

Cooling Coils,

: Leakage, Cracking

Loss of continuity

Moisture accumulation

Carbon Steel, SS - Corrosion, Wear, | Oil sampling, testing
Oil and water . A Vibration, Fatigue Visual inspection (E/I)
piping/reseryoirs ) : Operator/SE rounds
Oil sight glass, V'ario'u's.non- L‘eakége . Corrosion, aging, wear,v \}isual ihs\pection
Qil seals metallic - fatigue Operator/SE rounds

: : . _ Periodic replacement’
Sensors (RTDs, Various Loss of signél, Vibfation, aginQ, Calibration’
TCs, LVDTs, level, Drifting corrosion Replacement
pressure, DP) : i ‘ -
Space heaters Copper, insulation Loose, broken wire, | Winding temp. monitoring

Functional testing

Thermaostat calibration

.

Obsolescence Assessment

" An obsoleéscence assessment pr0v1des a crmcal review of the potentxal techmcal

obsolescerice of the equipment. The industry is experiencing a serious exodus of
original equipment vendors, many vendors do no longer support warranty and

“equipment services or'have terminated production of spare parts. This puts the plant into

a vulnerable position, leaving few.of acceptable options, including re-engineering or
reverse engineering, substituting newer models that often do not fit the original
configuration envelope, upgrading technology (analog to digital) creating electromc-
computer interface problems or scavenging parts from abandoned plants. The

obsolescence assessment criteria and the relative ranking applied bya number of plants -
are shown on Table 9.
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The first step is to assess the exposure level to obsolescence. Typically the electrical-

electronic and mstrumentatxon and control components are affected most prominently.

Obsolesce‘nce is ranked by applying a set of "questi0ns and rankjng the applicability of
each question, The total numerical value is compared to a traffic light scale to indicate

~ the eminence of obsolescence. While this may. not be a true scientific process, it p

nevertheless prov1des a timeframe-for corrective or mitigative action. .

The “traffic light” rankmg for obsolescence is:

o . Total Score is <6.0, RED and the SSC obsolescence is serious. Potential "
options to deal with obsolescence and contingency planning should be
identified. Guidance on the modeling, timing and costs of these contmgencws
and the associated risks should be provided.

*  Total Score is between 6.0 and 10.0, YELLOW and the SSC may have longer-
term.concerns for obsolescence Contmgency planmng 'and options should be

" cons1dered

e Total Score is > 10, GREEN and the SSC is not llkely affected by

obsolescence. -

TABLE 9: T echnical Obsolescence Evaludtion Criteria (Breakers)

Is the SSC still belng manufactured and will it be available for at
least the next five years?’ .

2 | Is there more than one suppher for the SSC for the’ foreseeable -3 0 o : 0. 0
future? .
3 { Ganthe plant or outside suppliers manufacture the SSCina 3 ) .0 ) 3

reasonable time (within a refueling outage)?

4. | Are there other sources or contingencies (from other plants, . 23 3 3. 3 3

shared inventory, stock-piled parts, refurbishments, secondary :
suppliers, imitation parts, commercial dedlcatlons etc)
avallable in case of emergency?

5| 1Is the SSC frequency of failure/year times the nb_mbel' of the 3 [+ I 0 0 0
8SCs in the plant times the remaining operating life (in years)
‘equal or lower than the number of stocked SSCs inthe .

warehouse?
6 _Can the spare partinventory be maintained for at Ieast the next -3 1 3 3 1 3

T ive years? . : ’ '
7 | s the SSC immune to signiﬁca’nt aging'degre_da.tion? : 1 0 0 .0 0 K
8 | Can newer designs, technology. concepts be readily integrated | C3 . 1.5 0 3 .3

with the existing configuration (hardware-software, digital- -
-analog, solid-state, mmlatunzed electronics, smart components
etc)? .
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Determining LLCM Planning Options and Plant Strategies o
At this point in the LCM planning process, all the potential enhanicements should be
identified, such that a concise list of new or modified maintenance activities can be

* compiled, along with their costs and timing of 1mplementat10n Each goal can be met by
a number of different options, called Altematwes in the LCM process. The Altematlves

include: - : . .

¢ Maintain the Current-Maintenance Program

This is considered the base case against which other optlons are compared. .
" The model assumes that current maintenance practices are continued and
failure rates will gradually increase commensurate with progressive aging.
" “Equipment replacement at time of failure is the planned corrcctlve action.

. Optmuze the PM Program ;

* Low cost PM activities are implemented on the basis of thelr cost
effectiveness. Existing tasks are fine tuned or modified to be more effective
and tasks with little payback are eliminated. A variant to the PM program is

- preventive replacement of components that have reached their .
predetermined useful life.

- e Make Design Changes and Modifications

“Typically this option is a more costly alternative and makes sense for long-
term operation if the design change avoids costly failures and lost power
generation. There is a caution though in that design changes are often not
proven concepts and may turn out worse for the plant.

. Des1gnate Components as Run-to-failure

For many unimportant components this is a reasonable altematlve In order
to be effective, there must bea task that determmes when failure has
occurred so that a replacement can be mstalled

Plant operating strategies need to be established, such that the LCM planning can

~ consider the appropriate planning horizon, which is the remaining operating life,
~ whether the plant is base loaded or cycled and if a power uprate is contemplated.

- Economic Analysis of LCM Alternatives
- The last step of the LCM process is to consolidate the techmcal data failure data and

financial/cost data to be loaded into financial analysis software, called LcmVALUE, to

- perform the Net Present Value (NPV) and Benefit to Investment Ratio (BIR)

calculations that provide the measure of economic feasibility. The Alternative with the
lowest NPV cost and the highest BIR is the preferred option. If the results are very close
(i-e. within 1% of each other) additional sensitivity and uncértainty analysis are
typically performed to render a confident recommendation. Results are highly

v' dependant on long-term financial assumptions (such as discount rate, 1nﬂat1on rate, cost
of power generation, cost of labor/materials, etc) and small changes cause large

ﬂuctuat1ons in tjhe results.

41.



The Use of Probabtltsttc Rtsk AnaIy\Sts for Mamtenance

The probablhstlc risk analysis (PRA) was initially developed for the safety related part
of the nuclear power plant to facilitate simulation of various accident scenarios. Over
time, plant-specific failure data became available and Bayesian updating brought about
much more accurate modelmg of the plant. With the promulgation of the Maintenance'
Rule, the PRA was expanded to now also include the power generation part of the plant,
such that on-line risk modeling has become feasible and is performed on a routine basis.

- Outage times associated with preventive maintenance and surveillance testing as. wellas -

unanticipated equipment failures (emergent events) can be modeled and the risk impact
associated with maintenance act1v1t1es can be assessed on a continual basis. As plants

* continue to age, the increased equlpment failures, if any, will be captured and the

overall plant risk changes will have to be managed within the acceptance hmlts This is
another form of aging management trending at a hlgher level. : ‘

: »ThlS PRA ﬁdehty has led to new uses of the PRA, including risk rankmg (RRW and v
'RAW) of individual systems, evaluation of configuration and design changes prior to -

actual implementation and risk informed inspection plans (locations and frequency).

‘ ~ Mostrecently, the USNRC has issued guidance for plant owners to apply PRA to fire

protection and quality assurance programs.
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Regulatory and. Industry Agmg Research

Early EPRI Pilot Plant and Demonstration Pro]ects for License Renewal

As noted prev1ously, the EPRI and DOE co—sponsOred life extension pilot plant prOJects
were initiated to study the feasibility and boundaries of nuclear plant life extension
beyond the licensed 40-year life. With the new construction of power plants vntually
coming to a halt after the 1979 Three Mile Island event, the electric generation industry
and the US Department of Energy (DOE) were looking at long-term solutions to a
looming energy crisis. Extending the plant life by some 20 years is equivalent of
building 50 new power plants. The objectives of these early studies, as quoted in the

Phase I BWR Pilot Plant Llfe Extensmn Report were:

N

To determine a realistic life goal for BWR plams to identify major ~
degradation mechanisms and potential technical obstacles to life
extension, and to provzde a methodology Jfor BWR life extenszon
programs. . :

As the project was nearing completion and confidence in life extension was assured, :
economic obstacles and limits became an additional concern, as the list of potential new

- aging management activities and component replacements grew. The projects did -

develop the concept of “Critical Components” to delineate those that are essential to
function and must be carefully managed to achieve the new life goals. It was also

- discovered that steel and concrete structures are not imimune to aging and require aging

management, largely through preventlve techniques such as seahng, protective coatings
and cathodic protection.

With the success of the.pilot plants, a Phase 2 prOJect was initiated to begm aging
assessment of most of the plant components and commodity groups (cable, piping,

- structures, pressure boundary components, batteries, diesel generators, power generation

equipment, etc). Among the top twelve critical components, all but two were passive -
components, the-control center and diesel generators being the only active components.
The Phase 2 report laid the foundation for identifying potential aging effects and -
mechanisms, their rate of degradation, mamfestatlon of degradation and vulnerable ,
locations. The studies also provided a first glance at potential aging management tactics -
from preventlve/predlctlve mamtenance mmgatlon techniques, replacement options and
repair feas1b111ty o

- The demonstratlon projects were initiated following the USNRC profnulgation of the

original License Renewal Rule in December 1991. The principal objective was to test

~ the Rule’s provisions and to generate the first license renewal application. It turned out

not to be feasible and became unworkable in addition to plant owners concerns for an

- unstable licensing environment with open interpretation of the actual requirements. The
- license renewal application was never filed and the action prodded the NRC to revise .

and simplify the rule in 1995.
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DOE—Sandta Agmg Management Guides (AM G)

- During the license renewal demonstiation project phase, a need arose to study the
critical components in more detail and to generate a generic AMG that could be used by
other plants in their apphcatlons as well as be subjected to NRC review. The USDOE
through the Sandia National Laboratory contracted for the development of ten
individual AMGs, using a standard format and content guide. The ten critical
components to be covered were chosen by an industry consortium and 1ncluded the
following reports: :

¢ Electrical Sw1tchgear (SAND93-7027)
~»  Pumps (SAND93-7045) :
"o Battery Chargers, Inverters & Uninterruptible Power Supplles (SAND93 7046)
‘s Power and Distribution Transformers (SAND93- 70_68)
e Motor Control Centers (SAND93-7069)
¢ Heat Exchangers (SAND93 7070)
e Stationary Batteries (SAND93 7071)
o Tanks and Pools (SAND96-0343)
K Electrical Cable and Terminations (SAND96-0344) -
e Non-Reactor Pressure‘Boundary Piping (Draft) (TR-88953

While thesé reports cover both, passive (Heat Exchangers Prpmg, Tanks/Pools, Cable)
and active components (batteries, inverters/UPS, pumps, transformers, switchgear and -
motor control centers) they have become a valuable industry reference for the ‘
assessment of power production equipment. The AMGs contain a comprehensrve

review of industry operating experience, failure data, aging management techniques,

and aging management options. The Cable AMG has become the industry bible on

cable degradatlon cable life determination and cable aging management :

EPRI Generic Ltcense Renewal Industry Reports Jor Major Components . |

In parallel to the DOE-Sandia AMGs EPRI also produced ten License Renewal Industry
Reports. The EPRI addressed issues related to both the borhng water reactors (BWR)
and the pressurized water reactors (PWR) ‘

- The EPRI reports were developed with partlcrpatron from the General Electric BWR

and Westmghouse PWR Owriers Groups. The objectives of the EPRI reports were to

- provide the nuclear mdustry with aging technical basis documents and to support the
: techmcal review of license renewal apphcatrons by the USNRC

The long-hved passive components and structures exarmned in the reports included: -
« BWR plant primary containment
-~ PWR containment str_uctures
e Class1 structures
. PWR reactor coolant system
e .low ‘voltage, m—contamment envrronmentally-quahﬁed cable

'A\

‘ ' -
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. | BWR primary coolant pressure boundary
e BWR and PWR reactor vessels
. -BWR and PWR reactor vessel internals

- These reports are 1n-depth studies of hlstoncal performance and operatmg experience,

failures and failure history, aging effects, and aging mechanism. The reports also
provided information on aging management technologies and programs and discussed

. the aging management options for component parts and aging mechanisms that are not -

‘currently being managed. or are not accessible (such as, underground structures,
embedded steel and piping, and cable in conduits). :

Over the years these reports. have been of 51gmﬁcant value for both the US nuclear
industry and regulator as well as for nuclear plant operators and regulators in other
countries. In particular, the reports on structures and containments have formed the
basis of similar aging reports developed by the International Atomic Energy Agency in °
Vienna. .

Much of the information in the reports on Class 1 structures and cables is apphcatlon to

both nuclear-and non-nuclear faclhtles

NR C Nuclear Plant Aging Research (NPAR) Program

To compensate for and to supplement the industry research of component agmg, the
USNRC funded a large multimillion-dollar research program to study aging of more

‘than 100 different topics and components. Most of the actual research was conducted by

the national laboratories (Oakridge, Argonne, Pacific Northwest ‘Sandia, and Idaho).
The USNRC managed the program and prov1ded for the techmcal review of selected

“reports by industry. expetts and users. A summary report (NUREG- 1377) was generated
and updated annually to maintain an overview of the program status, components and

topics being studied, short briefing reports and summaries for those reports completed.
The reports for the selected components included passive and active components, as’
‘well as special topics, such as fatigue, material embrittlement, monitoring for aging,

. maintenance issues, seismic effects, and operating experience. Most of these reports are

readily available from the NRC website. A more detailed discussion of the NPAR

“Program can be found in the companion briefing report Condition Monitoring of
Passive Systems, Structures, and Components (CGI Report 06:22).

EPRI Generic ‘Aging Managémeni Tools

" As a follow-up to the earlier industry reparts for critical component agmg, EPRI

consolidated the research conducted within those reports, other owner’s group
initiatives, the NRC NPAR program and the early LICENSE RENEWAL applications

in a series of Aging Management Tools. The three documents provide specific guidance -
. in matrix format (similar to the later GALL report) to license renewal applicants for the

'apphcable aging effects, mechanisms, exposure environments, affected materials and -
~ effective aging management programs. The tools are as follows:
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e ' Mechanical Implementation Guideline And Mech‘dm’cal Tools — contains a
number of individual reports to cover the applicable servnce condltlons and
envnonments for: :

- treated water condltlons

- -raw water :

- oil centaining systems _

- gascontaining systems . o S ‘
- extenal surfaces ' - |
- bolting o

- _ heat exchangers

- . fatigue affected systems

o License Renewal Electrzcal Hana’book contains aging management guldance
for electrical cable and terminations, penetrations, buses conductors and
insulators. : (

. Agmg Eﬁ"ects Jfor Structures and Structural Components (Structural Tools) --
contains aging management guidance for steel and concrete structures (beams,
eolurnns floors, walls, foundations, roofs, etc), above and below grade,
underwater, in freeze-thaw climate, indoors and outdoors: Also covered are

7~ piping and cable tray supports, electrical and control cabinets, racks and -

enclosures, fife barriers, elastomer seals and barriers, galvanized steel and-
threaded fasteners. An example of the aging matrix for steel components is
shown on Table 10. : : :

\

T he INPO AP-9I 3 Equtpment Rehabtluﬁv Program

The Nuclear Plant Reliability Data Search (NPRDS) database was created by INPO
following the Three Mile Island event to respond to NRC requests for generic operating
experience accumulation and assessment. Each plant provided input of component
failures and causes to facilitate searches and to identify precursors to potential fallures
With the promulgation of the maintenance rule, a new software tool was required to _
manage the failures associated with the equipment included under the Maintenance Rule.
These failures are considered “Maintenance Preventable Functional Failures” (MPFFs) -

- and repeat failures and are'reportable under the Maintenance Rule. In operation since

1996, the database now contains more than 100,000 failure events and descriptions and
as-such is a credible basis for estabhshmg component failure rates. One major

- shortcoming is the absence of component populations, such that component estimates

need to be-made for the 104 operating plants. For some commodities, such as.valves, -
breakers or cables, uncertainties are encountered. Nevertheless, the database has

~ become a very useful tool to exatnine operating experience and failure modes. Another
“caution for the use of the data'is the fact that reporting of failures is only requlred for
_systems and components included in the scope of the Maintenance Rule, that is. largely

safety related equlpment
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\ - Table 10: Appltcable Agmg Eﬁ’ects Jfor Structural Steel Components
: and Materials

Gakvanic Corrosion . N N N- N
Crevice Comrotion I N N N N
_ Pitting Comosion I N N N N
Erosion. znd Erosion Comosion NA NaA NA NA
Microbiologically Induced  © N N N. N

Comrosion
Wear

Hydrogen Damage S S N N N

Stress Corrosion ) N. N . N - N

/ Iradiation Ercbwittlensent - N* ) e ) o5 - N*
. Intermetallic Embritlement NA T ONA N-provided NA .
- . temperture < 400-F :

Key: Y- aging mechanism is applicable . _
N- aging mechanism iz not applicable o
- NA-Not Applicable to this chapter - , . T
- Gntsxde ana:y Shield Wall :

N

- While not a bona fide res'earch program, this INPO developed reliability management

guide provides plant owners with a structured methodology to more effectively apply _b -
and manage their maintenance programs. The guide is not mandatory and plant owners

* can customize their programs to incorporate existing programs and procedures, as long

as the principal objective of improving equipment reliability is met. The programmatlc
details are dlscussed in an earlier section of this report o ;.

NEI Gutdelmes

The Nuclear Energy Institute (NEI) has accepted the respons1b111ty of developmg
industry guidelines for the implementation of new regulatory requirements and other
topics not addressed by EPRI or INPO, such as business planning. The three most
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promment guldes as5001ated with aging management of plant systems structures, and
components are:

o~

e NEI-95-10 10 Industrjy Guzdelmes for Implementmg the Requirements of 10 CFR ‘
Part 54 - The License Renewal Rule Plants — this guide is discussed in the
License Renewal Rule section of thlS repoxt and in the compamon briefing
report CGI 06:22.

*  NEI-93-01, Industry Guideline for Monitoring the'Eﬁ‘ectiveness of
Maintenance at Nuclear Power Plants — this guide is dlscussed in the
Maintenance Rule section of thlS report T

e NEIL-AP-940, Nuclear Asset Management Process Descrzptzon and Guideline:

In NEI-AP-94O asset management process guldance mcludes strategic and generatlon
planning, project evaluation and ranking, long range planning, budgeting, and plant / -
fleet valuation. The process deals with the high-level business management of a fleet or
a single plant. The most interesting section of this guide is the topic of project”
evaluation and ranking. Industry surveys showed that there is no consensus with respect.

. _to the method of selecting and rankmg specific projects from a multiple projects listing

and being restrained by a fixed budget Many different: methods have been proposed,

- from risk ranking, expert panel (Delphi), cost-benefit, operatlonal priorities, safety _
-considerations and the rucksack method (what to take with you in‘a fixed volume . ’
' rucksack for a one week survival trip). :

Ongomg EPRI Agmg Research

A lesson leamed about aging management is that no matter how precise and detailed
the aging studies are performed, there is always the unexpected, often a combination of

~ events that surprises the engineers. In the nuclear industry there is no exception and

-unknown material behavior, degradation mechanisms and aging effects are discovered

. as the plants age. Largely due to the inspection programs in place today, these

“surprises” are discovered in time to facilitate timely corrective actions.

During the last ten years, accelerated degradation associated with crack initiation was

- discovered in the stainless steel reactor, vessel internals. The cause was détérmined to be
stress corrosion cracking, assisted by fatigue and un-annealed weldments. A major

research project was initiated by the industry and managed by EPRI to find solutions, |
mitigation techniques and new inspection methods to investigate, size, and analyze the
cracks. Just recently another new issue emerged concerning the cracking of Alloy 600 .

* and similar Inconel alloys This also is attributed to stress corrosion cracking,

aggravated by the unique water environment (high hydrogen levels and borated water)

in the PWR reactors. As before, the mdustry convened a large task force to deal with the

issue and EPRI again is managing the project for the plant owners. These two projects
and others are now combined under the EPRI Materials Research Program (MRP)

Code and Standards Perspecttve of A gmg Management

_ In principle, Codes and Standards are voluntary, unléss mandated by a govemment

authority. The ASME Boiler and Pressure Vessel Code (ASME-BPVC) is mandated by
the state authorities and the NRC for safety related pressure vessels, while the Electrical

\
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- ACI Standards for Evaluation of Existing Concrete Structure

Code (IEEE) and Fire Protection Codes are enforced by natxonal bulldlng codes (NFPA). :

' The American Concrete Institute Codes are mandated by the building codes for

residential and commercial construction, however for power plants and other industrial

 facilities the Engineer/Designer is responsible for Code compliance. For the safety
_related portion of the nuclear plant, the USNRC mandates certain ACI Codés, including

ACI-349. A brief description of the code activities involving aging management is
presented below . :

. ASME-BPVC PLEX Workmg Group

Section XI, “Inservice Inspection of Nuclear Power Plant Components” of the ASME

~Boiler Code is the applicable Code specifying inspection and testing requirements for
“the nuclear plant components, as well as frequency of inspections, personnel

qualifications and inspection techniques to be applied. A special working group was
established within Section XI to accommodate the eventual integration of aging

" management into the Code. As a first action, the committee removed the 40-year
“inspection schedule (four 10-year cycles) from the Code to permit continued 10-year

intervals until the plant shuts down for decommissioning. In the interim the Working
Group monitors technical issues as they emerge from the license renewal process for
future integration. The Code does not react.to new issues very quickly and purposely o
takes its time to test implementation problems before codifying them. '

IEEE Working Group for Aging Manag'ement of Electrical and I&C Eg. uipment
" The Institute of Electrical and Electronics Engineers (IEEE) generated a guide for aging
‘management of electrical and instrumentation equipment, P-1205 (draft), “IEEE Guide

for Assessing, Monitoring and Mitigating Aging Effects on Class IE Equipment Used in .‘
Nuclear Power Generating Stations”. The guide contains a comprehensive aging effects
and mechanisms matrix and the associated effective aging management methods. It is

not certain if this guide was ever formally issued.
N

The American Concrete Institute (ACI) had a working condition survey standard for
concrete inservice since 1968, ACI-201.1R, “Guide for Making a Condition Survey of
Congcrete Inservice”. The Code addresses some 38 degradation effects including ten _
types of cracking. For most of the degradation effects, reference photographs are
prov1ded for the inspector to discern the exact nature of the defects. The code has been
updated a number of times, the 1996 version being the latest. The code has been widely
in use for municipal and public use structures (garages, bridges, event buildings, etc),

- but has also been applied to power plants, including the nuclear facilities.

More recentiy, ACI issued a new Code with specific application to safety related
structures, ACI-349-3R, “Evaluation of Existing Nuclear Safety Related Concrete

* Structures”. In addition to the condition survey requirements as defined in ACI-201, this

standard provides definitive acceptance criteria at two levels, Acceptance without

 further evaluation and acceptance with review. The acceptance criteria for concrete
1inspections are provided in Table 11. '
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. Table 11: Concrete InSﬁ_ection Acceptance Criteria (from ACI-349), Edited

None permitted

_Abrasion, Corrosion, Cavitation

None permitted

Evaluate Defects

-Drummy Areas, Poor Concrete -

None permitted

<Cover Concrete,

<100mm in any dimension

_Pépouts,_Voids o <;_zo'mm diameter-or Equi\(. Area | <50mm diameter or Equiv. Area
Scaling” . *<6mm in depth .<30mm in depth
Spalling * <10mmin depth, <20mm in depth,

<200mm in-any dimension

Passive Cracks

<04mm in width-

<1.0mm in width

Passive Deflection, Settlement

None permitted

Within design limits
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Loss of Coatings <4000mm? for any area >40_'00mm2 for any area
Leakage‘ " '{. None permitted ' Evaluate any I_ea_kagé
.
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Lessons Learned from the Initial License Renewals

The license renewal process has been a 25-year learning curve. The initial version of the’
Rule'in 1991 was found to be open-ended with an overwhelming program scope. The
nuclear industry and the USNRC staff identified many problems with the initial Rule.
The amended Rule in 1995 established a regulatory process that is simpler, more stable,
- and more predictable than the initial License Renewal Rule. It put the focus of the -
license renewal assessment on the licensees aging management activities concerning
passive and long-lived SSCs. It also clarified the focus on managing the adverse effects
_of aging rather than identification of all aging mechanisms. The changes to the
integrated plant assessment (IPA) process were to make it sunpler and more consistent

-, with the revised focus on passive, long-lived systems, structures and components.

However there remained a number of areas where further 1mprovements were needed in -
the apphcatlon process.

" In the late 1990’s the Calvert Cliffs plant announced its plan to file an application using -

_ the revised Rule and the NEI license renewal application guide, NEI 95-10. NEI 95-10
provides an approach that the USNRC has found to be acceptable and has endorsed for
implementing the requirements of the License Renewal Rule. The guidelines in the NEI

' 95-10 report are based on industry-éxperience in implementing License Renewal Rule.

The review of the Calvert Cliffs applications by the USNRC staff revealed some serious
_problems. These included the fact the staff had very little guidance, no training, and a
~ diverse view of what the regulations actually meant. Also, questions were raised with .

~ respect to the license renewal application costs, ut111ty comrmtment and effectiveness of

the Rule. Senior management from both the USNRC and the nuclear industry worked to
address these and other weaknesses with the license renewal process. This involved
numerous site visits to faxmhanze the USNRC staff with site condmons and to conduct
scope audits. . v : .
It became apparent that much of the information to be developed for an application is of
a generic nature. It was determined that standards and guidance were needed to avoid
unnecessary duplication of work. Guidance was also needed to avoid technical
inconsistencies so that there are not different mterpretatlons of the technical ﬁndmgs
~and conclusmns from one apphcatlon reviewer to another '

“To address these and other issues the USNRC and the nuclear mdustry developed a
number of guidance documents One of the key documents has been the Generic Aging

~ Lessons Learned (GALL) Report (NUREG-1801). The GALL report provides.a

template of aging management programs that have been determined to be acceptable by
~ the USNRC to manage the aging effects of safety critical passive and long-lived SSCS
The GALL Report documents the USNRC’s basis for determining which existing
programs are adequate without modification and which existing programs should be
augmented for license renewal. A complimentary Standard Review Plan (NUREG-
1800) was developed as a gulde to the USNRC staff for their rev1ew,of the application

. mformatlon
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Strong emphasis has been placed on training NRC staff and plant owners to assure that
all stakeholdets are aware of the process, requirements, tools and reference guides. The
NRC impleménted an extensive training program for their staff members and assigned
additional 1nexper1enced staff to their site audit teams to observe and learn the process.

- Training modules also were developed by the owners groups and'EPRI to be conducted

at the plant sites for d1fferent levels of staff, management briefings and Worklng level
mdoctrmatlons : :
T

The next license renewal applicants were able to use these guidance documents in the
development of their apphcatlons Major cost reductions were realized with the

streamlined process. Savings were estimated to be in the range of 50% to 75% with-
respect to the Calvert Cliffs project costs. Further improvements were initiated by the
"USNRC to shorten the review process from three years to less than two years, to deal

- with staff shortages and reflect the learning curve. The nuclear industry and NEI also

sponsored development of the Aging Management Tools, a commitment database (to'
assure that applicants do not over-commit or fail to address previous USNRC issues),

v and a searchable database for NRC generic communications. N

- The lessons learned from these efforts_and the continued review process has been

incorporated into the latest revision of the GALL report and the Standard Review Plan.

- The process has matured to a point were the USNRC has been able to review multiple
- plant applications in parallel. Utilities have seen major cost and schedule reductions for -

the license renewal process; fewer site visits and experienced 51gmﬁcant1y less

-interaction with the USNRC during the review process.

Some to the key documents that are used by both the licensees and the USNRC during
the license renewal process are listed in Table 12. These are all “living documents”.
Revised versions of the reports are routinely produced that incorporate changes based -

- on experience gained from numerous license renewal application reviews by USNRC
staff and from insights identified by the mdustry For example, the, NEI 95-10 is
' currently in its sixth revision. o v v

Table 12: License Renewal Support and Guidance Documents

Standard Review Plan for Review of License Renewal NUREG-1800 (USNRC)
Applications for Nuclear Power Plants : S .
.Generic Aging Lessons Learned (GALL) Report ' NUREG-1801 (USNRC)

Standard Format and.Content for Applications to Renew | Regulatory Guide 1.188 (USNRC) .
Nuclear Power Plant Operating Licenses

License Renewal Inspections ' " | Inspection Manual 71002 (USNRC) )
Pohcy and Guidance for License Renewal Inspection | Mc-2516 (USNRC)
Programs . :

‘§ Industry Guideliries for _Implementing the Requirements of | NE!I 95-10 (Nuclear Energy Institute)-
10 CFR Part 54 - The License Renewal Rule / : : .
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Reaching Process Consensus :im’ong Stakeholders

As described above, the license renewal process has undergone substantial evolution.
This implies recognition of the need to and willingness to change by all parties involved.
Pressure was appliedon the regulator to keep the process on track, simplify it and make .
it effective for all stakeholders. The mistakes made with the initial rule could not be
repeated and a stable and workable process had become essential for success. Such a

* proven process also lends itself to standardization, further assuring consistency and

efficiency. One of the key concerns with new regulations is the threat of “Rule Creep”,

- that is the ever—changlng interpretations of the regulations, issuance of néw guidance,

raising of new issues, different treatment of the same issue for other apphcants and the

~ constant desire to invent new wheels. In this case, the NRC and utilities were jointly

motivated to develop a streamlined and stable methodology. The development of the
.GALL report and NEI license renewal Guide, NEI 95- 10 are considered maJor tools to

. achleve those Ob_]eCtIVCS

- The process has by no means found its end point, addltxonal lessons learned

improvements and experience feedback are being monitored and revisions of the key
references are planned to capture process changes. The most recent evidence of the .
continuing consensus evolution is an EPRI project to prepare so-called “Road Maps” for

- generic technical issues and associated aging management programs. This project

evolved from the tallying and review of individual plant commitments and to sort those
that are common to many plants and therefore deserve identical treatment and resolution.
These road maps are to assist plant owners to develop implementation tasks for their
license renewal commitments at least costs and assuring acceptability of implementation.
The road maps also identify technical issues that are not fully resolved yet and require
research to facilitate task implementation prior to the start of the license renewal period.

'The NRC is expected to audit these implementation activities in the future and they are

tracking compliance with the apphcant s commitments.

Another method to commumcate current development, lessons learned and ideas of
process unprovement is facilitated through frequent workshops sponsored by the NRC
and the industry. These workshops encourage presentations from all stakeholders and
the public to solicit input and opinions. They are also a vehicle to share information
with management, vendors, suppliers of services, inspectors, public members and other
interested parties. All or most of the license rénewal information, including the
complete application packages, USNRC application reviews (SER), rules and
regulations and guidance documents (GALL, SRP-LR, NEI-95-10, Regulatory Guldes

Interim Staff Guidance) are avallable on-the USNRC web31te (www.nrc.gov).”
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Lif_e Extension Implementation at the Plants

T he T wo-Step Process

Life Extension for a plant is considered a two- step process. The initial step is to secure
regulatory approval through license renewal application- process. The second step is to
actually implement life extension for the plant. Although the approval of a license
renewal allows continued operation for 20-years it does not requ1re such operation. The

decision to actually operate beyond the current license penod is up to the licensee. Itis .

dependent on such factors as power generation planning, econormc Justlﬁcatlon and
prevalllng condition of the plant. :

The aging management requirements of the license renewal application only apply to
the safety-related scope.under the License Renewal Rule —about one-third of the plant -
equipment. In order to prepare the plant for life extension, the remalmng power
production part of the plant has to be upgraded and evaluated to assure that the
‘equipment can support reliable operation for an‘extra 20 years. Many plants will wait
until about five years before the extended license becomes effective (at year 35 of the
plant 11fe) to avoid large capital investments that may become stranded if the plant
‘owners decide not to implement life extension. Often these objectives are cornprormsed,
because the plant may need a new turbine generator or main transformer at year 34,
without life extension such an investment would not be cost beneficial such that the'

-extended life period is needed in the: cost benefit analysis.

. Proactive Implementatton Tasks

'While most of the license renewal commitments for the plant apply only for the

extended operating period, there are a number of’ preparatory and mitigative actions
taken by the plants to reduce future costs and to collect the information needed for-

- future assessments. The following are some of the proactive, diagnostic, preventive,

predictive and investigative activities performed by plants in preparation for llcense
renewal : : :

* . Temperature Survey of Spaces for EQ

- Initial survey with Pyrometer or Thermography to’locate “Hot Spots™, - |

_actual temperature variations within the space, room or enclosure,
- locations with temporary elevated temperature and contalmng
vulnerable electrical equipment

Fatlgue Cycle Counting and Monitoring

- Snnple cycle counting and transient categonzatlon to be compared to
the design basis assumptions and projected for 60 years. Thermal
. transient monitoring to determine the rate of transients for future
reclassification and margin huntmg '

. B1ologlca1 Essays (Tests) of Water Sources

- Sampling and testing for MIC of all water. sources (Service Water, raw
water, demineralized water, closed loops, sumps storage tanks, lube
oil, fuel 011)
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Visual Inspection of Inacce351b1e Areas

- When opening up equipment (pumps, valves, heat exchangers
© tanks/vessels) or removing insulation, petform a visual (VT-1 or VT-3)
inspection of the normally inaccessible surfaces and record the
“conditions (corrosion, cracking, loss of material, staining, etc). When
-excavating buried/embedded pipe, steel and concrete structures,
trenches, cable ducts, perform a VT-1 or VT-3 and take good plctures
of the normally maccesmble surfaces.

~ Wall Thlckness Measurements -

- When possible, conduct sample UT wall thrckness measurements on
carbon steel piping, valve bodies, pump casings, heat exchanger and
vessel shells, tank walls and bottoms etc. Identify and record abnormal

' condltlons :

-

 Underwater Inspectlons

- When using divers in.the mtake fuel pools, etc, train divers for VT-1
examinations and debrief afterwards. Document condltrons and take
photos if possible.

. Soil and Groundwater Tests

"'~ .Take soil and groundwater samples and test for chlorides, sulfates
silica, cement paste, iron oxides. Take samples as near to the structure .
as possible from test wells, bormgs and excavations. Monitor
groundwater level and variations at least over a few years.

- Settlement Monitoring

- - Ifthe plant sits on soil or piles, consrder mstalhng, reactrvatmg or
" updating the settlement monitoring system for the principal structures
(Containment, Auxiliary or Reactor Bulldmg, Intake).

N

A1r Samplmg and Testing

- Sample and test the external plant air to deterrmne the extent and type
of air, pollutlon at the site, measure chlorides, CO, SOX, NOX,
partlculates to establish aggressiveness. For ocean plants, measure the
concentration of NaCl (salt) for various weather and wind conditions in:

* the ventilation intakes.’

. /Belthne Materlal Survelllance '

- Review the material test coupon withdrawal schedule and make
~_ adjustments as early as possible to accommodate a 60-year (and
-possibly 80 year) operating period. Consider reinsertion of the material,
using miniaturization and reconstrtutlon of the coupons for future
embrittlement tests.

License Renewal Commitment Implementation after Year 40
I

Once the plant approaches the end of the current operating license and decided that
economics dictate continuation of operation and that an extended life is warranted and

_ desirable, the commitments made in the license renewal application become mandatory

and full implementation must be achieved before the plant can continue to operate past
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40 years. Plants consider it unwise to wait to the last minute, particularly for new
inspection programs, such as certain one-time inspections, where surprises could occur
in that unexpected degradatlon is found. In such case, the aging management program.

“ for the affected components would not be effective and would require changes and

regulatory review prior to continued operation. Other programs that merely require
procedure changes or administrative actions could be delayed to the last year. Another
aspect of the implementation process is to,consider the generic guidance developed by
NEI and EPRI, such as the “Road Maps” discussed earlier. It is important to implement

. tasks that are acceptable to the regulator, feature the attnbutes and requirements as well
. as scope commltted to in the application. :

\

Typically a plant will have between 200 and 400 individual license renewal tasks to
implement. To assure that the tasks are all properly scheduled for completion and
documentation is generated, a computerized database is normally used to track
responsibility, schedule, completlon status and associated design and quality assurance
records/references. Many tasks require follow-up actions or re-inspections ata

' predetermined interval and inspection results must be evaluated and documented. The -
- plant has to be able to venfy 1mp1ementatlon to the regulator’s ons1te 1nspectors

A new Appendlx to the Llcense Renewal Gulde NEI'95-10, has been drafted and issued. |
The purpose of this Appendix is to prov1de guidance’ to utility personnel for the follow-

~ up actions after recelpt of a renewed license.

In parallel the USNRC has also developed mspect1on guldance for their onsite
inspectors, as well as training programs to get ready for the extended operating perlod
The applicable inspection program policy document is embodied in the USNRC’s
“Policy and Guidance for License Renewal Inspection Programs”, MC-2516: Because -
of its relevance an edited copy of this policy. document has been mcluded in Appendix E.
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International'~Applicati0ns and Interaction

- The US has taken an active role in transferring the aging management and life extension

technology to other countries and international organizations. This has taken place at all
levels, starting with the NRC participation in IAEA working groups to draft
international standards, to individual consultants assisting foreign countries and
organizations to develop their own programs. Many international conferences on
nuclear technology, such as ICONE, SMIRTand IPLEX, have carried specific sessions

~ to address life extension, aging management and operational issues. US corporations

and government agencies have extensively participated in these sessions and shared
their experiences and processes with the international community. Additionally, the
USNRC website provides most of the regulatory guidance documents and licensing
proceedings without restrictions. The following specific examples of technology
transfer provrde just a small piece of the word wide application of this US technology

¢ - The Spanish regulator required the Spamsh ut111t1es to unplement the '
Maintenance Rule as defined in the US regulations. Assistance was provxded to
~ the utilities in shaping a program tailored to their needs and unique -
circumstances. Spanish regulatory representatives cross trained with the
USNRC in their Washington headquarters to learn about the nnplementatlon
- process and the procedures.

‘e The IAEA relied on US pamcrpauon to draft License Renewal and Agmg
' Management standards, using US precedents, methodology and references.
This has led to the development of international policy documents and
. generation of a number of Agmg Management Standards (Contamment
Reactor Vessel)

e Japan having some of the oldest nuclear plants in the world, has benefited from
the early aging studies conducted in the US. Aging analysis reports have been
' made available to Japanese utilities through a number of technology exchange :
channels. : :

e South Korea has applied US life extension technology to their plants both in
~ the aging evaluations and degradation asseéssments/inspections. .

s - France (EDF) through a technology exchange agreement with EPRI has

- acquired the US life extension technology and life cycle management
processes.. A number of training seminars and workshops were held in France
to present the technology.

o Switzerland, through their utility owners group, has made use of the life
‘extension and aging management technology, specifically the 1dent1ﬁcatlon of.
applicable aging effects and mechanisms and their aging management
programs. Following a successful national referendum on the continuation of
nuclear power, the Swiss plants are preparing their license renewal applications.



Lessons Learned Pos51ble Petroleum Industry Application

For over fiftéen years the USNRC and the nuclear 1ndustry have been contmuously
réfining both the license renewal requirements and the renewal process There are many
aspects of these aging management and life extension efforts and the lessons that have
been learned that can be of potential value to the PSA and the Norweglan petroleum

. industry. : :

Agmg Research Informatton
The wealth of aging related 1nformatlon produced by the NPAR and lndustry aging

~ research programs remains a useful resource for both nuclear and non-nuclear

organizations. Although the aging studies examined SSCs w1th respect to their operation
in the nuclear plants, much of the aging degradation and aging management mformatlon
is apphcable to the petroleum and other industrial sectors.

Contmuous Improvement

Over the years both thé USNRC and the industry have been workmg to make the hcense -
renewal requirements and the renewal process more efficient and effective. For
example, the initial version of the Rule did not provide a'predictable nor stable process '
— it was too open ended with too broad a scope. It was determined that many aging
effects were already adequately addressed during the initial operating license period. -
Also, the initial Rule did not allow sufficient credit for existing programs, particularly.
those under the USNRC Maintenance Rule, which help manage plant aging phenomena

"~ as part of the on-going maintenance program tasks. .

The resulting revised Rule established a 31mpler more stable, and more predlctable
regulatory process. The key changes that were made included:

e . focusing on the adverse effects of aging rather than 1dent1ﬁcation of all aging.
mechanisms — identification of individual aging mechanisms is not required

o simplifying the mtegrated plant assessment process and maddlng it consistent
with the revised focus on the detrimental effects of aging

. addmg an evaluation of t1me-11rmted agmg analyses (TLAA)

- requlrmg only passive, long lived structures and components to be subject to
. an aging management review for license renewal — removing active SSCs from
. license renewal

.

' Passwe versus Actzve SSCs

* An important aspect of the US nuclear plant life extension requlrements is the

distinction between passive and active systems, structures, and components Passwe
SSCs are those that do not move to function (such as, structures, heat exchangers, cables

“valve and pump bodies, and piping). Their age related degradation can only be
~monitored and trended by performing periodic cond1t1on assessments (such as
inspections, testing, and measurements).
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- Guidance and T rammg

: studles workmg examples, and' procedures to assure consistency of applrcatlon

__\Re'ducing Component Failures

By focusing the license renewal process on safety critical passive and long-lived
components the process has been reduced to a manageable proportions — licensees are

not required to consider all SSCs in order to justify extended operations. -

i

J

One of the key lessons has been the need to provide clear gurdance and support to all
.involved parties. Both the USNRC and the industry have developed guidance, -
documents to assist in the development of aging management programs, the preparation
of the renewal application, and the review of the application. As lessons are learned
these guidance documents are revised to capture new insights or address emerging
issues. Along with the guidance documents, training programs and support activities
have greatly reduced the time and expense in preparing, reviewing, and approving the
license renewal applications. The training must be supplemented with guides, pilot

N Integratton of Aging Management Program Requtrements ‘

‘From the description of the many diverse aging management programs it becomes clear
that plants have a difficult time to integrate all the different requirements and to avoid
duplication-and non-effective maintenance tasks. Too much maintenance can lead to

, reliability and avallabrhty concerns and it is necessary to strive for an adequate balance.

Other drivers are manpower, costs, prioritization of activities and consolidation of tasks.
As part of the Maintenance Rule, the plants already have established a 13-week

': schedule, that is each system or train (where systems have redundant trains) will be
taken out of service for one week every 13 weeks, or four times a year. During this one-
- week system outage, all the preventive and corrective maintenance tasks are to be

completed, including invasive inspections, tests, calibrations, repairs and replacements.
Once license renewal activities begin, additional tasks will have to be squeezed 1nto the
mamtenance week, likely at the expense of other similar. tasks '

Long—term Mamtenan ce Strategy

‘When contemplatlng aging management for a facility, the useful lrfe expectancy and
assocrated planning horizon must be established first, to provide a basis for the long-
term maintenance strategy. The ultimate operating life has a profound impact on the
selection of approprlate and economic maintenance alternatives. It is prudent to link
asset management to maintenance strategy with an objective to preserve the assets as

‘ long as economically feasible. A lesson learned from the aging management proj ects is

that most components can be replaced and that good aging management can preserve
structures for decades if not centuries (the B 52 aircraft are over 50 years old and are

sl flying).

|

No other maintenance action taken in the plant will have as much impact on equipment

. reliability and plant availability as reducing the failure rates of components. The plant or.
- system performance cannot be better than the worst performing critical component. All

efforts must therefore be directed to identify incipient failures, precursors and age
related degradation. This implies that inspections and diagnostics must be employed in
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areas where failure knowledge and prediction is inadequate. In general plants are not
aggressive enough to reduce failures and to invest in predictive maintenance. Even
-though some plants have a “Zero Failure Tolerance policy, when it comes to making
investments, replacements are preferred. ' : '

- Effectiveness of Condition Monitoring

It is not unusual to find that plants have implemented predictive mamtenance tools to
monitor equipment conditions, but the diagnostics are not effective in preventing

 failures. One example is vibration monitoring of rotating equipment, when-data is read

infrequently (once a month) with portable equipment. Bearing degradation can progress,
and often will, »from minor imbalance to catastrophic failure within minutes or hours.
Continuous monitoring with alert and-warning levels is significantly more effective.

~ Another example is oil analysis and ferrography performed at certain intervals is mostly .
‘used to justify an increase in the oil change interval. Installing oil reservoir breather

caps and filters will be more effective to keep contaminants out of the oil.

* Thermography has slowly made inroads in detecting degradation and 1ncrp1ent failures,
.- even though the surveys are done typically only annually and only for readily- accessible.

equipment. More aggressive and effective thermography can be performed for electrlcal .

- equipment inside enclosures, using infrared windows. Enclosed motors also-can be
- surveyed internally using. infrared windows on the casing to measure rotor and stator

shp nng and bearmg temperatures to identify hot spots

Establtshmg Approprtate Inspection Procedures » ”

The two major questions concennng an effective 1nspect10n program are: What and how -

- often to inspect? For components such as cable, piping, valves, pumps, motors a’

sampling program is the most effective means of inspection. Sampling rates must be

- ‘representative with respect to component size, vendor, materials, service and

environmental exposure. An example is to start with a 10% samphng rate and

- decreasing the rate after five years if nothing is found. Or doubling the rate if defective

equlpment is found. If more than one deficiency is found a 100% mspectlon would be -

justified.

Ifa risk analysis is available, component selection and prioritization can be-made by

‘using risk measures. If aging evaluations have been performed, the most vulnerable

components and locations should be known and become the focus of i inspections.
The frequency of inspections depends on the degradatlon one is looking for. If the

- known degradation is a falrly rapid and aggressive process, inspection periods of one to

two years are not uncommon, while inspections of steel and concrete structures are

. undertaken at ten-year intervals. If acceptable defects are found or if repairs have been

performed, the inspection periods should be shortened, commensurate with the rate of -
degradatron or on an annual basis. »

Just because nothing has been found for 20 or 30 years does not imply that degradation
is absent it may just be slow or takes a long time to crack initiation and propagation. -

. The mdst troubling degradation i 1ssues in the nuclear plants became apparent after more
20 years of operation and exposure.

AL
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Aging Management of Inaccesszble Equipment -

A major concem in the license renewal process is equipment that is not readrly :
accessible to inspection; testing or diagnostics. Underground piping and cable,

embedded steel, 'underwater structures are examples of these cases. Unique programs
were developed to deal with these components and to assure that degradation is - ‘
adequately managed. Onetime inspections, selected excavations; use of test coupons and
monitoring of the service environment (soil and water chermstry, evidence of corrosion
products) were employed to indicate when and where degradation becomes active.
Managing these inaccessible components and structures should be a priority, because -
replacement and repair is not usually a feasible option. :

Sharing Experiences

- An effective failure reduction strategy is to access, review and analyze equipment

failures at other facilities. Problems and difficulties at older facilities or those that have
greater operating hours can be a valuable source of leading indicators of what to watch
out for. Generic failures may point out particularly vulnerable parts, impact of abnormal .
operatlon fa11ure indicators, methods of detection and actual service hours to failure.

' Another unportant source of mformauon is gamed by monitoring of other plant’s

experience and programs to identify those activities that work and those that do not _
work. The sharing of best practices, however has been impeded by the deregulation of -
‘the nuclear power industry. Unfortunately, in certain cases, information that provides an.

~ economic advantage to one plant becomes a valuable commodity that is likely not to be

shared w1th others.

Manufactures usually do not have a good understanding of the operational performance

_ of their equipment in the field and are only performing root cause assessments when-

they receive a warranty claim. Maintenance recommendations from the manufacturer -
must be taken with great caution and only if a technical basis exists for their

* recommendations, such as operatronal failure rate trends and component life
_ expectancies.

Pilot Pro;ects

' ‘When attemptmg to create new regulatxons ‘with complex processes, it is 1mperat1ve to .

test the regulations and processes in a real application environment. The first License
Renewal rule failed as a result of applying it to a demonstration project. All
stakeholders must participate in this test program to understand the unp11cat1ons and be

- willing to search for acceptable compromise. The revised rule was a success because of

frequent interaction among the stakeholders, participation of and guidance from senior
management representatlves and a willingness to change and adapt during the
development process.

Properly Quantzfy Consequentzal Fatlure Costs

' _Often when cost benefit analyses are performed to justify correctlve or preventlve

actrons followinig equipment failurés, the consequential failure costs are not adequately

*incorporate into the analyses. This can lead to erroneous assumptions and conclusions.
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Failure costs can include lost production oersonnel injury, lost work time, and medical

- costs. The more serious the failure the greater the impact on the plant and the

organization. Some plants have been forced to shutdown for several years because of
equipment failures and human errors. It is therefore important to identify and quantify
the consequential failure costs to support reliable conclusions and to justify
unplementatron ofa: predrctlve mamtenance and effective aging management strategy

Quanttfv Consequenttal Failure Costs

Often when cost benefit analyses are performed to justify correctlve or preventlve
actions following equipment failures, the consequential failure costs are not adequately
incorporate into the analyses This can lead to erroneous assumptions and conclusions.

" As stated earlier, the value of one day’s lost power production approaches one Million.

Dollars for most plants. In addition, some failures cause personnel injury, lost work tlrne
medical costs and inquiries by the safety authorities. Other failure consequences may
even be more drastic, including fires, flooding, steam escape, explosions, radioactive -
contamination or releases. The more serious the failure, the more impact there will be

on the corporate well being, from an impact on the stock price, annual dividend and
earnings, public image and potential regulatory actions and fines. Some plants have

been forced to shutdown for-periods up to two years, because of equipment failures and
human errors. It is therefore important to identify and quantify the, consequential farlure

‘_ costs to support reliable conclusions and to justify 1mplementat1on ofa predrctrve ,

mamtenance and effective : agmg management strategy N N
y

Concluswns ‘

The aging management and life extension process for the US nuclear industry has been ‘
refined and improved over the years. It has beconie an efficient and effective method to
ensure that the nuclear plants in the United States can be safely operated beyond their

~ original 40-year operating license. By dividing the safety critical systems, structures,

and components-into passive and active categories the industry and regulator have
reduced the potentrally overwhelrmng analysrs effort toa reasonable and manageable

_ size.

By working together, the nuclear industry and the US Nuclear Regulatory Commission
(USNRC) have been able to technically justify life extension. The process has been

" structured to.not be an economic Or resource burden on either the licensees or the

USNRC. However, all parties are contmually revrewmg the process and results to
1dent1fy where improvements can be made. : : :

. i
The process has been selected as a vrable method by many international regulatory and
nuclear industry organizations, including those in Spain, Taiwan, and Korea The
International Atomic Energy Agency in Vienna has also adopted the process as the
model for ensunng safe extended life operatrons

The'agin'g management and life extension process can be easily adapted to other
industries. The development strategy, research material, specific elements of the process,
and many of the lessons learned can all be of potential value to the PSA and Norwegian
petroleum industry in ensuring. safe extended operations of the facilities.
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The Mamtenance Rule

Title 10 of the US Code of Federal Regulations, Part 50.65 ¢
(10 CFR 54.65) :

Requirements for Mo__nitoring the Effectiveness of

_Mainten'ance atN uclear Power Plan_ts

The requirements of this section are applicable during all conditions of plant operatlon, lncludmg normal shutdown ‘
operations. ) .
(a)(1) Each holdeér of a llcense to operate a nuclear power plant under Secs. 50. 21(b) or 50.22 shall monitor the

performance or condition of structures, systems, or components, against licensee-established goals, in a manner.
sufficient to provide reasonable assurance that such structures, systems, and components, as defined in paragraph (b),

- are capable of fulfilling their intended functions. Such goals shall be-established commensurate with safety and,

where practical, take into account industry-wide operating experience. When the performance or condition of a
structure, system, or component does not meet established goals, appropriate corrective action shall be taken. For a
nuclear power plant for which the licensee has submitted the certifications specified in.Sec. 50.82(a)1), this section
only shall apply to the extent that the licensee shall monitor the performance or condition of all structures, systems, or
components associated with the storage, control, and maintenance of spent fuel in a safe condition, in a manner -

sufficient to provide reasonable assurance that such structures, systems, and components are capable of ﬁxlﬁlhng their

intended ﬁmctlons

(2) Momtonng as specified in paragraph (a)(1) of thls sectlon is not requxred where lt has been demonstrated that the
performance or condition of a structure, system, or component is-being éffectively controlled through the
performance of appropriate preventive mamtenance, such that the structure, system, or component remains- capable of
perfonmng its intended function. . .

(3) Performance and condition momtonng activities and associated goals and preventive maintenance actlvmes shall -
be evaluated at least every refueling cycle provided the interval between evaluations does not exceed 24 months. The
evaluations shall take into account, where practical, industry-wide operating experience. Adjustments shall be made
where necessary to ensure that the objective of preventing failures of structures, systems, and components through
maintenance is appropriately balanced against the objective of mxmnuzmg unavailability of structures, systems, and
components due to monitoring or preventive maintenance.

.(4) Before perfonmng maintenance activities (including but not limited to surveillance, post-maintenance testing, and .
corrective and preventive maintenandce), the licensee shall assess and manage the increase in risk that may result from

the proposed maintenance activities. The scope of the assessment may be limited to structures, systéms, and
components that a n'sk-infonned evaluation nrocess has shown to be significant to public health and safety.

(b) The scope of the monitoring program speaﬁed in paragraph (a)(1) of this section shall include safety related and
nonsafety related structures, systems and components, as follows:

(1) Safety-related structures, systems and components that are refied upon to remain _functlonal during and following
design basis events to ensure the integrity of the reactor coolant pressure boundary, the capability to shut down the.
reactor and maintain it in a safe shutdown condition, or the capability to prevent or mitigate the consequences of
accidents that could result in potential offsite exposure comparable to the guxdehnes in Sec. 50. 34(a)(l), Sec.
50.67(b)(2), or Sec. 100.11 of this chapter, as applicable.

) Nonsafety related’ structures, systems, or components : -

(i) That are relied upon to mltlgate accxdents or transients or are used in plant emergency operating procedures
(EOPs); or

" (ii) Whose failure could prevent safety related structures systems, and components from fulﬁllmg their safety-related

functlon, or
(iii) Whose failure could cause a reactor scram or actuatlon of a safety- related system
(c) The requirements of this sectlon shall be implemented by each licensee no Iater than July 10, 1996.
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The Llcense Renewal Rule

Title 10 of the US Code of Federal Regulatlons, Part 54
c (10 CFR Part 54) '

Requirements fi)_r Renéwal of Operati_ng Licenses for Nuclear Power Plants

54.1 Purpose. - ) 7 : 54 22 Contents of application—technical specnﬁcatxons
-| 54.3 Definitions. ' : 54.23 Contents of application—environmental information.

54.4 Scope. : 54.25 Report of thc Advisory Committee on Reactor
54.5 Interpretations. S o " | Safeguards.
54.7 Written communications. - ’ . | 54.27 Hearings.

. 54.9 Information collection requirements: OMB approval 54.29 Standards for issuance of a renewed license.
54.11 Public inspection of applications. : 54.30 Matters not subject to a renewal review.

-54.13 Completeness and accuracy of information. 54.31 Issuance of a renewed license.
54.15 Specific exemptions. S ) 54.33 Continuation of CLB and conditions of renewed llcense.
54.17 Filing of application. o - 54.35 Requirements during term.of renewed license. :
54.19 Contents of application—general information. ) 54.37 Additional records and recordkeepmg requirements.
54.21 Contents of application—technical information. 54.41 Violations., :

. : o 54.43 Criminal penalties. ’ B

General Provisions : o Co
§ 54.1 Purpose.

-This part governs the issuance of renewed operating licenses for nuclear power plahts licensed pdrsuant to Sections

'103 or 104b of the Atomic Energy Act of 1954, as amended (68 Stat. 919), and Title IT of the Energy Reorganization
Actof 1974 (88 Stat. 1242). .

§ 54.3 Definitions.

(2) As used in this part,

Current licensing basis (CLB) is the set of NRC reqmrements applicable to a specific plant and a licensee's
written commitments for ensuring compliance with and operation within applicable NRC requirements and the
- plant-specific design basis (including all modifications and additions to such commitments over the life of the

license) that are docketed and in effect. The CLB includes the NRC regulations contained in 10 CFR Parts 2, 19, .

20, 21, 26, 30, 40, 50, 51, 54, 55, 70, 72, 73, 100 and appendices thereto; orders; license conditions; exemptions; -
and technical specifications. It also includes the plant-specific design-basis information defined in 10 CFR 50.2
as documented in the most recent final safety analysis report (FSAR) as required by 10 CFR 50.71 and the
licensee's commitments remaining in éffect that were made in docketed licensing correspondence such as
licensee responses to NRC bulletins, generic letters, and enforcement actlons, as well as licensee commitments
documented in NRC safety evaluations or licensee event reports. : .

Integrated plant assessment (IPA) is a licensee assessment that demonstrates that a nuclear power plant facility's
~ structures and components requiring aging management review in accordance with.§ 54.21(a) for license
renewal have been identified and that the effects of aging on the functionality of such structures and components
- will be managed to maintain the CLB such that there is an acceptable level of safety during the period of
extended operation.,

Nuclear power plant means a nuclear power facility of a type described in 10 CFR 50.21(b) or 50..22.

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

' (1) Involve systems, structures and components w1th1n the scope ¢ of hcense rénewal, as delineated in §
54 .4(a); .

(2) consnder the effects of aging; : :

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

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

(5) Involve conclusions or provide the basis for conclusions related to the capability of the system,

structure, and componel_lt to perform its intended functions, as delineated in § 54.4(b); and

'
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-§ 54.11 Public mspectlon of applications.

- Applications and documents submitted to the Commission in connectlon with renewal appllcatrons may be made

). ‘Are contained orlncdrporated by reference in the CLB.

(b) All other terms in this part have the same meanings as set out in 10 CFR 502o0r Sechon 11 of the Atomrc Energy
Act, as appllcable . ‘

§ 54.4 Scope. -

(a) Plant systems, structures, and components within the scope of this part are-—

" (1) Safety-related systems, structures, and components which are those relied upon to remain functronal
during and following desrgn-ba515 events (as defined in lO CFR 50 49 (b)(1)) to-ensure the followmg :
functions--

(i) The mtegnty of the reactor coolant pressure boundary; :
(ii)  The capability to shut down the reactor and maintain it in a safe’shutdown condmon, or
(iii) ~ The capability to prevent or mitigate the consequences of accidents which could result in
potential offsite exposures comparable to those referred.to in § 50.34(a)(1), § 50.67(b)(2), or §
100.11 of this chapter, as applicable.
(2) Al nonsafety-related systems, structures, and components whose failure could prevent satlsfactory
. accomplishment of any of the functions identified in paragraphs (a)1)(i), (ii), or (iii) of this section.
(3) All systems, structures, and components relied on in safety analyses or plant evaluations to perform a’
function that demonstrates compliance with the Commission's regulations for fire protection (10 CFR
50.48), environmental qualification (10°CFR 50.49), pressurized thermal shock (10 CFR 50.61),
anticipated transients without scram (10 CFR 50.62), and station blackout (10 CFR 50.63).

(b) The intended functions that these systems, structures, and components must be shown to fulfill in § 54.21 are
those functions that are the bases for including them within the scope of license renewal as specified in )
paragraphs (a)(1) - (3) of this section,

[60 FR 22491, May 8, 1995, as amended at 61 FR 65175, Dec. 11, 1996; 64 FR 72002, Dec. 23, 1999}’

'§ 54.5 Interpretations. .
Except as specifically authorized by’ the Commrssron in wntmg, no mterpretat10n of the meaning of the regulations in

~ this part by any officer or employee of the Commission other than a written interpretation by the General Counsel

will be recogmzed to be binding upon the Commrsswn

§54.7 written communications. _ ‘
All applications, correspondence, reports, and other written communications shall be filed in accordance with

applicable portlons of 10 CFR 504.

-§54.9 Information collection requirementS' OMB approval. .

(a) The Nuclear Regulatory Commission has submitted the information collection -requirements contained in this part
to the Office of Management and Budget (OMB) for approval as required by the Paperwork Reduction Act (44USC. .

" 3501 et seq.). The NRC may not coriduct or sponsor, and a person is not required to respond to, a collection of

information unless it displays a currently valid OMB control number. OMB has approved the mformatlon collection
requirements contained in this part under control number 3150-0155.

(b) The approved information requirements contamed in this part appear in §§ 54 13, 54.15, 54.17, 54. l9 54.21,
54.22, 54.23, 54.33, and 54.37.

[60 FR 22491, May 8, 1995, as amended at 62 FR 52188 Oct: 6,1997; 67 FR 67100, Nov 4, 2002]

available for public inspection in accordance with the provisions of the regulations contained in.10 CFR Part 2.

§ 54.13 Completeness and accuracy of mformatlon

(a) Information provided to the Commission by an appllcant fora renewed license or mformatlon requlred by statute
or by the Commission's regulations, orders, or license condmons to be maintained by the applicant must be complete
and accurate in all material respects. )
(b) Each applicant shall notify the Commission of information identified by the applicant as having, for the regulated
activity, a significant implication for public health and safety or common defense and security. An applicant violates
this paragraph only if the applicant fails to notify the Commission of information that the applicant has identified as
having a significant implication for public health and safety or common defense and security. Notification must be

- provided to the'Administrator of the appropriate regional office within 2 working days of identifying. the information.

This requirement is not applicable to information that is already required to be provided to the Commrssron by other

repomng or updatmg requirements.
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§ 54.15 Speclﬁc exemptlons
Exemptions from the’ requrrements of this part may be granted by the Commrssron in accordance with 10 CFR 50.12.
§ 54.17 Frlmg of appllcatlon. \ !

(a) The filing of an application for a- renewed license must be in accordance with Subpart A of 10 CFR Part 2 and 10
CFR'50.4 and 50.30.
- (b) Any person who is a citizen, national, or agent of a forelgn country, or any corporation, or other entlty which the

* Commission knows or has reason to know is owned, controlled, or dominated by an ahen, a foreign corporatlon, ora

- foreign government, is ineligible to apply for and obtain a renewed license.
(c) An application for a renewed license may not be submitted to the Commission earller than 20 years before the
expiration of the operating license currently in effect.
(d) An applicant may combine an application for a renewed license with apphcatlons for other kmds of licenses.
(e) An application may incorporate by reference information contained in previous applications for licenses or license

amendments, statements, correspondence, or reports filed with the Commrssron, provided that the references are clear .

and specific.
(f) If the application contains. Restricted Data or other defense information; it must be prepared in such a manner that

- all Restricted Data and other defense information are separated from unclassified mformatron in accordance with 10 -
- CFR 50.33()).

(g) As part of i its apphcatlon, and in any event before the receipt of Restricted Data or classified National Security
Information or the i issuance of a renewed license, the applicant shall agree in writing that it will not permit any -

individual to have access to or any facility to possess Restricted Data or classified National Security Information until -

the individual and/or facility has been approved for such access under the provisions of 10 CFR Parts 25 and/or 95.
The agreement of the applicant in this regard shall be deemed part of the renewed license, whether so stated therein or

" not.

{60 FR 22491 May 8, 1995 as amended at 62 FR 17690, Apr. 11, 1997]

§ 54. 19 Contents of appllcatlon--general mformatmn.

(a) Each apphcatlon must provide the information spec1ﬁed in 10 CFR 50. 33(a) through (e), (h), and (1) Altematlvely,
the application may incorporate by reference other documents that provide the information required by this section.

(b) Each application must include conforming changes to the standard indemnity agreement, 10 CFR 140 92, .
Appendrx B, to account for the expiration term of the proposed renewed hcense . ‘

‘§ 54.21 Contents of apphcatlon--techmcal mformatlon.

Each application must contain the following information: ¢ L

(a) An integrated-plant assessment (IPA). The IPA must--
(l) For those systems, structures, and components within the scope of thls part, as delineated in § 54.4,
identify and list those structures and components subject to an aging management review. Structures
.and components subject to an agmg management review shall encompass those structures and
components--
(i) That perform an intended function, as described in § 54.4, without moving parts or without a
change in configuration or properties. These structures and components include, but are not
. limited to, the reactor vessel, the reactor coolant system pressure boundary, steam generators,
the pressurizer, piping, pump casings, valve bodies, the core shroud, component supports,
pressure retaining boundaries, heat exchangers, ventilation ducts, the containment, the
‘containment liner, electrical and mechanical penetrations, equipment hatches, seismic
Category I structures, electrical cables and connections, cable trays, and electrical cabinets,
excluding, but not limited to, pumps (except casing), valves (except-body), motors, diesel
 generators, air compressors, snubbers, the control rod drive, ventilation dampers, pressure -
transmitters, pressure indicators, water level mdlcators switchgears, cooling fans, transistors,
batteries, breakers relays, switches, power mverters, circuit boards, battery chargers, and
" power supphes, and
(ii) That are not subject to replacement based on-a quahﬁed life or spec1ﬁed time penod

(2) Describe and justify the methods used in paragraph (a)(1) of this section.

(3) For each structure and component identified in paragraph (a)(1) of this section, demonstrate that the
effects of aging will be adequately managed so that the intended function(s) will be maintained
consistent with the CLB for the period of extended operation.

(b) CLB changes during NRC review of the application. Each year following submittal of the license renewal
application and at least 3 months before scheduled completion of the NRC review, an amendinent to the renewal
application must be submitted that identifies any change to the CLB of the facility that materially affects the contents

"of the license renewal application, including the FSAR supplemenl

(¢) An'evaluation of tlme-hmlted aging analyses.

—



(1) A list of time-limited aging analyses, as defined in § 54 3 must be provrded The appllcant shall
demonstrate that-- -
(i) The analyses remain vahd for the period of extended operation; ) '
(ii) The analyses have been pro_lected to the end of the period of extended operation; or .
(iii) The effects of aging on the mtended function(s) will be-adequately managed for the period of
extended operation. ~
(2) A list must be provided of plant-specific exemptions granted pursuant t0 10 CFR 50.12 and in effect
that are based on time-limitéd aging analyses as defined in § 54.3. The apphcant shall provide an
evaluation that justifies the continuation of these exemptions for the period of extended operation.
(d) An FSAR supplement The FSAR supplement for the facility must contain a summary description of the programs
and activities for managing the effects of aging and the evaluation of time-limited aging analyses for the penod of
" extended operation determmed by paragmphs (a) and (c) of this section, respectrvely -

N

§ 54.22 Contents of appllcatlon--techmcal specifications. .

Each application must include any technical specificatiof changes or additions necessary to manage the effects of
.aging during the period of extended operation as part of the renewal application. The justification for changes or
additions to the technical'specifications must be contained in the license renewal application.

§54.23 Cbntents of applicatidn--environmental information.

Each apphcatlon must include a supplement to the envmmnental report that comphes with the requlrements of.
Subpart A of 10 CFR Part 51. ;

§ 54.25 Report of the Adv1sory Committee on Reactor Safeguards.

Each renewal application will be referred to the Advrsory Commmee on Reactor Safeguards for a review and report
. Any report will be made part of the record of the application and made available to the puiblic, except to the extent -
~that security classnﬁcatlon prevents disclosure. L L

-'§ 54.27 Hearings.

A notice of an opportunity for a heanng will be published in the Federal Register in accordance w1th 10 CFR 2.105.

- In the absence of a request for a hearing filed within 30 days by a person whose interest may be affected, the
Commission may issue a renewed operatmg license without a hearmg upon 30-day notice and publication once in the
Federal Register of its mtent t0 do so. : o~

§ 54.29 Standards for issuance of a renewed license. o ' -

A renewed license may be issued by the Commnsswn up to the full term authonzed by § 54.31if the Comm1ssron
finds that: .
(a)-Actions have been identified and have been or w111 be taken with respect to the matters identified in Paragraphs
(a)(1) and (a)(2) of this section, such that there is reasonable assurance that the activities-authorized by the renewed
license will continue to be conducted in accordance with the CLB, and that any changes made to the plant's CLB in
.. order to comply with this paragraph are in accord with the Act and the Commission's regulations. These matters are: :
(1) managing the effects of aging during the period of extended operation on the functionality of
structures and components that have been identified to require review under § 54.21(a)(1); and

(2) time-linited aging analyses that have been identified to require review under § 54.21(c).

(b) Any applicable requirements of Subpart A of 10 CFR Part 51 have been satisfied.

(c) Any matters raised under § 2.335 have been addressed )
(69 FR 2279, Jan. 14, 2004] _ o o

§ 54.30 Matters not subject to a renewal review.

(a) If the reviews required by § 54.21 (a) or (c) show that there is not reasonable assurance dunng the current license
term that licensed activities will be conducted in accordance with the CLB, then the licensee shall take measures
under its current license, as appropriate, to ensure that the intended function of those systéms, structures or
components will be maintained in accordance with the CLB throughout the term of its current license.
(b) The licensee's compliance with the obligation under Paragraph (a) of this section to take measures under its

" current license is not within, the scope of the license renewal review.

'

'§ 54.31 Issuance of a renewed license.

(a) A renewed license will be of the class for which the operating license currently in effect was issued.

(b)A renewed license will be issued for a fixed period of time, which is the sum of the additional amount of time
beyond the expiration of the operating license (not to exceed 20 years) that is requested in a renewal application plus
the remammg number of years on the operatmg license currently in effect. The term of any renewed license may not .
exceed 40 years.
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( .
(c) A renewed license will become effective immediately upon its issuance, thereby superseding the operating license
previously in effect. If a renewed license is subsequently set aside upon further administrative or judicial appeal, the
operating license previously in effect will be reinstated unless its term has expu'ed and the renewal appllcatlon was
pot filed in a timely manner.
(d) A renewed license may be subsequently renewed in accordance wrth all appl lcable requlrements

§ 54.33 Continuation of CLB and conditions of renewed license.

(2) Whethier stated therein or not, each renewed license will contain and otherwise be subject to the condmons set
forth in 10 CFR 50.54.

" (b) Each renewed license wrll be lssued in such form and contain such conditions and hmntatrons, mcludmg techmcal
_specifications, as the Commission deems appropriate and necessary to help ensure that systems, structures, and -
components subject to review in accordance with § 54.21 will continue to perform their intended functions for the
period of extended operation. In addition, the renewed license will be issued in such form and contain such condmons
and limitations as the Commission deems appropriate and necessary to help ensure that systems, structures, and
‘components associated with any time-limited aging analyses will contmue to perform their intended functions for the -
period of extended operation.

(c) Each renewed license will include those conditions to protect the environment that were imposed pursuant to 10
CFR 50.36b and that are part of the CLB for the facility at the time of issuance of the renewed license. These .
conditions may be supplemented or amended as necessary to protect the environment during the term of the renewed
license and will be derived from information contained in the supplement to the environmental report submitted
pursuant to 10 CFR Part 51, as analyzed and evaluated in the NRC record of decision. The conditions will identify
the obligations of the licensee in the environmental area, including, as appropriate, requirements for reporting and
recordkeeping of envifonmental data and any conditions and momtonng requrrements for the protection of the
nonaquatic environment.

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

§ 5435 Requrrements durmg term of renewed license. : ”

Dunng the term of a renewed license, licensees shall be subject to and shall-continue to comply with all Commission
~ regulations contained in 10 CFR Parts 2, 19, 20, 21, 26, 30, 40, 50, 51, 54, 55, 70, 72, 73, and 100 and the:
appendrces to these parts tl)lat are applicable to holders of operatmg licenses. )

§ 54.37 Additional records and recordkeepmé requirements.

(a) The licensee shall retain in an auditable and retrievable form for the term of the renewed operatmg license all
information and documentatlon requlred by, or otherwrse necessary to document compliance with, the prowsrons of"
this part.

(b) After the renewed license is 1ssued the FSAR update required by 10 CFR 50.71(e) must mclude any. systeis,
structures, and components newly identified that would have been subject to an aging management review or
evaluation of time-limited aging analyses in accordance with § 54.21. This F SAR update must describe how the
effects of aging will be managed such that the intended functron(s) in § 54.4(b) wnll be effectively maintained durmg .
the period of extended operation. .

-~

§ 54.41 Violations. v . v
(a) The Commission’ may obtain an mjunctlon or other court order to prevent a v1olat10n of the provisions of the
following acts-- :
(1) The Atomic Energy Act of 1954, as amended.
(2) Title I of the Energy Reorganization Act of 1974, as amended or
" (3) A regulation or order issued pursuant to those acts.
(b) The Commission may obtain a court order for the payment of acivil penalty 1mposed under Section 234 of the
Atomic Energy Act:-
(1) For violations of the following--
(i) Sections 53, 57, 62, 63, 81, 82, 101 103, 104, 107 or 109 of the Atomic Energy Actof 1954
. as amended; -
(i) Section 206 of the Energy Reorganization Act;
(iii) Any rule, regulation, or.order issued pursuant to the sections specified in paragraph (b)(1X1)
of this section; - _
(iv) Any term, condition, or limitation of any license rssued under the sectlons specified in
paragraph (b)(1Xi) of this sectipn.
(2) For any violation for whlch a license may be revoked under Sectron 186 of the Atomrc Energy Act of 1954, as

amended.
/



Ap'p'endix C

USNRC Guidance Concermng Agmg Effects

& Aging Mechamsms

Table C-1: Aging Effects (Source: GALL Report - NUREG-1801)

Changes in dimensions

Changes in dimensions can result from void swelling.

Concrete cracking and spalling

Concrete cracking and spalling can result from freeze-thaw aggresswe chemccal
“attack, and reaction with aggregates. N

Crack growth

Increase in crack size, attributable to cyclic loading.

Cracking

This term is used in this document to be synonymous with'the phrase “crack
initiation and growth" in metallic substrates. Cracking in concrete can be caused by .
. restraint shrinkage, creep, and aggressive environment.

Cracking, loss of bond, and loss
of material (spalling, scaling)

- Cracking, loss of bond, and loss of material (spalling, scaling) can be caused by
corrosion of embedded steel in concrete.

Cracks; distortion; increase in’
component stress level

‘Within concrete structures, cracks, distortion, and increase in component stress
level can be caused by settliement. Aithough settiement can be occur in a soil *
environment, the symptoms can be manifested in either an alr-mdoor uncontrolled
or air-outdoor environment. :

Cumulative fatigue damage

Cumuilative fatigue damage is due to fatigue, as defined by. ASME Boiler and
Pressure Vessel Code.

Degradation of insulator quality

The decrease in insulating capacity can result from the presence of salt deposits or
_surface contamination. Although this derives from an aging mechanism

_(presence of salt deposits or surface contamination) that may be due to temporary,
transient envnronmen(al conditions, the net result may be Iong lasting and .
cumulative.

Embrittlement, cracking,

‘ melting, discoloration, swelling,
or loss of dielectric strength
leading to reduced insulation
resistance; electrical failure

Embrittlement, cracking, melting, dlscoloration swelling, or loss of dlelectnc
strength leading to reduced insulation resistance, electrical failure can result from.
mechanisms such as thermal or thermoxidative degradation of

organics; radiation-induced oxidation, radiolysis and photolysis (UV sensmve
materials only) of organics; moisture intrusion; and ohmic heating.

Expansion and cracking

Within concrete structures; expansion and crackmg can result from reaction wnh
aggregates. - . .

Fatigue

_contamination, corrosion, oxidation. - !

Fatigue in copper fuse holder clamps can result from ohmic heating, thermal
cycling, electrical transients, frequent mampulatlon vnbrauon chemical

Fretting or lockup

Fretting is an aging effect due to accelerated deterioration at the interface between
contacting surfaces as the result of corrosion and slight oscillatory

movement between the two surfaces. in.essence, both fretting and lo'ckup are due
to mechanical wear.

'Hardening and loss of strength

Hardening and loss of strength can result from Eastover degradatlon of seals and
other efastomeric.components. Elastomers can experience increased hardness,
shrinkage, and loss of strength, due to weathering. :

increase in porosity and
‘permeability, cracking, loss of
material (spalling, scaling), loss
‘of strength - .

Concrete can increase in porosity and permeability, cracking, loss of material
(spalling, scaling) due to aggressive chemical attack. In concrete, loss of material
(spalling, scaling) and cracking can result from freeze-thaw processes. Loss of
strength can result from leaching of calcium hydroxide in the concrete.

Increased resistance of
connection

Increased resistance of connection in electrical transmission conductors and -
connections can be caused by oxidation or loss of preload.

Ligament cracking -

Steel tube support plates can experience ligament cracking due to corrosion..

{-Localized damage and

breakdown of insulation leading
to electrical failure

Localized damage in polymeric electrical éonductor insulation leading to electrical
failure can be due to a number of aging mechanisms including moisture intrusion,
and the formation of water trees. Based on operating experience, localized damage
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and breakdown of insulation may be exacerbated by manufactunng defects in the
insulation of older electrical conductors, external damage, or damage due to poor
installation practices. ) '

Loosening of bolted
connections

The loosening of bolted bus duct connectaons due to thermal cycllng can result
from ohmic heating.

Loss of fracture toughness

Loss of fracture toughness can result from various aging mechanisms including .
thermal aging, thermal aging embrittlement, and neutron irradiation embrittlement.

Loss of leak tightness

Steel airlocks can experience loss of leak tightness in closed position resulung from
mechanical wear of locks, hinges, and closure mechanisms.

‘Loss of material

Loss of material may be due to general corrosion,.boric acid corrosion, pitting
corrosion, galvanic.corrosion, crevice corrosion, erosion, fretting, flow-accelerated
corrosion, MIC, fouling, selective leaching, wastage, wear, and aggressive
chemical attack. In concrete structures, loss of material can also be caused by
abrasion or cavitation or corrosion of embedded steel. For high voltage insutators,
loss of material can be attributed to mechanical wear or wind-induced abrasnon and
fatigue due to wind blowing on transmission .

conductors. .

Loss of material, loss of form

_In earthen water-control structures, the loss of material and Ioss of form can result

“runoff, and seepage.

from erosion, settlement, sedimentation, frost action, waves, currents, surface

"Loss of preload

. Loss of preload due to gasket creep, thermal effects (including differential

expansion and creep or stress relaxation), and self-loosening (which includes
vibration, joint flexing, cyclic shear loads, thermal cycles) is an aging -
effect/mechanism accepted by industry as being within the scope of Ilcense
‘renewal. .

Loss of prestress

Loss of prestress in structural steel anchorage components can result from
relaxation, shrinkage, creep, or elevated temperatures. .

Reduction in foundation

" settlement

strength, cracking, dufferentlal :

Reduction in foundation strength, cracking, and differential settiement can result
from erosion of porous concrete subfoundation.

Reduction of heat transfer

Reduction of heat transfer from fouling by the buildup, from whatever source, on
the heat transfer surface. Although in heat exchangers, the tubes are the primary
heat transfer component, heat exchanger internals

including tubesheets and fins contribute to heat transfer and may be affected by
the reduction of heat transfer due to fouling.

Reductlon of strength and
modulus

In.concrete, reduction of strength and modulus can be attnbuted to elevated
temperatures (>150°F general; >200°F local). .

Reduction or loss of is_olation
function

‘Reduction or loss of isolation function in polymeric vibration isolation elements can

result from elastomers exposed to radiation hardening, temperature, humidity,
sustained vibratory loading.

.Wall thinning '

This is the term used to describe the specuf ic type of loss of material due to ﬂow-
accelerated corrosion. ’ .




- Table C-2: Aging Mechanisms (SOuroe: GALL Report - NUREG-1801) -

Abrasion

As water migrates over a concrete surface, it may transport material that can abrade the
concrete. The passage of water may also create a negative pressure at the water/air to
‘concrete interface that can result in abrasion and cavitation degradation of the concrete This
may result in pitting or aggregate exposure due to loss of cement paste.

- Aggressive chemical
attack

Concrete, being highly alkaline (pH >12.5) is degraded by strong acids. Chlorides and sulfates
of potassium, sodium, and magnesium may attack concrete, depending concentration in
soil/ground water. Exposed surfaces of structures may be subject to sulfur-based acid-rain
degradation. Minimum degradation thresholds are 500 ppm chlorides and 1500 ppm sulfates

Boric acid corrosion

Corrosion by boric acid, which can occur where there is borated water leakage in an
environment described as air with borated water leakage. See also Corrosion.

-Cavitation

Formation and instantaneous collapse of innumerable tiny voids or cavities within a liquid
subjected to rapid and intense pressure changes. Cavitation caused by severe turbulent ﬂow
can potentially lead to cavitation damage.

Chemical contamination

Degradation due to presence of chemical constituents.

Corrosion

N

Chemical or électrochemical reaction between a material, usually a metal, and its environment
that produces a deterioration of the material and its properties. ’

Corrosion of embedded
steel

If pH of the concrete in which steel is embedded is _reduced {pH < 11.5) by intrusion of
aggressive ions (e.g., chlorides > 500 ppm) in the presence of oxygen, embedded steel
corrosion may occur. A reduction in pH may be caused by the leaching of alkaline products

" through cracks, entry of acidic materials, or carbonation. Chlorides may also be present in the

constituents of the original concrete mix. The severity of the corrosion is affected by the
properties and types of cement, aggregates, and moisture content.

Creep

Creep, for a metallic material, refers to a time-dependent continuous deformation process
under constant stress. It is an elevated temperature process and is not.a concem for low-alloy
‘steel below 700°F, for austenitic alloys below 1000°F, and for-Ni-based alloys below 1800°F.
Creep, in concrete, is related to the loss of absorbed water from the hydrated cement paste. It
is a function of modulus of elasticity of the aggregate. It may result in loss of prestress in the
tendons used in prestressed concrete containment.

~Crevice Corrosion

Localized corrosion of a metal surface at, or |mmed|ately,adjacent to, an area that is shielded

from full exposure to the environment, because of close proximity between the metal and the

surface of another material. Crevice corrosion occurs in a wetted or buried environment when
a crevice or area of stagnant or low flow exists that allows a corrosive ‘environment to develop
in a component. It occurs most frequently in joints and connections, or points of contact

-between metals and non-metals, such as gasket surfaces, lap joints, and under bolt heads. -

Carbon steel, cast iron, low alloy steels, stainless steel, copper, and nickel base alloys are all
susceptible to crevice corrosion. Steel-can be subject to crevice corrosion.in some cases after
lining/cladding degradation. .

Cyclic foading /

v

One source of cyclic loading is due to periodic apphcatnon of pressure loads and forces due to
thermal movement of piping transmitted through penetrations and structures to which
penetrations are connected. The typical result of cyclic loads on métal components is fatigue
cracking and failure; however, the cyclic loads may also cause deformatlon that resuits i in
functional failure.

Deterioration of seals,
gaskets, and moisture
barriers (caulking, -
flashing, and other
sealants) ’

Seals, gaskets, and moisture barriers (caulking, flashing, and other sealants‘) are subject to

_loss of sealing and leakage through containment caused by aging

L

Distortion

The aging mechanism of distortion can be caused by time dependent strain, or gradual elastic
and plastic deformation of metal that is under constant stress at a value lower than its normal
yield strength.

Elastomer degradation

Elastomer materials are substances whose elastic properties are similar to that of natural
rubber. The term elastomer is sometimes used to technically distinguish synthetic rubbers and
rubber-like plastics from natural rubber. Degradation may include cracking, crazing, fatigue
breakdown, abrasion, chemical attacks, and weathering. {20, 21} Elastomer hardemng refers
to the degradatlon in elastic properties of the elastomer.




Electrical transients

An electrical transient is a stressor caused by a voltage spike that can contribute to aging
degradation. Certain types of high-energy electrical transients can contribute to
electromechanical forces ultimately resulting in fatigue or loosening of bolted connections.

- Transient voltage surges are a major contributor to the earty fallure of sensmve electrical

components - ~

Elévated temperature

In concrete, reduction. of strength and modulus can be attnbuted to elevated temperatures
(>150°F general; >200°F local). .

Erosion

Progressive loss of material from a solid surface due to ‘mechanical interaction between that
surface and a fluid, a multi-component fluid, or solid particles carried with the fluid.

' Erosion settlement

=

Erosion (as defined above). Settlement of containment structure may occur during the design
life due to changes in the site conditions, e.g., due to erosion or changes in the water table.
‘The amount of settlement depends on thie foundation material, and is generally determined by
survey. Another term is erosion of the porous concrete sub-foundation.

Erosion, settlement,
sedimentation, frost
action, waves, currents,
surface runoff, seepage

In earthen water-control structures, the loss of material and loss of form can result from
erosion, settlement, sedimentation, frost action, waves, currents, surface Run-off, and

- seepage.

Fatigue .

A phenomenon leading to fracture under repeated or fluctuating stresses having a maximum
value less than the tensile strength of the material. Fatigue fractures are progressive, and
grow under the action of the fluctuating stress. Fatigue due to vrbratory and cyclic thermal
loads is defined as the structural degradation that can occur as a result of repeated
stress/strain cycles caused by fluctuating loads, e.g., from vibratory loads, and temperatures
giving rise to thermal loads. After repeated cyclic loading of sufficient magnitude, micro- -
structural damage may accumulate, leading to macroscopic crack initiation at the most
vulnerable regions. Subsequent mechanical or thermal cyclic loading may lead to growth of
the initiated crack. Vibration may result in component cyclic fatigue, as well as in cutting, wear,
and abrasion, if left uhabated. Vibration is generally induced by external equipment operation.
It may also result from flow resonance or movement of pumps or valves in fluid systems.
Crack initiation and growth resistance is governed by factors including stress range, mean -
stress, loading frequency, surface condition, and the presence of deletenous chemical
species.

Flow-accelerated

“corrosion (FAC)

. Also termed erosion-carrosion. A co-joint activity involving corrosion and erosion in the

presence of a moving corrosive fluid, leading to the accelerated loss of material.

Fouling

An accurnulation of deposits. This term includes accumulation and growth of aquatic

_organisms on a submerged metal surface and also includes the accumulation of deposits,

usually inorganic, on heat exchanger tubing. Biofouling, as a subset of fouling, can be caused
by either macro-organisms (such as barnacles, Asian clams, zebra mussels,; and others found
in fresh and salt water) or micro-organisms, e.g., algae. Fouling can also be categorized as
particulate fouling (sediment, silt, dust, and corrosion products), marine biofouling, or /
macrofouling, e.g., peeled coatings,.debris, etc. Fouling in a raw water system can occur on
the piping, valves, and heat exchangers. Fouling can result in a reduction of heat transfer, loss
of material,.or a reductionin the system flow rate (this last aging effect is considered active
and thus is not in the purview of license renewal). R o/

Freeze-Thaw, frost action

Repeated freezing and thawing is known to be capable of causing severe degradation to the
concrete characterized by scaling, cracking, and spalling. The cause of this phenomenon is )
water freezing within the pores of the concrete, creating hydraulic pressure that, if unrelieved,
will lead to freeze-thaw degradation. Factors that enhance the resistance of concrete to
freeze-thaw degradation are a) adequate air content (e.g., within ranges specified in AC1 301-
84), b) low permeability, c) protection until adequate strength has developed and d) surface .
coating applied to frequently wet-dry surfaces.

- Fretting

Aging effect due to accelerated deterioration at the interface between contacting surfaces as
the result of corrosion, and slight oscillatory movement between the two surfaces.

Galvanic corrosion”

Accelerated corrosion of a metal because of an electrical contact with a more noble metal or

‘nonmetallic conductor in a corrosive electrolyte. Also called bimetallic corrosion, contact. -

corrosion, dissimilar metal corrosion, or two-metal corrosion. Galvanic corrosion is an

. applicable aging mechanism for steel materials coupled to more noble metals in heat

" exchangers; galvanic corrosion of copper is of concern when coupled with the nobler stainless
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General corrosion

Also known as uniform cormosion, corrosion proceeds at approximately the same rate over a
metal surface. Loss of material due to general corrosion is an aging effect requiring
management for low alloy steel, carbon steel, and cast iron in outdoor environments.

Intergranular stress
corrosion cracking
(IGSCC)

SCC in which the cracking occurs along grain boundaries. :

Leaching of calcium
hydroxnde

Water passing through cracks, inadequately prepared construction joints, or areas that are not
sufficiently consolidated during placing may dissolve some calcium containing products, of
which calcium hydroxide is the most-readily soluble, in concrete. Once the calcium hydroxide
has been leached away, other cementatious constituents become vuinerable to chemical -
decomposition, finally leaving only the silica and alumina gels behind with. little strength. The
water's aggressiveness in the leaching of catcium hydroxide depends on its salt content and
temperature. This leaching action is effective only if the water passes through the concrete. .

-Mechanical loading

Applied loads of mechanical origins rather than from other sources, such as tﬁermaL_

Microbiologically
‘influenced corrosion
(MIC)

Any of the various forms of corrosion influenced by the presence and activities of such
microorganisms as bacteria, fungi, and algae, and/or the products produced in their
metabolism. Degradation of material that is accelerated due to conditions under a biofilm or
microfouling tubercle, for example, anaerobic bacteria that can set up an electrochemical
galvanic reaction or inactivate a passive protective film, or acid-producing bacterial that mlght
produce corrosive metabolites.

Moisture intrusion

Influx of moisture through any viable process.

Ohmic heating

Ohmic heating is induced by current flow through a conductor and can be calculated using ﬁrst
principles of electricity and heat transfer. ‘Ohmic heating is a thermal stressor and can be
induced in situations, such as conductors passing through electrical penetrauons Ohmlc
heating is especially significant for power circuit penetrations.

Overload

- Overload is one of the aging mechanisms that can ¢ause loss of mechanical function in piping

and components, such as constant and variable load spring hangers, guides, stops, sliding.
surfaces, design clearances vubratlon isolators, fabricated from steel or other materials, such
as Lubrite

Oxidation

Two types of reactions a) reaction in which there is an increase in valence resulting froma -

Photolysis

_loss.of electrons, or b) a corrosion reaction in which the corroded metal forms an oxnde

Chemical reactlons induced or assisted by hght

Pitting corrosion’

. Localized corrosion of a metal surface, confined to a point or small area, which takes the form

of cavities called pits.

Plastic deformation

Time-dependent strain, or gradual elastic and plastic deformatlon of metal that is under
constant stress at a value lower thari its normal yield strength.

Presence of any salt
deposits

s

The surface contamination resulting from the aggressive environment associated with the '
presence of any salt'deposits can be an aging mechanism causing the aging effect of
degradation of insulator quality. Although this aging mechanism may be due to temporary,
transient environmental conditions, the net result may be long- Iastlng and cumulative for '
plants located in the vicinity of saltwater bodies.

Radiplysis

Chenmical reactions induced or assisted by radiation. Radiolysis and photolysis aging -
mechanisms can occur in UV-sensitive organic materials: .

. Reaction with aggregate

The presence of reactive alkalis in concrete, can lead to subsequent reactions wuth
aggregates that may be present. These alkalis are introduced mainly by cement, but also,may
come from admixtures, salt-contamination, seawater penetration, or solutions of deicing salts.
These reactions include alkali-silica reactions, cement-aggregate reactions, and aggregate-
carbonate reactions. These reactions may lead to expansion and cracking. -

Restraint shrinkage

Restraint shnnkage can cause cracking in concrete transverse to the Iongltudlnal construction
joint. .

Selective leaching

Also known as dealloying, e.g., dezincification or graphmc corrosion. Selective corrosmn of
one or more components of a solid solution alloy.

. Settlement

Settlement of structures may occur during the design life due to changes in the site conditions,’
e.g., the water table. The amount of settlement depends on the foundation material and is
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generally determined’ by survey.

Stress corrosion cracking
(SCC)

Cracking of a metal produced by the combined action of corrosion and tensile stress (applied
or residual). : .

Stress relaxation

Many of the bolts in reactor internals are stressed to a cold initial preload. When subject to
high operating temperatures, over time, these bolts may loosen and the preload may be lost.
Radiation can also cause stress relaxation, in highly stressed members such as bolts.
Relaxation in structural steel anchorage components can be an aging mechanism contributing
to the aging effect of loss of prestress. .

Thermal aging
embrittlement

Also termed thermal aging or thermal embrittlement. At operating temperatures of 500 to
650°F, cast austenitic stainless steels (CASS) exhibit:a spinoidal decompaosition of the ferrite
phase into ferrite-rich and chromium-rich phases. This may give rise to significant
embrittlement, i.e., reduction in fracture toughness, depending on the amount, morphology,
and distribution of the ferrite phase and the composition of the steel. Thermal aging of
materials other than CASS.is a time- and temperature-dependent degradation mechanism that
decreases material toughness. It includes temper embrittiement and strain aging.

- embrittlement. Ferritic and low alloy steels are subject to both of these embnttlement but

wrought stainless steel is not affected by either of the processes.

Thermal effects, gasket

'

creep, and self-loosening -

Loss of preload due to gasket creep, thermal effects (including differential expansion and
creep or stress relaxation), and self-loosening (which includes vibration, joint ﬂexmg. cycllc
shear loads, thermal cycles) is within the scope of license renewal.

Thermal and mechamcal
loading

Loads (stress) due to mechanical or thermal (temperature) sources.

i

Thermal fatigue . -

Thermal (temperature) fatigue can result from phenomena such as thermal loading, thermal
cycling, where there is cycling of the thermal loads and thermal stratification. Thermal
stratification-is a thermohydraulic condition with definitive hot and cold water boundary -

“inducing thermal fatigue of the piping. Turbulent penetration is a thermo-hydraulic condition

where hot and cold water mix asa result of turbulent flow conditions, leading to thermal
fatigue of the piping. .

Water trees -

Water trees occur when the insulating. matenals are exposed to long-term, continuous\

- electrical stress and moisture; these trees eventually result in breakdown. of the dielectric and

ultimate failure. The growth-and propagation of water trees is somewhat unpred:ctable Water
treeing is a degradation and long-term failure phenomenon.

Wear

Wear is defined as the removal of surface layers due to relative' motion between two surfaces:
or under the influence of hard abrasive particles. Wear occurs in parts that experience
intermittent relative motion, frequent manipulation, or in clamped joints where relative motion

. is not intended but may occur due to a loss of thé clamping force.

Weathen‘ng .

Degradation of external surfaces of materials when expos'ed to outside environment. -




‘Appendix D

Aging Managemeh’t P_rogrva'.m EXémple -
Concrete Structures Monitoring
GALL Report (NUREG-1801 Vol 2)

Xi.82 ASME SECTION XI, SUBSECTION WL -

Program {)escnptton

10 CFR 50.55a imposes the examination requirements of the Amencah Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessal {B&PV) Code, Section X1, Subsection WL for
reinforced and prestressed concrete containments {Class CC). The scope of WL includes

. reinforced concrete and unbonded post-tensioning systems. This evaluation covers both the

1992 edition with the 2001 edition’ including the 2002 and 2003 Addenda, as approved in

10 CFR 50.55a. ASME Code Section XI, Suhsection WL and the additional requirements
specified in 10 CFR 50.55a(h){2) constitlule an existing mandated program applicable to
managing aging of mntamment feinforced concrete and um)ondeﬂ post-tensmmu systems mr
rcense renewal. .

" The primary mspecﬁon meathod specﬁied niwLis wsuai exammatlon (VT-3C, VT -1 VT- 10}

For prestressed wmalnments tendon wires are tesled for yletd sirength, ultimate tensﬂe
strengih, and elongation. Tendon cofrosion protection mediun is analyzed for alkalinity, water
content, and soluble ion concentrations. Prestressing forces are measured in selected sample

 tendons. MWL spacifies acceplance chteria, cofrective actions, and expansion of the mspewon

scope when degradation exceed]ng the acceptance cntena is fmmd

The evaimhm of 10 CFR 50 552 and Subsection iW‘L ‘as an aging manaqemnt program
(AMP} for license renewal is provided below.

Evaluation and Technical Basss

i Scope omegmm Subsecnon IWi-1080 specifies the components of concrete £

containments within its scope. The components within the scope of Subsection WL are
" reinforced concrete and unbonded post-tensioning systems of Class CC containments, as
" defined by CC-1000. Subsection WL exempts from examination portions of the concrete
. containment that are inaccessible (e.g., concrete covered by liner; foundation maienal or
hackfi 11 or abstructed by aG}acem structures or other components). :

10 CFR 50. 553@){2}{\/&&) specifies additional requirements for inaccessiia areas. it states
that the ficensee is to evaluate the acceptability of concrete in inaccessible areas when
conditions exist in accessible areas that could indicate the presence of or result in J
degradation to such inaccessible areas. Sted! iners for concrete containments and their
integral attachments are not within the scope of Subsectmﬂ WL, but are mcluded within
the scope of Subisection IWE. ‘

2. Preventive Action: No preventive actions are specified; Subsection Wl isa _moniton’ng i
program. If a coating program is currently credited for managing the effects of aging of
concrete surfaces, then the pmgram is to be continued dmng the periad of extended
operation. ‘ \

3. Parameters Monitored o Inspected: Tahie iWL—ZSGQ-1: speciﬁes fwo categories for

examination of concrete surfaces: Category L-A for all concrete surfaces and Categoty L- :

P An appls'carﬂ may rely on é differani versicn of the ASME Code, but should jusiify sach use.  An
applicant may wish o refer o the S0C for an updaxe of 10 CFR § 50. 555 to jusﬁfy use of a more recent

. edition of the Cade. )




B for concrete surfaces surrounding tendon anchorages. Both of these categories rely an
visual examination méthods. Concrete surfaces are examined for evicence of damage or
. degradation, such as concrete cracks. WL-2510 specifies that concrete surfaces are
examined for conditions indicative of degradation, such as those defined in ACI 201.1R-
77. Table IWL-2500-1 also specifies Category L-B for test and examination requirements
for unbonded post tensioning systems. Tendon anchorage and wires or strands are

- visually examined for cracks, comrosion, and mechanical damage. Tendon wires of strands
are also tested for yield strength uttimate tensile strength, and efongation. Tendon .
corrosion protection medium is testeﬁ by analysis for alkalinity, water content, and soluble
ion concentrations. , .

4.  Detection of Aging Effects: The frequency and scoge of examinations specified in -

10 CFR 580.553 and Subsection WL ensure that aging effects would be detected hefore '
they would compfomise the design-basis requirements. The frequency of inspection is
specified in IWL-2400. Concrete inspections are performed in accordance with
Examination Category L-A. Under Subsection IWL, inservice inspections for concrete an{i
unbonded postiensioning systems are required at one, three, and five years following the
structural integrity test. Thereafter, inspections are performed at five-year intervals. For
sites with two plants, the schedme for inservice inspection is provided in PAL-2421. inthe
case of tendans, only a sample of the tendons of each tendon fype requires examination
at each inspection. The tendons to be examined during an inspection are selected on a
random basis. Table IWL-2521-1 specifies the number of tendons to be selected for each
tvpe (e.g., hoop, verlical, dome, helicat, and inveried U) for each inspection period. The
minimum number of each tendon type selected for inspection varies from 2 to 4%.
‘Reqarding detection methods for aging effects, all concreté surfaces receive a visuat VT-

, 3C examination. Selected areas, such as those that indicate suspact conditions and areas
surrounding tendon am:mmges receive a more rigarous VT-1 or VT-1C examination.
Presiressing forces in sample tendons are measured. In addifion, one sample tendon of
each type is detensioned. A single wire or strand is removed fmm each detensioned
{endon for examination and testing. These visual examination methods and testing would
identify the aging effects of accessibie oonmete components and presims&ng sysiems in
eoncrete containments. .

5. Monitoring and Trending: Except in inaccessible areas, alf concrete surfaces are
monitored on a regutar basis by virtue of the examination requirements. For prestressed
containments, trending of prestressing forces in tendons is required in accordance with -
paragraph (b){2}{vili) of 10 CFR 50.55a. In addition to the random sampling used for
tendon examination, one tendon of each type is selected from the first-year inspection
sample and designated as a common tendon. Each common tendon is then examined
during each inspection. This procedure provides monitoring and tnendin’g information over
the life of the plant. 10 CFR 50.55a and Subsection {WL also require that presiressing
forces in all inspection sample fendons be measured by lifi-off tests and compared with
acceptance standards based on the precﬁcted fcrce far that type of tendon over its fife.

’ 6. ‘ Acceptance Criteria: \WL-3000 provides acoepﬁance critera fQF concrete containments.

For concrete surfaces, the acceptance criteria rely on the determination of the
“Responsihle Engineer™ {as defined by the ASME Code) regarding whether there is any
evidence of damage or degradation sufficient fo warrant further evaluation or repair. The
acceptance criteria are qualitative; guidance is provided in IWL-2510, which references
ACH201.1R-77 for identification of cancrete degradation. FWLE-2320 requires that the
Responsibie Engineer be a registered professional engineer experienced in evaluating
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the inservice condition of stnuctural concrete and knowiedgeable of the dasign and

- construction codes and other criteria used in design and construction of conerete

containments. Quantitative acceptance criteria based on the "Evaluation Criteris”® provided
in Chapter 5 of AC] 349 3R may also be used {0 augment the qualitative assessment of
the responsibie enginser. The acceptance standards for the unbonded postiensioning .
system are quantitative in nature. For the postiensioning system, quantitative acceptance
criteriza are given for tendon force and elmgaim tendon wire or strand samples, and
comosion profection medium. 10 CFR 50.55a and Subsection VL do not define the -
method for caleulating predicted tendon prestressing forces for comparison to the
measured tendon lift-off forces. The predicted tendon forces are to be calculated in
accordance with Regulatory Guide 1.35.1, which provides an acceptabie memodofogy for
use tnroagh the period of extendead operatten

Correcm«e A_czions: Bubsechion WL speciﬁes that items for which examination results do
not meet the acceptance standards are to be evaluated in accordance with IWL-3300
"Evaluation” and described in an engineering evaluation report. The report is to include an
-evaluation of whether the concrete containment is accepiable without repair of the item
and if repair is required, the extent, method, and compietion date of the repair or .
replacement. The report also identifies the cause of the condition and the extent, nature,
and frequency of additional examinations. Subsection WL also provides repair

- procedures fo follow in I'WL-4000. This includes requmnenis for the concrete repair,

10

repair of reinforcing steel, and repair of the postiensicning system. As discussed in the
appendix to this report, the staff finds the requirements of 18 CFR Pas‘t 50 Appendix B,
acceptaﬁ:«le fo address the cuxrectme actions. .

Confi rmat:on Process When areas of degradation are identified, an evaluation is
performed to determine whether repair of replacement is necessary. As part of this
evaluation, IWL-3308 specifies that the engineering evaluation report include the extent,
nature, and frequency of additional examinations. IWL-4000 specifies the requirements for.
examination of areas that are repaired. Pressure tests following repair or modifications are.
in accordance with IWL-5000. As discussed in the appendix to this report, the staff finds

“the requxrements of 10 CFR Part 50, Appendix B, acceﬂtab!e o address the confimation

process.

Admfmstfatrve Gontrols: IWA-M&D specifies the preparatmn of plans, schedules, and
inservice inspection summary reports. in addition, written examination instructions and

" proéedures, verification of qualification level of personnet who perfarm the examinations;

and documentation of a quality agsurance program are specified. IWA-6000 specifically

covers the preparation, submiital, and retention of records and reports. As discussed in

the appendix to this repart, the staff finds the requirements of 10 CFR Part 50, Appendix
B, acceptable to address the aﬂmnmstratwe conirols.

Operatmg Expenem:e ASME Section XI Stsasecuon iWL was mcorporated info .
10 CFR 50.55a in 1996. Prior to this time, operatmg experience pertaining to degmdaﬂon
of reinforced concrete and prestressing systems in concrete containments was gained .

through the inspections required by 10 CFR Part 50, Appendix J and ad hoc inspections

- conducted by licénsees and the Nuciear Reguiatory Commission (NRC). Recently, NRC

nformation Notice {IN}. 9910 described occurrences of degradafion in prestressing

' systems. The program is to consider the degradation concerns described in this generic

oommamgcat:cn mplementatxon of Subseciion WL, in accordance wﬂh 10 CFR 50.55a, is
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a necessary element of aging management for concrefe containments mrough the penod
‘of extended cgem&on .

Refefences s

10 CFR Part 50, Appendix J, Primary Reactor Cantainment L eakage Testing for Water-Cooled

- Power Reactors, Office of the Federal Register, National Archives and Reoords :
Admmfstramn 2005,

10 CFR 50. 553 Codes and Stawdards Oﬁ' ice of the Federal Register, National Archives and
Records Adminisiration, 2005. »

“ACI Standard 201. 1R-Ti Gsde forMaimg ;| Condman ScweyofConcrefe in Selwce

Ametican Conerete Institute

_ ACt Standard 348 3R-Q6, Evaiuafwn of Exsstmg Nucfea{ Safefy-Re!ated Ccm:rete S!mciufes
Amerlcan Concrete institute.

-ASME Section XI, Rules fm’ lnserwce insgecﬂon of Nuciear Power Plant Campoaents
Subsaction WA, General Requirements, 2001 edition including the 2002 and 2003
Addenda, The ASME Boiler and Pressure Vessel Code, The American Sodiety of
- Mechanical Engineers, New York, NY , ,

ASME Section XI, Rules for Inservice Inspection of Nuciear iner Piant Components

Subsection IWE Requiremeants for Class MC and fetaliic Liners of Class CC Components
of Light-Water Cooled Power Flants, 2001 edition including the 2002 and 2003 Addenda,

. The ASME Boiler and Pressure Vessel Caode, The Amem:an Scx:seiy of Mechanical
Engmeers New York, NY.

ASME Secttm X1, Rules for Inservice inspection of Nuclear Power Piant Compenents, o
Subsection WL, Requmemnls for Class CC Concrele Compwmts of Lighi-Water Cooled
- Powser Plants, 2{3{}1 edition including the 2002 and 2003 Addenda, The ASME Bailer and
-Pressure Vesse& Code, The American Society of Mechanical Engmee:s New York, NY

‘ NRC Information Notice 994{1, Revision 1, Degradation of Prestzessfng Tendon Systems in

Prestressed Concrete Containment, U.S. Nuciear Regulatory Commission, October 7, 1999.
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AppendixE N

License Renewal Inspection Policy and Guidance®

USNRC Inspectlon Manual Chapter (MC) 2516 — Policy and Guidance for the -
License Renewal Inspection Programs
_(Edited)

251601 °  PURPOSE - |

The purpose of MC 2516 is to document policy and-guidance for review'and inspection activities
associated with the License Renewal Inspection Program (LRIP). The LRIP'is the process used by Nuclear
Regulatory Commission (NRC) staff, region, and consuitants to verify the accuracy of the aging

- management programs and activities associated with an applicant's request for a renewed license for a .

comimercial nuclear power plant beyond the |n|t|al Ilcensmg period under Title 10 of the Code of Federal
Regulation, (10 CFR) Part 54. . .

2516-02 . POLICY AND OBJECTlVES

02.01 The basic policies, excerpted from the Statements of Consideration of the License Renewal Rule
and objectives used in the development and implementation of the LRIP are as follows:

a. The NRC exists to assure that the public health and safety the common defense and secunty
- and.the environment are protected. ,

b. With respect to license renewal of a' commercial nuclear power plant the NRC has established
the following two basic principles: - oo

1. The first principle of license renewat is that with the exception of age—related degradatlon and

possibly a few other issues related to'safety only during exténded operation of nuclear power

plants, the existing regulatory process is adequate to ensure that the licensing bases of all

.currently operating plants provide and maintain an acceptable level of safety so that operation will
" not be‘inimical to’ publlc health and safety or common defense and security.

2. The second'and’ equally important principle of license renewat holds that the plant-specmc .
licensing basis must be maintained during the renewal term in the same manner and to the same
extent as during the original licensing term. This would be accomphshed in part, through a
program of age-related degradation- management.

c. An applicant for license renewal should rely on the plants current hcensmg basis (CLB), actual
- . plant-specific-experience, industry-wide operating experience, as appropriate, and existing
. engineering evaluations to determlne those systems, structures, and components that are the
" initial focus of the license renewal review.

d. The detrimental effects of aging affectmg passive structures and components are less apparent
than the detrimental effects of aging affecting structures and components that perform their
intended functions with moving parts or a change-in configuration or properties (active structures

" and components)..Therefore, the aging management review of passive structures and
components is needed to provide reasonable assurance that their intended functions are
maintained consistent with the CLB during the period of extended operation. .

e. Forthe purpose of license renewal, an'a/pplicant can generically exclude, from its integrated plant
assessment, the aging management review of the following: 1) active structures and components, .
_ "and 2) structures and components that are replaced, based on qualified life or specified time
. period, when the replacement frequency is less than 40 years (“short-lived”). In addition, some

components are both active and passive. Components that are passive, or both.active and
passive, must be included within the scope of components requiring an aging management

review based on the intended function(s) that is performed without movnng parts or change in

onﬁguratlon or propemes .

Notc A copy of the related USNRC License Renewal Inspection Procedure 71002 is provided in
Attachment D of the CGI Report 06-22, Condition Monitoring of Passtve Systems Structures, and
Components - . . .



f.. Postulated failures that could result from system interdependencies that are not part of the CLB
and that have riot been previously experienced need not be considered as part of a license
renewal application (LRA). However, for some license renewal applicants, postulated. failures that

. are part of the CLB may require consideration of more than the first level support systems.

02.02 The objectives of the LRIP are as follows:
a. The LRIP will provide the gwdance for the mspectlon of Ilcense renewal programs,
documentation, and activities necessary for the staff to make a finding that an applicant's
LRA, aging management programs (AMPs), implementation activities, and on-site
documentation provide reasonable assurance that the effects of aging will be effectively
managed consistent with the CLB during the period of extended operation.

b.. "~ The LRIP wili also provide thé guidance for assessing the adequacy of implemented
~ AMPs to effectively manage the effects of agmg, consustent with the licensee’s CLB, -
after the renewed license i is lssued

2516-03 DEFINITIONS

Current licensing basis is the set of NRC requirements applicable to a specific plant and a licensee's
written regulatory commitments for ensuring compliance with and operation within applicable NRC -
requirements and the plant-specific design basis (including all modifications and additions to such
commitments over the life of the license) that are docketed and in effect. The CLB includes the NRC
regulations contained in 10 CFR Parts 2, 19, 20, 21, 26, 30, 40, 50, 51, 54, 55, 70, 72, 73,100 and
appendices thereto; orders; license conditions; exemptions; and technical specifications. It also includes.

. the plant-specific design-basis information defined in 10 CFR 50.2 as documented in the most recent final

safety analysis report (FSAR) as required by 10 CFR 50.71; and the licensee's commitments remaining'in
effect that were made in docketed licensing correspondence such as Ilcensee responses to NRC bulletins,
generic letters, and enforcement actions, as well as licensee commitments documented in NRC safety
evaluat:ons or licensee event reports

‘ ‘Regulatory Commitment is an. exphcnt statement made by a)llcensee (or appllcant) to take a specific action

agreed to or volunteered by a licensee, and that has been submitted in wntlng on the docket to the
Commission.

Integrated Plant Assessment (IPA) is a ||censee assessment that demonstrates that a nuclear power plant
facility's structures anhd components requiring aging management review in accordance with §54.21(a) for
license renewal have been identifi ed and that the effects of aging on the functionality of such structures
and components will be managed to maintain the CLB such that there is an acceptable level of safety
during the period of extended operatlon . )

) Nuclear power glan means a nuclear power facility of a type descrlbed in 10 CFR 50.21(b) or 50 22.

2516-06 LICENSE RENEWAL INSPECTION PROGRAM

06.01 Purpose.

1

‘The fundamental task of the LRIP is to ensure that there is reasonable assurance that the effects of aging

will be managed consistent with the CLB during the period of extended operation. The program objectives

" derived from that task are as follows:

a. To provide a basis for recommendlng issuance or denial of a renewed license.

.b. To identify weaknesses within an applicant’s overall license renewal program or an'individual
- AMP that fail to provide reasonable assurance that the applicable aging effects will be
C adequately managed during the period of extended operation. :
~c. To determine the status of compliance with 10 CFR Part 54 and other areas relating to
maintaining and operating the plant such that the continued operation beyond the current
licensing term will not be inimical to the publlc health and safety

’

06.02 Independent Inspectlon Policy.

" These inspections should be conducted in accordance with inspection procedure IP 71002. However, it is

not possible to anticipate all the unique circumstances that might be encountered during the course of a
particular inspection and, therefore, individual inspectors are expected to exercise initiative in conducting
inspections based on their expertise and experience to assure that all the inspection objectives are met. If
in the course of conducting an inspection, current potential safety concerns or compliance issues outside

A
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| 06.04  Site-Inspections.

‘the scope of the procedure being executed are ldentlf ed the ¢ concems should be pursued to the extent
necessary to understand the issue and then they will be turned over to the Senior Resident Inspector for:
further follow-up inspection. :

06 03 License Renewél Review Program. R

The license renewal review program consists of an LRA revrew "and site |nspect|ons The LRA review |s
primarily a headquarters review performed by NRR to ensure that the applicant meets the technical and
regulatory requirements. of the rule, and to verify that the format and content of the application meet the -
requirements of the rule. The regional staff-and inspection team members will become familiar with the -
LRA in preparation for inspections to provrde operational and performance input in the application review,
. to assess the applicant's commitments against their past performance and experience, and in preparation-

, to provide a regional recommendatlon to grant or deny approval for the applrcant s request for a renewed
" license.’

~ The site inspections are assessiments of an apelicant’s implementation of and compliance with '10 CFR

Part 54 requirements. All inspection teams will be led by the regions and any NRR supporting staff will be
detaited to the region for the period of time necessary to prepare, inspect, and docurent inspection -
activities. The site inspections will be performed by a team inspection in the areas of the scoping and- -
screening activities, observation of the condition of plant equipment, and implementation of the aging’
management programs and review of associated documentation. By observing the current condition of

~ plant equipment in the scope of license renewal, inspectors may identify the |effects of aging not previously

recognized. Such observations allow the inspectors to evaluate the success of previously implemented

. plant programs, which are being credited for license renewal AMPs. The site-inspection activities will be

performed using IP 71002 “License Renewal Inspections.”

06.05 Post Renewal Slte—lnspecnons

-Site inspections of AMP. implementation conducted after the approval of the renewed hcense will be

conducted in accordance with 1P 71003 “Post- Approval Site Inspection for License Renewal.” These
inspections will verify the licensee’s contlnued complxance with 10 CFR Part 50 and |mplementat|on of
commrtments related to the LRA. .

'-06 06 Inspectlon Documentatlon

Inspections will be documented wrth inspection reports sent to the appllcant and made publicly available in
ADAMS. Attachments to IMC 2516 provide guidance on the préparation of documents related to the site
inspection. Attachment 1, “Region Notification of Plant Readiness For License Renewal,” provides a region’
with guidance on how to prepare its overall evaluation of inspection activities performed on an applicant for
license renewal. Attachment 2, “Sample License Renewal Inspection Letter,” is a sample letter of an

‘'overall evaluation of the inspection completion. The results of site team inspections will provide major input

for the staff and regional recommendations to grant or deny an applicant’s request for a renewed license.

r
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Appendix' F

Nuclear Related Aging Maﬁagemént and Life Extension

Abbreviations and Acronyms

Aglng Management Program

AMP

AMR Aging Management Review

ANSI American Nuclear Standards Institute

ASME American Society of Mechanical Engmeers

BAW Babcock and Wilcox :

BIR ‘Benefit to Investment Ratio

BOP Balance of Plant

BWROG Boiling Water Reactor Owners Group

CBA Cost Benefit Analysis

CDF Core Damage Frequency

CFR Code of Federal Regulations

CLB Current Licensing Basis

CUF Cumulative Usage Factor

DBD - Design Basis Document

DOE U.S. Department of Energy

EPIX | Equipment Performance and Information Exchange
EPRI Electrical Power Research Institute

EQ Environmental Qualification

ER | Environmental Report :

FHA Fire Hazards Analysis and Fire Protection Program
FSAR Final Safety Analysis Report .

FSD Functional System Description

GALL Generic Aging Lessons Leamned

IOE Industry Operating Experience
“INPO Institute of Nuclear Power Operatlons :

ISG | Interim Staff Guidance '

I1Si In-Service Inspection

LCM Life Cycle Management -

LRA License Renewal Application

LRR License Renewal Rule .

MIC Microbiological Influenced Corrosion

MPFF ‘Maintenance Preventable Functional Failure

MR Maintenance Rule '

NEI Nuclear Energy Institute - .
NMAC Nuclear Maintenance Assist Center ‘
NPAR - Nuclear Piant Aging Reports

NPV . Net Present Value

NRC Nuclear Regulatory Commission (also USNRC)
0O&M Operation and Maintenance

OEM Original Equipment Manufacturer
‘PdM Predictive (diagnostic) Maintenance




Preventive Maintenance

. PRA Probabilistic Risk Analysis - :
RAI Request for Additional Information (NRC Questions)
RAW | -Risk Achievement Worth ‘

RMPFF Repetitive MPFF

RRW ° Risk Reduction Worth

SER Safety Evaluation Report

S0C Statement of Considerations
-SPV Single Poirit Vulnerability

SRP Standard Review Plan -

SRP-LR Standard Review Plan for License Renewal
SSC Systems, Structures and Components /
TLAA | Time Limited Aging Analyses :
USNRC United States Nuclear Regulatory Commission -
WANO '

-World Association of Nuclear Operators




/
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Bibliography of Selected Nuclear
Aging Management and Life Extension Reports

Regulatory Requlrements ‘

The License Renewal Rule Title 10 of the United States Code of Federal

- Regulations, Part 54 (10 CFR Part 54), “Requirements for Renewal of
- Operating Licenses for Nuclear Power Plants” ‘

The Mamtenance Rule, Title 10 of the Umted States Code of Federal
Regulations, Part 50.65 (10 CFR 54.65), “Requrrements for Momtonng the
Effectiveness of Mamtenance at Nuclear Power Plants '

'

US Nfuclear Regulatory COmmisSion Selected Documents

EGG/SSRE-10039, “An Evaluation of the Effects of Valve Body Erosron on .
Motor-Operated Valve Operability”

Inspection Manual Chapter 2516, “Policy and Guldance for License Renewal

- Inspection Programs,” February 3, 1999

Inspection Procedure 71002, “Llcense Renewal Inspect1ons” February 3, 1999

NUREG/CR- 4257 “Inspection, Surveillance, and Monitoring of Electrical
Equipment Inside Containment of Nuclear Power Plants -~ With Apphcatlons _

_to Electrical Cables,” August 1985

NUREG/CR-4302, “Aging and Service Wear of Check Valves Used in
Engineered Safety—Feature Systems of Nuclear Power Plants,” Vols. 1 and 2

NUREG/CR-4652, “Concrete Component Aging and Its Significance Relative
to-Life Extension of Nuclear Power Plants,” Sep'tember 1986

NUREG/CR-4731, “Residual Life Assessment of Major nght Water Reactor
Components,” Vol. 1

- NUREG/CR-4731, “Residual Life Assessment of Major Light Water Reactor |

Components — Overview,” Vol. 2, November 1989

NUREG/CR-4747, “An Aging Failure Survey of Light Water Reactor Safety
Systems and Components,” Vols. 1 and 2, July 1987

NUREG/CR-4967, “Nuclear Plant Agmg Research on High Pressure Il’l_]CCthI’l
Systems”
NUREG/CR-5268, “Agmg Study of Borlmg Water Reactor- Re51dua1 Heat

- Removal System” ' -

NUREG/CR-5314, “Life Assessment Procedures for Major LWR
Components,” Vol. 3, “Cast Stainless Steel Components”

NUREG/CR-5379, “Nuclear Plant Service Water System Aging Degradatlon
Assessment: Phase I,” Vol. 1, June 1989
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NUREG/CR—5379 “Nuclear Plant Serv1ce Water System Aging Degradatlon
Assessment;” Vol. 2-

. NUREG/CR-5419, “Aging Assessment of Instrument A1r Systems in Nuclear
_ Power Plants,” January 1990

- NUREG/CR-5461, “Aging of Cables, Connections, and Electrical Penetratlon ‘
- Assemblies Used in Nuclear Power Plants,” July 1990 :

' NUREG/CR—5546 “An Investigation of the Effects of Thermal Aging on the

Fire Damageablllty of Electrical Cables”
NUREG/CR-5779 “Agmg of Non-Power-Cycle Heat Exchangers Used in

- Nuclear Power Plants, ” Vol. 1, April 1992

NUREG/CR-6052, “Methodology for Rel1ab111ty Based Condition
Assessment-Application to Concrete Structures in Nuclear Plants”

. NUREG/CR-6679, “Assessmeit of Age-Related Degradatron of Structures and )

Passive. Components for U.S. Nuclear Power Plants” _ /
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From: Beth Sienel
" To: ' Jonathan Rowley

Date: - 02/20/2008 9:03:30 AM )

Subject: | Re: Update to CHECWORKS .

Jonéthan ‘

\

| talked to the FAC program owner {Jim Fltzpatnck) and he sald the update is in progress. More details:
The Fleet has upgraded to the new version of Checworks.and VY put EPU conditions into the program.
They are now in the process of venfylng

R4

Hope this helips, -
Beth : i

>>> Jonathan Rowley 2/19/2008 4116 PM >>> V \
Beth ’

| {and OGC) need to find out if VY has updated the CHECWORKS computer program they used to predict
\ and track pipe thinning to account for power!uprate conditions. VY stated-during the EPU process that the -

FAC Program (using CHECWORKS) would: be:updated to account for uprated power conditions. There

has been one outage since the EPU was granted durmg which the updating was to have initiated, that i is

.my understanding. '

Could you contact the Flow—Accelerated Corrosmn Program owner and verify if they have started updating
the program? .

cc: Raymond Powell; Ricardo Fernandss

~——

N
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NEC-UW_15
: ’ Department of Mechanical and 'Nuélcar Engincering (814) 865-2519-
w ’ College of Engineering Fax: (814) 8634848

} The Pennsylvania State University .
o 137 Reber Building . )
University Park, PA 16802-1412
Dr. Brian W. Sheron’
Associate Director for Project Lxcensmg 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 project given to my Penn State Graduate Students on finding pipe

failure data over a range of pipe sizes and conditions. We specifically looked for stainless steel
data as well as carbon steel pipe data. Since the data is from several sources other than nuclear

the pipe wall thickness may not always be comparable to reactor pipe wall thicknesses. In some

.of the reports the students did separate the failure and leakage data by mechanism such that we

could then screen the data.

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

I'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. Iwanted you to have these report
now with all the data so you could make an independent assessment. ‘

" Please let me know if you need anything else.

Very truly yours,
™ .

N
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 acceptaﬁce
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 ;;ressure boundary up to,

and including, a break equivalent in size to the double-ended rupture of the largest pipe in the
reactor coolant system must be considered. While this restricts the design, it maintains a large
safety margin ensuring the plant is covered under all LOCA situations. However, an impetus for
change has resulted from materials research, analysis, and experience that indicate that the
catastrophic rupture of a llmlung size plpe at a nuclear power plant is a very low probablllty
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 funcnon 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 function of pipe size were compared to the NRC
predicted failure frequencies.

. s
For this project our group collected two, independent sets of data. The first set was provided by
the OECD Pipe Failure Data Exchange Project (OPDE), with a total of 2891 data points. The -
second set consists of 67 data points collected by our group from various sources. The two sets
of data were not combined due to the lack of information accompanying the data presented in the
OPDE database, such as plant name or exact failure size. This made it impossible to identify
overlapping coverage and combine the information. Rather, within this report we have analyzed
each data set individually in order to make an overall 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 report do not
support the NRC’s assertion that larger sized pipes do not break frequently enough to be used as
design criteria. The overall trends of both sets of data show that the frequency of fallures 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
hypothetical accidents that would result from the loss of reactor coolant, at a rate in excess of the
capability of the reactor coolant makeup system. Currently, the evaluation criteria for these
types of accidents state that pipe breaks in the reactor coolant pressure boundary up to and
including a break equivalent in size to the double-ended rupture of the largest pipe in the reactor
coolant system must be considered. In the case of such an event the NRC has set forth the
following criteria that must be met for a design to be considered acceptable [37]:

~

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

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

¢. Maximum hydrogen generation. The calculated total amount of hydrogen

generated from the chemical reaction of the cladding with water or steam shall not

exceed 0.01 times the hypothetical amount that would be generated.if all of the

metal in the cladding cylinders surrounding the fuel, excludmg the cladding

surroundmg the plenum volume, were to react. L

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

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

While requiring that all plants be analyzed in the case of a double-ended guillotine break of the
largest pipe restricts the design, it does maintain a large safety margin ensurmg 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
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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 upon the
likelihood of a break. Breaks of higher likelihood, or those smaller than 10 inches, would need
to meet the current requirements set forth in 10 CFR 50.46. - These include criteria (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 pipes either by splits, ruptures, or guillotines,
and cracks in pipes, either circumferential or length wise. For each instance found the plant type,
pipe diameter, type of pipe failure mechanism, and type of failure was recorded. Only stainless
steel and carbon steel pipes were considered. Then, normalized failure frequency dxstnbutlons
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)
_!I’_Iant Break Size o . o
ype (inches) 5% Median Mean 95%
3.0E-05 | 2.2E-04 | 4.7E-04 1.7E-03
‘ 17/8 2.2E-06 | 43E-05 1.3E-04 SOE-04 | ' ¢
BWR 31/4 2.7E-07 | 5.7E-06 | 2.4E-05 9.4E-05
7 6.6E-08 | 14E-06 | 6.0E-06 | 2.3E-05
18 1.5E-08 | 1.1E-07 | 2.2E-06 6.3E-06
41 3.5E-11 | 8.5E-10 | 2.3E-06 | 8.6E-09
12 73E-04 | 3.7E-03 | 6.3E-03 2.0E-02
17/8 6.9E-06 | 9.9E-05 | 2.3E-04 8.5E-04
PWR + 314 1.6E-07 | 4.9E-06 | 1.6E-05 | 6.2E-05
1 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 _4.2E-11 | 14E-09 | 2.3E-08 7.0E-08
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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 Pipe Failure Data Exchange Project [3]

OECD Pipe Failure Data Exchange Project (OPDE) was established in 2002 as an
international forum for the exchange of pipe failure information. It is a 3-year project
with participants from twelve countries, including Belgium, Canada, Czech Republic,
Finland, France, Germany, Japan, Republic of Korea, Spain, Sweden, Switzerland and
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 1
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 actiial 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 provided in this 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 réport.:



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 fallure 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 provides an mdependent check
of the trends observed by that database. .

X .
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.

\
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Table 2-3. Definition of OPDE Pipe Size Grou

.o Corresponding Corresponding
Plg:oilze Pipe Diameters Pipe Diameters

P {(mm) (inches)

1 DN <15 DN < 0.6
2 15<DN<25 0.6 <DN<1.0
3 25<DN<50 1.0<DN<2.0
4 50 <DN <100 20<DN<4.0
5 100 < DN <250 4.0<DN<10.0

6 DN > 250 DN>10.0

Table 2-4. OPDE Pipe Failurc Definitions.

Type Description
Crack - Part Part through-wall crack (> 10% of wall thickness)

Through-wall but no active leakage; leakage may be detected given a plant mode
Crack - Full S h gem g

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 ) h ! r

and the underlying degradation or damage mechanism-

: ‘ Leak rate in excess of Technical Specification limits but within the makeup

Large Leak ors o s e

capability of safety injection systems
Severance Full circumferential crack — caused by external impact/force, including high-cycle

- mechanical fatigue — limited to small-diameter piping, typically

Large flow rate and major, sudden loss of structural integrity. Invariably caused

Rupture by influences of a degradation mechanism (e.g., FAC) in combination with a
o severe overload condition (e.g., water hammer)
s’
)
4 /
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4.3 Pipé Failures as a function 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. -

)

‘ ° . v

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

Plant Failure Mechanism _Carbon Steel $tainless Steel Tota] Failure
Type o Failure Frequency | Failure Frequency Frequency
! ' PWR Corrosion 2.04E-05 5.38E-06 2.57E-05
E 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
ERRUERERER e R TR
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 SCcC 4.14E-06 1.36E-04 1,40E-04
BWR Water Hammer 4.35E-07 2.18E-07 6.53E-07
BWR Misc 8.71E-07 4.14E-06

. 5.01E-06
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Figure 4.3-1. PWR Failure Frequency for Carbon and Stainless Steel Pipes as a Function
of Failure Mechanism :
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Figure 4.3-2. BWR Fallure Frequency for Carbon and Stainless Steel PlpeS asa Functnon
of Failure Mechanism
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: Figure 4.3-3. PWR and BWR Failure Frequency for Carbon and Stainless Steel Pipes as a
: Function of Failure Mechanism

From these plots it was determined that PWR plants are dominated by fatigue failures and BWR -
plants are dominated by stress corrosion cracking failures. However, in general the most

frequent failure mechanisms for both plants are corrosion, fatigue, mechanical factors, and stress
corrosion cracking. These four failure mechanisms were analyzed as a function of pipe size in
figures 4.3-4 through 4.4-7.

For these plots corrosion includes general corrosion, flow accelerated corrosion, and
microbiological corrosion. Stress corrosion cracking was not included with corrosion because
the pipe failure method for stress corrosion cracking is different than the other corrosion types.
Though mechanical failure frequency was not the highest, mechanical failures were chosen
because they appear to be independent of pipe type and plant type. Human factors were ignored
because they are a factor of quality assurance as opposed to the other failure mechanisms which
are primarily a factor of operation. In regards to human factors it is not known if they have
decreased with reactor operating experience because the dates of failures was not included with
the OPDE data. a '
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PWR 5S FwWC Corrosion 3 3 : 1 2
PWR 55 FwWC Cosrosion 4 1 ]
PWR £S FWC Cornrosion 6 3 1 1 1
PWR 5S FWC Corosion-angue 1 1 1
PWR X3 FWC Comosion-fasgue 6 3 2 1
PWR 53 FWC Erosion 2 2 - 2
PWR (S FWC Eroson [ 1 1
‘PWR 55 FWC FAC - Flow Accelerated Corosion ] 2 1 1
PWR 53 FWC FAC - Flow Accelerated Comosion 2 4 1 1 1 1
PWR &S FWC FAC - Flow Accelerated Corosion 3 7 3 1 2
PWR 58S FWC FAC = Flow ACceder sled COTOsion 4 " 1 1 2 3 2 2
PWR §S FWC FAC - Flow Acceleraled Corosion 5 27 2 1 1 4 _ 8
—_PWR ) FWC FAG - Fiow Acceleraled Comosion 3 €7 1 7 - 3 50
PWR $S FWC Fatgue 2 3 1 2
PWR S5 FWC Fabtgue 3 1 ]
PWR 85 j_wc Fatgue 4 1 1
PWR 55 FWC Galvane Corresion 3 2 2
PWR §S FWC HF CONSTANST 2 2 1 1
PWR 3 FWC HF.CONSTANST 4 2 2
PWR §S FWC HF CONSTANST [ 1 1
PWR &S FWC HF_Design error 1 1 7
PWR 53 FWC HF Fabncaton Emor 4 1 1
PWR SS FWC HF:REPAIR/MAINT 4 1 1
PWR 5S FWC HF . REPAIR/MMAINT 3 1 1
PWR 55 FWC HF Weldng Emor 1 1 1
PWR S FWC HF Wekdng Error 2 2 2
PWR 55 FWC HF.Wekang error 3 2 1 1
PWR &S FWC HF . Weldng error [] 1 1
PWR 5S FWC ~ HF.Weldnqg Error [ 3 1 1 1
PWR SS FWC Severe overoadng 2 5 1 4
PWR SS FWC Severa overioadiy 3 1 1
PWR 85 FWC Bevese overioadng 4 2 1
PWR ] FWC Severe verioadng [ 2 1 1
PWR 85 FWC Saveie overioadng [:] 6 1 4 1
PWR &5 FWC Thermal Fatigue 2 2 1 1 _
PWR 85 FWC Thermal F abgue 3 2 [ 1
PWR 55 FWC Thermal Fatgue 6 13 [ 1 3
PWR =] FWC Thermal Faigue - Cycing [ 1 1
PWR 5 FWC - Thermal Fatigue - Skaaflicaton € s 5
PWR §S FWC bratan-{atigue 1 [ 3 2
PWR &S FWC Vibrabon-Fabgue 2 23 1 2 2 18
PWR 5S FWC Virason-fatque 3 5 3 1
PWR S5 FWC Vibraton-F sbgue 4 2 1 1
PWR 53 FWC Vibraton-Fabgue 5 4 K 2
PWR 55 FWC Vibraton-fasgue [ 5 4 1
PWR SS FWC Walar Hammer [ 1 1
PWR 85 FWC Water Hammer 6 1 1
PWR =3 A-SA Favgue F 1 T
PWR C5 LA-SA HF Human estor 1 2 ] 1
PWR CS LA-SA HF Human erfor 2 2 2
PWR CcS LA-S5A Severe overioadng 2 L] 1
PWR C6 IA-SA SoVels overoaang 3 1 1
PWR C§ 1A-SA Vibration-tatigue 1 4 1 2 1
PWR CS 1A-SA Vitxatian-fabgua 2 11 3 4 2
PWR CS PCS Comosion 2 1 1
PWR C8 PCS Erosion [ 2 2
PWR C8 PCS Erosion > 6 k] 1
PWR CS PCS FAC « Flow AcCeiorated Comosion 2 4 1 - 3
PWR CS PCS FAC - Flow Accelersted Corrosion 3 7 2 [
PWR [e) PCS FAC - Flow Accelerated Comosion 4 9 1 4 3 1
PWR CS PCS FAC - Flow Acceieratod Corosion [3 28 3 6 20
[ PWR Cs PCS FAG - Fiow ALCeierated COTosion 6 12 2 3 7
[T PWR CcS PCS Fasgue \ [ 1 1
PWR C8 PCS Fretsng 3 1 1
PWR [&3 PCS HF Welding errar [) 1 1
PWR [« PCS PWSCC 4 1 1
PWR PCS Severe verioadng 2 1 1
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PWR CS PCS Severe overioadng 6 2 2
PWR cs PCS Thermal abgue 3 1 1
PWR Cs PCS \Vibrason-Fatgue 1 2 1 1
PWR CcS PCS WVibrason-1atque 2 10 1 []
PWR Cs PCS \Vibrabon-iasgue 3 [] 1
PWR CS PCS Vibraton-fatgue [ 4 4
PWR 5 RAS BA-SCC 2 2 1 1
PWR 33 RAS BIA-SCC 3 5 1 4
PWR [ RAS Bnftle-Fractse 1 1 1
PWR sS RAS Cawvtabon-erosion [ 1 1
PWR 5S —. _RAS Comosion 1 1 1
PWR 55 RAS Corrosion 2 2 - 1 1
PWR &S RAS Corosion 4 5 - 1 3 1
PWR S RAS Corrosion 5 2 1 1
PWR 5S RAS ECSCC - Extemnal Chioride induced SCC 1 [ 4 2
PWR 85 RAS ECSCC - Extamal Chionde nduxed SCC 2 1 []
PWR 68 - RAS ECSCC - Extemnal Chiorids induced SCC 3 1 / 1
- PWR SS RAS ECSCC - External Chionde induced SCC 4 2 .2 A
PWR SS RAS Erosion-cavtation 4 2 n ~ -2 -
PWR [ RAS Excessive Vibraton 3 1 1
PWR BS RAS FAC » Flow Accelorated Corrosion 2 1 1
PWR SS RAS FAC « Flow Accelerated Comosion 3 1 1
PWR 3 RAS Freting 1 1 1
PWR SS RAS Fretng 3 1 1
PWR SS RAS HF CONSTANST 1 3 1 1 1
PWR SS RAS HF CONSTANST N2 6 1 - [
PWR [ RAS HF CONSTANST 3 5 1 4
PWR SS RAS HF.CONSTANST 4 3 3
PWR 8S RAS HF .Fabrication Error 2 1 1
PWR SS RAS HF.Human error 2 1 - 1
PWR [ RAS HF:Human ermor 3 1 1
PWR 85 RAS HF . REPAIRMAINT 1 1 1
PWR [ RAS HF Weldng Erfor 1 1 3 3
PWR sS RAS HF Wekdng Enor 2 7 = 1 2 4
PWR 83 RAS HF Weiding Error 3 4 2 1 1
PWR 55 RAS HF-Welang emof 4 2 1 1
PWR [ RAS IGSCC » Il granutar SCC 4 1 1
PWR SS RAS MIC - M gcaly induced Corosion 2 1 4 1
PWR 53 RAS esKizaton 3 1 1
PWR 5S RAS SCC 2 2 1 1
PWR 53 RAS PWSCC 3 7 1 6
PWR $S RAS PWSCC 4 5 1 4
PWR 53 RAS PWSCC 5 3 1 2
PWR 3 RAS Severe overcadng 2 1 1
PWR 65 RAS Sovere overcedng 3 3 3
PWR SS RAS TGSCC - Transgranular SCC 1 N 5 5
PWR 55 RAS - TGSCC - Jransgranudar SCC 2 1 1
PWR SS RAS TGSCC - Transgranular 5CC 3 3 1 2
PWR 3 RAS TGSCC - Transgranudar SCC 4 1 ]
PWR 5S RAS Tharmal Fatigue 3 5 1 1 3
PWR &5 RAS Thermal Fatque 4 2 1 1
PWR ES RAS Thermel Fatgue - CYcing 3 1 1 -
PWR 53 RAS Uiveporied 4 1 1
PWR S5 RAS Urveported 5 1 1
PWR 55 RAS Vibraton-latigue 1 10 1 1 8
PWR . (33 RAS Vibrason-{atgue 2 105 2 7 3 12 2 3 76
PWR 55 RAS Vibraton-fatique 3 44 1 2 2 1 7 25
PWR £S5 RAS Vibratan-latgue 4 10 1 2 7 —~
PWR 55 RAS ViDrason-{stigue 6 4 1 B 3
PWR €S RAS Virabon-labgue 3 1 [
PWR [ RCPB B/A-SCC 1 1 1
PWR SS RCPB BIA-SCC 2 1 1
PWR [ RCPB 1\ Cortosion 2 2 1 1
PWR 33 RCPB Corrosion-fatgue 2 1 1
PWR 65 RCPB Corosan-fatgue 4 ) 1
PWR ES) RCP8 ECSCC - Extemnal Chioride Induced 5CC 1 1. 1 »
PWR &5 RCP8 Freting 1 1 1
~ N
—




RCPB HF.CONSTANST -

PWR [ 1 ] 2 3
PWR §S RCPB HF.CONSTANST 2 12 4 { 1 7
" PWR 5S RCPB HF . CONSTANST 3 2 2
PWR [ RCPB HF CONSTANST 4 1 1
H PWR [ RCP8 HF CONSTANST 3 1 1
: PWR S RCPB HF Design Error 1 1 1
H PWR §S RCPB HF:Design ermor 2 1 1
PWR §S RCPB HF-REPAIRMAINT 1 1 1
PWR &S RCPB HF Weidng Error 1 3 2 1
PWR 5SS RCPB HF Weiing Error 2 KL 1 1 9
PWR &S RCPH HF.Weidng Error 3 2 2
PWR ] RCPB HF Wekdng eor 3 1 [
PWR 85 RCPB Hydrogen embnttement 1 1 1
PWR §S RCPB IGSCC - ntesgranuar SCC 5 1 1
PWR 55 RCPB PWSCC K] 2 1 1
PWR [ RCPB PWSCC 2 44 26 2 1 4 1 10
PWR &S RCPB PWSCC 3 3 1 )
PWR SS RCPB PWSCC 4 ) 1 2
PWR &5 RCPB PWSCC 3 2 [} 1
PWR [ RCPB - PWSCC [3 7 2 2 ~ 3
PWR [ RCPB Severe overioadng 2 3 3
PWR 55 RCPB Severe overicadng 3 1 1
PWR 55 RCPB TGSCC - Transgranar SCC 1 7 1 1 7 A
PWR 85 RCPB TGSCC - Transgrandar SCC 2 5 1 4
PWR SS RCPB TGSCC - Transgranusr SCC 5 1 1
PWR SS RCPB Thermal fstgue 1 4 4
PWR 85 RCPB Thenmnal fatigue 2 1 1
PWR 8§S RCPB Thermal faligus 3 4 1 1 1 1
PWR 55 RCPB Theemal tabgue 3 1 1\
PWR S8 RCP8 Thormal Fatgue - Cycing 3 1 ]
VR S§ RCP8 Tharmal Fatgue - Cyckng § 1 1
PWR &S RCPB Vibrabon-F atgue 1 31 1 5 1 24
PWR &S RCPB VAbrabon-F adgue 2 B2 2 3 10 1 [
PWR 58 RCPB : \Vibraton-{asgue 3 11 4 7
PWR 5S RCPB Vibragon-tatigus 4 2 1 1
PWR &S RCPB Vibraton-Fabgue [] 2 2
PWR 53 RCSHNSTR Fasgue 1 1 1 N
PWR SS RCSANSTR HF . CONSTANST 1 1 1
PWR &8 RCS-INSTR _ HF.CONSTANST 2 ] 1 e
PWR 8S RCS-INSTR \ibrason-Fabgue 1 1 1
PWR 3 RCSANSTR Vibrason-{atgue ‘ 2 1 1
PAWR CS SG Corrosion 1 1 1
PWR (=] SG Defomaton/Thermal Fasgue 2 1 1
PWR [<3 [Te) FAC - Flow Accélorsied Comosion 3 3 1 2
PWR [«] SG HF Weking Error 6 1 1
PWR CS 86 - PWSCC - 1 3 3
PWR [ G TGSCC - Transgrenutar SCC 2 1 1
PWR Cs 5G Vibraunon-Fabgue 2 2 2
PWR [ SG Virason-{atgue 4 1 1
PWR 53 SIR B/A-SCC 3 1 1
PWR [ SIR B/A-SCC 3 3 1 2
PWR 5S SIR Caviabon-srosion 3 1 . 1
PWR 83 SIR Cawlaton-ercsion & 2 - 2
PWR S5 SIR Cortosion 2 1 K
PWR [ SIR ECSCC - Extemal Chioride Induced 5CC 5 3 2 1
PWR 8S SIR ECSCC - External Chioride Induced SCC (] 1 )
PWR &3 SR T Erosion-cavitason 2 3 1 2
PWR £S5 SIR FAC - Fiow Accelerated Corosion 2 1 1
PAR 55 SR Freezing 1 1 1
PWR &S SIR Fretung [ 1 - 1
[ PWR 53 SR HF.CONSTANST . T 1 1
PWR 88 SIR HF.CONSTANST 2 4 1 3
PWR &3 SIR ) HF.CONSTANST 5 2 1 1
PWR [ SIR HF Human eror 2 1 1
PWR 2] SIR HF REPAIR/MAINT [3 1 1
PWR 3 SIR HF.Weldng Error 1 3 2 1
L PRR 85 SR HF Wekdng &10r 2 7 1 1 1 v 0
-/
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- PWR 3 SIR HF Wekang Ervor 3 1 - , 1
PWR 5S SIR HF. Welang Error 4 2 1 1
PWR 85 SR HF Welang Erfor 5 2 1 1
PWR SS SIR HF Welding Erfor 6 1 1 ~
PWR £3 SIR Overstressad 1 3 3
PWR SS SIR PWSCC 2 1 1
PWR 58S BIR PWSCC 3 5 []
PWR [ SIR PWSCC 4 2 2
PWR 53 SIR PWSCC [] 17 2 2 3 10
PWR £S SIR Severe Overicadng 1 1 1
PWR £S SIR Savers overoadng 2 3 . N 2 1
PWR BS SIR Severe overicadng 3 2 1 1
PWR ] SIR Severe overios 6, 2 1 1
[ PWR SS SIR TGSCC - T/ansgranuiar SCC ] 1 1
PWR (S SIR 1GSCC - Transgranular SCC 2 1 1
PWR 8S SIR TGSCC - Transaranutar SCC 4 1 1
PWR &S SIR TGSCC - Transgramdsr SCC 5 1 3
PWR SS SIK Thermal latgue 3 1 1 N
PWR 5S SIR N Themal (a¥gue 4 3 2 1
PWR 5S SR Themma (atigue 5 8 2 2 [
1 PWR__
- PWR 55 SIR Therma Faugue - Cyckng 3 [ ¥
PWR ) SIR Thermal Fasgue - Cyckng 1 1 1
PWR SS SIR Unveported 3 Z 2
T PWR §S SiR Usreportad [ 1 1
[ PWR 55 SIR Urceporied 3 1 1
PWR 55 SIR Vibraton-fatque [ 3 1 1 ~ 1
PWR 5S SIR Vibraton-fasgus 1 8 2 6
[~ PWR &5 SIR Vibr850n-185GU0 F a2 2 1 3 3 2 31
PWR 55 SIR ., . Vibraton-fabgue 3 9 ] 1 7
PWR S8 SIR Vibravon-fatgque 4 3 3
PWR 3 SIR . Vibraton-fatgue [3 7 1 [] 1 4
PWR CS STEAM™ Cormosion 3 1 1 -
PWR &3 STEAM . Corosion-faigue 6 1
PWR CS STEAM Erosuon 4 1 ’
” T PWR 3 STEAM ) Erosion 5 1 1
PWR CS STEAM FAL - Flow Acceleraled COTOsion 2 10 1 []
PWR CS STEAM FAC - Flow AL 16d C: 3 [] [
PWR 5] STEAM FAC - Flow Accelerated Corosion 4 8 1 1 1 [
7 [ PR (3 STEAM FAC < Fiow ACCeiorated Conosion 3 D =1 3 9 1
PWR [&3 STEAM FAC - Flow Accelerated Camosion 6 14 1 1 10 2
PWR [ STEAM Fre| 3 1 ]
PWR [<3 STEAM HF.CONSTANST 2 3 1 2
PWR CS STEAM HF Human Error 2 1 1
PWR CS STEAM HF Human emor [ 1 - 1
PAR Cs STEAM HF.Weking Error 1 1
. PWR CS STEAM HF Welang Error 3 1 1
PWR CS STEAM HF Wekang error 6 2 2
PWR CS STEAM Oversyessed 1 1 1
PWR Cs STEAM . Savere overicadng 4 1 3 1 _
PWR CS STEAM Severe overtoading [] 2 2
PWR CS STEAM , Severe overicadng & 3 2 _| 1
PWR (&3] STEAM Vibraton-fangue 1 2 ] 1
PWR [+7:] STEAM Witraton-fagsgue 2 [] 1 1 1 3
PAVR Ccs STEAM Vibraton-fabgue 3 2 1 1
PWR [~ STEAM Vibraton-fasgue 4 1 3
\ PWR [+] STEAM \Vibrston-{akgue [] 1 1
1541 — -
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PIPE SIZE TOTAL NO.
PLANT TYPE| PIPE TYPE | SYSTEM GROUP APPARENT CAUSE GROUP  |OF RECORDS| Crack-Ful | Crack-Part Lacge Leak Leak PA-Leak Rupare | Severance | Smaf Leak | Wal gimning
BWR C5 AUXC Corrosion 1 1 1 .
) BWR cS AUXC Corrosion 2 4 1 3
BWR [+ AUXC Corrosion 3 2 1. 1
BWR [+L] AUXC Comosion 4 3 1 1 1
BWR CS AUXC > Corosion 5 4 1 1 1 k)
BWR [«3 AUXC Corrosion - 6 7 2 2 2 1
~ ~ BWR [&3 AUXC Eroson-caviaton 3 1 1
BWR CS AUXC Erosion-Cawtation [3 1 1
~ BWR CS AUXC Erosion-corrosion 3 4 2 2
BWR CS AUXC Erosion-comosion 4 7 1 2 1 3
BWR CS AUXC Erosion-corrosion 5 9 3 5 1
BWR CS AUXC Erosion-corrosion [3 15 2 8 2 3
BWR CS AUXC HF. CONSTANST 2 1 1
BWR [ AUXC HF.CONSTANST 5 1 1
BWR CS AUXC HF-Fabacaton Error [ 1 1
BWR CS AUXC MIC- b gcaly induced C 2 1 [
BWR CS AUXC MIC - Microbiologicaty indiced Corrosion 4 2 2
© BWR CS AUXC MIC - Microbiologicaty Induced Corrosion 5 1 1
EWR [ AUXC MIC - Microbiologicaty induced Coosion 3 1 ]
BWR =3 AUXC Severe overvaang 3 3 3
[ T BWR (=3 AUXC Severe overicadng 5 2 1 1
BWR [+ AUXC Saver & overicadng 3 2 2
BWR CS AUXC Urreporied 6 1 1
BWR CS AUXC Vibraton-taigue 2 11 1 2 8
BWR =] AUXC Vibraton-Faugue 3 1 1
BWR CS AUXC Vitraton-Fasque 4 1 1
BWR CS AUXC Vibrahon-Fatgue 5 1 1
BWR [ Containent System Bnrse (ractse 6 1 1
BWR 5§ Contanment System Corrosion 2 1 i 1
BWR [ Contanment System HF.CONSTANST 5 1 1
BWR [ Containment System IGSCC - Intargranuar 5CC [ 1 1
BWR 8S Contanment Sysiem Severe overioadng [] 1 1
BWR £S5 Contarynent Sysiem Severs overioadng 6 2 1 1
BWR 85 Containment Syslem Vibrabon-F atque 1 1 N 1
, BWR §S [*] Fatgue 1 1 1
BWR SS CcS HF Weidng Eror 0 1 1
. BWR 53 CS IGSCC - intergranutar SCC 4 1 1
BWR [ CS TGSCC - Transgranuer SCC 6 1 1
BWR CS EHC 2 1 1 ‘ o
N BWR CS EHC Fref 1 2 1 1
BWR [ EHC HF.CONSTANST 1 1 1
BWR [« EHC HF:Human ervor 1 1 1
BWR CS EHC HF.Human error 4 1 1
BWR CS " EHC HF.Weidng Error 2 1 1
. BWR = EHC Vibrason-Fatgue 1 3 3
BWR CS EHC ~ Vibrabon-{atgue 2 7 1 2 2 2
BWR CE ERC Vibrabon-latguo 3 ] 1
BWR ES EPS "~ Fetgue 1 1 T
BWR 3 EPS \iraton-fangue 1 7 1 2 4
BWR 3 EPS Vibraton-{atque 2 2 2
BWR [ FPS Carrosion 1 1 - 1 -
BWR [<] FPS Coroston 4 1 1
BWR CS FPS Corrosion 6 2 L] 1
BWR CS FPS FAL - Flow Acceleraled Comosion 4 1 1
BWR [} FPS Fretang . [3 1 1 N
BWR ° [&3 FPS HF.CONSTANST [ 1 1
BWR CS FPS HF.Human error 3 1 1
BWR CS FPS HF:Human Error [] 1 1
BWR CS FPS HF.INSTACONST 5 1 1
BWR CS FPS HF Weiing Error 4 1 — 1 .
BWR CS FPS MIC « Microbiokogicaly induced Conmosion 3 1 1
- BWR [+ £PS Severe overoadng 4 1 1
BWR [+ FPS Severe Overloadng [] 2 2
BWR CS FPS Vibratan-fargue 1 1 1
BWR CS FPS Vibraton-{atigue \ 3 1 1
~—
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BWR 88 FWC Carrosion 2 2 2
BWR 55 FWC Carrosion 3 1 1
BWR &S FWC Cormosion 4 2 ) 2
BWR §S FWC Corvosion 5 2 2
BWR BS FWC Corosian 6 1 - 1
BWR 55 FWC Comoslon-latigue 2 7 1
BWR &S FWGC [T 3 1 1
BWR §S FWC ECSCG - External Chioride Induced SCC 1 1 1 ~
BWR 55 FWC Erosion 2 2 2
BWR £S FWC Erosion 3 -1 1
BWR 58 FWC Erostan 4 1 1
BWR 3 FWC Erosion [) 1 1
‘BWR [ FWC Erosion-caniaton 4 2 1 1
BWR SS FWC Efosion-caviiaton [ 2 2
BWR 535 FWC FAC - Flow Acceterated Comosion i) 1 ~ 1
. BWR &S FWC FAL - Flow Acceleraled Corosion 2 4 1 3
BWR [ FWC FAC « Flow Accetorated Corosion 3 2 \ 1 1
BWR 5S FWC FAC - Flow Accelerated Corosion 4 3 . 1 2
BWR 55 FWC FAC - Flow Accedorated Comosion [ 22 i 1 1 1 10 8
BWR [ FWC FAC - Flow Acceleraled Cormosion 6 20 2 1 17
BWR SS FWC Fatgue 6 1 1
BWR SS FWC HF CONSTANST 4 1 1
9 BWR 55 FWC HF.CONSTANST [] 1 1
BWR 8S FWC HF.CONSTANST 6 1 1 .
BWR 3 PWC HF:Human efror 1 1 1 -~
BWR SS FWC HF Welang Erfor 2 2 -2
BWR 3 FWC HF Weildng emor 5 1 1
BWR 8S FWC IGSCC - intergranutar SCC 4 1 1
BWR 55 FWGC Severe overicading 1 1 1
BWR SS FWC Sevele overicadng 3 1 4
BWR (3 FwC Bavere overioading 4 1 1
BWR 3 FWC Savers overicading 5 3 2 []
BWR [ FWC Severe overicadi & 1 1
BWHR S5 FAC SICC - Srainfat Iduced Corrasan Cracking 2 1 3
BWR =3 FWC SICC - Syainrais induced Corrosion Cracking 4 1 1
BWR (X3 FWC SICC - Sran-rate Induced Corrosion Cracking [ 3 1 2 -
B8WR 53 FWC SICC - Stran-rate Induced Corrosion Cracking 6 4 3 . 1
BWR §S FWC Therma latgue 2 3 4 g 3
BWR [ FWC Thormal Fatigue 3 3 1 1 1
BWR §S FWC Tharmal tatgue 5 5 5 I
BWR &S FWC Thermal fatgue 8 ) 4 1
BWR 53 FWGC "~ Urreporied 3 [ 1
BWR 55 FWC Urveporied 4 1 1
BWR [ FWC Urseparted 3 2 1 7
BWR 3 FWC Vibraton-{akgue 1 2 1 1
BWR 55 FWC Vibraton-fatque 2 21 1 3 2 15
BWR SS FWC \Vibragon-faygue 3 8 1 1 1 6
. BWR 85 FWC Vibraton-{ahgue 4 3 1 2
BWR [ FWC Vibraton-fatigue 5 5 1 1 1 2
BWR [ FWC Vibrabon-tatgue 6 1 1
BWR CS IA-SA 2 1 1
BWR CS A-SA CoTosion 2 1 1
[ BWR___ [ 1A SA Frefing 2 1 i
8WR CS 1A-5A HF Human ermor 1 1 1
BWR CS A-SA IGSCC - Intergranutar 5CC 2 1 1
BWR [<] A-SA Severe Overiosang 1 1 1
BWR [3 A-SA Savere Overioadng 2 1 - / 1 ~
BWR CcS IA-SA Vibrason-tatigue 1 5 1 1 3
BWR Cs A-SA Vibrason-Fabgue 2 4 1 1 1 1
BWR cs PCS 1 1
[ 8WR C& PCS N Corrosion 1 1 1
BWR CS PCS Comosion 3 1 1
B8WR CS PCS Efosion 6 1 1
BWR CS PCS FAC - Flow Accelerated Comosion 2 2 1 1
BWR C8 PCS FAC - Fiow Accelraloed Corrosion 3 1 1
. [ BwWR =] PCS FAC - Fiow Acceieralod Comosion 4 3 3
BWR [<] PCS FAC - Flow Accelorated Corrosion 5 12 4 8
)
<
N
N\
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. _BWR CS PCS FAC - Flow Acceleraled Comosion 6 2 1 1
Y BWR [« PCS HF Weiang ool 2 1 1
BWR [« PCS Severe overioadng 2 2. 1
BWR CS PCS Severa overioadng [3 2 1 1
BWR CS PCS Thermal fatigue 2 1 1
BWR CS PCS Vibraton-fatique 1 1 1
BWR CS PCS Vibradon-fabgus 2 7 4 3
BWR CS PCS Vibrason-fatigue 3 1 1
BWR C6 PCS Vibrason-fasgue 4 2 2
BWR £S RAS Cawlaton-erosion 3 1 1
BWR 5S RAS Corrosion 2 3
BWR &S RAS Corrosion 3 4 _ 4
BWR [X] RAS Cortosion 4 6 6
BWR [ RAS Carrosion 6 3 3
BWR 55 RAS Corosion-fatgue 1 1 1
BWR 8S RAS ECSCC - External Chioride Induced SCC 1 N 1
BWR 63 RAS ECSCC « Extemal Chionide Induced SCC 2 17 8 []
BWR (=33 RAS ECSCC » Extarnal Chioride Induced SCC 3 2 2
BWR &S RAS FALC « Flow Acceleratad Comosion 3 1 1
BWR 88 RAS Fatgue 4 1 []
BWR 58S RAS HF CONSTANST 2 1 %
BWR 88 RAS HF:CONSTANST 3 1 1
BWR &S RAS HF.CONSTANST 4 1 1
BWR 58S RAS HF.CONSTANST [3 1 1
BWR (53 RAS HF . Human ertor 1 1
BWR SS RAS HF:Human emor 2 2 o
BWR 53 RAS HF REPAIR/MAINT N 1 1
BWR 3 RAS HF'REPAIRMAINT 2 1 1
BWR S RAS HF REPAIR/MAINT 4 1 1
BWR 5S RAS HF Wekdng error 2 2 2
BWR 88 RAS HF Weddng efTor 3 2 1 1
BWR 8S RAS HF.Weiding efror 4 1 1
BWR 55 RAS HF Weidng Error 6 4 1 1 2
BWR [ RAS 10SCC - interdendnic SCC 4 1
BWR &S RAS IGSCC - Intergranuia SCC 2 5 1 4
BWR &S RAS WSSCC - Mtergranular SCC K] 4 2 2
BWR 55 RAS IGSCC - Inlergranular SCC 4 56 1 32 [ 13
BWR S8 RAS IGSCC « intergranuar SCC [ 56 35 8 7
BWR 55 RAS 1GSCC - Inlergranutar SCC [J 2 1 1 N
BWR 85 RAS Severe overioadng 1 1 . [
BWR [ RAS Savers ovarioadng 2 3 2 p
BWR £S5 RAS Severs overloang 4 1 1
BWR §S RAS TGSCC - Transgranuer SCC 1 1 1
BWR 8S RAS TGSCC - Transgranutar SCC 2 7 1 1 1 4
BWR &S RAS TGSCC - Transgranuias SCC 3 7 6 1~
—eWR__| SS RAS TGSCC - Transgrandar 660 0 96 3
BWR =3 RAS TGSCC - Transgranuar SCC 6 1
BWR 85 RAS - Thermal taigue 1 1 ~ 1
BWR &8 RAS Thormal fatigue 2 2 1 1
BWR SS RAS Thermal fatgue 3 1 1
BWR &S RAS Thermal Fatgue 4 1 1
[ 6WR | 55 RAS Thermal latgue B 10 B 5
BWR £S RAS Therma! Fatgue - Cyckng 1 3 3
BWR SS RAS Thesmal Fatgue - Cycing [ 1 1
8WR &5 RAS -Thenmal Fatgue « Cyckng [ 1 1 -
BWR 85 RAS Unreporied 3 1 1
BWR 55 RAS Ury eporisd 6 1 1
BWR ) RAS Vibragon-{abous 1 4 1 3
BWR [ RAS Vibraton-fabgue 2 15 1 1 14
BWR &S RAS ViDrason-1atgue 3 7 1 4
[ BWR [ RAS Vibraton-{atigus 1 2 1 7
BWR S8 RAS Vibraton-fasgue 6 1 1
BWR 5 RAS Waler Hammer 1 1
BWR 85 HCPB 2 1 .
B8R &S RCPB Coaosion 1 1 1
BWR S8 RCP8 Corrosion 2 1 1
BWR 55 RCPB ECSCC - External Chionds induced SCC 1 3 2 1

’
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BWR 58S RCPB ECSCC - Extemal Chionde nduced SCC a i 1 ;
BWR SS RCPB Erosion 2 i 1
BWR X RCPB ‘extemal damage 3 1 1
BWR 55 RCPB HF-CONSTANST 1 [ k] " R
BWR SS RCPB HF-CONSTANST 6 2 2
BWR S RCPB * HF Fabrcaton Eror 2 1 T
BWR $S RCPB HF-F abncabon Enor 3 1 1
BWR 55 RCPB HF . Fabrcason Eor 6 7 1
BWR &S RCPB HF-REPAIR/MAINT 2 0 1
BWR S RCPB HF Weldng effor 1 [ )
BWR 53 RCPB HF.Wesing eror 2 2 2
BWR 58S RCPB HF-Wekdng Ermor 3 7 1 1 1 2
BWR &S RCPB FF.Weldng eror 5 [ 1
BWR 55 RCPB HF Welang emor 3 8 8
BWR 3 RCPB Hol cracking 4 1 7
BWR &S RCPB IGSCL - Wesgronudar SCC 1 2 2 [ [
BWR S RCPB IGSCC - Inlergrandar SCC 2 3 2 1
BWR SS RCPB IGSCC - Inergranuiar SCC. 3 2 7 2
BWR £S RCPB IGSCG - Wnlergranuar SCC 4 20 2 s 2 7 4
BWR 55 RCPB IGSCC - Inler g sruder SCC 3 10 7 [ 2
BWR 55 RCFB IGSCC - Inlefgrandar SCC B 203 174 1 22 3
BWR 55 RCPB Overpressurizaton 4 2 1 1
T BWR SS RCPB ‘Baver® Overledng 4 1 1
—BWR S5 RCPB SICC - Stamdale INduced Cormosion Cracking ® 1 1
BWR &S RCPB _ ~ TGSCC « Yransg andar SCC 1 1 1
BWR 5S RCPB TGSCC - Yransgreniar SCC 2 1 1
BWR 3 RCPB TGSCC - Transgranudsr SCC 3 1 - 1
BWR 55 RCPB Thermal Foatgue 2 2 2
BWR 55 RCPB Thermai F atgue 3 1 1
BWR SS RCPB Vibrason-fatgue 1 3 3
BWR 3 RCPB Vibrabor Fabgue 2 2 2 1 1 2 3
—BWR 55 RCPB Vibr8sonF stigue 3 3 3
BWR &S RCPB Vibravon-fatgue a 1 1
BWR SS RCSINSTR ECSCC - Extamal Chionide Induced 5CC 2 1 1
— BWR §S RCSINSTR ECGSCC - External Chioride k1duced SCC - 3 1 1
BWR 65 RCSINSTR HF.Welng emor 7 2 7 - 1
BWR BS RCSINSTR IGSCC - Inier g antar SCC a 2 1 1
BWR &S RCSINSIR TGSCC - 1ransgranuar SCC 1 2 [ 1
BWR 58S RCSINSTR TGSCC - Tranegranier 5CC 2 1 1
BWR 3 SIR " 0 1 1
BWR &S BIR Batte lrackse 3 s 4
[ BWR 55 SIR Comodion 3 1 1
: BWR &S SIR Comosion-lasge 3 1 ) 7
! BWR 5SS SIR ECSCC - Extemal Chioride nduced SCC 1 [ 1
, T BWR 55 SIR ECSCC - Extornal Clionos Iuced SCC 3 1 1
T BWR ) SR Erosion . F] 2 1 1
. BWR 65 SIR Erosion 3 1 1
. BWR 65 SIR FAC - Flow ACCeiersied Coosion 2 [ 1
. [~ BWR 55 SR FAG - FIow ACCEIaf 8lod COTOSIon 3 0 7 2 1
! BWR 55 SR FAC - Flow Acceieraiad COTOSion 4 2 i 1
| BWR 55" BIR - Foigue 7 [ 1
| BWR 8S SIR Faigue 2 1 []
: . BWR 65 SR Fasgue 5 K} 1
( BWR =3 SIR Faigue 6 1 [
' [ BwWR €5 SIR HF.CONSTANST 2 2 2
BWR [ IR HF CONSTANST 3 1 i
BWR 65 SR HF.CONSTANST 4 1 ) 1
BWR 85 SR TF CONSTANST 5 1 1 N
BWR &S SIR HF:Fabncaton Error [] 2 2 -
BWR ) SIR HF F sbncabon Eror 6 1 7
~ BWR 63 SIR ~ HF.Human emor 1 1 1
BWR SS SIR HF:Human eror 2 1 1
N 8WR 55 SIR ~ HF Weidng Error 2 2 2
BWR &5 SR HF.Wekdng Error 1 3 [
BWR B3 SIR HF Weiang Error (] 10 9 1
BWR 53 SIR HF Weldng Eror 3 3 1 2 1 2
BWR €5 SIR IGSCL - Wiergrandar 5CC 2 3 1 1 3
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BWR S SIR 1GSCC - Wnlergranuar SCC 1 1 1 2 [
BWR 8S SIR K3SCC - Intergranuar SCC 3 64 2 81 ' [3 5
~ BWR 5S SIR IGSCG - buergranular SCC 6 22 18 4
BWR 3 SIR . MIC - Wucr gcaty nduced C 5 1 1
BWR SS SIR Overpressusizaton 3 1 1
BWR 55 SIR Oversyessed 2 2 2
BWR 55 SIR Severs overioadng 2 2 1 1
BWR . SS SIR Severe overioadng 4 1 1
BWR &S SIR Savere overiosang [ 1 1
BWR SS SIR TGSCC - Vrensgrandar SCC 5 1 7 -
BWR &S SIR TGSCC - Transgranudar SCC 8 1 1
BWR 5S SIR Thermal (abgue 2 3 3
BWR 55 SIR Thesmal tatgue [3 3 E)
—BWR 55 SIR Thermal fabgue 3 1 1
BWR £S SIR Thermal Fasgue - Cyckg 5 2 1
BWR 5S SIR Unreparied - 5 ] .
BWR 65 SIR Vibraton-Fatigue ] 2 ! 2
BWR £S SR Vibraton-fatgue 1 6 1 []
BWR 83 SIR Vitratan-fatgue 2 27 2 1 1 1 1 Fil
BWR &5 SIR Vibrsson-atigue 3 3 1 2
BWR S8 SiR Vibraton-{atigue 4 2 2
BWR S SR ViDraton-asgue 5 1 - 1
BWR 53 SIR Vibraton-{atgue [ 1 1
BWR CS STEAM Corrosion 2 1 L]
BWR CS STEAM ECSCC - Extetnal Chioride induced SCC § 1 1
BWR CS STEAM Erosion 3 1 1
BWR CS STEAM Erosson 4 1 1
BWR CS STEAM FAC « Flow Accelaraled Comosion 2 16 3 1 12
BWR CS STEAM FAC - Flow Accelerated Comosion 3 7 © 1
BWR CS STEAM FAC -+ Flow Acc og C 4 3 3
BWR [%3 STEAM FAG « Flow ACCelaratad Corasion 5 7 - 7
BWR C5 STEAM FAC - Flow Accelorated Cormosion 6 1 1
BWR CS STEAM , Fabgue 2 3 1 1 1
. BWR [«3 STEAM HF.CONSTANST 2 1 1
BWR CS STEAM HF.CONSTANST 3 1 1
BWR C5 STEAM HF.CONSTANST 4 1 1
~ BWR C§ STEAM HF-REPAIRMAINT 1 1 1
BWR CS STEAM HF Welang eftor 2 2 2
BWR CS STEAM HF-Weldng emror 3 2 2
BWR CS STEAM HF . Weiding &tTor 5 1 )
BWR [+ STEAM HF.Weking Estor & 1 1
BWR [+ STEAM 1GSCC - Intergranuar SCC [3 1 1
BWR CS STEAM Overpressuizaton 2 1 1
BWR CS STEAM Severa overioadng 4 1 1
BWR CS STEAM SICC - S¥ainvale Induced Corosion Cracking 5 1 1 -
BWR C5 STEAM SICC « Syaintale Induced Corrosion Cr 6 3 3
BWR S STEAM TGSCG « Transgranuisr 5CC 1 10 4 2 4 -
BWR C5 STEAM TGSCC - Iransgranuar SCC 2 2 1 1
BWR [~ STEAM Thormal latigue 2 1 1
BWR CS STEAM Thermal (a3gue 3 1 1
BWR CS STEAM Thormal fatigue [ 1 1
[TTBWR ¢S5 STEAM Vil aton-F abgue 7 2 3 1
BWR C8 STEAM Vibr abon-{atigue 2 12 1 1 2 2 6
BWR [+ STEAM Vibraton-{atigue 3 2 F3
BWR CS STEAM \Vibraton-Fatoue 3 1 K
| 6WR CS STEAM Water Hammer 5 1 1
BWR [<] STEAM Waler Hammer 6 1 - 1
y;



Appendix B ) ) -
. Haddam Neck PWR CS 2.25 4 Erosion GL 89-08
CANDU PWR CS 4 4 Thermal Fatigue Korean
CANDU ‘ PWR CS 4 4 Thermal Fatigue "~ Korean
CANDU PWR" CS 4 4 - Thermat Fatigue Korean !
CANDU PWR CS 4 4 Thermal Fatigue . Korean
Millstone Unit 3 | PWR CS B 5 Erosion/Corrosion IN 81-18
Arkansas Nuclear One Unit 2 PWR CS 14 6 Erosion IN 89-53
DC Cook Unit 2 16 6 Erosion Bulletin 79-13 i -
DC Cook Unit 2 16 6 Erosion Bulletin 79-13
Fort Calhoun Station 12 6 FAC IN 97-84
Surry Unit 1 30 6 Not yet determined IN 81-04
Surry Unit 2 18 6 Erosion/Corrosion IN'86-106
Trojan 1 14 6 Erosion IN 87-36 R
Zion 1 24 6 Human Faclor IN 82-25 i
FR (Framatome Reactors) 10 6 Corrosion Karean
- FR (Framatome Reactors) _ 28 6 Corrosion Korean

2 Thermal Fatigue
~Erosion/Corrosion ;:
2 Thermal Fatigue 3
1"+ Erosion/Corrosion 7 ’ 1843
Vibration IN 89-07

-Diablo Canyon Unit {3
-Lovilsa Upit.1 &
« Sequoyah.Unit 1
‘meas Surry Unit 1307

Wolf Creek 0.25 1
KSNP Korean Standard Nuclear ]
Power Plant 0.375 1 Thermal Fatigue Korean : i .
~ Oconee Unit 3 0.75 1 Mechanical Failure IN 92-15 : 3
WH-3 0.75 1 Flow Induced Vibration Korean -
© WH-3 0.75 1 Fiow Induced Vibration Korean
- H.B. Robinson Unit 2 2 3 . SCC IN 91-05 . .
Oconee Unit 2 2 3 Vibration IN 9746 - S
Prairie Island Unit 2 2 .3 ScC IN 91-05
WH-3 2 3 Flow Induced Vibration Korean -
WH-3 2 3 Flow Induced Vibration Korean :
. WH-3 2 3 Flow induced Vibration Korean
Crystal River Unit 3 2.5 4 Fatigue IN 82-09
Fort Calhoun Station 3.5 4 SCC IN 82-02
- Maine Yankee 3.5 4 SCC IN 82-02
Maine Yankee 3.5 4 SCC IN 82-02
Maine Yankee 3.5 4 SCC - . IN 82-02 )
- Maine Yankee 3.5 4 SCC IN 82-02
Maine Yankee 3.5 4 - 8CC IN 82-02
Maine Yankee 3.5 4 sCcC ) IN 82-02 ;
Ginna 8 5 SCC |E Circular76-06
Foreign 8 5 Thermal Stress Bulletin 88-08 ,
Arkansas Nuclear One Unit 1 10 6 SCC IE Circular76-06
Oconee Unit 2 24 6 Erosion IN 82-22
Sequoyah Unit 1 16 6 Fatigue IN 95-11 .
Sequoyah Unit 2 10 6 Human Factor IN 97-18 , B
Surry Unit 2 10 6 SCC IE Circular76-06 . : S
# =i PaloVerde: 33 kewa L P FnVards | 5 n T [vE Human Factorsai| s 'Bulletin 78-03 :& .




Appendix B .(cont.)
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Plant Type | Material | Diameter Plgreoi:e Failure Mechanisrp Reference

Dresden Unit 2 BWR CS 4 4 Human Factor Bulletin 74-10

Nine Mile Point Unit 2 BWR CS 8 5 Fatigue Event 36016
Vermont Yankee BWR CS 12 6 SCC IN 82-22
Cooper Station BWR SS 0.25 1 Vibration IN 89-07
- Pilgrim BWR SS 1 2 Corrosion - IN 85-34
Browns Ferry3 BWR SS 4 4 SCC IN 84-41
Browns Ferry 3 BWR SS 4 4 SCC IN 84-41

Nine Mile Point Unit 1 BWR S$S 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 Therma! Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Dreseden Unit 2 BWR SS 10 6 Thermal Fatigue IN 75-01
Hatch Unit 1 BWR SS 22 6 SCC IN 83-02

Hatch Unit 1 BWR SS 22 6 ScC IN 83-02
Hatch Unit 1 BWR S8 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 8§ 24 6 SCC IN 83-02
Montecelio BWR SS 22 6 SCC IN 83-02
Montecelio BWR SS 12 6 . SCC IN 83-02
Montecello BWR SS 12 6 ScC IN 83-02
Montecello BWR SS 12 6 SCC IN 83-02
Montecello BWR S§S 12 6 SCC IN 83-02
Montecello BWR S§S 12 6 IN 83-02

- i Browns Ferry. 14 g 5K AN 82-24 235

## Dresden Unlt 1 726

o IN 94-38




Appendix C. Collapsed OPDE Database

Collapsed OPDE Raw Data as function of Pipe Size

Pipe Size Group Resulting Number of Failures
Plant Type (inches) Cs 55 CS+S5
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
>100 93 126 219

SRR
LR RPN

S

PWR+BWR

110 302 412

4.0-10.0 176 346 522
>10.0 132 417 549
Total 796 2095 2891
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Collapsed OPDE Raw Data as function of Failure Mechanism

Resul{ing Number of Failures

Plant Type Failure Mechanism

) CS . SS CS+S8S
Corrosion 106 28 134
FAC 119 121 240
MIC 43 1 . 44
Erosion 96 12 108
. Fatigue 92 501 593
PWR Human Factors 36 126 . 162
" Mechanical Failures | 22 37 59
SCC 5 169 174
+ Water Hammer 0 2 2
Misc 6 14 20
Total
Corrosion
FAC
MIC
Erosion-
Fatigue
BWR Human Factors 85 109
Mechanical Failures 25 . 43
SCC 624 . 643
Water Hammer 1 3
- Misc 4 19 .23

271 1084 1355

~ A e A sk, oY
ORI R R Y D I NI U

135 60
FAC 177 184
MIC 49 2
- Erosion 136 © 21
N Fatigue 163 726
PWR+BWR Human Factors 60 - - 211
Mechanical Failures 40 62
- SCC 24 - 793
¢ Water Hammer 2 3 5
Misc 10 33 43
Total 796 2095 2891

P
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1377092@
19770926
19790625
19790629
19800815

19811123

19850301
| 19850327
19860206
19860825
19860825
19880330
19880726
19920009
19930322
19930322
19931110
19940411
19941018
19950216
" 19950222
19950428
19950502
19950718
19950803
19950803
19950831
19930831
19960124
19960412
19960323
19960523
19960523
;9960926
19960926

19961101

19961161

Calvert Cliffs
Calvert Cliffs
Millstone

H. B; Robinson
Fort Calhoun
SL‘Lucie '

St. Lucie

‘Duane Amold

Salem ':
North Anna
North Aona

Ca-lla\way -

Thres Mile fsiand

Fermi

Alvin W, Vogtle
Alvin W, Vogle
Wolf Creek
Susquéﬁanna
Peach Bottom
Limerick .
Sukquehanna

Ning Mile Point

Columbia Generating Sta

Pear]i Bottom
Surry

Surry

Edwin L Hatch
Edwin [ Hatch

Limerick

Vitgil C. Summer.

Palo Verde

Palo _\"erde

Palo Verde.

Tm;kay Point
oo

Turkey Point

Brunswick

Brunswick

Unit 1

‘ Unilbz‘

Unit 2
Unit 2
f}nit. i
“Unit 1

Unit 2

- Unit 1

Unit 1
Unit 2

Unit 1
Unit 1

Unit 2
Unit 1

Unit 2

Unit |

Unit 2

Unit 2

Unit 2

Unit I-

Unit 2

‘Unit 3
UnitL
Unit 2
Unit |

Unit 2
%

/Unit 1
. ~

Unit L.

“Upit 2

Uinit 3
Unit 3
Unit 4

Tinit 1

“Unit 2

NS
The NRC approv ed 2 5.5 percent increase in the maximum licensed power level.

The NRC approved.a 3.5 peicent increase in the maxtmum licensed power level.
The NRC approved a 5 perécnt increase in the maximum licensed power level.
The NRC approved a 4.5 percent incredse inthe maxinum licensed power level.

The NRC approved a 5.6 percent increase in the naximum licensed power level,

The’ NRC approved a 5.5 percent increase in the maximum licensed ].)me‘. kevel. -

The NRC apﬁroved a 5.5 percent increase in‘. the maximum licensed power level:

The NRC approved a 4.1 percent increase in the maximum licensed power level.

The NRC approved-a 2-percent increase in the maximum licensed power level,

; , S
The NRC approved a 4.2 percent increase in the maximum licensed power Jevel.

" The NRC approved a 4.2 peicent increase in the maximum licensed power level.

The NRC approved a 4.3 pércent increase in the maximum licensed power level.

The NRC approved a 1.3 percent increase in the maximum licensed power level.
The NRC approved a 4 percent mcréase in the maximuam licensed power level.

The NRC approved a 4.3 percent increase in the maximum licensed power level.

The ’\R( © approy A‘d ad.5 percent increase in the maximum licensed powsr kev el.

{‘hc. _?\RC approved a 4.5 [?e[cen( increase in thc maximum licensed power level.
Tile NRC approved ads percent increase i.l; the maximum licensed power level.
The NRC approved a 5 percent increase in the maximﬁm licensed power Jevel.
The NRCappmved a5 percent increase in_ Lhe masimum licensed power lev;el.

e nt increase in the maxinum icensed power leve
The NRC a rm&id-ftSpercutm se in th i i d power level.

.

“The NR( approved a 4.3 percent increase in the maximum lic enxd power le \cl

The NRC app;'oved 249 percent increase in the maximum hcense.d power level.
\_The NRC approv ved 2 S percenl mcreav: in the maximum licensed power level.

The NRC approved a 4.3 pcrcent increase in Lh:, maximum licensed power fevel. ’

" The NRC appmveﬁ a 4.3 pmu,m. increase m the maximum lic ensed pow er Jevel.

The NRC approved a 5 percent increase in the maximunt licensed power level.
The \RC approved a § percent increase in the maximum licensed power level.
The NRC approved a 5 percent ing:teasc in the masinum licensed power Jevel.
The NRC approved é 45 percent increase in the maximuxﬁ licensed p{)we{ fevel.
The NRC approved a 2 percent increase in the maximum licensed power level.
The \RF .)ppro"sd a2 percent increase in U)c maximum hwncvd power Jevel.
The NRC appm\'ed a 2 percent increase in !.he masimum lmmscd power level.

The NRC approved a 4.5 percent increase in the maximum licensed power level,

~The NRC approved 245 percent increase in the maximum licensed power level.

The NRC approved a.5 percent increase in the maximum licensed power level.

The NRC approved a 3 percent increase in the maximum licensed power level.




19961206
19980429
19950429

19980908

19980008
19950916
19981022
19981022
19996930

20000509
20000509

20000601

20001006
20001026

20010119
20010504
20010504
20010504
20010504
20010525

20010525

20010796

20010706
20010766
20010706

20010706
20010706

20010719

20010730,

20010924

20010924

2004 (012
20011012
20011012

20011106

Toseph M.‘F‘arley
Joseph M. Farley
Browns Ferry .
Browns Ferry

Monticello

Edwin L Hawch

Edwi‘n L Hatch
Comanche Peak
LaSalle County
LaSalle CL‘)UHY}‘. v
Perry

River Bend

Diablo Canyen:

Watts Bar
Braid woo\d
Braidyvmd
Byron’
Byron
Salem
Salem .

San Qnofre”

San Onofre
San Onofre

San Onofre

Susquehanna
Susquehanna

san Onofre

Hope, Creek
Beaver Valley
caver V;lle.)"
Comam.che_ Peak
Comanche Peak
Shearon H.éﬁis

Duane Amold

‘Unit |

Unit 2

Unit2 °

Unit 3 -

Unit 1

CUnit2

Unit |

Unit |

Unit2 -

Unit }

" Unit 1

Unit 1
Unit :1
Unit 1
Unit 2

Unit I

Unit 2

" Unit1

Unil2

Unit2

Cm’t 2
Unit3 ~
Unit 3°

Unit !

Unit 2

Unit 3

Unit 1.

Unit 1
B

Unit 2

Unit't

CUmit2

Uit 1

‘The NRC approved a 4 perc’em‘.‘increase in the maximum licensed power level.

The NRC ':tpprovéd a § percent increase in the maximum licénsed power level.
The NR( > approved a S percent increase in ihe maximum liccnsef:l power Jevel.
The NRC approv ed as percent intrease in t.he maximum lic ensed power level.
The NRC approv -,d as pcrcs.nr mcreace in the maximum llccnsed power level. .
The NRC approve od 2.6.3 pcn:enl increase in the maximum licensed powsr level.
Thé NRC approved a & percent increase in the maximum li'ccnsed power level.
The NRC approved-a 8 percent incréase in the maximimm llcanscd power level,

The ’\'}\(’ approved a | pelunl increase in the maximum llccnse,d powu level.

The I\R( ) appro‘.cd as p('rcent increase in the mmcxmum licensed pover Jevel.

The NRC approved a 'S percent increase in the maximum licensed power level.

" The NRC approved a 3 percent increase in the m:mmum licens'ed power level.

The \JR( dpptO\ od a 5 percent mcre.m:, in the maximum huemed p(\wcr level. -

" The NRC éppmvcd a2 percent increase in the maximuim licensed power level.

The NRC .1ppro‘wd 2 L4 percent increase in the maumum hccmed po»ver fevel.

" The \R(‘ appm"cd a 5 percent increase in the mammum licensed power l*\cl

" The NRC approvei a 5 percent increase’ in the maximum licensed power lc\'el

The ? ’\RC .1ppr0h,d a 3 percent increase in (hc maximum hwnsed power le'»el
The NRC approv—' a 5 percent increase in dxe maximum licensed power l’m,l
The NRC approved a 144 percent increase in the maximum licensed power level.
The NRC approved a 14 pc{cent increase iny rhe-maiim‘uhx liccnscd power level. v

The NRC issued license amendmcnl 180 i mcmzmmv the mammum rcau.or power
Tevel to 3,438 megawatts from 3,390 megawats. .

The NRC approwd a 1.4 percent increase in the maximum lic (nscd power lev el
The NRC apprm-e:.i a 1.4 pe:ce.n[ mcr; ase in the maximum hcenscd powert level.

The NRC issued Jicense amendment 171 muuismg the maximum reactor pOWél
level to 3,438 megawatts from 3,390 mepawaits. .

ﬂle NRC approved a 1.4 percent increase in the maximum llcc.nsed power fevel..
ﬂk, NRC appm" 2d a 1.4 percent increase in the maximum llL ensed poiver level.

The NRC issued license amendment ramno maximum reactor power level to
3,438 megawalis.
The NRC approved a 1. " percent increase in the maximum licensed pom,r level.

“Ib NRC approve 'd ald p—:xfem increase in the maxrmum licensed pOw 'crl evel.
The NRC approved a 1.4 percent increase in the maximum lic ensed powcr level.
The NRC approved a 1.4 percent increase in the maximum hcemed power level. .'

The NRC approved a 0.4 percent increase in the maxi mum_hccns::d power level.

The NRC approved a 4.5 per@nt increase in the maximum licensed bowex level.

The NRC approved 4 13.3 percent increase in the maximum licensed power lével.'
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The NRC issued license ammdment 243 increasing the maximum r&utor power

levelto 1,912 mcgm alts.

The NRC approved 17 penx‘nr increase in lhe maxxmum Ticensed powe{ level.

The NRC approved a l7 percent mcrease. in the maximumn hcensed power level.

The NRC approved a 17.S percent mcre.me in the maximum licensed power level.
The NRC approved a17.8  percent increase in the maximum licensed power Jevel.

'lhe NRC approved a 1.3 pere ent increase m the maxlmum licensed power level.

The NRC approved a 20 pemcnt mC[f.‘dSE in the maximum licensed power level.

The NRC approved & 14 percent increase in the masimum licensed power level.

The NRC approved a 1.4 percent increase in (hc maximum hcm«ed power level.

‘The NRC approved a 7.5 pm‘cm inerease in the maximum hcemcd power | luvel

The NRC approved a 1.4 percent increase in the maximum ficensed power lf-wl

The NRC approved a 1.4 percent increase in the maximum Ticensed power level.

™~

“The NRC approved a 15 percent increase in the maximum licensed pow:;‘r:le_vcl.

The NRC approved a 15 percent increase in the masimum licensed power level.

The NRC approved a 1.7 percent increase in the maximum licensed power level.

The NRC approvéd a 1.7 percent increase in the maximum licensed power level.

The NRC approved a 1.62 percent increass in the maximum licensed power level.
The NRC approved a 1.62 percefit increase in the maximum ficensed power level,
The NRC approved 2 1.4 pércchl increase in the maximum licensed power level.
The NRC appr'ovéd a 1.4 percent increase in the maxinum licensed power level.

The NRC approved a 1.4 percent increase in the maximumn licensed power level.

The NRC appw\ed a2 0.9 percent 'mcr‘-ase in the maximum licensed-power level.

The \RC approved a 1.66 pm ent increase in the maximum bic emed power kevel.
The NRC approved al.7 pcrc'r.nr increase in the maximun Jicensed powcr level,

The NRC: 4pprowd license amendment 203 increasing lhe maximuin reactor,
power level to 2,568 megawatts. -

The NRC approved a '1.66 percent increasc in-the maximum licensed power level.
The. NRC approved a 1.5 percent increase in the maximum licensed power level.
The NRC approved a 1.4 percent increase in the maximum licensed power levei.
The NRC issued license amendment 37 increasing the maximum reéactor power
level to 3.114.4 megawatts.

The NRC approved a 1.4 percent increase in the maximum licensed power level.

The NRC approved a 1.5 percentincrease in the maxitum licensed power Jevel.

The NRC approved a 1.5 percent increase in the maximum licensed pow.;:: level.

Th:; NRC approved a 2.9 parcent increase in the maximum licensed power Jevel.

The NRC-approved a 6 percent increase in the maximum ticensed power level.
/

The NRC approved a 1.4 percent increase in the maximum licensed power fevel.

The NRC approved a 3.26 percent increise in the maximum licensed power level.
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The NRC approved a'5.2 percent increase in the maximum licensed power level. -

i

The NRC approved a 4.83 percent increase in the maximum licensed power level.
The NRC approved a § percent increase in the maximum licensed power Jevel.

‘The NRC approved a 2.9 percent inerease in the maximum licensed power level.

. The NRC approved a 2.9 percent increase in the maximum licensed power fevel.
" The NRC approved a 20 percent increase in the maximum licensed power kevel.

~The NRC approved a 1.7 percent increase in the masimum licensed power level.

The NRC approveil a 16.8 percent increase in the maximum licensed power level.
The NRC approved a 8 percent increase in the maximum licensed power level.
The NRC approved a § percept increase in the maximum licensed power level,

The NRC approved a 5 percent-increase i the m aximum licensed power jevel.
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1.0

1.1,

1.3.

PURPOSE,‘SCQPE, AND DISCUSSION

4

Purpose

The purpose ofthe Vermont Yankee Plpmg Flow Accelerated Corrosion (FAC) Inspectron
Program is to provide a systematic approach to ensure that PAC does not lead to degradatlon of
‘plant piping systems and feedwater heaters. This Program Procedure controls the engineering
and inspection activities performed to predict, detect, monitor, and evaluate wall thinning due to
PAC at the Vermont Yankee Nuclear Power Station.

Scope

The scope of thls program is limited to evaluation and inspection of plant piping systems and
: feedwater heater shells that could be suscept1ble to FAC. -

FAC is known to occur in prpmg systems constructed of carbon or low -alloy steels, which carry
‘water or wetsteam. All plant piping systems have been screened for susceptibility to damage

_from FAC. A separate document titled "FAC Susceptible Piping Identification" has been

developed to identify, on a line by line basis, the piping which is susceptible to damage from

- FAC. This document is maintained by the Piping FAC Inspection Program coordinator and is

updated as required to reflect changes in plant operation and configuration.

There 1s no finite scope ofplplng components to be scheduled for 1nspect10n on a periodic basis.
Each refueling outage mspectron efforts will be optimized to focus on piping components which
have been identified as wearing, or potentially wearmg due to FAC. The components selected
for-mspectlon each refueling outage are identified usmg .

- Results of ultrasomc thlckness (UT) mspectlons from prev1ous refuelmg outages

* Results ofthe CHECWORKS pred1ct1ve software which 1nc0rporates actual inspection data.

. Operatmg condltlons at VY, which may mdlcate PAC damage is occurrmg

)

* Operating exper1ence and events from other plants

Carbon steel feedwater heater shells have experienced thinning and through wall leaks due to
PAC. Vermont Yankee has replaced all low pressure feedwater heaters with new heaters

constructed of materials resistant to FAC. The four remaining high pressure feedwater heater
shells are carbon steel. ‘Long term monitoring of shell thlckness for plant feedwater heaters is

' 1ncluded in the scope ofthis- program.

stcussron : ;

Followrng the December 1986 Surry pipe rupture the industry has worked steadlly to develop

and 1mplement monitoring programs to prevent the rupture ofhigh energy piping due to single
phase erosion-corrosion (FAC). In March'1987 INFO issued Significant Operating Experience
Report (SOER) 87-3 which recommended that a continuirig program be established at all U.S.

_nuclear power plants including analyses to predict wear rates and to plan and schedule periodic

inspections. USNRC Generic Letter GL 89-08, requires all holders of operating licenses to
provide assurances that a systematic program has been 1mplemented to ensure that Flow
Accelerated Corrosion does not lead to degradation of plant piping systems

" This Program Procedure (PP) controls engineering and inspection activities performed to assess -

the susceptible plant piping. This procedure defines the methods and criteria used in the
evaluation and mspectron ofplant piping components which are susceptible to wall thinning due
to FAC. The program is based on current industry practice and the latest EPRI recommendations .

-(REF548) oo _ N
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Overall health ofthe feedwater heaters is not only determined by the condition ofthe shell and nozzleé
but is also dependent on the condition of the heater internals: tubes, tube support plates, impingement
plates, tie rods, drain cooler end plates, etc. Evaluation ofthe overall component health is the

responsibility ofthe Maintenance Department. Shell and nozzle inspections of feedwater heaters will be

coordinated through the responsible System Engineer and the Maintenance Support Department. UT

inspections ofthe heater shells will be performed in conjunction with internal visual mspectlons and eddy

current testing of the heater tubes under Preventlve Maintenance. (PM) work orders

The primary purpose of performing UT inspections each outage is to locate piping cdmp’onents degraded
by FAC prior to the time that an immediate repair.or replacement is reqgnired. This allows sufficientlead
time fora planned replacement which will have a minimum impact on plant operation.

Given the costs of inspection and replacement of piping components, a long term approach for mitigating,

the effects of FAC taken under this program will be towards reducing component wear rates.. To
accomplish this, components found with significant wall loss due to FAC under thxs program, will be
preferably replaced with materials which are more res1stant to FAC damage.

PP 7028 Original
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24,

3.2.

2.1,

23.

2.5.

3.0

31,

DEFINITIONS .
Flow Accelerated Corrosron (RAC): A corrosion process that causes thmnmg of steel piping exposed to

- flowing water or wet steam. The rate ofloss is dependent on several parameters, which include flow

‘regime, service life, water chemistry, piping material, prpmg geometry, and hydrodynamrcs

"

g@g A set.ofactivities that benefit from the existence ofa formal high level "Program Document.

Such documents are meant to provide for a common understanding of program depth, breath and ‘

-technical bases as well as the responsibilities of the program owner and those helping to implement the
program. "Program Documents" are typically created to ensure regulatory requirements are satisfied.
They can also be used to layout the techmcal bases and personnel responsrblhtres related to complex

multi-departroental processes. .- : ‘ _ ~
Progr_a Owner: Ihe individual responsrble for mamtammg the program, program documents and

- assuring proper execution of the program requirements. Each program,shall have an individual assigned

as the program owner. The appropriate Job title is determined by the résponsible Department Manager.
A summary of expectations for the program owner are contamed in Appendix A of AP 0098 and sha]l be

referenced in all Program Procedures.

Single-Phase Flow: The flow in the prpmg ‘system remains in the liquid phase at all design and operating \
pressures and temperatures. o

Two~Phase Flow: The flow in the piping system may vary from 11qu1d to wet steam. This depends on the
. operatmg pressures and temperatures and varies with the specxﬁc location in the piping system

PRDVIARY RESPONSIBILITIES -

Implementation ofthe tasks performed under this program mvolve several plant departments The
organjzation for personnel performing tasks under this program is- shown in Figure 1.

The VY Design Engineering Mechanlcal' Structural (DE MIS) Department is responsible for the Prprng

- FAC Inspection Program. The DE MIS Lead Design Engineer (LDE) has responsibility for the overall

program management and administration and, for structural evaluation of thinned plpmg components.

3.1.L Establishment and maintenance of criteria and procedures for evaluation of thmned wall piping

components R _ ;o
3.1.2. Performmg structural evaluatlons of thinned wall prprng components. .

The Vermont Yankee Piping FAC Inspection Program Coordinator (FACPC) works within the "
Mechanical Structural (DE MIS) Department under the direction of the DE MIS LOE. The
responsibilities of the FAC Program Coordmator are: N . .

3.2. 1." Maintenance of the Vermont Yankee Piping FAC Inspectlon Program Procedure and supporting
documents to ensure that program meets commitments to GL 89-08 and the "Expectatlons of
Program Owners" as defined in Appendrx A of AP 0098

3.2.2. Continual assessment of FAC inspection program to insure program effectiveness.

323, Pamcrpatron in relevant industry working groups benchmarkmg with current industry practice,

evaluation of mdustry events; and nnplementatton ofrevisions, changes, and process
improvements which result from the participation.

3.24. Establishment and maintenance of criteria for selection of piping systems and components
' susceptible to FAC and for maintenance of'the “FAC Susceptible Piping Identification" document
which screens all-current plant piping systems and identifies piping susceptible to FAG

3.2.5. Establishment and maintenance of criteria for selection and scheduling of componénts to be
inspected during refueling outages including: - initial inspections, follow-on inispections, and

scope expansron and/or reductlon

PP 7028 Original
Page 5 0f 15
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Establishment and maintenance ofcriteria for use and control ofthe CHECWORKS o

- predictive software used to evaluate piping, plan inspections, track-inspection results,

327,

. 3.28.

wear rates, piping component data, and repair and/or replacement history.

Review ofdesign change and'maintenance documents as necessary to assess the impact
ofthe proposed tasks on the mspectlon program, and recommend action when
approprrate : '

Ensure that all physrcal and operatronal changes or add1t1ons to plant piping systems are

A 1ncorporated into the program.

3.2.9,

3.2.10.'

"3.2.11.

3.2.12.

3.2.13.

Analytical evaluatron of’ plant p1p1ng systems for F AC using the EPRI CHECWORKS
codes as approprlate . . .

Pre-outage activities including:

. Developrnent of i»lnspecti‘on scope for each refueling outage. - .
._- ‘Perform/update analytical evaluations (CHECWORKS modelsl as required. |
. ‘PI‘OVldC pre-inspection'implementation support. | |
Outage activities;includingt B | )
. Pr_oviding engineering support for inspecti'on implementation.
_-I ' Evaluation and disposition ofall inspection results. '

+  Recommend changes to the planned inspection scope upon d1scovery oftmacceptable
conditions. : : .

. Providing assistance as required in the development ofrepair/replacement options.

. Pr0vlding written summary ofinspection results to ISIPC prior to plant startup.

» Ensure that cognizant departments and the Control Room are informed of

. unacceptable conditions discovered during evaluation ofinspection results and
facilitate completion of’ appropriate paperwork (ER's, WOR, IDR, etc.). -

Post outage activities including:.

. Development ofoutage inspection’ report including trendmg analyses and long term
recommendatrons o .

. »Update/marntam the plant CHECWORKS models and maintain a hrstory of all piping-
'1nspect10ns .

+ Update/maintain f‘FAC Susceptible Piping Identification" document to reflect plant -
changes as required. -~ - . : -
Keep DE MIS LDE informed on the progress of FAC related tasks.

PP 7028 Original
~ Page 6015~
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" The Vennont Yankee In-Service Inspection Pro gram Coordinator (ISTPC): - works within the—

'3.3.3.. Coordination of outage activities including:

System Engineering Department under the direction ofthe Superintendent ofSystern
Engineering. The responsibilities ofthe ISIPC include:

3.3.1. Provide for oi/erall-coo"rdination with the Vermont Yankee In-Service Inspection Program
ifinspection results on safety class piping indicate violations ofthe piping design code.

-3.3.2. Coordination ofpre-outage activities including:

- Input to the development ofoutage schedules and budgets relative to FAC activities. _
e Providing oversight ofwork order planning and coordination with ISI Program:
resources. ‘ ' o .

»  Arrange on-site services as required.

‘= Ensure components scheduled for inspection are properly prepared and accessible. .
-« -Perfonnance ofinspecti'ons.

+  Postinspection restoration ofcomponents. : : .

. Repaxr/replacement effort ofunacceptable components

3.3.4. Interface with the cognizant departments as needed to insure all safety related
, repalr/replacement 1SI examination requlrements are satisfied. - -

3.3.5. »Ensure that required p1'p1ng,repa1rs and/or replacements are perfonned according to plant
‘procedures and repairs to safety class piping and components are performed in
accordance with. ASME Section XI réquirements.

3.3.6. Ensure that cognizant departments and the Control Room are informed ofunacceptable
conditions discovered during evaluation ofinspection results and facilitate completlon of .
appropriate paperwork (ER's, WOR, IDR, etc. ). .

3.3.7. Ensure that inspection records are temporarily stored per AP 6807 and permanently
stored per AP 6809 and avallable far the plant lifetime.

- 3.38. erep the Superlntendent afSystem Engmeerlng mformed on the progress afFAC related

tasks

3.3.9. Provide technical advice on implementation and inspection aspects ofthe FAC program.

3.3.10. NDE procedure deyelopment and maintenance.

PP 7028 Original
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35,

3.6.

Level ||| / ISI Supcrv1sor is a certified Level 11T UT examiner and works under the dtrectlon of )

the ISIPC The responsibilities ofthe Level ill ZISI Supervisor include:
3.4.1. Revrew ofapplicable NDE 'procedures used in p1pe tJT wall thlckness measurements.

3.4.2. Ensurmg that UT mspectors are properly quahﬁed and trained to the apphcable
' mspectmn procedures.

3.4.3. Review ofmspectlon results for compliance to the applicable procedures.

34.4. R‘esbolution ofanomalies found in inspection data.

3.4.5. Reco_mmendations for augmented or special NDE procedures or techniques as required.

3.4.6. Direct supervision ofinspection personnel to ensure that the inspection personnel
accurately and efficiently execute the inspection plan, complete 1nspect10ns and
approprlately document mspectlon results. '

3.4.7. Control ofall 1nspectlon data during the refueling outage.

3.4.8. At the completion ofrnspectlons forwarding all inspection records to the ISIPC for
pennanent storage per the requlrements ofSection 6.2

Non Destructive Examination (NDE) _Personnel _

©3.5.1. Meet Applicable qualification Standards. Personnel perfonning txltrasonic inspections

shall be qualified to the requirements ofNE 8043

3.5.2. Perfonn ass1gned setup, callbratlons and examlnatrons

-3.5.3. Documentation of' results in accordance with approved procedures.

Plant Support Services :

The Project Engineering Department is responsible for provid_ing staging, llghting, insulation
removal, surface preparation ofpiping components and for component restoration after
inspections are performed. Activities are controlled through the VY Work Order process in

accordance with plant procedures.

PP 7028 Original
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4.1,

4.2,

4.3.

. CHECWORKS Modeling

Program Mamte_nance

" TheF ACPC‘ shall maintain the Yankee Piping FAC Inspection Program Procedure, PP “7028 and

supporting documents to ensure that program meets commitments to GL 89-08 by:

4.1.1. Continual reassessment ofthe piping FAC inspection prograrn to insure program
effectiveness. A FAC Program Self Assessment shall be performed at least once per
operatlng cycle.

4.1.2. Participation in relevant industry wo’rking groups, benchmarking with current industry
. practice, evaluation ofindustry events; and implementation ofrevisions, changes, and
process improvements which result from the participation. . .

' 4.1.3. Adaptation ofcurrent or developing industry practices: for selection and scheduling of

components to be inspected, follow-on inspections, scope expansion and/or reductlons L
and criteria and procedures for evaluatlon ofthlnned wall piping components.

4.14. Review desrgnvchange and maintenance documents as necessary to assess the_ impact of
the proposed tasks on the inspection program and recommend action when appropriate

4.1.5. Incorporate all physrcal and operational changes or addltlons to plant p1p1ng systems mto

-the program as applicable.
: . . e
Initial Screening and Identification of FAC Susceptible Piping. ‘

4.2.1. A screening and evaluation ofall plant piping systems for suéceptibiiity to FAC shall be
performed. The screening shall use the EPRI Guidelines from reference 5.4.8., industry
experience, and previous Vermont Yankee inspection results. Thé evaluation shall be
performed and reviewed by engineers with FAC experience and familiar with plant
systems. The resulting document shall be controlled by the FACPC. -

I

4.2.2. The FACPC shall revise the "FAC Susceptrble Piping Identification" document as

required to reflect changes in plant operation, piping configuration, and/or materials.

—~ . ) . ;e

-4.3.1. Evaluate the susceptible plant piping systems for FAC using the EPRI CHECWORKS

- code. The evaluations shall be performed rev1ewed and documented per the
requirements of Appendix D.

PP 7028 Original -
Page 9 0il5

NEC004922 s




. . ) H .
i

4.4.  Outage to Outage Act"ik}iiiéis'f”"”

Inspection and. evaluatlon efforts performed under the program follow a cyclic: pattern Once

inspection data from a given outage is obtained, it is incorporated into the appropriate predlctlve
model and the results are then used in conjunction with other FAC related 1nformat10n to
establlsh the mspectmn scope for the next refueling outage

Each large bore piping component within the scope ofthis program has been givena
unique identification number as described in Appendix A. The location (building and

| elevation) ofeach large bore component is obtained from the Component Location

Sketches in Appendrx A. Small bore piping inspection locations included in the program
are 1dent1ﬁed in Appendix B.

The tasks performed each refueling outage to implement the piping inspections unde'r the FAC
inspection program are detailed below. These are also broken out chronologicallyin a ﬂow chart

“included here as Figure 2.

44.1. The outage inspection scope is determined by the FACPC using previous inspection data,
"~ the results ofthe CHECWORKS models 1ndustry experrence and the guidelines
.contalned in Appendix E. '

4.4.2. The outage inspection scope is reviewed by the ISIPC for 1mpact on and conflicts with-
the overall outage plan. The ISIPC will plan and organize the on-site resources required
~ to implement the prprng inspections.

443. Awork package is assembled for each piping component or group ofcomponents ThlS
package includes component location sketches, support requirements such as scaffolding,
lighting, etc., surface preparation and gridding requirements, and any special mspectlon

: requrrements as determlned by the FACPC - :

444 Prepare piping components for 1nspectron

444.1. As dlrected by the ISIPC, scaffoldmg, lrghtlng, insulation removal, and surface
preparation ofeach piping component to be 1nspected are performed by on-site
services in accordance with the appllcable plant procedures

4.4.4.2.  Surface preparation and gridding ofpiping components for inspection shall
‘ conform to the guidelines in NSAC 202L (reference 5.4.8.). Specific
instructions for surface preparatlon are given in NE 8044. Specific instructions
for gridding ofplplng components are grven in Attachment A ofNE 8053 or as
further directed by the FACPC ' o

_ , " pp7028 Original
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date 9/27/05 (2 pages) '

EN-DC-147 Engineering Report No. VY-RPT-06-00002, Rev.O, "VY Piping

Flow Accelerated Corrosion Inspection Program (PP 7028) - 2005
Refueling Outage Inspection Report (RF025 ~ Fall 2005) (19 pages)

Large Bore Compdnent Inspections: Index and Evaluation Worksheets
(258 pages)

Small Bore Component Inspections: Index and Evaluation Worksheets
(20 pages)
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- ENN Nuclear Management Manual Non QA Administrative Procedure ﬂ% i

ENN-DC-183 Rev.1 Facsimile of Attachment 9.10
Program or Component Scoping Memorandum

2004-2005 Program SCOP€ Momo -
Vermont Yankee - Engineering Bepartiment

: |p|ng Flow Accelerated Corrosion (FAC) Inspectuon Program 2004 &
/ . 005 Prooram Related Efforts - ,
Depariment: Design Engmeermg Mechanical / Sfructural
B Owner: g James Fitzpatrick
Backup: Thomas O'Connor ,
Procedure No. PP 7028**, Vermont Yankee Piping Flow Accelerated Corrosion
&Tille:  Inspection Prooram :

Inspectlon Pro\gram 10 provide a systemallc approach to insure thai Flow Accelerated
Corrosion (FAC) does not lead to degradation of plant piping systems. Currently” Program
Procedure PP 7028 controls engineering and inspection activities to predict, detect, monitor,
and evaiuate pipe wall thinning due to FAC. Activities include modeling of plant piping using ,
the EPRI CHECWORKS code to predict susceptibility to FAC damage, selection of
components for inspection, UT inspections of piping components, evaiuation of data, trendmg,
monitoring of industry events and best practices, participation in industry groups, and
recommending future repairs and lor replacements prior to component failure.
-+ Expected to adopt a new ENN Standard Program Procedure ENN-DC-315 (which is
currently under development with an accelerated deveiopment date of 6130!04),

~

|

Cansequences of Deferral: Possible hazards to plant oersonnel Loss of plant avaﬂabzhty,
unscheduled repairs, and deviationlrom previous regulatory commitments.

Duration of Program: Life of plant

Expectad Benefits {Justification}: VY committed to have an_sffective piping | FAC_mspectlon_l
program in response to G1 89-08.

. - ,.w..._.,;

o - . {
2004 Key Deliverables of Milestenes: ' o | Completion i
: Estimate '
Compiete Focused SA write up & generate appropriate corrective 6/18104
[‘actions' (coordinate aclivities with program standardization efforts). L |
[ Completion of RFO 24 documentation, write and issue RFO 2004 [ 1123104 |
inspection Report | !
Software QA on XP platform for CHECWORKS FAC module Version | 8/13/04 | |
1.0G ' '
TestE 2005 REO OUE0E MSPECton SCoPE.  meiuomyg. scopmg 1707
worksheets. | ;
Update Piping FAC susceptibility screeningTo account for piping and | 8/13/04 i
drawing updates_ Include effects from NMWC, power uprate, & life
extension.

Update piping Small Bore piping database and deveiop new prtonty 10/01/04
" |iogicfor inspection schedullng, : ‘

Page 1 of2 v lo?@’
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ENN Nuclear Management Manual Non QA Administrative Procedure

ENN-DC-183 Rev.1 Facsimile of Attachment 9.10
Program or Componeard Scoping Memorandum

Completion

) . Estimate
| Jpdate CHECWORKS mgdels using Version 1:0G with fatest 2002 12131104

RFO & 2004 RFO Inspection data (Note ideally restlts are to be used
in determining the 2005 inspection scope, however schedule L
milestones override program fogic. ) +
Mdoption of ENN-DC-315 ENN Standard FAC program
Procedure to include all previous improvements identified
| Self Assessmenls.

— o |

I Ongoing Program Maintenance, Includes: procedure revisions, N
rogram improvements, benchmarking, attendance at industry (EPRI

HUG) meetings, evaluation of industry events (industry awareness)
ffects on VY, license renewal »rolect innut, and fieet support.

25 Kev Deliverabies or Milestones:

Parform Program Self Assessment minimum once per cvcle).
C‘wersmn of CHECHWORKS1,0G. models to SFA VersiOll 2, 1x
RFO 5sup art o
Completloll of RFO 25 documentation, develop RFO 25 Outage
llisnection Report

Ongoing Program Maintellance, Includes; procedure revisions,
program improvements, benchmarking, attendance at industry (EPRI
CHUG) meetings, evaluation of industry events (mdustry awareness)
for effects on VY, and fleet support.

Issue 2005 Outage Inspectioll Report

Ongoing Program Maintenance. Includes: procedure re .
program improvements, benchmarking, attendance at industry (EPRI
CHUG) meelings, evaluation of industry events (Industry awareness)
for effects on VY, and Heet sunnort.

Estimated Bud zet or Ex enses:

~ AmountlHrs

12/31/04

411/05
911/05
11115056
12/31/05

251K a‘Of)

1/15106

12/31/06

Ca tured in DE Mech.IStructural Base Bud at

NIA

others mgacted B Proect

Desi n En ineerin

i Estimataed Hours

FIUd S tems En ineein | 40
— — Electricalll&C En inaerin .
Mechanical! Strucwral Desi n

~~~~~~ 3F nél: Attached ' e

(Attached)

-

Performance Indicators for FAC Program are contained in the Program Health Report
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2004-2005 Piping FAC Inspe. an Program Lével 3 Fragnet

- YEAR 2004 {2" half} (Time Line from 6.01 D4 to 1213104 \

\
Preparer Reviewer | TOTAL Est. Est. Delivery|
TaskNo,| Task Description (HRS} (HRS) "(HRS) Start 1Completion
Estimated Estimated.| Estimated. Date
; -
; Complete Focuisad SA write up & generate appropriate corrgctive
041 actions {(cuordinafe activities with program standardization 20 : 10 30 611/04 - 6/18104
Compietion of RFo 24 documentation, write and issug RFO 2004 - | -
04-2 inspection Report 60 30 90 6114104 7/23104
i - mensnn]  nararasanssanaann U [
| Software QA on XP piatform fur CHECWORKS FAC moedule ' T -
04-3 Version 1.0G 20, 10 30 1 711/04 8/13104
)
Update Piping FAC suscaptibifity screeming o aceount fur piping 1 |} T
04-4 | and drawing updates, Include effects from NMWC, power uprate, 40 20 80 7/12104 8113/04
& life extension.
Update piping Small bore piping database and develop new - N el
04-5 prionty {agic for inspection scheduling. 40 20 B0 9/6104 10101/04
04-6 [ Uptate CHECWORKS WMiodak using Version TUG with fatest— =~~~ ———r—— =
2002 RFO &2004 RFO Inspection data 450 80 240 8/25/04 12131104
[¢site 2005 RFO Outage Inspection Scope.  InclUding Seaping
04-7 worksheets. 40 20 60 812104 911/04
04-8 | Developmentadoption of ENN-DC316ENN | | T "
Standard FAC program Procedure 10 inciuds all 80 40 120 GI2/04 10131104
previous improvements identified Self .
Assessments. .
049 Ongoing Program Maintenance. Inciudes: procedure revisions, ~—. 160 , 40 200 &/1/04 12/31104
program improvements, benchmarking, attendance at industey
(EPR CHUG) meaestings, evaluation of industry events (industry
awareness*-fareffects-en W, LR proect inout—and-leet sunoark
TOTAL {From end of RFO 24 to December 31, 2004} 620" 270 890
HRS - :
é Page 1 of2
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2004-2005 Piping FAC Inspe.. on Program Level 3 Fragnet

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

~

- . -~

- Preparer | Reviewer | TOTAL | Est. Est. |
Task No. | Task D&scription (HRS) (HRS) (HRS) Start Delivery |
Estimated Estimated. | Estimated. Completion
Perform Program Self Assessment (minimum once per cycle).
05-1 - - 40 20 60 3/1/05 4/01/05
Conversion of CHECHWORKS 1.0G muodels 1o SFA Version 2.1x
052 ) 360 160 540 411/05 9/01/05
T REQ 26 Preparation & Outage Suppot - T
05-3 160 60 240 - 9/1/05 1111510504
05-4 Completion of RFO 25 documentation, develop RFO 23 Outags . . .
nspection Report 60 30 90 11115/05 ' | 12/31105
05-5 Ongoing Program ldgintenance. Inciudes: procedure revisions, B N I
program improvements, benchmarking, attendance at industry
(EPRI CHUG) meetings, evatuation or industry events (industry 40 20 60 3 1791/05 } 12/31/05
awateness*for-offects-onVW—and-leet-su—art; ! SN
Total Hes 990 J |
B~ Page 2 of 2
A |

NECO037103




f ™t

VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Outage

Inspection Location Worksheets / Methods and Reasons for Component Selection

Ng{: q)/l/ﬁ( | Revie@ed. Id 4%%%/1/(

———

Note: Bﬂdﬁgforwmmgmug&mn m%uggpﬁﬂlﬁi

Piping components are selected for inspection during the 2004 refueling oUlage based on the following groupings

and/or orlierla.

Lame Bore Piping , !

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

LB: Components ranked high for susgeptibility from current CHECWORKS evaluation.

LC: Components identified by industry events/experience via the Nuclear Network or through the EPR] CHUG.

LD: Components selected to calibrate the ‘CHECWORKS models,

LE: Components subjected to off normal flow conditions. Primarily isolated lines to the condenser in which
leakage is indicated from the lurbine pérformance monltorlng systigm. {through the Systems Engineering
Group}_

LF: Engineering judgment / Other

LG:  Piping identij;'ed' from EMPAC Work Ordérs {malfunctioning equip., leaking valves, etc.)

Small Bote Fibing

SA: Buséeptible piping loeations (groups of components) contained In the Small Bore Piping data base which
haVe:; ndt received an initial inspection.

S8: Cornpongnts efécted trom measured or apparent wear found In previous inspection results.

SC:  Cerapohetits {dentitied By industyy éﬁéﬁtéﬁéxpjerie'nce via the Nuclear Network or thiough the £PRI CHUG,

S Cornponents SUbJGctefd te-off normal llow cenditions. Primarily isolated lines to the coridenser In which
leakage Is Indicated from the tutbine periortnance monitofing system. (through the Systems Enginedring
Group). y ,

SE: Engineering Judgment! Other.

5G:  Piping identified tram EMPAC Work Orders (malfunctioning equip., leaking vaives, elc.)

// ‘

ND feedwater heater shell inspections will beperlormed during the 2005 RFO. All 10 of the leedwater heater shells
have been replaced with FAC resistant materials.

-

/ ~

Page 1-0of 14
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VY Piping FAC InspactJon Program PP 7028 -

2005 Refueling Outage N

Inspection Location Worksheets | Methods and Reasons for Component Selection

!

LA: Large Bore Components selected(idenlified) from previous Inspection Results

From the 1995/1996/1998/1999/2001/2002/2004 Retusling Outage Inspections (Large Bore Piping) these

components were identified as requiring Hiture monioring. The following components have either yet 10 be inspected

as recommended, or the resomimended inspection is in a future outage.

Inspect.| Loc. | ComponenllD Notes IComments | Conclusions
No. SK. :
g5-18 | 001 | FD13ELGS 1998 Report: calculated time to tmin is 11.5 & t2 cycles based on a
86-19 FD13SP06 single measurement. The 2005 RFO is 6 cycles sinee the inspection,
T ins _ect elbow and downstréarn _ ipe In 2008 ’
96-36 | 002 FD02SP05 1996 Report: calculated time to Tmin is 9.5 ¢ycles based on a single
. measurement. The 2005 RFO is & cycles sinoe the inspection.
YT inspect elbow and downstreaim pise in 2007
9837 | 005 | FDO7SPOI 1996 Fgport: caléulated tiie 10 Tritin i 9.6 cyoles based on a Single
measurement. The 2008 RFO is 6 oyeles since, the inspection,
UT tngpsct élbaiy aid drwnstream i in 2007
1 96-39 | 005 FDO7SP02US 198¢ Heport: calculated time 10 Tmin I8 10.5'cycies based on a single
medsurement. The 2005 RFO is 6 eycles since the inspection,
U i ' iow and downsfrdain.ifak in 20,08
98:05 | 005 | FDOYELGS 1989 Réport: calculated tinetoTmin is 7:5& &?éyc!es based on a
5807 FDO7ELO7 sligie measuremant. The 2005 RFO is 5 cysles since the inispction.
Glvén ho- sngmﬂcant waar found in adjdcent eomponents (5L =14.3
cyclegs on ?D@?SPG?} défer inspection Un||| RFO26. |7 insgect
élbow Ff O7ELOZ& and downstream pipe EBOTSEO8inE
9813 | 011 FEOBELO4 1988 ?lepﬁxﬁ: calsulatEd time 10 Trdin is. 7 9 & 12:5 cyoles bged on a
FB0§5P04 single UT inspection. The 2005 RFQ is 4 SYeles gince the “inépttion.
UT inspiot sibow and downstesam siie ki 20
99-16 | 011 | FDOBSFUS 0 Sl 510, Tm:ﬁ i§ G.‘t cyslds biasel on 3 single
- ioethe frspestldn.
2928 | B08 | FDT4EL03 G to ispes qpstream.ao{mtem:ira in
| 99-28 'FD14SP03 2&&4 Given thaifhe only 1ow readmgs wers at e pige couriafbore
ahd that 2004 AFO work ineludid roplaserment of both No, 1 1eewater
hagters looated undér the elbow. UT inspect elbow PD14ELG32
pipe FL1A8E03 in the 2005.REQ.
9932 | 017 FDO4TEO1(plpe cap)| 1899 Report: calcutated time t¢ Tmin is 6.2 & 6.8 ¢ycles basgd on a
~ 99-33 CND-Noz32-A Singia measuramant. The 2005 RFO is 4 Cycfes since the inspection.
' UT insvect elbow and downstream nine in 2005
99-35 | 019 | FDO6TEO1(pipe cap)| 199:9 Report: calculated lime to Thiin is 9.6 & 8.5 cyoles based on a
99'36 CND-No0z32-C single measurement. The 2005 AFe> is 4 cyeles since the inspettion.
Ur inspest eibow.and downistrean. pins in 2005
02:08 | ©18 | FD18ELO1 2002 racommerigation to Inspéct the glbow in 2007 based on a.single
02:09 FD1g8P02ZUS measurement. Re-inspect elbow and downstream pipe in 20067 (3
: L cycles from 2002,
04-03 o001 FDOITEQS 2004 recommendation to inspest tee in 2008 based on the default
wear rate of 0,005 inch/cycle, Re-Inspect upsiream elbow and lee in
2008
04-08 oo2 FDO2RD0O1 2004 recommendation to re-inspect in 2011 based on the dgiault wear

rate of 0,005 inchfcygle. Re-Inspect teduoer with downstream
etbow and tee In 2007.

Page 2 of 14 -
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VY Piping FAC Inspection Program PP 7028~- 2005 Refueling Outage
Inspection Location Worksheets | Methods and Reasons for Component Selection

wA: Large Bore Components selected(idenlifled) from previous Inspection Results ~continued

inspect. | Lac. | Component 10 Notes /Comments / Conclusions -

Mo SK ‘ .

04-08 | 001 FOOZTEO1 Z004 recommendation to inspecttee in 07 based on the default

: wear rate of 0.005 inch/cyde. Agtual point to poini measurements from

1999 to 2004 indicate ro wear, Given EPU operation, re-inspeet with
u_stream efbow and reducer In 2007.

04-09 | 001 FOO38P01t -« 2004 recommandation to inspedt pipe secticn in 2011 based en a
singte inspection and the default wear rale of 0.005 inch/cycle. Re--
inspect in 2011.

04-10 001 FDQ7SP02DS 2004 recommendation to ihspest pipe section In 2008 based on a
sin leins egtion. Be-ins e¢t with downsir.eam slbew In 2008.

04413 | 001 FD14£403 2004 racommendatitn to ingpect Row 13 pup piecs to OS valve In

, 2088 is based on a sinole UT inspeclion. Re-inspect (n 2008.
04-23 | 001 MSDITEM g 2004 recommendation to inspect pipe section in 2010 due fo lucakized
WMS09TENS , wear directl under 2 lines. Re-inspact In 2010,
04-23 | 001 MSO9ELOS 2004 recommiendation to inspéct piie section in 2010 base on a single
’ : - Inspection. Re-inspect in 2099,

Turbin'e Gross-around Piping:

Previous Internal Visual UT & Repair History‘

gep acgg

1483

1 8 |
& |V
Qiigiial | YWDTR

T e Ve

rttarnéai Vil miebdeiite A THICKNES 5wt T ik 5 P ST e

REG21  RFO22 | RF023 § 52004

Fi9ge 82003 | Faooz | ORRO24

V.
v v \ A%
v v .
VBT | WU VAT Vv V- v
R
v

Ly

NOTE; Reference Dwg. No. 6320-6841 Sh. 1 of 2 needs to be updated with oorreotinformation. Th:s will be
performed during the EPU désign ohange effort.

The HP turbine rotor was replaged in 2004. Internal visual inspec'tion oj all four 36"dlameter lines was performed. An

internal visuial inspeetion of the 30"C line (firsl inspection smce the 1993 replacement) and the 30" D line w&s
performed.

N

/

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 tUfbine work in 2005 RFO may provide opportunity lor access to the 30 “ lines. As a-

,minimum inspect (2) 36 inch lines and the carbon steel 30" B fine.

Page 3 of 14
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VY Piping FAC Inspection Program PP 7028 - 2004 Refueling Qutage

Inspection Lacation Worksheets / Methods and Heasons lor Component Sefection

LB: Large Bore Components Ranked High for Susceptifility from CHECWORKS Evaluation

The current CHECWORKS wear rafe calculations contain inspection data 1 to the 1899 RFO and wear rate
predictions are current to the 2001 RFO. The 2001 and 2002 RFQ inspection daja has been entered into the
CHECWGRKS database. However, updated wear rate calculations are not compiete, and won't be in time to support

‘the scheduiz date for issuing Ihe inspaction scope for the 2005 oitage. Basedon a review ot the 2001 and 2002

RFO inspection data for components onlhe Feedwater, Condensate, and Healer Drain Systems, the CHECWORKS
models still appear to ever-predict actual wear. Nothing new or unanticipated was observed in either 2002 or 2004.

Feedwater System

Listed befow are components which meet the following criteria:
a) negative tifne ¢ Tmin frora the predictive CHECWORKS runs which include [nspectlon data up to the 1999

RFO.

b) n'o inspections have been percrmed on these components or the correspondmg components iha parallal tram
gince the 1999 RFO.

/

Companent |, Location Location Notes ~ .
|13} Sketch - ‘

¥ )OYA L05 05 TB FPH Elev. 241 Com onents.on other train were ins ected,

FOOTTEGY - 008 7.4 Heater Bay Elevs 225 | Compenents on dther traln were inSifécted In 1998.

FDO7EL11 8248 | Results indiGate minimal wear. Aftef updatingthe
CHECWORKs model ith newer datg, assess need
jor adgitional inspestions in 2007 RFO

EDO7EL12 006 T.B Heater Bay Elev. 248 | Feedwaisr héater replacement oceurred in 2004 RFO.

' Informal visual inspactions of intemals and cut pipa
profile indicated a stable red oxide and no distinguishable
wiay pattern,

FDU8TEG 0z T.B Heater Bay Elevs 228 | Intérmét iate components FDOBELOE & FDUSSPOB wire

FUUSELOV & 248 Inispected In 1998. Results idicate minimal wear. After
updating CHECWORKs model with newer, data,

-~ assess need for inspecling components on the train
- ¥, thiee

FDGEELOR gtz T.B Heater Bay Elav, 248 | Fesgwaierhoeater replacsam'ant Omurred in 2004-RFO.

Informal visual ifispaciions 01 intetnals ahd ciit pipe
“ profiie indicated a stable red oxide and ng distnnguishab1e
. ) wear pattérn.
FD15EL08 013 RX Steam Tubne! EI. 266 | Internalvisual of elboiw: performed i 1996 ¢l check

| vaivereplacement, no indication of wall loss at that tirie.

Corresponding component on {ine 16"- FDW-14 was
inspected in RF024. After updating CHECWORKs
madel with newer data, assess need for inspecting
this comhonent in 2007 RFQ,

Page 4 of 14
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Gongensate System

VY Piping FAC inspection Program PP 7028 - 2005 Refueling Outage
Inspection Locatlon Worksheets f Methods and Reasons for Component Selection

LB: large Bore Components Ranked High far Susceptibility irom CHECWORKS Evaluation - continued

&
LY

Only gries component was identified as having a negative time to Tmin. This was CD30TEQ2DS, the downstream side
of a 24x24x20 tee on the condensate header in the teed pump room. The CHECWORKS$ prediciion tor the
downstream skde of the tee has a small negative hrs relative to the remainder ot the componants in lhe sysiem and
relative to the upstream side of the 8ame tee. Other tees on the same header have been previously inspected and
shoiv no significant wear. The CHECWORKS model incitides UT data up to the 1999 RFO. The inspectipns on this
system performed in 2001 indicate minimal wear. Components CD30TEDR2 and CD308P04 were inspected iii
2004. This dala along with the 2001 inspection data will be input to CHECWORKS to betier calibrdte the modei.

Moisture Sewarator Drains & Heatér Drain System /

NG components identified as having negative times 1o Tmin.  No components wete selécted icr inspection in 2001,
2002, or 2804 based on high susceptibility. However future eperation under HWC will change dissoived oxygen in
systém. A separate evaluation has been petformed and components were selected for inspaction in 2002. See
Section LD befow.

Extraction Steam System

Thirse components on this system with negative time to code min, walt: The piping is Chrome-Moiy. ES4ATE(D] &
ES8¢ATEG2, 30inch diameter teas inside the condenser have negative prediction (-3426Hrs.) for tire to widiy wall. The
nega‘twe tires 10 tmin may bs conservative based on the madeting techniquas used, Relinement of the niodsl ot this
systomisin progress. The negaiwe time fortieith is miost likely & funistion of tatk of inspestion data s, ac{uai wear,
Dug-1o-external fagging on tills piping and the lacation inside the condéenser, no:compenents aré selected Tor sxternal
UT ingpattion in 2804 based ob high susceptibility. However, an opporiunity ta perorm an internal visudFifsapstion
of all the Extrastion Steain lires Inside the sondenser during plangd LP turbine work in llie 20&5 RO may prégent

itself. Se Section LF below. i

Nota the short section of straight pipe on line 12"-ES-1A at the connaction to the 36 inch A ¢ross around is. assumed
to beA106 Gr. B carbon steel is not madeled in CHECWORKS. This componenlwas |nspected in 2004 by estéfinal
UT arid an internal visual ingpection from the 38" cross around line - '
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. VY Piping FAC inspection Program pp 7028 - 2005 Refueling Outage
- inspection Location Worksheels | Methods and Reasons for Component Selection

LC: Large Bore Ccmponents Identified by Industry Events/Expenence

Review of FAC related Large Bare Qperating Experience (OE) and/or piping !miures feported since April 2003

—’\“

Date
B/9/2004

-

i Plant_'rvne ,

Mihama3 -
PWR

Deseri tion & Reoommended Actions at VY e
OE18368/0E18895: Rupiure of Gondensate line downstream of restriction orifice.
PWR system highly susceptible to single phase FAC dug to low DO. Similar region
of system-as 1986 Surry evant (5 fatalities). Based on info gathered by
INPO/CHUGIFACnet the focation was omitted from previous inspections due to
clerical error, once discovered mandgement missed opportunllyto inspect and
deferred inspection until 9/04. Too late. Lesson: make sure all highly susceptible
foeations get inspected. PWR Condensateffectwater piping s much more
susceptible to single phase FAC than BWR with 02 injectioh. Given that, previous
inspectlon hislory, and condensate CHECWORKS modeling; inspect piping bs of all
flow orifioes i the higher témperature condensate system that have not Higsn
previously inspected in RFO25. tnspect CO30FEST / CD30ELY T / CO3GSPO2 in
AFO2S (re-peat inspéction from 1989). Aiso, inspect CD31FED? / CBETELOL /
G0 BG4 In REDZS (new inspestion).

10117103

Duane Arpald -
BWR

OE17300. Through wall feak In 4” digiator chromaumoiy Heater Drain System
bypass line to the condenser. The line was a temporary installation due 1o delayed
FWD heater installation. The ¢ause of the leak appears to be droplet. |mpmgement
erosion due to use of a bypass control valve. The equivalent linesat VY aré the
Heater Drain bypass lines to the condenser downstream of ifi@ high levsl cintrol
valves. These line have R‘?B‘s attached fo NERitor ieakage info the cumietnser
(TPM systom). Bome ingpetii ! rved on thasy

rodissdction onfv if

9/24/03

South Texas
Projedt - PWR

10/31/03

1107103

Bialdwood 2-
FWR

CE{7378: Piing & internag)- . i
Polishing System. Pipa i JS carb0n 3feel |QW water 'fempe g
pH, and velocity of 12.2 Ft./see Tortuous flow patb aﬂd oontrowams W’aar may be
impingerant, PWR-system Low disstlved oxygen. Equivaleiitsysteny at VY is
- Condangate GEmlnerailzer Sysiem whmh i5! lbw 1ermp and: scrsens r NSACnéﬂzL
) QE 1 NS

duerto° smgle phase FAC {han BWH feedwater pipzng A’(W' :
puitip digoharge nozzles and downstrean plping hiave multiple: tﬁspwﬁ
further actions are anticipaied from this O,

Clinton _BWR

11119/03

ope Creek —
BWR

OE17412 JOETE478: Through-wall leaks Tn ZAT B heater verit lines T -1 candenser
(lager bora lines assumed given description of backing rings in piping). Apparerit
cause attrinutad to steam jet impingement from wei steam. Equivalent line at VY is
common 4 inch feedwater heater vent line 101 No.4 FDW heaters. This line is
included in the SSB database since It connects to (2) 2-1/2" lines. Inspection priority
Jwill be determined in the small bore ranking and prioritization,
OE17700; Pinhole téak aAd wall thinning in 8" in carbor: steel Extraction Stear
suppiy iine to Steam Seal Evaporator. Location of wear is downstrearn of | pressure
safety valves. Apparent Cause of leak & wear is dus to liqUid droplet impingement
due to high flows from failurs 01 pressure safety relief vaives. No equmalent
confiquration at VY.

1/24/04

LaSalle 1- BWR

OE171991 OE18381: Tough-waii hOIes in extraction steam piping Inside condenser.
Location of holes at inlet nozztes to No.2 FDW heaters located In the neck of the
condensers {2™ lowest stage). Al 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 FDW heaters were replaced with Chromo-moly shelis. ES piping Is A335-P11 or
e uivalent which is FAC resistant. No further actions are anticinated from this OE,
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VY Piping FAC Inspection Program PP 7328 - 2005 Refusiing Outage
Inspection Location Worksheets / Methods and Reasons for Component Sefection

. LC: Large Bore Components ldentified by Industry EVentstixperience - continued

£
i

Descn tion & Recommended AClions at VY
OE18637: Online leak in10 inch main steam drainlille header to the condenser.
Hole was located directly below the connection of 1* main steam lead drain. The
header was replaced with 1-1/4 Chrome material approx. 5 years before the leak.
Also, ROs in steam drains were moditied. The cause was attributed to stearn
impingement Additional information to follow after next RFO. The oniy large bore
drain COllector at VY is the 8 inch diameter low point drain header, line S"MSD-9.
Flow Is through steam traps and ICVs vs. a continuous flow through a restfiction
orifice. This line is now part of the AST ALT boundary. inspactions of the entire
bottom 01 this header warga performed during RF(024 with. recommendations lor

_| remeat insgections in 2010.

OE20386: Through wall leak found on a 10 Inch ﬂashlng tee cap on the | P
fearwater-hedter drains. Problems with inspection of flashing tees in program, Only
14 QUi 011.53 susceptible locations have UT data at Palo Verde 1,2,3. Thére are no
flashing tees 0.8. of LCVs on the heater drain system at VY. The only flashing tees
al VY are located on the FWD pump min flow lines at the eondenser. mépsction 01
all 3 lines 6"FRVW-4, §”EDW-5, and 6"FBW-6 is seheduled for RFG25,

OBE12494: Wall thinning In carbon steel Extraction Steam piping. Incréased

localized wear downstream of Bleedertrip valve. Equivalent piping at VY Is
Exiractior ,Steam piping downstream of the reverse current valves. ES piping at VY
is A335-P1 1 which is FAC resistani. No'furier attior is fén uifed forthis OF,

QET9350: Wl thining feund féur diffekent areas on FDW piping. Two areas aie |
not considered spacific to Catawha; 1)Areawhare main féetwater hypass réig
valves reentars the fesdwater header and 2) downstream 01 the main tebdivater reg
valves.” PWR fegdwater systeri chamistry has-tow D.O. therefers more suseaptible
to wall loss due 10 single phase FAC than BWR feedwater piping. At VY area 1)
doses not exist (bypass lines dump to the condenser) 2) Inspections have'buen
performed upstream and downstroam of both main feed reg. valves. Hig ;pé‘tftmn of
) T HHUAER02 are sehadindd for REGR5, No tirther adahéﬁs §te
st rthis Ok,

|

Date Plant-~T @
2/17/04 Peach Bottom 2
BWR

8/96/04 | PalO Verde 3-
PWR
T9/24/04 | Palisades- PWR
— 91804 | Calawaba 2 -
PWR
L
\
11/3/04 | Diang Arnold -
BWR
56105 | Caivert Giitfs -~
o dewr
2117/05 | Clinton -BWR
!
“B/9/01 T Grand Guif -
BWR

OB 03 WAl hiRning: dGWnstream of Tarus Cooling Test Return: ?-Eeaefer Isclation
Valve. Apparent cause was cavitation erosion dus to fhrotting in valve Huridg HPCY
& RGIG festing. At VY, the-equivalent valVes are VI0-34A &.348. The dagriee of
cavitation present Is dependent of the system design and may vary from plant to
piant. Previous UT inspactions were parformed on valve bodies and downstream
rodicers in early 90s. No significant wear was lound. Considerinspection of
downstream piping In RF026 if additienal OE warrafits It. ____
‘OE2Q1t27: Through-wall ieak in 6 inch steam vent header for MSR rain tank. VY |

does not havg sarmie. configuration._ NO Moisture Separator Re heaters ‘
CES0248: Catastrophie failure 01 turbine extraction steam line bellows inside
condenser. Found through-wall holes ES piping OS 01 bellows due 10 FAC.
Apparent cause was attributed to the steam jet from the holes inducing vibration of
the expansion joint that led to high sycle latigue lailure. At VY extraotion steam
piping inside the condenser i8 A335-P1 1 or equivalent which is FAC resistant. No
}Murther actions are anticipated from this OE.

P Hote Leak T 4 inch carbon Steel elbOW in RAR min flow Ting.~ System has fow |
use at VY «2% of time). (Perry also lound thinning at elbow per C.Burton at CHUG
meeting.) A review of VY drawings VYI‘RHR-Pari 14 Sht.il1 and VYI'-RHR Part 15
Bht.11t show elbows downstream of restrigtion orifives. Previous VY Inspections
downstream 01 orilices on HPCifand CS systems found no problems. Keep OE
Hsted for future conslderali.oo.
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VY Piping FAC Inspection Pvrogram PP 7028 -« 2005 Refueling Outage
Inspection Location Worksheets / Methods and Reasons for Component Selection

LC: Large Bore Compoanents ldentified by Industry Events/Experience- ¢,onlinued

Date | Planl-T e Descri ion & Recommended Actiahs at VY
9124102 | IP2 -PWR Pin hole leak on 26 %" cross-undar piping (HP 10 MSR) in vicinity of dog bones at
' N expansion joint under location of weld overlay localized weat under/around a
. previous weld overlay repair. VY has sofid piping (no expansioo joints). Visual
Inspections of 30’ B CAR carbon steel Q_QIH%WHI be performed in 2605,
'—54’02 Surry I-PWK Leak in 8 inch Condenser drain eader for 37/4" pl. FDW Heater vents. Also
CHUG thinning' in Gland Steam Piping inside the condenser and Ihe12" Congangar Drain
- Meeting header from MS Drain trap lines. The only large bore drain collector at VY is the 8
' inch diamster low point drain header, line 8"MS8D-8. This line I8 now part of the AST
ALT boundary. Inspections 01 selected cofponents on this line were pertoimed
during RF024 with recommendations for repreat inspections in 2010 {Section LB
above). Giventhis line is part of the ALT Boundary inspect approx. 2 f| lotg
— | seetion at condenser wall during ﬁ?026 {2067 or RF027 2008.

‘1 Large Bore Components Selected to Calibrale CHECWORKS

The CHECWORKS modeis have been upgraded 10 inciude the 96, 98, & 99 RFO inspection data. The 2001 and
2002 inspection ddta has been loaded however wear rate analyses have not been compieted allhis timae.

. . )
Condansate: ¢

In 2001 gorripcnents 011 the higher lemperature end of the Conden.sale System were Inspected to calfibrate ttie
CHECWORKS models. The inspaction data indleate minimal wear and should reinloroe the assessiriept of low wear
in the Cahidensate System Adgitional components selected for inspection in 2004 in Section LB above will be used
10 calibrate the CHECWORKS modal.

, g‘ ater Dfains/ Meisture Separator Drains:

Pﬂbr (o e 21362 RFO there was ||m|ted mspecﬂon datafor the Heater Drain system. The cuitent CHECWORKS

pesﬂormed on the carbon steel piping upstream of the Ievet centrol valves (LCV) 1o obtain it basehne priov o aparation
o Hiygragen water chemistry. Piplng down siream 01 the LCVs is FAC resistant material except lor et 16 No.5
Fesdwater heaters. No additional components on the Healer Drain system: will be inspected in 2005.

Feedwater: . N \
J ) .

No inspeotions on Iinef18"-FDW-'2 have been inspecled: Inspect FD12EL06 and FR12SP0BUS in 2005
Main.Steam . s .

Only 2 components In the Main Sleam system on Ilne 18' MS 7Ain [he drywell have been inspected!O date. Inspect
MS1DELO7 and MS1DSP13US In 2605. (Nole this also addresses a ficense renewal consideration tor monitoring of
Main Steam Plplng)
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VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Outage
Inspection Location Worksheets {Methods and Reasons for Component Selection

y

[N ) -

LE:- Large BOTe Components subjected to off normal flow conditions identified by turbine performasice
mpnitpring system (Systems Engineering Group). - ) 5

The Systermns Engineering Production Variznce Reparts for 2003 listed the “B” and “C™ fosdwater pump min flow
valves as leaking into the condenser. There are sections on carbon steel piping at Ihe connection 16 the condenser
on all three lines. As /i minimum inspect the “B* and *{" lines In 2005.

There have been concems with cavitation at condensate min llow vatve FCV-4. An internal inspection 01 the valve
performed in RFO 24 showed some damage to the valve internals. Howsver, due 10 a leaking isolation valve the

. corifiadting piping was 110000d and ah internal visual inspection coutd not be performed. UT inspeet the upstream

and: &ownstt‘aam piping during RF025. The valVe is operated during outages and s’(eirtup at relatively low
temperatures for FAC to oocur The piping is un-insulaied and close to the 1100r. No insulation removal or scalolding
wil! be réquired.

Since startUp from 2004 (RF024) no other Ioakmg valves or steam {raps have been identilled (to date) using lhe
Tutbine Petfermance Monitoring {rPM} system. Mowever, if new data Indicates leaking valves then, additions to the
outage scope may be required. .

<

\ : ‘
LF: Emgineering Judgment f Other

Nme ASME Soelion XI Class 1 Category 8-J welds are to be inspected by the FAC program per Code Case N-56G in
[igiy 01 & $ection XI volumetric weld inspection. The VY ISI Program Interval 4 schedule for mspecfron of these welds

Is as tallows: )
/ -

:_Bafugling Outage Section X Description FAC Program Components
I8l Pregiam Weld :
10 .
FW1p-F3B upstrgain pipe to tee "A" Feadwater on Skatch 010
FW18-F30 toe 1o reducer FR1STEO
EWis-F4 radiicer to pipe FD19R6E91
FW21-F1 tee Yo pipe FD196P04
: +D215P01
Fall 2611 (RF029) F 18-3A upstream pipe to tee "8" Fegdwater on Sketch 016
Interval 4 FW20-3A tee to reducer FO18TEO1 R
Period 3, FW20-F1 reducer 10 pipe FD20RDO1
OUlage 6, FW20-F1B horizontal pipe to pipe | FD208P01
EW18-F4 tee to bibe FD18SP04
Continued ™~ -
\
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VY Piping FAC Inspection Program PP 7828 -« 2005 Refueling Outage
Inspection Location Worksheets | Methods and Reasons for Component Selection

e
LF: Engineering JUdgment! Other ~continued

Extended Power Uprate (EP1))

Feedwater system:

EPU evaluation tor Feedwater System: The primary focus of work to date (for PUSAR and RAIs) was on velogity
changes given only. slight inoreases ift temps and no chemistry changes. With all 3 FOW pumps running the 16 inch
diameter lines to lhe 24 inch FDW header have approx. [1.2(213) = 0.80120% reduction in veldeity, Velocifies in the

. remaingder 01 the sysfem Increase approx. 20%. The highest velotities are at the 10 Inch reducers upsfream and

downstream of ihe FOW REG valves. The expander and downstream piping have mUHliple inspection data-with
FDO7RD03/FDO7SPO3 last inspected in 2001 and FDOBRDCO3/FDOBSP2 ast inspected in 1999. Bath of these
se:gmerits shauld be re- inspected after soe lime of aperation at EPU flows. Assu ming EPU starting early in
2008, inspect components FDOSRD03 & FDO8$PO2 In 2005 to obtain an up to date pre-EPU measureritetit.
inspect FDO7RD031 FDO7SPO3 In 2007 for a post EPU measurement.

\
v

Condensate Svstom:

Given the 8104 Mihama event: consider addiUonal component in lhe condensate system for inspection :
downstréam of flow ormces & venturies: Co

FE-102-4 #nd downstream pipe on 247C-8 venturi type (TB condensate pump 100m overhead) Given
fow operating tetnpiératuras and upstream of oxygen injaction point, scope oui and evaluate for
.inspeciion In RFb261n 2007 /

FE-52-1A to FE-52.1E on Condensate Be-minetalizér System { Restriction Oritices).  Given low (
epsrating temperatures #nd upstream (1 oxyfen injection point, scope out and evaluate ror
inspection in RFO2B In 2007

FE-102-7and downstredm pipe on 14"C-21 venturi type T8 Heater Bay E1237.5 Given low opatating
tarniperatures and used {67 start-up, scope out-and svaluate for inspection in RF026in 2007

FE-102-2A oh-20"C-30, focated in the THEPH above FOW pump 1A {venturi fyps) Praviously
inspectsd in 1989 Kesinspbet FE and downstréam pipihg in REQ25

0

TFE-102-28 on 20"C-31,oceied in e W pmp
inspection data. Ihspeot FE and dowristrean piping in REO25

FE-102-2C on 20"C-32, located in the TB FPR above FDW pump 1C (venturi type) Previously
inspected in 2001 N

v

All Extracflon Sleam pipihg is A335:P11, a. 1-114 chrome matgrial, except for a short carbon steel stub piece in line
12%-ES-1A af Ihe connection to the 36" A cross around line. An inlernal visual inspection ollhis stub piece Was
performed with the cross around inspection in RF024. Also an UT inspection of ES1ASPO1 was performed in

TRF024. N

Extraction Steam piping in the condenser has exiernal lagging which requires significant eftort lor removat when
performing external UT inspections (piUS there are significant staging costs). The piping is A335-P11. However an
spporiunity fo perform aninternai visual inspecticn of all the Extraction Sleam lines inside the condenser during |
planed LP turbine work in the 2005 RFO may present itself.

-~
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VY Piping FAC inspection Progrém PP 7028 - 2005 Refueling Outage
Inspection Location Worksheets | Methods and Reasons for Component Selection

LG: Piping Identilled from EMPAC Work Orders (malfunctioning equip., leaking valves, eté.)

Word searches of open work orders on EMPAC were performed lor Ihe following keywords; trap, leak, valve, replace,
repair, erbsion, corrosion, sleam, FAC, wear, hole, drain, and inspect. No previgusiy unidentified components or
piping were identified as réquiring monitoring during the Fali 2005 RFO.

Note: the internal baffle piate in Condenser B lor the AOG train tank raturs line to lhe ¢ontenser is 10 be replaced in
RFO 25 (ER 04-1454/ ER 05-2321ER 05-0274). Erosion on baifle plale is from condenser side (not piping side).

Internal visual inspection 01 LCV-103-3A-2 during RFO 24 indicated some type of casting flaw. The System Enginser
suspeacts possible leaking by the normally closed valve. The downstream piping was last inspected in 1990. The line
typically has no flow. Re-evaluate using the Thermai Performance Monitoring System Data and cOllsider ingpenstion

01 downstream piping in RF026.

Through wall leak in the steam seal header supply line ISSH4 discovered on 9/24/04 {(CR-VTY-2004-02885). A
temporary leak englosure was installed and a planned permanent repair is scheduked for RF025. The leaks are on
the bottom of un-insulated piping upstream of tha gland seal. Field Inspection of the leak locafion shows that the
piping at the leak sioping down 10 the gland seal, not sloping up to the seal a shown on the design drawings. UT data
on the top of the piping nearthe leak shows tull wall thickness. At this time, the exatt mechanism which caused the
leak is nol known., Additional inspections to determinea the extent ot condition on the 3 other gland seai sleam supply
lines are required

inspect the 90 deégee elbow andapprOx, 2 ft. of downst:éam piping on lines 1SSH3; 1SSH4, 15515, and
1SSH5 during.RF-Q.2%. Alse baséd on Industry OE and sirhilar piping geomitry, mspect 2 ofthe SPE lines
(15PE3 sind 1SPE5 during #FO 25,
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VY Piping FAC inspection Program PP 7028 - 200S Refueiing Outage '
Inspection Location Weorksheets f Methods and Reasons for Component Selection

Small Bore Piping

S~

SA:Susceptible piping locatlons (groups of components) contained in the Small Bore Piping data base which’
have nol réceived an initial inspection.

Locations on the comtinuous FDW heater vents to the condenser on the No.3 heaters were inspected in 2002. The
continuous vents on the No.4 heater were installed new in 1995. The start up vents operate less than 2% of
operating time. No wearwss found in previous inspections on Heater Vent piping from the No.1 &2 heaters. Given
that @nd the kower pressure in the No.4, shells a complete Inspection of the remainder oi the No.4 heater vent piping
can be deferred. The existing small bore date base and the piping susceptibility analysis is under revision. No
additional componenis from Revision 1 of the data base will be inspected.

SB:Components selected from measured or apparent wear found in previous inspection results.

Small Bore Point No. 20. 2-1/2" MSD-6 @ connection to condenser A at Nozzie 33 (Inspection No. 96-8B01 identified

* a low reading,at weld on stub to condenser). Upstreamn valves are normally closed. TPM systemn does not indicate

any abnormal flow. tbsgect this piping In RFQ 26

/
Athrough wall leak in the turbine bypass valve chest 1% sealleak-olf line form the No.1 bypass vales occurred in
2003. (VY Event Beport 2003-044). A terporary leak enclosure was lristalied (T.M. 2003-002) to contain the leak).
W:0. §3-0364 was writen to inspectrepairirepiacefine. A localized like-for-like (carbon steel) Teplacement of the leak
iodation was parférned in RFO 24. Additional inspections on this line identified localizad wall foss and one additional
like-for-like repralr was performed. EngiMering Request ER 04-0963 was written fo eofnpletely replace this pipirig
with chifome-roly piping. (Dresden has alieady done this). The repladeritent (ER 04-0964) is cu rrermy scheduled
fior RFO 25, 1f this agtivity gats “de-scoped” then, additional ingpections will be required to irksiivd the pipiEG
is aceppldble for continued operation.
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VY Piping FAC Inspection Program PP 7028 - 2005 Hefueling Outage

Inspection Location Worksheets f Methads and Reasons for Component Selection

Bore Piping

through the EPRI CHUG.

SC: Components identlfled by Industry events/experience via the Nuctear Nefwork or

Date Plant — Type De scription & Recommended Act_ggggg at vy
11/7/2003 Cimerick 1, 01217818 Through wall leak In 1 inch drain line back to condenser oft 12S piping |,
BWR " at the cannection to the large bore line. Normaliyno flow in line due to N.C.
. valve. Piping downstream of vaives to wndenser on all 3 lines was scheduled
’ for replacerment. Location US of valve was thought not to be susceptible.
12§ piping at VY is FAC resistant A335-P11 with no drains back to the-
condenser. Lesson from this event is any carbon steel line In a wet steam
system is susceptible & should be monitored. Also full line replacement insures
all susceptible piping is replaged.
1116/04 Clinton BWR | 01217654: Potéiitial tend tor adverse equipment condition downstream of
orifices. (Ref. Previous experience a Clinton with CRDpump min fiow RQOg)
| insnect ©RD oumD min fiow orifices also piping BS 01 RO-64-2 in RFO2S
1210604 V.C. Summer- | QE19798: Comiplets failure ola 1 inch ES linie at the locafion of a previdusty
PWR Installed Fefmariite clamp repair. Prévious leak &f wald installed in MAY 2004.
' Ses presentalion gt January 2005 CHUG meeting. {They did not do UT on the
. pipe to assurg, siructural !nteqmv orior to installing the clamp.)
311705 McGui,e 2- Though- ~walf l6ak in a 2 inch carbon steef venting on theMSR heating sieam
PWR vent iins. Caused by FAC when flashing occurred upstream of RO (design
. e _location) No.MSRS or ecuivalent | gation at VY,
4/269/59 Darlington 1 - Sevared fine at stdam trag ]séhange pipe ai thréaded connection. Equivalent to
' PHWR HHS sistéti at VY. (INPG-Event 931-980428-1) Threaded-connections. typically
oni éondénsate side of HHS pipinig. Lovier energy/consequence of lédk, include
HHSplpingin FAC Sugteptibiity | Revlew and in the Small Bore Datitiase.
Inctuge rankirig ard ostssnueraes of fafre.
6/14/99 Datljrigtoli 2 - || Léak on steai trip dischiarge piid at thieaded copnection. Equivaleiit to HHS
PHWR svstém at VY. INPO Event §32:990614-1) Samie as abive,
9/1101 Pgach Bottorn | (From /114102 CHUG Mébsting}; lesk on 1 ingh.Sah. 80 e from in O Gas ﬂe«
3 -BWR combinar pra: heaterdfam ihie to Gonder orfori ddditional revig OHADG
steam supply sysiem and-inegiporate o FAG Susceptibiity Beview, Upaate
' smalt bory datsbiaze to inchude rankin _and sons  wehoes ot failute,
1718//02 Hatch1f2 -BWR | Condehsérin leakiage dus 16 through wall srasicn (extérdal) of 1-1/2 inch “siop”
CHUG M. drains fings inside the ¢ondenser. Lines In eath unit were out ahd capped
similar events at Byron Unit § (0F 12608} and Columbia (DE12145). Limerick &
Dresden. VY slop drain lines Inside condenser wera walked down didring
RF024. Some external erasion on of ina and SUODOrs was found.
1715102 Catawba 2 - Leak in HP lurbine pocket shell drain 1 inch dia. OEM showed pipe as P-11.
CHUG Mig. | PWR However, A-106 Gr. B was installed. fnspections were be performed on Ihis line
In 2004 to base line condition mwior to HP turbine rotor re_lacement.
1/15/02 Dresden 2 Thinning found in Bypass valva laak-off line to the 7 stage extraction steam
CHUG Mtg. | BWR tine, Line is 2" Sch, 80, GE B4A39B. Lowest reading wasg 0.070" folnd using

Phosphor Plate radiog'aphy. Line was replaced with A335 P-11. Same line as
2003 VY through wall ieak. Partial CS replacement was performed in AFO24.

~Pi ,inQ Is scheduled to be replaced with A335-211 In RFQR25 (ER 04-0965).
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VY Piping FAC Inspection Program PP 7028 - 2005 Refueling Outage
Inspection Location Worksheets /| Methods and Reasons for Component Selection

{
Small Bore Piping

Sh: {Jomponents subjected to off normal flow condmons as Indicated from*the turbine performance
monitoring system (Systems Englneerlng Group)

No small bore lines have beeon ientified by Systems Engineering on or bejore 3/1105.

SE: Ehginéeringjudgment
Look at piping DS at orifices based on BWR OE

Condensate: Given the 8104 Mihama event: consider additional component In the condensale system tor inspection
dowmstream of floW orificas & venturies.

FE-102-6 and downstream pige on 21/2°C-43 venlurllype {TB healer bay elev. 230+/- Given low

operating ternperitures and upstream of oxygen injection point, Seope oul and evaluate for inspéction
it B2 in 2007

5G: Pi;ﬁing’ Identffled from EMPAC Work Orders (malfunctioning equip., leaking valves, &tc.)

See LG above, The EMPAC search performed in LG above is appEicablé 10 both Large and Smaii componerits.
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MEMORANDUM

Vermont Yankee Design Engineering = ' 5 l\% 3

To S.D.Goodwin

From = James Fitzpatrick

|

. ‘Date May5, 2005

" File # VYM Z004!007a

Subject Piping FAC Inspection Scope for the 2005 Reluenng Outage (Revision 1a) ¢
REFERENCES

(h) DISCUSSION

a) PP 7028 Plplng Flow Acceleraled Corrosion Inspectlon Program, LPG 1, 12/6/2001.

b) V.Y. Piping F.A.C. Inspecticn Program -1996 Relueling Outage {rispection Report, March 23,1999,

cl *V.Y. Piping F.A.C. Inspection Program - 1888 Refueling Outage inspection Report, April 2,1999.

d) V.Y. Piping FAG, inspection Program -1999 Refueling Outage inspection Reporl, February 11, 2000,

e) V.Y. Piping FAG. tnspection Program - 2001 Refusling Outage Inspection Report, August 11,2001. .
f} V.Y. Plping FAG. Inspecticn Program - 2002 Refueling Outage Inspeotion Report, January 20, 2003,

g) V.Y. Piping FAC. Inspection Program- 2004 Refueling Cttage Inspection Report, February 15, 2005

Altached please lind the Piping FAC Inspeotion Soope for the 2005 Refueling Outage. The soopeé
includes locations identified using: previous mspeotlon resuits, theCHECWORKS models, industry and
plant operating experience, input from the Turbme Performance Monitoring System, the CHECWORKS
study performad to postuiate affects 0l Hydrogen Water Chemistry operation on FAC wear rates in

plant piping, and engineering jUdgment.

The planned 2005 RFO inspection scope consists 0137 large bore components at 16 locations,
internal inspection 01 three legs 01 the turbine cross around p|p|ng and 5 sections 01 small bore piping.
Also, any industry or plant events that occur in the interim may necessitate an increase in the planned
scope. _

Iwill be available to support planning and inspeotions as necessary. If you have any questions or need

additional information please contact me.

(Revision 1 identifies Smali Bore Inspections due to IndUstry OEI.
‘(Revision 1a adds component Nos. to SSH & SPE piping & oorrects  inor typos in Attaohment)

<

’

- Mechanioal/Structural Group

am 8 . Fitzpatrick
D . nEngineering

’

ATTACHMENT: 2005 RFO FAC Inspection Scope 3111/05 (3 Pgs) Revlsed §/5/05

cC

t..Lukens Code Programs Supervisor
OoKing (IS1)
T.M.OConnor {Design Engineering)

. Naqlt Fales (Systems Engineering}

’
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VERMONT YANKEE P]PINEB FAC INSPECTION PROGRAM 2005 INSPECTION SCOPE(515105)"

ATTACHMENT te «YM 2004!007a\

LARGE BORE PIPING: External UT InspeCtiqns

Page 1013

2005-11

Point
No.

2005-01
2005-02

2005-03
2005-04
2005-05

2005-06

2005-Q07
2005-08

2005-12

200513

2005-14
2005-15

2005-16

2005-17 7

20605-18

Component ID

FD14ELOR
FD14SPO3US

FD04RDO0O1
FDO4TEO1

Gond Noz32A

FDO5RDOT
FDOS TEO1
Gond Noz 328

Cond Noz32C

FDO8SRDO03
FD0O8SP02

FD12ELO6
FD12SP08US

GD30FEO1
CD30EL11
CD30SP12

location

Sketch | 7

008
008

017
017
017

o1
018
018

007
007

037
037
037

T.B.

T.B.

T.B.

T.B.
T.B.

T.B.

location

Htr. Ba Elev.267.

Htr. Ba Elev.24S.

Elev.245.

FPR Elev.231

" u

Htr. Ba Elev.264.

H

FPR Elev.241

above "A" FDW pump

Previous
Inspections

1999
~ 1999

1999
1999
1999

1993
1993 -
1993

1999
1999

NO
NO

1989

1989
1989

Inspect per 1999 calculated wear rate.

NEC037119

Reason { Comments 7Notes

1999 recommendation for repeat inspection.

TPM system indicated leakage by normally
closed valve.

closed valve.

EPU flows increase

Ghecworks Mode! Calibration. Asbestos
removal required. ) '

FE-102-2A (Miltama Event)

M L e lnd w
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ATTACHMENT tv. +YM 2004/007a

POint
No.

2005-19
000 e
| 2005-21

2005-22
2005-23

2005-24
2005-25
2005-26
2005-27

[+2005-29
2005-30
2005-31

2005-32
2005-33
2005-34
2005-35

2005-36
2005-37

LARGE BORE UT NOTES,

Component D Locatioh Location Previous Reason / Comments / Notes
Sketoh Inspections )
CD31 FEO1 038 | T.B. FPA Elev. 241 NO FE-102-2B (Mlhama Event) ~ .
V4 038 above “B” FDW pump NO Asbestos removal required.
" CD31SP04 038 NO
CD21RD02 040 T.B. Hir. Ba Elev.230. NO...M Inspect piping upstream and downstream of -
CD21RDO1 040 . “ NO FCV-102-4 (piping is not insulated).
1SSH3ELO5 . Turbine deck at packing NO LP Turbine Steam Seal supply lines due to
1SSH3SP06US . 3 Hir, Bay Elev, 254, .- through wall leak at elbow on nne 1SSH4.
1SSH4ELO1 ~* | Turbine deck at packing NO -
1SSH4SP0O2US * 4 Htr. Bay Elev, 254. 'See markup 01 Dwg. 5820-1239
1SSH5SP02US 5 Htr. Bav Elev. 254,
1SSHEELO6 Turbine deck at packing NO
1SSH6SP0O8US 6 Htr. Bav Elev. 254. )
2SPE3ELO1 . - Turbine deck at packing NO 1P Turbine SteamPacking Exhaust at packing 3
2SPE3SP01 US . 3 Hir. Bay Elev. 254. and 5 due 10 lhrough wall leak at elbow on line
2SPE5SELO1 * Turbine deck at packing NO 1SSH4.
2SPE5SP0O1US * 5 Htr. Bay Elav. 254, ,
- . .|'See Markuo of Dwn. 5920-1239
MS1DEIO7 080 AX Stm Tunnel Elev. NO EPU and LR data required for Main Steam lines
MS1DSP13US 080 25410260 NO

1. Coordinate minimum extent of insulation to be removed with J.Fitzpatrick or T.M. O'Connorirom DE-MIS.
2. A*“MNo” in the previous inspeotlon oolumn ndicates asbestos abatement may be required.

}

\Jg Page 2 of 3 _

¥
S

NEC037120




.

3\ Y

ATTACHMENT ti ¥YM 20041007a

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

In. etion Point No.| Deserl ion

2005-38 - 36" CAR A (36 inch diameter Line A Turbine Cross Around under HP turbine)
2005-39 ) 36" CAR C (36 inch diameter Line C Turbine Cross Around under HP turbine)
2005-40 30"CAR B 30 inch diameter Line B Turbine Cross Around upper east side of heater ba

SMALL BORE PIPING

NEC037121

Small Bore | S.B. System Description Location Drawings Reason IComments

inspection Data : i

Number Base

- No :
05-5B01 1 Condensate 1" piping OS of R.O. 642 T.R Heater Bay G191157Sht,1 InduslryOE17654
- 5920- FSI| -17

05-5B02 128 CRD 1” Piping D.S. 01 R.Q.-3-Z4A Rx. SW Elgv, 232,5 G1911701G191212 | Industry OE17654
Pag-1A 16191215

05-S803 12 CRD 1" Piping D.S. of R.O,-3-25A | Rx. SW Elev. 232.5 | G191170 1G191212 | IndustryOE 17654

i . P38-1A —1G191215

05-S804 130 CRD 1" Piping D.S. of R,0,-3:24B Fx. SW Eisv. 232.5 G1911701 G191212 | Industry OE17654
P38-1B 1G191215

05-8805 131 CRD 1" Piping B.5, of R.0.-5-25B Rx. 8W Elev. 232.5 G1911701G191212 | IndustryOE17654
P38-18 16191215 :

Page 3 of 3
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“%& VERTICAL _
(COLUNN LIE P
HATEH LIKE SIETEH KesBd
oo .
— ™
FO 145084
Loos- 0
2505-0L
. FO14£7.82 I
], %" I FD145P82
N s e 1613 REQUCER /1
FDI4RGBY
- \ & ,
& DA QUTLET : ' '??1,% REVISION 11 11/24/9}
o .
) . NOZZLE HEATLR Et-1A 4 VERMONT YANKEE PIPING EROSION-
> : CORROSION INSPECTION PROGRAM
U .
e FEEDWATER LING J6“-FOW-14
R TURBEE BUILDING-HEATER BAY. b
REFERENCES: Glg1157/]181182,6181183,5828-F5~125 COMPONENT LOCATION SKETCH  No.oges

Appendix A PP 7028 Original  Page 13 of 102
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9

FEED PUMP ROQOA

2005-03
10865 o8-
100505

@“,@&/\
Ty

TURBINE BULLDING-FEED PUMP ROOM/HEATER BAY

REFERENCES: G191157,G191182,GIS1 163
o S9YS0-FS-124,5920-£8-125

. e
"\‘ . « b
\bB -ﬁs ) ot
.

™~ q. REVISION i 11124/91
%o, | VERMONT YANKEE"PIPINGEROSON-"
CORROSION INSPECTION PROGRAM

EEEDWATER IINE 4'-FDW-4 .

COMPONENT LOCATION SKETCH No.OI7

Appendix A FP70ZS Odginel  Page 22 of 102
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FEED PUMP RDOM 53

FDOSRDAT
4ty REDIRCER

HEATER BAY

REVISION 11 Ji/24/97
“
_; . %o, 0, TTERMIORT TANREE PTG EROSION=|
%  |CORROSION INSPECTION PROGRAM

. TUREINE BULDING-FEED PUMP ROOM/HEATER BAY . FEEDWATER LINE 2*-FDW-S

REFERENLCES: GI19t1657,5191182,45191183 ‘ .
S5950-F5-24,5920-F5-125 ’ ‘ COMPONENT LOCATION SKETCH  "40.01¢g :

Appendix A PP 7028 Original  Pags 23 ill 102
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%;,’ " VERTICAL

&*

SZIL2003dN

REVISION Il 11/25/51
VERMONT YANKEE PIPING EROS10N-

CORROSION INSPECTION PROGRAM
TURBNE BULDING-FEED PUMP ROOM/HEATER BAY . FEEDWATER LINE 4'-FDW-6

REFERENCES: GIOJ 157,691 182, GIo11a8
5950-F5-124,5920-F5-{25

al P A

COMPONENT LOCATION SRETCH No.019

Appendix A PP 7028 Original  Pagr 24 0102
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\%Ti‘q'L
prd :
&
. ' //
_ o FOOSPM @3’3
fgﬂ B // @ "
0y & By,
- V&I~ BA L S, %\5‘9 :
\ HEATER BAY c;;,%} ) _ ~

FOCBSPDS
700511, /
R ) -
2685\
REVISION J 11/24/8]
CO0EELD TVERNMONT YANKEE PIPING EROSION-.
S/ CORROSION INSPECTION PROGRAM
. TURBINE BULDING-FEED PUMP ROOM FEEDWATER LINE 16'-FDW-8
2 REFERENCES: G191157,G191162,6191189,5920-F5+2¢ :
COMPORENT LOCATION SEETCH No.Gtt

Appendix A PP 7028 Oniginal  Page 16 of 102
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Yoy, . FDIZH09
@;z;&q,%ﬂ
. o %\’cx,;e?' T oiveee - REVISION L 11724701 ‘
 pecrnozze 2 1 P | VERMONT YANKEE PIPING EROSION-
HEATER E-1-1A E 4 oo [CORROSION INSPECTION PROGRAM
—_— e T A, FD 122,08
< R FEEOWATER LINE IS’ FOW-12
S TURBINE BUJLDJNG-HEATER SAY
REFERENCEY G 19} 157,G191182,G191183,5320-F5-125 COMPONENT LOCATION SKETCH No.OO7

_ N Appendix A - PP 7028 Original  Page i20f102
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EL 241'-0

CoSose3 ’
p— (FLAMGED SPOGH PECE

FEEDWATER PUMP

shehidh

%

we™

—

; REVISION & 7113/90

CORROSiON INSPECTION PROGRAM -

CONDENSATE UNE 40"-C-30 (CONTINUED)

TURBINE BULDING-FEEDWATER PUMP ROOM
REFERENCES: GI91157.G\9H186,C184187 5928~ F3-116

COMPONENT IQCANON ZKETCH No. 037

AT

Appendix A PP 7028 Original  Page 42 af 12 -

NEC037128



g1 #7)

- TURBINE BULDING-FEEDWATER PUMP ROOM

REFERENCES) GIA1157 C19 11886 1911873220816

£t 2410t

-

Loaisras -

-

COEIRDAN : ; 16'X20" REDUCER

\L FEEDWATER PLIAP
™~ A
1 wclnbw

f ™~

D306

&
<3y,
r

VERMONT YANKEE PIPING EROSON-
CORROSION INSPECTION PROGRAM

CONDENSATE LINE 208 -C-gt e -

| COMPONENT LOCATION SRETCH No. 038

NEC037129

Appendix A BP 7028 Original  Page 43 of 102
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N

g

02T£2003IN

P

CORROSION INSPECTION PROGRAM

RN

=)
. e e,&zq? CUNDENSATE LINE 14°-C-29
TURBNE BULDING-HEATER BAY

REFERENCES: C19§150.0191788,0 191189,5620-F¢-135 )

| COMPONENT LOCATION SKETCH N, 040 A

9\ F)

AppendiX-A PP 7028 Original Page-450of /02
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e

VERIVIONT YANKEE :
SCOPE MANAGEMENT REVIBW FORM , ' qu [OF(I
Date: | J}! 0% Tracking Nwnber: D
(Assigned by Work Scope Control Coordmator)

Work Ordeér Number: Q4 - OOAAL2 - -

itistor: TS OTZR RN ——

Location of Work to be Perfonned: [ L4ws ™

| ~ ADDITIONQ DELBT_IGNE c:HANGEQ
. Descrlptlon | ;
M@Mgm& Sostm_SEL: wl DDk

Justification for Reguest

» ; L WD G 1R et
Fae Yopatam Dud) Defsno., o RESTWVCIL

Review Process

Additional Cost: —_ . -
Dlilation and Scheduling Impact: )
Assigned Dept.Mvan-Hours to Complete:.

+ Source of Manpower/Other Scope Impacted:

Dose, Chemistry, Safety Implication: e ‘ -
Engineenng Impact: Man-How gineering Dept.

Optional Ways to Address:

- S wimanara

L .
Approval Process

Plezse provide a briefjustification

Scope Review Committee Recommendation/Planning Prioﬁty:wf%ﬂ HforEn Mf

D

Priority "C" WO Responsible Depl Approval

General Manager, H fgﬁ_d_l_; 1“ A el -
Plant Operations:_ '-\ ' ~ /“ApproveiDisapprove Date: (- - ﬁ/

HMPAC Change Made for'E@;c & Priority _ e [ S
' ’ sec . Date
Log Updated:
i % cheduti A . -
\ \ ) VYPPF 7102.01
PP 7102 Rev. 2
Pagelofl
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Prepared By: James Fitzpafr‘ick' '
/ - Date: 11/1/05

BFO 25 FAG Prbgram ingpections location nos, 2005~25 through 2005-35

Refarences:

Work Order 04-004983-000, FAC Inspections

Work Order 04-004983-010, Surface Preparation on SSH piping
T™ 04-031

Work Order 04-004884-006

ER-05-0190

CR-VTY-04-2985 CA3

Background:

CR-VTY-2004-02925 doc;\uments a steam/water leak'an the turbine steam seal piping, line 1SSH4
to the No.4 packing. TM 2004-031 instalied a temporary leak enclosurs on this line.

Inspections on Turbine Steam Seal Piping were included in the' scope of the FAG program for RFO
25 per CA3 of CA-vrY-2004-02925. The purpose of these inspections is to determine the extent
of condition on the ‘remaining steam seal piping.

Work Scope

{
These inspections require access to the SSH & SPE piping on eievation 272 of the Turbine
Building. The piping is located under the 1P turbine appearance lagging deck plates and reguires
removal of section of the plates to access the piping for surface preparation and inspection. It was
intanded that these inspections be performed along with restoration of Temp Mod 2004-031 (W.O.
2004-4884-006). _ _ -

DI .

Restoration of TM 2004-031 was removed from the outage soope on 10/24/05 due 10 interference
with critical path work planned on the LP lurbines. A detailed ralionale for delaying resloration of
the TM from RF025 was deveioped by George Benedict on 9/98105 and is)attached here. The
same reasoning and technical basis applies to these Inspections. ;

In addition these inspeotions are not progra}nmafically required under PP 7028 (Pif)ing FAG
Inspection Program). The inspeotions were added to the RFO 25 scope to determine the condition
of the piping at parallel and similar locations on the Steam Seal piping as the 2004 through wall
leak. .

The system is a low pressure system with piping looated in the heater bay or under the turbine
deck plating. Deferral ot these inspections dogs not pose a significant personal safety hazard as
exposure to these lines during operation is minimal. The possibility of a leak at another location on
the Steam Seai piping still exists_ However, the low operating presstires and the results of UT
measuremenls made on lhe - 1SSH41ine at the location of the existing ieak indicate that any failure
would be a pinhole type leak vs, a catastrophic failure of the pipe.

! | / NEC037137



Prepared By: G.13enedict

M : : Date: 9/28105
=Entergy | | |
0 2wl

\"-ﬁ._._“__‘_,,../

Replacement 0fN4 Steam Supply Piping

References:

Work Order 04-4884-06 | - \
T™ 2604-031
ER 05-0190

History:

The steam seal supply line to TR-1-1A, N4 packing developed a leak from what appears to be
the result ofpipe erosion on one ofthe pipe radiuses. Team Inc. was contacted 10 develop on-
line repair options and determined that the most appropriate long tenn repair would be to instill! a
pre-fabricated clamping device. The clamp was fabricated a5 recommended and successfully
installed per the above referenced Temporary Modification (TM 2004-031).

Work Scope:

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

L Turbine and Stearn Seal Pipg Repsir Interaction:

During RFO 25 a significant amount ofwork will be pcrfonned on the LP_turbites which are
located in the immediate ares ofthe degraded N4 steam seal Suyipl)’ line. The LP turbines will be
completely dismantled to facilitate the installation ofthe new 8™ stage diaphragins 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 insbection in conjunction with the steam scal
line repair will create personne! safety hazards, potential equipment damage, and logistical
comphications.

NEC037138
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g Prepared By; G. Benedict
.. . ~ Date: 9128105

Entergy

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

Personnel Safety: .

¥ Fall and drop hazards will be created by both work crews in proximity to both
work areas. 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 hazagds, personnel awareness, focus, and goal will be on each individuals
own task. The drop and fall hazards will be continually changing 4 each work
activity progresses and although pars‘()nne'i are required to communicate changes
to safety hazards these types ofchanges will be extremely difficult to panage due
to the pace ofthe LP turbine inspection activity,

» The crew working on the steam seal piping will continually be interrupted due to
overhead hazards from materials being removed and returned to the LP lirbine
centerline. Once again dne to the pace ofthe LP lurbine mspection and the fact .
that the steam seal piping replacement crew will be in and out ofthe work area
which is not visible from the turbine floor only increases the poteniial to
inadvertently transfer a load over the piping replacement crew. ‘

Equipment Safety and Quality:

¥ The removal and installation ofthe steam seal piping will involve welding and
‘grinding activities. Shielding ¢an and st be installed to prevent inadvertent
weld flash, slag, and grinding dust, however, performing these types ofactivities
in the vicinity ofopen bearing oil sumps, exposed shaft ]oumaIs, and bearing
babbitt surfaces increases the risk for accidental damage

Schedule and Logistics

» The LP turbine work is the primary critical path activity for the Outage and any
delays ¢ncountered by the implementation ofthe N4 steam seal supply line repair
will most likely tesult in an increase in duration. The repair ofthe 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...instal and fil-up new pipe sections. . ,remove new
section to perform non-field welds. ..and permanent installation. Tllere is zero
turbine building crane availability during RFO 25,

» The open hole caused by the removal ofdeck plating will cause the "A" LP to be
logistically separated from the "B" LP on the right side ofthe centerline which

, NEC037139 '



‘ S o o Prepared By: G. Benedicl
e

Date: 9/28/05

L Sl

\ ,will create a delay in the transfer oftooling and materials between LP “A” and
tcB)s.

i
t

» Asbestos coneem:” There is a potential that the stearn seal line being repaired
© contans asbestos insulation. Any asbestos insulation issues could shutdown work
on the turbine deck.

»  Maiptenance tesources: Mamtellallce erews assigned to the steam seaj line repair
have 7 shifts available to perform this repair. 1fthere are any delays in
performing the repair (e.g. coordination issues or emergent issues during the -
work), the maintenance crew would be required to Ieave the steam seal pipe repair
and return to the refuel floor.

Technical Basis for Deferval: .

|
Team Inc. was contacted (o determine the feasibility ofoperating the unit fol' an additional cycle

with the Team clamp in place. The response from Team lIC. was very faverahle with regard to
operaling an additional cycle with the clamp in place. According to Jim Savoy (Team Inc.
District Manager) many commercial industrial facilities that have utilized clamps similar to the
one installed on the N4 steam seal supply line have operated for extended periodé much greater
than the requested 18 months.

The steam seal supply 1S approzimately 2 - 5 1bs. of pressure with a maxinum temperature of
255 degrees F. This is considered very low in comparison to many ofthe applications that Team
Inc. has installed similar long term clamps on. Ifthe clamp is left installed for an additional
operating cycle there is a risk that the clamp will ieak once the plant is placed back on-fine.
Although considered a low probability, the risk is due'to the thermal cycling ofdissimilar
materials that are utilized in the clamping and sealing process. Ifaleak were to occur Team Ing.
would re-inject the clamp with sealant which has been successfully perfOlmed at other locations.

/
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, . ‘ RFO-25 Piping FAC Inspections -
Outage Scope Challenge Meeting 5/4/05 m 5"

4

Short or Cryptic summary of what the project involves and why we need to ¢ complete the Qr0|ect in
RFO 25 (e.q. regulatory requirement, risk to generation, Qnog_am requirement, aQQLQLale
management of the as_ss_t)

In response to USNRC Generic letter 83-08, inspections of piping components susceptible
to damage from Flow Accelerated Corrosion (FAC) are performed each refueling outage.
The planning, inspection, and evaluation activities are currently defined in program

~ procedure PP 7028, "Piping Flow Accelerated Corrosion Inspection Program".  Before the
start of RF025, VY will transition to a new Entergy procedure "Flow Accelerated Corrosion
Program"”, ENN-DC-315.

\

1

Description ofthe scope of the project, what it e_ng_o_mp_as_s_e_s_. options that have been considered
{identify minimal required vs. discretionary ~could be deferred scope.) Other outage scope that
interlaces'with or can be included in this prolect; Impacts on others.

The scope of the inspections for each refueling outage is based on previous inspection
resuits, predictive modeling, industry and plant operating experience, postulated power
uprate effects, and engineering judgment. The scope for the Fall 2005 RFO is defined in
Design Engineering-MIS Memo VYM 2004/007, Revision 1. The 2005 RFO Scope includes:

External Ultrasonic Thickness (UT) Inspection of 37 large bore components at 16 Iocatnons
Includes d

5 components recommended for repeat inspections based on prior UT data

2 components for CHECWORKS model calibration

6 components based on Operating Experience (Mihama Event)

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

4 components based on increased EPU flows

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

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

[ 2R N Y BN N K

External Ultrasonic Thickness (UT)\Inspection of 5 sections of small bore piping based on

industry experience. Includes 4 sections of piping downstream of restriction orifices at the
~  CRD pumps. ‘ ’ ' : '

3 .

Internal Visual Inspection of two 36 inch CAR lines to assess changes in flows from HP

turbine modifications installed in RFO 24. Internal Visual inspection of the only remaining

carbon steel 30 inch diameter line 30"-8.

4

None ’ - - ,

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

)

ives, creative Qppdrtunitie_s, unique problems associated with the project.

None

The inspecUon 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
srequired to trend low wear rates (EPRI CHUG). Phosphor Plate Radiography which is
currently being adopted to screen small bore components without insulation removal is
primarily applicable to PWR plants. limited use on BWRs,

Design Englneenng MIS has minimized the number of Inspectlons perfonned 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 inspections based on piping replacements.

Identify additional organizational support required, and specifi callv management support

acessany.

Inspections will be performed by the ISI personnel. Scheduling and staffing will be
coordinated with other ISI activities. Inspections are performed using approved NDE
procedures. Training on inspection procedures is performed underthe ISI program, Grid
marking per new ENN Standard ENN-EP-S-005

Primary DE-MIS mterface is the ISI level lil and/or ISI Program Engineer for coordination in
review and approval of inspection data. Interface with craft & other plant groups is normally:
through established links in the 181 program. Unusual situations which require addltlonal
support will be raised to management level as required, -

Two DE-MIS engineers (J.Fitzpatrick & T.O'Connor) currently trained in evaluation
procedures and have prior VY FAC Program Experience. Other DE-M/S engineers with pipe
stress experience can be trained on shari notice. The number of inspections Is slightly higher
than the last two outages, Coverage wili be prov1ded 7 days a week (or as required) to
evaluate UT data.

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

Page 2 of3
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~ RFO-25 Piping FAC Inspections
; . Outage Scope Challenge Meeting 5/4/05

0 ~
Lo

\dentify any S ry to ‘ : i .
» Coordination with LP Turbine work for inspection of SSH components (physical space)

- - Coordination with LIP Turbine/Condenser work for ventilation path (opening) for the 30"
B Cross Around Line and for a window to perform inspections (noise issue).

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

{
i ~

Identify if all pecessary outage and pre-outage WO's for the projecUprogram scope are generated.
Work Orders to for support actmtles and inspections {04-4983- 000 series) WJ”} Cﬁb\‘("\"\’

@’/@vafpm \
,ge.z_!_wf if any opportunities to perfonn any muo_tm scope could be completed p_Le_c_Mag&
The only components which are not high temperature and are in an accessible Iocatlon

during plant operation are 4 sections of smali bore piping downstream of restriction orifices -
at the CRD pumps. These may be inspected during operation. However, this is a high

noise area. ' o
(u W 11BN )

Page 3 of 3
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All VY comments were resolved during develepment of thig standard.
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Fitzpatrick, Jim - _' ‘. - | @q L

bt -

“rom: Fnzpatrick Jim

.end: - Tuesday, September 27, 2005 11:45 AM

To: VTY_Eng,nneerlng-Mechanlcal Structural; VTY .EFIN_DL
Subiect: FW: Communication of A‘pproved Engineerihg Standard

- \

Tms is a new fleet standard for evaluation ot thlnned wall piping componants which will replace ENN-DC-133 ENN NC-
133 will be superseded,
VY Department Procadure DP 8072, "Structural Evaluation of Thinned Wall Piping Comipenents will be revised or
superseded as requirad when ENN-DC-315 is adopted.

: ' (
Use: ' ' )
Endry Conditions for this Standard will be it ENN -DC-315 “Fiow Accelerated Corrosion Program” and ENN-OC- 185
"Through wall leaks in ASME Section XI Class 3 Moderate Energy Piping Systems”. WPO has the responsibility to revise
the references to ENN-DC-133 in these procedures.

Qualifications(frainil1qg:

At present there is no ENN QUAL CARD for use of this Engmeermg Standard, Calculations performed using standard are
decumented per ENN-DC-128. Based on the scape of this standard, only Design Engingering - Civill Structural personnet
and the Mechanical types in EFIN with previous pipe stress experience have the charter and background to apply this
standard.

Summary ot Changes from ENN-OC-133 as applioable to VY:
. More tormalized ties to ENN-OC-315, Wear rate determination for FAC program inspections is the
responsibility of the FAC Program Engineer
- QCaiculation of componeit Wear, Wear Rate and Predicted Thickness is consistent the same as OPOO72 The
oy change'Jrom OPDON is a reduction on the Safety Fagtor (SF) from 1.2t 1.1.
. The methods used to calculate the code required thickness for pressure and moment loads are con:,[sient
“with OPO()72, but presented in a differant format.
»  No significant changes to application oJ ASME Code Case N-513 for though wall {eaks --
Added attachinent for guidance in oatculation of compaonant wear rates.
. E‘xcel spreadsheet templates are available to facifitate calculations.

From: Ettlinger, Alan : , ' N
sent: Monday, September 26, 2005 9:33 AM , '

To: Caselta, Richard; Fitzpatrick, Jim; LO, Kai; Pace, Raymond ) ‘ B

Cc: Unsal, Ahmet :

‘Subject: Communication of Approved Engineering Standard :

I accordance with EN-DC-146, as the Site Procedure Champion (SPC) at your site, please inJorm and comimunicate to
applicable site personnel, the issuance of the following fleet NMM Engineering Standard.

A

ENN-CS-5-008, revision 0 ©  Pipe Wall Thinning Structural Evaluation )

ThiS standard supersedes ENN-DC-133. The standard an be accessed in IDEAS on the Citrix server,

The standard becomes effective, and will be posted on September 28, 2005.
If you have any guestions, please give me a call,

»

o]

101222005
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Second victim dies of burns from power plant
explosion

Milwaukee Sentinel, Mar 9, 1995 by BETSY THATCHER

e E-mail
e Print
e Link

A second victim of the Feb. 12 steam explosion at Wisconsin Electric Power Co.'s Pleasant
Prairie plant died Tuesday. -

» &d Feedback

WEPCO employee Gregory A. Schultz, of Waterford, died at St. Mary's Hospital in Milwaukee,
where the 37-year-old operating supervisor was being treated for severe burns after a steam pipe
ruptured at the Kenosha County power plant.

Schultz and another operating supervisor, Steven Baker, were performing a routine inspection of
the plant when a 12-inch pipe that carries hot, pressurized water into the boiler of Unit 1

ruptured. Baker, 38, of Kenosha, died at the plant.

Schultz, who had worked for the company since 1978, received second- and third-degree burns
over 60% of his body.

Related Results
"Words can't express the sorrow and regret we feel," WEPCO President Richard Grigg said ina
statement. "We are remembering the Schultz and Baker families in our thoughts and prayers."

An investigation into the cause of the rupture is expected to be completed by the end of the
week, company spokesmen said.

Preliminary results indicate there was substantial thinning of the plpe wall, which resulted in a
break, a company statement said.

Employees of the Pleasant Prairie plant plan to buy a granite marker to place near a flagpole
outside the plant in memory of the men.

Copyright 1995 '
Provided by ProQuest Informatlon and Learnmg Company. All rights Reserved.
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ISSUE 139: THINNING OF CARBON STEEL PIPING IN LWRs (REV. 1)
DESCRIPTION

Historical Background

This issue was raised1989 as a result of a pipe rupture in the main feedwater (MFW) system at the Surry Unit 2 nuclear
power plant on December 9, 1986. The MFW .pipe rupture followed a reactor trip from full power shortly after the unit
returned to operation on December 8, 1986, following a scheduled refueling outage. The staff presented briefings on the
incident to the Commission on February 25, 1987, and to the ACRS at its 322nd Meeting on February 5, 1987.

The Surry pipe rupture was in the 18-inch "A" MFW pump suction line immediately downstream of a compound 90 elbow and
T-section connecting the 18-inch pipe to the 24-inch condensate header. The rupture was a catastrophic, 360 circumferential
break. A piece of the ruptured pipe (approximately 4 feet by 2 feet in size) was blown some distance from the break point.
The piping still attached to the pump suction rotated away from the break point and came to rest against a portion of the "B"
MFW pump discharge piping. No significant damage to the "B" MFW pump was noted.

The failed 18-inch suction line was fabricated from ASTM A-106 Grade B carbon steel and ASTM A-234 Grade WPB carbon
steel wrought fittings with a nominal wall thickness of 0.5 inches. Visual inspections of the inside surface of the elbow
revealed a dimpled surface and general pipe wall thinness as small as 0.05 inches. Ultrasonic thickness measurements
indicated the wall-thinning to be a gradual change over most of the elbow fitting. The licensee concluded that the pipe
ruptured because of the thinned wall and that the thinning was a result of erosion/corrosion.

-On January 15 1987, the Honorable Edward Markey (U.S. House of Representatives) requested the GAO to assess NRC

actions following the Surry event and several other technical problems at nuclear power plants. The GAO assessment 1090 of
actions taken related to the Surry event and similar piping deteriorations detected at other LWRs was issued in March 1988.
The major GAO conclusions and recommendations are provided in the conclusion of this analysis.

A similar pipe rupture occurred at the Trojan plant following a reactor/turbine trip on March 9, 1985 (See LER 85002, Docket
No. 5000344). The pipe rupture at the Trojan plant was in the 14-inch heater drain pump discharge line immediately
downstream of a globe valve leading to the condensate header and MFW suction side. The piping was the same ASTM A-106
Grade B material with a required minimum wall thickness of 0.375 inches. The wall thickness in the region of the rupture
was thinned to approximately 0.1 inches and the cause was attributed to wall-thinning by erosion/corrosion.

In both events, the fluid medium was single-phase, subcooled water at nominally 350F and 450 psi. Water velocities were in
the range of 20 to 40 fps and the flow in the ruptured locations was subject to turbulence induced by piping and fitting
configurations, with pressure increases resulting from automatic MFW isolation.

Historically, erosion/corrosion in nuclear and fossil plants has occurred primarily in wet steam (two-phase) lines and has not

been reported in dry steam lines (EPRI NP—5410).1092 The erosion/corrosion in single-phase (water) systems was not
expected and differs in the mechanisms contributing to the process, being a complex phenomenon dependent on many
variables such as alloy content, temperature, Ph, and flow velocities and perturbations caused by piping and fitting
configurations.

Following the Surry event, the staff issued a series of Information Notices informing the industry of the Surry pipe rupture.

On July 9, 1987, the staff issued NRC Bulletin No. 87- 011093 reguesting licensees to submit information concerning their
programs for monitoring the thickness of pipe walls in high-energy, single- and two-phase, carbon steel piping systems.

Staff review of the licensees' responses to Bulletin 87- 011093 were reported in SECY-88- 501094 and Information Notice No.

88-17.1095 A staff report on the status of the industry erosion/corrosion program was provided in SECY-88-50A.1096 por
two_—phase, high-energy, carbon steel piping systems, responses indicated that licensees had programs at all plants for

lof7 " : 4/28/2008 1:11 AM
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inspecting pipe wall-thinning. However, because the guidelines were not i'equired to be implemented, the scope and extent
of the programs varied significantly from plant to plant.

For single-phase piping systems such as in the feedwater/condensate lines, a limited humber of inspections were conducted

following the Surry event. Based on the Bulletinlog3 responses up to the time this issue was evaluated in November 1988,
23 out of a total of 110 units had not established an inspection program for the single-phase lines. Of these units, 17 were
operating plants and 6 were under construction. .

The staff review1091 showed that wall-thinning in the feedwater/condensate systems was more prevalent in PWRs than in
BWRs. The review indicated that licensees of 27 PWRs and 6 BWRs identified various degrees of wall-thinning in feedwater
piping and fittings. The pipe wall-thinning problem was widespread for single- and two-phase, high-energy, carbon steel
piping systems in PWR and BWR plants. Since the problem was more prevalent in PWRs, this analysis focused on PWR
plants. However, due to the nature of the problem, the resolution indicated that the issue related to all LWRs.

Safety Significance

There were no requirements for the industry to have an inspection program for monitoring and examining the ASME
minimum wall thickness for carbon steel piping. Therefore, even though a pipe break is a design basis event for which plants
are designed, the potential frequency of such breaks was higher than previously anticipated. Lacking inspection -
requirements to provide assurance of the defense-in-depth against catastrophic pipe ruptures in the secondary power
conversion systems (and specially the feedwater/condensate systems), plants may not have adequate assurance that they
meet the design basis life. v ‘ /o ‘
‘The higher pipe rupture frequencies could also introduce additional challenges to safe plant shutdown from potential systems *
interactions of the high-energy steam/water releases that may damage, or affect, other systems (see "Systems Interactions
from Pipe Ruptures” below). Thus, risks from design basis pipe ruptures that did not account for erosion/corrosion
wall-thinning in the secondary piping systems may be greater than previously evaluated.

Possible Solution

The staff was continuing its review of pipe wall-thinning and was expected to assess the results obtained from inspections to

be performed during the 1988 Spring refueling outages. 1094,1096 This assessment included visiting up to ten plants to
review their inspection methods and results. The staff anticipated that its review would be completed by December 1988 and

1094,1096 ;

could, if necessary, provide the basis for new requirements in single- and two-phase carbon steel piping systems.

A possible solution for the single-phase piping systems, which unlike the two-phase systems that have existing monitoring
programs, might include inspections to be conducted at each refueling outage. However, for the long term solution, the staff
planned to continue working with NUMARC and EPRI to arrive at an implementation program and schedule for the resolution
of pipe wall-thinning in both single- and two-phase carbon steel piping systems.

PRIORITY DETERMINATION

Pipe ruptures from erosion/corrosion-inducéd wall-thinning of carbon steel piping had not been reported prevalent in

dry-steam Iines1092 such as the main steam lines. Two-phase piping lines, such as the turbine crossover/under piping and
steam extraction lines, had experienced erosion/corrosion wall-thinning and ruptures even though licensees had monitoring
and inspection methods (though not required) in place to various degrees for some time. This indicated that improvements
were needed in the existing inspection programs to provide timely detection of the piping degradatlons

Single-phase carbon steel piping runs, which were not believed to be susceptible to erosion/corrosion wall-thinning, were not
in general (prior to the Surry event) monitored or inspected for potential wall-thinning. The single-phase systems in the
secondary power conversion systems which had been found to be susceptible to wall-thinning were the
feedwater/condensate systems and the high pressure feedwater heater drain pump discharge piping lines. These

single- phase

lines transport water at a nominal temperature of 3500F and water velocities ranging from 20 to 40 fps. Both of these
conditions tend to exacerbate the erosmn/corrosmn phenomenon in carbon steel plpmg systems carrying single-phase fiuid
(water)

AFW piping lines that typically draw water at lower temperatures from the condensate storage tank, and do not experience
continuous flow during power production, had not been reported to be susceptible to erosion/corrosion wall-thinning.
Because it was difficult to determine the effectiveness of the two-phase piping systems inspections, lacking information on
previous repairs and replacements resulting from the inspections, the two-phase rupture frequency was assumed equivalent
to the single-phase carbon steel piping rupture frequency estimated below. Without existing inspections, the two-phase

e

r

=}
=
~J

http://www.nrc.gov/reading-rm/doc:collections/nuregs/staff/sr0933/sec3...

4/28/2008 1:11 AM



NRC: A Prioritization of Generic Safety Issues (NUREG-0933) - ISSUE...

-

‘

S

pipingisystems would be expecte.d to have a higher rupture frequency.

As stated above, this analysis focused on evaluating the carbon steel wall-thinning pipe ruptures in single-phase piping
systems and the wall-thinning ruptures in two-phase piping systems of PWR power conversion systems. Based on existing
inspection results, BWRs appeared to have a similar problem, but to a lesser degree. Therefore, this analysns bounded the
issue for all LWRs.

~

Recovery of Power Conversion Systems

The power conversion systems feed into one another through various piping configurations, including straight lines or
headers and various valving or fitting arrangements. Therefore, a rupture in either the single- or two-phase piping systems
could disable the PWR power conversion systems to various degrees. Thus, the probability of recovering the power
conversion systems was uncertain. Therefore, it was conservatively estimated that the probability of non-recovery of the
power conversion systems (PCSNR) was 0.5, given a rupture in the secondary systems.

Carbon Steel Pipe Rupture Frequency

The data on erosion/corrosion-induced wall-thinning resulting in ruptures of carbon steel pipling carrying single-phase fluid
was limited to the Surry and Trojan events described earlier. This limited data was used to estimate upper and lower bounds
of the subject pipe rupture frequency.

For the upper bound estimate, the plant-specific experiences of Surry and Trojan were used. At the Trojan plant, the pipe
rupture occurred after approximately 9 years of-operation. At the Surry plant, the pipe rupture occurred after approximately

14 years of operation. This data yielded an upper bound rupture frequency of 9 x 10'2/RY For the lower bound estimate,
the two pipe ruptures were ratioed over the total number of PWR reactor-years of operatlon (approximately 600 RY) This

yielded a lower bound estimate of 3.3 x 10'3/RY ) \

The rupture frequency was approximated by a log normal distribution with an error factor of five and the upper and lower
bounds were assumed as two symmetrlcally located percentiles (0.05 to 0.95) of a log normal distribution: The calculated

mean rupture frequency was 3 x 10 2/RY As stated earlier, it was assumed that the rupture frequency of 3x10 2/RY was
applicable to the secondary side carbon steel piping systems identified herein. .

Most of the pipe ruptures that might occur in the non—safety-relatéd portions of the secondary systems are likely to be
outside of containment because most (90%) of the secondary side piping is located outside containment. Pipe ruptures in
the safety-related portion of the MFW piping inside containment can result in the secondary side of the affected steam

generator blowing down to the containment atmosphere. For these lower frequency ruptures, (0.1)(3 x 10'2) =3 X 10'3/RY,
isolation of AFW to the affected steam generator will reduce the chance of containment overpressurization from continued
long-term steaming due to decay heat from the reactor core. Automatic AFW isolation is necessary to ensure that the
containment design pressure will not be exceeded. This event, like other ruptures that may occur in the PWR power
conversion systems, was treated as a total loss of main feedwater. This sequence was bounded by the TMLU rupture event
sequence described below. However, pipe ruptures inside containment are less likely and will not likely induce the negatlve
systems interaction problems that can result from pipe ruptures outsnde containment.

Systems Interactions from Pipe Ruptures

Communication Systems Failures: During the MFW pipe rupture at the Surry plant,

the Cardox and Halon fire suppression systems were actuated by steam/water intrusion into their control panels. The
security repeater which was located approximately five feet from a Cardox discharge nozzle failed and was later found to be
covered with a thick layer of ice. As a result, security communications were temporarily limited to the non-repeater
hand-held radios. Therefore, actuation of the Surry fire protection system (FPS) resulted in loss of a train of the
communication systems. /

Given that loss of one train of plant comrﬁunications occurred in one of the two pipe rupture events, the probability that
failure of this train of communication can occur as a result of pipe ruptures in the secondary systems outside containment
was estimated to be 0.5. .

To estimate the probability of loss of the backup hand-held communication radios, the following were assumed: probablllty
of battery failure = 0.1; probability of operator error in not replacing the batteries = 0.1; and probability that other units are
not readily available = 0.1. The probability of loss of both communication systems, given a pipe rupture in the secondary

systems outside containment, was estlmated to be 5 x 1074.

To estimate the impact of the loss of plant communication systems, it was assumed that loss of communications would
increase operator errors in the four event sequences affected by the pipe rupture. Based on an examination of the fault -

tree554 for the four sequences, and adjusting the operator errors to account for loss of communications, the percentage

increase in core-melt frequency for each sequence was estimated as foliows: ,

o]
=
~
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Loss of Communications

Sequence % Increase In Sequence Core-Melt Frequency

TMQH 7 _ '/,

TMKU - negligible / )
TML(PCSNR)U s ' 7

T™MQD 2

Actuation of FPS: Within minutes of the MFW pipe rupture at Surry, 62 sprinkler heads opened in the immediate area of the
rupture. As a result of the sprinkler water and the feedwater discharge, the Cardox and Halon suppression systems control
panels were affected by intrusion of steam/water. The intrusion caused the time limit, battery charger, and the dual zone
modules to short. Thus, the manual remote actuation circuit Iocated in the control room was affected.

In Issue 57, the effects of actuation of the FPS actuation and the potential increases to core-melt frequency were estimated;
the sequence evaluated was the TMLU sequence and the safety system evaluated was the AFW system. Because one of the
two pipe rupture events (Surry and Trojan) affected the FPS manual remote control, the estimates in Issue 57 were adjusted
by assigning a probability of 0.5 to failure of the FPS manual control. With this adjustment, the increase in unavailability of

“the AFW system, given actuation of the FPS water deluge system, was estimated to be 2 x 10'5. Assuming typical AFW
unavailability of 5 x 10'5 (discussed later), the combined AFW unavailability, given actuation of the FPS, was 7 x 107>

) .
Using the same 2 x 10'5 increased unavailability for other safety systems in the event sequences of this issue, no significant

effect was found because the other safety systems were less sensitive to the 2 x 10~ -5 estimate. This conclusmn was
consistent with the Issue 57 assessment.

Electric Door Lock Failures: At the time of the Surry pipe rupture event, water and steam saturated a security card-reader
located approximately 50 feet from the break point. As a result, key-cards would not open plant doors. The control room
doors were opened to provide, access to the control room and security personnel were assigned to the control room to
provide the access security. One operator was temporarily trapped in a sta:rway due to the card-reader failure. At the time
of this evaluation, the Surry plant was considering installing electrlc override switches to remedy this problem.

In Issue 81, the impact of the electric lock (card reader) failure at Surry was evaluated. The results from Issue 81l indicated
that failure of electric locks, without override protectlon may contribute approximately 2% to core-melt accidents from plpe
ruptures outside containment. .

Frequency Estimate ' N , . \

To estimate the core—rhelt frequency from ruptures in PWR secondary systems, an example'PRA54 was used together with

additional information provided in NUREG/CR-2800. 64 The pertinent accident sequences were then adjusted to account for
pipe ruptures in the secondary side of PWR plants. The accident sequences used in this analysis were TMQD, TMKU, TMQH,
and TML(PCSNR)L where: .

«TM - a loss of power conversion system (PCS) transient caused by other than loss- of—off5|te power. For this analysis, TM

corresponds to the secondary system pipe rupture frequency (3 x 10-~ 2/RY) resultmg in loss of the main feedwater
system (M = 1);

Q- the pressurizer safety/relief valve demanded opéns (0.01) and any pressurizer safety/relief valve fails to re-close
(0.05);
. /
D- failure to provide sufficient ECCS injection (10~ 3), §
N
K- failure of the RPS (2.6 x 10™°);
H - <

failure of the ECCS recirculation system (7 x 10'3);

PCSNR failure to recover the PCS (0.5, as discussed earlier);

uU- failure of the operator to start high pressure injection, or feed-and-bleed is initiated, but is unsuccessful. For this
analysis, U = 0.2 was assumed;

L- failure of the AFW system..For 3-train AFW system plants, a typical AFW unavailability was 1.8 x 107> /demand.
For 2-train AFW system plants, the goal of Issue 124 was to upgrade the AFW systems to 10'4/demand. Therefore,
a typical value of 5 x 10'5/demand was used in this é;nalysis.
of 7 . 4/28/2008 1:11 AM
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Table 3.139-1 includes the sequences with and without the effects of systems interactions from pipe ruptures in the
secondary systems outside of containment.

'

Examination of the results indicate that collectively the systems interactions may increase the core-melt frequency from pipe
ruptures in the secondary systems outside containment by approximately 20% (9 x 10'8/RY). The total core-melt frequency,
with the systems interactions (SI) effects included, was estimated to be 5 x 10'7/RY.

’ TABLE 3.139-1 .

http://www./nrc.gov/reading-rm/doé-collections/nuregs/staff/sr093‘3/se03...

Sequence _ ,‘inthoutv(SvI) ‘ Communications (SI)v o ”FPS (S1) - Lockéd Doo‘rs (SIy o TOTAL

™QD 11,50 x 1078 13.00x10710 - |neg. 13.0x 10710 [1.56 x 108
TMQH 11.05 x 1077 1740 x 109 neg. 2.1x 1077 11.15 x 1077
™MLY 1.50 x 107/ 1.05 x 1078 6x108 3.0x107° “12.24x 1077
SUM la20x107  |1.80x10°8 6x108  [8.4x10° |5.00 x 1077

Consequence Estimate

The core-meit sequences under considéeration involve no large breaks initially in the reactor coolant system pressure
boundary. The reactor is likely to be at high pressure until the core melts through the lower vessel head with a steady
discharge of steam and gases through the PORV(s). These are conditions that may produce significant Hy generation and
combustion. h

For these sequences, a 3% probability of containment failure due to H burn and a 1% probability of containment isolation
failure were used. If the containment does not fail by Hz burn or isolation failure, it was assumed to fail by basemat
melt-through. \ : : . .
\ ' |

The conditional releases for these containment failure modes had a weighted average core-melt release of 1.7 x 10°
man-rem. The calculated releases were based on a core inventory typical of a 1120 MWe plant, a uniform population density
of 340 persons per square mile from an‘exclusion area of one-half mile out to a 50-mile radrus from the plant, no evacuation
of people, no |n]est|on pathways, and meteorology typical of a midwest site.

The annual public risk from secondary side piping ruptures due to wall-thinning was the product of the core-melt frequency
(5x 10'7/RY) and the weighted average :

~ -~

release (1.7 x 10° "5 man- rem). Therefore, the public risk was 8.5 x 10 2 man-rem /RY. Assumlng a remaining plant life of 30
years, the cumulative public risk was 3 man-rem/reactor.

Cost Estimate

Industry Cost: A possible solution for.early detection of wall-thinning in carbon steel piping in the secondary systems was to
implement and conduct inspection programs for these systems during each refueling outage. A report was prepared by

, EI‘I’RI1092 to provide guidance to the industry for conducting NDE of ferritic piping systems for wall-thinning caused by

erosion/corrosion in nuclear and fossil power plants. The EPRI report contained the results of investigations of various NDE
methods that may be applicable to the detection of erosion/corrosion effects. EPRI reported that virtually all plants used
manual ultrasonic thickness measurements. Four utilities had performed automated ultrasonic thickness measurements from
the outside surface of the piping. One EPRI source reported that an automated examination would cost approximately
$50,000 and take one week, whereas a manual team of two operators could perform the examination in one afternoon.
Therefore, the cost of th\e manual inspection was estlmated to be $10,000 per outage. '

The difference noted by EPRI was that the manual team would acquire data on a 4-inch grid pattern and the automated
system could acquire data continuously over the entire surface. Additional setup time was also required for the automated
system. Therefore, the above $10,000 cost for the manual inspection could have been overestimated.

An additional cost associated with the inspections was the rémoval an’d disposal of asbestos insulation and re-insulation.
These costs were reported to range from .$300,000 to $750,000 per .cutage. In some plants, asbestos insulation was
programatically being removed due to strict state and local guidelines associated with health hazards to workers from
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asbestos.

Approximately half (44) of the 92 plants contacted in the EPRI survey had asbestos insulation. Thirty-two of the forty-four
had at least partially replaced asbestos with other insulation, or were plannlng to remove the asbestos, and the remaining
twelve plants were undecided.

Based on the above, any NRC requirement to conduct NDE inspections at each refueling outage could provide an additional
incentive for the 12 plants (13% of all plants) to remove and replace the asbestos insulation with other types of insulation.
Therefore, on an average, the industry costs to remove and dispose of the asbestos insulation to facilitate NDE inspections
was estimated to be a one-time cost of (0.13)($750,000 + $300,000)/2 = $68,000/plant- However, the argument could be
made that the cost of asbestos removal could be driven by the state and local requirements, and not by NRC inspection
requirements. _ .

Assuming a remaining plant life of 30 years and a typical time between refueling outages of 1.5 years, the cumulative
number of inspections that may be conducted during each refueling outage for each plant was 20. The_annual cost over 30 -
years was (20)($10,000)/30 = $6,700/plant. The present value of the NDE annual costs over 30 years, considering a 5%
discount rate, was approximately $100,000/plant. The combined one-time costs for asbestos insulation removal and disposal
and the sent value NDE cost over 30 years is $168,000/plant. . .
NRC Cost: It was estimated that one man-year of effort may be needed to reach a staff position on this issue and an
additional man-year of effort to develop a Regulatory Guide or SRP Section. Assumlng $100,000/man-year, the NRC costs
were . . ,

estimated to be $200,000. When distributed over approximately 100 plants, this cost was $2,000/plant.

Total Cost: The combined industry and NRC cost for the possible solution was estimated to be $170,000/plant.
j
Value/Impact Assessment '

o

Based on the estimated risk reduction of 3 man- rem/reactor and |mplementat|on costs of $170,000/plant for the p055|b|e
solutlon (NDE examinations at each plant refueling outage), the value/impact score was given by:

3man - rem
$0.17M .
S o= 17 6man— rcmf'$M

Other Considerations

Accident Avoidance Cost: The present value of onsite property damage conditional on a core-melt for a remaining plant life

of 30 years, assuming a 5% discount rate, was $20 billion. For a core-meit frequency of 5 x 10'7/RY attributed to pipe
ruptures in the secondary systems, the accident avoidance cost by eliminating or significantly reducing the probability of
pipe ruptures was $10,000/plant. -

Industry Rupture Avoidance Cost: The rupture avoidance costs are the plant costs estimated to result from a pipe rupture in
the secondary systems, assuming the plant responds as designed and no core-melt from potential equipment failures

ensues. For a pipe rupture frequency of 3 x 10'2/RY, the chance of a pipe rupture in the secondary side can approach unity
over the life of a plant.

To estimate the costs of plant repairs after a forced outage from a pipe rupture in the secondary system, historical plant
operational data indicates that a best estimate repair cost from forced outages for a typical nuclear power plant is

approximately $1,000/hour. 1082 The Trojan plant outage time following a pipe rupture in the secondary system was 6 days,
whereas the Surry plant outage time‘lasted approximately 90 days. Based on the above, the plant repair costs from these
two events was estimated to range from $140,000 to $2M. The replacement power costs resulting from the forced outages
of 6 days for the Trojan plant and 90 days for the Surry plant were $3M and $45M, respectively; the cost of replacement

. power was estimated at $500,000/day.

It was assumed that the above cost estimates reflected lower and upper bound costs that could be represented by a log

~ normal distribution with an error factor of 4. The combined repair costs and replacement power costs, adapted to a log

normal distribution, yielded an estimated value of $17M as the mean plant costs resulting from a pipe rupture in the
secondary systems. ‘ ;

The $10,000/plant accident (core-melt) avoidance costs were small compared to the estimated rupture avoidance costs of

’

~f
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$17M/plant. The low core-melt frequency of 5 x 10'7/RY drove down the accident avoidance costs. However, based on the

estimated pipe rupture frequency of 3 x 10'2/RY, the chance of a pipe rupture in the secondary systems over the life of a
plant approaches unity. Thus, the rupture avoidance costs dominated the combined accident and rupture avoidance costs.

When the implementation cost ($170,000/plant) is offset by the accident and rupture avoidance costs (a $17M/plant cost-
savings), the denominator of S becomes negative. The negative denominator of approximately $17M/plant indicates a
substantial potential cost savings (industry incentive) by avoiding piping ruptures in the secondary systems.

Occupational Safety: Erosion/corrosion-induced ruptures in high energy carbon steel piping lines described in this analysis
resulted in injury and fatalities to plant personnel and contractor employees working in the area of the ruptures. At the time
of the Surry pipe rupture, 8 contractor employees were working in the area of the pipe rupture; 6 of these individuals were
hospitilized for treatment of severe burns and 2 were treated at a clinic and released. Four of the severely burned individuals
died and the other two were in serious to critical condition. One of the two remained in serious condition for more than a
month after the accident. Following the pipe rupture at the Trojan plant, one member of the plant operating staff received
first and second degree burns and was treated at a local hospital over a three-week period.

CONCLUSION

The estimated core-melt frequency of 5 x 10'7/RY and the potential risk reduction of 3 man-rem/reactor indicated that pipe
ruptures in the PWR secondary systems from erosion/corrosion-induced wall-thinning is of low safety significance to the
public. Since inspection results indicated that erosion/corrosion wall-thinning of carbon steel piping is less prevalent in BWR
plants, the above PWR risk estimates should be bounding. Therefore, as a generic safety issue, this issue would have been

- given a low priority ranking. However, the erosion/corrosion-induced wall-thinning of carbon steel piping in secondary

Dsystems was not expected to be a significant cause of pipe ruptures. Pipe ruptures were more generalized as limiting faults:

\l\l

o
-
~

postulated, but not expected to occur. Thus, knowledge and an understanding of this phenomena was limited. This analysis
indicated that, without adequate defensive methods or measures, pipe rupture induced by wall-thinning can be expected
within the lifetime of a plant: an infrequent event with a higher frequency than-the limiting fault (postulated) pipe ruptures.

The GAO concluded that the Surry accident initiated a new era of understanding regarding erosion/corrosion at nuclear
power plants and demonstrated that unchecked erosion/corrosion can lead to a fatal accident. The GAO also concluded that
NRC needed a mechanism to ensure that utilities periodically assess the integrity of piping systems to reduce the risk of
future injury to plant personnel or damage to equipment caused by erosion/corrosion. The GAO recommended that NRC
require utilities to: ’ ‘

(1) inspect all nuclear plants to develop data regarding the extent that erosion/corrosion existed in piping systems, including
straight sections of pipe;

(2) replace piping that did not meet the industry's minimum allowable thickness standardS' and

(3) periodically monitor piping systems and use the data developed during these mspectlons to monitor the spread of
erosion/corrosion in the plants.

Based on the potentlal low public risk, the NRC need (References 1090, 1094, 1096) to establish a new position or
requirement on the previously unexpected phenomena, and a significant industry cost incentive to address and resolve the
issue, this issue was classified as a Regulatory Impact issue by RES consistent with the ongoing levels of staff and industry

actions described in SECY-88-501994 and SECY-88-50A.1096 However, NRR considered the issue to be resolved based on:
(1) guidelines on erosion/corrosion in single-phase piping, as developed by NUMARC and found acceptable by the staff; (2)
participation in a timely way by all 113 operating LWR plants; (3) acceptable analytical procedures for the evaluation and
selection of piping to be inspected; (4) replacement of components as needed; and (5) a long-term as well as a short-term -
1132

program for continuing evaluation and inspection of both single-phase and two-phase piping.
N
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