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PALISADES RISK-INFORMED INSERVICE INSPECTION
PROJECT CHRONOLOGY

October 1999: Project Kickofi/ Expert Panel Scoping Session.

" Development of engineering analyses (EAs) for segment deflnltlons and
associated direct and indirect consequences." o

Development of Wln-SRRA fallure probablllty analyses.

Performance of CDFILERF analyses fer'all direct and indirect consequences - - -

on all segments modeled in the PSA.

Performance of risk ranklng analy5|s R

October 2000: Expert Panel Rlsk Rankmg Meetings for categonzatlon of hlgh, : : v

safety significant (HSS) and Iow safety S|gn|f|cant (LSS) segments.
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Change in (Delta) risk anaty5|s

Statistoalselection of nimber of welds to be Inspected (Perdue Analysis). . .

Revision (by Palisades) due to segmentation/consequence chan"'g"e's':" onselect T

systems. Revisions performedon: . _._ .

o Segmentatlon/Consequence analysns e
o CDF,LERF analysls feezemr Al P T EsNs0 NN sE o AP e "ol R N .\‘ LS BN PR
o Risk Ranking analysis (Expert Panel reconvened)
o Delta Risk analysis,, .. ., ... .
(o]

Perdue analysns L S e T

i -w:_." N L

Selection of inspection locations and methods by Engineering Sub-Panel.

March 2002: RI-ISI submlttal to the NRC o . P S

e I"-*. N ey

May 2002: Request for addxtlonal mformatlon (RAI) |ssued by NRC
August 2002: Palisades response to May RAL
September 2002: NRC Audit of Palisades Rl-ISAI'Program.

October 2002: NRC submits draft of Request for Clarification on the Use of
Sub-Segments in the RI-ISI Relief Request

" January 2003: Palisades, Westlnghouse and NRC meeting to discuss open
Request for Clarification on pipe segment modeling.



g)

h)

OVERVIEW OF WESTINGHOUSE OWNERS GROUP APPLICATION OF
RISK-INFORMED METHODS TO PIPING INSERVICE INSPECTION

(WCAP14572 REVISION 1-NP-A) RELEVANT TO TODAY’S DISCUSSION

The methodology identlfled in WCAP 14572 isa rlsk-lnfon'ned
methodology incorporating both quantltatlve and qualltatlve (| e.
deteministic) aspects. = .. - . P

The quantitative portion of the process uses best estimates that in some .
cases, may be conservatlve but not overly conservatlve

Segments are defined: prlmanly on the direct consequences assoclated -

with a postulated plplng fallure
s! .‘;.‘.-,,‘;, _:\ .
Failure probabllltles are calculated for each segment for use in generatlng
a piping core damage frequeéncy (CDF), large early release frequency
(LERF), risk reduction worth (RRW) and other risk metrics to help
determine the safety S|gmf|cance of each segment
All segments determlned to be high safety sugnmcant by the expert panel )
receive examination, % e32i -t i : L

For high safety significant segments 100% of all welds subjected to-an -
active failure mechanism, or analyzed as bemg hlghly susceptlble toan
active failure mechanfsm are examtned '

M R R <

The Perdue model analysns is used only on those welds in hlgh safety -
significant segments where ‘there is no-active failure mechanism and the
welds were not analyZed as being highly susceptible to an active failure
mechanism. The Perdue Model Is not used for socket welds

EUMOE T .".' AR

Westinghouse prowded training, technlcal review of Pallsades work, and
worked closely with Palisades throughout their RI-ISI program to assure
that Palisades correctly applled the methodology in WCAP 14572



Requested ltem

1.

Summary of Palisades Response

a)

b)

For the failure probability estimation for segments that were subdivided, please
provide the definitions used to identify sub-segments. Also please explain how
the failure probability estimates are developed for a segment that has been
divided into sub-segments and how your methodology comports w:th the
approved methodology T

BRI
-----

Sub-segments within a segment are deflned based on havmg the same

The segment probability is the hlghest vafue of the fallure probabilities =
estimated for all its sub-segmeénts.- B

Palisades application of the' methodology fully comports wnth the approved t

methodology for the foltowmg reasons

it »‘1- s
P I B
. ,’ .

¢ SRRA calculations on the sensmvnty of pipe size, mcludlng the présence of

butt or socket welds, are performed to ensure excessive conservatlsm does

not unrealistically |mpact the nsk categonzatlon ‘of the segment. *
¢ When multiple degradatlon mechanisms exnst in a sub-segment I|m|t|ng lnput
values for each mechamsm are comblned ey

N .‘-“J":-“-, e

¢ The failure probability Torthe segment is charactenzed as the highest sub-
segment value whlch is the worst-case sutuatlon |n each segment

e The results of the SRFtA calculations for sub-segments and segments are v

reviewed by the englneenng team relatlve to belng reasonable and conS|stent
with operating experience. -~

¢ Use of the same four consideratlons in sub-segment fallure probablhty
(conflguratlon, components, matenals/chemlstry and loads) also insures that

excessive conservatism is'not applied to the selection of inspection locations.’ :

¢ All requirements and gu1dance on probability estimation by the engineering
team with the SRRA tool in the approved WCAP Report, its Supplement and
the NRC-SE are fully considered.



Requested liem

2. For the Perdue method application on segments that were subdivided, please
provide the definitions used to identify sub-segments. Also please explain how -
the Perdue input parameters are developed for a segment that has been dlwded
into sub-segments, how the results are-used to determine the number of
locations for inspection in the segment,-.and how your methodology comports
with the approved methodology

Summary of Pallsades Response

The Perdue Model is used to. ald |n the deterrnlnatlon of the number of mspectlon
locations for segments determined to be high safety significant by the plant RI-ISI expert
panel. Palisades segments were divided into sub-segments (or lots) during the Perdue
Mode! evaluation using the following cases: " iz .. .-~ .i:

......

Case A Sp Pelane sptnadnn oD e LA e

.y P [ o celaai et

Segment has one pipe size, actlve tallure mechanlsm postulated susceptlble Iocatlons
are selected for inspection. Active failure mechanisms are. removed from the Perdue -
Model inputs. The Perdue Model is used for remalning Iocatlons R

PSP B ,'.i“'f" ""3‘, .3:' e -(-.";,‘» ~3f.'. . AP . ey

Case B o
Segment has more than one plpe srze, no actlve fallure mechanlsm postulated flrst
approach is to use conservative input parameters and run the Perdue Model on all

welds. If the results are too conservative, then subdivide the segment into lots by pipe. .- .. ... ...
size, run the Perdue Model on each plpe 5|ze and multlply confldences of each lotto ... .

check against the acceptance critetia.

PO " e Y I . [
P L s DS S ot} W I PR S WP
Vi L Tl LS A .

CaseC

i"Et;r?‘»: I IZ'-' SIS
.

Segment has more than one plpe snze, actuve“fallure mechanism postulated -
susceptible locations are selected for inspection,  For.the remaining locations, active. - .
failure mechanisms are removed from the Perdiie Model inputs and the first. approach |s
to use conservative input parameters and nin the Perdue Model on all remalmng welds. -

If the results are too conservative, then subdividé the segment into lots by pipe size, un

the Perdue Model on each pipe S|ze, and multlply confldences of each lot to check . . .
against the acceptance criteria. : N : '

il -

The above cases used in the Palisades RI-ISK program are consistent with the
methodology described in WCAP-14572, Section 3.7.



Requested ltem

3. If you were to apply the failure probability estimation and the Perdue -
methodology to the entiré segment for all segments, as opposed to sub-
segments, how would the total number of lnspectlons requ:red in the RI-
I1SI program change? : '

Summary of Palisades Responses LT

The total number of inspections would not change. -

Program specific data was evaluated to address this’ request There are 193 °

segments that contain multiple pipe diaméters and have some variationinthe "~ -~ =~
SRRA input parameters. All of the segments wnth SRRA lnput parameters that » 7 e

vary fall into one of three categories: . -~ ==

1. Onlyvariation in inputs are pipe size and wall thickness
(119 segments)

R4 o J» .

The only variations in the inputs are those assoclated W|th the actual physwal
makeup of the pipe. -All other' SRRA inputs are the'same for each sub-segment.

2. Variations are all related to pipe and weld geometries
(65 segments) . . ) B
The more limiting |nputs were consnstently apphed to the smiall-bore *
socket-welded sections of these segménts. - Namerous examples show that
reevaluatmg the large bore sectlons of the pipe with the most limiting- lnputs
would raise the failure probabilities for those sub-segments. However, in each
example, the original limiting failure probability (for the smali bore piping)
associated with the segment remained the highest value and would still be
chosen to represent the segment. Based on the evidence from the examples,
applying the failure probablhty estimates tothe entlre segment as opposed to
sub-segments for those in thls category would not mcrease the number of
inspections. S EL T e bR s e

Rn 3 y o= om A BT ¢
L owmwt kD Il L k3 B I I

3. Vanatlons are based on englneermg judgment regardlng potentlal Y

degradatlon mechanlsms (mne segments)

The justification for the vanatlon in the inputs for these segments is sound and
well documented. The decisions for the'inputs were based on known and-
studied conditions specmc to’each ‘séction of the plpe -Additionally, because the
segments in this category are low safety significant (LSS) and the most
conservative failure probabilities of the sub-segments were used, had the
segments in this category been split, the new segments would have also been
LSS and there would have been no change to the number of inspections.

Loth, R
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REQUEST FOR CLARIFICATION ON THE USE OF SUB-SEGMENTS
JN THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUEST
PALISADES NUCLEAR PLANT 45 DAY RESPONSE . :

introduction

During a September 12-13, 2002, site audit of the risk-informed documentation to
support your inservice inspection relief request, we noted that humerous -
segments were divided into sub-segments, failure probability éstimates were
developed for one or more of the sub-segments, and the failure probability - -
estimates of one of the sub-segments was used for the entire segment. Page 71
of the WCAP slates the following.

“The fallure probability of a segment Is characterized by the fallure
potential (probability or frequency as appropriate) of the worst case
situation In each segment (not a selected weld in each segment). This is
calculated by the SRRA code by inputting the conditions (typically, the
most limiting or bounding) for the entire plping segment.” Essentially, the
piping failure probability is & representation or charactenzatlon of the
piping segment.” B SO T s TR IR

Our understanding is that your methodology applies this guidance to individual
sub-segments but not to the entire segment and therefore deviates from the
approved methodology.

There was also some discussion of your application of the Perdue methodology.
We were informed that the Perdue methodology Is also epplied independently to
individual sub-segments. Pages 170 and 171 of the WCAP discuss application
of the Perdue methodology. The relevant text is provided below.

“Seagment #: This is the name for the lot from which a sample of structural
elements (such welds, pipe elbows, branch connections, etc.) is to be
taken. Generally, each piping segment is defined as a lot. However,
segments that are similar (e.g., &ll the cold legs on each reactor coolant
loop with the same postulated failure mechanism) may be combined to
define & Iot.

Number of Welds or Elements; This is the number of structural elements
in the lot.

Probability of a Flaw (@specified year/weld): The probability of an

unacceplable fiaw in the segment's ‘most likely to fail' weld (or typical
weld, if they are viewed as clones) at the current age of the weld (usually
the current age of the plant unless the pipe has been repaired or
replaced). An unacceptable flaw is defined by the ASME Section XI Code.
This has been defined as aft > 0.10 and is obtained from the probabilistic
fracture mechanics code (e.g., SRRA).”



REQUEST FOR CLARIFICATION ON THE USE OF SUB-SEGMENTS

JN THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUEST
LISA UCLEA 45 DAY P -

Our understanding Is that your miethodology applies this guidance to individual
sub-segments but not to the entire segment and therefore deviates from the
approved methodology _— SRR SRR :
At the exit meeting of the audit, we nofed that supplemental informatlon
regarding the use of sub-segments will be needed to éomplets the review of the
relief request. We therefore request the tollowrng intormatron

A Requested Item

1. For the failure probability estimation for segments that were subdivided, = -
please provide the definitions used to identify sub-segments. Also please
explain how the failure probability estimates are developed for & se'gment
that has been divided Into sub-segments and how your methodology

comportswrththeapprovedmethodology RS B et

Response ' . _
Failure consequences were used as the primary factor tosinitially divide segments © .-+ .o oo 7o
into sub-segments. This method led to some individual piping segments

consisting of piping with & variety of pipe diameters. For example: a four-inch

diameter pipe with a two-inch diameter branch line may be part of the same - IR I
piping segment if & failure at any pomon of the segment would result in the same e

consequences. For multiple pipe size segments; sub-segments were deflned by el TS s

the pipe size for the failure probability analysis: .%o iz 7l R L

The failure probability estimates were developed for a segment that hasbeen - =+ . r e
divided into sub-segments using the Westinghousé Structural Reliability And R:sk R
Assessment Model (Win-SRRA). Some of the input parameters used by the : ‘ L L
Win-SRRA code vary If the diameter of the pipe varies (e:g.’nominal pipe size. : _" R AP

thickness to outer diameter ratio). Failure probability estimates forsegments =3 il i o 0 F

made up of multiple pipe sizes were determined by performing multiple

Win-SRRA cases. Ininstances with multiple cases, resultlng in multiple tfailure
probability estimates, the highest failure probabnhty associated with the segment.- -
was then used to represent the segment.

For each case, the Win-SRRA code required 18 input patameters associated
with the piping. For segments with multiple pipe sizes, some of the input ' 5
parameters varied from case to case even though they represented the same /= <.t »
segment. Different pipe diameters required different inputs for a number of the 2

parameters. Other inputs also varied based on expert engineering judgment. =« 7 ;. -0e0i]

Palisades subject matter experts in in-service inspection (IS1),-non-destructive: 7. i wef i S ez T

examination (NDE), materials, and pipe stress analysis.-worked togetherto -\’
develop the input parameters for each Win-SRRA code case run. Therefore,



QUEST FOR RIFICATI N THE USE OF SUB-SEGMENTS -

|N THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUEST
LEA ANT 45 DAY RESPONSE -

each case represented a sub-segmentand was evaluated for the expected

conditions for the sub-segment. =-.2--=. " o e

Following the Westinghouse Owners Group WCAP-1 4572, “Westinghouse

Owners Group Application of Risk-Informed Methods to Piping Inservice -

Inspection Topical Report,” Revision 1-NP-A and WCAP-14572, Supplement 1,. N
"Westinghouse Structural Reliability and Risk Assessment (SRRA) Modelfor . =+
Piping Risk-Informed Inservice Inspection,” Revision 1-NP-A (referred to as
“WCAP-14572" for the remainder of this document) methodology, the group

developed limiting inputs for evaluation of each segment or sub-segment. Input
parameters varied for separate portions of the same' segment for one of two ’
reasons. One reason was that many segments contained multiple weld -

geometries (both butt and socket-welds). :In these segments specific geometnes*—'-. ERE ) v

were reviewed. Different parameters to'accurately model the geometry were ' -
input. Basic design practice would also suiggest using more limiting inputsfor ;-
dead weight and therma! stress, and design limiting stress for small bore
(socket-welded) piping, where spacing tables were utilized in the routing design
versus actual analysis results. The other reason was that input parameters for
sub-segments varied slightly based on ‘engineering judgment.. For these cases
the inputs were developed by plantsubject: matter. experts and were based on
observed and recorded conditions. The basis for each judgmentis documented :
in the Palisades Win-SRRA enginéeering analyses." Thotigh the input parameters’- S s
for different cases of the same segment may vary, the paranieters that were ©-~ . o
chosen for each case were the most limiting for-that section of the plping ;i f» w1
segment. The limiting failure probability estimates associated with each pipe size

for each segment are based on the realistic limiting Iinputs associated wnth that

section of piping. For segments with multiple line sizes; multiple failure "+ "¢ !' l': Rt CE i e s

probabilities were determined. In'every case the most limiting (hrghest) farlure
probability associated with the segment was used to represent the segment

‘zt:.‘\.* :

As shown in figure 3.5-1 and the aCcompanyrng text ln the approved
WCAP-14572, failure probability estimation is the responsibility of the e
engineering team based upon their knowledge of the pertinent information at-

their plant and any potential concerns Identified in'industry experience &t other P L =R

plants. For example, recent PWR plants have ‘evaluated thé increased p’otential
for stress corrosion cracking at the reactor vessel outlet nozzle weld based upon
the leak at V. C. Summer. The SRRA tool is used to quantify the effects ot the' -« oiLienrdin.
engineering team's input on the calculated leak and break probabllltles LU I
SRR SR [ANAEES I Y U
The second concern of the summary and conclusions of the Nuclear Regulator'y- L
Commission (NRC) safety evaluation (SE):(Section A.25 on'page A-21) forthe : -
SRRA tool (supplement 1 to the approved WCAP-1 4572) endorses thrs posltlon‘ :
via the following: v LR e




BEQUEST FOR CLARIFICATION ON THE USE OF SUB-SEGMENTS
IN THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUEST

L) ES NUCLEAR PLANT 4 RESPON

“The results of SRRA calculations should always be reviewed to ensure that

they are reasonable and consistent with plant operating experience. Data

from plant operation should be used to review and refine inputs to

calculations.” Se ! .
Nuclear Management Company‘s (NMC’s) appiication_of the methodoiogy, taking -~ - . o~
the limiting SRRA probabilities from the sub-segments of drfferent sizesina. - .. Co
segment, comports with the NFiC approved methodology T S THE I R

The fifth concem in the prewously cited sectlon ot the NRC SE recommends A : . o o R

“The simplified nature of the SRRA code has resulted In a number.of

conservative assumptions and inputs being used in applications of the T R T
code. It is therefore recommended that sensitivity. calculations be . -~ . .. ::~.:= S v o
performed to ensure that excessive conservatism does not unreallstrcaily S L Ay
impact the categorizatlon and selection of plping locatxons to be . g e e
inspected.” T ST AL e TR TV R I L R BRI O e R SRR

._u. ”o-

NMC's epplication of the methodology on how the degradatlon mechanisms in T T O R SR
the different sized sub-segments are to be “combined™ fully comports with the - R R SR

approved methodology as stated in the last paragraph of Section 3.2.3, 'Prping
Failure Potential”, of the NRC SE and in Section 3.2, “Slmplliied and Detalled v

Input®, in the WCAP-14572 Supplementior SRHA‘ O LE LRGNt e

AT et PR ot

“If more than one degradation mechamsm ls present in a8 given plping |
segment, then the limiting input values for.each mechanism should be : i
combined so that a llmltlng iallure probabihty is. calculated tor risk ranking

RO R eRY e S E RS LB ': chi o
As indicated on page 84 in Section 3 5 6 ‘:Failure Probablllty Deterrnination of RIS RS
the approved WCAP-14572, combining degradation mechanisms does not impiy
adding the failure probabilities for each mechanism.” Typically; one degradation: ;-
mechanism will dominate the failure probability in the segment by several-orders ;-
of magnitude. However, because of uncertainties, the enginegring team may not
know which of the potential degradation mechanisms will dominate;especially tt “
there are sub-segments of different nominal pipe size in the segment.: Multlple
nominal pipe sizes in a single segment arise due to.the establishment of initial -
segment boundaries based on consequence considerations as detailed.on : i - e
page 57 of the approved WCAP-14572. : An appropriate tool mustbe usedto . . b rrt poniiw i tos
determine the failure impact of the potential degradation mechanisms to
determine the dominant mechanismfor-the segment.: As noted, the-SRRA tool i ¢ iy
was used in the calculation of failure probability estimates at Palisades.;As: ... * - -
detailed in the supplement to the WCAP-14572, multiple factors mustbe €.« 5700 v mm s oeeiin g
considered in determining the piping failure including:




REQUEST FOR CLARIFICATION ON THE USE OF SUB-SEGMENTS

IN THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUEST
L) NT 45 DAY RESPON -

1. degradation mechanisms, o B
2. pre-service construction and inspection hlstory and practlce,
3. and physical routing and configuratlon B e S

Table 3.5-1 of the WCAP-14572 and the WCAP-1 4572 supplement provide
guidelines for items to consider. ‘In section 3.5.4, the estimated failure probability o
is identified as being dependent on and significantly influenced by the following o
four items: configuration, components, materials/chemistry andloads.© v

A degradation mechanism’s affect may vary based on the different physical”®

configurations of the weld(s). Socket-welds are particularly noted as having low o

resistance to sustained vibration. It is alsd noted in this section that lnteractlons LR T
among the factors are common. Distinction is made in the discussion between PR e
component dependent failure modes, which are generally rioted as localized R T
within a segment and materials dependent or operational dependent - LT TR
mechanisms, which may be present thioughout the ‘entire segment.- This dlrectly

supports the opening paragraphs of séctiohi-3.5 of the WCAP-14572, which

identified that:

Plalsapadmtin oy Ot erniimanung san e Dt et
“The failure probabllltyot a segment I charactefized by the” faliure s
potential (probabllity or frequency &s éppropriate) of the worst casg < -

situation in each segment (not a slngle selected weld in each Segment) L pien e

BT af .-E.."-shr”)‘ il i

Consider the following two hypothetncal examples based on typlcal situatlons
experienced by plant engineering teams for SRRA input

COTRETL T ane 2;"-afn T3 J. PSRN >Ny 2
Example 1: Significant leferences In P!pe Sizes'and Potentlal CriE i o et an e
Degradation Mechanlsms . L
FILTON A7 aE Carton TS5 l LT

in this example segment for high temperature ‘and pressure plptng,
six-Inch sub-segment extends somie distance” trom a check valvetoa tee.
where the flow is split Intotwo, thiee-inch sub-segments ‘that éach extend
to 2 pump. Because of a‘concer for water hammer'that has éccurred In
this system at other plants, a one-inch sub-segment was'added atthe
high-points (near each’ pump) of the three-inch piping to penodlcally vent'
the system. If the check valve leaked, then the weld inthe six-inch-75 -
sub-segment closest to the valve colild expenence thermnal stratification.
Although there is no evidence that the check valve s’ leaking, it has® »~+-
happened in similar plants so a hlgh fatigue stress range and number cf
cycles for stratification is selected by the team for the simplmed SFlFlA
input. Because of the geometric layout of the piping. aweld in the
three-inch portion would see the highést water-hammiér loading, which the
team estimated only had a one-percent charice of octurring due to the -
corrective actions that had already been implemented. Another weld ln
the same size piping also had & pre-service inspection indication that was

o



REQUEST FOR CLARIFICATION ON THE USE OF SUB-SEGMENTS
IN THE RISK-INFORMED INSERVICE INSPECTION RELIEF REQUES
PALISADES NUCLEAR PLANT 45 DAY RESPONSE :

small enough that a repair was not required per the American Society of
Mechanical Engineers (ASME) code. Because some imbalance of the
pump was observed after the one-inch vent was installed, there Is a
concem for the potential effects of vibration in the three-inch pipe welds,
but particularly in the one-inch pipe socket-welds nearest to the pumps.-.
All the piping in the segment Is subject to fatigue loading due to normal
heat-up and cool-down and periodic pump testing. The consequence is
loss of inventory and the system disabling leak rate has been - o
conservatlvely assumed to be two gallons per minute (gpm) for alI three
pipe sizes in thesegment et e e e e e
The assumed SRRA Iarge-leak probabilmes after 40 years are as follows L f{ T P
(the numbers given in.this example are approximatlons based on expert T RSP
engrneeringjudgement) ,:_ LT e N ;
a) 3.3E-05 for the six-inch pipe wrth thermal stratmcation, Pt e Tty
b) 1.5E-05 for the three-inch pipe with one-fiaw; vibration (mput T I SR ’
corrected for.size by SRRA Program) and a one-percent chance
of a severe water hammer,
¢) 5.0E-04 for one-inch pipe wrth vrbratlon (correctron factor of , -
one), Mo e IR TR BT DU
d) 4.0E-02 for one- lnch plpe wrth thermal stratmcatron, one ﬂaw, R
vibration and a one-percent chance of a severe water hammer
The SRRA probabmty of 5 0E-04 should be selected by the englneering, Sl
team for risk ranking because the probability of optlon d) Is unduly :
conservative relative to plant and industry experience.; The SRRA input.. =+ . ..ot .
for option d) would also be unrealistic relative to’ assuming thesame =~ T
six-inch stratification loading near the check valve in the one-inch line far
away from the valve and the worst three-inch water hammer loadang na .o oo o
one-inch branch line. cu . i - :

-
h

im

V)

Example 2: Small Diﬁerences ln 'Plpe Slies andslé’otentlal g
Degradation Mechanlsms ;<o - <1 o o0t

[REa T4 [t

In this example segment for: rnoderate temperature and pressure, three
different pipe sizes are also-used (nominal pipe size of one, one.and a hatf AT e
and two-inch). All the piping in the segment is subject to fatigue loading ... RN
due to normal heat-up and cool-down and relatrvely high seismic: (SSE) » e :

-1

system function and drsablmg leak- rate has been conservatrvely assumed
to be ten-percent of the flow through the targest ot the three prpe sizes in
the segment. Py : :

(%23
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The assumed SRRA large-leakprobabtlmes after 40 years are as follows
(the numbers given In this example are approxlmatlons based on expert
engineering judgement): ; LT
&) 8.9E-05 for the two-lnch pipe wlth its fatlgue and SSE Ioadmg, '
b) 1.2E-06 for the one-and-a-half lnch pipe W|th lts fatlgue and '
SSE loading, .
¢) 7.5E-07 for one-inch pipe with its fatigue and SSE' Ioadlng, SN
d) 9.1E-05 for the two-inch pipe with the highest fatigueand =
highest SSE loading independent of pipe size.

The SRRA probability of 9. 1E-05 could be selected by the englneenng
team for risk ranking because the probability of ooption d) is not overly
conservative relative to plant and industry-experience ‘and the SRRA lnput
would still be realistic relative to the uncertainties in the actual loading for
the different pipe sizes {i.e. the difference between the SRRA calculated
probability values of 8.9E-05 and 9. 1E-05 is not statistlcally slgnmcant)

it is NMC's position that assessing the unique lnput parameters based on the L
configuration, components, materials/chemistry, and loads by distinct:* s
quantification of all of the potential degradation i’ régards to localizedand .
generalized degradation mechanisms in the entlre segment lully comports wrth
the SE requirement to:

ensure that excessive conservatlsm does not unrealistl

R S PR 1

-t

The consistency In the items used in deterrmnlng the cntlcal locatlon or Iocatlons S AT
for inspection is supported by the requirement in WCAP-14572 Sectlon 373. R T
This section identifies that the selection of inspection location be based on'the” o ARG RRTE 2] A e
postulated failure mechanisms and thé loading tonditions for the piping segment

considering the same four items as in the determination of plpmg lailure, namely e
configuration, components, matenals/chemlstry and Ioads Aty Fo oAl

Furthermore, the inspection is not tlmlted toaslngle degradatron mechamsm but
must consider ell possible mechanisms. ‘contributing to the potentlal plpe larlure S
for a given segment at the most likely locatron ol occurrence ;".‘f PRI T Ve '

it is NMC’s conclusion that the process followed in sub-dtvrdlng consequence s

defined segments fully supports the dlrectlve to apply all possnble degradatlon L
mechanisms at a single weld and ensure that there Is rio excessive conserva_trsm S o
on the piping categorization or selectlon of mspectlon location, - 1 GRS R e
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Requested Item

2.  Forthe Perdue method app)ioetion' on 's'eg'ments’ that were subdivided,
please provide the definitions used to identify sub-segments. Also please
explain how the Perdue input parameters are developed for a segment -
that has been divided into sub-segments, how the resulls are used to

determine the number of locations for inspection In the segment, and how
your methodology comporis with the approved methodology

Response T 1 -if't ; g

The Perdue Model is used to ald in the determination of the number of inspection . . .. .

locations for segments determined to be high safety significant by the plant - .

risk-informed inservice inspection (RI-IS!) expert panel.. Segments were divid'ed i '

into sub-segments (or lots) during the Perdue Model evaluatlon using the .-
following cases: e ent o ;f e T R

Case A: There Is an Identified aotlve degradatlon mechan!sm and the o
segment Is placed in Reglon 1 of WCAP-14572 Figure 83.7-1. ... : et

For this case, the piplng in the segment is the same nominal dlameter -

One lot consists of the welds/locations susceptible to the degradation -
mechanism (Region 1A). .Each susceptible location is included in the
inspection program if it is not already part of an augmented inspection

program. Welds/locations, which are included in an augmented program, .« .-« .0 -oobe s o s
remain in that program and are inspected in.accordancewiththat .- .- v oasiqns

program. The other lot consists of the remainder of the welds in the
segment (Region 1B).: These are evaluated with the Perdue Model based
on SRRA parameters, which exclude the active degradatlon mechanlsm

The total number of Inspectlons forthe segment is the sum of the :- g ﬁ S

susceptible locations plus the number of inspections required to achleve a,
95% confidence using the Perdue Model (a minimum of one location is -
specified even if the Perdue Model shows-100%. conﬂdence with no ISI)
This comports with the descripuon of segments In Region 1ion page 168
of WCAP-14572. - .- .. o shsiicmectnn o L

Case B: Therels no Identiﬂed actlve degradatlon meohanlsm and the
segment has been glaced ln Region 2 of WCAP-1 4572 Flggre 3 7-1.

A vL:-g. ~ .g.‘.

For this case, there are multlple pupe sizes, in the segment The Perdue

Model inputs are specific to the pipe r matenal and size.- The first approach e

is to combine the most. llmitlng inputs from each.pipe snze -use the total -
number of welds in the segment, and analyze the segment as one lot.
Alternatively, if this is so conservative that a 95% confidence level cannot
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be achieved, then each pipe size is analyzed separately with the

appropriate number of welds and the appropnate SRRA results. This

divides the segment into lots according to pipe size.- The confidence

values of each lot are multiplied together to get the confidence for the -
segment. The resulting confidence level must be greater than or equal to
95% for the Perdue Model evaluation to be acceptable. The total number -

of inspections for the segment is the number of inspections required to -
achieve a 95% confidence using the Perdue Model. A minimumofone. ' = -
location is specified even if the Perdue Model shows 100% confidence .

with no ISI. This comports with the description of segments in Region 2

on page 168 of WCAP-14572 and with the descnptlon of drvrdrng a o
segment into multiple lots on pages 174 and 175 { ; TR Tt e

Case C: There Is an active deqradafion mechanlsm and the segment has SRR
been glaced n Region 3 of WCAP-14572 Figure 3. T o e e

“-- L __-ZA

For this case, there are multiple pipe sizes in the segment. One lot , »
consists of the welds/locations susceptrble to the degradation mechanism I
(Region 1A). Each susceptibie location Is included in the ihspection «.-: /s o

program if it is not already part of an augmented inspection program. ' »
Welds/locations, which are mcluded"in an augmented program, remarn in eI

Perdue Model evaluation of the’ non-susceptrble weldsllocatlons s o -
(Region 1B), the steps followed are the same as'in Case B above The R R R
first approach is to combine the most Irmmng inputs from each pipe size e
after removmg the active degradation mechanism; use the total number of
welds minus the number of susceptrble welds, and analyze the' segment
as one lot. If this Is too conservative, then each pipe size is analyzed
separately with the appropnafe number of Wwelds and the appropnate v f ‘ '
SRRA results. The confidence values of éach lot are multiplied together LA ,
to get the confidence for the ségmient. - The feésulting confidence level = -~ £+ e it
must be greater than or equal to 95% for the-Perdue Model evaltiation to- i i« 7 e i

be acceptable. The total number of Inspections for the segment is the AR
sum of the susceptible locations plus the humber of inspections réquired - +: %"
to achieve & 95% confidence using thé Perdue Mode! (a minimum of one
location is specified even if the Perdue Model shows 100% confidence
with no ISI). This comports with thé description of ségments in’ Regron ]1
on page 168 of WCAP-14572 and with the description of derng a.
segment into multiple lots on pages 174 and 175.

.o . . . N .
T U Y, e e ey e e
VIO E TGy i"!f‘”' IUAL N s STnTEn s

e

Individual Perdue Model inputs are specmc to the ‘pipe material end SiZEC e LB W e
Therefore, segments with multiple sizes must be evaluated'in one of the three -~ & ~ixs, 7 fee
ways discussed. In all three approaches the method for evaluating segments R

with the Perdue Model fully comports With the approved methodology. e
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Requested Item

3. If you were to apply the failure probability estimation and the Perdue
methodology to the entire segment for all segments, ‘as opposed to sub- )
segments, how would the total number of rnspectlons requrred in the AR- -
1SI program change? L

NMC and Westinghouse are in concurrence that the approved WCAP-1 4572 SRR LR P
methodology in application of failure probablimes and in the appilcatlon ofthe ~“h. T
Perdue methodology to piping segments was followed by Palisades. :Both+ - -+

parties agree that the responses prepared ior the flrst two questions support an _ .
clarify this position. EEE wot A ; T e

Program specific data were evaluated to approximate how the number of
inspections would change if failure probability estimates for sub-segments’ were ) o
evaluated with the most limiting Win-SRRA inputs for all portions ot the segment G e
There are 193 segments that consist of multipfe pipe-diameters - ST
and have some variation in the input parameters. Al of the segments with mput
parameters that vary fall into one ot three categories A e

1. Only variation in Inputs are pipe slze and Wail thickness ¢
(118 segments) =7 Lo i ad aea v

2. Variations are all related to pfpe and weid geometnes EIREE %
(65 segmentS) TR0 LomaY o \:-'-, AN TGO

3. Variations are based on englneenng judgment regardlng potential
degradation mechanisms (nine segments) ST _“«‘:'

LN

pipe size and thickness to outer drameter ratlo) There aré18 input parameters
for each Win-SRRA case run. Forthese segments. -the’ other'16 input o ? !
parameters were the same for all pipe size failure:probability estimations. " The "
limiting case for each of the 119 Segments in this category is the absolute irmmng
case for the segment, therefore, there would be-no change to the numberof -
inspections. The Perdue Model was applied to'the- -high safety slgnifrcant (HSS)
segments as described in the response to question 2, ‘exceptini cases where it -
was not applicable such as socket-welded pipinig.: Thus, for this categoty, there
would have been no changes to the number of inspections

DR 4 ity PR . ol
s goasiio e ite [RRRTE S DA

There are 65 segments in category two. Ali 65 segments incliide both: smaii bore o
(socket-weld) and large borée (butt-weld) piping.” All had variations iri the:» SN
Win-SRRA inputs due to pipe size differences or weld geometry dli‘ierences The
small-bore socket welded piping consistently had more limiting Win-SRRA inputs

1 10
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for DW/Thermal Stress and Design Limiting Stress. A sample of four of the

segments was reevaluated to run the Win-SRRA code on the larger bore piping

with the more limiting inputs associated with the small bore portions of the = -

segments. The fallure probability for the large bore piping did increase in every -

case. However, the original failure estimates generated for the small bore piping

were still the highest overall in each of the four. segments. The failure

probabilities used to represent the segments in this category represent the most

limiting inputs associated with those segments. Examples have shown that

applying failure estimates for the entire segments as opposed to sub-segments

for segments in this category would not have changed the number of inspections.. -~~~ -~ = .

As identified on page 178 of WCAP-14572, Revision 1-NP-A, the Perdue Model - . .- . .5 v . oo
should not be used for socket-welded piping.: For the HSS segmentsinthis .- . i« -
category, at least a portion of the piping is socket-welded. The SRRAruns ;.. ... 0 . oo e
associated with the socket-welded piping should not be used for the Perdue

Model inputs. For the portions of the segments in this category that are not

socket-welded, the SRRA funs representing the non-socket-welded portions of: ST
the segment were used to determine the number of inspections.:In determining..- ©.. = : 2 v
the number of inspections using the Perdue Model; it would be inappropriate to

use inputs for the socket-welded piping: ‘Thus the:apprapriate inputs were used
for the Perdue Model for the segments in this: category and therefore. there B s Gl e e et
would be no change to the number of inspections. ;

.’.. . - 4;. ﬁ.;‘-

For segments in the third category, an evaluation using the most limiting=izc d voii 0 s
Win-SRRA inputs was not performed. The dec;lsions for the inputs that were

used were based on known and studied tonditions specificito.each section.of the ~coinsaisiae
pipe. A number of the segments in this category had variations in the fiow
accelerated corrosion (FAC) inputs for different sub-segments of the same - i
segment. The inputs selected for FAC for.each of the sub-segmentsarejn I
accordance with the rankings developed in the Palisades FAC Program for that
portion of the system piping. The failure estimates generated.forthe cases are ..
realistic and reflect known-conditions in the piping.. :In this and similar.cases -
there is actual plant speclﬂc data that was used to.develop the- Wln-SRFiA tnputs

Doces U EREY cazs run, Tosthosa saveng s, i

Additionally, &ll nine segments in the third category ended up as Iow satety o
significant (LSS). If the segments had been divided up and evaluated asiz - -
individual segments, none of the additional segments would have ended .upHSS.- - :
The inputs associated with each sub-segment were limiting for that section ,of;the : SRy
pipe. The most limiting failure probabilities were then used to representthe.: 2, -t in o i
segment. If the segments were split, the failure probabilities would be the. S8ME =t this Latipur e
or lower than the failure probabilities used for the nine segments and the risk
reduction worth (RRW) for the sub-segments would be the same or lower than

the RRW for the nine segments. Since the nine ségments were categorized-as = v
LSS, it is reasonable to assume that the:sub-segmients would also be made LSS. - =
Because the segments are LSS there are no‘inspections required as part-of the .-+ SaleEanas
RI-ISI program. Thus there would be no.change inthe number.of inspections for: . -.og <ol 7o et

12 i
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these nine segments. For each of the three categories of Segments with multiple
sizes, there is no change to the number of Inspectlons. NMC would expect no
changes to the number of inspectlons. '_' : S :
The following attachment provides addmonal Informatlon to further clanfy
response 3. g SR g ..
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A'ITACHMENT

NUCLEAR MANAGEMENT COMPANY, LLC
PALISADES NUCLEAR PLANT
DOCKET 50-255

ADDITIONAL INFORMATION TO FURTHER CLARIFY RESPONSE 3
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Palisades risk-informed inservice inspection (RI-ISI) program divided the plant
piping systems into 789 segments. To determine failure probability estimates,

the Westinghouse Structural Reliability And Risk Assessment Model (Win-SRRA)
code was used. Since some of the input parameters for the code reflect the
physical characteristics of the pipe (e.g. nominal pipe size), each segment that
was made up of more than one pipe diameter required more than one set of -
Win-SRRA input parameters. There are 193 segments that contain multiple pipe
diameters and thus have some variation in the input parameters. All of the
segments with inputs parameters that vary fall into one of three categories:

4, Only variation in inputs ere pipe size and wall thickness
(119 segments)

5. Variations are all related to pipe and weld geometries
(65 segments)

6. Variations are based ori engineering judgment regarding potential - :
degradation mechanisms (nine segments)

CATEGORY 1

Table 3.1 shows the Win-SRRA input parameters for a segment in category one.
The only parameters listed in the table are those with different inputs for the sub-
segments. Inputs not listed in the table are identical for both sub-segments.

Table 3. 1 Categony 1 Segment CSW-004

Nominal Pipe Size (inches) 16 24 Physical characteristic of pipe
Thickness to O.D. Ratio 0.023 0.016 Physical characteristic of pipe
(inches)

Table 3.2 shows the results of the Win-SRRA runs generated for the two
sub-segments (one twenty-four-inch and one sixteen-inch) that make up
CSW-004. Small leak probabilities are provided because they are used for
comparison with experience while large leak probabilities are provided because
they are used for risk ranking.

Table 3. 2 Sggment CSW-004 SRRA Results
5 Ry Fallure Probability :

& D
CSW-004 (1€-inch} small leak 4.40E-3 1.86E4
CSW-004 (16-inch) large leak 4.40E-3 1.86E-4
CSW-004 (24-inch) small leak 4.20E-3 1.07E4
CSW-004 (24-inch) iarge leak 4.20E-3 1.07E4

In the above example, the differences in the inputs to develop failure estimates
are all specifically related to the physical makeup of the piping. The other 16
input parameters for the segment were the same for both pipe size failure

15
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probability estimations. Applying falliire estimates for the entire segments as
opposed to sub-segments for segments in this category would not have changed
the number of inspections. - ,

M~
! .

CATEGORY 2

Table 3.3 lists the Win-SRRA input parameters for a segment from category 2.
The only parameters listed in the:table are those with different inputs for the
sub-segments. For these cases, all the variations in the inputs are due to pipe -
size differences or weld geometry drfferences

Table 3.3 Catelry 2 Segment BLD-OOQ
:;WIn-SRRA Anput i
-Parameters U5
Nomina! Pipe Size {inches) Nominal Pipe Size .
Thickness to O.D. Ratio X 076 ThrcknesstoOD Ftatlo CoLhe
_{inches) e (VIR : -
Design Limiting Stress 0.26 0.1 Medum (026) va!ue recommended lor

s BT small bore piping.

Table 3.4 below shows the results of the Win-SRFtA runs generated for the two .

sub-segments (one two-Inch and ong four-inch) that make up BLD-009. The ™, "7 ™ "

oL

table also shows the results of the tour-inch portion of the segment ‘evaluated
with the most limiting dead weight (DW) thermal stress and design Irmrtrng stress’
inputs. e : e .

“BLD-009 (2-inch) small leak
BLD-009 (2-inch) large leak

BLD-009 (4-inch) small leak -~ 828E5 | T 8BIET._ | i.crem
BLD-009 (4-inch) large leak 2.67E-7 i 1.71E-8 . 4o

The resuls below are revised. The inputs for DW & Thermal Stress and Design 1

Limiting Stress were increased to matohthelgmtsformez-hch gase. Gl LTS T
BLD-009R (4-Inch) small leak 3.28E5- v |- - - 3BIETo b oiam ot
BLD-009R (4-inch) large teak -5, 365-5 - 26 E-5 . =

The example from category two (Table 3.3) is a segment. that consists of fwo

different pipe diameters. The four-inch diameter piping- -consists of all butt-welds
The two inch piping In the segment is small bore piping and all welds associated
with it are socket-welds. Due to’ drtterences in the specific geometries between :
socket-welds and butt-welds, moré lrmrtrng Inputs for DW, thermal. stress and -

design limiting stress were reqor_nmended tor»the small bore piptng *1 R __,-4..». T

The results of applying the most limiting Win-SRRA inputs to each pipe sizein. ;- - -~ .. %

the segment have no impact for this segment... The, most limiting inputs were .. : :
applied to the small bore piping originally.. Applying the same, higher values for ... -
DW, thermal stress and design limiting stress to the large bore piping does

16 i5
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‘increase the large leak failure probability for that portion of the segment.
However, the original failure probabilities associated with the two-inch section are
still the highest overall, and would be selected to represent the segment.

There are 65 segments that fit into category two. All 65 segments include both
small bore (socket-weld) and large bore (butt-weld) piping. The more limiting

Win-SRRA inputs were consistently applied to the small bore piping.- A sample of |

four of the segments were reevaluated to run the Win-SRRA code on the larger
bore piping with the more limiting inputs associated with the small bore portions
of the segments. The failure probability for the large bore piping.did increase in
every case. However, the original failure estimates generated for the small bore

piping were still the highest overall in éach of the four segments
examples from this category are included below. oo e

‘ Nominal Pipe Size (inches) ‘

. Addmonal

-small bore piplng

Thickness to O.D. Ratio 0.101 0.027 Physlcal characteristic of pipe

(inches) .- CL

Dead Weight & Thermal 0.11 ’ L0005 Medlum (0. 11)va!ue neoommended hr ‘
Stress Leve! T o 1] 'emall bore piping. - SIS
Design Limiting Stress 0 26 . 0.1 3 . Medium (0.26) value reoommended lor

Win-SRAA

CBA-001 (1-inch) large leak

| CBA-001 (4-inch) large leak

-8.67E-4

[ The results below are revised. The Inputs for DW & Therma! Stress and Qesign ¥

[ CBA-DOTR (4-inch) large leak J

| Limiting Stress were increased to maleh the lnputs tor the 2-inch case.

-

i BSE-S

Nominal Pipe Size (inches)

| Physical chafacteristic of pipe -

Thickness to O.D. Ratio
{inches)

Physical characteristic of pipe- -

Initial Flaw Conditions

= |-3-inch and 6-inch butt-welds received past.|. .;:--

NDE (X-Hay) exams, 2 2—Inch Socket-welds

have not.

sma!l bore piping.” "¢

Dead Weight & Therma! ‘Medium (0:11) value neoornmended for
Stress Level S sma“borep[pmg Feavomm L By i a e s
Design Limiting Stress 1. “Medum (0.26).value necommended for, -

17
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AFW-002 (2-inch) large leak
| AFW-002 (3-inch) large leak
| AFW-002 {6-inch) large leak 4.31E-7 1.57E-9

[ The results below ere revised. The inputs for DW & Thermal Stress and Deslgn
Limiting Stress were increased to match the inputs for the 2-inch case.. :
AFW-002R (3-inch) large leak 2.49E-5 2.64E-6 .
A=w-ooz R (6-inch) large leak 8 675-6 N 8.195-6 :

Example 3: Category 2 Segment CCS-021

Nominal Pipe Size (jnches)

Physlcat characteristic of plpe : (
Thickness to 0.D. Ratio R Physxca! charactertstxc of pipe

(inches)
Dead Weight & Thermal X Medium {0.11) value recomrnended tor
Stress Leve! b eemare - ) grnallbore piping. . i

Design Limiting Stress 026 .} ::.0.1 | Medium (0.26) value fecommendedtor WTens T T
Lo . cmall bore pipLg o

! 3 AWIth:ISLE:
CCS-021 (1-inch) large leak N 2.25E.8 - 2.21E-5:.; ¢
CCS-021 (10-inch) large leak 2 1.37E-11 2.75E-12
The results below are revised. The inputs for DW & Thermal Stress:and Design
Limiting Stress were increased to match the inputs for the 2-inch case.
CCS-021R (10-inch) large leak | 6 95E-6 I _6.95E-6

the small bore pnping Applying’ failure. probabillty estimates to the ‘entire segme" i
for these segments, as opposed to sub-segments would not change the numbe
of inspections for the program. : :

CATEGORY 3

e ! e ot e
The last of the three categones mcludes the segments whose Wm-SRRA inputs S
varied at different portions of the’ segmenfbased on engme‘enng judgment ;
regarding potential degradation mechanisms. A-There are only fine segments in" :
this category representing approximately one: percent of the entire population of - -
segments. Each segment and the inputs associated with it are dnscdssed below
on a case-by-case basis. . _ . e I _....__,f_“.._ el

SRR R E T S T

SER1 VY Vhennel

Three of the segments in thls category are main teedweter (MFW) segments In. :
all three cases the input that varied for glﬁ_e_re_nt portions of the segment were_

associated with flow accelerated corrosion (FAC), which is refiected in the
material wastage potential (MWP) input.
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Tables 3.5 and 3.6 show the Win-SRRA input parameters for the three MFW .
segments. The only parameters listed in the table are ones with different mputs
for the sub-segments. Inputs not hsted in the table are Iden_tncal for the multlple

sized cases of the same segment

3 Segment

MFW-002 -

_Table 35 Cate on

8-inch®

"Nominal Pipe Size 6 . | .18 Physlcat ehamctenstlcotpipe )
{inches} ’
Thickness to O.D. Ratio 0.085 |: 0.058 - |' 0.064 Physlcal dlaracteristtcotpipe
_({inches) L L
Material Wastage 005 |: .01, . 0.1 »zFACvaluesarelnaceordance wlthknownand R I -
Potential MR L docmnentedFACvaluesinmngsystem AR R
I

:TW!{I-SB

R
Nomina! Pipe Size 6

| (inches)

Thickness 10 0.D. | 0.042 | 0.037:| 0.047_]. 0,

- 9.041 Physlca! characteristlc ot ptpe . i

Ratio {inches) : : .
Materna! Wastage 0.05 0.05 201 FAc vatues are in acoordance
Potential 1 o Bk " with known and documented !

i i . | FAC values in piping system ~ g
(There are two different 10-inch pipe c[asses tor these segments "One Is. EB-9.. Ve

and the other is EBD-901. The 10-inch(a) is the EBD—901 portion )

Palisades MFW system piping

each of the sub-segments are

is susceptnble to’ FAC Plplng' for the system is

1

currently in the Palisades FAC Program and the effects of FAC in MFW piping " -
have been studied at Palisades since 1988. The inpiits ‘selécted for FAC for

R

in accordance with the rankings developed in the

Pealisades FAC Program for that pomon of the system piping. The inputs are also

slightly conservative since all MFW piping was given, at a minimum, a medium
(0.05) FAC value. If a high FAC value had been input into one sub-segment only’ e
because a different sub-segment (of the same segment) had & hngh Input it -

would work to defeat the purpose-of havmg & risk-informed approach.” In this_
case the inputs are based on known plant specific data that'is generated from &

program whose purpose is to check and: evaluate pipingfor FAC. These realistic "7 i
inputs provide valuable risk insights that are lost if excessively conservative

inputs are used in their place.

e . - L a a e .y M R
Toams .}‘1;, D T PRI

19 S



BREQUEST FOR CLARIFICAT ION ON THE USE OF SUB-SEGMENTS

IN THE RISK- INFORMED INSERVICE INSPECTION RELIEF REQUEST
UCLEAR N

AY RESPON

Table 3.7 below shows the Win-SHHA mput parameters for two BLD, segments
The segments are nearly Identlcal segments, one each from the two BLD piping

trains.

~'.‘x -

Table 3.7 Category 3 Segments BLD-001 and BLD-002 (mputs are identical) »

“Nomina! Pipe Size e y [ Phvsicat characterstic ofppe

{inches) - i L

Thickness 1o O.D. Ratio 0136 -0.075 Physlcal characterlstic of pipe -

(inches) P :

Dead Weight & Thermal 0.11 o 17.-- Medium (0.11)value recommended for sman bore

Stress Level ot : pl ing. °

Design Limiting Stress 0.26 - 0 1--—- i{- Medium (0.26) value recommended for small bore
plplng

Material Wastage 0.001 . |+ 0.05:- 7| FACvalues ase in accordance with known and .,

Potential i ST dooumemed FAC va!ues |n plping system :

Portions of the Pahsades BLD piping are. susceptrble to FAC Plping for the R
system is currently in the Pallsades FAC Program ‘and the effects of FAC In BLD
piping has been studied sirice 1888. The' lnputs selected for FAC for eaéh ofthe ...
sub-segments are in accordance with the rankmgs developed in the Palisades _ —

FAC Program for that portion of the system piping; The failure estrméteé
generated for the cases are realistic and reflect known conditions in the plping
Using only the worst of the input values for éach; size would be overiy IR
conservative and not produce realistic results.~;. .3 ;. - S

[aE S

Table 3.8 lists the Win-SRRA input parameters for segment BLD-008.-The two .-+

sub-segments for BLD-008 have inputs that vary for pipe size differences, weld-... ~.
geometry differences, and thermal stratlfrcauon potentral drfferences PRI .

Table 3.8 Category 3 Seg t BLD-008

L PN

EWin-SRRA In Pipe Sm

- Parameters
Nominal Pipe Size a 'Physical ol'naractensbc of plpe
{inches) RN 5 oo LI T S R
Thickness to O.D. Ratio 0.147 . .075. - - ;Physlcal characteristnc of pipe vl e
{inches) . . e
Dead Weight & Thermal 0.11 , 097 'Medlum (0 11) value recommended for sma!l bore
Stress Level L Fran e lpiping, o e L
Design Limiting Stress 0.26 - 0.1 :|' Medium (0.26) value reoommended for sma!l bore

- s piping.
Fatigue Stress Range 03 N 0.5 4-inch section has higher value due to its interface
with the steam generator.

Low Cycle Fatigue 5 10 4-inch section has higher value due to its interface
Frequency with the steam generator.

Segment BLD-008 interfaces with the steam generator and has thermal
stratification stress potential. The %-inch branch line on the segment is not near
the generator and has significantly less thermal stratification stress potential.
The inputs for both flow stress level and fatigue cycle frequency account for the
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potential stratification near the generator for the four-inch section. Applying the
same limiting inputs for both line sizes associated with the segment would be
unrealistic and overly conservative (similar to example 1 in the response to
question 1).

Table 3.9 lists the Win-SRRA input parameters for a segment from the heaters
and extraction drain system (HED).- The only parameters listed in the table are
the ones with different inputs for the sub-segments For these cases, allthe
variations in the inputs are due to FAC.> /. - ol T e

_Table 3.9 Category 3 Segment HED—004

Nominal Pspe Size Phystcal eharacteristxc ot p!pe

(inches) q e ' .

Thickness t0 O.D. Ratio | 0.062 | 0.053 | 0.037 | 0.029 0.023 Phystcal characteristic ot plpe

(inches) S NP PR N =

Material Wastage 02 | 0% | 01 | 02 .} ‘02 f ‘FACvalues are In accordanoe with :

Potentia! Y LA B EOEE knownanddocumenledFACvalues' R
SN SETPNEAEE MU N Inplpingsystem i [l IR oL RN Mt

FUREORETINS,

Portions of the HED plplng are susceptrble to FAC Prping tor the system ts
currently in the Palisades FAC Program and the effects of FAC in HED pipmg = e
has been studied since 1988.- The Win-SRRA inputs for material wastage arein ... oo .o 0
line with the predicted component wear rates of the Palisades FAC Program.
The failure estimates generated for the cases are realistic and reflect known
conditions in the piping. Using only the worst of the input values for.each size
would be overly conservative and not produce realistic results for the 4-inch and
8-inch portions of the piping. S piirm ST e

,.n...

ieiene ol ;
- i nfaallisg it LA

Table 3.10 shows the variation in the Win-SRRA inputs between.the

sub-segments for two pressurizer (PZR) segments.” The éegments are nearly: . < T
identical segments; each one is isolated from the primary coolant system (PCS) e o s
by a normally closed power-operated rellet valve (PORV) i o B e

[ P
r f., [ T S ey s

Table 3.10 Ca_’_go 3 Se mputs are lde tic

gments PZF011 and PZA 121

\Win-‘SRRAl e
- Parameters — e
Nominal Pipe Size Physical characteristic of pipe . feeam o 4
(inches) - e R . -
Thickness to O.D. Ratio : Physlee! dmracteristic ot plpe ; ) ! ! -

(inches) : R e e

Fatigue Stress Range 03 | -:05 inch section has highervalue duetoltslntertaoe A

cad syl | withthe PGS, . . - ERIUR B
lﬁow Cycle Fatigue 5 10 4-inch saction has higher value due lo lts lntertace
requency REBE IR ‘| with the PCS. - Raiaieh ; — P e

NOTE: DW/Thermal Stress & Destgn Ltmitmg Stress lnputs were the same for both segments.] Too- s - z’;,me:ﬁmﬂ':ﬁmmﬁm":‘

.- | where we psed different values for the .
77 " | small bare socket weld. The more -
Ve o ot :onservauveva!mswreusefarbothm |
) the original, thus no change.
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Similar to segment BLD-008, the four-inch section of the segments is susceptible
to thermal stratification. The four-lnch sectlons of the  segment are separated
from the PCS by normally closed valves that have been known to leak. Due to
the location on the segments of the %-inch branch lines, they'are much less
susceptible to the therma! stratification. The inputs reflect the actual piping
conditions and are realistic. Using only the worst of the input values for each slze
would be overly conservative and not produce reahstnc results '

.

SUMMARY ":;‘.ff."’.';.'ff AR,

For two of the three categories of segments W|th multiple Win—SFlRA inputs
parameters, applying the. failure probabilrty estimatesto thé entire segment as .

______________________________________________________

segments in the first category, the inputs to determine the failure estrmates are
the same for each pipe size.- The only variations in the inputs are those
associated with the actual physncal makeup of the pipe.’ For segments in*

socket-welded sections of the segments Numerous: examples show that’

reevaluatrng the large bore sections of the pipe with the most limiting inputs ;. . .._. b

would raise the failure probabilities for those sub-segments. However, in each
example, the original limiting failure probablllty (for the small bore piping)
associated with the segment rémained the hlghest value and would still be " ™ *
chosen to represent the segment ‘Based on the evidence trom the examples,
applying the failure probabrlrty estimates to the entrre ‘segment as opposed to e .
sub-segments for those in calegory two would not increase the nUmber of
inspections. i

As discussed in the response o questlon oné of the’ tequest for addmonal
information (RAl), applying the most conservative SRRA inputs for various plpe
sizes in a weld may result in excessive conservatism in the SRRA fallure
probability for that segment and therefore shouid not be considered Applylng
the worst case inputs associated with’ any part of the segment to all pomons of . L
the segment might change the number of Inspections for segments in‘category -
three. However, any additional inspections ygouldbe the result of using overly

conservative and unrealistic data and thérefore, are tnappropnate “The
justification for the variation in the inputs for these ‘segments is sound and weil

documented. The decisions for the inputs i were based on known and studled UL e g

conditions specific to each sectlon of the plpe. e 1‘_-__ e

NESPS S SR s

Because the segments in this category are lowsafety signiflcant (LSS) and. the
most conservative failure probabilities of the sub-segments were used, had the -
segments in this category been split, the new segments would have also been
LSS and there would have beeh no change:to the:number: of inspections.”. . .-

N
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