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Laser Weld - Direct Tube Repalr (DTR)

Restoration of the tube wall degraded by ID or OD Indlications
1o & condition greater .han the plugging limit
by controlled remelting of tube wall from ID surface

Fillerless (autogeneous)

overlapping spiral weld
no flller material

Consumable insert
fusing insert of selected

material to existing tube wall
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[1lustration of Direct Tube Repair (DTR) by Laser Welding



TECHNIQUE INCENTIVES

Reduced Cost
No sleeve Inventory or assoclated cost

Eshanced Productlvity
Fewer process steps

Emhanced Inspectabliity
No sleeve Iinduced effects

Minimal Impact on Generator Preformence
No sieeve flow/thermal affects

Versatllity

Apply In any location Including
above existing sleeves

Address axial or ¢ircumferential Indications

Address primary or secondary side Inltiation

DISSNEZ ORw



WSTC DGR PROGRAM

1980 FROGRAM
Laser Stress Rellef
Direct tube repalr
Consumable Insert evaluation

TEST ARRANGEMENT
Raytheon YAG laser

CO, laser weld head
Perform repalr welds on tube OD
Repair welds on stainless steel tubing

CONCLUSIONS

NO apparent success In stress reduction

Favorable results with direct tube repair and
and the use of consumable inserts




SCHEMATIC
WSTC TEST ARRANGEMENT
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1991 DGR PROGRAM
PROGRAM OBJECTIVE

Assens feasibliity of steam generator tube
repair with the Westinghouse

fiber optic YAG laser system

PROGRAM STEPS

Define Test Program

Assemble Test Equipment st ATRC

Conduct Feasiblilty Weld Studies
Preliminary Corrosion and Mechanical Tests
Define Initial Parameter Range

Evaluate Tooling Modifications

Feasiblilty Test Report




DTR FUNCTIONAL REQU!REMENTS

1. DIMENSIONAL REQUIREMENTS
Axial repalr length - 0.50 Inches

Penetration depth « 10% to 80% of tube wall

Tube diameter - 0.875 OD

2. REPAIR APPLICABILITY
Anywhere In tube straight length

Acceptable for axial or circumferential Indlcations
Acceptable for Alloy 800 and 890 material
Applicable to primary or secondary side Initiation
Applicable to fixed or free tubss

Applicable for sleeve recovery

Applicable for plug recovery




DTR FUNCTIONAL REQUIREMENTS

3. ENVIRONMENTAL REQUIREIN.INTS
Compatible with non honed tubes

Tolerant of SCC environment

Unaffected by secondary side conditions

4. INSPECTION
Compatible with existing Eddy Current techniques

Compatible with Ultrasonic Inspaction

5. TOOLING
Compatible with existing tooling and dellvery systems

6. OTHER
Consistent with existing Codes and standards




WELD STATUS

Compistad 180 control welds plus squal wrount In samples

EXTENT OF INVESTIGATION

Laser paremeters ve. penetration depin
Overiap studies

Repalr mdal length

Gas flow (quantity and orfentation)

Weld quaily (porosh/, ste)

Sonuisted el and clreumferential indications
Surface ve Inspectablity

Tube oxidation (Internal and srtemal)

Tube fixed conditions

Frees .n and simulated tubsshest samples
Secondwy side molsture

Weld thermal profiles

Stress relleved and non-stress relleved

Weld technique




ASME CODE STATUS

Submitted code case against 1989 addendum
of Section Xl - IWB-4330 (1989 edition) to address
testing, qmalification and NDE - August 1991

BASIS FOR ACYION:

1. Code Case N-305 for laner welding without

filler matal appllied and accapted by ANI for use In
stearn generator reps!'re

2. IWB-4330 allows fusion welding without flller metal
3. Section Xl evaluaiing, possible adopting welding
over plping

CURRENT SYATUS:

Submitted o working group on repalrs and
specid repalr processes

Comments recelvec from commitiee

Code Caseto be revised & resubmitted
at Oclober 1991 mesting




ADDITIONAL ACTIONS:

Tooling Mods
Address transiation/rotation
Gas flow distribution
Weld Insert design

Process Optimization

Mechanical Tests

Tenslle tests

Burst tests

Fatigue teats

Defect propagation tests

Corrosion Tests
Primary/secondary
Defect propagestion tests

NRC Presentation - lssue resolution
ASME Code acceptance
WCAP Preparation

Q20FAR B DRW



CONCLUSIONS:

Make controlled, repeatable welds of
uniform cross section with sufficlent length

to address axlal and circumferentlal
tube wall degradation

Welds can address primary
and secondary side Indications

Welds can be Inspected by ECT

Corrosion performance similar to sleeve weld

Q20FARZD ORw



™

VIRGINIA POWER

North Anna Unit 1 ,
Steam Generator Replacement Project

NORBTH ANNA 1 SGRP /

March 23, 1992
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VIRGINIA POWER

introduction

W. L. Stewart
Senior Vice President - Nuclear

NORTH ANNA 1 SGRP /




VIRGINIA POWER

North Anna Unit 1
Steam Generator Replacement Project Meeting

Agenca

March 23, 1992

SGRP

Licensing Issues
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VIRGINIA POWER

Project Overview

. M. W. Gettler
SGRP Project Manager

\ NORTH ANNA 1 SGRP /
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Project Overview
« Project Management and Organization
» Project History
« Project Description
« Construction Management
« ALARA

» Industry Experience

N N,
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VIRGINIA POWER
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* VIRGINIA POWER

Project Description

Videctape

Plant Changes

Steam Generator Lower Assembly
(Replaced due to Degradation)

Steam Flow Limiter
(Increased Safety Margin)

Pipe Whig Restraint Removal
(Work Efficiency - No Longer Required)

(Better Performance)

Thermal Insulation
NORTH ANNA 1 scmj
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VIRGINIA POWER

Construction Philecsophy

Manage interface ¢
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VIRGINIA POWER

u__
N
~N
O

»

Al

aQ,

-

> &
rit

RF

L

NORTH ANNA 1




VIRGINIA POWER

NORTH ANNA 1 SGRP —




é VIRGINIA POWER \
Industry Experience

» Utility SGR Interfaces

Utility Plant

Florida Power & Light Turkey Point
Wisconsin Electric Power Point Beach
Carolina Power & Light H. B. Robinson
New York Power Authority indian Point 3
American Electric Power D. C. Cook
Consumers Power Palisades
Swedish State Power Board Ringhals 2
Consolidated Edison of New York indian Point 2
Northeast Utilities Millstone 2
South Carolina Electric & Gas V. C. Summer
Alabama Power Farley

» Issu2s Studied
— Management Organizations
- Weiding
— Radiation Protection (Organization & Approach)

. )

NORTH ANNA 1 sam—-/
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VIRGINIA POWER

Project Ergineering

R. K. Bayer
SGRP Engineering Supervisor

SGRP /
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VIRGINIA POWER \

Project Engineering
« Nuclear Engineering Crganization and nterfaces

« Engineering Approach

» Safety Evaluation Report Status and Prelii.znary Results

\ NORTH ANNA 1 SGRP




VIRGINIA POWER

Project Engineering

» Organizations !nvoived

—  Virginia Power
{iManagement Nuclear Safety Analysis)
{ ( y ; )

Bechiel Power

(Engineering for SG Replacement)

—  Stone & Webster Engineering Corporation
(PJE of Record for North Anna Power Station!

~  Westinghouse Electric ZCorporation
(Designed Original and Replacement Steam Generators)

NORTH ANNA 1 SGRP
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& VIRGINIA POWER

Virginia Power is the Engineering Manager

« Virginia Power Procures All Permanent Plant Equipment
« Evaluates Industry Experiences

« Project Manual to be Developed to Describe Engineering Support
and Other Project Interfaces During Consiruction

NORTH ANNA 1 SGRP




/IRGINI# POWER

Engineering Approach

10 CR 50.59 Replacement (No Unreviewed Safety Questions)
. Original design basis not changed
Steam generator overall performance
Within onginal design parameters
« Changes from the original steam generalor are enhancements
« No impact on the containment since the steam generator lower
bundle will go through the equipment hatch

- Westinghouse is supplier of both original and replacement equipmen:

- Existing accident analyses anticipated to be unaffected

NORTH ANNA 1 SGRP —//
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& VIRGINIA POWER

Original Model 51
Cast Channel Head

Fabricated and Welded Shel! Barrels

Fabricated and Welded Transition Cone
(3 Segments) without End Stand

Mili-Annealed Alioy 600 Tubing
{3388 U-Tubes)

Carbon Steel Tube Support Plates

Drilled Circular Tube Hole Support
Piates

\_

\

Replacement Steam Generator Design Enhancements

Model 51 F
Forged Channel Head
Seamless Forged Shell Barrels

Seamless Forged Transition Cone
with Cylindrical End Stand

Thermally Treated Ailoy 630
Tubing (2592 U-Tubes)

Thicker Stainiess Steel Tube
Support Plates

Broached Quatrefoii Tube Hole
Support Plates

NORTH ANNA 1 SGRP J




VIRGINIA POWER

Compariscn of Steam Generator Design Data

Replacement

. —————————— —— A —— ————

Design Pressure, Primary / Seconaary

Design Temperature, Primary

Owverall Height, fi-in

U-titbe OD, In

A

-~

Tube Wall Thickness (nominal)

Tube Pitch. in

Tube Lenaih. average effective ien

Total Heat Transfer Surface Ar2a,

NORTH ANNA 1 SGRP ——/
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VIRGINIA POWER

Status of Design Change Package

Design Engineering 95% Complete
Evaluating Use of Blanket-Type Insulation

Westinghouse Generating Mass and Energy Release Rate Data for
Recalculation of the Large Break LOCA

Accident Analyses Being Performed by Virginia Power and Stone &
Webster

Preliminary Stress Analyses Completed for S G and RCP Supports,
S/G Nozzles and Loop Piping, and Branch Piping - Final Stress
Analyses to be Based on Confirrnatory As-Built Dimensions

1

Design Change Package to be Compieted by July 1992

NORTH ANNA 1 SGRP




VIRGINIA POWER

Operational Considerations

J. A. Stall
Assistant Station Manager

NORTH ANNA 1 SGRP /
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VIRGINIA POWER

Outage Planning

3 . Normal outage modification considerations remain in place
- SNSOC
~ Radioiogical Protection interface

Operations Interface

- Normal outage practices remain in place

Cleanliness Reviews I

. Normal operational restrictions prohibit outage evolutions that
reduce margin of safety

—~ Defense in Depth

 Nuclear Safety Policy and Standard ensure expectations and
objective for maintaining nuclear safety during outage

NORTH ANNA 1 SGRP




'RGINIA POWER

Shutdown Monitoring During SGRP

. SGRP work will be closely monitored to ensure construction
activities do not have an adverse effect on sther systems or the
other operating unit

. Al fuel assemblies will be removed from vessel and stored in the
spent fuel pool

. Additional emp.asis wili be given to monitoring siatus of spent

fuel pool support system and equipment

« Daily outage meeth. 4S

NORTH ANNA 1 SGRF




& VIRGINIA POWER \

Startup Assessment

» Systematic - .nd comprehensive self assessment prior to restart with
emphasis on matters related io replacement of S/Gs

- Detailed technical review of project to be completed prior to
declaration of operability

« Functional areas assessed include all appropriate areas and
departments

« Action plan for resolution prior to restart for noted deficiencies

» Formal authorization required for restart

NORTH ANNA 1 SGRP




& VIRGINIA POWER \

Post Modification And Powc Ascension Testing
+ Ultrasonic Testing of IS!| Welds (Baseline Inspection)
« Radiography of RCS Loop Welds / Girth Weld
« Type A Testing of Containment Building
» Moisture C. ryover Test
« Primary Side Steam Generator System Pressure Test
« Secondary Side Steam Generator Hydrostatic Test

« Smail Bore Piping Hydrostatic Test

\, NORTH ANNA 1 SGRP




VIRGINIA POWER

SGRP Quality Assurance Plan

L. N. Hartz
Manager - Quality Assurance

NORTH ANNA 1 SGRP /




& VIRGINIA POWER

SGRP Quality Assurance Plan

Quality plan designed to meet Quality Assurance objectives
for the replacernent steam generator activities

* Ensure that the activities are conducted in accordance
with specified requirements

» Provide a proactive system of Quality Assurance through
planning, organization, and team work

» Inform appropriate management of Quality status in a
timely manner

NORTH ANNA 1 SGRP




VIRGINIA POWER

SGRP Quality Assurance Plan

| Documented Quality Plan to provide interface with contractors
progras i insiniclons for Vigeea Power QA activities

« Organization

« Verification
« Non-Conformance / Corrective Action

NORTH ANNA 1 SGRP
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VIRGINIA POWER

Organization

§
|
‘ . Contractor responsible to Virginia Power for QA/QC activities

« Dedicated Virginia Power SGR QA Oversight Team

p—
-

\ /

\\ /

NORTH ANNA 1 SGRP




VIRGINIA POWER

Verification

Audit Contractors QA Program

Surveillance of Activities in Progress

Customer / ANII Notification Point Inspections

NORTH ANNA




VIRGINIA POWER

Non-Conformance / Corrective Action

Contractor Accountable

Escalation / Stop Work Procedure

NORTH ANNA 1 SGRP
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VIRGINIA POWER

Licensing Issues

M. L. Bowling
Manager - Nuclear Licensing and Programs

NORTH ANNA 1 SGRP J



VIRGINIA POWER

Licensing Approval

. Since no unreviewed safety questions are identified and
no Technical Specifications are changed, SGRP will be

performed under 10 CFR 50.59 .

NORTH ANNA 1 SGRP




VIRGINIA POWER

Interaction With NRC

Design Change Package and Overall Safety Evaluation

QG2

Report will be completed by August 1
Region {1 Inspections
NRC Project Manager Status Updates

UFSAR will be Updated

NORTH ANNA 1 SGRF




VIRGINIA POWER

Steam Generator Storage / Research Facility

W. L. Stevwart
Senior Vice President - Nuclear

NORTH ANNA 1 SGRP j




& VIRGINIA POWER

Steam Generator Storage / Research Facility

» Objectives
» General Arrangement

* Long Term Storage

NORTH ANNA 1 SGRP
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& VIRGINIA POWER \

Objectives

+ Safe on-site storage of old steam generators

* Maintain one S/G accessible for R&D and remaining two S/Gs in closed
compartment

« Invite industry participation in R&D effort
« Research / Testing Plans

— Investigate new non-destructive NDE methods for tube examination
qualification and probe testing

— Tube pulls for degradation studies and burst pressure testing

— Evaluate tube repair technologies such as laser weld repair and new
sleeving technigues

» Use of R&D data for possibie application to North Anna Unit 2

- oA
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