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UNITED STATES

NUGCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

September 26, 2018

Mr. W. Anthony Nowinowsk, Executive Director
PWR Owners Group, Program Management Office
Westinghouse Electric Company

1000 Westinghouse Drive, 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 WCAP-13045, COMPLIANCE TO
ASME CODE CASE N-481 OF THE PRIMARY LOOP PUMP CASINGS OF
WESTINGHOUSE TYPE NUCLEAR STEAM SUPPLY SYSTEMS”
(EPID: L-2018-TOP-0025)

Dear Mr. Nowinowsk:

By letter dated June 14, 2018 (Agencywide Documents and Access Management System
(ADAMS) Accession No. ML18170A113), the Pressurized Water Reactor Owners Group
(PWROG) submitted for U.S. Nudlear Regulatory Commission (NRC) review and approvel
Topical Report (TR) PWROG-17033-P and -NP, Revsion 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." By letter dated March 189,
2019, the PWROG submitted a supplement to PWROG-17033, "Generic Responses to the
U.S. NRC Requests for Additional Information on PWROG Report, PWROG-17033, for
Waestinghouse Reactor Coolant Pump [(RCP)] Casings” (ADAMS Package Accassion

No. ML12091A098)

The NRC staff determines that PWROG-17033, Revision 1, has demonstrated structural
Integrity of the Westinghouse-designed RCP casings for the subsequent penod of extended
operation (80 years) based on the crack stabllity analysis and fatigue crack growth analysis.
Therefore, the NRC staff concludes that PWROG-17033, Revision 1, Is acceptable for generic
use to address the time-limited aging analysis of the RCP casing Integrity to satisfy the
requirements of Title 10 of the Code of Federal Regutations (10 CFR) 54.21(cX1).

The NRC staff also condudes that the TR may be referenced in subsequent license renewal
applications for the plants within scope of the report in accordance with 10 CFR 54.21(cX1)
Applicants who utilize the report will be required to adhere to the conditions that the NRC staff
Imposed In this safety evaluation (SE).
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By letter dated May 29, 2018 (ADAMS Accession No. ML18142A218), the NRC staff provided
the draft SE to the PWROG for raviaw and comment. By letter dated Juns 27, 2019 (ADAMS
Acceasion No. ML18184A115), the PWROG provided comments to the draft SE.

In accordance with the guidance provided gn the NRC website, we request that the PWROG
pubilsh approvad varsions of PWROG-17033:P and -NP, Revisjon 1 within 3 manths of receipt
of this lefter. The appioved versions shall Incorporate this lsfter and the enclosed final SE after
the titte page. For -NP versions, the PWROG shall strike the propristary information markings in
this letter and make the appropriate redactions and adjustments to document security
classifications to the enclosed SE. '‘Also, the approved versions must contain historical review
information, including NRC requests for additional informiafion (RAIs) and the responses. The
#pproved versions shall include an "-A" (designating approved) following the TR ldentiication
symbol. As an alternative to including the request for RAls and RAI responses behind the title
page, if changes to the TR were provided to the NRC staff to support the resolufion of RAI
responses, ard if the NRC staff reviewed and approved those changes as described in the RAI
responses, thers are two ways that the accapted version can captuse the RAls:

1. The RAls and RAI responses can be included as an Appendix to the accepted version.

2. The RAls and RAI responses can be captured in the form of a table (inserted after the
final SE} which summarizes the changes as shown in the approved version of the TR.
The table should reference the specific RAls and RAI responses which resulted in any
changes, as shown in the accepted version of the TR.

if futire changes to the NRC's reguiatory requirements affect the acceptabllity of these TRs,
PWROG will be expected to revise the TRs appropriately or justify their continued applicability
for subsequent referencing. Licensees referencing these TRs would 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 301-415-8378.

Sincerely,

RA/

Dennis C. Morey, Chief

Licensing Processes Branch
Division of Licensing Projects

Office of Nuclear Reactor Regulation

Docket No. 99902037

Enclosure: Final SE
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TYPE NUCLEAR STEAM SUPPLY SYSTEMS”

URIZE o S GROUP
DOCKET NO. 99902037
EPID; 1-2018-TOP-0028

10 INTRODUCTION

By letter dated June 14, 2018 (Agencywide Documents and Access Management System
(ADAMS) Accession No. ML18170A113), tha Pressurized Watér Reactor Owners Group
(PWROG) submitted for U.S. Nuclear Regutatory Commission (NRC) review and approval
topical report (TR) PWROG-17033-P and -NP, Revision 1, "Update for Subsequent License
Renewal: WCAP-13045, Comptiance to ASME (Amaricari Society of Mechanical Enginears)
Code Case N-481 of the Primary Loop Pump Casings of Westinghouse Type Nuclear Steam
Supply Systems." By letter dated March 19, 2013, the PWROG submitted a supplement to
PWROG-17033, “Generlc Responsss to the U.S. NRC Requests for Additional Information
{RAls) on PWROG Report, PWROG-17033, for Westinghouse Reactor Coolant Pump Casings”
{ADAMS Package Accéssion No. ML19091A088).

The PWROG submitted PWROG-17033, Revision 1, to support individual applicants in the
subsequent license repswal applications to satisfy the time-limited aging analysis (TLAA)
requirements of Title 10 of the Code of Federal Regulations (10 CFR) 54.21(c)1). Specifically,
the PWROG report is to address TLAA for Westinghouse-designed RCP casings through the
subsequent license renewal period of oparation to 80 years.

The PWROG has published Revision 0 and Revision 1 of the PWROG-17033 report. This
safety evaluation (SE) is only applicable to PWROG-17033, Revision 1, and is referred to in this
SE as the PWROG-17033 report. The submiltal package is avaitable in ADAMS under Package
Accession No. ML18170A088. The non-propristary (-NP) and proprietary (-F) versions of the
TR are available in ADAMS at Package Accession No. ML18170A114.

20 REGULATORY EVALUATION

The regulation in 10 CFR 54.21(c) requires an applicant to demonstrate that the effects of aging
for structures and components will be adequately managed so that the intended function(s) will
be maintalned 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 licensa (10 CFR 54.29(a))
is that adequate actions have been identified and have been or will be taken with respect to
managing the effects of aging during the subsequent period of extended operation on the
functionality of structures and components that have been identified to require review under

Enclosure
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10 CFR 54.21. Thera should be reasonable assurance that the activities authorized by the
renewed cense will continue to be conducted In accordance with the current licensing

basis. As described in the Standard Review Plan for Review of Subseduent License Renewal
Applications for Nuclear Power Piants (SRP-SLR), NUREG-2192, an applicant may
demonstrate compliance with 10 CFR 54,21(a)(3) by referencing the Generic Aging Lessons
Learned for Subsequent License Renewal (GALL-SLR) Report, NUREG-2191.

The reguiation in 10 CFR 54.21(c)(1)(7) states that the analyses remain valid for the period of
extended operation. The regulation in 10 CFR 54.21(c)(1)(i) states that, for a specific TLAA

that s dispositioned In accordance with this regulation, applicants must demonstrate that the
analysis has been projected to the end of the period of extended operation,

Basad on the above, and subject to the following technical evaluation, the NRC staff finds that
regulatory authority exists for the PWROG to submit and for the Commission to review and
disposition the TR PWROG-17033, Revision 1,

30  SUMMARY OF PWROG-17033, REVISION |

The ASME Code, Section XI, Table [WB-2500-1, requites periodic volumetric examinations of
the welds of the RCP casing in nuclear power plants. Westinghouse-designed RCP casing is
fabricated with heavy-wall cast stainjess steel. Theé PWROG stated that a volumetric inspection
of the full thickness of the welds in the RCP casing using the ultrasonic test method from the
outsida diameter surface is impractical due to the severe attenuation associated with-the farge
grain structures. A volumetric inspection of the full thickness of the welds would require
unconventional approaches (inside dlametar and outside diameter ultrasonk testing or
radiographic testing) that require access to the internal side of the pump casing.

Since these inspections result in radiation exposure to the personnel performing-the inspections
and require significant resources ta perform the inspections, the ASME Code Committee
approved Code Case N-481, "Altemative Examination Requirements for Austenitic Pump
Casings,” in March 1880 that allows an altemnative to the volumetric inspection requirement.
The NRC endorsed Coda Case N-481'in Regulatory Guide 1.147, “Inservice Ingpaction Code
Case Acceptability ASME Code Section XI Division 1,” in April 1892,

ASME Code Casa N-481 allowed replacing the volumetric examination of RCP casing with a
fracture mechanics-baséd integrity evaluation supplemented by spacific visual inspections. In
September 1991, Westinghouse published TR WCAP-13045, *Compfiarice to. ASME Code
Case N-481 of the Primary Loop Pump Casings of Westinghouse Type-Nuclear 8taam Supply
Systems* (ADAMS Accession No. 8111080158) which contains the structural integrity
evaluation that was performed to demonstrate compliance with ASME Code Case N-481 for
40'years of oparation.

Since the issuance of WCAP-13045, the ASME Code, Section X!, Table [WB-2500-1 has been
updated over fime to be consvstentwith the'guidance In Code Case N-481 1o requlre visual
inspections of the RCP casing. In March 2004, Code Case N-481 was annulled by ASME, and
the information in Code Case N-481 was incorporated info.the 2008 Addenda of ASME Code
Saction X|. The 2000.Addenda ofASME Code, Section Xl raplaced the Category B-L-1
volumetric examinations of pump ¢asing wekds with Visual examinations, while-the ASME Code,
Section X|,-2008 Addenda sliminated the volumetric examinations of pump casing welds
completely. The only required examination is a visusl examination of the pump casing
(Examination Category B-1.-2) when the pump Is disassembled for maintenance or repair.

PWROG-17033-NP-A November 2019
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The purpose of the PWROG-17033 rapott is to extend the fracture mechanics Integrity
evaliation in WCAP-13045 through subsequaent license renéwal of 80 years. The goal of the
PWROG-17033 report is-to demonstrate that the structural integrity analyses performed in
WCAP-13045 adequately represented and qualified the Westinghouse-designed pump casing
for all loadings and service conditions to the end of 80 years,

In the past, plants have used the generic fracture mechanics evaluation performed in
WCAP-13045 to comply with the réquirements of ASME Code Case N-481 for plant-specific
license renewal applications to extend plant operations to 60 years. |n the PWROG-17033
report, the fracturé mechanics evaluation provides the justification for performing visual
inspections, in fieu of voJumetric inspections, for the RCP casing as incorporated in the ASME
Code Section XI, and extend the applicability of WCAP-13045 to 80 years of oparation for all
plants with Westinghouse-dasigned RCP pump casing.

The PWROG statad that there are eight differant models of RCPs in Wastinghouse-type
pressurized watér reactors (PWR), Madels 83, 70, 83,-83A, 83A-1, 93D, 100A, and 100D.
Models 63, 70, 83, and 93D all have a tangent outlet nozzle. Modals 83A and 83A-1 have outlet
nozzlas that are radially orientated. Models 100A and 100D are similar to the general shape of
Mode| 93 but with a radially oriented outlet nozzle fike Model 83A. Models 93, 83A, and 93A-1
are the most common, making up around 80 percent of the total domestic Westinghouse-type
PWR piants.

WCAP-13045 chose an analytical model representative of each of the outlet nozzle
configurations for a three~dimensional finite element stress analysis and fracture mechanics
evaluation. The representative models chosen were the Model 83A (radial outlet nozzle) and
Model 93 (tangential outiet nozzle). The pump casings are fabricated from SA-351 CFB except
for the pumps of three plarts which were fabricated from SA-351 CF8M. The SA-351 CF&M
and CF8 are known to be susceptible to thermal aging.

WCAP-13045 usad the limiting pump casing CF8M fracture toughness -and the tearing modulus
in J-intagral stability evaluations based on elastic-plastic fracture mechanics. The PWROG
stated that tha WCAP-13045 fracture toughness detamminations are applicable Yo 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 frachure toughness
parameters. Section 3.2 of the PWROG-17033 report compared the-minimum fracture
toughness in WCAP-13045 with the latest industry touighness correlations in NRC published
report, NUREG/CR-4513, Revision 2, O. K. Chopra, "Estimation of Fracture Toughness of Cast
Stainless Staels During Thermal Aging in LWR Systems,” May 2018. The PWROG
demonstrated that the fracture toughness values in WCAP-13045 are less than (more
conservative and {imiting) than the fracture toughness values in NUREG/CR-4513, Revislon 2.
The PWROG contended that, as compared with the current industry standards, the fracture
tolghness valués in WCAP-13045 are limiting and applicable to BO years of operation. The
PWROG concluded that the elastic-plastic fracture mechanics analysis for the pump casings
analyzed in WCAP-13045 Is valid for 80 years because the minimum fracture toughness used in
the crack stability analysis is applicableto 80 years of service Jife.

The PWROG also performed a qualitative evaluation for the fatigue crack growth (FCG)
evaluation. The PWROG determined that the current FCG rate for stainless steel in a Water
environment bdsed on the 2013 Edition of the ASME Codd, Section X, are comparable {o the
rates used In WCAP-13045, and there will be an Insignificant impact of the extended operation
on the crack growth analysis, The PWROG stated that the stresses used in the FCG analysis
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are generic and envelop the various pump designs. Additionally, these stresses do not change
for 80 years of operation, as they are not time-depsndent. The PWROG further-stated that the
stress intensity factors used in the FCG analysis are consistent with the current industry
standards for similar FCG evaluations.

Accotding to the PWROG-17033 report, the transient definitions in the FCG analysis are not
expected to change over the design Iife of the plant, and the transient cycles used in the
WCAP-13045 are alsd assumed to bound the predictéd 80-year transient cycles. The
PWROG-17033 report determined that there is sufficient margin between the final crack growth
and the flaw size used for stability: Therefore, even ¥ the 40-year transient cycles are doubled
for 80 years of operation, the final flaw size after FCG from the initial flaw size of 0.3 inches wil
be less than the stability flaw-size of 1/4T flaw depth (T is the wall thickness.of tha pump casing)
for the stability analysis in WCAP-13045.

The PWROG-17033 report concluded that the fracture mechanics integrity evaluation in
WCAP-13045 for pump casings Is applicable-to 80'yaars of design lifé. The fracture mechanics
evaluation for 80 years in WCAP-13045 justifies continuing to perform visual inspections, in lieu
of volumetric inspections, for pump-casings.

4.0 SHNIC TION

As stated above, Westinghouse performed structural integrity 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 applicable to the 40-year operafing license. As part of the 60-year license
renewal application, PWR applicants are requiredto submit crack stability and fatigile crack
growth analyses of the RCP casing as a time-limited aging analysis item pursuantto 10 CFR
54.21(c)(1). The affected PWR applicants submitted pitant-specific structural integrity analyses
of tha Wastinghouse-designed RCP casing as pdrt of 60-year license renawal applications.
Those analysas were based on an extension of the fracture mechanics methodology used in
WCAP-13045.

For the efficiency of subse:[ueni license renewal applications, the PWROG submitted the TR
PWROG-17033, Revision 1, to satisfy the time-limited aging analysis requirements of 10 CFR
54.21(c)(1). .

For the ourrent evaluation, the NRC staff verifies (1) whether the input parameters ini the crack
stabiity analysis and FCG analysis in the PWROG-17033 and WCAP-13045 reports are
acceptable 1o demonstrate strictural integrity of the Westinghouse-dasigned RCP caslnig at the
end of 80 years, and (2) whether the input parameters are bounding for the plants that are
covered by the PWROG-17033 and WCAP-13045 reports.

4.1 General Information

The Westinghouse-designed RCP.casing Is fabricated ffom cast austenitic stainless steel
(CASS), which is resistant to corrosion-and exhiblts cértain material fracture toughness values
(0., Ji, Jmex, 2and Tena) It the pre-service product form. However, CASS is subject to thermal
aging embrittement at nominal operating temperatures of nuclear plants, meaning that material
fracture toughnass will be reduced with age and may not resist crack propagation. The
PWROG designed the. pump casing to the ASME Code at the time of fabrication and the
stresses of the RCP ocasing met ASME Code conditions and allowable stresses. The PWRQOG
explained that design, normal, operating. and faulted applied loads on the RCP nozzles are
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conservative when compared to actual service conditions. Tha PWROG indicated that it is not
aware of sarvice-induced degradation of RCP casings from corroslon or other cracking
mechanisms.

4.2  Crack Stability Analysis
4.21 Acceptance Criteria

As discussed above, Code Case N-481 allows replacing the volumetric examinations with a
fracture mectmnics-baséd integrity evaluation supplemented by specific visual inspections,
Specfically, Code Case N-481(d) requires that licensees and applicants “.., perform an
evaluation fo demonstrate thé safety and serviceability of the pump casing. Thé evaluation shall
include the following: (1) evaluating material properties, including fracture toughness values;
(2) performing a stress analysis of the pump.casing; (3) 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 govarning stress conditions; and (7) considering thermal aging embritlement and any
other processas that may degrade the properties of the pump casing during service....”

The NRC staff notes that structural imtegrity of the RCP casing depends on how well the casing
material resists crack initiation and propagation. Code Case N-481 allows a crack of one-
quarter casing wall thickness In depth to exist. The question is whether.the RCP casing
material can resist the propagation of such crack. Structural integrity of the RCP casing is
established and accepted whan the crack is demonstrated to be stabie and not propagate
uncontrollably. To address the crack propagation concem, the industry (Westinghousa)
performed a crack stability analysks as shown in WCAP-13045.

For the crack stabiiity analysis, the NRC staff evaluated the input parameters, spacifically
postulated flaw size, applied loading, and material fracture toughness to ensure that the
parametars are bounding and are acceptable to the end of 80-year operating license. The NRC
staff evaluated thermal aging of the CASS pump casing (CF8M and CF8) to verify that the. crack
stability analysis used the fully-aged, saturated fracture toughness values at the end of 80 years
:as the stabiity acceptanca criteria. The fracture toughness properties of the CASS materials
are crack initiation toughness (J.c), the maximum fracture toughness, Jmsdmem (0f Jme), 2nd the
tearing modulus, Tmes (OF Trma), which 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 Japptea (OF Jage) ANd applied tearing modulus Tz (oF Tapp) 8t the crack tip are less
than the material fracture toughness values Ji, Tma, and Jme The crack stability acceptance
criteria are as follows:

(1) dupp < ey OF (2) If Jppp 2 Jic, Hhen Tegp < Trna AN Jopp S o
422 Postulated Faw Size

To demonstrate crack stabifity in the RCP casing, WCAP-13045 postulated flaws of 1/4T

(1/4 thickness of RCP casing wall, T) deep with a six-to-one (6:1) aspact ratio (i.e., the flaw
length is 6 times the flaw depth). This postulated flaw size |s consistaent with the required flaw
size of Code Case N-481(d)(5). In addition, WCAP-13045 modaled the postulated 1/4T flaws at
varlous high stressed regions in acoordance with Code Case N-481(d)(8) and various locations
In welds not affected by discontinuities such as nozzles.
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(n RAI-1{a), the NRC staff asked the PWROG to confirm that the locations of the posh.ﬂat'ed
flaws in WCAP-13045 represent and bound the high stress areas of the RCP casings that were
analyzed. In its response, the PWROG stated that the postulated flaw. locatiops in
WCAP-13045 represent and bound the high stress areas of all applicable Westinghouse RCP
casing designs in the U.S. PWR operating fleet. The PWROG also siated that the geometry of
the Modeal 93A-1.and Model 100A pump casings in the high stress locations is adequately
represented by the Mode! 93.and Mode! 93A casings. By explicitty modeling and analyzing the
Model 93 and Model 93A pumnp casings using finite élement techniques, the high stress areas of
the casings for all plants were adequately represented in WCAP-13045.

Iri RAI-1(c), the NRC staff asked about the critical crack depth in the'RCP casing that would
exceed the crack &tabillty acceptants criteria. In its responee, the PWROG stated that
WCAP-13045 identified that flaw location [ ] .is the limiting flaw lecation for the Model 83
pump casing, and flaw location [ ]is the limiing flaw location for the Model 83A pump
casing with regard'to fracture toughness. The postulated flaw sizes.were sufficiently large, with
flaw depths on the ordér of 1/4T, which provided flaw depths gréater than 1 inch. Furthermore,
WCAP-13045 stated that SA-351 CF8M matarial was selected for analysis because it
possesses limiting fracture toughness values resulting from higher lavels of molybdenum in the
chemistry compared to CF8. Thé PWROG expiained that higher levels of molybdenum resuit in
lower values for Ji, Tmst, and Jum. The PWROG stated that the plant-specific evaluations for
the plants with CF8M showed that [

] The
PWROG indicated that postulated flaws farger than the range mentioned above would have
difficully satisfying the crack-stability criteria, unless other parameters can be reassessed
(i.e., refinement in loads, stresses, material properties, etc.). The PWROG stated that for
the CF8M plant-specific analyses, the crack stability criteria were met per the guidance of Code
Case N-481 for a postulated flaw-depth of 1/4T. For CF8 pump casings, which have very low
molybdenum, the critical fiaw depth would be genérically larger than that based on CF8M. The
NRC staff finds that the postulated 1/4T flaw dapth with an aspect ratio of 8 to 1 ie fairly larga.
The NRC staff finds that'there is still a margin between the postutatéd flaw depth and critical
ftaw depth.

In RAI-3(a), the NRC staff asked about the degradations In the RCP casings. |n its response,
the PWROG exphained that to date, Westinghouse-designed RCP casings have not had
service-related degradation from corrosion or other cracking mechanisms.

R RAI-6(c), the NRC staff asked the PWROG to discuss the likelihood of postulated fiaw with
the applied loading occurring In any Westinghiouse RCP casing. In its response, the PWRQG
statad that tha likelihood of postulated flaw [ ] eccurring, with the applied screening loads
from WCAP-13045 [s low In the actual canditions. Therefore, thé flaw atlocation[  ]s
assumied In a theoretical, worst case scenario used for.analysle purposes to generically bound
those PWR plants which use Westinghouse-desighed RCP casings, and to satisfy the facture
mechanics evajuation requirements in Code Case N-481.

The NRC staff finds that the postulated flaw size in WCAP-13045 has satisfiad the provisions of
Code Casa N-481(d)(4), (d)(5) and (d}{6) becausa the crack sfability analysis postulated 1/4T
flaw with a length six timas.its dapth in the governing stress location and conditions.
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In RAl-1(b), the NRC staff asked the PWROG to discuss whether the Jup, values in
WCAP-13045 bound the Juy Values from the RCPs in all the plants that were analyzed. In its
response, the PWROG explained that as discussed in Section 6 of WCAP-13045, conservative
loads (internal force and moment loading) for most of the plants were selected to form the basis
for the crack stability. analysls. The Jypp valies reported in Section 11 of WCAP-13045 were
based on the screening loads in Loading Lével A (faulted condition, safe shutdown earthquake)
and Loading Level C (upset condttion, loss of load transient). Those screening loads yere
developed as a set of representative bounding loads based ona sampling of plant-specific
loads. The NRC staff notes that the definition of loading tevels A, B, and C in WCAP-13045 is
different from that of the ASME Code, Sections lll and XI. As stated.in WCAP-13045, plants
were éxpected to reconcile thekr plant-specific loads (forces and moments) with the screening
loads. If plant-specific loads were larger than the screening kads used in the crack stabifity
analysis in WCAP-13045, then updated Jig values would be calculated using plant-spacific
loads to confirm the crack stability criterfa. The PWROG statad that those reconciliations were
performied In plant-specific reports, and it was determined that some plants had loads and Jug
values that exceeded the screening values in WCAP-13045. The PWROG further stated that
however, the J,,, values assoclated with those higher plant-specific loads wers still qualified
without exception in plant-specific evaluations using efther the limiting fracture toughness values
In WCAP-13405 or the fracture toughness values calculated with the methodology. in
NUREG/CR-4513, Revislon 1, "Estimation of Fracture Toughness of Cast Stainless Steels
during Thermal Aging in LWR systems.” The PWROG stated that for the majority of the
plant-specific evaluations, the screening stresses were sufficiently higher and more limiting than
the plant-specific stresses. Hence, the Jup values in WCAP-13045-bound the Jepo values for the
majority of the plant-specific cases. The NRC staff has imposed conditions as shown furthar n
the SE to handle thosa cases where plant-specific Juy is higher than the Jap used in
WCAP-13045.

The PWROG notad that, over time, loads have not changed significantly because there have
bean only a few-major nuclear steam supply system (NSSS) componént replacaments and
refurbishments, and power uprates.do not have a significant impact on stability evaluations.
The PWROG stated that the screening loadings considerad in WCAP-13045 are representative
of plant-specific values that were considered [n the existing crack stabifity anafyses.

The PWROG further stated that the applled J-ntegral, Jup, and applied tearing modulis, Tagp.
are caloutated based on tha Electric Power Research Institute (EPR) report, Kumar, V.,
German, M. D., and Shih, C. P., "An Englneenng Approach for Elastic-Plasfic Fracture
Analysts,” EPRI Report NP- 1931 Project 1237-1, dated July 1981. This method is based on
various combinations of loading parameters and materlal propertles for various pump casing
designs.

The PWROG indicated that applied Jag and T Will not be affected by the extension of the
operating period to 80 years. The NRC staff determines that the applied Jugp and Tegpare not
affectad by the operating time period unless operating conditions have been changed as a
result of power upratae.or the piping connected to the RCP is modified. 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 the screenirig loadings used in
WCAP-13045 in their.subsequent license renewal application.
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ih.RAI-7, the NRC noted that Table A-1 of WCAP-13045 contains the names of 28 nuclear units.
that Were considered in the fracture mechanilcs calculation. The NRC staff requested the
PWROG discuss whether the applied loads and stresses of all the 29 nuclear units were
tonsidered and the bounding values from the 28 plants were used in the crack stability and
FCG calculations in WCAP-13045. |n its response, the PWROG explained-that the applied
loads for 29 plants were considered In Table 6-1 of WCAP-13045. The PWROG stated that to
cover a wide range of plants, representative force and moment values were chosen and are
listed, in Table 6-2 6f WCAP-13045. Furthérmore, as mentioned in Sections 8 and 8 of WCAP-
13045, the major contributor to the high stresses in the discontinuity regjons of the pump
casings is the intemal pressure, which is set at a value of 2,635 psig or 2,485 psig for all piants
based on the loading condition (:¢., Loading Leyels A, B, or C). The PWROG explained that
any-differences in the farcé and moment loadings shown In Table 6-1 (note the load magnitudes
are similar) will not have a significant impact on the final stability concluslons because the crack
stabifity evaluation Is relatsd to total stress, not individual force and moment components.. The
NRC staff notes that the crack stability avaluation is based on stresses, not forces and
moments.

inits response to RAI-2, the PWROG 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-specific loads were higher than the screening loads, the stability
critéria were reanalyzed and shown to meet all fracture toughness margins. For the majority of
plant-specific evaluations performed, it was determined that the screening stresses in
WCAP-13045 were sufficiently higher than and bounded the plant-specific stresses. The
PWROG stated that the applied loadings and stresses for all plants considered in WCAP-13045
have been qualified.

The PWROG indicated that plant-specific fracture machanics evaluations on RCP casings have
been performed for more than half 6f the U.S. operating PWRs with Westinghouse RCPs.
Basad on plant-specific evaluations, the majority of the piants were bounded by the screening
loadings of WCAP-13045. For the few plants' whose Joads were not boundad by the screening
loads, the asings of those plants were re-analyzed and shown to meet crack stability margins.
The PWROG stated that for the three plants that have CF8M pump casings, all plant-gpecific
joads were bounded by the screening loads of WCAP-13045.

The PWROG ooncluded that the screening loads considered in Table 8-2 of WCAP-13045;
which are based on 20 plants, can be considered a good representation of the plants in the
PWR fleet with Westinghouse RCP casings, as evident by the wide range of plant-specific
evaluations that have met the crack stabilty criteria using the scréening loads of WCAP-13045.
The PWROG further concluded that other conservatisms are also present in the fracture
mechanics evaluations, such as the use of ASME Code propertiés and the tse of a large
postulated flaw that has never baen observed during 1400 reactor-years of opération.

In its response-to RAI-6(c), the PWROG stated that the consarvative screening loads are based
on the maximugn Joss of load design transient pressure of 2,635 psig (400 psi above the normal
operating pressure of 2,235 psig) and at a conservative temperature of 590 °F (40 °F above the
nérmal operating temperature of 550 °F). As describad in Section 6.1 of WCAP-1 3045, there
ara three.systems in place to mitigate pressura increases of arcund 400 psi during a Loss of
Load transiert. ‘First, there are power-operated relief valves (PORVs). Thase valves are
activated at 2,335 psig as recommended in tha technical specifications, The pressurizer safety
vaives are set for 2,485 psig, but allow the pressure to exceed 2,485 psig by 100 psi or more.
The reactor trip high pressute setup is 2,385 psig. This set point is chosen so as to avoid

N\
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challenging the pressurizer safety vatvas. Thus, the pressure during a loss of load transient is
actually limited to 2,485 psig.in fleu'of 2,635 psig, which was conservatively considsred for
certain cases in WCAP-13045.

The PWROG-17033 report indicated that the-pump casing evaluations in WCAP-13045 are a
generic integrty evajuation applicable to all Westinghouse-designed pump casings which
demonstrates compliance to ASME Code Case N-481. WCAP-13045 provides enveloping or
bounding criteria whereby a specffic plant néed only show that the pump casings of interest fall
under the umbrella established in WCAP-13045. The loads used in the crack stability analysis
in WCAP-13045 were selected to be conservative for a majority of the plants. PWROG.17033
explained that the plant-specific loads were not adequately covered by the umbrelia loads
conskdered in WCAP-13045; thus, the Jag, values of WCAP-13045 do not completely bound
certain plants. Therefore, a plant-specific flaw evaluation was performed. The Ju values.have
bean recelculated using plant-specific loads and material proparties. The PWROG stated that
the plant-spacific avaluations continue to meet the crack stability criteria.

The NRC staff finds that the screening.loads used in WCAP-13045 are bounding in most cases
and, therefore, are acceptable for'most of Westinghouse plants. Forplants whose plant-specific
loadings exceeded the screening loads in WCAP-13045, plant-specific crack stability analyses
have been performed and the analyses have shown those plants are within the crack stabifity
acceptance criteria. The NRC staff has imposed conditions to address the scenario where the
plant-specific applied loadings axceed the scresning loads In WCAP-13045 as shown further in
the SE.

4.2.4 F!adura Toughness

Table 5-1 of WCAP-13045 presented the end-of-life saturated fracture toughness (Ji., Trma, and
Jme) of the pump casings based on the limiting CASS (SA-351, CF8M) matarial. The PWROG
stated that the fracture toughness properties shown m Table 5-1 of WCAP-13045 are already at
the fully-aged saturated-condition and, therefore, can représent the material conditions 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 based on the chemistry data from Appendix A of
WCAP-13045. Table 5-1 presents the material fracture toughness.values at end-of-service life
for 3 high stress locations in model 83 RCP casings having CF8M material and 1 high stress
location in all remaining RCP casings having CF8 material, The fracture toughness of CASS
material is derived based on the chemistry such as Silicon, Chromium, Molybdenum, Nickel,
Carbon, Manganese, and Nitregen in percent weight and percent delta ferrite.

The PWROG used the fracture toughness values in WCAP-13045 as part of the crack stabllity
analysis based on the J-integral approach. The PWROG explained that the fracture toughnaess
matérial properties based on the CFBM (high molybdenun) material Is mora susceptible
(limiting) to thermat aging than CF8 material. Therefors, the CF8M material is used in the
generic fracture mechanics assessment in WCAP-13045. PWROG-17033 stated that the crack
stabiiity analysis results using CFBM fracture toughnass will apply for the CF8 material as well.

The PWRQG-17033 report indicated that its crack stability evaluation considers the tatest
fracture toughness correlations that have bean developad for the CASS pump casings based on
NUREG/CR-4513, Ravislon.2, "Estimation ¢f Fracture Toughness of-Cast Stainless Steels
dufing Thiermal Aging in LWR systems," by'Omesh Chopra, published in May 2016.
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The PWRQG-17033 raport explained that NUREG/CR-4513, Revision 2, provides a large
database for CASS. matertal and thermal aging, and builds on the work performed in 1984 for
Revision 1 of NUREG/CR-4513, In 1994, the Argonne National Laboratory (ANL) completed an
extensive research program in assessing the extent of thermal aging of CASS materials. The
ANL research program measured mechanical propertiey of CASS materials after they Had been
heated in controlled ovens for long: periods of ime. ANL compiled a data base, both from data
within ANL and from intemational sources, of about 85 compositions of CASS-exposed to a
tenperatyre range of 290-400 "G (550-750 *F) for upto 58,000 hours (8.5 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 280-35Q *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 parcent. From the database in NUREG/CR-4513, Revision 2, ANL deveéloped lowaT bound
carrelations for estimating the axtent of tharmal aging of CASS. ANL developed the fracture.
toughness estimation procedures by correfating data in the database conservatively. After
devaloping the corretations, ANL validated the estimation procedures by comparing the
eitimated fractura toughneés with the measuréd value for séveral CASS. cormponents Harvested
from actual plant service.

The PWROG used the procedura developad by ANL to derive the fully saturated fraoture
toughness values for CASS material of the RCP oasing. The PWROG indicated that its
confirmatory analysis showed that the minimum fracture toughness values based on the original
methodology in WCAP-13045 is still limiting 2s compared to the fracture tatighness properties
based on NUREG/CR-4513, Revision 2.

The PWROG-17033 report stated that- NUREG/CR-4513, Revision 2, provides the fracture
toughness correlations for the fully aged condition of CASS materlals and the cormrelations are
applicatle for the CFBM pump casings of the plants opareting at and bayond 15 effective ful
power years (EFPYS). The PWROG-17033 report further states that currently, RCPs'in the
Westinghouse fleet are operating well beyond the 15 EFRYs service life; therefore, the use of
the fracture toughness correlations daseribed.in NUREG/CR-4513, Revision 2, is applicable for
the fully aged or saturated conditions.

In RAJ-4, the NRC etaff noted that Section 11.2 of WCAP-13045 indicates that a postulated flaw
location [ ]is subject to the Joss of load transient (upset condition) and is identified as the
highest stressed location. WGAP-13045 also indicates that on a plant-specific basis, a yield
strength level slightly greater tian 20 ksi (thousand pounds per square inch) is sufficiént to
canfirm the: flaw stability-at this flaw location. WCAP-13045 further indicates that such a yield
strength levet (greatef fhan 20 ksi) will ensure that the stabilty criteria regarding the fracture
toughness and-tearing modulus are satisfied (l.e., Jagp < Jie, aNd- Tagp < Trmar).. in contrast, the
NRC sfaff hoted that Table 2 of the PWROG-17033 report Uses a yield stréngth level less than
20 ksi to calculate the fracture toughnass properties of the CF8M materia) in the crack stability
analysis. The NRC staff also noted that the PWROG17033 report. does not address whather
the postulated flaw location [ 1 in Section 11.2 of WCAP-13045 meats the crack stability
critaria for B0 Years of pperation When the crack stability analysls Uses the Updated fracture
toughness properties. The NRC staff quastioned the stabiiity of postulated flaw location [ ],
considéring the plant-specific yield strength of the matrial, actual lbading conditions, and the
fracture toughness values of Jie, Jmex, aNd. Tra.

In.adkiition, the' NRC staff notes that the PWRQG-17033 repart used NUREG/CR-4513,
Revision 2, to derive material fracture foughness values. WCAP-13045 used its own method to
derive a set of limiting fracture toughness values, The NRC staff asked the PWROG to derive
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material fracture toughness values basad on NUREG/CR-4513, Revision 1, as a comparison to
the vajues detived from NUREG/CR-4513, Revision 2. The NRC. staff asked the PWROG to
compare the fracture toughness values derived from the three sources--WCAP-13045,
NUREG/CR-4513, Revision 1, and NUREG/CR-4513, Revision 2. The NRC steff's intent is to
ensure that the fracture toughness values used in the crack stability-analysis in WCAP-13045
are truly aged and saturated (imiting and bounding) for 80 years.

In its response to RAI-4, the PWROG stated that of all the domestic operating plants considered
in WCAP-13045, only three plants have pump casings made from SA<351 CF8M material. The
frachire toughness values from the most fimiting heat were selected from the three CF8M plants
to represent the highest stressed flaw location [ Jas shown in

Tabla 5-1 of WCAP-13045,

The PWROG used the chemistry of the limiting heat of CF8M material at the highast stressed
flaw location fo recalcutate the fracture toughness values based on NUREG/CR-4513,
Revision 1. Based on NUREG/CR-4513, Revision 1, the PWROG darived the fracture
toughness values at operating conditions. The PWROG noted that the saturated fracture
toughness values based on NUREG/CR-4513; Revisioa 1, are larger than the values
determined in, Table 5-1 6f WCAP-13045 for high stress flaw location [ ],

Based on WCAP-13045, Table 11-2, for CFBM material, the highest stress flaw location[ ]
for loading level C has applled loadings of [ ] when the
pressure is limited to 2,485 psi due to reactor trip. The NRRC staff notes that WCAP-13045,
Tabks 11-2 to 11-5, Table 11-7, Table 11-9 present Jic, Trat, Jmax, Jopp, BN Tepa values
associated With various postulated flaws for various RCP modsls. Comparing the cakeulated
shppand Togp Values to the material fracture toughness values derived from NUREG/CR-4513,
Revision 1, the NRC staff finds that the high stress flaw location satisfies the acceptance criteria
for crack stability.

With regard to loading conditions, the plant-specific evaluation parformed for the plant with the
limiting CF&M material heat for high stress flaw location[ ] reports that the actual plant-
specific loads are below the screening loads used in WCAP-13045. A a resutt, the screening
loads bound the plant-spacific loads, and the Juy and Tus values in WCAP-13045 remaln
bounding for the plant with the limiting CF8M casing at the high stress flaw [ocation.

Thus, the ganerio orack stablity analysks in WCAP-13045 confirms the stability of postulated
flaw location [ ] taking into account conservative ASME Code yield strength (in fieu of plant-
spedific yleld strength) of the material, screening loads (in fieu of less limiting actual loading
conditions), and the frachura toughness values (i, o, and Tmat) based on NUREG/CR-4513,
Revision 1.

In RAI-2(), the NRC staff asked the PWROG to provide guidance to applicantd/licansees to
demanstrate that the input pardmetars usaed in WCAP-13045 analyses are bounding. Inits
response, the PWROG stated that the majority of domestic operating planis:with Westinghouse
pumps are madae from CF8 material. Table 5-1 of WCAP-13045 presents the limiting fracture
toughness values (Ju, Tret, and Jme) in CF8 matertal The PWROG, stated that as can be seen
in WCAP-13045, Table A-2, those values are the limiting fracture toughness properties for ary.
of the plants whose pump casings aré made from CF8 material, regardless of the plant-specific
chemistry of the pump casing material: Only threa U.S. PWR plants have pump casings that
are made from CF8M material. Table 3-1 of WCAP-13045 presents the limiting CF8M fracture
foughness values for the flange Inner quarter, the nozzle outer quarter, and the nozzle inner
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quarter jocations, Each of those fimiting sets of values In Table 5-1 is based on the pump
casing chemistty of one of the CF8M casings, and, as can be seen from Table-A-2, pages A-29,
A-30, and A-41 of WCAP-13045, they bound the fracture toughness values of the other CF8M
casings at those [ocations.

The PWRQG explained that the thrae plants that have the CF8M casings were analyzed ona
plant-specific basis and were shown to meet the crack stabilty margins. As a result, the
fracture toughness values reported in WCAP-13045 bound the fracture toughness values of all
the CF8M ‘pump casings. Over time, the fracture toughness values for SA-351 CF8M and CF8
materials.reach a saturated state based on chemistry (motybdenum, della ferite), casting
method (static-or centrifugal), temperature, and time as discussed in NUREG/CR-4513,
Revision 2 (seo Figure 12 of NUREG/CR-4513, Revision 2). The PWRQG-17033 report used a
lowsr bound salurated fracture toughness corralation curve from NUREG/CR-4513, Revision 2,
to demonstrate that the.bounding CF8M material heat from all Westinghouse RCPs, as shown
in Table 5-1 of WCAP-13045, still has sufficient fracture toughness to mest the stability
acceptance criteria and screening loadings of WCAP-13045,

The NRC staff finds that the minimum fracture toughnass values based on the original
methodology in WCAP-13045 are still limiting as compared to the fracture toughness properties
darived from NUREG/CR-4513, Revision 2. However, the NRC staff questioned how the
fracture toughness values derived from NUREG/CR-4513, Revisian 2, compared to those
derived from NUREG/CR-4513, Revislon 1. The discussion below provides additional technical
basis.

4.25 Saturated Fracture Toughness Using NUREG/CR-4513, Revisions 1 and 2

tn RAI-8, the NRC staff notad that Saction 3.2 of the PWROG-17033 report states that the
materlal fracture foughness values were derived from NUREG/CR-4513, Revision 2. The NRC
staff notes that-Aging Management Program X1.M12, Thenmal Aging Embrittlement of Cast
Austenitic Stainless Steel, in Generic Aging Lessons Learned for Subsequent License Renewal
(GALL-SLR) report, NUREG-2191, Volume 2, discussas fracture toughness valies based on
the prediction method in NUREG/CR-4513, Revision 1, not Revision 2. The NRC staff
questioned whether the saturated fracture toughness value uséd in-the crack stability analysis in
WCAP-13045 would stil be bounding as compared to the saturated fracture toughness values
predicted in accordanpe with NUREG/CR-4513, Revision 1 er Revision 2.

In RAI-8, the NRC staff noted that the fracture toughness (Jie; Jmax, 2nd Tmw) values in Table 1 of
the PWROG-17033 report are boundirig and were used to demonstrate the crack stabilty of
RCP casings. However, the Ji, Jm, and Tra values used in Tables 11-2 and 11-3 of
WCAP-13045 for high stress fiaw location [ ] were higher (La., not conservative) than the Ji,
Jenax, a0d- T Values.listéd in Tabla 1 of the PWROG-17033 raport. Tha NRC staff finds that i
the lower Ji, Jra, and Tm values in Tabla 1 of the PWROG-1.7033 report were used, the
postulated crack at the highest stressed location may not satisfy the crack stablity acceptance
criteria. The NRC staff also notéd'that it Appears that the fractiire touighness values in

Table 5-1 of WCAP-13045 should be compared to tha fracture toughness values predicted
based 6n the method in NUREG/CR-4513, Revision 1, not Revision 2.

To respond to RAI-8 and RAJ-8, the PWROG re-calculatad the four sets of fracture toughness
values repdrted'in Table 5-1 of WCAP-13045 based on the methodelogy outlined in
NUREG/CR-4513, Revislons 1 and 2. The PWROG reviewed and reconciled any major
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differencas in the fracture toughnass values calculated by using the methodology of’
WCAP 13045 and the two revisions of NUREG/CR-4513 as discussed below,

428 NUREG/CR-4513, Revision 1

The PWROG re-calkculated all four sets of fracture toughness values (Jie, Jrax, 8 Trmna) in

Tabile 5-1 of WCAP-13045 using the prediction method in NUREG/CR-4513, Revision 1, and
the resuits wére shown in Table 1 of the PWROG's response to the March 19, 2019, letter. The
PWROG re-evaluated all crack stability. results given 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, Revision 1, are higher than (not as consservative as) those from
WCAP-13045, éxcept for T for two cases.,

The PWROG stated that basad on the re-avaluation of the fracture stability margins in

Section 11 of WCAP-13045, the crack stability criteria were satisfied in ail but one case. The
one case that does not show accéptable stability results is flaw location [ ] (LevelC
loading). As shown in Table 11-7 -of WCAP-13048, Jup Is balow Jrmex for this flaw case, but Tupp
Is slightly above the Tmx caloulated by USing NUREG/CR-4513, Revision 1. The PWROG
stated that as a more realistic scenario, it is reasonable to assuma a reactor trip transient witha
pressure limit of 2,485 psig in lieu of the highly conservative pressure of 2,635 psig. As shown
by Nota (b) in Table 11-7 of WCAP-13045, this condition was assumed in order to show
acceptability of flaw location [ ] for Level C |oading. As a resuft of using the lower
pressure, the Tyop will be reduced to a value below the bounding criteria limit of Trms 8s
cakeulated using NUREG/CR-4513, Revision 1, methodology. The PWROG stated that using
the technical justification above; all-flaw locations reported in Tables 11-2 through 11-5,

Table 11-7,-and Table 11-9 of WCAP-13045 satisfy the fracture toughness bounding criterla
calcutated using the methodology of NUREG/CR-4513, Revision 1 and are, therefore, shown to
be stable.

4.27 NUREG/CR-4513, Revision 2

The PWROG re-cakulated all 4 sets of fracture toughness values (Jic, Jmx, and Tma) in Table
S-1 of WCAP-13045 using the prediction method in NUREG/CR-4513, Revisfon 2, and the
results were shown in Table 2 of the response to'RAI-9 in the March 19; 2019, letter. The
PWROG stated that NUREG/CR-4513, Revision 2, produces more limiting (lower) material
fracture toughness values than NUREG/CR—4513 Revision 1. However, comparing the fracture
toughness values produced by the two methadolagias, only a few NUREG/CR-4513,

Revision 2, fracture toughness values are less than WCAP-13045.

The first three cases (i.e., nozzle inner quarter, nozzke outer quarter, and flanga inner quarter)
whi¢h are similar to Table 5-1 of WCAP-13045, consider SA-351, CF8M stability criteria. Basad
on the fact that there are CF8M pump casings from three different plants-In the entire
Westinghouse PWR opérating fleet, the PWROG analyzed each of the above cases saparately
for crack stability based on Tables 11-2, 11-5, 11-7, and 11-9 of WCAP-13045. The PWROG
also evaluated the CF8 material in Table 2 of the rasponse to RAI-9'in the March 19, 2019,
letter with the crack stability criteria of WCAP-13045 to show acceptable margins as discussad
below.
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428 Nozzie Inner Quarter — CF8M Materia

The PWROG stated that the fracture toughness values (Jic, Jmex, and Tmat) per
NUREG/CR-4513, Revision 2, are slightly less than those in WCAP-13045: However, tha

Japp @Nd Tapp Values reported in Table 11-2 of WCAP-13045 are still sufficiently below the
NUREG/CR-4513, Revision 2. values fér Jm.and Tma. in addition, plant-specific analysis
shows that the plant- specific loads are bounded by the screaning loads reported in WCAP-
13045. As a result, all stability margins are met, and crack stability has been demonstrated for
this flaw location.

4.29 Nozzle Outer Quarler-CFSM

The PWROG stated that all fracture toughness values (Jic, Jme, and Trw) per NUREG/CR-4513,
Revision 2, are.higher than those reported in WCAP-13045. Therefore, the values reported in
WCAP-13045 remain limiting and bounding. Furthermore, plant-specific analysis shows that the
plant-spacific loads are bounded by the screaning |6ads reported in WCAP-13045. As a result,
all stabllity margins are met, and crack stabilty has béen demonstrated for this flaw location.

4.2.10 Flange Inner Quarter ~-CFBM

The PWROG stated that the fracture toughpess value of Jum par NUREG/CR-4513, Revision 2,
Is higher than that reported in WICAP-13048; however, the Ji. and Trx values per
NUREG/CR-4518, Revision 2, are less than those in WCAP-13045. From Table 11-2 of
WCAP-13045, the limiting flaw location] ] has a Ju, value of [ ] and a Tepg
value of [ ] based on the use of a reactor trip pressure of 2,485 psig as shown Ih Note (e} of
Table 11-2. The Jmx value of [ 1 per NUREG/CR-4513, Revision 2, s greater than
the Jagp value of [ ]; howaver, tha Tpa value of [ ] par NUREG/CR-4513,
Revision 2, is less than the Tayp value of [ 1. The PWROG stated that those limiting CFBM
fracture toughness values are specific to one pump casing of one plant. The othar two CFBM
plants showed accaptable stability results at flaw location [ ], as they have different material
heats with higher calcutated fracture toughpess'values. The PWROG stated that the plant-
specific analysis shows that the screening loads in WCAP-13045 are higher than the plant-
specific loads for the plant with the limiting fracture toughness values as shown in Table 3 of the
response to RAIS in the March 19, 2018, letter. Therefore, the stresses uséd in the Tapp value
are conservative in WCAP-13045 for flaw lkacation [ _ 1. Furthermore, ASME Code properties
have been used to determine the Te, in WCAP-13045, but actual plant-spetific yield strength is
typically higher than the minimum Code yield strength. As a result, the Tey, values in WCAP-
13045 are conservative relativé to actual matenal yield strengths, and if the actual plant-specific
Tae value was calculated using realistic ptant-specific inputs (Le., loads and yield strength), Tage
would fall below the Tme.

The PWROG explained that for this particular flaw Jocation [ ], éhly one ptant has a GFEM
heat that is limiting for flaw stability criteria. Howaver, that ptant demonstratas acceptable
flaw stablity using the methodology of WCAP-13045 and NUREG/CR-4513, Revision 1.
Furtharmore, that heat of tho CF8M material' would likely demonstrate acceptable margins
using NUREG/CR-4513, Revision 2, methodology if actual plant-spacific loads and yleld
strangth ware used. The PWROG axplained that basaed on the previous discussion and no
known service degradation of this limiting CF8M casing, sufficient crack stabiity for this flaw
location has been demonstrated.
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With respect to CF8 material, the PWROG stated that the fracture toughness values per
NUREG/CR-4513, Revision-2, are all higher than the WCAP-13045 values with the exception of
Twet, which is discussed below The SA-351 CF8 fracture toughness properties are considered
in WCAP-13045, Table 11-5 (Model 83), Table 11-7 (Model 93A) and Table 11-9 (Models 63
and 100A). In Table 11-5 for Modal 93 pump casings, all stability criteria (Tesp < T and

Japp < Jmay) are met using fracture toughness values per NUREG/CR-4513, Revision 2. In

Table 11-9 for Model 100A pump casings, afl stability criteria are also met with the use of
fracture toughness values from NUREG/CR-4513, Revislon 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 (Modél 83A), the stabllity crikaria for flaw location[ ] (Level C)
are met with a reactor trip pressure limi of 2,485 psig as shown in Note (b) in Table 11-7, using
fractura toughness values par NUREG/CR-4513, Revision 2. In Table 11-7, flaw location

{ ] (Lavel C) has a Tey value of [ ], which is highaet than the Tre value of[ ] based on
NUREG/CR-4513, Revision 2. However, if the:Reactor Trip pressure limit is used for flaw
location [ ], then the T, would drop consistently with the T, drop seen for flaw location

[ ] G.e.. Tagp will be reduced by a value of approximately 21). As a result, all the stabiity
resuits will be met for the Model 93A casing using the methodology of NUREG/CR-4513,
Revision 2.

In RAI-6(b), the NRC staff asked the PWRQOG to discuss how a plant can demonstrate structural
integrity of s RCP casings using PWROG-17033 if the crack stability criteria are exceeded. In
fts response, the PWROG stated that crack stabllity is demonstrated for the highest stressed
flaw location [ ] and the imiting CF8M material casings using the ASME Code minimum
properties, conservative screening loads, and updated fracture toughness values based on
NUREG/CR-4513, Revision 1. The FWROG. axplainad that if, hypothetically, the crack stability
critaria are exceaeded, then plant-apecific yield strength along with the use of actual pant-
specific loadings can be used to reduce conservatism in the evaluation. Use of a smaller ﬂaw
size, instead of 1/4T flaw; can also be considéred, as the service experisnce for pump casings
has shown no degradation or detected indications.

The PWROG ¢oncluded that the use of the méthodology in NUREG/CR-4513, Ravision 1 or
Reviston 2, will produce material fracture toughness values that are typically higher and less.
[imiting than the materlal fracture toughness values derived in WCAP-13045. For cases where
the fracture toughness valués based on NUREG/CR-4513, Revision 2, are lowar than thosa in
WCAP-13045, the PWROG demonstrated that all flaw stabliity margins have been met based
on plant-specific evaluations and realistic inputs for reactor trip pressura, plant-specific loads,
and yield strength.

The PWROG further concluded that degradation or crack-like ihdications have not been found in
Westinghousé designed RCP casings. Thus, based oh the dbove discusslions, the stresses,
applied loadings, fracture toughness values, and transients considered in WCAP-13045 are
bounding for,an individual plant's plimp casing or have been reconciled through plant-specific
avaluations.

The NRC staff notas that if a crack stability analysis usas conservative paramaters, the
postitlated crack may not satisfy the stability acceptance criteria. In ths case, the crack
analysis may net be realistfc, and it may not be reasopabls for such analysis to demonstrate
structural integrity of a safety-related component, if the component has not experienced active
degradation. ltls unreasonable to expect WCAP-13045 to use the highest applied loadings and
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a conservative postulated flaw to meet the lowest saturated fracture toughness values.
However, it is NRC staff's expectation that a crack stabliity analysis does need to dentonstrata
that certain safety margin is maintained in the salety-related companent.

The NRC staff further noted that the method to derive saturated fracture toughnpess values of
CASS material may.be changing In the future-depending on the data in the futuré experiménts.
The saturated fracture toughness values are predicted based on the statistical analysis of the
experimental thermal embrittiement data. As discussed-above, ANL revised the derivation
method of fracture toughness yalues between Revision 1 and Revision 2 of NUREG/CR-4513
pbasedon addijonal specimen data. In the future, the derivation method may be changed again
such that the saturated fracture toughness values may be lower than the values derived in
WCAP-13045, However, based on the current data and dérivation method$; the NRC staff finds
that the fracture toughness values derived in WCAP-13045 are reasomable becauss in most
cases they are lower than values derived from NUREG/CR-4315, Revisions 1 and 2.

4.2.11 Crack Stablfity Analysis. Summary
The NRC staff determinas that for the crack stability amalysis:

(1) the PWROG-17033 and WCAP-13045 reports have used, in general, the fimiting material
fracture toughness values to demonstrate crack stability,

(2) the material fracture toughness values used in the crack stability analysis are shown to be at
fully-aged, saturated conditions such that any additional aging will not lower the fracture
toughnass values and, therefore, will continue to remain applicable for 80 years of operation,

(3) the fracture toughness values used in WCAP-13045 are acceptable bacause they are, in
most of cases, less (more conservative and limiting) than the fracture toughnaess values
obtained by the method of NUREG/CR-4513, Ravision 1 or Revision 2,

(4) for those cases where the fracture toughness values derived from NUREG/CR-4513,
Revision 2, are lower than WCAP-13045, the PWROG provided reasonable explanation for the
acceptance of the track stability analysts in WCAP-13045,

(5) the applied loads and stresses used in the crack stabllity analysis are appropriate. For the
cases where the applied loading (Jus o Tap) exceaded the material fracture toughness values
(Vic, Jma, 8N Tenat), plant-specific analyses have shown that crack stability acceptance criteria
are satisfied, ‘ ) ’ )

(6) Some plants may not satisfy the crack stabilty acceptance criteria or may have thelr appfied
loads exceeding the screening Joading in WCAP-13045. Thase plants have performed a plant-
spacific ¢rack stability analysis. The NRC staff has imposed conditioris to address scenarios
where plant-spacffic data exceed the inputs in the crack stability analysis of the WCAP-13045 or
PWROG-17033 report. The NRC staffsImposed coriditions are discussed further in the'SE,
and

(7) the crack stability analysis for RCP pump casings performed jn the WCAP-13045 and
PWROG-17033 repotts is accaptable for the 80 years of operation.
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43  Fatigue Crack Growth Analysis

The PWRQOG-17033 report re-evaiuated and confirmed that the fatigue crack growth (FCG)
calculation in WCAP-13045 is still valid for the subsequent period of extended operation.
Specifically, the PWROG-17033 report confirmed that the generic FCG analysis performed in
WCAP-13045 remains applicable for 80 years of operation in terms of the stresses, stress
intensity factor equations, transient definitions and cycles, and FCG rates.

The PWROG stated that two FCG analyses were originally performed in Section 12 of
WCAP-13045 for the postulated crack In the highest stressed [ 1 of the
Mode] 93 and.93A pump casings. The PWROG also stated that the FCG analysis of the
Mode! 83A pump was parformed prior to the publication of the stainless stesl FCG law in the
ASME Cade, Section XI. Therefore, the FCG law from the technical paper by Bamford, W. H.,
“Fatigue Crack Growth of Stainless Stes| Piping in a Pressurized Watar Reactor Environment, "
Trans ASME, Journal of Pressure Vassel Technology, dated February 1978, was initially:
considered in WCAP-13045.. However, the FCO law used for the postulated flaw in Model 83
was based on Figure C-3210-1 of Article C-3000 of the 1889 Editlon of tha ASME Code,
Section XI.

The PWROG compared the FCG rate used in WCAP-13045 with the FCG rate for stainless
steel in air environment from the NRC-approved 2007 Edition with 2008 Addenda of ASME
Code, Section XI, Apperdix C. The PWROG applied a factor of two to the FCG rate to account
for environmental.effects of a postulated flaw in water as described in “Evaluation of Flaws in
Austenitic Steel Piping," Trans ASME, Journa) of Pressure Vessel Technology, Vol. 108,

pp. 352-366, dated 1986.

The PWROG stated that there are no significant differances between the FCG rate in stainless
steel In water in the NRC-approved 2007 Edition with 2008 Addanda of ASME Code, Section X,
Appendix C and the FCG rate used in WCAP-13045 for the postuiated flaws in Model 83 RCPs.
The PWROG further stated that the diffarence bstwean the current stainless steel FCG rate in
water and the FCG raté considered in WCAP-13045 for the postulated flaw in Model 83A RCP
caeing ie also insignificant. The PWROG concluded that the existing FCG rates in Section 12 of
WCAP-13045 aré acceptable based on current industry standards for FCG for stainléss steel
material in a water environment.

The PWRGG stated that other inputs required for an FCG analysls are the stress intensity
factors (SIF), stjressas, translent cyoles, and transient definitions. The SIF correlations used for
the FCG analysis in WCAP-13045 are consistent with the current correlations provided in the
ASME Cods, Section XI, Appendix A. The PWROG indicated that the transient stresses used in
the FCG analysis are generic and encompass the various pump designs. These stresses have
not changad for the subsequent period of axtended operation. The PWROG further indicated
that the numbers of pradicted cyctés for 80 years of extanded operation are assumed to be
bounded by the transient cycles considered In Table 12-2 of WCAP-13045. The PWROG
statad that tha transjent definitions are also not expected to change ovar the 80-year operation.
The PWROG-17033 report concludes that the generic transient descriptions and numbers of
transient cycles jn Table 12-2 of WCAP-13045 envelop the transient conditions for 80 Years of
operation.

The PWROG explained that plants considering the 80-yearlife extension count cycles typically
nomp@y with original design basis cyoles for 40 years; therefore, there will be no significant
increases in the number of cycles for 80 years. For a confirmatory evaluation, the PWROG
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doublad transient cycles designed for 40 years to apply to the 80-ysar FCG analysis to account
for any large differences in the transient cycles. The PWROG-17033 report demonstrated that
the final flaw size at the end of B0 years wouki still be Jess than the oritical flaw size for crack
instabllity at the high stress location.

In RAI-2(b), the NRC staff asked about the flaw size. flaw orientation, and direction of its growth.
In s response, the PWROG stated that for the-Model 93 pump casing, the FCG evaluations
which produced thé most limiting resuits were for postulated flaws at the [

J. Forthe
Model 93A punip casing, the imiting FCG results were for a postulated flaw oriented in the
[
].

The PWROG oxplained that the FCG analysis results for postulated flaw depths (flaw length is
based on the aspeét ratio, flaw Jength/flaw depth, of 8:1) into the pump casing wall thickness are
provided in Tables 12-1 and 12-3 of WCAP-13045 for the Model 93A and Mode! 83 pump
designs, respectively. A small, postulated flaw depth evaluated in the WCAP-13045 and
PWROG-17033 reports is based on an initia! 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-13p45, to
demonstraté that the growth due to FCG is small.

The PWROG stated that the particular flaw depth of 0.3 inches was the maximum acceptable
flaw size in the acceptance standards in Table (WB-3518-2 (for pressure retaining welds in
pump casings) in the aditions up to the 2007 Edition of the ASME Code, Section XI. The flaw
depth of 0.3 inches is still the maximum acceptable fiaw size in the acceptance standards of
Table IWB-3519.2-2 (for pump éasings) in'later editions of the ASME Code, Section XI. The
PWROG used additional postulated flaw sizes that are equal to and exceed the maximum
acceptable flaw Size of 0.3 inches in sensitivity studies to demonstrate that the flaws do not
grow significantly over time.

The NRC staff finds that the postulated flaw with a dapth of 0.3 inches is acceptable to be used
in tha FCG.analysis bacause.it is the maxinium acceptable flaw size in accordance with
Table IWB-3519.2-2 of the ASME Code, Section XI.

The PWROG indicatéd that If all other inputs for an FCG analysis (SIFs, 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 expectéd to ba similar to Table 12-1. and Table 12-3.of
WCAP-13045 for 40 years. The PWROG reported that even if the transient cycles for 40 years
are doubled for'80 years to account for any Iarge. differences in the transient cycles, the final
flaw size would continue to bé less than the minimum ‘stability flaw size of 1/47 flaw depth
providad in Table 11-6 of WCAP-13045, at thé location of the highast stressed region. The
PWROG-17033 report concluded that the FCG analysis provided in'Section 12 of WCAP-13045
continues to remain vahd for 80 years.

[n RAI-2(a), thé NRC staff asked whether.the input parameters uged in the FCG analysis are
bounding. I s responsa, PWR statad that one of the inputs in a FCG analysis is transient
stress ranges. As discussed in the plant-specific avaluations . the generic transients considered
in the FCG avaluation of WCAP-13045 ware mviewed against the severity and frequency of the
plant-specific operating transients. The PWROG also stated that the typical design transients
and cycles used in WCAP-13045 are generally applicable to the plant-specific transients and
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cycles, The PWRQG further stated that {

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

As stated above, the PWROG doubled the number of transient.cycles usad.in WCAP-13045 to
account for the increase in plant operation to 80 years, thereby demonstrating that the FCG
analyses performed in WCAP-13045 and in the plant-spscific evaluations remain valid. Piants
applying for 80-ypar operation typically have retained tha same numbeér of design cycles as their
80.year design cycles. The PWROG stated that as a result, the fatigue crack growth
assessment in the PAWROG-17033 report will'be applicable for plants submitting their 80-year
'subsequent license renewal application

4.3.1 Fatigue Grack Growth Analysis Summary
The NRC staff determines that for the FCG analysis:

(1) the FCG rates used jn WCAP-13045 are comparable to the FCG rate for stainless steel in
water environment as shown In ASME Section X,

{2) the stresses usad are appropriate,

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

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

(5) to confirm whether the transient cycles used in WCAP-130456 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 subsequent license renewal application regarding the
plantspecific FCG analysis input. The NRC staff's-impesed condition is discussed further in the
SE, and

{6) the FCG analysis for RCP pump casings performed in the WCAP-13045 and
PWROG-17033 reporis is acceptable for the B0 years of operation.

44  Inspection Requirements

The NRC staff notas that inspection of the RCP casing is. spacifled in the ASME Cods,

Saction X|, Table IWB-2500-1. The RCP casing is under Examination Category B-L-2, ltem
Number.B12.20 as.shown In the latest NRC-approved 2013 Edition of the ASME Code. ltem
Number B12.20 requires a VT-3 visual examination of Intemal surfaces of the RCP casing once
evety 10-year Inservice interval,
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In addition, Note 2 to Table 2500-1, Examination Gategory B-L-2, requires that VT-3 visual
examinations of the Intefnal surfaces of the RCP casings be performed during refueling outages
when the pumps are disassembled. These examinations are performed on accessible portions
of the internal surfaces of the punip casings.

45 Compensatory Measures

In RAI-3(b), the NRC staff asked the PWROG to discuss measures that are in place to alert the
operators to take corrective actions should leakage occur at the RCP casing. |n its response,
the PWROG stated that based on typical service conditions, flaws are not expected 1o occur
during the Iffe of the.plant. If small flaws are present, they will grow only a small amount
throughout the servicé Iife. If a flaw should happen to penetrate thé wall, it will leak at a very
detectable rate and will not be unstable, thus.allbwing a shutdown of the plant per the
fequirements in plant Technical Specifications (TSs). The PWROG stated that plants rigorously
follow RG 1.45, which provides guidance on monitoring and re€ponding to reactor coctant

systom leakage.

The NRC staff noted that the aging management program XI1:M1, "ASME Section X! Inservice
Inspection, Subsections |WB, IWC, and IWD," of GALL-SLR report; NURGE-2191, Volume 1, is
required to manage the aging effect of thermal embritiement for the RCP casings.

The PWROG stated that the RCP casings In Westinghouse-type PWR designs have an
operating history that demoristrates the inherént flaw tolerance and structural stability of the
pump casings. Based on operating experience, there have been no detectable service induced
flaws not discemible degradation of the CASS pump casings and welds In the PWR operating
history.

The NRC staff finds that based on operafing experiénce, the Westinghousa-dasigned RCP
casings at nuélear plants have not experiénced active degradation mechanisms. Should
dagradation occur in the future, each plant has various compensatory measures to monitor
structural integrity of the RCP casing. In additior, the plant TSs réquire operatérs to take
comective actions within specific allowable time should leakage occur at the RCP.

4.6  Applicability of PWROG-17033, Revision 1

The PWRQG stated that from 1891 untilaround 2008, [ order to supplemeht the generic
WCAP-13045, several plant-spedific evaluafions (more than half of the U.S. PWR operating
tioet and severa! foreign plants) weré performed for the casings of the Wesfinghouse-designed
pumps, either for the original design lifé of the piant or for 60-year life extensions. Those
plant-specific evaluations were based on the pump configurations anatyzed:in WCAP-13045
(i.6., each of the plant-specific pump modals have design drawings that are consistarit with the
pumps analyzed in WCAP-13045) and demonatrated'stfuctiral integrity of the casings at the
critical locations.

in RAI-5(a), the NRC staff asked aboutthe applicability of the PWROG-17033 report. ‘In ts.
response, the PWROG stated that the scope of the WCAP-13045 and PWROG-17033 raports
is only applicable to Westinghouse-designed RCPs with Model 63, 70, 93, 93A, 93A.1, 83D,
100A, and 100D casings fabricatad from SA-351 CF8 or CF8M matterial. All operating u.s.
.PWRs with Westinghouse NSSS havegmps dasigned by Westinghousas. Two of the oparating
U.S. PWRs with Babaock and Wilcox (B&W) NSSS also have Westinghouse designed pumps.
However, none of the operating U.S. PWRs with Combustion Engineering NSSS have
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Westinghouse-designed pumps. Therefore, the provisions of the WCAP-13045 and
PWROG-17033 reports are applcable to all operating U.S. PWRs with Westinghouse NSSS
and two operating U.S. PWRs with B&W NSSS.

in RAI-2(a), the NRC staff asked the PWROG to provide guidance to applicants/licensees on
tiow to demonstrate that plant-specific data are bounded by the parameters used in the
analyses in WCAP-13045. In its response, the PWROG provided guidance on the use of the
PWROG-17033 report to satisfy the requirements of 10 CFR 54.21(c)(1). The PWROG's
guidance is incorporated as part of NRC imposed conditions as discussed below.

4.7 Summary

Based on 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, Revislon 1, have
used, in most cases, bounding and limiting parameters, (2) PWROG-17033, Revision 1, has
demonstrated pursuant to 10-CFR 54.21(c){(1)(i0) that the RCP casing structural integrity
analyses have been projected to the end of 80 years, (3) the structural Integrity analyses in
WCAP-13045 and PWROG-17033, Ravision 1, have satisfled the TLAA accaptanca criteria in
SRP-SLR Section 4.7 because the fully-aged, saturated fractire 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 and PWRQG-17033, Revision 1, have demonstrated that
structural integrity of the RCP casings wlill be maintained to the end of 80 years.

5.0 LIMITATIONS AND CONDITIONS

if a licensee uses PWROG-17033, Revision 1, to satisfy the requirements of 10 CFR
54.24(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 83,
Model 70, Model 83, Model 83A, Model 83A-1, Model 83D, Model 100A, or Model 100D, and
fabricated with SA-351 CF8 or CF8M material.

3. For the crack stability analysis, the licensee must confirm that the screening loadings (forces.
moments, Jpp, and Tyga) used in WCAP-13045 bound the plant-specifio loadings. The
licensee must confirm the {imiting material fracture foughness values (Ji., Tret, 8nd Jrmey) Used
in WCAP-13045 and PWROG-17033, Revision 1, bound the plant-specific fracture toughness
valtes. |f the screen loadings and material fracture toughness values in the WCAP-13045
and PWROG-17033 reports bound plant-specific values, the icensee neeads to discuss how
the TRs ara bounding in the subsequent license renewal application. If the screening
loadings or material fracture toughness valuas inthe WCAP-13045 and PWROG-17033
reports do not bound plant-spacific values, the licensee needs to submit a plant-specific
crack stability analysis to demonstrate structural integrity of the RCP casing as palt of the
subsaquent Jicense renewal application.

4. For the FCG analysis, the licensea must confirm that the transient cycles specified in the
WCAP-13045 or PWROG-17033 report bound the plant-specific. tranisient cycles for tha
80.years of operation. The licenseé must confirm that the loadings used in the FCG analysis
tn WCAP-13045 bound the ptant-specific applied loadings, considering potential increase in
applied loading caused by plant-specific system operational changes, power uprate or piping
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modffications. If the FCG analysis inputs in WCAP-13045 bound the plant-gpecific
conditions, the licensee must discuss how they are bounding In the subseqtient license
renewal application. [f-the FCG analysis inputs in WCAP-13045 do not bound the plant-
specific conditions, the plant owner must provide a plant-specific analysis to demonstrate the
FCG of the postulated flaw Is within acceptable criteria as part of the subsequent license
renewal application,

50 CONCLUSION

On the basis of its review, the NRC staff determines that PWROG-17033, Revision 1, has
demonstrated structural integrity of the Wastinghouse-designed RCP casings for the
subsequent period of axtended operation (80 years) based an the crack stabliity analysis and
FCG analysis. Theréforé, the NRC staff concludes that PWROG-17033, Revision 1, is
acceptable for gensric use ta address tha time-limited aging analysis of the RCP casing integrity
to satisty the requirements of 10'CFR 54.21(c){1).

The NRC staff further concludes that an applicant that utilizes PWROG-17033, Revision 1, in its
subsequent license rerewal application needs to follow the conditions that the NRC staff
imposed as specified in this SE.

For the regulatory efficiency, the NRC staff suggests that the PWROG incorporate, in their
entirety, the PWROG's RAIl responses dated March 19, 2019, and the NRC's SE into
PWROG-17033, Revision 1, as the final version, which would-be considered as the
NRC-approved document for generic use. The NRC staff suggests that applicants use the
NRGC-approved version of PWROG-17033, Revision 1, as part of its technical basis to address
the RCP casing examination issue in their subsequent license renewal application.

Attachment: Comment Resolution Table
Principal Contributor: John Tsao, NRR/DMLR/MPHB
Date: September 26, 2019
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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 resutting 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 PWR 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 NRC.
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PWR Owners Group
United States Member Participation* for PA-MSC-1498, Revislon 0 [4]
Participant
Utility Member Plant Site(s) Yes No
Ameren Missouri Callaway (W) X
American Electric Power D.C Cook 1 &2 (W) X
Anzona Public Service Palo Verde Units 1, 2, & 3 (CE) X
Milistone 2 (CE) X
Dominion Connecticut
Millstone 3 (W) X
North Anna 1 & 2 (W) X
Dominion VA
Surry 1 &2 (W) X
Catawba 1 & 2 (W) X
Duke Energy Carolinas McGuire 1 & 2 (W) X
Oconee 1, 2, & 3 (B&W) X
Robinson 2 (W) X
Duke Energy Progress
Shearon Harris (W) X
Entergy Palisades Palisades (CE) X
Entergy Nuclear Northeast Indian Point 2 & 3 (W) X
Arkansas 1 (B&W) X
Entergy Operations South Arkansas 2 (CE) X
Waterford 3 (CE) X
Braidwood 1 & 2 (W) X
Byron 1 & 2 (W) X
Exelon Generation Co. LLC TMI 1 (B&W) X
Calvert Cliffs 1 & 2 (CE) X
Ginna (W) X
Beaver Valley 1 & 2 (W) X
FirstEnergy Nuclear Operating Co.
Davis-Besse (B&W) X
St. Lucie 1 & 2 (CE) X
Turkey Point 3 & 4 (W) X
Florida Power & Light \ NextEra
Seabrook (W) X
Pt Beach 1 &2 (W) X
Luminant Power Comanche Peak 1 & 2 (W) X
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PWR Owners Group
United States Member Participation* for PA-MSC-1498, Revision 0 [4]
Participant
Utility Member Plant Site(s) Yes No
Omaha Public Power District Fort Calhoun (CE) X
Pacific Gas & Electric Diablo 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. s
Vogtle 1 & 2 (W) X
Sequoyah 1 & 2 (W) X
Tennessee Valley Authority ye
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
Participant
Utliity Member Plant Site(s) Yeos No
Asco 1 &2 (W) X
Asociaciéon Nuclear Ascé-Vandellds
Vandellos 2 (W) X
Axpo AG Beznau 1 &2 (W) X
Centrales Nucleares Almaraz-Trillo Almaraz 1 & 2 (W) X
EDF Energy Sizewell B (W) X
Doel 1,2 & 4 (W) X
Electrabel
Tihange 1 & 3 (W) X
Electricite de France 58 Units X
Elektneiteits Produktiemaatschappij Zuid- Borssele 1 (Siemens) X
Nederland
Eletronuclear-Eletrobras Angra 1 (W) X
Emirates Nuclear Energy Corporation Barakah 1 & 2 X
Eskom Koeberg 1 & 2 (W) X
Hokkaido Tomari 1, 2 & 3 (MHI) X
Japan Atomic Power Company Tsuruga 2 (MHI) X
Mihama 3 (W) X
Kansai Electnic Co , LTD Ohi1,2,3&4 (W&MHI) X
Takahama 1, 2, 3 & 4 (W & MHI) X
Kori1,2,3&4 (W) X
Hanbit 1 & 2 (W) X
Korea Hydro & Nuclear Power Corp
Hanbit 3, 4, 5 & 6 (CE) X
Hanul 3,4, 5 &6 (CE) X
Genkai 2, 3 & 4 (MHI) X
Kyushu
Sendai 1 & 2 (MHI) X
Nukleama Electrarna KRSKO Krsko (W) X
Ringhals AB Ringhals 2, 3 & 4 (W) X
Shikoku lkata 1, 2 & 3 (MHI) X
Tarwan Power Co Maanshan 1 & 2 (W) X
* Project participants as of the date the final deliverable was completed. On occaslon, additional
members will join a project. Please contact the PWR Owners Group Program Management Office to
verify participation before sending this document to particlpants 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 to ASME 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 performed 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 80 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 performing 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 performing 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, “Inservice Inspection Code Case Acceptability ASME Code Section Xl
Division 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 X| 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 100A and 100D 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 propertles for 80 years, and not the applied loads, since the applied
loadings in the J-integral analy3|s 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 (J — J at crack initiation and Jmax — J at maximum
crack extension) used in WCAP-13045 [1] and the associated tearing modulus (Tmat) 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 X!, 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 Xl 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 10 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 IS| examination
programs. This report reviews the TLAA aspects of WCAP-13045 to demonstrate its continued
applicability for 80 years of plant operation.

21 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
discemable 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 < ch or lf
2) Japp{md > ch then Tapphaj < Tmatanaj and Japp{nd < Jmmamu:m

The applied toughness (Jeppied OF Jepe) and applied tearing modulus (Tappies OF Tapp) are calculated
with the EPRI handbook methodology [10], based on various combinations of loading parameters
and material properties for the various pump designs as discussed in WCAP-13045. The Jag, and
Tapp 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 (Ji), which is based
on a J-integral resistance curve, the maximum fracture toughness (Jmexmum OF Jmax), and the
tearing modulus (Tmatsnat OF Trmat) Need be reviewed to confirm that these parameters are not
impacted by 80 years of operation.

The end of service (40 years) fracture toughness (Jic, Tmat, 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 welds) and models (Models 63, 70, 93, 93A, 93A-1, 93D, 100A,
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 of WCAP-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 Jic (in-b/in?) Tmet (dimensionless) Jmex (in-Ib/in?)
Model 93 SA-351 CF8M [ J*ce [ ]ree [ ]#ee
Chemistry: [
Jace

Note: The values Jic, Tmat, @and Jmax Shown for the CF8M material above are the same values in
Table 5-1 and on page A-30 of WCAP-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 (Si), 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 |

1*<¢ 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 51 of WCAP-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 confims 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 Jic, Tmet 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 CF8
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 CF8 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.

Creq = Cr + 1.21(Mo) + 0.48(Si) - 4.99 = (Chromium equivalent)

Nieq = (Ni) + 0.11(Mn) - 0.0086(Mn)2 + 18.4(N) + 24.5(C) + 2.77 = (Nickel equivalent)

8c =100.3(Croq / Nisq )2-170.72(Creq / Nieq )+74.22 = (Ferrite Content)

The elements are in percent weight and 3. 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/cm?) is the lower
value determined from:

l0g10CVsat = 0.27 + 2.81 exp (-0.022¢)
where the material parameter ¢ is expressed as:
o = 8 (Ni + Si + Mn)*(C + 0.4N)/5.0
and using:
l0g10CVset = 7.28 - 0.0113¢ - 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 Cvea (J/cm?) is the lower
value determined from:

l0g10CVsat = 0.84 + 2.54 exp (-0.047¢)
where the material parameter ¢ is expressed as:
d = 8¢ (Ni + Si + Mn)%(C + 0.4N)/5.0
and using:
l0g10CVsat = 7.28 - 0.0113, - 0.185Cr - 0.369Mo - 0.451Si - 0.007Ni — 4.71(C + 0.4N)
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The saturation J-R curve at RT, for static-cast CF8M steel is given by:
Ja = 1.44 (Cvua)' 25(AQ)" for Cvaat < 35 J/icm?
Ja = 16 (Cvea)’®(A@)"  for Cvaat > 35 J/em?
n=0.20 + 0.08 log1o (CVaat)

where Jg4 is the “deformation J” in kd/m? and Aa is the crack extension in mm.

The saturation J-R curve at 290-320°C (554-608°F), for static-cast CF8M steel is given by:
Ja = 5.5 (CVea)° %8(Aa)" for Cvsat < 46 Jicm?
Ja= 49 (Cvsar)’*'(Aa)" for Cvext > 46 J/icm?
n=0.19 + 0.07 log1o (Cvesx)

where Jq 1s the “deformation J” in kJ/m? and Aa is the crack extension in mm.

[

]#%® The tearing modulus, Tmatena iS calculated by T =
dJ/da * E/o#, where dJ/da is the slope of the J-R curve, E is elastic modulus, and ot 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-45613
(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 Jic (in-Ibfin?) Tmat (dimensionless) Jmax (in-Ib/in?)

Model 93 SA-351 CF8M

[ ]B,C,O

[ e

[ T

Chemistry (from Table 1): [

]a,c,e

ASME Code properties are used for E (modulus of elasticity) = 25.6 x 10° 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 nozzie 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 the ASME Code Section Xl; 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:

;’—: =5.4x 1072 (Kg)**®  (inches/cycle) [Equation 1]

Keft = Kmax(1-R)®®
R=Kmn/K__. Kimax and Km is in units of ksi vin

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 Xl of the ASME Code (1989 Edition) and is shown in Equation 2 below:

& = CF S E (AK)*® (inches/cycle) [Equation 2]

Where: C =2.42 x 102, 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, AK = the range of stress intensity factors (psi Vin), 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*C, S (AK))*? (inches/cycle) [Equation 3]
where Co,=10"[-10.009 + 8.12x10* T — 1.13x10° T2 + 1.02x10° T7]
T = Temperature (°F) = 550°F (see Table 11-1 and Table 11-6 of [1])
S=10forR<0,S=1+18Rwhen0<R<0.79,and S = -43.35 + 57.97Rwhen 0.79 <R < 1
AK; is in units of ksi Vin, R = Kmn/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 stainiess 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 years 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, fo 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 [ ]*<# over 40 years of service. All other inputs
for the FCG analysis (stress intensity factors, stress, fransient 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 of WCAP-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 1/4T flaw depth ([  ]**°in Table 11-6 of WCAP-
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.

PWROG-17033-NP-A November 2019
Revision 1

* This record was final approved on 11/5/2019 3 16 22 PM (Thus statement was added by the PRIME system upon 1ts validation)



WESTINGHOUSE NON-PROPRIETARY CLASS 3 51

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 the ASME 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.

CASE -
L
N-481 :
¥
CASES OF ASME BOTLER AND PRESSURE VESSEL CODX
&
Approvel Dete: March 5, 1990 ,:’
8se Numancs! indax for explratron *,
and any resfrmation deted. F
Case N481 . (¢) Perform a VT3 visual cxamination of the fn- |
Alernative Examination Requirements for Cast ternal surfaces whenever a pump is disassembled for N
Austenitic Pump Casings mainteaance. s
Sectlon XI, Division 1 (d) Perform an evaluation to demonstrate the safe- E\w:
ty and serviceability of the pump. casing. The evalu- #
Inquiry: When conducting examination of cast aus- ation shall include the followlng: S
tenitic pump casings in accordance with Sectfon X1, (1) evahnting material propertics, including M
Division 1, what examinations may be performed in fracture toughness values; %
beu of the volimetric examinations specified in Ta- (2) performing a stress analysis of the pump cas- If—::

ble IWB-2500-1, Examination Category B-L-1, Item
B12.10?

Reply: 1t is the opinjon of the Committee that the
following requirements shall be met in lieu of per-
forming the volumetric examination specified in Ta-
ble IWB-2500-1, Examination Category B-L-1, Item
B12.10:

(a) Perform a VT-2 visual examination of the ex-
terior of all pumps during the hydrostatic pressure
test required by Table IWB-2500-1, Category B-P.

(b) Perform a VT-1 visusl examination of the ex-
ternal surfaces of the weld of one pump casing.

ing;

(3) reviewing the operating history of the pomp;

(4) selecting locations for postulating flaws;

(5) postulating onc-quarter thickness reference
flaw with a leagth six times its depth;

(6) cstablishing the stability of the sclected flaw
under the governing stress conditions;

(7) considering thermal aging embrittlement
and any other processes that mey degrade the pro-
perties of the pump casing during service.

(¢) A report of this evaluation shall be submitted
to the regulatory and enforcement autharities having
jurksdiction at the plant site for review.
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APPENDIX B : CORRESPONDENCE WITH U.S. NRC REGARDING
THE REVIEW OF PWROG-17033-NP, REVISION 1
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JOTH ANBIVERSARY 1000 Pmmlﬂanmsmulm
PWROG Cranberry Townehip, PA 16066

PWR Ownan Group

PWROG-17033-P/NP. Revision ]

Project Number 99902037
Maroh 27, 2019
0G-19-58
U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD- 20852
Subject PWR Owners Group
Transmittal of the Response o Request for Additional lnformation. RATs 1-9
Associated with PWROG-17033-P (& NP), Revision 1, “Update for

ent ewal: \V P- “Complionce to ode

References:

1. Letter OG-18-142, Trapsmiital of PWROG-17033-P (& NP), Revision 1, “Updala 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™
(PA-MSC-1498); dated June 14, 2018 )

2. NRC Letter of Acceptance for Roview of PWRQG-17033-P (& NP), Revision 1, “Update
for Subsequent Licenss Ronewal; WGAP-13045, “Compliance o ASME Code Case N-
481 of the Primary Loop Pump Casings of Westinghouse Type Nuclear Steam Supply
Syslems” dated July 9, 2018

3. Email from the NRC (Drake) to the PWROG (Holderbaym), Request for Additional
Infornmation, RAls 1-9, RE: PWROG-17033-P (& NP), Revision 1, “Updatc for
Subsequent Licensc Rencwal: WCAP-13045, “Complisnce to ASME Code Case N-481 of
the Primary Loop Punip Casings of Westinghouse Type Nuclear Steam Supply ‘Systoms”
dated October 30. 2018

4. Email from the PWROG (Holderbaum) to the NRC (Drake). DRAFT Response to NRC
RAI for the Review of Genenic Topical Report No, PWROQG-17033-F and NP, Reyv, 1,
dated March 6, 2019

On June 14, 2018, in accordaiice with the Nuclear Régnlatory Cominission (NRC) Topical
Report (TR) program for review and acocptance, the Pressurized Water Reactor Dwners Group
{PWROG) roquested formal NRC roview and approval of PWRQG-17033-F & NP, Revision |
for referencing, in regulatory actions (Refercnce 1). The report was acoepted for review on

4 Thiz recodd was fial approvad on 446/2019 11:20:00 AM. (This stotement was added by the PRIME System upon'its validation)
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LS, Nuclear Regolatory Commission March 27, 2019
0G-19-58 Page 2 of 3

July 9, 2018 (Reference 2). The NRC Staff has determined that additionsl information is needed
to complete the review per the ernail dated October 30, 2018 (Reftrence 3). Draft responses
wera provided via email to the NRC on March 6, 2019 (Relerence 4).

Euclosures 1 and 2 to this letter provides formal responscs to NRC RAIs 1-9 (Reference 3)
associated with 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™.

Also enclosed is the Westinghouse Application for Withholding Proprietary Information from
Public Disclosure, CAW-19-4881, accompanying Affidavit, Proprietary Information Notice, and
Copyright Notice.

As Enclosure 1 contains infonnation proprietary to Westinghouse Electric Company LLC
("Westinghouse"), it is supported by an Affidavit signed by Westinghouse, the owuer of the
mformation. The Affidavit sets forth the basis on which the information may be withheld from.
public disclosure by the Nuclear Regulatory Commission ("Commission") and addresses with
specificity the oonsiderations listed in paragraph (bX 4) of Section 2.390 of the Cammission's
regulations.

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

Correspondence with respect to the copyright ot propristary aspects of the item listed above ot
the supporting Westinghouse Affidavit should reference CAW-19-4881 and should be addressed
to Camille Zozula, Manager, Infrastructure & Facilities Licensing, Westinghouse Electric
Company, 1000 Westinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania
16066.

Cormrespondence related to this transmitial should be addressed 1o:

Mr. W. Anthony Nowinowski, Executive Director
PWR Owners Group, Program Management Office
Westinghouse Eleotric Comiipany

1000 Westinghouse Drive

Cranberry Township, PA 16066

" This récord was final approved on 4152019 14:20:00 AM, (This stalement was added by the PRIME syslem upan i3 validetion)

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 validation)



WESTINGHOUSE NON-PROPRIETARY CLASS 3 B-4

U.S Nuclear Regulatory Commission March 27,2019
0G-19-58 Page 3 of 3

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 & Chairman
PWR Owners Group

JKS'am

cc PWROG Analysis Committee (Participants of PA-MSC-1498)
PWROG PMO
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

Elsctronically Approved Records are Authenticated v the Electranic Document Management Systein
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Westinghouse Non-Proprietary Class 3
CAW-19-4881
Page 1 of 3

AFFIDAVIT

COMMONWEALTH OF PENNSYLYVANIA:
COUNTY OF BUTLER:

(1) I Camille T. Zozula, have been specifically delegated and authorized to apply for
withholding and execute this Affidavit on bebalf of Westinghouse Electric Company LLC
(Westinghowse),

(2) T am requesting the proprietary portions of LTR-SDA-18-127-P Rev.0 be withbeld from
public disclosure under 10 CFR 2.390.

3 T have personal knowledge of the criteria and procedures utilized by Westinghouse in
designating information as a trade secret, priviléged, or as confidential commercial or
financial information.

(4)  Pursuant to 10 CFR 2.390, the following is furnished for consideration by the Commission in
determining whether the information songht to be withheld from public disclosore should be
withheld.

(i) , The information sought to be withbeld from public disclosure is owned and has been
held in confidence by Westinghouse and is not custamarily disclpsed to the public.

() Public-disclosure of this proprietary information is likely to cause substantial harm to
the competitive position of Westinghouse becansé it would enhance the ability of
competitors to provide similar technical evaluation justifications and licensing
defense services for commercial power reactors without commansurute expenses.
Also, public disclosure of the information would enable others to use the information
to meet NRC requiirenents for licensing documentation without purchasing the right
10 use the information.
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AFFIDAVIT

5) Westinghouse has policies in place to identify proprietary information. Under that sygtam,
information is held in confidence if it falls in one or more of several types, the felease of
which might result in the loss of an existing or potential competitive advantage, as follows:

(8)  The information reveals the distinguishing aspects of a process (or
component, structure, tool, method, ets,) where preverition of its use by any
of Westinghouse's competitors without license from Westinghouse
constituies a canpetitive sconomic advantage over other companies.

{(b)  Itconsists-of supporting data, incjuding test data, rejative to a process (or
component, structure, tool, method, etc.), the application of which data
secures.a compotitive economic pdvantage (e.g.; by optimization or improved
marketahility).

() 1t usé by & competitor would reduce his expenditure of resources or improve
assurance of quality, or licenging a sintilar product.

(@ T reveals cost or price information, production capacities, budget levels, or
commercial sirategies of Westinghouse, its customers or suppliers.

(¢) X reveals aspocts of past, present, or futnre Westinghouse or customer funded
development plans and programs of potential commercial valusto
Westinghouse.

[§y) It contains patontable ideas, for which patent protection may be desirable.

(6)  Theattached documsnts are bracketed and marked to indicate the bases for withholding. The
justification for withholding is indicated in both versibns by means of lower vase letters (a)
through (f) located as-a superscript jmmediately following the brackets enclosing each #tem of
information being identified a5 proprietary or in the margin opposite such infortiation. Thess
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AFFIDAVIT

lower case letters refer to the types of information Westinghowse customarily holds In
copfidence identified in Sections (SXa) through (f) of this Affidavit.

I declare that the averments of fact set forth in this Affidavit.are true-and comect to the best of oy
knowledge, information, and belief.

[ declare under penalty of perjury that the foregoing is true and comect.

Executed on: _Zy MArkd 209 '
CanﬁﬂeT.ﬁMamger

Infrastructure & Facilities Licensing
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of a document, fumished to the
NRCEconnecﬁonwhhmq&m&forgmicmﬂmphﬁ-Speciﬁcmiewmdaﬁmvﬂ.

mmdumconfmmmﬂnrequuemamofIOCFRZSQOofmaCoumﬂmmsregummmmmg
the protection of proprietary information 0 submitted to the NRC, the information which is
proprictary 6 the proprietary versions is contained within brackets, and where the propicietary
anmmwmmmwmmmmmemm(m
fofoonation that was contained within the brackets in the propeistary versioos having been deleted),
‘The justification for claiming the information so designited-as proprietary is indicated in both
versions by means of lower case letiers (a) through (f) located as a superscript immediately following
the brackets enclasing each item of information being identified a8 proprictary or in the margin
opposite such information. These lower case letters refer to the types of information Westi
cpstomarily holds in confidence identified in Sections (4)(if)(s) through (4)(liX£) of the Affidavit
accompanying this trapsmittal pitspatt to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted harewith each bear 2 Westinghounse Gopyright notlos, The NRC is permitted
to make the number of copies of the information contained in these reports which are necessary for it
internal use in connéction with generic and plant-specific reviews and approvals us well as the
Issuance, denial, imendment, transfer, fenewal, modificstion, suspension, revecation, or violation of a
license, permst, crder, or regulation subject to the requirements of 10 CFR 2.390 regarding
restrictions on public disclosure to the extens such information has been identified as proprietary by
Westinghouse, copyright protection notwithstanding. With respect to. the non-proprietary. veraions of
these reports, the NRC is permitted to make the nummber of copies beyand thoee necessary for its
internal use which are necessary in order to have one copy available for poblic viewing in the
appropriate docket files in the public documnent room in Washington, DC and in loca] public
dociiment rooms as may be required by NRC regulations if the mxmber of copdes submitted is
nsufficient for this purpose. Copics made by the NRC must incinde the-copyright notice in all
instances ind the proprietary notice if the original was identifisd as proprietary,

PWROG-17033-NP-A November 2019
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Utility Customer Instructions

Indiude the following information in the TRANSMITTAL LETTER to
NRC. This is not part of the affidavit.

Eaclosed is:
CAW-19-4881, which includes: the Affidavit, Proprietary Information Notice, Copyrigit Notice

The enclosure contains information proprietary to Westinghouse Blectric Company LLC
(“Westinghouse™), it 1s supported by an Affidavit signéd by Westinghouse, the owner of the
information.. The Affidavit sets forth the basis on which the information may be withheld from public
» disclosure by the Nuclear Regulatory Commission (“Commission™) and addresses with specificity the
considerations listed in paragraph (b)(4) of Section 2.390 of the Commission's regulations,

Accordingly, it is respectfully requested that ths information which is proprietary to Westinghouse be
withheld from public disclosure in accordance with 10 CFR Section 2,390 of the Commission’s
regulations.

Cocrespondence with respect to the copyright ot proprietary aspects of the items listed above or the
supporting Westingliouse Affidavit should refersace CAW-19-4881 and should be addressed to

Camille T. Zozula, Manager, Infrastructure & Facilities Licensing, Westinghouse Electric Company,
1000 Westinghouse Drive, Suite 165, Cranberry Township, Pennsylvania 16066.
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Westinghouse Non-Proprietary Class 3

Westinghouse

To: James P. Molkenthin Datc  March 19, 2019
cc’
From: George J. Demetri You N/A
Ext (412) 374-6257 Our LTR-SDA-18-127-NP, Rev. 0

Fax (724) 940-8565

Subject: Generic Responses to the U.S. NRC Requests for Additional Information on PWROG
Report, PWROG-17033, for Westinghouse Reactor Coolant Pump Casings

This letter provides a non-proprietary version of the Westinghouse responses to the Requests for 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* El jcall ved*
George J. Demetri Geoffrey M. Loy
Structural Design & Analysis 11 Structural Design & Analysis 111

Electropically Approved*
Anees Udyawar
Structural Design & Analysis 111

Reviewers: E i A .
Alexandria M. Carolan
Structural Design & Analysis TIT

Approved By: Electronically Approved*
Lynn A. Patterson, Manager
Structural Design & Analysis 111

* Electronically approved records are aushenticated in the Electronic Document Manageinent System.

Westinghouse Electric Company LLC
1000 Westinghouse Drive
Cranberty Township, PA 16066

© 2019 Westinghouse Electric Company LLC
All Rights Reserved
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LTR-SDA-18-127-NPF, Rev. 0
Page 2

Generic RAT Responses (Non-Proprietary)

March 19, 2019
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I.TR-SDA-18-127-NP. Rev O
Page 3

Reactor Coolant Pump Integrity Analysis, GALL TLAA 47

Regulatory Basis:

10 CFR 34.21(c) requires an applicanl lo demomstraie (hal the cffocts of aging for siructures and
components will be adequately managed so that the infended function{s) will be maintained consisiont
with the current licensing basis (CLB) for the period of extended operation, NRC staff must be able to
find that actions have been identified, and have been, or will be laken lo manage he offucts of aging
during the subsequent peniod of extonded operation (SPEQ) on the functionality of structures and
componenis such that thero is reasonable assurance that the aclivitics awlhorized by (he subsequent
renewed license will continue to be conducted in accordance with the CLB. As doscribed in the
Standard Review Plan for Review of Subscquent License Renewal Applications for Nuclear Power
Plants (SRP-SL.R), an applicant may demonstrate complianca with 10 CFR 54.21(a}(3) by referencing
the Generic Aging Lessons Learned for Subsequent License Renewal (GALL-SLR) Report.

The regnlation in 10 CFR 54.21(¢)1)(ii) states that, for a specific time-limited aging analysis (11.AA)
that is dispositioned in accordance with this regulation, applicants must demenstrats that the analysis has
been prajected to the end of the SPEO. Many PWR applicants have identified the crask stability
analysis of cast austenitic stainless steel (CASS) eactor coolant pump (RCP) casings as a TLAA item.

Background:

The ASME Code, Section XI, Table IWB-2500-1, requires periodic volometric inspections of the welds
of the RCP casinps in nuclear power plants. These inspections result in radiation exposure fo the
personnel performing the inspections and require significant resources to perform the inspeotions. As a
result, the ASME Code Committee approved Code Case N-481 in March 19590 that allows replacing the
vejumetric examinations with a fracture mechanics-based integrity evahmation supplemented by speeific
visual inspections. Previously, induwstry provided topical report WCAP-13045 which contains the crack
grabifity evaluation and fatigue crack growth calculation of the RCP casings to demonstrate compliance
with ASME Code Casc N-481 for 40 years of operation. To demonstrate continued compliance during
SPEQ, the PWROG re-evaluated the analyses in WCAP-13045 for 80 years as documented in PWROG-
17033, Revizion 1.

The NRC staff notcs that ASMR Codc Committecs annulled Code Cass N-481 in 2004 because the
inspeslion requirements of the code caso have been incorporated into the ASME Cods, Section X1 The
NRC staff finds that it is accoptablo to roferonco Code Casc N-481 horein becausc the specific analytical
method for the crack stability analysis in the code case wag used for the original 40-year license,

4 This récord vwas Snal approved on.3/22/2018 &:42:5 AM, (This statemént was added by the PRIME system upon |t velidation)
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Westinghousc Non-Proprictary Class 3
I.TR-SDA-18-127-NP. Rev.,
Page 4
RAL-1
LEBLB;

WCAP-13045 postulated. a flaw of % T dépth (T is the wall thickness of the RCP casing) having an
aspect rafio of 6 te 1 in accordance with Code Case N-481. The locations of the flaws are identified in
Scction 9 of WCAP-13045. The NRC staff notes that the applicd loadings to anatyzc the postulated flaw
arc generic in nature. Tables 11-2 1o 11-9 of WCAP-13045 providod Lhe generic 1, values (ihe applied
J-integral) for varions flaws undey varigus loading conditions for varions RCP modols.

A crack i= stable if cither

(1) Lpp< Ty 07
{2) T Tgp > Jiey thent Togy < Towpieiat 300 Tapp < T

Request;
(a) Confirm [hat the locations of the postulated flaws in WCAP-13045 represent and bound the high
stress arcas of the RCP casings of all the nuclear plants that were analyzed.

(b) Discuss whether the I, values in WCAP-13045 bound the J,, values from the RCPs in all the
plants that were analyzed.

{(¢) Provide the ¢ritical crack depth that sould excocd the crack stabulity criteria (i.e., what ia tho critical
crack depth?).

Response;

(a) The postulated flaw locations in WCAP-13045 represent and bound the high stress aieas of all
applicable Westinghouse reactor coolant pump (RCP) casing designs in the U.S. PWR operating
flect. The Westinghouse RCP models in the cwrrent U.S. PWR operating fleet are 93, 93A, 93A-],
and 100A, with the majosity being Model 93 or Model 93A. As stared in WCAP-13045, the
geometry of the Model 93A-1 and Model 100A pump casings in the high stress locations is
adequatsly represented by the Model 93 and Model 93A casings. By explicitly modeling and
analyzing the Model 93 and Modol 93A pump casings using finitc clemont techniques, the high
stress areas of the casings for all plants considered in WCAP-13045 wer¢ adequately ropresented.
The locations of the postulated flaws wore choson based on thoss high stress arcas of the
representative casings, as determined by the finile element analyses.

WCAP-13043 was issued in Septembet 1991 1o. generically cvaluale the structural integrity of the
Westinghouse-designed RCP casings for long torm operation in accordance with Code Case N-481,
which was approved in 1990 by the ASME Code Commitiec. 1n March 2004, Code Casc N-481 was
ammulled by ASME and the visual inmspeclion guidelines of the Code Case were incorporated into the
2000 Edition (for pump casings) and 2008 Addenda (for valve bodies) of ASME Secction XI. From
1991 mmiil around 2008, in order to supplement the peneric WCAP-13045, several plant apéoific
evaluations (more than half of the 1J.8. PWR: operating fleet and scveral forcign plards) werc
performed for the casings of 1he Westinghouss-designed pumps, either far the original design life of

*+ This record was final spproved on 3/22/2019 8:42:15 AM. ( This stalemént was added by the PRIME wystem upon Hs validalion)
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the plart or for 60 year life extensions. Those plant specific evaluations were based on the pump
configurations analyzod in WCAP-13045 (i.c. each of fhe plant specific pump models have design
drawings that are consistent with the pumps analyzed in WCAP-13045), and dememstrated the
structural infogrity of the casings st the critical locations,

() As discussed in Section 6 of WCAP-13045, conservative loads (intemal force and moment loading)
for a majodity of plants wverc selected to form the basis for the fracture mechanics analysis, The Jy,
values reported in Section 11 of WCAP-13045 were based on the Loading Level A (faulted
condition, safe shutdown carthquake) and Loading Level C (upset condition, loss of lond transient)
acreening loads which were developed in that report. Those screening loads were developed as & set
of representative bounding loads based on a sampling of plant-gpecific loads. As stated in WCAD-
13045, plants were expected to reconcile their plant-specific loads (forces and momenits) with the
screeming loads. If plant specific loads were larger than the screening loads, then updated L, values
would be calculated using plant specific loads to confirm the crack stability criteria. ‘Those
reconciliations were porformed 1n plant speoific topical reports, and it was determined that some
plants had loads and J,,, values thal exceeded the screeming valaes in WCAP-13043. FHowever, the
J.pp Values associated with those higher plant specific loads were still qualified without exception in
plant specific evaluations using either the limiting fracture loughness valucs in WCAP-13405 or the
fracture toughness values calculated with the methodology in NUREG/CR-1513, Revision 1. For
the majority of the plani specific evaluations, it was determined that the screening stressos were
sufficiently higher and morc limiting than the plant specific stresses; henee the Jp valucs in WCAP-
13045 bound the I, values for the majority of the plant specific cases.

1t should be noted that, over lime, loads have not changed significantly gince there have baen only a
few major N8SS (Nuclear Steam Supply Sysiem) component replacoments and refurbishments, and
uprates do not have a significant impact on stabjlity evaluations. Therefore, tho representative
screening loadings considered in WCAP-13045 arc representalive of plant specific values that were
considered in the cxisting N-481 analyses.

(€) As rported in WCAP-13045, flaw location [ ]** was defermined fo be the most limiting flaw
location for the Model 93 pamnp casing, and flaw location [ T+ was determined to be the most
limiting flaw location for the Model 93A pump casing with regard to fracture toughness. The
postulmed: flaw sizes were sufficiently large, with flaw depths on the order of /4T (or 25% of ihe
wall (hickness), which provided flaw depths greater than 1 inch. Furthermore, WCAP-13045 puts
more emphasis on the analysis of SA-351 CF8M materix] due to its more limiting fracture toughness
values resulting from higher levels of molybdenum in the chemistry compared to CF8. Higher levels
of molybdermim result in lower valuos for Ju, Towe Jmex BY reviewing the plant specific ovaluations
for the plants that have CF8M, [

%+ Postulated flsws larger than the,
sange mentipned above would have difficulty satisfying (he crack stability criteria, unless other
parameters can be reassessed (i-e. refineroent in loads, gtresses, material properties, et0.). However,
for the CF8M plant specific dnalyses, the stability criteria were mat per the guidance of Code Case

= This record was fnal approved on 3/22/2018 8:42:15 AM, (This statement was added by the PRIME system upon Hs validation)
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N~481- for a postulated flaw dopth of 1/4T. For CF8 pump casings, which have very low
molybdenum, (he critical flaw deptly would be generically larger than that based on CF8M,
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RAL2

lgsug;

The second paragraph on Page 4-2 of PWROG-17033 states that (1) the transiont stresses used in the
fatigue crack growth are generic and encompass the various RCP models; (2) (hese sirosses have not
impacted for 80 ycars of oporation; and (3) fhe number of predicted cycles for 80 ycars of scrvice is
assumed (o be boundad by he transient cycles considered in Table 12-2 of WCAP-13045. 11 is not clear
1o the NRC staff that the gencrio stresses tsed in WCAP-13045 bound the transicnt strosses in the RCP
caxings of all the plants that will usc (lus topical report. Also, i1 is not clear that {ho number of transisnt
cycles uscd in the fatigne growth calculations in WCAP-13045 bound the transicnt cycles that arc
predicted to the ond of 80 ycars for the plants that will osc this topical rcport. The NRC staff
understands that licensces who uscs the lopical report will ise the résults of fatigus crack grosvih and
crack stabilify calculations in WCAP-13045 for their plants and will ot perform plant-specific analyscs
for their RCP casings. In this scenario, the topic reporl should provide guidance for a licemsee lo
demonsirate that the input pararaetcrs such as applicd loading, stresses, fracture toughness valucs and
transicnt cycles associated with the RCP casings af its plant are bounded by the comresporiding input
parametejs used in the analyses in WCT AP-13045.

In addition, the fourth paragraph on Page 4-2 of PWRQ(-17033 stales that a flaw depth of 0.3 inches is
the maximum acceptable flaw size for the RCP casing.

Roquest

(a) For licensccs who plans to use PIWVROG-17033 as part of subscquent Heense renewal application,
provide guidance for the licensces to demonstrate that fhe input parameters such as applied loading,
stressss, fracture toughness yalues and transiont cycles associated with the RCP casings at their plant
are bounded by the comesponding input paremelers wacd in the fatigos crack growth and cratk
stability snalyscs in WCAP-13045.

(b) Discuss the length of the postulate flaw, ariestation of the flaw, and the direction of its growth (e.g-,
ceack grows axially or circumfercntially into the wall thickness) in the fatigue crack growth and
crack stability calculations in WCAP-13045.

Responsg;

(3) In gemeral, the goal of PWROG-17033 was to demounstratc that the crack stability analyees
performed in WCAP-13045 adequately represented and qualified the Westinghouse-designed pump
cakinps for all loadings and service condifions. Tlns conclusion was reached based on the following
factors:

1. Alfler the incepfion of Code Case N-481 in 1990, soveral plant spesific fracture mechanios
evaluationx were performed and showed adequate crack stahjlity mangins. The casings of
more ihan balf of the Wesfinghonse pumps currently operaling in the U.S. PWR flcet were
¢valuated.. In the year 2004, the Cods Caxe was inoorporated into the body of the ASME
Code. Tlowever, the Mlaw tolerance evaluation requitements were removed from the Code
because multiple flaw tolerance calcnlations had been completed and reviesved by the NRC.

»4 Thia record wes final spproved on 3/22/2019 8:42:15 AM, (This statement was added by the PRIME system upen s velidabon)
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Those calculations demonstraled ihat ihe pump casings were both flaw tolerant and resisiant
to degradation caused by corrosion mechanisms. At that time, the NRC representative on the
appropriale Code Commilles insisted on removing the requirements for flasy lolerance
stability calculations because he considered the continued review of such calculations an
umvarranted expensc.

2. The majasity of domestic operating plants with Westinghouse pumps are made from CF8
material. As reported in Table 5-1 of WCAP-13045, the CF8 material results in the limiting
fracture touglmess values of | J**. Ascan
be scen in WCAP-13045, Table A-2, those valucs arc limiting for any of the plants whoso
pump casings are made from CF8 matorial, regardless of the plant-specific chemistry of the
pump casing matcrial, Only thrce pomp casinge arc made from CFEM material. Table 5-1
of WCAP-13045 reports the most limiting CF8M fracturc toughness values for the flange
inner quarter, the nozzle outer quarter, and the nozzle inner quarter locations. Each of those
lituiting scts of values in Tablo 5-1 i8 based on the pump casing chemistry of one of the thres
CFBM casings, and, as can be socn from Table A-2, pages A-29, A-30, and A-41 of WCAP-
13045, they bound the fracture toughness values of the other two casingg at those locations.
The three plants that have the CF8M materials wore analyzed on a plant specific basis, and
were shown to meot the flaw stability marging. As a result, the fracture toughness valoes
reparted in WCAP-13045, as calculated by the methodology referenced therein, bound the
fracture foughness valoes that would be calculated fot a specific plant’s pump casing using
the methodology of WCAP-13045.

Over time, the fracture toughncss valucs for SA-351 'CF8M and CF8 materials reach a
saturated state based on chemisfry (molybdenum, delta ferrite), casting method (static,
centrifugal), temperature, and fime as discussod in NUREG/CR-4513, Rovision 2 (see
Figure 12 of NUREG/CR-4513, Révision 2). The work in PWROG-17033 used a lower
bound saturated fracture toughness correlation curve from NUREG/CR-4513, Revision 2 to
demonsirate that the bounding CF8M material heat of Table 5-1 of WCAP-13045 from all
Westinghouse RCPs still has sufficient fraciure toughness lo meet the stability criteria and
screening loadings of WCAP-13045. The other limiting CF8M and CI'8 materials in Table
5-1 of WCAP-130435 were also reviewed in the-RAJ-9 respopse based on NUREG/CR-451 3,
Rovision 1 and NUREG/CR-4513, Revision 2, and shown to have acceptable flaw stability.
Therefore, any further aging of CF8M material or CF8 material beyond 40 years at PWR
operaling temperatures will not decreasc the fracture toughness values because those
materials have already roached a lower bound saturated fracture toughness state.

3. The soreening loads developed in WCAP-13045 were bounding for the majority of the RCP
pumps. For plant specific fracture mechanics anatysis cases where the plant specific loads
were higher (han the screening loads, the stabilily criteria were reanalyzed and shown to
meet all facture foughness margins. For the majority of plant specific cvaluations
pedormed; it was determined that the screening stresses in WCAP-13045 wore sufficiently
higher than and bounded the plant specific girewses. Therefore, the applied loadings and
streases for all plants considered in WCAP-13045 have been qualified.
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The Westinghouse~designed RCP models in the cutrent operating U.S. PWR flotl are Model
93, Model 934, Model 93A-1, and Model 100A. The majority of the operating
Weslinghouse RCPs are Model 93 or 93A. As a rosull, the Model 93 and Model 93A pump
casings were explicifly modelled and analyzed using finite clement tochniques in WCAP-
13045 to determine he most critical siress locations in the casings (and for postulation of
flaws). RCP Models 93A-1 and 100A are adequately reprosented by the Model 93 and
Model 93A RCPs and therefors the finite element models of the Model 93 and Madel 93A
pump casings wers sufficlent to cover the Model 93A-1 and Model 100A casings. 1t should
o noted that all the pump casings were fabricated from SA-351 CF8, with the excoption of
3 plants whose casing material is CF8M. The casings made from CF8M have been anatyzzed
ot a plant specific basis and shown to meet the requiremonts of Code Case N-481 for their
design life. Therefore, the appropeiate eritical stress locations wers considered and analyzed
in WCAP-13045 to encompass all of the Westinghouse-designed pumps currently operating
in the U.S. PWR fleet.

One of the inputs in a fatigne crack growth (FCG) analysis is transient stress ranges. As
discussed in the plont-specific evaluations, the generic transients considered in the FCG
evaluation of WCAP-13045 were reviewed against Lhe severity and frequency of the plant
specific operating transients. Based on that review, it was concluded that the typical design
tremsients and cycles used in WCAP-13045 are genorally applicabls to the plant specific
transienis and cycles. |

M It should slso be noted that
uprate conditions will not impact the loads and transients as previously determined by plant
specific cvaluations.

As an additional measurc of conscrvatism, the FCG analysis performed in PWROG-17033
doubled the number of transient cycles used in WCAP-13045 to account for the incrcase in
plant life from 60 to 80 years of operation, thereby demeonstrating that the FCG analyses
performed in WCAP-13045 and in the plant specific ovaluations remain valid. Plants
applying for 80 year life typically have retained the same number of design cycles as their
60 year design cycles. As a result, the fatigue crack prowth assessment in PWROG-17033
will be applicabic for plants submitting their 80 year subscquent license roncwal spplication.

Bascd on a revicw of Westinghouse records, the service lifo of the RCP casings has been of
10 major concem as there has been no degradation or deteotion of crack-like indications.

Thus. based on the above discussions, (e stresses, applied Joadings, racture toughness values, and
transients considercd in WCAP-13045 are bounding for an individual plant’s pump casing or have
been reconciled throngh plant specific svaluations.
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It is roecommended that the following guidance be considered for licensces who plan to use PWROG-
17033 and WCAP-13045 as part of their subssquent icense tunswal application:

1. Confirm that the licensses” pinmps are Westinghouse-designed models.

The Combustion Engincering and some of the Babcock & Wilcox NSSS plants do not havo
Westinghonse-designed pumps and therefore do not fall within the scope of WCAP-13045
and PWROG-17033.

2. Confirm that the licensecs’ Westinghouse-designed pump is cithotr a Model 63, Model 70,
Model 93, Model 93A, Mods! 93A-1. Model 93D, Model 100A, or Model 100D, and
fabricated with SA-351 CF8 or CFSM material.

The above Weatinghouse pump models and materiale were comsidered in the fracture
mechanics analysis of WCAP-13045, as these ‘designs have been encompassed by the Bnite
element models and loading conditions.

3. For plants with Westinghousc-designed pumps whose pamp material heats are not explicitly
listed in Appendix A of WCAP-13045, perform a plant-specific analysis or reconoiliation to
cnsure the fracture toughncss valucs based an actual material chemistry arc bounded by the
values in WCAP-13045 or PWROG-17033.

The fracture toughness valucs. derived in WCAP-13045 wore based on available material
certification recordds for Westinghouse-designed pump casings, both domestic and foreign.
The limiting fracture toughness values in Table 5-1 of WCAP-13045 were based on the
heats reported in Appendix A of WCAP-13045,

(b) Tor the Model 93 pump casing, the fatiguc crach growth evaluations which produced the most
limiting resuls were for postulated flaws at the |
1% For the Model 93A pump casing, the limiting
Tatigue crack growth results were for 2 postulated flaw oriented in the [

1.

The FCG analysis results for postulated flaw depths (flaw length is based on the aspect ratio, flaw
{engih/flaw depth. of 6:1) into the pump casing wall thickness arc provided in Tables 12-1 and 12-3
of WCADP-13045 for the Model 93A and Modcl 93 pump designs, respoctivaly, A small, postulated
flaw depth evalvated in WC AP-13045 and PWROG-17033 is based on an initial depth of 0.3”. Other
initial flaw dopths were also considored for schsitivity analyses, as shown in Tables 12-1.and 12-3 of
WCAP-13045, to demonstrate that the growih due 1o FCQ 1s small. Therefore, the postulaied flaw
depths used in the FCG analysis are oqual fo and well in axcoss of tho maximum acceptable flaw size
(fiaw depth of 0.37) in the Acceptance Standards in Table IWB-3518-2 (for pressurc retaining welds
in pomp casings) up to the 2007 Edition of the ASME Scction XI code. The flow depth of 0.37 is
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atill the maximum acceptable Oaw size in (he Acceptance Standards ‘1'able 1WB-3519.2-2 (for pump
casings) fn lator editions of the ASME Scotion XI Code. Therefose, the flaw depth of 0.3" and the
other laiger postulajed flaw sizé cases in ‘WCAP-13045 wers provided .as sensifivity studies to
demonstrate that the flaws do not grow significantly over time.

Puorther details of the flaw locations and postulations in the stability anatysis arc provided in
Seclian 9 of WCAP-13045 for the various Weslinghouse pump casmgs.
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RAL3
Issuc

The topical report specifies that RCP casings be periodically visually examined tn accordance with Code
Caso N-481, The visval examinations of RCP casings arc performed once every 10-year interval, The
NRC staff questioned whether there have been degradations observed in RCP casings in PWRs. In
addition, the NRC staff questioned whether there are defense-in-depth measures that can alert the
operators if any pump casing is degraded during the 10-year interval between two visnal examinations.

Requent
(1) Discuss any degradation in RCP casings that have pccurred in any af PWRs.

(h) Discnss defenge-m-deplh measures that are in place to alert the operators to take corrective actions
should leakage occur at the RCP casing during the SPEO.

Ragponse:
(a) Weslinghouse has no knowledge of service degradation of pump casings from comosion or other
cracking mechanisms.

‘I'he Westinghouse-degigned pump casings ars fabricated from cast stainless steel. Such materials are
highly resstant 1o corrosion issucs, and exhibit high fracturc foughness values (i.c., Ji; Juas a0d Tee)
in the pre-service product form. However, such materials are subjoct to thermal aging embrittlement
at nominal oporating temperaturcs of nuclcar plants, As a result, the materials for the pump casings
wore evaluated for (hermal aging cmbriitflement consistent with the methodology in WCAP-13043,
PWRQG-17033, and plant specific analyxcs, and all were found 1o meet the accoptance critena.

The pump ocasings were designed to the ASME Code at the time of fabrication. Design, normal,
operating, and faulted applied loads on the nozrles are very conservative when compared to actual
service conditions. The stressés aro such that Code conditions are met.

{b) Based on typical scrvice conditions, flaws are not expected 10 occur daning the life of ihe plant. I
small flaws are present, they will grow caly a small amount throughoud (he service life. If a flaw.
should happen to penetrate the wall, it will leak at a very detectable rate and will not be unsiable,
thus allowing a shutdown of the plant per the requirements in plant Techmical Specilications. Plants
rigorously follow Regulatory Guide 1,45, which provides guidance on monitoring and responding to
reaclor coolant system leakage.
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RAI-4
Issue

Section 11.2 of WCAP-13045 addresses the crack stability anatysix results for postulaled flaws in the
Model 93 RCP casings made with CF8M cast austenitic stainlese stecl, Specifically, the stability
analysis in the WCAD-13045 report indicates that postulated flaw location 5-93 is subjeot to the Loas of
Load transient (upset condition) and is identified as the highest stressed location.

WCAP-13045 alzo indicates that on a plant-specific basis. a yield strength level slightly greater than 20
ki is sufficient to confirm fhe flaw stability at flaw location 5-93. The WCAP report further indicates
that such a yield strength level (greater than 20 ksi) will ensure that the stabillty criteria regarding the
fracture tonghness and tearing modulus are met (i.e., applicd J-integral < I, of the material, and applicd
tearing modulus T < 1y, of the material).

In comtrast, Table 2 of PWR(QG-17033, Revision 1 uses a yield strength level less than 20 ksi to
calculate the fracture tonghness properties of the CF8M muaterial in the crack stability analysis. In
addition, PWROG-17033, Rovision 1, does not address whether postalated flaw location 5-93 in Section
11.2 of WCAP-13045 meets the crack stability criteria for 80 yoars of operation when the crack stability
amalysis uses the updated fracture loughness properties, such as those in NUREG/CR-4513. Revision 1.

Request

Describe hiow the generic crack stability analysis in WCAP-13045 confimms fhe stability of postulated
flaw location 5-93 (CF8M malerial at the highest stressed location) (aking into account the plant-specific
yiold strength of the material, actoal loading conditions, and the fracture toughness valuce (Jic Jur and
Toent).

Responge:

Of afl the domestic operaling plants considered in WCAP-13045, omly 3 plants have pump casings made
from SA-351 CFS8M maferial. The most limiting heat was picked from fhe three CFEM planis fo

represent the highest stressed flaw location | [*“° as shown in Tahblc 5-1 of
WCAP-13045. Thercfore, Table 5-1 of WCAPR-13045 reports the limiting fracture toughuess values of
flaw location |

]‘I.C.O

The chemistry of the limiting hoat used for the highest stress flaw location | T** for th¢ CF8M
maltcrial was uscd to recaleulate the fracture toughness values bascd on NUREG/CR-~4513 Revision 1,
Based on NUREG/CR-4513, Revision 1, the frzchire lovghness values aré |

T“° at operating conditions, As a result, the saturated fracture toughnoss
values based on NUREG/CR-4513 Revision 1 arc larger than the values determined in Table 5-1 of
WCAP-13045 for flaw Iocation [ [
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Baged on WCAP-13045, Table 11-2 (CI'8M material with ASME Code properties), Lhe highest stress
flaw location[  T*** for loading level C has applicd loadings of [

I when the prossure is limited to 2,485 psi due to a Reactor Trip. Comparing fhese calculated Jop
ad T values to the NUREG/CR-4513, Rovision 1 fracture toughness values demonstrates that he
high stress location of flaw [  [*** meeix the arack stability margins.

With regard to loading conditions, (he plant specific evaluation performed for (he plant with the limiting
CF8M material hoat for location | ["“* reports that the actual plant specific loads arc below the
screening loads used in WCAP-13045. As a resull, the screening loads bound the plant-specific loads,
and the Jyp and Ty, vatucs in WCAP-13045 remain bounding for the plant with the limiting CF8M
casing at the high stress flaw location[ 1",

Tlws, the generic orack stability analysis in WCAP-13045 confirms the stability of postulated flaw
location | I““* (CF8M material at the highest stressed location) taking inlo account conservative
ASME Code yicld strength (in lieu of plant specific yield strength) of the material, conservative
screening loads (in lieu of less limiting actual loading conditions), and the fracture tonghness valnes {J,,
Jaan, 3and To) based on NUREG/CR-4513, Revision 1.
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RALS
Imsug

Pagc 3-4 of PWROG-17033 stated that *_. the fracture foughness correlations used for the full .aged
condition is applicable for plants opesating at and beyond 15 EFP'Y (Effective Full Power Years) for the
CF8M materals... The Westinghouse NSSS platits have bech operating for greater than 15 EFPY..."

Request

(3) Clarify whether the use of fully-nged fracturs loughness for plants beyond 15 EFPY are also
applicable to the RCPs in Babcook and Wilcox plants and Combustion Eugineering plants.

(b) Confirm that PWROG-17033 is applicable only to RCP4 that are manufactured by Westinghouse or
its designated-vendor that follows Westinghouse's specifications. Discuss whether any domestic
nuclear power plant uses a RCP that is not manufactured by Westinghouse.

fResponse:

{a) The scope of WCAP-13045 and PWROG-17033 is only applicable to Westinghouse-designed RCPs
with Model 63, 70, 93, 934, 93A-1, 93D, 1004, and 100D casings fabricated from SA-351 CF8 or
CFEM malerial.

All operating U.S. PWRs with Westingbouse NSSS have pumps designed by Westinghousc.
Furthermore, two of the operating 1.S. PWRs with Babcock/Wilcax NSSS also have Westinghouse~
designed pumps. However, none of the operating U.S. PWRs with Combustion Engineering NSS3
have Westinghouse-dosigned pumps.

Therefore, the provisions of WCAP-13045 and PWROG-17033 are applicable to all operating U.5.
PWRs wilh Weslinghouse NSSS and two operating U.S. PWRs with Babcock &Wilcox NSSS.

(b) .Sce regpousc to RAI-5 (a) above,
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RALS
lssue

Section 11.2 of WCAP-13045 (bottom of page 11-1 and top of page 11-2) discusses the crack atability
analyses for Model 93 RCP casings. The repost discusses a postulated flaw (Number 5-93) that
excecded the stability criteria under certain assumptions on yield stress and operating conditions (Le..
crack stability cannot be demonstirated for Flaw Number 3-93).

Request

(a) Certaln assumptions on yield strezs and operating conditions for Flaw Number 5-93 may result in
orack instabiliry as discussed in Settion 11.2 of WCAP-13045. Discuss whether these assumptions
and resultant crach instability are applicable to any domestic PWR plants thal may use PWROG-
17033,

(b) Discuss how a plant can demnonstrate siructural integrity of its RCP casings using PWROG-17033 if
the crack stability criteria are exceeded.

(c) Discuss the likelihood of postulated Flaw Number 5-93 with the applied loading occurring in amy
Westinghouse RCP casing. Is Flaw Number 5-93 a theorctical, worst casc scenario flaw, of it i8 a
passible Naw that would likely io occur in an operating RCP in the ficld?

Response;

(a) Section 11.2 of WCAP-13045 discusscs Model 93 pumps fabnicated from SA-35] CF8 and CF8M
materials; however, CF8M malerial is more limiting than CT8 material and is the crux of the
discussion herein, cspecially for the highcst stressed Haw location [ ™%  As previously
identified in the RAI-4 responss, there are only throe operating U.S. PWR plants (hal have CF8M
casings. Furthermore, as discussed in the R Al-4 response, the plant which has the limiting heat {hat
was used to determine the fracture toughness valucs for flaw Jocation [ el
in Table 5-1 of WCAP-13045 was re-cvaluated based on updated fracture tonghness valuss from
NUREG/CR-4513, Rev 1. As concluded in fhe RAI-4 response, crack stability was deronstrated
for postulated flaw location | I, taking into
accouni conservative ASME Code yield strength (in Heu of plant specific yield strength) of the
material, conservative screcning loads (in lien of less limiting actual loading conditions), and
fracture toughness valoes (Jio, Jmar a0 Tou) based on NUREG/CR-4513, Revision 1. The other two
domestic. PWR pump casings with CF8M have plant specific fracture tonghness valucs that arc
considerably higher for flaw location | J** than the limiting values in
Tabie 5-1 of WCAP-13045. For those tewo casings, plant specific crack stability svaluations using
the Yy and Ty values in Table 11-2 of WCAP-13045 have detnonstrated that flaw location [

** is stable without exception (i.e., the ASME Code minimum yield strongth is assumed and the
acreening loads are based on WCAP-13045).
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Therefore, all domestic operaling PWR plams with pump caxings mnade from CF8M material have
met the stabllity oriteria at flaw location [ [** based on plant specific cvaluations which used
ASME Code propertios for yield strength, conservative screcning loads to gencrate the Jyp, and Ty,
values in Section 11.2 of WCAP-13045, and fracture toughness valucs dbascd on WCAP-13045 and
NUREG/CR-4513, Revision 1.

(b) Based on the response (o RAI-6(a), crack stability is demonstrated for the highest sticesed flaw
lacation [ T and (he limiling €F8M malerial éasings using the ASME Code minimum
propertics, conservative screeming loads, and updated fracture toughness values based on
NUREG/CR-4513, Revision 1. Therefore, there is no concern for domestic operating PWR plants
with CF8M pump casings.

If, hypothetically, the crack siabilily ariteria arc exceeded. then plant specific yicld siréngth along
with tho use of actual plant specific loadings can bo used to tednce conservafism in the cvaluation.
Use of a smaller aw size can also be considered, as the service experience for pump casings has
shown no degradation or detected indications,

(¢) The likelihood of postulated flaw location | J*“° with the applied soreening loads from WCAP-
13045 is low. To date, Westinahouse has no knowledge of service degradation of pump casings from
corrosion or other cracking mechanisms. Therefore, flaw location | I"®" is a theoretical, worst
caso scemario wsed for analysi¢ purposes to generically bound those PWR plants which use
Westinghouse-designed pumpa, and to resotve the fractore mochanics evaluation condition in Code
Case N~481.

Furthermore, the conservative screening loads are based on the maximum loss of Load design
transient pressure of 2,635 psig (400 psi above the normal operafing pressure of 2,235 psig) and at a
oonservative temperature of 590°F (40°F above the normal operaiing temperature of 550°F). As
described in Section 6.1 of WCAP-13045, there are three systers in place to miligate pressurc
increases of around 400 psi during a Loss of Load transient. Firat, there are power operated relisf
valves (PORVs). These valves arc activated at 2,335 psig as rccommended in the techmical
spocification. The pressurizer safety valves are sol for 2,485 psig, but allow the pressure o exceed
2,485 peig by 100 psi or more. The reactor trip high pressure setup iz 2,385 psig. This set point is
chosen 50 as to avoid challenging the pressurizer safety valves. Thus, the pressure diring a Losé of
I.6ad transient is aotually limited to 2,485 psig in lieu of 2,635 psig, which was conservatively
considered for certain cases in WCAP-13045
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BA|-7
lsgue

Table A-1 of WCAP-13045 contains the names of 28 nuclear units. Tt is nol clear whether all the applied
loadings from the 28 nuclear units were considered in the crack stability and fatiguc crack growth
calculations such that the most limiting loadings wero used in these caloulations to demonstrate the
structural integrity of the RCP caging.

Request

Discuss whether the applied loads and stresses of all the 28 nuclear units were considercd and the
bounding valaes from the 28 plants were used in the crack stability and fatigue crack growth calculations
in WCAP-13045. If not all 28 nuclcar units were considered, discuss how many nuclear imits whose
loads and strosses were considered and used in these calculations and whether the input values nscd arc
bopnding {or the 28 nuclear unils.

Rexponse;

The applied loads for 29 plants were considered in Table 6-1 of WCAP-13045. In general, to cover a
wids range of planis, represontative bounding force and moment valucs were choscn and ara listed in
Table 6-2 of WCAP-13045. Furthermore, as mentioned in Sections 6 and § of WCAP-13043, the major
contributor to tho high stresses in the discontinnity regions of the pump casings is the intemal prossurc,
which is sct al a value of 2.635 psig or 2,485 psig for all plants based on the loading condition (i.o.
Loading Lovdls A, B or C). Any differcnces in the force and moment loadings shown in Tablc 6-1 (notc
the load magnitudes are similar) will not have a sipnificant impact on the final stability conclusions since
lbe fracture mechanics evaluation is related to total stress, not individual force and moment components.

As mentionsd in the response to RAI-1, plamt specific fracture mochanics ovaluations on RCP casings
have been performed. for more than half of the U.S. operating PWRs (and also scveral forcign plants)
with Westinghouse RCPs. Based on plant specific ovaluations, the majority of (he planis were bounded
by the screening loadings of WCAP-13045. For (he few plants whose loads were not bonnded by the
screening loads, the casings aof those planls were 1c-analyzed and shown to meot fracture stability
marging with no concemn. For the 3 plants that have CF8M pump casingg, all plant specific lpads were
bounded by the sorcening loads of WCAP-13045,

Thus, the scroening loads considered in Table 6-2 of WCAP-13045, which arc based on 29 plants, can be
considered a good representation of the plants in the PWR fleet with Westinghouse RCP casings, as
cvident by the wide range of plani specific cvaluations that have met the fracture stability criteria using
the screcning loads of WCAP-13045. As noted cardicr, other comservatisms arc also present in the
fracture mochamics evaluations, such as the use of ASME Code¢ propertics and the usc of a large
postulated flaw that has never been observed during 1400 reactor-years of operation.
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RALS
Lssue

Section 3.2 of PWROG-17033 discusses fractura toughness caloulations based on NUREG/CR-4513,
Rovigion 2. The NRC staff noics that Aping Manogement Program XILMI2, Thermal Aging
Embrittlement. of Cast Austenitic Siainless St¢el, 1n Generie Aging Lessons Leamed for Subscquent
License Renewal (GALL-SLR) report, NURRG-2191, Volume 2, discusses fracture toughness values
based on the prediction method in NUREG/CR-4513, Revision 1. The NRC staff notos that the GALL-
SLR repon does not reference NUREG/CR~4513, Revigion 2,

Request

Discuss whether the saturated fracjure toighness value used jn the crack stability analysis of RCP
casings in WCAP-13045 would still be limiting and bounding as compared to the saturated fracture
toughness valucs predicled in accordance with NURE(/CR-4513, Revision 1 or Revision 2.

Response;
See Response to RAI-D
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1-9

Isauo

PWROG-17033, Revision 1 indicates that the Jic, Jug, and Ty, values in Table 1 of PWROG-17033 are
bounding. and werc used to demonstrate the crack stability of pump casings. However, the Jic, T and
Tre valves used in Tables 11-2 and 11-3 of WCAP-13045 to demonatrate the crack stability of flaw
location 5-93 were higher than the Jy_J,... and T,,, values listed in ‘Table 1 of PWRO(G-17033. If the
lower Jic, Jome and T, values in Table 1 of PWROG-17033 were uscd to analyze flaw location 5-93,
crack stability may not be demonstrated for Flaw Number 5-93. It appears that separate fracture
toughness value criteria are needed to qualify varions flaws to demonstrate crack stability, not a single
set of fracture tonghness value as spesified in Table 1 of PWROG-17033-P. Table 5-1 of WCAP-13045
docs provide the 4 sets of fracture tonghness values as end-of-service life criteria  Thercfore, it appears
that the fracture toughness values in Table 5-1 of WCAP-13045 should be compared to the fracture
toughness values predicted based on the moethod in NUREG/CR~4513, Revision 1.

Request

Discuas wlhiether the 4 seots of fractare toughness valucs in Table 5-1 of WCAP-13045 satisfy the fracture
loughness values as predicted using the method in NUREG/CR-4513, Revision 1. If not, please provide
technical justification.

Responze;

The 4 sets of racture joughness values reported in Table 5-1 of WCAP-13045 were recalculated based
on the methodology ouflined in- NUREG/CR~4513, Revisions 1 and 2. Any major differences in the
fracture toughness values calculated by using the methadology of WCAP-13045 and the two revisions of
NUREG/CR-~4513 were reviewed and reconciled in the paragraphs that follow.

NUREG{CR-4513, Revisjon 1

All 3 sets of fracture loughness values in Table 5-1 of WCAP-13045 wero recalcudated using
NUREG/CR~4513, Revision 1, and {he valuos are shawn in Table 1 helow.

Table )
Bounding End-of-Service Fracture Toughness Criteria (NUREG/CR-4513, Revision 1)
WCAP-13845, Table 51 NUREG/CR-4513, Revitlon 1
Material | Part/Cavegory | e Vow | o Je | Vo | hey
(ndbe’) | () | (ldbic) | (nBvin®) | () | (in-Toia)
{ ]IM
{ T
{ fer
l r,c L3
** This record was final approved on 3/22/2019 8:42:15 AM. { This stalement was added by the PRIME system upon s vefidalion)
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 vahdation)



WESTINGHOUSE NON-PROPRIETARY CLASS 3 B-30

Westinghouse Non-Proprietary Class 3

L.TR-SDA-18-127-NP. Rev. 0
Page 21

Al} atability rosults given in Tables 11-2 through 11-5, Table 11-7, and Table 11-9 of WCAP-13045
wero re-ovaluated using the fracture toughness valucs calculated with the methodology of NUREG/CR-
4513, Revision 1. As shown by Tabls 1. the values using NUREG/CR-4513; Revision 1 are higher than
those from WCAP-B(MS, with the excoption of Twe for Ivo cases.

Based on the re-evaluation of the [racture stability margins in Soction 11 of WCAP-13045, the stability
criteria vere met in all buf one casc. The one case that doss not show accoptable stability results is [

T (Level C loading). As shown in Table 11-7 of WCAP-130M5, J,gy is below Jpy for this flaw
case, bul [ 1), is slightly above llve To value of [ T+ calculated by using NUREG/CR-
4513, Revision 1. However, a8 a more realistic scenario, it is reasonable lo assume.a Reactor Trip
transiont with a p1casurc limit of 2,485 psig in lieu of ihe highty conscrvative prussure of 2,635 psig. As
shown by Nole (b) in Table 11-7 of WCAP-13045, (his condition was assumed in order Lo show
acceplability of flaw location [ T** for Level C loading. As a result of thig lower pressure, the Ty
will be substantially reduced from [ ]"“* to a value significantly below the bounding criteria limit of
l =, as calculated using NUREG/CR~4513, Revision 1 methodology. Therefare, using the
technical justification above, all flsw locations reported in Tables 11-2 through 11-5, Table 11-7, and
Table 11-9 of WCAP-13045 meet the fraclure toughness bounding crileria calculated wsing the
methodology of NUREG/CR-4513, Revigion 1 and are therefore shown to be stabic.

/ 1 jon 2

Next, all 4 sets of fracture toughneas values in Table 5-1 of WCAP-13045 were recalculated using
NUREG/CR-4513, Revision 2, and the values are shown in Table 2 belaw.

Tahle 2
Bounding End-of-Service Fracture Toughness Criterta (NUREG/CR-4513, Revision 2)

WCAP-1.3¥HS, Table 51 NUREG/CR-4513, Revision 2

Materil | Part/Category | e 1T, ooy ] e | Tww | e
i) | @ | (o) | (edve®) | @) | (o)

le':ﬂ

Il&E

JIK“.:

T

Based on 2 review of Tabdes 1 and 2, if is observed that NUREG/CR-4513, Revision 2 produces more
limiting fracture (pughness values than Revision 1. Tlowever, companng the fraclure (oughness values
produced by the two methodologies, only a fow NUREG/CR-4513, Revision 2 fracture tougimess values
aro slightly less than WCAP-13045. A roview of (he fracture loughness values reponed in Tahles } and
2 i performed bolow 1o demonstrate acceptable Haw stability criteria,

The first 3 cases (i.c. nozzic inncr quarter. nozzle oufer quarier, and fange inner quarter) in Table 2,
which is similar to Table 5-1 of WCAP-~13045, aonsidar SA-351 CF8M sfability critera: Based on the
fact that lhere are only 3 CF8M pump casings from three different plants in the entire Weslinghouse
PWR operating fleet, cach of the above cases can bo anatyzed separately for flaw stability based on
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Tables 11-2, 11-5, 11-7, #nd 11-9. The CI'8 material in ‘T'able 2 will also be evaluated with the stability
criteria of WCAP-13045 to show acceptable marpins.

Based on Table 2. the fracture toughness values per NUREG/CR-~3513, Revirion 2 are slightly less than
thosc in WCAP-13045. However, the Jys, and T, valucs rcported in Tablo 11-2 of WCAP-13045 arc
siill sufliciently balow the NUREG/CR-4513, Revision 2 values for J,,, and T... In addition, plant
specifio analysis shows that the plant specific loads arc hounded by the screaning loads reported in
WCAP-13045. As a result, all stability margins are met, and flaw stability has been demonsiraled for
this flaw location.

Nozy iter Oug ™ row of Table

Bascd on Table 2, all fracture toughniess values per NUREG/CR-4513, Revision 2 are higher than those
reported m WCAP-13(45; therefore, the values reporled in WCAP-13045 remain limiting and bounding.
Furthermore. plant specific. analysis shows that the plant specific loads are bounded by the screoning
loads reported in WCAP-13045. As a result, all stability masgins are met, and Baw stability bas been
damonstrated for this flaw location.

Flange Inner Quarter (3" row of Table 2) -CF8M

Based on Table 2, the fracture touphness value of Jp, per NUREG/CR-4513, Rovision 2 is higher than
that reporied in WCAP-13045; however, the Ji. and T, valies por NUREGACR-4513 Revision 2 are
less than those in WCAP-13045. From Table 11-2 of WCAP-13045, the limiting flaw location[ ™

has & Jgp value of | " and 8 Ty valuc af [ 1**" (based on the use of a Reacior Trip
pressurc of 2,485 psig — scc Note (¢) of Table 11-2). The Jne. value of [ ™ per
NUREG/CR-4513, Revision 2 is groater than the Jyg, value of | 1*5% however, the Tyy

value of [ [*** pcr NUREG/CR-4513, Rovision 2 is lcss than the T.,, value of | 7 Ttis
imporiant to nole that those limiting CF8M fracture toughmness values are specific o one pump casing of
one plant. The other two CF8M planis showed acceptable stability results at flaw location[ P, a
thoy have difforent material beats with bgher calenlated fracture toughness values. A review of the plant
specific analysis shows that the screening loads in WCAP-13045 arc higher than the plant specific loads
for the plant with the limiting fracture foughness values (soc Table 3); thercfore, the stresses nsed in the
Toe valuc are camservative in WCAP-13045 for flaw location | [**. Furihermore, ASME Code
propertics have been used to determing the T, in WCAP-13045, bot actual plant specific yicld strength
is typically higher thian the mimimum Code yicld strongth. As a resull, the Tey, values in WCAP-13045
are conservative relative 10 actual material yield strengths, and if the actual plant specific T,y value was
calculated using realistic plant specific inputs (i.c. loads and yicld strength), Ty, would fall below the
T ~

Therefore, for this particular flaw location, only one plant has a CF8M heat that is limiting for flaw
stability criteria; however, that plant demonstiates acceptable flaw stability using the methodology of
WCAP-13045 and NUREG/CR-4513, Revision 1. Furthermore, thai heat would likely demonstrate
acceptable margins using NUREG/CR-4513, Revision 2 methodology if actual plant specific loads and
yield strength were used. Based on the previous discussion and no known service degradation of this
limiting CF8M caging, sufficient crack stability for this flaw location has been demonstrated,
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Table 3 ] ) )
Comparison of Level C Screening Loads with Plant Specific Loads for RCP Casing Nozzles
Inlet Nozzle Outlet Nazxzke

‘ Load | Force | Moment | Force Moment

(kips) | (in-kip) (kips), (In-kip)
[ ]A.é-l‘
[ |

SA-351 CF8 (4® row of Table 2)

Dascd on Table 2, the fracture foughness vaiuex per NUREG/CR-4513, Revision 2 are all higher than the
WCAP-13045 valucs with the cxception of Ty, Which is discussed below.

The SA-351 CF8 fracture toughness properties are considered in WCAP-13045, Tablo 11-5 (Model 93),
Table 11-7 (Model 93A) md Table 11-9 (Models 63, 100A). In Table 11-5 for Model 93 pump casings,
all stability criteria (Tuyyp < Tuou a0d Jipp < Jmex) arc mel sing fracturc toughness valucs per NUREG/CR-
4513, Revision 2 In Table 11-9 for Model 100A pump casings, all stabilily criteria (Tugp < Ty 8nd Jypp <
1.0 are also mel with the use of fraciore loughness values from NUREG/CR-4513, Revision 2. There
are no Model 63 pumps in the U.S. PWR operating flcer; therofore, the stability results for Model 63 in
Table 11-9 are not appHcable.

Lastly, in WCAP-13045, Table 11-7 (Model 93A), the stability criteria for flaw location [ J** (Level
C) are met with a Reactor Trip pressure limit of 2,485 psig (Note (b) in Table 11-7), using fracturs
toughness valuss per NUREG/CR-4513, Rovision 2. In- Table 11-7, flaw locafion | T (Level C)
has a Ty value of { 1", which is higlicr than the Ty value of | 1" based on NUREG/CR-4513,
Rovision 2. However, if the Roactor Trip pressurc limit is used for flaw location [ 5, then the
Ty, would drop consistently with the Ty, drop seen for Qaw location [ T (i-e., Tupp will be
reduced by a valuc of approximately 21). As a result, all the stability results will be met for the Model
93A casing using the methodology of NUREG/CR-4513. Revision 2.

~onclisi
In couclusion, the use of the methodology in NUREG/CR-4513, Revision 1 ar Revision 2 will produce
fracturc tonghness values that are typically higher and lcss limiting than the fracturs toughness valucs in
WCAP-13045. For instances wherc the fracturc toughncss valucs based on NUREG/CR-4513. Revision
2 are lowér than those in WCAP-13045, a case-by-case investigation was conducted a8 discussed above.
Based on a review of plant specific cvatuations and consideration of more realistic fnputs (i.e. Reactor
Trip pressure, plant specific loads and yicld strength), it was demonstrated that all fiaw stability margins
have boen met,
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PWROG-17033-P and NP, Reyvision |
Project Number 99902037
June 14, 2018

0G-18-142

Document Control Desk

U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852-2738

Subject: PWR Owners Group
Transmittal of PWROG-17033-P (&NP), Revision 1, “Update for Subsequent
License Renewal: WCAP-13045, “Compliance to ASME Code Case N-481 of

the Primarv Loop Pump Casings of Westinghouse 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 1 and 2).

Topical Report Summary

ASME Code Case N-481 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 ASME 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 extended operation.
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3. In ihe 60 year license renewal NRC Safety Evalvation Report for D.C. Cook
Units 1 and 2, NUREG-1831, Section 4.7.2, the NRC staff discusses the usc of
WCAP-13045 to satisfy the 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
concludes that the time-limited aging analysis (TLAA) regarding ASME Code
Case N-481 that was provided is acceptable,

4, The 60 year license renewal SER (Section 4.3.2.10) for Diablo Canyon Units 1
and 2 discusses thal WCAP-13045 was used to demonstrale compliance with
Code Case N-481 based on a plant-specific evaluation, WCAP-13895. In Section
4.3.2.10.4 of the SER, the NRC concludgs that it was shown that the aging of the
RCP pump casings will be adequately managed for extended operation.

5. Based on the Sequoyah G0 license rencwal SER, the NRC concluded that the
plant’s LRA did not nead to.include a TLAA related to Code Case N-481 because
the licensing basis is per the ASME Code Section X1 Edjtion, which no longer
relies on N-481 for ISI (in-service inspection mterval) requirements. Thus, it was
not necessary to perform any TLAA analysis for RCP pump casings and N-481,
as it does not meed Criterion 4 or 6 in 10 CFR 54.3(a).

In summary, WCAP-13045 has been reviewed by NRC 1o support 60 yoar liconse
renewal applications for several plants that used Code Cass N-481 as a basis for their IS1
examination programs. The purpdse of this 'I'R is to extend the fracture mechanics
integrity evaluation in WCAP-13045 through Subsequent license Renewal (SLR).
80 years of operation through 80 years of operation, and confirm that the ovaluation
remains applicable for subsequent license renewal (SLR) periods of operation through
this time period.

Limits of Applicability

WCAP-13(45-A is applicable to all Westinghouse Design primary loop pump casings.
This same applicability is carried over for the TR presented herein. This TR is applicable
to all Westinghouse design primary loop pump casings for 80 vears of operation.

ten jica
Licensees will reference PWRQG-17033-P (&NP) in subsequent license rencwal
applications to satisfy the requirements of 10 CFR 54.21(cX1) for demonsirating the
appropriate findings regarding the evaluation of time-limited aging analysis (TLAA) for

Weslinghouse design primary loop pump casings through the subsequenl liconse renewal
period of operation (80 years).

Indusiry Implementation

PWROG-17033-P (&NP) can bc implemented by all applicable . S. PWRs as listed n
the Limits of Applicability section above.
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This TR is being submitted to the NRC for review and approval so that the NRC
approved version can be utilized by licensees. Licensees will reference
PWROG-17033-P (&NP) in a license renewal application to satisfy the requirements of
10 CFR 54.21(cX1) for demonstrating the appropriate findings regarding the evaluation
of time-limited aging analysis (TLLAA) for Westinghouse design primary loop pump
casgings through the subsequent license renewal period of operation (80 years). NRC
approval of the generic TR 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 PWROG requests that the NRC complete their review of the TR by June 2019.

This letter transmits two copies of PWROG-17033-P, Revision 1 (Enclosure 1) and one
copy of PWROG-17033-NP, Revision 1 (Enclosure 2). PWROG-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 2.390 of the Commission’s regulations. The
affidavit i8 included as Enclosure 3.

Accordingly, it is respectfully requested that this information which is proprietary to
Westinghouse be withheld from puoblic disclosure in accordance with 10 CFR
Section 2.390 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 Drive, 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
Electioncally Approved Records Are Authentcated in the Elbctronic Document Managenent System
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Enclosures: 1. PWROG-17033-P Revision 1 “Update for Subscquent License Renewal:
WCAP-13045. “Compliance to ASMF, Code Case N-481 of the Primary
Loop Pump Casings of Westinghouse Type Nuclear Steam Supply
Systems™ (Proprietary. 2 copies)

2. PWROG-17033-NP Revision 1 “Update for Subsequent License
Rencwal: WCAP-13045, *“Compliance to ASME Code Case N-481 of
the Primary Loop Pump Casings of Westinghouse Type Nuclear Steam

Supply Sysiems™ (Non-Proprietary, 1 copy)
3. Application of Withholding. CAW-18-4762

e PWROQQ Management Committee.
PWROG Malcrials Committce
PWROG Sleering Committec
PWROG Licensing Committee
PWROG PMO
B. Benmey, US NRC
P. Atkin, DOM
J, Andrachek, Westinghouse
). Gresham, Westinghouse
G. Hall, Westinghouse
E. $hen, Westinghouse
8. Rigby. Westinghouse
M. Higby, Westinghouse ‘

T Zalewski. Westinghouse N
P. Brusamonti, Westinghouse
J. Whelan, Westinghouse

~
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