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Docket No. 50-323, OL-DPR-82
Diablo Canyon Unit 2

Evaluation Documents in Support of Structural Weld Overlay, REP-RHR-SWOL,
Unit 2

References: 1. PG&E Letter DCL-17-083, “Request for Approval of Alternative for
Application of Full Structural Weld Overlay, REP-RHR-SWOL,
Units 1 and 2,” dated September 26, 2017 [ML17269A220]

2. NRC Letter, “Diablo Canyon Power Plant, Units 1 and 2 — Relief
Request REP-RHR-SWOL, Request for Approval of Alternative for
Application of Full Structural Weld Overlay (EPID L-2017-LLR-
0092),” dated January 2, 2018 [ML17338A131]

Dear Commissioners and Staff:

In Reference 1, Pacific Gas and Electric Company (PG&E) submitted a request for
approval of alternative for application of a full structural weld overlay (SWOL) for the
Diablo Canyon Power Plant Units 1 and 2. In Reference 2, the NRC Staff approved
the relief request. PG&E installed the SWOL for Residual Heat Removal (RHR)
Pipe-to-Elbow Weld WIB-245 during the Unit 2 twentieth refueling outage in
conformance with the referenced documents.

In Reference 1, PG&E stated that summaries of the analytical evaluation results
associated with the design calculations and the crack growth analyses would be
submitted to the NRC following installation of the weld overlays. Accordingly, PG&E
is submitting the following documents:

e Enclosure 1 includes the design report for the SWOL, which summarizes the
original design calculations and crack growth analyses and results.
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e Enclosure 2 includes the evaluation report, which documents the analysis of
the addition of a second stainless steel buffer layer to the original design of
the SWOL.

e Enclosure 3 includes the acceptance of the Unit 2 SWOL, which includes the
measured axial shrinkage dimension, confirmation of as-built dimensional
conformance with the design, and confirmation of acceptable ultrasonic (UT)
inspection results.

Following the installation of the SWOL in Unit 2, a UT acceptance examination of the
SWOL and a preservice UT examination were performed. The UT results confirmed
that the final SWOL meets the acceptance criteria of the relief request

(Reference 1).

PG&E plans to install the SWOL in Unit 1 during its twenty-first refueling outage,
currently scheduled for early 2019. A similar set of documents will be submitted to
the NRC following the installation of the Unit 1 SWOL.

PG&E makes no new or revised regulatory commitments (as defined by NEI 99-04)

in this letter. If you have any questions or require additional information, please
contact Mr. Hossein Hamzehee at (805) 545-4720.

Sin;erely, , ‘ J /4 ) A / A IC (<
‘ \ FR

. 7LSC
James M. Welsch JIm wils

Vice President, Nuclear Generation and Chief Nuclear Officer

rntt/4231/SAPN 50965613-03
Enclosures
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cc/enc:  Kriss M. Kennedy, NRC Region IV Administrator
Christopher W. Newport, NRC Senior Resident Inspector
Gonzalo L. Perez, Branch Chief, California Department of Public Health
Balwant K. Singal, NRR Senior Project Manager
State of California, Pressure Vessel Unit
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Diablo Canyon Power Plant, Unit 2

Design Report for the Qualification of the Structural Weld Overlay Repair of
Residual Heat Removal Welds WIB-245 and WIB-228
for
Diablo Canyon Power Plant, Units 1 and 2

[NOTE: This report is applicable to both DCPP Units 1 and 2]
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Professional Engineer Certification Statement

“Design Report for the Qualification of the Structural Weld Overlay Repair of Residual Heat
Removal Welds WIB-245 and WIB-228 for Diablo Canyon Power Plant,
Units 1 and 2”

I, Harry L. Gustin, P.E., being a duly licensed professional engineer under the laws of the State
of Colorado, certify that this document was reviewed by me, and that this document meets the
requirements of ASME Code, Section XI and Section III (Editions and Addenda as referenced in
this report), which is based on the requirements of ASME Code Case N-740-2, as applicable to
the specific scope of this report. This report is supplementary to the governing Stress Reports for
the systems and components described herein, and does not invalidate those reports. I further
certify that this document is correct and complete to the best of my knowledge and belief, and

that [ am competent to review this document.

NI

Harry L. Gustin, P.E.

State of Colorado
Registration Number: 34862
Date: December 12, 2017

ﬁStructural Integrily Associates, Inc®



Table of Contents

Section Page
1.0 INTRODUCTION...ccccmsssissivsasassssssasasssissssssissssasonsasssssssssssssnsassossssssansssssssssassasssnsnsssssss 1-1
I.1 BacK@rOUNd...cocoieieiicieiiee ettt ettt s e sbe et be et e sbessesseessenaeesaansentens 1-1
1.2 Weld Overlay Mitigation of PIPING ......cceccoviveiniecieciiiuninniiieinerceescsessessnssessennesenses 1-2
1.3 Objectives and Report Organization.........ccccoeverireeereeececmerenmnenesenssessessseessessesesses 1-2
2.0 FULL STRUCTURAL WELD OVERLAY DESIGN.....ccoceecssnsunisnsnssessessssisissssssins 2-1
2.1 Weld Overlay APPliCation ..eccce e iiieeeririiecceccenninitie et ene e a e ssennees 2-2
2.2 Criteria for Design of Full Structural Weld Overlay .........ccccccovevninenniieenincenieenn 2-2
23  Weld Ovetlay Struchural SIRIE,., s mssssmsssssvmmsses bigeosimsieiiipmnirmssns 2-3
B8]  FEWOIL TIHOKBEER. . cconessvetns snomnrommnssomnyspassnssnssosionss seinie i sesn g i Somia 35 e sosmmnsev iy 2-3
2.3.2 FSWOL LEHGH ..ottt ettt st abe e 2-4
3.0 WELD RESIDUAL STRESS ANALYSIS ccivicriencimennnsnssisiosnssisessssnsessssssessessassene 3-1
3.1 Background........cicieeiviiviciemsrsresnesscsiasiinnsssnssansivasssnssaressnasaressnsasmssasssotssorssosaiviisanesiors 3-1
3.2 - Teohnical APPIDAGH cuiacavrssinisomsmnscsons intonn insbtiassnemnssisemssnsuns tinsbanss ssdassiagssersssonninnaaninh 3-1
3.3 Weld Residual Stress Analysis RESUILS ........cceeiiririiiiiiciiiiiicie e seeeeseesiaerans 34

40 EVALUATION OF WELD OVERLAY INSTALLATION EFFECTS ON

PIPING: S TR TR v cmsonsmmeraninsasmmptonstimmmmness st sy s s asnoniaxposs thsssdssadonsel 4-1

4.1 BacKGIrOUNd ........ocuiiiiiiieiieieie ettt sttt ettt st n et b bt an 4-1
4.2  Evaluation of Weld Overlay Axial Shrinkage Stresses .........coovrevervenenereinieniecenes 4-1
4.3 Evaluation of the Effect of FSWOL Weight......ccooiiciiiniiiincninie e 4-3
5.0 ASME CODE, SECTION III STRESS ANALYSIS.. i 5-1
5.1 Backgrotind........cccocicianianieiosinnionronsmmessatonsesssissasesessasssanssnnessiosansesitoisssudisvasisiosgssnoss 5-1
32  Dosigh CHRIRII  vrmmrssamarnsmassymsinnss issnssisdpmsminmmsss asssspsion oo s iaiisisus s s masms orRask s 5-1
5.3  TRchHIEE] ADDTDBEEY .xoomssonmasunsnbsanmmcans o ustaniios sinisnassambemeissans pMsiakastnt b hubs resiagmpsinssrts 5-3
54  Results of ANALYSIS wiviiiiimmionmmiiincseiinniamasesiviosisssrsrssssossionsssssmasiesssstissssnisssoressestsnses 5-6
5.4.1 ASME Code Primary Stress Criteriat CReCk..............cccoveviviiviiiiiniccnninesesinnnnnnnn 5-6

i i ®
Report No. 1700479.401.R0 - ﬁsmlctural Integrily Associates, Inc.



5.4.3  Thermal RAICHEITIG........c.couviiiiiniiiiiiie sttt st n 5-8
5.4.4 ASME Code Fatigue EVAIUGLION.............ccovviecieiiiiieieiee st snensanene 5-8
6.0 CRACK GROWTH EVALUATIONS...ccoiiirininiasinnnnsssensssrmsssastsssssssssssssesssssssssssss 6-1
6.1 BackBroUnd...cccoeieeasiecsassssiocasnsssresiasisianssisassessiasesssssessasserasibha o deisismsiittanssabosisossebananes 6-1
0.2 - Teohrica]l ADPPIOHCH wwsrisvisismsmrsinmisnmmosisssiamesncomssssactisommusiman s st smsamesuass .62
6.3 Crack Growth RESULLS ...eevveiiiiiceeiieeeierieeeserevee et etesaeeaeerbessnesasessssessesnnesrsessnesseeas 6-4
7.0 RECONCILIATION OF CODES-OF-RECORD WITH LATER CODE
EDITIONS ...cciciiiiiininnsisissnssssenssassssssssssessassssssessaessissnsssssrsssssesssssssasssssssnssnssmnssssssisaissiaaese 7-1
7.1 IIESIEIN .vnonssives ixmunions sninonsssnesss suasesns vaionsvetnss cubisiens nmiiss aBsbaHI 4455 F4 $xopas AE St 45 Bk hmsams smamad 7-2
T2 FADEICALION c.ecviiiieiectt e ceste st ee et eresevesaserbeaaenserrestesrastasreentanbserssnnennantssrsanssans 7-2
7.3 EXAMINALION 1tviiirerresee et ceeeinesessees e e s e ste e st ssaesn e e ee b e etrestessesnneenseansesnns 7-2
7.4 IMIBEETIALS «.euveiceeiiceeciaeiieeie et este et esteescassaas s e e s eamsaesbeasseseesabesbaaasaaasssennesatesssesbeesnsenseesns 7-3
7.5 CONCIUSION 1.ttt tiectete et te st et b e e e eteebeeresaeeabassesbeebeebeesseaseerbateentserbensesees 7-3
8.0 SUMMARY AND CONCLUSIONS .....ccciitiitiimmreersrseresessssssssssesssseassssssessassssssssnensases 8-1
9.0 REFERENCES.....csiisomisosnsessiisisassssssssssssasanssocssbinsassnssrssnssssons sossaisssassacsisosssssodasiiassaissas 9-1
10.0 SUPPORTING STRUCTURAL INTEGRITY ASSOCIATES
CALCULATION PACKAGES AND DRAWING .....ccccrvcennrnnsenssnsemsensssssssessenssosess 10-1
Report No. 1700479.401.R0 " ﬁsmlctural Integrity Associates, Inc®



List of Tables

Table Page
Table 2-1. Weld Overlay Minimum and Maximum Thickness and

Length ReqUIrEMENtS .....coiuiiee vt s 2-6
Table 5-1. Limiting Service Level A/B/Test RHR Design Transients Evaluated.................... 5-10
Table 5-2. Thermal Mixing/Stratification Transients Evaluated.........c.ccocovviviiinccinenenesccnnnne. 5-10
Table 5-3. Limiting Service Level A/B/Test Stress Results for RHR Welds

(WIB-245 and WIB-228) with FSWOL Installed ........ccooovviineiiniiiiiieeccne 5-11
Table 6-1. Crack Growth REeSUILS......ccoiuiiiiiiniriin ettt se e s 6-5

H f @

Report No. 1700479.401.R0 > ﬁStructural Integrity Associates, Inc.



List of Figures

Figure Page
Figure 2-1. FSWOL Design DimenSions. ......c.ccueeireiiiianeiireninisiersereeeessesssssssessesessssssssssseses 2-7
Figure 3-1. As-Modeled Weld Bead Patterns for SSW, ID Weld Repair,

dnd FSWOL, IitallBiion . comrem s mscodssiinpiabsimmpasion smsssssssaspssnsiiifsssisisasni st pasins 3-5
Figure 3-2. Weld Residual Stress State at 70°F — PoSt SSW ....c.cuiveiieieeeeiiisicreineseceie e 3-6
Figure 3-3. Weld Residual Stress State at 70°F — Post 50% [D Weld Repair ...c..ccoccccevevnrennene 3-7
Figure 3-4. Weld Residual Stress State at 70°F - Post FSWOL Installation .........cccccoeeevevenenn. 3-8
Figure 3-5. Weld Residual Stress State at 478.3°F and 2,510 psig -

Post FEWOL INSHHATION .oussmissscinismssonsimsnisonsss sesismntabss shansussnssss s smsass spasnssemnrss 3-9
Figure 3-6. Weld Residual Stress Path Definition.........ccoviiieniiniccnececinciesseeeecereeenees 3-10
Figure 3-7. Weld Residual Stress Distributions at 70°F and NOC —

Post FSWOL Installation .........cocuciiienieneiicninincsansieseneeeseeseesseseseseeseenas 3-11
Figure 5-1. ANSYS 3-D Finite Element Model of RHR Weld Overlay for

Pressure and Mechanical Loads (with Minimum FSWOL Dimensions) ............. 5-12
Figure 5-2. ANSYS 3-D Finite Element Model of RHR Weld Overlay for

Design Transient Analysis (with Maximum FSWOL Dimensions)......c...ccceee... 5-13

Figure 5-3. ANSYS 3-D Finite Element Model of RHR Weld Overlay for

Thermocouple Based Thermal Mixing/Stratification Analysis

(with Maximum FSWOL Dimensions) ........cccceerverrisusieneeneeseniecinersennerensesssennns 5-14
Figure 5-4. Enveloping Thermal Stratification Transient for the

Global Heatup EVENL.....cccivieiiiiiiiiiaiiesiciienieccree et esvestesse e sas e be s sstessesaesannas 5-15
Figure 5-5. Enveloping Thermal Mixing/Stratification Transient for the

High Cycle Normal Plant Operation..........cccovecereecrcrrernmenerenseeeseereneersmseenereens 5-16
Figure 5-6. Enveloping Thermal Stratification Transient for the

Global COOlAdOWIt EVENE....vsiesriicscusassomssssssssssssmmssreiss sssnsinsasnsissnsamns sesbesanssissssnis 5-17
Figure 5-7. Location of Thermocouples on Unit I RHR Suction Line ......ccoccevevevcnieiircnennnes 5-18
Figure 5-8. Lotations of SHEsS Paths ..... . wsssissssseorsossenssseesntasissivinnssmmmsnnss ssebasaames svmons s ok 5-19

Figure 6-1. Full-Circumferential 360° Crack Model for

Stress Intensity Factor Calculation due to Axial Stress......ccocceeviiivceeciecierieneenrene, 6-6

, ) .
Report No. 1700479.401.R0 vii ﬁsmlclural Integrity Associates, Inc.




Figure 6-2. Semi-Elliptical Longitudinal Axial Crack Model for

Stress Intensity Factor Calculation due to HoOp Stress...ccovieveeiereviicceneneneenne 6-7

; . o
Report No. 1700479.401.R0 viii ﬁStructural Integrily Associates, Inc.



1.0 INTRODUCTION
1.1  Background

In May 2016, during the Unit 2 nineteenth refucling outage, 2R19, a circumferential flaw
indication was identified in the residual heat removal (RHR) suction pipe-to-elbow stainless steel
weld (SSW) WIB-245 at the Diablo Canyon Power Plant (DCPP) [1]. Subsequently, in April
2017 during the Unit 1 twentieth refueling outage, 1R20, a circumferential flaw indication was

identified in the RHR suction pipe-to-elbow stainless steel weld (SSW) WIB-228 at DCPP [2].

Temperature monitoring of the RHR lines for both Units I and 2 indicated that thermal
stratification and temperature cycling are present at both weld locations. Flaw growth
evaluations showed that thermal fatigue is a major contributor to the overall flaw growth [5].
Therefore, Pacific Gas & Electric (PG&E) determined that the primary degradation mechanism

is thermal fatigue [5].

A decision was made by PG&E to repair both locations using a full structural weld overlay
(FSWOL) to eliminate dependence upon the SSW as a pressure boundary weld, and to mitigate
future crack growth. A FSWOL design was developed using ASME Code, Section XI, Code
Case N-740-2 [3] that will be applicable to both Unit 1 and Unit 2 [4].

As stated in the Relief Request submitted by PG&E [S, pg. 8], analyses will be performed to:

“...demonstrate that the application of the weld overlays does not impact the conclusions of
the existing piping analysis reports. The analyses will also demonstrate that ASME Code
Section II1 stress and fatigue criteria, for both design loadings and the observed thermal
cycling phenomena, are continued to be met for those piping components that are affected by

the overlay (if any).”
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1.2 Weld Overlay Mitigation of Piping

Weld overlays have been installed for many years in U.S. boiling water reactors (BWRs) and
pressurized water reactors (PWRs) to repair flaws. The process is an ASME Code approved
repair method under ASME Code, Section XI, Code Case N-740-2 [3]. The FSWOL will be
applied using Gas Tungsten Arc Welding (GTAW), in accordance with Code Case N-740-2 [3].
Nickel alloy weld filler metal will be utilized for the weld overlay for material compatibility with
the underlying RHR piping materials and to maximize the weld residual stress benefits of the

FSWOL. The specified welding material for the weld overlay is Alloy 52M.

1.3 Objectives and Report Organization

The objectives of this report are to provide the technical basis and a summary of the design and
analysis results for the RHR pipe-to-45° elbow FSWOL that is applicable for both Unit I and
Unit 2. Section 2.0 of this report discusses the repair and evaluation criteria for FSWOL design
plus the basic structural sizing of the overlay. Section 3.0 summarizes the weld residual stress
analyses performed. Section 4.0 summarizes the evaluation of weld overlay effects on the piping
system following installation of the weld overlay. Analyses that supplement the existing RHR
piping Stress Report and demonstrate that the overlaid components meet ASME Code,

Section III requirements are summarized in Section 5.0. Flaw growth calculations are
summarized in Section 6.0. Section 7.0 contains a reconciliation of the original Code-of-Record
with a later edition of the ASME Code used in the evaluations herein. A summary and
conclusions are provided in Section 8.0, while Section 9.0 provides the references used in this
report. The supporting calculations and the design drawing are listed in Section 10.0, and are

referenced by calculation number within this report.
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2.0 FULL STRUCTURAL WELD OVERLAY DESIGN

The FSWOL design for the RHR pipe-to-elbow weld for Unit 1 (WIB-228) and Unit 2
(WIB-245) is designed to the requirements of ASME Code, Section XI, Code Case N-740-2 [3].

The design requirements are listed below:

e Determine the minimum structural dimensions (i.e., thickness and length) of the FSWOL
and increase these dimensions, as needed, to meet coverage requirements of a PDI
qualified ultrasonic (UT) examination.

e Determine the weld residual stress in the base material and FSWOL to facilitate a crack
growth evaluation.

e Evaluate the effects of the weld overlay on the piping system. These include:

o Weld shrinkage introduced into the piping system as a result of the installation of
the weld overlay. Effects include added stresses in other piping locations and
changes to supports (i.e. spring hanger, rigid supports, snubbers and rupture
restraints).

o The effects of the added weight of the FSWOL on the system deadweight and
seismic loads/behavior.

e Qualification of the FSWOL to ASME Code, Section III design requirements, which
require the following additional activities:

o Development of the appropriate finite element models.

o Development of the design transient loads, including pressure and piping loads
(i.e. deadweight, thermal expansion and seismic).

o Development of thermal mixing/stratification transients based on thermocouple
temperature data from Unit 1 and Unit 2.

e Perform a crack growth evaluation based on the design transients and the thermal
mixing/stratification transients. The evaluation includes the combined contribution of

thermal fatigue crack growth and stress corrosion cracking.

. . "
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The original design Code-of-Record for the RHR piping system for both Unit I and Unit 2 is
B31.1, 1967 Edition [17]. The FSWOL sizing and the fracture mechanics evaluation will be
performed to ASME Code, Section XI, 2007 Edition with 2008 Addenda as indicated in the
Relief Request [5]. The ASME Code, Section III qualification will be based on the 2001 Edition
with Addenda through 2003. The reconciliation of the original Code-of-Record to this new
ASME Code edition is performed and documented in Section 7.0.

2.1 Weld Overlay Application

The FSWOL will be installed using a controlled process in accordance with Code Case N-740-2
and its dimensions will meet the specifications contained in SI Design Drawing 1600546.510, in

order to assure the integrity of the FSWOL.

2.2 Criteria for Design of Full Structural Weld Overlay

The requirements for the design of the FSWOL are specified in ASME Code Case N-740-2 [3],
as proposed in the DCPP Relief Request [5]. The analytical bases for the design of the FSWOL
are in accordance with the requirements of ASME Code, Section XI [6], IWB-3640. The three

principal design criteria for a FSWOL are listed below:

1. The design basis for the FSWOL is the acceptability of a postulated circumferentially
oriented flaw that extends 360° around the component, and is 100% through the original
component wall [3, Sections 1.1(a) and 2(a)(2)]. Credit is not taken for the load carrying
capability of the original butt weld in the FSWOL sizing process. These conservative criteria
eliminate any concerns about potential crack propagation in the original stainless steel weld

(SSW), and any concerns about the integrity of the original SSW.

2. Asrequired by ASME Code, Section XI [6], IWB-3640, a combination of internal pressure,
deadweight, seismic, and other dynamic stresses are used in the design of a FSWOL [3,

Section 2(b)], considering all primary loadings for all Service Levels; A, B C and D. Thermal

f [ @®
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and other secondary stresses are not required to be included for structural sizing calculations
(since the FSWOL will be installed using a GTAW (non-flux) process that produces a high
toughness weld deposit). The secondary and peak stresses are addressed later in subsequent
evaluations for primary-plus-secondary stress, fatigue usage, and evaluations for fatigue crack

growth and stress corrosion cracking.

3. The surface finish of the FSWOL must be sufficiently smooth to allow preservice and future
inservice ultrasonic examinations through the overlay material and into a portion of the
original base metal [3, Section 3]. The purpose of these examinations is to demonstrate the

integrity of the FSWOL.

2.3  Weld Overlay Structural Sizing
The FSWOL sizing process, using Code Case N-740-2 [3], includes the following requirements:

e Determination of the minimum structural thickness that meets ASME Code, Section XI,
Appendix C requirements, assuming a through wall, fully circumferential flaw.
e Determination of the minimum structural length that meets the pure shear requirements of

ASME Code, Section III.

In addition, as stated in the Relief Request [5], the FSWOL design shall allow for ASME Code,
Section X1, Appendix VIII, Supplement 11 UT examinations by Performance Demonstration
Initiative (PDI) qualified procedures. This requirement typically results in a FSWOL that is
larger than the calculated minimum structural dimensions. The larger dimensions will be

specified as the mandatory design thicknesses and lengths of the FSWOL.
2.3.1 FESWOL Thickness

Detailed sizing calculations for the FSWOL thickness are documented in SI Calculation

1600546.310. ASME Code Case N-740-2 [3], which incorporates ASME Code, Section XI,
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IWB-3640 [6] evaluation methodology, was used to determine the thickness of the FSWOL.

Key aspects of the evaluation are listed below:

e The source equations that are provided in ASME Code, Section XI, Appendix C,
Subarticle C-5320 [6] are used.

e Structural factors that are provided in Appendix C, Subarticle C-2621 [6] are used. The
structural factors are applied individually to the membrane and bending stresses. The
structural factors depend on Service Level and loading (membrane or bending).

e Applicable design piping loads and pressure are used.

The resulting minimum required structural thickness of the FSWOL is summarized in Table 2-1.
2.3.2 FSWOL Length

Detailed sizing calculations for the FSWOL length are documented in SI Calculation
1600546.310. The weld overlay length must consider two requirements: (1) length required for
structural reinforcement and (2) length required for preservice and inservice examinations of the

overlaid weld.

In accordance with ASME Code Case N-740-2 [3], the minimum FSWOL length required for
structural reinforcement was established by evaluating the axial shear stress due to transfer of
primary axial loads from the straight pipe into the weld overlay and back into the 45° elbow. The
overlay extends onto the straight pipe at one end and the 45° elbow at the other end, providing

shear transfer of the axial loads into the base metal.

The minimum FSWOL length was determined such that the axial stress is less than the ASME
Code, Section III limit for pure shear stress. Per subsection NB-3227.2 [7] the limit on pure
shear due to any loadings, except Service Level D (Faulted), is 0.6Sm, where Sm is the design
stress intensity. The limit on pure shear stress is 0.42Su [7, Appendix F, F-1341.1], for Service
Level D (Faulted) conditions.

" . ®
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The resulting minimum required structural length of the FSWOL is summarized in Table 2-1.

Access for preservice examination requires that the overlay length and profile be such that the
required post-FSWOL examination volume can be inspected using PDI qualified NDE
techniques. The dimensions of the FSWOL that meet the NDE requirements are presented in
SI Drawing 1600546.510. The dimensions of the FSWOL that meet the NDE requirements are
presented in Figure 2-1. The minimum and the maximum FSWOL dimensions are summarized

in Table 2-1.

, . o
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Table 2-1. Weld Overlay Minimum and Maximum Thickness and Length Requirements

Location Structural ]?e§1gn De.81gn
Ttem Thickness or Mintmiem Maximum
(from SSW toe) Length M@ Thickness or | Thickness or
Length ®) Length ®®
Thickness Pipe Side 0.47 0.63 0.88
(in.) 45° Elbow Side 0.47 0.63 0.88
Length Pipe Side 1.05 2.56 3.56
Gt 45° Elbow Side 1.05 2.56 2.81
Notes:

1) The structural thickness shown is the minimum required for structural acceptance and does not include
allowance for surface condition operations to facilitate ultrasonic (UT) inspections. These are
documented in the 1600546.310 Sizing calculation.

2) The structural length shown is the minimum required for structural acceptance and does not include
additional length necessary to meet inspectability requirements, These are documented in the
1600546.310 Sizing calculation.

3) Figure 2-1 presents a more accurate representation of the FSWOL geometry that satisfies both the
structural minimums listed above and PDI UT inspectability.

4) Minimum and maximum dimensions are taken from the Design Drawing, 1600546.510. The
thicknesses listed for the 45° elbow side are at the sidehill (flank) elbow location.

i i ®
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Figure 2-1. FSWOL Design Dimensions
(Dimensions al Station B and Station C are listed on 1600546.510 design drawing)

(Dimensions are the minimum to meet structural and PDI inspection requirements.)
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3.0 WELD RESIDUAL STRESS ANALYSIS
3.1 Background

The installation of the FSWOL produces beneficial weld residual stresses that support the
mitigation of future crack growth. The weld residual stresses for the RHR pipe-to-elbow
FSWOL are determined by detailed elastic-plastic finite element analyses, as discussed in
Section 3.2. The weld residual stress calculations are conservatively based on the minimum

weld overlay design dimensions that are summarized in Table 2-1.

A weld residual stress (WRS) evaluation process documented in Structural Integrity Associates
(SI) calculation package [8] is used in this calculation. The weld residual stress evaluation
follows the guidelines provided in MRP-316, Revision 1 [9] and MRP-317, Revision 1 [10], and
is validated by comparisons of analytical results with accepted measured weld residual stress
data. The analysis process is automated in a weld residual stress analysis module [11] for the
ANSYS finite element software package [12]. The WRS analysis is documented in SI
Calculation 1700479.314.

3.2  Technical Approach

The weld residual stresses are controlled by various welding parameters, thermal transients
resulting from the application of the welding process, thermal boundary conditions, temperature
dependent material properties, elastic-plastic stress reversals, and air (or water) backing during
weld deposition. The analytical technique uses finite element analysis to simulate the multi-pasé

weld process.

To obtain a bounding assessment of the impact of the weld overlay on the SSW, the weld
residual stress assessment must consider weld residual stresses that existed prior to application of
the overlay. Thus, the weld overlay analysis utilized a conservative assumption regarding weld
residual stresses that may be present due to assumed weld repairs that may have occurred during

plant construction.

. , -
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For the weld residual stress analysis, a two-dimensional (2-D), axisymmetric finite element
model (in licu of a three-dimensional (3-D) model) was developed for the RHR pipe-to-elbow
SSW location using the ANSY'S software package [12]. Modeling of the weld beads in the
overlay is illustrated in Figure 3-1. The use of the 2-D weld residual stress model is reasonable

and conservative (less compressive stress), based on the following:

e The actual installed weld overlay volume will fall somewhere between the minimum and
maximum design dimensions shown the SI Drawing 1600546.510
e The volume of the FSWOL weld metal in the 2-D residual model is essentially identical

to the minimum dimension 3-D model,

The WRS analysis documented in SI Calculation 1700479.314 has concluded that the 2-D weld
residual stress model is representative of the FSWOL that will be applied for DCPP Units 1 and 2.

As documented in the Relief Request [5, pg. 2], PG&E reviewed the Unit 1 fabrication records

for WIB-228 and found no evidence of ID weld repair during construction. A similar review of
the Unit 2 fabrication records for WIB-245 determined that the weld ID was subjected to surface

grinding during construction, but there was no evidence of ID weld repair after the grinding.

Accordingly, PG&E concluded that no ID weld repairs have been performed on either WIB-228
or WIB-245.

However, to be conservative, the weld residual stress model assumed a 360° circumferential,
50% through-wall of the SSW, inside diameter (ID) weld repair. This ID weld repair assumption
follows the guidelines of the MRP-169 SER, Section 3.2.2, paragraph three [13], which states,

“The residual stress analysis assumes a highly unfavorable, pre-overlay residual stress

condition which would result from an inside diameter surface weld repair during construction.”

The statement above, taken from the MRP-169 safety evaluation [13], is attempting to produce

highly conservative (i.e., tensile) initial conditions, which the FSWOL must overcome.

. ; o
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The following conditions are simulated in the WRS analysis:

e Application of the SSW (pipe-to-elbow weld)

e Grind out of a 50% ID repair (i.e. 50% of the 1.251” weld centerline dimension)

e Application of the 50% ID weld repair

e Application of the buffer layer (ER308L/ER309L)

e Application of the weld overlay (Alloy 52M)

e The model was then allowed to cool to a uniform temperature of 70°F and zero pressure
(0 psig) after each completed welding process.

e A slow heatup to 100% power - normal operating temperature and pressure (478.3°F and

2,510 psig, respectively).

The weld residual analysis consists of a thermal pass to determine the temperature response of
the model to each weld bead. A non-linear elastic-plastic stress pass is then performed to
calculate the weld residual stresses due to the temperature cycling from the application of each
weld bead. Since weld residual stress is a function of the welding history, the weld residual

stresses and strains caused by the previous weld bead are used as initial conditions for the next

weld bead.

Material properties used in the analyses, the finite element model development, and details of the
weld residual stress analyses are documented in SI Calculations 1700479.312 and 1700479.314.
The non-linear material properties are based on multi-linear isotropic hardening (MISO)
principles, which are supported by elastic material properties obtained from the ASME Code,
Section II, Part D, 2001 Edition with Addenda through 2003 [14]. Reconciliation of this later
Code with the applicable Code-of-Record is provided in Section 7.0.

After completion of the simulation of the FSWOL, the normal operating temperature and
pressure load is cycled five times between 70°F and no pressure (0 psig), and the operating 1'
temperature/pressure. This cycling is performed to obtain a stabiliz<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>