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Agenda

Introduction - Greg Halnon

Characterization of Crack - Terry McAlister
Repair Details - Framatome Technologies
Root Cause Status and Schedule - Greg Halnon
Closing Remarks - Steve Byrné
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History To Date

Identified Boric Acid Deposits
PT Identified Apparent External Crack

Video From Reactor Vessel Shows
Suspicious Circumferential Indication

External
External

| UT Inconclusive |
| Crack Replication Shows No

Externa

| Macro Crack

Weep Hole Identified



Status to Date

Completed ID UT Examination On 11/5.

— Shows 2.7” Axial Flaw ~ 9° Clockwise from TDC
— Improved Visual results

Completed ID Eddy Current Exam on 11/5.

Completed External PT on 11/12.
— No Axial Indications Identified

Spartanburg NDE - RT, Eddy Current, Visual
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Characterization of Flaw

Terry McAlister
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Reconciliation of Information

OD UT Results

Construction RT
Results

93 Inservice
Inspection Results

87 UT
Old Video

UT Results

00 UT & Eddy
Current Results

93 UT

New Video
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Repair Method

Greg Halnon



Repair Method

* Spool Piece

— Advantages
» Flaw Preservation Maximized
* Weld Removal Maximized for Study
» Validate UT & Eddy Current Results
« Extent of Condition Better Understood
o Utilizes Technology From SG Replacements
 Parallel Work Optimized From Early On
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Repair Method

* Spool Piece

— Challenges

« Two Large Welds on Large Piece of Steel

e Weld Shrinkage Effect on RCS
— Branch Line Effects
— Steam Generator Bracing

e Volumetric Examinations
 Limited Space in Sandbox
* Dose, Time



Repair Method

« Initial spool piece decision based on:
— circumferential flaw

— poor weld contour
— flaw limited to weld

« Acquired information:
— axial flaw, approximately 2.7 inches long
— some extension into the nozzle

« Re-addressed repair decision

— Local repair alternative assessed and eliminated

« Advantages: time, dose, eliminates SG movement and weld
shrinkage questions

* Challenges: Weld not removed, flaw preservation, technical
justification difficult




Repair Details
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Code Applicability - Welding

ASME Section XI, 1989 Edition, No Addenda

Construction Code, ASME Section III, 1971
Edition, w/Add. through W’71

ASME Section XI Code Case N432 - Machine
GTAW Temperbead

Regulatory Guides

— RG 1.31 - Control Of Stainless Steel Welding
— RG 1.44 - Control Of The Use Of Sensitized Stainless Steel



RV Nozzle Repair Process

 STEP 1 - SPOOL PIECE REMOVAL

— Block Piping & Steam Generator
— Sever Spool at the RV Nozzle
— Sever Spool on SG Side

— Rig Out Spool Piece

— Debur & Clean ID Surfaces
— Install Shielding Plugs
— Machine Counterbore
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RV Nozzle Repair Process

« STEP 2 - BUTTER NOZZLE
— Preheat
— Deposit Counter Bore & ID Buildup
— Deposit OD Buildup
— Deposit Buttering on Nozzle
— PWHT
— Machine Face for NDE




RV Nozzle Repair Process

 STEP 3 - MACHINE WELD PREPS

— Machine Buttered Spool Piece End on Shop
Lathe

— Machine Existing Pipe Prep Using Split Lathe

— Machine Nozzle Prep Using Split Lathe

— Survey Photogrammetrically & Perform
Association

— Cut Spool Piece to Length
— Machine Final Spool Piece Prep on Shop Lathe
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RV Nozzle Repair Process

 STEP 4 - INSTALL REPLACEMENT

SPOOL PIECE

Fit Spool Piece

Install Purge Device & Purge

Progressively Tack and Weld Both Spool
Welds to 3/4” Deposit

UT Root Area

Complete Alloy 52 Weld
Complete 308L Weld
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NG Welding Advantages

Uniform Weld Quality

High Performance Reliability
Less Filler Material

Shorter Welding Time
Lower Radiation Exposure
Less Shrinkage

No ID Welding Required

No ID Grinding



Nozzle Buttering NDE

PT nozzle end and ID region after severing
to ensure complete flaw removal

PT final buttering and cladding

UT final buttering from the OD surface and
buttering face

PT buttering after the weld prep has been
machined



Nozzle Buttering Examination
Technique
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Spool Piece Buttering NDE

PT prior to buttering

— Complete ID surface,

— OD for 2.0” from end to be buttered
— End to be buttered

PT first layer of buttering

PT and UT the buttering face at % the buttering
thickness

PT final buttering

UT final buttering from the OD surface and
buttering face

PT buttering after the weld prep has been
machined



Spool Piece Buttering
Examination Technique

0 TRAN SDUCLR




Nozzle to Pipe Weld NDE

Intermediate UT at 34 weld thickness

Manual examination to ensure weld root integrity
Technique developed and demonstrated on partial weld mockup

PT examination after final welding and surface
prep
Final UT after surface examination

Automated examination from the OD surface

Examination to satisfy the Section III and Section XI requirements
Examination based upon PDI qualified procedure, techniques, and
equipment

Procedure includes the use of refracted longitudinal wave

Scan plans and examination angles developed to provide 100%
coverage of the Section III and Section XTI examination volumes

Procedure capabilities to be demonstrated on EPRI dissimilar
metal weld mockup



Nozzle to Pipe Weld
Examination Coverage
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Pipe to Pipe Weld NDE

PT examination of the weld prep prior to welding
UT in lieu of RT

Intermediate UT at 34 weld thickness

— Manual examination to ensure weld root integrity
— Technique developed and demonstrated on partial weld mockup

PT examination after final welding and surface
prep |
Final UT after surface examination

Manual examination

Examination performed with procedures, equipment, and personnel
qualified to Appendix VIII, Supplement 2 requirements in
accordance with the PDI program

Procedure modified to include the requirements to satisfy the
Section III full volume requirements

100% coverage of the Section III and Section XI examination
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Pipe to Pipe Weld Examination
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NDE Code Compliance

* Nozzle to Pipe Weld

— Examinations performed in accordance with the 1992
Edition of ASME Sections III and XI

* Pipe to Pipe Weld

— Examinations performed in accordance with the 1992
Edition of ASME Section III and the 1995 Edition with
1996 Addenda of ASME Section XI
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NDE
Demonstration/Qualification

» Intermediate UT at 34 Weld Thickness
— Mockup welded to 34” weld thickness

— Machined reflectors to represent lack of fusion at root and
along face of weld to 34” thickness

» Final Nozzle to Pipe Weld NDE

— Procedures based on PDI qualified techniques
— EPRI dissimilar metal weld mockup
» Demonstrate ability to detect cracks in buttering
« Demonstrate ability to detect cracks in weld metal

 Final Pipe to Pipe Weld NDE
— PDI qualified procedures



Integrated Strategy

Greg Halnon



Integrated Strategy

» Three Key Areas of Resolution

—Root Cause
—Repair

—Restart Justification

Restart
Justification




A BCANA GORHANY

Restart

Justification
Equipment Extent of License Basis
Failure Condition Review and
Analysis Acceptance
Flaw
Probable Preservation Design Basis
Failure Acceptance
Modes Code Repair
To Pipe Effectiveness of]
Evidence Corrective
Matrix for In-process Actions
Support NDE for
or Refute Acceptance Operating
Experience
Final Root New ISI NDE Review
Cause Baseline
Safety

Assessment
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Root Cause Status

Timelines

CRACK IN “A” HOT
, RCS LOOP PIPING

0ooo

A. Crack
Initiation

A.1 Material Overload

A.l-a
A.l-b
A.l-¢
Ald

A.2 Change of Material

Properties

A.2-b
A2-c
A2-d

A.3 Weld Process
Failures

A.3-a
A.3-b
A3-c

A3-d
A.3-e

A4 Fatigue

AA-a
A.d-b

A.S Pre-Existing Flaws

A.5-a
A5-b
A.5-c

A5-d

Operational Events

Water Hammer

Thermal / Hydraulic Transients
SGRP

Creep

Impacts

Embrittlement

Aging (Thermal & Radiation)

Lack of Fusion
Hot Cracking
Multiple Repairs

Nozzle Buttering Repairs & Failures

Violation of Minimum Buttering

Operations Transients
Vibration

Performance of Inconel
Rejectable Flaw
Opportunities to Detect
Underclad Cracking

A.6 Corrosion

|

Why now and not before?
Why here and not elsewhere?
Why not detected before?
Extent of condition?

> <
A6-a_ Chemical
b Dissimilar Metal
A.6-c PWSCC
A6-d SCC

A.6-e.... Erosion

Highly Dependent on Metallurgical Analysis

Under Investigation

B. Crack C. Organizational
Propagation Programmatic
| ' |
B.1 Vibration C.1 Calculations C.4 Qualification of
For Design NDE Personnel /
Modification Processes
B.1-a  High Cycle Fatigue ] [
B.1-b  Low Cycle Fatigue C.2 As-welded C5 Qualiﬁcation of
Buttered-End Welding Personnel
- Design / Processes
B.2 Excessive g
- Piping Loads [ |
C.3 Nozzle C.6 ISI/PSI - Changes
B.2-a  Pre-stress (weld Con'ﬁguratlon in Programs
residual stresses) Design
B.2-b  §/G Center of Gravity |
B.2-c  Shrinkage from SGRP -
C.7 Monitoring
B.3 Operations
Transients C.7-a  Boron Inspection Program
C.7-b.. Changes in Containment
B.3-a  Thermal / Hyd. Transients C Radiation Monitaring
B.3:h.... Heat-up After SGRP. C.7- Chemistry Monitoring
C.7-e  System Leakage Monitoring
Key to Formatting:
Refuted Failure Mode




Root Cause Approach

e Main Areas of Investigation
— Crack Initiation
— Crack Propagation
— Organizational/programmatic

e Much Is Waiting on Fracture Analysis
* Schedule

— First Week in December for Preliminary Report
— Expect Specimen Arrival at Hot Cell This Week
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Westinghouse Analysis

« As Received ID & OD Surface Examinations

« X-Ray, UT, and Eddy Current Non-Destructive
Examinations.

* Destructive Examination Including
— Metallographic Examinations
— Fractographic Examinations
— Chemistry Evaluations
— Mechanical Property Examinations



Extent of Condition

 Weld Is Unique

— First Weld During Construction

— Extent and Method of Repairs During Construction
» Complete ID Removal Combined With OD Weld
» Made This Weld Similar to Ringhals Configuration
— Materials Properties of Weld
* Videos Show Extensive Cold Working of Material
» Extensive Hand Grinding



Extent of Condition

— Other Legs

* All Local Repairs. No Significant Concerns With Weld
Techniques

» Welds Reflect Original Design

* Cold Legs Are Lower Stress and Lower Temperature
Environment

* No Other Indications of Leakage

— UT Of All Other Legs Have No Indications
e 93 UT and 2000 UT Showed No Detectable Flaws

— Eddy Current Results Under Study
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Schedule Milestones

DATE ACTIVITY

This Week  Ship Weld to Westinghouse

Complete STEP 1: Spool Piece Removal &

Counterbore
This Week  STEP 2: Rebuttering of Nozzle

15 Week Dec  STEP 3: Machine Weld Preps

2" Week Dec STEP 4: Install Replacement Spool Piece
Early Dec Data From Hot Cell Analysis

Mid Dec Complete NDE on New Hot Leg Welds
Mid Dec Normal Startup Sequence




Summary

 Industry Experts to Augment VCSNS Staff

* 3rd Party Reviews to Ensure:
— Comprehensive Strategy
— Technical Adequacy
— Regulatory Compliance

 Failure Will Be Understood and Repaired Prior to
Restart
— Safety Foremost
— Actions to Prevent Recurrence
— Extent of Conditions Addressed



Closing Remarks

Steve Byrne
Vice President Nuclear Operations Division



