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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20'65-0001 

September 26, 2019 

Mr. W. Anthony Nowlnowskl, Executive Director 
P\I\JR owners Group, Program Management Office 
Westinghouse Electric Company 
1000 Westinghouse Dlve, Suite 380 
Cranberry Township, PA 16066 

SUBJECT. FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR 
REGULATION TOPICAL REPORT PWROG-17033, REVISION 1, "UPDATE 
FOR SUBSEQUENT LICENSE RENEWAL Vi.CAP-13045, COMPLIANCE TO 
ASME COC'IE CASE N-481 OF THE PRIMARY LOOP PUMP CASINGS OF 
WESTINGHOUSE TYPE NUCLEAR STEAM SUPPLY SYSTEMS" 
(EPID: L-2018-TOP-0025) 

Dear Mr. Nowlnowskl: 

By letter dated JlJ'le 14, 2018 (Agencywide Documents and Access Management System 
(ADAMS) Accession No. ML 18170A 113), the Pressurized Water Reactor ONners Group 
(PWROO) submrtted for U.S. Nudear Regulatory Commlsslori (NRC) review and approval 
Topical Report (TR) PWROG-17033-P and -NP, Revlstori 1, "Update for SUbseqUent License 
Renewal: l/ll:,AP-13045, Compliance to ASME Code Case N--481 c:J the Primary Loop Pump 
Casings of Westln!11ouse Type Nudear steam Supply Systems." By letter dated March 19, 
2019, the P"WROG submitted a supplement to P\i\ROG-17033, "Generic Resporises to the 
U.S. NRC Requests for Additional Information on PVVROG Report, PWR~17033, for 
Wesbnghouse Reactor Coolant PLJ'l'lp [( RCP)] casings" (ADAMS Package Accesslori 
No. ML 10091A098) 

The NRC staff determines that PWROG-17033, Revison 1, has demoristrated slrudl.1"81 
integrity of the Westinghouse-designed RCP casings for the subsequent penod of extended 
operation (80 years) based on the crack stability analysis and fatigue crack grOHth analysis. 
Therefore, the NRC staff condudes that PVvROG-17033, Revlston 1, Is accept.t>le for genmc 
use to address the time-limited aging analyss of the RCP casing Integrity to satisfy the 
requirements of Title 10 of the Code of Federal RB1Ju1ations (10 CFR) 54.21(cX1). 

The NRC staff also condudes that the TR may be referenced in subsequent license renewal 
applications for the plcllts within scope of the report in accordance with 10 CFR 54.21(cX1) 
Applicants who utilize the report wrn be required to ac!lere to the condi11oris that the NRC staff 
Imposed In this safety S"Jaluatlori (SE). 
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W, Nowinowski -2-

By letter dated May 29, 2019 (ADAMS Accessjon No. ML19142A218), the ~c staff provided 
the draft SE to the PWROG for review and comment By letter dated Jltle 27, 2019 (ADAMS 
A~n No. ML 19184A.11S), the PWROG provided comments to the draft SE. 

In accordance wtth the guidance provlded ~nth• NRC website, we request that~ PVI/ROG 
pub(&st:, appTQVed versions of P\AJRQG-1Z03$-P and -NP. Revlaiot'l 1 Wlthln3 months of reealpt 
of this.letter. The approved versions aha.II Incorporate this lefter and the enclosed final SE after 
the title page. For -NP versions, the PWROG shall strike the proprietary information markings in 
this letter and make the 1!ppropriate red1!ctlons and adjustments to document securly 
claS$iJlcations to the enclosed SE. 'Also, the approved ver,sions must contain historical review 
lnformatiot'I, inctudlng NRC reQl.!ests for additiom:il infomta.tion (RAls) and the responses. The 
approved verslonsahaH include an "--A~ (~ating approved) following the TR 1dentficatloo 
symbol. As an alternative to llciuding the request for RA]s and RAJ respomieS behind the title 
page, if changes to the TR were provided to the NRC staff to support the re50Jufion of RAJ 
responses, and if the NRC Wlff reviewed and ap~ those changes as descrl>e<J in the RAJ 
responses, there are two ways that the acceptad·verslon can capture the RAJs: 

1. The RAls and RAI reswnses can be included as an Appendix to the accepted version. 
2. The RA ls and RAI responses can be captured In the form of a table Qnserted after the 

final SE): whk:h summarizes the changes as shown in the approved 1Jersion of the TR. 
T.he table should reference the specific RAls and RAI responses Which resulted In any 
changes, as shown In the accepted verslon of the TR. 

If future changes to the NRC's regulatory requirements affect the acceptablliy of these TRs, 
PWROG will bG expected to reVise the TRs appropriately or justify thefr contlnu~ applicabllity 
for subsequent referencing. Licensees referencing these TRs woukf be expected to justify their 
continued applicability or evaluate their plant using the revised TRs. 

If you have any questions, please contact Jason Drake at 301-41 !>-8378. 

DocketNo.99902037 

Enclosure: Final SE 

Sincerely, 

IRA/ 

Dennis C. Morey, Chief 
Licensing Processes Branch 
DMslon of Licensing Projects 
Office of Nuclear Reactor Regulation 
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

iQPICAL REPORT PWRQG-17033; 'REVISION 1 

"UPDATE FOB SUBSEQUENT LICENSE RENEWAL: WCAP-13045, CQMPL:IANCE IQ 

ASME CODE CASE N:481 OF THE PRIMARY LOOP PVMP CASINGS OF WESTINGHOUSE 

TYPE NUCLEAR STEAM SUPPL y SYSTEMS" 

PRESSURIZED WATER REACTOR OWNERS GROUP 

DOCKET NO. 99902037 

EP!P; L-201s-Jop-002s 

1.0 INTRODUCTION 

By letter dated June 14, 2018 (Agancywide Doct.lmants and Access Management System 
(ADAMS) Accession No. ML 18170A113), the. Pressurized Water Reactor OWners Group 
~OG) submitted for U.S. Nuclear Regujatory Commission (NRC) review end approval 
topical report (TR) PWROG-17033.f> and -NP, Revision 1, "U~ for Subsequent License 
Renewal: WCAP-13045, Compliance to ASME (AmGricart Soc;iety of Mechanical Engineers) 
Code Case N-481 of the Primary Loop Pump Casings of Westinghouse Type Nuclear Steam 
Supply Systems; By letter ooted March 19, 2019, the PVIIROG submitted a supplement to 
PWROG-17033, "Generic Responses to the U.S. NRC Requests for AddltJonal Information 
(RA!s) on PWROO Report. PJVROG-17033, for Westinghouse R~ctor Coolant Pump Casings" 
(ADAMS Package Accession No. ML 19D91A098). 

The PWROG submitted PWROG-17033, "Re\lislon 1, to support indwidual applicants in the 
subsequent ncense renawal applications ,to sfftitnY the tlme-lirnited aging analysis (TV.A) 
requirements of Tltle 10 of the Code of Federal Regulat/om (10 CFR) 5421 (o)(1). Specifically, 
the PVVROG report is to a~rass TLAA for Westinghouse-designed RCP casi!lQS thrqugh the 
subsequent license ranewal panod of operation to 80 years. 

TJ:te PWROG has published Revision O and ,Revision 1 of the PWROG-17033 r-3port. Tl;lls 
safety. evaluatk>n {SE) is only applicable to PWR00-1 ?033, Revision 1, and Is referred to in this 
SE as the PWROG-17033 report. The submital package is available in ADAMS under Package 
A~CQSS!on No. ML 18170A089. Tbe non-proprietary ( -NP) a net proprietary (-P) \IQrslons of the 
TR are available in f'.DAMS at Package Accession No. ML 18170A 114. 

2.0 REGULATORY EVALIJAJIQN 

The regulatlon In 10 CFR 5421(c) requires an applicant to demonstrate that the effects of aging 
for structures and components wlll ~ adequate!lj managed so that the intended functlon(s) wm 
be maintained consistent with the current licensing basis for the period of extended operation. 
One of the findings that the NRC staff must make to issue a renewed license (10 CFR 54.29(a)) 
is that adequate actions have been identified and have been or wfl be taken with respect to 
managing the e{feots of aging during the subsequent period of extended operation on the 
functionality of structures and components that have been identified to reqtilre review under 

Enclosure 
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10 CFR 54.21. There should~ reasol')8ble assurance that the actlvt1ies authorized by the 
renewed lcense will continue to be conducted In accordance with the. current Rcenslng 
basis; As desc~ in the Standard Review Plan fof Review of Subsequent License Renewal 
Applications for Nuclear Power Plants (SRP-SLR), NUREG-2192, an applicant may 
demonstrate ~lance with 10 CFR 5421 (a)(3) by referencing the Gen~rlc Aging ~ns 
Lee med for Subsequent License Renewal· (GALL-SLR) Report, NUREG-2191. 

The regulation in 10 CFR 5421(c)(1)(l) states.that the analyses remain valid for1he period of 
extended operation. The ~tioo In 10 Cffi 5421(c)(1)(ii) states t)"tet, for a speciic TLAA 
that is dispositioned In accordance with this reQl(lation, appJiq}nts must dem6nstra~ that the 
arialysls has l>een projected to th.e end of.the period of.extended operation, 

Based on the above, and subject to the follow1ng technical evaluation, the NRC staff finds that. 
regulatory authority ~sts for the PWROG to submit and for the Commission to review and 
<ftsposition the TR PWR00-17033, Revision 1. 

3.o SUMMARY 9E PWRQG-17033 •. REVISfQN 1 

The ASME 'pode, Section XI, Table IWB-2500-1, reqim'es periodic volumetric examinations of 
the welds·ofthe RCP caslng·ln nuclear power plants. Westinghouse-designed RCP casing is 
fabricated with heavy-wall cast stairoess steel The PWROG stated that a volumetric inspection 
of the fuU thickness of the we~ in the RCP casing using the ultrasonic test method from the 
outside diameter surface is impractleal due to the; wvere attenuation associated with-the large 
g~in structures. A volumetric Inspection ofthe full.thk:kness o(the welds would require 
unconventional approaches (Inside diameter ancl outside diameter uttrasonlt testing or 
radiographic ~g) tMt require .:iccess to the internal side of the pump qastng, 

Since tbese inspections result ii radiation exposure to the p~rsonl"IQI performing-the inspections 
and require significant resources to perform the iQspections, the ASME Code Committee 
approved Code Case N-481, "Alternative Examination Requirements for A~nitic Pump 
Caslrigs," in March 1990 that allows an alternative to the volumetric Inspection requirement. 
The NRC endol"Sed Code Case N-481 'in Reg-ulatory Guide 1.147., inservice Inspection Coda 
Case Acceptabiliy ASME Code Section XI Divisiorr 1," In April 1992: 

AS~ Code Case N-481 allowed replacing the volwnetrlo examfnation of R<;;P casing with a 
fractlXe meohanic:s-based lntegrity evaluation supplemented by 'specific visual lnspeotions. lri 
September 1~1. Westinghouse ptJblishedTR WCAP-13Q45, "Cornpiariee to.ASME Code 
Case N-481 of the Primary loop Pump· Casings of Westinghouse Type·NUciear Steam Supply 
Systems" (AD{\MS Accession No. 9111080158) which contains the strudural integrity 
~valuation that was performed to demonstrate compliance with ASME Code Case N-481 for 
40'years of operatio·n. 

S_ince the jssuance ofWCAP-13045, the ASME Code, SactJoo XI, T.a.~ JWB-2500-1 has been 
updat8d over ~e to be CQOSistenf with the·gUida~e In Code Ca~ N-481 to require visual 
Inspections of the RCP casing. In March 2004, Code case N-481 was annulled by ASME, and 
tha information In Code Case N-481 was Incorporated into.the 2008Addenda of ASME Code 
Section XI. ~ 2000.Acldenda of ASME Caje, Section XI raplaced the Ca~ry B-L-1 
volumetric examinations of pump casing welds with visual examnations, while· the ASME Coda, 

Section X1r2008 Add1;1nda 111nmlnated the volum~ examinations of pump casing welds 
completely. The only reqtrired examtnatlon is a v1sual examination of the pump casing 
(Examination Category B-L-l) when the pUTTlp is disassembled for maintenance or repair. 

vii 
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The purpose of the PWROG-17033 report Is to ext~nd the fracture mechanics Integrity 
evaluation In WCAP-13045 through subsequent license renewal of 80 years. The goal of the 
PWROG-17033 report ls-to demonstrate that the structural integrity amil~ performed in 
WCAP-13045 adequately represented and qualified the Westinghouse-designed pllmp casing 
for aU loadings and serv~ conditions to the end of 80 years. 

In the past. plants have used the generic fracture m~hanlcs evaluation performed m 
WCAP-13045 to comply with the requirements of ASME Code Case N-48~ fur pkmt..specific 
license rene.wat 11ppliC8tions to extend pbmt_ operations to 60 years. Jn the PWROG-17033 
report', the fracture nwchanlcs evaluation provides the justification for performing v1sl.lal 
inspections, in Heu of volumetric il)SpeCtions, for ,the RCP casing as incorporated in the ASM E 
Code Section XI, and extend the applicabftity of WCAP-13045 to 80 years of operation for all 
plants with Westinghouse-design9d RCP pump casing. 

The PWROG ~ted that there are eight-cfrfferent models of RCPs irJ Westlnghouse-fype 
pressurized water reactors ~). Models 63, 70, 93,-93A, 93A-1, 930, 1 OOA, and 1 OOD. 
Models 63, 70, 93, and 93D all have a tangent outlet nozzle. Models 93A and 93A-1 have outlet 
nozzles that are radially orientated. Models fOOA acid 1 DOD are similar to the gen·eral shape of 
~193 but with a radially oriented outlet nozzle like Model 93A. Models 93', 83A, and 93A-1 
are the most common, making up around 90 percent of the total domestic Westinghouse-type 
PWR pm nts. 

WCAP-13045 chose 11n a11211ytical model representative of each of the outlet nozzle 
configurations for a three-cfll'1'18nsional finite element stress analysis and fracture mechanics 
evaluation. The representative models chosen were the Model 93A (radial outlet nozzle) and 
Model 93 (tangential outlet nozzle). The pump casings are@brlcated from SA-351 CF8 except 
for the pumps ,of three plants which were fabricated from SA-351 Cf6M. The SA-351 CFSM 
and CFS are known to be susceptible to thermal aging. 

WCAP-13045 used the limiting pump casing CF8M fracture toughness-and the tearing modulus 
in J--integral stability evaluations based on elastic-plastic fracture mechanics. The PWROO 
stated that the WCAP-13045 fracture toughness determinatioJ'!S are applicable lo ~ years of 
secvice because the fracture toughness parameters af'Q at full-aged saturated conditions; 
therefore, any additional aging past 40 years does not have an impact on the fracture toughness 
parameters. Section 3.2 of the P\NROG-17033 report 09mpared the-mlnfm1,1m fracture 
toughness In WCAP-13045 with the latest industry toughness CQrrelatlons In NRC published 
report, NURE;G/CR-4513, Revision 4, 0. K. Chopra, MEstlmatlon of Fracture Joughness of Cast 
Stabiless Steels Durtng Thermal Ag1ng In LWR Systems," Ma'y 2016. The PWROG 
demonstrated that the fracture tough~ values in WCAP-13045 are less than (more 
conservative and limiting) than the fracture toughness values in NURE~/CR-4513. Revision 2. 
The PVVROG contended that; as compared wlh ~ current Industry standa.rds, the fractura 
toughness values In VVCAP-13045 .are ltmiting and applicable to 80 years of operation. The 
PWROG concluded that the ejastlc-plastlc fracture mechanics anatysls for th;e pump casings 
analyzed In WCAP-13045 ls valid for 80 years because tllQ mlnlmlim fracture toughness used In 
the crack stabllly analysis Is appllcable~to 80 years of service life: 

The PVtJROO also perfc>rmed a quajita~ eVl!luation for the fatigue crack growth (fCG) 
evaluation. The PWROG determined that the current FCG rate for stainless steel m a water 
environment ba!ied on the 2013 Edition of the ASME Cochi, Section XI, -are 1;0mparable to~ 
rates used In WCAP-13045, and there wl~ be an lnslgnilcant lmpaot of the extended operation 
on the crack Qf'Qwth analysis, The PWROG stated that the stresses used in the FCG anajl,tsls 
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are generic anc! envelop the various pump designs. Additlonady, these stresses do not change 
for 80 years of operation, as they are not time-dependent The PWROG furthar·stated that the 
stress intensity factol3 used in the FCG analysis are consistent with the current industry 
standards for similar FCG evaluations. 

According to the PWROG-17033 report. the tmnsient'definitions in the FCG .analy.sis are not 
expected to change over the design rife of~ plant. and the transient cycles used in the 
WCAP-1'3045 ~re also assumed to bound the' predlctect 80-year banslel')t cycles. The 
P\IVROG-17-033 report determined that-there r., sufficient margin between the final crack growth 
and the flaw size used for stability, Therefore, even if the 40-year·translent cycie5 are doubled 
for 80 years of operation, the final·flaw size after FCG from the lnitiEII flaw size of 0:3 inches wlH 
be less than the stablliy flaw·slze of 1/4T flaw depth (J is the wall thickness.of the pump casing) 
for the stability analysis in WCAP-13045: 

The PWROG-17933 report conc~ed that the fracture mechanics integrity evaluation in 
WCAP-13045 for pump casings ls appJlcable·to ao·years of design life. Toa. fracture mechanics 
evaluation for ~O years in WCAfl-13045 j.Jstlfies continuing to perform visual inspections, ·1n lieu 
.of volumetric inspections, for pump,casings. 

4.0 TECHNICAL EVALUATION 

~ stated above_ W~lnghouse performed structural l~rlty analyses of the RCP casing as 
shown In WCAP-13045 to satisfy the requirements of ASME Code. Case N-481. The analyses 
In WCAP~13045 are appfica.ble to the 40-year operating license. As part of the 60-year ricense 
renewal application, PWR appbcants are reql.Jtre<fto submit crack stabJUty and fatigue crack 
growth analyses of the RCP casi'lg as a time-Iii.Tilted ag1ng analysls ifum pursuant-to 10 CFR 
54.21 ( c)(1). The affected PWR applicants submitted plant-specific structural Integrity analyses 
of the Westlnghouse-deslgo9d RCP casing as part qt 60-year license !lm&wal appl~tions. 
Those analyses were based on an extensmn of the fracture mechanics methodology used in 
WGAP-13045. . 

For the efficiency of subsequent license renewal applica*->ns, the P.WROG ~ullfni4ed the. TR_ 
PWROG-17033, Revision 1, to satisfy the time-limited aging analysis requirements of 10 CFR 
5421(c)(1). 

For the current evaluation, the NRC staff verifies (1) whether the lnput param~tenrm the crack 
stability anal~~ ~1'19 FCG aruilysis 1n ~ PWROG-17033 and WCAP-1304? rf?ports are 
-acceptable to demo~ate stnicfural lntegrtfy"·ot the Westinghouse-designed f{Cp casing at the 
end of 80 years, and (2) whether the input parameters are bounding for the plants that are 
coverecl'!,y ~ PWRQG-17033·and WCAP-13045 reports. 

4.1 ~eral Information 

The Westinghouse-designed RCP,casing Is fabricated from cast austenitic stainless steel 
(CASS), which Is resistant to corro!lion ·and. eMhiblts certain ~efll(IJ fracture toughness values 
(Le., J1.., J_, and T-i) in the pre-service P-f()duct form. However, CASS is subject tq thermal 
aging embrittlement at 1JOnilnal o~ratlng temperatures ofnuclear-planl$, m!9aning that material 
fract...-e toughness will be reduced with age and may not ~ crack propagation. The 
PWROG design4d the, pump casing to the ASME Code at the time of filbr~i;in and the 
stresses of the'RCP casing met ASME Code conditions and allowable stresses. The PWROG 
explained that design, normal, oporatfng, and faulted appHed loads on the RCP nozzles are 
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c;:onservatiVe when compared to actual service CQnditlons. The P\IVROG fndlcated that it Js not 
awar~ of service-fnduced degradation of RCP casings from corrosion or other cracking 
mechanisms. 

4.2 Crack Stability Analysis 

4.2.. 1 Acceptance Criteria 

As discussed above, CQde Case N-481 allows replacing the voklmetric examJrnrtions with a 
fracture meohanics-based integrity evaluation supplemented by specific visual inspections. 
Specflcally, Code Ca5e N-481 {d} requires that ~censees and applicants ".,., perform an 
evaluation to demonstrate the safety and serviceability of the ,pump casing. The evaluation shaH 
include the folkiwing: (1) evaluating material properties, Including fracture toughness values; 
(2) performing a giress analysis of the pump.casing; {:)) reviewing the operating history of the 
pump; (4) selecting locations for postulating flaws; (5) postulating one-quarter thickness 
reference flaw with a length six times its depth; (6) establishing the stability of the selected flaw 
under the governing stress conditions; a!l(;I <:T) considering thermal aging embrlttlement and any 
otherproces686 that may degrade th.a properties of the pump casrng during service .... • 

The NRC staff notes that structural integrity of the RCP casing depends on how well the casing 
material resists crack 11itlation and propagation. Code Case N-481 allows a crack of one­
quarter casing wall thickness In depth to ex isl The question is whether. the RCP casing 
material can resist the propagation of such·crack. Structural lntegrify of the RCP casing is 
estabfished and accepted when the crack Is ~monstrated to ,be stable and not propagate 
uncontrollably. To address the crack propagation concern, the industry (Westinghouse) 
~rfo{TTled a crack stability analysis as shown in WCAP-13045. 

For the crack sta ~ity analysis, the t.RC staff evaluated the ioput para meters, specific-a fly 
postulated flaw size, applied loading, and material fracture tollghness to ensure that the 
parameter.. are bounding and are acceptable to the end of 80-year operating license. The NRC 
staff evaluated thennal a.glng of the CASS pump casing (CF8M and CF6) to verify that the. crack 
stability ~nalysll? used the fully-aged, saturaled fracture toughness values at the ef\d of 80 years 
.as the stabiffty acceptance criteria. The fracture toughness properties of the CASS materials 
are crack initiation toughness (J1c), the maximum fracture toughness,~ (or J,,_), and the 
tearing modulus, T !Mlllilll (or T-), whiot1 are determined based on J-integral resistance curves. 

The crack is demonstrated stable and acceptable When the applied loading In terms of applied 
J-integral ~ (or .1ai:.,) and applied tearing modulus T.ppa..i{orTapp) at the'crack tip are fess 
than the material fracture tolJilhness values J1c, Tm11, arid Jmmc- The crack stabirrty acceptance 
criteria em as folloWs: 

(1) J.w < .fie, or (2) If J.pp ~ J,., tflen T .pp < T mt1 and J,,pp s; J,_ 

4.2.2 Pc»tlJ/ated FI/J.W Size 

To demonstrate crack stabillty 1n tha RCP casing, WCAP-13045 postubtted flaws of 1/4T 
{1°/4 thickness Qf RCP c;asi"ig waU, T) deep with a six-t().,(lne {6:1) ~ct ratio (1..e., t~ flaw 
length is 6 times the flaw depth). This postulatGd flaw size Is consistent with the required flaW 
size of~ ~se N-481(d)(!5). lt1 additic;in, WCAP-13045 ~lad the postulated 1/4T flaws at 
various hlgh stressed regions In acoordarn:e With Code Case N-481 (d)(S) and various focatiOns 
In welds not affected by discontinuities such as nozzles. 
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ln RAl-1 (a), the NRC staff asked the PWRQG to cgntirm that the locations o_f tha postulated 
flaws In WCAP..13045 represent and bound the high stress ~as of the RCP casings that were 
analyzed. In ,its response, the PWROG state9 that the postulated flaw. loc;ati9ns in 
WCAP-13045 represent and bol.lnd the high stress areas·of aH applicable Westinghouse RCP 
casklg ~ns In ttie U.S. PWR operating fleet. The PWROG also ajlrted that the geometry of 
the Model 93A-1,-and Model 1 ooA pl.Imp casings m the hlah ~ locations ls aclequately 
represented by1the Mode1 93.ancf Model 93A casings. By explicitly modeling and analyzing the 
Model 93 and Model 93A ·pum p ca$ings using finite element techniques, the high stress areas of 
the~~ for au plants were adequately represented in wc.AP-13045. 

lri RAl-1 (c}, tl]e NRC smffasked at,i;,ul the c~I crack depth in the'RCP casing tliat would 
-exceed the crack stability acceptance. criteria. In its iwponse, the PWROG stated that 
WCAP-13045 identified'that.flaw location [ ]. is the limiting flaw location for·the Model 93 
pump casing, and flaw location [ ]' is the fimilng flaw location for the Model 93A pump 
casing with regard'to fracture toughness: The postu~ted flaw sizes.were suffk;isntly largll, with 
flaw depths on the order of 1/4T, ·wl:iich provided flaw depths greater: than 1 inch. Furthermof"8', 
WCAP-13045 stated that SA-351 CFSM _matertal was selected for analysis because It 
~ limiting fracture toughness values resulting fron;i higher levels of molybdenum In the 
chemistry compared to CF8. The PWROG ~alned that higher levels of molybdenum result in 
lower values {or J1c, T mat, and Jmrt, The Pv\lROG stated that the plant-specific evaluations for 
the plants with CF8M showed that [ 

] The 
PWROG Indicated that postulated flaws largQr than the range mentioned above would have 
difficulty satisfying the crack-stability criteria, unless other parameters can be reassessed 
Q.e., refinement in loads, stresses, material properties, etc.). The P\/VROG stated that for 
the CF8M plant-specific ~nalys9s, the crack stabiily criteria were met J"lr the guidance of Code­
Case N-481 for a postula.ted flaw-depth of 1/4T. For CF8 pump casings, which !:lave very low 
molybdenum, the critlcal flaw depth WC/Ukl be generically larger than that based on CF8M. The 
NRC staff finds. Uiat the postulated 1/4T flaw-depth with an aspect ratio of 6 to 1' is fairly large. 
The NRG staff finds that·there is :stiU a margin between the po&Mated flaw depth and critical 
flaw depth. 

In RAl-3(a), the NRC ;;t&ff asked.about the degradation~ In ttie R_CP casings. In Its ~ponse, 
the PWROG ~lained that to date, Westinghouse-designed RCP casings have not had 
service-related d_egradatlon from co1T9sion or other craoking meohanlsms. 

In RAl~c), th& NRC smff ~sked the PWROG .to di'scuss the likelihood of postulated flaw with 
the appfl~ loaqlng oc:ourrlng In any Westinglio~ RCP oaslng. In Its response, the PWROG 
stated that the Okelihood of postulated flaw [ ] occurrlng,witJl the appliad screening loads 
from \NCAP:.1304515 low In the actual conditions-, Tneretore, the flaw at locatlon [ ] Is 
assum'ed In a theo~tical, worst~ scenaoo used for: analysjs purposes t9 genercaly boimcl 
those PWR plants which use Westingho~sigi,~ RCP caslngs, and to satiSfy the fracture 
mechanics evalt.Jation requirements in Code 9!se N_-481. 

The NRC. staff finds lt)at the postulated flaw size in WCAP.:.13045 has ~d ,the provisions of 
Code. Case N-481 ( d}{4), (d)(5) and (d)(6) beca uso the crack sfabirity analysis postulated 1 /4T 
flaw with a 1$ngth six, times-Its <#apth In the .governing :stress location and condftio~-
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42.3 ,Applied Loading 

In RAl•1 (b), the NRG.staff asked the PWROG to discuss whether the Japp v~lues in 
\NCAP-13045 bound the Jew values from the RCPs In ,11 the plants that were analyzed. In its 
response, the PWROG explained that as discussed in Section 6 of WCAf>-13045, ~nservative 
loads Ontemal force !Ind moment loading) for most of the plants wer.e selected 1o fomt the basis 
for the crack stability. analysis.. The Japp values reported In Section 11 ·~t WGAP-13045 were 
based on the screening loads In Loading Level A (faulted condition, safe shutdown earthquake) 
anQ Loading Level C (upset condition, loss of load transient). Those screening loads were 
develoRSd as a set of representaiive bounding loads based on a sampling of plant-specific 
loads. The NRC staff notes that the c!efinition of loading levels A, B, and C in WCAP-13045 is 
different from that of th.a ASME Code, Sections Ill and XI. As stated,ln \IVCAP-13045, plants 
were expected to reconcile their plant~cffic loads (forces and moments)' with the screening 
loads. If plant-specific loads were larger, than the screening loads used in the crack stability 
analysis in WCAP-13045, than updatad Ji,pp values would be calculated using plant-5pecific 
loads to confirm the crack stability critarfa. The PWROG stated that those reconciliations were 
perfornied In plant-~clflc reports, and It was determined that some plants had loads and Jaw 
values that exceeded the screening values in WCAP-13045. The PWROG further stated that 
however, the Japp values associated with those higher plant-specific loads were still qualified 
without exception In plant-speclfio evaluations using either the limiting fracture toughness values 
In WCAPw13405 or the fracture toughness values calculated with the methodology in 
NURl;:G/CR-4513, Revision 1, "Estimation of Fracture Toughness of cast Stainless S~ls 
during Thermaf Aging In L~ systems." The PWROG stated that for the majority of the 
plant-specific evaluations, the screening stresses were sufficiently higher and more limiting thzm 
the plant-specific:stresses. Hence, the J,w vall.J8S In Vl1CAP-13045·bound the J,pp valUQSfortoo 
majority of the plant-specific cases. The- NRC staff has lmposed condillons as shown further in 
the SE to handle those cases where plant-specific JIIR> is higher than the J."" Wl8d in 
WCAP-13045. 

The PWROG noted that, over time, loads have not changed slgnlficanfy because there have 
been only a few-major nucl8ar steam supply system (NSSS) component replacements and 
refurbishtnerrts, and power uprates,do nol have a significant impact on stability evaluations. 
The PWROG stated that the scraening loadings considered 1n WCAfJ-13045 are representative 
of plant-specific values that were considered ln the existing crack $billty anaJyses. 

The PW=roG further stated that the applled J-integral, J,pp, and applied tearing moduk.Js, Tapp,. 
ere calculated based on the Electric Power Research Institute (EPF{f) report. Kumar, V., 
German, M. b., and Sftlh, C. P., ·An Engineering Approach-for Elastic-Plastic Fracture 
Analysls," ~PRI Repoit NP-1931, Project 1237-1, dated July 1981. This method Is based on 
-various com bl~ of loading parameters and material prope~ for vari9us pump cfislng 
designs. 

The PWROG lndlcatad that applied Japp and T •PP wfll not be affected by the e}(tension of the 
operating period to 80 years_ The NRC staff determines that the appllact J""" and T""" ~re not 
affected by the operating time period unless operating condlions have been changed as a 
result of power uprate.or the piping connected to the 'RCP Is modfflad. The NRC staff has 
Imposed conditions.as. shown further In the ·sE to require applicants to discuss whether the 
applied loadings have changed such that they exceed jhe 5Cf89nlng loadings used ln 
WCAP-13045 in ~Ir.subsequent license renewal ~ppllcatlon~ 
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ln RAl-7, the NRC noted thatTabla A-1 of WCAP-13045 contains the names of28 nucle~r units. 

that were considered In the fracture mechanics calculation. -The NRC staff requested the · 

PWROG discuss whether the appr,ed loads and stre~ of all the 29 nuc~r units were 

consider.ed and the bounding values from the 29 plants were l.!58d in the crack stability and 

fCG calculations In VVCAP•1J9'.45. •In Its respo~. the PNR_OG explained-that the applied 
loads for 29 plants were considered In Table 6-1 of~P-13045. 71,e PWROG stated that to 
cover a wide range of plants, representative force and moment values were chosen and are 

listed. In Table 6-2 of WCAP-13045. Furthermore,~ mentioned In Sections. 6 and 8 of WCAP-
13045, the major contributor to the· high str~ in t~ ,;fiscontinuity regions of the pump 

casings is the,fntemal pressure, which Js ~ at a value of 2,635 pslg or 2,485 psig f9r all plants 

ba~ · on the loading condition (i:~· .• L.011ding Levels A, B. or C). The ·PWROG ex~ined that 
.any-differences In the force and moment loadings shown In Table 6-1 (note the load magn1tudes 

are similar) wal not hav~ a significant impact on 'thJ3 final stability conclusions because the crack 
-~biify avaluaticm Is related to total stress, not individual force and moment components .. The 

NRC staffnotas tl:tat the· crack stability evaluation is based on stre~. n¢Jorces and 

moments. 

In-its response to RAl-2, 1he PWR~'stated that the -screening loads developed in 

.WCAP-13045.were-bounding_ for most of the RCP pumps. For plant-specific fracture mechanics 

analyses where the plant-5peoiflo loads were higher than 1he screening loads, the stability 

criteri8 were reanalyzed 21nd shown to meet all fractu~ toughness macgins. For the majority of 

plant-specific evaluations performed, It was determined that the ~eenlng ~tresses in 

WCAP-13045 were sufficiently higher than and ~WJded the plant-specific stresses. The 
PV\/ROG stated that the applied loadings and stresses for au plants considered in \NCAP-13045 

have been qualified. 

The P\1\/ROG indicated that plant-specific fracture rnechanics evaluations on RCP casings have 

been performed for more than hiilfof the U.S. ~rating PWRs with Westi,ghouse RCl?s. 

Based on plant-specific evaluations, the majority of the plants were bounded by the screening 

loadings of WC,AP-13045. For the few plants· whose load~ ware not bounded by the screening 

loads, the casings of those plants were ~nalyzed and shown to meet crack stablflty margins. 

Jhe.PWROG state<i that.for ttie three plants that ~\/,El CFBM pump casings, aU plant-t?peeific 

loads were bounded by the screening loads of INC,AP-1 ~-

The PWROG concluded that the screening loads considered In Table 8-2 o-f WCAf'-13045; 

whfoh are based on 29 plants, can be co~ldered a good representation of the· plants fri the 

PWR fleet with -~ingho'-!5' RCP casings, ~ evident by the wide ~nge qf plant-speclfio 

evaluations that' have· rriet' the crack stability ,criteria using the !!critenlng loaas of V\{;Ap~ 13045. 
The PVVROG further concluded that other conserva~ ar1;1 also present In the fracture 

mechanics evaluations, such as the _use of ASMI: Code propertl~ and the cise of a larg~ 

postula.ted flaw:that !µis never been observed c:k!r1ng 1400 reactor-years of operation. 

In its response·tQ RAl-6(c), the PVl!ROG stated that the conservative screening loads are based 

on the' maximum loss of load·deslgo tra~nt pressure of. 2,~5 ~ (~ psi above the normal 

operating pressure of:2,235 ps1g) and at a_conservattvetet'lperature of 59(? "F (40 ·F· above the 

oormal operating temperature of 550 °F}. As described In Section 6.1 of WCAP-130451 there 

ara,!hree.aystems in placQ tc;, mitigate pressure increases of aro\1)(1 400. psr di.Iring a Loss of. 
Load translartt. 'FIISt, there are power..operated relief vatvas (PORVs). These valves are 

.-ctivated at 2,335 psig as ~mm1;1nd!i!d in 1he ~nlcal speciflciltions, Th'il pressurizer safety 

valves are set for 2;485-psig, 'bOtallow the pressure to exceed 2,485 pslg bY 100 psi or more. 
The reactor trip high pressure setup is 2.385-pslg. This set point Is chosen$() as to avoid 
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oha'l~nglng the pr~ssurtzer safety valv~s. Thus, tM pressure during a loss of load tra!"ISient iB 
actually limited to 2,485.pslg.ln Deu·of 2,635 pslg, Which was conservati\lety considered for 
certain cases In WCAP-13045. 

Ttie PWROG-17033 ~port_lo~ted that the-pump caslng evaluations In WCAP-13045 are a 
generic: lntegnty eveluation appfrcable to aU Westinghouse-designed pomp casings .which 
demonstrates compliance to ASME. Code. Case N-481. 'NCAP-13045 provides enveloping or 
bounding criteria whereby a specific plant need only show that the pump casings of lnterest fall 
under the umbrella established in WCAP-13045. The loads used in the crack stability anelysis 
in VVCAP-13045 were selected to be conservative for a majority ofthe plants. PWROG•17033 
exPlained tl'l8t the plant-specific loads were not adequately covered by the umbrella loa~ 
considered in WCAP-13045; thus, too Japp values ofWCAP-13045 do not coi:npletely bound 
certain plants. Therefore, a plant-specific flaw evaluation was petfprmed. The ~ values.have 
beao recalculated using plant-specific- loads and material properties. The PWROG stated that 
the plant-spacffic evaluations continue to. meet the crack stability criteria. 

The NRC staff finds that the screenJng.loads _used in WCAP-13045 are bounding In most cases 
and, therefore, are acce~ble formost ofWe'stlnghouse plants. Forplantswhose plant-specific 
loadings exoeeded,the screening loads in WCAP-13045, plant-specific crack stabillty analyses 
have been performed and the analyses have shown those plants are within the oraok stability 
acceptance criteria. The NRC staff has imposed conditions to address the ~natio where the 
plant-specific applied loadings exceed the screening loads ln WCAP-13045 as shown further 1n 
the SE. 

4.2.4 H'llCtt.w ToaghneM 

Table 5-1 ofWCAP-13045 presented the end-of-fife saturated fracture toughness (.lie. Tnuot, and 
J,,_) of the pump casings based on the limiting CASS (SA~1. CFBM) material. The PWROO 
stated that tha fracture toughness properties shown in Table 5-1 of WCAP-13045 are already at 
the fuDy-agad saturated·condition and, ther&fore, can represent the material condfflons_for the 
BO-year operation. The saturation room temperature Impact energies of the CASS materials are 
determined from the chemical compositions. The PWROG-17033 report stated that the fracture 
toughness data in Table 5-1 of WCAP-13046 is ~ on the chemistry data from Appendix. A .of 
WCAP-13045. Table-5-1 presents the material fracture toughness-vakJes at end-of-service fife 
for 3 high stress locations in model 93 RCP casln~ having CF8M m~terial ~nd 1 high stress 
looatlon In all remaining RCP casings having CFS material. The fracture toughness of CASS 
materlal is derived based-on the chemistry such as Silloon, Chromium, Molybdenum, Nickel, 
Carbon. Manganese, and Nitrogen In percent weight and percent delta ferrite. 

The .PWROG used the fracture toughne~ values Tn WCAP-13045 as part of the crack stabllfy 
analysis based on the J-lr)tegral approach. The PWROG explaiood that the fr'clcture toughnass 
llll!lterlal properties based on the 'CF8M (high molybdenum) material Is more susceptible 
Qlmlmg) to ~rmal aging than CFB·matertaL _ TherefQr:e, th~ CFBM material is used In the 
generic fracture m~hanics assessment ln WCAP-13045. PWROG-17033 st;lted that the crack 
stablity analysfs results usmg CFBM fracture toughness will apply for the CFB material as well. 

The P\/VROG-1,7033 report indlcated that its era.ck stability .eva luatiQn considers the latest 
fracture to4Qhness correlations that havg been developed for the CASS pump casings based on 
NUREG/CR-4513, Re\'l$1on,2. "Estimation of Fracture Toughness of·Cc!st Stainless Steels 
dufingTh'ermal Aging In LVVR systems," by'Omesh Chopra, published In May 2016. 
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Th& PWROG-1]033 mporte)(plained that NUREG/CR-4513, Ravislon 2, pr9vides a large 
database. for CASS,materlal and thermal aging, and builds on tM WOIB pertormed ln 1994for 
Revision 1 of NUREG/CR,-A513. In 1994, the.Argonne Natior121I Laborato~ (ANL) com~ an 
extensive re.search program In assessklg the extent otthermal aging:of CASS mat~rials. The 
ANL·reseerch prognu11 measi,red mec~ prope~ ,ofCASS ij@terials ~fl:er they ~d been 
heated in.controRed ovens for long·periods oftlme-. ANL compijed a dtdQ.base, both from data 
within ANL and from international sources, ofabotrl: 85 compositions of CASS-exposed to a 
temperati.ire range ~f290-400 ·,G. {550-750 ~ for up-to sa,ooo hours{6.5 year:s).' In 2015, the 
work done·by ANL WQS·l!IUgmented, and the fracture toughness data~.for CAS.S materials 
was aged to 100,000 hol,lTS at 29()..35Q ·c (554-8.33."F). The ~hodrJloQY. for.estlrmdlng 
fracture properties haa been extended to covet: CA$S matertals with a ferrite content of up to 
40 percent Fr.om the database in NUREG/CR--4513, Revision 2, ANl developed lower bound 
correlatloQS fi>r ~ting the extent.of thermal aging of CASS. ANL developed the Jr.achn· 
toughness estimation procedure& by ;orretating data in the databaee conse.rvatlvely. After 
dewloping the corre~tions. ANL validated ~ estimation proceoures ~ comparing the 
estimated fracture toughness with the measured value for several CASS,components harvested 
from ~I p)ant.service. 

The P\NROG ~ad the prooedura develop&d by ANL to derive the fully saturated fraoture 
toughness V(llues for GASS material of the RCP casing. The PWROG indicated tturt its 
conflrml!tory ana~ showed that the minimum fracture toughness values based on the original 
methodology in, WCAP-130451~ ~II ~mibng as compared to the ""c;:b,Jre toughness propertl~ 
based on NUREGi'CR-4513. Revision 2. 

The PWROG-1.7033 report stated that·NUREWCR-4513, Reyision 2, provides the fracture 
toughness co~lations for the fully eged oondltion of ~ss rmuertals and the, ~elations ere 
applicable for the CFSM pump casings ·of ltJ$ plants ~feting at and beyond 15 affective full 
power~ ~FPYs). The PWRoo-17033 J~port further states that currently, RCPs r1 th& 
Westinghouse.fleet are operatll:tg well beyond the 15 EFRYs service Hfu; therefore,.the use of 
th& fracture toughrl-8$$ correlatio_ns ~.In NUREG/CR~13, Revlsioo 2, Is applicable for 
the fully aged or safurated conditions. 

In RN-4, the NRC uaff noted that Sectioll 112 of WCAP-13045 indk:atas thaf a ·postulated flaw 
location [ l ls SlJbject to,the loss of load transient (upset condition) 11nd is identified as the 
high_~ ~ location. WCAP-1 ~ $9 lndioale5 ~ on a plant-speoiftc basis, a yield 
str&ngltrlevet slightly greatar.ftian 20 ksl (thousand pounds per square inch) 'is SIJfloient to 
confirm the·~w stablfity.at ttlil; flaw location.. .~AP~13045 further,tndlcates ~a.t ~ a yield 
"Strength leyet {gr:ea):ef .than 20 lq;i) will ensure that the stability crif~ria regardlllU the fra~ 
toughness ancUeanng modull,ls are ~d'Q.e .• ~ < J._, end-Tapp < T .,,.J, In co~. the 
NRC st¢f-~ that T.Qble 2 of the FWR00~.17033 mport: ~ a yJeld strength level less than 
20 k.si to calculate the fracture l9ugtm,ass .Pf0pe$}s of (ha•Cf 8M mamriaj in 1fle crac~ sta~ 
analysis. The NRC stafr:'also noted that the PWROG:-17033 report.doe!! not a~ress whether 
the postulated flaw lof;ation E J kt Section 11.2· ot\NCAP-1:3045 moets'tlle cracjcsta,bllit:y 
~rla for~ years of operatiOn When the crack ~billY ana~·~ the Updated fractur& 
toughness· properties. The.NRC staff questioned the stabiJty of postulated tlaW Joca.tiOrl [ ], 
considering the pck!.nt-sl)Qelic yield strength of the material, actual loacing conditk>ns, and the 
~ tQughoess Vlllues of J1c, J....x. and,TmaL 

ln,addltlon, tfw· NRC staff ootes that the PWRQG-17Q33 Nlport used NUREG/CR-4513, 
~evtslon 2 •. to derjve material fraotura toughness values. WCAP-13045 used ,its own method to 
derive a set of Um ling fracture tougooef>S values. The NRC 'itaff asked the PWROG to derive 
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material fractuta toughness valuas based on NUREGICR-4513, Revision 1, as a comparison to 
th& values dertved from NUREG/CR-4513, Revision 2. the'NRC.staff asked the PWROG to 
compare the fracture toughrteSl;i values derived from the 'three. sources-WCAP-1 ~. 
NUREGJCR-4513, Revision 1, and NUREG1CR;4513, Revision 2. The NRC staff's Intent isto 
ensure thatthe,fracture toughness values used In the ~ok stabillty,analysis In ~P-13045 
are truly aged and ~turated Omlting and boilndiag) ror .80 years, 

In ll$ response to RAl-4,,-the PWROG· stated that of all the domestic operatiog plants considered 
In WCAP-13045. only three plants heve pump caslomi made from SA-351 Cfl!M material The 
fracture toughness values from tt,e· most fi'mllng heat Were selected from the three CF8M plants 
to represent ttw higt)est str~ flaw location [ ] ~s shown in 
Table 5-1 otVYCAP-13045. 

The PWROG used the chemistry of the limiting heat of CFSM material at the highest stressed 
flaw location to.recalculate the fracture toughness values based on NUREG/CR-4513, 
Revision 1. Based on NUREG/CR-4513, Revision 1, the PWROG derived the fracture 
toughness values at operating condllons. The PVVROG noted lhat the saturated fracture 
toughness values based on NUREG/CR-4513,' Revision 1, are larger than the values 
determined in.Table 5-1 of WCAP-13045 for high strass flaw looatlon [ ), 

Based on INCAP-13045, Ta~ 11-2, for CFSM material, the highest stress flaw location [ ] 
for loading level Chas applied loadings of [ ) when the 
pressure is limited to 2,485 psi due to reactor trip. The NRC staff notes that WCAP· 13045, 
Tables 11-2 tr;> 11-5, Table 11 • 7, Ta~ 11 ..S present Ji., T !Nit< J- Japp, and T IIPP values 
associated With various postulated flaws for vartous. RCP modGI$. Comparing tho calculatod 
~and Topp values to the material fract~ toughne:JS values derlVed from NUREG/CR-4513, 
Revision 1, the NRC staff finds that the f:ligh ~ flaw ~n satisfies the acceptal'}Ce criteria 
for crack stability. 

With ~rd to loading conclilons, the plant-speclflc evaluation performed for the plant with the 
llmlllng CF8M material heat for high stress flaw location [ ] reports that the actual plant-
specific loads a re below the .screenklg loads osed in WCAP-13045. As a result, the screening 
loads bound the plant-fipeclfic loads, and the Japp ~nd T "PP values ln WCAP-13045 remait 
bounding for the ~ nt with tbe limiting CF8M casing at the high stress flaw location. 

Thus, the gane'rio ·orack.stabllity ~nalysfs In WCAP-13045 confirms the stability of postulated 
ftaw looation [ ] talcing into 8CCOjJnt conservative ASME Code ,Yield strength (In lieu of pla.nt-
:speoifJo yield strength) of the material, screening 1oa·ds [m lieu bfless limiting.actual loading 
conditions), and the fracture toughness values (.lie • .i_,, and Tmat) based on NUREGJCR~13, 
Re"'5ion 1. 

In RAl-2(a) 1 the NRC !ltaff a~ked the PWROG to provide guldar\Ce to applieantslllcensees to 
demonstrate that the fnput panlmetors used Jn WCA,P-13045 anatysas am boundl'lg. In Its _ 
response,-tha PWROG stated that the majority of domostic operatlng _p4thts'·With Westinghouse. 
pumps a~ made rrom qFB material. Table5-1 ofWCAP.:.13045-presentsthe Umi{ngtractur~ 
tot.lg~ values(~. T-1, and,J,,,..:) ih CF.8 matorlaL The f>WROG,stated that as can be seen 
In WCAP-f3045. Table A-2. those values ar~ the limiting fr~ «>ugh~ propeTtles for arry. 
of the plants whose pump ca.sings are made from CF8 m~torlal, regardless of the plant-speclfic 
chemistJy ofthQ pUmp caslng material; Onty three U.S. PWR,p~rits haye pump casf.ngs tmd 
.are made from~ material. iabte.5-1 ofWCAP-1~ presents·the Umlting CF.SM fracture 
toughness yalues for the flange rnner quarter,·the noule outer quarter, and the noz:zlQ Inner 
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quarter locations, Each of thQse.fimltlng sets of valt.jes In Table 5-1 is based cin the pump 
casing chemlstty of one of the CF8M casings, and, as can be seen from Table,A-2, pages A-29, 
A-30, arid A-41 of WCAP-13045, they bound the fracture toughness values of the other. CF8M 
ca&ings at tho~ 16catl9ns. 

The P\NROG explnfned that the three plants that have the CFBM czisings were analyzed on a 
plant-specific basts and were st}own to meet the crackstabllfy margl05. As a result, the 
fracture tough~ values reported in WCAP-13045 bound the fracture toughness V!!llues of all 
the CFSM'pump ~sings. overtime, the flll~e toughness values for SA~1 CFBM and CFS 
materials.reach a saturated 'State based on chemistry (motybdem.im, delta ferrite),. casting 
method (stetic·or centrifugal), temperature, and time as discussed in NUREG/CR-4513, 
Revlslon 2 (eee·Flgure 12 of NUREG/CR-4513, Revision 2). The PWROG-17(:)33 report used a 
lower bound saturated fracture tougt;ness correlation curve from Nl,JREG/CR-451.~. R~vision 2, 
to demonstrate.that the.bounding CF8M materiel heat from all Westinghouse RCPs, as shown 
in Table 5-1 ofWCAP-13045·, still has st.tfficient fracture toughness to JT!89t the stability 
acceptance critf;lria and saraenlng loadings of WCAP-13045. 

The NRC'stafffinds that ttie miriimum fracture toughness values based Qn the.original 
methodology in .WCAP-13045 are stlU limiting as compared to the fraoture·toughnesS' properties 
derived from NUREG/CR-4613, Revision 2. However, the NRC staff questioned how U,e 
frac:ture toughness values derived from NUREG/CR-4513, Revision 2, compared to those 
derived from NUREG/CR-4513, Revision 1. The discussion below provides additional technical 
basis. 

4.25 Saturated Fracture T~ U5/ng NUREGICR-4513, RevisioM 1 and 2 

In RAl-8, the NRC staff noted that Section 3.2 of the PWROG-17033 report states that the 
material fracture toughness values.were derived fro_m ~REG/CR-4513, Revision 2. T!')e NRC 
staff notes that·Aging Management Program XI .M12, ThtKmal Aging 'Embritt/ement of Cast 
Austenitic stainless Steel, in Generic Aging Lessons Learned for Sybsequent License Renewal 
(GALL-SbR) report, NUREG-2191, Volwne 2, discusses fracture toughi:iess values based on 
the pr~ic!ion methoq in NUREG/CR-4513, ~vision 1, not Rev!slo112. The NRG ~ff 
questioned whetherthe saturated fracture to1.1ghness value used ln·the crack stabfffyanalysls in 
WCAP-13045 would still be bounding as compared to the saturated fracture toughness values 
pr~loted In accordanoe wkh NURl;G/CR-4513, ,Revision 1 or Revlsfon 2 

In RAl-9, the ~ staff noted ~t the frac;:ture toughness ('*,· J-. a~ T nut) vaJues {n Table 1 of 
the P\IVROG-17033 report are bounding and were used to demonstrate the crack stabiTly of 
RCP,casings. However, th.e J1c, Jnm. and T mm values used in Ta~ 11-2 end 11-3 of 
WCAP-13045for high str~.flaw IOcatlon [ ] w~re hlgh~ (Le. 1 not conservative) than the J1c, 
J,,.,.,., al)dT ,oo values-Dstod in Table 1 of the P.W~OG-17033 report. ThG NRC staffmds that ff 

the 1ower Ji., Ji.-, and T met valuas m Table 1 of thQ PWROG-1.7033 report we-re used, the 
postulated crack at th,e'highest stressed JQcatlon may not ~tisfy the crack ~blfity acceptance 
c~rla. Th0 NRC staff also notecf that it appears that the fractUre toughness values in 
Table 5-1 ofWCAP-13045 should be e9mpare<1to the fracture toughness values predicted 
based·On the method it NlJREG/CR-4513, Revision 1, not Revision 2. 

To respond to RAl-8 and RAl-9, the PWROO re-caleulate<fthe four .sets of fracture toughness 
valt.les fflported'in Table 5-1 of WCAP-13045 based on the method9logy outlined In 
NUREG/CR-4513, Revisions 1 end 2. The ~OG reviewed and reconched any major 
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dlfferenees in the fracture toughness values calcUJated by using the methodology of 
WCAP 13045 and the two revisions of NUREG/CR-4513 as discussed below. 

4.2.6 NUREG/CR-4513, Remian 1 

The.PWROG re-calculated all four sets of fracture toughness.values (J,c, Jmu,,and Tmat) In 
Table 5-1 of WCAP-13045 u5ing the prediction method in NUREG/CR-4513, Revision 1, and 
the results were shown In Table 1 of the P'WROG's response to the March 19, 2019, letter. The 
PWROG re-evaluated aD'crac;k stability results gtven in Tables 11-2 through 11-5, Table 11-7, 
and Table 11-9 of WCAP-13045 using the fracture toughness values derived based on the 
methodology of NUREG/CR-4513, Revision 1. The PWROG noted that the fracture toughness. 
values using NUREG/CR-4513, Revfslon 1, are higher than (not as conservative as) those from 
WCAP-13045, except for T mat for two cases. 

The P\NROG stated that based 011 the re-evaluation of the fracture stability margins in 
Section 11 of WCAP-13045, the crack stability criteria were satisfied in all but one case. The 
one case that does not show acceptable stability results Is flaw location [ ] (Level C 
loading). As shown In Table 11-7-of WCAP-13045, ~ Is below Ji-, for this flaw case, but Tapp 
Is slightly above the T 11111 calculated by using NUREG/CR-4513, Revision 1. The PWRoG 
stated that as a mom realistic scenario, It is reasonable to SSGume a reactor trip transient with a 
pr~ure limit of 2,485 psig in lieu of the hlghly conservative pressure of 2,635 psig. As shown 
by Note (b) In Table 11-7 of WCAP-13045, this condition was assumed in order to show 
acceptability offlaw location [ ] for level C loading. As a result of using the lower 
pressure, the T llf'P will be reduced to a value below the bounding criteria limit of T mat as 
calculated Using NUREG/CR-4513, Revision 1, methodology. The PWROG stated that using 
the tectmical justification above, aU·flaw location:s reported io Tables 11-2 through 11-5, 
Table 11-7, -and Table 11-9 of WCAP-13045 satisfy the fracture toughness bounding crtterla 
calcttlated using the methodology of NUREG/CR-4513, Revision 1 and are, therefore, shown to 
be stable. 

4.27 NUREGICR-4513, Revision 2 

The PVVROO re-calculated all 4 sets of fracture toughness v;tlues (Jic, .Jn,.., and T rrm.l) In Table 
5-1 of WCAP-13045 using the pre.diction method in NUREG/CR-4513, ReVisfon 2, and the 
results were slwwn In Table 2 of the response to'RAl-9 in the March 19; 2019, letter. The 
PWR9G stated 1:ru!t NUREG/CR-4513, Revision 2, produces more limiting (lower) material 
fracture toughness values than NUREGJCR-4513, Revision 1. However, comparing the fracture 
toughness values prodUced by the two methodologies, only a few NUREG/CR-4513, 
Revision 2, fracture toughness values am le~s than WCAP-13045. 

The f1rstthree cases {I.e., llQZZla il'ln(lr quarter, l"IQZZkl outer quarwr, and flanga moor quarter) 
Which are smUar to Table 5-1 ofWCAP-1·3045, COnsk:IQT SA-351, GF8M stablity criteria. Based 
on th8 facttfiat..there are CFSM pump casings ftom three dlfferent,plants·Tn the entire 
Westinghouse PWR operating fleet, the Pl/1/ROO analyzed each ofthe above cases separately 
for aack stability based on Tables 11-2, 11-5, 1f-7, ~nd 11-9 of\lVCAP-13045. The PWROG 
also evaluated the CFS material In Table. 2 of the response to RAl-9'in the March 19, 2019, 
letter with ~ cr:ack stabnlty criteria of WCAP-13045 to sh6w '8;CC8ptable ~rgins ~s cftsc~ 
below. 
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4.2.8 Nozzle Inner Quarter- CFBM Material 

The PWRQG stated that the fracture toughne~ values (J1c, ~. and T mav per 
NUREG/CR-4513, Revision 2, are slightly less than ttJose in WCAP-13045, However, the 
.!.pp and T 9PP values reported In Ta!:>le 11-2 of WCAP.:13045 are still ~ufflclently l?elow the 
NUREG/CR-4513. Re\!ision 2. values for Jm:.t,.and T lll4t· In addition, plant-specific anal¢s 
show~ that the plant- specific loads are bounded by the ~eenlng loads reported in WCAf'. 
13045. As a result, all stability margins are met, -and crack stability has been dem_onstramd for 
this flaw location. 

4.2.9 Nozzle Outer Quartar-CF8M 

The PWROG stated that all fracture toughness vah.Jes (J1c, ~ and Tm.) per NUREG/CR-4513, 
Revision 2, are.higher, than those reported In WCAP-13045. Jherefore, the values reported in 
WCAP-1.3845 remain rnniting and bounding. F.urthe.rrnore, ~nt'..gpecific analysis shows that the 
plant-specific loads are bounded by-the screening loads reported· In ,WCAP~13045. As a result, 
all ¢iblllty margins are met. and crack stabllity has been ~roonstrated for th~ flaw locatjon. 

4.2. 10 Flange Inner Qaarter-CF8M 

The PV\IROG stated that the fracture toughness value of .ln- per NUREG/CR-4513, Revision 2, 
Is higj,er than that reported in WCAP-1~; however, the J1c and _T mot values per 
NUREG/CR-4513, Revision 2, are less than those in 'v\lCAP-13045. From Table 11~2 of 
WCAP-13045, the limttlng flaw location I 1 has a Jmpp value of [ · I arid a T 111'1! 

value of ( J baSGcl on tha use of a raactor trip pressure of 2,485 pslg as shown In Note (e} of 
Table 11-2. The Jim)! value of ( ] per NUREG/CR-4513, Revis_ion 2, fs greater than 

th& Japp value of[ J; however, the T mat value ot[ l_~r NUREGICR-4513, 
Revision 2, is Jess than the T 11pp value of [ ], The PWROG ~that~ limiting CF8M 
fracture toughness valUElS are specific to 1:me pump ,casing of one planl The other two CF8M 
plants showed acceptable stability results at flaw location.[ ], ~ they have .different material 
heat5 with higher calculated fracture toughoess'values. The PWROG'stated that the plant­
specific a~~ shows that the screening loads lo VVCAP-13045 a~ ,higher than the plant­
speclfio loads for the plant'wlth the limiting fracture t~ughness values as sh6wn in Table 3 of the 
response to RAl-9 in the March 19, 2019, letter·. Therefore, the stresses•uajKj in the Tapp value 
are conservative In WyA.P-13046 for flaw location [ . J. Fu~rmore, ASME ~ properties 
tJ;;ive been~ to d~tennine t~ T ai,p In WCAP·13045; but actual plant-spe9iflc yield strength is 
typically hlgher than the minimum Qode yield strength. ~ a result, t,he Tepp va,lues in WCAP-
13045 a re conservattv~ relatiVe to actoal ni$nal ylell:I strengffis. and If the ajmJ&I pmnt-sp~flc: 
Tlll'P value w,as calculated using realistic plart-speclfic Inputs (Le., loads and yield strength), Tapp 
Wbukf fall heloW the T 11111. 

Th& ~ exp~ine'd that for this ~r ,flaw location [ 1 6nly one p~nt h!IS a CFBM 
heat that is Jimfllog for flaw stablf!tY criteria. However, lhat plant ~onstrates m:ceptable 
~w stab8ity using the methodology of,WCAP-13945 and NUREG/CR-4513, Re\lision 1. 
Furthermore1 that heat of the CFBM material'would likely demonstrate acceptable, margins 
using NUREG/CR:.4513, Revision 2, methodology !factual ,plant-specific loads and yield 
:Strehgth were used_ nie PWROG explainedJhal based on the previ9~ discussion and no 
known service degradation of this limiting CF8M casing, sufficient crack stablllty for this flaw 
location has ~en demonstrated. 
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Wlth respect to CFB material, the PWROG stated that the fracture toughness va11:1es per 
NUREG/CR-4513, Revlsion·2, are an higher than the WCAP-13045 values with the exception of 
T ..-..t. which Is discussed beloW. The SA-351 CFS fracture tough~s properties are considered 
in WCA.P-13045, Table 11-5 (Mo®l 93), Ta~ 11•7 (Model 93A) and Table 11-9 (Models 63 
and 1 OOA). In Table 11-5 for Model 93· pump casings.. all stability criteria (Tapp < T ina1 and 
.Japp< Jn.,it) are met using fracture toughness values pet NUREG/CR-4513, Revision 2, In 
Table 11-9 for Model 100A pump casings, an stability criteria are also met with the use of 
fracture toughn~ values from NUREG/CR-4513, Revision 2. There are no Model 63 pumps In 
the U.S. pWR operating fleet; therefore, the stability results for Model 63 In Table 11-9 are not 
applicable. 

In WCAP-13045, Table 11-7 (Model 93A), the stability crteria for flaw location ( ] (Leval C} 
are met with a reactor top pressure limit of 2,485 psig as shown in Note (b) in Tabll3 11-7, using 
fracture toughness values par NUREG/CR-4513, Revision 2 .. In Table 11-7, flaw location' 
[ ] (l.:evel C) has a T 8111' value of [ ], which is higher than the T mo1 value of [ ] based on 
NUREG/CR-4513, Revision 2. However, if the·Reactor Trip pressure limit is used for flaw 
location [ J, then the Topp would drop conslstentty with the T"f'I' drop seen for flaw location 
[ ] O.e., T~ will be reduced bya value of approxhnately 21). As a result, all the stabiity 
results will be met for the Model 93A casing using the methodology of NUREG/CR-4513, 
Revision 2. 

In RAl-6(b}, the NRC staff asked the P\JVROG to discuss how a plant can demonstrate ~ctural 
Integrity of 1ts RCP casings using PWROG· 17033 If the crack stability criteria are exceeded. In 
Its response, the PWROG stated that crack stabUity is demonstreted for the highest stre~ 
flaw location [ 1 and the li'mitlng CFBM material casings using ffle ASME Code mfnlmum 
properties, conservative screening loads, end updated macture toughness values based on 
NUREG/CR-4513, Revision 1. Tt:ie PWR(X;,explained that if, hypothetically, the crack stability 
criteria are e~eded. then plant-specific yield strength along with the use of actual i*int­
specific loadings can be used to reduce conservatism in the evaluation. Use of a smaDer flaw 
·size, instead of_ 1/4T flaw; can also be consl~tod, as the service experience for pump caStngs 
fias shown no degradation or detected indications. 

The P\NROG concluded that the use of the methodology in NUREG/CR-4513, Revision 1 or 
Revision 2, wi8 produce material fracture toughness values that are typically higher and less. 
llmltlng than the material fracture toughness 'ltlk.les derived In WCAP-13045_ For cases where 
the fracture toughness values based on NUREG/CR-4513, Revision 2, are 'lower than those In 
liVCAP-13045, the PWROG demonstrated that all flaw stability margins have been met besed 
on p1ant:specific evaltlattons and realistic inputs for reactor trip pressure, plant-specific loads, 
and yield &rength. 

The PVVROG further concluded that degradatton or crack-like ThdlcatiOns have not been found In 
1/V~hoLJse desl,gned RCP casings. Thus, based on the abol/e discussions, the stresses, 
app(led loadings, fracue toughness values, and trall5lents .consjdared In WCAP-13045 are 
boundlng for, ~n lndivk:lual plant's- plm'lp casing or have bean reconciled through plant-specific 
reva~tions. 

The NRC staff notes that if a crack; stability •nalysis uses conservative pammqters, tne 
postulated crack may not.satisfy lhe stabirity 3CCQptance criwria. In this case, the crack 
a~ may not be realistic, and It may not be reasoJl&)::IW for such analysis t1;3 tktmoostrate 
structUral lntegtity of a safety-related component, if the component has not experienced active 
degradation. ltls unreasonable to expect WC/>P-13045 to use the highest applied loadings and 
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a conseivative postulated flaw tQ meet th1;1 l9West saturated fracture toughness values. 
However, it is NRC ,staff's expectation that a crack stabllity·analysls does need to demonstrate 

that certain saMy rnerg/11 is maintained in toe safety-related comp<ment. 

The NRC staff further noted ihat the method to denve St!tu~ted fracture toughnes$ values of 
CASS material_n,ay, be ,chengtng In the future· depending on the data in the future experiments. 
The.saturated ncture toughness values are predicted based on the statistical anelys{s of the 
experimental thermal e~ment data. As discussed·above, ANL revised the derivation 
method of fracture tougtviess values between Revision 1 and Revision 2 of NUREG/CR4513 
based ion addi1)onal specimen data. In the future, the derivation methQd may be.changed again 
5UCh that the saturated fracture toughnes$ va1ues may be lower then the va~ derived in 
WCAP-13045. However, based on the current data and derivation methods, the NRC staff finds 

that the fracture toughness values derived In WCAP-13045 are r~nable t:,ecaUSQ in most 
cases they are lower than values derived from NUREG/CR-4315, Revisions 1 end 2. 

4.2 11 Crack Stability Anslysis. Summary 

The NRC staff determines tliat for the crack stability analysis: 

(1) the PWROG-17033 and WCAP-13046 reports have used, in general, the fmiting material 

fracture toughness values to demonstrate Clllclc smbility, 

(2) the materi_al'fractwe toughness va!lles used in the crack stability analysis are ~wn to be at 

fully-aged, .saturated conditions such that any additional aging will not lower the fracture 

toughness values and, therefore, will continue to remain al)Pficable for 80 years of operation, 

(3) the fracture toughness velues used in WCAP-13045 are acceptable because they are, in 
most of cases, less (more conservative and limiting) than the fracture toughness values 

obtained by the method of NUREG/CR-4513,.Revision 1 or Revision 2, 

( 4) for those cases where the fracture toughness values de(ived from NUREGICR-4.513, 
Revision 2, are lower than WCAP-13045, the PWROG provided reasonable explanation for the 
a~nce of the crack sta~iity aoalysts in WCAP-13045, 

(5) the applied loads and stresses used in .the crack stab\lity a nalysls are appropriate. For the 
cases where the applied ~ding (Japp or T 8PJ>) exceeded the material tract~ toughness values 
(.lie, J;,,., and T rotiJ, plant-specific analyses mive shown that crack stabilty .acceptance criteria 
are satisfied, · , · · 

(6) some plants may not saHsfy the crack stability ac~ptance crlterfa or may hava their epplled 

loads ~eding U\Q scroenJng loading In WCAP-13045. ~ plants t)ave perfom,ad a plant­

spacifletrack stabltity analysis. The NRC staff has imposed conditions to address scenarios 

where pla~ ~ta exceed the. Inputs in the crack stability analysls of the WCAP-13045 or 
P\NROG-17033 report. The NRC staff's-fmposed conditions are discussed ftJrther In the· SE. 
and · 

(7) the crack stability enalysisfor RCP pump casings ~rformed ln tha WCAP-13045 and 

PWROG-1703$ reports is acce~bla for the 60 years of operation. 
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4.3 Fatigue! Cr~ Growth Analysis 

The PWROG-17033 report re-evaluated and confirmed that the fatigue creek growth (FCG) 
calculation in WCAP-13045 is stil wlid for the subsequent period·of extended operation. 
SpecfloaUy, the f>WROG-17033 report col'Jfirrned that the generic 'FCG analysis performed in 
WCAP-1'3045remains applicable for_80 years of.operation In terms of,the stresses.~ 
intensity factor equations, transient definitions and cycles, and FCG rates. 

The PWROG stated that two FCG analyses were orjgioalty performed in Section 12 of 
WCAP-13045 for the postulated crack In the highest stressed [ ] of the 
Model 93 and.93A pump i.asings. The PWROG also stated that the FCG analysis ofttie 
Model 93A pump was perfonned prior to the publication of the stainless mel FCG law fn the 
ASME Code, Section XI. Therefore, the FCG_ law from the technical paper by Bamford, W. H., 
"Fatigue Crack Growth of Stainless Steel Piping in -a Pressurized Water Reactor Envirorunent,n 
Trans ASME., Journal of Pressure Vessel T~chnology, dated February 1979, was Initially· 
considered ln WCAP-13045.- However, the FCG law used-for the postulated flaw i1 Model 93 
was baaed on Figure C-3210-1 of Article C-3000 of the 1989 Edlt~n of the ASME Code, 
Section XI. 

The PWROG compared the FCG rate used In WCAP-13045 with the F~ rate for stainless 
steel in air envJronment from the NRG-approved 2007 Edition with 2008 Addenda of ASME 
Code, Section XI, Appendix C. The PWROG applied a factor of two to the FGG rate to account 
for envlronmental,effe$ of a pomilated flaw in water as described in "Evaluation of Flaws in 
Ai.Jstenltlc Steel Piping,• Trans ASME, Journal of Pressure Vessel Technology, Vol. 108, 
pp. 352-366, dated 1986. 

The PWROG stated that there are no significant differences between the F.CG rate in stainless 
steel In water In the NRC-approved 2007 Edition with 2008 Addenda of ASME ,qoc10, Section XI. 
AppernfDC C and the FCG rate used in WCAP-13045 for the postulated flaws in Model 93 RCPs. 
The PWROG further stated that tha·dlfferenca between the current "Stainless steel FCG rate In 
water and the FCG rate considered in WCAP-13045 for the postulated flaw in Mode_l 93A RCP 
casing is also insignlficanf. l'he P.VtlROG concluded that the existing FCG rates in Section 12 of 
WCAP-13045 are acceptable based on curre-nt industry standards for FCG for stainless steal 
material In a water environment. 

The PV\IROG sta~ that other Inputs required for an .FCG analys)s are tna stress im~ity 
factors (SIF), stresses, traru;~nt cycles, ~:ind'ttanslent c;ieflnitlon:;.. The SIF correlations used for 
the FCG analysis in WCAP,-13045'are consistent with the current correlations provided in the 
ASME Cc;,de, Section XI, Appendix A. The PWROG indicated that the transient~ used In 
the FCG an-alysls are generic and 'encom~ the various pumP. designs. ~ ~s have 
not changed for the ~uent period of ~ded o~tion. The PWROG further indi~tod 
that the numbers of predicted,cyci&s for 80 years of extended·operaflon are assumed to be 
bounded by,the transient cycles considered 11'1 Ta~ 12-2 of \NCAP-13045. Toe PWROG 
stated that~ transJent definitions ~re also not expected to ctui~e over the SO-year operation. 
Ttie PWR00, 17033 report concludes thaf the generic transient descriptions and numbers of 
transiGnt cycles ln J'able 12-2 of WCAP-13045 e""81op the transient GOndili9rt$ for 80 years 6f 
operation. 

The PWROG explained that· plants constdefilig the 80-yearllfe extension count cycles typically 
comply With origin-al desfgn basis cyotes for 40 years; therefore, there Wfl be no slgniffcant 
increases In the number of-cycles for 80 years. For a confirmatory evaluation, the PWROG 
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doubled transient cycles des~ for 40 year.s to apply to the ~r FCG analysls to account 
for any large differences In the transient cycles. The PWROG-17033 report demonstrated that 

the final flaw -size at the ~nd of 60 years would still be less than the critical flaw size for crack 
rnstabllity at the high ~ess location. 

In RAl-2(b). the NRC staff asked e.oout the ·flaw .size. flaw orientation, and direction of its growth. 
In Its response, the PWROG stated that for !he Model 9:"fpump casing, 'the FCG evaluations­
which produced the most llmitklg ~ were for postulated tmws at the [ 

]. For the 
Model 93A pUnip casing, the "mrong FCG results were fOf a postulated flaw oriented in the 

I 

]. 

The PWROG explained that th!a F~G ana~ results for postµlated flaw depths (flaw length is 
based on tt,e aspect ratio, flaw Jength/flaw depth, of 6:1) into the pump casing wall thickness are 
provided in Tables 12-1 and 12-3 of\fl.Q\P-13045 for~ Model 93A and Mod~ 93 pump 
designs, respectively .. A sm_al; posltllated flaw depth evaluated in the WCAP-13045 and 

P\NROG-17033 reports is based on an initial depth of 0.3 inches. ·Other initial flaw depths were 
also considered for sensitivity analyses, as shown in Tables 12-1 and 12-3 of WCAP-13045, to 

demonstrate that the growth due to FCG is sman. · 

The PWROG .stzrted thm.the part!oular flaw depth of 0.3 fnch~ was the maximum acceptable 

flaw size in the a~ptzmce standards In Table 1~18-2 (for pressure retzsining welds in 
pump casil')QS) iii the editions up to the 2007 Edition of the ASME Code, ~lion XI. The flaw 
depth of 0.3 inches Is still the maximum acceptable flaw size in tt,e accepta_nce standards of 
Table IWB-3519.2-2 (for pump casings) in 'later editions of the ASME eode, Section XI. Tl:le 
PWROG used edditlc;mali,ostulated flaw sizes that are equal to aod exceed the maximum 
,acceptable flaw size of'0.3 Inches in sensitivity studies to demonstrate that the flaws do not 
gr~ significantly over time. 

The NRC staff finds that·ttie postulated flaw with a depth of 0.3 inches is a~~ble· to be U68d 
In the FCG.ana}ysis because,it is the maximum acce~ble flaw size ln accordance With 
Table IWB-3519.2-2 of tbe ASME'Code, Section ,X). 

TllEI PWROG indicated that If all CJthef'inputs for an FCG analysis (SIFs. stress, tiansiwrt oyoles, 
and transient defiriltloos) ~~ bounded by or are slmllarto the in~ of WCAP~13045, then1he 
fatigue crack growths fo·r 80 years are expected•to be similar to l:able 12~'1, and Table 12-3.of 
WCAP-t~ for 40 years. The PWROG reported that even if the transient eye~ for 40 years 
a"' doubled for·80 years~ acco1.1nf; for any lnrge. differences In the transient cycles, ttie final 
flaw· size would cgnijnua to be less than the IT!tnlmum ·~blllty ~ .sfze of 1/4Tflaw depth 

proVld!Xi In Tabje 11-Q.of\lVCAP-13045, at the location of the highest stressed region. The 
PWR00-17033 report concluded that the FGG ;iina~ provided In 'Section 12 of, WCAP-.1 ~ 
continues, to remain valid for .80 ye~Js. 

In RA1-2(a) 1 the NRC staff aska:d Whether.~ Input parameters~ In the FCG analysis.are 
bounding. In It!. respol)SG, 'PWR-stated that.one of tha inputs in a F~G a~fy$ is ~nsiem: 
~J>S ranges. As cf1scussecf'ln the plant-specific a\laluations,--:the generic transients considered 
in the FCG e.valuatlon of WCAP-13045 w~ reviewed agafut the severity and fr.equency of the 
plant-speclfio operating transients. The ·PVVROG also stated that the typical design transients 
and cycles used In WCAP-10045-are generally appllca.l?Je to the plant-specific transients and 
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cycles. The pWRQG further stated that [ 

J. The PWROG noted that uprate 
conditions will not Impact the loads and transients as previously determined-by plant-specific 
evaluations. 

As stated abow, the PWROG doubled the number of tr;msient.cycles usec:Un WCAP-13045 to 
account for the increase in plant operation to 80 years, thereby demonstrating that the FCG 
analyses performed 1n WCAP-13045and in the plant-sp8Cific evaluations remain valid. Plants 
applying for 80-year operation typically have retain.ad the same number of design cycles as their 
SO.year deslgo cycles. The PWR9G stated that as a result the fatigue crack growth 
assessment in the PWROG-17033 report wnn,e applicable for plants submitting their 80-year 
"Subsequent license renewal application 

4.3.1 Fatigue Crack Growth Analyffl Summary 

The NRC staff determines that for the FCG analysis: 

(1) the FCG rates used In WCAP-13045 are comparable to the FCG rate for stainless steel ln 
water environment ~ shown 1n ASME= Section XI, 

{2) the stresses used are appropriate, 

(3) the transient cycles, In general, used in the WCAP-13045 bound the predicted 80 year 
transient cycles, 

( 4) when the transient cycles were doubled, the final flaw size for tne FCG analysis would still 
have sufficient margin with respect to the stablJlty flaw size of 1/4T flaw depth. 

(5) to confirm whether the transient eyoles used In WCAP-13045 are trUly bounding for the 
plant-specific transient cycles, the NRc· staff has Imposed a condition for the use of the 
PWROG· 17033 report in the subsequenJ license renewal appHoation regardirig the 
plar,t..spe~ F'CG analysis nput_ The- NRC staff's-imposed condition is disous~ further in the 
s~. and 

(6) the FCG analysis for RCP pump casings performed in the WCAP-13045 and 
PWR00-1~ reports I!> acceptabl&forthe.80 years of operation. 

4.4 lnspectton Requirements 

The NRC staff notes that inspection of the RCP casing is. specified in the ASME Code, 
Section XI I Table IWB-'2500-1. ThQ RCP casing is under Examination Category ,B-L-2, Item 
Number,B12.20 as.shoWn In the latest NRC,apP~Ved 2013 Edition of the ASME Code. lwm 
Number B12.20 requires a VT-3 visual examination of Internal surfaces of the RCP casing once 
every 10-year lnservlce interval. 
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ln adcfltion, Note 2 to Table 250Q-1,B<~minatlon Gateggry B-L-2, requires that VT-3 visual 

examinations of the Internal surfaces of the RCP casings be performed during retuellng outages 
wh.en the pumps-are disassembled These examinations are performed on accessible portions 

of the internal surfaces of the pump casings. 

4.5 Compensatory Measul"M 

In RAl.$(b), the NRC staff asked the PWROG to cllscuss measures that are in place to alert the 
operators to take corrective actions should Jeakage occur at the RCP cl!lslng. In its response, 

the P.'v\lROG stated that based on typical serv~ condltlons, flaws are 09t ex~ to ·occur 

during the lify·of the.~nt. If small flaws are present. they~ grow only a small amount 
throughout the service life. If a flaw should happen to penetrate the wall, It wift leak at a very 

detectable rafa and will not be unswble, ttius,allowing a shutdo~ of the ~nt per the 
requirements in plant Technlcal Specifications (fSs). The PWROG stated'that plants rigorously 
follow RG 1.45, which provides guidance on monitoring and r~pondlng to reactor coolant 

system leakage. 

The NRC staff noted that tHe aging management· program XLM1·, "AS ME-Section XI lnservice 

Inspection, Subsections I~. IWC. and IWD,v of GALL..-SLR report; NURGE-2191, Volume 1, Is 
reqaired to manage the aging effect of ~rmal embrtttlement for the RCP cas[ngs. 

T~ PVVROG stated that the RCP ca~ngs In Westinghouse-type PWR designs have an 
operating history that demonstrates the Inherent flaw tolerance and rouctliral &l!lbHity of the 
pump casings. Based 01"1 operatlng·experience, there have been no detecta~ service induced 

flaws nor discemible degradation of the CASS pump,casings and welds In the PWR operating 

history. 

Toe NRC staff finds that t;,asad on_operafstg experience, the Wesfughouse-designed RCP 

casings at nuclear plants have not experienced active degradation mechanisms. Should 
,degradation occur in the future, each plant has various compensatory measures to monitor 
structural integrity of the RCP casing. 111 additlon-,·the plant TSs require operators to take 
corrective actions within specific allowable time should Jea~ occur at the RCP. 

4.6 AppUcabillty of PWROG017033, Re\fJsion 1 

The PWROG stated.that from 1991 untJl'around 2008, 1h order to supplem$ the generic 
WCAP-~3045,-,severaJ plant~speoffio ~valuations (more 1hl:tn half of the U.S. PWR ,operating 
fleet and se\leral foreign plants) were' performed for the .casings of tfte Westinghouse-designed 

pumps, either for~ origi1121I design llfl1 of the pmnt or for 60-year llfe ~nsions. Those 

plant-specific e_vah,aations were based on th~ pump configurations f!nalyzed:in WCAP-13045 

O,e,, ea~ of.the plant-speclfic pump models .hav~ dQsign drawings that are consistent With the 

pumps anaJyzed In ·\NCA P-13045) and demomtratecl'stfuctiJral lntegnty of the cas lngs ~t the 
crJHca,l locatlons. 

In RAl-5(.a),· the NRC staff asked about-tl1e applicability Qf1he PWROG-17033 report. 'ln Jts. 
response, the PWROG stated ~t the scopo ofthe. wcAP-13045 arid PWROG-17033 mports 

is only11pplic;able to Westing~gned RCPswith MQdel 63,.70, 9,3, ~. 93A.1, ~ •. 
100A, and 1000 casihQS fabricated frorri SA-351 CFa or CF8M materi~. An operatlng U.S . 

. PWRs With Westinghouse NSSS ha:ve fJY1111J$ designed by Westinghouse_ Two of~e OJ)'I~ 
U.S. PWRs with Babcock and WIicox (a&W) NsSS also have Westinghouse designed pumps. 
However, none of the operating U.S. PWRs with Combustion Englrieering NS$S have 
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Westilghouse-designed pumps. TherefQm, the prQVisk>ns of tj'le WCAP-13045 ~nd 
PWROG-17033 reports are applicable to all operating l:J.S. PWRs with Westinghouse NSss 
and two operating U.S. PWRs with B&W NSSS. 

In RAl-2(a), the NR.C staff asked the PWROG to provtc41 guidance to appl~nts/llcensees on 
how to demomitmte that plant-speoific .data are bounded by tt,e·pammeters used In the 
nna~ in WCAP-13045. In Its response, the PWROG provided guidance on the use of the 
PWROG-17033 reporfto satisfy the requirements of 10 CFR 54.21 (c)(1). The P\NROG's 
guidance is incorpornted ns part of NRC Imposed conditions as discussed below. 

4.7 Summary 

Based (?n the review and conditions above, the NRC staff concludes that (1) the crack stability 
and FCG analyses of the RCP casings in WCAP-13045 and PWROG-17033, Revision 1, have 
used, iri ~ cases, bounding arid limiting parameters, (2) PWROG-17033, Revision 1, has 
demonstrated pursuant 10' 10-CFR 54:21 (c)(1)QQ that the RCP casing structural Integrity 
~nalyses have ~n projected to the end of 80 years, (3) the structural Integrity analyses in 
WCAP-13045and PWROG-17033,-Revision 1, have satisfied lheTLAA acceptance criteria in 
SRP-SLR Section 4.7 because the fully-aged, saturated fracWre toughness for the RCP casings 
and the FCG have been projected to the end of 80 years, and (4) the crack stability analysis and 
FCG analysis in WCAP-13045 ~nd PWROG-17033, Revision 1, hnve demonstrated that 
structural Integrity of th~ RCP casings wDI be lll8intained to the end of 80 years. 

5.0 LIMITATIONS AND CONDITIONS 

If a l!Cel'l$00 uses PWROG-1 '!033, Revision 1, to satisfy the requir~enb of 1 o CFR 
54.21(c)(1}, the following conditions must be satisfied: 

1. The licensee must confirm that its RCPs are Westinghouse-designed models. 

2. The licensee must confirm that the Westinghouse-designed RCP is either a Model 63, 
Model 70, Model 93, Model 83A, Model 93A-1, Model 930, Model 100A, or Model 1000, and 
fabricated with SA-351 CF8 or CFBM material. 

3. For the crack $billty analysis, the licensee must confirm that the screening loadings (forces, 
moments, ~ and Tapp) used In WCAP-13045 bound the pla~·speclfio loadin"5. The 
licensee must c;:onflrm the limiting material fracture toughness v1,1lues (J1c, T ff!t, and ~ used 
in WCAP-13045 and PWROG-17033, Revision 1, bound the plant-speclfio fracture tollglmess 
values. If the screen loadings an~ m~rlal fracture toughness values in the WCAP-13045 
.and PWR00-17033 ~ports bound j:>lant-speclflc-vaues, the· ffcensee needs to <flSCUSS how 
the TRs am bounding Jn the subsequent llcei,se renewal a~tion. If the screening 
loadlngs or material fracture toLlghneM valUes in·the·WCAP-1~ anq PWROG-17033 
reports~ n~t bo!,JJ'ld plant-specif{c values, the ITcensee needs to submit a plant-specific 
era.ck stabillfy analysis ,to demonstrate structural Integrity of the RCP casing as part of the 
subsequent license ~r application. 

4. For ttle FCG ana~. the, licensee must confirm that the transient cycles specified in the 
WCAP-13045 or PWROG-17033 report bound the plant-speciflcJrar\St8nt ,ycias ft?r the 
80,YflTS of operation. The llcensee.ml.!St confirm that the loadings used In the FCG analysis 
In WCAP-13045 bound the plant-specfftc applied loadings, considering potentla) Increase In 
applied loading caused by plant-specific system operational changes, power uprate or ptpjng 
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modlficatlons. If the FCG analysis inputs in WCAP-13045 bound the plant-~peclfie 
conditions, the licensee must discuss how·they are bounding In the subsequent license 
renewal appl~tion. ff-the FCG analysis inputs in WCAP-1.3045 do not bound the plant· 
specific- conditions, the ~nt owner must provide a plant-specific analysis to dem6nstf8te the 
FCG of the postulated flaw 15 within acceptable criteria 11s part of the s~uent rrcense­
renewal application, 

5.0 CONCLUSION 

On the bas.ls of Its review, the NRC staff d~lnes that PWROG-17033, Revision 1, has 
demonstrated stru~ral Integrity of the Westinghouse-designed RCP casings for the 
subsequent period ot: extended operation (80 years) based on the crack stability analysis and 
FCG analysis.- Therefore, the NRC ~ff concludes that P\NR00-17033, Re\Jision 1, Is 
.acceptable for genetic use to address the time-Um it9d aging analysis of the RCP casing Integrity 
to satlsfy'Uie requiremen~ of tO·QF.R 54.21(c)(1). 

The NRC staff fur1her .concludes that an appl~nt that util(?es PWROG-17033, Revision 1, in itS 
subsequent license renewal appfication needs to follow the condltions that the NRC staff 

imposed as specified in this SE. 

For the regula~ry efficiency, the NRG.staff suggests that the PWROG Incorporate, in their 
entirety, the PWROG's RAJ responses ~ted March 19, 2019,, and ~e NRC's SE Into 
PWROG-17033, Revision 1, as the final version, which would .. be considered as. the 

NRC-approve<f document for generic use. The NRG staff suggests that applicants use the 

NRC-approved version of PWROG-17033, Revision 1, as part of its technical basis to address 
the RCP casing examlnation issue In their subsequent license renewal application. 

Attachment: Comment Resolution Table 

Principal Contributor: John Tsao, NRR/DMLR/MPHB 

Date: September 26, 2019 

xxvii 

PWROG-17033-NP-A November 2019 
Revision 1 

..... ThlS record was final approved on 11/5/2019 3·16:22 PM. {This statement was added by the PRIME system upon Its valklabon) 



WESTINGHOUSE NON-PROPRIETARY CLASS 3 xxviii 

ACKNOWLEDGEMENTS 

This report was developed and funded by the PWR Owners Group under the leadership of the 
participating utility representatives of the Materials Committee. 

PWROG-17033-NP-A November 2019 
Revision 1 

- -This record was final approved on 11/5/2019 3·16·22 PM (This statement was added by the PRIME system upon Its vahdatmn) 



WESTINGHOUSE NON-PROPRIETARY CLASS 3 xxix 

LEGAL NOTICE 

This report was prepared as an account of work performed by Westinghouse Electric 

Company LLC. Neither Westinghouse Electric Company LLC, nor any person acting on its behalf: 

1. Makes any warranty or representation, express or implied including the warranties of 

fitness for a particular purpose or merchantability, with respect to the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 

any information, apparatus, method, or process disclosed in this report may not infringe 

privately owned rights; or 

2 Assumes any liabilities with respect to the use of, or for damages resulting from the use 

of, any information, apparatus, method, or process disclosed in this report. 

COPYRIGHT NOTICE 

This report has been prepared by Westinghouse Electric Company LLC and bears a 

Westinghouse Electric Company copyright notice. Information in this report is the property of and 

contains copyright material owned by Westinghouse Electric Company LLC and/or its affiliates, 

subcontractors and/or suppliers. It is transmitted to you in confidence and trust, and you agree to 

treat this document and the material contained therein in strict accordance with the terms and 

conditions of the agreement under which it was provided to you. Any unauthorized use of this 

document is prohibited. 

As a participating member of this task, you are permitted to make the number of copies of the 

information contained in this report that are necessary for your internal use in connection with 

your implementation of the report results for your plant(s) in your normal conduct of business. 

Should implementation of this report involve a third party, you are permitted to make the number 

of copies of the information contained in this report that are necessary for the third party's use in 

supporting your implementation at your plant(s) in your normal conduct of business if you have 

received the prior, written consent of Westinghouse Electric Company LLC to transmit this 

information to a third party or parties. All copies made by you must include the copyright notice in 

all instances and the proprietary notice if the original was identified as proprietary. 

DISTRIBUTION NOTICE 

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to 

establish guidance for access to this information. This report (including proprietary and 

non-proprietary versions) is not to be provided to any individual or organization outside of the 

PWR Owners Group program participants without prior written approval of the PV\JR Owners 

Group Program Management Office. However, prior written approval is not required for program 

participants to provide copies of Class 3 Non-Proprietary reports to third parties that are 

supporting implementation at their plant, and for submittals to the NRG. 
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Utlllty Member Plant Site(s) 
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American Electric Power D.C Cook 1 & 2 (W) 

Anzona Public Service Palo Verde Unrts 1, 2, & 3 (CE) 

Dominion Connecticut 
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Millstone 3 (W) 

Dominion VA 
North Anna 1 & 2 C'N) 

Surry 1 & 2 (W) 

Catawba 1 & 2 (W) 

Duke Energy Carolinas McGuire 1 & 2 (W) 

Oconee 1, 2, & 3 (B&W) 
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Duke Energy Progress 

Shearon Harris 0N) 
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Entergy Nuclear Northeast Indian Point 2 & 3 (W) 

Arkansas 1 (B&W) 

Entergy Operations South Arkansas 2 (CE) 

Waterford 3 (CE) 

Braidwood 1 & 2 (W) 

Byron 1 & 2 (W) 

Exelon Generation Co. LLC TMl 1 (B&W) 

Calvert Cliffs 1 & 2 (CE) 

Ginna 0N) 

FirstEnergy Nuclear Operating Co. 
Beaver Valley 1 & 2 (W) 

Davis-Besse (B&W) 

St. Lucie 1 & 2 (CE) 

Florida Power & Light \ NextEra 
Turkey Point 3 & 4 0N) 
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PWR Owners Group 
United States Member Participation* for PA-MSC-1498, Revision O [4] 

Participant 

Utility Member Plant Site(s) Yes No 

Omaha Public Power Distnct Fort Calhoun (CE) X 

Pacific Gas & Electnc Dlablo Canyon 1 & 2 (W) X 

PSEG - Nuclear Salem 1 & 2 (W) X 

South Carolina Electric & Gas V.C. Summer (W) X 

So Texas Project Nuclear Operating Co. South Texas Project 1 & 2 (W) X 

Farley 1 & 2 (W) X 
Southern Nuclear Operating Co. 

Vogtle 1 & 2 (W) X 

Sequoyah 1 & 2 (W) X 
Tennessee Valley Authority 

Watts Bar 1 & 2 (W) X 

Wolf Creek Nuclear Operating Co Wolf Creek (W) X 

Xcel Energy Prairie Island 1 & 2 (W) X 

* Project participants as of the date the final deliverable was completed. On occasion, 
additional members will join a project Please contact the PWR Owners Group Program 
Management Office to verify participation before sending this document to participants not 
listed above. 
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PWR Owners Group 
International Member Participation* for PA-MSC-1498, Revision 0 

ParUclpant 

Utility Member Plant Slte(s) Y88 

Asco 1 & 2 rN) 
Asooaci6n Nuclear Asc6-Vandellos 

Vandellos 2 (YI/) 

AxpoAG Beznau 1 & 2 0N) 

Centrales Nucleares Almaraz-Tnllo Almaraz 1 & 2 0N) 

EDF Energy Slzewell B 0N) 

Doe! 1, 2 & 4 rN) 
Electrabel 

llhange 1 & 3 0N) 

Electricrte de France 58 Units 

Elektncrte1ts Produktiernaatschappij Zu1d- Borssele 1 (Siemens) 
Nederland 

Eletronuclear-Eletrobras Angra 1 0/1/) 

Emirates Nuclear Energy Corporation Barakah 1 &2 

Eskom Koeberg 1 & 2 0N) 

Hokkaido Tomari 1, 2 & 3 (MHI) 

Japan Atomic Power Company Tsuruga 2 (MHI) 

M1hama 3 fY'I) 

Kansai Electnc Co , L m Oh1 1, 2, 3 & 4 NV & MHI) 

Takahama 1, 2, 3 & 4 ryv & MHI) 

Kori 1, 2, 3 & 4 0N) 

Hanbit 1 & 2 rN) 
Korea Hydro & Nuclear Power Corp 

Hanblt 3, 4, 5 & 6 (CE) 

Hanul 3, 4 , 5 & 6 (CE) 

Genka1 2, 3 & 4 (MHI) 
Kyushu 

Sendai 1 & 2 (MHI) 

Nukleama Electrama KRSKO Krsko 0N) 

RmghalsAB Rmghals 2, 3 & 4 0N) 

Shikoku lkata 1, 2 & 3 (MHI) 

Taiwan Power Co Maanshan 1 & 2 0N) 

* Project parUclpants as of the date the final deliverable was completed. On occasion, additional 
members will Join a project. Please contact the PWR Owners Group Program Management Office to 
verify participation before sending this document to participants not listed above. 
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1 PURPOSE 

The purpose of this Topical Report (TR) is to extend the fracture mechanics integrity evaluation 

in WCAP-13045 [1], "Compliance toASME Code Case N-481 of the Primary Loop Pump Casings 

of Westinghouse Type Nuclear Steam Supply Systems," through Subsequent License Renewal 

(SLR), 80 years of operation. In the past, plants have used the generic fracture mechanics 

evaluation perfonned in WCAP-13045 to comply with the requirements of ASME Code Case N-

481 for plant-specific license renewal applications to extend plant operations to 60 years. In this 

TR, the fracture mechanics evaluation provides the justification for performing visual inspections, 

in lieu of volumetric inspections, for reactor coolant pump (RCP) casings as incorporated in the 

ASME Code Section XI, and extend the applicability of WCAP-13045 to 80 years of operation for 

all plants with Westinghouse pump casings. 

ASME Section XI Table IWB-2500-1, Examination Categories [2] required perfonning periodic 

volumetric inspections of the welds of the primary loop pump casings in nuclear power plants. 

Since these inspections result in radiation exposure to the personnel perfonning the inspections 

and require significant resources to perform the inspections, the ASME Code Committee 

approved Code Case N-481 [3] in March 1990 (see Appendix A of this report) that allows an 

alternative to the volumetric inspection requirement. The NRC endorsed Code Case N-481 in 

Regulatory Guide 1.147, "lnservice Inspection Code Case Acceptability ASME Code Section XI 

DMsion 1, • in April 1992. 

Westinghouse design primary loop pump casings are heavy-wall cast stainless steel. A volumetric 

inspection of the full thickness of the welds using the ultrasonic test method from the outside 

diameter surface is impractical due to the severe attenuation associated with the large grain 

structures. A volumetric inspection of the full thickness of the welds would require unconventional 

approaches (inside diameter and outside diameter ultrasonic testing or radiographic testing) that 

require access to the internal side of the pump casing. 

ASME Code Case N-481 [3] allowed replacing the volumetric examination of primary loop pump 

casings with a fracture mechanics-based integrity evaluation supplemented by specific visual 

inspections. WCAP-13045 [1] contains the integrity evaluation that was performed to demonstrate 

compliance with ASME Code Case N-481 for 40 years of operation. 

Since WCAP-13045 [1] was issued in September 1991, the ASME Code tables have been 

updated over time to be consistent with the guidance in Code Case N-481 to require visual 

inspections of the primary loop pump casings. In March 2004, Code Case N-481 was annulled by 

ASME, and the information in Code Case N-481 was implemented into the 2008 Addenda of 

ASME Code Section XI. Note that the ASME Section XI 2000 Addenda replaced the pump casing 

weld B-L-1 volumetric examinations with visual examinations, while the ASME Section XI 2008 

Addenda eliminated the pump casing weld (B-L-1) examinations completely. The only required 

examination is a visual examination of the pump casing (B-L-2) when the pump is disassembled 

for maintenance or repair. 

The technical basis for WCAP-13045 was based on experience with evaluations performed for 
an assumed 40 year life. Due to the SLR program to extend an operating license to 80 years, the 
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integrity evaluations in WCAP-13045 were reviewed and confirmed to be applicable for 80 years 

of service. The fracture mechanics integrity evaluation in this report, as well as the requirements 

in Code Case N-481 (now incorporated into the ASME Code Section XI) were reviewed to confirm 

that the visual inspections for pump casings continue to remain valid for an 80 year life. 

WCAP-13045 [1] contains the fracture mechanics based integrity evaluation for cast austenitic 

stainless steel pump casings as required by Code Case N-481 [3]. The evaluations contained in 

WCAP-13045 are applicable to Westinghouse design RCPs. There are eight different models of 

pumps: Models 63, 70, 93, 93A, 93A-1, 93D, 100A, and 100D. Models 63, 70, 93 and 93D, which 

have a tangent outlet nozzle. Models 93A and 93A-1 have outlet nozzles that are radially 

orientated. Models 1 OOA and 1 OOD are similar to the general design of the Model 93, except for 

a radially oriented outlet nozzle that is consistent with the Model 93A. Models 93, 93A and 93A-1 

are the most commonly used RCPs in Westinghouse Nuclear Steam Supply System (NSSS) 

plants. 

WCAP-13045 contains a model that is representative of each of the outlet nozzle configurations 

that was used for a 3D finite element stress analysis and fracture evaluation (the inlet nozzles are 

reasonably axisymmetric with the pump casing proper). The representative models chosen were 

the Model 93A (radial outlet nozzle) and Model 93 (tangential outlet nozzle). The material of the 

pump casings is fabricated from SA-351 CF8, except for the pumps of three plants which were 

fabricated from SA-351 CF8M. The SA-351 CF8 and CF8M are known to be susceptible to 

thermal aging. 

WCAP-13045 addressed thermal aging of the cast austenitic stainless steel pump casings (CF8 

and CF8M) by using end of life (40 years) fracture toughness values for all Westinghouse design 

pump casings. The fracture toughness criteria were established using the lowest toughness for 

each pump component. This report justifies the continued use of the end of life fracture toughness 

values determined in WCAP-13045 for 80 years of service. 

The fracture toughness is used in WCAP-13045 as part of the elastic plastic fracture mechanics 

(EPFM) analysis based on the J-integral approach; therefore, it is necessary to confirm the 

fracture toughness values for an 80 year evaluation, and demonstrate that the EPFM analysis 

continues to remain valid for 80 years. The J-integral evaluation also used bounding loads that 

covered a wide range of pump casing nozzle loads from the various different plants. This report 

only confirms the toughness properties for 80 years, and not the applied loads, since the applied 
I 

loadings in the J-integral analysis considered in WCAP-13045 will not be impacted by license 

extension to 80 years of operation because they are not time dependent. Note that the fracture 

toughness properties based on the CF8M (high molybdenum content) material is more 

susceptible (limiting) to thermal aging than the CF8 material. Therefore, the CF8M material is 

used in the fracture mechanics evaluation in this TR; and the conclusions for the CF8M fracture 

toughness determined in this report also apply to the CF8 material. 

Fatigue crack growth evaluations were also determined in WCAP-13045 for the high stress outlet 

nozzle crotch regions. Various crack sizes were considered in the evaluations, and based on the 

evaluations, it was demonstrated that the fatigue crack growth was small. The discussion in this 
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report also justifies that the fatigue crack growth evaluations contained in WCAP-13045 are still 
applicable for the 80 year design life. 

The following two items were reviewed to confirm the applicability of WCAP-13045 [1] for 80 years 
of service: 

1. Confirm that the fracture toughness (J1c - J at crack initiation and Jmax - J at maximum 
crack extension) used in WCAP-13045 [1] and the associated tearing modulus (T mat) for 
the stability analysis are applicable for 80 years of service. The postulated 1/4T flaw size 
used in the stability analysis is compared to the final flaw size due to fatigue crack growth. 

2. Confirm that the generic fatigue crack growth (FCG) analysis performed in WCAP-13045 
is applicable for 80 years of service, specifically; the stresses, stress intensity factor (SIF) 
equations, transient definitions and cycles, and the FCG rate. 

The stability calculations in WCAP-13045 were reviewed based on the applicability of the fracture 
toughness for SLR in Section 3 of this report. The fatigue crack growth analysis in WCAP-13045 
was reviewed based on for FCG rates, stresses, and transient definitions and cycles in Section 
4. The final conclusions of this report are provided in Section 5, with all cited references provided 
in Section 6. 

Appendix A of this report also provides the ASME Code Section XI Code Case N-481, for 
reference, which was approved and published in March 1990, and later annulled in March 2004, 
as the requirements of the code case were incorporated in the 2000 Addenda and 2008 Addenda 
of the ASME Code Section XI IWB-2500. 

This document contains Westinghouse Electric Company LLC proprietary information and data 
which has been identified by brackets. Coding (a,c,e) associated with the brackets sets forth the 
basis on which the information is considered proprietary. These code letters are listed with their 
meanings in BMS-LGL-84 [12]. 
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2 BACKGROUND 

Plants have used the generic fracture mechanics evaluation performed in WCAP-13045 to comply 

with the requirements of ASME Code Case N-481 for the license renewal applications to extend 

plant operations to 60 years. Before Code Case N-481 was annulled and the requirements of the 

Code Case were incorporated into ASME Code Section XI, utilities were furthermore required to 

perform a plant-specific evaluation using the generic fracture mechanics analysis in WCAP-13045 

to demonstrate compliance with N-481. Following the incorporation of Code Case N-481 into 

Section XI, no further fracture mechanics evaluations have been performed as plants were not 

required to perform volumetric or routine internal visual examinations of RCP casing welds, and 

the only ASME Code Section XI inspection requirement is to perform external surface 

examinations of the pump casing welds and visual examinations of the internal surfaces of the 

pump casing welds when the RCP is disassembled for other reasons (e.g. maintenance or 

refurbishments). 

The thermal aging and fatigue crack growth methodology in WCAP-13045 was reviewed and is 

provided in this TR to demonstrate that the time-limiting aging analysis aspects of WCAP-13045 

continue to remain bounding and acceptable for 80 years of plant life. The NRC has approved 

several plant license renewal applications for 60 years of operation that utilized the generic 

fracture mechanics analyses and conclusions in WCAP-13045 as discussed below: 

1. The NRC Safety Evaluation Report (Section 4.4.4) for Salem Units 1 and 2 [13] discusses 

the use of the generic fracture mechanics analysis in WCAP-13045 to meet the 

requirements of ASME Code Case N-481 for a 60 year license renewal. The NRC staff 

concluded that the generic analysis in WCAP-13045 is applicable to the Salem design of 

the RCP casings. The generic analysis, WCAP-13045, bounds the plant-specific analysis, 

WCAP-16957-P [17], as approved by the staff in the SER [13]. The analysis was shown 

to remain valid for extended operation. 

2. In the 60 year license renewal NRC Safety Evaluation Report for D.C. Cook Units 1 and 

2, NUREG-1831, Section 4.7.2 [14], the NRC staff discusses the use of WCAP-13045 to 

satisfy the requirements of ASME Code Case N-481 based on a plant-specific analysis, 

WCAP-13128 [18]. In Section 4.7.2.4 of [14], the NRC concludes that the time-limited 

aging analysis (TLAA) regarding ASME Code Case N-481 that was provided is 

acceptable. 

3. The 60 year license renewal Safety Evaluation Report (Section 4.3.2.10) for Diablo 

Canyon Units 1 and 2 [15] discusses that WCAP-13045 was used to demonstrate 

compliance with Code Case N-481 based on a plant-specific evaluation, WCAP-13895 

[19]. In Section 4.3.2.10.4 of [15], the NRC concludes that it was shown that the aging of 

the RCP pump casings will be adequately managed for extended operation. 

4. Based on the Sequoyah 60 license renewal Safety Evaluation Report [16], the NRC 

concluded that the plant's LRA did not need to include a TLAA related to Code Case N-

481 because the licensing basis is per the ASME Code Section XI Edition, which no longer 

relies on N-481 for ISi (in-service inspection interval) requirements. Thus, it was not 
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necessary to perform any TLAA analysis for RCP pump casings and N-481, as it does not 
meet Criterion 4 or 6 in 1 O CFR 54.3(a). 

In summary, WCAP-13045 has been reviewed by NRC to support 60 year license renewal 
applications for several plants that used Code Case N-481 as a basis for their ISi examination 
programs. This report reviews the TLAA aspects of WCAP-13045 to demonstrate its continued 
applicability for 80 years of plant operation. 

2.1 OPERATING EXPERIENCE AND APPLICATION OF LATEST FRACTURE 
TOUGHNESS DATABASE 

The Westinghouse RCP casings have an operating history that demonstrates the inherent flaw 
tolerance and structural stability of the pump casings. No detectable service-induced flaws nor 
discernable degradation of the cast austenitic stainless steel (CASS) pump casings and welds in 
the Westinghouse pump operating history have been identified. 

The fracture mechanics evaluation contained in this TR (later discussed in Section 3) considers 
the latest fracture toughness correlations that have been developed for the CASS pump casings. 
The end of life fracture toughness properties for the pump casing materials are determined based 
on NUREG/CR-4513, Revision 2, "Estimation of Fracture Toughness of Cast Stainless Steels 
during Thermal Aging in LWR systems," by Omesh Chopra, published in May 2016 [11]. 

Revision 2 of NUREG/CR-4513 provides a large database for CASS material and thermal aging, 
and builds on the work performed in 1994 for Revision 1 of NUREG/CR-4513. In 1994, the 
Argonne National Laboratory (ANL) completed an extensive research program to evaluate the 
extent of thermal aging of cast stainless steel materials [11]. The ANL research program 
measured mechanical properties of cast stainless steel materials after they had been heated in 
controlled ovens for long periods of time. ANL compiled a database, both from data within ANL 
and from international sources, of approximately 85 compositions of cast stainless steel exposed 
to a temperature range of 290-400°C (550-750°F) for up to 58,000 hours (6.5 years). In 2015, 

the work done by ANL was augmented, and the fracture toughness database for CASS materials 
was aged to 100,000 hours at 290-350°C (554-633°F). The methodology for estimating fracture 
properties has been extended to cover CASS materials with a ferrite content of up to 40%. From 
this database in NUREG/CR-4513, Revision 2, ANL developed lower bound correlations for 
estimating the extent of thermal aging of cast stainless steel [11]. 

ANL developed the fracture toughness estimation procedures by correlating data in the database 
conservatively. After developing the correlations, ANL validated the estimation procedures by 
comparing the estimated fracture toughness with the measured value for several cast stainless 
steel plant components that were removed from service. The procedure developed by ANL in [11] 
was used for the end of life fracture toughness values contained in this TR. The ANL research 
program was sponsored and the procedure was accepted by the NRC. 
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3 STABILITY ANALYSIS AND FRACTURE TOUGHNESS 

3.1 FRACTURE TOUGHNESS DETERMINED IN WCAP-13045 

The fracture mechanics integrity evaluation is based on the Elastic Plastic Fracture Mechanics 

(EPFM) methodology as discussed in Sections 10 and 11 of WCAP-13045 [1]. The EPFM is 

determined for a postulated 1/4T (1/4 thickness) flaw size with a six-to-one (6:1) aspect ratio. This 

particular flaw size is consistent with the guidelines of Code Case N-481 Part (d)(5). The location 

of the postulated 1/4T flaws are either at highest stressed region, regions of significant stress 

concentrations, or locations in welds not affected by discontinuities such as nozzles. Additional 

discussion on flaw postulation is contained in Section 9 of WCAP-13045. 

The criterion for establishing stability is based on the fracture toughness of the pump casings, as 

well as the tearing modulus, T, as discussed in Section 10.4 of WCAP-13045 and shown below: 

A crack is stable if either 

1) Japphed < J1c or if 
2) Japp1ie<1 > J1c then T applied < T ma1eM1 and Japp11ec1 :S JTT18Xlmum 

The applied toughness (Japp1100 or Japp) and applied tearing modulus (T applied or T aw) are calculated 

with the EPRI handbook methodology [1 O], based on various combinations of loading parameters 

and material properties for the various pump designs as discussed in WCAP-13045. The Japp and 

T aw are not impacted by a design life to 80 years as they are not time dependent; however, the 

fracture toughness material parameters such as the crack initiation toughness (J1c), which is based 

on a J-integral resistance curve, the maximum fracture toughness (Jmax1mum or Jmax), and the 

tearing modulus (T ma1ena1 or T mat) need be reviewed to confirm that these parameters are not 

impacted by 80 years of operation. 

The end of service (40 years) fracture toughness (J1c, T mat, and Jmax) of the pump casings are 

calculated in Section 5 of WCAP-13045 [1]. The lower bound toughness criteria selected from 

among all the pump casing (and ~Ids) and models (Models 63, 70, 93, 93A, 93A-1, 93D, 1 OOA, 

and 100D) are given in Table 5-1 of WCAP-13045. The minimum fracture toughness values 

based on the most limiting SA-351 CF8M component from Table 5-1 ofWCAP-13045 which were 

considered in this TR are shown in Table 1 below. The fracture toughness properties for CF8M 

in WCAP-13045 bound the CF8 material, because the thermal aging is more limiting for the CF8M 

material than the CF8 material. 
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Table 1: End-of-Service Fracture Toughness from WCAP-13045 (Table 5-1) [1] 

Material J1c (in-lb/in2) T nm (dimensionless) Jmax (in-lb/in2} 

Model 93 SA-351 CF8M [ ]a,c,e [ ]a,c,e [ ]a,c,e 

Chemistry: [ 
]a,c,e 

Note: The values J1c, T mat, and Jmax shown for the CF8M material above are the same values in 
Table 5-1 and on pageA-30 ofWCAP-13045. 

The fracture toughness data in Table 1 (from Table 5-1 of WCAP-13045) is based on the chemistry 
data from Appendix A (page A-30) of WCAP-13045. Based on the chemistry of the limiting heat 
of cast austenitic stainless steel (i.e., Silicon (SD, Chromium (Cr}, Molybdenum (Mo), Nickel (Ni), 
Carbon (C), Manganese (Mn), and Nitrogen (N) in percent weight, and percent delta ferrite}, the 
fracture toughness is calculated in accordance with WCAP-10931 [5], Slama [6], and WCAP-
10456 [7]. 

Based on the results in Slama [6] and WCAP-10456 [7], the minimum (saturated) fracture 
toughness properties were obtained after [ 

]a,c,e Therefore, the fracture toughness properties shown in Table 1 (per Table 5-1 of WCAP-
13045) are at the full-aged saturated condition material values, and are therefore applicable to 80 
years of service life, because the resulting minimum (saturated) properties are reached by [ 

]a,c,e 

Therefore, the EPFM stability analysis and conclusions in WCAP-13045 [1 ], based on the 
saturated fracture toughness values in Table 1, are applicable for 80 years of operation. 

The minimum fracture toughness values based on Table 5-1 ofWCAP-13045 (as shown in Table 
1) were compared with the latest fracture toughness correlations for thermal aging of cast 
austenitic stainless steel CF8M material per NUREG/CR-4513, Revision 2 [11 ]; see Section 3.2 
below. This comparison confirms that the fracture toughness values in WCAP-13045 [1] are 
bounding and applicable to the 80 year design life. 
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3.2 FRACTURE TOUGHNESS BASED ON NUREG/CR-4513, REVISION 2 

In this section of the TR, a calculation is performed to determine the J1c, T mat and Jmax values based 

on latest industry guidelines and fracture toughness correlations for thermal aging of cast 

austenitic stainless steel from'NUREG/CR-4513 Revision 2 [11] for the most limiting CF8M pump 

casing material, using the limiting heat specific chemistry values provided in Table 1 (originally 

from WCAP-13045). The fracture toughness values calculated in accordance with NUREG/CR-

4513 will be compared to the values determined in Table 1, from WCAP-13045. This comparison 

of fracture toughness values will demonstrate if the toughness properties from WCAP-13045 

remain bounding and acceptable for 80 years. Note that the impact of thermal aging on the CFS 

fracture toughness properties is less than that for the CF8M material; therefore the evaluation 

herein only considered the CF8M material because it bounds the fracture toughness values for 

the CFS material. 

The following equations are contained in NUREG/CR-4513, Revision 2 [11] and are applicable to 

the CF8M material. The calculated fracture toughness values based on [11] are shown in Table 

2. 

Cr eq = Cr + 1.21 (Mo) + 0.48(Si) - 4. 99 = (Chromium equivalent) 

Nieq = (Ni) + 0.11 (Mn) - 0.0086(Mn)2 + 18.4(N) + 24.S(C) + 2. 77 = (Nickel equivalent) 

& =100.3(Creq I Nieq )2 -170.72(Creq / Nieq )+74.22 = (Ferrite Content) 

The elements are in percent weight and & is ferrite in percent volume. 

The saturation room temperature (RT) impact energies for the cast stainless steel materials are 

determined from the chemical composition. 

For CF8M steel with < 10% Ni, the saturation value of RT impact energy Cvsat (J/cm2
) is the lower 

value determined from: 

log10Cvsa1 = 0.27 + ·2.a1 exp (-0.022~) 

where the material parameter q, is expressed as: 

~ = & (Ni + Si + Mn)2(C + 0.4N)/5.0 

and using: 

log10Cvaa1 = 7.28 - 0.011&- 0.185Cr- 0.369Mo - 0.451S- 0.007Ni - 4.71 (C + 0.4N) 

For CF8M steel with ~ 10% Ni, the saturation value of RT impact energy Cvsat (J/cm2) is the lower 

value determined from: 

log10Cvaat = 0.84 + 2.54 exp (-0.047~) 

where the material parameter ~ is expressed as: 

<p = & (Ni + Si + Mn)2(C + 0.4N)/5.0 

and using: 

log10CVsat = 7.28- 0.011&- 0.185Cr- 0.369Mo - 0.451Si - 0.007Ni -4.71(C + 0.4N) 
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The saturabon J-R curve at RT, for static-cast CF8M steel is given by: 

Jd = 1.44 (Cvaat)1 35(Aar for CVsat < 35 J/cm2 

Jd = 16 (Cvsat)0 67 (Aar for CVaat ~ 35 J/cm2 

n = 0.20 + 0.08 log10 (Cvsat) 

where Jd is the "deformation J" in kJ/m2 and Aa is the crack extension in mm. 

3-4 

The saturation J-R curve at 290-320°C (554-608°F), for static-cast CF8M steel is given by: 

Jd = 5.5 (Cv881)0 98(Aa)n for Cvaat < 46 J/cm2 

Jd = 49 (Cvsat)0 41 (Aat for Cvaat ~ 46 J/cm2 

n = 0.19 + 0.07 log10 (Cvaa1) 

where Jd 1s the "deformation J" in kJ/m2 and Lia is the crack extension in mm. 

]e,c.e The tearing modulus, T matenaJ is calculated by T = 
dJ/da * Ela/-, where dJ/da is the slope of the J-R curve, E is elastic modulus, and u, is the flow 

strength (average of the yield strength and ultimate strength). Applying the NUREG/CR-4513, 
Revision 2 [11] correlations, the fracture toughness properties are given in Table 2. NUREG/CR-
4513, Revision 2 discusses that the fracture toughness correlations used for the full aged 
condition are applicable to plants that have been operating for greater than or equal to 15 Effective 
Full Power Years (EFPY) for the CF8M material. The Westinghouse NSSS plants have been 
operating for greater than 15 EFPY; therefore, the use of the fracture toughness correlations 
discussed above is applicable to the fully aged or saturated conditions. 

Therefore, the fracture toughness values based on the original methodology in WCAP-13045 are 
limiting (see Table 1) as compared to the fracture toughness values based on NUREG/CR-4513 
(see Table 2). By calculating the latest industry correlation for the fracture toughness values for 
aged cast austenitic stainless steel from NUREG/CR-4513, it can be concluded that the aged 
toughness values in Table 1 (from Table 5-1 of WCAP-13045) are bounding and limiting for 80 
years of operation. 
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Table 2: NUREG/CR-4513 [11] Fully-Aged (Saturated) Fracture Toughness 

Material J1c (in-lb/in2) T met (dimensionless) Jmax (in-lb/in2) 

Model 93 SA-351 CFBM [ ]a,c,e [ ]a,c,e [ ]a,c,e 

Chemistry (from Table 1): [ 
]a,c,e 

ASME Code properties are used for E (modulus of elasticity) = 25.6 x 106 psi and Yield Strength = 
19,350 psi. Ultimate strength = 67,000 psi per Table 6-3 of WCAP-13045, which is a close 

approximation to the ASME Code values. The values are for the cold leg temperature, 

approximately 550°F. 
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4 FATIGUE CRACK GROWTH ANALYSIS 

Two fatigue crack growth analyses were originally performed in Section 12 of WCAP-13045 [1], 
one for a postulated crack in the highest stressed outlet nozzle knuckle in a Model 93A pump 

casing and the other in the highest stressed outlet nozzle knuckle in a Model 93 pump casing. 
The FCG analysis for the Model 93A pump was performed prior to the publication of the stainless 

steel FCG rate in theASME Code Section XI; therefore, the FCG rate in [Equation 1] from [9] was 

initially considered in WCAP-13045. However, the FCG analysis for a Model 93A RCP was 

calculated based on [Equation 2], which was an updated version of [Equation 1] for stainless steel 

in a water environment. [Equation 1] in WCAP-13045 was provided for information purposes and 

is as follows: 

:: = 5.4 x 10-12 (1<eff) 4 48 (inches/cycle) 

l<etf = l<max(1-R)0
·
5 

R = Krrunll\nax Kmax and Kmm is in units of ksi v'm 

[Equation 1] 

The FCG rate used for the Model 93 postulated flaw in [1] was based on Figure C-3210-1 of 

Article C-3000 of Section XI of theASME Code (1989 Edition) and is shown in Equation 2 below: 

!~ = C F S E (D.K)3 30 (inches/cycle) [Equation 2] 

Where: C = 2.42 x 10-20 , F = 1 for temperatures below 800°F, S = the R ratio correction (see the 
definition of 'S' in Equation 3 below), R = the ratio of the minimum stress intensity factor (SIF) to 
the maximum SIF, D.K = the range of stress intensity factors (psi "in), and E = 2 based on stainless 
steel in water [8]. 

The current NRC approved 2013 Edition of the ASME Code Section XI Appendix C fatigue crack 

growth for stainless steel is shown below. A factor of 2 is applied to the da/dN rate to account for 

the environmental effects of a postulated flaw in water as discussed in [8]: 

: = 2*C0 S (~Ki)3 3 (inches/cycle) 

where Co= 10" [-10.009 + 8.12x1o-4 T - 1.13x10-s T2 + 1.02x1 o-8 T3] 

T = Temperature (°F) = 550°F (see Table 11-1 and Table 11-6 of [1]) 

[Equation 3] 

S = 1.0 for R :5 0, S = 1 + 1.8R when O < R < 0.79, and S = -43.35 + 57.97R when 0.79 < R < 1 

""1Ki is in units of ksi "in, R = K,mr/Kmax 

There are no significant differences between the current stainless steel FCG rate in water, 
[Equation 3] and the FCG rate used in WCAP-13045 [1], and [Equation 2] for the Model 93 
postulated flaws. The difference between the current stainless steel FCG rate in water [Equation 
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3] and the FCG rate considered in WCAP-13045, [Equation 1] for the Model 93A postulated flaw 

is also insignificant. Therefore, the existing FCG rates in Section 12 of WCAP-13045 are 

acceptable based on current industry standards for fatigue crack growth for stainless steel 

material in a water environment. 

Other inputs required for an FCG analysis are the stress intensity factors, stresses, transient 

cycles and transient definitions. The stress intensity factor (SIF) correlations used for the FCG 

analysis in WCAP-13045 are consistent with the current correlations provided in 2013 Edition of 

ASME Code Section XI Appendix A. The transient stresses used in the FCG analysis are generic 

and encompass the various pump models. These stresses are not impacted for 80 yean, of 

operation, as plant operations for this extended period will not vary greatly from current 

operations. The number of predicted cycles for 80 years of service for each applicable transient 

is assumed to be bounded by the number of transient cycles considered in the 40 year life of the 

plant and shown in Table 12-2 of WCAP-13045. However, to ensure conservatism in the results 

presented in this TR, the FCG cycles for 40 years were doubled for 80 years to account for any 

large differences in the transient cycles. It was concluded that the final flaw size would still be 

less than the stability flaw size for this region as discussed below. 

The calculated FCG for four flaw sizes in the outlet nozzle knuckle region of a Model 93A pump 

casing is given in Table 12-1 of WCAP-13045. The calculated FCG for three flaw sizes in the 

outlet nozzle knuckle region of a Model 93 pump casing is given in Table 12-3 of WCAP-13045. 

One of the flaw size cases for FCG was for an initial flaw depth of 0.3"; this particular flaw depth 

was the maximum acceptable flaw size in the Acceptance Standards in Table IWB-3518-2 (for 

pressure retaining welds in pump casings) up to the 2007 Edition of the ASME Code Section XI. 

The flaw depth of 0.3" is also the maximum acceptable flaw size in the Acceptance Standards 

Table IWB-3519.2-2 (for pump casings) in later editions of the ASME Code Section XI. Therefore, 

the flaw depth of 0.3" was an important flaw size case to consider in WCAP-13045 for the flaw 

tolerance evaluation, and any actual as-found flaws larger than this depth would need to be 

evaluated based on fracture mechanics. The other FCG postulated flaw size cases considered in 

WCAP-13045 were provided as sensitivity studies to demonstrate that the flaws do not grow 

significantly over time. 

Based on the fatigue crack growth analyses in Tables 12-1 and 12-3 of WCAP-13045, the flaw 

depth of 0.3" grows to a maximum value of [ 1a.c.e over 40 years of service. All other inputs 

for the FCG analysis (stress intensity factors, stress, transient cycles and transient definitions) 

are bounded by, or are similar to, the inputs of WCAP-13045, then the fatigue crack growths for 

80 years are similar to or less than the crack growth in Table 12-1 and Table 12-3 ofWCAP-13045 

for 40 years. Additionally, if the number of transient cycles for 40 years are doubled for 80 years 

to account for any large differences in the transient cycles, then the final flaw size would continue 

to be less than the minimum stability flaw size of 1/4Tflaw depth ([ ] 11·c.e in Table 11-6 ofWCAP-

13045), which is associated with the location of the highest stressed region. Therefore, the FCG 

analysis provided in Section 12 of WCAP-13045 remains valid for 80 years of operation. 
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5 CONCLUSIONS 

The objective of this report is to review the RCP casing fracture mechanics integrity evaluations 
and the fatigue crack growth analysis contained in WCAP-13045 [1], and to confirm that they 
remain valid for 80 years of service 

Section 3.1 discussed the most limiting pump casing CF8M fracture toughness and the tearing 
modulus used in the WCAP-13045 J-integral stability evaluations (EPFM). The WCAP-13045 
fracture toughness determinations are applicable to 80 years of service because the fracture 
toughness parameters are at full-aged saturated conditions, therefore, any additional aging past 

40 years does not have an impact on the fracture toughness parameters. Section 3.2 compared 
the minimum fracture toughness in WCAP-13045 with the latest industry toughness correlations 
in NUREG/CR-4513, Revision 2 [11]. Based on the conclusions in Section 3.2, it is demonstrated 

that the fracture toughness values in WCAP-13045 are less than (more conservative and limiting) 

than the fracture toughness values in NUREG/CR-4513. Therefore, as compared with the current 
industry standards, the fracture toughness values in WCAP-13045 are limiting and applicable to 

80 years of operation. Thus, the EPFM analysis for the pump casings contained in WCAP-13045 
is valid for 80 years because the minimum facture toughness used in the stability analysis is 
applicable to 80 years of service life. 

A qualitative evaluation for the fatigue crack growth evaluation was performed in Section 4 of this 
report for the pump casings. It was determined that the current FCG rate for stainless steel in a 

water environment based on the 2013 Edition of theASME Code Section XI, when compared to 
the rates used in WCAP-13045, are comparable and there will be an insignificant impact on the 
crack growth analysis. Furthermore, the stresses used in the FCG analysis are generic and 

envelop the various pump designs. Additionally, these stresses do not change for 80 years of 
operation, as they are not time dependent. The stress intensity factors used in the FCG analysis 

are consistent with the current industry standards for similar FCG evaluations. The transient 

definitions in the FCG analysis are also not expected to change over the design life, and the 
cycles used in the WCAP-13045 are assumed to bound the predicted 80 year transient cycles. 
Finally, there is sufficient margin between the final crack growth and the flaw size used for stability; 

therefore, even if the 40 year transient cycles are doubled for 80 years of operation, the final flaw 

size after FCG will be less than the stability flaw size, 1/4T flaw depth, for the stability analysis in 
WCAP-13045. 

In conclusion, the fracture mechanics integrity evaluation in WCAP-13045 [1] for pump casings is 
applicable to 80 years of design life. The fracture mechanics evaluation for SLR in this TR justifies 

continuing to perform visual inspections, in lieu of volumetric inspections, for pump casings as 
incorporated in ASME Code Section XI. 
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APPENDIX A : ASME CODE SECTION XI CODE CASE N-481 

"Reprinted from ASME 1989 BPVC, Code Cases, Nuclear Components, by permission of The 

American Society of Mechanical Engineers. All rights reserved". No further copies can be 

made without written permission. This permission is for this edition only. 

E 

I! 

CASE 

N-481 

Approw1 Date: March a. ,no 
SH M=6ncal lrldmc for ophbo,, 

and any twlWnnallon .....,_ 

Cue N-481 
AJtauatm E:nmn•tloa lleqairemam ror Cat 
Amtcnitlc Pulp Caiap 
8ectloa XI, Dt.wo. 1 

/nquby: When conducting c:xarnioarion of cut aus­

tenitic: pump casings In accordance with Section XI, 
Division 1, what exarnlnatiom may be pcdonnod in 
lieu of the vo!mDetrlc examinations spec:lflcd in Ta­
ble IWB-2500-1, Examination Category B-L-1, Itml 
BU.10? 

Reply: It ii the opinion of the Committee that the 
bllowlng reqoirementl shall be me( In lieu of per­
fonnlng the volumetric eurninatloo specified In Ta­
ble IWB-2500-1, EXl!Dlinatioo Catcgoly B-L-1, Item 
B12.10: 

(11) Perform • Vf-2 viiual cuminatlno of the ex­
terior of all pumps during the hydroltatic piasure 
te&t required by Table IWB-2500-1, Category B-P. 

(b) Perform a vr-1 visual aaminatlou of the ex­
ternal l1IIfacel of the weld of one pump casing. 

817 

( c) Perform a Vf-3 vimal examination of the ln­
tcmal IUrfwce5 ~ a pump is dbasscmblod fur 
mwfn!CP•DCC 

(d) Pcrlorm an mluation to demonstrate the me­
r, and semccability of the pump casing. The ewlu­
atloo &hall Include the followfng: 

(1) evaluatlng material properties, lncludmg 
!ractum toughocu values; 

mg; 
(2) perlormlng • strca analysis of the pump ca. 

(3) reviewing the opewhJa himl)' al. the pump; 
(4) selectln& locations for postulatfog flaws; 
(5) postulating ooe-quartcr thkbcsl rcferencc 

flaw with a lcagth m: tilDCI Its depth; 
(6) eatabll&hlu& the stability of the ldccted flaw 

under the governing stress oondltiom; 
(lJ COllliderina thermal aging embrlttlemeut 

and any other processes that lllllY degnde the pro­
pertlec of the pump casing during scrric:c. 

( e) A report of thl5 ewluatlon lhall be sobmitted I! 
to tbc regu1atoly and enfot cement authorltles i-iog 
jurlsdktion at the pmrt site far review. 

BUPP'.10 - NC 

a 
•,' 

I• ,· 
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APPENDIX B : CORRESPONDENCE WITH U.S. NRC REGARDING 
THE REVIEW OF PWROG-17033-NP, REVISION 1 
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40TH ANHIVE!tSAR\' 

PWROG 
l'YIIIOwnanGr-oup 

Mnroh_27, 20l9 

00-19-58 

U.S. Nuolear Resu)atory Commission 
i)oaJment CootrotDcn: 
} 1555 Rockville Pike 
Rookville, MD- 20852 

Subject: PWR Own~ Group 

Program Management Office 
1000 ~ Drlw. Suite 380 

O'anben'y Towrwtup, PA 16066 

PWROG-17033-P/NP. Rev1ston l 
Project Number 99902037 

TransmittaI of the-Response to Regueg for Additional 1nfonnnfloo, RA.u 1-9 
Associated w:lth PWROG-17033-P '{& NP), Revislon 1, .. Update for 
Subsequent I:Jceme Renewal: WCAP-130;45, "Comp61mce to ASMR Code 
Cw N::HU pf the Primarr I&90 Ppmn Cffiggs gfWestinghOOffType Nudear 
&'JAAro Supply §ntems'\ PA-MSC-1498 

References: 

1. Letter 00-18-142, Traowmittal of PWR00-17033-P (& NP}, R,cvisioo I, ''Update for 

Subsequent License Renewal: WCAP-13045, "Compliance toASME Code Case N-481 of 
the Primary Loop Pump Casings of W,cstinghoo,e Type Nuc)ear &team Supply ·systems" 
(PA-M$C-1498);datedJune 14,2018 -

2_ NRC Letter of Acceptence for Roviow of PWROG-17033-P (& NP), R.evillioo .t, "Updeto 
for Subsequent License R(,111~: WCAP-13045, "Oomptianco to ASME Code Case N-
481 of the .. Primary l,,oop Pump Casings of Westinghou~ !ypi, Nucloar Steam Sllpply 
Symems" dated July 9, 201S 

3. Email from the NRC (Drake) to the PWROG (Holdemaum.), Request for Additional 
Infornl1ltion, RAis 1-9, RE: PWR00-17033-P (& NP). Revision I, "Update for 
Subsequent License Renewal: WCAP-1304.S. "Compliance to A..~ME Code Case N-481 of 
the Prilll8J')' Loop Pump Casin~ of Westinghouso Type Nuclear Steam SupJ)ly·Systcme" 
dated October 30. 2018 

4. Email from the P.WROG (Holderbaum}to the NRG (Drake-). DRAFT Response to NRC 
RAl for the Re"aeW of Generic Topical Report No, PWR00-17033-P and NP, Rev, l, 
dated March 6. 2019 

On June 14, 2018, in accordance with the Nuclear Rogµlatory·Cominission (NRC) Topical 

Roport (fR) program for ,review and aoooptaooc. the Pros8nriz.ed Water Reactor Owners Group 
(PWROG) requested formal NRC review and approval of PWR00-17033-P & NP, Revision I 
for roforonclng.iq rogulatot)' actions (Reference l} Tho report was accepted forroviow on 

8-2 
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U.S. Nuclear Regulatory Coounission March 27, 2019 
00-1')-38 Page 2 of 3 

July 9, 2018 (Reference 2). The NRC Staff has determined that additionol informlltion is needed 
to complete 1he review per the e,nail dated October 30, 2018 (Reference 3). Draft responses 
were provided via email to the NRC oo Maroh 6. 2019 (Reference 4). 

E.nclosuret1 1 md 2 to this letter provides fonµal responses to NRC RA.To 1-9 (Reference 3) 
associatM with PWR00-17033-P & NP, Revision 1, "Update fot Subsequent License Renewal: 
WCAP-13045, "Compliance to ASME Code Case N-481 of the Primary Loop Pump Casings of 
Westinghouse Type Nuclear SI.earn Supply Systems". 

Also enclosed is the Westmghouse Application for Withholding .Propriewy lnformatlon from 
Public Disclosure, CAW-19'4881, accompanying AffidllVitt Proprietary ~formation Notice, and 
Copyright Notice. 

As Enclosure I contains information proprietary to WewnghoU&e Electric Company U.C 
("W cstinghouse"), it is supported by an Affidavit signed try Westinghouse, the o\\toer of the 
infonnation. The Affidavit sets forth the basis OJl which the informaiion may be withheld from, 
public disclosure by the Nuclear Regu.lRtory Commission ("Commission") and addresses with 
specificity the oonsiderations listed in pantgmph (bX 4) of Section 2.390 of the Commission't, 
regulation.,;. 

Accordingly, it is respectfully requested that the information which is proprietary to 
Weatioghouse be withheld from.public disclosure in accordance with 10 CFR. Section 2.390 of 
the Commission'~ regulation&. 

Correspondence with respect to the copyright ot propriotary aspects of the it~ listed above or 
the supporting W estinghous-e Affidavit should ref ereoce CA W-19-4&81 and should 1;ie addressed 
t9 Camille Zoznla, Manager, Infrastructure & Facilities Liefmlng. Westinghouse Electric 

Company, 1000 WertingbOUllQ Drive, Building 2 Suite 2.59, Cranberry Township, Pwnsylvatiia 
16066. 

CQrrespondence related to !his transmittal l:lhould ho addressed to: 

PWROG-17033-NP-A 

Mr. W. Anthony. Nowinowski, Executive Director 
PWR Owneo. Oroup, PrQ8fB01 Mattag61Jlettl bffice 
Westinghouse Eleotric CotHJ>3llY 
1000 Westinghouse Driw 
Cranberry Towruhip, PA 16066 
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U.S Nuclear Regulatory Commission 
OG-19-58 

March 27, 2019 
Page 3 of3 

If you have any questions, please do not hesitate to contact me at (805) 545-4328 or 

Mr W Anthony Nowinowski, Program Manager of the PWR Owners Group, Program 

Management Office at (412) 374-6855. 

Sincerely yours, 

Ken Schrader, COO & Chainnan 
PWR Owners Group 

cc PWROG Analysis Committee (Participants of PA-MSC-1498) 
PWROGPMO 
PWROG Steering and Management Committee 
J Drake, US NRC 
P Atkin,DOM 
J Andrachek, Westinghouse 
T. Zalewski, Westinghouse 
L Patterson, Westinghouse 
G. Demetri, Westinghouse 
A Udyawar, Westinghouse 

Enclosures 3: LTR-SDA-18-127-P/NP, Revision 0, RAis 1-9 Responses for PWROG-17033-P & 

NP, Revision 1 (PA-MSC-1498) and CAW-19-4881 

- TlTis reoord WIii! ff n11 I e pproved on ....,1 Y.!019 11 20 00 AM (1luB l!letemenl W111111dded by the PRIME system upon 1111 vahdllbon) 
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Westinghouse Noo-Proprietary Class 3 

AFFIDAVIT 

COMMONWEAlTH OFPENNSYLV ANIA: 

COUNfY OF BUI'LER: 

CAW-19-4881 
Page 1 of3 

( 1) t. Camille T. :lomla, have been :specifically delegated and authorized to apply for 

witbh9kftng and ex~ this Affidavit on bcbalf of WestinghouseElectrlc Company I.LC 

(Westinghouse). 

(2) I am req1Je!ting the propriewy portions ofLTR-SDA-18-127-P Rev.O be withheld from 

public disclosure under 10 CFR 2390. 

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in 

dmgnating information as a trade secret, privileged, or as coofideotial COlllll)C{Cial or 

financial infoanation. 

(4) Pursuant to 10 CFR 2.390, the following is fumisbed for consideration by the Commission in 

detennining whether the information sought to be withheld from public disclosure should be 

withheld. 

{D The infurmatjon 90Ught to be withheld from public di&closure is owned and has been 

held in confidence by Westinghouse and is not customarily disclosed to the publia. 

(fl} Public-tlisolosare of this proprietary inf()JJl]ation is likely~ calll!C subltantinl hllnn to 

the competitive position ofWestinghome became it would enhance the ability cl 

ccnq,etitors to provide similar technical evaluation justifications and. licensing 

defense services for connnercial power reactors without colJ1ItlmlSUI1de expenses. 

Also, public discl.!)Slll"e of the infonnation would enable 6theJS to use the fufonnation 

to meet NRC requirements for licCDling documeotation without purchasing the right 

iQ use the information. 
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CAW-19-4881 
Page2 of3 

(5) w~ bas policies in place to i:dcutify proprietmy infomlation. u• tbatAy$lem. 

infunnadon is~ in oo~ if it falls in one or I1lOIC of sevcµl] types, !he teleaae of 

which might result in the kis.1 of an existiog or pott:ntlal coiq,etitive advaniage, as follows: 

(a) The information rc:veals-tlie diltingulshing aspcru of a process (91' 

c:ompooeot, structure. tool, method, ~) where proveotioD of its USC b)' any 

olWestingbouse's competitors ~license~ W~ 

ooa~ a campedtive.ecooomio advantage over~~ 

(b) 1t C9f)Siill-of supporting • inctuding te$l. data, n,Jatiye q, a~ (or 

c.oroponeni.. MJCtnre, tool. method, etc.), the appHceti.oo of which data 

secures.a compotitive ~ advantage,(e.g.; bJ opiliniza6on or~ 

macketaflility). 

(c) ~ mt by• competitor would rwuc:e his~ ot resouroes or improve 

his ~vc _position in the~~ shipment. 'iostallotioo, 

AS8UiaDCC of quality, or ~log a siJdilar product. 

(a) R reveals cost er p:ice infuomtion. produc:tioo capacities. budget lCYCls. oc 

conm:aciahtrategies of Westinghouse, its custoµ,cts or 50ppliem. 

~) It reveals aspects of put.·preseot, or Af:Qla Wcmugbouse ~ ClHltomer funded 

development plans and (:l'ONAIDS Qf pot~ COOlIJ}C[ClaI val),l610 

Westfnghroge 

(6) Theattaohed.documcnts are briceted and maJted to .indicate the bases for withholding. The 

~ fut withholding is ltidica.ted in b$ vmibDs by means of lowerciaae letters (a) 

tmough (f) located as-a sopetsail( inmPtim!y following the braclcdll enclosing CIICb item of 

information being identified 88 propriewy or in the margin opposite such infortnatloo. ~ 
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AFFIDAVIT 

lower cue letters roftt to the types of information Wcstingboose customarily bolds ln 

CODfideoce identified in SeotiQils (5)(a.) tlrongb "(f) of this Affidavit. 

CAW-19-4881 
Page 3 af3 

B-7 

I dedare ·that the avennents of fact set foltb in this Affidavit.are true.and correct to the best of my 

knowledge. lnfonnatl.on. aod belief. 

[ declare mxb' peua1ty of perjury that the foregoing is true and correct. 

Camille T. Manager 

fnfm.sttucture &· Facilidcs Llccnsing 

PWROG-17033-NP-A November 2019 
Revision 1 

- nus record was final approved on 11/5/2019 3 16·22 PM (This sta1ernent was added by the PRIME system upon Its valldatJon) 



WESTINGHOUSE NON-PROPRIETARY CLASS 3 

PROPRIETARY INFORMATION NO'J]CE 

Transmitted hel'cwith are proprietary and nan-proprietary versioos of a document, furnished to the 
NRC in connection ~ requests for generic and/or plant..speclfic review md ap{¥'0val. 

Jn ~ to coofonn to the .requirements of 10 CPR 2..390 of the Commi.sgjon's regu1atiom coocemiog 
the proe;:ction of propriew:y information llO .submitted to the NRC, ,the iDformatjoo which is 
I¥"~ m tm proprietary verswm is cootalned within lnclcets. IIJ)d_ where the proprietary 
Information .bas been deleted in the non-proprietaJy venioos, only 1he bucteu rcmaiJl' (the 
fnfriana1ion thaJ was c.ootained w1thin the brackets in the pt'O?lelBJy vemoos having been deleted).. 
Thejustiflcadoo for claiming the informatioo so desigr¢techs propr~y w iodicited In both 
YeniQns by means of lowcr'case letters (a) through (f) located,u a supetscript ~ following 
the~~ each item of information being identified as~ or in the m.,rgin 
oppo!lite !llCh ~ These lower case letters refer to the types of in/onnation Westinghou:ie­
cµsttimarily holda In oo¢ideDce identified in Sections (4)(rl)(I) through (4)(UXO of the' .Affidavit 
accompanying this trapsmittal plffWabt to l O OR '2.390(bXl), 

COPYIUGBT NOTICE 

The reports transrnittm hctcwith ~ bear a Wcwingbooac dopJrigbl nodfC. ~ NRC is permitted 
to make the number of copies of tho information contuned in these mports which am necessary for ltl 
internal~ in~ with generic ml plant~ mviews miepprovah 118 weJ1 as the 
issuaoco. dicma1. ilmendmcmt, 'trmsftr. :reoewaJ, moclifiaitloo. suspeosioo. mvocaiion, or violation of a 
.license, permit. order-, IX~ subject; to the reqo}remem of 10 CFR. 2.j9() ~,earding 
rcstiictions Of1 pdJlic ~ to the e.xiem such mfronatioo has been identified WI proprietary by 
Westingboulle..~ght protection ootw:ithslmding: With~ to.the non-proprietary· versions of 
these reports, tho NRC is permitted to make the ~ of copies beyopd thoBe necessary for it$ 
internal use wblch ere necessmy in order to have ooe copy avail.abte for poolic viewing in the 
approp'iate docket mes in the public cJocuara ~ 'fu Wasbington,_DC and in local public 
dociJmeitt rooms 88 may be reqwIM by ~C regulations if fbe ouniJer of copiea IPJbmitted is 
msuffioJeut fur this purpose. Copies made by the NRC must include tiJe,copyrigbt notice in aU 
msunce,. imd the proprietmy nodoe If me original was ~ u pt'O{:rietaJ)'. 
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Utllity'Costomer ~ 

Indbde the following Jnfonnatkyt 1n the TRANSMl'ITAL LETI'WB to 
~ This is not part of ,the affida't:lt. 

Enclosed is~ 

CA W-19-4881, which includes: the Affidavit, Proprietacy Information Notice, Copyright Notice 

The eoclosure cootaini infonnation proprietary to Westjngbouse Electric Company U.C 
("Westioghouse"), it .1$ sopporied by an Affidavit signed lzy Westinghouse, the ~ of the 
infommtion., The Affidavit let8 forth.the basis OD which the infonnition may be witbbel.d from public 

, dlw1osme by the Nuclear Regulatory Commission ("Commission, and addresses with specificity th: 
considerations listed in paragraph (b )( 4) Qf Section 2.390 of the Commission '.s regulatiom. 

Accootingly, it is respectfully requested that the iDf(¥'D)at:ioo which m proprietmy to Westiogbouse be 
withheld from public disclosure in accordaocc with l O CFR Sectioo 2.3.90 of lhe Commission•» 
regulations. 

Coae8pQndence with respect to the copyriglt. or propnetary aspects of the items )lated above or the 
supporting W~ Affidavit should 1'iemlce CA W-19-4881 and should be addressed to 
Camille T. Zozula, Manager, .Infrastructure & Facilities Liceosing. WMfioghn\lr.e Elcctdc Company, 
1000 Westinghouse 'Ddvc, Suite 165, Craobelry TOWD!lbip, Pennsylvania 16066. 
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To: James P. MoJkenthin 

From: George J. Demetri 

F.>.t ( 412) 374-6257 

Fax· (724) 940-8.565 

Dale March 19, 2019 

You N/A 

Our LTR-SDA-18-127-NP, Rev. 0 

SuQicct: Generic Responses to the U.S. NRC Requests for Addftional Information on PWROG 
Report, PWROG-17033, for Westinghome Reactor Coolant Pump Cuings 

This letter provides a non-proprietary version of the Westinghouse responses to the Requests fur Additional 

Information (RAI) RAI-1 through RAI-9 from the U.S. Nuclear Regulatory Commission (NRC) for the Reactor 

Coolant Pump Casing evaluation performed in the Pressurized Water Reactor Owners Group (PWROG) report, 

PWROG-17033. Please transmit these responses to the PWROG. If there are any questions.. please contact the 

undersigned. 

Authors: Electronically Approved• 
George J. Demetri 

Structural Design & Analysis Ill 

ElectronicaJJy Approved• 
Anees Udyawar 
Structural Design & Analysis m 

Electronically Approved• 

Geoffrey M. Lo)' 
Structural Design & Analysis Ill 

Reviewers: Electronically Approved• 
Alexandria M. Carolan 

Structural Design & Analysis ITT 

Approved By: Electronically Approved* 

Lynn A. Patterson, Manager 

Structural Design & Analysis Ill 

Westinghou.,e Electric Company LLC 
1000 Westinghouse Drive 

Cranbeny Township, PA 16066 

C 2019 Westinghouse Electric Company LLC 
All Rights Reserved 
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10 CfR 54.21(c) require8 an applicant lo dcmonstrato lhal the effoctl of aging for structures and 

components will be adoqu.,tcly managed so th.It tho intended function{s) will be maintained con.mtont 

witb the current licensing basis (CLB) for the period of extended operation. NRC staff must be able to 

find thal actions have be«t i<kntified, mid have b!Xltl, or will be L:ikrn lo rnanag1: lhe cffocts of aging 

during tho subsequent pcnod of oxtondcd operation (SPEO) on the function11lity of ~truoturos and 

componenls such lhat there is reasooablo 85Surancc 1h31 tho activities auilioriZtld by the sub!tJquent 

renewed license will continue to be conducted in accordance with the CLB. As described in the 

StiruJ.ml Review Plan for Review of Subicquent License Renewal Applicatiom for Nuclear PO\~ er 

Planta (SRP-Sl.R), an applicnnt may dcmoT1Btratc compli~ with JO CFR 54.21(a)(3) by referencing 

the Generic Aging Lessons Learned f~ Subsequent License Renewal (GALL-SLR) Report. 

The regulation in 10 CFR 54.21(c)(l){ii) states that, for a specific time-limited aging analysis (11..AA) 

that is d~itionod in Jccordancc with thi5 Kgulation, applicanu. must demoruitratc that th~ allillyi,ii ha~ 

been projected to the end of the SPEO. l\iany PWR applicants have idantified the crack stability 

analysis of cal.,t austcnitic stainless steel (CASS) 1eactor coolant pump (RCP) casings~ a lLAA item. 

Background: 

The 1~,ffi Code, Section XI, Table IWB-1S00-1, requires periodic volom!me inspections ofOte welds 

of the RCP c.wngs in nuclear power plants. These ins~Ol18 result in radiation .:ixposurc to the 

personnel performing the inspections and require significant rosources to perform the inspections. As a 

result,. $Cl ASME Code Committee approwd Codo ~ N-481 in Much 1990 that allows replacing the 

Vf)lwnetric examinatlol)5 with a fracture meohanillll-based integrity CM!luariQn supplcmentod by speeJ:fic 

visual inspei:tionS'. Previously, induruy provided topical report WCAP•1:304S which contain5 tho crack 

stability evaluation and fatigue crack growth calculation of~ RCP casings to demonstrato complianco 

With ASME Code C~ N-4-81 for 40 ycari! of Of«.ltiOD. To demonstrate continued compliance during 

SPEO, the PV..-ROG re-evalmted tho analyses in WCAP-1304S for l!OyeaTll as documented in PWROG-

17033, Revision l, 

The NRC staff notes that ASMB Code Committees annollcd Code Case N-481 in 2004 because the 

inspcction.requiremcnls of the code case hitve been incorporated into the ASME Cooo, ~on XL The 

NRC stAfffinds that it is aoccptablo to rofe.renoo Cod~ Case N-481 horcin ~use the spvcifio 11Dalytical 

method for the crack stability analysis in the code_ CIIS(;) w;se used for the original 40-yoor liccnm, 

... Th is record w,,s tmil npprO¥Cd on ,3f2212() 19 &:,42;15 f,JA. (This 91etmneiil was added by the PRIME sy:,tem llpOll j1s ll'lllidallon) 
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WCAP-13045 postulatod. a .flaw of V. T depth (Tis tbe wall thickness of the RCP casing) having an 

aspect ra6o of 610 1 in accordance ,vilh Code Case N-48L 'The locatJ."'ons of lhe .flaws arc ideiili.lie<l in 
Section 9 of WCAP-13045. The 'NRC .staff notes that the applied loadings to ana}y7c the pmtulatcd flaw 
:ire generic in nature. T.1bl.cs 11-2 to 11-9 of WCAP-13045 provided lltt: gem:ric l.w values (ihc applied 
J-integral) for various. flaws under variom loadjng condition& fClJ'varioos ROP modoJs. 

A crac\: is stable if either 

(l)Jopp < Jr.: or 
{2) If 1'1'P > ]It, then T 11!1 < T .-Jo1 and I.w s: 1_ 

Request: 
(a) Confirm lhat the locations of 1he postulated flaws in WCAP-13045 represent and bound lho high 

stress areas ofthc: RCP casings of .all tho nuclear plants that wore analyzed. 

(b) DiscUM whether the .Jwpp val~ in WCAP-13045 bound the lw valuei, .from the RCPs in all the 
pl.!111a tllat were 111:111lyzcd. 

(c) Provide-the critical crack depth that would cxcood the crock~tabtlity criteria (i.e., wh.at is the critical 
crack depth'l). 

Response; 

(a) Tho postulated flaw locatiOU& in WCAP-13045 represctit and bound the high mcu Ille.ii of all 
applicable Westinghouse reactor coolant pwnp (RCP) cuing designs in the U.S. PWR operating 
fleet The WestmghOUIC RCP models in the cwrcnt U.S. PWR operating fleet ate 93, 93A, 93A-1, 

.Jl(I. 100A, with the majQrity being Model 93 or Model 93A. As 5ltated in WCAP-1304S, the 
geometry of the Model 93A-l and Modol lOOA pump cwngs in the high stress locations i& 
adequately tbptffl!llled by the Model 93 and Model 93A C351:ings. By ll.XpliciUy modoting and 
analyzing the Model 93 and Mod91 93A pump casings using finite clcmont techniques, the high 

strcs11 areas of the casings for all plants coll8idcrcd in WCAP-130-t-5 were adequately represented. 
The looatiom of the pomilatcd tlaws were chosen based on those high sire& ,u-oas of the 

rcprtSeruative casiDgs, as detcmrincd by Ou: .finite element analyses. 

WCAP-1304:5 M5 issued in Scpl.ember 1991 10.gmeri,ctdly cvalualo lhc structural integrity of the 
Westinghouse-designed RCP casings for long term operation in aocordnnco with Codec~ N-481, 
which was approved in 1990 by the ASME Code Committee. 1n Mllt'cb 2004, Code Case N-481 W:1$ 

umullcd by ASME and the villual 10$pCciion guidclincs of Ibo Q;,de Case were incorporated into the: 

2000 Edition (for pump casings) and 2008 Addenda (for valve bodies) of ASME Section XL From 
1991 nnu'I IIJ'Qlmd 2008, in orda to supplement I.ht: generic WCAP-13045, sevi:rlll pliDII specific 

avaluatiom (more than half of the U.S. PWR: operating fleet and several foreign plantB) were 
performc:d fur the CllffllgB oftbc Wcstinghousc-d®gnc:d pumps, cilhcr for the origirud dcllfgn life of 

- Toss~ wes final approved on Yl2/2019 8·42!15 NI.. !lhn lliel~ wss added by the PRIME sy2!em upof1 11s "'811dalion) 
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th~ plam or for 60 yes life extemit;,ru1. Tho!e plant specific evaluations were based on the pump 

confiaurat!ons analyzod in WCAP-1304S (I.e. each of tho plmt spll9ific pump model& havo design 

drawings 'that are consistent with the: pumps analyzed in WCAP-1304-S), and dentlim!rilled the 

structural i:ntogri ty of the c4lli.np • t the critical IOCll1i ons. 

(b) As discmsed in Section 6 ofWCAP-13045, conservative load.a- (interoal force and moment loading) 

for a majority of platUa were selected to fotm the basis for the fracture mccbnnics annly$iS. TI~ I.i,,. 
valueci reported In Section 11 of WCAP-1304S were based on the Loading Level A (faulted 

o~dflian, !18:fe shutdown carthqunke) and Loading Level C (Up!!Ct condition, loss oflond trsnsiqnt) 

screening loads which were developed in that reJ_)Ql't. Ui.ose screening IQade were dc:vcloped as a set 

of representative bounding loads blt8ed on a SA1l1pling of plant-specific loads. .-\8 stated in WCAP-

1304S. plants were expected to reconcile their plant-q,eciflc loads (forces and moments) with the 

screenmg loads. Ifp]mt specific loads-were larger Ihm the screening loads. then updated J.w values 

would be calculated ming plant specific loads to confhm the crack stability crheria. Those 

reooociliations were porfonncd m plant .spooific topioal ~ and it was determined that some 

plants had loads and l.w values that e.xCC(:dcd lhe sae~ values in WCAP-13045. However, the 

J,"' values associated wilh those hlghcr plant spooific loads were stiO qualified wfthoot e,xoeption in 

plant-ip'!cific evaluacious using either the limiting fracture toughneu valuci: in WCAP-13405 or ihe 

fracture tOl,lghn~ valucs '?31culated with 1hc methodology in NUREGICR-4513, RC\i$ion 1. For 

the majority of lhc plan1 specific evaluations. it was determined that lhc screening stn:ssos wcn: 

sufficiently higher and more limiting than the plant specific stresses; hence the Jw values in WCAP-

1304S bound lhe J,rpp values for !he majority of the plant specific cues. 

11 would be noted lhirt, over lime, loads have not changed gjgnificantl y gjnce thcro have been only a 

few mzjor NSSS {Nuclear Steam Supply System) component rcplaccmonts and ~furbiahmcnts, .and 

up~ do not have ,a significant impact on ¢Wility evaluations. Tbotmore, tho representativo 

scrttning loadings considered in WCAP-13045 arc ~Live of pl11n1 s~ific values lhat were 

considered in the existing N-481 analyses_ 

( c) As reported in WC' AP-13045, flaw location [ ]a.c.a was dctcmtined to be the most limiting .flaw 

·location for Ibo Model 93 pump clffling, and llaw location r F' was dctennincd lo be the most 

limiting flaw location for tho Model 93A pump cuing with regard to fiacture touglmCM. The 

postulalctHlaw siz.:s were sufficiently~. with flaw dqiths on the order of 114T (or 25% ofthc 

wall' lhiclnCllll), which provided flaw depths greater than 1 inch. Furthermore, WCAP-1304S puts 

111.0(C ~is cm the analysis ofSA-351 CFSM material duo to its more limitini frncturc toughnc!!s 

values resulting from higher levels of molybdenum in lhc cheJnistry compar¢ to CFB. Higher levets 

of molybdenum rc:5ult in lower valuos for Ji,, T .-~ By rcvicwin2 the plmt specific ovaloations 

for lhc: plants that have CFSM, r 

F Postulated flaws larger than the, 

.range mcntwned above would have diflicuhy satisfying Im, crack stability cilteri3, unless other 

parameters can be rcasseucd (L-e. refinement in loads,~ material properties, etc.). However, 

for thCf CF&M plant specific analy5os, 1ho stability Ciitcria were met per the guidance: of Code Case 
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N-481- for a postnlated fll!W depth of J14T. For CFS pump casings, which have very low 

molybdenum the critical flaw dcpth'would be goncrically illr!l« than that based on CF8M. 
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Th6 second p!ITTg1'3Ph on Page ,J-""2 of PWRCX'r-l '7033 statos that {l) tlie transient afreaso5 nsed in tho 

fatigue crad growth·arc generic ano em;ompass the vanous RCP models; (l) lb~ stroues have not 

impacted for 110 ycan of oparatlon; and (3) the nwnbcr of predicted cyclC!I for 110 years of scivicc is 

IWWTI~ lo be boundod by lhc transi~t cygles comi.dcredin Table 17·7 ofWCAP-13()4S. It i» not clear 

to tho NRC staff that the generic strcue5 used in WCAP-13045 bound the tra~ient strossos in the RCP 

caingz of all the planls that will use Lins topical report. Aiso, it is not cluar that the number oftraniicnt 

cycles used in the fatigue growth calculatiom -in WCAP-13045 bound the transient cycles that arc 

predicted to tho end of SO years for the plants that will OllC -this tor-cal report. The NRC staff 

undcnlmds that lkemces who~ Ibo lopii;al n:port Ml.I li!6 the rosull5 of fatia,ue crack growth and 

cntek stability oalculations in WCAP-1"3()45 fur their plants and will not pcrfonn plant-specific .malyscs 

for lhcir RCP casings. In !hi, sCCI!Mio, th: topic report should provide guidance for a licensee lo 

domonsttate that the input par.llUetc:rs' such as applied looding, :strcues, .fracture toughness values and 

1ramient oyclos 115Soci.ited with the RCP CMings .it its plant are bmmdcd by the corresponding input 

Jllif!II1lelt:n usod in the mal.y$tls in WC AP-l3045. 

Jn addition, the fow1h paragraph on Page 4-2 of PWR00-17033 stales lhal a flaw depth of0.3 inchcs is 

the mA.'illllum acceptllhfo futw size for the RCP casing. 

(a) For licensees who plans to use-PWROG-17033 as part of lllbscquent Bccnse NUCWll .ipplication, 

provide guidance for the liCCJtS= to dcmomtrate Unt lbe input parametcn s.uch as appliod loading, 

8tressbS, frnctur¢ t~ vn}ucs and trom.icnt cycle11-asoci11tcd with the RCP casill&S ot their plant 

are bounded by lhe Cl?fTCSPDndilJ8 input paramelt:lll u.wd in ihe Totiguc, crack growth and crack­

.st;lbillty lmlllysos in WCAP-13045. 

(b) Discl,ISS tho length oftbe postulate flaw, orientation of the flaw, and the direction of its growth (e.g., 

crack grows axially or circumfcrcnti:ally into the waU tbi~) in the firtiguo- crack growth and 

crack stability calculations in \VCAP-1304-S. 

(~) In general the goal of PWR00-17033 was to dcmomtratc that the crack stability anaJyseg 

1>CDOl1JlC!d in WCAP-130-45 ~tcly rcprcsonted and qualified ihe Westinghouse-:designed pump 

cmings for all loadings and SCIVicc coru:lilions. This ooI1Clusion was roached based on the folloWing 

fuclots: 

1. Afu,r the inoeption of Code Case N-481 in 1990, scy,:nl plant specific traotuni mc:chanio! 

evallllltion! were perfonncd and Jlhowed adequate craok Btahllity margim. The casings of 

more than half of the Wcslmghousc pumps cwrently opernting in the lf.S. PWR :fieet were 

ovaluak:d.. In the year 2000, the Code Cue ,vaii inoorporatro mto ihe b6dy of ihe ASMB 

Code. However, the flaw tolerance evalumon requirements were removed from the Code 

beoausc multiple t1nv tolerance aalculatiOJli bad been completed and reviewed by the NRC. 

,.. This recad wn tnal l!pprot,'ed en 312212019 8:42;15 />M, (7his !!lelemcr1 wu added ~ the PRIME system UM" Hs IIBlldabon) 
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Thos, calculations oomonstraloo lhat tho pump casing! WCG both .flaw tolerant and ~ant 

lo degradation ~cd by COTTORion mcchanillJlll!. At that time; the NRC rcprescntativc on the 

appropriate Code Commillt:e insisted oo rmnoving lhe requinmtents for flaw loli:ranc.i 

stability cal«ulations because be considered the continued review of such ca1culations an 
umvammt«I c.'qll:nic. 

l. The majority of domestic operating plants with Wcstinghomc pump$ aro made from CFS 

material. As reported in Tablo 5-1 of WCAP-13045, the CF8 material results in the limiting 
fractun: louglmCSI! valllClo of I re,~. ~ can 

be sec;:n in WCAP-13045, Table A-2, them. valuo1 arc limiting pl!" any of the plants whoso 

pwnp C3Sings are made from CF8 material, regardloss oftbc plant-specific chemistiy of the 
pump casing material. Only three pump,casings arc made ftom CF8M material. Table 5-1 
of WCAP-13045 rq>OlU the lllO!t limitin_g CF8M fracture toughn!:$5 values for the flange 
inner quarter, the nozzle outer quarter, and tho nozzJe inner quarter locations. Each of those 

limiting sots of values in 'Iablo 5-1 is based on the pump casing chcmistty of one oflhc l1uee 
CFBM oaljil1&$, and, B$ oan be $OCr1 fivm Tllhto A-2, pages A-29, A-30, and A-41 of WCAP-
13045, they bound 1hc fractnre toughness values of the other two casings at thOie locations. 
The three plants that haw the CF8M material& wore malyzed on a plant specific basis, aod 
were shown to meet tho flaw stability margin~ As a rcmlt, the fracture tou,ghrum value,; 

reported In WCAP-13045, as calculated by !ho methodology referenced therein. bound the 
fracture toughness value& that would be oalcolated f01 a specific plant's pump casing using 

the methodology ofWCAP-13045. 

Over time, the fracture toughness values for SA-351 ·cFSM and CF8 materials reach a 
.saturated state based on cbcmi.stly (molybdenum, dclta fcrrite1 casfin& method (static, 

centrifugal), ·tcmporaturo, and time u discussed in NUREGICR-4$13, R.cwri.Qn 2 (sec 
Figllnl 12 of NUREG/CR-4Sl3, Rmsion 2). The ,work in PWROG-17033 used a lowa­

bolUld $8fUraled fracture toughness corrolation curve from NUREG/CR-4513, Rcviaion 21o 
dcmomlrate thar the bonndirig CFSM material heat of Tnble S-1 of WCAP-13045· fiom all 

Weiitiqghousc RCI's still has sufficient fractUre toughnesa to meet the stability criteria and 
screening I~ af WCAP-13045. The other limiting CFSM and CF8 materials it1 Table 

5-l nf WCAP-1304S w~ abo reviewed in tlw-RAI-9 res~ hued on. NIJREG/CR-4513, 

Rovision 1 and NUREG/CR-4S13, R!Maion 2, 1ltld shown lo have acccpl3blc flaw stability. 
Tborcfurc, any further aging of CF8M material or CF8 material beyond 40 years at PWR 
opcmting tcmperaturcll will not decrease the fracture toughness values 1'0041_111C those 
ma!erials have already rcaohcd :i lowoc bound saturated fracture toagmKlss state. 

3. Thescniening loads dcvaloped in WCAP-13045 were botmding for the majority of the RCP 

pumps. For plant .specific fracture mechanics analysis cases where the plant specific loads 

were higher Ihm the s~ng loach, tho stability criteria were roaualyzcd and shown to 

mi:ct ,all &.sotUM louglmess margim. For lhc majority of plant specific evaluations 

performed; it was determined that Ilic screening.messes in WGAP-1304:S woro aufficienUy 
higher lhan and bowidcd I.he planL specific IJinNea. l'bercfQJC, lhc applied loadillS' and 
stresses for all planls comidc=d ro WCAP-13045 have becm qualified. 

- This n,cad was hi et,,ro,cd cn 3/22/2019 8:42:15 NJ. ('Jhts 5lah:meri wss added~ Iha PRIME~ Up(ljl Us 1111lidalton) 
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4 Th.: We!!tinghOUllc-designed RCP modol& in the curreJ11 operating U.S. PWR fleet are Model 

93r Model 93A, Model 93A-l. and Model 100A. The majority of tho operating 

WcstinghoUStl RCPs are Model 93 or 93A. /u a result, lhe Model 93 and Model 93A pU:mp 

casings were ~plicilly moildlcd mtd analyzed~ finite clement techniques in \VCAP­

I3045 to determine lhe most critical slrcsll locations in I.be casingJI (and for postulation of 

flaws). RCP Models 93A-1 and lOOA arc adequately reprosonted by 1he Modol 93 and 

Model 93A RCP!. and tbcrcfore th¢ finite element models of the Model 93 and Model 93A 

pump casings were sufficient to cover the Model 93A-l and Model JOOA casings. It should 

bo noted thJli all the pump casing.a were fabricated ftom SA-3:Sl CFS, with the exception of 

3 plants whOl!e casing material is CF8M. The~ made from Ci/8)\( have been analyzed 

on a plant specific bosis and shown to tnect the requiremcnill of Code Case N-481 for their 

dcs1&fl 1i fu. Th~fore. the appropriate critical stms I ocatlons w~ considered and analyzed 

in WCAP-13045 to encompass all of the WC!ltingbousc~ned pmnps currently operating 

In the U.S. PWR ileet. 

5. One 9f the inputs in a fittig,ue crack growth (PCG) nnalys:il, is transient strcs& rangei.. Iv, 

discuss~ in lhc pl11111-5J)Ccific w.tluatiom, tb generic tr.msitmts considered in the FCO 

evaluation· of WCAP-1304S were- reviewed against I.he severlly and .frequency of lhe plant 

specific operating transients. Based on toot ~view, it was concluded that the typical dostgn 

transients and cycles used in WCAP-13045 are generally applicable, lo the plant specific 

.tramicnli anc1 cycles. r 

r,u_ It !UlQu]d al!JO be noted t1tal 

uprate conditions will not impact the loads and trnnsients as previously determined by plant 

gpecifi C i:vaJ UlltilJTIII. 

As an additional mo.uuro of conservatism, the FCG analysis performed in PWROG-17033 

doubled the number of transient cyc1C1 used in WCAP-13045 to account for the increase in 

phnt life from 60 to 80 y~a; of operation, tbc:reby d...'Jllonstrating 1hat the FCG analyses 

porfurmod in WCAP-13045 and in the phnt specific ovaluatiom remain valid. Plants 

applying for 80 year life typically have retained the "3tlle number of design cycles as their 

60 year design cycles. As a result, 1M firtiguc crack growth assessment in PWROG-1 7033 

wifi bo applicable for plants submitting their 80 year subsequent JiCCIL'!C rcncwal appUcation. 

6. Based on a review of Westinghouse rccorck, the seivice life of the RCP c~ bas been of 

no major concern 4- thcre has bceri oo dcgradatioo or dctootion of craclc-lil:c indications. 

Tim!. basod on the above dl~iCIIJ8, (be: sl('CSk'CS, applied loadings, fracture tougbl)CM 'VllluCII, and 

transients considered in WCAP-1304S are bounding for an individual plant's pump C89U1£ or have 

been rcconcilocl through plant specific e'Vllluatioos_ 

... Toni r.:cad was hi apprct,,cd on 3/'22l'2019 &•42;15 NJ. ("Jlus s!a!J:fflcnl was added by the PRIME~~ lb 111111dalton) 
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It iB l'l.lComrncncwd that the following ~<hmoo be considered for licensees who plan to uso PWROG-
17033 and WCAP-13045 as part oflhcir ,ubscquc:nl license nmow,d application: 

1. Confirm tbal lbc lillCnSdC:S" pmnps arc Westinghouse-designed models. 

The Combustion Engineering and some of the Babcock & Wilcox NSSS plants do not have 
Westinghouse-designed pmnps and therefore do not fall within the scope of WCAP-13045 

and PWROG-17033. 

2 Confirm that the licensees' Westinghouse-designed pump is oithot II Model 63, Mt::idol 70, 
Model 93, Model 93A. Model 93A-1. Model !>3D, Model lOOA. or Model 100D, and 
fabricated with SA-351 CF8 or CF81\1 material. 

The above WestinghOllSe pump models and materials were ooraidered in the fracture 
mechanics analysis ofWCAP-13045, as lhese ·deiigm have been encompa!Sed by the finite 
element models and Joading conditions. 

3. F<:>r plant& with Wcstinghousc-dosigncd pumps w~c pump matcri.11 heats aro not explicitly 

listed in Appendix A of WCAP-13045. perform a plant-specific analysi.11 or reconciliation to 
ensure the fractmc toughncs, valncs based on actual material chcmiany ~ boui\dcd by the 
valua in WCAP-13045 orPWROG-17033. 

The fracture toughness valuca derived in WCAP-13045 were t,ased on avmlable material 
certification records for WcstU!ihouse-desiiined pump casings, both domestic and foreign. 
Toe limiting fractu.n, toughness values in Table 5-1 of WCAP-13045 were based on the 
hoats'rcported in Appendix A of\VCAP-13045. 

(b) For the Model 93 pump casing, the fati~ cracl growth evalualiom which produced the most 
limiting rcsulll! wore for postulated flaw& at the [ 

f'c.t_ For the Model 93A pump casin2, lbt: limitina 
fatigue crack growth results were for a postulated flaw oriented in the [ 

I"'"'". 

The- FCG analysis -results fur postul:ited flaw depths {fl.aw length is b~ on tho aspect ratio, flilw 
lenathl.flaw c1apth. of 6:1) into the pUmp Cll!ing \'fall thickne~ are provided in Tables 12-1 and 12-3. 
of WCAP-13045 for 1~ Modol 93A and Modol 93 pump dcstgns, rcspoctivoly. A small, pomilated 

.flaw depth evaluated in WCAP-13045 ~ PWROG-17033 ia based on an initial depth of 0.3". Olbcr 
in1tial flaw dopfhs wcrc also considered for sensitivity analyses, as shown in Tables 12-1.and 12-3 of 
WCAP·l304S, to demonslrale that the growth due lo FCG is srnaU. Therefore, the po5tulaled flaw 
depth, used in the FCG llll.1lysis m:c- oqua1 to and well .in CX00$S of tho rna."Wllllm aoccptabl.c .flaw size 
(flaw depth of 0.3.,) in the Acceptance Standards in Table IWB-3518-2 (for prcssun: tbtaining welds 
in pump casings) up to 1ho 2007 Edition of tho ASME Sectlon XI code. The flow depth of03" is 

- Toni record ww, filllll RpprOVCd a, 3/22J2019 &:42: 15 ~. ( This .tatcmcnl was added by lt,c, PRIME :,y,!em JJpoj1 tts IIBidiibon) 
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still the maximum aGCeplabJe Oaw size in lbe Ai;ceptance Standar& Table I WB-3519_2.-2 (for pump 

cllSiJ1gl!) i.u 1:itot ~tiom of the ASME S\:Qtion XI Code. 1lwrefo1e, lhc flaw dcpt11 of 0.3n and tho 
otheT larger [lOlltulah:d flaw size cases in WCAP-13045 wen, provided .as acmilivicy studies lO 

dcmonstntc thlll the fl~ do not grow significantly overtime. 

Farther details of the flaw locations and postulatlons in the stability analysis arc provided in 
Stet.ion 9 ofWCAP-13045 .for !he various \VcstingholliO pump casings. 
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The topical report specifies lhat RCP Cllllings be periodically wually c.xamincd in accordance with Code 

Case N-481. Tho visual cxam.inatiooa ofRCP casings arc pcrfonni:d once. every 10-year interval. The 
NRC stoff questioned whether there havo been degnidatious obsctved in RCP casings in PWRs. In 
addition, the NRC at.aff questioned whether there are defense-in-depth measures that can alert the 
operators if any pump casing is ~ded ffllllil2 the 10-ycar interval betwocn two visnnl exmninBtions. 

{;I) I)iscusg :my degradation in RCP casings tllAt ha\le occwred in any of PWRs. 

(h) l)igoms defeNc..in-dcplli mcosurcs that At'e in place to alert the operators- to take corrective actions 
.should leakage occur at the RCP casing dwing the SPEO. 

(a) W11Stinghouse has no knowledge of service dcgmbtion of pump casing5 from colTl:1$ion or other 
cracking mech:misnt$. 

The Westinghouse-designed pmnp casing; are fabricated from 03t stainloss steel. Such matorialt are 

highly re$urtant to COITOSion iuuos, .and cihibit high fracture r~ values (i.e., Ji. J...., aJ\d T.,..} 

in the pre-service product form. .However, such materials arc subject lo thermal aging cmbrittlcmcnt 
at nominal operating tcmpcnturcs of ~]oar plants. A! a result, the material., fur tho pump casings 
wm evaluated for lhcrmal aging 1:mhriUlement consistent Wilh the mcthodolOi)' in WCAf>..1304:5, 
P~ 17033, and pL,nt i.peclfic analyses, and All were fuund 10 meet the aoooptance critona. 

The pmnp casings were designed to the ASME Code at the time of fabrication. Dciign, normal. 
operating, and faulted applied loads on the n07.Zlcs arc wry oonwrvativc when compared to octuaJ 
service condiliOI15.1be mcsso. ~ .such that Code condiliom are met. 

(b) Based OD typical servico conditions, flaws me not c:cpccted 10 occur during thi, life of the plant. If 
5D13Il flaws are prele[ll, Ibey will gmw only .a small amount lhroaghoui lbe service life. 1f a flaw 
'8houlc1 hawcn to pcrultr3tC the waU, it will leak at a wcy <;lotcctabk rat9 and will n~ ba Ufl\llBble, 
thus allowing a shutdown of the plant per lhe requirements in plant Technical Specillcations. Plants 

rigorously follow Rogulatocy Guide 1.45, which provides ~dance on monitoring ond rcspondl~ to 
n,actor coo lan1 sy»llffll lclal:ago. 

- This rccad was final llpproYed en 3/22/2019 8 · 42;15 PM ( This ..talerner\l was lidded by the PRIME s#mn upq, Its widabon) 
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Section I L2 of WCAP-13045 addresses tho crack. stability analysis results for postulated flaws in the 

Model 93 RCP casin2a made ,with C'F8M cast aUSWllitic stainless !tecl. Specifie3lly, the stability 
analym in the WCAP-130+5 report ittdfoatlls that postulated flaw lOClltion 5-93 is subject to the Loss of 

Load transient (upset condition) and is identified as ihc highest stressed location. 

WCAP-13045 also indicates that on a plant-£peclfic b.asia. a yield ruongth level slightly greater than 20 

ksi is sufficient to confirm the flaw stability at flaw location 5-~. Tot WCAP report further indicates 

that such a yield mrcngth level .Cgrmtcr than 20 ksi) will ensure that the stability criteria regarding the 

.fracture tonatmes:. nnd tearing modulus are met (i.e., applied I-integral < J;_ of the material, md appliod 

tearing modulus T < 1;,,u: of the material). 

In contrast, Table 2 of PWROG-17033, Revision 1 uses a yield strength level less than 20 kii to 

C3lcula1e the fracture toughness properties of !he CF8M material in the crack stability analysis.. In 

addition, PWR00-17033, Revision l, do~ not addn:u whether postol.ltod &w location S-93 in Section 

112 of WCAP-13045 meets the crack stability criteria for 80 yo.1B of operation wbon the cracJ; stability 

analysis uses the updated frncture toughncs& J)l'OJleJ1iez, such as those in NUREG/CR-4513. Rcvition 1. 

Describe how the generic crack stability analysis in \VCAP-13045 confmlll! !he stability of postulated 

flaw location .5-93 (CF8M malcrial lit the highest s~d location) taking into accol.Ull the plam-specillc 

yiold .$1rength of the matlllial, actual 104ding conditiom, ;md tho fracture toughness valuc,s (J1c. J...., md 

T..i), 

Rupotqe; 

Of11TI lhe dc11:ncstic operating plants com.idcred in WC.AP-13045, rmly 3 pt11111s haw pump Ollllings mado 

from SA-3Sl C'F8M matllri11t The< most limiting llCDt was picked :from 11w tbrei: CF8M planfs to 

represent the ·highcs stressed flaw location I r,c,• as shown in Table 5-I of 

WCAP-13045. Therefore, Table S-1 ofWCAP-130-4-5 rcporta the limitlng fracture tOU2}mess values of 

flaw locotion [ 

r· 
The chcmiAhy (Jf the limiting heat ll'!cd for the highoat fflCSS flmr location L r.c.• for the CFBM 
material was used to recalculate tho :fracture toughness values ba!cd on NUREG/CR-l-513 Revision 1. 

Ducd on NUREGICR-l-513, Revision 1, the ~hlro toughness values are f 
f~ at operating condrti.ons. M a rasul~ the uturated fracturo touglml:m 

values ba9cd on NUREGICR-4513 Revision I m: larger than the value!! detcmrined in Table 5-1 of 

WCAP-l 3045 for flaw location r r. 
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Based on WCAP-13045, Table 11-2 (CF8M mat.mat with ASME Code proportiC11), tho highest litres$ 

flaw location [ r,e.• for loadini level C has appliod loadings of [ 
r-o.• \'Jhcm lhe pr=1ure is limited lo '2,485 psi due lo a Rcalllor Trip. Comparing !h6!1i: c.1lcul11ted Jl[ll) 

md T"l'I' vab.m to the NUREG/CR-4513, Rwision 1 fracturo toµghness v;duus demonstrates that lbe 
high 81rc<ls I ocation of flaw [ r-• mee LK lhe llrack Ktllbility margins. 

Wuh regaro to loadiug i:ondilions, Lhe plant spc,cifill cvahution performed for the plntl with the Iimilillg 
CFBM material 0031 for location L f""' reports thn the actual plant specific loam an: below the 
,creening loads used in WCAP-13045. As a result, tho scrconing loads bound the plant-specific loads, 

and tbc J1pp and Tli'P values in WCAP-13045 remain bounding for the plant wilh thc limitina CFSM 
casing iU the high stress flaw location [ F. 

Thus, the generic crack stability analysis in WCAP-13045 confirms the stability of posmlated flaw 
location I F (CF8M matc:rial at Ibo highest strcued location) taking inlo account coni.crvative 
ASMB Code yield strength (in lieu of plant specific yield strength) of the material, conservative 
screening Joa~ (in Ileu ofless limiting actual loading conditions), and the fracture tougbneu valu05 Ui., 
J.-, and T-) bnsed on NUREOICR-4Sl3, Revuiion J. 
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Page 3-4 of PWROG-17033 stated th.al " .•. the fracture toughness correlations used for the ful1.agcd 

condition is applicable for plant$ opeiating at and beyond 15 EFPY (Effective Full Power Years) foc the 

CF8M materlels. ,_ The Westinghouse NSSS plants have b~'tl operatl~ for greater than 15 EFPY ... " 

(3) Qarify whether the use of fully--ilg6(l fr.acture l.ooghness for plant.s beyond 15 EFPY arc also 
applicable to the RCPs in BabcooJ; and \Vllcox plants and Combustion F.ngineering plants. 

(b) Confirm that PWROG-17033 i• applicable only t.:i RCPl. that are manufactured b;Y WcstinghoUM: or 

ili designated-vendor that follows Westinghouse's spccification1. Dil.cuss whct:hcr any domestic 
nuclear powor plant u,,:s a RCP that is not m3llufaoturcd by W cstinghouse. 

RespoJ¥; 

(a) The sropc ofWCAP-13045 and PWR00-17033 iii only applicable to Westinghouse-designed RCPs 

with :Model 63, 70, 93, 93.A, 93A-1, 93D, lOOA, and 100D casings fabricated .from SA-351 CP8 or 

CFRM mal.erial. 

All operating U.S. PWRs with Westingbome NSSS have putnps &signed by Westinghouse. 

Furthennorc, two of the operating U.S. P\VRq with Babcock/Wilcox NSSS also have Wcstingbouse­

del>igned pumps. Howcwr, none 6fthe opei;ating U.S. PWRs with Combustion Engineering NSSS 

have Wes1inghouse-dmgncd pumps. 

Thercfurc. the provisions at WCAP-13045 and PWRC>G-17033 are applicable to all operating U.S. 

PWRs wilh Westinghouse NSSS and two operating U.S. PWRi with Babcock &Wtlco.x NSSS. 

(b) .See respOnsc to RAI-:S (a) abov¢", 

- This rccad we floel approYCd C11 3/22/2019.8:42: 15 /iM. (This 9!elemenl was a,:klcd by lhe PRIME~ upq, Its 1/aidahon) 
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Section 11.2 of WCAP-13045 (bottom of page 11-1 and top of pagll- 11-2) disCUlll!os the crack st.ability 

aual)'Bcs for l\iodcl 93 RCP cas~. The repott di8Cl.lSSe8 a postulated flaw (Number 5-93) th;:n 
ex~ed the 8lllbtlity criteria under certain asswnptions oo yield stress and opcrnting conditiom (Le~ 
crac"k stability cannot be demonstrated for Flaw Number :S-93). 

(a) Cct111n asswnptious on yield ~ress and operating CQJlditions for Flaw Number S-93 may result in 
crack imtabiliry ~ disCUiled in Section 11.2 of WCAP-13045. DiscOS1 whether these assumptions 

snd J"Cllultant cracJ.. in'1ability are applicable to 3Jl) !lomestic PWR pli\flbi !hat may use PWR00-
17033, 

(b) Di11CU1111 bow a plant can dt:momtme ijlruclinl integrity of its RCP Cillllngs using PWROG-17033 [f 

the crack SlClbility criteria are axccoded 

(c) Oil!CUSl! the liketihood of postulated Flaw Nwnber S-93 wilh l~ applied landing occuning in 3'Q' 

Westinghouse RCP cruring. Is Flaw Number 5-93 a thcon.-tical, w!lfEt case scenario flaw, or i1 is a 
potl'liblc Onw that would likely 10 occur in an operating RCP in lhe fiold? 

(a) Section 112 of WCAP-13045 d:wcusscs Model 93 pumps fabricated from SA-3Sl CFS and CF&M 
matllrinls; however, CF8M material is more limiting than CF-8 material and is the cru.'i of the 
disconi0:11 herein, ospec;ialfj• for the highest slre$SCd Haw logafion [ Ja.c,o- As prcvioosly 

identified in the RAI-4 rosponsc, there tire only three operating U.S. PWR plants that haw CF$M 
casings. Furthc:nnorc, as ~ed in_ the RAl-4 m.ponsc, the plant which bas the limiting heal that 
was used to detennlne the .fraoturc toughnc$8 values for flaw location [ r.o.e 
in Table 5-1 of WCAP-13045 was re-evaluated based on updatod fracture toughness valllCII from 

NUREG/CR-4513, Rev I. As conclodod in the RAI-4 respomc, crack stability wns demonstrated 
for po11tulalcd flaw location'( F, laking inlo 
account conmvative ASME Code yield stroll21h (in lieu of plant specific yield strength) of the 
matlllilll, conservative screening loads (in lico of Jess limiting actual loading condiliom), and 

fracture toughnoss values (J.., J- and TlMI) balled on NUREGICR-4513, Revision 1. ihc other two 
dQmc:stic. PWR pump ca~np wilh CFSM have plan! specific fracture longhncss values that arc 
considerably higher for flaw location L ja.<.0 Plan the limiting values in 
Table S-1 of WCAP·l.3045. For thote two~ plant specific crack stability ovaluati~ using 
the J.,., and T"" values in Table 11-2 ofWCAP-13045 have demonstrated that flaw location ( 

fA' is stable without llXception (i.e., the ASME Code minimum yield Ktreng,th is amnned and the 
scrconlng loads arc baaed on WCAP-13045). 
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Therefore, all dom~t operating PWR plants with pump casings made from Cl-~ material have 

met the stability oritcria at flaw location [ r.c.• ba$cd on plant ~ific evaluations which t!SCJ 

ASME Cooo pn'lptlrtioa for yield strength, ronservalivc scn,cning londii to generate the Jlll'I' and T lf4' 

valur:s in Seotion 11.2 ofWCAP-13045, and fracture t~ valucs.lmscd on WCAP-13045 and 
NURF.GICR-.4513~ Revision 1. 

(b) B11sed· on tho response to RAI-6!a), crack stability is demonstrated for Im hiLJ,hcit s11C8$Cd flaw 
lbcalion f f..,. and lhe limiling CFSM materinl casings umig thti ASME Code JTiinimum 

properties, conservative scn:ening loads, and up&ted fracture toughne11~ values based on 

NUREG/CR-4513, Revision L There(ore, Ihm: is no concern for domestic operating PWR plants 

wi1h CFSM pump casings. 

U: bypothclically, the crad 5labili ly criteria !lre e.wcedro. lhen -plant specific yield 11trtn&lh along 

with tho use of actual plant ipocific loadings G3l1 bo used to reduce conservatism in the evaluation. 

Use of a smaller flaw size: can also be comidcrctl, aa !he m:ivice experience for pump casings has 

:shown no <kgradatioo or detected indio.atians. 

(c) The liketibood of postulated flaw IDC.1tiQJl L f,c.e with the applied screening !,;,ads from WCAP-

1304:5 ii low. To date, WestingbOUIO has no knowledge of 11ervice degradation of plDilp casings from 

corrosion or other cracldng mechanisms. 1hcrefore, flaw location l f'"'" is a theoretical, worst 

calie !!ecnario used for analysis pw]lOieS to _generically bound those PWR. planli which I.lie 

Westinghouse-designed. pumJll, and to resolve the fulcnu-e mechanics evaluation condition In Code 

Case N-481. 

Furthermore, the comorvatfve acreenlng load!! are based on the ma:drnum LOil! of Lind design 

traruiie:nt JlfllSlllOO of 2,63 :5 psig ( 400 pai 8bovc the normal opcmfing prc:ssnre of 2;23 5 p$ig) and at 11 

comervative temperature of 590"F (4ifF above the nomtaJ operating temperature of .5WF). Ail 

dcacribed in Section 6.1 of WCAP-13045, there arc three systems in plBCc to mitigate pn::ssuro 

incr~ of around 400 psi dwing a~ of Load tramient Firat there are power operated relief 

valves ~RVs). Those valves arc aotivlltcd at 2,335 p$i.g as recommended in the tcclmical 
spoci.licalion. ~ pMSurizor safety valvcs l\fC 5Cl for 2,485 psig, but allow lhc,: pres111m, to exoe«I 
2,485 pslg by 100 psi or more. The reactor trip high pressure setup is 2.385 psig. This sot point is 
ch6sen so as to avoid challaiging the prouuri2Cr safety valva. Thus, the prcsslll'C dtlring a Loss of 

Load transient is aotwilly limilcd to 2,485 psig. in lieu of 2,635 psig, which was conservatively 

coosidc:ired for certain cases in WCAP~l:304-5: 

- This recatl was inal apprOYed on S/22/2019 8:42! 15 /;No ('Jqls stalCffiCI¥: was added by !he PRiME ~ upq, )Is 1111 lidabon) 
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Table A-I of\VCAP-13045 conlams the names of 2!! nuclear unilB_ Tl is not clear whether an lhc applied 
loadings from lhe 28 nuclear units were considered in the crack stabillzy and fatigue crack ~owth 
calculati.qns such that the most limiting loadings woro used in lbesc calculJltions to demonstrate the 
stroc1ural integrity of the RCP casing. 

l)i8CUS!j whether lhe applied loads md mcs,;es of all the 28 nuolear units were considered llJld the 
bounding valnes from the 28 plents were used in tho crach stllbility and fatigue crack _growth calculatiOOJ1 
in WCAP-13045. If not all 28 nuclear units were considered, dii;cll!i5 how roany rruclear lnrits whose 
loads and strosses wcro considered and used in these calculations and whether the input values used arc 
boJinding fa lhe 28 JltlClear unit.. 

BffPOruc: 

Tho applied loaws for 29 plants were considered in Tabl~ 6-1 of WCAP-13045. In gener.tl, to cowr a 
wido range of plants, ropresontativo bounding force and momont values wore choson and .ua listod in 

Table 6-2 of WCAP-13045. Furthermore, as montioned in Sections 6 and 8 of WCAP-1304S, the major 
cootn"butor to tho high strCPeA in the discontinuity regiom of the pnmp en.sings is the internal prcsrnre, 

which i11 set 111 a valuo of 2.635 psig or 2,48S psig for all plants bused on tho loaw.ng condition (i.o. 
Loading u,vols A. B orC). Aey differences in the foroc 3Jld moment loadings shown in Table 6-1 (note 
Ibo load magnitudes m similar) will not have a si~caot impact on the final stability conclusions since 
the fracture mechanics evaluation 'is related to totJil stT'6!!S, not individual force and moment componenlll. 

Aa mennonc,d in tho rcspoosc to RAI-1, plant specific fracture mechaniCll avaluations on RCP casings 
have been pcrformcd·for more th3Il half of the U.S. operating PWR.s (and also scvera1 foreign plants) 
with Wcstinghowe RCPs. Based on plant specific CV31uations, the- majority of (be plants were bounded 
by the screening loadi11g11 of WCAP--U~5- For lbc few plants whose loads were not bmmded by the 
1creening loads, the casings af those plants were 1c-analyzi.'d and 11hown to moot fractnrc stability 

margins with oo CQnCCJTL Fqr the 3 plants~ have CF8M pump cmnga, aIJ plant specific loacb were 
bounded by the 8Ql'CeDll1& loads of WCAP· 1304S. 

'Thus, the screening loads C011$idercd in labJc 6-2 afWCAP-13045, which arc based on 2.9 pl~ CM be 
considered a good ~tion of the plants in Iha PWR fleet with Weatinghou.w RCP c.wings, as 
evident by the wide range of planJ specific evaluations that have met Iha fracture stability cntcria using 
the screening loads of WCAP-130.J~. As norod earlier, other conscrv:rtisms arc also present in the 
fracture moch:mics CVlllualiom, 5Uch aa the use of ASME Code properti~ and the me of a lmge 
postnlatcd flaw that bas never boen oMCTVOd during 1400 rcactor-yoani of operation . 

... This ~ we,s hi epprovcd on 3/22/'2019 8:42:15 PoM (This ,i!aJement wa added by lhe PRIME~- upq, llt widabon) 
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Section 3.2 of PWROG-17033 diACU8l!C!I frac~ touglmeM caloulations ~cd on NCJREG/CR-4513, 

Rovision 2.. The NRC staff notes that Agin&. Manogemcnt Program XLM12, Tharmal Agrng 

E111brlttle~nt. of Ca:rt Awlerritic Slamhss Sttg/, 1n Goncrie Aging Lessons L:amed for SubscqUCtll 

License llenew.al ( GALL-SLR) report, NUREG-2191, Vol mne 2. discusses fracture toughness values 

l>llicd on tho prediction method in NUREGICR-4S13, Revision 1. Tho NRC ~taffnotos that tho GALL­

SLR repon does nol reference NUREGICR-t51J, Revillion 2. 

DiSCU1111 whclhcr I he sat llllltcd frncJ.ure toughness \IJII ue used in the cracJ.: i.tabi Ii ty .inaly,ii s of RCP 

casings m WCAP-13045 would still be limiting and bounding as compared to tho saturated fracture 

tcillghn= values prcdictro in acconhncc wilh NUREG/CR-4513, Revision I or- Rc:vuion 2. 

ResrKm,m 

See RcsJ>o!\'lC to RAI-9 
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PWRQG-.17033, Revision 1 indicalc!J that the .lie. J"""" and T- values in Table l of PWROG-17033 arc 
boundine. and were used to demonstrate the crack stability of pump casings. However, the Jrc. 1m.o: and 
T,. values usod in Tables 11-2 and 11-3 of WCAP-13045 to demo.natrate the crack stability of flaw 
location S-93 were hlgher than the Jic. J....._ and T- values listed In Table 1 of PWROCr-17033. If the 
lower 1ic. ,r.,.. and T-, values in Table 1 of PWR00-17033 were used to analyze flaw location 5-93, 

ccack stabilil}' may not be demonstrated for Flaw Number S-93. It appcani thaJ: 6Clparate fracture 
toughnea& value criteria arc needed to qualify various flaws to dcIJlonmato crock stobility, not II single 
set of fracture toughnessv:tlue as specified in Table l ofPWR00-11033-P. Table 5-1 o{wc.~-13045 
docs provide the 4 se~ offracrure toughness vn1ues as end-of-service life criteria Therefore, it appe;u-s 
that the fracture toughness values in Table ~1 of WCAP-l304S &hould be compared lo the fracture 

toughness valuu prodfoted based on tw method in NUREG/CR-4513, Revision 1. 

Discuss whether the 4 sets of fraclim: toughness values in Table 5-1 of WCAP-13045 satisfy the fracture 
lougbnc:ss vallleli a1 pnidictcd wring the method in NlJREG/CR-4513, Revision 1. If not, please provide 

tochnical jwitification. 

Bweme,· 
The 4 sclJi of frachuc: tpuglmc:s11 values reported in Table 5-1 of WCAP-13045 wen, rec.:ilcuatcd based 
on the methodology outlined in· NUREO/CR-4513, Revisions 1 and 2. Any major differences in the 
frachm, loughmm valU1:a calculakd by using lhc IJ!clhodolOgy of WCAP-13045 and lhe two llm5i0Ill! of 

NUREG/CR-4513 wetc Miewod and n.x:onciltid in the paragrilphs that follow. 

NUREG(CR-4;513, Revis.ion J 

All 4 sets of fuicture lollghncu vallkli in Tabfo 5-1 of WCJ\P..1304S w=:, rocalculaled using 
NURRG/CR-4513, Revision 1, and the values Mt) llhown in Table 1 below. 

Table l 
Bounding End-of-Service Fracture T9ughne55 Critem (NURE('..ICR-45131 R.evi$ion l) 

WCAP-lJUS. Tablc5-1 11,'(IRKGJCR-ISlJ ~ 1 

Mllttml Plu1/C~ J,,. 1·- J_ Jk ,._, .L. 

(~ (-) (~ (bHlillai) (-) (ln-lb'l:a") 

- This n:cad was wil !!ppfO','Cd on 3/22l2019 8 :42: 15 NA. ! Thls 51alemeij was added ~ tt,,, PRIME: sy-,tmn UJ>(lf1 Its VI! !idalloo) 
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All stability TCSull!! giv.:n in 'faNcs 11-2 through 11-5, 'fable 11-7, and Tal?lo 11-9 of WCAP-13045 

wero re-evaluated using the fracture toughness values calculated with the methodology ofNUREO/CR-

4513, Revision l. AI,. shown by T;ible 1. rho valuos using NUREGICR-4513; Revision 1 nre hightir thmi 

!hose from WCAP-i304S, with th!.> ex:ccption 6fT.,., for two~. 

Dalied on !he re-evaluation of the fracture 11tability margins in Section 11 of WCAP-13045, the stability 

criteria were met in all but ono case. The one case that does not show acceptable stability results is [ 

r,c-• (l.cvcl C loading). AJ. shown in Table 11-7 of WCAP-13045, ~ ~ below J ...... for thiK flaw 
case, bu1 [ f'J, is slightly abovti lbe T,,..1 v.duc of [ F c.ilcullJled by using NUREGICR-

4513, Rc:vi.sion L However, '3J! a more realistic scenario, it 11 reasonable lo auume. a React.or Trip 

transient with a pl CS!IUl'C limi I of 2,485 psjg in lieu of the highly COll!CIVative prwguro of 2.63 S psig. As 

shown by Nole {b) in Table 11-7 of WCAP-13045, Ibis condition wu assumed in order lo sho'.'r 

acccpt1,1bility of flaw location [ ~ for wvcI C loading. As a result of this loWllf pressure, the Topp 

will be mbstantially reduced from [ ]"''* to a vllluo significmtly below the bounding criraria. limit of 

l ] ... '", ag qi]culatcd ~ng NURJ:'.GICR-4513, Reviiioo 1 methodology. Theteforc, using the 

teclmlcal justification above, all fumr locations t'CpQ11ed in Tables 11-2 thrpugh 11-5, Table 11-7. and 

Table 11-9 of WCAP-13045 mt:cl the fracture- loughm:u howiding criti:,;ia ca1cul..atetl using !he 

mcrhodology ofNUREGICR.-4513, RDvision 1 and arc therefore shown to bc-lilablc. 

NUREG/CR-4513, Rcyi11ion 2 
Naxt, all 4 sets of fracture toogbnc.u values in T1lhlo 5-1 of WCAP-1304-5 were reoalculatod llilng 

NUREG/CR-4513, Revision 2, and~ values m shown in Table 2 b¢fow. 

Table 2 

Bounding End-of-Service Fracture Toughness Criteria (NUREGICR-4513, Revision 2) 

WCAP-1311-'S. Tllhle 5-1 NUREGJCR--451J, R,mgoo 2 

Mld"lal Part/cat~ J1c. T- J.... Ju r- ..1-. 

(lll,-lll,1b') (-) (hHbllr) -( lfl.11;1,'lr) c~, (la-lM!r) 

BaM:d on a review ofT11bles 1 and 2, ii is observedOwNUREO/CR-4513, Revision 2 prodilces more 

limiting fracture loughnesx_ values than Revisioo L However, compmmg the fraclurc toughness values 

produced by the two methodologies, only a few NUREOICR-4513, Revision 2 fracture toughness values 

arc sli~lly Ion than \VCAP-13045. A review oflhe fracture loughneas val00111eported in Tables J and 

2 is perf~ bolow to demonstrate acceptable fi:tW stability criteria, 

The fimt j cases (i.e. nozzle inner quarter. nozzle outer quarter, and llilPJc inner quertet') in Table 2, 

whi.oh ii similar to Tablo 5-1.of WCAP-13045, oonsldc.t SA-351 CF8M sta.bility criteria, Baled on the 

fact that lhcro ~ only 3 CF&:'.\{ pump c.mngs .from ilINe different plants in the entire Westinghouse 

PWR operating fleet, each of the above cases can bo analyzed sq,mitdy for ~ stability based OJ1 

... Th~ i=atl Wll:5 n I apprct.'ed on ,'3/22J2019 8 !42; 15 />M. ( Thi3 .teh:menl was edded bY lhe PRIME sy.stcm up<lfl Its velidalion) 
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Tah!Cl!I 11-2, tJ-5. 11-7, llUd 11-9. The CFB maldrial in Table 2 will also be t!Valuatcd with !he slabiHty 
criteria ofWCAP-1304-5 to show acceptable margins. 

Nozzle Inner Ouancr o d row ofT.abJc 2l ---Cf8M 
Dnsed on Table 2, the fracture toughness values per NURF.GICR-4513, Revmon 2 arc slightly less than 
those in WCAP-13045. However, the Jaw :md T:,pp values reported in Tablo 11-2 ofWCAP-13045 arc 
still sufficiently below the. NUREG/CR-45,13, Revision 2 valUC5 foc J,,,.. and T,.111• In addition, plant 
~pecifio analysis $hows that tho plant specific loads arc hounded by the scrcaring loads reported in 
WCAP-1304S. JU a rerult, all stability margins arc met, and flaw stability has ~ domonstralcd for 
lhil flaw location. 

No~z!~ Outca: ouartg <:F row ofTimw 2) -cy]M 

Based on Table 2, all fracture toughness values per NUREGICR-4513, Revision 2 are higher than those 
n:porlc:d in WCAP-13045; therefore, lhc valllell rcporledin WCAP-13045 remain limiting and bounding. 
Further1119re. pt nnt. spoci fie- analy11is "bows that tho pl ant apocific loads arc bounded by the soreeni ng 
loads reported in WCAP-13045. A» a result, all stability margins .J.rC met, and flaw nability Im oom 
demo(l!ltr;lted for thi!i all w locatjc;m.. 

Flango hmq Quarter (3'J row of Table 2) -CFSM 

BnslXI on Table 2. the fracture toughness valne of JIii.iX per NUREG/CR-4513, RINisioo 2 is higher than 
that reported in WCAP-13045; however, the Ji:e and T,. vali:te5 porNURF.G/CR-4513 RevisiOJJ 2 arc 

less than thoge in WC,AP-13045. From Table 11-2 ofWCAP-1304S, the limiting flaw location [ ]"'-
bu a JIPII value of r f ... and a TIPP value: of [ , ..... (based Qn the UIC of a Reactor Trip 
pressure of 2,485 psig - sec Note (c) of Table 11-2). The J ..... value of [ ]"'""' per 

NUREG/CR-4513, R.eVision 2 ill grt,lltCJ" tlum lhc JIPP value off ]IA'; how=r, lhe T.i 
value of [ F per NUREG/CR-4513, RClli11ion 2 ill less than the T"l'I' value of [ ]' ..... It is 
important to nole that those limiting CFSM fractnre toughncs!l valucs are specific lo one pmnp casing of 
one plant. The- other two CF8M planui showed acceptable Ktalnlity results at flaw location [ r,•, 111 

Ibey have different material beats with higher calculated fracture toughness values. A review of the plant 
IIJJCcilic analysm shows th.at the si.rcening loads in WCAP-13045 arc higher than llu: plant 11peci.fic loads 
for the plant with the limiling fracture too,ghneiS values (soc Table 3); tbctaforo, the strollilcs oscd in tho 

'fw value arc cQJlllef\'alivc in WCAP-13045 for flaw locatiQn L r,~. Furtbcrmorc, ASM.E Code 
properties have been used to detennine the r."' in WCAP-13045, bot actool plant specific yield strength 
is typically nigher 11:\an the minimum Code yic:.ld strength. As a result, lbc Topp values in WCAP-13045 
are conservative relative to actual material yield s~ths, and if the actual plant spooific T 'ff' value was 
calculated using J'Ci!listic plant 1pCcific inputll (i.e. loads and yield sfrc:n£1h), T""" would ran below the 
T_. 

Thercf=, for lbw particular flaw locatmn, only one plant has a CFSM html that is limiting for flaw 
stability eritem; however, that plant dantonsttates acceptable flaw stllbility Using the methodology of 
WCAP-13045 aud NUREG/CR-4513, Revision 1. Furtlu:nnore, thai heat would likely demonstrate 
acc~ablo :margins U8ing r.'UR.EG/CR-4513, Revision 2 methodology if actual plant spoclfic londs and 
yield strength were used. Based on the previous discuwon and no known licrvicc degradation of this 
limiting CF8M casing, sufficient crock stability for thi,s flaw location has been demonstratod. 

,.. Thai~ wu inal appro.-cd C111 3/22/2019,8:42..15 ftM. {Thia ..talCffllSll wn 11dded by tm, PRJME ~em ~ lb wlldalion) 
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Com pariSon of 1,ev(ll C Screening Loads with Plant Specific Loads tor RCP Casing Nozzles 

Inlet Noz:tlc Outlet NC1111e 

I 

Load 
' -

Force Moment Force Moment 

(kips) (In-kip) (k)ps). (In-kip) 

SA-351 CFS (4111 row of Table 2) 

Daud on Ta hie 2, lhc fracture tougbnCB11 valUCJ per NUREGICR-4513, Rcvisi an 2 are all hi ghcr Ihm the 

WCAP-13045valucs wilh the c:teeption ofT- which is discussed below. 

Tho SA-351 CFII fracture toughness propcctics aro considered in WCAP-13!»5, Tablo 11-5 (Model 93), 

Tabh:, 11-7 (Model 93A)' i1llll Table 11-9 (Models 63, IOOA). In Table 11-5 for Model 93 pump Cllllings, 

all stability criteria (Tlil> < T.,.. and JIJll> < J.,..) arc met nsing fracture toughness values per NUREGlc.R.-

4513, Revision 2 In Table 11-9 f<H"Modm lOOApump C3Bin&11, all 11tabilily criteria (T'I'!' < T- and JIPI' < 

1-.:) an: also m.:t wilh the use of fracture touglmesa val UCB from NUREG/C'R-4513, Revision 2 There 

:ue no Model 63 pumps in the U.S. PWR operating fleet; 1hercforc, fhe stability resultB for Model 63 in 

Table 11-9 are nol applicable,\ 

Lastly, in WCAP-13045, Table 11-7 (Model 93A), the stability criteria fur flaw location f r,c.o (Ldvcl 

C) aro met wJth a Reactor Trip pressure limit of 2.-IBS psig (Note Cb) 1n Table 11-7), using fraoturo 

toughness wlUCi! perNUREGICR-4513, Ro-vision 2. fn.'fablo 11-7, flaw .location f r'·' (Level C) 

has a T""" value off 1'=, which is higher th.an the T_ vatuc off fA*b:ued On NUREG/CR-4513, 

Revision 2. However, if the- RcllCtor Trip pniasurc limit is usod for flaw location [ F. 1hon the 

T""' would ,drop consialmrtly with 1M T""' drop soen for flaw location r r (i.e., Tlfll' will be 

redoccd by a value of approximately 21). As a result, :ill the stability results will be met for the Model 

93A casing using the mclhodology ofNUREG/CR-4513. Revision 2 

Concfosign 
In conclusion, the l150 Q[the mcthodol~ in NUREG/CR-4Sl3, Revision 1 or Revision 2 will produCtS 

fr:i~ tougbnegs values that are typically higher and leas limiting than the fracture touglmess values in 
WCAP-13045. For instanci,s wbero the fracturo toughness values based on NUREG/CR-4513. Revision 

2 arc lowc=r than thmc in WCAP-1304-S, a casc-by~c invcsligadon waa cOllduclc:das di11CUSKed above. 

BIBed on a review of plant spccl.fic evaluations 1111d consideration of moro realistic inputs (i.e. RcBCtot 

Trip prCS5we, plant specific loads and yield strength), it was dcmonBtratcd that all flaw stability margins 

have been met 
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Document Control Desk 
U.S. Nuclear Regulatory Commission 
11555 Rockville Pike 
Rocl...-ville, MD 20852-2738 

Subject: PWR Owners Group 

Program Management Office 
1000 Westinghouse Drive, Suite 380 

Cranberry Town~. PA 16066 

PWROG-17033-P and NP, Revision I 
Project Number 99902037 

Transmittal of PWROG-17033-P (&NP). Revision 11 "Update for Sab5egpent 
Lkense Renewal: WCAP-1304S, "Compliance to ASME Code Case N-181 of 
the Primary Loop Pump Casings of Westjngbouse Type Nuclear Steam 
Supply Systems" PA-MSC-1498 

The purpose of this letter is to transmit Pressurized Water Reactor Owners Group (PWROG) 
Topical Report (TR), PWROG-17033-P (& NP), Revision 1, "Update for Subsequent License 
Renewal: WCAP-13045, "'Compliance to ASME Code Case N-481 of the Primary Loop Pump 
Casings of Westinghouse Type Nuclear Steam Supply Systems., in accordance with the Nuclear 
Regulatory Commission (NRC) TR program for review and acceptance for referencing in 
regulatory actions (Enclosures I and 2). 

Topical Report Summary 

ASME Code Case N-48 l allowed replacing the volumetric examination of primary loop pump 
casings with a fracture mechanics-based integrity evaluation supplemented by specific visual 
inspections. WCAP-13045 contains the integrity evaluation that was performed to demonstrate 
compliance with AS:ME Code Case N-481 for 40 years of operation. 

1. The NRC has approved several plant license renewal applications for 60 years of 
operation that utilized the generic fracture mechanics analyses and conclusions in 
WCAP-13045 as discussed below: 

2. The NRC Safety Evaluation Report for Salem Units 1 and 2 discusses the use of the 
generic fracture mechanics analysis in WCAP-13045 to meet the requirements of ASME 
Code Case N-481 for a 60 year license renewal in Section 4.4.4 of the SER. The NRC 
staff concluded that the generic analysis in WCAP-13045 is applicable to the Salem 
design of the RCP casings. The generic analysis, WCAP-13045, bounds the plant-specific 
analysis, WCAP-16957-P, as approved by the staff in the SER. The analysis was shown 
to remain valid for e~ended operation. 

- This record was final approved on 7 /6a018 9" 53 38 AM (Thie sll!tement was added by the PRIME system upon ds valldm!on) 
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3. 1n the 60 year license rcuewnl NRC Safety Evaluation Report for O.C. cook 

Units 1 and 2, Nl.JREG..1&31, Section 4.7.2,, the NRC stAff discusses the use of 

WCAP-13045 to satisfy tbe requirements of ASME Code Case N-481 based on a 

plant-specific analysis. WCAP-13128. In Section 4.7.2.4 of the SER, the NRC 

concluiles that lbe timc-liniitod aging analysis (11,AA) regarding ASME Code 

Case N-481 that was provided is acceptable. 

4. The 60 year license renewal SER (Section 4.3.2. lO) for Diablo Canyon Units 1 

and 2 discusses thal WCAP-1304.S was used to demQtlS1rnte compliance with 
C-Ode Case N-481 based on a plant-specific evaluation, WCAP-13895. 1n Section 
4.3.2.10.4 of the SER., the NRC conclu&,s 1hat it was ~hown that the aging of the 

RCP pump ca.<iin~ will be adequately managed for extended operation. 

5. Based on the Sequoyah 60 license renewal SER, the NRC concluded that the 

plant's LRA did not need to.include a TLt\.A related to Code Case N-4&1 because 

the licensing baKis i-!I pei: the ASME Code Section XI Edition, which no longer 

relics on N-481 for ISI (in-service inspection mterval) requiremi..'lrts. Thus. .it Willi 

not nooessnry to perform nny Tl.AA analysis for RCP pump casings and N-481, 

a,1 it does not meet Criterion 4 or 6 in IO CFR 543(a). 

In summary, WCAP-13045 has boen reviewed by NRC to ~upport 60 year lii.'ODS~ 

rentiWal applications for several plants that w;ed Code Case N-481 as a basis for their IS1 
exrunination programs. 1he purpose of this TR is to ei.1end the fracture mechanics 

integrity evaluation in WCAP-13045 through Subsequent Licen!ie Renewal (SLR), 

80 years of operation through 80 years of operation, and confirm that th<l evaluation 

remains applicable for subsequent. license renewal (SLR) periods of operation through 

this time period. 

pmi!!f gf Apufuabillty 

WCAP-13045~A is nppJ.icable to an Westinghouse Design primary loop pwnp casings. 
This ssme applicability is carried over for the TR presentoo herein. This TR is applicable 

to aU We&1m,ghouse design primary loop pinnp. oll!ings for 80 y~ of opctalion. 

Intt,idgl Appiiaattgn 

ti~ will rcferenoe PWROG-17033-P (&NP) in subsequent lioe"nse rent.'Wai 
applications to satisfy the requirements of 10 CFR 542l(cXI) for demonstrating the 

appropriate findings regarding the evAluation of time-timlted aging analysis (TLAA) for 
Westinghouse design primary loop pump casings through the subsequent license renewal 
period of. O(>Cl'lllion (80 )10m). 

PWROG-17033-P (&NP) cnn be 11Dplcmenlcd by all applicable u_ s_ PWRs as listed in 
the Limits of AppJicability section above. 
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This 1R is being submitted to the NRC for review and approval so that the NRC 
approved version can be utilized by licensees. licensees will reforcnco 
PWROG-17033-P (&NP) in a license renewal application to satisfy the requirements of 
10 CFR 54.2l(cX1) for demonstrating the appropriate findings regarding the evaluation 
of time-limited aging analysis (TLAA) for Westinghouse design primaty loop pump 
casings through the subsequent license renewal period of operation (80 years). NRC 
approval of the generic 1R will reduce the impact on both licensee and NRC resources by 
eliminating the need for the preparation of and NRC review of plant specific 
justifications for the structural integrity of the Westinghouse RPVs due to underclad 
cracking. 

NRC Review Schedule 

The PWROO requests that the NRC complete their review of the TR by .hme 2019. 

This letter transmits two copies of PWR00-17033-P, Revision 1 (Enclosure 1) and one 
copy of PWROG-17033-NP, Revision 1 (Enclosure 2). PWR00-17033-P, Revision 1 
(Enclosure 1) contains information proprietary to Westinghouse which is supported by an 
affidavit signed by Westinghouse, owner of the information. The affidavit, 
CAW-18-4762, sets forth the basis on which the information may be withheld from 
public disclosure by the Commission and addresses with specificity the considerations 
listed in paragraph (b) (4) of Section 2390 of the Commil!Sion's regulations. The 
affidavit is included as Enclosure 3. 

Accordingly, it is respectfully requested that this information which is proprietary to 
Westinghouse be withheld from public disclosure in accordance with 10 CFR 
Section 2390 of the Commission's regulations. 

Correspondence related to this transmittal should be addressed to: 

Mr. W. Anthony Nowinowski, Program Manager 
PWR Owners Group, Program Management Office 

Westinghouse Electric Company 
1000 Westinghouse Drivo, Suite 386 

Cranberry Township, Pennsylvania, 16066 

If you have any questions, please do not hesitate to contact me at (805) 545-4328 or 
Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program 
Management Office at (412) 374-6855. 

Sincerely yours, 

~,~ 
Ken Schrader, Chief Operating Officer and Chairman 
PWR Owners Group 

KS:WAN:am 
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Enclosures: I. P\l.'R00-1.7033--P Revision I '"Update for Subseq~-nt Llccru;e Renewal: 
WCAP-13045_ ·'Compliance to ASME Code Case N-481 of tho Primary 
Loop Pump Casings of Westinghouse Type Nuclear Steam Supply 
Systems" (Proprietary. 2 copimi) 

2. PWR00-17033-NP Revision 1 "Update for Subsequent License 
Renewal: WCAP-1304~, "Complis.nce to ASME Code Case:: N-481 of 
lhc Primary Loop Pmnp Cwrings of Westinghouse Type Nuclear Steam 
Supply Systems"' (Non-Propriet.m)1, 1 copy) 

3. Application of Withholding. CAW-l&,4762 

cc: PWROO Management Committee. 
PWROO Mat.cria1s Committee 
PWROO Steering Committee 
PWROG Licensing c~ 
PWROOPMO 
B. Benney, US NRC 
P. Atkin, DOM 
J, Andrachd.. Westinghouse 
J. G1ellham, Westinghouse 
G. Hall, Weatinghouse 
E. Shen, Westinghouse 
S.Rigby. We&tingbo1.11e 
M. Higby, Westinghouse 
T Zalewski. Westinghouse 
P. Brusamont.i, W~inghousi: 
J. Whelan, Westinghouse 
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