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Pursuant to Title 10 of the Code of Federal Regulations (10 CFR) 50.55a, Codes and 
Standards, paragraph (z)(1), Arizona Public Service Company (APS) requests Nuclear 
Regulatory Commission (NRC) authorization of Relief Request 73, on the basis that the 

alternative provide  an acceptable level of quality and safety. APS proposes 
alternatives to American Society of Mechanical Engineers (ASME) Pressure Vessel Code, 
Section XI, 2013 Edition, and ASME Code Case N-638-10, Similar and Dissimilar Metal 
Welding Using Ambient Temperature Machine [Gas Tungsten Arc Welding] GTAW 
Temper Bead Technique, Section XI, Division 1, dated May 6, 2019, for Palo Verde 
Nuclear Generating Station (PVNGS), Unit 1, as described in the Enclosure to this letter. 

On October 9, 2023, while performing small nozzle inspections during Unit 1 
refueling outage, boric acid leakage was found on the area of the weld of the pressurizer 
lower shell temperature nozzle. By letter number 102-08690, dated October 23, 2023 
[Agencywide Documents Access and Management System (ADAMS) Accession No. 
ML23296A254], and pursuant to 10 CFR 50.55a, Codes and Standards, paragraph (z)
(1), APS requested NRC authorization of Relief Request 70, on the basis that the 

alternative provided an acceptable level of quality and safety. The proposed 
alternative requested approval for one operating cycle.  NRC staff provided verbal 
authorization for Relief Request 70 on October 27, 2023

, and formal written  by letter dated September 9, 2024 
(ADAMS Accession No. ML24197A199). This authorization was approved for the duration 
of the PVNGS, Unit 1 Cycle 25, which is currently scheduled to conclude in the Spring of 
2025.

The purpose of Relief Request 73 is to provide the NRC with a  alternative to 
justify continued use of the nozzle repair for the life of PVNGS Unit 1

A member of the STARS Alliance, LLC 
Callaway • Diablo Canyon • Palo Verde • Wolf Creek 

Attachment 3 of the Enclosure transmitted herewith contains  
PROPRIETARY information. 

When Attachment 3 of the Enclosure is separated, this transmittal is 
decontrolled.
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This letter provides supplemental information consistent with Relief Request 70 but analyzed 
for the life of the plant repair. Specifically, Attachment 1 and 3 of the Enclosure each 
contain  five sub-attachments that are the non-proprietary and proprietary versions of the 
supplemental information, respectively. The Enclosure also contains Attachment 2  has 
five sub-attachments that  affidavits signed by Framatome , that 
set forth the basis on which the proprietary information in the Attachment 3 documents 
may be withheld from public disclosure by the Commission and addresses with specificity 
the considerations listed in 10 CFR 2.390(a)(4).  

Correspondence with respect to the proprietary aspects of the Enclosure Attachment 3 
proprietary documents or the supporting Framatome affidavits should be addressed to 
Philip A. Opsal, Manager, Product Licensing for Framatome. 

A pre-submittal meeting was held between APS and the NRC staff on September 20, 
2024. APS requests authorization of this relief request by April 5, 2025, to support PVNGS 
Unit 1 Mode 4 entry. No new commitments are being made to the  by this letter.  

Should you need further information regarding this letter, please contact Michael. D. 
DiLorenzo, Licensing Department Leader, at (623) 393-3495. 

Sincerely,

J S/MDD/cr

Enclosure: Relief Request 73 – Proposed Alternative for Pressurizer Lower Shell 
Temperature Nozzle Life of Repair 

Attachment 1: Non-Proprietary Versions of: 

1.1 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Weld 
 Residual Stress Analysis 

1.2 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Repair 
As-Left J-Groove Weld Analysis 

1.3 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle 
Replacement ASME Section III Life of Repair 

1.4 Corrosion Evaluation for Palo Verde Units 1, 2 and 3 Pressurizer 
Temperature Nozzle Repair – Life of Repair 

1.5 Palo Verde Unit 1 Pressurizer Temperature Nozzle Repair Loose 
 Parts Evaluation 

Attachment 2: Affidavits for: 

2.1 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Weld 
 Residual Stress Analysis 

2.2 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Repair 
As-Left J-Groove Weld Analysis 

Spina, Jennifer  (Z08962) Digitally signed by Spina, Jennifer  (Z08962) 
Date: 2024.12.10 13:08:42 -07'00'
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2.3 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle 
Replacement ASME Section III Life of Repair 

2.4 Corrosion Evaluation for Palo Verde Units 1, 2 and 3 Pressurizer 
Temperature Nozzle Repair – Life of Repair 

2.5 Palo Verde Unit 1 Pressurizer Temperature Nozzle Repair Loose 
 Parts Evaluation 

Attachment 3:  Proprietary Versions of: 

3.1 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Weld 
 Residual Stress Analysis 

3.2 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Repair 
As-Left J-Groove Weld Analysis 

3.3 Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle 
Replacement ASME Section III Life of Repair 

3.4 Corrosion Evaluation for Palo Verde Units 1, 2 and 3 Pressurizer 
Temperature Nozzle Repair – Life of Repair 

3.5 Palo Verde Unit 1 Pressurizer Temperature Nozzle Repair Loose 
 Parts Evaluation 

cc: J. D. Monninger NRC Region IV Regional Administrator  
W. T. Orders NRC NRR Project Manager for PVNGS 
L. N. Merker NRC Senior Resident Inspector for PVNGS  
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LIST OF ACRONYMS 

Acronym Definition 

ALJGW As-Left J-Groove Weld 

APS Arizona Public Services

ASME American Society of Mechanical Engineers 

ATTB Ambient Temperature Temper Bead 

CEA Control Element Assembly 

EPFM Elastic Plastic Fracture Mechanics  

GTAW Gas Tungsten Arc Welding 

HAZ Heat Affected Zone 

HIC Hydrogen Induced Cracking 

ISI Inservice Inspection

LAS Low Alloy Steel 

LEFM Linear Elastic Fracture Mechanics  

NDE Nondestructive Examination

NRC Nuclear Regulatory Commission 

OD Outside Diameter

PDI Performance Demonstration Initiative

PT (Liquid) Penetrant Testing 

PVNGS Palo Verde Nuclear Generating Station 

PWHT Post Weld Heat Treatment 

PWSCC Primary Water Stress Corrosion Cracking 

PZR Pressurizer

RCS Reactor Coolant System 

RG Regulatory Guide

UT Ultrasonic Testing
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1.0 ASME CODE COMPONENT AFFECTED 

Component: Pressurizer Lower Temperature Nozzle 

Code Class: 1

Examination Category: B-P, American Society of Mechanical Engineers
(ASME) Code Section XI 

Item No. B15.10, Table IWB-2500-1 (B-P) 

Description: Pressurizer Lower Shell Temperature Nozzle TE101, 
Nominal Pipe Size 1-inch 

Interval: Fourth (June 1, 2019 to July 17, 2028) 

2.0 APPLICABLE CODE EDITION AND ADDENDA: 

The current edition for the fourth Inservice Inspection (ISI) interval is the American 
Society of Mechanical Engineers (ASME) Code, Section XI, 2013 Edition (Reference 1). 

The Code of Construction for the Pressurizer is the ASME Code Section III, 1971 Edition 
with Addenda through Winter 1973 (Reference 8.3). 

The repair installation Code for the previous temperature nozzle repair is the ASME 
Code, Section III, 1986 Edition.  

The current repair installation Code of Construction is the ASME Code, Section III, 1974 
Edition with Addenda through Winter 1975 (Reference 8.4). It was reconciled from 
ASME Section III, 2013 Edition. 

The fourth ISI interval for PVNGS Unit 1 began on June 1, 2019, and is currently 
scheduled to end on July 17, 2028. 

3.0 APPLICABLE CODE REQUIREMENTS 

ASME Code, Section XI, 2013 Edition 

Flaw Removal 

• IWA-4412 states “Defect removal shall be accomplished in accordance with the
requirements of IWA-4420.”

• IWA-4421 states “Defects shall be removed or mitigated in accordance with the
following requirements ”
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• IWA-5250(a)(3) states “Components requiring corrective action shall have
repair/replacement activities performed in accordance with IWA-4000 or corrective
measures performed where the relevant condition can be corrected without a
repair/replacement activity.”

Flaw Evaluation 

• IWB-3142.1(b) states “A component whose visual examination detects the relevant
conditions described in the standards of Table IWB-3410-1 shall be unacceptable
for continued service, unless such components meet the requirements of IWB-
3142.2, IWB-3142.3, or IWB-3142.4.”

• IWA-3300(a) states, in part, “Flaws detected by the preservice and inservice
examinations shall be sized…”

• IWA-3300(b) states, in part, “Flaws shall be characterized in accordance with IWA-
3310 through IWA-3390, as applicable…”

• IWB-3420 states “Each detected flaw or group of flaws shall be characterized by
the rules of IWA-3300 to establish the dimensions of the flaws.  These dimensions
shall be used in conjunction with the acceptance standards of IWB-3500.”

• IWB-3522.1 states, in part, “A component whose visual examination (IWA-5240)
detects any of the following relevant conditions shall meet IWB-3142 and IWA-
5250 prior to continued service…”

• IWB-3522.1(a) states “any through wall or through weld, pressure-retaining
material leakage from insulated and noninsulated components;”

• IWB-3610(b) states, in part, “For purposes of evaluation by analysis, the depth of
flaws in clad components shall be defined in accordance with Figure IWB-3610-1...”

Successive Examinations 

• IWB-2420(a) states, in part, “The sequence of component examinations which was
established during the first inspection interval shall be repeated…”

• IWB-2420(b) states, in part, “If a component is accepted for continued service in
accordance with IWB-3132.3 or IWB-3142.4, the areas containing flaws or relevant
conditions shall be reexamined…”

ASME Code Case N-722-1, Additional Examinations for PWR Pressure Retaining Welds in 
Class 1 Components Fabricated ith Alloy 600/82/182 Materials 

Item No. B15.180, Instrumentation Connections, require visual examination each 
refueling outage with IWB-3522 acceptance standards. 

Welding 

Code Case N-638-10, Similar and Dissimilar Metal Welding Using Ambient Temperature 
Machine GTAW Temper Bead Technique 

Code Case N-638-10 (Reference 8.2) provides requirements for automatic or machine 
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gas tungsten arc welding (GTAW) of Class 1 components without the use of preheat or 
post-weld heat treatment.   

• Paragraph 4(a)(2) of Code Case N-638-10 requires the completed weld to be
nondestructively examined after the three tempering layers have been in place for
at least 48 hours.

4.0 REASON FOR REQUEST 

Palo Verde Nuclear Generating Station (PVNGS) is in the second period of the fourth 
10-year inservice inspection (ISI) interval.  On October 9, 2023, while performing a
small nozzle inspection in support of boric acid walkdowns during refueling outage
1R24, boric acid leakage was found on the area of the weld of the pressurizer lower
shell temperature nozzle at the Palo Verde Nuclear Generating Station (PVNGS) Unit 1
operated by Arizona Public Service Company (APS).  The pressurizer nozzle (TE101) is
Item No. B15.10 in Table IWB-2500-1, ASME Section XI, and Item No. B15.180 in
Table 1, Case N-722-1.   Nondestructive examination of the weld indicated leakage
through the reactor coolant pressure boundary.  The examination result constitutes
defects in the primary coolant system that are unacceptable under ASME Section XI.

The original Alloy 600 temperature nozzle was pre-emptively replaced in 1992 with an 
Alloy 690 nozzle, an Alloy 690 outer sleeve, an Alloy 82 weld pad, and an Alloy 82 
nozzle-to-weld pad J-groove weld.  See Figure 1 for a sketch of the existing 
temperature nozzle configuration and approximate location of the leakage indication.  
The leakage indication discovered on October 9, 2023, was in the Alloy 82 J-groove 
weld on the outside of the pressurizer shell. 

The pressurizer contains one (1) thermowell nozzle (TE101) that measures water 
temperature.  The pressurizer design temperature and pressure are 700 degrees 
Fahrenheit and 2500 pounds per square inch, respectively.  The pressurizer operating 
temperature and pressure are 653 degrees Fahrenheit and 2250 pounds per square 
inch, respectively.  The pressurizer shell material is SA-533, Gr B, Cl 1 and is 5 inch 
minimum thick with a 1.379 inch diameter bore.  The TE101 nozzle in the penetration 
has an outside diameter of 1.165 inch and an inside diameter of 0.825 inch.  The outer 
sleeve has an outside diameter of 1.380 inches and an inside diameter of 1.175 inches. 

A borescope inspection was performed of the original J-groove weld and autogenous 
outer sleeve weld.  The visual inspection showed linear indications along the 
autogenous weld toe and a rounded indication near the midpoint of the autogenous 
weld.  The portion of the Alloy 82 weld pad, Alloy 82 J-groove weld, and Alloy 690 
nozzle surrounding the defect was removed from the pressurizer and was destructively 
examined to determine the actual leak path.  The results of the evaluation determined 
that the cause of the leak in the Alloy 82 OD J-groove weld was primarily attributed to 
welding performance issues, consisting of incomplete fusion and a network of 
solidification cracks, coupled with flaws in the autogenous weld bonding the original J-
groove weld to the outer sleeve, resulting in PWSCC of the outside diameter J-groove 
weld. The leak path was through the flaw in the autogenous weld between the Alloy 
690 outer sleeve and the original Alloy 82/182 J-groove weld and through the annulus 
between the outer sleeve and the bore in the shell and finally through the flaw in the 
nozzle to pad Alloy 82 J-groove weld.  See Figure 2 for depiction of the leak path.  

APS submitted a relief request for one cycle of operation, which began after 1R24.  The 
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NRC Safety Evaluation approving the one cycle proposed alternative issued on October 
27, 2023 (Refence 8.5). As a result of the leakage indication/defect in the temperature 
nozzle to weld pad Alloy 82 attachment weld, APS removed the portion of the nozzle 
J-groove weld and adjacent weld pad material to preserve the leakage indication/defect
for evaluation.  APS then removed the existing Alloy 690 nozzle, Alloy 82 nozzle
J-groove weld, and Alloy 82 weld pad. In accordance with ASME Section XI, Case
N-638-10, and ASME Section III, APS applied a new welded pad and J-groove weld on
the outer surface of the pressurizer using a nickel-base material with low susceptibility
to PWSCC, Nickel-Alloy 52M (SFA-5.14, ERNiCrFe-7A) filler metal.  See Figure 3 for a
sketch of the pressurizer temperature nozzle repair.

The new weld pad was deposited onto the OD of the pressurizer shell using the machine 
Gas Tungsten Arc Welding (GTAW) Ambient Temperature Temper Bead (ATTB) welding 
technique, with inert shielding gas.  APS then attached a nickel-based alloy nozzle to 
the new nickel-based alloy weld pad with a partial penetration weld using a manual 
GTAW welding technique and Nickel-Alloy 52M filler metal.  The replacement nozzle, 
weld pad and partial penetration weld materials are nickel-based materials with low 
susceptibility to PWSCC.   

The PWSCC susceptible weld pad and nozzle J-groove weld material (Alloy 82) and the 
Alloy 690 nozzle installed in 1992 was completely removed. The original Alloy 690 
sleeve was trimmed back so it would no longer engage the new outer weld pad but the 
original autogenous weld to the internal J-groove inside the vessel and attachment to 
the sleeve installed in 1992 remained in place.  A flaw evaluation was performed that 
demonstrated the acceptability of leaving the original partial penetration J-groove 
attachment weld, with a maximum postulated flaw, in place for the life of the repair 
(see “Basis for Flaw Analytical Evaluation” below).  IWA-4412 contains requirements for 
the removal of, or reduction in size of defects.  The postulated flaw(s) in the original J-
groove weld and autogenous weld will not be removed; therefore, an alternative is 
proposed for these requirements. 

IWA-4412 requires defect removal in accordance with IWA-4420.  IWA-3300 requires 
flaws detected during inservice examinations to be sized.  IWB-2420 requires 
successive examinations of flaws accepted for continued service.  IWB-3400 and IWB-
3600 were written with the expectation that volumetric NDE techniques such as 
Ultrasonic Testing (UT) would be used to determine the flaw size and shape.  In support 
of the flaw evaluation, the ASME Code paragraphs IWB-3420 and IWB-3610(b) require 
characterization of the flaw in the leaking nozzle. There is no qualified volumetric NDE 
technique to accurately detect, characterize, or size flaws in the original J-groove weld 
and autogenous weld. Therefore, a postulated flaw was demonstrated to be acceptable 
for the life of the repair and an alternative is proposed for IWA-4412, IWA-3300, and 
IWB-2420. 

NB-4620 requires all welds to be post-weld heat treated except as otherwise permitted 
in NB-4622.7.  APS previously proposed the relief request for one cycle of operation to 
install a welded pad using ATTB welding in accordance with ASME Case N-638-10.  The 
NRC has approved Case N-638-10 to allow ATTB welding with austenitic filler materials 
within 1/8 inch of or on ferritic materials without the requirement for preheat or post-
weld heat treatment.  The current version of this Case requires that the three 
tempering weld layers be in place for at least 48 hours prior to performance of surface 
and volumetric NDE.  Liquid penetrant and ultrasonic acceptance examinations were 
performed before the 48 hour period ended. Technical justification for austenitic filler 
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materials has been developed to allow NDE methods to be performed after completion 
of the weld repair, without waiting for the 48-hour hold time as described in Section 
5.D below.

As discussed, APS submitted a relief request for one cycle of operation, which began 
after 1R24.  This relief request is to continue operation at PVNGS Unit 1 through the 
initial license extension (June 1, 2045). Although this relief request is limited to the 
initial license extension, APS has determined that the modification performed to 
pressurizer nozzle TE101 utilizing the alternatives specified in this relief request will 
provide an acceptable level of quality and safety through the end of 80 year plant 
operation.

This proposed alternative is provided in accordance with 10 CFR 50.55a(z)(1). 

5.0 PROPOSED ALTERNATIVE AND BASIS FOR USE 

A. Repair Steps Taken

The steps of the repair are described below.  This plan may have been altered due
to varying conditions present during the physical work during the Unit 1 outage.
Changes to the plan detailed below remained in compliance with applicable Code
requirements.

1. Remove existing Alloy 82 weld pad and Alloy 690 nozzle, etch ferritic surface
to verify all Alloy 82 weld metal has been removed

2. Roll expand the Alloy 690 outer sleeve in the penetration bore

3. Install foreign material exclusion plug into the outer sleeve in the penetration
bore

4. Install/attach capacitor discharge studs to the pressurizer shell for welding and
boring tools

5. Perform liquid penetrant examination on the outer surface of the pressurizer
shell in preparation for the new weld pad

6. Install the Alloy 690 weld dam

7. Deposit the Alloy 52M weld pad, in accordance with Code Case N-638-10

8. Perform post weld grinding of the weld pad

9. Perform dimensional inspection of weld pad

10.Perform a liquid penetrant examination of weld pad

11.Ultrasonic Testing (UT) of weld pad

12.Machine the weld pad to remove the weld dam and create final weld bore

13.Measure and perform a liquid penetrant examination of the final bore
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14.Machine, inspect, and perform a liquid penetrant examination of the
replacement nozzle

15.Machine J-groove weld preparation in weld pad

16. Inspect and perform a liquid penetrant examination of the J-groove

17.Remove foreign material exclusion plug

18.Replacement nozzle installation and welding

19. Inspect and perform a progressive liquid penetrant examination of the nozzle
weld (1/2 thickness at approx. 0.31 inches and full thickness at approx. 0.62
inches)

20.Remove capacitor discharge studs attached to pressurizer shell

21. Install and weld replacement thermowell into new Alloy 690 nozzle

22. Inspect and perform liquid penetrant examination of the thermowell weld

23.Perform liquid penetrant examination of pressurizer shell at capacitor
discharge stud attachment locations in accordance with Section III

Note that Figures 1, 2, 3 and 4 are provided to assist in clarifying the above 
description and are not intended to provide design information. 

The repair discussed above was performed in accordance with ASME Code Section 
XI, 2013 Edition.  Additionally, the NDE performed met the acceptance criteria of 
ASME Code Section III, 1974 Edition with addenda through Winter 1975.  The new 
weld pad was examined with PT and UT examinations following completion as 
required by ASME Case N-638-10.  These examinations verified that there were no 
unacceptable indications (cracking or fabrication defects) in the newly installed 
weld pad or original base metal material.  The UT examination was performed in 
accordance with ASME Section III, NB-5244 which included the weld deposit, the 
fusion zone and the parent metal beneath the weld assuring freedom from lack of 
fusion and laminar defects.  The new Alloy 690 nozzle to weld pad Alloy 52M 
partial penetration weld was liquid penetrant examined in accordance with ASME 
Code Section III, NB-5245 at half thickness, and full thickness after the fillet weld 
was complete.    

Following the repair activities of the thermal well, a pressure test was conducted 
as required by IWA-4540 with the system pressurized in accordance with Item No. 
B15.10, in Table IWB-2500-1 (B-P), ASME Section XI. 

B. Proposed Alternatives

In accordance with 10 CFR 50.55a, “Codes and Standards,” paragraph (z)(1), APS
proposes alternatives to the requirements specified in Section 3 above on the basis
that performing the alternatives stated below provide an acceptable level of quality
and safety.
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A design analysis (Reference 8.6) was performed in accordance with the design 
requirements of ASME Code Section III, 2013 Edition. The analyses demonstrated 
that the PZR temperature nozzle and thermowell replacement meet the stress 
requirements of Section III of the ASME Code. The fatigue life of the replacement 
temperature nozzle and thermowell is acceptable for 80 years. Thus, it has been 
confirmed by compliance with the ASME Code Section III that the new nozzle will 
not eject from the pressurizer under design basis conditions for the life of the 
repair.  The new design was reconciled to the original Construction Code which 
addressed design and transient loads ensuring all Code requirements are met.   

In addition to the ASME Code rules the following alternatives are proposed: 

Flaw Removal and Flaw Evaluation 

As an alternative to flaw removal or reduction in size, of the original J-groove weld 
on the inner surface of the pressurizer shell, to meet the applicable acceptance 
standards per IWA-4412, APS proposed to implement an OD repair of the 
pressurizer lower shell temperature nozzle utilizing an OD weld pad and 
replacement full nozzle as described in the repair steps above in the previous relief 
request for one cycle of operation. 

The  analysis report (Reference 8.7) performed a 
crack growth analysis for a postulated radial-axial corner flaw through the entire j-
groove weld and buttering to demonstrate that the postulated flaw is acceptable for 
80 years of operation. 

As an alternative to performing the NDE required to characterize a flaw under 
IWB-3420 and IWB-3610(b) in the temperature nozzle penetration, APS proposes 
analyzing a maximum postulated flaw that bounds the range of flaw sizes that could 
exist in the original J-groove weld and buttering.  See basis for Flaw Analytical 
Evaluation below. 

Welding 

As an alternative to NB-4620, APS proposed in the previous relief request for one 
cycle of operation to install a welded pad using ATTB welding in accordance with 
ASME Case N-638-10.  The NRC has approved ASME Case N-638-10 to allow ATTB 
welding of dissimilar materials. 

A liquid penetrant surface examination and an ultrasonic volumetric examination of 
the completed weld pad was performed on the completed weld pad in accordance 
with ASME Section III and found to be acceptable.    

Pursuant to 10 CFR 50.55a(z)(1), APS proposed alternatives to ASME Section XI and 
ASME Case N-638-10.  An alternative was proposed to the requirements of 
N-638-10, Paragraph 4(a)(2), that requires a 48-hour hold time prior to performing
NDE.  APS performed the weld repair with austenitic filler material in accordance
with the ATTB welding technique of Code Case N-638-10, with one exception.  As an
alternative to performing the required NDE at least 48 hours after the three
tempering layers, APS performed the NDE examinations after completion of the weld
repair. The bases for these alternatives are provided below.
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APS performed the weld repair of the pressurizer shell by using austenitic Nickel-
Alloy 52M (SFA-5.14, ERNiCrFe-7A) filler material over the repair area.  The weld 
repair included a minimum of three (3) layers per the temper bead rules in Case N-
638-10.  The ATTB technique of ASME Section XI Case N-638-10 has been approved
by the NRC in RG 1.147, Revision 20.

Basis for Flaw Analytical Evaluation
The assumptions of IWB-3600 of ASME Section XI for analytical flaw evaluation are
that cracks are fully characterized in accordance with IWB-3420 in order to compare
the calculated parameters to the acceptable parameters addressed in IWB-3500.
There are no qualified UT examination techniques for examining the original nozzle-
to-Pressurizer (PZR) shell J-groove weld and butter. Therefore, since it is impractical
to characterize the flaw geometry that may exist therein, it is conservatively
assumed that the “as-left” condition of the remaining J-groove weld includes flaws
extending through the entire Alloy 82/182 J-groove weld and buttering.
Since hoop stresses in the J-groove weld are generally higher than axial stresses at
the nozzle penetration, the preferential direction for cracking is axial relative to the
PZR shell.  Therefore, a radial-axial flaw (radial with respect to the nozzle axis) in
the Alloy 82/182 J-groove weld and buttering is postulated and would propagate by
PWSCC through the weld and buttering to the interface with the low alloy steel PZR
material.  Any growth of the postulated “as-left” flaw into the PWSCC resistant low
alloy steel would be by fatigue crack growth under cyclic loading conditions.
Based on a combination of linear elastic fracture mechanics (LEFM) and elastic-
plastic fracture mechanics (EPFM) evaluation, the "Life of Repair" analyses
(Reference 8.7) demonstrated that the postulated flaw is acceptable for 80 years of
operation. In addition, the primary stress criteria of IWB-3610(d)(2) and 3.1(c) and
3.2(a)(3) of Code Case N-749 are satisfied since the limit load analysis shows that
the structure does not collapse at a pressure above 150% of the design pressure.
The process for the “Life of Repair” analyses was as follows:
Calculations of primary stress and fatigue were performed for the new weld pad,
new j-groove weld, replacement nozzle, and thermowell weld which demonstrated
compliance with the Design Specification and the applicable ASME Criteria for
reinforcement requirements, welds sizes and nozzle thickness.

A three-dimensional finite element model of the pressurizer temperature nozzle
was generated. This analysis includes weld simulation of the original J-groove
weld (JGW) attaching the original instrument nozzle to the PZR shell, and
simulation of the repairs involving an outer diameter weld pad and JGW attaching
the replacement nozzle to the weld pad and autogenous weld attaching the outer 
sleeve to the JGW. The state of WRS at the end of the final welding step after 
shakedown, as determined by the ANSYS finite element analysis, is summarized 
to support the subsequent flaw evaluation of the original ALJGW.
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The analysis of the ALJGW determines the suitability of leaving a degraded J-
Groove weld in the pressurizer based on fracture mechanics. A crack growth 
analysis is performed for a postulated radial-axial corner flaw through the entire 
j-groove weld and buttering to demonstrate that the postulated flaw is 
acceptable. The fatigue crack growth and fracture mechanics evaluation for a 
postulated flaw in the ALJGW demonstrates, based on a combination of linear 
elastic and elastic-plastic fracture mechanics analyses that the postulated flaw, 
including general corrosion of the exposed based metal (attachment 6), is 
acceptable for 80-years of operation. In addition, the primary stress criteria of 
IWB-3610(d)(2) and 3.1(c) and 3.2(a)(3) of Code Case N-749 are satisfied since 
the limit load analysis shows that the structure does not collapse at a pressure 
above 150% of the Design Pressure (Reference 8.7).

Fatigue crack growth for cyclic loading conditions using operational stresses from
pressure and thermal loads and crack growth rates from ASME Section XI, Non-
mandatory Appendix A, Sub-article A-4300 for ferritic material in a primary
water environment was calculated.  Based on the results of LEFM analysis only
or a combination of LEFM and EPFM analyses, a postulated flaw remaining in the
original Alloy 82/Alloy 182 J-groove weld and buttering for the modified
pressurizer temperature nozzle was shown to be acceptable (Reference 8.7).

A proposed alternative is provided from flaw characterization specified in IWB-3420. 

D. Basis for Elimination of the Ambient 48-Hour Hold Time

Removal of the 48-hour hold was supported by the white paper developed for the
proposed change to ASME Code Case N-888-1. The white paper was previously
provided in APS letter dated September 9, 2024 (Agencywide Documents Access
and Management System (ADAMS) Accession No. ML24197A199) which was based
on a white paper PVP 2023-107489, “Elimination of the 48-hour Hold for Ambient
Temperature temper Bead Welding with Austenitic Weld Metal.”   Although this
ASME Case is not approved in RG 1.147, it has been approved by the ASME Section
XI Standards Committee.  Since Code Case N-888 is the culmination of temper bead
code cases that have been produced over the years, combining requirements from
N-638, N-839, and Appendix I in cases such as N-740 and N-754, etc., the
justification is also applicable to the planned use of Code Case N-638-10 at PVNGS
Unit 1.

E. Corrosion Evaluation

The pressurizer temperature nozzle modification left a small portion of low alloy
steel in the pressurizer shell exposed to primary coolant.  An evaluation was
performed (Reference 8.8) for the potential corrosion concerns at the pressurizer
low alloy steel wetted surface.  Galvanic corrosion, hydrogen embrittlement, stress
corrosion cracking (SCC), and crevice corrosion are not expected to be a concern for
the exposed low alloy steel base metal.  General corrosion of the exposed low alloy
steel base metal will occur in the region of the pressurizer shell between the weld
pad and the nozzle outer sleeve. Due to the depletion of oxygen, tight geometry,
and lack of Reactor Coolant System (RCS) flow at the exposed low alloy steel,
corrosion products are expected to fill the gap created by the repair and general
corrosion rates will significantly decrease after a period of time.  However, a
conservative, sustained, corrosion rate was applied and the resultant increase in
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bore diameter was considered in the reinforcement calculation (per NB-3330) as 
part of the ASME Section III analysis.  The corrosion evaluation (Reference 8.8) and 
the ASME Section III analysis (Reference 8.6) are attached to this submittal. 

Galvanic Corrosion 

The results of the NRC’s boric acid corrosion program have shown that the 
electrochemical potential difference between SA-533 Grade B, Alloy 600, and Type 
308 stainless steel (nominal chemistry of the pressurizer cladding) is not significant 
enough to consider galvanic corrosion as a strong contributor to the overall boric 
acid corrosion process (NUREG-1823).  Therefore, it was judged that galvanic 
corrosion between the exposed pressurizer low alloy steel, Alloy 690, or their weld 
metals is not a concern for this repair configuration.  This is supported by several 
laboratory studies documented in EPRI Report 1000975, in which low alloy steel 
specimens were coupled and uncoupled to stainless steel exposed to a borated 
water environment at various temperatures. The corrosion rates for the coupled and 
uncoupled conditions were determined to be similar. Additionally, galvanic corrosion 
rate of carbon steel coupled to stainless steel in boric acid solution in the absence of 
oxygen is about equal to the general corrosion rate.  The results of this study are 
also applicable to nickel-based alloys as austenitic stainless steels have 
approximately the same electrochemical potential as nickel-based alloys such as 
Alloy 600 and Alloy 690.     

Hydrogen Embrittlement 

Hydrogen embrittlement occurs when the ductility of a material is degraded due to 
the diffusion of hydrogen into the metal lattice. This type of damage usually occurs 
in combination with an acting stress and is observed most often in plastically 
deformed metals of high-pressure hydrogen environments.  Concentrations of 
hydrogen in the reactor coolant system and hydrogen generated from corrosion are 
deemed insufficient to induce hydrogen cracking in the low alloy steel of the 
pressurizer.  Therefore, it was determined that hydrogen embrittlement is not a 
concern for the exposed pressurizer low alloy steel in the repaired configuration.     

Stress Corrosion Cracking 

Under normal PWR conditions (deaerated with hydrogen overpressure and low 
conductivity), primary water is not a particularly aggressive environment for SCC of 
low alloy steel unless a departure from normal operating conditions occurs. 
Additionally, this environment does not generally support localized corrosion of low 
alloy steel, which precludes the formation of a pit or notch that would constitute a 
stress concentrator or SCC initiation site. Finally, a review of relevant laboratory 
work and field experience has been previously performed by the Combustion 
Engineering Owners Group (CE NPSD-1198-NP, Revision 00), with the conclusion 
being that low alloy and carbon steels will not be subject to SCC in an RCS 
environment. Therefore, it has been determined that stress corrosion cracking of 
the low alloy steel of the pressurizer is not a concern for this repair configuration.   
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Crevice Corrosion 

The geometry of the gap between the pressurizer low alloy steel and the nozzle 
could create the conditions necessary for crevice corrosion.  However, operating 
experience for PWRs shows that crevice corrosion is not a common concern for low 
alloy steels in the RCS, and laboratory testing has found that crevice corrosion rates 
of low alloy steel in aerated and deoxygenated primary water is less than the 
respective general corrosion rate.  Furthermore, operating experience suggests that 
the crevice formed by the repair will fill with general corrosion products over time, 
isolating the surface of the low alloy steel from the RCS and decreasing the rate of 
corrosion within the crevice.  Therefore, it was determined that crevice corrosion of 
the low alloy is not a concern.    

General Corrosion  

Corrosion of the exposed low alloy steel is not expected to be a concern based on 
existing operating experience. As corrosion products fill the gap between the nozzle 
and the pressurizer shell, the surface of the low alloy steel will be isolated from the 
reactor coolant system, thereby, impeding the transport of oxygen which is 
necessary to sustain continued general corrosion.  Due to the depleted oxygen, 
isolated surface, tight geometry, and lack of appreciable reactor coolant flow at the 
exposed low alloy steel, general corrosion will decrease significantly after a period of 
time.    

F. Loose Parts Evaluation

Given the original pressurizer lower shell temperature nozzle J-groove weld will not
be removed, APS completed a loose parts evaluation to assess the potential for J-
groove weld fragments, or the outer sleeve entering the pressurizer during power
operation (Reference 8.9).  The most probable scenario is that any fragments of the
weld or pieces of the sleeve will drop down into the pressurizer lower head and
remain there (Figure 4).

G. Conclusion

The modification to the pressurizer temperature nozzle produced an effective repair
that restored and maintained the pressure boundary integrity of the penetration in
the pressurizer. This alternative provides improved structural integrity and reduced
likelihood of leakage for the primary system.

The modified configuration meets the requirements of ASME Section III, and the
cumulative usage factors at the critical locations are less than 1.0 for the number of
design cycles specified for 80 years of plant operation. A postulated flaw in the
original partial penetration J-groove weld was demonstrated to be acceptable for 80
years of operation. Corrosion mechanisms (galvanic corrosion, hydrogen
embrittlement, stress corrosion cracking, crevice corrosion, and general corrosion)
are not expected to be a concern for the life of the modification.

The temper bead technique is an effective tool for performing repairs on carbon and
low alloy steel (P-No. 1 and P-No. 3) materials.  Case N-638-10 provisions allow for
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ambient temperature temper bead welding with no post weld heat treatment.  The 
data and testing performed shows that when austenitic weld metal is used the level 
of diffusible hydrogen content in the ferritic base metal heat affected area (HAZ) is 
too low to promote hydrogen-induced cracking (HIC).  Therefore, the 48-hour hold 
requirement in Case N-638-10 is not necessary prior to examination of the weld as 
HIC is not considered credible. 

Based on the above, in accordance with 10 CFR 50.55a(z)(1), APS has concluded 
that the proposed alternatives for flaw evaluation and eliminating the 48 hour hold 
provide an acceptable level of quality and safety as discussed above.   

6.0 DURATION OF PROPOSED ALTERNATIVE 

The proposed alternatives are provided for the remainder of the PVNGS, Unit 1 initial 
license extension which expires June 1, 2045.  

7.0 PRECEDENTS 

The following relief request was previously approved to eliminate the 48-hour hold 
time specified in Case N-638-10: 

NRC verbal authorization on May 9, 2023 (ML23129A312) for Beaver Valley, Unit 
 2 relief request 2_TYP-4-RV-06 (ML23118A381). 

Letter from David Gudger (Constellation Energy Generation, LLC) to U.S. NRC, 
"Submittal of Emergency Relief Request ISR-11 Concerning the Installation of a 
Weld Overlay on Reactor Pressure Vessel Recirculation Inlet Nozzle N2E Safe End-
to-Nozzle Dissimilar Metal Weld (32-WD-208)," dated March 24, 2023, ADAMS 
Accession No. ML23083B991 

The following relief requests were previously approved for the flaw analytical 
evaluation: 

NRC approval via verbal authorization on November 6, 2020 (ML20314A028) for 
Peach Bottom Atomic Power Station, Unit 2.  The NRC Safety Evaluation was 
subsequently issued on April 23, 2021 (ML21110A680). 

NRC verbal authorization on April 15, 2012 for Quad Cities, Unit 2 
(ML12107A472).  The NRC Safety Evaluation was subsequently issued on January 
30, 2013 (ML13016A454). 

NRC approval via a verbal authorization on May 17, 2017 for Limerick, Unit 2 
(ML17137A307).  The NRC Safety Evaluation was subsequently issued on August 
14, 2017 (ML17208A090). 

8.0 REFERENCES 

8.1  ASME Code, Section XI, "Rules for Inservice Inspection of Nuclear Power Plant 
Components," 2013 Edition. 

8.2  ASME Code Case N-638-10, “Similar and Dissimilar Metal Welding Using Ambient 
Temperature Machine GTAW Temper Bead Technique, Section XI, Division 1,” 
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dated May 6, 2019. 

8.3  ASME Code, Section III, “Nuclear Power Plant Components”, 1971 Edition 
including Addenda through Winter 1973. 

8.4  ASME Code, Section III, “Nuclear Power Plant Components”, 1974 Edition 
including Addenda through Winter 1975. 

8.5 NRC letter to APS, “Palo Verde Unit 1 - Verbal Authorization of Relief Request 70, 
Proposed Alternatives for Pressurizer Lower Shell Temperature Nozzle (EPID 
L-2023-LLR-0057)” dated November 17, 2023, ADAMS Accession Number
ML23303A011.

8.6 “Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement 
ASME Section III Life of Repair,” Document Number 32-9373538-002 

8.7 “Palo Verde Pressurizer Temperature Nozzle Repair As-left J-Groove Weld 
Analysis,” Document Number 32-9377282-000 

8.8 “Corrosion Evaluation for Palo Verde Units 1, 2, and 3 Pressurizer Temperature 
Nozzle Repair – Life of Repair,” Document Number 51-9378507-000 

8.9 “Palo Verde Unit 1 Pressurizer Temperature Nozzle Repair Loose Parts Evaluation,” 
Document Number 51-9370728-000 

8.10 “Palo Verde Units 1, 2 & 3 Pressurizer Nozzle Repair Life Assessment Summary,” 
Document Number 51-9383209-000 
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Figure 1 
 Lower Shell Temperature Nozzle – Configuration Prior to 

Repair 

Figure 2 
     Lower Shell Temperature Nozzle – Leak Path
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Figure 3 
 Lower Shell Temperature Nozzle – Repaired Configuration 



Figure 4 

Pressurizer with Horizontal Temperature Nozzle and Surge Screen 
Shown 
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1.0 ANALYTICAL METHODOLOGY
The purpose of this calculation is to determine the state of weld residual stress (WRS) in the Palo Verde Units 1, 2 
and 3 Pressurizer (PZR) temperature nozzle due to welding of the original and repair configurations, as depicted 
in Reference [1] and [2] per the requirements of Reference [3]. The state of WRS at the end of the final welding 
step after shakedown, as determined by the ANSYS finite element analysis, is summarized to support subsequent 
flaw evaluations of the original as-left J-groove weld (ALJGW).

The detailed methodology used to perform the WRS finite element analysis (FEA) is consistent with the methods 
described in the WRS analysis procedure (Reference [4]). The stages of the welding processes are simulated using 
a [ ]  finite element model (FEM). The general purpose finite element code ANSYS is 
used to perform the WRS FEA, with the basic steps described below.  Note that one FEM is developed to 
encompass all three units given the similarity in design input between the three units. See Section 2.2 for 
disposition of differences in input between the units.

1. Model Development:  Develop a [ ]  FEM of region surrounding the PZR 

temperature nozzle. [

 ]
2. Define Inputs:  Define design inputs and boundary conditions:

a. Temperature range for melting (solidus and liquidus temperatures).

b. Thermal and mechanical temperature dependent material properties from ambient conditions 
(70°F) up to and including the melting region.

c. Thermal and structural boundary conditions.

d. Volumetric heat sources from welding input parameters.

3. Original Configuration (BTR):  Simulate welding of the original butter (BTR) weld material to the PZR 
shell as follows in steps a & b. 

4. Original Configuration (PWHT):  Simulate post-weld heat treatment (PWHT) [
 ]
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5. Original Configuration (JGW):  Activate the original nozzle. Then, simulate welding of the original JGW, 
attaching the original nozzle to the PZR shell using [

 ]
6. Original Configuration (Test and Operating Condition Static Analysis): Apply static load steps to simulate 

[  ] Hydrostatic Test, followed by [ ]  steady state operating conditions [

 ]
7. First Repair (WP1):  Simulate removal of the original nozzle [ ]  Then, 

simulate welding of the weld pad (WP1) [
]

8. First Repair (AW):  [  ]  outer sleeve geometry. Then, simulate welding the autogenous weld 
(AW) to join the outer sleeve to the original JGW.

9. First Repair (NJGWR1):  [  ]  new nozzle. Then, simulate welding of the new JGW 
(NJGWR1), welding the new nozzle to the weld pad, [

 ]
10. First Repair (Operating Condition Static Analysis): Apply static load steps to simulate [

 ]  steady state operating conditions [

 ]
11. Second Repair (WP2):  Simulate removal of the first repair nozzle, a portion of the outer sleeve, the first 

repair weld pad (WP1) and first repair JGW (NJGWR1) [ ]  Then, simulate 
welding of the second repair weld pad (WP2) [ ]

12. Second Repair (NJGWR2):  [  ]  new nozzle. Then, simulate welding of the new JGW 
(NJGWR2), welding the new nozzle to the weld pad, [ ]

13. Second Repair (Operating Condition Static Analysis): Apply static load steps to simulate [
 ]  steady state operating conditions [

 ]
14. Post-Processing:  The weld residual stresses applicable for subsequent evaluation of a postulated remnant 

flaw in the ALJGW are extracted [

 ]
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2.0 ASSUMPTIONS

2.1 Unverified Assumptions
There are no unverified assumptions used in this analysis.

2.2 Justified Assumptions and Modeling Simplifications
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3.0 DESIGN INPUTS

3.1 Geometry
The temperature nozzle geometry for the original and repair configurations are obtained from the following 
references. Key dimensions used in the FEM development are listed in Table 3-1. Figure 3-3 shows the original 
and repair configurations. 

1. Original Repair:  

2. First Repair: 

3. Second Repair:  

For Information Only



Document No. 32-9385173-000
PROPRIETARY

Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle Repair Weld Residual Stress Analysis (NP)

Page 12

Table 3-1:  Key Dimensions
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Figure 3-1:  Original Geometry

Figure 3-2:  First Repair Geometry
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Figure 3-3:  Second Repair Geometry

3.2 Material
Table 3-2 provides the material designations of the components modeled in the WRS analysis.

Table 3-2:  Material Designation

Physical material properties (thermal conductivity, specific heat, mean coefficient of thermal expansion, density, 
Young’s modulus, and Poisson's ratio) and stress-strain curves are taken from Reference [8] that are 
representative of the component materials listed in Table 3-2. [

 ]
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3.3 Welding Parameters
The welding parameters used in the FEA are listed in Table 3-3. 

Table 3-3:  Welding Parameters
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3.4 Post Weld Heat Treatment Parameters

Post weld heat treatment (PWHT) is applied to the FEM [ ]   The 
PWHT parameters applied to the FEM are listed in Table 3-4. 

Table 3-4:  Post Weld Heat Treatment Parameters

3.5 Hydrotest and Steady State Operating Conditions
Hydrostatic test and steady state operating conditions are applied to the FEM per Section 1.0, Items 6, 10 and 13, 
which are listed in Table 3-5. 

Table 3-5:  Hydrotest and Steady State Operating Conditions
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4.0 COMPUTER USAGE

4.1 Software 
This calculation uses the following software: 

Controlled installation of ANSYS Mechanical Enterprise, Version 19.2 at 
/nfs/system/ansys_inc/v192/ansys/bin/ansys192 on the Lynchburg HPCv2 (RHEL 6.4 machines) 
controlled platform per Reference [10]. 

The software is being used within its specified range of applicability as defined by validation and verification 
requirements defined in Reference [10].  

4.2 Computer Files
Table 4-1 lists the computer files and location in the ColdStor directory.

Table 4-1:  Computer Files
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5.0 CALCULATIONS

5.1 Finite Element Model
The finite element model (FEM) is built in the ANSYS Workbench environment. The ANSYS element types used 
are [  ]  for stress analysis, [

 ]  Figure 5-1 shows the flow chart of the overall analysis

sequence [
 ] The FEM

configurations before and after the weld simulation for the three configurations listed in Figure 5-1 are shown in  
Figure 5-2 through Figure 5-4.  [

 ]
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Figure 5-1:  Simulation Flow Chart
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Figure 5-2:  Original Configuration – BTR/JGW Simulation
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Figure 5-3:  First Repair Configuration – WP1/AW/NJGWR1 Simulation
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Figure 5-4:  Second Repair Configuration – WP2/NJGWR2
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5.2 Finite Element Model Boundary Conditions

5.2.1 Thermal Analysis
For the thermal welding simulations of the BTR, JGW, WP1, AW, NJGWR1, WP2 and NJGWR2 
[

 ]

5.2.2 Structural Analysis
For all structural simulations, the finite element model is [

 ]

For the structural welding simulations of the BTR, JGW, WP1, AW, NJGWR1, WP2 and NJGWR2 
[

 ]

Following the butter (BTR) structural analysis, [

]

After the JGW analyses, [  ]  hydro test is simulated followed by [  ]  steady state

operating conditions [

 ]
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6.0 RESULTS
The final state of stresses in the Palo Verde Units 1, 2, and 3 temperature nozzle repair following the WRS FEA 
are documented [ ]  Figure 6-1 and Figure 6-2 
present the axial and hoop stress contours at cold conditions following the completion of hydrostatic test and 
operating condition cycles for the original configuration (Figure 5-2). Figure 6-3 and Figure 6-4 present the axial 
and hoop stress contours for the final stress state following completion of operating conditions cycles on the first 
repair configuration (Figure 5-3). Figure 6-5 and Figure 6-6 present the axial and hoop stress contours for the final 
stress state following completion of operating conditions cycles on the second repair configuration (Figure 5-4). 
The stress-contours are presented in cylindrical coordinate systems that are aligned with the axis of the nozzle, 
where ‘Z’ is axial and ‘Y’ is hoop. The unit of stress is in psi. 

The WRS applicable for evaluating a postulated remnant flaw in the ALJGW are extracted [

 ]
Residual hoop, axial and radial stresses (as defined by the local cylindrical coordinate system) are extracted [

 ]  Table 6-1 lists the parameter names for the extracted results.

Table 6-1:  Summary of Extracted Results
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Figure 6-1:  Distribution of Residual Axial Stress (SZ): Post Hydrotest and Operating at 
70°F (psi) – Original Configuration

Figure 6-2:  Distribution of Residual Hoop Stress (SY): Post Hydrotest and Operating at 
70°F (psi) – Original Configuration
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Figure 6-3:  Distribution of Residual Axial Stress (SZ): Post Operating Cycles at 70°F 
(psi) – First Repair Configuration

Figure 6-4:  Distribution of Residual Hoop Stress (SY): Post Operating Cycles at 70°F 
(psi) – First Repair Configuration
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Figure 6-5:  Distribution of Residual Axial Stress (SZ): Final Stress State Post Operating 
Cycles at 70°F (psi) – Second Repair Configuration

Figure 6-6:  Distribution of Residual Hoop Stress (SY): Final Stress State Post Operating 
Cycles at 70°F (psi) – Second Repair Configuration
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Figure 6-7: [  ] Nodes for Stress Extraction

Figure 6-8: [ ]  Nodes for Stress Extraction
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1.0 INTRODUCTION
The Palo Verde Unit 1 pressurizer (PZR) temperature nozzle was found leaking during the Fall 2023 outage.  
Therefore, a nozzle repair was performed to replace the existing outer diameter (OD) J-Groove Weld (JGW) and 
weld pad with a nickel-based alloy material with low susceptibility to Primary Water Stress Corrosion Cracking 
(PWSCC).  As detailed in Reference [1], this location was previously modified from the original construction as 
part of a mitigation campaign in response to PWSCC identified at other instrument nozzles in the PZR.  The 
previous modification oversized the original penetration, installed an Alloy 690 outer sleeve as a corrosion barrier
(welded to the [  ]  ALJGW on the PZR inside diameter (ID) and to the [  ]  weld pad on the
PZR OD), added a weld pad onto the structural weld pad on the OD of the PZR, and a replacement Alloy 690 
temperature nozzle was attached to the new weld pad.  For the most recent 2023 Unit 1 modification specified in 
Reference [1], the existing temperature nozzle, a portion of the existing [  ]  outer sleeve at the

outboard end, the existing [  ]  weld pad and associated [  ]  J-groove weld was removed.

Then, a new [  ]  weld pad is deposited onto the existing PZR structural weld pad,

and a replacement [  ]  temperature nozzle is inserted into the penetration and welded to the new weld
pad.  In addition, as specified in Reference [1], if modification of the Unit 2 or Unit 3 PZR temperature nozzle is 
required, the existing temperature nozzle, a portion of the existing [  ]  outer sleeve at the outboard

end, the existing [  ]  weld pad and associated Alloy 52 JGW will be removed. Then, a new [
 ]  weld pad will be deposited onto the existing structural weld pad on the OD of the PZR,

and a replacement [  ]  temperature nozzle will be inserted into the penetration and welded to the new
weld pad.

For Unit 1, due to the emergent nature of the repair in the fall of 2023, Framatome performed a one-cycle 
justification for the nozzle modification to support the Relief Request and subsequent NRC approval for plant 
restart.  The purpose of this analysis is to provide an As-Left J-Groove Weld (ALJGW) analysis for the life of the 
repair for Unit 1, or potential repair for Units 2 and 3, to determine the suitability of leaving a degraded JGW in 
the Palo Verde Units 1, 2 and 3 PZR following the initial and current repairs of the temperature nozzle through 
the end of 80 year plant operation. 

Since a potential flaw in the JGW cannot be sized by currently available nondestructive examination techniques, it 
is conservatively assumed that the ‘as-left’ condition of the remaining JGW includes degraded or cracked weld 
material extending through the entire JGW.  It is then conservatively postulated that a radial-axial corner flaw 
exists through the entire JGW and would propagate into the low alloy steel reactor vessel material by fatigue 
crack growth under cyclic loading conditions.  Although Reference [2] concludes [

 ]
Per Reference [1], the applicable code is the 2013 Edition of the ASME Code, Section XI (Reference [3]). If the 
service life of the component is shown to be limited, an alternate approach of using ASME Section XI Code Case 
N-749 (Reference [4]), as modified by the Regulatory Guide 1.147 Revision 20 (Reference [5]), is used.
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Acceptance of the postulated flaw is determined based on available fracture toughness or ductile tearing resistance 
using the safety factors outlined in Table 2-1.
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2.0 ANALYTICAL METHODOLOGY
The basic analytical methodology for the ALJGW evaluation is outlined below, with further details provided in 
the following subsections.

1. Calculate Stress Intensity Factors at Several Crack Depths:

a. Generate Finite Element Crack Models: Develop explicit [  ]  finite element crack
models of the PZR in the region of the temperature nozzle after modification.  These models include 
crack tip elements [

 ]  See Section 2.1 for further details.

b. Apply Loads to the Crack Models: [  ]  transfer stresses from the

uncracked finite element stress analysis model to [  ]  the cracked models. This

enables stress intensity factors (SIFs) to be calculated for [
 ]  residual stresses from

the weld residual stress (WRS) analysis (Reference [16]) and operating stresses from the Section III 
fatigue analysis (Reference [15]). 

c. Stress Intensity Factors: Obtain SIFs for each loading condition at varying positions along the crack
front [ ]   Details of the SIF
solutions and plastic zone correction are provided in Sections 2.1 and 2.2. 

2. Flaw Growth Calculation:  Postulate a [  ]  flaw in the JGW and buttering, [

 ]  The initial flaw size, ao, is characterized by the distance along the penetration

bore, from the inside surface of the cladding to the butter/PZR shell interface. [

 ]

Calculate fatigue flaw growth, [ ]  for cyclic loading
conditions using operational stresses from pressure and thermal loads and crack growth rates from Article 
A-4300 of Section XI, Reference [3], for ferritic material in a primary water environment (See Section 2.3
for further details).  [

 ]
The total flaw growth is the combined fatigue flaw growth in addition to general corrosion discussed in 
Section 2.4. 

3. Flaw Evaluation:  Utilize the screening criteria of ASME Code Case N-749, as modified by Regulatory
Guide 1.147 Revision 20, determine the appropriate method of analysis (LEFM or EPFM).  For Linear
Elastic Fracture Mechanics (LEFM) flaw evaluations, compare the SIFs to the available fracture
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toughness, with appropriate safety factors (see Section 2.5.2 for further details). When the material is 
more ductile and Elastic Plastic Fracture Mechanics (EPFM) is the appropriate analysis method, evaluate 
in accordance with ASME Code Case N-749 (see Section 2.5.3 for further details).  

4. Primary Stress Evaluation via Limit Load Analysis:  Perform a limit load analysis per IWB-3610(d)(2) or 
Items 3.1(c)/3.2(a)(3) of N-749, to demonstrate that that the primary stress limits of NB-3000 are 
satisfied, considering a local reduction of the pressure boundary area equal to the area of the flawed
material (see Section 2.6 for further details).

2.1 Stress Intensity Factor Solution

The SIF solutions for the postulated flaw evaluated by fracture mechanics analysis are calculated using [
 ]  finite element models with crack tip elements. [

 ]  The SIFs will be calculated [ ]  along the crack front [

]  using [  ]  ANSYS [

 ]  in order to track 

the flaw size during fatigue crack growth, [
 ] the initial flaw size, a0 = [  ] (see Figure 6-2), is chosen to be the vertical 

distance along the penetration bore from the inside surface of the cladding to the butter/PZR interface.

Stress intensity factors at flaw sizes between the modeled flaw sizes are linearly interpolated. If the flaw size 
exceeds the largest flaw in the finite element model, the SIF is determined using the following scaling rule:

( ) = ( )

Where KI(a1) is a known SIF at flaw size a1 and KI(a2) is the desired SIF at flaw size a2. This approach follows 
from the fundamental expression for the SIF, = , where for a given applied stress and geometry the SIF 
scales with the square root of flaw size.

2.2 Plastic Zone Correction
The Irwin plastic zone correction is used to account for a moderate amount of yielding. For plane strain 
conditions, the correction is (Reference [6], Eq. 2.63):

= ( )

Where KI(a) is the SIF y is the material yield strength. The effective crack size, 
ae, is calculated as:

= +
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The SIF at the effective flaw size is then calculated using the scaling law derived above as:

( ) = ( )

2.3 Fatigue Crack Growth
Fatigue crack growth is calculated using the fatigue crack growth rate model from Article A-4300 of ASME 
Section XI (Reference [3]) as follows:

= ( )

I is the SIF
for a surface flaw is utilized since the postulated flaw(s) results in the low alloy steel shell being exposed to the 
primary water environment.

The detailed equations for calculating the fatigue crack growth rate are presented as follows.

KI = Kmax Kmin.
R = Kmin / Kmax

If Kmin

KI < 17.74
n = 5.95
S = 1.0
C0 = 1.02 × 10 S

KI

n = 1.95
S = 1.0
C0 = 1.01 × 10 S

0.25 < R < 0.65
KI

0.25

n = 5.95

C0 = 1.02 × 10 S
I

0.25

n = 1.95
S = 3.75R + 0.06
C0 = 1.01 × 10 S

I < 12.04
n = 5.95
S = 11.76
C0 = 1.02 × 10 S
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I

n = 1.95
S = 2.5
C0 = 1.01 × 10 S

Additionally, per A-4300(b)(2) of ASME Section XI (Reference [3]), if the fatigue crack growth rate from light-
water reactor environments is lower than air environments, then the rate in air should be used. Per A-4300(b)(1), 
the fatigue crack growth constants for flaws in an air environment are: 

n = 3.07
Co = 1.99 × 10-10 S

S is a scaling parameter to account for the R ratio and is given by 

Where and KI = Kmax min.

For R < 0, KI depends on the crack depth, a, and the flow stress, f.  The flow stress is defined by ( ys is the 
yield strength and ult is the ultimate tensile strength):

f = ½( ys + ult)

For   and Kmax min f

S = 1
KI = Kmax.

For and Kmax min f

S = 1
KI max/3.

For R < 0 and Kmax min f ,

S = 1
KI = Kmax min.

2.4 General Corrosion
Reference [2] conducted a corrosion assessment for the Palo Verde Units 1, 2 and 3 PZR temperature nozzle 
repair. According to this report,   [ ]  SCC of low alloy

steel [
 ]   is not expected to be a concern and therefore

PWSCC crack growth is not considered in this evaluation.  However, general corrosion of the exposed low alloy 
steel is considered, with a corrosion rate of [ ]
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2.5 Flaw Evaluation Acceptance Criteria
The screening criteria provided in ASME Code Case N-749 (Reference [4]), as modified by Regulatory Guide 
1.147 Revision 20 (Reference [5]), and detailed in Section 2.5.1, is used to determine the appropriate method of 
analysis: LEFM or EPFM.  For LEFM flaw evaluations, the SIFs are compared to the available fracture toughness 
values as detailed in Section 2.5.2, with appropriate safety factors applied per Table 2-1. When the material is 
more ductile and EPFM is the appropriate analysis method, the flaw evaluation is done in accordance with ASME 
Code Case N-749 (Reference[4]), as detailed in Section 2.5.3, with appropriate safety factors applied per 
Table 2-1.

Table 2-1:  Safety Factors for Flaw Acceptance

Note(s):
(1) LEFM safety factors are from IWB-3613 of ASME Section XI (Reference [3]).

a. Per IWB-3613(a), for conditions where pressurization does not exceed 20% of the design
pressure during which the minimum temperature is not less than
temperature (RTNDT):

KI<KIc

b. Per IWB-3613(b), for Normal and Upset conditions excluding those described in IWB-
3613(a):

KI<KIc -3612(a)) 
c. Per IWB-3613(c), for Emergency and Faulted conditions:

KI<KIc -3612(b))
(2) EPFM safety factors are based on Section 3.1 of Code Case N-749 (Reference [4]).
(3) EPFM safety factors are based on Section 3.2 of Code Case N-749 (Reference [4]).
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2.5.1 Screening Criteria
ASME Code Case N-749 (Reference [4]), states that EPFM acceptance criteria are applicable to ferritic steel 
components on the upper shelf of the Charpy energy curve when the metal temperature exceeds the upper shelf 
transition temperature, Tc. The Nuclear Regulatory Commission (NRC) has proposed a modification to the Code 
Case definition of Tc, which is given below.

Tc NDT (U.S. Customary Units)

Where RTNDT c, EPFM 
analysis is applicable. 

Additionally, per Revision 20 of RG 1.147 (Reference [5]), a temperature below Tc1 requires the LEFM method to 
be applied:

1 NDT (U.S. Customary Units)

Per RG 1.147 (Reference [5]), between Tc1 and Tc, while the fracture mode is in transition from LEFM to EPFM, 
users should consider whether it is appropriate to apply the EPFM method.

2.5.2 Linear Elastic Fracture Mechanics
Linear elastic fracture mechanics analysis is used to assess the potential for non-ductile failure.  After the crack 
growth is calculated, the flaw is evaluated using LEFM methods. Article IWB-3612 of Section XI (Reference [3]) 
requires that the applied SIF factor be less than the available fracture toughness at the crack tip temperature, with 
appropriate safety factor, as outlined below (Table 2-1).

IWB-3613(a):  For conditions where pressurization does not exceed 20% of the design pressure during which the 
minimum temperature is not less than RTNDT:

KI < KIc

IWB-3613(b):  For Normal and Upset conditions excluding those described in IWB-3613(a):

KI < KIc -3612(a))

IWB-3613(c):  For Emergency and Faulted conditions:

KI < KIc -3612(b))

In the above, KIc is the fracture toughness based on crack initiation for the corresponding crack-tip temperature. In 
the evaluation of the above limits, a plastic zone correction is incorporated using the methodology described in 
Section 2.2.

2.5.3 Elastic Plastic Fracture Mechanics
Elastic plastic fracture mechanics analysis is used as an alternative acceptance criteria when the flaw related 
failure mechanism is unstable ductile tearing.  The EPFM analysis is performed based on ASME Code Case N-
749 (Reference [4]) to evaluate crack driving force and flaw stability (if applicable). Two possible sets of 
acceptance criteria for EPFM are defined in Code Case N-749 (Reference [4]):
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Section 3.1 Acceptance Criteria Based Solely on Limited Ductile Crack Extension, or

Section 3.2 Acceptance Criteria Based on Limited Ductile Crack Extension and Stability.

Section 3.1 of N-749 (Reference [4]) states that the flaw is acceptable if the crack driving force, as measured by 
the applied J-integral (Japp) with appropriate safety factors applied to the loads, is less than the J-integral of the 
material (Jmat) at a ductile crack extension of 0.1 inch (J0.1). If the criteria of Section 3.1 of Reference [4] are not 
met, the flaw may still be acceptable if the criteria of Section 3.2 of Reference [4] are met.  Section 3.2 allows 
lower safety factors for the crack driving force check, and additionally requires that flaw stability be evaluated 
with appropriate safety factors.

The flaw stability analysis is performed using a J-integral/tearing modulus (J-T) diagram to evaluate flaw stability 
under ductile tearing, where J is either the applied (Japp) or the material (Jmat) J-integral, and T is the tearing 

f
2

from Code Case N-749 (Reference [4]) as outlined in Table 2-1. 

The general methodology for performing EPFM analyses is outlined below.

E’ = E/(1- 2)
Final flaw depth = a
Total applied KI = KIapp

KI due to pressure (primary) = KIp

KI due to residual + thermal loads (secondary) = KIs = KIapp – KIp

Safety factor on primary loads   = SFp

Safety factor on secondary loads = SFs

Total applied KI with safety factors, KI* = SFp x KIp + SFs x KIs

Note (1): The total applied KIapp and the secondary KIs conservatively include the effect of WRSs not required per Reference [4]. 

For small scale yielding at the crack tip, a plastic zone correction (see Section 2.2) is used to calculate an effective 
flaw depth based on:

= +

The above equation is used to update the total applied SIF based on the following equation:

=

The applied J-integral is then calculated using the following relationship:

= ( )

The applied J-integral is checked against J0.1, demonstrating that the crack driving force falls below the J-R curve 
at a crack extension of 0.1 inch.

For flaw stability analysis, the final parameter needed to construct the J-T diagram is the tearing modulus. The 
applied tearing modulus, Tapp, is calculated by numerical differentiation for small increments of crack size (da) 
about the crack size (a), according to:
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=
( ) ( )

The material J-T curve is determined by constructing the J-T diagram as shown in Figure 2-1. 

Figure 2-1:  J-T Diagram

Flaw stability is demonstrated at an applied J-integral when the applied tearing modulus is less than the material 
tearing modulus. Alternately, the applied J-integral is less than the J-integral at the point of instability.

2.6 Primary Stress:  Limit Load Analysis and Acceptance Criteria
The limit load analysis is used to check for plastic collapse and is performed to demonstrate that Items IWB-
3610(d)(2) of Reference [3] and 3.1(c) or 3.2(a)(3) of N-749 of Reference [4] are satisfied.  These sections state 
that the flawed component must meet the primary stress limits of NB-3000 (Reference [7]), assuming a local area 
reduction of the pressure retaining membrane that is equal to the area of the flaw. To evaluate the requirement, 
article NB-3228.1 of Section III of the ASME Code (Reference [7]) is utilized. NB-3228.1 states that the limits on 
General Membrane Stress Intensity (NB-3221.1), Local Membrane Stress Intensity (NB-3221.2), and Primary 
Membrane plus Primary Bending Stress Intensity (NB-3221.3) need not be satisfied at a specific location if it can 
be shown by limit analysis that the specified loadings do not exceed two-thirds of the lower bound collapse load. 
The yield strength of the material to be used in these calculations is 1.5Sm. Per NB-3112.1(a), the Design Pressure 
shall be used in showing compliance with this limit.
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3.0 ASSUMPTIONS

3.1 Unverified Assumptions
Reference [2] contains Assumptions Requiring Verification (ARV).  Therefore, ARV are also applicable to this 
calculation.  See Section 2.1 of Reference [2] for the detailed ARV.

3.2 Justified Assumptions
The following justified assumptions are used in this calculation:
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3.3 Modeling Simplifications
The following modeling simplification are used:
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4.0 DESIGN INPUTS

4.1 Geometry
The temperature nozzle geometry for the repair configuration is obtained Reference [9], [10] and [11].  Key 
dimensions used in the finite element model development are listed in Table 4-1.  Figure 4-1 show the 2023 repair 
configuration.

Table 4-1:  Key Dimensions

For Information Only



Document No. 32-9385181-000
PROPRIETARY

Palo Verde Units 1, 2 & 3  Pressurizer Temperature Nozzle Repair As-Left J-Groove Weld Analysis (NP)

Page 22

Figure 4-1:  Second Repair Geometry

4.2 Material
Table 4-2 provides the material designations of the components modeled in the ALJGW analysis.

Table 4-2:  Material Designation
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4.2.1 Mechanical Properties
Temperature (T) dependent material properties for the component materials specified in Table 4-2 are obtained 
from the ASME B&PV Code, Section II, 2013 Edition (Reference [12]) per Reference [1].  The Young’s 
Modulus (E), Poisson’s Ratio (
(Sm), Yield Strength (Sy) and Ultimate Strength (Sy) values are listed in Table 4-3 though Table 4-6. 

Table 4-3:  [ ]  Material Properties

Table 4-4:  [ ]  Material Properties
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Table 4-5:  [  ]  Material Properties

Table 4-6:  [  ]  Material Properties
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4.2.2 Fracture Material Properties

T NDT used for this PZR location is [ ]   This
value of RTNDT is utilized with the KIc fracture toughness for crack initiation curve defined in Article A-4200 of 
Section XI (Reference [3]) as:

KIc =  33.2 +  20.734 exp [0.02(T – RT )]

Where T is the crack tip temperature, KIc NDT are in units of °F. In the present
calculations, KIc is limited to a maximum value of [ ]   The crack

initiation KIc upper shelf toughness of [  ]  is achieved at T-RTNDT  > [  ]
The J-integral resistance (J-R) curve, needed for the EPFM method of analysis, is obtained from the following
correlation for reactor pressure vessel plate in Regulatory Guide 1.161, Section 3.3.1 (Reference [13]).  Note that 
Section 3.3.1 of Reference [13] states that the use of this model should be justified if the sulfur content of the 
plate is greater than 0.018 wt.%.  Since the maximum sulfur values listed in Table 4-7 are less than 0.018 wt.%, 
use of this model is acceptable.

J = MF C ( a) exp C ( a)

The margin factor, MF, of [  ]  is utilized for the analysis for all cases,
which provides a conservative J-R curve as required by Reference [4].  C1, C2, C3, and C4 are coefficients as 
defined below:

1 = xp n( VN )
2 = 0.077 + 0.116 n 1

3 n 1

4

Where CVN is the Charpy V-notch upper-shelf energy in ft-lbs, and T is the crack tip temperature in °F. Per 
Reference [13], the Charpy V-notch upper-shelf energy (CVN) is defined by ASTM E185 (Reference [14]), 
which provides the following definition:

Charpy upper-shelf energy level (CVN): the average energy value for all Charpy specimen tests
(preferably three or more) whose test temperature is at or above the Charpy upper-shelf onset; specimens
tested at temperatures greater than above the Charpy upper-shelf onset shall not be included, unless
no data are available between the onset temperature and onset .

Charpy upper-shelf onset: the test temperature above which the fracture appearance of all Charpy
specimens tested is at or above shear.

Table 4-7 presents the relevant Charpy V-Notch data for the lower shell material (Reference [8]).  From 
Table 4-7, the [  ]  value of [  ]  is selected for the EPFM analyses based on the [

]
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Table 4-7:  CMTR Material Data

The material tearing modulus is calculated using the following equation:

=

Where E is the Elastic Modulus, f is the flow stress defined as y u , and the derivative of the J-R curve is:

= { ( ) + ( ) } ( ( ) )

The resulting material J-T curves are plotted in Figure 4-3 for several temperatures for a CVN of  [  ]

Figure 4-2:  J-R Curves as a Function of Temperature, CVN [  ]
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Figure 4-3:  J-T Curves as a Function of Temperature, CVN [  ]
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4.3 Operating Condition Transient Stresses

Table 4-8 lists the operating transients considered, [
 ]   Transient operating stresses with corresponding metal temperature and

projected 80 year cycles for these transients are obtained from Reference [15].  [
 ]

Table 4-8:  Operation Condition Transients

Steady state operating and Design condition temperature and pressure are listed in Table 4-9. 

Table 4-9:  Steady State and Design Condition

4.4 Weld Residual Stresses

Weld residual stresses are obtained from Reference [16], output file “WRS_only.out”.  [
 ]
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5.0 COMPUTER USAGE

5.1 Software
This calculation uses the following software:

Controlled installation of ANSYS Mechanical Enterprise, Version 19.2 at 
/nfs/system/ansys_inc/v192/ansys/bin/ansys192 on the Lynchburg HPCv2 (RHEL 6.4 machines) 
controlled platform per Reference [17].

Version 19.2 is not the most recent approved version of ANSYS listed on EASI (Engineering 
Applications Software Index). However, the use of this version of ANSYS is acceptable since all error 
notices have been reviewed and it is concluded that none of the errors may create erroneous results for the 
intent of this calculation. 

The software is being used within its specified range of applicability as defined by validation and verification 
requirements defined in Reference [17].

5.2 Computer Files
Table 5-1 lists the computer files and location in the ColdStor directory.
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Table 5-1:  Computer Files
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6.0 CALCULATIONS

6.1 Explicit Flaw Finite Element Analysis to Obtain Stress Intensity Factors
The methodology to obtain the SIFs for the ALJGW evaluation is described in Section 2.0, Item 1.  Specifics of 
the analysis are detailed in the following subsections.

6.1.1 Finite Element Model

The finite element model developed for this analysis is a [ ]  model. The

model is meshed using ANSYS element types [ . ]  The crack tip elements are

[
 ]  The base geometry and mesh are generated in the input file

‘Base_model.inp’ and the explicit crack models are then generated using the file ‘gen_crack_models.inp’.  
Figure 6-1 illustrates the base finite element model and mesh, the initial flaw size (Crack Front 1) is illustrated in 
Figure 6-2, and the [  ]  crack front models are illustrated in Figure 6-3.  Mechanical material properties
assigned to the model are per Section 4.2.1. 
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Figure 6-1:  Finite Element Model – Explicit Flaw Base Model
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Figure 6-2:  Finite Element Model – Initial Flaw Size
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Figure 6-3:  Finite Element Model – Crack Front Locations
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6.1.2 Applied Loads

[  ]  stresses due to WRSs and operating stresses, which are obtained from the WRS analysis (Section 0)

and operating stress analysis (Section 4.3) are [  ]  to the crack face of the finite element crack model

[  ]  The corresponding operating transient pressure is also
applied to the crack face to account for the actual loading.  Figure 6-4 shows an example of the WRSs mapped 
onto Crack Face [  ]

Figure 6-4:  Weld Residual Stress Mapped to Crack Face [  ]  (psi)

In addition to the [  ]  stresses, the displacements are constrained normal to the face of the symmetry
planes and the additional model cutting plane. Displacements of the nodes on the crack face are not constrained.
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6.1.3 Stress Intensity Factor Results

Stress intensity factors are calculated [ ]  for the transients listed in Table 4-8, in 
addition to the WRS case. The calculations are run by the ANSYS input file ‘ ’ (see Table 5-1).  
[

 ]   The minimum and maximum 

SIF results for each transient, in addition to WRS only and steady state conditions [
 ]  are reported in Appendix A, Table A-1 through Table A-13.  These results are used for the flaw 

growth calculations in Section 6.2. 

6.2 Flaw Growth Calculation
Utilizing the SIF solutions from Section 6.1.3, fatigue crack growth is calculated based on the fatigue crack 
growth rule identified in Section 2.3, integrated numerically as follows:

= = ( )     = ( )

[

 ]  crack growth presented in this report has been calculated on a 
per week or per year basis. Crack growth is evaluated for 80 years of operation.

[

]  Table 6-1 summarizes the flaw growth for 
each transient, in addition to growth from general corrosion as discussed in Section 2.4.  Therefore, the final flaw 
size includes fatigue crack growth from all applicable transients and general corrosion.
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Table 6-1:  Flaw Growth Summary
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6.3 Flaw Evaluation

6.3.1 Linear Elastic Fracture Mechanics Evaluation
The LEFM evaluation is performed for the final flaw size obtained from the crack growth calculation detailed in 
Section 6.2. The applied SIF is evaluated accounting for the plastic zone correction described in Section 2.2, and 
its acceptability is evaluated based on the rules outlined in Section 2.5.2. The results for the maximum SIF are 
shown in Table 6-2. 

Table 6-2 results demonstrate that the LEFM acceptance criteria are met for 80 years of crack growth for all 
transients except [ ]   Per Table 6-2, the limiting timepoints of the [

 ]  transients are not required to be evaluated by LEFM, and meet the criteria for evaluation by
EPFM.  Therefore, these transients, in addition to the transients that exceed Tc, are also evaluated by EPFM.

Table 6-2:  LEFM Evaluation
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6.3.2 Elastic Plastic Fracture Mechanics Evaluation
For the postulated crack, the EPFM evaluations are performed for the final flaw size in accordance with the 
methodology described in Section 2.5.3 using the spreadsheet ‘EPFM-RG1161.xlsm’ (see Table 5-1).  [

]

As discussed in Section 6.3.1, based on Section 2.5.1 screening criteria, the limiting timepoints of the [
 ]  transients require evaluation using EPFM criteria.  In addition to the transients that

exceed Tc are also evaluated using EPFM criteria. Table 6-3 provides the results of the EPFM evaluations for the 
final flaw size using a USE of [  ]  (Section 4.2.2).  Note that when the higher safety factors (SF)
provided in Section 3.1 of Code Case N-749 (Reference [4]) are used for the applied J-Integral criterion, the 
stability check is not required.  However, it is included here for completeness.

For the postulated crack, as shown in Table 6-3, all cases meet the EPFM acceptance criteria for 80 years of crack 
growth. Details of the calculations and J-T Diagrams for the [  ]  transients are
shown in Appendix C. 

Table 6-3:  EPFM Evaluation
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6.4 Primary Stress Evaluation - Limit Load Analysis
The acceptance criterion of IWB-3610(d)(2) and items 3.1(c) and 3.2(a)(3) of References [3] and [4] require that 
the primary stress limits of NB-3000 (Reference 7) are met assuming a local area reduction of the pressure 
retaining membrane that is equal to the area of the flaw. As discussed in Section 2.6, the primary stress limits for 
design conditions (NB-3221.1, NB-3221.2, and NB-3221.3) need not be satisfied if it can be shown by 
performing a limit analysis (NB-3228.1) that the applied loadings do not exceed two-thirds of the lower bound 
collapse load. This condition is equivalent to showing that the structure does not collapse at a pressure (Pmin) equal 
to 150% of the Design Pressure. In terms of finite element results, plastic collapse of the structure is equivalent to 
numerical instability. 

For the finite element model, to include only metal available for reinforcement, the cladding, nozzle, sleeve,
autogenous weld and NJGW are not included in the model.  In addition, the ALJGW and a portion of the PZR 
shell is not included to represent local area reduction of the pressure retaining membrane that is equal to the area 
of the flaw. The removed material represents a crack growth of [  ]  from the initial postulated flaw, 

[ ]  The resulting model geometry with 
material removed is shown in Figure 6-5. 

The material properties for the analysis are defined in the file ‘ . The properties are identical to 
those used in the explicit crack models per Section 4.2.1, with the exception that the material is changed to 
elastic-perfectly plastic. The value of yield strength (Sy) used is based on Sm at Design Temperature of 700°F 
(Table 4-9), as calculated below:  

Pressure is applied to the ID surfaces of the vessel and nozzle bore, incrementally increasing in each load step. 
Displacements normal to two planes of symmetry and the cut face in the model are constrained. Additionally, an 
end cap pressure is applied to the end PZR surface.  Also, since the nozzle is not included in the limit load model, 
a force is applied to the NJGW surface in the nozzle axial direction to represent end cap load. The analysis is run 
using the input file ‘PV_PRVS_LL.inp’ with results output to “PV_PRVS_LL.out”. The analysis is run up to a 
pressure of [  ]  equal to [  ]  times the Design Pressure (per Table 4-9), which exceeds the 
requirement of 150% of the Design Pressure. The equivalent stress at the last load step is shown in Figure 6-6, 
which demonstrates that the stresses are approximately equal to the material yield strength, and the PZR shell is 
stable and not grossly deformed under this limit load condition. 
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Figure 6-5:  Limit Load Finite Element Model – Final Load Step

Figure 6-6:  Limit Load Analysis: Equivalent Stresses at the Final Load Step (psi)
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7.0 SUMMARY OF RESULTS
A fatigue crack growth and fracture mechanics evaluation of the postulated flaw in the ALJGW performed based 
on a combination of LEFM and EPFM analysis demonstrates that the postulated flaw is shown to be acceptable 
for 80 years of operation utilizing the safety factors in Table 2-1, and the applicable J-R Curves from Regulatory 
Guide 1.161 (Reference [13]).  Table 6-2 summarizes the LEFM results, which demonstrate that the IWB-3612 
(Reference [3]) acceptance criteria are met for 80 years of crack growth for transient cases where LEFM criteria is 
applicable. Table 6-3 summarizes the EPFM results, which demonstrate that the Code Case N-749 (Reference [4]) 
acceptance criteria are met for 80 years of crack growth for the transient cases where EPFM criteria is applicable. 

In addition, the primary stress criteria of IWB-3610(d)(2) (Reference [3]) and 3.1(c) and 3.2(a)(3) of Code Case 
N-749 (Reference 4) are satisfied since the limit load analysis performed in Section 6.4 shows that the structure
does not collapse at a pressure above 150% of the Design Pressure.
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-

APPENDIX A: STRESS INTENSITY FACTOR RESULTS
The SIF results as described in Section 6.1.3 are listed in Table A-1 through Table A-13. 

Table A-1:  Stress Intensity Factors – WRS
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Table A-2:  Stress Intensity Factors – Steady State
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Table A-3:  Stress Intensity Factors – [  ]
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Table A-4:  Stress Intensity Factors – [  ]
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Table A-5:  Stress Intensity Factors – [  ]
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Table A-6:  Stress Intensity Factors – [  ]
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Table A-7:  Stress Intensity Factors – [  ]
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Table A-8:  Stress Intensity Factors – [  ]
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Table A-9:  Stress Intensity Factors – [  ]
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Table A-10:  Stress Intensity Factors – [  ]
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Table A-11:  Stress Intensity Factors – [  ]
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Table A-12:  Stress Intensity Factors – [  ]
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Table A-13:  Stress Intensity Factors – [  ]
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APPENDIX B: FATIGUE CRACK GROWTH RESULTS
The fatigue crack growth results, as discussed in Section 6.2 are listed in Table B-1 through Table B-11. 

Table B-1:  Fatigue Crack Growth – [  ] 
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Table B-2:  Fatigue Crack Growth – [  ]
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Table B-3:  Fatigue Crack Growth – [  ]
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Table B-4:  Fatigue Crack Growth – [  ]
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Table B-5:  Fatigue Crack Growth – [  ]

For Information Only



Document No. 32-9385181-000
PROPRIETARY

Palo Verde Units 1, 2 & 3  Pressurizer Temperature Nozzle Repair As-Left J-Groove Weld Analysis (NP)

Page B-18

For Information Only



Document No. 32-9385181-000
PROPRIETARY

Palo Verde Units 1, 2 & 3  Pressurizer Temperature Nozzle Repair As-Left J-Groove Weld Analysis (NP)

Page B-19

For Information Only



Document No. 32-9385181-000
PROPRIETARY

Palo Verde Units 1, 2 & 3  Pressurizer Temperature Nozzle Repair As-Left J-Groove Weld Analysis (NP)

Page B-20

For Information Only



Document No. 32-9385181-000
PROPRIETARY

Palo Verde Units 1, 2 & 3  Pressurizer Temperature Nozzle Repair As-Left J-Groove Weld Analysis (NP)

Page B-21

Table B-6:  Fatigue Crack Growth – [  ]
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Table B-7:  Fatigue Crack Growth – [  ]
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Table B-8:  Fatigue Crack Growth – [  ]
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Table B-9:  Fatigue Crack Growth – [  ]
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Table B-10:  Fatigue Crack Growth – [  ]
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Table B-11:  Fatigue Crack Growth – [  ]
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APPENDIX C: DETAILED EPFM RESULTS
The detailed results for the limiting EPFM evaluations per Section 6.3.2 are detailed in Table C-1 through 
Table C-3.  In addition, the J-T Diagrams are shown in Figure C-1 through Figure C-3. 
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Table C-1:  EPFM Evaluation for [  ]  Transient

Figure C-1:  JT-Diagram for [  ]  Transient
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Table C-2:  EPFM Evaluation for [  ]  Transient

Figure C-2:  JT-Diagram for [  ]  Transient
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Table C-3:  EPFM Evaluation for [  ]  Transient

Figure C-3:  JT-Diagram for [  ]  Transient
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1.0 BACKGROUND
Inspection of the pressurizer at Palo Verde Unit 1 nuclear power station in Fall 2023 revealed leakage from one of 
its instrumentation nozzles. The nozzle identified was the lower temperature nozzle located on the pressurizer shell. 
A nozzle replacement was performed to repair the affected area. [

 ]  At this point, Framatome Inc. prepared a qualification
for one cycle of operation (Reference [2]) as well as an ASME Class 1 design analysis (Reference [3]) of the 
thermowell weld. Subsequently, a full Section III Code qualification (Revision 000 of this document) was 
completed in Summer 2024 to demonstrate acceptability of the replaced nozzle for continued operation. This 
document found an acceptable fatigue life [  ]  of service for the replacement temperature nozzle. Now,
Revision 001 includes the primary stress qualification and thermowell analysis, along with the ASME Section III 
Code qualification to provide a comprehensive overview of work performed by Framatome Inc. for the Palo Verde 
Nuclear Generating Station pressurizer temperature nozzle.
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2.0 ANALYTICAL METHODOLOGY
The following process is applied for demonstration of compliance with applicable ASME Code requirements, 
Reference [4], for primary stress qualification. Primary stress requirements are qualified for the life of the repair.

1) Calculation of tentative nozzle thickness and comparison to actual thickness. Note “tentative” is consistent
with verbiage used in ASME Section III NB-3324 (Reference [4]) to refer to this calculation.

2) Calculation of shear stress in the repair weld connecting the nozzle to the weld pad due to pressure load
considering corrosion effect on [  ] Calculated stress is compared to allowable limits of
design condition and applicable limits of operating conditions.

3) Comparison of weld design sizes with minimum code size requirements as well as comparison of designed
nozzle clearances with code clearances requirements.

4) Assessment of repair and corrosion impact on reinforcements of opening code requirements using guidance
of paragraph NB-3332.

5) Primary plus secondary stresses and fatigue were originally qualified for one cycle of operation using
qualitative approach of comparison of the original repair with the designed repair. They were subsequently
qualified for the life of the repair in Section 6.3.

The following process is applied for demonstration of compliance with applicable ASME Code requirements, 
Reference [4], for evaluation of the weld between the instrumentation nozzle and the thermowell, shown in 
References [5] and [6], respectively.

1) Weld Sizing: Fillet weld sizing for socket weld fittings is done by ensuring that the weld size meets the
requirements of NB-4427. NB-4427 requires the weld for a socket weld fitting to have a minimum leg size
of 1.09 times the nominal thickness of the pipe. [

]
2) Design Conditions / Faulted Conditions: Design conditions are evaluated in accordance with NB-3652

using Eq. 9. Design pressure, deadweight, and OBE seismic loads are considered in the evaluation. Faulted
conditions are evaluated in accordance with NB-3656 using Eq. 9. Design pressure, deadweight, and SSE
seismic loads are considered in the evaluation. Note that the thermowell and temperature detector
deadweight and seismic self-weight loads are evaluated in Section 4.4 to demonstrate that they are bounded
by the loads considered.
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3) Level A Service Limits: As stated in Reference [14], there are no specified external loads for the 
temperature nozzle. This is due to the fact that there is no piping connected to this nozzle. Therefore, the 
thermal expansion loads listed in Reference [14], do not apply. The same deadweight and seismic loads 
considered for design conditions are used for level A service limits as well. Level A condition stresses are 
calculated in accordance with NB-3653 using Eqs. 10 and 11. The full range of temperature from 70°F to 
700°F (design temperature) is considered in calculating the discontinuity stresses caused by the difference 
in thermal expansion coefficient between [  ]  and stainless steel. [

]

a. [ ]

b. [
 ]

c. [

 ]
4) Fatigue: Cumulative usage factor is calculated assuming that the range of loading is from deadweight and 

OBE seismic loads. In reality, deadweight loads do not change and therefore are not required to be 
considered in the range of loading. The OBE loads are only required to be considered for OBE cycles. 
However, for conservatism and simplicity, deadweight and OBE loads are applied for each of the loading 
cycles considered.

5) Vibration: [

 ]
The following process is applied for demonstration of compliance with ASME Section III, Reference [4], for fatigue 
life of repair.
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1) Build a three-dimensional finite element model (FEM) of the pressurizer (PZR) temperature nozzle 
replacement. The FEM geometry incorporates the PZR vessel shell and cladding with the penetration of 
interest, existing J-groove weld, buttering, outer sleeve with autogenous weld, and new J-groove weld and 
weld pad. Appropriate material properties are applied. The thermowell and associated pressure boundary 
weld to the nozzle are not included in the FEA model for simplification, but compliance with the ASME 
Code is performed in this design stress report.

2) Apply design condition pressure and temperature to the structural finite element model to obtain 
deformation and stresses in the model. The results of this are used to verify the correct structural behavior 
of the model and correct modeling of structural boundary and loading conditions.

3) Using thermal FEM, apply thermal loads for plant operating transients in the form of transient temperatures 
versus time with corresponding heat transfer coefficients. The results are used to determine the time points 
at which maximum temperature gradients develop at key locations in the model, which are evaluated in the 
structural analysis.

4) Convert to structural FEM, apply corresponding pressure and thermal loads (temperature gradients) at the 
time points identified in Step 3 and some additional time points for steady state, maximum pressure, etc.

5) Calculate the stress intensity due to external mechanical loads to be considered in evaluating the stress and 
fatigue criteria in Step 7.

6) Review overall stress field to determine locations to extract linearized stresses.

7) Based on the FEM results, perform ASME Code evaluation to demonstrate the PZR temperature nozzle 
replacement meets the applicable stresses and fatigue requirements of ASME Code Section III.

3.0 ASSUMPTIONS

3.1 Unverified Assumptions
The corrosion evaluation used for the original primary stress calculation, Reference [7], included unverified 
assumptions concerning the normal operating condition of Operating Cycle 25. This reference has been superseded 
by a more recent corrosion evaluation, Reference [25], which includes the following unverified assumptions:

1) It is assumed the proportions of time that PVNGS Units 1, 2, and 3 will be in operating, shutdown, and 
startup conditions will be the same as those indicated by historical operation data for the life of repairs (i.e. 
the current remaining operating cycles for [ ] of operation) in Reference [8] . Continued validation 
of this assumption must be performed, and the results of this analysis may not be conservative if the current 
plant operating schedule is not maintained (e.g. in the case of extended shutdowns or refueling outage length 
extension).

2) It is assumed that PVNGS Units 1, 2, and 3 will maintain reactor coolant system (RCS) primary water 
chemistry in accordance with the EPRI PWR Primary Water Chemistry Guidelines during the life of the 
nozzle repairs (i.e. the current remaining operating cycles for [ ] of operation). Continued 
validation of this assumption must be performed through water chemistry program monitoring, which is 
performed per the PVNGS LRA. Note that Revision 7 of the EPRI Primary Water Chemistry Guidelines is 
currently followed while the PVNGS LRA identified that Revision 5 of the EPRI Primary Water Chemistry 
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Guidelines was followed at that time by the PVNGS water chemistry program. This difference does not 
affect the results of the analysis herein.

3.2 Justified Assumptions

1) [

 ]

2) [
]

Furthermore, the original repair lasted 31 years. The new nozzle and its weld connection is stronger and
therefore suitable for longer service life.

3) [ ]

4) [

 ] an ambient temperature of 120°F. The small gap

below the new pressure boundary and above the outer sleeve is modeled with a [  ]  heat transfer film

coefficient [  ]  applied to the surface as shown in Figure 6-4 (“n_gap”). [
 ]

5) The autogenous weld (Reference [9]), which is not being qualified in this analysis, is assumed to be the
material of the replacement nozzle, [  ]  (Reference [11]).

The thermowell to nozzle weld design calculation includes the following justified assumptions:

1) [
 ]

2) [

 ]
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[

]
Additionally, minor justified assumptions may be stated throughout the calculation as needed.

3.3 Modeling Simplifications

1) The outer diameter of the nozzle at the pressure boundary is [  ]  inches (Reference [9]). The slight 
transition to a larger nozzle diameter above the weld/pressure boundary is not modeled. This produces 
results with negligible differences.

2) The inside penetration bore diameter was modeled to [  ]  inches in accordance with the 1992 repair 

drawing (Reference [10]). This bounds Units 2 and 3 with a penetration bore diameter of [  ]  inches 

(Reference [9]). However, the 1992 repair for Unit 1 was over bored to a diameter of [  ]  inches [9]. 

The difference between the modeled geometry and the actual geometry for Unit 1 is [  ]  inches. The 

counter bore at the weld/pressure boundary is [  ]  inches, which is greater than the inside penetration 
bore. This difference in the inside penetration bore diameter has a negligible impact on results because the 
nozzle is constrained at the weld pad pressure boundary and free to move along the inside penetration bore 
and sleeve since there is a diametric clearance of = 1.175 - 1.157 =0.018" between the sleeve ID and the 
nozzle OD near the inner bore.

3) The outer sleeve (i.e. press fit), which is no longer part of the pressure boundary, has an inside diameter of 
[  ]  inches (Reference [9]). The outer diameter of the sleeve is [  ]  inches and is modeled up 

to the inside penetration bore which is [  ]  inches from the pressurizer outside reinforcement and 

new weld pad surface. The outer diameter of the outer sleeve for Unit 1 and Units 2 and 3 are [  ]
inches and [  ]  inches, respectively (Reference [9]). This results in a range of thickness from 

[  ]  to [  ]  inches. The modeled thickness is [  ]  inches. This difference has a 
negligible impact on results. The interference fit (i.e. press fit) and the associated radial and hoop stresses 
were not modeled as the effects are negligible.
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4.0 DESIGN INPUTS

4.1 Code Classification
Based on Section 3.0 of the Design Specification (Reference [11]), the PZR is a Section III Class 1 vessel in 
accordance with the 1974 Edition with Addenda through Winter 1975, Reference [12], and the penetration 
modification shall be in accordance with Class 1 vessels of Section III of the 2013 Edition, Reference [4]. Reference 
[4] was used for all fatigue curves since no differences were noticed between Reference [12] and Reference [4] with 
respect to [  ]  Based on Section 5.0 of the Design Specification (Reference [11]), the physical and 
mechanical properties of the original pressurizer material shall be taken from Section III of the 1971 Edition with 
Addenda through Winter 1973, Reference [13]. 

4.2 Design Conditions
Design Temperature = 700 [14] (Section 4.1, p. C-11)

Design Pressure = 2500 psia [14] (Section 4.1, p. C-11)

4.3 Geometry
Geometry of the PZR temperature nozzle replacement and thermowell weld is per References [5],  [9], and [10] and 
the replacement/repair itself is illustrated in Figure 4-1. Key geometry dimensions for the nozzle replacement are 
shown in Table 4-1. Figure 4-2 illustrates key dimensions of the thermowell.

Temperature Nozzle [5], [9], [10] 

Repair Implementation [6]

Table 4-1:  Geometry Key Dimensions
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Figure 4-1:  PZR Temperature Nozzle Replacement and Thermowell
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4.4 Materials
The new and existing materials within the region of the nozzle replacement/repair are listed in Table 4-2. See notes 
for further clarification on materials used in the model.

Table 4-2:  Material Designations
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4.4.1 Material Properties
Material property symbols and units are listed in Table 4-3. Material properties for the materials designated in Table 
4-2 are listed in Table 4-4 through Table 4-8.

The 1971 Section III Code Edition (Reference [13]) does not provide data for Poisson’s ratio or density. Therefore, 
in some cases, physical material properties for the existing materials are taken from the later 2013 Code edition 
(Reference [4]). Density is only listed at room temperature and is calculated below for the entire temperature range. 
Temperature dependent specific heat is also calculated below for the entire temperature range using the noted unit 
systems in brackets.

Density Calculation (for all temperatures greater than 70 ).

( ) = ( )/(1 + ( ) ( ))

Where:

( ) = Density at temperature T

( ) = Density at room temperature

( ) = Coefficient of thermal expansion at temperature T

= Change in temperature from the reference to room temperature.

Specific Heat Calculation:

= /( )

Where:

= Specific heat [ / ]

= Thermal conductivity [ / ]

= Thermal diffusivity [ / ]

= Density [ / ]
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Table 4-3:  Material Property Symbols and Units

Symbol Property Unit
T Temperature
E Young’s Modulus 10  ksi

Poisson’s Ratio Unitless
Density lbm/in
Mean Coefficient of Thermal Expansion 10 in/in/

k Thermal Conductivity BTU/hr in
C Specific Heat BTU/lb

S Design Stress Intensity ksi
S Yield Stress ksi

S Ultimate Stress ksi

Table 4-4:  Material Properties for [ ]

T E k C 

70 29.9 0.3 0.28 6.07 3 0.114 26.7 50 80
100 29.8(4) 0.3 0.28 6.13 3.05 0.115 26.7 50 80
200 29.5 0.3 0.279 6.38 2.9 0.118 26.7 47.1 80
300 29.0 0.3 0.279 6.6 2.767 0.123 26.7 45.2 80
400 28.6 0.3 0.278 6.82 2.633 0.127 26.7 44.5 80
500 28.0 0.3 0.277 7.02 2.483 0.131 26.7 43.2 80
600 27.4 0.3 0.277 7.23 2.358 0.135 26.7 42 80
650 27.0(4) 0.3 0.276 7.33 2.292 0.136 26.7 41.4 80
700 26.6 0.3 0.276 7.44 2.233 0.141 26.7 40.6 80

Reference [13] 
Table
I-6.0

[15]1)

Table
PRD

[15] (1)

Table
PRD/
Calculated

[13]
Table
I-5.0

[13] (3)

Table
I-4.0

Calculated [13]
Table
I-1.1

[13]
Table
I-2.1

[13] (2)

Table
I-1.1

Note(s):
(1) 13] and are taken from a more recent code year, Reference

[15].
(2) S is the minimum tensile specification listed.
(3) Units converted to BTU/hr-in- .
(4) Value interpolated.
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Table 4-5:  Material Properties for [ ]

T E k C 

70 28.3 0.31 0.29 9.11 0.696 0.111 Not used in analysis

100 28.2(3) 0.31 0.29 9.16 0.7 0.112

200 27.7 0.31 0.289 9.34 0.742 0.115

300 27.1 0.31 0.288 9.47 0.779 0.118

400 26.6 0.31 0.287 9.59 0.817 0.121

500 26.1 0.31 0.286 9.7 0.853 0.125

600 25.4 0.31 0.286 9.82 0.892 0.127

650 25.1(3) 0.31 0.285 9.87 0.908 0.129

700 24.8 0.31 0.285 9.93 0.925 0.13

Reference [13] 
Table
I-6.0

[15](1)

Table
PRD

[15] (1)

Table
PRD/
Calculated

[13] 
Table
I-5.0

[13] (2)

Table
I-4.0

Calculated

Note(s):
(1) 13] and are taken from a more recent code year, Reference 

[15]. 
(2) Units converted to BTU/hr-in- .
(3) Value interpolated.
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Table 4-6:  Material Properties for [ ]

T E k C 

70 31.7 0.31 0.3 7.13 0.7 0.115 Not used in analysis

100 31.5(3) 0.31 0.3 7.2 0.708 0.114

200 30.9 0.31 0.299 7.4 0.75 0.119

300 30.5 0.31 0.298 7.56 0.792 0.122

400 30 0.31 0.298 7.7 0.833 0.125

500 29.6 0.31 0.297 7.8 0.875 0.129

600 29.2 0.31 0.296 7.9 0.917 0.131

650 28.9(3) 0.31 0.296 7.95 0.938 0.133

700 28.6 0.31 0.296 8 0.958 0.135

Reference [13] 
Table
I-6.0

[15](1)

Table
PRD

[15] (1)

Table
PRD/
Calculated

[13] 
Table
I-5.0

[13] (2)

Table
I-4.0

Calculated

Note(s):
(1) 13] and are taken from a more recent code year, Reference 

[15]. 
(2) Units converted to BTU/hr-in- .
(3) Value interpolated.
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Table 4-7:  Material Properties for [
 ]

T E k C

70 30.3 0.31 0.293 7.7 0.567 0.107 23.3 35 85

100 30.0(2) 0.31 0.293 7.8 0.583 0.109 23.3 35 85

200 29.6 0.31 0.292 7.9 0.633 0.112 23.3 31.7 85

300 29.2 0.31 0.291 7.9 0.683 0.115 23.3 29.8 84

400 28.8 0.31 0.291 8 0.733 0.119 23.3 28.6 82

500 28.3 0.31 0.29 8.1 0.783 0.122 23.3 27.9 80.8

600 27.9 0.31 0.289 8.2 0.833 0.125 23.3 27.6 80.2

650 27.7(2) 0.31 0.289 8.3 0.858 0.126 23.3 27.5 80

700 27.5 0.31 0.288 8.3 0.883 0.127 23.3 27.5 79.8

Reference [13] 
Table
TM-4

[15]
Table
PRD

[15] 
Table
PRD/
Calculated

[13] 
Table
TE-4

[13](1)

Table
TCD

Calculated [13] 
Table
2B

[13] 
Table
Y-1

[13]
Table
U

Note(s):
(1) Units converted to BTU/hr-in- .
(2) Value interpolated.

Table 4-8 lists the material properties for the [ ]
as defined in Reference [16] p. C-1 and the appropriate ASME Code. 

Table 4-8: Material Properties for [ ]

T E

70 28.3 8.5 20.0 30.0

700 24.8 9.76 16.3 18.2

4.4.2 ASME Code Allowable Stresses
The allowable stresses listed in Table 4-9, are per NB-3222 and NB-3223, respectively (Reference [4]). Allowable 
stresses are calculated at the Design temperature of [  ]  In the case of Level B, NB-3223(a)(1) allows for
an increase of 110% of Level A stress intensity limits if Level B pressure exceeds design pressure. Conservatively, 
this increased allowable stress intensity is not used.
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Table 4-9:  ASME Code Allowable Stresses for Level A and Level B Conditions

Material + + ( )

80.1
69.9
48.9

4.5 Loads

4.5.1 Design Loads

Design pressure and temperature are [ ]  which are located in MN725-A00945 
Rev. 8 (Page 32 of 144) of Reference [8] . 

The external loads on the nozzle and thermowell are from seismic inertia and are calculated based on the geometry 
of the thermowell from its design Reference [16]. SSE loads are calculated as 2(OBE) based on discussion in 
Reference [8] (Sections 4.7.1, 4.7.2, p. C-17) which indicates that SSE horizontal acceleration is 2.0 g and OBE 
horizontal acceleration is 1.0 g whereas SSE vertical acceleration is 1.33 g and OBE vertical acceleration is 0.67 g. 
Evaluation below demonstrates that actual loads are bounded.

Table 4-10:  Deadweight Loads

Line No. Load Case Fa (lb) 
(axial)

Fb (lb) Fc (lb) Ma (ft-lb) 
(torsion)

Mb (ft-lb) Mc (ft-lb)

RC-019/RC-020 Deadweight 258 2 0 0 0 0 
RC-021/RC-023 Deadweight -10 0 0 0 2 -2 
RC-022 Deadweight 156 -1 0 28.8 0 0 
RC-029 Deadweight 314 86 0 0 0 8
Maximum Deadweight 314 86 0 28.8 2 8 

Table 4-11:  Seismic Loads

Line No. Load Case Fa (lb) 
(axial)

Fb (lb) Fc (lb) Ma (ft-lb) 
(torsion)

Mb (ft-lb) Mc (ft-lb)

RC-019/RC-020 Seismic OBE 61 0 317 0 29 0
RC-021/RC-023 Seismic OBE 2 9 15 44 11 6
RC-022 Seismic OBE 77 0 206 29 19 0
RC-029 Seismic OBE 187 43 51 13 5 4
Maximum Seismic OBE 187 43 317 44 29 6
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Deadweight + OBE Seismic Moments:

Ma = 28.8 ft-lb + 44 ft-lb = 72.8 ft-lb

Mb = 2 ft-lb + 29 ft-lb = 31 ft-lb

Mc = 8 ft-lb + 6ft-lb = 14 ft-lb

Total = 80.4 ft-lb

Deadweight + SSE Seismic Moments

Ma = 28.8 ft-lb + 2(44 ft-lb) = 116.8 ft-lb

Mb = 2 ft-lb + 2(29 ft-lb) = 60 ft-lb

Mc = 8 ft-lb + 2(6 ft-lb) = 20 ft-lb

Total = 132.8 ft-ln

Note: Ma, Mb, Mc combined SRSS in accordance with Section 4.7 of Reference [8] (pp. C-17 and C-18).
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Figure 4-2:  Thermowell and Temperature Detector Information

Dimensions from [16] (p. B1 and p. 15)

Thermowell Approximate Weight:

Wt = /4(((1.315 in) (0.5 in) )(1.75 in) + ((0.75 in) (0.25 in) )(16.5 in))(0.283 lb/in ) = 2.4lb

Thermowell and Detector Combined Weight:

Total Weight = 2.4 lb + 59.4 oz / 16 oz / lb = 6.1 lb

DW + SSE Seismic Load:

M = (3 g)(6.1 lb)(2.25 in)/12 in/ft = 3.4 ft-lb < 80.4 ft-lb (DW + OBE Moment Load) OK

Where:

DW + SSE Acceleration = 1 g (DW) + 2 g (SSE) = 3g (from above)

Distance to CG = 2.25 in (Fig 4-2)
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4.5.2 Operating Transient Loads
Maximum pressure and temperature values for all operating loading conditions are listed in Table 4-12. Table 4-13
summarizes transients included for evaluation with the corresponding number of cycles as given in Report 
2000645.301 (References [17]) and Report 2000645.310 (Reference [18]). This table also defines acronyms used 
going forward in the calculation. Time points, temperatures, and pressures that define the transients are presented 
in Table 4-15 through Table 4-28.

Insurge/Outsurge transient temperature and heat transfer coefficients are taken from N001-0604-00913 (Reference 
[8]) and are included in Table 4-25 through Table 4-27.

Loss of Secondary Pressure transient is taken from MN725-A00945 Rev. 8, Reference [8]. All remaining transient 
definitions are taken from Reference [17]. The initial time step is offset to a nonzero value. Additional interpolated 
time points may be added to the previously defined transients. In addition to this, time points may be added to the 
existing transient definition to extend to a steady state condition.

With respect to the PZR, no meaningful Insurge/Outsurge transient are listed in Table 7 of Reference [17]. The 
transients consist of two groups of constant pressure and temperature. The first group is [ ]
and the second group is [ ]  Therefore, the Insurge/Outsurge temperature and heat transfer
coefficient profiles, with constant pressure, found in N001-0604-00913 (Reference [8]) are used. Applicable cases 
for the temperature nozzle region, according to N001-0604-00907 (Reference [8]) are [ ]  These

cases correspond to the cycles in [ ]  respectively, in Reference [18].

Stratification loads listed in Report 2000645.301 (Reference [17]) and Report 2000645.310 (Reference [18]) were 
considered to be negligible in the vessel shell because they primarily affect the surge line which is far away from 
the temperature nozzle penetration. ASME Code supports this exclusion because the surge nozzle is meridionally 
[ ]  from the temperature nozzle penetration (N001-0604-734 within Reference

[8]). This is greater than the ASME Code primary stress local limit of 2.5 , where R is the mean vessel radius 

and t is the thickness of the wall (Reference [4] Paragraph NB-3332.1(c)). Therefore, [
 ]  Thus the stratification loads in Reference [8] can be considered non-local

to the temperature nozzle repair and negligible to this analysis.

Further breakdown of the Insurge/Outsurge transient cycles are shown in Table 4-14. All transients are prorated to 
[  ]  rounded up for conservatism, and then summed for a total cycle count in each group.

Table 4-12: Maximum Pressure and Temperature
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Table 4-13: Transients for Fatigue Evaluation
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Table 4-14: Insurge/Outsurge Transients

Table 4-15:  Heat Up (HU) Transient Definition
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Table 4-16: Cooldown (CD) Transient Definition

Table 4-17: “Loss of” Trips (LOT) Transient Definition
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Table 4-18: Other Plant Trips (OTRIP) Transient Definition
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Table 4-19: Loading (L) Transient Definition
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Table 4-20: Unloading (UL) Transient Definition

Table 4-21: 10% Step Change (ST_UP) Transient Definition
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Table 4-22: 10% Step Change (ST_DWN) Transient Definition

Table 4-23: Leak Test (LT_UP) Transient Definition

Table 4-24: Leak Test (LT_DWN) Transient Definition

For Information Only



Document No. 32-9379352-001
PROPRIETARY

Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement ASME Section III Life of Repair (NP)

Page 36

Table 4-25: Insurge/Outsurge1 (IN_OUT1) Transient Definition

Table 4-26: Insurge/Outsurge2 (IN_OUT2) Transient Definition
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Table 4-27: Insurge/Outsurge7 IN_OUT7 Transient Definition

For Information Only



Document No. 32-9379352-001
PROPRIETARY

Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement ASME Section III Life of Repair (NP)

Page 38

Table 4-28: Loss of Secondary Pressure (LSP) Transient Definition
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4.5.3 Plant Transient Cycles
Additional transients, relevant to the Thermowell design analysis, are taken from Table 1 in Reference [14] (p. C-
30). As shown in the table, the significant normal and upset condition transients applicable to the instrumentation 
nozzle weld are the heatup, cooldown, reactor trip/loss of reactor coolant flow/loss of load, OBE, and plant leak 
test. This gives a total number of 1880 cycles, which will be used in the fatigue analysis. Note that the 10 cycles of 
hydrotest are not required to be considered in accordance with NB-3657 and NB-3226 of Reference [4]. 

[
 ]

Table 4-29: Plant Transient Cycles

Transient Lifetime
Occurrences

Condition Reference [14] 
Figure/Paragraph

Heatup 500 Normal Figure 2
Cooldown / Flooding 500 Normal Figure 2
Plant Loading

1E6 Normal
+/- 100 psi
+/- 20 

Plant Unloading
10% Step Load Increase
10% Step Load Decrease
Normal Plant Variation
Reactor Trip

480 Upset Figure 3Loss Reactor Coolant Flow
Loss of Load
Operational Basis Earthquake 200 Upset N/A
Safe Shutdown Earthquake 1 Faulted N/A
Safe Shutdown Earthquake and Pipe Rupture 1 Faulted N/A
Loss of Secondary Pressure 1 Faulted Figure 4
Hydrostatic Test 10 Test N/A
Plant Leak Test 200 Test Isothermal Conditions

4.5.4 External Loads
The use of the design loads is very conservative, as the note at the bottom of p. 144 of Reference [8] indicates that 
there are no specified external loads for either the temperature nozzle or thermowell weld, other than seismic and 
vibratory induced inertia which are already addressed in this report.
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5.0 COMPUTER USAGE

5.1 Software
This calculation uses the following software: 

Controlled installation of ANSYS Mechanical Enterprise, Version 19.2 at 
/nfs/system/ansys_inc/v192/ansys/bin/ansys192 on the Lynchburg HPCv2 (RHEL 7.x machines) controlled 
platform per Reference [19].

The software is being used within its specified range of applicability as defined by validation and verification 
requirements defined in Reference [19]. While ANSYS version 19.2 is not the most recent approved version of 
ANSYS listed on EASI (Engineering Application Software Index), use of this version of ANSYS is acceptable 
since all error notices up to date have been reviewed and concluded that none of the errors may create erroneous 
results for the intent of this calculation.

5.2 Computer Files
All computer files are listed in Appendix B and are located in the Framatome Inc. ColdStor system in folder 
\cold\General-Access\32\32-9000000\32-9373538-000\official.

No specific computer files were used for the generation of the original 32-9370512-000 and 32-9370429-000 
reports.
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6.0 CALCULATIONS

6.1 Primary Stress Qualification

6.1.1 Primary Stress Evaluation
The purpose of this section is to verify the primary stress requirements for the design shown in Reference [6]. The 
replacement nozzle is shown in Reference [5]. The verification is based on the requirements of Reference [4] and 
as specified in Reference [11]. More specifically, the following are included in the calculation:

1) Partial penetration J-groove weld [  ]

2) New nozzle [  ]

3) New weld pad [  ]

4) Stresses in the vicinity of the opening [ ]  are satisfied by reinforcement requirements in 

Section 6.1.1.2.5 and the effect of corrosion over a period of [  ]  is addressed.

5) The pressure boundary weld between the thermowell and nozzle is evaluated in Section 6.2.

6.1.1.1 Loading
Pressure loads are the only substantial loads, for evaluation of primary stresses, explicitly performed in this 
calculation on the nozzle. Section 6.3 examines thermal loads for continued operation.

6.1.1.2 Primary Stress Calculation
There are no substantial external piping loads on the nozzle, as shown in Section 4.5 for seismic inertia. Shear stress 
due to internal pressure is considered on the nozzle weld. Primary stresses are also considered for the nozzle and 
are satisfied with the tentative pressure nozzle thickness calculation. Note, “tentative” is the verbiage used in ASME 
Section III NB-3324 (Reference [4]) to refer this calculation.

6.1.1.2.1 New J-Groove Weld
Weld Size (No-3352, Reference [4]) 

This weld needs to satisfy the minimum dimension requirements of Figure NB-4244(d)-1(e) and Section NB-
3352.4(d)(s).

The nozzle external dimensions will not be known until field drilling of the weld pad counterbore. However, the 
wall thickness can be determined based on the nominal counterbore ID (Reference [6]) and the nominal nozzle 
clearance (Reference [20]). Therefore, the expected nominal nozzle wall thickness is:

t = (( ) ) =       

The J-groove weld depth and fillet leg shall be no less than  [  ]  The actual values are 

[ ]  respectively. This requirement is satisfied.

For Information Only



Document No. 32-9379352-001
PROPRIETARY

Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement ASME Section III Life of Repair (NP)

Page 42

The weld length along the nozzle OD shall be no less than  [ ]  The actual value 

is [ ]  This requirement is satisfied.

The minimum required weld throat thickness (t ) is the lowest values between 0.7t t =

[ ] The minimum actual value of t is calculated to be:

t = leg sin tan
leg
leg

=       

The minimum fillet weld dimensions, taken from Reference [6] are shown in Figure 6-1:  Fillet Weld Dimensions. 
This requirement is satisfied.

Figure 6-1:  Fillet Weld Dimensions

-4244(d)- 
1(e), Reference [4 t [  ]  The gap is assured by the calculation of 
Dim. Y (Reference [5]) in Sequence C10-00 in the traveler (Reference [20]). Based on worst case as-built 
dimensions, the minimum gap was calculated to be [  ]  This requirement is satisfied.

The code minimum size of the r radius requirement is 1/16”. Reference [6] indicates [  ] min radius. The 
requirement is thus satisfied.

Nozzle Diametric Clearance (NB-3337.3(a), Reference [4]) 

-3337.3(a) is satisfied, 
according to Appendix C in Reference [20]. 

6.1.1.2.2 Weld Shear Stress
Weld Shear Stress (NB.3227.2, Reference [4]) 

The weld shear stress line is conservatively taken as the minimum J-groove weld depth, shown in red in Figure 6-2. 
The shear stress is calculated below:

F = P
4

[D + tol + 2(grind) + 2(corr )(years)]
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Where:

P = design pressure of 2500 psia Reference [8] 

tol = weld pad counterbore tolerance of 0.017 in Reference [6] 

[ ] Reference [6], note 12

 D = design diameter of the weld pad counterbore of [  ] Reference [6] 

corr = the corrosion rate of [  ] Reference [25]  

years = the longest possible duration of corrosion effect Section 3.2

The shear stress is:

= =       (Unit 1)

= =       (Unit 2)

= =       (Unit 3)

Where:

l = the shear line, shown in red in Figure 6-2 which is conservatively chosen to

     be the J-groove weld depth of [ ] Reference [6] 

d = the nozzle diameter taken as the nominal weld path IDcb [6]  – clearance [20] 

  = [ ]
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Figure 6-2: Weld Shear Stress Line

The weld material is listed as [  ]  in Reference [11]. Sm is the design stress intensity of 23300 psi 

(Reference [15]) at design temp 700°F (Reference [8]) for  [  ]  which is equivalent to [  ]
The allowable shear per NB-3227.2 is 0.6S = 0.6(23300) = 13980 psi, which is greater than the calculated shear 
stress for any unit. Therefore, the shear stress limit is satisfied for all three units. Note that the weld pad area attached
to the vessel is by inspection larger than the calculated nozzle weld shear area and therefore bounded by the nozzle 
weld.

6.1.1.2.3 Nozzle Pressure Wall Thickness
Tentative Nozzle Pressure Thickness (NB-3324.1, Reference [4]) 

The tentative nozzle thickness is:

t =
.

=        

Where:

 P = the design pressure of 2500 psia Reference [8] 

 r = the nozzle inside radius of 0.825/2 = 0.4125 in Reference [5] 

S = the design stress intensity of 23300 psi at design temp 700  for [  ] Reference [15] 

Nozzle thickness at the pressure boundary:

t , =
(ID tol clearance) (d + tol )

2

Where:

ID = the nominal wel d pad counterbore of [  ] Reference [6] 

tol = the weld pad counterbore tolerance of [  ] Reference [6] 

tol = the nozzle tolerance of [  ] Reference [5] 
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clearance = is the assumed final machining clearance of the nozzle OD of [  ] Reference [20] 

 d = the nozzle inside diameter of [  ] Reference [5] 

The minimum nozzle thickness is significantly larger than the calculated tentative nozzle thickness. Since pressure 
load is the only considerable load imposed on the nozzle, the primary stress criteria for the replacement nozzle are 
satisfied.

6.1.1.2.4 Evaluation of Nozzle Counterbore Nonconformity
Per Reference [21], the nozzle counterbore, Figure 6-3:  Counterbore Dimensions, after final machining is out of 
tolerance. Stress intensity due to pressure is calculated and compared to primary general membrane stress criteria 
of 1.0*S = 23300 psi, paragraph NB-3221.1, Reference [4]. The design stress intensity is taken from Reference 

[15] at design temperature of 700°F. The counterbore diameter per Reference [21] is [  ]  inches. The outside 

diameter of the nozzle at the place of the counterbore is [  ]  inches per Reference [5]. 

1) Calculation of hoop stress:

= =       

2) Calculation of axial stress:

= =
( )

=       

3) Determination of radial stress:

The radial stress is conservatively considered as compressive design pressure of the coolant.

= P = 2500 psia

4) Determination of Stress Intensity:

SI =  =           

The calculated Stress Intensity is below the general primary membrane stress intensity limit of 23300 psi.

Where:

= calculated hoop stress due to internal pressure, psi

= calculated axial stress due to internal pressure, psi

= calculated radial stress due to internal pressure, psi

 A = calculated area exposed to internal pressure, in

 F = calculated load due to internal pressure, lb

SI = calculated Stress Intensity in the counterbore region, psi

 P = internal design pressure, [  ] Reference [8] 
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d = measured counterbore diameter of [  ] Reference [21] 

D = nozzle outside diameter of [  ]  considering tolerance Reference [5] 

t = thickness of the nozzle at the counterbore, t = (D d )/2 = [  ]

Figure 6-3:  Counterbore Dimensions

6.1.1.2.5 Reinforcement Requirements for Openings
Section III, Subsection NB, Article NB-3000, Paragraph NB-3332.1 (Reference [4]) sets requirements for openings 
not requiring reinforcement. There are three regions of the penetration that may be exposed to the coolant fluid for 
different time periods.

1) Region one is the original J-weld at the inside surface of the vessel. Since the weld is constructed using
PWSCC susceptible material, it is conservatively assumed that corrosion started at the very beginning of
the service. This is 1985 for Unit 1, 1986 for Unit 2, and 1987 for Unit 3, as laid out in the Assumptions
(Section 3.0). Corrosion of the [  ]  behind the [  ]  of the weld caused corrosion

of the weld preparation geometry for [
 ]  and, as such, its enlarged size is calculated.

2) Region two is the bore performed as part of the [  ]  repair that is considered to be drilled to [ ]
(Reference [22]) diameter. It is conservatively assumed to corrode from the very beginning of the repair
service as the sleeve autogenous weld is made of PWSCC susceptible material. Corrosion duration at this
region behind the original sleeve is therefore [

]  Bore enlargement is calculated using
the respective number for each unit.
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3) Region three is the new counterbore performed during this repair. This area will be subject to corrosion for 
the rest of the plant life i.e. [

 ]
Paragraph NB-3332.1 (
radius of the vessel and t is the nominal vessel thickness. Per Reference [10], the mean radius of the vessel base 

[
 ]

The maximum bore diameter is [  ]  per Reference [22]. The bore diameter will experience a corrosion rate 

of [  ]  per year (Reference [25]) over the vessel service life, beginning in [  ]  when repairs were 
made. Therefore, the maximum bore diameter will corrode to a size of

Note, that this is greater than the maximum counterbore of [  ]  (Reference [6]), which would experience 

corrosion beginning in [  ] The maximum counterbore would corrode by the end of the vessel life to

By comparison, the original bore at the beginning of vessel life of  [  ]  as specified in the manufacturer’s 

drawing (E-78373-641-001-02 within Reference [8] would corrode [ ]  by the end of the vessel life to 

[ ]
Regarding the original J-groove weld, it is assumed that the J-groove weld material is not structural due to PWSCC. 
The original J-groove weld preparation geometry drawing with detailed dimensions is not available currently. A 
digitizing technique was utilized to measure the maximum diameter of the preparation. The maximum diameter out 
of multiple measurements was determined as [  ]  on the original J-groove weld on the inside wall of the 

pressurizer. Assumed [  ]  corrosion (as this weld material existed at the beginning of plant operation) 

would corrode the diameter to [ ]  It is concluded that the maximum 

penetration dimension not requiring reinforcement is bounding the expected configuration after [  ]  of 
corrosion due to exposure to the reactor coolant.

Paragraph NB-
Reference [12] does not indicate any penetration within this circle. Note that digitization of this drawing was utilized 
as more detailed drawing is not available currently.
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Paragraph NB-3332.1 b) sets additional requirements for closely spaced penetration. As stated above, there are no 
additional closely spaced penetrations.

Paragraph NB-
of a locally stressed area in the shell. Locally stressed area is defined within paragraph NB-3332.1 as any area in 
the shell where the primary local membrane stress exceeds 1.1S . Exceedance of this primary stress limit would be 
a result of a local thinning of a shell thickness below its tentative pressure thickness. The cylindrical portion of the 
vessel thickness is [  ]  This thinnest spherical portion of the vessel is [  ]  as depicted in Figure 6-4:

Pressurizer Drawing Excerpt [12]. The tentative thickness of the cylinder is [  ]  of the spherical
closure per Reference [1]. The spherical part of the vessel is evidently significantly thicker that the minimum 
required thickness. Reference [10] does not indicate any other possible locations suspect of locally stressed areas. 
Therefore, the spherical part of the vessel and its transition to the cylinder does not result in locally stressed areas. 
Furthermore, based on pages 9 and 10 of the original stress report (N001_6.04-73-1) which is contained in 
Reference [8] the maximum reported PL+Pb anywhere in this area is [  ]  for Design conditions and [  ]
for Faulted (vs. 1.1S = 29.37 ksi) demonstrating that this is not a locally stressed area.

It is therefore concluded that the temperature nozzle penetration does not require reinforcement.

Figure 6-4:  Pressurizer Drawing Excerpt [12]
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6.1.2 Interference Check
Axial Interference Between Nozzle and Remaining Sleeve

Replacement nozzle material: [  ]

Existing sleeve material: [  ]

-6 in/in/°F [ ]  from Reference [4] and [15]) 

A conservative sleeve length, with dimensions from Reference [6], is calculated as follows:

L = t + t CB =      

Where:

t = the nominal thickness of the pressurizer at nozzle of [  ] Reference [6] 

t = the maximum thickness of the new weld [ ] Reference [6] 

CB = the minimum counterbore depth [ ] Reference [6] 

A conservative nozzle length (L ) is calculated as the length of the J-groove fillet weld to the end of the 
counterbore with dimensions taken from Reference [6]. 

L = CB ,_ + L =       

Where:

CB _ = the maximum counterbore depth of [ ] Reference [6] 

L = is the minimum length of the fillet weld along the nozzle of [  ] Reference [6] 

[ ]
The maximum length change due to thermal expansion is:

L = L T + L T =      

Where:

700°F = design condition temperature Reference [8] 

[  ] = assumed temperature during installation Section 3.2

= coefficient of thermal expansion of 8.3E-6 Reference [4] and [15] 

The remaining gap between contact with the nozzle and the remaining sleeve must be no less than 1/16. 
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6.1.3 Fatigue Assessment
The ASME Code places a limit on secondary stresses to prevent failure by excessive distortion (thermal ratchet) 
caused by the repeated application of loads. The Code also limits peak stresses, through the cumulative fatigue 
usage factor, to prevent failure by fatigue. Reference [23]  documents ASME Section III qualification of the original 
repair and concluded that the predicted bounding primary plus secondary stress is [  ]  The limit of 3Sm is 
69.9 ksi. 

6.1.4 Corrosion Evaluation
Corrosion effects have been generated in Reference [25] as surface degradation rate and are considered in the 
reinforcement requirements and shear force calculation. Corrosion is conservatively assumed on the base metal 
surfaces that are exposed to coolant fluid due to PWSCC susceptible weld material. It is conservatively assumed 
that ingress of coolant fluid occurred at the beginning of the service of PWSCC susceptible weld material. Corrosion 
has negligible impact on the replacement nozzle and new weld pad.

6.2 Thermowell to Instrument Nozzle Weld Design Analysis

6.2.1 Pressure Sizing Calculation
As discussed in Section 2.0, the required weld size is determined by calculating the required thickness of an 
equivalent pipe and then specifying the weld in accordance with ASME NB-4427, which requires the leg length to 
be greater than or equal to 1.09 times the nominal wall thickness of the pipe.

Pipe Minimum Thickness [15] (NB-3641.1):

t =
PD

2(S + Py)
+ A =      

Where:

P = design pressure of 2500 psia Reference [14] 

D = outside diameter [ ]

[  ] Reference [5] 

S = Design Stress Intensity = 16.3 ksi Section 4.4.1

 y = 0.4 [15] (NB-3641.1)

 A = Additional compensatory thickness = 0 [15] (NB-3641.1)

Required Weld Size

The typical pipe schedule for these design conditions (P = 2500 psia, T = 700
Sch 160 pipe has a nominal thickness (t
considered as the nominal thickness when determining the weld size in accordance with NB-4427.

Required = 1.09t =      
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Ratio

Ratio =
Required

Actual
=       

Where:

Actual = the design weld size of 0.375 in Reference [6] 

basis for the calculation of required weld size.

6.2.2 Stress Evaluation
As shown in Reference [14], and discussed in Section 4.5.1 of this document, the temperature instrument nozzle 
does not have substantial external loads. However, this analysis conservatively applies the deadweight plus seismic 
loads shown in Section 4.5.1 for analysis purposes. As discussed in Section 2.0, the evaluation is performed in 
accordance with NB-3600 of Reference [4] and [15]. 

6.2.2.1 NB-3652
Design Conditions (Eq. 9)

B1
PD
2t

+ B2
D
2I

M =           < 1.5S = 24.4 ksi

Allowable = 1.5S = 1.5(16.3 ksi) = 24.4 ksi

Ratio = [  ]  / 24.4 ksi = [  ]
Where:

 B1 = 0.75(t /C ) =      Reference [4] (Table NB-3681(a)-1)

 B2 = 1.5(t /C ) =        Reference [4] (Table NB-3681(a)-1)

C   = Weld Leg = [  ] Reference [6] 

M = DW + OBE Resultant Moment = 80.4 ft-lb Section 4.5.1

P = Design Pressure = 2500 psia Section 4.2

D = [ ]

 t = [ ]

D = [ ]

 I = [ ]
 Sm = the Design Stress Intensity at Design Conditions = 16.3 ksi Section 4.4.1
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6.2.2.2 NB-3653.1
Level A Service Limits (Primary + Secondary Stress Intensity Range) (Eq 10)

C1
P D

2t
+ C2

D
2I

M + C3E | T T |

Allowable = 3S = 3(16.3 ksi) = 48.9 ksi

Ratio = [  ]  / 48.9 ksi = [  ]
Where:

 C1 = 1.8(t /C ) =        Reference [4] 

 C2 = 2.1(t /C ) =        Reference [4] 

 C3 = 2.0 Reference [4] 

C = the weld leg of 0.375 in Reference [6] 

M = Range of moment (Use DW + OBE Resultant Moment) = 80.4 ft-lb Section 4.5.1

P = Range of Service Pressure (Use the design pressure) of 2500 psia Section 4.2

D = [ ]

 t = [ ]

D = [ ]

I = the moment of inertia of [  ]
 Eab = Average Young’s Modulus at cold temperature on sides a/b of material discontinuity

= [ ] Section 4.4.1

= Thermal Expansion Coefficient on Side a of material discontinuity

= [  ] Section 4.4.1

= Thermal Expansion Coefficient on Side b of material discontinuity

= [  ] Section 4.4.1

Ta = Range of Average Temperature on Side a of material discontinuity

= [ ] Section 2.0

Tb = Range of Average Temperature on Side b of material discontinuity
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= [ ] Section 2.0

 Sm = Design Stress Intensity at Design Conditions = 16.3 ksi Section 4.4.1

6.2.2.3 NB-3653.2
Level A Service Limits (Peak Stress Intensity Range) (Eq. 11)

Note that, since there is no flow at the weld joint evaluated herein, the thermal radial gradient stresses are negligible.

= K1C1
P D

2t
+ K2C2

D
2I

M +
1

2(1 ) K3E | 1| + K3C3E | T T | +
1

1
| 2|

Where:

K1 = 3.0 Reference [4] (Table NB-3681(a)-1)

K2 = 2.0 Reference [4] (Table NB-3681(a)-1)

K3 = 3.0 Reference [4] (Table NB-3681(a)-1)

[ ]

6.2.2.4 NB-3653.3
Alternating Stress Intensity

[
 ]

S = =      

6.2.2.5 NB-3653.4
Cumulative Usage Factor
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6.2.2.6 NB-3656
Level D Service Limits (Eq 9)

B1
PD
2t

+ B2
D
2I

M =      

Allowable = Min(3Sm, 2Sy) = Min(3(16.3 ksi), 2(18.2 ksi)) = 36.4 ksi

Ratio = [  ]  / 36.4 ksi = [  ]
Where:

 B1  = 0.75(t /C ) =         Reference [4] (Table NB-3681(a)-1)

 B2  = 1.5(t /C ) =           Reference [4] (Table NB-3681(a)-1)

C   = the weld leg of [  ] Reference [6] 

M = DW + SSE Resultant Moment = 132.8 ft-lb Section 4.5.1

P = the design pressure of 2500 psia Section 4.2

D   = [ ]

t = [ ]

D   = [ ]

 I  = the moment of inertia of [  ]
S   = the Design Stress Intensity at Design Conditions = 16.3 ksi Section 4.4.1

S = Yield Strength at Design Conditions = 18.2 ksi Section 4.4.1

6.3 ASME Section III Life of Repair

6.3.1 Finite Element Model
The finite element model (FEM) is developed using ANSYS 19.2 (Reference [19]) and is shown in Figure 6-5 and 
Figure 6-6. The solid model and mesh are developed in ANSYS Workbench and exported to classic ANSYS for 
definition of material properties, boundary condition, load application, solution, and post-processing.

Thermal element types for the model are SOLID90 (3-D 20-node brick thermal solid). Structural element types are 
SOLID186 (3-D 20-node structural solid) for the structural analysis. Thermal contacts and surface elements are 
CONTA174, TARGE170, and SURF152. Structural contacts and surface elements are CONTA174, TARGE170, 
and SURF154.
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Figure 6-5: PZR Temperature Nozzle Finite Element Model
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Figure 6-6:  PZR Temperature Nozzle Finite Element Model (Close-Up of Weld)

6.3.1.1 Boundary Conditions
One-fourth (90°) of the nozzle is modeled due to symmetry over the vertical-radial plane and horizontal plane. The 
vertical plane containing the vertical central axis of the PZR and the horizontal central axis of the PZR nozzle forms 
the first plane of symmetry and the horizontal plane of the horizontal central axis of the PZR nozzle forms the 
second plane of symmetry for the modeled portion. Thermal and structural boundary conditions are reflective on 
these planes.

6.3.1.1.1 Thermal Analysis

[

 ]
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[

 ]

[

 ]
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Figure 6-7: Thermal Load Application and Boundary Conditions
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Figure 6-8: Thermal Load Application and Boundary Conditions Cont.
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6.3.1.1.2 Structural Analysis
Symmetric boundary conditions are applied to the planes of symmetry (“n_symm_1”, “n_symm_2”, and 
“n_symm_3”) in Figure 6-5. The PZR edge surface “n_cp_cut_boundary” is allowed to displace in the direction 
radial to the PZR center of curvature in Figure 6-5. Frictional standard contacts, with a coefficient of 0.2, are used 
on the same faces as those used in the thermal analysis. All surfaces in contact with pressurized reactor coolant fluid 
are subjected to pressure loads (“n_surf_wetted” in Figure 6-6). The upper end of the nozzle has pressure (PBO) 
applied to represent the hydrostatic end load from the piping closure (“n_noz_end_cap” in Figure 6-6) calculated 
as:

P = p
NozID

2
/

NozOD
2

NozID
2

Where:

p = the transient pressure.

NozID = [  ] Reference [5] 

NozOD = [  ] Reference [5] 

Figure 6-9: Surface with Constraints
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Figure 6-10:  Surfaces of Pressure Application

6.3.2 Design Condition
The ANSYS output file “PV_Design_Cond.out” listed in Appendix B.1 contains results of the Design Condition 
analysis using the loads designated in Section 4.5.1 and boundary conditions discussed in Section 6.3.1.1.2. 
Figure 6-11: Design Condition Stress Intensity Contours and Deformed Shape Plot shows the stress intensity 
contours along with the deformed shape of the model (note that the deformation is not to scale). The results shown 
in Figure 6-11: Design Condition Stress Intensity Contours and Deformed Shape Plot verify correct behavior of the 
FEM and stress attenuation at regions distant from the nozzle location. The calculated stress intensity shown below 
falls within the stress range of the PZR and nozzle far from the weld. Stress formulas are from Reference [24] for a 
thick-walled vessel, where the maximum principal stresses are in order.
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For PZR:

= q
a + b
a b

=           

= q
b

a b
=           

= q =                       

Stress Intensity =  =             

For nozzle:

= q
a + b
a b

=          

= q
b

a b
=          

= q =                      

Stress Intensity =  =             

Where:

 q = Pressure = [  ]

 B = inside radius = [ ]

a = outside radius = [ ]
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Figure 6-11: Design Condition Stress Intensity Contours and Deformed Shape Plot

6.3.3 Thermal Analysis
Thermal analysis files are listed in Appendix B.1 and designated as PV_**_TH.out, with ** equal to transient 
abbreviation given in Table 4-13. Thermal analyses use the temperature data given in Table 4-15 through Table 4-
28 (files designated as PV_**_TR.inp are read into the files PV_**_TH.out) and boundary conditions listed in 
Section 6.3.1.1.1.). 

Temperature gradients between key locations are used to determine time points for the structural evaluation. Nodes 
selected are listed in Table 6-1 and thermal gradient locations are listed in Table 6-2. The locations are illustrated 
in Figure 6-12 and Figure 6-13. Thermal gradient files are listed in Appendix B.1 and are designated as 
PV_**_DT.out, with ** equal to transient abbreviation given in Table 4-13. Thermal gradient results are obtained 
from the output files and Appendix A contains the temperature and thermal gradient plots for all transients analyzed.
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Table 6-1:  Nodes for Temperature and Thermal Gradient Evaluation
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Table 6-2: Thermal Gradients
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Figure 6-12:  Location Numbers for Evaluation of Thermal Gradients (Upper Region)
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Figure 6-13: Location Numbers for Evaluation of Thermal Gradients (Lower Region)

6.3.4 Structural Analysis
From thermal analysis results, time points are selected for structural evaluation based on peak thermal gradients. 
Time points are also selected for maximum pressure and temperatures and any other remaining time points used to 
define the transient. The time points selected for the analyzed transients are listed in Table 6-3 through Table 6-16.

Structural analysis files are listed in Appendix B.1 and are designated as PV_**_ST.out, with ** equal to transient 
abbreviation given in Table 4-13. The structural analysis uses the pressure data given in Table 4-15 through Table 
4-28 with files designated as PV_**_TR.inp and read into the files PV_**_ST.out. Nodal temperature data for time 
points are read into the structural file directly from the thermal analysis result files (PV_**_TH.rth). Boundary 
conditions applied are listed in Section 6.3.1.1.2.
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Table 6-3: Time Points for HE Structural Evaluation

Table 6-4: Time Points for CD Structural Evaluation
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Table 6-5: Time Points for LOT Structural Evaluation

Table 6-6: Time Points for OTRIP Structural Evaluation
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Table 6-7: Time Points for L Structural Evaluation
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Table 6-8: Time Points for UL Structural Evaluation
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Table 6-9: Time Points for ST_UP Structural Evaluation
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Table 6-10: Time Points for ST_DWN Structural Evaluation

Table 6-11: Time Points for LT_UP Structural Evaluation
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Table 6-12:  Time Points for LT_DWN Structural Evaluation

Table 6-13: Time Points for IN_OUT1 Structural Evaluation
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Table 6-14:  Time Points for IN_OUT2 Structural Evaluation
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Table 6-15: Time Points for IN_OUT7 Structural Evaluation
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Table 6-16:  Time Points for LSP Structural Evaluation
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6.3.5 ASME Code Evaluation
The ASME Code stress analysis involves two basic sets of criteria:

1) Assure that failure does not occur due to application of design loads.

2) Assure that failure does not occur due to repetitive loading.

In general, the Primary Stress Intensity criteria of the ASME Code (Reference [4]) assure that the design is adequate 
for application of design loads. ASME Code criteria for cumulative fatigue usage factor assure that the design is 
adequate for repetitive loading.

The ANSYS post-processor is used to tabulate stresses along predetermined paths through the new J-Groove weld, 
temperature nozzle, and PZR shell and classify them in accordance with ASME Code Criteria. These path lines are 
shown in Figure 6-14 and Figure 6-15 and described in Table 6-17.
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Table 6-17: Path Line and Node Identification for ASME Code Evaluation
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Figure 6-14: Path Lines on Front Face (0-Degree)
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Figure 6-15: Path Lines on Side Face (90-Degree)
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6.3.5.1 Primary Stress Criteria
The primary stress evaluation was performed in Section 6.1. 

6.3.5.2 Primary Plus Secondary Stress and Fatigue Usage Criteria

6.3.5.2.1 Primary Plus Secondary Stress Intensity Range (NB-3222.2)
The ANSYS fatigue module is used to calculate the maximum stress intensity range at each node of the selected 
path lines for all transients. The module complies with ASME Code Section III in calculating a stress intensity 
range. The Zero Stress State (ZSS) is also included in the main runs but not for the separate Insurge/Outsurge 
transients. ANSYS output files (listed in Appendix B.1) containing results of the stress range calculation for 
membrane plus bending stresses, where Groups A (IN_OUT1, IN_OUT2) and B (IN_OUT7) denote the separated 
Insurge/Outsurge transients, are:

PV_Fatigue_ [  ] _SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fatigue_ [ ] _SUM.out (for PzPath1a-2a, PzPath1b-2b)

PV_Fat_ [  ] _IN_OUT_A_SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fat_ [  ] _IN_OUT_A_SUM.out (for PzPath1a-2a, PzPath1b-2b)

PV_Fat_ [  ] _IN_OUT_B_SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fat_ [  ] _IN_OUT_B_SUM.out (for PzPath1a-2a, PzPath1b-2b)

Table 6-18 includes the alternating stress intensities generated. The allowable primary plus secondary stress is 
[ ]  (Table 4-9). Since the maximum primary plus
secondary stress intensity range is less than the allowable value, the requirement is met.
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Table 6-18:  Maximum Primary Plus Secondary Stress Intensity

Path Name Inside Node SI Range Outside Node SI Range Allowable
psi psi Ksi

NPath1a 18305 18369 69.9
NPath2a 18300 9968
NPath3a 18282 9987
NPath4a 10693 10692
NPath5a 22331 22267
NPath6a 18040 17979
WPath1a 9967 9955
WPath2a 9987 9968
NPath1b 22106 21191
NPath2b 22101 10275
NPath3b 22083 10294
NPath4b 10694 10691
NPath5b 22328 22262
NPath6b 20352 20428
WPath1b 10340 10513
WPath2b 10294 10275
PzPath1a 28887 28886 80.1
PzPath2a 24979 23771
PzPath1b 28884 28885
PzPath2b 24978 23772

6.3.5.2.2 Fatigue Usage Criteria (NB-3222.4)
Analysis of stresses during transient conditions is required to satisfy the requirements for repetitive loading. The 
following discussion describes the fatigue analysis process employed herein for the design.

As described in Section 6.3.4, the runs for each transient time point are contained in the ANSYS solution outputs 
with file names ending with “ST.” See Appendix B.1 for a complete list of output files for runs with pressure and 
temperature. Overall stress levels are reviewed and assessed to determine which model locations require detailed 
stress/fatigue analysis. Areas of interest include stress concentrations, nozzle replacement, new J-Groove weld, and 
PZR shell. The objectives are to assure the most severely stressed locations are evaluated and the specified region 
is quantitatively qualified. Once specific locations for detailed stress evaluation are established, ANSYS paths are 
defined. Post-processing runs for these paths are made to convert component stresses along these paths into Stress 
Intensity (SI) categories that correlate to criteria of the ASME Code (i.e., membrane, membrane plus bending, total).

For consideration of fatigue usage, peak stress intensity ranges are calculated. These values must include the total 
localized stresses. Geometry of the temperature nozzle and new J-Groove weld results in a crevice-like 
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configuration between the nozzle OD and the penetration counterbore diameter. Therefore, stress concentrations at 
these locations must be incorporated into the finite element stresses. To account for these stress concentration 
locations, a fatigue strength reduction factor (FSRF) is applied to the membrane plus bending (M+B) stress intensity 
ranges for locations experiencing discontinuity.

In other words, areas of singularities (i.e., crevice/notch locations) may include fictitious stresses. To remove these 
stresses, the ASME code implements a linearized stress profile. An example of the stress profile can be found in 
Figure NB-3653.2(b)-1 and denoted in paragraphs NB 3653.2(b)(1) through NB-3653.2(b)(3), Reference [4]. Since 
the linearized stress profile excludes peak stresses, an FSRF must be included to compensate for the reduction in 
stress.

In the following cumulative fatigue usage factor (CFUF) calculations, the linearized membrane plus bending stress 
intensity range at crevice/notch locations are multiplied by an FSRF of four (Reference [4], NB 3352.4 (d)(5)) to 
represent the peak stress intensity range. An FSRF of [ ] applied to all nodes along the 
outside surface of the nozzle, weld, and PZR (Reference [4], NB-3352.2). Note that some path lines are applied 
with an FSRF of [  ]  where there is no crevice-like geometry. Fatigue results in these path lines are well below 
one and are therefore acceptable for this analysis. The remaining nodes along the inside of the nozzle and PZR that 
are far from any discontinuities have an FSRF of one. In these cases, the CFUFs are taken from the total stress and 
not the linearized membrane plus bending stress. The CFUF are documented in the following ANSYS output files 
(Appendix B.1) where Groups A (IN_OUT1, IN_OUT2) and B (IN_OUT7) denote the separated Insurge/Outsurge 
transients.

PV_Fatigue_ [  ] _SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fatigue_ [  ] _TOTAL.out (for NPath1a-6a, NPath1b-6b)

PV_Fatigue_ [ ] _SUM.out (for PzPath1a-2a, PzPath1b-2b)  

PV_Fatigue_ [ ] _TOTAL.out (for PzPath1a-2a, PzPath1b-2b)  

PV_Fat_ [  ] _IN_OUT_A_SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fat_ [  ] _IN_OUT_A_TOTAL.out (for NPath1a-6a, NPath1b-6b)

PV_Fat_ [  ] _IN_OUT_A_SUM.out (for PzPath1a-2a, PzPath1b-2b)

PV_Fat_ [  ] _IN_OUT_A_TOTAL.out (for PzPath1a-2a, PzPath1b-2b)

PV_Fat_ [  ] _IN_OUT_B_SUM.out (for NPath1a-6a, NPath1b-6b, WPath1a-2a, WPath1b-2b)

PV_Fat_ [  ] _IN_OUT_B_TOTAL.out (for NPath1a-6a, NPath1b-6b)

PV_Fat_ [  ] _IN_OUT_B_SUM.out (for PzPath1a-2a, PzPath1b-2b)

PV_Fat_ [  ] _IN_OUT_B_TOTAL.out (for PzPath1a-2a, PzPath1b-2b)
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Table 6-19 contains the summary of the CFUFs for all path nodes. Table 6-20 and Table 6-21 list the transient 
pairings used for calculating the bounding cumulative fatigue usage factors. Table 6-22 lists the maximum CFUF 
with the stress intensity.

Table 6-19: Summary of Cumulative Fatigue Usage Factors
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Table 6-20: [ ]
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Table 6-21: [ ]

Table 6-22: [ ]
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6.3.5.3 Corrosion Evaluation
The design configuration of the temperature nozzle repair results in an area of the PZR base material being exposed 
to continuous contact with reactor coolant water. Chemistry of the reactor coolant combined with properties of the 
PZR wall material result in corrosion of the wetted surface.

The corrosion rate is determined to be [  ]  inches per year (Reference [25]). At this rate, total surface 
corrosion volume loss does not have a significant impact on the analysis unless noted in the calculation. 
Conservatively, loss of material is assumed to be even through the PZR bore base material, which increases the 
bore diameter. Increase in diameter has a negligible effect on stress levels and stress distributions in the wall. Thus, 
the larger bore diameter does not impact stress and fatigue usage for the assembly and is acceptable.

In conclusion, corrosion of the exposed base material has negligible impact on the response of the PZR temperature 
nozzle repair and is therefore acceptable for the life of repair.
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7.0 RESULTS

7.1 Primary Stress Qualification Results
The calculations associated with justification of primary stress qualification, demonstrate compliance with the 
requirements of applicable ASME Code criteria (Reference [4]) for the designed pressurizer temperature nozzle 
repair. Primary stress qualification is valid for the life of the repair. See the result summary table below in Table 7-1.
Subsequent analysis demonstrates acceptability of the replaced nozzle for the life of repair.

Table 7-1:  Primary Stress Qualification Summary of Results

Component/
Item

Appurtenance Qualification 
Method

Calculated Value Allowable Limit

PZR Vessel
Cylindrical Shell, 
Nozzle Penetration 
Section 6.1.1.2.5

Code Guidance 3.18 in, or required 
value

Nozzle

Main body Section 
6.1.1.2.3

Tentative
thickness

0.0486 (2)

Counterbore Section 
6.1.1.2.4

Stress Intensity 
Comparison

23300 psi

Diametrical Clearance 
Section 6.1.1.2.1

Installation
Procedure

0.000 in to 0.020 in

Section
6.1.1.2.1

Installation
Procedure

1/16 in to 0.2875 in

R2 Radius Section 
6.1.1.2.1

Dimensional
Comparison

1/16 in min

Nozzle
Connecting
Weld

Throat size Section 
6.1.1.2.1

Dimensional
Comparison

0.2013 in

Weld depth Section 
6.1.1.2.1

Dimensional
Comparison

0.216 in

Weld leg Section 
6.1.1.2.1

Dimensional
Comparison

0.216 in

Weld Length Section 
6.1.1.2.1

Dimensional
Comparison

0.431 in

Shear Stress Section 
6.1.1.2.2

Stress
Comparison

13980 psi

Note(s):
(1) This is the actual/measured size.
(2) This is the required size.

The pressure boundary at the thermowell to nozzle weld was evaluated in Section 6.2 and was found to be 
acceptable. A summary of results table for the thermowell weld can be found within Section 7.2.
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7.2 Thermowell to Instrument Nozzle Weld Design Analysis Results
The calculated stresses and applicable ratios to allowable from the design analysis for the thermowell to instrument 
nozzle weld, completed in Reference [3] are presented in Table 7-2, below.

Table 7-2:  Summary of Thermowell to Instrument Nozzle Weld Design Analysis

Section/Calculation Result Allowable
Section 6.2.1 / Weld Sizing 0.375 in(2)

Section 6.2.2.1 / Primary Stress - Design Conditions 24.4 ksi
Section 6.2.2.2 / Primary + Secondary Stress Intensity Range 48.9 ksi
Section 6.2.2.3 / Peak Stress Intensity Range N/A
Section 6.2.2.4 / Alternating Stress Intensity N/A
Section 6.2.2.5 / Cumulative Usage Factor 1.0
Section 6.2.2.6 / Primary Stress - Level D Service Limits 36.4 ksi

Note(s):
(1) This is the required size.
(2) This is the actual/measured size.

7.3 ASME Code Section III Fatigue Life of Repair Results
Primary stresses are qualified in Section 6.1. Table 7-3 contains the summary of results from the model described 
in Section 6.3 of this document based on [  ]  design cycles. Note that the PZR base material is bounding

for fatigue. Life of repair of the replacement nozzle is [  ]  from the beginning of operation after the repair
has been implemented. Life of the replacement nozzle and adjacent parts is acceptable for the projected life of 
[  ]

Table 7-3: Summary of ASME Section III Qualification Results
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APPENDIX A: ASME SECTION III LIFE OF REPAIR – TRANSIENT 
TEMPERATURE AND THERMAL PLOTS

Temperature and thermal gradient plots for the model, documented in the main body of this calculation, are listed 
in Figure A-1 through Figure A-28, below.
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Figure A-1:  HU Temperature Plot
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Figure A-2:  HU Thermal Gradient Plot
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Figure A-3:  CD Temperature Plot
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Figure A-4:  CD Thermal Gradient Plot
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Figure A-5:  LOT Temperature Plot
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Figure A-6:  LOT Thermal Gradient Plot
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Figure A-7:  OTRIP Temperature Plot
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Figure A-8:  OTRIP Thermal Gradient Plot
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Figure A-9:  L Temperature Plot
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Figure A-10:  L Thermal Gradient Plot

For Information Only



Document No. 32-9379352-001
PROPRIETARY

Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement ASME Section III Life of Repair (NP)

Page A-12

Figure A-11:  UL Temperature Plot
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Figure A-12:  UL Thermal Gradient Plot
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Figure A-13:  ST_UP Temperature Plot
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Figure A-14:  ST_UP Thermal Gradient Plot
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Figure A-15:  ST_DWN Temperature Plot
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Figure A-16:  ST_DWN Thermal Gradient Plot
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Figure A-17:  LT_UP Temperature Plot
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Figure A-18:  LT_UP Thermal Gradient Plot
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Figure A-19:  LT_DWN Temperature Plot

For Information Only



Document No. 32-9379352-001
PROPRIETARY

Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle Replacement ASME Section III Life of Repair (NP)

Page A-21

Figure A-20:  LT_DWN Thermal Gradient Plot
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Figure A-21:  IN_OUT1 Temperature Plot
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Figure A-22:  IN_OUT1 Thermal Gradient Plot
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Figure A-23:  IN_OUT2 Temperature Plot
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Figure A-24:  IN_OUT2 Thermal Gradient Plot
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Figure A-25: IN_OUT7 Temperature Plot
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Figure A-26:  IN_OUT7 Thermal Gradient Plot
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Figure A-27:  LSP Temperature Plot
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Figure A-28:  LSP Thermal Gradient Plot
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APPENDIX B: COMPUTER FILES
All computer files listed in this Appendix are located in the Framatome Inc. ColdStor system in folder 
\cold\GeneralAccess\32\32-9000000\32-9373538-000\official. Files used in this analysis are located in Appendix 
B.1. Files used for the downstream fracture mechanics analysis are located in Appendix B.2.

B.1 Computer Files Used in This Analysis
Note: Any item below with Checksum equal to “0000” indicates a directory.

Checksum User Size DateTime File Name

32364 -rwxdc bcameron       8409 ---- May 06 2024 19:30:07 HPCV2-ANSYS-Container-Job.txt* 

00000 drwxdc bcameron          0 ------ Apr 09 2024 18:44:03 Transients/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:26:34 delta_t/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:24:04 design_case/ 
00000 drwxdc bcameron          0 ------ May 09 2024 03:06:11 fatigue_run/ 
00000 drwxdc bcameron          0 ------ May 06 2024 17:25:01 input_scripts/ 
00000 drwxdc bcameron          0 ------ May 13 2024 13:26:02 model_run/ 
00000 drwxdc bcameron          0 ------ May 09 2024 00:51:49 structural_run/ 
00000 drwxdc bcameron          0 ------ May 08 2024 10:23:47 thermal_run/ 

./Transients:
00000 drwxdc bcameron    0 ------ May 06 2024 17:45:04 transient_input_files/ 

./Transients/transient_input_files:
16701 -rw-dc bcameron       2231 ------ Apr 09 2024 18:44:03 PV_CD_TR.inp 
08154 -rw-dc bcameron       2207 ------ Apr 09 2024 18:44:03 PV_HU_TR.inp 
25639 -rw-dc bcameron       3539 ------ May 06 2024 17:45:04 PV_IN_OUT1_TR.inp 
43591 -rw-dc bcameron       3542 ------ May 06 2024 17:45:04 PV_IN_OUT2_TR.inp 
50706 -rw-dc bcameron       3552 ------ May 06 2024 17:45:04 PV_IN_OUT7_TR.inp 
31507 -rw-dc bcameron       2407 ------ Apr 09 2024 18:44:03 PV_LOT_TR.inp 
16355 -rw-dc bcameron       5603 ------ Apr 09 2024 18:44:03 PV_LSP_TR.inp 
24937 -rw-dc bcameron       2001 ------ Apr 09 2024 18:44:03 PV_LT_DWN_TR.inp 
19661 -rw-dc bcameron       2002 ------ Apr 09 2024 18:44:03 PV_LT_UP_TR.inp 
56463 -rw-dc bcameron       4202 ------ Apr 09 2024 18:44:03 PV_L_TR.inp 
48180 -rw-dc bcameron       3814 ------ Apr 09 2024 18:44:03 PV_OTRIP_TR.inp 
34852 -rw-dc bcameron       2001 ------ Apr 09 2024 18:44:03 PV_ST_DWN_TR.inp 
35530 -rw-dc bcameron       2006 ------ Apr 09 2024 18:44:03 PV_ST_UP_TR.inp 
29785 -rw-dc bcameron       4471 ------ Apr 09 2024 18:44:03 PV_UL_TR.inp 

./delta_t:
00000 drwxdc bcameron    0 ------ May 08 2024 13:24:26 CD/ 
00000 drwxdc bcameron    0 ------ May 08 2024 13:24:15 HU/ 
00000 drwxdc bcameron    0 ------ May 08 2024 13:26:11 IN_OUT1/ 
00000 drwxdc bcameron    0 ------ May 08 2024 13:26:23 IN_OUT2/ 
00000 drwxdc bcameron    0 ------ May 08 2024 13:26:34 IN_OUT7/ 
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Checksum User Size DateTime File Name
00000 drwxdc bcameron          0 ------ May 08 2024 13:25:03 L/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:24:37 LOT/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:26:47 LSP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:26:00 LT_DWN/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:25:49 LT_UP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:24:49 OTRIP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:25:38 ST_DWN/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:25:27 ST_UP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:25:16 UL/ 

./delta_t/CD:
13850 -rw-dc bcameron         79 ------ May 08 2024 13:24:24 PV_CD_DT.err 
60354 -rw-dc bcameron      72989 ------ May 08 2024 13:24:26 PV_CD_DT.out 
55165 -rw-dc bcameron         18 ------ May 08 2024 13:24:26 dt_number.txt 
32675 -rw-dc bcameron        180 ------ May 08 2024 13:24:26 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:24:25 node_list.txt ./delta_t/HU: 

30233 -rw-dc bcameron         79 ------ May 08 2024 13:24:13 PV_HU_DT.err 
50164 -rw-dc bcameron      72301 ------ May 08 2024 13:24:15 PV_HU_DT.out 
38777 -rw-dc bcameron         18 ------ May 08 2024 13:24:15 dt_number.txt 
53065 -rw-dc bcameron         60 ------ May 08 2024 13:24:15 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:24:14 node_list.txt ./delta_t/IN_OUT1: 

54811 -rw-dc bcameron         79 ------ May 08 2024 13:26:08 PV_IN_OUT1_DT.err 37273 -rw-dc bcameron      
96829 ------ May 08 2024 13:26:11 PV_IN_OUT1_DT.out 

55165 -rw-dc bcameron         18 ------ May 08 2024 13:26:11 dt_number.txt 
46479 -rw-dc bcameron        408 ------ May 08 2024 13:26:11 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:26:09 node_list.txt ./delta_t/IN_OUT2: 

22040 -rw-dc bcameron         79 ------ May 08 2024 13:26:20 PV_IN_OUT2_DT.err 
13268 -rw-dc bcameron      96249 ------ May 08 2024 13:26:23 PV_IN_OUT2_DT.out 
22397 -rw-dc bcameron         18 ------ May 08 2024 13:26:23 dt_number.txt 
57620 -rw-dc bcameron        396 ------ May 08 2024 13:26:22 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:26:21 node_list.txt ./delta_t/IN_OUT7: 

38425 -rw-dc bcameron         79 ------ May 08 2024 13:26:32 PV_IN_OUT7_DT.err 
26045 -rw-dc bcameron      96001 ------ May 08 2024 13:26:34 PV_IN_OUT7_DT.out 
55166 -rw-dc bcameron         18 ------ May 08 2024 13:26:34 dt_number.txt 
17468 -rw-dc bcameron        432 ------ May 08 2024 13:26:34 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:26:32 node_list.txt ./delta_t/L: 

63004 -rw-dc bcameron         79 ------ May 08 2024 13:24:58 PV_L_DT.err 
61608 -rw-dc bcameron     132565 ------ May 08 2024 13:25:03 PV_L_DT.out 
55165 -rw-dc bcameron         18 ------ May 08 2024 13:25:02 dt_number.txt 
43510 -rw-dc bcameron        408 ------ May 08 2024 13:25:02 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:24:59 node_list.txt ./delta_t/LOT: 
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63002 -rw-dc bcameron  79 ------ May 08 2024 13:24:35 PV_LOT_DT.err 
36139 -rw-dc bcameron  70997 ------ May 08 2024 13:24:37 PV_LOT_DT.out 
22397 -rw-dc bcameron   18 ------ May 08 2024 13:24:37 dt_number.txt 
03759 -rw-dc bcameron  168 ------ May 08 2024 13:24:37 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:24:36 node_list.txt ./delta_t/LSP: 

22042 -rw-dc bcameron  79 ------ May 08 2024 13:26:43 PV_LSP_DT.err 
25667 -rw-dc bcameron  186693 ------ May 08 2024 13:26:47 PV_LSP_DT.out 
06013 -rw-dc bcameron   18 ------ May 08 2024 13:26:47 dt_number.txt 
25068 -rw-dc bcameron  276 ------ May 08 2024 13:26:47 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:26:44 node_list.txt ./delta_t/LT_DWN: 

34332 -rw-dc bcameron  79 ------ May 08 2024 13:25:57 PV_LT_DWN_DT.err 
06715 -rw-dc bcameron  57001 ------ May 08 2024 13:26:00 PV_LT_DWN_DT.out 
38779 -rw-dc bcameron   18 ------ May 08 2024 13:25:59 dt_number.txt 
00124 -rw-dc bcameron  108 ------ May 08 2024 13:25:59 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:25:58 node_list.txt ./delta_t/LT_UP: 

50715 -rw-dc bcameron  79 ------ May 08 2024 13:25:46 PV_LT_UP_DT.err 
39049 -rw-dc bcameron  56989 ------ May 08 2024 13:25:49 PV_LT_UP_DT.out 
38777 -rw-dc bcameron  18 ------ May 08 2024 13:25:48 dt_number.txt 
45055 -rw-dc bcameron   60 ------ May 08 2024 13:25:48 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:25:47 node_list.txt ./delta_t/OTRIP: 

46619 -rw-dc bcameron  79 ------ May 08 2024 13:24:46 PV_OTRIP_DT.err 
48077 -rw-dc bcameron  121465 ------ May 08 2024 13:24:49 PV_OTRIP_DT.out 
22397 -rw-dc bcameron   18 ------ May 08 2024 13:24:49 dt_number.txt 
16197 -rw-dc bcameron  396 ------ May 08 2024 13:24:49 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:24:47 node_list.txt ./delta_t/ST_DWN: 

01563 -rw-dc bcameron  79 ------ May 08 2024 13:25:35 PV_ST_DWN_DT.err 
26311 -rw-dc bcameron  50765 ------ May 08 2024 13:25:38 PV_ST_DWN_DT.out 
22395 -rw-dc bcameron   18 ------ May 08 2024 13:25:37 dt_number.txt 
41844 -rw-dc bcameron  120 ------ May 08 2024 13:25:37 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:25:36 node_list.txt ./delta_t/ST_UP: 

50714 -rw-dc bcameron  79 ------ May 08 2024 13:25:25 PV_ST_UP_DT.err 
51758 -rw-dc bcameron  50813 ------ May 08 2024 13:25:27 PV_ST_UP_DT.out 
55163 -rw-dc bcameron   18 ------ May 08 2024 13:25:26 dt_number.txt 
52119 -rw-dc bcameron  132 ------ May 08 2024 13:25:26 dt_timepoints.txt 
29676 -rw-dc bcameron  122 ------ May 08 2024 13:25:26 node_list.txt ./delta_t/UL: 

01561 -rw-dc bcameron  79 ------ May 08 2024 13:25:12 PV_UL_DT.err 
16020 -rw-dc bcameron  139853 ------ May 08 2024 13:25:16 PV_UL_DT.out 
06016 -rw-dc bcameron  18 ------ May 08 2024 13:25:15 dt_number.txt 
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21494 -rw-dc bcameron        348 ------ May 08 2024 13:25:15 dt_timepoints.txt 
29676 -rw-dc bcameron        122 ------ May 08 2024 13:25:13 node_list.txt 

./design_case:
04898 -rw-dc bcameron       1197 ------ May 08 2024 13:18:28 PV_Design_Cond_ST.err 
04541 -rw-dc bcameron      45018 ------ May 08 2024 13:24:04 PV_Design_Cond_ST.out 

./fatigue_run:

00000 drwxdc bcameron          0 ------ May 09 2024 02:24:27 [  ]
00000 drwxdc bcameron          0 ------ May 09 2024 02:51:59 [  ]
00000 drwxdc bcameron          0 ------ May 09 2024 03:03:26 [  ]
00000 drwxdc bcameron          0 ------ May 09 2024 02:42:12 [ ]
00000 drwxdc bcameron          0 ------ May 09 2024 02:58:45 [ ]
00000 drwxdc bcameron          0 ------ May 09 2024 03:07:19 [ ]

./fatigue_run/ [  ]
00000 drwxdc bcameron          0 ------ May 09 2024 02:24:27 SUM/ 
00000 drwxdc bcameron          0 ------ May 09 2024 02:37:17 TOTAL/ 

./fatigue_run/ [  ] /SUM:

51404 -rw-dc bcameron      61467 ------ May 09 2024 02:24:21 PV_Fatigue_ [  ] _SUM.err 29909 -rw-dc 

bcameron   37093590 ------ May 09 2024 02:24:27 PV_Fatigue_ [  ] _SUM.out ./fatigue_run/

[  ] /TOTAL:

11059 -rw-dc bcameron      61467 ------ May 09 2024 02:37:11 PV_Fatigue_ [  ] _TOTAL.err

51526 -rw-dc bcameron   37098469 ------ May 09 2024 02:37:17 PV_Fatigue_ [  ] _TOTAL.out

./fatigue_run/ [  ] _A:
00000 drwxdc bcameron          0 ------ May 09 2024 02:51:59 SUM/ 
00000 drwxdc bcameron          0 ------ May 09 2024 02:56:50 TOTAL/ 

./fatigue_run/ [  ] _A/SUM:

00428 -rw-dc bcameron      22727 ------ May 09 2024 02:51:54 PV_Fat_ [  ] _IN_OUT_A_SUM.err 48549 -

rw-dc bcameron   13683229 ------ May 09 2024 02:51:59 PV_Fat_ [  ] _IN_OUT_A_SUM.out 

./fatigue_run/ [  ] _A/TOTAL:

20947 -rw-dc bcameron      22727 ------ May 09 2024 02:56:45 PV_Fat_ [  ] _IN_OUT_A_TOTAL.err

21550 -rw-dc bcameron   13685282 ------ May 09 2024 02:56:50 PV_Fat_ [  ] _IN_OUT_A_TOTAL.out
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./fatigue_run/ [  ] _B:
00000 drwxdc bcameron          0 ------ May 09 2024 03:03:26 SUM/ 
00000 drwxdc bcameron          0 ------ May 09 2024 03:06:11 TOTAL/ 

./fatigue_run/ [  ] _B/SUM:

32172 -rw-dc bcameron      12595 ------ May 09 2024 03:03:22 PV_Fat_ [  ] _IN_OUT_B_SUM.err 30678 -

rw-dc bcameron    7581837 ------ May 09 2024 03:03:26 PV_Fat_ [  ] _IN_OUT_B_SUM.out

./fatigue_run/ [  ] _B/TOTAL:

50040 -rw-dc bcameron      12595 ------ May 09 2024 03:06:07 PV_Fat_ [  ] _IN_OUT_B_TOTAL.err

38143 -rw-dc bcameron    7583890 ------ May 09 2024 03:06:11 PV_Fat_ [  ] _IN_OUT_B_TOTAL.out

./fatigue_run/ [ ]
00000 drwxdc bcameron          0 ------ May 09 2024 02:42:12 SUM/ 
00000 drwxdc bcameron          0 ------ May 09 2024 02:47:06 TOTAL/ 

./fatigue_run/ [  ] /SUM:

41687 -rw-dc bcameron      61467 ------ May 09 2024 02:42:10 PV_Fatigue_ [  ] _SUM.err

54508 -rw-dc bcameron    9409250 ------ May 09 2024 02:42:12 PV_Fatigue_ [  ] _SUM.out

./fatigue_run/ [  ] /TOTAL:

08561 -rw-dc bcameron      61467 ------ May 09 2024 02:47:04 PV_Fatigue_ [  ] _TOTAL.err

57425 -rw-dc bcameron    9410410 ------ May 09 2024 02:47:06 PV_Fatigue_ [ ]
_TOTAL.out

./fatigue_run/ [  ] _A:
00000 drwxdc bcameron          0 ------ May 09 2024 02:58:45 SUM/ 
00000 drwxdc bcameron          0 ------ May 09 2024 03:00:40 TOTAL/ 

./fatigue_run/ [  ] _A/SUM:

48147 -rw-dc bcameron      22727 ------ May 09 2024 02:58:43 PV_Fat_ [  ] _IN_OUT_A_SUM.err 13728

-rw-dc bcameron    3486119 ------ May 09 2024 02:58:45 PV_Fat_ [  ] _IN_OUT_A_SUM.out

./fatigue_run/ [  ] _A/TOTAL:

03893 -rw-dc bcameron      22727 ------ May 09 2024 03:00:39 PV_Fat_ [  ] _IN_OUT_A_TOTAL.err

38748 -rw-dc bcameron    3486651 ------ May 09 2024 03:00:40 PV_Fat_ [  ] _IN_OUT_A_TOTAL.out

./fatigue_run/ [  ] _B:
00000 drwxdc bcameron          0 ------ May 09 2024 03:07:19 SUM/ 
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00000 drwxdc bcameron  0 ------ May 09 2024 03:08:27 TOTAL/ 

./fatigue_run/ [  ] _B/SUM:

39979 -rw-dc bcameron 12595 ------ May 09 2024 03:07:18 PV_Fat_ [  ] _IN_OUT_B_SUM.err 07679

-rw-dc bcameron    1943082 ------ May 09 2024 03:07:19 PV_Fat_ [  ] _IN_OUT_B_SUM.out

./fatigue_run/ [  ] _B/TOTAL:

62237 -rw-dc bcameron 12595 ------ May 09 2024 03:08:25 PV_Fat_ [  ] _IN_OUT_B_TOTAL.err

52707 -rw-dc bcameron 1943614 ------ May 09 2024 03:08:27 PV_Fat_ [  ] _IN_OUT_B_TOTAL.out

./input_scripts:
00000 drwxdc bcameron       0 ------ May 08 2024 11:14:37 fatigue_inputs/ 
51152 -rw-dc bcameron  1252 ------ Apr 09 2024 18:45:27 run_dc.inp 
03349 -rw-dc bcameron   342 ------ Apr 09 2024 18:45:27 run_dt.inp 
45224 -rw-dc bcameron  4028 ------ May 06 2024 17:22:35 run_hoop_stress.inp 
44221 -rw-dc bcameron  2403 ------ Apr 09 2024 18:45:27 run_th.inp 
25791 -rw-dc bcameron  2500 ------ May 06 2024 17:25:01 run_th2.inp 
00000 drwxdc bcameron       0 ------ May 06 2024 17:56:28 structural_inputs/ 
12560 -rw-dc bcameron  7840 ------ Apr 09 2024 18:45:27 timepoint_selection.mac 

./input_scripts/fatigue_inputs:

43997 -rw-dc bcameron 12832 ------ May 08 2024 11:13:19 PV_Fat_ [  ] _IN_OUT_A.inp

46659 -rw-dc bcameron 12620 ------ May 08 2024 11:14:23 PV_Fat_ [  ] _IN_OUT_B.inp

18110 -rw-dc bcameron 12825 ------ May 08 2024 11:13:57 PV_Fat_ [  ] _IN_OUT_A.inp

48233 -rw-dc bcameron 12611 ------ May 08 2024 11:14:37 PV_Fat_ [  ] _IN_OUT_B.inp

12454 -rw-dc bcameron 14922 ------ Apr 29 2024 18:32:51 PV_Fatigue_ [  ] inp

50050 -rw-dc bcameron 14922 ------ Apr 29 2024 18:32:51 PV_Fatigue_ [ ] inp
23031 -rw-dc bcameron   901 ------ Apr 29 2024 18:32:51 Paths.mac ./input_scripts/structural_inputs: 
62249 -rw-dc bcameron  3944 ------ Apr 09 2024 18:45:27 PV_CD_ST.inp 
03189 -rw-dc bcameron  3510 ------ Apr 09 2024 18:45:27 PV_HU_ST.inp 
00157 -rw-dc bcameron  4977 ------ May 06 2024 17:56:28 PV_IN_OUT1_ST.inp 
13612 -rw-dc bcameron  4966 ------ May 06 2024 17:56:28 PV_IN_OUT2_ST.inp 
61671 -rw-dc bcameron  5141 ------ May 06 2024 17:56:28 PV_IN_OUT7_ST.inp 
52120 -rw-dc bcameron  3909 ------ Apr 09 2024 18:45:27 PV_LOT_ST.inp 
41595 -rw-dc bcameron  5049 ------ Apr 09 2024 18:45:27 PV_LSP_ST.inp 
30920 -rw-dc bcameron  3624 ------ Apr 09 2024 18:45:27 PV_LT_DWN_ST.inp 
44267 -rw-dc bcameron  3446 ------ Apr 09 2024 18:45:27 PV_LT_UP_ST.inp 
58181 -rw-dc bcameron  5300 ------ Apr 09 2024 18:45:27 PV_L_ST.inp 
32901 -rw-dc bcameron  5218 ------ Apr 09 2024 18:45:27 PV_OTRIP_ST.inp 
28865 -rw-dc bcameron  3670 ------ Apr 09 2024 18:45:27 PV_ST_DWN_ST.inp 
01988 -rw-dc bcameron  3716 ------ Apr 09 2024 18:45:27 PV_ST_UP_ST.inp 
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22542 -rw-dc bcameron       5183 ------ Apr 09 2024 18:45:27 PV_UL_ST.inp 

./model_run:
24174 -rw-dc bcameron        237 ------ Mar 27 2024 16:51:01 HPCV2-ANSYS-Container-Job.txt 
45858 -rw-dc bcameron       8930 ------ Mar 27 2024 10:08:04 Model.inp 
59845 -rw-dc bcameron   23801612 ------ Mar 27 2024 10:09:19 PV_Model_WB.dat 

./structural_run:
00000 drwxdc bcameron          0 ------ May 08 2024 14:46:00 CD/ 
00000 drwxdc bcameron          0 ------ May 08 2024 13:52:41 HU/ 
00000 drwxdc bcameron          0 ------ May 08 2024 22:20:08 IN_OUT1/ 
00000drwxdc bcameron          0 ------ May 08 2024 23:27:17 IN_OUT2/ 
00000 drwxdc bcameron          0 ------ May 09 2024 00:51:48 IN_OUT7/ 
00000 drwxdc bcameron          0 ------ May 08 2024 18:03:40 L/ 
00000 drwxdc bcameron          0 ------ May 08 2024 15:19:39 LOT/ 
00000 drwxdc bcameron          0 ------ May 09 2024 02:11:18 LSP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 21:11:40 LT_DWN/ 
00000 drwxdc bcameron          0 ------ May 08 2024 20:39:41 LT_UP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 16:39:49 OTRIP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 20:20:57 ST_DWN/ 
00000 drwxdc bcameron          0 ------ May 08 2024 19:51:53 ST_UP/ 
00000 drwxdc bcameron          0 ------ May 08 2024 19:21:34 UL/ 

./structural_run/CD: 
07390 -rw-dc bcameron       6263 ------ May 08 2024 14:40:22 PV_CD_ST.err 03227 -rw-dc bcameron      94935 -

----- May 08 2024 14:46:00 PV_CD_ST.out ./structural_run/HU: 
33923 -rw-dc bcameron       3283 ------ May 08 2024 13:50:52 PV_HU_ST.err 18257 -rw-dc bcameron      70991 -

----- May 08 2024 13:52:41 PV_HU_ST.out ./structural_run/IN_OUT1: 
49017 -rw-dc bcameron      12223 ------ May 08 2024 22:17:15 PV_IN_OUT1_ST.err 52977 -rw-dc bcameron     

141358 ------ May 08 2024 22:20:08 PV_IN_OUT1_ST.out ./structural_run/IN_OUT2: 
39000 -rw-dc bcameron      12223 ------ May 08 2024 23:24:11 PV_IN_OUT2_ST.err 26802 -rw-dc bcameron     

141042 ------ May 08 2024 23:27:17 PV_IN_OUT2_ST.out ./structural_run/IN_OUT7: 
16154 -rw-dc bcameron      13415 ------ May 09 2024 00:50:06 PV_IN_OUT7_ST.err 22596 -rw-dc bcameron     

149191 ------ May 09 2024 00:51:48 PV_IN_OUT7_ST.out ./structural_run/L: 
57616 -rw-dc bcameron      13415 ------ May 08 2024 18:01:51 PV_L_ST.err 14829 -rw-dc bcameron     150937 --

---- May 08 2024 18:03:40 PV_L_ST.out ./structural_run/LOT: 
18396 -rw-dc bcameron       5667 ------ May 08 2024 15:17:52 PV_LOT_ST.err 31046 -rw-dc bcameron      88373 

------ May 08 2024 15:19:39 PV_LOT_ST.out ./structural_run/LSP: 
49374 -rw-dc bcameron      12521 ------ May 09 2024 02:09:35 PV_LSP_ST.err 10843 -rw-dc bcameron     

149176 ------ May 09 2024 02:11:18 PV_LSP_ST.out ./structural_run/LT_DWN: 
18856 -rw-dc bcameron       4177 ------ May 08 2024 21:09:56 PV_LT_DWN_ST.err 30818 -rw-dc bcameron      

77376 ------ May 08 2024 21:11:40 PV_LT_DWN_ST.out ./structural_run/LT_UP: 
56009 -rw-dc bcameron       2985 ------ May 08 2024 20:37:51 PV_LT_UP_ST.err 24991 -rw-dc bcameron      

67529 ------ May 08 2024 20:39:41 PV_LT_UP_ST.out ./structural_run/OTRIP: 
22261 -rw-dc bcameron      12819 ------ May 08 2024 16:37:59 PV_OTRIP_ST.err 
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25202 -rw-dc bcameron     145613 ------ May 08 2024 16:39:49 PV_OTRIP_ST.out ./structural_run/ST_DWN: 
49370 -rw-dc bcameron       4475 ------ May 08 2024 20:17:03 PV_ST_DWN_ST.err 08969 -rw-dc bcameron      

78781 ------ May 08 2024 20:20:57 PV_ST_DWN_ST.out 

./structural_run/ST_UP:
39141 -rw-dc bcameron       4773 ------ May 08 2024 19:48:02 PV_ST_UP_ST.err 62971 -rw-dc bcameron     

81012 ------ May 08 2024 19:51:53 PV_ST_UP_ST.out ./structural_run/UL: 
57878 -rw-dc bcameron      12521 ------ May 08 2024 19:19:44 PV_UL_ST.err 
18939 -rw-dc bcameron     144675 ------ May 08 2024 19:21:34 PV_UL_ST.out 

./thermal_run:
00000 drwxdc bcameron    0 ------ May 06 2024 23:52:53 CD/ 
00000 drwxdc bcameron    0 ------ May 06 2024 21:39:38 HU/ 
00000 drwxdc bcameron  0 ------ May 08 2024 07:03:07 IN_OUT1/ 
00000 drwxdc bcameron    0 ------ May 08 2024 10:23:47 IN_OUT2/ 
00000 drwxdc bcameron    0 ------ May 08 2024 13:18:17 IN_OUT7/ 
00000 drwxdc bcameron    0 ------ May 07 2024 10:13:15 L/ 
00000 drwxdc bcameron    0 ------ May 07 2024 01:59:19 LOT/ 
00000 drwxdc bcameron    0 ------ May 08 2024 02:51:27 LSP/ 
00000 drwxdc bcameron    0 ------ May 07 2024 19:49:13 LT_DWN/ 
00000 drwxdc bcameron    0 ------ May 07 2024 18:19:40 LT_UP/ 
00000 drwxdc bcameron  0 ------ May 07 2024 05:44:38 OTRIP/ 
00000 drwxdc bcameron    0 ------ May 07 2024 16:51:45 ST_DWN/ 
00000 drwxdc bcameron    0 ------ May 07 2024 15:58:08 ST_UP/ 
00000 drwxdc bcameron    0 ------ May 07 2024 15:05:02 UL/ 

./thermal_run/CD:
23708 -rw-dc bcameron       4779 ------ May 06 2024 23:15:56 PV_CD_TH.err 04237 -rw-dc bcameron     143221 

------ May 06 2024 23:52:53 PV_CD_TH.out ./thermal_run/HU: 
52235 -rw-dc bcameron       4779 ------ May 06 2024 21:07:39 PV_HU_TH.err 45209 -rw-dc bcameron     142564 

------ May 06 2024 21:39:38 PV_HU_TH.out ./thermal_run/IN_OUT1: 
42049 -rw-dc bcameron       7389 ------ May 08 2024 06:14:08 PV_IN_OUT1_TH.err 30170 -rw-dc bcameron    

207631 ------ May 08 2024 07:03:07 PV_IN_OUT1_TH.out ./thermal_run/IN_OUT2: 
50919 -rw-dc bcameron       7389 ------ May 08 2024 09:58:50 PV_IN_OUT2_TH.err 54076 -rw-dc bcameron    

200641 ------ May 08 2024 10:23:47 PV_IN_OUT2_TH.out ./thermal_run/IN_OUT7: 
50448 -rw-dc bcameron       7389 ------ May 08 2024 12:53:37 PV_IN_OUT7_TH.err 30213 -rw-dc bcameron    

198334 ------ May 08 2024 13:18:17 PV_IN_OUT7_TH.out ./thermal_run/L: 
46772 -rw-dc bcameron       9999 ------ May 07 2024 09:47:39 PV_L_TH.err 30677 -rw-dc bcameron     277215 ---

--- May 07 2024 10:13:15 PV_L_TH.out 

./thermal_run/LOT:
05446 -rw-dc bcameron       5301 ------ May 07 2024 01:33:59 PV_LOT_TH.err 49923 -rw-dc bcameron     142918 

------ May 07 2024 01:59:19 PV_LOT_TH.out ./thermal_run/LSP: 
61916 -rw-dc bcameron 13653 ------ May 08 2024 02:25:21 PV_LSP_TH.err 
28089 -rw-dc bcameron     395003 ------ May 08 2024 02:51:27 PV_LSP_TH.out ./thermal_run/LT_DWN: 
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06087 -rw-dc bcameron       4257 ------ May 07 2024 19:20:09 PV_LT_DWN_TH.err 60808 -rw-dc bcameron     

111644 ------ May 07 2024 19:49:13 PV_LT_DWN_TH.out ./thermal_run/LT_UP: 
15929 -rw-dc bcameron       4257 ------ May 07 2024 17:52:18 PV_LT_UP_TH.err 64715 -rw-dc bcameron     

111772 ------ May 07 2024 18:19:40 PV_LT_UP_TH.out ./thermal_run/OTRIP: 
16664 -rw-dc bcameron       8955 ------ May 07 2024 05:18:14 PV_OTRIP_TH.err 02191 -rw-dc bcameron     

251470 ------ May 07 2024 05:44:38 PV_OTRIP_TH.out ./thermal_run/ST_DWN: 
36194 -rw-dc bcameron       4257 ------ May 07 2024 16:25:12 PV_ST_DWN_TH.err 52192 -rw-dc bcameron     

100250 ------ May 07 2024 16:51:45 PV_ST_DWN_TH.out ./thermal_run/ST_UP: 
24046 -rw-dc bcameron       4257 ------ May 07 2024 15:31:47 PV_ST_UP_TH.err 58275 -rw-dc bcameron     

100147 ------ May 07 2024 15:58:08 PV_ST_UP_TH.out ./thermal_run/UL: 
28935 -rw-dc bcameron      10521 ------ May 07 2024 14:39:39 PV_UL_TH.err 
31056 -rw-dc bcameron    292475 ------ May 07 2024 15:05:02 PV_UL_TH.out
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B.2 Computer Files for Downstream Fracture Mechanics
Nodal hoop stresses and location coordinates are extracted for all nodes on the global X-Y plane (i.e., Z equals 
zero). In the global coordinate system, hoop stresses are in the Z direction (Sz). Computer output files listed in this 
Section are located in the Framatome Inc. ColdStor system in folder \cold\General-Access\32\32-9000000\32-
9373538-000\official. Transient abbreviations are given in Table 4-13.

Note: Any item below with Checksum equal to “0000” indicates a directory.

Checksum User Size DateTime File Name
00000 drwxdc bcameron          0 ------ May 13 2024 13:11:43 hoop_run/ 

./hoop_run:
41174 -rw-dc bcameron     904509 ------ May 09 2024 03:08:58 PV_CD.sav 
07422 -rw-dc bcameron      57073 ------ May 09 2024 03:13:14 PV_Design_Cond.sav 
38079 -rw-dc bcameron     407044 ------ May 09 2024 03:08:43 PV_HU.sav 
44557 -rw-dc bcameron     108867 ------ May 09 2024 03:13:14 PV_Hoop_Stress.err 
31075 -rw-dc bcameron     133192 ------ May 09 2024 03:13:14 PV_Hoop_Stress.out 
32589 -rw-dc bcameron    1900809 ------ May 09 2024 03:11:44 PV_IN_OUT1.sav 
36302 -rw-dc bcameron    1900809 ------ May 09 2024 03:12:13 PV_IN_OUT2.sav 
46770 -rw-dc bcameron    2099826 ------ May 09 2024 03:12:44 PV_IN_OUT7.sav 
59576 -rw-dc bcameron    2100514 ------ May 09 2024 03:10:13 PV_L.sav 
01093 -rw-dc bcameron     805260 ------ May 09 2024 03:09:10 PV_LOT.sav 
52316 -rw-dc bcameron    1952526 ------ May 09 2024 03:13:13 PV_LSP.sav 
11608 -rw-dc bcameron     556126 ------ May 09 2024 03:11:15 PV_LT_DWN.sav 
63698 -rw-dc bcameron     357109 ------ May 09 2024 03:11:07 PV_LT_UP.sav 
47986 -rw-dc bcameron    2000638 ------ May 09 2024 03:09:41 PV_OTRIP.sav 
62814 -rw-dc bcameron     605878 ------ May 09 2024 03:11:01 PV_ST_DWN.sav 
39284 -rw-dc bcameron     655637 ------ May 09 2024 03:10:52 PV_ST_UP.sav 
43015 -rw-dc bcameron    1951432 ------ May 09 2024 03:10:42 PV_UL.sav 
26554 -rw-dc bcameron     100822 ------ May 09 2024 03:08:37 UCTrxyz.sav
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1.0 PURPOSE
The purpose of this document is to evaluate potential corrosion mechanisms arising from replacement of the 
temperature nozzles in the Palo Verde Nuclear Generating Station (PVNGS) Units 1, 2, and 3 pressurizers 
(PZRs). This document considers corrosion over the life of the repairs for all three units. The materials with 
potential corrosion concerns evaluated herein are the exposed low alloy steel (LAS) base metal (SA-533, Grade B, 
Class 1) of the PZR shell, the replacement Alloy 690 outer nozzle sleeve and temperature nozzle, the replacement 
Alloy 52M weld metals, and the replacement Type 316 thermowell, as required by Section 4.6 of Reference [1]. 

2.0 ASSUMPTIONS

2.1 Assumptions Requiring Verification
1. It is assumed that the proportions of time that PVNGS Units 1, 2, and 3 will be in the operating,

shutdown, and startup conditions will be the same as those indicated by historical operation data [2] for
the life of the repairs (i.e., the current remaining operating cycles for 80 years of operation). Continued
validation of this assumption must be performed, and the results of this analysis may not be conservative
if the current plant operating schedule is not maintained (e.g., in the case of extended shutdowns or
refueling outage length extension).

2. It is assumed that PVNGS Units 1, 2, and 3 will maintain reactor coolant system (RCS) primary water
chemistry in accordance with the EPRI PWR Primary Water Chemistry Guidelines during the life of the
nozzle repairs (i.e., the current remaining operating cycles for 80 years of operation). Continued
validation of this assumption must be performed through water chemistry program monitoring, which is
performed per the PVNGS LRA [3]. Note that Revision 7 of the EPRI Primary Water Chemistry
Guidelines [4] is currently followed while the PVNGS LRA [3] identifies that Revision 5 of the EPRI
Primary Water Chemistry Guidelines [5] was followed at that time by the PVNGS water chemistry
program. This difference does not affect the results of the analysis herein.

2.2 Justified Assumptions
No justified assumptions are identified in this document.

3.0 BACKGROUND
A leak in the Alloy 82 partial joint penetration outer weld of the PZR temperature nozzle was identified at 
PVNGS Unit 1, requiring replacement of nozzle components in a nozzle repair during the Fall 2023 1R24 
refueling outage.

The PZR temperature nozzles at PVNGS Units 1, 2, and 3 were previously modified from the original 
construction as part of a mitigation campaign in response to a leak identified at one of the other instrument 
nozzles on the PZR. [

 ]  as depicted in Figure 3-1.
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[

 ]  A cavity will be created between the temperature nozzle and the pressurizer shell by the
repair (Location A in Figure 3-2). Low alloy steel may also be exposed behind the nozzle sleeve even after its roll 
expansion (Location B in Figure 3-2). These areas of exposed LAS base metal create corrosion concerns that must 
be evaluated. Figure 3-2 and Figure 3-3 show the repair configuration and subject locations if no grinding of 
defects is performed inside the bore. Grinding of no more than 1/16 inch radially of the LAS and/or Alloy 52M 
that slightly enlarges the nozzle bore diameter from the planned repair design may be implemented [

 ]  All figures are sourced from
Reference [6]. It is noted that Figure 3-2 has been adapted from Reference [6] to highlight locations where the 
LAS base metal will be exposed to the RCS.

Figure 3-1:  Schematic of Existing Temperature Nozzle Bounding Design Configuration [6] 
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Figure 3-2:  Schematic of Repaired Temperature Nozzle Bounding Repair Design Configuration
(Adapted from Reference [6]) 

Figure 3-3:  Detailed Schematic of Figure 3-2, Detail A without Nozzle Installation [6] 

4.0 INDUSTRY OCCURENCES OF EXPOSED CARBON/LOW ALLOY STEEL BASE METAL
The carbon or low alloy steel components in the PZR, reactor vessel (RV), and the steam generator (SG) exposed 
to pressurized water reactor (PWR) RCS primary coolant are clad with either stainless steel or nickel-base alloy to 
prevent corrosion of the carbon or low alloy steel base metal. Throughout the operating history of domestic 
PWRs, there have been many cases where a localized area of the carbon or low alloy steel base metal has been 
exposed to the PWR RCS primary coolant due to damage to the cladding or a repair configuration. Several such 
instances are listed in Reference [7], which includes repairs over the last approximately 20 years. Details of some 
examples are listed below:
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1960s Yankee-Rowe reactor vessel – Surveillance capsules fell from holder assemblies to the bottom of the 
vessel, releasing test specimens and other debris, leading to perforations in the cladding.

1990 ANO Unit 1 pressurizer – A leak was detected at the pressurizer upper-level tap nozzle within the steam 
space in December 1990. The repair consisted of removing the outer section of the nozzle followed by 
welding a new section of nozzle to the OD of the pressurizer. (LER 313-1990-021)

1991 Oconee-Unit 1 steam generator – A misdrilled tubesheet hole in the upper tubesheet of one of the steam 
generators, during plugging operation in 1991, led to exposure of a small area of unclad tubesheet to 
primary coolant. [Note: This area of the tubesheet has since been “patched” and is no longer exposed to 
coolant]. 

1994 Calvert Cliffs-Unit 1 pressurizer – Two leaking heater nozzles in the lower head of the pressurizer were 
partially removed and the penetrations were plugged in 1994. (LER 317-1994-003)

1997 Oconee-Unit 1 OTSG manway – During the end-of-cycle (EOC) 17 refueling outage, a degraded area was 
observed in the “bore” of the 1B once through steam generator (OTSG). Subsequent inspection revealed a 
1/32 to 1/16 deep, 1 wide, and 4 long circumferential damaged area to the cladding surface of the 
manway opening. The exposure of the base metal was confirmed by etching.

2001 CRDM repairs at Oconee Unit 2, Oconee Unit 3, Crystal River Unit 3, Three Mile Island Unit 1, and 
Surry Unit 1. (LER 270-2001-002, 287-2001-003, 302-2001-004, 289-2001-002, 280-2001-003)

2002 CRDM repairs at Oconee Unit 1 and Oconee Unit 2. (LER 269-2002-003, 270-2002-002)

2003 CRDM/CEDM repairs at St. Lucie Unit 2 and Millstone Unit 2, half nozzle repairs of STP-1 bottom 
mounted instrument nozzles, half nozzle repairs of pressurizer instrument nozzles at Crystal River Unit 3. 
(LER 389-2003-002, 498-2003-003, 302-2003-003)

2005 Half-nozzle modification for the TMI-1 pressurizer vent nozzle.

2013 Half-nozzle repair on reactor vessel bottom-mounted instrument nozzles after a leak was identified at Palo 
Verde Generating Station, Unit 3. (LER 2013-001-01)

2017 Half-nozzle repair on reactor vessel head instrument nozzle after a leak was identified at Limerick 
Generating Station, Unit 2. (LER 2017-004-01)

2020 Half-nozzle repair on reactor pressure vessel instrument nozzle after a leak was identified at Peach 
Bottom Atomic Power Station Unit 2. (LER 2020-002-00)

In most of these instances, carbon or low alloy steel base metal was exposed to primary coolant in a localized 
area. Each plant returned to normal operation with the base metal exposed; in the case of Yankee-Rowe, the 
vessel operated for roughly 30 years with the base metal exposed.

5.0 CORROSION OF LOW ALLOY STEEL EXPOSED TO RCS
Several types of corrosion can occur when carbon and low alloy steel base metal are exposed to primary coolant. 
During operating conditions, the primary coolant in the PZRs is deaerated and at high temperature, being 
based on a nominal operating pressure of 2250 psig [8] and saturated steam conditions. For small bore 
temperature nozzles in the pressurizer, the RCS flow rate in the gap between the new nozzle and the pressure 
vessel shell (Locations A and B, see Figure 3-2)  [ ]  during operating conditions. During
cold shutdown conditions, the primary coolant temperature [8] and may become aerated, stagnant, 
and/or uncovered depending on the location within the RCS. During startup conditions, the RCS is mostly 
deaerated and temperature rises from the cold shutdown temperature of to normal operating temperature 
of in the PZR, though oxygen can be trapped in the crevices of the temperature nozzle assembly. The 
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following sections discuss the possible corrosion mechanisms for the exposed LAS base metal at Locations A and 
B in the nozzle repair.

5.1 General Corrosion
General corrosion is defined as uniform deterioration of a surface by chemical or electrochemical reactions with 
the environment. Carbon and low alloy steels may be subject to general corrosion upon exposure to primary 
coolant. The general corrosion rates of carbon and low alloy steels during aerated and deaerated reactor coolant 
conditions are discussed below.

5.1.1 General Corrosion Experimental Data
Many studies [9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19] have reported corrosion rates of carbon and low alloy 
steels in high temperature water. In many of the studies, the corrosion rates for carbon and low alloy steels have 
been observed to be similar; the corrosion data [10, 11, 13, 16] are applicable to carbon and low alloy steels such 
as ASME SA-212, SA-302, SA-533, and SA-516. The Electric Power Research Institute (EPRI) has also 
compiled a handbook [20] on boric acid corrosion. This handbook summarizes the industry field experience with 
boric acid corrosion incidents, a discussion of boric acid corrosion mechanisms, and a compilation of prior boric 
acid corrosion testing and results.

One evaluation was completed in response to the Yankee-Rowe incident (noted in Section 4.0); in the evaluation, 
ASTM A 302 Grade B LAS was exposed to RCS primary coolant in aerated and deaerated conditions [21]. It was 
shown that under deaerated conditions (i.e., during operation), the corrosion rate depended on temperature, fluid 
velocity, boric acid concentration, and time. At the maximum velocity tested (36 ft/sec), the corrosion rate was 
determined to be 0.003 ipy (inch per year) – the maximum corrosion rate reported [21]. Under static conditions 
(i.e., stagnant) at 650°F, a maximum corrosion rate of 0.0009 ipy was reported. In the same study under shutdown 
conditions (aerated, low temperature [~70°F]), the maximum corrosion rate was determined to be 0.0015 inch for 
a two-month shutdown, or 0.009 ipy [21]. [

 ]
Other studies have investigated the general corrosion rate of carbon steels in borated water. The corrosion rate at 
reactor startup for SA-533 GR B and SA-508 Class 2 was determined to be a maximum of 0.019 ipy, with an 

Li (as LiOH), and 0.4 ppm ammonia [22]1 , the 
corrosion rate of the steel was 0.0147 to 0.0157 ipy [19]
lower, approximately 0.002 ipy [20]. 

1 Table 2 of Reference [22] appears to contain two typographical errors: the title of Table 2 reads “Corrosion Rates of Low 

water autoclave tests states that th

of Table 2 should say “723 PPM B in Test”.
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5.1.2 Oxygen Concentration in the Modified Area

[

 ]

5.1.3 Pressure Boundary Leakage (Wastage)
Boric acid corrosion rates under conditions outside the pressure boundary are not applicable to the subject 
locations inside the temperature nozzle assembly, and the repair of the temperature nozzle assembly is intended to 
prevent potential leaks that were observed in the outer Alloy 82 welds of the Unit 1 PZR temperature nozzle in 
Fall 2023. Since this evaluation concerns only with LAS corrosion exposed to the primary coolant, boric acid 
corrosion outside the pressure boundary due to primary coolant leakage is not within the scope of this evaluation.

5.1.4 General Corrosion Rates

[

 ]

Table 5-1:  [ ]
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5.1.5 Long Term General Corrosion Projection

The corrosion rate for the exposed LAS is conservatively estimated to be [

]

5.2 Crevice Corrosion

[
 ]  creates the geometry of a crevice (high aspect ratio). The

environmental conditions in a crevice can become aggressive with time and can cause accelerated local corrosion. 
Experiments were conducted to determine the crevice corrosion rate of LAS in primary water, and the results 
indicate that the crevice corrosion rate for both aerated and deaerated conditions is less than the respective general 
corrosion rate [14, 21]. Operating experience from PWRs and Naval reactor programs shows that crevice 
corrosion is not normally a concern in PWR systems [17]. 
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Several corrosion studies have examined crevice corrosion in the gaps between [

 ]
There is evidence that crevice corrosion is not a common concern in PWR systems, the rate of crevice corrosion 
has been experimentally shown to be lower than that of the general corrosion rate of SA-533 GR B, Class 1 in 
primary coolant, and operating experience shows crevices becoming filled with corrosion product over time. 
Therefore, crevice corrosion is not expected to be a concern for the life of this repair.

5.3 Galvanic Corrosion
Galvanic corrosion may occur when two dissimilar metals in contact are exposed to a conductive solution or 
coupled together. The larger the electrochemical potential (ECP) difference between the two metals, the greater 
the likelihood of galvanic corrosion occurring. Low alloy steel is more anodic than nickel-base alloys [29] and 
could therefore be subject to galvanic attack when coupled and exposed to reactor coolant.

Several corrosion tests were performed to determine the influence of coupling between low alloy and austenitic 
stainless steel. Passive austenitic stainless steels are only slightly lower on the galvanic series (i.e., more cathodic) 
than the passive Alloy 690 nickel based alloys used in these repairs [29]. Therefore, galvanic corrosion studies of 
LAS and stainless steel give insight into the galvanic corrosion of low alloy/carbon steel and nickel based alloys. 

260°C (500°F) for 85 days (~2000 hours) with no evidence of galvanic corrosion. In the test above, the corrosion 
rates were not affected by coupling [18]. Results of the Nuclear Regulatory Commission’s boric acid corrosion 
test program have shown that the ECP difference between ASTM A533 Grade B (LAS), Alloy 600, and 308 
stainless steel is not significant enough to consider galvanic corrosion as a strong contributor to the overall boric 
acid corrosion process [30]. Additionally, galvanic corrosion rates of carbon steel coupled to stainless steel in 
boric acid solution in the absence of oxygen is about equal to the general corrosion rate [21]. 

Other investigations were performed for alloy steels coupled (i.e., welded) to stainless steels and exposed to high 
purity water for 1000 hours at 546°F in steam, steam/water, saturated water, and sub-cooled water in aerated and 
deaerated conditions [9]. Again, the coupled specimen did not exhibit any accelerated rates of corrosion. In each 
of the tests described above, corrosion rates were not affected by coupling and will not affect the corrosion rates 
discussed in Section 5.1. 

Given the lack of evidence that the corrosion rates of LAS are increased when coupled to nickel-based alloys or 
austenitic stainless steel alloys in PWR systems, galvanic corrosion is not expected to be a concern for the life of
this repair.

5.4 Stress Corrosion Cracking
Stress corrosion cracking (SCC) can occur only when the following three conditions are present: (1) a susceptible 
material, (2) a tensile stress, (3) and an aggressive environment.

Under normal PWR conditions (deaerated), primary water is not a particularly aggressive environment for LAS
unless a departure from normal operating conditions occurs [31]. This result is attributed to the characteristics of 
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the PWR environment including its very low oxygen levels, hydrogen over pressure, and low conductivity. This 
service environment (i.e., deaerated with low sulfate and chloride content) does not generally support localized 
corrosion of LAS; therefore, the likelihood of a pit or notch forming which would contribute a stress concentrator 
or SCC initiation site is negligible.

A review of the relevant laboratory work and field experience appears in a report prepared for the Combustion 
Engineering (CE) Owners Group [32]. The conclusion of this report is that, considering the environmental 
conditions present in a PWR, low alloy and carbon steel will not be subject to SCC. In addition, there are field 
experiences that support these observations. Noteworthy is SCC revealed in the stainless steel cladding in 
charging pumps [33]. The interdendritic cracks, present in the cladding, were determined to have blunted at the 
clad/LAS interface with no evidence of significant general, crevice, or galvanic corrosion.

Based on experimental evidence and operating experience showing that SCC of LAS is not expected based on the 
typical conditions found in PWR primary systems, SCC of the exposed SA-533 GR B, Class 1 is not expected to 
be a concern for the life of this repair.

5.5 Hydrogen Embrittlement
Hydrogen embrittlement in LAS results from excessive amounts of hydrogen in a metal’s crystal lattice. This type 
of damage is a mechanical/environmental failure process, which usually occurs in combination with a stress: 
residual, applied, or otherwise. Hydrogen embrittlement is observed most often in plastically deformed metals or 
high pressure hydrogen environments and is characterized by ductility losses and lowering of the fracture 
toughness [29]. High pressure hydrogen environments are not typical of PWRs. Hydrogen exists within the RCS 
(used as an oxygen scavenger) and is expected to accumulate at locations such as the top of the PZR. Corrosion 
tests on LAS in deaerated boric acid solutions indicated that the maximum concentration of hydrogen in the steel 
from corrosion was less than 2 ppm and did not increase with time [34]. The quantity of hydrogen that may 
accumulate at locations within the RCS is not expected to induce hydrogen embrittlement in materials at those 
locations. Additionally, lower strength, high toughness low alloy steels such as SA-533 Grade B, Class 1 are not 
particularly susceptible to cracking from hydrogen embrittlement at normal operating temperatures [21, 29, 35]. 

Therefore, hydrogen embrittlement is not expected to be a concern for the exposed LAS for the life of this repair.

6.0 CORROSION OF ALLOY 690 AND FILLER METAL ALLOY 52M
Several types of corrosion can potentially occur when austenitic nickel-base alloy base/weld metals are exposed to 
primary coolant. During operation, the primary coolant is deaerated and at ~650°F in the pressurizer. The primary 
coolant in the repaired temperature nozzle components will [

 ]  During cold shutdown, the primary coolant temperature is at  [8] and may become aerated.
During startup conditions, the RCS is mostly deaerated and temperature rises from 
can be trapped in the crevices of the temperature nozzle assembly. The following subsections discuss the potential 
corrosion mechanisms for the Alloy 690 base and Alloy 52M weld metal shown in Figure 3-2. 

6.1 General Corrosion
General corrosion is defined as uniform deterioration of a surface by chemical or electrochemical reactions with 
the environment. Nickel-base alloys (e.g., Alloy 600, Alloy 690, and their equivalent weld metals) are utilized in 
PWR and boiling water reactor (BWR) systems because they are essentially immune to general corrosion due to 
the formation of a passivating film of various iron, nickel, and chromium oxides [36]. The potentially aerated 
environment in the PZR during shutdown will be more akin to a BWR environment. To date, there have been no 
reported instances of issues arising from general corrosion of Alloy 690 in BWR environments, so general 
corrosion is not expected to be a concern for this alloy for the life of this repair.
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6.2 Crevice Corrosion
The proposed modification to the temperature nozzle will create crevice conditions (high aspect ratio) associated 
with the Alloy 690 nozzle (Location A). However, these nickel based alloys in general have an excellent 
resistance to general and crevice corrosion under typical PWR conditions [37, 38]. For the life of this repair, 
crevice corrosion is not considered a concern for Alloy 690.

6.3 Galvanic Corrosion
Galvanic corrosion may occur when two different metals in contact are exposed to a conductive solution. As 
discussed in Section 5.3, galvanic corrosion between LAS and Alloy 690 or Alloy 52M in the PWR environment 
is not expected to be a concern for the life of this repair.

6.4 Low Temperature Crack Propagation
Low temperature crack propagation (LTCP) occurs in nickel-based alloys and is considered a form of hydrogen 
embrittlement. This type of damage is characterized by a reduction in fracture toughness when exposed to water 
(particularly hydrogenated) at low te -
existing sharp cracks, with hydrogen at grain boundaries, and at stress intensity levels greater than a critical value. 
Most of the Alloy 690 components are not plastically deformed except for the outer nozzle sleeve, which will be 
roll expanded to to . While RCS temperatures in the shutdown and 
startup conditions are low enough to induce LTCP in very high pressure hydrogen environments, such 
environments are not typical of PWR systems [39]. Therefore, LTCP is not expected to be a concern for Alloy 
690 or Alloy 52M for the life of this repair.

6.5 Stress Corrosion Cracking
A comprehensive review of testing for the use of Alloy 690 in PWR systems cites numerous investigations and 
test results under a wide array of conditions, including both primary (high temperature de-oxygenated water) and 
secondary coolant environments. The first Alloy 690 SG went on-line in May 1989 with no reported failures of 
tubes as of the date of that publication (August 1997) [37]. To this date there have not been any reported Alloy 
690 in-service primary water stress corrosion cracking (PWSCC) failures. More information on the PWSCC 
behavior of Alloy 690 can be found in MRP-258 [40].

The various test conditions of different investigations cited in the Alloy 690 literature review included 

steam, lithium concentrations up to 20 ppm, chlorides up to 300 ppb, and various heat treatments. Reverse U-bend 
SCC tests within the above matrix of environmental conditions produced no PWSCC in Alloy 690. No cracking 

reviced situation. Only 
slight intergranular cracking of Alloy 690 mill annealed (MA) was observed in slow strain rate testing (SSRT) in 

SCC test data comparing results between Alloy 690 and Alloy 600 is available in both aerated and deaerated high 
temperature water. Test specimens were made from a creviced double U-bend geometry and were tested for 48 

0 material conditions were tested including MA, MA + thermal 

weld (GTAW) welded specimens with “matching” filler metal. In tests with an environment of 6 ppm oxygen and 
pH of 10, the control alloys (including Alloy 600 and Alloy 800) readily cracked, whereas Alloy 690 showed no 

2) where Alloy 690 showed no 
cracking. Other tests were conducted at
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Alloy 690 was reported [41]. 

Alloy 52M is a variant filler metal of Alloy 52 that includes a very small amount of boron and zirconium to 
improve weldability. The SCC resistance of weld metal Alloy 52 was identified as unaffected by a variety of test 
conditions, including RCS coolant
[37]. One study tested Alloy 52M in accelerated corrosion conditions using a weld mockup that simulated nozzle 
safe end repairs. The testing consisted of 400°C (752°F) steam plus hydrogen doped with 30 ppm each of 
fluoride, chloride, and sulfate anions. The hydrogen partial pressure was controlled at approximately 75 kPa with 
a total steam pressure of 20 MPa. This environment has been previously used to accelerate the simulated PWSCC 
of nickel-base alloys. After a cumulative exposure of 2051 hours (equivalent to 45.6 EFPY), no environmental 
degradation was detected on the surface of the Alloy 52M welds. Small micro-fissures on the surface of the Alloy 
52M welds, stressed in tension, did not serve as initiation sites for environmental degradation, nor did they 
propagate during the tests [42]. This study indicates that the Alloy 52M weld metal in the proposed repairs has a 
low susceptibility to PWSCC.

[
 ]  the Alloy 690 outer sleeve during the roll expansion process, and grinding operations may be performed on

the Alloy 52M weld pad [  ] typically on the bore ID close to the
exposed LAS [6]. Some studies have indicated that Alloy 690 SCC crack growth rates (CGRs) can increase 
dramatically if extensive cold work (especially non-uniform cold work, such as unidirectional rolling) is present
[40][43]. Extensive cold work is not thought to generally be representative of plant components [43], and the 
extent of cold work to the Alloy 690 outer sleeve is not expected to be large enough to create appreciable 
increases in SCC CGRs. 

Alloy 52M is chemically very similar to Alloy 690 [44][45] and cold work is expected to have a similar effect on 
SCC CGRs for this alloy. The possible grinding of the Alloy 52M can introduce relatively large amounts of cold 
work to the metal surface. However, the cold-worked layer following grinding is typically very thin, often being 
less than 4 mils [43]. PWSCC growth tests conducted on compact tension Alloy 690 specimens found that 
stresses in the heavily cold worked surface layers are sufficiently large to increase the probability of PWSCC 
crack initiation. However, the CGR may become negligibly small or arrest completely if the bulk residual strain is 
low and the stress intensity factor has not increased significantly [43]. Similar behaviors of self-arresting cracks 
are expected in the work hardened surfaces created by the possible grinding of the Alloy 52M weld pad, as there 
are many similarities in chemical and mechanical properties between Alloy 52M and Alloy 690 [44][45]. 
Therefore, the cold work produced by the roll expansion of the Alloy 690 outer sleeve is not expected to impact 
SCC initiation and growth, and any cracks that initiate in Alloy 52M weld pad following potential grinding are 
not expected to grow to an unacceptable size. 

Based on these studies examining the PWSCC of Alloy 690 and Alloy 52M weld metal, it can be concluded that 
these two alloys have a low susceptibility to PWSCC. Therefore, PWSCC of Alloy 690 and Alloy 52M is not 
considered to be a concern in the case of the temperature nozzle repair for the life of this repair.

7.0 SCC SUSCEPTIBILITY OF TYPE 316 THERMOWELL ADJACENT TO ALLOY 52M SOCKET 
WELD

Stress corrosion cracking requires three synergistic elements to occur: 1) sustained tensile stress, 2) an aggressive 
(corrosive) environment, and 3) a susceptible material. In the case of stainless steel in a reactor environment, 
aerated water is considered an aggressive environment. Austenitic stainless steels are generally susceptible to 
SCC in elevated temperature environments where impurities such as halogens (e.g., chlorides and fluorides) 
and/or dissolved oxygen are present. Cracking can occur as intergranular stress corrosion cracking (IGSCC) or 
transgranular stress corrosion cracking (TGSCC) under these conditions.
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Existing Configuration

[

 ]
Since the stainless steel material for the thermowell is not designated as a low-carbon grade [1], it is reasonable to 
assume that the thermowell material [ ]  was sensitized. Also, weld residual stresses 
were present in the same location [

 ]  The potential presence of sensitization and weld residual stresses indicate that two of the three 
synergistic elements required for SCC (susceptible material and sustained tensile stress) have been present since 
the existing configuration has been present (approximately 30 years). The environment for the location of interest 
in the existing configuration is [

]  This location could potentially accumulate dissolved oxygen and 
contaminants (e.g., chlorides) over time, thus causing a departure from the controlled water chemistry of the bulk 
reactor vessel primary coolant.

[ ]  and it is assumed that the chemical 
environment at Unit 2 and Unit 3 at this location is similar given that the configuration is essentially identical. 
Provided that the stainless steel thermowell material adjacent to the  [  ]  only required an aggressive 
environment to drive SCC (since the other two required elements of SCC were already potentially present, per the 
previous paragraph), the coolant in the gap is likely, at most, minimally aggressive regarding SCC of stainless 
steel.

Modified Configuration

[

 ]  However, heat input during welding is expected to be minimized, which will reduce the 
likelihood and severity of sensitization in the Type 316 thermowell. Also, the primary coolant in the small gap 
between the thermowell and the nozzle base metal is expected to be [

 ]
Therefore, the primary differences between the original and modified configuration at the location of interest is 
that, for the modified configuration, the socket weld material is Alloy 52M, the safe end base metal will be made 
of Alloy 690 [

 ]  The lower heat input during welding will reduce the likelihood of sensitization in 
the Type 316 thermowell; [

 ]  [1]. As there is [
 ]  and the modified configuration has less susceptibility to SCC for the reasons stated above, SCC is not 

expected for this modified configuration. Therefore, SCC of the stainless steel thermowell adjacent to the socket 
weld is not expected to be a concern during the life of this repair.

Based on industry experience, socket welds can be subject to fatigue. This mechanism is not considered 
environmental degradation and, therefore, is outside the scope of this evaluation.
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8.0 CONCLUSIONS
The information provided above describes the potential corrosion mechanisms that may affect the PVNGS Units 
1, 2, and 3 PZR temperature nozzle resulting from the repair configuration as shown in Figure 3-2. 

Galvanic corrosion, hydrogen embrittlement, SCC, and crevice corrosion are not expected to be a concern for the 
exposed low alloy base metal resulting from the temperature nozzle repairs for the life of the repair (i.e., the 
current remaining operating cycles for 80 years of operation). Based on industry data and Framatome’s 
experience, the general corrosion rate of LAS exposed to the RCS is [

 ]  for PVNGS Units 1, 2, and 3, which is applicable to both Locations A and B in Figure 3-2. 

Wrought Alloy 690 and Alloy 52M filler metal have been shown by extensive testing and in-reactor operating 
experience to have a low susceptibility to PWSCC and are not susceptible to any other forms of corrosive 
degradation in the PWR environment. Thus, corrosion of these two alloys is not expected to be a concern for the 
life of the repair.

Based on comparison to the existing configuration of the PZR temperature nozzles, SCC of the Type 316 
thermowell is not expected to be a concern for the life of the repair.
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1.0 INTRODUCTION / BACKGROUND
Repair work is being performed on the pressurizer lower temperature nozzle at Palo Verde Unit 1.  The existing 
nozzle (which is itself a repair that was installed in 1992) is being removed and a new nozzle installed in its place. 

The anti-corrosion outer sleeve that was part of the original repair will not be removed.  It is a thin cylindrical 
tube which is affixed to the inboard of the pressurizer by a fillet weld to the original Inconel J-Groove weld that 
was abandoned in place as a result of the 1992 repair.  This is shown on Reference [1], Step 4, Detail A.  A 
section of  [  ] the outer sleeve at the outboard size of the
pressurizer will be roll-expanded to constrain it in place (Reference [2], Step 4).  Although these parts are 
presently known to be constrained and intact, this evaluation considers the possibility that the weld, the sleeve, or 
fragments of them, could break off and become loose parts within the pressurizer in the future. 

2.0 PRESSURIZER TEMPERATURE NOZZLE DESCRIPTION
The temperature nozzle is located relatively low in the cylindrical shell section of the pressurizer, shown in 
Reference [3] main view.  This shows that, based on the given reference datum, the elevation of the temperature 
nozzle  [  ] is lower than the water level required to cover the pressurizer heaters  [  ]   The
normal water level is noted as  [  ] above the reference datum.  It can therefore be determined that the
temperature nozzle is submerged during normal plant operation. 

3.0 PRESSURIZER SURGE NOZZLE SCREEN DESCRIPTION
The surge nozzle is covered by a screen assembly, shown generally in Reference [3] main view and more detailed 
in Reference [4].  The surge screen is configured as a right circular cylinder with holes drilled in an array around 
the circumference, somewhat below mid-height.  These holes direct surge flow laterally to promote mixing of the 
RCS water with the pressurizer bulk water during insurges.  There are a total of  [  ] holes with a diameter of
[  ] The centerline of the bottom row of holes is located about  [  ]  above the bottom of the screen
assembly.  It is noted that Reference [4] shows the top plate of the screen assembly as having a  [  ] diameter
opening, which is surrounded by  [  ]  tapped holes, arranged in a circle with diameter of
[  ]   The general schematic of the screen assembly from Reference [3] main view shows a cover plate with a
lifting lug bolted to the top of the screen assembly.  Therefore the only flowpath through the screen assembly 
considered here is the array of  [  ]  flow holes.

As shown on Reference [3] the pressurizer ID is  [  ]   From Reference [4] the cylindrical section of the
surge nozzle screen assembly has an OD of  [  ]   The radial distance between the temperature nozzle and the
surge screen is therefore  [  ] 
A partial view of the lower section of the pressurizer is shown in Figure 3-1.  Information pertinent to this loose 
parts evaluation is highlighted as follows:   

- the surge screen assembly is indicated in orange, including the location of the flow holes

- the temperature nozzle is indicated in red

- the minimum water level to cover the heating elements is indicated in blue

- the normal operating water level is indicated in green.
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Figure 3-1:  Location of Surge Screen and Temperature Nozzle in Lower Pressurizer
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4.0 CHARACTERIZATION OF POSTULATED LOOSE PARTS

The outer sleeve OD is  [  ] (Reference [2], Step 1).  The length of the outer sleeve that will remain in the
nozzle bore is derived from Reference [2], Step 1, Step 3, Step 7 and Detail A.  Step 1 shows that the distance 
from the PZR inner cladding to the location of the previous weld pad (which will be removed, indicated in Step 3) 
is  [  ]   Step 7 and Detail A show that a counterbore will remove at least  [  ]  of the length of
the outer sleeve.  Therefore the section of outer sleeve remaining will have a length less than  [  ] 
The largest possible loose part would be if the entire remaining outer sleeve section and J-groove weld were to 
remain intact as a single object; it is also possible that smaller pieces or fragments of the weld and/or sleeve could 
break off. 

5.0 LOOSE PARTS EVALUATION
From Section 2.0, the temperature nozzle is submerged in the liquid space of the pressurizer during normal plant 
operation.  Thus the sleeve and J-groove weld, or any fragments of them, will already be under water at the time 
they are presumed to become loose parts within the pressurizer. 

The most likely scenario by far is that any pieces or fragments of the sleeve or J-groove weld that break off will 
drift down into the pressurizer bottom head.  Pieces larger than the  [  ] holes in the surge nozzle
screen will be trapped in the pressurizer due to being unable to pass through the screen.  Even for pieces smaller 
than this threshold size, the most probable outcome is that they will drop down into the pressurizer bottom head 
and remain there.  From Section 3.0, the flow holes in the surge screen begin about  [  ] above the
connection to the pressurizer lower head.  Due to the very low fluid velocity below this elevation, any parts that 
reach the lower pressurizer head will come to rest, and will not be lifted and transported elsewhere.

The only way for the postulated loose parts to exit the pressurizer and reach the remainder of the RCS is by 
passing out of the surge nozzle.  For this to occur, the piece would have to be smaller than  [  ] (to fit
through the holes in the screen); the piece would have to break free during a time when there was significant flow 
out of the pressurizer surge nozzle (to draw the piece toward the screen, traversing a radial distance of more than 
[  ]); and the piece would have to turn and pass horizontally through one of the holes in the screen
before it dropped below the final row of flow holes and settled in the pressurizer lower head.  These precise 
movements would have to occur before the piece sank below the bottom row of holes in the screen.  This is a very 
unlikely combination of events.  

In the highly unlikely event that a plant transient were to cause pressurizer water level to drop low enough so that 
the pressurizer emptied, any fragments of material which became loose parts in pressurizer at exactly that moment 
would most likely fall downward and become trapped on the pressurizer lower head.  For these potential pieces to 
be able to exit the pressurizer, they would have to fall or be knocked inwards toward the center of the pressurizer, 
rather than downward; they would need to be exactly aligned with one of the holes in the surge strainer, and then 
pass horizontally through it.  These precise movements would have to occur before the pieces fell (through the
steam atmosphere) into the water below the surge screen flow holes.  This combination of movements, changes of 
direction, and timing is not considered credible.
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A previous evaluation (Reference [5]) considered the effect of broken J-groove weld fragments as loose parts in 
the lower RV head region, which could impact the fuel and control element assemblies (CEAs).  The minimum 
loose part size considered in the Reference [5] evaluation is a  [  ] segment of J-groove weld, measuring
[ ]   This is comparable to the size of the potential loose parts considered here.  Moreover
the materials are similar, a mixture of Inconels and steel.  For a fragment of the sleeve or J-groove weld from the 
pressurizer lower temperature nozzle to reach the lower RV head at all, a highly unlikely series of events would 
have to occur.  First, a piece of material would have to break off and successfully traverse the path through the 
surge screen, described above.  The piece could eventually work its way through the pressurizer surge line and 
reach the RC hot leg.  At this point it would be drawn into the reactor coolant flow stream and be transported to 
the steam generator, where it would most likely impact against the tubesheet and divider plate repeatedly until it 
either deformed or broke into multiple smaller pieces, eventually passing through a tube.  While the pieces may 
scrape along the inside of the tube as they pass through, this is not expected to cause any significant damage to the 
tubing and should not result in any leakage.  The piece or pieces would then pass through the reactor coolant 
pump, travel down the cold leg and enter the reactor vessel.  At this point the material would most likely either 
become trapped in the lower RV head region, or possibly approach the core entrance.  The evaluation in 
Reference [5] considered loose parts originating in this location, and concluded that there would be a very low 
risk of negative impacts on incore instrumentation, CEAs or the fuel assemblies themselves.  For any of the pieces
of material considered here, should they reach the lower RV head region, the conclusions of Reference [5] will 
remain applicable.

Reference [6] and Reference [7] evaluate similar loose parts in the RV and RCS, and provide justification that 
there would be a very low likelihood of this type of material causing any damage to RCS components.  The 
conclusions of these evaluations also remain applicable.

6.0 CONCLUSION
The most likely scenario is that the loose parts considered here will drop down into the pressurizer bottom head 
and remain there.  It is unlikely that any of the pieces will be able to exit the pressurizer.

Even in the unlikely event that pieces should exit the pressurizer and reach the remainder of the RCS, there is a 
very low likelihood of any problems with the steam generator tubes, or with the fuel, core instrumentation, or 
control components.

The loose parts considered here are not expected to result in any negative consequences to safety or plant 
operation. 
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Attachment 2.1 

Affidavit 

Palo Verde Units 1, 2 & 3 Pressurizer Temperature 
Nozzle Weld Residual Stress Analysis 



A F F I D A V I T

1. My name is Philip A. Opsal.  I am Manager, Product Licensing for Framatome

Inc. (formally known as AREVA Inc.), and as such I am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by Framatome to determine whether

certain Framatome information is proprietary.  I am familiar with the policies established by 

Framatome to ensure the proper application of these criteria.

3. I am familiar with the Framatome information contained in Framatome

Document No. 32-9373678-001, “Palo Verde Units 1, 2 & 3 Pressurizer Temperature Nozzle 

Repair Weld Residual Stress” referred to herein as “this Document.” Information

contained in this Document has been classified by Framatome as proprietary in accordance with 

the policies established by Framatome for the control and protection of proprietary and 

confidential information.

4. This Document contains information of a proprietary and confidential nature

and is of the type customarily held in confidence by Framatome and not made available to the 

public.  Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory

Commission in confidence with the request that the information contained in this Document be 

withheld from public disclosure. The request for withholding of proprietary information is 

made in accordance with 10 CFR 2.390.  The information for which withholding from disclosure 

is requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial 

information.”

6. The following criteria are customarily applied by Framatome to determine

whether information should be classified as proprietary:

(a) The information reveals details of Framatome’s research and development

plans and programs or their results.



(b) Use of the information by a competitor would permit the competitor to

significantly reduce its expenditures, in time or resources, to design, produce,

or market a similar product or service.

(c) The information includes test data or analytical techniques concerning a

process, methodology, or component, the application of which results in a

competitive advantage for Framatome.

(d) The information reveals certain distinguishing aspects of a process,

methodology, or component, the exclusive use of which provides a

competitive advantage for Framatome in product optimization or marketability.

(e) The information is vital to a competitive advantage held by Framatome, would

be helpful to competitors to Framatome, and would likely cause substantial

harm to the competitive position of Framatome.

The information in this Document is considered proprietary for the reasons set forth in 

paragraphs 6(b), 6 (c), 6(d), and 6(e) above. 

7. In accordance with Framatome’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, 

on a limited basis, to others outside Framatome only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.

8. Framatome policy requires that proprietary information be kept in a secured

file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on November 01, 2024.

____________________________________
Philip A. Opsal
Manager, Product Licensing, Framatome Inc.

__________________
Philip A Opsal



Attachment 2.2 

Affidavit 

Palo Verde Units 1, 2 & 3 Pressurizer Temperature 
Nozzle Repair As-Left J-Groove Weld Analysis 



A F F I D A V I T

1. My name is Philip A. Opsal.  I am Manager, Product Licensing for Framatome

Inc. (formally known as AREVA Inc.), and as such I am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by Framatome to determine whether

certain Framatome information is proprietary.  I am familiar with the policies established by 

Framatome to ensure the proper application of these criteria.

3. I am familiar with the Framatome information contained in Framatome

Document No 32-9377282-000, “Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle 

Repair As-Left J-Groove Weld Analysis” referred to herein as “this Document.” Information

contained in this Document has been classified by Framatome as proprietary in accordance with 

the policies established by Framatome for the control and protection of proprietary and 

confidential information.

4. This Document contains information of a proprietary and confidential nature

and is of the type customarily held in confidence by Framatome and not made available to the 

public.  Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory

Commission in confidence with the request that the information contained in this Document be 

withheld from public disclosure. The request for withholding of proprietary information is 

made in accordance with 10 CFR 2.390.  The information for which withholding from disclosure 

is requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial 

information.”

6. The following criteria are customarily applied by Framatome to determine

whether information should be classified as proprietary:

(a) The information reveals details of Framatome’s research and development

plans and programs or their results.



(b) Use of the information by a competitor would permit the competitor to

significantly reduce its expenditures, in time or resources, to design, produce,

or market a similar product or service.

(c) The information includes test data or analytical techniques concerning a

process, methodology, or component, the application of which results in a

competitive advantage for Framatome.

(d) The information reveals certain distinguishing aspects of a process,

methodology, or component, the exclusive use of which provides a

competitive advantage for Framatome in product optimization or marketability.

(e) The information is vital to a competitive advantage held by Framatome, would

be helpful to competitors to Framatome, and would likely cause substantial

harm to the competitive position of Framatome.

The information in this Document is considered proprietary for the reasons set forth in 

paragraphs 6(b), 6 (c), 6(d), and 6(e) above. 

7. In accordance with Framatome’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, 

on a limited basis, to others outside Framatome only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.

8. Framatome policy requires that proprietary information be kept in a secured

file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on November 06, 2024.

____________________________________
Philip A. Opsal
Manager, Product Licensing, Framatome Inc.

__________________
Philip A. Opsal



Attachment 2.3 

Affidavit 

Palo Verde Units 1, 2 & 3 Pressurizer Temperature 
Nozzle Replacement ASME Section III Life of Repair 



A F F I D A V I T

1. My name is Philip A. Opsal.  I am Manager, Product Licensing for Framatome

Inc. (formally known as AREVA Inc.), and as such I am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by Framatome to determine whether

certain Framatome information is proprietary.  I am familiar with the policies established by 

Framatome to ensure the proper application of these criteria.

3. I am familiar with the Framatome information contained in Framatome

Document No .32-9373538-002, “Palo Verde Units 1, 2, & 3 Pressurizer Temperature Nozzle 

Replacement ASME Section III Life of Repair” referred to herein as “this Document.” Information

contained in this Document has been classified by Framatome as proprietary in accordance with 

the policies established by Framatome for the control and protection of proprietary and 

confidential information.

4. This Document contains information of a proprietary and confidential nature

and is of the type customarily held in confidence by Framatome and not made available to the 

public.  Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory

Commission in confidence with the request that the information contained in this Document be 

withheld from public disclosure. The request for withholding of proprietary information is 

made in accordance with 10 CFR 2.390.  The information for which withholding from disclosure 

is requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial 

information.”

6. The following criteria are customarily applied by Framatome to determine

whether information should be classified as proprietary:

(a) The information reveals details of Framatome’s research and development

plans and programs or their results.



(b) Use of the information by a competitor would permit the competitor to

significantly reduce its expenditures, in time or resources, to design, produce,

or market a similar product or service.

(c) The information includes test data or analytical techniques concerning a

process, methodology, or component, the application of which results in a

competitive advantage for Framatome.

(d) The information reveals certain distinguishing aspects of a process,

methodology, or component, the exclusive use of which provides a

competitive advantage for Framatome in product optimization or marketability.

(e) The information is vital to a competitive advantage held by Framatome, would

be helpful to competitors to Framatome, and would likely cause substantial

harm to the competitive position of Framatome.

The information in this Document is considered proprietary for the reasons set forth in 

paragraphs 6(b), 6 (c), 6(d), and 6(e) above. 

7. In accordance with Framatome’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, 

on a limited basis, to others outside Framatome only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.

8. Framatome policy requires that proprietary information be kept in a secured

file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on November 06, 2024.

____________________________________
Philip A. Opsal
Manager, Product Licensing, Framatome Inc.

__________________
Philip A Opsal



Attachment 2.4 

Affidavit 

Corrosion Evaluation for Palo Verde Units 1, 2 and 3 
Pressurizer Temperature Nozzle Repair – Life of 

Repair 



A F F I D A V I T

1. My name is Philip A. Opsal.  I am Manager, Product Licensing for Framatome

Inc. (formally known as AREVA Inc.), and as such I am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by Framatome to determine whether

certain Framatome information is proprietary.  I am familiar with the policies established by 

Framatome to ensure the proper application of these criteria.

3. I am familiar with the Framatome information contained in Engineering

Information Record 51-9378507-000, entitled, “Corrosion Evaluation for Palo Verde Units 1,2 

and 3 Pressurizer Temperature Nozzle Repair – Life of Repair” referred to herein as “this 

Document.” Information contained in this Document has been classified by Framatome as

proprietary in accordance with the policies established by Framatome for the control and

protection of proprietary and confidential information.

4. This Document contains information of a proprietary and confidential nature

and is of the type customarily held in confidence by Framatome and not made available to the 

public.  Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory

Commission in confidence with the request that the information contained in this Document be 

withheld from public disclosure. The request for withholding of proprietary information is 

made in accordance with 10 CFR 2.390.  The information for which withholding from disclosure 

is requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial 

information.”

6. The following criteria are customarily applied by Framatome to determine

whether information should be classified as proprietary:

(a) The information reveals details of Framatome’s research and development

plans and programs or their results.



(b) Use of the information by a competitor would permit the competitor to

significantly reduce its expenditures, in time or resources, to design, produce,

or market a similar product or service.

(c) The information includes test data or analytical techniques concerning a

process, methodology, or component, the application of which results in a

competitive advantage for Framatome.

(d) The information reveals certain distinguishing aspects of a process,

methodology, or component, the exclusive use of which provides a

competitive advantage for Framatome in product optimization or marketability.

(e) The information is vital to a competitive advantage held by Framatome, would

be helpful to competitors to Framatome, and would likely cause substantial

harm to the competitive position of Framatome.

The information in this Document is considered proprietary for the reasons set forth in 

paragraphs 6(b), 6 (c), 6(d), and 6(e) above. 

7. In accordance with Framatome’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, 

on a limited basis, to others outside Framatome only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.

8. Framatome policy requires that proprietary information be kept in a secured

file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on November 5, 2024.

____________________________________
Philip A. Opsal
Manager, Product Licensing, Framatome Inc.

__________________
Philip A. Opsal



Attachment 2.5 

Affidavit 

Palo Verde Unit 1 Pressurizer Temperature Nozzle 
Repair Loose Parts Evaluation 



A F F I D A V I T

1. My name is Philip A. Opsal.  I am Manager, Product Licensing for Framatome

Inc. (formally known as AREVA Inc.), and as such I am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by Framatome to determine whether

certain Framatome information is proprietary.  I am familiar with the policies established by 

Framatome to ensure the proper application of these criteria.

3. I am familiar with the Framatome information contained in Framatome

Document No. 51-9370533-001, “Palo Verde Unit 1 Pressurizer Temperature Nozzle 

Repair Loose Parts Evaluation.” Information contained in this Document has been

classified by Framatome as proprietary in accordance with the policies established by 

Framatome for the control and protection of proprietary and confidential information.

4. This Document contains information of a proprietary and confidential nature

and is of the type customarily held in confidence by Framatome and not made available to the 

public.  Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory

Commission in confidence with the request that the information contained in this Document be 

withheld from public disclosure. The request for withholding of proprietary information is 

made in accordance with 10 CFR 2.390.  The information for which withholding from disclosure 

is requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial 

information.”

6. The following criteria are customarily applied by Framatome to determine

whether information should be classified as proprietary:

(a) The information reveals details of Framatome’s research and development

plans and programs or their results.



(b) Use of the information by a competitor would permit the competitor to

significantly reduce its expenditures, in time or resources, to design, produce,

or market a similar product or service.

(c) The information includes test data or analytical techniques concerning a

process, methodology, or component, the application of which results in a

competitive advantage for Framatome.

(d) The information reveals certain distinguishing aspects of a process,

methodology, or component, the exclusive use of which provides a

competitive advantage for Framatome in product optimization or marketability.

(e) The information is vital to a competitive advantage held by Framatome, would

be helpful to competitors to Framatome, and would likely cause substantial

harm to the competitive position of Framatome.

The information in this Document is considered proprietary for the reasons set forth in 

paragraphs 6(d), and 6(e) above. 

7. In accordance with Framatome’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, 

on a limited basis, to others outside Framatome only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.

8. Framatome policy requires that proprietary information be kept in a secured

file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on October 28, 2024.

____________________________________
Philip A. Opsal
Manager, Product Licensing
Framatome Inc.

ecuted o Octobe 8,

____________________
Philip A Opsal


