
Rules for  Inserv ice 
Inspect ion of  Nuclear  
Power Plant  Components

SECTION XI

ASME BPVC.XI-2015

2015 ASME Boiler and
Pressure Vessel Code
An International Code

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



XI
RULES FOR INSERVICE
INSPECTION OF NUCLEAR
POWER PLANT COMPONENTS
ASME Boiler and Pressure Vessel Committee
on Nuclear Inservice Inspection

AN INTERNATIONAL CODE

2015 ASME Boiler &
Pressure Vessel Code
2015 Edition July 1, 2015

Two Park Avenue  •  New York, NY  •  10016 USA

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Date of Issuance: July 1, 2015

This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The Standards Committee that approved
the code or standard was balanced to assure that individuals from competent and concerned interests have
had an opportunity to participate. The proposed code or standard was made available for public review and com-
ment that provides an opportunity for additional public input from industry, academia, regulatory agencies, and
the public-at-large.
ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
ASME does not take any position with respect to the validity of any patent rights asserted in connection with any

items mentioned in this document, and does not undertake to insure anyone utilizing a standard against liability
for infringement of any applicable letters patent, nor assume any such liability. Users of a code or standard are
expressly advised that determination of the validity of any such patent rights, and the risk of infringement of such
rights, is entirely their own responsibility.
Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as

government or industry endorsement of this code or standard.
ASME accepts responsibility for only those interpretations of this document issued in accordance with the es-

tablished ASME procedures and policies, which precludes the issuance of interpretations by individuals.
The endnotes and preamble in this document (if any) are part of this American National Standard.

ASME collective membership mark

Certification Mark

The above ASME symbol is registered in the U.S. Patent Office.

“ASME” is the trademark of The American Society of Mechanical Engineers.

No part of this document may be reproduced in any form, in an electronic
retrieval system or otherwise, without the prior written permission of the

publisher.

Library of Congress Catalog Card Number: 56-3934
Printed in the United States of America

Adopted by the Council of The American Society of Mechanical Engineers, 1914; latest edition 2015.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2015 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

All rights reserved

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



TABLE OF CONTENTS

List of Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii
Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiv
Statement of Policy on the Use of the Certification Mark and Code Authorization in Advertising . . . . . . . . . . xvi
Statement of Policy on the Use of ASME Marking to Identify Manufactured Items . . . . . . . . . . . . . . . . . . . . . . xvi
Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees . . . . . . . . . . . . . . . xvii
Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xix
Preface to Section XI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxvi
Organization of Section XI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxvii
Summary of Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xl
List of Changes in Record Number Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xlvi
Cross-Referencing and Stylistic Changes in the Boiler and Pressure Vessel Code . . . . . . . . . . . . . . . . . . . . . . . xlix

Division 1 Rules for Inspection and Testing of Components of Light‐Water-
Cooled Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Subsection IWA General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Article IWA-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
IWA-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
IWA-1200 Jurisdiction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
IWA-1300 Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
IWA-1400 Owner’s Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
IWA-1500 Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
IWA-1600 Referenced Standards and Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
IWA-1700 Standard Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
IWA-1800 Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Article IWA-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
IWA-2100 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
IWA-2200 Examination Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
IWA-2300 Qualifications of Nondestructive Examination Personnel . . . . . . . . . . . . . . 8
IWA-2400 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
IWA-2500 Extent of Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
IWA-2600 Weld Reference System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Article IWA-3000 Standards for Examination Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . 14
IWA-3100 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
IWA-3200 Significant Digits for Limiting Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
IWA-3300 Flaw Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
IWA-3400 Linear Flaws Detected by Surface or Volumetric Examinations . . . . . . . . 18

Article IWA-4000 Repair/Replacement Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
IWA-4100 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
IWA-4200 Items for Repair/Replacement Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
IWA-4300 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
IWA-4400 Welding, Brazing, Metal Removal, Fabrication, and Installation . . . . . . . . 33
IWA-4500 Examination and Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
IWA-4600 Alternative Welding Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
IWA-4700 Heat Exchanger Tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

iii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Article IWA-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
IWA-5100 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
IWA-5200 System Test Requirement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
IWA-5300 Test Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Article IWA-6000 Records and Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
IWA-6100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
IWA-6200 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
IWA-6300 Retention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Article IWA-9000 Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Subsection IWB Requirements for Class 1 Components of Light‐Water-Cooled Plants 78

Article IWB-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
IWB-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
IWB-1200 Components Subject to Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Article IWB-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
IWB-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
IWB-2400 Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
IWB-2500 Examination and Pressure Test Requirements . . . . . . . . . . . . . . . . . . . . . . 81

Article IWB-3000 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
IWB-3100 Evaluation of Examination Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
IWB-3200 Supplemental Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
IWB-3400 Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
IWB-3500 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
IWB-3600 Analytical Evaluation of Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
IWB-3700 Evaluation of Plant Operating Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

Article IWB-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
IWB-5200 System Test Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

Subsection IWC Requirements for Class 2 Components of Light‐Water-Cooled Plants 146

Article IWC-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
IWC-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
IWC-1200 Components Subject to Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146

Article IWC-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
IWC-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
IWC-2400 Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
IWC-2500 Examination and Pressure Test Requirements . . . . . . . . . . . . . . . . . . . . . . 150

Article IWC-3000 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
IWC-3100 Evaluation of Examination Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
IWC-3200 Supplemental Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
IWC-3400 Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
IWC-3500 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
IWC-3600 Analytical Evaluation of Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

Article IWC-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
IWC-5200 System Test Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

Subsection IWD Requirements for Class 3 Components of Light‐Water-Cooled Plants 189

Article IWD-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
IWD-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
IWD-1200 Components Subject to Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

iv

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Article IWD-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
IWD-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
IWD-2400 Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
IWD-2500 Examination and Pressure Test Requirements . . . . . . . . . . . . . . . . . . . . . . 191

Article IWD-3000 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
IWD-3100 Evaluation of Examination Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
IWD-3200 Supplemental Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
IWD-3400 Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
IWD-3500 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
IWD-3600 Analytical Evaluation of Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

Article IWD-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
IWD-5200 System Test Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

Subsection IWE Requirements for Class MC and Metallic Liners of Class CC Compo-
nents of Light‐Water-Cooled Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

Article IWE-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
IWE-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
IWE-1200 Components Subject to Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

Article IWE-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
IWE-2100 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
IWE-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
IWE-2300 Visual Examination, Personnel Qualification, and Responsible Individual 203
IWE-2400 Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
IWE-2500 Examination and Pressure Test Requirements . . . . . . . . . . . . . . . . . . . . . . 205
IWE-2600 Condition of Surface to Be Examined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

Article IWE-3000 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
IWE-3100 Evaluation of Examination Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
IWE-3200 Supplemental Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
IWE-3400 Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
IWE-3500 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Article IWE-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
IWE-5200 System Test Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213

Subsection IWF Requirements for Class 1, 2, 3, and MC Components Supports of
Light‐Water-Cooled Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

Article IWF-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
IWF-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
IWF-1200 Component Supports Subject to Examination and Test . . . . . . . . . . . . . . . 214
IWF-1300 Support Examination Boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

Article IWF-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
IWF-2100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
IWF-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
IWF-2400 Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
IWF-2500 Examination Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

Article IWF-3000 Standards for Examination Evaluations . . . . . . . . . . . . . . . . . . . . . . . . . . 222
IWF-3100 Evaluation of Examination Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
IWF-3200 Supplemental Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
IWF-3400 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223

v

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Subsection IWL Requirements for Class CC Concrete Components of Light‐Water-
Cooled Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

Article IWL-1000 Scope and Responsibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224
IWL-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224
IWL-1200 Items Subject to Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

Article IWL-2000 Examination and Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
IWL-2100 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
IWL-2200 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
IWL-2300 Visual Examination, Personnel Qualification, and Responsible Engineer . 225
IWL-2400 Inservice Inspection Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
IWL-2500 Examination Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

Article IWL-3000 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
IWL-3100 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
IWL-3200 Inservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
IWL-3300 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

Article IWL-4000 Repair/Replacement Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
IWL-4100 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
IWL-4200 Repair/Replacement Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
IWL-4300 Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

Article IWL-5000 System Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
IWL-5100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
IWL-5200 System Test Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
IWL-5300 Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239

Mandatory Appendix I Ultrasonic Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

Mandatory Appendix II Owner’s Record and Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

Mandatory Appendix III Ultrasonic Examination of Vessel and Piping Welds . . . . . . . . . . . . . . 256

Mandatory Appendix IV Eddy Current Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268

Mandatory Appendix VI Qualification of Personnel for Visual Examination . . . . . . . . . . . . . . . . 279

Mandatory Appendix VII Qualification of Nondestructive Examination Personnel for Ultraso-
nic Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Mandatory Appendix VIII Performance Demonstration for Ultrasonic Examination Systems . . 295

Mandatory Appendix IX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322

Mandatory Appendix X Standard Units for Use in Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323

Nonmandatory Appendix A Analysis of Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
A-3100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
A-3200 Stresses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
A-3300 Stress Intensity Factors for Subsurface Flaws . . . . . . . . . . . . . . . . . . . . . . . 331
A-3400 Stress Intensity Factors for Surface Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . 332
A-3500 Flaw Model Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336
A-3600 Gi Coefficients in Tabular Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 342

Nonmandatory Appendix C Analytical Evaluation of Flaws in Piping . . . . . . . . . . . . . . . . . . . . . . . . . 384

Nonmandatory Appendix D Conditioning of Welds That Require Ultrasonic Examination . . . . . . 443

Nonmandatory Appendix E Evaluation of Unanticipated Operating Events . . . . . . . . . . . . . . . . . . . 444

Nonmandatory Appendix G Fracture Toughness Criteria for Protection Against Failure . . . . . . . . 446

vi

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Nonmandatory Appendix H Analytical Evaluation Procedures for Flaws in Piping Based on Use of
a Failure Assessment Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464

Nonmandatory Appendix J Guide to Plant Maintenance Activities and Section XI Repair/Re-
placement Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476

Nonmandatory Appendix K Assessment of Reactor Vessels With Low Upper Shelf Charpy Impact
Energy Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481

Nonmandatory Appendix L Operating Plant Fatigue Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 498

Nonmandatory Appendix M Applying Mathematical Modeling to Ultrasonic Examination of
Pressure-Retaining Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506

Nonmandatory Appendix N Written Practice Development for Qualification and Certification of
NDE Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508

Nonmandatory Appendix O Evaluation of Flaws in PWR Reactor Vessel Head Penetration Noz-
zles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513

Nonmandatory Appendix P Guidance for the Use of U.S. Customary and SI Units in the ASME
Boiler and Pressure Vessel Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 518

Nonmandatory Appendix Q Weld Overlay Repair of Classes 1, 2, and 3 Austenitic Stainless Steel
Piping Weldments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 521

Nonmandatory Appendix R Risk‐Informed Inspection Requirements for Piping . . . . . . . . . . . . . . . 526

Nonmandatory Appendix S Evaluating Coverage for Section XI Nondestructive Examination . . . 556

Nonmandatory Appendix T Reporting of Contracted Repair/Replacement Activities . . . . . . . . . . . 560

Nonmandatory Appendix U Evaluation Criteria for Temporary Acceptance of Flaws in Moderate
Energy Piping and Class 2 or 3 Vessels and Tanks . . . . . . . . . . . . . . 564

Nonmandatory Appendix W Mechanical Clamping Devices for Class 2 and 3 Piping Pressure
Boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 582

Division 2 Rules for Inspection and Testing of Components of Gas‐Cooled
Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 588

Division 3 Rules for Inspection and Testing of Components of Liquid‐Metal-
Cooled Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 590

FIGURES
IWA-3310-1 Surface Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface . . . . . . . . 16
IWA-3320-1 Subsurface Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface . . . . . 17
IWA-3320-2 Successive Examination Surface Proximity Rule for Class 1 and Class 2 Vessels . . . . . . . 18
IWA-3330-1 Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface . . . . . . . 19
IWA-3340-1 Nonplanar Elliptical Subsurface Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
IWA-3350-1 Parallel Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
IWA-3360-1 Laminar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
IWA-3380-1 Nonaligned Coplanar Flaws in Plane Normal to Pressure-Retaining Surface . . . . . . . . . . 23
IWA-3390-1 Multiple Aligned Planar Flaws (1/2 in. = 13 mm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
IWA-3400-1 Linear Surface Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
IWA-4623.1-1 Temper Bead Welding and Weld Temper Bead Reinforcement . . . . . . . . . . . . . . . . . . . . . 41
IWA-4623.2-1 Automatic or Machine (GTAW) Temper Bead Welding . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
IWA-4633.1-1 Temper Bead Welding and Weld Temper Bead Reinforcement of Dissimilar Metal Welds

or Buttering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
IWA-4633.2-1 Automatic or Machine (GTAW) Temper Bead Welding of Dissimilar Metal Welds or But-

tering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
IWA-4643.2-1 Automatic or Machine (GTAW) Temper Bead Welding of Cladding . . . . . . . . . . . . . . . . . . 47
IWA-4652.4-1 Temper Bead Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
IWA-4652.4-2 Illustration of the Temper Bead Technique for Reinforcement of Existing Fillet Welds . 51

vii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



IWA-4655-1 Welding Techniques for Improper Temper Bead Spacing . . . . . . . . . . . . . . . . . . . . . . . . . . 52
IWA-4655-2 Example of Weld Undercut Welding Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
IWA-4663.1-1 Carbon Equivalency Calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
IWA-4712.2-1 Examples of Extension and Recess of Tube and Plug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
IWB-2500-1 Vessel Shell Circumferential Weld Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
IWB-2500-2 Vessel Shell Longitudinal Weld Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
IWB-2500-3 Spherical Vessel Head Circumferential and Meridional Weld Joints . . . . . . . . . . . . . . . . . . 103
IWB-2500-4 Shell‐to‐Flange Weld Joint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
IWB-2500-5 Head‐to‐Flange Weld Joint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
IWB-2500-6 Typical Tubesheet‐to‐Head Weld Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
IWB-2500-7(a) Nozzle in Shell or Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
IWB-2500-7(b) Nozzle in Shell or Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
IWB-2500-7(c) Nozzle in Shell or Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
IWB-2500-7(d) Nozzle in Shell or Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
IWB-2500-8 Similar and Dissimilar Metal Welds in Components, Nozzles, and Piping . . . . . . . . . . . . . 111
IWB-2500-9 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
IWB-2500-10 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
IWB-2500-11 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
IWB-2500-12(a) Stud and Threads in Flange Stud Hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
IWB-2500-12(b) Pressure-Retaining Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
IWB-2500-12(c) Pressure-Retaining Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
IWB-2500-13 Welded Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
IWB-2500-14 Welded Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
IWB-2500-15 Welded Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
IWB-2500-18 Control Rod Drive and Instrument Nozzle Housing Welds . . . . . . . . . . . . . . . . . . . . . . . . . 123
IWB-2500-20 Extent of Weld Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
IWB-3610-1 Characterization and Proximity Rules for Analytical Evaluation of Clad Components . . . 140
IWB-3662-1 Definition of Circumferential Orientation for Flaw Characterization . . . . . . . . . . . . . . . . . 143
IWC-2500-1 Vessel Circumferential Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
IWC-2500-2 Typical Tubesheet‐to‐Shell Circumferential Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
IWC-2500-3 Nozzle‐to‐Vessel Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
IWC-2500-4 Nozzle‐to‐Vessel Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
IWC-2500-5 Welded Attachments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
IWC-2500-6(a) Pressure-Retaining Bolting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
IWC-2500-6(b) Pressure-Retaining Bolting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
IWC-2500-6(c) Pressure-Retaining Bolting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
IWC-2500-7 Welds in Piping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
IWC-2500-9 Branch Connection Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
IWC-2500-10 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
IWC-2500-11 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
IWC-2500-12 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
IWC-2500-13 Pipe Branch Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
IWD-2500-1 Welded Attachments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
IWE-2500-1 Examination Areas for Moisture Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
IWF-1300-1 Illustrations of Typical Support Examination Boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . 215
A-3100-1 Elliptical Flaw Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
A-3210-1 Definition of x Distance Through the Wall for the Surface Flaws . . . . . . . . . . . . . . . . . . . . 328
A-3210-2 Definition of x Distance for the Subsurface Flaw Stress Definition . . . . . . . . . . . . . . . . . . 329
A-3210-3 Linearization of Stress Versus Distance Through the Wall . . . . . . . . . . . . . . . . . . . . . . . . . 330
A-3530-1 Cylindrical Flaw Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
A-3531-1 360-deg Inside Surface Flaw Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338

viii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



TABLES
IWA-1600-1 Referenced Standards and Specifications . . . . . . . . . . . . . . . . . . . . . . . . . 3
IWA-2211-1 Visual Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
IWA-2322-1 Near‐Distance Acuity Test Distances and Character Heights . . . . . . . . . 10
IWA-4461.1-1 Minimum Preheat Temperature, °F (°C) . . . . . . . . . . . . . . . . . . . . . . . . . . 36
IWA-4662.1-1 Depth Limitations for Underwater Welding Qualification . . . . . . . . . . . 54
IWA-4662.1-2 Procedure and Performance Qualification — Position Limitations . . . . 55
IWB-2411-1 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
IWB-2500-1 (B-A) Examination Category B-A, Pressure-Retaining Welds in Reactor Ves-

sel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
IWB-2500-1 (B-B) Examination Category B-B, Pressure-Retaining Welds in Vessels Other

Than Reactor Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
IWB-2500-1 (B-D) Examination Category B-D, Full Penetration Welded Nozzles in Vessels 86
IWB-2500-1 (B-F) Examination Category B-F, Pressure-Retaining Dissimilar Metal Welds

in Vessel Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
IWB-2500-1 (B-G-1) Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than

2 in. (50 mm) in Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
IWB-2500-1 (B-G-2) Examination Category B-G-2, Pressure-Retaining Bolting, 2 in. (50 mm)

and Less in Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
IWB-2500-1 (B-J) Examination Category B-J, Pressure-Retaining Welds in Piping . . . . . . 92
IWB-2500-1 (B-K) Examination Category B-K, Welded Attachments for Vessels, Piping,

Pumps, and Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
IWB-2500-1 (B-L-2, B-M-2) Examination Categories B-L-2, Pump Casings; B-M-2, Valve Bodies . . . 96
IWB-2500-1 (B-N-1, B-N-2, B-N-3) Examination Categories B-N-1, Interior of Reactor Vessel; B-N-2,

Welded Core Support Structures and Interior Attachments to Reactor
Vessels; B-N-3, Removable Core Support Structures . . . . . . . . . . . . . 97

IWB-2500-1 (B-O) Examination Category B-O, Pressure-Retaining Welds in Control Rod
Drive and Instrument Nozzle Housings . . . . . . . . . . . . . . . . . . . . . . . . 98

IWB-2500-1 (B-P) Examination Category B-P, All Pressure-Retaining Components . . . . . . 99
IWB-2500-1 (B-Q) Examination Category B-Q, Steam Generator Tubing . . . . . . . . . . . . . . . 100
IWB-3410-1 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
IWB-3510-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
IWB-3510-2 Allowable Laminar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
IWB-3510-3 Allowable Linear Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
IWB-3512-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
IWB-3512-2 Component Thickness Versus Flaw Location . . . . . . . . . . . . . . . . . . . . . . 131
IWB-3514-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
IWB-3514-2 Allowable Linear Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
IWB-3514-3 Allowable Laminar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
IWB-3514-4 Allowable Linear Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
IWB-3515-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
IWB-3519.2-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
IWB-3519.2-2 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
IWB-3663-1 Reactor Vessel Head Penetration Nozzle Acceptance Criteria . . . . . . . . 144
IWB-5230-1 Test Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
IWC-2411-1 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
IWC-2500-1 (C-A) Examination Category C-A, Pressure-Retaining Welds in Pressure Ves-

sels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
IWC-2500-1 (C-B) Examination Category C-B, Pressure-Retaining Nozzle Welds in Pres-

sure Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
IWC-2500-1 (C-C) Examination Category C-C, Welded Attachments for Pressure Vessels ,

Piping, Pumps, and Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
IWC-2500-1 (C-D) Examination Category C-D, Pressure-Retaining Bolting Greater Than

2 in. (50 mm) in Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

ix

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



IWC-2500-1 (C-F-1) Examination Category C-F-1, Pressure-Retaining Welds in Austenitic
Stainless Steel or High Alloy Piping . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

IWC-2500-1 (C-F-2) Examination Category C-F-2, Pressure-Retaining Welds in Carbon or
Low Alloy Steel Piping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

IWC-2500-1 (C-H) Examination Category C-H, All Pressure-Retaining Components . . . . . 158
IWC-3410-1 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
IWC-3510-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
IWC-3510-2 Allowable Laminar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
IWC-3510-3 Allowable Linear Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
IWC-3511-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
IWC-3511-2 Allowable Linear Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
IWC-3513-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
IWC-3514-1 Allowable Planar Flaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
IWD-2411-1 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
IWD-2500-1 (D-A) Examination Category D-A, Welded Attachments for Pressure Vessels ,

Piping, Pumps, and Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
IWD-2500-1 (D-B) Examination Category D-B, All Pressure-Retaining Components . . . . . 194
IWD-3410-1 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
IWE-2411-1 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
IWE-2500-1 (E-A) Examination Category E-A, Containment Surfaces . . . . . . . . . . . . . . . . . 206
IWE-2500-1 (E-C) Examination Category E-C, Containment Surfaces Requiring Augmented

Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
IWE-2500-1 (E-G) Examination Category E-G, Pressure-Retaining Bolting . . . . . . . . . . . . . 208
IWF-2410-1 Inspection Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
IWF-2500-1 (F-A) Examination Category F-A, Supports . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
IWL-2500-1 (L-A) Examination Category L‐A, Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
IWL-2500-1 (L-B) Examination Category L‐B, Unbound Post-Tensioning System . . . . . . . 229
IWL-2521-1 Number of Tendons for Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
IWL-2521-2 Augmented Examination Requirements Following Post‐Tensioning

System Repair/Replacement Activities . . . . . . . . . . . . . . . . . . . . . . . . . 232
IWL-2525-1 Corrosion Protection Medium Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 234
A-3531-1 Coefficients for 360-deg Circumferential Inside Surface Flaw Equation 339
A-3532-1 Coefficients for Semielliptical Circumferential Inside Surface Flaw

Equations, Deepest Point (Point 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
A-3532-2 Coefficients for Semielliptical Circumferential Inside Surface Flaw

Equations, Surface Point (Point 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344
A-3610-1 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
A-3610-2 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
A-3610-3 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
A-3610-4 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
A-3610-5 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353
A-3610-6 Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect

Ratio, a/ℓ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
A-3620-1 Coefficients G0 Through G4 for Flat Plate Surface Crack With Flaw As-

pect Ratio, a/ℓ = 0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 356
A-3620-2 Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 1 . . . 357
A-3620-3 Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 2 . . . 359
A-3630-1 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw

(Ri/t = 1), Deepest Point (Point 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361
A-3630-2 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw

(Ri/t = 1), Surface Point (Point 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362

x

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



A-3630-3 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 5), Deepest Point (Point 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363

A-3630-4 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 5), Surface Point (Point 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364

A-3630-5 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 10), Deepest Point (Point 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . 365

A-3630-6 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 10), Surface Point (Point 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . 366

A-3630-7 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 20), Deepest Point (Point 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . 367

A-3630-8 Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw
(Ri/t = 20), Surface Point (Point 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . 368

FORMS
NIS-2 Owner’s Report for Repair/Replacement Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
OAR-1 Owner’s Activity Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
RRA-1 Report of Contracted Repair/Replacement Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561

ENDNOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593

xi

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ LIST OF SECTIONS
SECTIONS
I Rules for Construction of Power Boilers

II Materials
• Part A — Ferrous Material Specifications
• Part B — Nonferrous Material Specifications
• Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
• Part D — Properties (Customary)
• Part D — Properties (Metric)

III Rules for Construction of Nuclear Facility Components
• Subsection NCA — General Requirements for Division 1 and Division 2
• Appendices
• Division 1
– Subsection NB — Class 1 Components
– Subsection NC — Class 2 Components
– Subsection ND — Class 3 Components
– Subsection NE — Class MC Components
– Subsection NF — Supports
– Subsection NG — Core Support Structures
– Subsection NH — Class 1 Components in Elevated Temperature Service*

• Division 2 — Code for Concrete Containments
• Division 3 — Containments for Transportation and Storage of Spent Nuclear Fuel and High Level Radioactive
Material and Waste

• Division 5 — High Temperature Reactors

IV Rules for Construction of Heating Boilers

V Nondestructive Examination

VI Recommended Rules for the Care and Operation of Heating Boilers

VII Recommended Guidelines for the Care of Power Boilers

VIII Rules for Construction of Pressure Vessels
• Division 1
• Division 2 — Alternative Rules
• Division 3 — Alternative Rules for Construction of High Pressure Vessels

IX Welding, Brazing, and Fusing Qualifications

X Fiber-Reinforced Plastic Pressure Vessels

XI Rules for Inservice Inspection of Nuclear Power Plant Components

XII Rules for Construction and Continued Service of Transport Tanks

* The 2015 Edition of Section III is the last edition in which Section III, Division 1, Subsection NH, Class 1 Components in Elevated Temperature
Service, will be published. The requirements located within Subsection NH have been moved to Section III, Division 5, Subsection HB, Subpart B
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INTERPRETATIONS

Interpretations of the Code have historically been posted in January and July at http://cstools.asme.org/interpreta-
tions.cfm. Interpretations issued during the previous two calendar years are included with the publication of the applic-
able Section of the Code in the 2015 Edition. Interpretations of Section III, Divisions 1 and 2 and Section III Appendices
are included with Subsection NCA.

Following the 2015 Edition, interpretations will not be included in editions; they will be issued in real time in ASME's
Interpretations Database at http://go.asme.org/Interpretations. Historical BPVC interpretations may also be found in
the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted will appear in the
appropriate 2015 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.” Supplements will be sent
or made available automatically to the purchasers of the Code Cases books up to the publication of the 2017 Code.

xiii
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ð15Þ FOREWORD*

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to for-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees:
(a) Committee on Power Boilers (I)
(b) Committee on Materials (II)
(c) Committee on Construction of Nuclear Facility Components (III)
(d) Committee on Heating Boilers (IV)
(e) Committee on Nondestructive Examination (V)
(f) Committee on Pressure Vessels (VIII)
(g) Committee on Welding, Brazing, and Fusing (IX)
(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)
(i) Committee on Nuclear Inservice Inspection (XI)
(j) Committee on Transport Tanks (XII)
(k) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

collectively.
The Committee’s function is to establish rules of safety relating only to pressure integrity, which govern the

construction** of boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nu-
clear components and transport tanks. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant documents for safety issues other than those relating to pressure integ-
rity. Except for Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the
likelihood and consequences of deterioration in service related to specific service fluids or external operating environ-
ments. In formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of pressure
vessels. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a margin
for deterioration in service to give a reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experience have been recognized.
This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-

tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgement refers to tech-
nical judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judgments
must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements
or specific prohibitions of the Code.
The Committee recognizes that tools and techniques used for design and analysis change as technology progresses

and expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code
neither requires nor prohibits the use of computers for the design or analysis of components constructed to the

* The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance
with ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a con-
sensus process. In addition, it does not contain requirements necessary for conformance to the Code.

** Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing,
certification, and pressure relief.

xiv
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requirements of the Code. However, designers and engineers using computer programs for design or analysis are cau-
tioned that they are responsible for all technical assumptions inherent in the programs they use and the application of
these programs to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary or specific design, or as limiting in any way the manufacturer's freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be pre-
sented to the Committee for appropriate action. The action of the Committee becomes effective only after confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to
invite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper use of an ASME Certification Mark.

When required by context in this Section, the singular shall be interpreted as the plural, and vice versa, and the fem-
inine, masculine, or neuter gender shall be treated as such other gender as appropriate.

xv
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STATEMENT OF POLICY ON THE USE OF THE CERTIFICATION
MARK AND CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in accordance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition
of organizations so authorized. An organization holding authorization to perform various activities in accordance with
the requirements of the Code may state this capability in its advertising literature.
Organizations that are authorized to use the Certification Mark for marking items or constructions that have been

constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Code are issued Certificates of
Authorization. It is the aim of the Society to maintain the standing of the Certification Mark for the benefit of the users,
the enforcement jurisdictions, and the holders of the Certification Mark who comply with all requirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

Certification Mark, Certificates of Authorization, and reference to Code construction. The American Society of Mechanical
Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall be no state-
ments or implications that might so indicate. An organization holding the Certification Mark and/or a Certificate of
Authorization may state in advertising literature that items, constructions, or activities “are built (produced or per-
formed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure Vessel Code,”
or “meet the requirements of the ASME Boiler and Pressure Vessel Code.”An ASME corporate logo shall not be used
by any organization other than ASME.
The Certification Mark shall be used only for stamping and nameplates as specifically provided in the Code. However,

facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an association or
a society, or by a holder of the Certification Mark who may also use the facsimile in advertising to show that clearly spe-
cified items will carry the Certification Mark. General usage is permitted only when all of a manufacturer’s items are
constructed under the rules.

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO
IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the official Certification Mark
described in the governing Section of the Code.
Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the Certification Mark shall not

be used on any item that is not constructed in accordance with all of the applicable requirements of the Code.
Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply

that all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

xvi
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ð15ÞSUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the committees.
See Guideline on the Approval of New Materials Under the ASME Boiler and Pressure Vessel Code in Section II, Parts C
and D for additional requirements for requests involving adding new materials to the Code. Technical inquiries include
requests for revisions or additions to the Code rules, requests for Code Cases, and requests for Code Interpretations, as
described below.

(1) Code Revisions. Code revisions are considered to accommodate technological developments, address administra-
tive requirements, incorporate Code Cases, or to clarify Code intent.

(2) Code Cases. Code Cases represent alternatives or additions to existing Code rules. Code Cases are written as a
question and reply, and are usually intended to be incorporated into the Code at a later date. When used, Code Cases
prescribe mandatory requirements in the same sense as the text of the Code. However, users are cautioned that not
all jurisdictions or owners automatically accept Code Cases. The most common applications for Code Cases are:

(-a) to permit early implementation of an approved Code revision based on an urgent need

(-b) to permit the use of a new material for Code construction

(-c) to gain experience with new materials or alternative rules prior to incorporation directly into the Code

(3) Code Interpretations. Code Interpretations provide clarification of the meaning of existing rules in the Code, and
are also presented in question and reply format. Interpretations do not introduce new requirements. In cases where
existing Code text does not fully convey the meaning that was intended, and revision of the rules is required to support
an interpretation, an Intent Interpretation will be issued and the Code will be revised.

(b) The Code rules, Code Cases, and Code Interpretations established by the committees are not to be considered as
approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the free-
dom of manufacturers, constructors, or owners to choose any method of design or any form of construction that con-
forms to the Code rules.

(c) Inquiries that do not comply with these provisions or that do not provide sufficient information for a committee’s
full understanding may result in the request being returned to the inquirer with no action.

2 INQUIRY FORMAT

Submittals to a committee shall include:

(a) Purpose. Specify one of the following:

(1) revision of present Code rules

(2) new or additional Code rules

(3) Code Case

(4) Code Interpretation

(b) Background. Provide the information needed for the committee’s understanding of the inquiry, being sure to in-
clude reference to the applicable Code Section, Division, edition, addenda (if applicable), paragraphs, figures, and tables.
Preferably, provide a copy of the specific referenced portions of the Code.

(c) Presentations. The inquirer may desire or be asked to attend a meeting of the committee to make a formal presen-
tation or to answer questions from the committee members with regard to the inquiry. Attendance at a committee meet-
ing shall be at the expense of the inquirer. The inquirer’s attendance or lack of attendance at a meeting shall not be a
basis for acceptance or rejection of the inquiry by the committee.
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3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions shall provide the following:
(a) Proposed Revisions or Additions. For revisions, identify the rules of the Code that require revision and submit a copy

of the appropriate rules as they appear in the Code, marked up with the proposed revision. For additions, provide the
recommended wording referenced to the existing Code rules.
(b) Statement of Need. Provide a brief explanation of the need for the revision or addition.
(c) Background Information. Provide background information to support the revision or addition, including any data

or changes in technology that form the basis for the request that will allow the committee to adequately evaluate the
proposed revision or addition. Sketches, tables, figures, and graphs should be submitted as appropriate. When applic-
able, identify any pertinent paragraph in the Code that would be affected by the revision or addition and identify para-
graphs in the Code that reference the paragraphs that are to be revised or added.

4 CODE CASES

Requests for Code Cases shall provide a Statement of Need and Background Information similar to that defined in 3(b)
and 3(c), respectively, for Code revisions or additions. The urgency of the Code Case (e.g., project underway or imminent,
new procedure, etc.) must be defined and it must be confirmed that the request is in connection with equipment that will
bear the Certification Mark, with the exception of Section XI applications. The proposed Code Case should identify the
Code Section and Division, and be written as a Question and a Reply in the same format as existing Code Cases. Requests
for Code Cases should also indicate the applicable Code editions and addenda (if applicable) to which the proposed Code
Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations shall provide the following:
(1) Inquiry. Provide a condensed and precise question, omitting superfluous background information and, when

possible, composed in such a way that a “yes” or a “no” Reply, with brief provisos if needed, is acceptable. The question
should be technically and editorially correct.

(2) Reply. Provide a proposed Reply that will clearly and concisely answer the Inquiry question. Preferably, the Reply
should be “yes” or “no,” with brief provisos if needed.

(3) Background Information. Provide any background information that will assist the committee in understanding
the proposed Inquiry and Reply.
(b) Requests for Code Interpretations must be limited to an interpretation of a particular requirement in the Code or a

Code Case. The committee cannot consider consulting type requests such as the following:
(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to de-

termine compliance with Code requirements;
(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material

selection, designs, calculations, fabrication, inspection, pressure testing, or installation;
(3) a request seeking the rationale for Code requirements.

6 SUBMITTALS

Submittals to and responses from the committees shall meet the following:
(a) Submittal. Inquiries from Code users shall be in English and preferably be submitted in typewritten form; however,

legible handwritten inquiries will also be considered. They shall include the name, address, telephone number, fax num-
ber, and e-mail address, if available, of the inquirer and be mailed to the following address:
Secretary
ASME Boiler and Pressure Vessel Committee
Two Park Avenue
New York, NY 10016-5990
As an alternative, inquiries may be submitted via e-mail to: SecretaryBPV@asme.org or via our online tool at http://

go.asme.org/InterpretationRequest.
(b) Response. The Secretary of the appropriate committee shall acknowledge receipt of each properly prepared in-

quiry and shall provide a written response to the inquirer upon completion of the requested action by the committee.
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PREFACE TO SECTION XI

INTRODUCTION

Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components, of the ASME Boiler and Pressure Vessel
Code provides requirements for examination, testing, and inspection of components and systems, and repair/replace-
ment activities in a nuclear power plant. Application of this Section of the Code begins when the requirements of the
Construction Code have been satisfied.

GENERAL

The rules of this Section constitute requirements to maintain the nuclear power plant and to return the plant to ser-
vice, following plant outages, in a safe and expeditious manner. The rules require a mandatory program of examinations,
testing, and inspections to evidence adequate safety and to manage deterioration and aging effects. The rules also sti-
pulate duties of the Authorized Nuclear Inservice Inspector to verify that the mandatory program has been completed,
permitting the plant to return to service in an expeditious manner.

INSERVICE TESTING OF PUMP AND VALVES

With the 1998 Edition with the 2000 Addenda, all requirements for testing pumps and valves have been removed
from Section XI, Division 1. These requirements are now located in the ASME Code for Operation and Maintenance of
Nuclear Power Plants.

OWNER RESPONSIBILITIES

The Owner of the nuclear power plant is assigned the responsibilities to develop a program which will demonstrate
conformance to the requirements of this Section of the Code.

These responsibilities include:

(a) provision of access in the design and arrangement of the plant to conduct the examination and tests;

(b) development of plans and schedules, including detailed examination and testing procedures for filing with the en-
forcement and regulatory authorities having jurisdiction at the plant site;

(c) conduct of the program of examination and tests, system leakage and hydrostatic pressure tests; and

(d) recording of the results of the examinations and tests, including corrective actions required and the actions taken.

DUTIES OF THE AUTHORIZED NUCLEAR INSERVICE INSPECTOR

Section XI differs from Section VI, Recommended Rules for the Care and Operation of Heating Boilers, and Section VII,
Recommended Guidelines for the Care of Power Boilers, in that the requirements for Inservice Inspection of Nuclear
Power Plants are mandatory, while the other two Sections are recommended practices. Duties of the Authorized Nuclear
Inservice Inspector are assigned by Section XI to verify that the responsibilities of the Owner and the mandatory require-
ments of this Section are met. Duties of the Authorized Nuclear Inservice Inspector include the following:

(a) verifying system pressure tests;

(b) reviewing nondestructive examination procedures and Repair/Replacement Programs and Plans; and

(c) verifying that the visual examinations and tests have been completed and the results recorded.

Listed as one of the duties is the prerogative of the Inspector to require requalification of any operator or procedure
when he has reason to believe the requirements are not being met.
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ð15ÞORGANIZATION OF SECTION XI

1 DIVISIONS

Section XI consists of three Divisions, as follows:

Division 1 = Rules for Inspection and Testing of Components of Light-Water-Cooled Plants
Division 2 = Rules for Inspection and Testing of Components of Gas-Cooled Plants
Division 3 = Rules for Inspection and Testing of Components of Liquid-Metal-Cooled Plants

2 SUBSECTIONS

The Divisions are broken down into Subsections which are designated by capital letters, preceded by the letters IW in
Division 1, by the letters IG in Division 2, and by the letters IM in Division 3.

Division 1 consists of Subsections covering the following aspects of the rules:

Subsection Title

IWA General Requirements
IWB Class 1 Components
IWC Class 2 Components
IWD Class 3 Components
IWE Class MC and CC Components
IWF Class 1, 2, 3, and MC Component Supports
IWG Core Internal Structures (In course of preparation)
IWL Class CC Concrete Components

Division 2 consists of Subsections covering the following aspects of the rules:

Subsection Title

IGA General Requirements
IGB Class 1 Components
IGC Class 2 Components
IGD Class 3 Components
IGG Reactor Internals
IGH Elevated Temperature Material
IGI Graphite and Thermal Insulation Materials
IGK Concrete Reactor Vessels
IGP Pumps
IGQ Compressors
IGV Valves

Division 3 consists of Subsections covering the following aspects of the rules:

Subsection Title

IMA General Requirements
IMB Class 1 Components
IMC Class 2 Components
IMD Class 3 Components
IMF Class 1, 2, and 3 Component Supports
IMV Valves

Subsections are divided into Articles, Subarticles, paragraphs, and, where necessary, into subparagraphs.
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3 ARTICLES

Articles are designated by the applicable letters indicated above for the Subsections, followed by Arabic numbers, such
as IWA-1000 or IWB-2000. Where possible, Articles dealing with the same general topics are given the same number in
each Subsection, in accordance with the following scheme:

Article Number Title

1000 Scope and Responsibility
2000 Examination and Inspection
3000 Acceptance Standards
4000 Repair/Replacement Activities
5000 System Pressure Tests
6000 Records and Reports

The numbering of Articles andmaterial contained in the Articles may not, however, be consecutive. Due to the fact that
the complete outline may cover phases not applicable to a particular Subsection or Article, the requirements have been
prepared with some gaps in the numbering.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as IWA-1100 or IWA-1200.

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as IWA-2130, and may have no text. When a number such as
IWA-1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS

Paragraphs are numbered in units of 1, such as IWA-2131 or IWA-2132.

7 SUBPARAGRAPHS

Subparagraphs, when they aremajor subdivisions of a paragraph, are designated by adding a decimal followed by one
or more digits to the paragraph number, such as IWA-1111.1 or IWA-1111.2. When they are minor subdivisions of a
paragraph, subparagraphs may be designated by lowercase letters in parentheses, such as IWA-1111(a) or
IWA-1111(b).

8 REFERENCES

References used within this Section generally fall into one of six categories, as explained below.
(a) References to Other Portions of This Section. When a reference is made to another Article, Subarticle, or paragraph

number, all numbers subsidiary to that reference shall be included. For example, reference to IWA-2000 includes all
materials in Article IWA-2000; reference to IWA-2200 includes all material in Subarticle IWA-2200; reference to
IWA-2220 includes all paragraphs in IWA-2220, IWA-2221, and IWA-2222.
(b) References to Other Sections. Other Sections referred to in Section XI are as follows:

(1) Section II, Material Specifications. When a requirement for a material or for the examination or testing of a ma-
terial is to be in accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material speci-
fications in Section II. These references begin with the letter “S.” Materials conforming to ASTM specifications may be
used in accordance with the provisions of the last paragraph of the Foreword to the Boiler Code.

(2) Section III, Nuclear Power Plant Components. Section III references begin with the letter “N” and relate to nuclear
power plant design or construction requirements.

(3) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to the nondes-
tructive examination of material or welds.

(4) Section IX, Welding and Brazing Qualifications. Section IX references begin with the letter “Q” and relate to weld-
ing and brazing requirements.
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(c) References to Specifications and Standards Other Than Published in Code Sections
(1) Specifications for examination methods and acceptance standards to be used in connection with them are pub-

lished by the American Society for Testing and Materials. For example, reference to ASTM E71-64 refers to the specifi-
cation so designated and published by American Society for Testing and Materials (ASTM), 100 Barr Harbor Drive, West
Conshohocken, PA 19428.

(2) Recommended practices for qualifying and certifying nondestructive examination personnel are published by
the American Society for Nondestructive Testing (ASNT). These documents are designated SNT-TC-1A and CP-189. A
reference to SNT-TC-1A or CP-189 shall be understood to mean the practice and its supplements, so designated and pub-
lished by the American Society for Nondestructive Testing (ASNT), 1711 Arlingate Lane, P. O. Box 28518, Columbus, OH
43228-0518.

(3) Specifications and standards for materials, processes, examination and test procedures, qualifications of person-
nel, and other requirements of the Code approved by the American National Standards Institute are designated by the
letters ANSI followed by the serialization for the particular specification or standard. Standards published by ASME are
available from ASME (https://www.asme.org/).

(4) Specifications and standards for materials, processes, examination and test procedures, and other requirements
of the Code relating to concrete are listed in Table IWA-1600-1, designated by the letters ACI, and are approved and
published by the American Concrete Institute. Standards published by the American Concrete Institute can be obtained
by writing ACI, Box 19150, 22400 West Seven Mile Road, Detroit, MI 48219.

(5) Specifications and standards for determining water chemistry as identified in Table IWA-1600-1 by the letter
designation APHA are approved and published by the American Public Health Association. Standards published by
the American Public Health Association can be obtained by writing APHA, 1015 15th Street, NW, Washington, D.C.
20005.

(6) Specifications and standards for welding are listed in Table IWA-1600-1 and are approved and published by the
American Welding Society. Standards published by the American Welding Society can be obtained by writing AWS, 550
N.W. LeJeune Road, P.O. Box 351040, Miami, FL 33135.

(d) References to Government Regulations. U.S. Federal regulations issued by executive departments and agencies, as
published in the Federal Register, are codified in the Code of Federal Regulations. The Code of Federal Regulations is
published by the Office of the Federal Register, National Archives and Records Service, General Service Administration,
and may be purchased from the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402.
Title 10 of the Code of Federal Regulations contains the regulations for atomic energy. The abbreviated reference
“10 CFR 50” is used to mean “Title 10, Code of Federal Regulations, Part 50.”

(e) References to Appendices. Two types of Appendices are used in Section XI and are designated Mandatory and
Nonmandatory.

(1)Mandatory Appendices contain requirements which must be followed in Section XI activities; such references
are designated by a Roman numeral followed by Arabic numerals. A reference to III-1100, for example, refers to a Man-
datory Appendix.

(2) Nonmandatory Appendices provide information or guidance for the use of Section XI; such references are de-
signated by a capital letter followed by Arabic numerals. A reference to A-3300, for example, refers to a Nonmandatory
Appendix.

(f) References to Technical Reports. The following reports prepared at the request of the American Society of Mechan-
ical Engineers and published by Electric Power Research Institute are relevant to Code-related articles of Section XI. Re-
quests for copies should be directed to EPRI Research Reports Center, Box 50490, Palo Alto, CA 94303.

(1) NP-1406-SR— Nondestructive Examination Acceptance Standards Technical Basis and Development for Boiler
and Pressure Vessel Code, ASME Section XI, Division 1, Special Report, May 1980.

(2) NP-719-SR — Flaw Evaluation Procedures — Background and Application of ASME Section XI Appendix A —
Special Report, August 1978.

xxxix

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



SUMMARY OF CHANGES

After publication of the 2015 Edition, Errata to the BPV Code may be posted on the ASMEWeb site to provide corrections
to incorrectly published items, or to correct typographical or grammatical errors in the BPV Code. Such Errata shall be
used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (15), placed next to the affected area.

The Record Numbers listed below are explained in more detail in “List of Changes in Record Number Order” following
this Summary of Changes.

Page Location Change (Record Number)

xiv Foreword (1) Revised
(2) New footnote added by errata (13-860)

xvii Submittal of Technical
Inquiries to the Boiler
and Pressure Vessel
Standards Committees

In last line of 6(a), URL revised

xix Personnel Updated

xxxvii Organization of Section XI Last line of 8(c)(3) editorially revised

2 IWA-1400 (1) Endnote in subpara. (a) revised (12-1455)
(2) Subparagraphs (l) and (m) revised (12-552)

3 Table IWA-1600-1 (1) Third row added (14-921)
(2) Year updated in fourth, 20th, and 24th rows (14-260, 14-921)
(3) Thirteenth row revised (14-260)

6 IWA-2210 Revised (13-1241)

7 Table IWA-2211-1 Second row added (13-1241)

6 IWA-2212 Subparagraph (c) added (13-1241)

8 IWA-2234 First paragraph corrected by errata (13-2077)

8 IWA-2310 Subparagraph (a) revised (14-921, 14-922)

11 IWA-2350 Revised (14-921)

11 IWA-2360 Subparagraph (c) added (14-921)

14 IWA-3200 Subparagraph (a) revised (12-552)

14 IWA-3300 Subparagraph (b) corrected by errata (13-1249)

28 IWA-4150 Subparagraph (c) revised (09-1679)

39 IWA-4621 Subparagraph (c) revised (12-1239)

48 IWA-4651 (1) Subparagraph (g) revised (12-1239)
(2) Subparagraph (i) added (12-1239)

48 IWA-4652.4 Former subpara. (b)(12) deleted, and remaining subparagraphs
redesignated (12-1239)

51 Figure IWA-4652.4-2 Revised editorially
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Page Location Change (Record Number)

53 Figure IWA-4655-2 Revised editorially

51 IWA-4661 Subparagraphs (d) and (e) revised (13-1691)

51 IWA-4662.1 First paragraph revised (13-1691)

55 IWA-4664 Subparagraph (a) added, and remaining subparagraphs
redesignated (13-1691)

67 IWA-5213 Subparagraph (a)(4) added (13-1599)

69 IWA-5246 Added (13-781)

71 IWA-6200 Revised in its entirety (09-1679)

73 Article IWA-9000 (1) Definition of “analytical evaluation” added (12-552)
(2) Definitions of “text information” and “unit of data storage”

deleted by errata (14-776)

83 Table IWB-2500-1 (B-A) Third and fourth entries in final column revised (12-1353)

88 Table IWB-2500-1 (B-G-1) General Note added (14-771)

91 Table IWB-2500-1 (B-G-2) General Note added (14-771)

98 Table IWB-2500-1 (B-O) (1) First and second entries in sixth column revised (12-45)
(2) Note (1) added, and remaining Note redesignated (12-45)

111 Figure IWB-2500-8 (1) Illustration (f) added (12-1979)
(2) General Notes (a) through (c) added, and original General Note

revised and designated as (d) (12-1979)

117 Figure IWB-2500-12(a) Revised in its entirety (14-699)

118 Figure IWB-2500-12(b) Added (14-699)

119 Figure IWB-2500-12(c) Added (14-699)

125 IWB-3112 Subparagraph (a) revised (09-1679)

126 IWB-3132.1 Revised (09-1679)

126 IWB-3132.3 Revised (12-1411)

127 IWB-3142.4 Subparagraph (a) and designator (b) added (13-1257)

130 IWB-3514 Subparagraph (b) added, and remaining subparagraph redesignated
(12-1411)

130 IWB-3514.1 In subpara. (a), last cross-reference revised (12-1411)

133 IWB-3514.8 Revised (12-552)

139 IWB-3610 Subparagraphs (a), (b), (b)(1), (b)(2), and (e) revised (12-552)

140 Figure IWB-3610-1 Revised editorially

141 IWB-3613 First sentence revised (12-552)

142 IWB-3640 Revised in its entirety (12-552)

143 IWB-3662 Subparagraph (f) revised (12-552)

143 IWB-3700 Title revised (12-552)

143 IWB-3720 Subparagraph (a) revised (12-552)

146 IWC-1221 Subparagraph (d) revised (14-1159)

146 IWC-1222 Subparagraph (d) revised (14-1159)
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154 Table IWC-2500-1 (C-D) General Note added (14-771)

162 Figure IWC-2500-4 (1) Revised in its entirety (13-790)
(2) Note (3) added, and remaining Note redesignated (13-790)

166 Figure IWC-2500-5 Revised editorially

167 Figure IWC-2500-6(a) Revised in its entirety (14-845)

168 Figure IWC-2500-6(b) Added (14-845)

169 Figure IWC-2500-6(c) Added (14-845)

177 IWC-3112 Subparagraph (a) revised (09-1679)

177 IWC-3122.1 Revised (09-1679)

183 IWC-3514 Subparagraph (b) added, and remaining subparagraph redesignated
(12-1411)

183 IWC-3514.1 In subpara. (a), last cross-reference revised (12-1411)

185 IWC-3514.6 Revised (12-552)

185 IWC-3600 Revised in its entirety (12-552)

187 IWC-5222 (1) Subparagraphs (a) and (b) revised (13-1592)
(2) Subparagraph (c) added (13-1592)

197 Table IWD-3410-1 First entry in final column corrected by errata (14-776, 14-1395)

197 IWD-3600 Revised in its entirety (12-552)

199 IWD-5222 Revised in its entirety (13-1592)

214 IWF-1230 Revised (13-2071)

214 IWF-1300 Subparagraph (e) revised (13-114)

215 Figure IWF-1300-1 Illustration (e) corrected by errata (14-2304)

222 IWF-3122.1 Revised (09-1679)

235 IWL-3221.1 Subparagraph (b) revised in its entirety (10-142)

243 I-3200 Subparagraph (c) revised (14-1375)

248 Mandatory Appendix I,
Supplement 11

Subparagraph (a) corrected by errata (13-2077)

250 Mandatory Appendix II Revised in its entirety (09-1679)

256 III-1100 Subparagraph (b) revised (13-301)

266 Mandatory Appendix III
Supplements

(1) Supplement 1 revised in its entirety (13-301)
(2) Supplement 2 added (13-301)

276 Mandatory Appendix IV,
Supplement 2, 1.0

Subparagraph (d)(2) revised (12-2015)

296 VIII-2100 Subparagraph (d)(3)(-b) revised (14-1378)

297 VIII-3110 Subparagraph (b) added, and remaining subparagraphs
redesignated (14-1380)

297 VIII-3120 Subparagraph (b) added, and remaining subparagraphs
redesignated (14-1380)
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315 Mandatory Appendix VIII,
Supplement 10

(1) 2.2 revised (14-1375)
(2) 3.0(b) added (14-1375)
(3) 3.2(b) and (c) revised (14-1375)
(4) 3.3(a) and (b) revised (14-1375)

319 Mandatory Appendix VIII,
Supplement 12

In 3.0(a)(3), cross-reference corrected by errata (14-776, 14-1418)

320 Mandatory Appendix VIII,
Supplement 14

3.3(b) revised (14-1381)

324 A-1100 First paragraph and subpara. (h) revised (12-552)

326 Article A-3000 Revised in its entirety (10-783)

369 A-4200 (1) Third equation corrected by errata (14-1395)
(2) Subparagraph (c) added (14-940)

378 A-5200 Subparagraph (b)(1)(-d) revised (12-552)

382 Article A-9000 Definition of flaw evaluation deleted (12-552)

384 Nonmandatory
Appendix C

Title revised (12-552)

384 C-1100 Revised in its entirety (12-552)

385 C-1200 Subparagraph (h) revised (12-552)

385 C-1300 Definition of “N” revised (12-552)

388 Article C-2000 Title revised (12-552)

389 C-2400 Second sentence revised (12-552)

389 C-2500 Fourth sentence revised (12-552)

392 C-2610 Revised (12-552)

394 C-2620 Revised (12-552)

395 C-3200 Last sentence revised (12-552)

397 C-4222 Revised (12-552)

397 C-4230 Revised (12-552)

403 Article C-5000 Title revised (12-552)

403 C-5200 Revised in its entirety (12-552)

403 C-5310 Second sentence revised (12-552)

403 C-5311 Second sentence revised (12-552)

405 Table C-5310-1 Note (2) revised (12-552)

406 Table C-5310-2 Note (2) revised (12-552)

407 Table C-5310-3 Note (2) revised (12-552)

408 Table C-5310-4 Note (2) revised (12-552)

403 C-5312 Second sentence revised (12-552)

409 Table C-5310-5 Note (2) revised (12-552)

408 C-5410 Second sentence revised (12-552)

410 Table C-5410-1 Notes (2) and (3) revised (12-552)
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411 Article C-6000 Title revised (12-552)

411 C-6200 Revised in its entirety (12-552)

411 C-6310 Second sentence revised (12-552)

411 C-6311 Second sentence and Step 2 revised (12-552)

411 C-6312 Step 2 revised (12-552)

416 C-6410 Second sentence revised (12-552)

422 Article C-7000 Title revised (12-552)

422 C-7200 Title and subpara. (b) revised (12-552)

426 C-8200 Subparagraph (a) revised (12-552)

426 C-8300 First sentence revised (12-552)

426 C-8310 Subparagraphs (a) and (b) revised (12-552)

428 C-8330 Last sentence revised (12-552)

440 Table C-8520-1 Note (3) revised (12-552)

441 Table C-8520-1M Note (3) revised (12-552)

443 Nonmandatory
Appendix D

Revised in its entirety (04-1097)

444 E-1100 First sentence revised (12-552)

444 E-1300 Definition of KIC corrected by errata (14-1989)

445 Table E-2 (1) Ninth entry under second column corrected by errata (14-1989)
(2) Note (2) revised (12-552)

447 G-2110 Second equation corrected by errata (14-320)

458 G-2223 Equation (3) corrected by errata (13-1249)

459 G-2400 Subparagraph (b) revised (12-552)

464 Nonmandatory
Appendix H

Title revised (12-552)

464 H-1100 First and last paragraphs revised (12-552)

467 Article H-2000 Title revised (12-552)

468 Article H-3000 Last word revised (12-552)

469 H-4100 First sentence revised (12-552)

469 H-4200 First sentence revised (12-552)

489 K-4322 Penultimate sentence corrected by errata (14-320)

491 K-4331 Metric version of eq. (5) and last paragraph before subpara. (c)
corrected by errata (14-320)

499 L-2210 Subparagraph (a) revised (12-552)

505 L-4300 Subparagraph (a) revised (09-1679)

506 M-1100 Last two sentences added (12-1471)

507 M-2200 First paragraph revised (12-1471)

507 M-2500 Revised (12-1471)
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513 O-1200 Subparagraph (e) revised (12-552)

516 O-3100 Revised (12-552)

517 O-3300 Title revised (12-552)

526 R-1220 Revised in its entirety (10-1820)

526 R-1300 (1) Title of R-1310 revised (13-2138)
(2) New R-1320 added, and remaining paragraph redesignated

(13-2138)
(3) Table R-1320-1 added (13-2138)
(4) R-1330 revised (13-2138)

530 Table R-2500-1 Sixth and seventh entries for third through fifth and eighth columns
and Note (7) revised (10-1820)

547 Table R-S2-1 SCC section revised (10-1820)

552 Nonmandatory Appendix
R, Supplement 2, 4.1

Subparagraphs (a) through (c) revised (10-1820)

578 Figure U-S2-2.2-1 Upper left corner of illustration corrected by errata (14-776)

579 Figure U-S2-2.2-2 Upper left corner of illustration corrected by errata (14-776)

NOTE: Volume 63 of the Interpretations to Section XI of the ASME Boiler and Pressure Vessel Code follows the last page
of Section XI.
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LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change

04-1097 Revised Nonmandatory Appendix D completely. This provides the owner guidance when mak-
ing a new weld to reduce the weld crown flush with the base material. Research has found that
having the weld crown above the base material can distort the UT signal/response.

09-1679 Incorporated Code Case N-532-5 by revising Article IWA-5000, replacing Mandatory Appendix
II Form NIS-1 with N-532-5 Form OAR-1, and revising Mandatory Appendix II Form NIS-2 to
incorporate the content of Form NIS-2A from Code Case N-532-5 to avoid administrative revi-
sion of 24 affected Code Cases.

10-142 For Class CC containments with unbonded post-tensioning systems, revised tendon prestress
force terminology used for tendon “acceptance by examination” to preclude acceptance of an
individual tendon force that is below minimum design without verifying that the average force
of the subject tendon and its adjacent tendons are above minimum design. Under IWL-3221
Acceptance by Examination (specifically, IWL-3221.1 Tendon Force and Elongation), revised
terminology from “predicted force” to “lower limit force” in several places under
IWL-3221.1(b), defining the term “lower limit force” in its first usage in the subsubparagraph.

10-783 Improved the flaw evaluation procedures in A-3000 by updating the surface flaw equations to a
fourth order polynomial for stress, providing fracture mechanics coefficients derived specifi-
cally for a cylindrical geometry and included closed form equations for computing G coeffi-
cients in addition to the tables. For subsurface, a similar nonlinear expression for stress has
been added with G coefficients provided in tabular format. The changes are a complete rewrite
of the article to permit the future expansion of the methods to other flaw geometries.

10-1820 Revised Tables R-2500-1 and R-S2-1 and para. 4.1 of Supplement 2 to define examination for
PWSCC or IGSCC susceptible locations in accordance with the existing PWSCC or IGSCC inspec-
tion program, respectively, when the only degradation mechanism present at the location is
PWSCC or IGSCC.

12-45 Added note to Table IWB-2500-1, Examination Category B-O, Item No. B14.10 that provides al-
ternative extent of examination requirements.

12-552 The following “Proposed Definition” was added to the Article IWA-9000 glossary. Revised all
uses of this term to reflect the definition throughout Article IWA-3000, IWB/C/D-3400-3700
(except IWB-3522, IWC-3516, and IWD-3511), Figures IWB/C/D-2500-X (secondary to
SGWCS), and Nonmandatory Appendices A, C, and H. Two instances of “flaw evaluation” were
corrected in IWA-1400. Note that IWB-3630, IWB-3700, IWB-3660, and Nonmandatory Appen-
dices E, G, K, L, and O were not revised in their entirety because they deal with postulated flaws.
As a result, they do not meet the new definition of “analytical evaluation” where acceptance
standards are exceeded. For these cases, the term “evaluation” was maintained. Some other re-
visions were made to some of these sections to eliminate misuse of all uses of “evaluation”
terms.

12-1239 Revised IWA-4621 and IWA-4651 to clarify peening requirements. Eliminated peening as a
qualification variable in IWA-4652.

12-1353 Added an “or” between Notes (3) and (5) for Item no. B1.30 and Notes (4) and (5) for Item no.
B1.40.

12-1411 Provided additional guidance to use analytical evaluation when the acceptance standards of
IWB-3514 and IWC-3514 are not applicable due to the material being susceptible to stress cor-
rosion cracking.

12-1455 Revised endnote 1 in IWA-1400(a). Paragraph 1400(a) is currently supplemented by Endnote
1, which indicates, “Classification criteria are specified in 10CFR50.” Endnote 1 was revised to
the following: “Classification criteria are as specified in the facility's current licensing basis.”

12-1471 Added the following sentences to the end of M-1100: “This Nonmandatory Appendix provides
guidance. However, if used, all provisions of the appendix are mandatory.” Revised the sentence
in M-2200 that originally read, “The verification process for the model shall include test results
from the following testing methods,” to read, “The verification process for the model shall in-
clude test results from at least one of the following testing methods.” This change is proposed
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Record Number Change

because it is not always possible to implement each of the four test methods. For example, it is
not always possible to perform experiments or hand calculations for model verification. Re-
vised the last sentence in M-2500 to read, “The mathematical model shall be considered accept-
able when the test problems included in the verification process agree with known solutions
within the greater of ±1 in. (25 mm) or 10% of the metal path.” This change is consistent with
the qualification acceptance criteria included in para. 3.6a of Mandatory Appendix VIII, Supple-
ment 5 (Qualification Requirements for Nozzle Examination from the Outside Surface) for ex-
amination procedures, equipment, and personnel.

12-1979 Added Figure IWB-2500-8(f) for a double-groove alternative configuration for NPS 4 (DN 100)
or larger.

12-2015 Revised Mandatory Appendix IV, Supplement 2, para. 1.0 (d)(2) to add the option for qualifica-
tion of an eddy current procedure with flaws 1/16 in. or less in length.

13-114 Revised IWF-1300(e) to clarify insulation removal requirements for support examinations.
13-301 Added Mandatory Appendix III, Supplement 2 specific to cast austenitic welds, which will in-

clude the requirements in N-824. Revised Mandatory Appendix III, Supplement 1 to exclude
cast materials.

13-781 Added IWA-5246 to define pressure test requirements for ISI-classed portions of the reactor
vessel head flange leak detection piping.

13-790 Revised Figures IWC-2500-4(a) through (d) to clarify requirements for Class 2 nozzle-to-vessel
volumetric examinations.

13-860 In the Foreword, the subtitle has been deleted and replaced with an ANSI disclaimer as a foot-
note.

13-1241 Revised IWA-2210 and Table IWA-2211-1 to clarify the illumination, distance, and resolution
demonstration requirements for VT-2 visual examinations and to clarify that the angle-of-view
requirements for direct visual in Section V only apply to VT-1 examination.

13-1249 Errata correction. See Summary of Changes for details.
13-1257 Revised IWB-3142.4.
13-1592 Clarified the guidance for visual examination of Class 2 open-ended piping into IWC-5222(b)

and new IWC-5222(c), and clarified the guidance for visual examination of Class 3 open-ended
piping into IWD-5222(b) and (c).

13-1599 Applied Class 1 holding time requirements to Class 2 or Class 3 segments pressurized and ex-
amined in conjunction with the Class 1 system leakage test.

13-1691 Reduced testing requirements for bare filler metal used for dry underwater welding, added re-
quirement for qualification in accordance with Construction Code as well as Section IX, and
added LBW to Code requirements.

13-2071 Revised IWF-1230 to clarify support exemptions.
13-2077 Errata correction. See Summary of Changes for details.
13-2138 Revised R-1310 to be only applicable to Supplement 1. Renumbered existing R-1320 to R-1330.

Added new R-1320 containing PRA guidance for the method contained in Supplement 2.
14-260 Updated reference information in Table IWA-1600-1.
14-320 Errata correction. See Summary of Changes for details.
14-699 Added illustrations for bolts with integral heads to Figure IWB-2500-12. Edited dimensions Db

and Ds to read “Depth = Db” and “Depth = Ds ,” respectively, in Figure IWB-2500-12(a). Moved
point “M” to a location at the base of the threads. Rotated dimension line Ds at the top of the
stud to show the minor diameter. Extended threads at the top of the stud through the nut.
Added words “as measured from the thread root” every place where the dimension 1/4 in. or
1 in. is used to help define the examination volume for Figures 2500-12 (a) through (c).

14-771 Added Notes (4) and (8) to Table IWB-2500-1 and Note (7) to Table IWC-2500-1.
14-776 Errata correction. See Summary of Changes for details.
14-845 Added illustrations for bolts with integral heads to Figure IWC-2500-6. Added threads to Figure

IWC-2500-6(a). Added words “as measured from the thread root” every place where the di-
mension 1/4 in. is used to help define an examination volume.

14-921 Updated ANSI/ASNT CP-189 from the 1995 Edition to the 2006 Edition.
14-922 Revised IWA-2300 to remove reference to SNT-TC-1A and ANSI N45.2.6
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14-940 Revised the section in A-4200 that describes the methods for using RTT0 to index the KIa curve
to add a separate equation (RTKIa) to index the KIa curve as a function of temperature.

14-1159 Revised IWC-1221(d) and IWC-1222(d).
14-1375 Revised I-3200(c) to remove demonstration requirements from the examination coverage sec-

tion. Revised Supplement 10, para. 2.2 to define the flaw location for these configurations, and
added 3.0(b) to describe single-side qualifications if no austenitic base material exists.

14-1378 Revised VIII-2100(d)(3)(b) to add “+1 ft (300 mm) to allow for manufacturing tolerances.”
14-1380 Provided directions on how the qualification test specimens may be segments of full-scale

mockups or separate specimens cut from full-scale segments, provided that security sample
is maintained.

14-1381 Added requirement that flaws in ferritic material for depth sizing qualification must be circum-
ferentially oriented.

14-1395 Errata correction. See Summary of Changes for details.
14-1418 Errata correction. See Summary of Changes for details.
14-1989 Errata correction. See Summary of Changes for details.
14-2304 Errata correction. See Summary of Changes for details.
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CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be noted to aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

• First-level breakdowns are designated as (a), (b), (c), etc., as in the past.
• Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
• Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
• Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
• Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.
• Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbered pages), all footnotes are treated as end-
notes. The endnotes are referenced in numeric order and appear at the end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

It is our intention to establish cross-reference link functionality in the current edition and moving forward. To facil-
itate this, cross-reference style has changed. Cross-references within a subsection or subarticle will not include the des-
ignator/identifier of that subsection/subarticle. Examples follow:

• (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of
the designators under which the breakdown appears.
– If subparagraph (-a) appears in X.1(c)(1) and is referenced in X.1(c)(1), it will be referenced as (-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(c)(2), it will be referenced as (1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

• Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1) ap-
pears in X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in X.1(a)(1) but
is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).
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DIVISION 1
RULES FOR INSPECTION AND TESTING OF
COMPONENTS OF LIGHT-WATER-COOLED

PLANTS

SUBSECTION IWA
GENERAL REQUIREMENTS

ARTICLE IWA-1000
SCOPE AND RESPONSIBILITY

IWA-1100 SCOPE

This Division provides requirements for inservice in-
spection and testing of light‐water-cooled nuclear power
plants. The requirements identify the areas subject to in-
spection, responsibilities, provisions for accessibility and
inspectability, examination methods and procedures, per-
sonnel qualifications, frequency of inspection, record
keeping and report requirements, procedures for evalua-
tion of inspection results and subsequent disposition of
results of evaluations, and repair/replacement activity re-
quirements, including procurement, design, welding,
brazing, defect removal, fabrication, installation, exami-
nation, and pressure testing.

IWA-1200 JURISDICTION

The jurisdiction of this Division covers individual com-
ponents and complete plants that have met all the re-
quirements of the Construction Code, commencing
when the Construction Code requirements have been
met, irrespective of physical location. When portions of
systems or plants are completed at different times, juris-
diction of this Division shall cover only those portions for
which all of the construction requirements have been
met. Prior to installation, an item that has met all

requirements of the Construction Code may be corrected
using the rules of either the Construction Code or this Di-
vision, as determined by the Owner.

IWA-1300 APPLICATION

IWA-1310 COMPONENTS SUBJECT TO
INSPECTION AND TESTING

Components identified in this Division for inspection
and testing shall be included in the inservice inspection
plan. These components include nuclear power plant
items such as vessels, containments, piping systems,
pumps, valves, core support structures, and storage tanks,
including their respective supports. The selection of com-
ponents for the inservice inspection plan is subject to re-
view by the regulatory and enforcement authorities
having jurisdiction at the plant site.

IWA-1320 CLASSIFICATIONS

(a) Application of the rules of this Division shall be gov-
erned by the group classification criteria of the regulatory
authority having jurisdiction at the plant site as follows.

(1) The rules of Subsection IWB shall be applied to
those systems whose components are classified ASME
Class 1.

1

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

(2) The rules of Subsection IWC shall be applied to
those systems whose components are classified ASME
Class 2.

(3) The rules of Subsection IWD shall be applied to
those systems whose components are classified ASME
Class 3.

(4) The requirements of Subsection IWE shall be ap-
plied to components classified ASME Class MC and to me-
tallic shell and penetration liners classified ASME Class
CC.

(5) The requirements of Subsection IWF shall be ap-
plied to supports classified ASME Class 1, 2, 3, or MC.

(6) The requirements of Subsection IWL shall be ap-
plied to reinforced concrete and post‐tensioning systems
classified ASME Class CC.

(b) Optional construction of a component within a sys-
tem boundary to a classification higher than the minimum
class established in the component Design Specification
(either upgrading from Class 2 to Class 1 or from Class
3 to Class 2) shall not affect the overall system classifica-
tion by which the applicable rules of this Division are
determined.

(c) Where all components within the system boundary
or isolable portions of the system boundary are classified
to a higher class than required by the group classification
criteria, the rules of (a) may be applied to the higher clas-
sification, provided the rules of the applicable Subsection
are applied in their entirety.

(d) The portion of piping that penetrates a containment
vessel, which may differ from the classification of the bal-
ance of the piping system, need not affect the overall sys-
tem classification that determines the applicable rules of
this Division.

(e) If systems safety criteria permit a system to be non-
nuclear safety Class and an Owner optionally classifies
and constructs that system, or a portion thereof, to Class
2 or Class 3 requirements, the application of the rules of
(a) is at the option of the Owner and is not a requirement
of this Division.

IWA-1400 OWNER’S RESPONSIBILITY

The responsibilities of the Owner shall include the
following:

(a) determination of the appropriate Code class(es) for
each component1 of the plant, and identification of the
system boundaries for each class of components subject
to inspection and the components exempt from examina-
tion requirements.

(b) design and arrangement of system components to
include allowances for adequate access and clearances
for conduct of the examination and tests.

(c) preparation of plans, schedules, and inservice in-
spection summary reports.

(d) submittal of plans, schedules, and preservice and in-
service inspection summary reports to the enforcement
and regulatory authorities having jurisdiction at the plant
site, if required by these authorities.

(e) preparation of written examination instructions
and procedures, including diagrams or system drawings
identifying the extent of areas of components subject to
examination.

(f) verification of qualification to the required level
of responsibil i ty of personnel who perform the
examinations.

(g) possession of an arrangement with an Authorized
Inspection Agency to provide inspection services.

(h) performance of required examinations and tests.

(i) recording of examination and test results that pro-
vide a basis for evaluation and facilitate comparison with
the results of subsequent examinations.

(j) evaluation of examination and test results.

(k) performance of repair/replacement activities in ac-
cordance with written programs and plans.

(l) maintenance of adequate inspection, examination,
test, analytical evaluation, and repair/replacement activ-
ity records such as radiographs, diagrams, drawings, cal-
culations, examination and test data, description
of procedures used, and evidence of personnel
qualifications.

(m) retention of all inspection, examination, test, and
repair/replacement activity records and analytical eva-
luation calculations for the service lifetime of the compo-
nent or system.

(n) the retention and maintenance of all basic calibra-
tion blocks used for ultrasonic examination of the
components.

(o) documentation of a Quality Assurance Program in
accordance with one of the following:

(1) Title 10, Code of Federal Regulations, Part 50

(2) ASME NQA-1, Part I

(p) recording of regions in ferritic steel components
where acceptance standards have been modified as re-
quired in IWB-3410.2.

(q) recording of regions in components where flaws or
relevant conditions exceeding the acceptance standards
have been evaluated by analysis to allow continued op-
eration as permitted by IWB-3132.3, IWB-3142.4,
IWC-3122.3, IWC-3132.3, IWD-3132.3, IWE-3122.3,
IWF-3112.3, IWF-3122.3, and IWL-3212. Any continued
operation time or cycle limits inherent in the analysis
shall also be recorded.

(r) methods other than written signature may be used
for indicating certification, authorization, and approval of
records; controls and safeguards shall be provided and
described in the Quality Assurance Program to ensure
the integrity of the certification, authorization, and
approval.
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IWA-1500 ACCESSIBILITY

Provisions for accessibility shall include the following
considerations:2

(a) access for the Inspector, examination personnel,
and equipment necessary to conduct the examinations

(b) sufficient space for removal and storage of structur-
al members, shielding, and insulation

(c) installation and support of handling machinery (e.g.,
hoists) where required to facilitate removal, disassembly,
and storage of equipment, components, and other
materials

(d) performance of examinations alternative to those
specified in the event structural defects or indications
are revealed that may require such alternative
examinations

(e) performance of necessary operations associated
with repair/replacement activities

IWA-1600 REFERENCED STANDARDS AND
SPECIFICATIONS

When standards and specifications are referenced in
this Division, their revision date or indicator shall be as
shown in Table IWA-1600-1.

IWA-1700 STANDARD UNITS

(a) Either U.S. Customary, SI, or any local customary
units may be used to demonstrate compliance with all re-
quirements of this edition.

(b) In general, it is expected that a single system of
units shall be used for all aspects of design except where
unfeasible or impractical. When components are manu-
factured at different locations where local customary
units are different than those used for the general design,
the local units may be used for the design and documen-
tation of that component. Similarly, for proprietary com-
ponents or those uniquely associated with a system of
units different than that used for the general design, the
alternate units may be used for the design and documen-
tation of that component.

(c) For any single equation, all variables shall be ex-
pressed in a single system of units. When separate equa-
tions are provided for U.S. Customary and SI units, those
equations must be executed using variables in the units
associated with the specific equation. Data expressed in
other units shall be converted to U.S. Customary or SI
units for use in these equations. The result obtained from
execution of these equations may be converted to other
units.

(d) Production, measurement and test equipment,
drawings, welding procedure specifications, welding pro-
cedure and performance qualifications, and other fabrica-
tion documents may be in U.S. Customary, SI, or local
customary units in accordance with the fabricator’s prac-
tice. When values shown in calculations and analysis,

fabrication documents, or measurement and test equip-
ment are in different units, any conversions necessary
for verification of Code compliance, and to ensure that di-
mensional consistency is maintained, shall be in accor-
dance with the following:

(1) Conversion factors shall be accurate to at least
four significant figures.

(2) The results of conversions of units shall be ex-
pressed to a minimum of three significant figures.

(e) Material that has been manufactured and certified
to either the U.S. Customary or SI material specification
(e.g., SA-516 or SA-516M) may be used regardless of the
unit system used in design. Standard fittings (e.g., flanges,
elbows, etc.) that have been certified to either U.S. Cus-
tomary units or SI units may be used regardless of the
units system used in design.

ð15ÞTable IWA-1600-1
Referenced Standards and Specifications

Standard, Method, or
Specification Revision Date or Indicator

ACI 201.1R 2008
ACI 349.3R 2002 (Reapproved 2010)
ANSI/ASNT CP-105 2006
ANSI/ASNT CP‐189 2006
ANSI/AWS D3.6M Current Edition
APHA 427 1981
APHA 4500‐S2‐ 1989
4110 [Note (1)] 2000
4500‐NO3

‐ [Note (1)] 2000
4500‐S2‐ [Note (1)] 2000
ASME NQA‐1 1994 or 2008 Edition with the

2009 Addenda
ASME QAI‐1 Current Edition and Addenda
ASME/ANS RA-S 2008 with RA-Sa–2009

Addenda and RA-Sb–013
Addenda

ASTM D95 1970 through 2005
(Reapproved 2010)

ASTM D512 1981 through 2010
ASTM D974 1987 through 2007
ASTM D992 1978
ASTM D3867 1979 through 2009
ASTM D4327 1988 through 2011
ASTM E29 2013
ASTM E185 2010
ASTM E1065 2003
ASTM E1324 2005
ASTM E1921 2013
ASTM E2215 2010

NOTE:
(1) This method is published in “Standard Methods for the Examina-

tion of Water and Wastewater,” published jointly by the Ameri-
can Public Health Association (APHA), the American Water
Works Association (AWWA), and the Water Environment Fed-
eration (WEF).
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(f) Conversion of units, using the precision specified in
(d), shall be performed to assure that dimensional consis-
tency is maintained. Conversion factors between U.S. Cus-
tomary and SI units may be found in Nonmandatory
Appendix P, Guidance for the Use of U.S. Customary and
SI Units in the ASME Boiler and Pressure Vessel Code.
Whenever local customary units are used, the Owner shall
provide the source of the conversion factors, which shall
be subject to verification and acceptance by the Author-
ized Nuclear Inservice Inspector.
(g) Nonmandatory Appendix P provides guidance for

use of the U.S. Customary and SI units in this Division.

IWA-1800 TOLERANCES

The Code does not fully address tolerances. When di-
mensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are con-
sidered normal, and allowable tolerances or local var-
iances may be considered acceptable, when based on
engineering judgment and standard practices, as deter-
mined by the engineer.
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ARTICLE IWA-2000
EXAMINATION AND INSPECTION

IWA-2100 GENERAL

IWA-2110 DUTIES OF THE INSPECTOR

(a) The Inspector shall review the inspection plan and,
as necessary, the implementation schedule (IWA-2420)
prior to the start of preservice inspection and each in-
spection interval. The review shall cover any features that
are affected by the requirements of this Division, as ap-
plicable, and shall include the following:

(1) examination categories and items
(2) test and examination requirements
(3) examination methods
(4) percentage of parts selected for examination
(5) disposition of test results
(6) test frequency
(7) system pressure tests
(8) sequence of successive examinations

Shop and field preservice examinations are exempt
from prior review.

(b) The Inspector shall review any revisions to the in-
spection plan and, as necessary, the implementation
schedule during the preservice inspection or the inspec-
tion interval.

(c) The Inspector shall submit a report to the Owner
documenting review of the items identified in (a) and (b).

(d) The Inspector shall verify that the required exami-
nations and system pressure tests have been performed
and the results recorded.

(e) The Inspector shall verify that the required visual
examinations have been performed and the results
recorded.

(f) The Inspector shall perform any additional investi-
gations necessary to verify that all applicable require-
ments of IWA-2110 have been met.

(g) The Inspector shall verify that the nondestructive
examination methods used follow the techniques speci-
fied in this Division and that the examinations are per-
formed in accordance with written qualified procedures
and by personnel employed by the Owner or the Owner’s
agent and qualified in accordance with IWA-2300.

(h) The Inspector may require, at any time, requalifica-
tion of any procedure or operator if the Inspector has rea-
son to believe that the requirements are not being met.

(i) The Inspector shall certify the examination records
after verifying that the requirements have been met and
that the records are correct.

(j) The Inspector shall verify that repair/replacement
activities are performed in accordance with the require-
ments of the Owner’s Repair/Replacement Program.

(k) The Inspector shall review the Repair/Replacement
Program and its implementation.

IWA-2120 QUALIFICATION OF AUTHORIZED
INSPECTION AGENCIES, INSPECTORS,
AND SUPERVISORS

(a) The inspection required by this Division shall be
performed

(1)where the plant is in the United States, by an In-
spector employed by a State or Municipality of the United
States or an Inspector regularly employed by an insur-
ance company authorized to write boiler and pressure
vessel insurance in the United States

(2)where the plant is in Canada, by an Inspector em-
ployed by a Canadian Province or, if authorized by the
Province in which the plant is located, by an Inspector
regularly employed by an insurance company licensed
to write boiler and pressure vessel insurance in that
Province

(3) by an Inspector employed by other enforcement
authorities in the United States or Canada having jurisdic-
tion over the designated plant

(b) The Authorized Inspection Agency, including its
staff of Authorized Nuclear Inservice Inspector Supervi-
sors and the Inspectors, shall meet the requirements of
ASME QAI‐1.

(c) The Authorized Inspection Agency shall be accre-
dited by ASME in accordance with the provisions set forth
in ASME QAI‐1.

IWA-2130 ACCESS FOR INSPECTOR

The Owner shall arrange for an Inspector to have ac-
cess to all parts of the plant as necessary to make the re-
quired inspections. The Owner shall keep the Inspector
informed of the progress of the preparatory work neces-
sary to permit inspections and shall notify the Inspector
at a time reasonably in advance of when the components
will be ready for inspection.

IWA-2200 EXAMINATION METHODS

(a) The three types of examinations used during inser-
vice inspection are defined as visual, surface, and volu-
metric. The examination method to be used is specified
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in Tables IWB-2500-1 (B-A) through IWB-2500-1 (B-Q),
IWC-2500-1 (C-A) through IWC-2500-1 (C-H) ,
IWD-2500-1 (D-A) through IWD-2500-1 (D-B) ,
IWE-2500-1 (E-A) through IWE-2500-1 (E-G) ,
IWF-2500-1 (F-A), and IWL-2500-1 (L-A) through
IWL-2500-1 (L-B). If a component must be examined in
a high radiation area, remotely controlled equipment
may be advisable.
(b)When preparation of a surface for nondestructive

examination is required, the preparation shall be by a me-
chanical method. Such surfaces shall be blended into the
surrounding area as may be required to perform the ex-
amination. The wall thickness shall not be reduced below
the minimum thickness required by design. Nonmanda-
tory Appendix D may be used for such surface
preparation.
(c) All nondestructive examinations of the required ex-

amination surface or volume shall be conducted to the
maximum extent practical. When performing VT‐1, sur-
face, radiographic, or ultrasonic examination on a compo-
nent with defined surface or volume, essentially 100% of
the required surface or volume shall be examined. Essen-
tially 100% coverage is achieved when the applicable ex-
amination coverage is greater than 90%; however, in no
case shall the examination be terminated when greater
than 90% coverage is achieved, if additional coverage of
the required examination surface or volume is practical.
Nonmandatory Appendix S provides guidance that may
be used for evaluating examination coverage.

IWA-2210 VISUAL EXAMINATION

Visual examination shall be conducted in accordance
with the requirements of Section V, Article 9, except that
the angle of view requirements for direct visual only ap-
ply to VT-1, and the requirements for illumination, dis-
tance, and resolution demonstration shall be in
accordance with Table IWA-2211-1.

IWA-2211 VT-1 Examination

(a) VT‐1 examination is conducted to detect disconti-
nuities and imperfections on the surface of components,
including such conditions as cracks, wear, corrosion, or
erosion.
(b) The VT‐1 examination procedure shall be demon-

strated capable of resolving characters in accordance
with Table IWA-2211-1.
(c) Direct visual examination distance requirements

shall be as specified in Table IWA-2211-1.
(d) Illumination for examinations shall meet the re-

quirements specified in Table IWA-2211-1.
(e) It is not necessary to measure illumination levels on

each examination surface when the same portable
nonbattery‐powered light source (e.g., drop light) or sim-
ilar installed lighting equipment is demonstrated to pro-
vide the il lumination specif ied at the maximum
examination distance.

(f) When battery powered lights are used, the ade-
quacy of illumination levels shall be checked before and
after each examination or series of examinations, not to
exceed 4 hr between checks.
(g) Remote visual examination may be substituted for

direct examination. The remote examination procedure
shall be demonstrated capable of resolving characters
as specified in Table IWA-2211-1. Additionally, the re-
mote examination system shall have the capability of dis-
tinguishing and differentiating between the colors
applicable to the component examination being
conducted.

IWA-2212 VT-2 Examination

(a) VT‐2 examination is conducted to detect evidence of
leakage from pressure-retaining components, as required
during the conduct of system pressure test.
(b) VT‐2 examination shall be conducted in accordance

with Article IWA-5000.
(c) As indicated in Table IWA-2211-1, there are no illu-

mination, distance, and resolution demonstration re-
quirements for VT-2.

IWA-2213 VT-3 Examination

(a) VT‐3 examination is conducted to determine the
general mechanical and structural condition of compo-
nents and their supports by verifying parameters such
as clearances, settings, and physical displacements; and
to detect discontinuities and imperfections, such as loss
of integrity at bolted or welded connections, loose or
missing parts, debris, corrosion, wear, or erosion. VT‐3 in-
cludes examination for conditions that could affect oper-
ability or functional adequacy of constant load and
spring‐type supports.
(b) The VT‐3 examination procedure shall be demon-

strated capable of resolving characters as specified in
Table IWA-2211-1.
(c) There are no direct visual examination distance re-

quirements provided the examiner can resolve the char-
acters specified in Table IWA-2211-1.
(d) Illumination for examinations shall meet the re-

quirements specified in Table IWA-2211-1.
(e) It is not necessary to measure illumination levels on

each examination surface when the same portable
nonbattery‐powered light source (e.g., drop light) or sim-
ilar installed lighting equipment is demonstrated to pro-
vide the il lumination specif ied at the maximum
examination distance.
(f) When battery‐powered lights are used, the ade-

quacy of illumination levels shall be checked before and
after each examination or series of examinations, not to
exceed 4 hr between checks.
(g) Remote visual examination may be substituted for

direct examination. The remote examination procedure
shall be demonstrated capable of resolving characters in
accordance with Table IWA-2211-1. Additionally, the
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remote examination system shall have the capability of
distinguishing and differentiating between the colors ap-
plicable to the component examination being conducted.

IWA-2215 Replication

Surface replication methods may be used for VT‐1 and
VT‐3 examinations when the surface resolution is at least
equivalent to that of direct visual observation.

IWA-2220 SURFACE EXAMINATION

(a) A surface examination indicates the presence of sur-
face discontinuities. It may be conducted using a magnetic
particle, liquid penetrant, eddy current, or ultrasonic
method.

(b) Any linear indication detected by magnetic particle,
liquid penetrant, or eddy current examination that ex-
ceeds the allowable linear surface flaw standards shall
be recorded.

(c) Any flaw recorded by ultrasonic examination shall
be compared to the volumetric examination acceptance
standards of Table IWB-3514-1 or Table IWB-3514-2
for surface planar flaw.

IWA-2221 Magnetic Particle Examination

(a)Magnetic particle examination shall be conducted in
accordance with Section V, Article 7.

(b)Magnetic particle examination of coated materials
shall be conducted in accordance with Section V, Article
7, Mandatory Appendix I.

(c) For nonfluorescent particles the visible light inten-
sity required is 50 fc. Alternatively, light shall be sufficient
if the examination can resolve standard test chart charac-
ters as described for VT‐1 in IWA-2210.

IWA-2222 Liquid Penetrant Examination

(a) Liquid penetrant examination shall be conducted in
accordance with Section V, Article 6.

(b) For visible dye penetrant, the visible light intensity
required is 50 fc. Alternatively, lighting shall be sufficient
if the examiner can resolve standard test chart characters
as described for VT‐1 in IWA-2210.

IWA-2223 Eddy Current Examination

Eddy current examination for detection of surface flaws
shall be conducted in accordance with Mandatory Appen-
dix IV.

IWA-2224 Ultrasonic Examination

An ultrasonic examination performed from the inside
surface of piping may be used as a surface examination
method for Categories B‐J and B‐F piping welds NPS 4
and larger. The ultrasonic examination technique shall
be demonstrated capable of detecting an acceptable flaw
having the greatest a/t ratio or a 0.50 aspect ratio at the
surface being examined.

IWA-2230 VOLUMETRIC EXAMINATION

A volumetric examination indicates the presence of dis-
continuities throughout the volume of material and may
be conducted from either the inside or outside surface
of a component.

IWA-2231 Radiographic Examination

For radiographic examinations employing either X‐ray
equipment or radioactive isotopes, the procedure shall
be as specified in Section V, Article 2.

ð15ÞTable IWA-2211-1
Visual Examinations

Visual Examination
Minimum Illumination,

fc (lx) [Note (1)]

Maximum Direct
Examination Distance,

ft (mm)

Maximum Height for
Procedure

Demonstration
Characters, in. (mm)

[Note (2)]

VT‐1 50 (550) 2 (600) 0.044 (1.1)
VT-2 N/A N/A N/A
VT‐3 50 (550) N/A 0.105 (2.7)

NOTES:
(1) Resolution of the specified characters can be used in lieu of illumination measurement to verify illu-

mination adequacy.
(2) For procedure demonstration, a test chart or card containing text with some lowercase characters,

without an ascender or descender (e.g., a, c, e, o), that meet the specified height requirements is re-
quired. Measurements on the test chart or card shall be made once before its initial use with an optical
comparator (10X or greater) or other suitable instrument. At least one character of each specified
character size shall be measured, to ensure that the card meets the applicable requirements. Alterna-
tively, a production lot of cards may be verified by measurements on the first and last cards produced
and at least one card in the approximate middle of the production run. A production lot shall not ex-
ceed 50 cards.
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IWA-2232 Ultrasonic Examination

Ultrasonic examination shall be conducted in accor-
dance with Mandatory Appendix I.

IWA-2233 Eddy Current Examination

Eddy current examination shall be conducted in accor-
dance with Section V, Article 8, Mandatory Appendix II.

IWA-2234 Acoustic Emission Examination

Acoustic emission may be used in lieu of the successive
inspections of IWB-2420(b) or IWC-2420(b) to monitor
growth of flaws detected by other NDE methods. The
flaws shall be sized by ultrasonic examination in accor-
dance with Mandatory Appendix I prior to initiating use
of acoustic emission. Acoustic emission monitoring shall
be initiated prior to resuming operation of the system.
Acoustic emission shall be conducted in accordance with
Section V, Article 13, with the following additional
requirements.
(a) The following flaw growth calculation and accep-

tance criteria shall be used.
(1) Every two months during the current inspection

period, calculate the flaw growth in accordance with Sec-
tion V, Article 13, Mandatory Appendix I. Using this
growth rate, predict the flaw size at the end of the current
inspection period.

(2) If the calculated flaw size at the end of the current
inspection period meets the acceptance criteria of
IWB-3600 or IWC-3600, as applicable, continue the two‐
month monitoring process described in (1) above.

(3) If the calculated flaw size at the end of the current
inspection period does not meet the acceptance criteria of
IWB-3600 or IWC-3600, as applicable, the following ac-
tions shall be performed.

(-a) Calculate the flaw size at the end of the next
two‐month time span. If this calculated flaw size meets
the acceptance criteria of IWB-3600 or IWC-3600, as ap-
plicable, continue the two‐month monitoring process de-
scribed in (1).

(-b) If the calculated flaw size at the end of the
next two‐month time span does not meet the acceptance
criteria of IWB-3600 or IWC-3600, as applicable, the com-
ponent shall be corrected by repair/replacement activity
in accordance with IWB-3130 or IWC-3120, as
applicable.
(b) If no flaw growth is observed for one operating cy-

cle, the component examination schedule may revert to
the original schedule of successive inspections of
IWB-2410 or IWC-2410, as applicable.

IWA-2240 ALTERNATIVE EXAMINATIONS

Alternative examination methods, a combination of
methods, or newly developed techniques may be substi-
tuted for the methods specified in this Division, provided

the Inspector is satisfied that the results are demon-
strated to be equivalent or superior to those of the speci-
fied method.

IWA-2300 QUALIFICATIONS OF
NONDESTRUCTIVE
EXAMINATION PERSONNEL

IWA-2310 GENERAL

(a) Personnel performing nondestructive examinations
(NDE) shall be qualified and certified using a written
practice prepared in accordance with ANSI/ASNT
CP‐189, Standard for Qualification and Certification of
Nondestructive Testing Personnel, and ANSI/ASNT
CP-105, Standard for Topical Outlines for Qualification
of Nondestructive Testing Personnel, as amended by the
requirements of this Division. Certifications based on ear-
lier editions of ANSI/ASNT CP‐189 are valid until recerti-
fication is required. Recertification shall be in accordance
with the edition of ANSI/ASNT CP‐189 referenced in
IWA-1600 as amended by the requirements of this Divi-
sion. Outside agencies, as defined in Mandatory Appendix
VII, may be used to qualify NDE personnel; however, the
Employer shall be solely responsible for the certification
of Levels I, II, and III personnel. Nondestructive and visual
examination personnel qualified and certified in accor-
dance with the requirements of this Division are qualified
and certified to perform examinations in accordance with
the requirements of previous Editions and Addenda.
(b) As an alternative to a personnel qualification pro-

gram based on CP‐189, the ASNT Central Certification
Program (ACCP) may be used. The supplemental require-
ments of this Division shall apply to qualification of per-
sonnel in accordance with the ACCP.

IWA-2311 Written Practice

(a) The Employer shall prepare a written practice in ac-
cordance with ANSI/ASNT CP‐189.
(b) The written practice shall specify the duties and re-

sponsibilities of the Principal Level III.

IWA-2312 NDE Methods Listed in ANSI/ASNT
CP-189

(a) Qualifications shall be based on the methods, tech-
niques, procedures, and equipment used for the NDE re-
quired by this Division.
(b) Training, qualification, and certification of ultraso-

nic examination personnel shall also comply with the re-
quirements of Mandatory Appendix VII.
(c) Training, qualification, and certification of visual ex-

amination personnel shall comply with the requirements
of Mandatory Appendix VI.
(d) The visual examination training and experience

hours specified in ANSI/ASNT CP‐189 shall be applied
to the combined certification of an individual for VT‐1,
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VT‐2, and VT‐3 visual examination. Certification in only
one of the VT techniques is a limited certification, and
the requirements of IWA-2350 apply.

(e) Personnel certified in an NDE method, and whose
training and experience in that method met the require-
ments of an edition of ASNT SNT‐TC‐1A or ANSI/ASNT
CP‐189 referenced by a previous edition or addenda of
this Division, do not require additional training or experi-
ence hours when being certified or recertified to the same
level by an employer, except as specified in (b).

IWA-2313 NDE Methods Not Listed in ANSI/ASNT
CP-189

Personnel using NDE methods not addressed in ANSI/
ASNT CP‐189 shall be qualified as defined in ANSI/ASNT
CP‐189 or the ACCP and the Employer’s written practice.

IWA-2314 Certification and Recertification

(a) Personnel shall be qualified by examination and
shall be certified in accordance with ANSI/ASNT
CP‐189, except that the ASNT Level III certificate is not re-
quired. Levels I, II, and III personnel shall be recertified by
qualification examinations every 5 yr.

(b) Personnel qualified in accordance with the ACCP
shall be recertified by examination every 5 yr.

(c) An ACCP certificate with current endorsements ob-
tained by examination satisfies the General and Practical
Examination requirements for Levels I and II NDE
personnel.

(d) Levels I, II, and III NDE personnel may be certified
or recertified without additional training or experience
hours when

(1) certification or recertification is to the same level,
and

(2) the candidate’s training and experience in the
NDE method met the requirements of an edition of ASNT
SNT‐TC‐1A or ANSI/ASNT CP‐189 referenced by a pre-
vious edition or addenda of this Division.

IWA-2315 Personnel Requirements for Eddy
Current Examination of Steam
Generator Tubing

Personnel performing analysis or evaluation of data
shall be qualified by examination to perform analysis of
multifrequency data and to use multiparameter signal
combination techniques. The qualification shall include
a practical examination that includes techniques used
and the types of flaws that may be found during examina-
tion of steam generator tubing.

IWA-2316 Alternative Qualifications of VT-2
Visual Examination Personnel

(a) For system leakage tests and hydrostatic tests per-
formed in accordance wi th IWA-5211(a) and
IWA-5211(b), in lieu of the requirements of IWA-2310

through IWA-2314, VT‐2 visual examination personnel
may be qua l i f i ed by sa t i s f y ing the fo l l ow ing
requirements:

(1) at least 40 hr plant walkdown experience, such as
that gained by licensed and nonlicensed operators, local
leak rate personnel, system engineers, quality control
personnel, and nondestructive examination personnel

(2) at least 4 hr of training in the Section XI require-
ments and plant‐specific procedures for VT‐2 visual
examination

(3) the vision test requirements of IWA-2321

(b) Personnel qualified in accordance with these alter-
native requirements shall not perform VT‐2 functions
other than examinations (e.g., verifying adequacy of pro-
cedures, training VT‐2 personnel).

(c) These alternative qualification requirements shall
be described in the Employer’s written practice.

IWA-2317 Alternative Qualifications of VT-3
Visual Examination Personnel

(a) In lieu of the requirements of IWA-2310 through
IWA-2314, VT‐3 visual examination personnel may be
qualified by satisfying the following requirements:

(1) at least 40 hr plant experience, such as that
gained by plant personnel involved in installation, main-
tenance, or examination of pumps, valves, and supports,
quality control personnel, and nondestructive examina-
tion personnel

(2) at least 8 hr of training in the Section XI require-
ments and plant‐specific procedures for VT‐3 visual
examination

(3) the vision test requirements of IWA-2321

(4) for initial qualification, and at least every 3 yr
thereafter, pass a written examination of at least 30 ques-
tions covering VT‐3 examination attributes, VT‐3 exami-
nation requirements, and plant‐specific VT‐3 procedures.

(b) The alternative qualification requirements shall be
described in the Employer’s written practice.

IWA-2320 QUALIFICATION EXAMINATIONS
IWA-2321 Vision Tests

The following tests shall be administered annually to
NDE personnel:

(a) Personnel shall demonstrate natural or corrected
near‐distance acuity of 20/25 or greater Snellen fraction,
with at least one eye, by reading words or identifying
characters on a near‐distance test chart, such as a Jaeger
chart, that meets the requirements of IWA-2322. Equiva-
lent measures of near‐distance acuity may be used. In ad-
dition, personnel performing VT‐2 or VT‐3 visual
examinations shall demonstrate natural or corrected far‐
distance acuity of 20/30 or greater Snellen fraction or
equivalent with at least one eye.
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(b) As an alternative to the visual acuity demonstration
requirements of (a), any vision test administered by an
optometrist, opthamalogist, or other healthcare profes-
sional who administers vision tests and documents com-
pliance with the acuity requirements of (a) is acceptable.
(c) Personnel shall demonstrate the capability to dis-

tinguish the colors applicable to the NDE methods for
which certified and to differentiate contrast between
these colors.

IWA-2322 Near-Distance Test Chart
Qualification

A measurement of one of the near‐distance test chart
characters shall be made once before initial use, with an
optical comparator (10X or greater) or other suitable in-
strument, to verify that the height of a representative low-
er case character, without an ascender or descender (e.g.,
a, c, e, o), for the selected type size, meets the require-
ments of Table IWA-2322-1. This measurement shall be
documented and traceable to the test chart.

IWA-2323 Level III Personnel

The qualifications of Level III NDE personnel shall be
evaluated using written examinations and a Demonstra-
tion Examination. The written examinations shall cover
the Basic, Method, Specific, and Practical areas of knowl-
edge as defined in (a), (b), (c), and (d). The Demonstration
Examination shall be in accordance with ANSI/ASNT
CP‐189, Level II Practical Examination rules. The adminis-
tration of multiple-choice written examinations may be
delegated by the Level III, with valid Level III certifica-
tions in the applicable test methods, to a noncertified
proctor, if so documented.
(a) The Basic Examination shall consist of at least 65

questions (required only once if certification is sought
in more than one method).

(1) at least 20 questions related to understanding of
ANSI/ASNT CP‐189

(2) at least 30 questions related to applicable materi-
als, fabrication, and product technology

(3) at least 15 questions that are similar to published
Level II questions for other NDT methods
(b) The Method Examination shall consist of at least 65

questions.
(1) at least 30 questions related to fundamentals and

principles that are similar to published ASNT Level III
questions for each method

(2) at least 15 questions related to application and
establishment of procedures and techniques that are sim-
ilar to published ASNT Level III questions for each
method

(3) at least 20 questions related to capability for in-
terpreting codes, standards, and specifications related to
the method
(c) The Specific Examination shall contain at least 30

questions covering equipment, techniques, procedures,
and administration of the Employer’s written practice.
The Specific Examination shall also cover the NDE re-
quirements of this Division, including acceptance stan-
dards and referenced codes and standards.
(d) The Practical Examination shall be in accordance

with ANSI/ASNT CP‐189 requirements.
(e) An ASNT Level III certificate with current endorse-

ments obtained by examination for the applicable method
satisfies the Basic and Method Examination requirements.
(f) When an outside agency administers the examina-

tion and only a pass or fail grade is issued, the Employer
shall assign a grade of 80% for a pass grade.
(g) Level III personnel shall be recertified using the

written Method, Specific, and Practical Examinations
and the Demonstration Examination. Alternatively, Level
III personnel may be recertified using only the written
Method and Specific Examinations, provided the follow-
ing conditions are met.

(1) The Level III candidate was previously certified
or recertified using all the written examinations and the
Demonstration Examination.

(2) The Level III candidate is not being recertified
due to interrupted service as defined in the Employer’s
written practice.

(3) The Level III candidate is not being certified by a
new Employer.
(h) For initial certification, the grades for the Basic,

Method, Specific, Practical, and Demonstration Examina-
tions shall be averaged to determine the overall grade.
For recertification, the grades of applicable examinations
administered in accordance with (g) shall be averaged to
determine the overall grade.
(i) An ACCP certificate with current endorsements ob-

tained by examination satisfies the Basic, Method, Practi-
cal, and Demonstration examination requirements for
Level III NDE personnel.

IWA-2330 LEVEL I RESPONSIBILITIES
Level I personnel shall use written procedures when

performing specific setups, calibrations, and examina-
tions and when recording data. These activities shall be

Table IWA-2322-1
Near-Distance Acuity Test Distances and

Character Heights

Test Distance,
in. (mm)

Maximum Lower Case
Character Height, in. (mm)

12 (300) 0.022 (0.56)
13 (330) 0.024 (0.61)
14 (350) 0.025 (0.64)
15 (380) 0.027 (0.69)
16 (400) 0.029 (0.74)

GENERAL NOTE: The test distances (eye to chart) and correspond-
ing character heights provide a visual angle of 6.25 minutes, which is
equivalent to a Snellen fraction of 20/25.
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conducted under the guidance of Level II or Level III per-
sonnel. Level I personnel shall not evaluate or accept the
results of a nondestructive examination.

IWA-2340 LEVEL III EDUCATION

Level III candidates shall have high school or equivalent
education.

IWA-2350 LIMITED CERTIFICATION

Limited certification provisions of ANSI/ASNT CP-189
do not apply. Limited certification in a method is per-
mitted for personnel who are restricted to performing ex-
aminations of limited scope, i.e., limited operations or
limited techniques within the method. Topics that are
not relevant to the limited certification may be deleted
from the applicable training outline and may be accompa-
nied by a corresponding reduction in training hours, ex-
amination content , and number of examination
questions. Only questions related to the limited training
are required. In addition, the required experience may
be reduced by a corresponding amount. The specific
methods and techniques covered by limited certification
and the training, examination, and experience require-
ments for limited certification shall be defined in the writ-
ten practice and documented in the individual ’s
certification records.

IWA-2360 LEVEL I AND LEVEL II TRAINING AND
EXPERIENCE

(a) A candidate may be qualified directly to Level II
with no time as a Level I provided the required training
and experience consists of the sum of the hours required
for Level I and Level II certification.

(b) NDE training course outlines and materials shall be
approved by a Level III. Previous training and experience
may be accepted if verified by a Level III. The method of
verification shall be documented in the candidate’s certi-
fication records.

(c) Experience is work time in an NDE method. Class-
room and laboratory training time shall not be credited
as experience.

IWA-2370 LEVEL III EXPERIENCE

Candidates for Level III certification shall meet one of
the following criteria:

(a) Graduate of a 4‐yr accredited engineering or science
college or university with a degree in engineering or
science, plus 1 yr experience in NDE in an assignment
comparable to that of a Level II in the examination
method.

(b) Completion with a passing grade of at least the
equivalent of 2 full years of engineering or science study
at a university, college, or technical school, plus 2 yr ex-
perience in an assignment comparable to that of a Level
II in the examination method.

(c) Four years experience in an assignment comparable
to that of a Level II in the examination method.

IWA-2380 NDE INSTRUCTOR

In lieu of the requirements of CP‐189, a candidate being
considered for qualification as an NDE Instructor shall sa-
tisfy the Level III Basic and Method Examination require-
ments of IWA-2323 and shall meet one of the following
requirements:

(a)maintain a current teacher or vocational instruction
certificate issued by a state, municipal, provincial, or fed-
eral authority; or

(b) complete a minimum of 40 hr instruction in training
and teaching techniques.

IWA-2400 INSPECTION PROGRAM

IWA-2410 APPLICATION OF CODE EDITION AND
ADDENDA

The Code Edition and Addenda for preservice inspec-
tion and for initial and successive inservice inspection in-
tervals shall be as required by the regulatory authority
having jurisdiction at the plant site.

IWA-2420 INSPECTION PLANS AND SCHEDULES

Inspection plans and schedules shall be prepared for
the preservice inspection, the first inservice inspection in-
terval, and subsequent inservice inspection intervals.

(a) Each inspection plan shall include the following:
(1) inspection period and interval dates
(2) the Edition and Addenda of this Division that ap-

ply to the required examinations and tests
(3) the classification and identification of the compo-

nents subject to examination and test
(4) Code Cases proposed for use and the extent of

their application
(b) An implementation schedule for performance of ex-

aminations and tests shall be prepared for each inspec-
tion plan. The schedule shall include the following:

(1) identification of the components selected for ex-
amination and test, including successive exams from prior
periods

(2) the Code requirements by examination category
and item number for each component and the examina-
tion or test to be performed and the extent of the exami-
nation or test

(3) identification of drawings showing items that re-
quire examination

(4) list of examination procedures
(5) description of alternative examinations and iden-

tification of components to be examined using alternative
methods

(6) identification of calibration blocks used for ultra-
sonic examination of components
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IWA-2425 Inspection Plan and Schedule
Supporting Documents

Supporting documents necessary for inspection plan
and schedule implementation such as diagrams or system
drawings showing boundaries and system classifications,
procedures, specifications, and other documents required
for implementation of the inservice examinations and
tests shall be available at the plant site.

IWA-2430 INSPECTION INTERVALS

(a) The inservice examinations and system pressure
tests required by Subsection IWB, Subsection IWC, Sub-
section IWD, Subsection IWE, and inservice examinations
and tests of Subsection IWF shall be completed during
each of the inspection intervals for the service lifetime
of the plant. The inspections shall be performed in accor-
dance with the schedule of the Inspection Program of
IWA-2431.
(b) The inspection interval shall be determined by ca-

lendar years following placement of the plant into com-
mercial service.
(c) For components inspected under the Inspection

Program, the following shall apply:
(1) Each inspection interval may be extended by as

much as 1 yr andmay be reduced without restriction, pro-
vided the examinations required for the interval have
been completed. Successive intervals shall not extend
more than 1 yr beyond the original pattern of 10‐yr inter-
vals and shall not exceed 11 yr in length. If an inspection
interval is extended, neither the start and end dates nor
the inservice inspection program for the successive inter-
val need be revised.

(2) Examinations may be performed to satisfy the re-
quirements of the extended period or interval in conjunc-
tion with examinations performed to satisfy the
requirements of the successive period or interval. How-
ever, an examination performed to satisfy requirements
of either the extended period or interval or the successive
period or interval shall not be credited to both periods or
intervals.

(3) That portion of an inspection interval described
as an inspection period may be extended by as much as
1 yr and may be reduced without restriction, provided
the examinations required for that period have been com-
pleted. This adjustment shall not alter the requirements
for scheduling inspection intervals.

(4) The inspection interval for which an examination
was performed shall be identified on examination
records.
(d) In addition to (c), for plants that are out of service

continuously for 6 months or more, the inspection inter-
val during which the outage occurred may be extended
for a period equivalent to the outage and the original pat-
tern of intervals extended accordingly for successive
intervals.

(e) The inspection intervals for items installed by re-
pair/replacement activities shall coincide with remaining
intervals, as determined by the calendar years of plant
service at the time of the repair/replacement activities.

(f) The inspection intervals for inservice examination
of heat exchanger tubing shall be in accordance with the
requirements of IWB-2413.

(g) The inspection intervals for inservice examination
of Class CC components shall be in accordance with the
requirements of IWA-2431.

IWA-2431 Inspection Program

The inspection intervals shall comply with the follow-
ing , excep t as modi f i ed by IWA-2430(c ) and
IWA-2430(d):

(a) 1st Inspection Interval— 10 yr following initial start
of plant commercial service

(b) Successive Inspection Intervals — 10 yr following
the previous inspection interval

IWA-2440 APPLICATION OF CODE CASES
IWA-2441 Section XI Code Cases

(a) Code Cases to be used during a preservice or inser-
vice inspection shall be identified in the Inspection Plan.

(b) Code Cases shall be applicable, as indicated in the
Applicability Index for Section XI Cases found in the Code
Cases: Nuclear Components book, to the Edition and Ad-
denda specified in the Inspection Plan.

(c) Code Cases shall be in effect at the time the Inspec-
tion Plan is filed with the regulatory and enforcement
authorities having jurisdiction at the plant site except as
provided in (d), (e), or IWA-2442.

(d) Cases superseded at the time the Inspection Plan is
filed, but acceptable to the regulatory and enforcement
authorities having jurisdiction at the plant site, may be
used.

(e) Code Cases issued subsequent to filing the Inspec-
tion Plan may be proposed for use in amendments to
the Inspection Plan.

(f) Superseded Code Cases approved for use in accor-
dance with (a) through (e) may continue to be used.

(g) The use of any Code Case and revisions to pre-
viously approved Code Cases are subject to acceptance
by the regulatory and enforcement authorities having jur-
isdiction at the plant site.

IWA-2442 Annulled Section XI Code Cases

Code Cases approved for use in accordance with
IWA-2441 may be used after annulment for the duration
of that Inspection Plan.
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IWA-2500 EXTENT OF EXAMINATION

Requirements for examination of welds apply only to
welds joining items and not welds correcting flaws in
base material (including core closure welds in casting),
unless otherwise stated.

IWA-2600 WELD REFERENCE SYSTEM

IWA-2610 GENERAL
A reference system shall be established for all welds

and areas subject to surface or volumetric examination.
Each such weld and area shall be located and identified
by a system of reference points. The system shall permit
identification of each weld, location of each weld center-
line, and designation of regular intervals along the length
of the weld.

IWA-2620 PIPING
Requirements for piping are provided in III-4300. The

rules of III-4300 may also be applied to piping not within
the scope of III-1100.

IWA-2630 VESSELS
The requirements of Section V, Article 4, Nonmanda-

tory Appendix A are acceptable for vessels examined in
accordance with Section V, Article 4.

IWA-2640 OTHER COMPONENTS
A reference system for component welds is given in

IWA-2641. A different system may be used provided it
meets the requirements of IWA-2610.

IWA-2641 Layout of Component Reference
Points

The layout of the weld shall consist of placing reference
points on the center line of the weld. The standard spa-
cing of the reference points shall be 12 in. (300 mm).

All points shall be identified with their numbers: 0, 1, 2,
3, 4, etc. The numbers of points, distance apart, and start-
ing point shall be recorded on the reporting form. The
weld center line shall be the divider for the two examina-
tion surfaces.

(a) Circumferential (Girth) Welds. The standard starting
point shall be component 0 deg. The reference points
shall be numbered clockwise as viewed from the top of
the component. The examination surfaces shall be identi-
fied as above or below the weld.

(b) Longitudinal (Vertical) Welds. Longitudinal welds
shall be laid out from the center line of circumferential
welds at the top end of the weld. The examination surface
shall be identified as clockwise or counterclockwise as
viewed from the top of the component.

(c) Nozzle‐to‐Vessel Welds. The external reference circle
shall have a sufficient whole number of inches radius so
that the circle falls on the vessel external surface beyond
the weld fillet. The internal reference circle shall have a
sufficient whole number of inches radius so that the circle
falls within 1/2 in. (13 mm) of the weld centerline. Zero
deg point on the weld shall be the top of the nozzle. The
0 deg point for welds of nozzles centered in heads shall
be located at the 0 deg axis of the vessel. Angular layout
of the weld shall be made clockwise on the external sur-
face, counterclockwise on the internal surface. Zero, 90,
180, and 270 deg lines shall be marked on all nozzle
welds examined; 30 deg increment lines shall be marked
on nozzle welds greater than 4 in. (100 mm) radius;
15 deg increment lines shall be marked on nozzle welds
greater than 12 in. (300 mm) radius; 5 deg increment
lines shall be marked on nozzle welds greater than
24 in. (600 mm) radius.
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ARTICLE IWA-3000
STANDARDS FOR EXAMINATION EVALUATION

IWA-3100 EVALUATION

(a) Evaluation shall be made of flaws detected during
an inservice examination as required by Article
IWB-3000 for Class 1 pressure-retaining components,
Article IWC-3000 for Class 2 pressure-retaining compo-
nents, Article IWD-3000 for Class 3 pressure-retaining
componen t s , A r t i c l e IWE-3000 fo r C l a s s MC
pressure-retaining components, or Article IWF-3000 for
component supports.
(b) If acceptance standards for a particular component,

Examination Category, or examination method are not
specified in this Division, flaws that exceed the acceptance
standards for materials and welds specified in the Section
III Edition applicable to the construction of the compo-
nent shall be evaluated to determine disposition. Such
disposition shall be subject to review by the regulatory
and enforcement authorities having jurisdiction at the
plant site.

IWA-3200 SIGNIFICANT DIGITS FOR
LIMITING VALUES

(a) All observed or calculated values of dimensions of
component thickness and of flaws detected by nondes-
tructive examinations to be used for comparison with
the acceptance standards of Article IWB-3000, Article
IWC-3000, Article IWD-3000, or Article IWE-3000,
whether obtained as decimals or converted from frac-
tions, shall be expressed to the nearest 0.1 in. (2 mm)
for values 1 in. (25 mm) and greater, and to the nearest
0.05 in. (1.5 mm) for values less than 1 in. (25 mm).
Rounding‐off of values shall be performed in accordance
with the Rounding‐off Method of ASTM Recommended
Practice E29.
(b) Interpolation of percentage values for acceptance

standards, as required for intermediate flaw aspect ratios
in the tables of allowable flaw standards, shall be rounded
to the nearest 0.1%.
(c) Interpolation of decimal or fractional dimensions

specified in the tables of allowable flaw standards shall
be rounded to the nearest 0.1 in. (2 mm) or 1/16 in.
(2 mm), respectively.

IWA-3300 FLAW CHARACTERIZATION

(a) Flaws detected by the preservice and inservice ex-
aminations shall be sized by the bounding rectangle or
square for the purpose of description and dimensioning.
The dimensions of a flaw shall be determined by the size
of a rectangle or square that fully contains the area of the
flaw.

(1) The length ℓ of the rectangle or one side of the
square sha l l be drawn para l l e l t o the ins ide
pressure-retaining surface of the component.

(2) The depth of the rectangle or one side of the
squa r e sha l l b e d r awn norma l t o t he i n s i d e
pressure-retaining surface of the component and shall
be denoted as a for a surface flaw and 2a for a subsurface
flaw.

(3) The aspect ratio of a flaw shall be defined by a/ℓ .
The flaw aspect ratio shall not exceed 0.5. (see Figure
IWA-3320-1, Flaw #3, as an example.)
(b) Flaws shall be characterized in accordance with

IWA-3310 through IWA-3390, as applicable. If multiple
flaws exist, each flaw shall be evaluated for its interaction
with each adjacent flaw on an individual flaw basis, using
the original flaw dimensions. First, the proximity of each
flaw to the surface shall be determined. Any individual
subsurface flaw that is determined to satisfy the criteria
for surface interaction (S < 0.4d1) shall be reclassified
as a surface flaw. Next, the proximity of any flaw to adja-
cent flaws shall be evaluated using the original dimen-
sions of each individual flaw. If two or more flaws are
combined by the proximity rules, it is not required to con-
sider further interactions based on the dimensions of the
combined flaw with other flaws.
(c) The clad thickness dimension may be taken from

the manufacturer’s drawings.
(d) Flaws detected by the inservice examinations

(IWB-2500) of steam generator tubing (Examination Ca-
tegory B‐Q) shall be described as a percentage of wall
thickness. The depth is the maximum radial dimension
of the flaw. The wall thickness t is the nominal wall thick-
ness, and the tube radius r is the mean radius as given by
the specification to which the tubes were purchased.
These flaws shall be compared with the standards of
IWB-3521.
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IWA-3310 SURFACE PLANAR FLAWS

(a) A continuous indication shall be considered as a
surface planar flaw if the detected area of the flaw is or-
iented primarily in any single plane, other than parallel
to the surface of the component, and any portion of the
flaw penetrates a surface of the component, as shown in
Figure IWA-3310-1.

(b) A subsurface indication shall be considered a sur-
face flaw if any portion of the flaw is less than 0.4d from
the surface of the component nearest the flaw. If the near-
est surface of the component is clad, S shall be measured
to the clad–base metal interface. S is measured as shown
in Figure IWA-3310-1. The thickness of the cladding used
to establish the clad–base metal interface may be the
nominal clad thickness specified on design drawings of
the component.

IWA-3320 SUBSURFACE PLANAR FLAWS

(a) A continuous indication shall be considered a sub-
surface planar flaw if the detected area of the flaw is or-
iented primarily in any single plane other than parallel
to the surface of the component, and if the distance S from
the flaw to the nearest surface of the component is as
shown in Figure IWA-3320-1. If the nearest surface of
the component is clad, S shall be measured to the clad–
base metal interface. The thickness of cladding used to es-
tablish the clad–base metal interface may be the nominal
clad thickness specified on design drawings of the
component.

(b) The modified surface proximity rule for discrimi-
nating surface from subsurface indications of Figure
IWA-3320-2 may be used to eliminate the need for suc-
cessive examinations of IWB-2420(b) and IWC-2420(c)
for subsurface flaws in vessels.

IWA-3330 MULTIPLE PLANAR FLAWS

(a) Discontinuous indications shall be considered sin-
gle planar flaws if the distance between adjacent flaws
is equal to or less than the dimension S , where S is deter-
mined as shown in Figure IWA-3330-1.

(b) The rules of IWA-3310 and IWA-3320 shall be ap-
plied to characterize multiple planar flaws as surface or
subsurface planar flaws, respectively.

(c) The dimensions a and ℓ of such multiple planar
flaws shall be those of the square or rectangle that con-
tains the detected area of all flaws within the proximity
limits defined in (a).

(d) Combination of multiple planar flaws is not re-
quired for fat igue or stress corrosion cracking
assessment.

IWA-3340 NONPLANAR FLAWS

(a) A continuous indication whose detected area is not
oriented in a single plane (such as two or more intersect-
ing inclined planes, curvilinear geometry, or combina-
tions of nonplanar geometry) shall be resolved into two

planar flaws by projection of the flaw area into planes
normal to the maximum principal stresses, as shown in
Figure IWA-3340-1.

(b) The rules of IWA-3310 and IWA-3320 shall be ap-
plied to characterize the projected areas of the flaws as
surface or subsurface flaws, respectively.

(c) The dimensions a and ℓ of such flaws shall be those
of a rectangle that contains the projected area of the flaw
as shown in Figure IWA-3340-1.

IWA-3350 PARALLEL PLANAR FLAWS

(a) Discontinuous indications whose areas are oriented
primarily in parallel planes, and other than parallel to the
surface of the component, shall be considered single pla-
nar flaws if the adjacent planes are within a distance S ,
where S is determined as shown in Figure IWA-3350-1.

(b) The dimensions a and ℓ of such flaws shall be those
of the square or rectangle that contains the detected area
of all flaws within the flaw–plane adjacency limits of (a),
as shown in Figure IWA-3350-1.

IWA-3360 LAMINAR FLAWS

(a) Planar indications oriented within 10 deg of a plane
parallel to the surface of the component shall be consid-
ered laminar flaws, except where noted otherwise in re-
ferenced figures of IWB-3500.

(b) The area of a laminar flaw shall be 0.75 times the
area of the square or rectangle that contains the detected
area of those flaws that either overlap or are within a dis-
tance S of 1 in. (25 mm) of one another as shown in Figure
IWA-3360-1.

IWA-3370 RADIOGRAPHIC EXAMINATION

(a) An indication detected by radiographic examination
shall be considered to be a linear flaw unless the indica-
tion can be characterized as surface planar, subsurface
planar, or laminar by supplemental examination.

(b) The supplemental examination of (a) may be by ad-
ditional radiography, ultrasonic examination, or other
methods provided they comply with the rules of
IWA-2240.

IWA-3380 MULTIPLE NONALIGNED COPLANAR
FLAWS

(a) Discontinuous indications that are coplanar and
nonaligned in the through‐wall direction of the section
thickness t , and with at least one indication characterized
as a surface flaw, shall be considered single planar surface
flaws if the separation distances S1 and S2 between the
individual flaws are equal to or less than the dimensions
specified in Flaw #1 of Figure IWA-3380-1.

(b) The dimensions a and ℓ of the combined single flaw
of (a) shall be defined by the size of the bounding square
or rectangle that contains the individual nonaligned flaws
as delineated in Figure IWA-3380-1.
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Figure IWA-3310-1
Surface Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface

Illustrative Flaw Configurations and Determination of Dimensions a and ℓ (1/2 in. = 13 mm)
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Figure IWA-3320-1
Subsurface Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface

Illustrative Flaw Configurations and Determination of Dimensions 2a and ℓ Where S Is ≥ 0.4a (1 in. =
25 mm)
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(c) Discontinuous indications that are coplanar and
nonaligned in the through‐wall direction of the section
thickness and characterized as subsurface flaws shall be
considered single planar subsurface flaws if the separa-
tion distances S1 , S2 , S3 , and S4 are equal to or less than
the dimensions speci f ied in Flaw #2 of Figure
IWA-3380-1.
(d) The dimensions a and ℓ of the combined single flaw

of (c) shall be defined by the size of the bounding square
or rectangle that contains the individual nonaligned flaws
as delineated in Figure IWA-3380-1.
(e) Flaw interaction within a group containing a greater

number of individual flaws than shown in Figure
IWA-3380-1 shall be governed by the same criterion of
(a) or (c). However, in all cases, the initial characteriza-
tion of flaw interactions shall not require a recharacteri-
zation even if the bounding square or rectangle reduces
the separation distance S to another adjoining flaw to
within the flaw interaction distance.
(f) Combination of multiple nonaligned coplanar flaws

is not required for fatigue or stress corrosion cracking
assessment.

IWA-3390 MULTIPLE ALIGNED SEPARATE
FLAWS

(a) Discont inuous f l aws , as shown in F igure
IWA-3390-1, that are coplanar in the through‐wall direc-
tion of the section thickness, that are located within two
parallel planes 1/2 in. (13 mm) apart (i.e., normal to the
pressure-retaining surface of the component), and that
are aligned to reduce the net section thickness may be
treated as separate and individual planar flaws if the fol-
lowing requirements are met.

(1) The a dimensions for the flaw aspect ratio, a/ℓ
of the individual flaws do not exceed the allowable flaw
standards for the respective Examination Category ap-
plicable to the component.

(2) The additive flaw depth dimensions within the
bounding parallel planes shown in Figure IWA-3390-1
are not in excess of the following limits:3

(-a) two surface flaws (one a1 on the outer and
the other a 2 on the inner surface of the component),
(a1 + a2) ≤ (as + a ′ s)/2 within planes A–A′ and B–B′;

(-b) two subsurface flaws, (a1 + a2) ≤ (ae + a ′ e)/2
within planes C–C′ and D–D′;

(-c) two surface and one subsurface flaws:
(-1) (a1 + a3) ≤ (as + ae)/2 within planes E–E′

and F–F′
(-2) (a1 + a2 + a3) ≤ (as + ae + a ′ s)/3 within

planes F–F′ and G–G′
(-3) (a2 + a3) ≤ (a ′ s + ae)/2 within planes G–G′

and H–H′

IWA-3400 LINEAR FLAWS DETECTED BY
SURFACE OR VOLUMETRIC
EXAMINATIONS

(a) Linear flaws detected by surface (PT/MT) or volu-
metric (RT) examination methods shall be considered sin-
gle linear surface flaws provided the separation distance
between flaws is equal to or less than the dimension S ,
where S is determined as shown in Figure IWA-3400-1.
(b) The overall length ℓ of a single and discontinuous

linear flaw shall be determined as shown in Figure
IWA-3400-1.

Figure IWA-3320-2
Successive Examination Surface Proximity Rule for Class 1 and Class 2 Vessels

3.0 (75)

2.5 (64)

2.0 (50)

1.5 (38)

1.0 (25)

0.5 (13)

0
0 1 (25) 2 (50) 3 (75)

Flaw Half Depth, a [in. (mm)]

Subsurface

Surface

D
is

ta
n

ce
 F

ro
m

 S
u

rf
ac

e,
 S

 [
in

. (
m

m
)]

18

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure IWA-3330-1
Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface

Pressure-retaining surface
 of unclad component or
 clad-base metal interface
 of clad component

Clad surface

Subsurface flaw #2

S � d2 or d3
   (whichever is greater)

S � d1 or 0.5d2
         (whichever
         is greater)

Surface flaw #5

Subsurface flaw #4

� depths of
       individual flaws

(whichever
is greater)

S � d1 or d2

d, d1, d2, d3
2d1, 2d2, 2d3

(which-
ever is
greater)

S � d1 or d2

S�0.4d2

S � 0.4d3

� 2a

2a

S � 0.5d1
  or 0.5d2

S � d2 or d3

S � d1 or d2
   (whichever is greater)

Unclad surface

Subsurface flaw #3

S � 0.4d1

S � 0.4d1

2d2

2d1

2d2

2d3

2d2

d2

a

2d1

2d1

2a

2a

2d32d1

d1

d2

a

Surface flaw #1

(which-
ever is
greater)

(whichever
is greater)

S � 0.4d2

GENERAL NOTE: For use in determining allowable flaw size and comparison with acceptance standards of IWB-3500.
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Figure IWA-3340-1
Nonplanar Elliptical Subsurface Flaws

GENERAL NOTE: Flaw area shall be projected in planes normal to principal stresses σ1 and σ2 to determine critical orientation for comparison with allowable indication standards.

20

A
SM

E
B
P
V
C
.X
I-2

0
1
5

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure IWA-3350-1
Parallel Planar Flaws

21

A
SM

E
B
P
V
C
.X
I-2

0
1
5

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure IWA-3360-1
Laminar Flaws
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Figure IWA-3380-1
Nonaligned Coplanar Flaws in Plane Normal to Pressure-Retaining Surface

Illustrative Flaw Configurations

Unclad surface

S � 0.4d1

S � 0.5d1 or d2
 (whichever is
 greater)

S2 � 0.5d1 or d2
 (whichever is
 greater)

S2 � d2 or d3
 (whichever is
 greater)

S4 � d2 or d3
 (whichever is
 greater)

S3 � d1 or d2
 (whichever is
 greater)

S1 � d1 or d2
 (whichever is
 greater)

2d2

a

2d2

d1

t

2d1

2d3

2a

E F

C

B
A

D

H G

S � 0.4d3

Clad surface

Pressure-retaining surface
 of unclad component or
 clad-base metal interface
 of clad component

d1, 2d1, 2d2, 2d3 � depths of individual flaws

A - B - C - D

E - F - G - H

Surface flaw #1

Subsurface flaw #2

GENERAL NOTE: For use in determining allowable flaw size and comparison with acceptance standards of IWB-3500.
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Figure IWA-3390-1
Multiple Aligned Planar Flaws (1/2 in. = 13 mm)
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Figure IWA-3400-1
Linear Surface Flaws

Illustrative Flaw Configurations and Determination of Length (1/2 in. = 13 mm)
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ARTICLE IWA-4000
REPAIR/REPLACEMENT ACTIVITIES

IWA-4100 GENERAL REQUIREMENTS

IWA-4110 SCOPE

(a) The requirements of this Article apply regardless of
the reason for the repair/replacement activity4 or the
method that detected the condition requiring the re-
pair/replacement activity.
(b) This Article provides requirements for repair/re-

placement activities4 associated with pressure-retaining
components and their supports, including appurtenances,
subassemblies, parts of a component, core support struc-
tures, metal containments and their integral attachments,
and metallic portions of Class CC containments and their
integral attachments. Repair/replacement activities in-
clude welding, brazing, defect removal, metal removal
by thermal means, rerating, and removing, adding, and
modifying items or systems. These requirements are ap-
plicable to procurement, design, fabrication,5 installation,
examination, and pressure testing of items within the
scope of this Division.
(c) This Article provides requirements for repair/re-

placement activities performed on concrete containments
and post‐tensioning system items for concrete contain-
ments as specified in Article IWL-4000.

IWA-4120 APPLICABILITY

(a) The requirements of this Article apply to items clas-
sified by the Owner in accordance with IWA-1400(a) as
Code Class 1, 2, 3, MC, or CC, and their associated sup-
ports. Class 1 heat exchanger tube plugs and Class 2
and 3 welded or brazed heat exchanger tube plugs shall
be considered pressure‐retaining material.
(b) The requirements of this Article do not apply to the

following, except as provided in (c) through (e):6

(1) valve operators, controllers, position indicators,
pump impellers, pump drivers, or other accessories and
devices unless they have been classified as Code Class 1,
2, or 3 pressure-retaining items in accordance with
IWA-1320

(2) instruments or permanently‐sealed, fluid‐filled
tubing systems furnished with instruments, but do apply
to instrument, control, and sampling piping when classi-
fied as Code Class 1, 2, or 3 in accordance with IWA-1320

(3) rupture disk material (the requirements of this
Article do apply to the portion of a rupture disk holder
that forms the pressure boundary)

(4) orifice plates connecting piping of the same de-
sign pressure that are held in place mechanically

(5) other than component supports or core supports,
material that is not associated with the pressure-
retaining function of a component, such as shafts, stems,
trim, spray nozzles, bearings, bushings, springs, wear
plates, seals, packing, gaskets, valve seats, and ceramic in-
sulating material and special alloys used as seal material
in electrical penetration assemblies

(6) component support items such as gaskets, seals,
bushing, springs, compression spring end plates, bear-
ings, retaining rings, washers, wear shoes, shims, slide
plates, and hydraulic fluids. Requirements, if any, for
these items shall be stated in the Owner’s Requirements.

(7) Classes 2 and 3 heat exchanger tube mechanical
plugs

(c) If items identified in (b) require welding or brazing
to the pressure-retaining portion of a component or to a
component support such installation shall comply with
the requirements of this Article.

(d) Applicable Construction Code requirements, such as
design requirements for Class 1 valve stems, Owner re-
sponsibilities for assuring adequacy of intervening ele-
ments in the component support load path, and
nondestructive examination of springs for Class 1 compo-
nent supports, shall be met for items identified in (b).

(e) Nonmandatory Appendix J provides guidance in de-
termining applicability of this Article.

IWA-4130 ALTERNATIVE REQUIREMENTS

IWA-4131 Small Items

IWA-4131.1 Applicability. Repair/replacement activ-
ities involving the following items need not meet any
other requirement of Article IWA-4000, provided the al-
ternative requirements of IWA-4131.2 are met.6

(a) Class 1 piping, tubing (except heat exchanger tub-
ing, and sleeves and plugs used for heat exchanger tub-
ing), valves, fittings, and associated supports, no larger
than the smaller of (1) or (2) below:

(1) NPS7 1 (DN 25); or

(2) the size and design such that, in the event of pos-
tulated failure during normal plant operating conditions,
the reactor can be shut down and cooled in an orderly
manner, assuming makeup is provided by normal reactor
coolant makeup systems operable from on‐site emer-
gency power.
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(b) Class 2 and 3 piping, tubing [except heat exchanger
tubing, and sleeves and welded or brazed plugs used for
heat exchanger tubing in heat exchangers not included
in (c)], valves, and fittings, NPS 1 (DN 25) and smaller,
and associated supports.

(c) Class 2 and Class 3 items, other than those de-
scribed in (b), in segments of piping or tubing NPS 1
(DN 25) and smaller, and associated supports, that satisfy
the following requirements:

(1) The interior free volume of the item shall be 1 ft3

(0.028 m3) or less.

(2) The item shall have no more than a total of four
process connections. Instrument connections and nor-
mally closed vent and drain lines are not required to be
counted as process connections.

(3) All connections shall meet the NPS 1 (DN 25) and
smaller size criteria for the item to be considered a small
item.

(d)Mechanical clamping devices installed on small
items under IWA-4131 need not meet the provisions of
IWA-4133, provided the requirements of IWA-4131.2
are met.

IWA-4131.2 Requirements. For repair/replacement
activities involving items identified in IWA-4131.1, the re-
quirements of Article IWA-4000 need not be met except
as provided in (a) through (e) below.

(a) Items shall be procured in accordance with the re-
quirements of IWA-4142 and the technical requirements
of IWA-4200. For Section III items, the requirements of
NA‐3700 or NCA‐3800 need not be met, provided the
Owner’s Quality Assurance Program provides measures
to assure that material is furnished in accordance with
the material specification and the applicable material re-
quirements of Section III. A Repair/Replacement Plan,
possession of a Certificate of Authorization, and an agree-
ment with an Authorized Inspection Agency are not re-
quired for the organization constructing or fabricating
these items.

(b) Repair/replacement activities shall be performed
and documented in accordance with the requirements
of IWA-4142 and the technical requirements of
IWA-4400 and IWA-4520. A Repair/Replacement Plan,
pressure testing, services of an Authorized Inspection
Agency, and completion of NIS‐2 forms are not required.

(c) If an item to be subjected to a repair/replacement
activity does not satisfy the requirements of this Division,
the evaluation and corrective provisions of IWA-4160
apply.

(d) The applicable provisions of IWA-4310, IWA-4320,
and IWA-4330 shall apply, except for IWA-4331(d).

(e) Use of these alternative requirements, including
specifying the size of Class 1 items to which these require-
ments will be applied, shall be documented by the Owner
in the Repair/Replacement program.

IWA-4132 Items Rotated From Stock

Snubbers, pumps, pressure relief valves,6 control rod
drive mechanisms, or pressure-retaining items of pump
seal packages, rotated from stock need not meet any other
requirement of Article IWA-4000, provided the following
requirements are met:

(a) The rotation shall be only for testing or preventive
maintenance of the removed items.

(b) Items being removed and installed shall be of the
same design and construction.

(c) Items being removed shall have no evidence of fail-
ure at the time of removal.

(d) Items being rotated shall be removed and installed
only by mechanical means.

(e) Items being installed shall previously have been in
service.

(f) The Owner shall track the items, by unique item
identification, to ensure traceability of the installed loca-
tion and inservice inspection and testing records.

(g) Use of an Inspector and an NIS‐2 form are not
required.

(h) Repair/replacement activities on removed items
shall be performed in accordance with the requirements
of this Article.

IWA-4133 Mechanical Clamping Devices Used as
Piping Pressure Boundary

Mechanical clamping devices used to replace piping
pressure boundary need not meet any other requirement
of Article IWA-4000, provided the requirements of Non-
mandatory Appendix W or IWA-4131.1(d) are met.

IWA-4134 Purchase, Exchange, or Transfer of
Material Between Nuclear Plant Sites

Material to be used in an application requiring compli-
ance with NA‐3700/NCA‐3800 may be purchased, ex-
changed, or transferred between nuclear plant sites,
provided the following requirements are met in lieu of
the administrative requirements of IWA-4220.

(a)Materials shall have been furnished to the supplying
plant in accordance with NA‐3700/NCA‐3800.

(b) Since receipt by the supplying plant, the material
shall not have been placed in service, welded, brazed, or
subjected to any operation that might affect the mechan-
ical properties of the material (e.g., heat treatment or
forming).

(c) Documentation required by NA‐3700/NCA‐3800
shall be provided to the receiving plant with the material.

(d)When the material is fabricated in accordance with
specific dimensional requirements in addition to those
provided in a national standard (e.g., nonwelded valve
bonnet or nonwelded pump casing), the evaluation of
suitability required by IWA-4160 shall include an evalua-
tion of the material for its intended application, including
any differences that might affect form, fit, or function.
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(e) The receiving plant shall obtain certification for the
following:

(1) The supplying plant purchased the material in ac-
cordance with NA‐3700/NCA‐3800 and maintained it in
accordance with their Quality Assurance Program.

(2) Since receipt by the supplying plant, the material
was not placed in service, welded, brazed, or subjected to
any operation that might affect the mechanical properties
of the material (e.g., heat treatment or forming).

IWA-4140 RESPONSIBILITIES
IWA-4141 Owner’s Responsibilities

It is the responsibility of the Owner to provide or cause
to be provided the following:
(a) Repair/Replacement Program and Plans required

by IWA-4150;
(b) specification requirements for repair/replacement

activities.

IWA-4142 Repair/Replacement Organization’s
Quality Assurance Program

(a) The organization that performs repair/replacement
activities shall establish a Quality Assurance Program for
control of their activities in accordance with the Repair/
Replacement Program and Plans. The Quality Assurance
Program shall comply with either of the following:

(1) IWA-1400(o), when the Owner is the Repair/Re-
placement Organization.

(2)When the Repair/Replacement Organization is
other than the Owner, the Repair/Replacement Organiza-
tion’s Quality Assurance Program shall be documented
and shall comply with the applicable quality assurance
program criteria of 10CFR50 Appendix B supplemented
as necessary to be consistent with the Owner’s Quality As-
surance Program; NQA‐1, Part I; or NCA‐4000. The Owner
shall ensure that the Repair/Replacement Organization’s
Quality Assurance Program meets the requirements of
this Article for the activities to be performed. The pro-
gram shall be reviewed and accepted by the Owner.
(b)When the performance of repair/replacement activ-

ities is split between the Owner and a Repair/Replace-
ment Organization, each organization ’s Quality
Assurance Program shall comply with (a)(1) or (a)(2)
for their respective activities. The Owner shall be respon-
sible for establishing interfaces and for assuring that the
requirements of this Article are met by the combination
of the two Quality Assurance Programs.

IWA-4142.1 Alternative Quality Assurance Program
Requirements for Owners.
(a) Applicability. When repair/replacement activities

require that the Owner perform activities identified in
(1), (2), or (3), the alternative requirements of (b) may
be used.

(1) Qualification of Material Organization in accor-
dance with NCA‐3800

(2) utilization of unqualified source material in ac-
cordance with NCA‐3855(a) and (b)

(3) acceptance of small products in accordance with
NB/NC/ND/NE/NF‐2610(b) and (c)
(b) Requirements. For repair/replacement activities

identified in (a), the following requirements may be used
in lieu of possession of a Certificate of Authorization or
Quality System Certificate (Materials), required by
IWA-4221(a) and IWA-4221(b).

(1) These alternative requirements may be used only
for the nuclear plants operated by the Owner performing
these activities. Materials and small products obtained in
accordance with these provisions shall not be transferred
to another Owner.

(2) The Owner’s Quality Assurance Program re-
quired by IWA-1400(o) shall describe how these activ-
ities are controlled.

(3) The Owner shall use the requirements of
NCA‐3800 to qualify the Material Organization.

(4)When accepting small products, the Owner shall
perform the activities required of the Certificate Holder
by NB/NC/ND/NE/NF‐2610(b). The Quality Assurance
Program of IWA-1400(o) may be used in lieu of
NCA‐4000.

(5)When utilizing unqualified source material, the
Owner shall perform the activities required of the Certifi-
cate Holder by NCA‐3855.5(b).

(6)When utilizing unqualified source material or ac-
cepting small products, use of these alternative require-
ments shall be recorded on a Certified Material Test
Report or a Certificate of Compliance, as applicable.

IWA-4143 Stamping
(a) Application of the ASME NPT symbol is neither re-

quired nor prohibited for the fabrication of parts, appur-
tenances, piping subassemblies, and supports to be used
by the Owner when performed at the Owner’s facilities
by a Repair/Replacement Organization with a quality as-
surance program that complies with IWA-4142. These
provisions may not be used to manufacture complete
pumps, valves, vessels, or tanks.
(b) Application of the ASME NA symbol stamp is neither

required nor prohibited for installation.

IWA-4150 REPAIR/REPLACEMENT PROGRAM
AND PLAN

(a) Repair/replacement activities shall be completed in
accordance with the Repair/Replacement Program. The
Program is a document or set of documents that defines
the managerial and administrative control for completion
of repair/replacement activities.
(b) The Edition and Addenda of Section XI used for the

Repair/Replacement Program shall correspond with the
Edition and Addenda identified in the inservice inspection
program applicable to the inspection interval. Alterna-
tively, later Editions and Addenda of Section XI, or specific
provisions within an Edition or Addenda later than those
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specified in the Owner’s Inservice Inspection Program
may be used. When provisions of later Editions and Ad-
denda are used, all related requirements shall be met.
The later Edition and Addenda shall have been accepted
by the enforcement and regulatory authorities having jur-
isdiction at the plant site.

(c) A Repair/Replacement Plan shall be prepared in ac-
cordance with the Repair/Replacement Program when-
ever a repair/replacement activity is to be performed.
Repair/Replacement Plans shall include the essential re-
quirements for completion of the repair/replacement ac-
tivities. Repair/Replacement Plans are not required for
the design phase of a repair/replacement activity, includ-
ing repair/replacement activities that require design
only. However, a Repair/Replacement Plan shall be pre-
pared for rerating activities as defined in IWA-4331(d),
whether or not there is accompanying physical work. A
Repair/Replacement Plan shall identify the following:

(1) applicable Code Edition, Addenda, and Cases of
Section XI

(2) Construction Code Edition, Addenda, Cases, and
Owner’s Requirements used for the following:

(-a) construction of the item to be affected by the
repair/replacement activity

(-b) construction of the item to be installed by the
repair/replacement activity

(-c) performance of the repair/replacement
activities

(3) The following items, when applicable to the spe-
cific repair/replacement activity, shall be documented.

(-a) a description of any defects and nondestruc-
tive examination methods used to detect the defects

(-b) the defect removal method, the method of
measurement of the cavity created by removing a defect,
and, when required by IWA-2600, requirements for refer-
ence points

(-c) the applicable welding or brazing procedure,
heat treatment, nondestructive examination, tests, and
material requirements

(-d) the applicable examination, test, and accep-
tance criteria to be used to verify acceptability

(4) description of the repair/replacement activities
to be performed

(5) expected life of the item after completion of the
repair/replacement activity, when less than the remain-
der of the previous intended life (design life when speci-
fied by the Design Specification) of the item;

(6)whether application of the ASME Code Symbol
Stamp is required in accordance with IWA-4143;

(7) documentation in accordance with Article
IWA-6000.

(d) The Repair/Replacement Program, Plans, and eva-
luations required by IWA-4160 shall be subject to review
by enforcement and regulatory authorities having juris-
diction at the plant site.

IWA-4160 VERIFICATION OF ACCEPTABILITY

(a) If an item does not satisfy the requirements of this
Division, the Owner shall determine the cause of unac-
ceptability. Prior to returning the item to service the Own-
er shall evaluate the suitability of the item subjected to
the repair/replacement activity. If the requirements for
the original item are determined to be deficient, appropri-
ate corrective provisions shall be included in the Owner’s
Requirements and Design Specification, as applicable.

(b)Whether or not the repair/replacement activity re-
sults from a failure to satisfy the requirements of this Di-
vision, the following requirements shall be met. If the
expected life of the item after completion of the repair/re-
placement activity is less than the remainder of the pre-
vious intended life [IWA-4150(c)(5)], the Owner shall
initiate actions that will result in a plan for additional ex-
aminations and evaluations to verify the acceptability of
the item for continued service or shall schedule subse-
quent repair/replacement activities prior to the end of
the expected life of the item.

IWA-4170 INSPECTION

The services of an Authorized Inspection Agency shall
be used. The Owner shall notify the Authorized Inspection
Agency prior to starting a repair/replacement activity
and keep the Inspector informed of progress so that nec-
essary inspections may be performed.

IWA-4180 DOCUMENTATION

(a) The reports and records required by Article
IWA-6000 shall be completed for all repair/replacement
activities.

(b) Documents shall be retained in accordance with
IWA-6300.

(c) The following records shall be maintained current
with respect to the item’s design and configuration:

(1) Design Specifications
(2) Design Report or analysis that demonstrates

compliance with the Construction Code or the Owner’s
Requirements

(3) Overpressure Protection Reports
(d) Revisions or updates to existing reports, records,

specifications, and evaluations, as required by (c) or
IWA-4311, shall be traceable to and from the original re-
cord or report to provide a record of the current status of
the item. The review and certification requirements for
technical revisions or updates shall be in accordance with
the Owner’s Requirements and the Construction Code
[see IWA-4222(a)(1)].

IWA-4190 APPLICATION OF SECTION XI CODE
CASES

(a) Cases shall be applicable, as indicated in the Applic-
ability Index for Section XI Cases found in the Code Cases:
Nuclear Components book, to the Edition and Addenda
specified for the repair/replacement activity.
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(b) The use of any Case and revisions to previously ap-
proved Cases are subject to acceptance by the regulatory
and enforcement authorities having jurisdiction at the
plant site.
(c) Cases shall be in effect at the time of the repair/re-

placement activity except as provided in (d).
(d) Cases that are superseded at the time of the repair/

replacement activity, but acceptable to the regulatory and
enforcement authorities having jurisdiction at the plant
site, may be used.

IWA-4200 ITEMS FOR REPAIR/
REPLACEMENT ACTIVITIES

IWA-4210 GENERAL REQUIREMENTS
In the course of preparation.

IWA-4220 CODE APPLICABILITY
IWA-4221 Construction Code and Owner’s

Requirements
(a) An item to be used for repair/replacement activities

shall meet the Owner’s Requirements. Owner’s Require-
ments may be revised, provided they are reconciled in ac-
cordance with IWA-4222. Reconciliation documentation
shall be prepared.
(b) An item to be used for repair/replacement activities

shall meet the Construction Code specified in accordance
with (1), (2), or (3) below.

(1)When replacing an existing item, the new item
shall meet the Construction Code to which the original
item was constructed.

(2)When adding a new component to an existing
system, the Owner shall specify a Construction Code that
is no earlier than the earliest Construction Code used for
construction of the system or of any originally installed
component in that system.

(3)When adding a new system, the Owner shall spe-
cify a Construction Code that is no earlier than the earliest
Construction Code used for other systems that perform a
similar function.
(c) As an alternative to (b) above, the itemmay meet all

or portions of the requirements of different Editions and
Addenda of the Construction Code, or Section III when the
Construction Code was not Section III, provided the re-
quirements of IWA-4222 through IWA-4226, as applic-
able, are met. Construction Code Cases may also be
used. Reconciliations required by this Article shall be
documented. All or portions of later different Construc-
tion Codes may be used as listed below:

(1) Piping, piping subassemblies, and their supports:
B31.1 to B31.7 to Section III.

(2) Pumps, valves, and their supports: from B31.1 to
Draft Code for Pumps and Valves for Nuclear Power to
Section III.

(3) Vessels and their supports: Section VIII to Section
III.

(4) Atmospheric and 0 psig to 15 psig (0 kPa
to 100 kPa) storage tanks and their supports: Section VIII,
API 620, or API 650 to Section III.

IWA-4222 Reconciliation of Code and Owner’s
Requirements

(a) Code Requirements and Owner’s Requirements
may be technical or administrative.

(1) Only technical requirements that could affect ma-
terials, design, fabrication, or examination, and affect the
pressure boundary, or core support or component sup-
port function, need to be reconciled.

(2) Administrative requirements, i.e., those that do
not affect the pressure boundary or core support or com-
ponent support function, need not be reconciled.8 Exam-
ples of such requirements include quality assurance,
certification, Code Symbol Stamping, Data Reports, and
Authorized Inspection.
(b) The administrative requirements of either the Con-

struction Code of the item being replaced or the Construc-
tion Code of the item to be used for replacement shall be
met.

IWA-4223 Reconciliation of Components

(a) Reconciliation of later Editions or Addenda of the
Construction Codes or alternative Codes as permitted by
IWA-4221 is not required. The Owner shall evaluate any
changes in weight , conf igurat ion, or pressure ‐
temperature rating in accordance with IWA-4311.
(b) An earlier Edition and Addenda of the same Con-

struction Code may be used, provided all technical re-
quirements of the earlier Construction Code are
reconciled.

IWA-4224 Reconciliation of Material
IWA-4224.1 Identical Material Procured to a Later

Edition or Addenda of the Construction Code, Section
III, or Material Specification.
(a)Materials, including welding and brazing materials,

may meet the requirements of later dates of issue of the
material specification and later Editions and Addenda of
the same Construction Code or Section III when the Con-
struction Code was not Section III, provided the materials
are the same specification, grade, type, class, or alloy, and
heat‐treated condition, as applicable.
(b) Differences in the specified material tensile and

yield strength shall be compared. If the replacement ma-
terial has a lower strength, a comparison shall be made of
the allowable stresses. If the tensile or yield strength is re-
duced and allowable stresses are reduced, the effect of the
reduction on the design shall be reconciled. For welding
materials, any reduction in specified tensile strength shall
be evaluated to ensure that the strength of the filler metal
meets or exceeds the strength of the base materials.

30

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



IWA-4224.2 Identical Material Procured to an Ear-
lier Construction Code Edition or Addenda or Material
Specification.

(a)Materials, including welding and brazing materials,
may meet the requirements of earlier dates of issue of the
material specification and earlier Editions and Addenda
of the same Construction Code, provided the materials
are the same specification, grade, type, class, or alloy,
and heat‐treated condition, as applicable.

(b) Differences in the specified material tensile and
yield strength shall be compared. If the replacement ma-
terial has a lower strength, a comparison shall be made of
the allowable stresses. If the tensile or yield strength is
lower and allowable stresses are lower, the effect of the
reduction on the design shall be reconciled. For welding
materials, a lower specified tensile strength shall be eval-
uated to ensure that the strength of the filler metal meets
or exceeds the strength of the base materials.

(c) Material examination and testing requirements
shall be reconciled to the Construction Code require-
ments of the item.

IWA-4224.3 Use of a Different Material.
(a) Use of materials of a specification, grade, type, class,

or alloy, and heat‐treated condition, other than that ori-
ginally specified, shall be evaluated for suitability for
the specified design and operating conditions in accor-
dance with IWA-4311.

(b)Material examination and testing requirements
shall be reconciled to the Construction Code require-
ments of the item.

IWA-4224.4 Substitution of Material Specifications.
(a)When an SA or SB Specification is identified as being

identical, or identical except for editorial differences, to
the corresponding ASTM A or B Specification, either spec-
ification may be used.

(b)When an SFA Specification is identified as being
identical, or identical except for editorial differences, to
the corresponding AWS specification, either specification
may be used.

IWA-4225 Reconciliation of Parts,
Appurtenances, and Piping
Subassemblies

(a) Parts, appurtenances, and piping subassemblies
may be fabricated to later Editions and Addenda of the
Construction Code and later different Construction Codes,
as permitted by IWA-4221(c), provided materials are re-
conciled in accordance with IWA-4224. The Owner shall
evaluate any changes in weight, configuration, or
pressure‐temperature rating in accordance with
IWA-4311.

(b) An earlier Edition and Addenda of the same Con-
struction Code may be used, provided all technical re-
quirements of the earlier Construction Code are
reconciled to the Construction Code requirements of the

component or appurtenance into which the replacement
item is installed, provided materials are reconciled in ac-
cordance with IWA-4224.

IWA-4226 Reconciliation of Design
Requirements

IWA-4226.1 Design to All Requirements of a Later
Edition or Addenda of the Construction Code. When an
item is designed to all requirements of a later Edition or
Addenda of the Construction Code, reconciliation beyond
the design‐related issues defined in IWA-4223,
IWA-4224, and IWA-4225 is not required.

IWA-4226.2 Design to Portions of the Requirements
of a Later Edition or Addenda of the Construction Code.
When an item is designed to portions of the requirements
of a later Edition or Addenda of the Construction Code,
the following reconciliation, beyond the design‐related is-
sues defined in IWA-4223, IWA-4224, and IWA-4225,
shall be performed.

(a)Material, fabrication, and examination require-
ments (e.g., NX‐2000, NX‐4000, and NX‐5000 of Section
III) shall be reviewed to reconcile the details applicable
to design with the design of the replacement item.

(b) All design requirements related to the later portions
shall be met, or any differences between the later design
provisions and the previous design shall be reconciled.

IWA-4226.3 Design to All or Portions of a Different
Construction Code. When an item is designed to all or
portions of a different Construction Code, the following
reconciliation, beyond the design‐related issues defined
in IWA-4223, IWA-4224, and IWA-4225, shall be
performed.

(a)Material, fabrication, and examination require-
ments (e.g., NX‐2000, NX‐4000, and NX‐5000 of Section
III) shall be reviewed to reconcile the details applicable
to design with the design of the replacement item.

(b)When an item is designed to portions of a different
Construction Code, differences between the new design
provisions and the previous design shall be reconciled.

IWA-4230 HELICAL-COIL THREADED INSERTS,
CLASSES 1, 2, AND 3

Internal threads in pressure‐retaining items may be re-
placed with helical‐coil threaded inserts in accordance
with the following requirements.

(a) Helical‐coil threaded inserts shall satisfy the design
requirements of the Construction Code for the specified
loading to be applied to the threaded connection. For ma-
terials not listed in the Construction Code, primary stres-
ses shall not exceed the lesser of two-thirds of the
minimum specified yield strength or one-fourth of the
minimum specified tensile strength of the applicable
material.
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(b) Helical‐coil threaded inserts shall be purchased in
accordance with the Owner’s or Repair/Replacement Or-
ganization’s Quality Assurance program meeting the re-
quirements of IWA-4142.
(c) Helical‐coil threaded inserts shall be supplied with

a Certified Material Test Report that provides traceability
to the item, material specification, chemical composition,
grade or class, and mechanical properties and heat‐
treated condition prior to final forming.
(d) Helical‐coil threaded inserts shall be installed in ac-

cordance with the manufacturer’s instructions.

IWA-4300 DESIGN

IWA-4310 GENERAL REQUIREMENTS
IWA-4311 Material, Design, or Configuration

Changes

When a change is made to the design or configuration
of an item or system, including material substitution,
the change shall meet the following requirements:
(a)When an analysis of the item or system prior to the

change is available, the change shall be evaluated and
documented to demonstrate that the existing analysis is
bounding for all design conditions. If the existing analysis
does not bound all design conditions for the change, a re-
analysis shall be performed. The evaluation may show
that reanalysis is not required. The evaluation or reanaly-
sis shall document that the proposed change meets the
Owner’s Requirements, and the Construction Code or al-
ternative provisions of this Division. The evaluation or re-
analys is shal l be traceable in accordance with
IWA-4180(d).
(b)When an analysis of the item or system prior to the

change is unavailable (e.g., proprietary design, standard
B16.5 flanges or fittings, standard B16.34 valve), an eva-
luation or a new analysis shall be performed to document
that the proposed change meets the Owner’s Require-
ments and the Construction Code or alternative provi-
sions of this Division. The evaluation may show that an
analysis is not required. The evaluation or new analysis
shall be maintained in the same manner as a Design Re-
port in accordance with (a) and IWA-4180(d).
(c) Later Editions and Addenda of the Construction

Code or a later different Construction Code, in accordance
with IWA-4221(c), either in its entirety or portions there-
of, and Code Cases, may be used, provided the require-
ments of IWA-4226 are met.
(d) Analyses shall be reviewed and certified in accor-

dance with the requirements of the Construction Code
and Owner’s Requirements. Evaluations shall be certified
as required for analyses.
(e) For any design or configuration change that devi-

ates from the Owner’s Requirements, Design Specifica-
tion, or Design Report, the affected documents shall be
revised or updated in accordance with IWA-4180(d).

IWA-4320 PIPING
IWA-4321 Class 1 Mechanical Joints
(a) Flanged joints may be used in Class 1 piping

systems.
(b) Expanded joints shall not be used in Class 1 piping

systems.
(c) Threaded joints in which the threads provide the

only seal shall not be used in Class 1 piping systems. If
a seal weld is employed as the sealing medium, the stress
analysis of the joint shall include the stresses in the weld
resulting from the relative deflections of the mated parts.
(d) Flared, flareless, and compression‐type tubing fit-

tings may be used for tubing sizes not exceeding 1 in.
O.D. within the limitations of applicable standards and re-
quirements of (2) and (3). In the absence of such stan-
dards or specifications, the Owner shall determine that
the type of fitting selected is adequate and safe for the De-
sign Conditions in accordance with the following
requirements.

(1) The fitting pressure‐temperature ratings shall be
reconciled with the specified design and operating
conditions.

(2) Fittings and their joints shall be suitable for the
tubing with which they are to be used, in accordance with
the minimum wall thickness of the tubing and method of
assembly recommended by the manufacturer.

(3) Fittings shall not be used in services that exceed
the manufacturer’s maximum pressure‐temperature
recommendations.

IWA-4330 RERATING
The provisions of this paragraph shall apply for rerat-

ing whether or not there is accompanying physical work.

IWA-4331 General Requirements
(a) The applicable design requirements of the Con-

struction Code and Owner’s Requirements shall be met.
Later Editions and Addenda of the Construction Code or
a later, different Construction Code, either in its entirety
or portions thereof, and Code Cases may be used, pro-
vided the requirements of IWA-4221 are met.
(b) Overpressure protection shall be evaluated in ac-

cordance with the Construction Code and Owner ’s
Requirements.
(c) The rerating shall be evaluated or analyzed in ac-

cordance with IWA-4311. The Owner’s Requirements
shall be reviewed and revised or updated when
necessary.
(d) Form NIS‐2 shall be completed for rerating, except

for rerating component supports.
(e) If a nameplate with pressure or temperature rating

is attached to the item or piping system, the Owner or his
designee shall attach a new nameplate as close as practi-
cal to the original nameplate. This nameplate shall con-
tain the revised ratings and a reference to the rerating
documentation.

32

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



(f) An ASME Certificate of Authorization is not
required.

IWA-4332 Flaw Evaluation

Inservice flaws that were previously evaluated and ac-
cepted by the evaluation provisions of Article IWB-3000,
Article IWC-3000, Article IWD-3000, Article IWE-3000,
Article IWF-3000, or Article IWL-3000, or known wall
thinning, shall be evaluated or analyzed in accordance
with IWA-4311.

IWA-4333 Examination

If rerating results in a design condition for which the
Construction Code or Owner’s Requirements requires a
different examination than was originally performed, that
examination shall be performed.

IWA-4334 Pressure Test Requirements

Rerated items shall be subjected to a system leakage
test in accordance with Article IWA-5000 for the new ser-
vice condition if the resulting test pressure would be
higher than the pressure of previous pressure tests.

IWA-4340 MITIGATION OF DEFECTS BY
MODIFICATION

Modification of items other than Class 1 may be per-
formed to contain or isolate a defective area without re-
mova l o f t he de f e c t , p rov ided the f o l l ow ing
requirements are met.

(a) These requirements shall apply to physical modifi-
cations only.

(b) If the item containing the flaw does not meet the
limitations of IWA-4131.1(b), the alternative provisions
of IWA-4131 shall not be applied to any portion of the mi-
tigation performed in accordance with IWA-4340.

(c) These requirements shall not be applied when im-
plementing IWA-4133, IWA-4411(h), or Cases that con-
tain provisions for modification of items containing a
defect.

(d) The defect shall be characterized using nondestruc-
tive examination and evaluated to determine its cause
and projected growth.

(e) The modification shall provide for the structural in-
tegrity of the item such that it no longer relies on the de-
fective area, including its projected growth, for the
expected life of the item. The modification shall meet
the Construction Code and Owner’s Requirements for
the item in accordance with IWA-4220.

(f) Welds and bolting used in the modification shall be
added to the inspection plan and examined as required by
IWA-4530. Following the modification, examination of the
defective area in accordance with IWA-4530 is not
required.

(g) In addition to meeting IWA-4160, the Owner shall
perform an examination during each of the next two re-
fueling outages to detect propagation of the flaw into

the material credited for structural integrity of the item
and, for high energy items, shall perform an examination
to validate the projected flaw growth of (d) above. For all
other items, validation of the projected flaw growth by ex-
amination shall be performed, if practicable. Projected or
actual flaw growth into material credited for the structur-
al integrity of the item shall be unacceptable. The exami-
nation used to validate flaw growth shall be the same
method used to characterize the defect, or a volumetric
examination in accordance with Mandatory Appendix I
shall be performed.

(h) Unless the projected flaw growth is validated dur-
ing the first or a subsequent examination, or the growth
rate has been validated in prior Owner or industry experi-
ences with the same conditions (e.g., system, base materi-
al, degradation mechanism, and working fluid), the
examination of (g) shall be repeated every refuel outage
until the flaw is removed.

(i) If the flaw growth is validated in accordance with
(g) or (h), the modification shall be examined in accor-
dance with (g) once per interval, except as required by
IWA-4160.

(j) Examinations in accordance with (h) and (i) are not
required if the modification bounds the maximum possi-
ble extent of flaw growth such that the structural integrity
of the item cannot be compromised.

(k) The examinations of (g) through (i) are not required
if the original defect is removed and the modification is
left in place.

(l) A system pressure test of the modification in accor-
dance with Article IWA-5000 shall be performed. New
welds, brazed joints, and mechanical connections, made
in the course of the repair/replacement activity, shall be
subjected to the required test pressure. The acceptance
criteria for leakage at mechanical connections shall be es-
tablished by the Owner.

(m) Modifications shall not be repeated at locations
where the defect has propagated into material credited
for the structural integrity of the modified item.

IWA-4400 WELDING, BRAZING, METAL
REMOVAL, FABRICATION, AND
INSTALLATION

IWA-4410 GENERAL REQUIREMENTS

Welding, brazing, defect removal, metal removal by
thermal methods, fabrication, and installation performed
by a Repair/Replacement Organization shall be per-
formed in accordance with the requirements of this Sub-
article. Mechanical metal removal not associated with
defect removal is not within the scope of this Subarticle.
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IWA-4411 Welding, Brazing, Fabrication, and
Installation

Welding, brazing, fabrication, and installation shall be
performed in accordance with the Owner’s Requirements
and, except as modified below, in accordance with the
Construction Code of the item.
(a) Later editions and addenda of the Construction

Code, or a later different Construction Code, either in its
entirety or portions thereof, and Code Cases may be used
provided the substitution is as listed in IWA-4221(c). Fil-
ler metal requirements shall be reconciled, as required, in
accordance with IWA-4224.
(b) Revised Owner’s Requirements may be used, pro-

vided they are reconciled in accordance with IWA-4222.
(c) The requirements of IWA-4440 shall be used for

qualification of welding and brazing procedures, welders,
brazers, and welding and brazing operators.
(d) The requirements of IWA-4500 shall be used for ex-

amination and testing of welds and brazes.
(e) The requirements of IWA-4600(b) may be used

when welding is to be performed without the postweld
heat treatment required by the Construction Code.
(f) The requirements of IWA-4660 may be used for un-

derwater welding.
(g) The requirements of IWA-4700 shall be used for

welded tube plugs and sleeves in Class 1 heat exchangers.
The requirements of IWA-4700 may be used for welded
installation of tube plugs and sleeves in Class 2 and Class
3 heat exchangers.
(h) Classes 1, 2, and 3 austenitic stainless steel pipe

weldments may be repaired in accordance with Nonman-
datory Appendix Q. If Nonmandatory Appendix Q is used,
all requirements of Nonmandatory Appendix Q shall be
met, and IWA-4520 and IWA-4530 do not apply.
(i) Welding electrodes and flux, and other welding and

brazing filler material shall be stored and handled in ac-
cordance with a written procedure. Absorption of moist-
ure by welding fluxes and cored, fabricated, or coated
electrodes shall be minimized. When electrode storage
and baking conditions are not specified by this Division,
the precautions and recommendations of the electrode
manufacturer shall be followed. Alternative electrode
welding material control procedures may be used if ac-
cepted by the Inspector. Procedures for welding and braz-
ing filler material control shall be included in the Repair/
Replacement Program.

IWA-4412 Defect Removal

Defect removal shall be accomplished in accordance
with the requirements of IWA-4420.

IWA-4413 Metal Removal by Thermal Methods

Metal removal by thermal methods shall be accom-
plished in accordance with the requirements of
IWA-4461.

IWA-4420 DEFECT REMOVAL REQUIREMENTS
IWA-4421 General Requirements

Defects shall be removed or mitigated in accordance
with the following requirements:
(a) Defect removal by mechanical processing9 shall be

in accordance with IWA-4462.
(b) Defect removal by thermal methods shall be in ac-

cordance with IWA-4461.
(c) Defect removal or mitigation by welding or brazing

shall be in accordance with IWA-4411.
(d) Defect removal or mitigation by modification shall

be in accordance with IWA-4340.

IWA-4422 Defect Evaluation and Examination
IWA-4422.1 Defect Evaluation.
(a) A defect is considered removed when it has been re-

duced to an acceptable size. If the resulting section thick-
ness is less than the minimum required thickness, the
component shall be corrected by repair/replacement ac-
tivities in accordance with this Article.
(b) Alternatively, the defect removal area and any re-

maining portion of the defect may be evaluated and the
component accepted in accordance with the appropriate
flaw evaluation provisions of Section XI, or the design
provisions of the Owner’s Requirements and either the
Construction Code or Section III.

IWA-4422.2 Nondestructive Examination.
IWA-4422.2.1 Defect Removal Without Welding

or Brazing.
(a) After removal of defects detected by visual or sur-

face examination, surface examination of the defect re-
moval area shall be performed.
(b) After removal of defects detected by volumetric ex-

amination, volumetric examination of the defect removal
area shall be performed. The volumetric examination
method that detected the defect shall be used.
(c) The acceptance criteria of either the Construction

Code or Section XI shall be met.
(d) Indications detected as a result of excavation that

are not associated with the defect being removed shall
be evaluated for acceptability in accordance with the Con-
struction Code or Section XI.

IWA-4422.2.2 Defect Removal Followed by Weld-
ing or Brazing.
(a) Surface examination of the defect removal area is

required prior to welding, except as provided below.
(1) A surface examination is not required when the

defect is eliminated by removing the full cross‐section
of the weld or base material.

(2)When surface examination of the excavation can-
not be performed or will not provide meaningful results,
surface examination of the excavation is not required. The
acceptability of any remaining portion of the defect may
be established by evaluation in accordance with
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IWA-4422.1(b) in lieu of the surface examination. Alter-
native NDE methods may be used to characterize any re-
maining portion of the defect.

(3) If final volumetric examination will be performed
on the completed repair, the final volumetric examination
method is the same as the method used to detect the de-
fect, and the volume to be examined includes the location
of the original defect, surface examination of the defect
removal area is not required.

(b) The acceptance criteria of either the Construction
Code or Section XI shall be used for the excavation.

(c) Surface examination of defect removal areas is not
required for brazed joints.

(d) Indications detected as a result of excavation that
are not associated with the defect being removed shall
be evaluated for acceptability in accordance with the Con-
struction Code or Section XI.

(e) Examination following welding or brazing shall be
in accordance with IWA-4520.

IWA-4440 WELDING AND BRAZING
QUALIFICATIONS

(a) All welding and brazing shall be performed in accor-
dance with Welding or Brazing Procedure Specifications
that have been qualified by the Owner or Repair/Replace-
ment Organization in accordance with the requirements
of the codes specified in the Repair/Replacement Plan.

(b) As an alternative to Section IX, QW-201 or QB-201, a
procedure qualification record (PQR) qualified by one
Owner may be used by another Owner. The Owner who
performed the procedure qualification test shall provide
documented certification that the procedure qualification
was performed in accordance with Section IX and was
conducted in accordance with a Quality Assurance Pro-
gram that satisfies the requirements of IWA-1400.

(1) The Owner accepting the completed PQR shall be
responsible for obtaining any additional supporting infor-
mation needed for WPS or BPS development.

(2) The Owner accepting the completed PQR shall
document, on each resulting WPS or BPS, the parameters
applicable to welding or brazing. Each WPS or BPS shall
be supported by all necessary PQRs.

(3) The Owner accepting the completed PQR shall ac-
cept responsibility for the PQR by documenting the Own-
er’s approval of each WPS or BPS that references the PQR.

(4) The Owner accepting the completed PQR shall de-
monstrate technical competence in application of the re-
ceived PQR by completing a performance qualification
using the parameters of a resulting WPS or BPS.

(5) The Owner may accept and use a PQR only when
it is received directly from the Owner that certified the
PQR.

(c) All welders and brazers shall be qualified by the Re-
pair/Replacement Organization in accordance with the
requirements of the codes specified in the Repair/

Replacement Plan. Alternatively, a welder or brazer qual-
ified by one Owner may be used by another Owner, if the
following requirements are met:

(1) The Owner that performed the qualification test
shall certify, by signing the record of Performance Quali-
fication (WPQ or BPQ), that testing was performed in ac-
cordance with Section IX.

(2) The Owner that performed the qualification test
shall certify, in writing, that the qualification was con-
ducted in accordance with a Quality Assurance Program
that satisfies the requirements of IWA-1400.

(3) The Owner accepting the WPQ or BPQ shall ob-
tain any necessary supporting information to satisfy Sec-
tion IX, QW-301.4 (e.g., Welding Procedure Specification,
type of tests).

(4) The Owner accepting the WPQ or BPQ shall re-
quire each welder or brazer to demonstrate proficiency
by completing a renewal qualification test in accordance
with Section IX, QW-322.2(a) or QB-322(b).

(-a) If WPQ or BPQ transfer involves prior groove
tests, the renewal test shall use a groove configuration.

(-b) When WPQ or BPQ transfer involves prior fil-
let tests, the renewal tests may use either a groove or a
fillet configuration.

(5) The Owner accepting the WPQ or BPQ shall ac-
cept responsibility for the Performance Qualification Test
and shall document acceptance on the WPQ or BPQ for
the renewal test. This WPQ or BPQ shall reference the
WPQ or BPQ supplied by the Owner that performed the
qualification.

(6) The Owner accepting the WPQ or BPQ shall ac-
cept responsibility for compliance with Section IX,
QW-322.

(7) The Owner may accept and use a WPQ or BPQ
only if it is received directly from the Owner that per-
formed the qualification.

(8) The Owner accepting the WPQ or BPQ shall com-
ply with the Quality Assurance requirements of
IWA-4142(a).

(d)Welders and brazers10 need not be employed di-
rectly by the Repair/Replacement Organization, provided
the use of such welders is controlled by the Quality Assur-
ance Program of the Repair/Replacement Organization.
This Program shall include the following:

(1) requirements for complete and exclusive admin-
istration and technical supervision of all welders and bra-
zers by the Repair/Replacement Organization;

(2) requirements for contractual control that pro-
vides the necessary authority to assign and remove
welders and brazers at the discretion of the Repair/Re-
placement Organization;

(3) evidence that the Quality Assurance Program is
acceptable to the Owner’s Authorized Nuclear Inservice
Inspector.
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IWA-4460 METAL REMOVAL PROCESSES
IWA-4461 Thermal Removal Processes

Thermal removal processes include oxyacetylene cut-
ting, carbon arc gouging, plasma cutting, metal disintegra-
tion machining (MDM), and electrodischarge machining
(EDM).

IWA-4461.1 P-No. 1. When thermal removal pro-
cesses are used on P‐No. 1 materials, surface oxides shall
be removed by mechanical processing prior to welding on
cut surfaces.

IWA-4461.2 P-Nos. 3, 4, 5A, 5B, 5C, 6, 7, 9A, 9B, 9C,
10A, 10B, 10C, 10E Through 10K, and 11A Materials.
(a)When preheat is less than that specified in Table

IWA-4461.1-1, material shall be removed by a mechanical
method from all thermally processed areas, in accordance
with the following:

(1)When welding is to be performed, at least 1/32 in.
(1 mm) of material shall be removed from the cavity to be
welded.

(2)When welding is not to be performed, at least
1/16 in. (1.5 mm) of material shall be removed and the area
shall be faired into the surrounding area.

(3) Resulting irregularities shall be removed to a
smooth surface by a mechanical method. This surface
shall show no visual evidence of irregularities. The depth
of material to be removed as required by (1) or (2) shall
be measured from the smooth surface.
(b)When preheat is applied in accordance with Table

IWA-4461.1-1, material shall be removed to bright metal
by a mechanical method.

IWA-4461.3 P-Nos. 8 and 43 Materials. If thermal
removal processes are used on P‐No. 8 and P‐No. 43 ma-
terials, at least 1/16 in. (1.5 mm) of material shall be me-
chanically removed from the thermally processed area.

IWA-4461.4 Alternatives to Mechanical Processing.
Mechanical processing of thermally cut surfaces for mate-
rials identified in IWA-4461.1 through IWA-4461.3 is not
required if the thermal metal removal process is qualified
as follows:
(a) The qualification test shall consist of two coupons of

the same P‐No. material to be cut in production.

(b) The qualification coupons shall be cut using the
maximum heat input to be used in production.
(c) The thermally cut surface of each coupon shall be

visually examined at 10× and shall be free of cracks.
The Owner shall specify surface roughness acceptable
for the application and shall verify that the qualification
coupon meets that criterion.
(d) Each qualification coupon shall be cross sectioned,

and the exposed surfaces shall be polished, etched, and vi-
sually examined at 10×. All sectioned surfaces shall be
free of cracks.
(e) Corrosion testing of the thermally cut surface and

heat-affected zone shall be performed if the cut surface
is to be exposed to corrosive media. Alternatively, corro-
sion resistance of the thermally cut surface may be eval-
uated. The Owner shall specify the acceptance criteria.

IWA-4462 Mechanical Defect Removal Processes
(a) If a mechanical removal process is used for defect

removal where welding is not to be performed, the area
shall be faired into surrounding area.
(b)Where welding is to be performed, the cavity shall

be ground smooth and clean with beveled sides and edges
rounded such that the cavity is suitable for welding.

IWA-4500 EXAMINATION AND TESTING

IWA-4510 GENERAL REQUIREMENTS
IWA-4511 NDE Personnel Qualification
Personnel performing nondestructive examination re-

quired by the Construction Code shall be qualified and
certified in accordance with the Construction Code identi-
fied in the Repair/Replacement Plan or IWA-2300. When
using IWA-2300, personnel performing visual examina-
tions shall be qualified for performance of VT‐1 visual ex-
aminations and shall have received additional training in
examination of weldments for fabrication conditions, in-
cluding dimensional requirements and fabrication flaws.

IWA-4520 EXAMINATION
(a)Welding or brazing areas and welded joints made

for fabrication or installation of items by a Repair/Re-
placement Organization shall be examined in accordance

Table IWA-4461.1-1
Minimum Preheat Temperature, °F (°C)

P‐No. 3, and
P‐No. 11A

P‐No. 4 and
P‐Nos. 9A, 9B,

and 9C
P‐Nos. 5A, 5B, 5C,

and P‐No. 6 P‐No. 7
P‐Nos. 10A, 10B, 10C,
and 10E Through 10K

200 (95) 250 (120) 300 (150) None required 200 (95) [Note (1)]

NOTE:
(1) Applies only to material with a nominal section thickness of 3/4 in. (19 mm) and greater.
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with the Construction Code identified in the Repair/Re-
placement Plan, with the following exceptions:

(1) Base metal repairs on Class 3 items are not re-
quired to be volumetrically examined when the Construc-
tion Code does not require that full‐penetration butt
welds in the same location be volumetrically examined.

(2)When welding or brazing is performed in accor-
dance with IWA-4600 or IWA-4700, the examination re-
quirements of IWA-4600 or IWA-4700, respectively,
shall be met in lieu of examinations required by the Con-
struction Code or Section III.

(b) Except as required by (a)(2) above, when (a) above
requires surface or volumetric examinations to be per-
formed on pressure‐retaining installation (but not fabri-
cation) welds or welds made for correction of flaws or
defects, the Owner may authorize use of the personnel
qualifications, methods, techniques, and acceptance cri-
teria of Section XI, in lieu of those of the Construction
Code, provided the following requirements are met:

(1) The surface examination methods shall be limited
to those permitted by the Construction Code.

(2) If the Construction Code requires radiographic
examination, the Owner may instead authorize use of ul-
trasonic examination in accordance with IWA-4521.

(3) All other examination requirements of the Con-
struction Code, including surface area requirements and
timing of examinations, shall be met.

(4) The weld or braze material deposited as part of
the repair/replacement activity shall meet the preservice
acceptance standards of Section XI. If Section XI does not
provide preservice acceptance standards, the acceptance
criteria of the Construction Code or Section III shall be
met.

(5) Acceptability of remaining flaws that existed
prior to the repair/replacement activity shall be estab-
lished using the provisions of Article IWA-3000.

(c) These examinations may be performed concur-
rently with the preservice inspections required by
IWA-4530.

IWA-4521 Ultrasonic Examination Requirements

If permitted by IWA-4520(b), ultrasonic examination
shall be performed using a procedure qualified in accor-
dance with Mandatory Appendix VIII and the following
requirements:

(a) Ultrasonic examination shall not be applied to weld
joints that include austenitic castings, austenitic welds
with single‐side access, or piping with structural austeni-
tic weld inlay.

(b) Ultrasonic examination shall include 100% of the
weld volume plus 1/2T for Class 1 vessel welds, or 1/2 in.
(13 mm) for all other welds, on each side of the weld vol-
ume. A supplemental straight beam examination shall
also be used to identify laminations that could limit angle
beam examinations.

(c) A written procedure that identifies the ranges of es-
sential variables of VIII-2100(d) shall be followed. The
procedure, and any subsequent essential variable changes
outside the qualified ranges, shall be demonstrated on a
qualification block or specimen that includes both surface
and subsurface flaws. The examination volume above
shall be included in a supplemental performance
demonstration.

(d) The qualification blocks shall be fabricated from
material of the same material specification, product form,
and material heat treatment condition as one of the mate-
rials joined. Alternatively, for piping, the qualification
block shall be of a material of similar chemical
composition,11 tensile properties, and metallurgical
structure12 as the material being welded.

(1) The surface condition of the qualification block
shall approximate the roughest surface condition for
which the examination procedure is applicable.

(2) If two or more base material thicknesses are in-
volved, the qualification block thickness shall be of a size
sufficient to contain the entire examination path.

(3) For austenitic materials, the qualification block
configuration shall contain a weld representative of the
joint to be examined, including the same welding process.

(e) A supplemental performance demonstration using a
previously qualified procedure shall be conducted
through use of a blind test with appropriate specimens
that contain three different construction‐type flaws (e.g.,
slag, lack of fusion, incomplete penetration) distributed
throughout the thickness of the specimens, unless such
flaws were included in the Mandatory Appendix VIII
qualification.

IWA-4530 PRESERVICE INSPECTION

When portions of items requiring preservice or inser-
vice inspection are affected by repair/replacement activ-
ities, or for items being fabricated or installed, including
welded or brazed joints made for fabrication or installa-
tion of items, preservice inspections shall be performed
in accordance with IWB-2200, IWC-2200, IWD-2200,
IWE-2200, IWF-2200, or IWL-2200 prior to return of
the system to service. The preservice inspection may be
performed either prior to or following the pressure test
required by IWA-4540.

IWA-4540 PRESSURE TESTING OF CLASSES 1, 2,
AND 3 ITEMS

(a) Unless exempted by (b), repair/replacement activ-
ities performed by welding or brazing on a pressure‐
retaining boundary shall include a hydrostatic or system
leakage test in accordance with Article IWA-5000, prior
to, or as part of, returning to service. Only brazed joints
and welds made in the course of a repair/replacement ac-
tivity require pressurization and VT‐2 visual examination
during the test.

37

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



(b) The following are exempt from any pressure test:
(1) cladding
(2) heat exchanger tube plugging and sleeving
(3)welding or brazing that does not penetrate

through the pressure boundary
(4) flange seating surface when less than half the

flange axial thickness is removed and replaced
(5) components or connections NPS 1 (DN 25) and

smaller
(6) tube‐to‐tubesheet welds when such welds are

made on the cladding
(7) seal welds
(8)welded or brazed joints between nonpressure‐

retaining items and the pressure‐retaining portion of
the components

(9) valve discs or seats
(c) Replacement components and appurtenances shall

be pressure tested in accordance with the Construction
Code selected for use in accordance with IWA-4221.
(d) Brazed joints and welds in replacement parts and

piping subassemblies, fabricated by the Repair/Replace-
ment Organization, or fabricated in accordance with the
Construction Code without a hydrostatic pressure test,
shall be tested as required by (a).

IWA-4550 CLASS MC AND METALLIC PORTIONS
OF CLASS CC CONTAINMENTS

Items subjected to repair/replacement activities shall
be tested in accordance with Article IWE-5000.

IWA-4600 ALTERNATIVE WELDING
METHODS

(a)When welding under water, the alternative require-
ments of IWA-4660 may be used in lieu of the welding re-
quirements of the Construction Code or Section III.
(b)When postweld heat treatment is not to be per-

formed, the following provisions may be used.
(1) The welding methods of IWA-4620, IWA-4630,

IWA-4640, or IWA-4670 may be used in lieu of the weld-
ing and nondestructive examination requirements of the
Construction Code or Section III, provided the require-
ments of IWA-4610 are met. Existing temper bead Weld-
ing Procedure Specifications and Procedure Qualification
Records made in accordance with IWA-4610 and
IWA-4620, IWA-4630, or IWA-4640 from the 1989 Edi-
tion or later editions or addenda may still be used.

(2) For welding of Class MC metal containments and
their integral attachments and metallic liners of Class CC
containments and their integral attachments, the provi-
sions of IWA-4620 may be used, provided the require-
ments of IWA-4610 are met. Existing temper bead
Welding Procedure Specifications and Procedure Qualifi-
cation Records made in accordance with IWA-4610 and

IWA-4620 from the 1989 Edition or later editions or ad-
denda may still be used. Alternatively, the provisions of
IWA-4650 may be used.

IWA-4610 GENERAL REQUIREMENTS FOR
TEMPER BEAD WELDING

(a) The area to be welded shall be preheated and main-
tained as specified in IWA-4620, IWA-4630, IWA-4640,
or IWA-4670, as applicable. Except as permitted by
IWA-4672(c), thermocouples and recording instruments
shall be used to monitor the process temperatures. Their
attachment and removal shall be in accordance with Sec-
tion III.
(b) The welding procedure and the welders or welding

operators shall be qualified in accordance with Section IX
and the additional requirements of this Subarticle.

(1) Procedure Qualification
(-a) The test assembly material for the welding

procedure qualification test shall be of the same
P‐Number and Group Number, including a postweld heat
treatment that is at least equivalent to the time and tem-
perature already applied to the material being welded.

(-b) Consideration shall be given to the effects of
welding in a pressurized environment. If they exist, they
shall be bounded in the test assembly within the limits
of Table IWA-4662.1-1.

(-c) Consideration shall be given to the effects of
irradiation on the properties of material, including weld
material for applications in the core belt line region of
the reactor vessel. Special material requirements in the
Design Specification shall also apply to the test assembly
materials for these applications.

(-d) If qualifying ambient temperature temper
bead procedures of IWA-4670, the maximum interpass
temperature for the first three layers of the procedure
qualification test assembly shall be 150°F (66°C).

(-e) Temper bead welding procedures used for
welding similar materials in IWA-4620, dissimilar materi-
als in IWA-4630, or cladding in IWA-4640 shall be quali-
fied in accordance with Section IX, QW-290, using the
following procedure qualification impact testing
requirements:

(-1) The test assembly base material for the
welding procedure qualification shall meet the impact
test requirements of the Construction Code and Owner’s
Requirements. If such requirements are not in the Con-
struction Code and Owner’s Requirements, the impact
properties shall be determined by Charpy V-notch impact
tests of the procedure qualification base material at or be-
low the lowest service temperature of the item to be re-
paired. The base metal Charpy V-notch specimens shall
be taken from approximately the same depth as the
HAZ specimens and should be aligned in the samemanner
as the HAZ specimens. The location and orientation of the
test specimens shall be as specified in (-3) below but shall
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be in the base metal. Impact testing of austenitic materials
(nickel-based P-No. 4X and stainless steel P-No. 8) is not
required.

(-2) Charpy V-notch tests of weld metal of the
procedure qualification shall meet the requirements as
determined in (-1) above.

(-3) Charpy V-notch tests of the heat-affected
zone (HAZ) shall be performed at the same temperature
as the base metal test of (-1) above. Number, location,
and orientation of test specimens shall meet the require-
ments of (-4) below.

(-4) The specimens shall be removed from a lo-
cation as near as practical to a depth of one-half the thick-
ness of the deposited weld metal. The coupons for HAZ
impact specimens shall be taken transverse to the axis
of the weld and etched to define the HAZ. The notch of
the Charpy V-notch specimen shall be cut approximately
normal to the material surface in such a manner as to in-
clude as much HAZ as possible in the resulting fracture.
When the material thickness permits, the axis of a HAZ
specimen shall be inclined to allow the root of the notch
to align parallel to the fusion line.

(-5) If the test material is in the form of a plate
or a forging, the axis of the weld shall be oriented parallel
to the principal direction of rolling or forging.

(-6) Charpy V-notch tests shall be performed on
the weld metal, the heat-affected zone, and unaffected
base metal in accordance with SA-370. Specimens shall
be in accordance with SA-370, Figure 11, Type A. A test
shall consist of a set of three full-size 10 mm × 10mm spe-
cimens. The lateral expansion, percentage shear, ab-
sorbed energy, test temperature, orientation, and
location of all test specimens shall be reported in the Pro-
cedure Qualification Record.

(-7) The average lateral expansion value of the
three HAZ Charpy V-notch specimens shall be equal to
or greater than the average lateral expansion value of
the three unaffected base metal specimens. However, if
the average lateral expansion value of the HAZ Charpy
V-notch specimens is less than the average value for the
unaffected base metal specimens and the procedure qua-
lification meets all other requirements, then either of the
following shall be performed:

(+a) The we ld ing procedure sha l l b e
requalified.

(+b) An Adjustment Temperature for the pro-
cedure qualification shall be determined in accordance
with the applicable provisions of NB-4335.2 of the 2004
Edition of Section III. The RTNDT or lowest service tem-
perature of the materials for which the welding proce-
dure will be used shall be increased by a temperature
equivalent to that of the Adjustment Temperature.

(-f)The parameters for welding the procedure
qualification coupons shall be selected such that the re-
sultant qualified essential variable ranges of Section IX
bound the procedural requirements (preheat, interpass,

grinding bead crowns, surface temper bead, etc.) speci-
f ied for the procedure in IWA-4620, IWA-4630,
IWA-4640, or IWA-4670, as applicable.

(2) Performance Qualification. If the weld is to be per-
formed where physical obstructions impair the welder’s
ability to perform, the welder shall also demonstrate
the ability to deposit sound weld metal in the positions
required, using the same parameters and simulated phy-
sical obstructions as are involved in the repair/ replace-
ment activity.

IWA-4611 Defect Removal
IWA-4611.1 General Requirements.
(a) Defects shall be removed in accordance with

IWA-4422.1. A defect is considered removed when it
has been reduced to an acceptable size.

(b) Examination of defect removal areas shall comply
with IWA-4624, IWA-4634, IWA-4644, IWA-4654, as
applicable.

(c) Metal removal by thermal methods shall comply
with IWA-4413.

IWA-4611.2 Examination Following Defect Re-
moval.

(a) After final processing, the affected surfaces, includ-
ing surfaces of cavities prepared for welding, shall be ex-
amined by the magnetic particle or liquid penetrant
method to ensure that the indication has been reduced
to an acceptable size in accordance with IWB-3500,
IWC-3500, or Article IWD-3000, as applicable. For sup-
ports and containment vessels, the provisions of
IWA-4422.1(b) may be used. No examination of the defect
removal area is required when defect elimination re-
moves the full thickness of the weld and the back side
of the weld joint is not accessible for removal of examina-
tion materials.

(b) Indications detected as a result of the excavation
that are not associated with the defect being removed
shall be evaluated for acceptability in accordance with
Article IWA-3000.

IWA-4620 TEMPER BEAD WELDING OF SIMILAR
MATERIALS

IWA-4621 General Requirements

(a) Repair/replacement activities on P‐Nos. 1, 3, 12A,
12B, and 12C13 base materials and associated welds
may be performed without the specified postweld heat
treatments, provided the requirements of (b) and (c)
and IWA-4623 through IWA-4624 are met.

(b) The maximum area of an individual weld based on
the finished surface shall be 500 in.2 (325,000 mm2),
and the depth of the weld shall not be greater than one‐
half of the base metal thickness.

(c) Weld metal and heat-affected zones may be peened
to control distortion. Such peening may not be used on
the initial (root) layer of weld metal or on the final (face)
layer.
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(d) Peening intended only to reduce residual surface
tensile stresses is permitted on the interior root surface
and on the final (face) layer. This peening shall be per-
formed after any surface examinations required by
IWA-4624 are completed.

IWA-4623 Welding Procedure

IWA-4623.1 Shielded Metal-Arc Welding. The proce-
dure shall include the requirements of (a) through (f):

(a) The weld metal shall be deposited using low hydro-
gen electrode meeting the coating moisture content re-
quirements of SFA-5.5. The maximum bead width shall
be four times the electrode core diameter.

(b) All covered electrodes from hermetically sealed
containers shall immediately be used or placed into hold-
ing or drying ovens operating between 225°F (110°C)
and 300°F (150°C). Covered electrodes from other than
hermetically sealed containers shall be baked and main-
tained in accordance with the manufacturer’s recommen-
dations. After baking and before the electrodes are
allowed to cool below 225°F (110°C), they shall be trans-
ferred to holding or drying ovens operating between
225°F (110°C) and 350°F (180°C).

(c) Electrodes removed from the holding ovens in (b)
for a period in excess of 8 hr for E70XX electrodes or
4 hr for E80XX and E90XX electrodes shall be reprocessed
in accordance with (b). Electrodes shall not be rebaked
more than once.

(d) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(e) The cavity shall be buttered using a 3/32 in. (2.5 mm)
diameter electrode as shown in Figure IWA-4623.1-1,
Step 1. The weld bead crown surface shall be removed
by grinding or machining before depositing the second
layer (see Figure IWA-4623.1-1, Step 2). The second layer
shall be deposited with a 1/8 in. (3 mm) diameter elec-
trode. Subsequent layers shall be deposited with a weld-
ing electrode no larger than 5/32 in. (4 mm) diameter.
Bead deposition shall be performed in a manner shown
in Figure IWA-4623.1-1, Step 3. The completed weld shall
have at least one layer of weld reinforcement deposited
and then this reinforcement shall be removed by mechan-
ical means, making the finished surface of the weld sub-
stantially flush with the surface surrounding the weld.

(f) The weld area shall receive a postweld hydrogen
bakeout by maintaining it at 450°F to 550°F (230°C
to 290°C) for a minimum of 2 hr after completion of the
weld in P‐No. 1 materials. For P‐No. 3 materials, the hold-
ing time shall be a minimum of 4 hr.

IWA-4623.2 Gas Tungsten-Arc Welding. The proce-
dure shall include the requirements of (a) through (d):

(a) The weld metal shall be deposited by the automatic
or machine gas tungsten‐arc weld process using cold wire
feed.

(b) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 300°F (150°C). The
maximum interpass temperature shall be 450°F (230°C).

(c) The cavity shall be buttered with the first three
layers of weld metal as shown in Figure IWA-4623.2-1,
Steps 1 through 3, with the weld heat input for each layer
controlled to within ±10% of that used in the procedure
qualification test. Subsequent layers shall be deposited
with a heat input equal to or less than that used for layers
beyond the third in the procedure qualification (see
Figure IWA-4623.2-1, Step 4). The completed weld shall
have at least one layer of weld reinforcement deposited
and then this reinforcement shall be removed by mechan-
ical means, making the finished surface of the weld sub-
stantially flush with the surface surrounding the weld.

(d) The weld area shall receive a postweld hydrogen
bakeout by maintaining it at 450°F to 550°F (230°C
to 290°C) for a minimum of 2 hr after completion of the
weld repair in P‐No. 1 materials. For P‐No. 3 materials,
the holding time shall be a minimum of 4 hr.

IWA-4624 Examination
IWA-4624.1 Examination Criteria.

(a) Prior to welding, surface examination shall be per-
formed on the area to be welded. Surface examination
and acceptance criteria shall comply with IWA-4611.2

(b) The initial layer shall be examined by the magnetic
particle method after grinding or machining. Each subse-
quent layer shall be examined by the magnetic particle
method if a final volumetric examination will not be
performed.

(c) For SMAW, the weld shall be nondestructively ex-
amined after the completed weld has been at ambient
temperature for at least 48 hr. For GTAW, the nondestruc-
tive examinations shall be performed after the completed
weld has cooled to ambient temperature. The nondestruc-
tive examination of the welded region shall include both
volumetric [except as permitted in (b)] and surface
examination.

(d) Areas from which weld attached thermocouples
have been removed shall be ground and examined by a
surface examination method.

IWA-4624.2 Acceptance Criteria. Acceptance criteria
for examinations required by IWA-4624.1(b) and
IWA-4624.1(c) shall be in accordance with the Construc-
tion Code or Section III.
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Figure IWA-4623.1-1
Temper Bead Welding and Weld Temper Bead Reinforcement

Reinforcement weld

Temper bead layer

Step 3:

Step 2: Remove the weld bead crown of the first layer by
grinding or machining.

Step 1: Butter cavity with one layer of weld metal using 3/32
in. (2.5 mm) diameter coated electrode.

1/2 T max.
  depth

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layers shall be 
deposited with welding electrodes no larger than 5/32 in. 
(4 mm) diameter. Bead deposition shall be performed in 
a manner as shown. Particular care shall be taken in the 
application of the temper bead reinforcement weld at 
the tie-in points as well as its removal to ensure that the 
heat-affected zone of the base metal and the deposited 
weld metal is tempered and the resulting surface is 
substantially flush.
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Figure IWA-4623.2-1
Automatic or Machine (GTAW) Temper Bead Welding

Step 3: Deposit layer three with third layer weld 
parameters used in qualifications. 

Step 2: Deposit layer two with second layer weld 
parameters used in qualifications. 

Step 1: Deposit layer one with first layer weld 
parameters used in qualifications. 

Step 4: Subsequent layers to be deposited as qualified.
Particular care shall be taken in the application
of the temper bead reinforcement weld at the tie-
in points as well as its removal to ensure that the
heat-affected zone of the base metal requiring
Construction Code PWHT and the deposited
ferritic weld metal (if used) is tempered and the
resulting surface is substantially flush.

42

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



IWA-4630 TEMPER BEAD WELDING OF
DISSIMILAR MATERIALS

IWA-4631 General Requirements

(a) Repair/replacement activities on welds that join
P‐No. 8 or P‐No. 43 material to P‐No. 1, 3, 12A, 12B, and
12Cmaterial may bemade without the specified postweld
heat treatment, provided the requirements of (b) and
IWA-4633 and IWA-4634 are met.

(b) Repair/replacement activities in accordance with
this paragraph are limited to those along the fusion line
of a nonferritic weld to ferritic base material where
1/8 in. (3.2 mm) or less of nonferritic weld deposit exists
above the original fusion line after defect removal. If the
defect penetrates into the ferritic base material, welding
of the base material may be performed in accordance with
IWA-4633 provided the depth of the weld in the base ma-
terial does not exceed 3/8 in. (9.5 mm) The repair/replace-
ment activity performed on a completed joint shall not
exceed one‐half the joint thickness. The surface of the
completed weld in the ferritic material shall not exceed
500 in.2 (325,000 mm2).

IWA-4633 Welding Procedure
IWA-4633.1 Shielded Metal-Arc Welding. The proce-

dure shall include the requirements of (a) through (g):

(a) The weld metal shall be deposited using A‐No. 8
weld metal (Section IX, Table QW-442) for P‐No. 8 to
P‐No. 1 or P‐No. 3 weld joints or F‐No. 43 weld metal (Sec-
tion IX, Table QW-432) for either P‐No. 8 or P‐No. 43 to
P‐No. 1 or P‐No. 3 weld joints. The maximum bead width
shall be four times the electrode core diameter.

(b) All covered electrodes used for qualification test
and welding shall be from freshly opened, hermetically
sealed packages or heated ovens maintained between
225°F (110°C) and 350°F (180°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded or shall be baked once in ac-
cordance with the manufacturer’s recommendations and
placed immediately back into the holding ovens. If with-
drawn again for longer than 8 hr, they shall be discarded.

(c) The electrodes may be maintained in heated ovens
in the work area. The oven temperature shall be main-
tained between 225°F (110°C) and 350°F (180°C). Elec-
trodes exposed to the atmosphere for more than 8 hr
shall be discarded or shall be baked once in accordance
with the manufacturer’s recommendations and placed
immediately back into the holding ovens. Electrodes ex-
posed to the atmosphere for more than 8 hr after being
baked once shall be discarded.

(d) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(e) All areas of the ferritic base material, exposed or
not, on which weld metal is to be deposited, shall be cov-
ered with a single layer of weld deposit using 3/32 in.
(2.5 mm) diameter electrodes. The weld bead crown sur-
face shall be removed by grinding or machining before de-
positing the second layer. The second layer shall be
deposited with 1/8 in. (3 mm) diameter electrodes. Subse-
quent layers shall be deposited with welding electrodes
no larger than 5/32 in. (4 mm) in diameter (see Figure
IWA-4633.1-1).

(f) After at least 3/16 in. (5 mm) of weld metal has been
deposited, the weld area shall receive a postweld hydro-
gen bakeout by maintaining it at 450°F to 550°F (230°C
to 290°C) for 4 hr minimum.

(g) Subsequent to the above postweld hydrogen bake-
out, the balance of the welding may be performed using
ambient temperature preheat and a maximum interpass
temperature of 350°F (180°C).

IWA-4633.2 Gas Tungsten-Arc Welding. The proce-
dure shall include the requirements of (a) through (f):

(a) The weld shall be made using A‐No. 8 weld metal
(Section IX, Table QW-442) for P‐No. 8 to P‐No. 1 or
P‐No. 3 weld joints or F‐No. 43 weld metal (Section IX,
Table QW-432) for either P‐No. 8 or P‐No. 43 to P‐No. 1
or P‐No. 3 weld joints.

(b) The weld metal shall be deposited by the automatic
or machine gas tungsten arc weld process using cold wire
feed.

(c) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 300°F (150°C). The
maximum interpass temperature shall be 450°F (230°C).

(d) The cavity shall be buttered with the first three
layers of weld metal as shown in Figure IWA-4633.2-1,
Steps 1 through 3, with the weld heat input for each layer
controlled to within ±10% of that used in the procedure
qualification test. Subsequent layers shall be deposited
with a heat input equal to or less than that used for layers
beyond the third in the procedure qualification (see
Figure IWA-4643.2-1, Step 4). The completed weld shall
have at least one layer of weld reinforcement deposited
and then this reinforcement shall be removed by mechan-
ical means, making the finished surface of the weld sub-
stantially flush with the surface surrounding the weld.

(e) After at least 3/16 in. (5 mm) of weld metal has been
deposited, the weld area shall receive a postweld hydro-
gen bakeout by maintaining it at 450°F to 550°F (230°C
to 290°C) for a minimum of 2 hr in P‐No. 1 materials.
For P‐No. 3 materials, the minimum holding time shall
be 4 hr.

(f) Subsequent to the above postweld hydrogen bake-
out, the balance of the welding may be performed using
ambient temperature preheat and a maximum interpass
temperature of 350°F (180°C).
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Figure IWA-4633.1-1
Temper Bead Welding and Weld Temper Bead Reinforcement of Dissimilar Metal Welds or Buttering

1/2 T max.
  depth

Reinforcement weld

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Step 4:

Step 3: Remove the weld bead crown of the first layer by
grinding or machining.

Step 2: Butter cavity with one layer of weld metal using 3/32
in. (2.5 mm) diameter coated electrode.

Step 1: Prepare cavity and determine axial depth into ferritic 
base material.

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layers shall be 
deposited with welding electrodes no larger than 5/32 in. 
(4 mm) diameter. Bead deposition shall be performed in 
a manner as shown. Particular care shall be taken in the 
application of the temper bead reinforcement weld at 
the tie-in points with the ferritic material as well as its 
removal to ensure that the heat-affected zone of the 
base metal and the deposited weld metal is tempered 
and the resulting surface is substantially flush.
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Figure IWA-4633.2-1
Automatic or Machine (GTAW) Temper Bead Welding of Dissimilar Metal Welds or Buttering

Step 1:

d

Prepare and determine distance d from
original fusion line [See IWA-4631(b)].

Step 2: Deposit layer one with first layer weld
parameters used in qualifications.
This is the only layer that may
contact the ferritic base material.

Ferritic
 base material

Nonferritic
 base material

Ferritic
 base material

Nonferritic
 base material

Step 3: Deposit layers two and three with
second and third layer weld
parameters used in qualifications.

Ferritic
 base material

Nonferritic
 base material

Step 4: Subsequent layers to be deposited as
qualified. NOTE: Particular care shall
be taken in the depositing of the fill layers
to preserve the tempering of the HAZ
of the ferritic base material.

Ferritic
 base material

Nonferritic
 base material
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IWA-4634 Examination
IWA-4634.1 Examination Requirements.
(a) Prior to welding, surface examination shall be per-

formed on the area to be welded. Surface examination
and acceptance criteria shall comply with IWA-4611.2.
(b) For SMAW, the weld shall be examined after the

completed weld has been at ambient temperature for at
least 48 hr. For GTAW, the nondestructive examinations
shall be performed after the completed weld has cooled
to ambient temperature. The examination of the welded
region shall include both volumetric and surface
examination.

IWA-4634.2 Acceptance Criteria. Acceptance criter-
ia for examinations required by IWA-4634.1(b) shall be
in accordance with the Construction Code or Section III.

IWA-4640 TEMPER BEAD WELDING OF
CLADDING

IWA-4641 General Requirements

(a) Repair/replacement activities on austenitic stain-
less steel and nickel base cladding on P‐No. 1, 3, 12A,
12B, and 12C base materials when the ferritic material
is within 1/8 in. (3 mm) of being exposed may be per-
formed by welding without the specified postweld heat
treatments provided the requirements of IWA-4643 and
IWA-4644 are met.
(b) The maximum area of an individual cladding repair

based on the finished surface shal l be 500 in.2

(325,000 mm2), and the depth of the weld into the ferritic
material shall not be greater than 1/4 in. (6 mm) or 10% of
the base metal thickness, whichever is less.

IWA-4643 Welding Procedure
IWA-4643.1 Shielded Metal-Arc Welding. The pro-

cedure shall include the requirements of (a) through (h).
(a) The welds shall be made using A‐No. 8 weld metal

(Section IX, Table QW-442) for austenitic stainless steel
cladding or F‐No. 43 weld metal (Section IX, Table
QW-432) for either austenitic stainless steel or nickel
base cladding.
(b) The maximum bead width shall be four times the

electrode core diameter.
(c) All covered electrodes used for the qualification test

and welding shall be from freshly opened, hermetically
sealed packages or heated ovens maintained between
225°F (110°C) and 350°F (180°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded or shall be baked once in ac-
cordance with the manufacturer’s recommendations and
placed immediately back into the holding ovens. If with-
drawn again for longer than 8 hr, they shall be discarded.
(d) The electrodes may be maintained in heated ovens

in the work area. The oven temperature shall be main-
tained between 225°F (110°C) and 350°F (180°C). Elec-
trodes exposed to the atmosphere for more than 8 hr

shall be discarded or shall be baked once in accordance
with the manufacturer’s recommendations and placed
immediately back into the holding ovens. Electrodes ex-
posed to the atmosphere for more than 8 hr after being
baked once shall be discarded.

(e) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(f) All areas of the base material on which weld metal
is to be deposited shall be covered with a single layer of
weld deposit using 3/32 in. (2.5 mm) diameter electrodes.
The weld bead crown surface of the first layer shall be re-
moved by grinding or machining before depositing the
second layer. The second layer shall be deposited with
1/8 in. (3 mm) diameter electrodes. Subsequent layers
shall be deposited with electrodes no larger than 5/32 in.
(4 mm) diameter.

(g) After completion of welding or when at least 3/16 in.
(5 mm) of weld metal has been deposited, the weld area
shall receive a postweld hydrogen bakeout by maintain-
ing it at 450°F to 550°F (230°C to 290°C) for a minimum
of 2 hr in P‐No. 1 materials. For P‐No. 3 materials, the
minimum holding time shall be 4 hr.

(h) Subsequent to the above postweld hydrogen bake-
out, the balance of the welding, if any, may be performed
using ambient temperature preheat and a maximum in-
terpass temperature of 350°F (180°C).

IWA-4643.2 Gas Tungsten-Arc Welding. The proce-
dure shall include the requirements of (a) through (f).

(a) The welds shall be made using A‐No. 8 weld metal
(Section IX, Table QW-442) for austenitic stainless steel
cladding or F‐No. 43 weld metal (Section IX, Table
QW-432) for either austenitic stainless steel or nickel
base cladding.

(b) The weld metal shall be deposited by the automatic
or machine gas tungsten‐arc weld process using cold wire
feed.

(c) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125mm), whichever is less, shall be preheated andmain-
tained at a minimum temperature of 300°F (150°C). The
maximum interpass temperature shall be 450°F (230°C).

(d) The cavity shall be buttered with the first three
layers of weld metal as shown in Figure IWA-4643.2-1,
Steps 1 through 3, with the weld heat input for each layer
controlled to within ±10% of that used in the procedure
qualification test. Subsequent layers shall be deposited
with a heat input equal to or less than that used for layers
beyond the third in the procedure qualification (see
Figure IWA-4643.2-1, Step 4).

(e) After completion of welding, or when at least 3/16 in.
(5 mm) of weld metal has been deposited, the weld area
shal l receive a postweld hydrogen bakeout by
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maintaining it at 450°F to 550°F (230°C to 290°C) for a
minimum of 2 hr in P‐No. 1 materials. For P‐No. 3 materi-
als, the holding time shall be a minimum of 4 hr.

(f) Subsequent to the above postweld hydrogen bake-
out, the balance of the welding, if any, may be performed
using ambient temperature preheat and a maximum in-
terpass temperature of 350°F (180°C).

IWA-4644 Examination
IWA-4644.1 Examination Requirements.
(a) Prior to welding, surface examination shall be per-

formed on the area to be welded. Examination and accep-
tance criteria shall comply with IWA-4611.2.

(b) For SMAW, the weld shall be nondestructively ex-
amined after the completed weld has been at ambient
temperature for at least 48 hr. For GTAW, the nondestruc-
tive examinations shall be performed after the completed
weld has cooled to ambient temperature. The examina-
tion of the welded region shall include both volumetric
and surface examination.

IWA-4644.2 Acceptance Criteria. Acceptance criter-
ia for examinations required by IWA-4644.1(b) shall be in
accordance with the Construction Code or Section III.

Figure IWA-4643.2-1
Automatic or Machine (GTAW) Temper Bead Welding of Cladding

Step 1: Deposit layer one with first layer weld
parameters used in qualifications.

Step 2: Deposit layer two with second layer 
weld parameters used in qualifications.

Step 3: Deposit layer three with third layer weld
parameters used in qualifications.

Step 4: Subsequent layers to be deposited as
qualified.Ferritic

base metal

Clad

Ferritic
base metal

Clad

Ferritic
base metal

Clad

Ferritic
base metal

Clad

47

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

ð15Þ

IWA-4650 BUTTER BEAD — TEMPER BEAD
WELDING FOR CLASS MC AND FOR
CLASS CC METALLIC LINERS

IWA-4651 General Requirements

(a) Repair/replacement activities on P‐No. 1, Gr. No. 1
and 2 material may be made without the specified post-
weld heat treatment, provided the requirements of (b)
through (h) and IWA-4652 through IWA-4655 are met.
(b) The shielded metal‐arc welding process (SMAW)

using low hydrogen electrodes meeting the coating moist-
ure content requirements of SFA-5.5 shall be used.
(c) The following requirements apply to low hydrogen

electrodes.
(1) After receipt from the electrode manufacturer

and before use, all covered electrodes from hermetically
sealed containers shall be immediately used or placed
into holding or drying ovens operating between 225°F
(110°C) and 350°F (180°C). Covered electrodes from
other than hermetically sealed containers shall be baked
at the electrode manufacturer’s recommended baking
temperature. After baking and before cooling below
225°F (110°C), the electrodes shall be transferred to the
holding or drying ovens and maintained between 225°F
(110°C) and 350°F (180°C).

(2) The electrodes shall be maintained in heated
ovens or heated portable containers in the work area un-
til used. The oven temperature shall be maintained be-
tween 225°F (110°C) and 350°F (180°C). Electrodes
shall be used within 2 hr after removal from the holding
or drying ovens or heated portable containers. Electrodes
removed from heated ovens for more than 2 hr, but less
than 4 hr, shall be returned to a holding oven and held
at a temperature between 225°F (110°C) and 350°F
(180°C) for at least 8 hr before use. Electrodes removed
from heated ovens or heated portable containers for a
period in excess of 4 hr shall be rebaked in accordance
with (1) before use. Electrodes shall not be rebaked more
than once.
(d)Welding materials shall be controlled so that they

are identified as acceptable material until consumed.
(e) Welding material contaminated with oil, grease,

water, or other foreign material shall not be used.
(f) All welding material shall conform to the material

testing requirements of Article NE‐2000 for Class MC or
CC‐2500 for Class CC. For each lot of covered electrodes,
weld metal tests shall be made in accordance with test re-
quirements of NE‐2431.1 for Class MC or CC‐2612.1 for
Class CC, and the coupons shall be tested in the as-welded
condition. Impact test requirements and acceptance cri-
teria shall be as required by the Construction Code and
Owner’s Requirements for the component base metal to
be welded.
(g)Weld metal and heat-affected zones may be peened

to control distortion. Such peening may not be used on
the initial (root) layer of weld metal or on the final (face)
layer.

(h) Fabrication and welding shall be sequenced to mini-
mize the effects of restraint.
(i) Peening intended only to reduce residual surface

tensile stresses is permitted on the interior root surface
and on the final (face) layer. This peening shall be per-
formed after any surface examinations required by
IWA-4654 are completed.

IWA-4652 Welding Qualification
IWA-4652.1 General Requirements. The welding

procedure and welders shall be qualified in accordance
with Section IX and the additional requirements of Sec-
tion III , except as modified or supplemented by
IWA-4652.2 through IWA-4652.4.

IWA-4652.2 Procedure Qualification. Welding pro-
cedure qualification tests shall be performed in accor-
dance with Section IX for groove welds and the
additional requirements of Article NE‐4000 for Class MC
or Article CC‐4000 for Class CC. Impact test requirements
and acceptance criteria shall be as required by the Con-
struction Code and Owner’s Requirements for the compo-
nent base material.

IWA-4652.3 Performance Qualification. The
welders shall be qualified on a radiographically examined
groove weld test in accordance with Section IX and by
performance of the production test required by
IWA-4652.4. The welder shall use the production Welding
Procedure Specification and simulate typical physical
obstructions.

IWA-4652.4 Production Test. In addition to the pro-
cedure qualification test requirements of IWA-4652.2,
one production test is required prior to any welding. A
production test simulates welding using the variables
listed in (a) and (b). A production test assembly may con-
sist of one or more production tests.
(a) The production test base material that represents

the pressure boundary shall be of the same material spec-
ification, type, class, group number, or grade as the pres-
sure boundary material to be welded. All other material
shall be of the same P‐Number as those to be used in
the repair/replacement activity. When the original mate-
rial is no longer manufactured, material similar to the ori-
ginal material specification may be substituted.
Electrodes used for the production test shall be the same
specification and classification as those used for the weld
and shall be treated as required by IWA-4651(c).
(b) The production test shall simulate the repair/re-

placement weld. The following parameters shall be
recorded:

(1) all essential and supplementary essential vari-
ables listed for the process in Section IX.

(2) nominal pressure boundary base metal thickness.
(3)maximum nominal attachment base metal

thickness.
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(4)weld joint geometry (including joint design and
fit up tolerances) and the maximum nominal weld thick-
ness. For fillet welds, the nominal thickness is the throat
thickness, and for groove welds, the nominal thickness is
the depth of the weld groove.

(5) restraint on the weld joint. The restraint shall be
maintained on the production test assembly for a mini-
mum of 48 hr after the completed weld has reached am-
bient temperature.

(6)weld sequencing (both fabrication steps and or-
der of bead sequence).

(7)weld position (see Section IX).

(8)water backing and water temperature within spe-
cified tolerances, as applicable.

(9) actual weld electrode size to be used for the but-
ter bead layer and the temper bead layer.

(10) range of electrode sizes to be used to complete
the weld joint.

(11) preheat and preheat maintenance within toler-
ances specified in the Welding Procedure Specification.

(12) guides, templates, and fixtures used for weld
placement, as applicable.

(13)maximum temper bead edge clearance (dimen-
sion S) as shown in Figures IWA-4652.4-1 and
IWA-4652.4-2 and the minimum temper bead edge
clearances.

(14)maximum weave width for the butter bead
layer.

(c) The production test shall be of sufficient size to per-
mit removal of the test specimens required in (d).

(d) The production test shall be evaluated as follows:

(1) visual examination in accordance with Article
IWA-2000 (VT‐3) for compliance with the Welding Proce-
dure Specification.

(2) surface examination and acceptance of the welds
in the completed test assembly in accordance with Sub-
section NE for Class MC or Subsection CC for Class CC.

(3) Examination of two cross sections for each pro-
duction test is required. The cross sections shall be po-
lished, etched, and examined at 10× magnification.
Cross sections containing cracks or other deleterious con-
ditions shall be cause for rejection of the production test.

(4) A minimum of two micro‐hardness traverses
shall be taken from one cross section for each production
test. The traverses shall be taken from areas of maximum
anticipated hardness including the toe of the butter bead
layer as shown in Figure IWA-4652.4-1. The indentation
spacing of the heat-affected zone (HAZ) microhardness
traverse shall consist of not less than ten indentations.
Hardness values for the traverse shall be recorded. The
maximum hardness for the pressure boundary HAZ shall
not exceed 400 KHN (500 g load).

IWA-4653 Welding Technique

Welding shall be in accordance with the following:
(a) Prior to welding, the area to be welded shall be ex-

amined by magnetic particle or liquid penetrant methods
in accordance with Subsection NE for Class MC or Subsec-
tion CC for Class CC.

(b) All surfaces to be welded and the surrounding areas
shall be clean and free of scale, rust, moisture, or other
surface contaminants.

(c) The minimum preheat temperature specified in the
Welding Procedure Specification and the production test
(IWA-4652.4) shall be maintained during tack welding
and until completion of the weld.

(d) The maximum interpass temperature shall be
500°F (260°C).

(e) Welding shall consist of the application of a butter
bead layer, followed by temper beads or a temper bead
layer. Butter bead and alternate temper bead placement
is shown in Figure IWA-4652.4-1, detail (a). Similar appli-
cation of the temper bead technique for the reinforce-
ment of fillet welds is shown in Figure IWA-4652.4-2.
The technique described in this paragraph shall be per-
formed in the production test and actual work.

(f) No postweld heat treatment is required.

IWA-4654 Examination
IWA-4654.1 Examination Requirements.
(a) Prior to welding, surface examination shall be per-

formed on the area to be welded. Examination and accep-
tance criteria shall comply with IWA-4611.2.

(b) The completed weld shall be VT‐1 visually exam-
ined in accordance with IWA-2200.

(c) The completed weld and a band 1 in. (25 mm) on
either side of the weld shall be examined by the magnetic
particle method after the completed weld has been at am-
bient temperature for at least 48 hr.

IWA-4654.2 Acceptance Criteria. Acceptance criter-
ia for examinations required by IWA-4654.1(c) shall be in
accordance with the Construction Code or Section III. The
acceptance criteria of Subsection NE shall be used for
Class MC items and the acceptance criteria of Subsection
CC shall be used for Class CC items.

IWA-4655 Welding Techniques

(a) Defects contained wholly in the weld metal shall be
corrected in accordance with NE‐4400 for Class MC or
CC‐4540 for Class CC, except as noted in (b).

(b) Improper application of the temper bead or defects
in the butter bead or temper bead shall be corrected by
application of a new butter bead and temper bead as
shown in Figure IWA-4655-1.

(c) The repair technique for undercut greater than
1/32 in. (1 mm) is shown in Figure IWA-4655-2.

49

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure IWA-4652.4-1
Temper Bead Technique

0.010 in. (0.25 mm)
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  [see detail (c)]
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Detail (b)Detail (a)

0

Typical microhardness
  traverse location
  [see detail (c)]

Temper bead
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  [see detail (c)]
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  pressure
  boundary)

Attachment

GENERAL NOTES:
(a) Butter layer may also be deposited as weave bead between butter bead or temper bead.
(b) If weave bead is used, initial and final weave passes must be accompanied by temper bead.
(c) If stringer technique is used, ends of stringer passes must be accompanied by temper bead.
(d) In electrode selection, preference should be given to electrode types with as-welded yield strengths which do not greatly exceed the mini-

mum tensile strength specified for the base metal.
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IWA-4660 UNDERWATER WELDING

IWA-4661 Scope and General Requirements

(a) These requirements14 are for dry or wet under-
water welding.

(b) The terms and definitions of ANSI/AWS D3.6M, “Un-
derwater Welding Code,” shall be used.

(c) Welding of P‐No. 1, P‐No. 8, and P‐No. 4X materials
may be performed under water provided the welding pro-
cedures and welders or welding operators are qualified in
accordance with Section IX as modified by IWA-4662 or
IWA-4663, as applicable.

(d) Dry underwater welding may be performed with
GMAW, GTAW, LBW, PAW, SMAW, or a combination of
these processes.

(e) Wet underwater welding may be performed with
GMAW (FCAW‐type only), LBW, SMAW, or a combination
of these processes.

(f) IWA-4660may not be used for welding of irradiated
materials other than P-No. 8 materials containing less
than 0.1 APPM15 measured or calculated helium content
generated through irradiation.

IWA-4662 Additional Variables for Dry
Underwater Welding

IWA-4662.1 Procedure Qualification. Welding pro-
cedure specifications for dry underwater welding shall
be qualified in accordance with the requirements of Sec-
tion IX and applicable impact testing requirements of
the Construction Code for groove welds. The following
variables also apply.

(a) Additional essential variables:

(1) A change in the method for underwater transport
and storage of filler material (e.g., from sealed packages to
exposed).

(2) Addition or deletion of waterproof or supplemen-
tary coatings for the filler metal or a change in the type of
any waterproof or supplementary coatings.

(3) A change in depth beyond that qualified in accor-
dance with Table IWA-4662.1-1.

(4) A change in the nominal background gas
composition.16

(5) For SMAW and FCAW, use of a larger diameter
electrode than that used in qualification.

ð15ÞFigure IWA-4652.4-2
Illustration of the Temper Bead Technique for Reinforcement of Existing Fillet Welds

NOTE:
(1) See Figure IWA-4652.4-1, Detail (a) or (b).
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Figure IWA-4655-1
Welding Techniques for Improper Temper Bead Spacing

GENERAL NOTE: 1/32 in. = 1 mm
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ð15ÞFigure IWA-4655-2
Example of Weld Undercut Welding Technique

GENERAL NOTE: 1/32 in. = 1 mm

NOTE:
(1) Preparation of the area to be repaired shall be in accordance with IWA-4300.
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(6) For P‐No. 1 material, a decrease in the minimum
distance from the point of welding to the wetted surface
in any direction, when the minimum distance is less than
6 in. (150 mm)

(7) For P‐No. 1 material, the supplementary essential
variables of Section XI apply to nonimpact‐tested base
metal when the minimum distance from the point of
welding to the wetted surface in any direction is less than
6 in. (150 mm)

(b) Additional nonessential variables:

(1) For SMAW and FCAW, an increase in time of elec-
trode exposure to the underwater environment.

(2) A change in the method of protecting, removing
moisture from, or otherwise conditioning bare filler metal
and bare electrodes in the underwater environment.

IWA-4662.2 Performance Qualification. Welders
and welding operators for dry underwater welding shall
be qualified in accordance with Section IX and the vari-
ables listed below. When a welder or welding operator
has not welded with a process in a dry underwater envi-
ronment for at least six months, the qualifications for that
underwater process shall expire.

(a) A change in welding mode (i.e., dry chamber, dry
spot, or habitat).

(b) A change in the SFA specification AWS filler metal
classification, or if not conforming to an AWS filler metal
classification, a change in the manufacturer’s trade name
for the electrode or filler metal.
(c) Addition or deletion of supplementary coatings for

the filler metal or a change in the type of any supplemen-
tary coatings.
(d) A change in depth beyond that qualified in accor-

dance with Table IWA-4662.1-1.
(e) For SMAW and GMAW, use of a larger diameter

e lec t rode than that used dur ing per formance
qualification.

IWA-4663 Additional Variables for Wet
Underwater Welding

IWA-4663.1 Procedure Qualification. Welding pro-
cedure specifications for wet underwater welding shall
be qualified to the requirements of Section IX for groove
welds, except that for P‐No. 1 base metals, the supplemen-
tary essential variables of Section IX apply to nonimpact‐
tested base metal. The following variables also apply.
(a) Additional essential variables:

(1) A change in the method for underwater transport
and storage of filler material (e.g., from sealed packages to
exposed).

(2) Addition or deletion of waterproof or supplemen-
tary coatings for the filler metal or a change in the type of
any waterproof or supplementary coatings.

(3) A change in electrode diameter beyond the range
used in qualification.

(4) A change in depth beyond that qualified in accor-
dance with Table IWA-4662.1-1.

(5) A change in the SFA specification AWS filler metal
classification, or, if not conforming to an AWS filler metal
classification, a change in the manufacturer’s trade name
for the electrode or filler metal.

(6) Addition of welding positions other than those
qualified in accordance with Table IWA-4662.1-2.

(7) A change from upward to downward, or vice ver-
sa, in the progression specified for any pass of a vertical
weld.

(8) A change from the stringer bead technique to the
weave bead technique, or vice versa. For P‐No. 8 and
P‐No. 4X base metals, this variable applies only to the ver-
tical position.

(9) A change from ac to dc, or vice versa, and, in dc
welding, a change from electrode negative (straight polar-
ity) to electrode positive (reverse polarity), or vice versa.

(10) A change from wet backside to dry backside for
backing thickness less than 1/4 in. (6 mm).

(11) For P‐No. 1 base metal carbon equivalents as
calculated in accordance with Figure IWA-4663.1-1, an in-
crease in the carbon equivalent beyond that of the proce-
dure qualification test coupon.

(12) An increase in the time of electrode exposure to
water at qualification depth.

Table IWA-4662.1-1
Depth Limitations for Underwater Welding

Qualification

Type of Welding

Max. Depth
Qualified
[Note (1)]

Min. Depth
Qualified [Note (2)]

Dry Welding D plus 33 ft
(10 m)

D minus 33 ft (10 m)

Wet Welding with A‐No.
8 Filler Metals

D plus 10 ft
(3 m)

D minus 33 ft (10 m)

Wet Welding with F‐No.
4X Filler Metals

D D minus 33 ft (10 m)

Wet Welding with Other
Than A‐No. 8 and
F‐No. 4X Filler Metals

D plus 33 ft
(10 m)

D minus 33 ft (10 m)
[Note (3)]

GENERAL NOTE: D is qualification test depth.

NOTES:
(1) For the maximum depth qualified, depth shall be measured from

the lower extremity of the test weldment with a tolerance of plus
or minus 9 in. (230 mm).

(2) For the minimum depth qualified, depth shall be measured from
the upper extremity of the test weldment with a tolerance of
plus or minus 9 in. (230 mm).

(3) Welds at depths less than 10 ft (3 m) require qualification at the
production weld minimum depth.

54

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

(13) For P‐No. 1 base materials, a change from multi-
pass per side to single pass per side.

(b) Additional nonessential variable: a decrease in in-
cluded angle, a decrease in root opening, or an increase
in root face.

IWA-4663.2 Performance Qualification. Welders
and welding operators for wet underwater welding shall
be qualified in accordance with Section IX and the vari-
ables listed below. For all base metals, bend testing shall
be performed in accordance with requirements of Section
IX, QW-302.1. Alternatively, testing may be by radio-
graphic examination in accordance with Section IX,
QW-302.2. When a welder or welding operator has not
welded with a process in a wet underwater environment
for at least six months, the qualifications for welding with
that process underwater shall expire.

(a) A change in the SFA specification AWS filler metal
classification, or, if not conforming to an AWS filler metal
classification, a change in the manufacturer’s trade name
for the electrode or filler metal.

(b) Addition or deletion of waterproof or supplemen-
tary coating for the filler metal or a change in the type
of any waterproof or supplementary coatings.

(c) A change from salt or borated water to fresh water.
(d) Use of a larger diameter electrode than that used

during performance qualification.
(e) A change in depth beyond that qualified in accor-

dance with Table IWA-4662.1-1.
(f) Addition of welding positions other than those qual-

ified in accordance with Table IWA-4662.1-2.
(g) A change in polarity or type of power source (e.g.,

rectifier, motor‐generator, inverter).
(h) A change from stringer bead to weave technique.
(i) A change in the welder’s view from beneath to

above the water surface.
(j) A decrease in the included angle, a decrease in root

opening, or an increase in the root face.

IWA-4664 Filler Metal Qualification

(a) Filler metal qualification testing in accordance with
(b), (c), and (d) is required for the following:

(1) each heat and lot of filler metal used for wet
welding

(2) each heat and lot of flux-coated or flux-cored elec-
trode used for dry welding

(3) each waterproof coating type
(4) each supplementary coating type

(b) An all‐weld‐metal coupon and a weld pad shall be
prepared using the production welding procedure at a
depth such that the depth of the production weld will
be within the depth limitations of Table IWA-4662.1-1.

(1) For material that conforms to an SFA specifica-
tion, the coupons shall be prepared in accordance with
the applicable SFA specification.

Table IWA-4662.1-2
Procedure and Performance Qualification — Position Limitations

Qualification Test

Position and Type of Weld Qualified [Note (1)]

Plate Pipe

Weld Plate or Pipe Positions Groove Fillet Groove Fillet

Plate‐groove 1G F F F F
2G H H H H
3G V V
4G O O

Pipe‐groove 1G F F F F
2G H H H H
5G F, V, O F, V, O F, V, O F, V, O
6G All All All All

NOTE:
(1) Positions of welding:

F = Flat
H = Horizontal
V = Vertical
O = Overhead

Figure IWA-4663.1-1
Carbon Equivalency Calculation

CE � C + 
Mn + Si 

6 
+ 

Cr + Mo + V 
5 

+ 
Ni + Cu 

15 

GENERAL NOTE: The chemical analysis for carbon equivalent cal-
culations for the production base material may be obtained from
the mill test certificate or chemical analysis. If chemical analysis is
not available for Cr, Mo, V, Ni, and Cu, the carbon equivalent may

be determined by using 0.1 for the term .
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(2) For material that does not conform to an SFA
specification, the coupons shall be prepared in accor-
dance with the SFA specification most nearly matching
that material (e.g., for ferritic covered electrodes,
SFA-5.1).

(c) The coupons shall be tested as follows.

(1) The ferrite number shall be directly measured
from the weld pad for austenitic stainless steel, Section
IX, Table QW-442, A‐No. 8 filler metal.

(2) One all‐weld‐metal specimen shall be tension
tested.

(3) As‐deposited chemical composition shall be de-
termined from the weld pad in accordance with the ap-
plicable SFA specification or the SFA specification most
nearly matching the material.

(4) For ferritic weld metal, Charpy V‐notch absorbed
energy shall be determined in accordance with IWA-4665
and, if applicable, the Construction Code.

(d) The qualification testing acceptance criteria shall be
as follows.

(1) The ferrite number shall meet the requirements
of the Construction Code.

(2) The ultimate tensile strength shall meet the mini-
mum tensile strength specified for either of the base me-
tals to be joined.

(3) The chemical composition shall meet the applic-
able SFA specification requirements for the as‐deposited
chemical composition. For material that does not conform
to an SFA specification, the chemical composition shall
meet the requirements specified in the WPS.

(4) Charpy V‐notch absorbed energy shall meet the
requirements of IWA-4665(b) and, if applicable, the Con-
struction Code.

IWA-4665 Charpy V-Notch Testing
Requirements

(a) Charpy V‐notch tests of the weld metal shall be per-
formed at 32°F (0°C). Number, location, and orientation
of the test specimens shall be as follows.

(1) The specimens shall be removed from a location
as near as practical to a depth of one‐half the thickness
of the deposited weld metal.

(2) The Charpy V‐notch test shall be performed in ac-
cordance with SA-370. Specimens shall be in accordance
with SA-370, Figure 11, type A. A test shall consist of a
set of three full‐size 10 mm × 10 mm specimens. The ab-
sorbed energy and the test temperature, as well as the or-
ientation and location of the tests performed, shall be
reported in the Procedure Qualification Record.

(b) The averages of the three weld metal impact tests
shall be not less than 25 ft‐lb (34 J).

(c) Charpy V‐notch tests of the weld metal are not re-
quired for austenitic (A‐No. 8) or nickel‐base (F‐No. 4X)
filler material.

IWA-4666 Examination

The examination requirements of the Construction
Code or Section III shall be met for completed welds.
When the nondestructive examinations required by this
Division or the Construction Code cannot be performed
or will not provide meaningful results because of the un-
derwater environment, the following alternative require-
ments apply.

IWA-4666.1 Surface Examination. In lieu of any re-
quired surface examination, the following apply:
(a) A surface examination shall be conducted with an

ultrasonic or eddy current surface examination procedure
qualified for the underwater environment.
(b) If ultrasonic and eddy current methods cannot be

performed or will not provide meaningful results, the sur-
face shall be VT‐1 visually examined with a procedure
meeting the requirements of IWA-2200.
(c) Ultrasonic, eddy current and visual surface indica-

tions shall be evaluated using the surface examination ac-
ceptance criteria of the Construction Code, Section III, or
this Division.
(d) Personnel performing visual examinations shall be

qualified in accordance with IWA-2300 for performance
of VT‐1 visual examinations and shall have received addi-
tional training in examination of weldments for fabrica-
tion conditions, including dimensional requirements and
fabrication flaws.

IWA-4666.2 Volumetric Examination. In lieu of any
required volumetric examination, the following apply:
(a) A volumetric examination shall be conducted with

an ultrasonic examination procedure. The ultrasonic ex-
amination shall be conducted in accordance with Section
V, Article 4. Indications shall be evaluated using the volu-
metric acceptance criteria of the Construction Code, Sec-
tion III, or this Division.
(b) If the ultrasonic method cannot be performed or

will not provide meaningful results, a surface examination
shall be performed on the root pass and on the finished
weld in accordance with IWA-4666.1.

IWA-4670 AMBIENT TEMPERATURE TEMPER
BEAD WELDING

Ambient temperature preheat may be used for welding
similar materials, dissimilar materials, inlays, onlays, and
overlays, with the additional requirements in IWA-4671
through IWA-4673.

IWA-4671 General Requirements

(a) Repair/replacement activities are limited to P-Nos.
1, 3, 12A, 12B, and 12C materials, and their associated
welds, and welds joining P-No. 8 or P-No. 43 materials
to P-Nos. 1, 3, 12A, 12B, and 12C materials. Welding shall
not be used to repair SA-302, Grade B material, unless the
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material has been modified to include nickel content of
0.4% to 1.0%, quenching and tempering, and application
of a fine grain practice.

(b) The maximum area of an individual weld based on
the finished surface over the ferritic material shall be
1,000 in.2 (650 000 mm2) for full circumferential weld
overlays and 500 in.2 (325 000 mm2) for all other applica-
tions, and, except as permitted in (1), the depth of the
weld shall not be greater than one half of the ferritic base
metal thickness.

(1) Through-wall circumferential welds are per-
mitted if the following requirements are met:

(-a) For repair/replacement activities associated
with existing welds, the existing weld (including any asso-
ciated buttering) shall be removed in its entirety.

(-b) Temper bead buttering shall be applied across
the entire face of the weld preparation area on the base
materials requiring tempering and shall extend around
the full circumference of the joint.

(c) Repair/replacement activities on a dissimilar-metal
weld are limited to those along the fusion line of a nonfer-
ritic weld to ferritic base material on which 1/8 in. (3 mm)
or less of nonferritic weld deposit exists above the origi-
nal fusion line.

(d) If a defect penetrates into the ferritic base material,
repair of the base material, using a nonferritic weld filler
material, may be performed, provided the depth of repair
in the base material does not exceed 3/8 in. (10 mm).

(e) Prior to welding, the area to be welded and a band
around the area of at least 11/2 times the component thick-
ness or 5 in. (130 mm), whichever is less, shall be at least
50°F (10°C).

(f) Except on the initial and final layers, peening may
be used.

IWA-4672 Welding Procedure Requirements
The procedure sha l l i n c l ude the f o l l ow ing

requirements:
(a) The weld metal shall be deposited using the auto-

matic or machine GTAW process.
(b) Themaximum interpass temperature for field appli-

cations shall be 350°F (180°C) for all weld layers, regard-
less of the interpass temperature used during
qualification. The interpass temperature limitations of
Section IX, QW-406.3 and QW-406.8 need not be applied.

(c) The interpass temperature shall be determined by
direct measurement (e.g., pyrometers, temperature-
indicating crayons, thermocouples) during welding. If di-
rect measurement is impractical (e.g., because of geo-
metric limitations or radiological reasons), interpass
temperature shall be determined in accordance with the
following:

(1) heat flow calculations, including the following
variables:

(-a) welding heat input

(-b) initial base material temperature
(-c) configuration, thickness, and mass of the item

being welded
(-d) thermal conductivity and diffusivity of the

materials being welded
(-e) time per weld pass and delay time between

each pass
(-f) time to complete the weld

(2)Measurement of the actual interpass temperature
on a test coupon not thicker than the item to be welded.
The maximum heat input of the welding procedure shall
be used in the welding of the test coupon.

(d) Particular care shall be given to ensure that the
weld region is free of potential sources of hydrogen.
The surfaces to be welded, filler metal, and shielding
gas shall be suitably controlled.

IWA-4673 Examination

(a) Except as permitted in (1), the following examina-
tions shall be performed in accordance with the Construc-
tion Code or Section III:

(1) Prior to repair welding, surface examination shall
be performed on the area to be welded. If surface exami-
nation materials cannot be cleaned from crevices in the
area to be welded (e.g., trapped in crevices remaining
after removal of the full thickness of a partial penetration
or fillet weld), VT-1 visual examination shall be per-
formed, provided the requirements of (b) are met.

(2) If ferritic materials are used, the weld shall be
nondestructively examined after the completed weld
has been at ambient temperature for at least 48 hr. If aus-
tenitic materials are used, the weld shall be nondestruc-
tively examined after the three tempering layers (i.e.,
layers 1, 2, and 3) have been in place for at least 48 hr. Ex-
amination of the welded region shall include both
volumetric and surface examination methods. Demon-
stration for ultrasonic examination of the repaired vol-
ume is required using representat ive samples
containing construction-type flaws.

(3) Areas from which weld-attached thermocouples
have been removed shall be ground and examined using
a surface examination method.

(4) Acceptance criteria for surface and volumetric ex-
amination shall be in accordance with the Construction
Code or Section III.

(b) VT-1 visual examinations performed in accordance
with (a)(1) shall meet the following:

(1) VT-1 visual examination shall be performed using
a procedure meeting requirements of IWA-2210.

(2) VT-1 visual examination personnel shall be qual-
ified in accordance with IWA-2300 and shall receive addi-
tional training in examination of weldments for
fabrication conditions, including dimensional require-
ments and fabrication flaws.
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(3) Visual examination acceptance standards shall
comply with the following:

(-a) Linear indications are indications in which the
length is more than three times the width. Rounded indi-
cations are circular or elliptical with length not more than
three times the width.

(-b) Only indications with major dimensions
greater than 1/16 in. (1.5 mm) shall be considered relevant.
The following relevant indications are unacceptable:

(-1) any cracks or linear indications
(-2) rounded indications with major dimensions

greater than 3/16 in. (5 mm)
(-3) four or more rounded indications in a line

separated by 1/16 in. (1.5 mm) or less edge to edge
(-4) ten or more rounded indications in any

6 in.2 (4 000 mm2) of surface, with major dimension of
this area not to exceed 6 in. (150mm), with the area taken
in the most unfavorable location relative to the indication
being evaluated

IWA-4700 HEAT EXCHANGER TUBING

IWA-4710 PLUGGING
IWA-4711 Explosive Welding

If explosive welding is used to weld plugs to Class 1
heat exchanger tubes or heat exchanger tubesheet bore
holes, the requirements of IWA-4711.1 through
IWA-4711.4 shall be met. These requirements may be
used for Class 2 and Class 3 heat exchangers.

IWA-4711.1 General Requirements.
(a)Material used in manufacturing plugs shall be pro-

duced in compliance with requirements of a SA or SB ma-
terial specification or any other material specification that
has been approved for Section III.
(b) Each plug shall be traceable to a Certified Material

Test Report that indicates the mechanical properties
and chemistry.
(c) Records shall be maintained by the Owner, and shall

include the following:
(1) plugging procedure
(2)welding procedure qualifications
(3)welding operator performance qualifications
(4)material certifications
(5) location of all plugged tubes or holes
(6) results of heat exchanger examinations required

by this Subparagraph
(7) specific tubes or holes plugged by each welding

operator
(d) Records of the procedure and welder qualification

shall include the results of all tests required by
IWA-4711.2, and shall be certified by the Repair/Replace-
ment Organization. The Procedure Qualification Records
shall include a description of all essential and nonessen-
tial variables [IWA-4711.2.1(a) and IWA-4711.2.1(b)].
The operator performance qualification record shall also

list the procedure number and revision that was used
for testing; the record of operator experience shall be
kept current.

IWA-4711.2 Welding Qualification.
IWA-4711.2.1 Procedure Qualifications. The

Welding Procedure Specification for plugging shall be
qualified as a new procedure specification and shall be
completely requalified if any of the essential variables
listed below are changed. Nonessential variables may be
changed without requalification, provided the Welding
Procedure Specification is amended to show these
changes.
(a) Essential Variables

(1) a change in the P‐Number classification (Section
IX, Table QW/QB-422) of any of the materials being
joined. This includes the tube, plug, tubesheet, or tube-
sheet cladding. If the plug is to be joined to any part of
the tubesheet cladding, this cladding must be duplicated
in the procedure qualification. Materials not listed under
a P‐Number require separate qualification.

(2) a decrease in the nominal design tube wall thick-
ness of 10% or more (if the plug is welded to the tube).

(3) a change in the tubesheet hole pattern.
(4) a decrease in the proximity of two simultaneously

detonated parts.
(5) any increase in the number of plugs to be simul-

taneously detonated.
(6) a change in detail controlling explosive densities

and charge‐to‐mass ratios.
(7) a change in the type of explosive.
(8) a change of 10% or more in the explosive charge

mass.
(9) a decrease of 15% or more in the tubesheet

ligament.
(10) the deletion of cleaning of the tube, plug, or hole

contact surfaces, or a change in the cleanliness require-
ments (including surface oxide removal) for such surfaces
prior to explosive welding.

(11) a change of whether or not the tubes had been
expanded into contact with the tubesheets in the areas
where bonding occurs.

(12) any change in the nominal plug configuration.
(13) a change of 10% or more in the clearance

(stand‐off) between the tube or hole and the plug in the
bonding area.
(b) Nonessential Variables

(1) a change in the P‐Number of tubesheet material
for tube plugging (when plug is not joined to tubesheet)

(2) a change in the tubesheet cladding (when the
plug is not joined to the cladding) when the explosive
charge is installed within one tube diameter of the clad-
ding metal

(3) for tube plugging, a change in the tube‐to‐
tubesheet seal welding procedure when the explosive
charge is installed within one tube diameter of the tube‐
to‐tubesheet seal weld [see (c)(3)]
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(c) Test Assembly

(1) The procedure qualification shall be made on a
test assembly that simulates the conditions to be used
in production with respect to position, tube hole pattern,
and the essential variables listed in this Subparagraph.

(2) The test assembly tubesheet thickness shall be as
thick as the production tubesheet, except that it need not
be 1 in. greater than the length of the explosive plug.

(3)When the explosive charge in the heat exchanger
is to be placed less than one tube diameter from cladding
or a tube‐to‐tubesheet weld, the qualification test assem-
bly shall also contain cladding or tube‐to‐tubesheet
welds, as applicable.

(4) The minimum number of explosive welds re-
quired for procedure qualification shall be 10 welds made
consecutively.

(d) Examination of Test Assembly

(1)When cladding or welds are required per (c)(3),
such cladding and tube‐to‐tubesheet welds shall be exam-
ined by the liquid penetrant method and shall comply
with the acceptance standards of Article NB‐5000.

(2) Each plug weld and tube‐to‐tubesheet weld
(when applicable) shall be sectioned longitudinally to re-
veal four cross‐sectional faces, 180-deg apart. After pol-
ishing and etching the four faces, each explosive weld
joint area shall be metallographically examined at
50× or greater magnification for the length of the explo-
sive bond. The bonding shall be considered acceptable if
there is a minimum of five times the nominal tube wall
thickness of continuous bond between the plug and tube
or tubesheet on each cross‐sectioned face. Each tube‐to‐
tubesheet weld examination (if applicable) shall be con-
sidered acceptable if it is free from explosively produced
cracks as determined visually using 10× magnification.

(3) Ligament distortion caused by explosive welding
is unacceptable when the adjacent tube I.D. is reduced be-
low the diameter of the tube plug.

(4) The procedure shall be considered qualified if all
10 of the required, consecutively made explosive welds
are found to be acceptable.

IWA-4711.2.2 Performance Qualifications. Tube
plugging by explosive welding shall be performed by
welding operators who have first been qualified in accor-
dance with the following requirements.

(a) Required Tests. The welding operator shall prepare
(if applicable), install, and detonate consecutively a mini-
mum of five plugs in conformance with an explosive plug
Welding Procedure Specification. Acceptance of these
plug welds qualifies the operator for welding with all
other explosive plug welding procedures.

(b) Examination of Test Assembly. The five plugs shall be
examined in accordance with the requirements of
IWA-4711.2.1(d). All five welds must meet these accep-
tance standards for performance qualification to be
accepted.

(c) Renewal of Qualification. Renewal of qualification of
an explosive plug welding operator’s performance is re-
quired when the operator has not used the process for
six months or longer, or when there is specific reason to
question his ability to make quality welds in accordance
with the procedure. Renewal of qualification shall be
identical to the initial qualification, except that only one
tube plug explosive weld need be made.

IWA-4711.3 Plugging Procedure Specification. The
written plugging procedure specification shall delineate
all the requirements of the repair/replacement activity,
including the following:

(a) safety requirements
(b) plug material, dimensions, and certification

requirements
(c) essential and nonessential variables of the explo-

sive welding process
(d) preparation or cleaning of the plug, tube, and tube-

sheet bore hole, if required
(e) detonation of the charge
(f) nondestructive examination
(g)method of verifying that both ends of the same tube

or tubesheet bore hole are to be plugged

IWA-4711.4 Examination. The final examination
shall be a VT‐1 visual examination in accordance with
IWA-2200, looking for proper installation and correct
location.

IWA-4712 Fusion Welding

The requirements of IWA-4712.1 through IWA-4712.5
shall be met when manual, machine, or automatic welding
is used to join plugs to Class 1 heat exchanger tubes of
P‐Nos. 8 and 4x material or tubesheet holes of austenitic
stainless steel or nickel base material. These require-
ments may be used for Classes 2 and Class 3 heat
exchangers.

IWA-4712.1 Material Requirements.
(a)Material shall be in accordance with the require-

ments of an SA, SB, SFA, or any other material specifica-
tion accepted for use by Section III. Material produced
to a weld filler metal chemistry shall meet the filler mate-
rial requirements of Article NB‐2000.

(b)Material shall be traceable to a Certified Material
Test Report (CMTR).

IWA-4712.2 Welding Qualifications. Welding Proce-
dure Specifications (WPS) and welders or welding opera-
tors shall be qualified in accordance with Section IX and
the additional requirements and exceptions of this
Subparagraph.

(a) Procedure Qualification
(1)Welds shall be made using the shielded metal‐arc

welding (SMAW), gas tungsten‐arc welding (GTAW), or
gas metal‐arc welding (GMAW) process. Short‐circuiting
arc GMAW shall not be used.
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(2) A separate qualification is required for any
change in the P‐Number, A‐Number, or F‐Number of the
plug, tube, sleeve, filler metal, or cladding. A separate qua-
lification is also required when the material has no
P‐Number, A‐Number, or F‐Number.

(3) If the plug is welded to the cladding, the cladding
shall be considered as base material. The qualification
test coupon may simulate the cladding by either of the
following:

(-a) Cladding with 3/16 in. (5 mm) thickness shall
be deposited using any qualified WPS that results in the
chemical analysis of the deposited cladding nominally
matching the chemical analysis of the cladding on the
item to be welded.

(-b) Wrought material shall be used. A‐No. 8 clad-
ding may be simulated by P‐No. 8 material. F‐No. 4X clad-
ding may be simulated by similar P‐No. 4X material.

(4) The following essential variables, in addition to
those specified by Section IX, apply and shall be listed
on the WPS:

(-a) a change of more than 1/16 in. (1.5 mm) in the
extension or recess of either the tube relative to the tube-
sheet or the plug relative to the material being joined
(tube, sleeve, or tubesheet) (see Figure IWA-4712.2-1)

(-b) 10% change in the plug thickness at the weld
location

(-c) 10% change in the nominal wall thickness of
the tube or sleeve, when the plug is welded to the tube
or sleeve

(-d) decrease of 10% or more in the specified
width of the ligament between tube holes when the spe-
cified width is less than 3/8 in. (10 mm) or three times
the specified tube wall thickness, whichever is greater

(5) The tubesheet in the test assembly shall be at
least as thick as the production tubesheet, but need not
exceed 11/2 in. (38 mm).

(6) In lieu of the examination and test requirements
of Section IX, five consecutive welds of the test assembly
shall be examined using a liquid penetrant method in ac-
cordance with IWA-2200 and shall meet the acceptance
standards of NB‐5350. These welds shall then be cross
sectioned longitudinally through the center of each plug.
The thickness of the assembly may be reduced to facilitate
sectioning. One section of each plug shall be polished,
etched, and visually examined at 10× magnification. The
weld throat and minimum leakage path shall not be less
than that required by the Construction Code and Owner’s
Requirements. The welds shall be free of cracks and lack
of fusion. Porosity shall not reduce the weld throat below
the required minimum thickness in the leakage path.

(b) Performance Qualification

(1) The test assembly for performance qualification
for welders and welding operators shall be the same as
for any welding procedure qualification in accordance
with the requirements of (a).

(2) For welders and welding operators, five consecu-
tive acceptable welds shall be made and examined in ac-
cordance with (a)(6). The performance qualification shall
be made in accordance with aWPS that has been qualified
in accordance with the requirements of (a).

(3)Welders and welding operators shall be tested
under conditions that simulate the weld area access. Such
simulated conditions shall include radiation protection
gear.

(4) In addition to the preceding requirements, only
the following Section IX essential variables for welders
apply:

(-a) a change from one welding process to any
other welding process

(-b) a change in F‐number of filler material
(-c) a change in P‐number of either of the base

materials
(-d) an addition or deletion of preplaced metal

inserts
(-e) addition of welding positions other than those

already qualified
(5) Essential variables for welding operators shall be

in accordance with Section IX, QW‐360.
(6) Renewal of qualification is required when the

welder or welding operator has not performed plugging
using the process for which he is qualified for 6 months
or longer, or when there is a specific reason to question
his ability to make quality welds in accordance with the
WPS. Renewal of qualification shall be identical to the in-
itial qualification, except that only one weld need be
made.

IWA-4712.3 Plugging Procedure. Each plug opera-
tion shall be performed in accordance with a procedure
delineating the requirements of the complete repair/re-
placement activity, including the following:
(a) plug material, dimensions, and material certifica-

tion requirements
(b) the preparation necessary for the joint to be

plugged, including examination requirements and a
means for removal of surface oxide
(c) requirements for preparation (sizing) of the tube or

tubesheet hole I.D. prior to setting plugs, including exam-
ination requirements
(d) requirements for inserting the plug into position for

welding, including examination requirements
(e) the qualified WPS
(f) requirements for final examination

IWA-4712.4 Examination. Final examination of heat
exchanger plugs and welds shall consist of a VT‐1 visual
examination.

IWA-4712.5 Records. Records shall be maintained by
the Owner in accordance with Article IWA-6000, and shall
include the following:
(a)Welding Procedure Specification (WPS)
(b) Procedure Qualification Record (PQR)
(c) performance qualification records
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Figure IWA-4712.2-1
Examples of Extension and Recess of Tube and Plug

GENERAL NOTE: When tubes have been sleeved, the plugs may be welded to the sleeve, tube, or cladding.
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(d) Certified Material Test Reports (CMTR)
(e) location of plugged tubes or tubesheet holes
(f) results of examinations required by IWA-4712

IWA-4713 Heat Exchanger Tube Plugging by
Expansion

If the mechanical roll or mechanical expander expan-
sion method is used to expand plugs into Class 1 heat ex-
changer tubes in tubesheets, such that the plug is
permanently deformed and the attachment depends upon
friction or interference at the interface, the requirements
of IWA-4713.1 through IWA-4713.5 shall be met.

IWA-4713.1 General Requirements.
(a) Plugs shall meet the requirements of IWA-4200.
(b) Prior to installation, plugmaterial shall be traceable

to a Certified Material Test Report.
(c) Specimens representing the expanded plug attach-

ment to a tube shall be corrosion tested or analyzed to as-
sess the expected life of the plug.

IWA-4713.2 Plugging Procedure Specification. Each
plugging operation shall be performed in accordance with
a Plugging Procedure Specification (PPS). This specifica-
tion shall delineate requirements of the plug installation,
including the following:
(a) plug and tube materials and dimensions
(b) preparation of the plug and tube prior to insertion

of the plug, including any specified examination require-
ments and acceptance criteria
(c) the essential variables of IWA-4713.3 and the ex-

pansion process used
(d) inserting the plug into position prior to final

expanding
(e) plug expansion acceptance criteria
(f) final acceptance criteria
(g) the sequence of operations
(h) pre‐ and post‐installation performance checks of

the installation equipment

IWA-4713.3 Plug and Procedure Qualification.
(a) The plug design and PPS shall be tested in accor-

dance with the following requirements:
(1) General Test Requirements
(-a) Testing used to qualify the plug design and

PPS shall be conducted using the essential variables spe-
cified in (b).

(-b) The test plan shall include:
(-1) test temperatures and pressures
(-2) acceptance criteria
(-3) essential variables
(-4) number of test specimens
(-5) external loading (e.g., incurred by tube

stabilizer)
(-6) test configuration
(-7) surface condition (including acceptance

criteria)

(-c) For each required test, five specimens shall be
tested; each specimen shall meet the acceptance criteria
in (2) and (3)

(-d) Following installation of each test specimen,
the condition of the adjacent bores shall be evaluated to
verify that ligament distortion will not prohibit access
for NDE or repair/replacement activities.

(-e) The test assembly shall simulate production
conditions with respect to the essential variables in (b).
The minimum test assembly tubesheet thickness shall
be the lesser of the length of the plug attachment joint
plus 1/2 in. (13 mm) or the production tubesheet
thickness.

(2) Cyclic Test
(-a) The specimens shall be pressure tested and

thermally cycled to simulate the effects of heat exchanger
heat‐up and cool‐down for the expected life of the plug.
Test temperatures and pressures shall envelope service
conditions. Alternatively, the need to perform an equiva-
lent number of thermal test cycles to simulate the effects
of heat exchanger heat-up and cool-down for the expected
life of the plug is not necessary if all of the following are
met:

(-1) A similar plug has been qualified in accor-
dance with IWA-4713.3 for the expected number of ther-
mal cycles for the life of the plug. In this context, a plug is
considered similar if it has all the same essential variables
listed in (b) with the exception of the variables in (b)(3)
and (b)(4).

(-2) The specimens required by (1)(-c) shall be
thermally cycled at least ten times. The thermal cycles
shall simulate the effects of heat exchanger heat-up and
cool-down.

(-3) An evaluation shall be performed and docu-
mented to ensure that the number of thermal cycles per-
formed in (-2) is adequate to ensure the plug satisfies the
acceptance criteria in (-b) for the expected life of the plug.

(-b) The test results shall meet leakage and plug
movement acceptance criteria specified by the Owner.

(3) Proof Test
(-a) The specimens shall be proof tested at the

higher of the following pressures:
(-1) 1.43 times the maximum differential pres-

sure during accident conditions; or
(-2) 3.0 times the maximum differential pres-

sure across the tubesheet during normal operating
conditions.

(-b) Th e t e s t ma y b e c ondu c t e d a t a n y
temperature.

(-c) There shall be no plug ejection.
(4) General Design Considerations
(-a) Testing or an evaluation shall demonstrate

that the plug attachment can withstand the specific exter-
nal loadings (e.g., those incurred by tube stabilizers) and
meet the acceptance criteria.
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(-b) An evaluation shall be performed to assess
the potential for and consequences of increased pressure
caused by heating of static fluid in a plugged tube.

(b) The PPS shall be requalified if any of the essential
variables listed below are changed.

(1) specified material and heat treatment condition
of the plug

(2) a change of plug, tube, or tubesheet material that
results in a change of 10% or more in the material ther-
mal expansion coefficient

(3) the pre‐expanded plug nominal diameter and
nominal wall thickness in the effective attachment joint
length

(4) the nominal tube diameter
(5) a change of more than 5% in the nominal tube

wall thickness
(6) cleaning method prior to plug insertion
(7) the expansion method (i.e., roll or expander)
(8) the specified effective attachment joint length
(9)whether or not the tube has been expanded into

contact with the tubesheet in the area where plug expan-
sion occurs

(10) a design change in the expanded interface be-
tween the plug and the tube

(11) for mechanical roll expansion
(-a) joint rolling torque outside the minimum and

maximum values used in qualification
(-b) a change in roll expander geometry, material,

or design from those used in qualification testing
(-c) a change of roll lubricant

(12) for mechanical expander expansion
(-a) a reduction in minimum pull load or expander

travel
(-b) a change in expander or plug inside taper
(-c) a change of expander material or hardness
(-d) a change of expander lubricant

(c) When an essential variable is changed following a
completed qualification in accordance with IWA-4713.3,
the following alternative requirements may be used in
lieu of repeating the testing and evaluations required by
(a)(2) and (a)(3).

An evaluation may be performed to show the accept-
ability of the PPS for the design change being considered,
provided the following requirements are met:

(1) Test data that isolate the essential variable and
meet the acceptance criteria of (a)(1)(-b)(-2) shall be
available.

(2) Cyclic and proof test data shall demonstrate com-
pliance with (a)(2) and (a)(3) respectively, with the re-
vised essential variable.

(3) A changed essential variable shall be evaluated
with respect to all other essential variables to ensure that
the original acceptance criteria of (a)(1)(-b)(-2) are still
met.

IWA-4713.4 Plugging Performance Qualification.
Tube plugging by expansion shall be performed by indivi-
duals who have demonstrated their ability to expand
plugs in accordance with the PPS. At least one test is re-
quired for performance qualification.

(a) For manual installation, the installer shall be quali-
fied under conditions simulating the restricted access to
the production joint.

(b) Renewal of the performance qualification is re-
quired when the expansion plugging equipment operator
has not used the process for more than twelve months or
when there is reason to question their ability to install
plugs in accordance with the PPS. Renewal of qualification
shall be identical to the initial qualification.

IWA-4713.5 Records. The following records, in addi-
tion to those required by Article IWA-6000, shall be main-
tained by the Owner:

(a) Plugging Procedure Specifications
(b) record of procedure qualification for the plugging

method, including the essential variables and results of
all tests required by IWA-4713.3

(c) record of performance qualification for each indivi-
dual, including the PPS number and revision

(d) Certified Material Test Report for installed plugs
(e) location of all plugged tubes
(f) results of post‐installation examinations and

evaluations
(g) evaluations performed in accordance with

IWA-4713.3(a)(4)

IWA-4720 SLEEVING
IWA-4721 General Requirements

IWA-4721.1 Sleeves. The sleeves shall meet the re-
quirements of IWA-4200. The exemptions of IWA-4130
shall not apply.

The requirements of IWA-4721 through IWA-4724
shall be used for Class 1 heat exchanger tube sleeving.
These requirements may be used for Classes 2 and 3 heat
exchangers.

IWA-4721.2 Sleeving Procedure Specification. Each
sleeving operation shall be performed in accordance with
a sleeving procedure specification (SPS) that defines the
following:

(a) sleeve and tube materials and dimensions
(b) requirements for preparation of the tube inside sur-

face prior to insertion of the sleeve, including examina-
tion requirements and acceptance criteria

(c) requirements for inserting the sleeve into position,
including examination requirements and acceptance
criteria

(d) the essential and nonessential variables of
IWA-4721.3 and the welding or brazing process used

(e) required sleeve attachment dimensions
(f) requirements for final examination and acceptance

criteria
(g) the sequence of operations
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IWA-4721.3 Qualification.
IWA-4721.3.1 Sleeving Procedure Specification

Qualification. The SPS shall be qualified in accordance
with this Subsubparagraph, and shall be requalified for
any change in an essential variable. Nonessential vari-
ables may be changed without requalification provided
the SPS is amended to show the changes.
(a) The following essential variables apply to all sleeve

installation processes, in addition to those listed for each
sleeve attachment process in IWA-4723, IWA-4724, and
IWA-4725:

(1) a change in the P‐Number classification of any of
the materials being joined. This includes the tube, sleeve,
tubesheet, or equivalent P‐Number for tubesheet clad-
ding. Materials not having a P‐Number classification re-
quire a separate qualification.

(2) a change of 10% or more in nominal tube or
sleeve design wall thickness in the area of the joint.

(3) deletion of tube cleaning prior to sleeve insertion.
(4) a change in sleeve attachment location from with-

in the tubesheet to beyond the tubesheet or vice versa.
(5) a change in sleeve attachment location from with-

in the sludge pile to beyond the sludge pile or vice versa.
(6) the addition or deletion of postweld or postbraze

heat treatment.
(7) a change of more than 10% in the nominal tube

or sleeve diameter.
(b) The following nonessential variable applies to all

sleeve installation processes, in addition to those listed
for each sleeve attachment process in IWA-4723,
IWA-4724, and IWA-4725: a change in the method of tube
cleaning prior to sleeve insertion.

IWA-4721.3.2 Sleeving Performance Qualifica-
tion.
(a) Sleeve attachment processes shall be performed by

welders, brazers, or equipment operators that have been
qualified in accordance with this Subsubarticle.
(b)Manual process qualification shall be performed un-

der conditions simulating the restricted access of the pro-
duction joint.
(c) Renewal of performance qualification is required

when the welder, brazer, or equipment operator has not
used the process for more than 6 months, or when there
is any reason to question his ability to make quality at-
tachments in accordance with SPS. Renewal of qualifica-
tions shall be identical to the initial qualification except
that only one sleeve attachment shall be made.

IWA-4721.4 Sleeving by a Combination of Pro-
cesses. If a combination of processes is used for sleeve in-
stallation, either at opposite ends of a single sleeve or as a
sequence of processes in a single attachment, IWA-4723,
IWA-4724, or IWA-4725, as applicable, apply to each pro-
cess used. The SPS shall require that the processes used
during production sleeving be performed in the same se-
quence as used during qualification.

IWA-4721.5 Records. The following records, in addi-
tion to those required by Article IWA-6000, shall be main-
tained by the Owner:
(a) SPS
(b) procedure qualification for the attachment process
(c) performance qualification for each welder, brazer,

and equipment operator
(d) location records of all sleeved tubes and sleeves
(e) resul ts of a l l required s leeve insta l lat ion

examinations

IWA-4723 Fusion Welding
IWA-4723.1 General Requirements. When fusion

welding is used for sleeve attachment, the requirements
of IWA-4723.1.1 through IWA-4723.4 shall be met.

IWA-4723.1.1 Procedure Qualification. Welds
shall be made using the gas tungsten‐arc welding
(GTAW), gas‐metal arc welding (GMAW), or laser beam
welding (LBW) process.

IWA-4723.2 Fusion Welding Qualification.
IWA-4723.2.1 Procedure Qualification.

(a) Essential Variables
(1) for sleeve welds within the tubesheet, when the

ligament thickness between the holes is 3/8 in. (10 mm)
or less, a reduction in ligament thickness of 10% of the li-
gament thickness or three times the specified wall thick-
ness, whichever is less

(2) a change in any essential variable listed for the
specific welding process in Section IX, QW-250
(b) Test Assembly. The procedure shall be qualified

using a test assembly that simulates the conditions that
will be encountered in production with respect to the es-
sential variables.
(c) Test Assembly Within Tubesheet. The test assembly

tubesheet thickness shall be at least as thick as the pro-
duction tubesheet except that it need not be more than
1 in. (25 mm) greater than the length of the sleeve
attachment.
(d) Examination of Test Assembly

(1) Five consecutive welds shall be examined by a li-
quid penetrant method in accordance with IWA-2200 and
shall meet the acceptance standards of NB‐5350. Welds
inaccessible for liquid penetrant examination may be sec-
tioned longitudinally through the center of the sleeve
prior to performing the liquid penetrant examination.

(2) The five consecutive welds shall also be sectioned
longitudinally through the center of each sleeve. The
thickness of the assembly may be reduced to facilitate
sectioning.

(3) The two faces of a single half‐section shall be po-
lished, etched, and visually examined at 10× magnifica-
tion. The weld throat and minimum leakage path shall
not be less than that required by the Construction Code
and Owner’s Requirements. The weld shall be free of
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cracks and lack of fusion. Porosity shall not reduce the
weld throat thickness below the required minimum leak-
age path.

IWA-4723.2.2 Performance Qualification. Weld-
ing shall be performed by welders and welding operators
that have been qualified in accordance with the following:

(a) The test assembly for the performance qualification
for welders and welding operators shall be the same as
for any welding procedure qualification in accordance
with the requirements of IWA-4723.2.1.

(b) The essential variables for welders and welding op-
erators shall be in accordance with Section IX, QW-350
and QW‐360, respectively, for the process to be employed.

(c) For welders, five consecutive acceptable welds shall
b e mad e an d e x am i n e d i n a c c o r d a n c e w i t h
IWA-4723.2.1(d). For welding operators, one acceptable
weld shall be made and examined in accordance with
IWA-4723.2.1(d). The performance qualification shall be
made in accordance with a SPS qualified in accordance
with IWA-4723.2.1.

(d)Welders shall be tested under simulated access con-
ditions. The qualification test mock‐up shall effectively si-
mulate the conditions that will be encountered in
production with respect to the essential variables.

(e) Retest shall be performed as required by Section IX,
QW-320.

IWA-4723.3 Sleeving Procedure Specification. The
SPS shall delineate all the requirements of the fusion
welding process, including the variables of Section IX,
QW-250.

IWA-4723.4 Examination. The welded sleeve attach-
ment shall be examined to confirm that the attachment is
in the correct location and conforms to the Construction
Code and Owner’s Requirements.

IWA-4724 Brazing
IWA-4724.1 General Requirements. When brazing is

used for sleeve attachment, IWA-4724.2 through
IWA-4724.4 shall be met.

IWA-4724.2 Brazing Qualification.
IWA-4724.2.1 Procedure Qualification. The braz-

ing procedure shall be qualified as required by Section
IX, QB-200 and the following:

(a) An additional essential variable is a change in the
designed sleeve installation from free tubes to tubes that
are locked to the tube support plate.

(b) Test Assembly. The procedure shall be qualified
using a test assembly that simulates the conditions that
will be encountered in production with respect to the es-
sential variables.

(c) Test Assembly Within Tubesheet. The test assembly
tubesheet thickness shall be at least as thick as the pro-
duction tubesheet except that it need not be more than
1 in. (25 mm) greater than the length of the sleeve
attachment.

(d) Examination of Test Assembly
(1) Each test specimen shall be examined to confirm

that the braze bond area conforms to the Construction
Code and Owner’s Requirements.

(2) The minimum number of braze joints required
for procedure qualification shall be five braze joints made
consecutively.

IWA-4724.2.2 Performance Qualification. Each
brazer and brazing operator shall be qualified as required
by Section IX, QB-300, and each test specimen shall be ex-
amined to confirm that the braze bond area conforms to
the Construction Code and Owner’s Requirements.

IWA-4724.3 Sleeving Procedure Specification. The
SPS shall delineate all the requirements of the brazing
process, including the variables of Section IX, QB-200.

IWA-4724.4 Examination. A final examination of the
brazed sleeve attachment shall confirm that the attach-
ment is in the correct location and conforms to the Con-
struction Code and Owner’s Requirements.

IWA-4725 Expansion
IWA-4725.1 General Requirements.When a sleeve is

expanded against a tube by a mechanical or hydraulic
process so that the sleeve is permanently deformed and
the attachment depends upon friction or interference at
the interface, IWA-4725.2 through IWA-4725.4 shall be
met.

IWA-4725.2 Expansion Qualification.
IWA-4725.2.1 Procedure Qualification.

(a) Essential Variables
(1) a change in the basic expansion process
(2) a change of 10% or more in sleeve material yield

strength
(3) a change in the expansion length
(4) a change that results in an expansion diameter

outside the range of sleeve or tube expansion diameters
qualified. The range of sleeve or tube expansion dia-
meters qualified shall be the expansion diameters be-
tween the minimum and maximum expansion diameters
obtained in qualification tests.

(5) for mechanical expansion:
(-a) a reduction in the minimum rolling torque
(-b) a change in expansion roller geometry
(-c) a reduction in the minimum expansion pres-

sure if expansion is controlled by hydraulic pressure only
(b) Test Assembly. The procedure shall be qualified

using a test assembly that simulates the conditions that
will be encountered in production with respect to the es-
sential variables.

(c) Test Assembly Within Tubesheet. The test assembly
tubesheet thickness shall be at least as thick as the pro-
duction tubesheet except that it need not be more than
1 in. (25 mm) greater than the length of the sleeve
attachment.
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(d) Qualification of Test Assembly. Specimens represent-
ing the expanded sleeve attachment to a tube shall be cyc-
lic tested in accordance with Section III Appendices,
Mandatory Appendix II. This fatigue test shall demon-
strate that the sleeve attachment can withstand the speci-
fied design loadings without exceeding the specified
design leakage limit.

IWA-4725.2.2 Performance Qualification. The ex-
pansion operator shall demonstrate the ability to expand
sleeve attachments in accordance with the SPS.

IWA-4725.3 Sleeving Procedure Specification. The
SPS shall delineate the requirements for mechanical ex-
pansion. These requirements shall conform to the Con-
struction Code and Owner’s Requirements.

IWA-4725.4 Examination. The expanded sleeve at-
tachment shall be examined to confirm that the attach-
ment is in the correct location and conforms to the
requirements of the Construction Code and Owner’s
Requirements.
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ARTICLE IWA-5000
SYSTEM PRESSURE TESTS

IWA-5100 GENERAL

IWA-5110 PERIODIC SYSTEM PRESSURE TESTS

(a) System pressure tests shall be conducted in accor-
dance with the Examination Categories identified in
Tables IWB-2500-1 (B-P), IWC-2500-1 (C-H), and
IWD-2500-1 (D-B).

(b) The pressure testing requirements for Class MC and
CC components are identified in Subsections IWE and
IWL, respectively.

(c) Piping that penetrates a containment vessel is ex-
empt from the periodic system pressure test when the
piping and isolation valves perform a containment func-
tion and the balance of the piping system is outside the
scope of this Division.

IWA-5200 SYSTEM TEST REQUIREMENT

IWA-5210 TEST
IWA-5211 Test Description

Pressure-retaining components within each system
boundary shall be subject to the following applicable sys-
tem pressure tests under which conditions a VT‐2 visual
examination is performed in accordance with IWA-5240
to detect leakage:

(a) a system leakage test conducted while the system is
in operation, during a system operability test, or while the
system is at test conditions using an external pressuriza-
tion source;

(b) a system hydrostatic test conducted during a plant
shutdown at an elevated test pressure as specified in
IWB-5230, IWC-5230, or IWD-5230; and

(c) a system pneumatic test conducted in lieu of either
of the above system pressure tests for Class 2 or Class 3
components as permitted by Article IWC-5000 or Article
IWD-5000. The requirements for system leakage and hy-
drostatic tests are applicable to pneumatic tests.

IWA-5212 Pressure and Temperature

(a) System leakage tests and system hydrostatic tests
shall be conducted at the pressure and temperature spe-
cified in Article IWB-5000, Article IWC-5000, and Article
IWD-5000. The system hydrostatic test pressure shall
not exceed the maximum allowable test pressure of any
component within the system pressure test boundary.

(b)When conducting a system leakage test described in
IWA-5211(a), system pressure shall be verified by normal
system instrumentation, test instrumentation, or through
performance of the system operating or surveillance
procedure.

(c) The system test conditions shall be maintained dur-
ing the course of the visual examination, except as pro-
vided in IWA-5245.

(d)When conducting system pressure tests described
in IWA-5211(b) and IWA-5211(c), the requirements of
IWA-5260 shall be met.

(e) A system hydrostatic test [IWA-5211(b)] and ac-
companying visual examination are acceptable in lieu of
the system leakage test [ IWA-5211(a)] and visual
examination.

(f) The system test pressure and temperature may be
obtained by using any means that comply with the plant
Technical Specifications.

IWA-5213 Test Condition Holding Time

The holding time after pressurization to test conditions,
before the visual examinations commence, shall be as
follows.

(a) For the system leakage tests required by Table
IWB-2500-1 (B-P), Table IWC-2500-1 (C-H), or Table
IWD-2500-1 (D-B), the following shall be met.

(1) F o r C l a s s 1 c o m p o n e n t s [ T a b l e
IWB-2500-1 (B-P)], no holding time is required after at-
taining test pressure.

(2) For Class 2 [Table IWC-2500-1 (C-H)] and Class 3
[Table IWD-2500-1 (D-B)] components not required to
operate during normal plant operation, a 10 min holding
time is required after attaining test pressure.

(3) For Class 2 [Table IWC-2500-1 (C-H)] and Class 3
[Table IWD-2500-1 (D-B)] components required to oper-
ate during normal plant operation, no holding time is re-
quired, provided the system has been in operation for at
least 4 hr for insulated components or 10 min for nonin-
sulated components.

(4) For Class 2 [Table IWC-2500-1 (C-H)] and Class 3
[Table IWD-2500-1 (D-B)] components connected di-
rectly to the Class 1 system that are pressurized and ex-
amined as part of the Class 1 system leakage test, no
holding time is required after attaining test pressure.

(b) For system pressure tests required by IWA-4540, a
10 min holding time for noninsulated components, or
4 hr for insulated components, is required after attaining
test pressure.
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(c) For system pneumatic tests, a 10 min holding time
is required after attaining test pressure.

IWA-5214 Preservice Test
A preservice system pressure test is not required by

this Article, except following repair/replacement activ-
ities as required by IWA-4540.

IWA-5220 TEST PRESSURIZATION
BOUNDARIES17

IWA-5221 System Leakage Test Boundary
The boundary subject to test pressurization during a

system leakage test [ IWA-5211(a)] includes the
pressure-retaining components to be tested in accor-
dance with IWB-5222, IWC-5222, and IWD-5222.

IWA-5222 System Hydrostatic Test Boundary
(a) The boundary subject to test pressurization during

a system hydrostatic test [IWA-5211(b)] shall be defined
by the system boundary (or each portion of the bound-
ary) within which the components have the same mini-
mum required classification and are designed to the
same pressure rating as governed by the system function
and the internal fluid operating conditions, respectively.
(b) Systems which share safety functions for different

modes of plant operation, and within which the compo-
nent classifications differ, shall be subject to separate sys-
tem hydrostatic tests of each portion of the system
boundary having the same minimum required design
pressure ratings.
(c) Systems designed to operate at different pressures

under several modes of plant operation or post‐accident
conditions shall be subject to a system hydrostatic test
within the test boundary defined by the operating mode
with the higher pressure.
(d)Where the respective system design pressure rat-

ings on the suction and discharge sides of system pumps
differ, the system hydrostatic test boundary shall be di-
vided into two separate boundaries (such as suction side
and discharge side test boundaries). In the case of posi-
tive displacement pumps, the boundary interface shall
be considered as the pump. In the case of centrifugal
pumps, the boundary interface shall be the first shutoff
valve on the discharge side of the pump.

IWA-5240 VISUAL EXAMINATION
IWA-5241 Insulated and Noninsulated

Components
(a) The VT‐2 visual examination shall be conducted by

examining the accessible external exposed surfaces of
pressure-retaining components for evidence of leakage.
(b) For components whose external surfaces are inac-

cessible for direct VT‐2 visual examination, only the ex-
amination of the surrounding area (including floor areas
or equipment surfaces located underneath the compo-
nents) for evidence of leakage shall be required.

(c) Components within rooms, vaults, etc., where ac-
cess cannot be obtained, may be examined using remote
visual equipment or installed leakage detection systems.

(d) Essentially vertical surfaces need only be examined
at the lowest elevation where leakage may be detected.

(e) Discoloration or residue on surfaces shall be exam-
ined for evidence of boric acid accumulations from bo-
rated reactor coolant leakage.

(f) For insulated components in systems borated for
the purpose of controlling reactivity, insulation shall be
removed from pressure-retaining bolted connections for
VT‐2 visual examination. Insulation removal and VT‐2 vi-
sual examination of insulated bolted connections may be
deferred until the system is depressurized. When
corrosion‐resistant bolting material with a chromium
content of at least 10%, such as SA-564 Grade 630
H1100, SA-453 Grade 660, SB-637 Type 718, or SB-637
Type 750, is used, it is permissible to perform the VT‐2 vi-
sual examination without insulation removal.

(g) Essentially horizontal surfaces of insulation shall be
examined at each insulation joint if accessible for direct
VT‐2 examination.

(h)When examining insulated components, the exami-
nation of the surrounding area (including floor areas or
equipment surfaces located underneath the components)
for evidence of leakage, or other areas to which such leak-
age may be channeled, shall be required.

IWA-5244 Buried Components

(a) For buried components surrounded by an annulus,
the VT‐2 visual examination shall consist of an examina-
tion for evidence of leakage at each end of the annulus
and at low point drains.

(b) For buried components without an annulus, the fol-
lowing examination requirements shall be met:

(1) A VT-2 visual examination shall be performed to
identify evidence of leakage on ground surfaces in the vi-
cinity of the buried components and in areas where leak-
age might be channeled or accumulated. The examination
shall be performed after the component has been pres-
surized to system leakage test pressure for at least 24
hr. Portions of buried components where a VT-2 examina-
tion is impractical (e.g., component is buried beneath im-
permeable material or encased in concrete) are exempt
from VT-2 examination.

(2) A test that determines the rate of pressure loss, a
test that determines the change in flow between the ends
of the buried components, or a test that confirms that
flow during operation is not impaired shall be performed.
Personnel performing these tests need not be qualified
for VT-2 visual examination.

(3) The Owner shall specify criteria for the examina-
tions and tests of (1) and (2).
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IWA-5245 Elevated Temperature Tests

The visual examination of system components requir-
ing a test temperature above 200°F (95°C) during the sys-
tem pressure test may be conducted after the pressure
holding period of IWA-5213 is satisfied, and the pressure
is lowered to the level corresponding with a temperature
of 200°F (95°C), in accordance with allowable cooldown
rates established by fracture prevention criteria.

IWA-5246 Reactor Vessel Head Flange Seal Leak
Detection

In lieu of the requirements of IWB-5220, IWC-5220, or
IWD-5220, the Class 1, 2, or 3 portion of the reactor vessel
head flange seal leak detection system shall be examined
using the VT-2 visual examination method. The test shall
be conducted at ambient conditions after the refueling
cavity has been filled to its normal refueling water level
for at least 4 hr.

IWA-5250 CORRECTIVE ACTION

(a) The sources of leakage detected during the conduct
of a system pressure test shall be located and evaluated
by the Owner for corrective action as follows:

(1) Buried components with leakage losses in excess
of limits acceptable for continued service shall meet the
requirements of IWB-3142, IWC-3132, or IWD-3120, as
applicable.

(2) If leakage occurs at a bolted connection in a sys-
tem borated for the purpose of controlling reactivity, one
of the bolts or studs shall be removed, VT‐3 visually ex-
amined, and evaluated in accordance with IWA-3100.
The bolt or stud selected shall be the one closest to the
source of leakage. When the removed bolt or stud has evi-
dence of degradation, all remaining bolts or studs in the
connection shall be removed, VT‐3 visually examined
and evaluated in accordance with IWA-3100. If all bolts
or studs in the connection are replaced in accordance
with Article IWA-4000, no VT-3 visual examination of
the removed bolts or studs is required.

(3) Components requiring corrective action shall
have repair/replacement activities performed in accor-
dance with Article IWA-4000 or corrective measures per-
formed where the relevant condition can be corrected
without a repair/replacement activity.

(b) If boric acid residues are detected on components,
the leakage source and the areas of general corrosion
shall be located. Components with local areas of general
corrosion that reduce the wall thickness by more than
10% shall be evaluated to determine whether the compo-
nent may be acceptable for continued service, or whether
repair/replacement activities will be performed.

IWA-5251 Alternative Corrective Action for
Leakage Identified at Bolted
Connections

As an a l t e r n a t i v e t o t h e r e qu i r emen t s o f
IWA-5250(a)(2), the requirements of (a), (b), and (c) shall
be met.

(a) The leakage shall be stopped and the bolting and
component material shall be evaluated for joint integrity.

(b) If the leakage is not stopped, the Owner shall eval-
uate the structural integrity of the joint, the consequences
of continuing operation, and the effect on system oper-
ability of continued leakage.

(c) The evaluation required by (a) and (b) shall deter-
mine the susceptibility of the bolted connection to corro-
sion and failure. The evaluation shall include analysis of
the following:

(1) the number and service age of the bolts or studs
(2) bolt or stud and component material
(3) corrosiveness of process fluid
(4) leakage location and system function
(5) leakage history at the connection or other system

components
(6) visual evidence of corrosion at the assembled

connection

IWA-5260 INSTRUMENTS FOR SYSTEM
HYDROSTATIC TESTS

IWA-5261 Type

Any pressure measuring instrument or sensor, analog
or digital, including the pressure measuring instrument
of the normal operating system instrumentation (such
as control room instruments), may be used, provided
the requirements of IWA-5260 are met.

IWA-5262 Accuracy

The pressure measuring instrument or sensor used in
hydrostatic testing shall provide results accurate to with-
in 0.5% of full scale for analog gages and 0.5% over the
calibrated range for digital instruments.

IWA-5263 Calibration

All pressure measuring instruments shall be calibrated
against a standard deadweight tester or calibrated master
gage. The test gages shall be calibrated before each test or
series of tests. A series of tests is a group of tests that use
the same pressure measuring instruments and that are
conducted within a period not exceeding 2 weeks.

IWA-5264 Ranges

(a) Analog pressure gages used in testing shall have
dials graduated over a range of at least 1.5 times, but
not more than 4 times, the intended maximum test
pressures.
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(b) Digital pressure measuring instruments used in
testing shall be selected such that the intended maximum
test pressure shall not exceed 70% of the calibrated range
of the instrument.

IWA-5265 Location
(a)When testing an isolated component, the pressure

measuring instrument or sensor shall be connected close
to the component.
(b)When testing a group of components or a multicom-

ponent system, the pressure measuring instrument or
sensor shall be connected to any point within the pres-
sure boundary of the components or system such that
the imposed pressure on any component, including static

head, will not exceed 106% of the specified test pressure
for the system; even though the specified test pressure
may not be achieved at the highest elevations in the
system.

IWA-5300 TEST RECORDS

The record of the visual examination conducted during
a system pressure test shall include the procedure docu-
menting the system test condition and system pressure
boundary. Any source of leakage or other relevant condi-
tions shall be itemized, and the location and corrective ac-
tion shall be documented.
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ARTICLE IWA-6000
RECORDS AND REPORTS

IWA-6100 SCOPE

This Article provides the requirements for the prepara-
tion, submittal, and retention of records and reports.

IWA-6200 REQUIREMENTS

IWA-6210 RESPONSIBILITIES

IWA-6211 Owner’s Responsibilities

(a) The Owner shall prepare plans and schedules for
preservice and inservice examinations and tests to meet
the requirements of this Division.

(b) The Owner shall prepare records of examinations,
tests, and repair/replacement activities.

(c) The Owner shall complete the Owner’s Activity Re-
port Form OAR-1 for preservice and inservice examina-
tion of pressure-retaining components and their
supports, and core support structures. For preservice ex-
aminations performed prior to placement of the unit into
commercial service, Form OAR-1 shall be completed. For
preservice and inservice examinations performed follow-
ing placement of the unit into commercial service, Form
OAR-1 shall include records of examinations, tests, and
repair/replacement activities completed since certifica-
tion of the preceding Form OAR-1. Form OAR-1 shall be
completed as required by IWA-6230.

(d) The Owner shall prepare the Owner’s Repair/Re-
placement Certification Record, Form NIS-2, upon com-
pletion of all required activities associated with the
Repair/Replacement Plan necessary to place the item in
service.

(e) All Form NIS-2s associated with repair/replace-
ment activities performed since certification of the pre-
ceding Form OAR-1 shall be completed prior to the
completion of Form OAR-1.

(f) When the Owner contracts a Repair/Replacement
Organization to perform repair/replacement activities,
the Owner shall require the Repair/Replacement Organi-
zation to provide a document certifying its repair/re-
placement activities. Nonmandatory Appendix T18

provides a report form that may be used for contracted
repair/replacement activities and that will assist the
Owner in completing and filing Form NIS-2.

IWA-6212 Contracted Repair/Replacement
Organization’s Responsibilities

A contracted Repair/Replacement Organization shall
prepare a document, acceptable to the Owner, certifying
its repair/replacement activities. Nonmandatory Appen-
dix T18 provides a report form that may be used for con-
tracted repair/replacement activities and that will assist
the Owner in completing and filing Form NIS-2.

IWA-6220 OWNER’S REPAIR/REPLACEMENT
CERTIFICATION RECORD

(a) A Repair/Replacement Plan shall be prepared in ac-
cordance with IWA-4150 for all repair/replacement activ-
ities, including rerating, and shall be given a unique
identification number.

(b) Upon completion of all required activities asso-
ciated with the Repair/Replacement Plan, the Owner shall
complete Form NIS-2, as shown in Mandatory Appendix
II.

(c) Form NIS-2 shall be completed after satisfying all
Section XI requirements necessary to place the item in
service and prior to completion of Form OAR-1.

(d) Form NIS-2 shall be certified by the Owner and pre-
sented to the Inspector for the required signature.

(e) The certified Form NIS-2 shall be retained by the
Owner in accordance with IWA-6350.

(f) The Owner shall maintain an index of Repair/
Replacement Plans.

IWA-6230 OWNER’S ACTIVITY REPORT

(a) Form OAR-1 for the preservice examinations shall
be completed prior to the date of placement of the unit
into commercial service.

(b) For preservice and inservice examinations per-
formed following placement of the unit into commercial
service, Form OAR-1, as shown in Mandatory Appendix
II, shall be processed as specified below within 90 calen-
dar days of the completion of each refueling outage.

(1) A listing of the items with flaws or relevant con-
ditions that exceeded the acceptance criteria of Division
1 and that required evaluation to determine acceptability
for continued service shall be provided with the informa-
tion and format of Form OAR-1, Table 1. This information
is required whether or not the flaw or relevant condition
was discovered during a scheduled examination or test.
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(2) An abstract for the repair/replacement activities
that were required due to an item containing a flaw or re-
levant condition that exceeded Section XI acceptance cri-
teria shall be provided with the information and format of
Form OAR-1, Table 2. This information is required even if
the discovery of the flaw or relevant condition that neces-
sitated the repair/replacement activity did not result
from an examination or test required by Section XI. If
the acceptance criteria for a particular item is not speci-
fied in Section XI, the provisions of IWA-3100(b) shall
be used to determine which repair/replacement activities
are required to be included in the abstract.

(3) If there are multiple inspection plans with differ-
ent intervals, periods, or Section XI Editions or Addenda,
the different inspection intervals, periods, Editions, or Ad-
denda shall be identified on Form OAR-1.

(4) Form OAR-1 shall be certified by the Owner and
presented to the Inspector for the required signature.

(5) The completed Form OAR-1 shall be submitted to
the regulatory and enforcement authorities having juris-
diction at the plant site, if required by these authorities.

IWA-6300 RETENTION

IWA-6310 MAINTENANCE OF RECORDS
The Owner shall retain records and reports identified

in IWA-6330, IWA-6340, and IWA-6350. The records
and reports shall be filed and maintained in a manner that
will allow access by the Inspector. The Owner shall pro-
vide suitable protection from deterioration and damage
for all records and reports, in accordance with the Own-
er’s Quality Assurance Program, for the service lifetime
of the component or system. Storage shall be at the plant
site or at another location that will meet the access and
Quality Assurance Program requirements.

IWA-6320 REPRODUCTION, DIGITIZATION, AND
MICROFILMING

(a) Records and reports shall be either the original, in-
cluding a digitally generated original, or a reproduced, le-
gible copy. Records may be maintained in an electronic
(i.e., digital) format using magnetic, optical, or equivalent
storage media. Hard‐copy records may be digitized. The
Owner’s Quality Assurance Program shall include a sys-
tem for verifying accuracy and monitoring image legibil-
ity, storage, retrievability, and reproduction quality.
(b) Radiographs may be microfilmed or digitally repro-

duced. Digital reproduction shall be in accordance with
Section V, Article 2, Mandatory Appendix VI, including
Supplement A. The Owner’s Quality Assurance Program
shall include a system for monitoring the accuracy of
the reproduction process so that the reproduction will

provide the same information retrieval capability as the
original radiograph. The accuracy of the reproduction
process includes the exposure (or multiple exposures
for density coverage), focusing, contrast, and resolution.
The Quality Assurance Program shall also provide a sys-
tem for identifying film or reproduction artifacts that
might appear as material discontinuities in the
reproduction.

IWA-6330 CONSTRUCTION RECORDS

Records designated by the Owner in accordance with
NCA‐4134.17, the Construction Code, and Owner’s Re-
quirements, as applicable, shall be retained.

IWA-6340 INSERVICE INSPECTION RECORDS

The Owner shall designate the records to be main-
tained. Such records shall include the following, as
applicable:
(a) record index
(b) preservice and inservice inspection plans and

schedules
(c) preservice and inservice inspection reports
(d) records of flaw acceptance by analytical evaluation
(e) records of regions in ferritic Class 1 components

with modified acceptance standards
(f) nondestructive examination procedures
(g) nondestructive examination records
(h) pressure test procedures
(i) pressure test records
(j) for Class CC

(1) tendon force and elongation measurement re-
cords (IWL-2522)

(2) tendon wire and strand sample test results
(IWL-2523)

(3) free water documentation (IWL-2524.2)
(4) corrosion protection medium and free water ana-

lysis results (IWL-2525)

IWA-6350 REPAIR/REPLACEMENT ACTIVITY
RECORDS

The following records prepared in performance of a re-
pair/replacement activity shall be retained:
(a) e v a l u a t i o n s r e qu i r e d b y IWA - 4160 ( a ) ,

IWA-4160(b), and IWA-4311
(b) Repair/Replacement Program and Plans
(c) records and reports of repair/replacement

activities
(d) reconciliation documentation
(e) NIS-2 Form
(f) documents certifying repair/replacement activities

by contracted Repair/Replacement Organizations
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ð15Þ ARTICLE IWA-9000
GLOSSARY

analytical evaluation: a quantitative process to determine
the acceptability of flaws that exceed the applicable ac-
ceptance standards, including predicted future growth,
to determine whether a component is acceptable for con-
tinued service without a repair/replacement activity.

applied stress (σ): a stress resolvable into membrane and
bending components and including pressure, thermal,
discontinuity, and residual effects acting at the flaw
location.

appurtenance: an item to be attached to a stamped com-
ponent that has work performed on it requiring verifica-
tion by an Inspector.

assess: to determine by evaluation of data compared with
previously obtained data such as operating data or design
specifications.

Authorized Inspection Agency: an organization that is em-
powered by an enforcement authority to provide inspec-
tion personnel and services as required by this Section.

Authorized Nuclear Inservice Inspector: a person who is
employed and qualified by an Authorized Inspection
Agency and who will perform the duties of the Inspector
in accordance with the requirements of this Section.

Authorized Nuclear Inservice Inspector Supervisor: a per-
son who is employed by an Authorized Inspection Agency
to supervise Authorized Nuclear Inservice Inspectors and
who is qualified as an Authorized Nuclear Inservice
Inspector.

Authorized Nuclear Inspector: an employee of an Author-
ized Inspection Agency who has been qualified in accor-
dance with Article NCA‐5000.

beltline region: the region of the reactor vessel (shell ma-
terial including welds, heat-affected zones, and plates or
forgings) that directly surrounds the effective height of
the active core and adjacent regions of the reactor vessel
that are predicted to experience sufficient neutron radia-
tion damage to be considered in the selection of the most
limiting material with regard to radiation damage.

bending stress (σb): component of primary stress propor-
tional to distance from centroid of solid section. It ex-
cludes discontinuity stresses and stress concentrations.

bobbin coil: a circular inside diameter eddy current coil
wound such that the coil is concentric with the tube dur-
ing examination.

buried component or support: a component or support
that is buried or concrete encased.

Certificate Holder: an organization holding a Certificate of
Authorization or Certificate of Accreditation issued by the
Society.

Certificate of Authorization: a document issued by the So-
ciety that authorizes the use of an ASME Code Symbol
Stamp for a specified time and for a specified scope of
activity.

cold shutdown: See plant technical specifications.

commercial service: nuclear power plant operation com-
mencing with the date the power unit is determined by
the Owner to be available for the regular production of
electricity.

component: a vessel, concrete containment, pump, valve,
storage tank, piping system, or core support structure.

component standard support: a support consisting of one
or more generally mass‐produced units usually referred
to as catalog items.

component support: a metal support designed to transmit
loads from a component to the load‐carrying building or
foundation structure. Component supports include piping
supports and encompass those structural elements relied
upon to either support the weight or provide structural
stability to components.

constant load type support: spring type support that pro-
duces a relatively constant supporting force throughout a
specified deflection.

construction: an all‐inclusive term comprising materials,
design, fabrication, examination, testing, inspection, and
certification required in the manufacture and installation
of items.

Construction Code: nationally recognized Codes, Stan-
dards, and Specifications (e.g., ASME, ASTM, USAS, ANSI,
API, AWWA, AISC, MSS, AWS) including designated Cases,
providing construction requirements for an item.

core support structures: those structures or parts of struc-
tures that are designed to provide direct support or re-
straint of the core (fuel and blanket assemblies) within
the reactor pressure vessel.
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corrective action: action taken to resolve flaws and rele-
vant conditions, including supplemental examinations,
analytical evaluations, repair/replacement activities, and
corrective measures.

corrective measures: actions (such as maintenance) taken
to resolve relevant conditions, but not including supple-
mental examinations, analytical evaluations, and repair/
replacement activities.

crack arrest fracture toughness (KIa): the critical value of
the stress intensity factor (KI) for crack arrest as a func-
tion of temperature.

crack tip: the extremity of the flaw. The boundary be-
tween the flaw and the adjacent material at the intersec-
tion of the two flaw faces.

critical flaw size: the flaw size that will cause failure under
a specified load calculated using fracture mechanics. The
minimum critical flaw size for normal or upset conditions
(Service Levels A and B) is ac ; the minimum critical initia-
tion flaw size for emergency and faulted conditions is ai .

defect: a flaw (imperfection or unintentional discontinu-
ity) of such size, shape, orientation, location, or properties
as to be rejectable.

design life: the period of time for which a component is
designed to meet the criteria set forth in the Design
Specification.

design lifetime: See design life.

Design Report: the design document which shows that the
allowable limits stated in the construction code are not
exceeded for the loadings specified in the design
specification.

Design Specification: a document prepared by the Owner
or Owner’s Designee which provides a complete basis
for construction in accordance with the construction
code.

discontinuity: a lack of continuity or cohesion; an inter-
ruption in the normal physical structure of material or a
product.

dissimilar metal weld: a weld between

(a) carbon or low alloy steels to high alloy steels,

(b) carbon or low alloy steels to high nickel alloys, or

(c) high alloy steels to high nickel alloys.

Emergency Conditions: those operating conditions which
have a low probability of occurrence (Service Level C).

enforcement authority: a regional or local governing body,
such as a State or Municipality of the United States or a
Province of Canada, empowered to enact and enforce
Boiler and Pressure Vessel Code legislation.

engineering evaluation: an evaluation of indications that
exceed allowable acceptance standards to determine if
the margins required by the Design Specifications and
Construction Code are maintained.

examination category: a grouping of items to be examined
or tested.

explosive welding: a solid state welding process wherein
coalescence is produced by the application of pressure
by means of an explosive.

fabrication: actions by Repair/Replacement Organiza-
tions such as forming, machining, assembling, welding,
brazing, heat treating, examination, testing, and inspec-
tion, but excluding design, required to manufacture parts,
appurtenances, piping subassemblies, or supports.

Faulted Conditions: those operating conditions associated
with extremely low probability postulated events (Service
Level D).

flaw: an imperfection or unintentional discontinuity that
is detectable by nondestructive examination.

flaw aspect ratio (a/ℓ): the ratio of flaw depth (a) for sur-
face flaws, or one‐half of the flaw depth (2a) for subsur-
face flaws, to the length of the flaw (ℓ), where a , 2a , and ℓ

are the dimensions of the rectangle circumscribing the
flaw. (See Figures IWA-3310-1 through IWA-3390-1.)

flaw depth: the depth is the maximum through‐thickness
dimension (a or 2a) of the rectangle circumscribing the
flaw when drawn normal to the surface of the component.

fracture initiation: level at which the applied stress inten-
sity (KI ) is equal to or exceeds the fracture toughness
(KIc).

general corrosion: an approximately uniform wastage of a
surface of a component, through chemical or electroche-
mical action, free of deep pits or cracks.

hanger: an item that carries the weight of components or
piping from above with the supporting members being
mainly in tension.

high energy items: items in systems with maximum oper-
ating conditions greater than 200°F (93°C) or 275 psig
(1.9 MPa).

hot functional testing: a series of preoperational tests,
prior to reactor criticality, to ensure that the equipment
meets the design parameters at normal system tempera-
tures and pressures.

hot standby: See plant technical specifications.

imperfection: a condition of being imperfect; a departure
of a quality characteristic from its intended condition.

indication: the response or evidence from the application
of a nondestructive examination.
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inservice examination: the process of visual, surface, or vo-
lumetric examination performed in accordance with the
rules and requirements of this Division.

inservice inspection: methods and actions for assuring the
structural and pressure‐retaining integrity of safety‐
related nuclear power plant components in accordance
with the rules of this Section.

inservice life: the period of time from the initial use of an
item until its retirement from service.

inspection: verification of the performance of examina-
tions and tests by an Inspector.

Inspection Program: the plan and schedule for performing
examinations or tests.

Inspector: an Authorized Nuclear Inservice Inspector, ex-
cept for those instances where so designated as an
Authorized Nuclear Inspector.

installation: those actions required to place and attach
components to their supports and join items of a nuclear
power system by welding or mechanical means.

item: a material, part, appurtenance, piping subassembly,
component, or component support.

KI: See stress intensity factor.

KIa: See crack arrest fracture toughness.

KIc: See plane strain fracture toughness.

KId: dynamic initiation fracture toughness obtained under
fast or rapidly applied loading conditions.

KIR: the crack growth resistance (fracture toughness) ex-
pressed in units corresponding to KI . The value of KIR de-
fined in Nonmandatory Appendix G is the lesser of KI c

and KIa for the material and temperature involved.

laminar flaw: planar flaws that are oriented within 10 deg
of a plane parallel to the surface of the component. (See
Figure IWA-3360-1.)

linear flaw: a flaw having finite length and narrow uni-
form width and depth. (See Figure IWA-3400-1.)

lowest service temperature: the minimum temperature of
the fluid retained by a component or, alternatively, the
calculated volumetric average metal temperature ex-
pected during normal operation, whenever the pressure
within the component exceeds 20% of the preoperational
system hydrostatic test pressure.

material: metallic materials manufactured to an SA, SB, or
SFA specification or any other material specification per-
mitted by this Section or Section III.

Material Organization (Metallic): an organization accre-
dited by holding a Quality System Certificate issued by
the Society, or qualified by an accredited Material

Organization or Certificate Holder, in accordance with
the requirements of NCA‐3800 or qualified by an Owner
in accordance with the requirements of IWA-4140.

membrane stress (σm): the component of normal stress
which is uniformly distributed and equal to the average
value of stress across the thickness of the section under
consideration.

multiple flaws: two or more proximate discontinuous
flaws. They may be planar, coplanar, or separate.

neutron fluence: the number of fast neutrons per unit area
received by a cross‐sectional component. This is a time in-
tegral of neutron flux at a given location in a component.

nondestructive examination: an examination by the visual,
surface, or volumetric method.

nonplanar flaw: a flaw oriented in more than one plane. It
may be curvilinear or a combination of two or more in-
clined planes. (See Figure IWA-3340-1.)

normal operating conditions: the operating conditions
during reactor startup, operation at power, hot standby,
and reactor cooldown to cold shutdown conditions. Test
conditions are excluded.

normal plant operation: the conditions of startup, hot
standby, operation within the normal power range, and
cooldown and shutdown of the plant.

open ended: a condition of piping or lines that permits free
discharge to atmospheric or containment atmosphere.

overpressure protection: the means by which components,
or groups of components, are protected from overpres-
sure, as required by the applicable Construction Code,
by the use of pressure relieving devices or other design
provisions.

Owner: the organization legally responsible for the con-
struction and/or operation of a nuclear facility including
but not limited to one who has applied for, or who has
been granted, a construction permit or operating license
by the regulatory authority having lawful jurisdiction.

Owner’s Requirements: those requirements prepared by
or for the Owner that

(a) define the requirements for an item when a Con-
struction Code is not specified;

(b) address plant‐specific requirements of the Con-
struction Code that must be identified by the Owner; or

(c) invoke plant‐specific requirements that are in ex-
cess of Construction Code requirements.

planar flaw: a flat two‐dimensional flaw oriented in a
plane other than parallel to the surface of the component.
(See Figure IWA-3310-1.)
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plane strain fracture toughness (KIc): the material tough-
ness property measured in terms of the stress intensity
factor , K I , which wil l lead to nonduct i le crack
propagation.

post‐tensioning: a method of prestressing concrete in
which the tendons are tensioned after the concrete has
cured

prestressed concrete: reinforced concrete in which there
have been introduced internal stresses of such magnitude
and distribution that the stresses resulting from loads are
counteracted to a desired degree.

Quality System Certificate (Materials): a certificate issued
by the Society that permits an organization to perform
specified Material Organization activities in accordance
with Section III requirements.

RTNDT: the reference nil‐ductility transition temperature
established in NB‐2330 from drop weight and Charpy
V‐notch tests to account for the effect of irradiation.

reconciliation: the process of evaluating and justifying use
of alternative Construction Code requirements or revised
Owner’s Requirements.

regulatory authority: a federal government agency, such
as the United States Nuclear Regulatory Commission, that
is empowered to issue and enforce regulations affecting
the design, construction, and operation of nuclear power
plants.

reinforced concrete: concrete containing reinforcement
and designed so that the two materials act together in re-
sisting force.

relevant condition: a condition observed during a visual
examination that requires supplemental examination,
corrective measure, correction by repair/replacement ac-
tivities, or analytical evaluation.

Repair/Replacement Organization: the organization that
performs repair/replacement activities under the provi-
sions of the Owner’s Quality Assurance Program. The
Owner may be the Repair/Replacement Organization.

rerating: a change to all or a portion of a component or
component support by changing its design ratings (e.g.,
internal or external pressure or temperature), whether
or not physical work is performed on the item.

safety function: a function that is necessary to ensure

(a) the integrity of the reactor coolant pressure
boundary,

(b) the capability to shut down the reactor and main-
tain it in a safe shutdown condition, or

(c) the capability to prevent or mitigate the conse-
quences of accidents that could result in potential offsite
exposures comparable to the guideline exposures of
10CFR100.

seal weld: a nonstructural weld intended to prevent leak-
age, where the strength is provided by a separate means.

source material: metallic products used for conversion to,
or qualification as, material, by a Certificate Holder, Mate-
rial Organization, or Owner.

stress: the intensity of the internal forces or components
of forces that act on a plane through a given point. Stress
is expressed in force per unit area.

stress intensity factor (KI): a measure of the stress‐field in-
tensity near the tip of an ideal crack in a linear elastic me-
dium when deformed so that the crack faces are displaced
apart, normal to the crack plane (opening mode or mode I
deformation). KI is directly proportional to applied load
and depends on specimen geometry.

structural factor: a multiplying factor applied to load or
stress in the evaluation of a degraded component or pip-
ing item for the purpose of maintaining structural integ-
rity during continued operation for a defined period of
time.

Structural Integrity Test: the initial or subsequent pres-
sure test of a containment structure to demonstrate the
ability to withstand the prescribed loads.

support: see below

(a) an item used to position components, resist gravity,
resist dynamic loading, or maintain equilibrium of
components;

(b) an item that carries the weight of a component or
piping from below with the supporting members being
mainly in compression.

support part: a part or subassembly of a component sup-
port or piping support.

surface flaw: a flaw that either penetrates the surface or is
less than a given distance from the surface. (See Figure
IWA-3310-1.)

tendon: an assembly of prestressing steel, anchorages,
and couplings, which imparts prestressing forces to
concrete.

terminal ends: the extremities of piping runs that connect
to structures, components, or pipe anchors, each of which
acts as a rigid restraint or provides at least 2 degrees of
restraint to piping thermal expansion.

test: a procedure to obtain information through measure-
ment or observation.

unbonded tendons: tendons in which the prestressing
steel is permanently free to move relative to the concrete
to which they are applying prestressing forces.

variable spring type support: a spring type support provid-
ing a variable supporting force throughout a specified
deflection.
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verify: to determine that a particular action has been per-
formed in accordance with the rules and requirements of
this Section either by witnessing the action or by review-
ing records.

vibration control and sway brace: a spring type support
providing a variable restraining force along its axis.

welded joint category: the location of a joint in a vessel
used for specifying required examinations. The categories
are designated as A, B, C, and D as defined in NE‐3351.

yield strength (σy): the stress at which a material exhibits
a specified limiting deviation from the linear proportion-
ality of stress to strain. The deviation is expressed in
terms of strain (generally 0.2%).
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SUBSECTION IWB
REQUIREMENTS FOR CLASS 1 COMPONENTS OF

LIGHT-WATER-COOLED PLANTS

ARTICLE IWB-1000
SCOPE AND RESPONSIBILITY

IWB-1100 SCOPE

This Subsection provides requirements for inservice in-
spection of Class 1 pressure-retaining components and
their welded attachments in light‐water-cooled plants.

IWB-1200 COMPONENTS SUBJECT TO
EXAMINATION

IWB-1210 EXAMINATION REQUIREMENTS
The examination requirements of this Subsection shall

apply to Class 1 pressure-retaining components and their
welded attachments.

IWB-1220 COMPONENTS EXEMPT FROM
EXAMINATION

The following components19 or portions of components
are exempted from the volumetric, surface, VT-1 visual,
and VT-3 visual examination requirements of IWB-2500:
(a) components that are connected to the reactor cool-

ant system and are part of the reactor coolant pressure
boundary, and that are of such a size and shape so that

upon postulated rupture the resulting flow of coolant
from the reactor coolant system under normal plant oper-
ating conditions is within the capacity of makeup systems
that are operable from on‐site emergency power. The
emergency core cooling systems are excluded from the
calculation of makeup capacity.
(b) See (1) through (3) below.

(1) components and piping segments NPS 1 (DN 25)
and smaller, except for steam generator tubing;

(2) components and piping segments which have one
inlet and one outlet, both of which are NPS 1 (DN 25) and
smaller;

(3) components20 and piping segments which have
multiple inlets or multiple outlets whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the OD of NPS 1 (DN 25) pipe.
(c) reactor vessel head connections and associated pip-

ing, NPS 2 (DN 50) and smaller, made inaccessible by con-
trol rod drive penetrations.
(d) welds or portions of welds that are inaccessible due

to being encased in concrete, buried underground, lo-
cated inside a penetration, or encapsulated by guard pipe.
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ARTICLE IWB-2000
EXAMINATION AND INSPECTION

IWB-2200 PRESERVICE EXAMINATION

(a) Examinations required by this Article (with the ex-
ception of Examination Category B‐P, and the visual VT‐3
examinat ion of the internal sur faces o f Table
IWB-2500-1 (B-L-2, B-M-2) shall be completed prior to
initial plant startup. In addition, these preservice exami-
nations shall be extended to include essentially 100% of
the pressure-retaining welds in all Class 1 components,
except in those components exempted from examination
by IWB-1220(a), IWB-1220(b), or IWB-1220(c). How-
ever, in the case of Table IWB-2500-1 (B-O), the examina-
tion shall be extended to include essentially 100% of the
welds in the installed peripheral control rod drive hous-
ings only.

(b) Shop and field examinations may serve in lieu of the
on‐site preservice examinations provided:

(1) in the case of vessels only, the examination is per-
formed after the hydrostatic test required by Section III
has been completed;

(2) such examinations are conducted under condi-
tions and with equipment and techniques equivalent to
those that are expected to be employed for subsequent in-
service examinations;

(3) the shop and field examination records are, or
can be, documented and identified in a form consistent
with those required in Article IWA-6000.

(c) Steam generator tube examination shall be gov-
erned by the plant Technical Specification.

IWB-2400 INSPECTION SCHEDULE

IWB-2410 INSPECTION PROGRAM
Inservice examinations and system pressure tests may

be performed during plant outages such as refueling shut-
downs or maintenance shutdowns.

IWB-2411 Inspection Program
(a) The required percentage of examinations in each

Examination Category shall be completed in accordance
with Table IWB-2411-1, with the following exceptions:

(1) Examination Categories B‐N‐1, B‐P, and B‐Q
(2) examinations partially deferred to the end of an

inspection interval, as allowed by Examination Categories
B‐A, B‐D, and B‐F

(3) examinations deferred to the end of an inspection
interval, as allowed by Examination Categories B‐A,
B‐N‐2, B‐N‐3, and B‐O

(4) examinations deferred until disassembly of a
component for maintenance, repair/replacement activity,
or volumetric examination, as allowed by Examination
Categories B‐G‐1, B‐G‐2, B‐L‐2, and B‐M‐2

(5)welded attachments examined as a result of com-
ponent support deformation under Examination Category
B‐K

If there are less than three items or welds to be exam-
ined in an Examination Category, the items or welds may
be examined in any two periods, or in any one period if
there is only one item or weld, in lieu of the percentage
requirements of Table IWB-2411-1.

(b) If items or welds are added to the Inspection Pro-
gram, during the service lifetime of a plant, examination
shall be scheduled as follows:

(1)When items or welds are added during the first
period of an interval, at least 25% of the examinations re-
quired by the applicable Examination Category and Item
Number for the added items or welds shall be performed
during each of the second and third periods of that inter-
val. Alternatively, if deferral of the examinations is per-
mitted for the Examination Category and Item Number,
the second period examinations may be deferred to the
third period and at least 50% of the examinations re-
quired by the applicable Examination Category and Item
Number for the added items or welds shall be performed
during the third period.

Table IWB-2411-1
Inspection Program

Inspection
Interval

Inspection Period,
Calendar Years of

Plant Service Within
the Interval

Minimum
Examina-

tions
Completed,

%

Maximum
Examinations
Credited, %

All 3 16 50
7 50 [Note (1)] 75

10 100 100

NOTE:
(1) If the first period completion percentage for any examination ca-

tegory exceeds 34%, at least 16% of the required examinations
shall be performed in the second period.
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(2)When items or welds are added during the sec-
ond period of an interval, at least 25% of the examina-
tions required by the applicable Examination Category
and Item Number for the added items or welds shall be
performed during the third period of that interval.

(3)When items or welds are added during the third
period of an interval, examinations shall be scheduled in
accordance with (a) for successive intervals.

IWB-2413 Inspection Program for Steam
Generator Tubing

The examinations shall be governed by the plant Tech-
nical Specification.

IWB-2420 SUCCESSIVE INSPECTIONS

(a) The sequence of component examinations which
was established during the first inspection interval shall
be repeated during each successive inspection interval,
to the extent practical. The sequence of component exam-
inations may be modified in a manner that optimizes scaf-
folding, radiological, insulation removal, or other
considerations, provided that the percentage require-
ments of Table IWB-2411-1 are maintained.
(b) 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 reexa-
mined during the next three inspection periods listed in
the schedule of the Inspection Program of IWB-2400. Al-
ternatively, acoustic emission may be used to monitor
growth of existing flaws in accordance with IWA-2234.
For vessel welds, the three successive inspections are
not required if the following conditions are met:

(1) The flaw is characterized as subsurface in accor-
dance with Figure IWA-3320-2.

(2) The weld containing the flaw is acceptable for
continued service in accordance with IWB-3600, and
the flaw is demonstrated acceptable for the intended ser-
vice life of the component.
(c) If the reexaminations required by (b) reveal that

the flaws or relevant conditions remain essentially un-
changed, or that the flaw growth is within the growth pre-
dicted by the analytical evaluation, for three successive
inspection periods, then the component examination
schedule may revert to the original schedule of successive
inspections or the inspection interval defined by the ana-
lytical evaluation, whichever is limiting.
(d) If the reexaminations required by (b) above reveal

new flaws or relevant conditions that exceed the applic-
able acceptance standards of Table IWB-3410-1, or
growth of existing flaws in excess of the growth predicted
by the analytical evaluation, then

(1) the entire weld, area, or part21 shall be examined
during the current outage

(2) additional examinations shall be performed in ac-
cordance with IWB-2430

(e) For steam generator tubing, the successive exami-
nations shall be governed by the plant Technical
Specification.

(f) If welded attachments are examined as a result of
identified component support deformation, and the re-
sults of these examinations exceed the acceptance stan-
dards of Table IWB-3410-1, successive examinations
shall be performed, if determined necessary, based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded attach-
ment damage if known. If the cause of the welded
attachment damage could recur or is unknown, succes-
sive examinations shall be performed in accordance with
the requirements of (b) above. No successive examina-
tions are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The degradation mechanism no longer exists.

IWB-2430 ADDITIONAL EXAMINATIONS

(a) Examinations performed in accordance with Tables
IWB-2500-1 (B-A) through IWB-2500-1 (B-O) and Table
IWB-2500-1 (B-Q), that reveal flaws or relevant condi-
tions exceeding the acceptance standards of Table
IWB-3410-1 shall be extended to include additional ex-
aminations during the current outage in accordance with
(1) or (2) below.

(1) Additional examinations shall be performed in
accordance with the following requirements:

(-a) The additional examinations shall include an
additional number of welds, areas, or parts21 included
in the inspection item22 equal to the number of welds,
areas, or parts included in the inspection item that were
scheduled to be performed during the present inspection
period. The additional examinations shall be selected
fromwelds, areas, or parts of similar material and service.
This additional selection may require inclusion of piping
systems other than the one containing the flaws or rele-
vant conditions.

(-b) If the additional examinations required by
(-a) above reveal flaws or relevant conditions exceeding
the acceptance standards of Table IWB-3410-1, the exam-
inations shall be further extended to include additional
examinations during the current outage. These additional
examinations shall include the remaining number of
welds, areas, or parts of similar material and service sub-
ject to the same type of flaws or relevant conditions.

(2) Additional examinations shall be performed in
accordance with the following requirements:

(-a) An engineering evaluation shall be performed.
Topics to be addressed in the engineering evaluation shall
include the following:

(-1) a determination of the cause of the flaws or
relevant conditions
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(-2) an evaluation of applicable service condi-
tions and degradation mechanisms to establish that the
affected welds, areas, or parts21 will perform their in-
tended safety functions during subsequent operation

(-3) a determination of which additional welds,
areas, or parts21 are subject to the same service condi-
tions and degradation mechanisms that caused the flaws
or relevant conditions

(-b) Additional examinations shall be performed
on all those welds, areas, or parts21 subject to the same
service conditions and degradation mechanisms that
caused the flaws or relevant conditions. This additional
selection might require inclusion of piping systems other
than the one containing the original flaws or relevant con-
ditions. No additional examinations are required if the en-
gineering evaluation concludes that

(-1) there are no additional welds, areas, or
parts subject to the same service conditions that caused
the flaws or relevant conditions or

(-2) no degradation mechanism exists
(-c) The engineering evaluation shall be retained

in accordance with Article IWA-6000.
(b) The examination method for additional examina-

tions may be limited to the examination method that ori-
ginally identified the flaws or relevant conditions,
provided use of the method is supported by an engineer-
ing evaluation. The engineering evaluation shall deter-
mine the cause of the flaws or relevant conditions and
the appropriate method to be used as part of the addi-
tional examination scope. The engineering evaluation
shall be retained in accordance with Article IWA-6000.

(c) For the inspection period following the period in
which the examinations of (a) were completed, the exam-
inations shall be performed as originally scheduled in ac-
cordance with IWB-2400.

(d) For steam generator tubing, additional examina-
tions shall be governed by plant Technical Specifications.

(e) If welded attachments are examined as a result of
identified component support deformation, and the re-
sults of these examinations exceed the acceptance stan-
dards of Table IWB-3410-1, additional examinations
shall be performed, if determined necessary, based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded attach-
ment damage if known. If the cause of the welded
attachment damage could recur or is unknown, additional
examinations shall be performed in accordance with the
requirements of (a) above. No additional examinations
are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The degradation mechanism no longer exists.

IWB-2500 EXAMINATION AND PRESSURE
TEST REQUIREMENTS

(a) Components shall be examined and tested as
speci f ied in Tables IWB-2500-1 (B-A) through
IWB-2500-1 (B-Q). The method of examination for the
components and parts of the pressure-retaining bound-
aries shall comply with those tabulated in Tables
IWB-2500-1 (B-A) through IWB-2500-1 (B-Q) except
where alternate examination methods are used that meet
the requirements of IWA-2240.

(b) T a b l e s I W B - 2 5 0 0 - 1 ( B - A ) t h r o u g h
IWB-2500-1 (B-Q) are organized as follows.

Examination
Category Examination Area

B‐A Pressure-Retaining Welds in Reactor Vessel

B‐B Pressure-Retaining Welds in Vessels Other Than
Reactor Vessels

B‐D Full Penetration Welded Nozzles in Vessels
B‐F Pressure-Retaining Dissimilar Metal Welds in

Vessel Nozzles
B‐G‐1 Pressure-Retaining Bolting, Greater Than 2 in.

(50 mm) in Diameter
B‐G‐2 Pressure-Retaining Bolting, 2 in. (50 mm) and

Less in Diameter
B‐J Pressure-Retaining Welds in Piping

B‐K Welded Attachments for Vessels, Piping, Pumps,
and Valves

B‐L‐2 Pump Casings
B‐M‐2 Valve Bodies

B‐N‐1 Interior of Reactor Vessel
B‐N‐2 Welded Core Support Structures and Interior

Attachments to Reactor Vessels
B‐N‐3 Removable Core Support Structures

B‐O Pressure-Retaining Welds in Control Rod Drive
and Instrument Nozzle Housings

B‐P All Pressure-Retaining Components
B‐Q Steam Generator Tubing

(c) Alternatively, for Examination Categories B‐F and
B‐J, the provisions of Nonmandatory Appendix R may be
applied to all Class 1 piping or to one or more individual
piping systems.

(d) In lieu of the surface examination requirements for
Examination Category B-F NPS 4 (DN 100) and larger pip-
ing welds, Examination Category B-J NPS 4 (DN 100) and
larger piping welds, Examination Category B-F socket
welds, and Examination Category B-J socket welds, the
Owner may elect to perform a plant-specific review for
welds susceptible to outside surface attack. All welds of
the examination categories and within the size limitations
of this subparagraph, determined by this review to be
susceptible to outside surface attack, require surface ex-
amination each interval, in the same sequence, to the ex-
tent practical , over the lifetime of the item. The
plant-specific review shall be updated each interval. The
requirements of IWB-2411 shall be met. Acceptance stan-
dards shall be in accordance with IWB-3514. For any
socket weld connections identified as susceptible to
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thermal fatigue, VT-2 visual examination shall be per-
formed at operating pressure during each refueling out-
age. Contributors to outside surface attack include
proximity to nearby leak paths, proximity to chloride-
bearing materials, existence of moisture- or salt-laden at-
mosphere, and existence of insulation or other coating or
cover that traps moisture. Specific outside surface attack
susceptibility criteria are as follows:

(1) austenitic stainless steel base metal, welds, or
heat-affected zone (HAZ); operating temperature greater
than 150°F (65°C); and piping outside surface within five
pipe diameters of a probable leak path (e.g., valve stem)
and covered with nonmetallic insulation not in compli-
ance with U.S. NRC Regulatory Guide 1.36 (e.g., chloride
content) or equivalent requirements

(2) austenitic stainless steel base metal, welds, or
HAZ and piping outside surface exposed to wetting from
a concentrated chloride-bearing environment (e.g., sea-
water, brackish water, brine) or

(3) items identified as susceptible to any mechan-
isms of outside surface attack other than external chloride
stress corrosion cracking based on a review of plant ex-
perience and plant-specific processes and programs ad-
dressing chlorides and other contaminants
(e) For PWR stainless steel residual and regenerative

heat exchangers, in lieu of the requirements of Examina-
tion Categories B-B, B-D, and B-J, VT-2 visual examina-
tions may be performed in accordance with the following:

(1) These alternative examination requirements
shall not be applied to any heat exchanger, nor to any heat
exchanger design or configuration, that has experienced a

through-wall leak, such as heat exchangers with an inner
shell (inner barrel). The Owner shall evaluate industry ex-
perience to determine which heat exchanger designs or
configurations have leaked. If any leakage is detected, it
shall be corrected in accordance with Article IWA-4000.
Any subsequent use of these alternative examination re-
quirements shall then be discontinued. The affected heat
exchanger and others of the same design or configuration
shall be examined in accordance with (a).

(2) Application of these alternative examination re-
quirements is limited to those welds that are part of the
as-received heat exchanger assembly. The regenerative
heat exchanger assembly may be formed from multiple
smaller heat exchanger subcomponents connected by sec-
tions of piping. All of the smaller heat exchanger subcom-
ponents and the connecting piping are within the
boundary of the heat exchanger assembly.

(3) All welds, other than reinforcing plate welds,
shall have received at least one volumetric examination.
The preservice or Construction Code volumetric examina-
tion may be used to meet this requirement. Reinforcing
plate welds shall have received at least one surface
examination.

(4) The component shall be VT-2 visually examined
for evidence of leakage while undergoing the system leak-
age test as required by Examination Category B-P, to be
performed every refueling outage. IWB-3522 shall be
met.
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ð15Þ Table IWB-2500-1 (B-A)
Examination Category B-A, Pressure-Retaining Welds in Reactor Vessel

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End of

Interval
First Inspection

Interval
Successive Inspection

Intervals

B1.10 Shell welds

Volumetric IWB-3510 All welds [Note (2)] Same as for first interval PermissibleB1.11 Circumferential IWB-2500-1

B1.12 Longitudinal IWB-2500-2

B1.20 Head welds

IWB-2500-3 Volumetric IWB-3510
Accessible length of all

welds [Note (2)]
Same as for first interval PermissibleB1.21 Circumferential

B1.22 Meridional

B1.30 Shell‐to‐flange weld IWB-2500-4 Volumetric IWB-3510 Weld [Note (2)] Same as for first interval
Permissible [Note (3)]
or [Note (5)]

B1.40 Head‐to‐flange weld IWB-2500-5 Volumetric and surface IWB-3510 Weld [Note (2)] Same as for first interval
Permissible [Note (4)]
or [Note (5)]

B1.50 Repair welds [Note (1)] IWB-2500-1 and
IWB-2500-2

Volumetric IWB-3510 All weld repair areas Same as for first interval Permissible
B1.51 Beltline region

NOTES:
(1) Material (base metal) weld repairs where repair depth exceeds 10% nominal of the vessel wall. If the location of the repair is not positively and accurately known, then the individual shell

plate, forging, or shell course containing the repair shall be included.
(2) Includes essentially 100% of the weld length.
(3) The shell‐to‐flange weld examination may be performed during the first and third periods, in which case 50% of the shell‐to‐flange weld shall be examined by the end of the first period,

and the remainder by the end of third period. During the first period, the examination need only be performed from the flange face, provided this same portion is examined from the shell
during the third period.

(4) During the first and second periods, the examination may be performed from the flange face, provided these same portions are examined from the head during the third period.
(5) Deferral in the first inspection interval is not permitted. Deferral in successive inspection intervals is permitted provided that

(a) no welded repair/replacement activities have been performed either on the shell‐to‐flange weld or head‐to‐flange weld; and
(b)neither the shell‐to‐flange weld nor the head‐to‐flange weld contains identified flaws or relevant conditions that require successive inspections in accordance with IWB-2420(b).
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Table IWB-2500-1 (B-B)
Examination Category B-B, Pressure-Retaining Welds in Vessels Other Than Reactor Vessels

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals [Note (3)]

Pressurizer

Volumetric IWB-3510

Figure IWB-2500-20(a) Figure IWB-2500-20(b)

Not permissible

B2.10 Shell‐to‐Head

B2.11 Circumferential IWB-2500-1 Both welds [Note (4)] Both welds [Note (4)]

B2.12 Longitudinal IWB-2500-2
1 ft (300 mm) of all

welds [Note (2)]

1 ft (300 mm) of one
weld [Note (2)] per
head

B2.20 Head Welds

IWB-2500-3 Volumetric IWB-3510 All welds [Note (4)] One weld per head Not permissibleB2.21 Circumferential

B2.22 Meridional

Steam Generators (Primary Side)

Volumetric IWB-3510
Figure IWB-2500-20(c)

All welds [Note (4)]

Figure IWB-2500-20(d)
One weld [Note (1)]
per head

Not permissible
B2.30 Head Welds

IWB-2500-3B2.31 Circumferential

B2.32 Meridional

B2.40 Tubesheet‐To‐Head Weld IWB-2500-6 Volumetric IWB-3510 Weld [Note (4)]
Weld [Note (1)], [Note

(4)]
Not permissible

Heat Exchangers (Primary Side) — Head

Volumetric IWB-3510
Figure IWB-2500-20(e)

All welds [Note (4)]

Figure IWB-2500-20(f)
One weld [Note (1)]
per head

Not permissible

B2.50 Head Welds

B2.51 Circumferential
IWB-2500-1,
IWB-2500-3

B2.52 Meridional IWB-2500-3

Heat Exchangers (Primary Side) — Shell Figure IWB-2500-20(g) Figure IWB-2500-20(h)

B2.60 Tubesheet‐to‐Head Welds IWB-2500-6 Volumetric IWB-3510 Weld [Note (4)]
Weld [Note (1)], [Note

(4)]
Not permissible

B2.70 Longitudinal Welds IWB-2500-2 Volumetric IWB-3510
1 ft of all welds [Note

(2)] at each end of
shell

1 ft of one weld [Note
(1)], [Note (2)] at
each end of shell

Not permissible

B2.80 Tubesheet‐to‐Shell Welds IWB-2500-6 Volumetric IWB-3510
Welds [Note (4)] each

end
Welds [Note (1)], [Note

(4)] each end
Not permissible
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Table IWB-2500-1 (B-B)
Examination Category B-B, Pressure-Retaining Welds in Vessels Other Than Reactor Vessels (Cont'd)

NOTES:
(1) The examination may be limited to one vessel among the group of vessels performing a similar function.
(2) The weld selected for examination is that weld intersecting the circumferential weld.
(3) The initially selected welds are to be examined in the same sequence during successive inspection intervals, to the extent practical.
(4) Includes essentially 100% of the weld length.
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Table IWB-2500-1 (B-D)
Examination Category B-D, Full Penetration Welded Nozzles in Vessels

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of Interval
First Inspection

Interval
Successive Inspection

Intervals

Reactor Vessel

B3.90 Nozzle‐to‐Vessel Welds
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval
See [Note (2)], [Note
(3)], [Note (5)]

B3.100 Nozzle Inside Radius Section
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval
See [Note (2)], [Note
(5)]

Pressurizer

B3.110 Nozzle‐to‐Vessel Welds
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval Not permissible

Steam Generators (Primary Side)

B3.130 Nozzle‐to‐Vessel Welds
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval Not permissible

Heat Exchangers (Primary Side)

B3.150 Nozzle‐to‐Vessel Welds
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval Not permissible

B3.160 Nozzle Inside Radius Section
IWB‐2500‐7
[Note (4)]

Volumetric IWB-3512 All nozzles [Note (1)] Same as for 1st Interval Not permissible

NOTES:
(1) Includes nozzles with full penetration welds to vessel shell (or head) and integrally cast nozzles, but excludes manways and handholes either welded to or integrally cast in vessel.
(2) At least 25% but not more than 50% of the nozzles shall be examined by the end of the first inspection period, and the remainder by the end of the inspection interval.
(3) If the nozzle weld is examined by the straight beam ultrasonic method from inside the nozzle bore, the remaining examinations required from the shell inside diameter may be performed

at or near the end of the interval.
(4) The examination volumes shall apply to the applicable figure shown in Figures IWB-2500-7(a) through IWB-2500-7(d).
(5) For PWRs in the second and successive inspection intervals, these examinations may be deferred to the end of the interval, provided no repair/replacement activities have been per-

formed on the examination item, and no flaws or relevant conditions requiring successive inspections in accordance with IWB-2420(b) are contained in the examination item.
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Table IWB-2500-1 (B-F)
Examination Category B-F, Pressure-Retaining Dissimilar Metal Welds in Vessel Nozzles

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of Interval
First Inspection

Interval
Successive Inspection

Intervals

Reactor Vessel

B5.10 NPS 4 (DN 100) or Larger Nozzle‐to‐Safe End Butt Welds IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval
See [Note (1)], [Note
(2)]

B5.11
NPS 4 (DN 100) or Larger Nozzle‐to‐Component Butt
Welds

IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.20
Less Than NPS 4
(DN 100) Nozzle‐to‐Safe End Butt Welds

IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval See [Note (1)]

B5.30 Nozzle‐to‐Safe End Socket Welds IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval See [Note (1)]

Pressurizer

B5.40 NPS 4 (DN 100) or Larger Nozzle‐to‐Safe End Butt Welds IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.50
Less Than NPS 4
(DN 100) Nozzle‐to‐Safe End Butt Welds

IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.60 Nozzle‐to‐Safe End Socket Welds IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

Steam Generator

B5.70 NPS 4 (DN 100) or Larger Nozzle‐to‐Safe End Butt Welds IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.71
NPS 4 (DN 100) or Larger Nozzle‐to‐Component Butt
Welds

IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.80
Less Than NPS 4
(DN 100) Nozzle‐to‐Safe End Butt Welds

IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.90 Nozzle‐to‐Safe End Socket Welds IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

Heat Exchangers

B5.100 NPS 4 (DN 100) or Larger Nozzle‐to‐Safe End Butt Welds IWB-2500-8 Volumetric and surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.110
Less Than NPS 4
(DN 100) Nozzle‐to‐Safe End Butt Welds

IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

B5.120 Nozzle‐to‐Safe End Socket Welds IWB-2500-8 Surface IWB-3514 All welds Same as for 1st interval Not permissible

NOTES:
(1) Deferral is not permissible during the first interval. However, during successive intervals, the examinations may be performed coincident with the vessel nozzle examinations required

by Examination Category B‐D.
(2) For PWRs in the second and successive inspection intervals, these examinations may be deferred to the end of the interval, provided no repair/replacement activities have been

performed on the examination item, and no flaws or relevant conditions requiring successive inspections in accordance with IWB-2420(b) are contained in the examination item.
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ð15Þ Table IWB-2500-1 (B-G-1)
Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than 2 in. (50 mm) in Diameter

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of IntervalFirst Inspection Interval
Successive Inspection

Intervals

Reactor Vessel

B6.10 Closure Head Nuts Surfaces Visual, VT‐1 IWB-3517 Closure head nuts

Same as for 1st interval Permissible

B6.20 Closure Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515 Closure studs [Note (1)]

B6.40 Threads in Flange IWB-2500-12(a) Volumetric IWB-3515 Threads in flange

B6.50 Closure Washers, Bushings Surfaces Visual, VT‐1 IWB-3517
Closure washer and
bushings [Note (2)]

Pressurizer

B6.60 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515 Bolts and studs [Note (1)]

Same as for 1st interval Permissible
B6.70

Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface

B6.80 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and
washers [Note (2)]

Steam Generators

B6.90 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515 Bolts and studs [Note (1)]

Same as for 1st interval Permissible
B6.100

Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface

B6.110 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and
washers [Note (2)]

Heat Exchangers

B6.120 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515
Bolts and studs [Note (1)],
[Note (3)]

Same as for 1st interval Permissible
B6.130

Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface [Note (4)]

B6.140 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and
washers [Note (2)],
[Note (4)]
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Table IWB-2500-1 (B-G-1)
Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than 2 in. (50 mm) in Diameter (Cont'd)

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of IntervalFirst Inspection Interval
Successive Inspection

Intervals

Piping

Same as for 1st interval Permissible

B6.150 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515
Bolts and studs [Note (1)],

[Note (5)]

B6.160
Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface [Note (5)]

B6.170 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and

washers [Note (2)],
[Note (5)]

Pumps

Same as for 1st interval Permissible

B6.180 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515
Bolts and studs [Note (1)],

[Note (3)]

B6.190
Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface [Note (4)]

B6.200 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and

washers [Note (2)],
[Note (4)]

Valves

Same as for 1st interval Permissible

B6.210 Bolts and Studs IWB-2500-12(a) Volumetric [Note (7)] IWB-3515
Bolts and studs [Note (1)],

[Note (3)]

B6.220
Flange Surface, [Note (6)] when connection
disassembled

Surfaces Visual, VT‐1 IWB-3517 Flange surface [Note (4)]

B6.230 Nuts, Bushings, and Washers Surfaces Visual, VT‐1 IWB-3517
Nuts, bushings, and

washers [Note (2)],
[Note (4)]

GENERAL NOTE: Bolting diameter is defined as the smaller of the minor thread diameter of the portion of the bolting that is under tension or the bolting shank diameter.

NOTES:
(1) Bolting may be examined:

(a) in place under tension;
(b)when the connection is disassembled;
(c)when the bolting is removed.

(2) Bushings are required to be examined only when the bolting is removed. Bushings may be examined in place.
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Table IWB-2500-1 (B-G-1)
Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than 2 in. (50 mm) in Diameter (Cont'd)

NOTES (CONT'D):
(3) Volumetric examination of bolts and studs for heat exchangers, pumps, or valves may be conducted on one heat exchanger, one pump, or one valve among a group of heat exchangers,

pumps, or valves that are similar in design, type, and function. In addition, when the component to be examined contains a group of bolted connections of similar design and size, such
as flanged connections, the examination may be conducted on one bolted connection among the group.

(4) Visual examination of nuts, bushings, washers, and flange surfaces for heat exchangers, pumps, or valves is required only when the component is examined under Examination Ca-
tegory B‐B, B‐L‐2, or B‐M‐2. Examination of a bolted connection is required only once during the interval.

(5) The examination of flange bolting in piping systems may be limited to one bolted connection among a group of bolted connections that are similar in design, size, function, and service.
(6) Examination includes 1 in. (25 mm) annular surface of flange surrounding each stud.
(7) When bolts or studs are removed for examination, surface examination meeting the acceptance standards of IWB-3515 may be substituted for volumetric examination.
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ð15Þ Table IWB-2500-1 (B-G-2)
Examination Category B-G-2, Pressure-Retaining Bolting, 2 in. (50 mm) and Less in Diameter

Item
No. Parts Examined [Note (1)]

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of Interval
First Inspection

Interval
Successive Inspection

Intervals

Reactor Vessel All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.10 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Pressurizer All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.20 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Steam Generators All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.30 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Heat Exchangers All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.40 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Piping All bolts, studs, and
nuts [Note (3)]

Same as for 1st interval Not permissible
B7.50 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Pumps All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.60 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

Valves All bolts, studs, and
nuts [Note (2)]

Same as for 1st interval Not permissible
B7.70 Bolts, Studs, and Nuts Surface Visual, VT‐1 IWB-3517

GENERAL NOTE: Bolting diameter is defined as the smaller of the minor thread diameter of the portion of the bolting that is under tension or the bolting shank diameter.

NOTES:
(1) Bolting is required to be examined only when a connection is disassembled or bolting is removed.
(2) For components other than piping, examination of bolting is required only when the component is examined under Examination Category B-A, B‐B, B‐L‐2, or B‐M‐2. Examination of bolted

connection is required only once during the interval.
(3) The examination of flange bolting in piping systems may be limited to one bolted connection among a group of bolted connections that are similar in design, size, function, and service.

Examination is required only when a flange is disassembled. Examination of a bolted connection is required only once during the interval.
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Table IWB-2500-1 (B-J)
Examination Category B-J, Pressure-Retaining Welds in Piping

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to End

of Interval
First Inspection

Interval
Successive Inspection
Intervals [Note (1)]

B9.10 NPS 4 or larger (DN 100)

IWB-2500-8 Surface and volumetric IWB-3514

Welds [Note (2)],
[Note (3)], [Note
(4)], [Note (5)],
[Note (6)]

Same as for first interval Not permissible
B9.11 Circumferential welds

B9.20 Less than NPS 4 (DN 100)

IWB-2500-8 IWB-3514

Welds [Note (2)],
[Note (3)], [Note
(4)]

Same as for first interval Not permissible
B9.21

Circumferential welds other than PWR high
pressure safety injection systems

Surface

B9.22
Circumferential welds of PWR high pressure safety
injection systems

Volumetric
Welds [Note (3)],
[Note (5)], [Note
(6)], [Note (7)]

B9.30 Branch pipe connection welds

Same as for first interval Not permissible
B9.31 NPS 4 or larger (DN 100) IWB-2500-9,

IWB-2500-10,
and
IWB-2500-11

Surface and volumetric

IWB-3514

Welds [Note (2)],
[Note (3)], [Note
(4)], [Note (5)],
[Note (6)]

B9.32 Less than NPS 4 (DN 100) Surface
Welds [Note (2)],
[Note (3)], [Note
(4)]

B9.40 Socket welds IWB-2500-8 Surface IWB-3514
Welds [Note (2)],
[Note (3)]

Same as for first interval Not permissible

NOTES:
(1) The initially selected welds are to be examined in the same sequence during successive inspection intervals, to the extent practical.
(2) Examinations shall include the following:

(a) All terminal ends in each pipe or branch run connected to vessels.
(b)All terminal ends and joints in each pipe or branch run connected to other components where the stress levels exceed either of the following limits under loads associated with

specific seismic events and operational conditions:
(1) primary plus secondary stress intensity range of 2.4 Sm for ferritic steel and austenitic steel
(2) cumulative usage factor U of 0.4

(c) All dissimilar metal welds not covered under Category B‐F.
(d)Additional piping welds so that the total number of circumferential butt welds (or branch connection or socket welds) selected for examination equals 25% of the circumferential

butt welds (or branch connection or socket welds) in the reactor coolant piping system. This total does not include welds exempted by IWB-1220 or welds in Item No. B9.22. These
additional welds may be located as follows:

(1) For PWR plants
(-a)one hot‐leg and one cold‐leg in one reactor coolant piping loop
(-b) one branch, representative of an essentially symmetric piping configuration among each group of branch runs that are connected to reactor coolant loops and that perform

similar system functions
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Table IWB-2500-1 (B-J)
Examination Category B-J, Pressure-Retaining Welds in Piping (Cont'd)

NOTES (CONT'D):
(-c) each piping and branch run exclusive of the categories of loop and runs that are part of system piping of (-a) and (-b) above

(2) For BWR plants
(-a) one reactor coolant recirculation loop (where a loop or run branches, only one branch)
(-b) one branch run representative of an essentially symmetric piping configuration among each group of branch runs that are connected to a loop and that perform similar

system functions
(-c) one steam line run representative of an essentially symmetric piping configuration among the runs
(-d) one feedwater line run representative of an essentially symmetric piping configuration among the runs (where a loop or run branches, only one branch)
(-e) each piping and branch exclusive of the categories of loops and runs that are part of the system piping of (-a) through (-d) above

(3) Includes essentially 100% of the weld length.
(4) For circumferential welds with intersecting longitudinal welds, surface examination of the longitudinal piping welds is required for those portions of the welds within the examination

boundaries of intersecting Examination Categories B‐F and B‐J circumferential welds.
(5) For circumferential welds with intersecting longitudinal welds, volumetric examination of the longitudinal piping welds is required for those portions of the welds within the exam-

ination boundaries of intersecting Examination Categories B‐F and B‐J circumferential welds. The following requirements shall also be met:
(a) When longitudinal welds are specified and locations are known, examination requirements shall be met for both transverse and parallel flaws at the intersection of the welds

and for that length of longitudinal weld within the circumferential weld examination volume.
(b)When longitudinal welds are specified but locations are unknown, or the existence of longitudinal welds is uncertain, the examination requirements shall be met for both trans-

verse and parallel flaws within the entire examination volume of intersecting circumferential welds.
(6) For welds in carbon or low alloy steels, only those welds showing reportable preservice transverse indications need to be examined by the ultrasonic method for reflectors transverse

to the weld length direction except that circumferential welds with intersecting longitudinal welds shall meet [Note (5)].
(7) A 10% sample of PWR high pressure safety injection system circumferential welds in piping greater than or equal to NPS 11/2 (DN 40) and less than NPS 4 (DN 100) shall be selected for

examination. This sample shall be selected from locations determined by the Owner as most likely to be subject to thermal fatigue. Thermal fatigue may be caused by conditions such as
valve leakage or turbulence effects.
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Table IWB-2500-1 (B-K)
Examination Category B-K, Welded Attachments for Vessels, Piping, Pumps, and Valves

Item
No. Parts Examined [Note (1)]

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent [Note (2)], [Note (3)] and Frequency
[Note (6)] of Examination Deferral of

Examination to End
of Interval

First Inspection
Interval

Successive Inspection
Intervals

Pressure Vessels

IWB-3516

Each welded
attachment and each

identified
occurrence [Note

(4)]

Same as for first interval Not permissible
B10.10 Welded attachments

IWB-2500-13,
IWB-2500-14,

and
IWB-2500-15

Surface [Note (7)]

Piping

IWB-3516

Each welded
attachment and each

identified
occurrence [Note

(5)]

Same as for first interval Not permissible
B10.20 Welded attachments

IWB-2500-13,
IWB-2500-14,

and
IWB-2500-15

Surface

Pumps Each welded
attachment and each

identified
occurrence [Note

(5)]

Same as for first interval Not permissible
B10.30 Welded attachments

IWB-2500-13,
IWB-2500-14,

and
IWB-2500-15

Surface IWB-3516

Valves Each welded
attachment and each

identified
occurrence [Note

(5)]

Same as for first interval Not permissible
B10.40 Welded attachments

IWB-2500-13,
IWB-2500-14,

and
IWB-2500-15

Surface IWB-3516

NOTES:
(1) Weld buildup on nozzles that is in compression under normal conditions and provides only component support is excluded from examination. Examination is limited to those welded

attachments that meet the following conditions:
(a) the attachment is on the outside surface of the pressure-retaining component;
(b) the attachment provides component support as defined in NF‐1110;
(c) the attachment weld joins the attachment either directly to the surface of the component or to an integrally cast or forged attachment to the component, and
(d) the attachment weld is full penetration, fillet, or partial penetration, either continuous or intermittent.

(2) The extent of the examination includes essentially 100% of the length of the attachment weld at each attachment subject to examination, except that, for the configuration shown in
Figure IWB-2500-15, examination of surface areas may be limited to the portions of these areas that are accessible without removal of support members.

(3) Selected samples of welded attachments shall be examined each inspection interval.
(4) For multiple vessels of similar design, function and service, only one welded attachment of only one of the multiple vessels shall be selected for examination. For single vessels, only one

welded attachment shall be selected for examination. The attachment selected for examination on one of the multiple vessels or the single vessel, as applicable, shall be an attachment
under continuous load during normal system operation, or an attachment subject to a potential intermittent load (seismic, water hammer, etc.) during normal system operation if an
attachment under continuous load does not exist.

(5) For piping, pumps, and valves, a sample of 10% of the welded attachments associated with the component supports selected for examination under IWF-2510 shall be examined.
(6) Examination is required whenever component support member deformation, e.g., broken, bent, or pulled out parts, is identified during operation, refueling, maintenance, examination,

or testing.
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Table IWB-2500-1 (B-K)
Examination Category B-K, Welded Attachments for Vessels, Piping, Pumps, and Valves (Cont'd)

NOTES (CONT'D):
(7) For the configurations shown in Figures IWB-2500-13 and IWB-2500-14, a surface examination from an accessible side of the attachment weld shall be performed. Alternatively, for the

configuration shown in Figure IWB-2500-14, a volumetric examination of volume A‐B‐C‐D from an accessible side of the attachment weld may be performed in lieu of the surface ex-
amination of surfaces A‐B or C‐D.
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Table IWB-2500-1 (B-L-2, B-M-2)
Examination Categories B-L-2, Pump Casings; B-M-2, Valve Bodies

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals

Pumps Internal surface [Note
(1)]

Same as for first interval See [Note (2)]
B12.20 Pump casing (B‐L‐2) Internal surfaces Visual, VT‐3 IWB-3519

Valves Internal surface [Note
(3)]

Same as for first interval See [Note (2)]
B12.50 Valve body, exceeding NPS 4 (DN 100) (B‐M‐2) Internal surfaces Visual, VT‐3 IWB-3519

NOTES:
(1) Examinations are limited to at least one pump in each group of pumps performing similar functions in the system, e.g., recirculating coolant pumps.
(2) Examination is required only when a pump or valve is disassembled for maintenance, or repair. Examination of the internal pressure boundary shall include the internal

pressure-retaining surfaces made accessible for examination by disassembly. If a partial examination is performed and a subsequent disassembly of that pump or valve allows a more
extensive examination, an examination shall be performed during the subsequent disassembly. A complete examination is required only once during the interval.

(3) Examinations are limited to at least one valve within each group of valves that are of the same size, constructural design (such as globe, gate, or check valves), and manufacturing
method, and that perform similar functions in the system (such as containment isolation and system overpressure protection).
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Table IWB-2500-1 (B-N-1, B-N-2, B-N-3)
Examination Categories B-N-1, Interior of Reactor Vessel; B-N-2, Welded Core Support Structures and Interior Attachments to Reactor

Vessels; B-N-3, Removable Core Support Structures

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals

Reactor Vessel

IWB-3520.2
Refueling outages
[Note (3)]

Each inspection period Not permissible
B13.10 Vessel interior (B‐N‐1)

Accessible areas
[Note (1)]

Visual, VT‐3

Reactor Vessel (BWR)
IWB-3520.1 Welds Same as for first interval Permissible

B13.20 Interior attachments within beltline region (B‐N‐2) Accessible welds Visual, VT‐1

B13.30 Interior attachments beyond beltline region (B‐N‐2) Accessible welds Visual, VT‐3 IWB-3520.2 Welds Same as for first interval Permissible

B13.40 Core support structure (B‐N‐2)
Accessible
surfaces

Visual, VT‐3 IWB-3520.2 Surfaces Same as for first interval Permissible

Reactor Vessel (PWR)
IWB-3520.1 Welds Same as for first interval Permissible

B13.50 Interior attachments within beltline region (B‐N‐2) Accessible welds Visual, VT‐1

B13.60 Interior attachments beyond beltline region (B‐N‐2) Accessible welds Visual, VT‐3 IWB-3520.2 Welds Same as for first interval Permissible

B13.70 Core support structure [Note (2)] (B‐N‐3)
Accessible
surfaces

Visual, VT‐3 IWB-3520.2 Surfaces Same as for first interval Permissible

NOTES:
(1) Areas to be examined shall include the spaces above and below the reactor core that are made accessible for examination by removal of components during normal refueling outages.
(2) The structure shall be removed from the reactor vessel for examination.
(3) At 1st refueling outage, and subsequent refueling outages at approximately 3-yr intervals.
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ð15Þ Table IWB-2500-1 (B-O)
Examination Category B-O, Pressure-Retaining Welds in Control Rod Drive and Instrument Nozzle Housings

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals

Reactor Vessel (BWR)
IWB-2500-18 Volumetric or surface IWB-3523 See [Note (1)] Same as for first interval Permissible

B14.10 Welds in Control Rod Drive (CRD) housing

Reactor Vessel (PWR)
IWB-2500-18

Volumetric or surface
[Note (2)]

IWB-3523 See [Note (1)] Same as for first interval Permissible
B14.20 Welds in Control Rod Drive (CRD) Housings

B14.21
Welds in In‐Core Instrumentation Nozzle (ICI)

Housings > NPS 2 (DN50)
IWB-2500-18

Volumetric or surface
[Note (2)]

IWB-3523 10% ICI housings Same as for first interval Permissible

NOTES:
(1) Examination is required on 10% of peripheral CRD housings. Alternatively, 10% of the combined length of each weld configuration (e.g., housing-to-housing and housing-to-flange) of

the peripheral CRD housing welds may be examined, provided each weld selected for examination is examined to the maximum extent practicable.
(2) The surface examination method shall be performed on the inside diameter of the penetration nozzle housing welds as shown in Figure IWB-2500-18 for examination surface area C‐D.
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Table IWB-2500-1 (B-P)
Examination Category B-P, All Pressure-Retaining Components

Item
No. Parts Examined

Examination
Requirements/

Figure No.
Examination Method

[Note (1)]
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals

B15.10 Pressure-retaining components [IWB-5222(a)]
System leakage
test
(IWB-5220)

Visual, VT‐2 IWB-3522
Each refueling outage
[Note (2)]

Same as for first interval Not permissible

B15.20 Pressure-retaining components [IWB-5222(b)]
System leakage
test
(IWB-5220)

Visual, VT‐2 IWB-3522
Once per interval [Note
(3)]

Same as for first interval See [Note (3)]

NOTES:
(1) Visual examination of IWA-5240.
(2) The system leakage test (IWB-5220) shall be conducted prior to plant startup following a reactor refueling outage.
(3) The system leakage test (IWB-5220) of the boundary of IWB-5222(b) shall be performed at or near the end of the interval.

99

A
SM

E
B
P
V
C
.X
I-2

0
1
5

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table IWB-2500-1 (B-Q)
Examination Category B-Q, Steam Generator Tubing

Item
No. Parts Examined

Examination
Requirements/

Figure No. Examination Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Examination to
End of Interval

First Inspection
Interval

Successive Inspection
Intervals

B16.10 Steam Generator Tubing in Straight Tube Design
Entire length of
tubing

Volumetric [Note (2)] [Note (1)] [Note (1)]

B16.20 Steam Generator Tubing in U‐Tube Design

Tubing hot leg
side, U‐ bend
portion and
optionally
cold leg side

Volumetric IWB-3521 [Note (1)] [Note (1)]

NOTES:
(1) The extent and frequency of examination shall be governed by the plant Technical Specification.
(2) In the course of preparation.
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Figure IWB-2500-1
Vessel Shell Circumferential Weld Joints
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Figure IWB-2500-2
Vessel Shell Longitudinal Weld Joints
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Figure IWB-2500-3
Spherical Vessel Head Circumferential and Meridional Weld Joints
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Figure IWB-2500-4
Shell-to-Flange Weld Joint
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Figure IWB-2500-5
Head-to-Flange Weld Joint
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Figure IWB-2500-6
Typical Tubesheet-to-Head Weld Joints
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GENERAL NOTE: All flaws are exaggerated in size and scale.

NOTE:
(1) Laminar flaws within examined volume of tubesheet are considered planar flaws.
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Figure IWB-2500-7(a)
Nozzle in Shell or Head

(Examination Zones in Barrel-Type Nozzles Joined by Full Penetration Corner Welds)
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Rts /2

Legend:

r i = nozzle inside corner radius
tn1 , t n2 = nozzle wall thickness

ts = shell (or head) thickness

GENERAL NOTE: 1/2 in. = 13 mm

NOTES:
(1) Examination regions are identified for the purpose of differentiating the acceptance standards in IWB-3512.
(2) Examination volumes may be determined either by direct measurements on the component or by measurements based on design

drawings.
(3) The dimensions for the examination volume shall be determined from the edge of the weld bevel if the weld toe extends beyond the bevel.
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Figure IWB-2500-7(b)
Nozzle in Shell or Head

(Examination Zones in Flange Type Nozzles Joined by Full Penetration Butt Welds)
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Legend:

r i = nozzle inside corner radius
tn1 , t n2 = nozzle wall thickness

t s = shell (or head) thickness

NOTES:
(1) Examination regions are identified for the purpose of differentiating the acceptance standards in IWB-3512.
(2) Examination volumes may be determined either by direct measurements on the component or by measurements based on design

drawings.
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Figure IWB-2500-7(c)
Nozzle in Shell or Head

(Examination Zones in Set-On Type Nozzles Joined by Full Penetration Corner Welds)
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Legend:

r i = nozzle inside corner radius
tn1 = nozzle wall thickness

t s = shell (or head) thickness

GENERAL NOTE: 1/2 in. = 13 mm

NOTES:
(1) Examination regions are identified for the purpose of differentiating the acceptance standards in IWB-3512.
(2) Examination volumes may be determined either by direct measurements on the component or by measurements based on design

drawings.
(3) The dimensions for the examination volume shall be determined from the edge of the weld bevel if the weld toe extends beyond the bevel.
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Figure IWB-2500-7(d)
Nozzle in Shell or Head

(Examination Zone in Nozzles Integrally Cast or Formed in Shell or Head)
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EXAMINATION REGION [Note (1)]

O-P-Q-R

EXAMINATION VOLUME [Note (2)]

Q

Legend:

r i = nozzle inside corner radius
tn1 = nozzle wall thickness

t s = shell (or head) thickness

GENERAL NOTE: 1/2 in. = 13 mm

NOTES:
(1) Examination regions are identified for the purpose of differentiating the acceptance standards in IWB-3512.
(2) Examination volumes may be determined either by direct measurements on the component or by measurements based on design

drawings.
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ð15ÞFigure IWB-2500-8
Similar and Dissimilar Metal Welds in Components, Nozzles, and Piping

Exam. surface A - B

Exam. surface
  A - B
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Weld end buttering
   (where applied)BA

Profile of valve body,
   vessel nozzle, or
   pump connection

Weld end buttering
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Profile of valve body,
   vessel nozzle, or
   pump connection

A

B

Inner surface

Inner surface

(a)  Socket Welded Piping

(b)  Less Than NPS 4 (DN 100)

1 in.

1 in.
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Figure IWB-2500-8
Similar and Dissimilar Metal Welds in Components, Nozzles, and Piping (Cont'd)
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(c)  NPS 4 (DN 100) or Larger
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Figure IWB-2500-8
Similar and Dissimilar Metal Welds in Components, Nozzles, and Piping (Cont'd)

Exam.
 surface A–B

1/2 in. 1/2 in.

A B Outside surface

F E Inside surface

C D

Exam. vol.
 C-D-E-F

1/4 in. 1/4 in.

Weld end buttering
 (where applied)

t

1/3 t

(e) Alternative Configuration for NPS 4 (DN 100) or Larger

Weld end buttering
   (where applied)

Exam. 
surface A-B

1/2 in. 1/2 in.

1/4 in.1/4 in.

Exam. vol.
C-D-E-F

1/3t

t

A B

C D

F E

(f)  Double-Groove Alternative Configuration for NPS 4 (DN 100) or Larger

Outside surface

Inside surface

GENERAL NOTES:
(a) 1 in. = 25 mm
(b) 1/2 in. = 13 mm
(c) 1/4 in. = 6 mm
(d) If weld end buttering is present on both sides, the examination surface and volume shall be measured from the ends of both butterings. It

might include remnants of replaced welds and might appear artificially wide on exposed surfaces due to fabrication processes. If the true
dimension is unknown, buttering thickness may be determined from manufacturer's drawings or shall be assumed to be 1/2 in.
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Figure IWB-2500-9
Pipe Branch Connection

GENERAL NOTES:
(a) 1 in. = 25 mm
(b) Examination volumes C–D–E–F are defined per Figure IWB-2500-8.
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Figure IWB-2500-10
Pipe Branch Connection
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GENERAL NOTES:
(a) 1 in. = 25 mm
(b) Examination volumes C–D–E–F are defined per Figure IWB-2500-8.
(c) The dimensions for the examination volume shall be determined from the edge to the weld bevel if the weld toe extends beyond the bevel.
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Figure IWB-2500-11
Pipe Branch Connection
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GENERAL NOTES:
(a) 1 in. = 25 mm
(b) Examination volumes C–D–E–F are defined per Figure IWB-2500-8.
(c) The dimensions for the examination volume shall be determined from the edge of the weld bevel if the weld toe extends beyond the bevel.
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ð15ÞFigure IWB-2500-12(a)
Stud and Threads in Flange Stud Hole

Legend:

DB = diameter of the threaded bushing DS = diameter of the stud

GENERAL NOTES:
(a) 1 in. = 25 mm
(b) 1/4 in. = 6 mm
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ð15Þ Figure IWB-2500-12(b)
Pressure-Retaining Bolts

(Integral Head With Shank)

¼ in. as measured
  from the thread root

GENERAL NOTE: 1/4 in. = 6 mm
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ð15ÞFigure IWB-2500-12(c)
Pressure-Retaining Bolts

(Integral Head Without Shank)

¼ in. as measured
  from the thread root

GENERAL NOTE: 1/4 in. = 6 mm
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Figure IWB-2500-13
Welded Attachment

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWB-2500-14
Welded Attachment

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWB-2500-15
Welded Attachment

GENERAL NOTES:
(a) Examination of surface areas may be limited to the portions of these areas that are accessible without removal of support members.
(b) 1/2 in. = 13 mm
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Figure IWB-2500-18
Control Rod Drive and Instrument Nozzle Housing Welds

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWB-2500-20
Extent of Weld Examination

NOTES:
(1) Includes welds within 180 deg meridian of head.
(2) Includes welds within 90 deg meridian of head.
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ARTICLE IWB-3000
ACCEPTANCE STANDARDS

IWB-3100 EVALUATION OF EXAMINATION
RESULTS

IWB-3110 PRESERVICE VOLUMETRIC AND
SURFACE EXAMINATIONS

IWB-3111 General

(a) The preservice volumetric and surface examina-
tions required by IWB-2200 and performed in accordance
with IWA-2200 shall be evaluated by comparing the ex-
amination results with the acceptance standards specified
in IWB-3112.

(b) Acceptance of components for service shall be in ac-
cordance with IWB-3112, IWB-3113, and IWB-3114.

IWB-3112 Acceptance

(a) A component whose volumetric or surface examina-
tion in accordance with IWB-2200 meets (1), (2), or (3)
below shall be acceptable for service, provided the veri-
fied flaws are recorded in accordance with the require-
ments of IWA-1400(i) and IWA-2220(b) in terms of
location, size, shape, orientation, and distribution within
the component.

(1) The volumetric or surface examination confirms
the absence of flaws or identifies only flaws that have al-
ready been shown to meet the nondestructive examina-
tion standards of NB-2500 or NB-5300, as documented
in Quality Assurance Records (NCA-4134.17).

(2) Volumetric examination detects flaws that are
confirmed by surface or volumetric examination to be
nonsurface-connected and that do not exceed the stan-
dards of Table IWB-3410-1.

(3) Volumetric examination detects flaws that are
confirmed by surface or volumetric examination to be
nonsurface-connected and that are accepted by analytical
evaluation in accordance with the provisions of
IWB-3132.3 to the end of the service lifetime of the com-
ponent and reexamined in accordance with the require-
ments of IWB-2420(b) and IWB-2420(c).

(b) A component whose volumetric or surface examina-
tion detects flaws that do not meet the criteria established
in (a) shall be unacceptable for service, unless the compo-
nent is corrected by a repair/replacement activity in ac-
cordance with IWB-3113 to the extent necessary to
meet the provisions of (a) prior to placement of the com-
ponent in service.

(c) A component whose volumetric or surface examina-
tion (IWB-2200) detects flaws, other than the flaws of (b),
that exceed the standards of Table IWB-3410-1 is unac-
ceptable for service, unless the component is corrected
by a repair/replacement activity to the extent necessary
to meet the acceptance standards prior to placement of
the component in service.

IWB-3113 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWB-3410-1.

IWB-3114 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation of examination results may be subject to
review by the regulatory authority having jurisdiction at
the plant site.

IWB-3120 PRESERVICE VISUAL EXAMINATIONS
IWB-3121 General

(a) The preservice visual examinations required by
IWB-2200 and performed in accordance with IWA-2200
shall be evaluated by comparing the examination results
with the acceptance standards specified in Table
IWB-3410-1.

(b) Acceptance of components for service shall be in ac-
cordance with IWB-3122, IWB-3123, and IWB-3124.

IWB-3122 Acceptance
IWB-3122.1 Acceptance by Visual Examination.
(a) A component whose visual examination confirms

the absence of the relevant conditions described in the
standards of Table IWB-3410-1 shall be acceptable for
service.

(b) A component whose visual examination detects the
relevant conditions described in the standards of Table
IWB-3410-1 shall be unacceptable for service, unless such
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components meet the requirements of IWB-3122.2 or
IWB-3122.3 prior to placement of the component in
service.

IWB-3122.2 Acceptance by Supplemental Examina-
tion. A component containing relevant conditions shall be
acceptable for service if the results of supplemental exam-
inations ( IWB-3200) meet the requirements of
IWB-3110.

IWB-3122.3 Acceptance by Corrective Measures or
Repair/Replacement Activity. A component containing
relevant conditions is acceptable for service if the rele-
vant conditions are corrected by a repair/ replacement
activity or by corrective measures to the extent necessary
to meet the acceptance standards of Table IWB-3410-1.

IWB-3123 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200; the recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWB-3410-1.

IWB-3124 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation of examination results may be subject to
review by the regulatory authority having jurisdiction at
the plant site.

IWB-3130 INSERVICE VOLUMETRIC AND
SURFACE EXAMINATIONS

IWB-3131 General

(a) The volumetric and surface examinations required
by IWB-2500 and performed in accordance with
IWA-2200 shall be evaluated by comparing the examina-
tion results with the acceptance standards specified in
Table IWB-3410-1, except where (b) is applicable.

(b)When flaws are detected by a required volumetric
or surface examination, the component is acceptable for
continued service provided the requirements of
IWB-3112(a) or the acceptance standards of Table
IWB-3410-1 are met.

(c) Volumetric and surface examination results shall be
compared with recorded results of the preservice exami-
nation and prior inservice examinations. Acceptance of
the components for continued service shall be in accor-
dance with IWB-3132, IWB-3133, and IWB-3134.

IWB-3132 Acceptance
IWB-3132.1 Acceptance by Volumetric or Surface

Examination. A component whose volumetric or surface
examination either reconfirms the absence of flaws or de-
tects flaws that are acceptable under the provisions of
IWB-3131(b) are acceptable for continued service. Con-
firmed changes in flaws from prior examinations shall
be recorded in accordance with IWA-1400(i) and
IWA-2220(b). A component that does not meet the accep-
tance standards of Table IWB-3410-1 shall be corrected
in accordance with the provisions of IWB-3132.2 or
IWB-3132.3.

IWB-3132.2 Acceptance by Repair/Replacement Ac-
tivity. A component whose volumetric or surface exami-
nation detects flaws that exceed the acceptance
standards of Table IWB-3410-1 is unacceptable for con-
tinued service until the component is corrected by a re-
pair/replacement activity to the extent necessary to
meet the acceptance standards of IWB-3000.

IWB-3132.3 Acceptance by Analytical Evaluation. A
component whose volumetric or surface examination de-
tects flaws that exceed the acceptance standards of Table
IWB-3410-1, or for which the acceptance standards are
not applicable, is acceptable for continued service without
a repair/replacement activity if an analytical evaluation,
as described in IWB-3600, meets the acceptance criteria
of IWB-3600. The area containing the flaw shall be subse-
quently reexamined in accordance with IWB-2420(b) and
IWB-2420(c). If the subsequent IWB-2420(b) and
IWB-2420(c) examinations reveal that the flaws remain
essentially unchanged, or the flaw growth is within the
growth predicted by the analytical evaluation, and the de-
sign inputs for the analytical evaluation have not been af-
fected by activities such as power uprates, the existing
analytical evaluation may continue to be used, provided
it covers the time period until the next examination.

IWB-3133 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWB-3410-1.

IWB-3134 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.
(b) Analytical evaluation of examination results as re-

quired by IWB-3132.3 shall be submitted to the regula-
tory authority having jurisdiction at the plant site.
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IWB-3140 INSERVICE VISUAL EXAMINATIONS
IWB-3141 General

(a) The visual examinations required by IWB-2500 and
performed in accordance with IWA-2200 shall be evalu-
ated by comparing the examination results with the ac-
ceptance standards specified in Table IWB-3410-1.

(b) Acceptance of components for continued service
shall be in accordance with IWB-3142, IWB-3143, and
IWB-3144.

IWB-3142 Acceptance
IWB-3142.1 Acceptance by Visual Examination.
(a) A component whose visual examination confirms

the absence of the relevant conditions described in the
standards of Table IWB-3410-1 shall be acceptable for
continued service.

(b) 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.

IWB-3142.2 Acceptance by Supplemental Examina-
tion. A component containing relevant conditions shall be
acceptable for continued service if the results of supple-
mental examinations (IWB-3200) meet the requirements
of IWB-3130.

IWB-3142.3 Acceptance by Corrective Measures or
Repair/Replacement Activity. A component containing
relevant conditions is acceptable for continued service if
the relevant conditions are corrected by a repair/replace-
ment activity or by corrective measures to the extent nec-
essary to meet the acceptance standards of Table
IWB-3410-1.

IWB-3142.4 Acceptance by Analytical Evaluation.
(a) Analytical evaluation shall not be used to accept

through-wall or through-weld leakage in Class 1
components.

(b) A component containing relevant conditions is ac-
ceptable for continued service if an analytical evaluation
demonstrates the component’s acceptability. The evalua-
tion analysis and evaluation acceptance criteria shall be
specified by the Owner. A component accepted for contin-
ued service based on analytical evaluation shall be subse-
quently examined in accordance with IWB-2420(b) and
IWB-2420(c). If the subsequent IWB-2420(b) and
IWB-2420(c) examinations reveal that the relevant condi-
tions remain essentially unchanged, or the changes in the
relevant conditions are within the limits predicted by the
analytical evaluation, and the design inputs for the analy-
tical evaluation have not been affected by activities such
as power uprates, the existing analytical evaluation may
continue to be used, provided it covers the time period
until the next examination.

IWB-3143 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWB-3410-1.

IWB-3144 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation analyses of examination results as re-
quired by IWB-3142.4 shall be submitted to the regula-
tory authority having jurisdiction at the plant site.

IWB-3200 SUPPLEMENTAL EXAMINATIONS

(a) Volumetric or surface examinations that detect
flaws which require evaluation in accordance with the re-
quirements of IWB-3100 may be supplemented by other
examination methods and techniques (IWA-2240) to de-
termine the character of the flaw (i.e., size, shape, and
orientation).

(b) Visual examinations that detect relevant conditions
described in the standards of this Article may be supple-
mented by surface or volumetric examinations to deter-
mine the extent of the unacceptable conditions and the
need for corrective measures, analytical evaluation or re-
pair/replacement activities.

IWB-3400 STANDARDS

IWB-3410 ACCEPTANCE STANDARDS

The acceptance standards referenced in Table
IWB-3410-1 shall be applied to determine acceptability
for service. The following conditions shall apply.

IWB-3410.1 Application of Standards.
(a) The acceptance standards for ferritic steel compo-

nents shall only be applicable to those components whose
material properties are in accordance with those stated in
the referenced table.

(b) The acceptance standards for ferritic steel compo-
nents shall be applicable where the maximum postulated
defect that determines the limiting operating conditions
conforms with the recommendations stated in Section
III Appendices.

IWB-3410.2 Modification of Standards.
(a)Where less than the maximum postulated defect is

used, as permitted by Section III Appendices, Nonmanda-
tory Appendix G, or operating conditions are modified
from those originally assumed, the acceptance standards
of this Article shall be modified.
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(b) The Owner shall be responsible for modification of
acceptance standards as necessary to maintain the
equivalent structural factors23 of the acceptance stan-
dards of this Article.
(c) Modified standards shall not allow greater flaw

sizes than those contained in this Article for the applic-
able examination category.
(d)Modified acceptance standards shall be filed with

the regulatory and enforcement authorities having juris-
diction at the plant site.

IWB-3420 CHARACTERIZATION
Each detected flaw or group of flaws shall be character-

ized by the rules of IWA-3300 to establish the dimensions
of the flaws. These dimensions shall be used in conjunc-
tion with the acceptance standards of IWB-3500.

IWB-3430 ACCEPTABILITY
Flaws that meet the requirements of IWB-3500 for the

respective examination category shall be acceptable.

IWB-3500 ACCEPTANCE STANDARDS

IWB-3510 STANDARDS FOR EXAMINATION
CATEGORY B-A,
PRESSURE-RETAINING WELDS IN
REACTOR VESSEL, AND
EXAMINATION CATEGORY B-B,
PRESSURE-RETAINING WELDS IN
VESSELS OTHER THAN REACTOR
VESSELS

IWB-3510.1 Allowable Planar Flaws.
(a) The size of allowable planar flaws within the bound-

ary of the examination volumes specified in Figures
IWB-2500-1 (B-Q) through IWB-2500-6 shall not exceed
the limits specified in Table IWB-3510-1.

(b)Where a flaw extends or lies beyond the examina-
tion volumes as detected by the procedures used to exam-
ine the specified volumes, the overall size of the flaw shall
be compared with the standards specified in Table
IWB-3510-1.
(c) Any two or more coplanar aligned flaws character-

ized as separate flaws by IWA-3330 are allowable, pro-
vided the requirements of IWA-3390 are met.
(d) Surface flaws within cladding are acceptable.

IWB-3510.2 Allowable Laminar Flaws.
(a) The areas of allowable laminar flaws as defined by

IWA-3360 within the boundary of the examination zones
delineated in the applicable figures specified in
IWB-3510.1(a) shall not exceed the limits specified in
Table IWB-3510-2.
(b) Laminar flaws that join with a planar flaw shall be

governed by the standards of Table IWB-3510-1.

IWB-3510.3 Allowable Linear Flaws.
(a) The size of allowable linear flaws as detected by a

surface examination (MT/PT) or volumetric examination
(RT) within the examination boundary shown in Figures
IWB-2500-1 through IWB-2500-6 shall not exceed the
limits specified in Table IWB-3510-3.
(b)Where a flaw extends beyond the examination

boundaries, or separate linear flaws lie both within and
beyond the boundaries but are characterized as a single
flaw by IWA-3400, the overall flaw size shall be compared
with the standards of Table IWB-3510-3.

Table IWB-3410-1
Acceptance Standards

Examination
Category Component and Part Examined Acceptance Standard

B‐A, B‐B Vessel welds IWB-3510
B‐D Full penetration welded nozzles in vessels IWB-3512
B‐F, B‐J Dissimilar and similar metal welds in piping and vessel

nozzles
IWB-3514

B‐G‐1 Bolting greater than 2 in. (50 mm) in diameter IWB-3515, IWB-3517
B‐G‐2 Bolting 2 in. (50 mm) in diameter and less IWB-3517
B‐K Welded attachments for vessels, piping, pumps, and

valves
IWB-3516

B‐L‐2, B‐M‐2 Pump casings and valve bodies IWB-3519
B‐N‐1, B‐N‐2, B‐N‐3 Interior surfaces and internal components of reactor

vessels
IWB-3520

B‐O Control rod drive and instrument nozzle housing welds IWB-3523
B‐P Pressure-retaining boundary IWB-3522
B‐Q Steam generator tubing IWB-3521
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Table IWB-3510-1
Allowable Planar Flaws

Material: Ferritic steels that meet the requirements of NB-2331 and G-2110(b) of Section III

Aspect
Ratio,

[Note (1)]
a/ℓ

Volumetric Examination Method, Nominal Wall Thickness, [Note (1)], [Note (2)] t , in. (mm)

21/2 (65) and less 4 (100) to 12 (300) 16 (400) and greater

Surface Flaw,
[Note (5)] a/t , %

Subsurface Flaw,
[Note (3)], [Note (4)]

a/t , %

Surface Flaw
[Note (5)], a/t ,

%

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %
Surface Flaw,

[Note (5)] a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

0.0 3.1 3.4Y1.00 1.9 2.0Y1.00 1.4 1.5Y1.00

0.05 3.3 3.8Y0.96 2.0 2.2Y0.90 1.5 1.7Y0.91

0.10 3.6 4.3Y0.72 2.2 2.5Y0.69 1.7 1.9Y0.69

0.15 4.1 4.9Y0.48 2.5 2.9Y0.47 1.9 2.1Y0.43

0.20 4.7 5.7Y0.50 2.8 3.3Y0.47 2.1 2.5Y0.45

0.25 5.5 6.6Y0.65 3.3 3.8Y0.61 2.5 2.8Y0.57

0.30 6.4 7.8Y0.84 3.8 4.4Y0.77 2.9 3.3Y0.75

0.35 7.4 9.0Y0.99 4.4 5.1Y0.93 3.3 3.8Y0.90

0.40 8.3 10.5Y1.00 5.0 5.8Y1.00 3.8 4.3Y1.00

0.45 8.5 12.3Y1.00 5.1 6.7Y1.00 3.9 4.9Y1.00

0.50 8.7 14.3Y1.00 5.2 7.6Y1.00 4.0 5.6Y1.00

NOTES:
(1) For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permissible. Refer to IWA-3200(b).
(2) Component thickness t is measured normal to the pressure-retaining surface of the component. Where the section thickness varies, the

average thickness over the length of the planar flaw is the component thickness.
(3) The total depth of a subsurface flaw is 2a .
(4) Y = [(S/t)/(a/t)] or (S/a). Y is the flaw‐to‐surface proximity factor, and S is defined in IWA-3310 and IWA-3320. If S < 0.4d , the subsurface

flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.
(5) Applicable to flaws in surface region B‐E shown in Figure IWB-2500-5 only if the maximum postulated defect of Section III Appendices,

Nonmandatory Appendix G, G-2120, is justified. If a smaller defect is used, Refer to IWB-3410.2.

Table IWB-3510-2
Allowable Laminar Flaws

Component Thickness, [Note (1)]
t , in. (mm)

Laminar Area, [Note
(2)] A , in.2 (mm2)

2.5 (65) 7.5 (4 800)
4 (100) 12 (7 700)
6 (150) 18 (12 000)
8 (200) 24 (15 000)

10 (250) 30 (19 000)
12 (300) 36 (23 000)
14 (350) 42 (27 000)
16 (400) and greater 52 (34 000)

NOTES:
(1) For intermediate thicknesses, linear interpolation of

area is permissible. Refer to IWA-3200(c).
(2) The area of a laminar flaw is defined in IWA-3360.
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IWB-3512 Standards for Examination Category
B-D, Full Penetration Welds of
Nozzles in Vessels

IWB-3512.1 Allowable Planar Flaws.
(a) The size of allowable planar flaws detected in the

nozzle and weld areas within the boundary of the exam-
ination volume specified in Figures IWB-2500-7(a)
through IWB-2500-7(d) shall not exceed the limits speci-
fied in Table IWB-3512-1.
(b) The size of allowable planar flaws detected in the

vessel shell (or head) material adjoining the nozzle and
weld areas and within the boundary of the examination
volumes specified in Figures IWB-2500-7(a) through
IWB-2500-7(d) shall not exceed the limits of Table
IWB-3510-1.
(c) The component thickness t to be applied in calculat-

ing the flaw a/t ratio for comparison with the standards
in Table IWB-3510-1 or IWB-3512-1, as applicable, shall
be selected as specified in Table IWB-3512-2. This table
lists the component thicknesses as a function of flaw loca-
tion for each type nozzle configuration as shown in
Figures IWB-2500-7(a) through IWB-2500-7(d).
(d) Any two or more coplanar aligned flaws character-

ized as separate flaws by IWA-3300 are allowable, pro-
vided the requirements of IWA-3390 are met.

IWB-3512.2 Allowable Laminar Flaws.
(a) Laminar flaws in vessel shell or head material with-

in the boundary of the examination volumes specified in
Figures IWB-2500-7(a) through IWB-2500-7(d) shall be
governed by the standards of IWB-3510.2.
(b) Laminar flaws in the nozzle wall shall be considered

as planar flaws and the standards of IWB-3512.1 shall
apply.

IWB-3514 Standards for Examination Category
B-F, Pressure-Retaining Dissimilar
Metal Welds in Vessel Nozzles, and
Examination Category B-J,
Pressure-Retaining Welds in Piping

(a) The acceptance standards of IWB-3514 do not ap-
ply to planar surface‐connected flaws that are in contact
with the reactor coolant environment during normal op-
eration and are detected by inservice examination in
the following materials:

(1) for PWRs, UNS N06600, N06082, or W86182 sur-
faces with a normal operating temperature greater than
or equal to 525°F (275°C) and in contact with the reactor
coolant environment

(2) for BWRs, UNS N06600, W86182, or austenitic
stainless steel and associated weld surfaces, in contact
with the reactor coolant environment, that are suscepti-
ble to stress corrosion cracking and not mitigated
(b) If the acceptance standards are not met or are not

applicable, for acceptance by analytical evaluation, the
planar surface-connected flaws in (a) shall meet the pro-
visions of IWB-3600.
(c) Susceptible materials and mitigation criteria for

BWRs are specified in NUREG 0313 Revision 2, Sections
2.1 and 2.2.

IWB-3514.1 Allowable Planar Flaws.
(a) The size of allowable planar flaws within the bound-

ary of the examination surfaces and volumes delineated
in Figures IWB-2500-8 through IWB-2500-11 shall be in
accordance with the standards of IWB-3514.2 ,
IWB-3514.3, and IWB-3514.4, as applicable. In addition,
the requirements of IWB-3514.8 shall be satisfied for pla-
nar surface‐connected flaws that are in contact with the

Table IWB-3510-3
Allowable Linear Flaws [Note (1)]

Material: Ferritic steels that meet the requirements of NB-2331 and G-2110(b) of Section III

Nominal Section Thickness,
[Note (2)] t , in. (mm)

Surface Flaw, [Note
(1)], [Note (3)] ℓ/

t , %

Subsurface
Flaw, [Note
(1)] ℓ/t , %

21/2 (65) and less 17.4 28.6
4 (100) through 12 (300) 10.4 15.2
16 (400) and greater 8.0 11.2

NOTES:
(1) Applicable to linear flaws detected by surface examination (MT/

PT) or radiographic examination (RT) method where flaw depth
dimension a is indeterminate. If supplemental volumetric exam-
ination (UT) is performed which determines the a and ℓ dimen-
sions, the standards of Table IWB-3510-1 shall apply.

(2) For intermediate thickness, linear interpolation is permissible.
Refer to IWA-3200.

(3) Applicable to linear flaws in surface region B‐E shown in Figure
IWB-2500-5 only if the maximum postulated defect of Section III
Appendices, Nonmandatory Appendix G, G-2120, is justified. If a
smaller defect size is used, Refer to IWB-3410.2.
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reactor coolant environment during normal operation
and are detected by preservice examination in materials
that are susceptible to stress corrosion cracking, as de-
fined for PWRs in IWB-3514(a)(1) and for BWRs in
IWB-3514(a)(2) and IWB-3514(c).

(b)Where flaws extend beyond the boundaries of the
examination surfaces and volumes, or separate flaws
are detected that lie both within and beyond the bound-
aries but are characterized as a single flaw by the rules
of IWA-3300, the overall flaw size shall be compared with
the standards of (a).

(c) Any two or more coplanar aligned flaws that are
characterized as separate flaws by IWA-3300 are allow-
able, provided the requirements of IWA-3390 are met.

(d) Inner surface flaws detected by volumetric exami-
nation of piping components with austenitic cladding on
the inner surface shall be governed by the following
standards.

(1) Surface flaws that do not penetrate through the
nominal clad thickness into base metal need not be com-
pared with the standards of (a).

(2) The size of allowable surface flaws that penetrate
through the cladding into base metal shall not exceed the
standards of (a), except that the depth a of the flaw shall
be the total depth minus the nominal clad thickness.

Table IWB-3512-1
Allowable Planar Flaws

Material: Ferritic steels that meet the requirements of NB-2331 and G-2110(b) of Section III

Aspect Ratio, [Note (1)] a/ℓ

Volumetric Examination Method, Nominal Wall Thickness, [Note (1)] t , in. (mm)

21/2 (65) and less 4 (100) through 12 (300)

Surface Flaw, [Note
(2)] a/t , %

Subsurface Flaw, [Note (2)] –
[Note (4)] a/t , %

Surface Flaw, [Note (2)]
a/t , %

Subsurface Flaw,
[Note (2)] – [Note

(4)] a/t , %

0.00 3.1 3.4Y1.00 1.9 2.0Y1.00

0.05 3.3 3.8Y0.96 2.0 2.2Y0.90

0.10 3.6 4.3Y0.72 2.2 2.5Y0.69

0.15 4.1 4.9Y0.48 2.5 2.9Y0.47

0.20 4.7 5.7Y0.50 2.8 3.3Y0.47

0.25 5.5 6.6Y0.65 3.3 3.8Y0.61

0.30 6.4 7.8Y0.84 3.8 4.4Y0.77

0.35 7.4 9.0Y0.99 4.4 5.1Y0.93

0.40 8.3 10.5Y1.00 5.0 5.8Y1.00

0.45 8.5 12.3Y1.00 5.1 6.7Y1.00

0.50 8.7 14.3Y1.00 5.2 7.6Y1.00

Inside corner region 2.5 Not applicable 2.5 Not applicable

NOTES:
(1) Dimensions of a and ℓ are defined in IWA-3300. For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permis-

sible. Refer to IWA-3200(b).
(2) See Table IWB-3512-2 for the appropriate component thickness t as a function of flaw location.
(3) The total depth of a subsurface flaw is 2a (Figure IWA-3320-1).
(4) Y = [(S/t)/(a/t)] = (S/a). If S < 0.4d , the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.

Table IWB-3512-2
Component Thickness Versus Flaw Location

Location of Flaw [Note (1)]

Component Thickness, t

Barrel Type Nozzle
[Figure IWB-2500-7(a)]

Flange Type Nozzle
[Figure IWB-2500-7(b)]

Set‐On Type Nozzle
[Figure IWB-2500-7(c)]

Integrally Cast Nozzle
[Figure IWB-2500-7(d)]

Shell (or head) adjoining region t s t s t s n/a
Attachment weld region t s t s t s n/a
Nozzle cylinder region (tn 1

+ tn 2
)/2 (tn 1

+ tn 2
)/2 tn 1

n/a
Nozzle inside corner region Smallest of tn 1

, tn 2
, or t s Smallest of tn 1

, tn 2
, or t s Smaller of tn 1

or t s Smaller of tn 1
or t s

NOTE:
(1) See Figures IWB-2500-7(a) through IWB-2500-7(d) for definition of the examination volume for each of the examination regions.

131

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table IWB-3514-1
Allowable Planar Flaws

Materials: Ferritic steels that meet the requirements of NB-2300 and the specified minimum yield strength of 50 ksi (350 MPa) or less at
100°F (40°C) Austenitic steels that meet the requirements for the specified minimum yield strength of 35 ksi (240 MPa) or less at 100 °F

(40 °C)

Aspect Ratio,
[Note (1)] a/ℓ

Volumetric Examination Method, Wall Thickness, [Note (1)], [Note (2)] t , in. (mm)

0.312 (8) 1.0 (25) 2.0 (50) 3.0 (75) and over

Surface Flaw, a/t ,
%

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Surface Flaw,
a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Surface Flaw, a/t ,
%

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Surface Flaw, a/t ,
%

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Preservice and Inservice Examination
0.00 10.0 10.0 Y0.96 10.0 10.0 Y0.96 10.0 10.0 Y0.96 10.0 10.0 Y0.96

0.05 10.0 10.0 Y0.91 10.0 10.0 Y0.73 10.0 10.0 Y0.68 10.0 10.0 Y0.67

0.10 10.0 10.0 Y0.59 11.3 11.3 Y0.65 11.8 11.8 Y0.69 11.9 11.9 Y0.70

0.15 11.1 11.1 Y0.63 13.9 13.9 Y0.87 14.4 14.4 Y0.91 14.6 14.6 Y0.93

0.20 12.8 12.8 Y0.78 15.0 15.0 Y0.96 15.0 15.0 Y0.96 15.0 15.0 Y0.96

0.25 14.3 14.3 Y0.90 15.0 15.0 Y0.96 15.0 15.0 Y0.96 15.0 15.0 Y0.96

0.30 to 0.50 15.0 15.0 Y0.96 15.0 15.0 Y0.96 15.0 15.0 Y0.96 15.0 15.0 Y0.96

GENERAL NOTE: This table is not applicable to planar surface‐connected flaws that are in contact with the reactor coolant environment during normal operation and are detected by in-
service examination in materials that are susceptible to stress corrosion cracking, as defined for PWRs in IWB-3514(a)(1) and for BWRs in IWB-3514(a)(2) and IWB-3514(c). For planar
surface‐connected flaws that are in contact with the reactor coolant environment during normal operation and are detected by preservice examination in these materials, the requirements
of IWB-3514.8 shall be satisfied.

NOTES:
(1) For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permissible. Refer to IWA-3200(b) and IWA-3200(c).
(2) t is nominal wall thickness or actual wall thickness if determined by UT examination.
(3) The total depth of a subsurface flaw is 2a .
(4) Y = (S/t)/(a/t) = S/a. If S < 0.4d , the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.
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IWB-3514.2 Allowable Flaw Standards for Ferritic
Piping.

(a) The size of allowable flaws shall not exceed the lim-
its specified in Table IWB-3514-1.

(b)Where flaws on the outer surface of piping as de-
tected by the surface examination method during an in-
service examination exceed the allowable standards of
IWB-3514.7, the flaws may be examined by the volu-
metric method. The acceptance of these flaws shall be
governed by the allowable flaw standards for the volu-
metric examination method in Table IWB-3514-1.

IWB-3514.3 Allowable Flaw Standards for Austeni-
tic Piping.

(a) The size of allowable flaws shall not exceed the lim-
its specified in Table IWB-3514-1.

(b)Where flaws on the outer surface of piping as de-
tected by the surface examination method during an in-
service examination exceed the allowable standards of
IWB-3514.7, the flaws may be examined by the volu-
metric method. The acceptance of these flaws shall be
governed by the allowable flaw standards for the volu-
metric examination method in Table IWB-3514-1.

IWB-3514.4 Allowable Flaw Standards for Dissimi-
lar Metal Welds.

(a) The size of allowable flaws in the carbon or low al-
loy steel end of a dissimilar metal weld joint shall be gov-
erned by the standards of IWB-3514.2.

(b) The size of allowable flaws in the high alloy steel or
high nickel alloy end, and the weld metal of a dissimilar
metal weld joint shall be governed by the standards of
IWB-3514.3.

IWB-3514.6 Allowable Laminar Flaws. The area of
allowable laminar flaws, as defined by IWA-3360, within
the boundary of the examination zones shown in Figures
IWB-2500-8 through IWB-2500-11, shall not exceed the
limits specified in Table IWB-3514-3.

IWB-3514.7 Allowable Linear Flaw Standards for
Ferritic and Austenitic Piping.

(a) The size of an allowable linear flaw within the
boundaries of the examination surfaces in Figures
IWB-2500-8 through IWB-2500-11 shall not exceed the
limits specified for ferritic piping in Table IWB-3514-4
and for austenitic piping in Table IWB-3514-2.

(b)Where a flaw extends beyond the boundaries of the
examination surfaces in Figures IWB-2500-8 through
IWB-2500-11, or where discontinuous linear flaws lie
both within and beyond the boundaries and are charac-
terized as a single flaw by the rules of IWA-3400, the size
of allowable overall linear flaws shall not exceed the lim-
its specified for ferritic piping in Table IWB-3514-4 and
for austenitic piping in Table IWB-3514-2.

IWB-3514.8 Surface-Connected Flaws in Contact
With the Reactor Coolant Environment That Are De-
tected by Preservice Examination in Materials Suscepti-
ble to Stress Corrosion Cracking. When a surface‐
connected flaw that will be in contact with the reactor
coolant environment during normal operation is detected
using volumetric examination, the weld shall be reexa-
mined twice subsequent to the preservice examination.
The first reexamination shall be performed after a time
interval that is greater than 2 yr, and fewer than 6 yr, sub-
sequent to plant start‐up following the preservice exami-
nation. The time interval for the second reexamination
shall be determined using the rules of IWB-3640 for ana-
lytical evaluation of flaws and shall not exceed 10 yr sub-
sequent to plant start‐up following the preservice
examination. The time interval between the two reexami-
nations shall be at least 2 yr, except that it shall not extend
the second reexamination beyond the end of the evalua-
tion period.

Table IWB-3514-2
Allowable Linear Flaws

Material: Austenitic steels that meet the requirements for the specified minimum yield strength of
35 ksi (240 MPa) or less at 100°F (40°C)

Surface Examination Method

Wall Thickness [Note (1)], [Note (2)], t , in. (mm)

0.312 (8) or less 1.0 (25) 2.0 (50) 3.0 (75) and Over

Preservice examination [Note (3)] Flaw
length, ℓ, in. (mm)

1/8 (3)
3/16 (5) 1/4 (6)

1/4 (6)

Inservice examination [Note (3)] Flaw
length, ℓ, in. (mm)

0.2 (5) 0.25 (6) 0.45 (11) 0.65 (16)

NOTES:
(1) For intermediate wall thickness, linear interpolation is permissible. Refer to IWA-3200(c).
(2) t is nominal wall thickness or actual wall thickness if determined by UT examination.
(3) The provisions of IWB-3514.3(b) may be applied if these standards are exceeded.
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Table IWB-3514-3
Allowable Laminar Flaws

Nominal Pipe Wall
Thickness, t , in. (mm)

Laminar Area, [Note (1)],
[Note (2)] in.2 (mm2)

0.625 (16) and less 7.5 (4 800)
3.5 (89) 7.5 (4 800)
6.0 (150) 12.0 (7 700)

NOTES:
(1) Area of a laminar flaw is defined in IWA-3360.
(2) Linear interpolation with respect to nominal pipe wall thickness

is permissible to determine intermediate value of allowable la-
minar area. Refer to IWA-3200(c).

Table IWB-3514-4
Allowable Linear Flaws

Material: Ferritic steels that meet the requirements of NB-2300 and specified minimum yield
strength of 50 ksi (345 MPa) or less at 100°F (40°C)

Examination

Nominal Wall Thickness, t , in. (mm) [Note (1)]

Less than
0.312 (8) 0.312 (8) 1.0 (25) 2.0 (50) 3.0 (75)

4.0 (100) and
Over

Surface Examination Method, PT or MT
Preservice Examination [Note (2)]

Flaw length, ℓ , in. (mm) 1/16 (1.5)
1/8 (3)

1/4 (6)
1/4 (6)

1/4 (6)
1/4 (6)

Inservice Examination [Note (2)]
Flaw Length, ℓ , in. (mm) 3/16 (5)

3/16 (5) 5/16 (8) 5/8 (16)
7/8 (22)

7/8 (22)

Volumetric Examination Method, RT
Preservice Examination [Note (3)]

Surface Flaw Length, ℓ , in. (mm) … 1/8 (3)
1/4 (6)

1/4 (6)
1/4 (6)

1/4 (6)
Subsurface Flaw Length, ℓ , in.
(mm)

… 1/4 (6)
3/8 (9)

3/4 (19) 1.0 (25) 1.0 (25)

Inservice Examination [Note (3)]
Surface Flaw Length, ℓ , in. (mm) … 3/16 (5) 5/16 (8) 5/8 (16)

7/8 (22)
7/8 (22)

Subsurface Flaw Length, ℓ , in.
(mm)

… 1/4 (6)
3/8 (9)

3/4 (19) 1.2 (30) 1.4 (35)

NOTES:
(1) For intermediate nominal wall thicknesses, linear interpolation is permissible. Refer to IWA-3200(c).
(2) The provision of IWB-3514.2(b) may be applied whenever these standards are exceeded.
(3) The distinction between surface and subsurface flaws shall be determined by the rules of IWA-3320 and IWA-3370, and may re-

quire special examination techniques.
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IWB-3515 Standards for Examination Category
B-G-1, Pressure-Retaining Bolting
Greater Than 2 in. (50 mm) in
Diameter

IWB-3515.1 Allowable Flaws for Surface Examina-
tions of Studs and Bolts. Allowable surface flaws in ves-
sel closure studs and pressure-retaining bolting shall not
exceed the following limits:

(a) nonaxial flaws, 1/4 in. in (6 mm) length

(b) axial flaws, 1 in. (25 mm) in length

IWB-3515.2 Allowable Flaws for Volumetric Exam-
inations of Studs and Bolts.

(a) The size of allowable nonaxial flaws in vessel clo-
sure studs and pressure-retaining bolting within the
boundary of the examination volume shown in Figure
IWB-2500-12(a) shall not exceed the limits specified in
Table IWB-3515-1.

(b) Any two or more subsurface flaws, at any diameter
of the stud which combine to reduce the net diameter are
acceptable, provided the combined flaw depths do not ex-
ceed the sum of the allowable limits specified in Table
IWB-3515-1 for the corresponding flaw aspect ratios, di-
vided by the number of flaws.

(c) Any flaw detected by the volumetric examination
shall be investigated by a surface examination. If con-
f i rmed to be a sur face f law , the s tandards o f
IWB-3515.1 shall apply. If not a surface flaw, the stan-
dards of (a) and (b) shall apply.

IWB-3515.3 Allowable Flaws for Volumetric Exam-
inations of Threads in Stud Holes. The size of allowable
flaws within the boundary of the examination volume in
Figure IWB-2500-12(a) and oriented on a plane normal
to the axis of the stud shall not exceed 0.2 in. (5 mm) as
measured radially from the root of the thread.

IWB-3516 Standards for Examination Category
B-K, Welded Attachments for Vessels,
Piping, Pumps, and Valves

IWB-3516.1 Allowable Planar Flaws.
(a) The size of an allowable flaw within the boundary of

the examination surfaces and volumes in Figures
IWB-2500-13, IWB-2500-14, and IWB-2500-15 shall not
exceed the allowable flaw standards of this Article for
the applicable supported pressure-retaining component
to which the attachment is welded. For indications lo-
cated wholly on the attachment side of the line A‐D in
Figures IWB-2500-13, IWB-2500-14, and IWB-2500-15,
the thickness and the surface of the attachment shall be
considered the thickness and surface of the component
for purposes of flaw indication characterization
(IWA-3300) and for comparison with the allowable indi-
cation standards. For indications located in the examina-
tion volume A‐B‐C‐D, the indication shall be characterized
considering both the surface of the attachment and the
surface of the pressure boundary as the surface of the
component for comparison with the allowable indication
standards.

(b)Where a flaw extends beyond the boundaries of the
examination surfaces and volumes, or separate flaws are
detected that lie both within and beyond the boundaries
but are characterized as single flaws by the rules of
Article IWA-3000, the overall flaw size shall be compared
with the standards of (a).

(c) Where a flaw detected by a surface examination
method exceeds the allowable standards of (a), an op-
tional volumetric examination may be conducted, in
which case the allowable flaw standards for the volu-
metric examination method shall apply.

IWB-3516.2 Allowable Laminar Flaws.
(a) The allowable area of a laminar flaw within the

boundary of the examination volume of the attachment
or the pressure-retaining membrane to which the support
is attached shall be governed by IWB-3510 or IWB-3514,
as applicable.

(b)Where laminar flaws are detected in an attachment
which does not transmit tensile load in the through‐
thickness direction, the laminar flaw standards need not
apply.

Table IWB-3515-1
Allowable Planar Flaws

Materials: SA-193 Grade B7, SA-320 Grade
L43, SA-540 Class 3 Grades B23, B24 that

meet the requirements of NB-2333

Aspect Ratio,
a/ℓ [Note (1)]

Subsurface Flaws, a ,
in. (mm)
[Note (2)]

Diameter Range: Nominal Sizes Greater Than 4 in. (100 mm)

0.0 0.10 (2.5)
0.10 0.10 (2.5)
0.20 0.15 (3.8)
0.30 0.15 (3.8)
0.40 0.20 (5.1)
0.50 0.25 (6.4)

Diameter Range: Nominal Sizes 2 in. (50 mm) and Greater, But Not
Over 4 in. (100 mm)

0.0 0.075 (1.9)
0.10 0.075 (1.9)
0.20 0.10 (2.5)
0.30 0.10 (2.5)
0.40 0.15 (3.8)
0.50 0.18 (4.6)

NOTES:
(1) Dimensions a and ℓ are defined in IWA-3300. For intermediate

flaw aspect ratios a/ℓ , linear interpolation is permissible. Refer
to IWA-3200(b).

(2) The total depth of an allowable subsurface flaw is twice the
listed value.
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IWB-3517 Standards24 for Examination Category
B-G-1, Pressure-Retaining Bolting
Greater Than 2 in. (50 mm) in
Diameter, and Examination Category
B-G-2, Pressure-Retaining Bolting
2 in. (50 mm) and Less in Diameter

IWB-3517.1 Visual Examination, VT-1. The following
relevant conditions25 shall require corrective action to
meet the requirements of IWB-3122 prior to service or
IWB-3142 prior to continued service:
(a) crack‐like flaws that exceed the allowable linear

flaw standards of IWB-3515;
(b)more than one deformed or sheared thread in the

zone of thread engagement of bolts, studs, or nuts;
(c) localized general corrosion that reduces the bolt or

stud cross‐sectional area by more than 5%;
(d) bending, twisting, or deformation of bolts or studs

to the extent that assembly or disassembly is impaired;
(e) missing or loose bolts, studs, nuts, or washers
(f) fractured bolts, studs, or nuts;
(g) degradation of protective coatings on bolting sur-

faces; or
(h) evidence of coolant leakage near bolting.

IWB-3519 Standards for Examination Category
B-L-2, Pump Casings, and
Examination Category B-M-2, Valve
Bodies

IWB-3519.1 Visual Examination, VT-3. The follow-
ing relevant conditions26 shall require corrective action
to meet the requirements of IWB-3122 prior to service
or IWB-3142 prior to continued service:
(a) corrosion or erosion that reduces the pressure-

retaining wall thickness27 by more than 10%;
(b) wear of mating surfaces that may lead to loss of

function or leakage; or
(c) crack‐like surface flaws developed in service or

grown in size beyond that recorded during preservice vi-
sual examination.

IWB-3519.2 Allowable Planar Flaws. If a supple-
mental examination is performed that can characterize
the flaw size and shape, the following acceptance stan-
dards for allowable planar flaws shall be applied:
(a) The size of an allowable planar flaw shall not exceed

the limits specified in Table IWB-3519.2-1 or Table
IWB-3519.2-2, as applicable. Base metal flaws in castings
that are permitted by the governing material specifica-
tions meeting the requirements of Section III are
acceptable.
(b) If separate flaws are detected and are characterized

as a single flaw in accordance with IWA-3300, the flaw
shall meet the requirements of (a).
(c) Any two or more coplanar aligned flaws character-

ized as separate flaws in accordance with IWA-3300 are
acceptable, provided the requirements of IWA-3390 are
met.

(d) If a flaw is detected by radiographic examination
and exceeds the allowable surface flaw standards of Table
IWB-3519.2-1 or Table IWB-3519.2-2, as applicable, sur-
face examination may be performed, with acceptance in
accordance with Table IWB-3519.2-1 or Table
IWB-3519.2-2. If acceptable by surface examination, the
flaw shall meet subsurface flaw standards of Table
IWB-3519.2-1 or Table IWB-3519.2-2.
(e) A surface flaw in the cladding detected by volu-

metric examination of austenitic clad ferritic base materi-
al shall meet the following requirements:

(1) Surface flaws that do not extend to the base ma-
terial are acceptable.

(2) A surface flaw that extends into the base material
shall meet the requirements of (a), considering dimension
a to be the portion of the flaw depth in the base material.

IWB-3520 STANDARDS FOR EXAMINATION
CATEGORY B-N-1, INTERIOR OF
REACTOR VESSEL, EXAMINATION
CATEGORY B-N-2, WELDED CORE
SUPPORT STRUCTURES AND
INTERIOR ATTACHMENTS TO
REACTOR VESSELS, AND
EXAMINATION CATEGORY B-N-3,
REMOVABLE CORE SUPPORT
STRUCTURES

IWB-3520.1 Visual Examination, VT-1. The follow-
ing relevant conditions28 shall require corrective action
to meet the requirements of IWB-3122 prior to service
or IWB-3142 prior to continued service:
(a) crack‐like surface flaws on the welds joining the at-

tachment to the vessel wall that exceed the allowable lin-
ear flaw standards of IWB-3510; or
(b) structural degradation of attachment welds such

that the original cross‐sectional area29 is reduced by more
than 10%.

IWB-3520.2 Visual Examination, VT-3. The follow-
ing relevant conditions28 shall require corrective action
in meeting the requirements of IWB-3122 prior to service
or IWB-3142 prior to continued service:
(a) structural distortion or displacement of parts to the

extent that component function may be impaired;
(b) loose, missing, cracked, or fractured parts, bolting,

or fasteners;
(c) foreign materials or accumulation of corrosion pro-

ducts that could interfere with control rod motion or
could result in blockage of coolant flow through fuel;
(d) corrosion or erosion that reduces the nominal sec-

tion thickness by more than 5%;
(e) wear of mating surfaces that may lead to loss of

function; or
(f) structural degradation of interior attachments such

that the original cross‐sectional area is reduced more
than 5%.
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Table IWB-3519.2-1
Allowable Planar Flaws

Material: Ferritic steels that meet the requirements of NB-2300 and the specified minimum yield
strength of 50 ksi (350 MPa) or less at 100°F (40°C) Thickness Range: 2 in. (50 mm) or greater

Volumetric (UT) Volumetric (UT), Inservice Examination

Aspect Ratio, a/ℓ
[Note (1)]

Surface Flaw,
a/t , % [Note (2)]

Subsurface Flaw,
a/t , %

[Note (2)],
[Note (3)],
[Note (4)]

Aspect Ratio, a/ℓ
[Note (1)]

Surface Flaw,
a/t , % [Note (2)]

Subsurface Flaw,
a/t , % [Note (2)],

[Note (3)],
[Note (4)]

Preservice Examination Inservice Examination

0.00 2.6 3.3Y1 .00 0.00 3.9 3.3Y1 .00

0.05 2.8 3.5Y1 .00 0.05 4.2 3.5Y1 .00

0.10 3.1 3.7Y0 .79 0.10 4.6 3.7Y0 .79

0.15 3.5 4.1Y0 .74 0.15 5.2 4.1Y0 .74

0.20 3.9 4.7Y0 .89 0.20 5.8 Y0 .89

0.25 4.4 5.3Y1 .00 0.25 6.6 5.3Y1 .00

0.30 5.0 5.9Y1 .00 0.30 7.5 5.9Y1 .00

0.35 5.0 6.7Y1 .00 0.35 7.5 6.7Y1 .00

0.40 5.0 7.5Y1 .00 0.40 7.5 7.5Y1 .00

0.45 5.0 8.4Y1 .00 0.45 7.5 8.4Y1 .00

0.50 5.0 9.3Y1 .00 0.50 7.5 9.3Y1 .00

Nominal Wall
Thickness, t ,
in. (mm) [Note

(1)]

Volumetric (RT)
and Surface
Method Volumetric (RT) Nominal Wall

Thickness, t ,
in. (mm) [Note

(1)]

Volumetric (RT)
and Surface
Method Volumetric (RT)

Surface Flaw,
Length, ℓ ,
in. (mm)

Subsurface Flaw,
Length, ℓ ,
in. (mm)

Surface Flaw,
Length, ℓ ,
in. (mm)

Subsurface Flaw,
Length, ℓ ,
in. (mm)

Preservice Examination Inservice Examination

2.0 (50) 1/4 (6)
3/4 (19) 2.0 (50) 0.3 (8) 0.8 (20)

3.0 (75) 1/4 (6)
3/4 (19) 3.0 (75) 0.45 (11) 0.9 (23)

4.0 (100) 1/4 (6)
3/4 (19) 4.0 (100) 0.6 (15) 1.2 (30)

5.0 (125) 1/4 (6)
3/4 (19) 5.0 (125) 0.75 (19) 1.5 (38)

6.0 (150) and over 1/4 (6)
3/4 (19) 6.0 (150) and over 0.9 (23) 1.8 (46)

NOTES:
(1) For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permissible. Refer to

IWA-3200(b) and IWA-3200(c).
(2) Component thickness t is measured normal to the pressure-retaining surface of the component. Where sec-

tion thickness varies, the average thickness over the length of the indication is the component thickness.
(3) The total depth of a subsurface flaw is 2a .
(4) Y = (S/t)(a/t) = S/a . If S < 0.4d , the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.
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Table IWB-3519.2-2
Allowable Planar Flaws

Material: Austenitic stainless steels that meet the requirements for the specified minimum yield
strength of 35 ksi (240 MPa) or less at 100°F (40°C) Thickness Range: 2 in. (50 mm) and greater

Nominal Wall
Thickness, t,
in. (mm)
[Note (1)]

Volumetric (UT) [Note (2)], [Note (3)]

Volumetric (RT) and
Surface Method Volumetric (RT)Surface Flaw

Subsurface Flaw
[Note (4)], [Note (5)]

a, in. (mm) ℓ, in. (mm) a, in. (mm) ℓ, in. (mm)
Surface Flaw,

Length, ℓ, in. (mm)
Subsurface Flaw,
Length, ℓ, in. (mm)

Preservice Examination

2.0 (50) 0.17 (4.3) 1.04 (26.4) 0.17Y0.96

(4.3Y0.96)
1.04 (26.4) 1/4 (6)

3/4 (19)

3.0 (75) and over 0.24 (6.1) 1.44 (36.6) 0.24Y0.96

(6.1Y0.96)
1.44 (36.6) 1/4 (6)

3/4 (19)

Inservice Examination

2.0 (50) 0.22 (5.5) 1.32 (33.5) 0.22Y0.96

(5.5Y0.96)
1.32 (33.5) 0.3 (8) 1.0 (25)

3.0 (75) and over 0.30 (7.6) 1.80 (45.7) 0.30Y0.96

(7.6Y0.96)
1.80 (45.7) 0.45 (11) 1.0 (25)

NOTES:
(1) t is the nominal wall thickness at the section where the flaw is detected or the actual wall thickness as determined by a UT examination.

For intermediate wall thicknesses, linear interpolation is acceptable. Refer to IWA-3200(c).
(2) The allowable flaws for preservice examination are based on the following equations:

(U.S. Customary Units) (SI Units)

(3) The allowable flaws for inservice examinations are based on the following equations:

(U.S. Customary Units) (SI Units)

(4) Y = (S/t)/(a/t) = S/a . If S < 0.4d , the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0
(5) The total depth of a subsurface flaw is 2a.
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IWB-3521 Standards for Examination Category
B-Q, Steam Generator Tubes

IWB-3521.1 Allowable Flaws for U-Tube Steam Gen-
erators. For single or multiple flaws of cracks, wastage, or
intergranular corrosion in tubing of SB-163 material
meeting the requirements of NB‐2550 and having an r/t
ratio of less than 8.70, the depth of an allowable O.D. flaw
shall not exceed 40% of the tube wall thickness.

IWB-3521.2 Allowable Flaws for Straight-Tube
Steam Generators. In the course of preparation.

IWB-3522 Standards for Examination Category
B-P, All Pressure-Retaining
Components

IWB-3522.1 Visual Examination, VT-2. A component
whose visual examination (IWA-5240) detects any of the
following relevant conditions28 shall meet IWB-3142 and
IWA-5250 prior to continued service:

(a) any through‐wall or through‐weld, pressure‐
retaining material leakage from insulated and noninsu-
lated components;

(b) leakage in excess of limits established by the Owner
from mechanical connections (such as pipe caps, bolted
connections, or compression fittings) or from compo-
nents provided with leakage limiting devices (such as
valve‐packing glands or pump seals);

(c) areas of general corrosion of a component resulting
from leakage;

(d) discoloration or accumulated residues on surfaces
of components, insulation, or floor areas that may be evi-
dence of borated water leakage; or

(e) leakages or flow test results from buried compo-
nents in excess of limits established by the Owner.

IWB-3523 Standards for Examination Category
B-O, Pressure-Retaining Welds in
Control Rod Drive and Instrument
Nozzle Housings

IWB-3523.1 Allowable Planar Flaws.
(a) The size of an allowable planar flaw within the

boundary of the examination surfaces and volumes deli-
neated in Figure IWB-2500-18 shall not exceed the limits
specified in IWB-3523.2 and IWB-3523.3, as applicable.

(b)Where a flaw extends beyond the boundaries of the
examination surfaces and volumes, or separate flaws are
detected that lie both within and beyond the boundaries
but are characterized as a single flaw by the rules of
IWA-3300, the overall flaw size shall be compared with
the standards of (a).

(c) Any two or more coplanar aligned flaws character-
ized as separate flaws by IWA-3300 are allowable, pro-
vided the requirements of IWA-3390 are met.

IWB-3523.2 Allowable Flaw Standards for Surface
Examination.

(a) The size of allowable flaws shall not exceed 3/16 in.
(5 mm) for the preservice examination and 1/4 in.
(6 mm) for the inservice examination.

(b)Where a flaw on the outer surface of the housing ex-
ceeds the allowable standards, the housing may be exam-
ined using the volumetric method, and the acceptance
standards of IWB-3523.3 shall apply.

IWB-3523.3 Allowable Flaw Standards for Volu-
metric Examination.

(a) The depth of an allowable preservice flaw shall not
exceed 10% of weld thickness; the length shall not exceed
60% of weld thickness.

(b) The depth of an allowable inservice flaw shall not
exceed 12.5% of weld thickness; the length shall not ex-
ceed 75% of weld thickness.

IWB-3600 ANALYTICAL EVALUATION OF
PLANAR FLAWS

IWB-3610 ACCEPTANCE CRITERIA FOR FERRITIC
STEEL COMPONENTS 4 in. (100 mm)
AND GREATER IN THICKNESS

(a) A flaw that exceeds the size of allowable flaws de-
fined in IWB-3500 may be analytically evaluated using
procedures such as described in Nonmandatory Appendix
A to calculate its growth until the next inspection or the
end of service lifetime of the component.

(b) For purposes of analytical evaluation, the depth of
flaws in clad components shall be defined in accordance
with Figure IWB-3610-1 as follows:

(1) Category 1 — A flaw that lies entirely in the clad-
ding need not be analytically evaluated.

(2) Category 2 — A surface flaw that penetrates the
cladding and extends into the ferritic steel shall be analy-
tically evaluated on the basis of the total flaw depth in
both the ferritic steel and cladding.

(3) Category 3 — A subsurface flaw that lies in both
the ferritic steel and the cladding shall be treated as either
a surface or a subsurface flaw depending on the relation-
ship between S and d as shown in Figure IWB-3610-1.

(4) Category 4 — A subsurface flaw that lies entirely
in the ferritic steel and terminates at the weld metal inter-
face shall be treated as either a surface or subsurface flaw
depending on the relationship between S and d as shown
in Figure IWB-3610-1.

(5) Category 5 — A subsurface flaw contained en-
tirely in the ferritic steel shall be treated as either a sur-
face or a subsurface flaw depending on the relationship
between S and d as shown in Figure IWB-3610-1.

(c) When examination results do not permit accurate
determination of the flaw category, the more conservative
category shall be selected.
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ð15Þ Figure IWB-3610-1
Characterization and Proximity Rules for Analytical Evaluation of Clad Components

NOTE:
(1) If S > 0.4d , then a = d (subsurface flaw); if S < 0.4d , then a = S + 2d (surface flaw).
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(d) The component containing the flaw is acceptable for
continued service during the evaluated time period if the
following are satisfied:

(1) the criteria of IWB-3611 or IWB-3612;

(2) the primary stress limits of NB‐3000, assuming a
local area reduction of the pressure-retaining membrane
that is equal to the area of the detected flaw(s) as deter-
mined by the flaw characterization rules of Article
IWA-3000.

(e) The analytical evaluation procedures shall be the
responsibility of the Owner and shall be subject to ap-
proval by the regulatory authority having jurisdiction at
the plant site.

IWB-3611 Acceptance Criteria Based on Flaw Size

A flaw exceeding the limits of IWB-3500 is acceptable if
the critical flaw parameters satisfy the following criteria:

where

af = maximum size to which the detected flaw is calcu-
lated to grow in a specified time period, which can
be the next scheduled inspection of the component,
or until the end of vessel design lifetime

ac = minimum critical size of the flaw under normal op-
erating conditions

ai = minimum critical size of the flaw for initiation of
nonarresting growth under postulated emergency
and faulted conditions

IWB-3612 Acceptance Criteria Based on Applied
Stress Intensity Factor

A flaw exceeding the limits of IWB-3500 is acceptable if
the applied stress intensity factor for the flaw dimensions
af and ℓ f satisfies the following criteria.

(a) For normal conditions:

where

KI = applied stress intensity factor for normal condi-
tions, including upset and test conditions for the
flaw dimensions af and ℓ f

K I c = fracture toughness based on crack initiation for the
corresponding crack‐tip temperature

af = end‐of‐evaluation‐period flaw depth defined in
IWB-3611

ℓ f = end‐of‐evaluation‐period flaw length

(b) For emergency and faulted conditions:

where

KI = applied stress intensity factor under emergency
and faulted conditions for flaw dimensions af and
ℓ f

IWB-3613 Acceptance Criteria for Flanges and
Shell Regions Near Structural
Discontinuities

The following criteria shall be used for the analytical
evaluation of flaws in areas of structural discontinuity,
such as vessel‐flange and nozzle‐to‐shell regions. A flaw
exceeding the limits of IWB-3500 is acceptable if the ap-
plied stress intensity factor for the dimensions af and ℓ f

satisfies the following limits.

(a) For conditions where pressurization does not ex-
ceed 20% of the Design Pressure, during which the mini-
mum temperature is not less than RTNDT :

where

KI = applied stress intensity factor for flaw dimensions
af and ℓ f

K I c = fracture toughness based on crack initiation for the
corresponding crack‐tip temperature

af = end‐of‐evaluation‐period flaw depth defined in
IWB-3611

ℓ f = end‐of‐evaluation‐period flaw length

(b) For normal conditions (including upset and test
conditions), excluding those described in (a), the criteria
of IWB-3611 or IWB-3612(a) shall be satisfied.

(c) For emergency and faulted conditions, the criteria
of IWB-3611 or IWB-3612(b) shall be satisfied.

IWB-3620 ACCEPTANCE CRITERIA FOR FERRITIC
COMPONENTS LESS THAN 4 in.
(100 mm) IN THICKNESS

These criteria are in the course of preparation. In the
interim, the criteria of IWB-3610 may be applied.

IWB-3630 ACCEPTANCE CRITERIA FOR STEAM
GENERATOR TUBING

Evaluation of cracks, wastage, or intergranular corro-
sion in steam generator tubes that exceed the allowable
flaw standards of IWB-3521 shall be performed by ana-
lyses acceptable to the regulatory authority having juris-
diction at the plant site.
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ð15Þ IWB-3640 ANALYTICAL EVALUATION
PROCEDURES AND ACCEPTANCE
CRITERIA FOR FLAWS IN AUSTENITIC
AND FERRITIC PIPING

Piping containing flaws exceeding the acceptance stan-
dards of IWB-3514.1 may be analytically evaluated to de-
termine acceptability for continued service to the next
inspection or to the end of the evaluation period. A pipe
containing flaws is acceptable for continued service for
a specified evaluation time period if the criteria of
IWB-3642, IWB-3643, or IWB-3644 are satisfied. The pro-
cedures shall be the responsibility of the Owner and shall
be provided to the regulatory authority having jurisdic-
tion at the plant site.

IWB-3641 Analytical Evaluation Procedures

Analytical evaluation procedures based on flaw size or
applied stress, such as those described in Nonmandatory
Appendix C or H, may be used, subject to the following:

(a) The analytical evaluation procedures and accep-
tance criteria in Nonmandatory Appendix C are applicable
to piping NPS 1 (DN 25) and greater. The procedures and
criteria in Nonmandatory Appendix H are applicable to
piping NPS 4 (DN 100) and greater. Nonmandatory Ap-
pendices C and H are applicable to portions of adjoining
pipe fittings within a distance of (R2 t )

1/2 from the weld
centerline, where R2 is the outside radius and t is the
nominal thickness of the pipe. The weld geometry and
weld‐base metal interface are defined in Nonmandatory
Appendix C.

(b) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded
wrought carbon steel pipe and pipe fittings, and asso-
ciated weld materials that have a specified minimum yield
strength not greater than 40 ksi (280 MPa).

(c) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded
wrought or cast austenitic pipe and pipe fittings and asso-
ciated weld materials that are made of wrought stainless
steel, Ni‐Cr‐Fe alloy, or cast stainless steel, and have a spe-
cified minimum yield strength not greater than 45 ksi
(310 MPa).

(d) A flaw growth analysis shall be performed on the
detected flaw to predict its growth due to fatigue or stress
corrosion cracking mechanisms, or both, when applicable,
during a specified evaluation time period. The time inter-
val selected for flaw growth analysis (i.e., evaluation per-
iod) shall be until the next inspection or until the end of
the evaluation period for the item.

(e) The calculated maximum flaw dimensions at the
end of the evaluation period shall be compared to the ac-
ceptance criteria for Service Levels A, B, C, and D loadings
to determine the acceptability of the item for continued
service.

IWB-3642 Analytical Evaluation Procedures and
Acceptance Criteria Based on Failure
Mode Determination

Piping containing flaws exceeding the acceptance stan-
dards of IWB-3514.1 may be analytically evaluated using
procedures described in Nonmandatory Appendix C and
is acceptable for continued service during the evaluated
time period when the critical flaw parameters satisfy
the criteria in Nonmandatory Appendix C. Flaw accep-
tance criteria are based on allowable flaw size or allow-
able stress. Flaws with depths greater than 75% of the
wall thickness are unacceptable.

IWB-3643 Analytical Evaluation Procedures and
Acceptance Criteria Based on Use of a
Failure Assessment Diagram

Piping containing flaws exceeding the allowable flaw
standards of IWB-3514.1 may be analytically evaluated
using procedures based on use of a failure assessment
diagram, such as described in Nonmandatory Appendix
H. Such analytical evaluation procedures may be invoked
in accordance with the conditions of IWB-3641. Flaws
with depths greater than 75% of the wall thickness are
unacceptable.

IWB-3644 Alternative Analytical Evaluation
Procedure and Acceptance Criteria
Based on Applied Stress

Piping containing flaws exceeding the allowable flaw
standards of IWB-3514.1 is acceptable for continued ser-
vice until the end of the evaluation period if the alterna-
tive analytical evaluation procedure demonstrates, at
the end‐of‐evaluation period, structural factors, based
on load, equivalent to the following:

Service Level Structural
Factor

A 2.7

B 2.4

C 1.8

D 1.4

Flaws with depths greater than 75% of the wall thick-
ness are unacceptable.

IWB-3660 EVALUATION PROCEDURE AND
ACCEPTANCE CRITERIA FOR PWR
REACTOR VESSEL HEAD
PENETRATION NOZZLES

PWR reactor vessel upper and lower head penetration
nozzles containing flaws may be evaluated to determine
acceptability for continued service in accordance with
the evaluation procedure and acceptance criteria of this
paragraph. The evaluation procedures and acceptance
criteria shall be the responsibility of the Owner.
Note that the acceptance standards of IWB-3500 shall

not be used to accept indications in this region.
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IWB-3661 Evaluation Procedure

This evaluation procedure is applicable to head pene-
tration nozzles with 8 in. (200 mm) nominal outside dia-
meter and less. This procedure shall not be used for
partial penetration nozzle to vessel (J‐groove) welds.

IWB-3662 Methodology for Evaluation

(a) A flaw growth analysis shall be performed on each
detected flaw to determine its maximum growth due to
fatigue, stress corrosion cracking or both mechanisms,
when applicable, during a specified evaluation period.
The minimum time interval for the flaw growth evalua-
tion shall be until the next inspection.

(b) All applicable loadings shall be considered, includ-
ing weld residual stress, in calculating the crack growth.

(c) The flaw shall be characterized in accordance with
the requirements of IWA-3400, including the proximity
rules of Figure IWA-3400-1 for surface flaws.

(d) The flaw shall be projected into both axial and cir-
cumferential orientations, and each orientation shall be
evaluated. The axial orientation is the same for each noz-
zle, but the circumferential orientation will vary depend-
ing on the angle of intersection of the penetration nozzle
with the head. The circumferential orientation is defined
in Figure IWB-3662-1.

(e) The location of the flaw, relative to the J‐groove at-
tachment weld, shall be determined.

(f) The flaw shall be evaluated using procedures such
as those described in Nonmandatory Appendix O, to cal-
culate the following critical flaw parameters:

af = the maximum depth to which the detected flaw is
calculated to grow at the end of the evaluation
period

l f = the maximum length to which the detected flaw is
calculated to grow at the end of the evaluation
period

IWB-3663 Acceptance Criteria

The calculated maximum flaw dimensions at the end of
the evaluation period shall be compared with the maxi-
mum allowable flaw dimensions in Table IWB-3663-1.

IWB-3700 EVALUATION OF PLANT
OPERATING EVENTS

IWB-3710 SCOPE

This Subarticle provides rules for evaluation of events
and conditions for pressure boundary components and
associated structures in operating plants.

IWB-3720 UNANTICIPATED OPERATING EVENTS

(a)When an operating event causes an excursion out-
side the normal operating pressure and temperature lim-
its defined in the plant Technical Specifications, an
evaluation shall be performed to determine the effects
of the out‐of‐limit condition on the structural integrity
of the Reactor Coolant System.

(b) Nonmandatory Appendix E provides procedures
and criteria that may be used to evaluate the integrity
of the reactor vessel beltline for the out‐of‐limit condition.

(c) The evaluation procedures shall be the responsibil-
ity of the Owner and shall be subject to acceptance by the
regulatory authority having jurisdiction at the plant site.

IWB-3730 FRACTURE TOUGHNESS CRITERIA
FOR PROTECTION AGAINST FAILURE

(a) During reactor operation, load and temperature
conditions shall be maintained to provide protection
against failure due to the presence of postulated flaws
in the ferritic portions of the reactor coolant pressure
boundary. Nonmandatory Appendix G provides proce-
dures that may be used to define these load and tempera-
ture conditions.

(b) For reactor vessels with material upper shelf Char-
py impact energy levels less than 50 ft‐lb (68 J), service
and tes t cond i t i ons may be eva lua ted , u s ing
current‐geometry and material properties, to provide
protection against ductile failure. Nonmandatory Appen-
dix K contains procedures that may be used to demon-
strate protection against ductile failure.

Figure IWB-3662-1
Definition of Circumferential Orientation for

Flaw Characterization

�10 deg

�10 deg

Outboard

Inboard

GENERAL NOTE: Planar flaws within 10 deg of the plane formed by
the J‐groove weld root, shown as the dashed line, shall be considered
circumferential flaws.
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(c) The procedures used to define protection against
failure due to the presence of postulated flaws shall be
the responsibility of the Owner and shall be subject to ac-
ceptance by the regulatory authority having jurisdiction
at the plant site.

IWB-3740 OPERATING PLANT FATIGUE
ASSESSMENTS

(a) Nonmandatory Appendix L provides procedures
that may be used to assess the effects of thermal and me-
chanical fatigue concerns on component acceptability for
continued service.

(b) Nonmandatory Appendix L provides procedures
that may also be used when the calculated fatigue usage
exceeds the fatigue usage limit defined in the original
Construction Code.

Table IWB-3663-1
Reactor Vessel Head Penetration Nozzle Acceptance Criteria

Location [Note (1)], [Note (2)]

Axial Circumferential

af ℓ f a f ℓ f

Inboard of Weld (I.D.) [Note (3)] t No Limit t 0.75 Circ.
At and Outboard of Weld (I.D.) 0.75t No Limit [Note (4)] [Note (4)]
Inboard of Weld (O.D.) [Note (3)] t No Limit t 0.75 Circ.
Outboard of Weld (O.D.) [Note (4)] [Note (4)] [Note (4)] [Note (4)]

GENERAL NOTES:
(a) Linear surface flaws of any size in the partial penetration nozzle to vessel (J‐groove) welds are not

acceptable.
(b) t = wall thickness of head penetration nozzle.

NOTES:
(1) Inboard of the weld is not part of the pressure boundary.
(2) At and outboard of the weld is part of the pressure boundary.
(3) Intersecting axial and circumferential flaws in the nozzle are not acceptable.
(4) Requires case‐by‐case evaluation. Acceptance criteria shall be justified by the Owner.
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ARTICLE IWB-5000
SYSTEM PRESSURE TESTS

IWB-5200 SYSTEM TEST REQUIREMENTS

IWB-5210 TEST
(a) Pressure-retaining components shall be tested at

the frequency stated in, and visually examined by the
method specified in Table IWB-2500-1 (B-P).

(b) The system pressure tests and visual examinations
shall be conducted in accordance with Article IWA-5000
and this Article. The contained fluid in the system shall
serve as the pressurizing medium.

IWB-5220 SYSTEM LEAKAGE TEST
IWB-5221 Pressure

(a) The system leakage test shall be conducted at a
pressure not less than the pressure corresponding to
100% rated reactor power.

(b) The system test pressure and temperature shall be
attained at a rate in accordance with the heat‐up limita-
tions specified for the system.

IWB-5222 Boundaries
(a) The pressure-retaining boundary during the system

leakage test shall correspond to the reactor coolant
boundary, with all valves in the position required for nor-
mal reactor operation startup. The visual examination
shall, however, extend to and include the second closed
valve at the boundary extremity.

(b) The Class 1 pressure-retaining boundary which is
not pressurized when the system valves are in the posi-
tion required for normal reactor startup shall be pressur-
ized and examined at or near the end of the inspection
interval. This boundary may be tested in its entirety or
in portions and testing may be performed during the test-
ing of the boundary of (a).

IWB-5230 HYDROSTATIC TEST

(a) The hydrostatic test may be conducted at any test
pressure specified in Table IWB-5230-1 corresponding
to the selected test temperature, provided the require-
ments of IWB-5240 are met for all ferritic steel compo-
nents within the boundary of the system (or portion of
system) subject to the test pressure (see IWA-5245).

(b)Whenever a hydrostatic test is conducted in which
the reactor vessel contains nuclear fuel and the vessel is
within the system test boundary, the test pressure shall
not exceed the limiting conditions specified in the plant
Technical Specifications.

IWB-5240 TEMPERATURE

(a) The minimum test temperature for either the sys-
tem leakage or system hydrostatic test shall not be lower
than the minimum temperature for the associated pres-
sure specified in the plant Technical Specifications.

(b) The system test temperature shall be modified as
required by the results obtained from each set of material
surveillance specimens withdrawn from the reactor ves-
sel during the service lifetime.

(c) For tests of systems or portions of systems con-
structed entirely of austenitic steel, test temperature lim-
itations are not required to meet fracture prevention
criteria. In cases where the components of the system
are constructed of ferritic and austenitic steels that are
nonisolable from each other during a system leakage or
system hydrostatic test, the test temperature shall be in
accordance with IWB-5230(a).

Table IWB-5230-1
Test Pressure

Test Temperature, °F (°C)
Test Pressure [Note

(1)], [Note (2)]

100 (40) or less 1.10Po

200 (95) 1.08Po

300 (150) 1.06Po

400 (200) 1.04Po

500 (260) or greater 1.02Po

NOTES:
(1) Po is the reactor pressure corresponding to 100% rated reactor

power.
(2) Linear interpolation at intermediate test temperatures is

permissible.
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SUBSECTION IWC
REQUIREMENTS FOR CLASS 2 COMPONENTS OF

LIGHT-WATER-COOLED PLANTS

ARTICLE IWC-1000
SCOPE AND RESPONSIBILITY

IWC-1100 SCOPE

This Subsection provides requirements for inservice in-
spection of Class 2 pressure-retaining components and
their welded attachments in light‐water-cooled plants.

IWC-1200 COMPONENTS SUBJECT TO
EXAMINATION

IWC-1210 EXAMINATION REQUIREMENTS

The examination requirements of this Subsection shall
apply to Class 2 pressure-retaining components and their
welded attachments.

IWC-1220 COMPONENTS EXEMPT FROM
EXAMINATION

The following components or portions of components
are exempted from the volumetric and surface examina-
tion requirements of IWC-2500.

IWC-1221 Components Within RHR, ECC, and
CHR Systems or Portions of Systems30

(a) For systems, except high pressure safety injection
systems in pressurized water reactor plants:

(1) components and piping segments NPS 4 (DN 100)
and smaller

(2) components and piping segments which have one
inlet and one outlet, both of which are NPS 4 (DN 100)
and smaller

(3) components20 and piping segments which have
multiple inlets or multiple outlets, whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the O.D. of NPS 4 (DN 100) pipe
(b) For high pressure safety injection systems in pres-

surized water reactor plants:
(1) components and piping segments NPS 11/2

(DN 40) and smaller

(2) components and piping segments which have one
inlet and one outlet, both of which are NPS 11/2 (DN 40)
and smaller

(3) components20 and piping segments which have
multiple inlets or multiple outlets whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the O.D. of NPS 11/2 (DN 40) pipe
(c) Vessels, piping, pumps, valves, other components,

and component connections of any size in statically pres-
surized, passive (i.e. , no pumps) safety injection
systems31 of pressurized water reactor plants.
(d) Piping and other components of any size beyond the

last shutoff valve in open-ended suction or discharge por-
tions of systems that do not contain water during normal
plant operating conditions.

IWC-1222 Components Within Systems or
Portions of Systems Other Than RHR,
ECC, and CHR Systems30

(a) For systems, except auxiliary feedwater systems in
pressurized water reactor plants:

(1) components and piping segments NPS 4 (DN 100)
and smaller

(2) components and piping segments which have one
inlet and one outlet, both of which are NPS 4 (DN 100)
and smaller

(3) components20 and piping segments which have
multiple inlets or multiple outlets whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the O.D. of NPS 4 (DN 100) pipe.
(b) For auxiliary feedwater systems in pressurized

water reactor plants:
(1) components and piping segments NPS 11/2

(DN 40) and smaller
(2) components and piping segments which have one

inlet and one outlet, both of which are NPS 11/2 (DN 40)
and smaller

146

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



(3) components20 and piping segments which have
multiple inlets or multiple outlets whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the O.D. of NPS 11/2 (DN 40) pipe.

(c) Vessels, piping, pumps, valves, other components,
and component connections of any size in systems or por-
tions of systems that operate (when the system function
is required) at a pressure equal to or less than 275 psig
(1,900 kPa) and at a temperature equal to or less than
200°F (95°C).

(d) Piping and other components of any size beyond the
last shutoff valve in open-ended suction or discharge por-
tions of systems that do not contain water during normal
plant operating conditions.

IWC-1223 Inaccessible Welds

Welds or portions of welds that are inaccessible due to
being encased in concrete, buried underground, located
inside a penetration, or encapsulated by guard pipe.
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ARTICLE IWC-2000
EXAMINATION AND INSPECTION

IWC-2200 PRESERVICE EXAMINATION

(a) All examinations required by this Article (with the
exception of Table IWC-2500-1 (C-H)) for those compo-
nents initially selected for examination in accordance
with the Inspection Program and not exempt from inser-
vice examinations by IWC-1220 shall be completed prior
to initial plant startup.
(b) Shop and field examinations may serve in lieu of the

on‐site preservice examinations, provided
(1) in the case of vessels only, the hydrostatic test re-

quired by Section III has been completed
(2) such examinations are conducted under condi-

tions and with equipment and techniques equivalent to
those which are expected to be employed for subsequent
inservice examinations

(3) the shop and field examination records are, or
can be, documented and identified in a form consistent
with those required in Article IWA-6000

IWC-2400 INSPECTION SCHEDULE

IWC-2410 INSPECTION PROGRAM
Inservice examinations and system pressure tests may

be performed during either system operation or plant
outages.

IWC-2411 Inspection Program
(a) The required examinations in each examination ca-

tegory shall be completed during each inspection interval
in accordance with Table IWC-2411-1, with the excep-
tions of Category C‐H and of welded attachments exam-
ined as a result of component support deformation
under Examination Category C‐C. If there are less than
three items or welds to be examined in an Examination
Category, the items or welds may be examined in any
two periods, or in any one period if there is only one item
or weld, in lieu of the percentage requirements of Table
IWC-2411-1.
(b) If items or welds are added to the Inspection Pro-

gram, during the service lifetime of a plant, examination
shall be scheduled as follows:

(1)When items or welds are added during the first
period of an interval, at least 25% of the examinations re-
quired by the applicable Examination Category and Item
Number for the added items or welds shall be performed
during each of the second and third periods of that
interval.

(2)When items or welds are added during the sec-
ond period of an interval, at least 25% of the examina-
tions required by the applicable Examination Category
and Item Number for the added items or welds shall be
performed during the third period of that interval.

(3)When items or welds are added during the third
period of an interval, examinations shall be scheduled in
accordance with (a) for successive intervals.

IWC-2420 SUCCESSIVE INSPECTIONS

(a) The sequence of component examinations which
was established during the first inspection interval shall
be repeated during each successive inspection interval,
to the extent practical. The sequence of component exam-
inations may be modified in a manner that optimizes scaf-
folding, radiological, insulation removal, or other
considerations, provided that the percentage require-
ments of Table IWC-2411-1 are maintained.

(b) If a component is accepted for continued service in
accordance with IWC-3122.3 or IWC-3132.3(a), the areas
containing flaws or relevant conditions shall be reexa-
mined during the next inspection period listed in the
schedule of the Inspection Program of IWC-2400. Alterna-
tively, acoustic emission may be used to monitor growth
of existing flaws in accordance with IWA-2234. For vessel
welds, the successive inspection is not required if the fol-
lowing conditions are met:

(1) The flaw is characterized as subsurface in accor-
dance with Figure IWA-3320-2.

Table IWC-2411-1
Inspection Program

Inspec-
tion

Interval

Inspection Period,
Calendar Years of

Plant Service
Within the
Interval

Minimum
Examinations
Completed, %

Maximum
Examina-
tions

Credited, %

All 3 16 50
7 50 [Note (1)] 75

10 100 100

NOTE:
(1) If the first period completion percentage for any examination ca-

tegory exceeds 34%, at least 16% of the required examinations
shall be performed in the second period.
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(2) The weld containing the flaw is acceptable for
continued service in accordance with IWC-3600, and the
flaw is demonstrated acceptable for the intended service
life of the component.

(c) If the reexaminations required by (b) above reveal
that the flaws or relevant conditions remain essentially
unchanged, or that the flaw growth is within the growth
predicted by the analytical evaluation, for the next inspec-
tion period, then the component examination schedule
may revert to the original schedule of successive inspec-
tions or the inspection interval defined by the analytical
evaluation, whichever is limiting.

(d) If the reexaminations required by (b) above reveal
new flaws or relevant conditions that exceed the applic-
able acceptance standards of Table IWC-3410-1, or
growth of existing flaws in excess of the growth predicted
by the analytical evaluation, then

(1) the entire weld, area, or part32 shall be examined
during the current outage

(2) additional examinations shall be performed in ac-
cordance with IWC-2430

(e) If welded attachments are examined as a result of
identified component support deformation and the re-
sults of these examinations exceed the acceptance stan-
dards of Table IWC-3410-1 successive examinations
shall be performed, if determined necessary, based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded attach-
ment damage if known. If the cause of the welded
attachment damage could recur or is unknown, succes-
sive examinations shall be performed in accordance with
the requirements of (b) above. No successive examina-
tions are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The designation mechanism no longer exists.

IWC-2430 ADDITIONAL EXAMINATIONS

(a) Examinations performed in accordance with Tables
IWC-2500-1 (C-A) through IWC-2500-1 (C-F-2) that re-
veal flaws or relevant conditions exceeding the accep-
tance standards of Table IWC-3410-1 shall be extended
to include additional examinations during the current
outage in accordance with (1) or (2) below.

(1) Additional examinations shall be performed in
accordance with the following requirements:

(-a) The additional examinations shall include an
additional number of welds, areas, or parts32 included
in the inspection item33 equal to 20% of the number of
welds, areas, or parts included in the inspection item that
are scheduled to be performed during the interval. The
additional examinations shall be selected from welds,
areas, or parts of similar material and service. This addi-
tional selection may require inclusion of piping systems
other than the one containing the flaws or relevant
conditions.

(-b) If the additional examinations required by
(-a) above reveal flaws or relevant conditions exceeding
the acceptance standards of Table IWC-3410-1, the exam-
inations shall be further extended to include additional
examinations during the current outage. These additional
examinations shall include the remaining number of
welds, areas, or parts of similar material and service sub-
ject to the same type of flaws or relevant conditions.

(2) Additional examinations shall be performed in
accordance with the following requirements:

(-a) An engineering evaluation shall be performed.
Topics to be addressed in the engineering evaluation shall
include the following:

(-1) a determination of the cause of the flaws or
relevant conditions

(-2) an evaluation of applicable service condi-
tions and degradation mechanisms to establish that the
affected welds, areas, or parts32 will perform their in-
tended safety functions during subsequent operation

(-3) a determination of which additional welds,
areas, or parts32 are subject to the same service condi-
tions and degradation mechanisms that caused the flaws
or relevant conditions

(-b) Additional examinations shall be performed
on all those welds, areas, or parts32 subject to the same
service conditions and degradation mechanisms that
caused the flaws or relevant conditions. This additional
selection might require inclusion of piping systems other
than the one containing the original flaws or relevant con-
ditions. No additional examinations are required if the en-
gineering evaluation concludes that

(-1) there are no additional welds, areas, or
parts subject to the same service conditions that caused
the flaws or relevant conditions or

(-2) no degradation mechanism exists
(-c) The engineering evaluation shall be retained

in accordance with Article IWA-6000.
(b) The examination method for additional examina-

tions may be limited to the examination method that ori-
ginally identified the flaws or relevant conditions,
provided use of the method is supported by an engineer-
ing evaluation. The engineering evaluation shall deter-
mine the cause of the flaws or relevant conditions and
the appropriate method to be used as part of the addi-
tional examination scope. The engineering evaluation
shall be retained in accordance with Article IWA-6000.

(c) For the inspection period following the period in
which the examinations of (a) were completed, the exam-
inations shall be performed as originally scheduled in ac-
cordance with IWC-2400.

(d) If welded attachments are examined as a result of
identified component support deformation and the re-
sults of these examinations exceed the acceptance stan-
dards of Table IWC-3410-1 additional examinations
shall be performed, if determined necessary, based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded
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attachment damage if known. If the cause of the welded
attachment damage could recur or is unknown, additional
examinations shall be performed in accordance with the
requirements of (a) above. No additional examinations
are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The degradation mechanism no longer exists.

IWC-2500 EXAMINATION AND PRESSURE
TEST REQUIREMENTS

(a) Components shall be examined and pressure tested
as specified in Tables IWC-2500-1 (C-A) through
IWC-2500-1 (C-H). The method of examination for the
components and parts of the pressure-retaining bound-
aries shall comply with those tabulated in Tables
IWC-2500-1 (C-A) through IWC-2500-1 (C-H), except
where alternate examination methods are used that meet
the requirements of IWA-2240.
(b) T a b l e s I W C - 2 5 0 0 - 1 ( C - A ) t h r o u g h

IWC-2500-1 (C-H) are organized as follows.

Examination
Category Examination Area

C‐A Pressure-Retaining Welds in Pressure Vessels

C‐B
Pressure-Retaining Nozzle Welds in Pressure

Vessels

C‐C
Welded Attachments for Pressure Vessels, Piping,

Pumps, and Valves

C‐D
Pressure-Retaining Bolting Greater Than 2 in.

(50 mm) in Diameter

C‐F‐1
Pressure-Retaining Welds in Austenitic Stainless

Steel or High Alloy Piping

C‐F‐2
Pressure-Retaining Welds in Carbon or Low Alloy

Steel Piping

C‐H All Pressure-Retaining Components

(c) Alternatively, for Examination Categories C‐F‐1 and
C‐F‐2, the provisions of Nonmandatory Appendix R may
be applied to all Class 2 piping or to one or more indivi-
dual piping systems.
(d) In lieu of the surface examination requirements for

Examination Categories C-F-1 and C-F-2 welds (all dia-
meters and thicknesses, circumferential and socket), the
Owner may elect to perform a plant-specific review for
welds susceptible to outside surface attack. All welds of
the examination categories and within the size limitations
of this subparagraph, determined by this review to be
susceptible to outside surface attack, require surface ex-
amination each interval, in the same sequence, to the ex-
tent practical, over the lifetime of the item. The
plant-specific review shall be updated each interval. The
requirements of IWC-2411 shall be met. Acceptance stan-
dards shall be in accordance with IWC-3514. Contributors
to outside surface attack include proximity to nearby leak
paths, proximity to chloride-bearing materials, existence

of moisture- or salt-laden atmosphere, and existence of
insulation or other coating or cover that traps moisture.
Specific outside surface attack susceptibility criteria are
the following:

(1) austenitic stainless steel base metal, welds, or
heat-affected zone (HAZ); operating temperature greater
than 150°F (65°C); and piping outside surface within five
page diameters of a probable leak path (e.g., valve stem)
and covered with nonmetallic insulation not in compli-
ance with U.S. NRC Regulatory Guide 1.36 (e.g., chloride
content) or equivalent requirements

(2) austenitic stainless steel base metal, welds, or
HAZ and piping outside surface exposed to wetting from
a concentrated chloride-bearing environment (e.g., sea-
water, brackish water, brine) or

(3) items identified as susceptible to any mechan-
isms of outside surface attack other than external chloride
stress corrosion cracking based on a review of plant ex-
perience and plant-specific processes and programs ad-
dressing chlorides and other contaminants
(e) For PWR stainless steel residual and regenerative

heat exchangers, in lieu of the requirements of Examina-
tion Categories C-A, C-B, and C-F-1, VT-2 visual examina-
tions may be performed in accordance with the following:

(1) These alternative examination requirements
shall not be applied to any heat exchanger, nor to any heat
exchanger design or configuration, that has experienced a
through-wall leak, such as heat exchangers with an inner
shell (inner barrel). The Owner shall evaluate industry ex-
perience to determine which heat exchanger designs or
configurations have leaked. If any leakage is detected, it
shall be corrected in accordance with Article IWA-4000.
Any subsequent use of these alternative examination re-
quirements shall then be discontinued. The affected heat
exchanger and others of the same design or configuration
shall be examined in accordance with (a).

(2) Application of these alternative examination re-
quirements is limited to those welds that are part of the
as-received heat exchanger assembly. The regenerative
heat exchanger assembly may be formed from multiple
smaller heat exchanger subcomponents connected by sec-
tions of piping. All of the smaller heat exchanger subcom-
ponents and the connecting piping are within the
boundary of the heat exchanger assembly.

(3) All welds, other than reinforcing plate welds,
shall have received at least one volumetric examination.
The preservice or Construction Code volumetric examina-
tion may be used to meet this requirement. Reinforcing
plate welds shall have received at least one surface
examination.

(4) The component shall be VT-2 visually examined
for evidence of leakage while undergoing the system leak-
age test as required by Examination Category C-H, to be
performed every inspection period. IWC-3516 shall be
met.
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Table IWC-2500-1 (C-A)
Examination Category C-A, Pressure-Retaining Welds in Pressure Vessels [Note (1)]

Item
No. Parts Examined

Examination Requirements/
Figure No.

Examination Method [Note
(2)]

Acceptance
Standard

Extent of Examination [Note (3)],
[Note (4)]

Frequency of
Examination [Note (5)]

C1.10 Shell Circumferential Welds IWC-2500-1 Volumetric IWC-3510
Cylindrical‐shell‐to‐conical‐

shell‐junction welds and shell (or
head)‐to‐flange welds

Each inspection interval

C1.20 Head Circumferential Welds IWC-2500-1 Volumetric IWC-3510

Head‐to‐shell weld and welds in the
knuckle, including
knuckle-to-crown welds, of an
ellipsoidal or torispherical head

Each inspection interval

C1.30 Tubesheet‐to‐Shell Weld IWC-2500-2 Volumetric IWC-3510 Tubesheet‐to‐shell weld Each inspection interval

NOTES:
(1) These requirements do not apply to atmospheric or 0 psig to 15 psig (0 kPa to 100 kPa) storage tanks.
(2) For welds in vessels with nominal wall thickness of 0.2 in. (5 mm) or less, a surface examination may be applied in lieu of a volumetric examination. The examination shall include the

weld and 0.5 in. (13 mm) on either side of the weld. The acceptance standards for the examination shall be those specified for piping in IWC-3514.
(3) Includes essentially 100% of the weld length.
(4) In the case of multiple vessels of similar design, size, and service (such as steam generators, heat exchangers), the required examinations may be limited to one vessel or distributed

among the vessels.
(5) The vessel areas selected for the initial examination shall be reexamined in the same sequence over the service lifetime of the component, to the extent practical.
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Table IWC-2500-1 (C-B)
Examination Category C-B, Pressure-Retaining Nozzle Welds in Pressure Vessels [Note (1)]

Item
No. Parts Examined

Examination Requirements/
Figure No. Examination Method

Acceptance
Standard Extent of Examination [Note (2)]

Frequency of
Examination [Note (3)]

C2.10
Nozzles in Vessels ≤ 1/2 in. (13 mm)
Nominal Thickness

C2.11
Nozzle‐to‐Shell (Nozzle-to-Head or
Nozzle-to-Nozzle) Weld in Nozzles
Without Reinforcing Plate

IWC-2500-3 Surface IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.12
Nozzle-to-Shell (Nozzle-to-Head or
Nozzle-to-Nozzle) Weld in Nozzles
With Reinforcing Plate

IWC-2500-4(c) Surface IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.20
Nozzles Without Reinforcing Plate in
Vessels > 1/2 in. (13 mm) Nominal
Thickness

C2.21
Nozzle‐to‐Shell (Nozzle to Head or
Nozzle to Nozzle) Weld

IWC-2500-4(a), (b), or (d) Surface and volumetric IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.22 Nozzle Inside Radius Section IWC-2500-4(a), (b), or (d) Volumetric IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.30
Nozzles With Reinforcing Plate in
Vessels > 1/2 in. (13 mm) Nominal
Thickness

C2.31
Reinforcing Plate Welds to Nozzle and
Vessel

IWC-2500-4(c) Surface IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.32
Nozzle‐to‐Shell (Nozzle to Head or
Nozzle to Nozzle) Welds When Inside
of Vessel is Accessible

IWC-2500-4(c) Volumetric IWC-3511
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection interval

C2.33
Nozzle‐to‐Shell (Nozzle to Head or
Nozzle to Nozzle) Welds When Inside
of Vessel Is Inaccessible

[Note (6)] Visual, VT‐2 No leakage
All nozzles at terminal ends [Note (4)]

of piping runs [Note (5)]
Each inspection period

NOTES:
(1) These requirements do not apply to atmospheric or 0 psig to 15 psig (0 kPa to 100 kPa) storage tanks.
(2) In the case of multiple vessels of similar design, size, and service (such as steam generators, heat exchangers), the required examinations may be limited to one vessel or distributed

among the vessels.
(3) The nozzles selected initially for examination shall be reexamined in the same sequence over the service lifetime of the component, to the extent practical.
(4) Includes nozzles welded to or integrally cast in vessels that connect to piping runs (manways and handholes are excluded).
(5) Includes only those piping runs selected for examination under Examination Category C‐F.
(6) The telltale hole in the reinforcing plate shall be examined for evidence of leakage while vessel is undergoing the system leakage test (IWC-5220) as required by Examination Category

C‐H.
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Table IWC-2500-1 (C-C)
Examination Category C-C, Welded Attachments for Pressure Vessels [Note (1)], Piping, Pumps, and Valves

Item
No. Parts Examined [Note (2)]

Examination Requirements/
Figure No. Examination Method

Acceptance
Standard

Extent of Examination [Note (3)],
[Note (4)]

Frequency of
Examination [Note (5)]

Pressure Vessels

IWC-2500-5 Surface IWC-3512
100% of required areas of each

welded attachment

Each identified
occurrence and each
inspection interval
[Note (6)]

C3.10 Welded Attachments

Piping

IWC-2500-5 Surface IWC-3512
100% of required areas of each

welded attachment

Each identified
occurrence and each
inspection interval
[Note (7)]

C3.20 Welded Attachments

Pumps

IWC-2500-5 Surface IWC-3512
100% of required areas of each

welded attachment

Each identified
occurrence and each
inspection interval
[Note (7)]

C3.30 Welded Attachments

Valves

IWC-2500-5 Surface IWC-3512
100% of required areas of each

welded attachment

Each identified
occurrence and each
inspection interval
[Note (7)]

C3.40 Welded Attachments

NOTES:
(1) These requirements do not apply to atmospheric or 0 psig to 15 psig (0 kPa to 100 kPa) storage tanks.
(2) Examination is limited to those welded attachments that meet the following conditions:

(a) the attachment is on the outside surface of the pressure-retaining component;
(b) the attachment provides component support as defined in NF‐1110;
(c) the attachment weld joins the attachment either directly to the surface of the component or to an integrally cast or forged attachment to the component; and
(d) the attachment weld is full penetration, fillet, or partial penetration, either continuous or intermittent.

(3) The extent of the examination includes essentially 100% of the length of the attachment weld at each attachment subject to examination, except that, for the configuration shown in Figure
IWC-2500-5, examination of surface areas may be limited to the portions of these areas that are accessible without removal of support members.

(4) Selected samples of welded attachments shall be examined each inspection interval.
(5) Examination is required whenever component support member deformation, e.g., broken, bent, or pulled out parts, is identified during operation, refueling, maintenance, examination, or

testing.
(6) For multiple vessels of similar design, function, and service, only one welded attachment of only one of the multiple vessels shall be selected for examination. For single vessels, only one

welded attachment shall be selected for examination. The attachment selected for examination on one of the multiple vessels or the single vessel, as applicable, shall be an attachment
under continuous load during normal system operation, or an attachment subject to a potential intermittent load (seismic, water hammer, etc.) during normal system operation if an
attachment under continuous load does not exist.

(7) For piping, pumps, and valves, a sample of 10% of the welded attachments associated with the component supports selected for examination under IWF-2510 shall be examined.
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ð15Þ Table IWC-2500-1 (C-D)
Examination Category C-D, Pressure-Retaining Bolting Greater Than 2 in. (50 mm) in Diameter

Item
No. Parts Examined [Note (1)]

Examination Requirements/
Figure No.

Examination Method [Note
(2)]

Acceptance
Standard Extent of Examination [Note (1)]

Frequency of
Examination [Note (5)]

Pressure Vessels [Note (6)]
IWC-2500-6(a) Volumetric IWC-3513

100% bolts and studs at each bolted
connection of components required
to be inspected [Note (3)]

Each inspection interval
C4.10 Bolts and Studs

Piping
IWC-2500-6(a) Volumetric IWC-3513

100% bolts and studs at each bolted
connection of components required
to be inspected [Note (4)]

Each inspection interval
C4.20 Bolts and Studs

Pumps
IWC-2500-6(a) Volumetric IWC-3513

100% bolts and studs at each bolted
connection of components required
to be inspected [Note (3)]

Each inspection interval
C4.30 Bolts and Studs

Valves
IWC-2500-6(a) Volumetric IWC-3513

100% bolts and studs at each bolted
connection of components required
to be inspected [Note (3)]

Each inspection interval
C4.40 Bolts and Studs

GENERAL NOTE: Bolting diameter is defined as the smaller of the minor thread diameter of the portion of the bolting that is under tension or the bolting shank diameter.

NOTES:
(1) The examination may be performed on bolting in place under load or upon disassembly of the connection.
(2) When bolts or studs are removed for examination, surface examination meeting the acceptance standards of IWB-3515 may be substituted for volumetric examination.
(3) The examination of bolting for vessels, pumps, or valves may be conducted on one vessel, one pump, or one valve among a group of vessels, pumps, or valves that are similar in design,

size, function, and service. In addition, when the component to be examined contains a group of bolted connections of similar design and size (such as flanged connections or manway
covers), the examination may be conducted on one bolted connection among the group.

(4) The examination of flange bolting in piping systems may be limited to one bolted connection among a group of bolted connections that are similar in design, size, function, and service.
(5) The areas selected for the initial examination shall be reexamined in the same sequence over the service lifetime of the component, to the extent practical.
(6) These requirements do not apply to atmospheric or 0 psig to 15 psig (0 kPa to 100 kPa) storage tanks.
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Table IWC-2500-1 (C-F-1)
Examination Category C-F-1, Pressure-Retaining Welds in Austenitic Stainless Steel or High Alloy Piping

Item
No. Parts Examined [Note (1)]

Examination Requirements/
Figure No. Examination Method

Acceptance
Standard Extent of Examination [Note (2)]

Frequency of
Examination [Note (4)]

C5.10
Piping Welds ≥ 3/8 in. (10 mm) Nominal Wall
Thickness for Piping > NPS 4 (DN 100)

C5.11 Circumferential Weld IWC-2500-7 Surface and Volumetric IWC-3514
100% of each weld requiring

examination [Note (5)], [Note (6)]
Each inspection interval

C5.20
Piping Welds > 1/5 in. (5 mm) Nominal Wall
Thickness for Piping ≥ NPS 2 (DN 50)
and ≤ NPS 4 (DN 100)

C5.21 Circumferential Weld IWC-2500-7 Surface and volumetric IWC-3514
100% of each weld requiring

examination [Note (5)], [Note (6)]
Each inspection interval

C5.30 Socket Welds IWC-2500-7 Surface IWC-3514
100% of each weld requiring

examination
Each inspection interval

C5.40
Pipe Branch Connections of Branch Piping ≥
NPS 2 (DN 50)

C5.41 Circumferential Weld
IWC-2500-9 to IWC-2500-13,
inclusive

Surface IWC-3514
100% of each weld requiring

examination [Note (5)]
Each inspection interval

NOTES:
(1) Requirements for examination of welds in piping ≤ NPS 4 (DN 100) apply to PWR high pressure safety injection and auxiliary feedwater systems in accordance with the exemption criteria

of IWC-1220.
(2) The welds selected for examination shall include 7.5%, but not less than 28 welds, of all dissimilar metal, austenitic stainless steel or high alloy welds not exempted by IWC-1220. (Some

welds not exempted by IWC-1220 are not required to be nondestructively examined per Examination Category C‐F‐1. These welds, however, shall be included in the total weld count to
which the 7.5% sampling rate is applied.) The examinations shall be distributed as follows:
(a) the examinations shall be distributed among the Class 2 systems prorated, to the degree practicable, on the number of nonexempt dissimilar metal, austenitic stainless steel, or high

alloy welds in each system (i.e., if a system contains 30% of the nonexempt welds, then 30% of the nondestructive examinations required by Examination Category C‐F‐1 should be
performed on that system);
(b)within a system, the examinations shall be distributed among terminal ends, dissimilar metal welds, and structural discontinuities [See [Note (3)]] prorated, to the degree practic-

able, on the number of nonexempt terminal ends, dissimilar metal welds, and structural discontinuities in that system; and
(c)within each system, examinations shall be distributed between line sizes prorated to the degree practicable.

(3) Structural discontinuities include pipe weld joints to vessel nozzles, valve bodies, pump casings, pipe fittings (such as elbows, tees, reducers, flanges, etc., conforming to ANSI B16.9), and
pipe branch connections and fittings.

(4) The welds selected for examination shall be reexamined in the same sequence, during subsequent inspection intervals over the service lifetime of the piping component, to the extent
practical.

(5) For circumferential welds with intersecting longitudinal welds, surface examination of the longitudinal piping welds is required for those portions of the welds within the examination
boundaries of intersecting circumferential welds.

(6) For circumferential welds with intersecting longitudinal welds, volumetric examination of the longitudinal piping welds is required for those portions of the welds within the examination
boundaries of intersecting circumferential welds. The following requirements shall also be met:
(a) When longitudinal welds are specified and locations are known, examination requirements shall be met for both transverse and parallel flaws at the intersection of the welds and

for that length of longitudinal weld within the circumferential weld examination volume.
(b)When longitudinal welds are specified but locations are unknown, or the existence of longitudinal welds is uncertain, the examination requirements shall be met for both transverse

and parallel flaws within the entire examination volume of intersecting circumferential welds.
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Table IWC-2500-1 (C-F-2)
Examination Category C-F-2, Pressure-Retaining Welds in Carbon or Low Alloy Steel Piping

Item
No. Parts Examined [Note (1)]

Examination Requirements/
Figure No. Examination Method

Acceptance
Standard Extent of Examination [Note (2)]

Frequency of
Examination [Note (4)]

C5.50
Piping Welds ≥ 3/8 in. (10 mm) Nominal
Wall Thickness for Piping > NPS 4
(DN 100)

C5.51 Circumferential Weld IWC-2500-7 Surface and volumetric IWC-3514
100% of each weld requiring

examination [Note (5)], [Note (6)],
[Note (7)]

Each inspection interval

C5.60
Piping Welds > 1/5 in. (5 mm) Nominal
Wall Thickness for Piping ≥ NPS 2
(DN 50) and ≤ NPS 4 (DN 100)

C5.61 Circumferential Weld IWC-2500-7 Surface and volumetric IWC-3514
100% of each weld requiring

examination [Note (5)], [Note (6)],
[Note (7)]

Each inspection interval

C5.70 Socket Welds IWC-2500-7 Surface IWC-3514
100% of each weld requiring

examination
Each inspection interval

C5.80
Pipe Branch Connections of Branch
Piping ≥ NPS 2 (DN 50)

C5.81 Circumferential Weld
IWC-2500-9 to IWC-2500-13,

inclusive
Surface IWC-3514

100% of each weld requiring
examination [Note (6)]

Each inspection interval

NOTES:
(1) Requirements for examination of welds in piping ≤ NPS 4 (DN 100) apply to PWR high pressure safety injection and auxiliary feedwater systems in accordance with the exemption criteria

of IWC-1220.
(2) The welds selected for examination shall include 7.5%, but not less than 28 welds, of all carbon and low alloy steel welds not exempted by IWC-1220. (Some welds not exempted by

IWC-1220 are not required to be nondestructively examined per Examination Category C‐F‐2. These welds, however, shall be included in the total weld count to which the 7.5% sampling
rate is applied.) The examinations shall be distributed as follows:
(a) the examinations shall be distributed among the Class 2 systems prorated, to the degree practicable, on the number of nonexempt carbon and low alloy steel welds in each system

(i.e., if a system contains 30% of the nonexempt welds, then 30% of the nondestructive examinations required by Examination Category C‐F‐2 should be performed on that system);
(b)within a system, the examinations shall be distributed among terminal ends, dissimilar metal welds, and structural discontinuities [See [Note (3)]] prorated, to the degree practic-

able, on the number of nonexempt terminal ends, dissimilar metal welds, and structural discontinuities in that system; and
(c)within each system, examinations shall be distributed between line sizes prorated to the degree practicable.

(3) Structural discontinuities include pipe weld joints to vessel nozzles, valve bodies, pump casings, pipe fittings (such as elbows, tees, reducers, flanges, etc., conforming to ANSI B16.9), and
pipe branch connections and fittings.

(4) The welds selected for examination shall be reexamined in the same sequence, during subsequent inspection intervals over the service lifetime of the piping component, to the extent
practical.

(5) Only those welds showing reportable preservice transverse indications need to be examined by the ultrasonic method for reflectors transverse to the weld length direction, except that
circumferential welds with intersecting longitudinal weld shall meet [Note (7)].

(6) For circumferential welds with intersecting longitudinal welds, surface examination of the longitudinal piping welds is required for those portions of the welds within the examination
boundaries of intersecting circumferential welds.
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Table IWC-2500-1 (C-F-2)
Examination Category C-F-2, Pressure-Retaining Welds in Carbon or Low Alloy Steel Piping (Cont'd)

NOTES (CONT'D):
(7) For circumferential welds with intersecting longitudinal welds, volumetric examination of the longitudinal piping welds is required for those portions of the welds within the examination

boundaries of intersecting circumferential welds. The following requirements shall also be met:
(a) When longitudinal welds are specified and locations are known, examination requirements shall be met for both transverse and parallel flaws at the intersection of the welds and

for that length of longitudinal weld within the circumferential weld examination volume.
(b)When longitudinal welds are specified but locations are unknown, or the existence of longitudinal welds is uncertain, the examination requirements shall be met for both transverse

and parallel flaws within the entire examination volume of intersecting circumferential welds.
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Table IWC-2500-1 (C-H)
Examination Category C-H, All Pressure-Retaining Components

Item
No. Parts Examined

Examination Requirements/
Figure No.

Examination Method [Note
(1)]

Acceptance
Standard Extent of Examination

Frequency of
Examination

C7.10 Pressure-retaining components System leakage test (IWC-5220) Visual, VT‐2 IWC-3516 Pressure-retaining boundary Each inspection period

NOTE:
(1) Visual examination of IWA-5240.
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Figure IWC-2500-1
Vessel Circumferential Welds

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWC-2500-2
Typical Tubesheet-to-Shell Circumferential Welds

(Steam Generator Designs)

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWC-2500-3
Nozzle-to-Vessel Welds

1/2 in. (13 mm)

1/2 in. (13 mm)

t

A

B

B

A

Exam. surface A - B

Exam. surface A - B

(b)

(a)

1/2 in. (13 mm)

t

   1/2 in. 
(13 mm)

arc length

GENERAL NOTES:
(a) 1/2 in. = 13 mm
(b) Nozzle sizes over NPS 4 (DN 100); vessel thickness ± ≤ 1/2 in. (13 mm).
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ð15Þ Figure IWC-2500-4
Nozzle-to-Vessel Welds
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(a) See Notes (1), (2), and (3)
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Figure IWC-2500-4
Nozzle-to-Vessel Welds (Cont'd)

(b) See Notes (1), (2), and (3)
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Figure IWC-2500-4
Nozzle-to-Vessel Welds (Cont'd)

ri � ½ in.

½ in.

½ in.

½ in.

½ in.

¼ in.¼ in.

Reinforcing plate

Telltale hole

ri 

J

K½ in.

L I

½ in.

Tangent point (typ.)

H

E F

G

A

B

C

D

Exam. Surfaces A – B and C – D

Exam. Vol. E – F – G – H and I – J – K – L

(c) See Note (3)

Exam. vol. I – J – K – L
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Figure IWC-2500-4
Nozzle-to-Vessel Welds (Cont'd)

Exam. vol.
C – D – E – F

EF

D

A

B

C

t

½ in.
(13 mm)

½ in. (13 mm)

¼ in.
(6 mm)

¼ in.
(6 mm)

Exam. surf. A – B

Nozzle

Shell

(d) See Notes (1) – (4)

ri � ½ in.
ri

GJ

½ in.

H

½ in.

Tangent point (typ.)

Exam. vol.
G – H – I – J

I

GENERAL NOTES:
(a) 1/4 in. = 6 mm
(b) 1/2 in. = 13 mm
(c) NPS 12 = DN 300

NOTES:
(1) Nozzle sizes over NPS 4 (DN 100); vessel thickness over 1/2 in. (13 mm).
(2) The dimensions for the examination volume shall be determined from the edge of the weld bevel if the weld toe extends beyond the bevel.
(3) Examination of inner radius volume is required only for nozzles greater than NPS 12 and may be limited to inner radius at vessel I.D.
(4) Configurations may include nozzle‐to‐shell or reinforcing‐plate‐to‐nozzle welds that are other than full‐penetration welds.
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ð15Þ Figure IWC-2500-5
Welded Attachments

GENERAL NOTES:
(a) Examination of surface areas may be limited to the portions of these areas that are accessible without removal of support members.
(b) 1/2 in. = 13 mm

NOTE:
(1) For entire length of weld plus 1/2 in. at each end.
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ð15ÞFigure IWC-2500-6(a)
Pressure-Retaining Bolting

¼ in. as measured
  from the thread root

Pressure-
  retaining
  component

In-place UT
examination length.

Exam volume
(A-B-C-D)

GENERAL NOTE: 1/4 in. = 6 mm
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ð15Þ Figure IWC-2500-6(b)
Pressure-Retaining Bolting
(Integral Head With Shank)
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GENERAL NOTE: 1/4 in. = 6 mm
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ð15ÞFigure IWC-2500-6(c)
Pressure-Retaining Bolting

(Integral Head Without Shank)

¼ in. as measured
  from the thread root

Exam. surface for bolts,
when removed (A-B);

exam. volume (A-B-C-D)

GENERAL NOTE: 1/4 in. = 6 mm
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Figure IWC-2500-7
Welds in Piping
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Figure IWC-2500-7
Welds in Piping (Cont'd)

GENERAL NOTE: 1/4 in. = 6 mm, 1/2 in. = 13 mm, 1 in. = 25 mm
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Figure IWC-2500-9
Branch Connection Welds

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWC-2500-10
Pipe Branch Connection

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWC-2500-11
Pipe Branch Connection

GENERAL NOTE: 1/2 in. = 13 mm
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Figure IWC-2500-12
Pipe Branch Connection

GENERAL NOTE: 1/2 in. = 13 mm

175

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure IWC-2500-13
Pipe Branch Connection

GENERAL NOTES:
(a) 1/2 in. = 13 mm
(b) Configurations may include nozzle‐to‐shell or reinforcing‐plate‐to‐nozzle welds that are other than full‐penetration welds.
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ð15Þ

ð15Þ

ARTICLE IWC-3000
ACCEPTANCE STANDARDS

IWC-3100 EVALUATION OF EXAMINATION
RESULTS

IWC-3110 PRESERVICE VOLUMETRIC AND
SURFACE EXAMINATIONS

IWC-3111 General

(a) The preservice volumetric and surface examina-
tions required by IWC-2200 and performed in accordance
with IWA-2200 shall be evaluated by comparing the ex-
amination results with the acceptance standards specified
in IWC-3112.

(b) Acceptance of components for service shall be in ac-
cordance with IWC-3112, IWC-3113, and IWC-3114.

IWC-3112 Acceptance

(a) A component whose volumetric or surface examina-
tion in accordance with IWC-2200 meets (1), (2), or (3)
below shall be acceptable for service, provided the veri-
fied flaws are recorded in accordance with the require-
ments of IWA-1400(i) and IWA-2220(b) in terms of
location, size, shape, orientation, and distribution within
the component.

(1) Volumetric or surface examination confirms the
absence of flaws or identifies only flaws that have already
been shown to meet the nondestructive examination
standards of NC-2500 or NC-5300, as documented in
Quality Assurance Records (NCA-4134.17).

(2) Volumetric examination detects flaws that are
confirmed by surface or volumetric examination to be
nonsurface-connected and that do not exceed the stan-
dards of Table IWC-3410-1.

(3) Volumetric examination detects flaws that are
confirmed by surface or volumetric examination to be
nonsurface-connected that are accepted by analytical eva-
luation in accordance with the provisions of IWC-3132.3
to be acceptable to the end of the service lifetime of the
component and reexamined in accordance with the re-
quirements of IWB-2420(b) and IWB-2420(c), in lieu of
IWC-2420(b) and IWC-2420(c).

(b) A component whose volumetric or surface examina-
tion detects flaws that do not meet the criteria established
in (a) shall be unacceptable for service, unless the compo-
nent is corrected by a repair/replacement activity in ac-
cordance with IWC-3113 to the extent necessary to
meet the provisions of (a) prior to placement of the com-
ponent in service.

(c) A component whose examination detects flaws
other than the flaws of (b) that exceed the standards of
Table IWC-3410-1 is unacceptable for service unless the
component is corrected by a repair/replacement activity
to the extent necessary to meet the acceptance standards
prior to placement of the component in service.

IWC-3113 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWC-3410-1.

IWC-3114 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation of examination results may be subject to
review by the regulatory authority having jurisdiction at
the plant site.

IWC-3120 INSERVICE VOLUMETRIC AND
SURFACE EXAMINATIONS

IWC-3121 General

(a) The examination results shall be compared with the
recorded results of the preservice and prior inservice ex-
aminations. Acceptance of the components for continued
service shall be in accordance with the acceptance alter-
natives of IWC-3122.

(b)Where a required inservice examination detects
flaws that are acceptable under IWC-3112(a), the compo-
nent shall remain acceptable for service provided the
flaws satisfy the acceptance standards of NC‐2500 and
NC ‐5300 or the acceptance standards of Table
IWC-3410-1.

IWC-3122 Acceptance
IWC-3122.1 Acceptance by Examination. A compo-

nent whose examination reconfirms the absence of flaws,
detects flaws that do not exceed the acceptance standards
listed in Table IWC-3410-1, or detects flaws that are ac-
ceptable in accordance with IWC-3121(b) shall be accept-
able for continued service. Confirmed changes in flaws
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from prior examinations shall be recorded in accordance
with IWA-1400(i) and IWA-2220(b). A component that
does not meet the acceptance standards of IWC-3410
shall be corrected in accordance with the provisions
shown in IWC-3122.2 or IWC-3122.3.

IWC-3122.2 Acceptance by Repair/Replacement Ac-
tivity. A component whose examination detects flaws that
exceed the acceptance standards of Table IWC-3410-1 is
unacceptable for continued service until the component
is corrected by a repair/replacement activity to the extent
necessary to meet the acceptance standards of Article
IWC-3000.

IWC-3122.3 Acceptance by Analytical Evaluation. A
component whose examination detects flaws that exceed
the acceptance standards of Table IWC-3410-1 is accept-
able for continued service without a repair/replacement
activity if an analytical evaluation, as described in
IWC-3600, meets the acceptance criteria of IWC-3600.
The area containing the flaw shall be subsequently reex-
amined in accordance wi th IWC-2420(b) and
IWC-2420(c). If the subsequent IWC-2420(b) and
IWC-2420(c) examinations reveal that the flaws remain
essentially unchanged, or the flaw growth is within the
growth predicted by the analytical evaluation, and the de-
sign inputs for the analytical evaluation have not been af-
fected by activities such as power uprates, the existing
analytical evaluation may continue to be used, provided
it covers the time period until the next examination.

IWC-3124 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200; the recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of Table IWC-3410-1.

IWC-3125 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.
(b) Evaluation analyses of examination results as re-

quired by IWC-3122.3 shall be submitted to the regula-
tory authority having jurisdiction at the plant site.

IWC-3130 INSERVICE VISUAL EXAMINATIONS
IWC-3131 General

The visual examinations required by IWC-2500 and
performed in accordance with the procedures of
IWA-2200 shall be evaluated by comparing the examina-
tion results with the acceptance standards specified in

Table IWC-3410-1. Acceptance of components for contin-
ued service shall be in accordance with IWC-3132,
IWC-3133, and IWC-3134.

IWC-3132 Acceptance

(a) A component whose examination confirms the ab-
sence of relevant conditions described in the standards
of Table IWC-3410-1 shall be acceptable for continued
service.
(b) A component whose examination detects relevant

condit ions described in the standards of Table
IWC-3410-1 shall be unacceptable for continued service
unless such components meet the requirement of
IWC-3132.1, IWC-3132.2, or IWC-3132.3.

IWC-3132.1 Acceptance by Supplemental Examina-
tion. Components containing relevant conditions shall
be acceptable for continued service if the results of sup-
plemental examination (IWC-3200) meet the require-
ments of IWC-3120.

IWC-3132.2 Acceptance by Corrective Measures or
Repair/Replacement Activity. A component containing
relevant conditions is acceptable for continued service if
the relevant conditions are corrected by a repair/replace-
ment activity or by corrective measures to the extent nec-
essary to meet the acceptance standards of Table
IWC-3410-1.

IWC-3132.3 Acceptance by Evaluation. A component
containing relevant conditions is acceptable for continued
service if an evaluation demonstrates the component’s ac-
ceptability in accordance with (a) or (b) below.
(a) The evaluation analysis and evaluation acceptance

criteria shall be specified by the Owner. Components ac-
cepted for continued service based on evaluation shall
be subsequent ly examined in accordance with
IWC-2420(b) and IWC-2420(c). If the subsequent
IWC-2420(b) and IWC-2420(c) examinations reveal that
the relevant conditions remain essentially unchanged,
or the changes in the relevant conditions are within the
limits predicted by the evaluation, and the design inputs
for the evaluation have not been affected by activities
such as power uprates, the existing evaluation may con-
tinue to be used, provided it covers the time period until
the next examination.
(b) Temporary acceptance of flaws in moderate energy

piping may be performed in accordance with Nonmanda-
tory Appendix U, Supplement U-S1, and temporary accep-
tance of degradation in moderate energy vessels and
tanks may be performed in accordance with Nonmanda-
tory Appendix U, Supplement U-S2.

IWC-3133 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shall comply with the requirements of Article IWA-4000.
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IWC-3134 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation analyses of examination results as re-
quired by IWC-3132.3(a) shall be submitted to the regu-
latory authority having jurisdiction at the plant site.

IWC-3200 SUPPLEMENTAL EXAMINATIONS

(a) Examinations that detect flaws that require evalua-
tion in accordance with the requirements of IWC-3100
may be supplemented by other examination methods
and techniques (IWA-2240) to determine the character
of the flaw (i.e., size, shape, and orientation).

(b) Visual examinations that detect relevant conditions
may be supplemented by other examinations (IWA-2220,
IWA-2230, or IWA-2240) to determine the need for cor-
rective measures, analytical evaluation, or repair/re-
placement activities.

IWC-3400 STANDARDS

IWC-3410 ACCEPTANCE STANDARDS

The acceptance standards referenced in Table
IWC-3410-1 shall be applied to determine acceptability
for service. The following condition applies.

IWC-3410.1 Applications of Standards. The accep-
tance standards for ferritic steel components shall only
be applicable to those components whose material prop-
erties are in accordance with those stated in the refer-
enced table.

IWC-3420 CHARACTERIZATION

Each detected flaw or group of flaws shall be character-
ized by the rules of IWA-3300 to establish the dimensions
of the flaws. These dimensions shall be used in conjunc-
tion with the acceptance standards of IWC-3500.

IWC-3430 ACCEPTABILITY

Flaws that meet the requirements of IWC-3500 for the
respective examination category shall be acceptable.

IWC-3500 ACCEPTANCE STANDARDS

IWC-3510 STANDARDS FOR EXAMINATION
CATEGORY C-A,
PRESSURE-RETAINING WELDS IN
PRESSURE VESSELS

IWC-3510.1 Allowable Planar Flaws.

(a) The size of allowable planar flaws within the bound-
ary of the examination volumes specified in Figures
IWC-2500-1 and IWC-2500-2 shall not exceed the follow-
ing limits:

(1) for ferritic steels, those specified in Table
IWC-3510-1

(2) for austenitic steels, those specified in Table
IWC-3514-1

(b)Where a flaw extends beyond the examination vol-
umes, or separate flaws lie both within and beyond the
boundaries but are characterized as a single flaw by
IWA-3400, the overall size of the flaw shall not exceed
the following limits:

(1) for ferritic steels, those specified in Table
IWC-3510-1

(2) for austenitic steels, those specified in Table
IWC-3514-1

(c) Any two or more coplanar aligned flaws character-
ized as separate flaws by IWA-3330 are allowable, pro-
vided the requirements of IWA-3390 are met.

IWC-3510.2 Allowable Laminar Flaws. The areas of
allowable laminar flaws within the boundary of the exam-
ination zone delineated in the applicable figures specified
in IWC-3510.1(a) shall not exceed the limits specified in
Table IWC-3510-2.

Table IWC-3410-1
Acceptance Standards

Examination Category Component and Part Examined
Acceptance
Standard

C‐A Welds in pressure vessels IWC-3510
C‐B Vessel nozzle welds IWC-3511
C‐C Welded attachments for vessels, piping,

pumps, and valves
IWC-3512

C‐D Bolting IWC-3513
C‐F‐1, C‐F‐2 Welds in piping IWC-3514
C‐H Pressure-retaining components IWC-3516
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IWC-3510.3 Conditionally Allowable Laminar
Flaws.
(a) Laminar flaws that exceed the standards specified

in IWC-2500-1 (C-A) shall be considered conditionally al-
lowable laminar flaws. In such cases, these laminar flaws
shall be included as additional areas of the component
subject to examination under Table IWC-2500-1 (C-A).
(b) Laminar flaws that join with a planar flaw shall be

governed by the standards of IWC-3510.1.

IWC-3510.4 Allowable Linear Flaws.
(a) The size of allowable linear flaws as detected by

either a surface examination (MT/PT) or volumetric ex-
amination (RT) within the boundary of the examination
volumes shown in Figures IWC-2500-1 and IWC-2500-2
and within the boundaries of the examination surfaces
shown in Figure IWC-2500-5 [see IWC-3512.1(a)] shall
not exceed the following limits:

(1) for ferritic steels, those specified in Table
IWC-3510-3

(2) for austenitic steels, those specified in Table
IWB-3514-2
(b)Where a flaw extends beyond the examination

boundaries, or separate linear flaws lie both within and
beyond the boundaries but are characterized as a single
flaw by IWA-3400, the overall flaw size shall not exceed
the following limits:

(1) for ferritic steels, those specified in Table
IWC-3510-3

(2) for austenitic steels, those specified in Table
IWB-3514-2

Table IWC-3510-1
Allowable Planar Flaws

Material: Ferritic Steels That Meet the Requirements of NC-2300 and With Specified Minimum Yield
Strength of 50 ksi (350 MPa) or less at 100°F (40°C)

Aspect
Ratio,

[Note (1)]
a/ℓ

Thickness, t , in. (mm) [Note (1)], [Note (2)]

≤0.5 (13) 2.5 (65) ≥4.0 (100) ≤0.5 (13) 2.5 (65) ≥4.0 (100)

Surface Flaw,
a/t , %

Surface Flaw,
a/t , %

Surface Flaw,
a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Subsurface
Flaw, [Note (3)],
[Note (4)] a/t ,

%

0.00 5.4 3.1 1.9 5.9Y1.00 3.4Y1.00 2.0Y1.00

0.05 5.7 3.3 2.0 6.6Y0.96 3.8Y0.96 2.2Y0.90

0.10 6.2 3.6 2.2 7.4Y0.71 4.3Y0.72 2.5Y0.69

0.15 7.1 4.1 2.5 8.5Y0.48 4.9Y0.48 2.9Y0.47

0.20 8.1 4.7 2.8 9.9Y0.51 5.7Y0.50 3.3Y0.47

0.25 9.5 5.5 3.3 11.4Y0.66 6.6Y0.65 3.8Y0.61

0.30 11.1 6.4 3.8 13.5Y0.84 7.8Y0.84 4.4Y0.77

0.35 12.8 7.4 4.4 15.0Y0.96 9.0Y0.99 5.1Y0.93

0.40 14.4 8.3 5.0 15.0Y0.96 10.5Y1.00 5.8Y1.00

0.45 14.7 8.5 5.1 15.0Y0.96 12.3Y1.00 6.7Y1.00

0.50 15.0 8.7 5.2 15.0Y0.96 14.3Y1.00 7.6Y1.00

NOTES:
(1) Dimensions of a and ℓ are defined in IWA-3300. For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permis-

sible. Refer to IWA-3200(b).
(2) Component thickness, t , is measured normal to the pressure-retaining surface of the component. Where the section thickness varies, the

average thickness over the length of the planar flaw is the component thickness.
(3) The total depth of a subsurface flaw is 2a .
(4) Y = (S/t)/(a/t) = S/a . If Y ≤ 0.4, the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.

Table IWC-3510-2
Allowable Laminar Flaws

Component Thickness, [Note
(1)] t , in. (mm)

Laminar Area, [Note (2)] A ,
in.2 (mm2)

2.5 (65) and less 7.5 (4 800)
4 (100) 12 (7 700)
6 (152) 18 (12 000)

NOTES:
(1) For intermediate thicknesses, linear interpolation of area is per-

missible. Refer to IWA-3200(c).
(2) The area of a laminar flaw is defined in IWA-3360.
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IWC-3511 Standards for Examination Category
C-B, Pressure-Retaining Welds of
Nozzles in Vessels

IWC-3511.1 Allowable Planar Flaws.
(a) The size of allowable planar flaws in the nozzle and

weld areas within the boundary of the examination vol-
ume specified in Figure IWC-2500-4 shall not exceed
the following limits:

(1) for ferritic steels, those specified in Table
IWC-3511-1

(2) for austenitic steels, those specified in Table
IWC-3514-1

(b) The size of allowable planar flaws in the vessel shell
(or head) material adjoining the nozzle and weld areas
and within the boundary of the examination volumes spe-
cified in Figure IWC-2500-4 shall not exceed the following
limits:

(1) for ferritic steels, those specified in Table
IWC-3510-1

(2) for austenitic steels, those specified in Table
IWC-3514-1

(c) Any two or more coplanar aligned flaws character-
ized as separate flaws by IWA-3300 are allowable, pro-
vided the requirements of IWA-3390 are met.

IWC-3511.2 Allowable Linear Flaws.
(a) The size of allowable linear flaws, as detected by

either a surface (PT/MT) or volumetric examination
(RT), within the boundary of the examination surfaces
and volumes shown in Figures IWC-2500-3 and
IWC-2500-4 shall not exceed the following limits:

(1) for ferritic steels, those specified in Table
IWC-3511-2

(2) for austenitic steels, those specified in Table
IWB-3514-2

(b)Where a flaw extends beyond the examination
boundaries, or separate linear flaws lie both within and
beyond the boundaries but are characterized as a single
flaw by IWA-3400, the overall flaw size shall not exceed
the following limits:

(1) for ferritic steels, those specified in Table
IWC-3511-2

(2) for austenitic steels, those specified in Table
IWB-3514-2

IWC-3511.3 Allowable Laminar Flaws.
(a) Laminar flaws in vessel shell or head material with-

in the boundary of the examination volumes specified in
Figure IWC-2500-4 shall be governed by the standards
of Table IWC-3510-2.

(b) Laminar flaws in the nozzle wall shall be considered
as planar flaws and the standards of IWC-3511.1 shall
apply.

IWC-3512 Standards for Examination Category
C-C, Welded Attachments for Vessels,
Piping, Pumps, and Valves

IWC-3512.1 Allowable Linear Flaws.
(a) The size of an allowable flaw within the boundary of

the examination surfaces in Figure IWC-2500-5 shall not
exceed the allowable flaw standards of this Article for
the applicable supported pressure-retaining component
to which the attachment is welded.

(b)Where a flaw extends beyond the boundaries of the
examination surfaces, or separate flaws are detected that
lie both within and beyond the boundaries but are char-
acterized as a single flaw by the rules of Article
IWA-3000, the overall flaw size shall be compared with
the standards of (a).

(c) Where a flaw detected by a surface examination
method exceeds the allowable standards of (a), an op-
tional volumetric examination may be conducted, in
which case the allowable flaw standards for the volu-
metric examination method for the applicable supported
pressure-retaining component to which the attachment is
welded shall apply.

IWC-3513 Standards for Examination Category
C-D, Pressure-Retaining Bolting
Greater Than 2 in. (50 mm) in
Diameter

IWC-3513.1 Allowable Flaws for Volumetric Exami-
nations of Studs and Bolts.

(a) The s i z e o f a l l owab l e nonax i a l f l aws in
pressure-retaining bolting within the boundary of the ex-
amination volume shown in Figure IWC-2500-6(a) shall
not exceed the limits specified in Table IWC-3513-1.

(b) Any two or more subsurface flaws, at any cross sec-
tion, which combine to reduce the net area are acceptable
provided the combined flaw depths do not exceed the

Table IWC-3510-3
Allowable Linear Flaws [Note (1)]

Material: Ferritic steels that meet the
requirements of NC-2300 and the specified
minimum yield strength of 50 ksi (350 MPa)

or less at 100°F (40°C)

Surface Examination Method (PT/MT) and Volumetric Examination
Method (RT)

Nominal Section Thickness,
[Note (2)] t , in. (mm) Flaw Length, ℓ , in. (mm)

≤1/2 (13) 3/16 (5)
21/2 (65)

1/4 (6)
≥4.0 (100) 3/8 (9)

NOTES:
(1) Applicable to linear flaws detected by an examination method

where flaw depth dimension a is indeterminate.
(2) For intermediate thickness, linear interpolation is permissible.

Refer to IWA-3200.
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Table IWC-3511-1
Allowable Planar Flaws

Material: Ferritic Steels That Meet the Requirements of NC-2300 and With Specified Minimum Yield
Strength of 50 ksi (350 MPa) or Less at 100°F (40°C)

Aspect Ratio,
[Note (1)] a/ℓ

Thickness, t , in. (mm) [Note (1)], [Note (2)]

≤0.5 (13) 2.5 (65) ≥4.0 (100) ≤0.5 (13) 2.5 (65) ≥4.0 (100)

Surface Flaw,
[Note (5)] a/t , %

Surface Flaw,
[Note (5)] a/t , %

Surface Flaw,
[Note (5)] a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

Subsurface Flaw,
[Note (3)], [Note

(4)] a/t , %

0.00 5.4 3.1 1.9 5.9 Y1.00 3.4 Y1.00 2.0 Y1.00

0.05 5.7 3.3 2.0 6.6 Y0.96 3.8 Y0.96 2.2 Y0.90

0.10 6.2 3.6 2.2 7.4 Y0.71 4.3 Y0.72 2.5 Y0.69

0.15 7.1 4.1 2.5 8.5 Y0.48 4.9 Y0.48 2.9 Y0.47

0.20 8.1 4.7 2.8 9.9 Y0.51 5.7 Y0.50 3.3 Y0.47

0.25 9.5 5.5 3.3 11.4 Y0.66 6.6 Y0.65 3.8 Y0.61

0.30 11.1 6.4 3.8 13.5 Y0.84 7.8 Y0.84 4.4 Y0.77

0.35 12.8 7.4 4.4 15.0 Y0.96 9.0 Y0.99 5.1 Y0.93

0.40 14.4 8.3 5.0 15.0 Y0.96 10.5 Y1.00 5.8 Y1.00

0.45 14.7 8.5 5.1 15.0 Y0.96 12.3 Y1.00 6.7 Y1.00

0.50 15.0 8.7 5.2 15.0 Y0.96 14.3 Y1.00 7.6 Y1.00

Inside corner
region [Note

(5)]
rn/60 in.

(rn/1500 mm)
rn/60 in.

(rn/1500 mm)
rn/60 in.

(rn/1500 mm) Not applicable Not applicable Not applicable

NOTES:
(1) Dimensions of a and ℓ are defined in IWA-3300. For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is

permissible. Refer to IWA-3200(b).
(2) See Figure IWC-2500-4 for the appropriate component thickness, t .
(3) The total depth of a subsurface flaw is 2a .
(4) Y = (S/t)/(a/t) = S/a . If Y ≤ 0.4, the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.
(5) rn is the radius of the nozzle bore.

Table IWC-3511-2
Allowable Linear Flaws [Note (1)]

Material: Ferritic steels that meet the
requirements of NC-2300 and the specified
minimum yield strength of 50 ksi (350 MPa)

or less at 100°F (40°C)

Surface Examination Method (PT/MT) and Volumetric Examination
Method (RT)

Nominal Section Thickness,
[Note (2)] t , in. (mm) Flaw Length, ℓ , in. (mm)

≤1/2 (13) 3/16 (5)
21/2 (65)

1/4 (6)
≥4 (100) 3/8 (9)

NOTES:
(1) Applicable to linear flaws detected by an examination method

where flaw depth dimension a is indeterminate.
(2) For intermediate thickness, linear interpolation is permissible.

Refer to IWA-3200.

Table IWC-3513-1
Allowable Planar Flaws

Material: SA-193, SA-320, SA-354, SA-540
that meet the requirements of NC-2333 and

the specified minimum yield strength
between 95 ksi (655 MPa) and 130 ksi

(900 MPa) at 100°F (40°C)

Diameter Range: Nominal Sizes Greater Than 2 in. (50 mm)

Aspect Ratio, [Note (1)] a/ℓ
Subsurface [Note (2)]
Flaws, a , in. (mm)

0.0 0.075 (1.9)
0.10 0.075 (1.9)
0.20 0.10 (2.5)
0.30 0.10 (2.5)
0.40 0.15 (3.8)
0.50 0.18 (4.6)

NOTES:
(1) Dimensions a and ℓ are defined in IWA-3300. For intermediate

flaw aspect ratios a/ℓ , linear interpolation is permissible. Re-
fer to IWA-3200(b).

(2) The total depth of an allowable subsurface flaw is twice the
listed value.
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sum of the allowable limits specified in Table IWC-3513-1
for the corresponding flaw aspect ratios, divided by the
number of flaws.

(c) Any flaw detected by the volumetric examination
shall be investigated by a surface examination. If con-
f i rmed to be a sur face f law , the s tandards o f
IWC-3513.2 shall apply. If not a surface flaw, the stan-
dards of (a) and (b) shall apply.

IWC-3513.2 Allowable Flaws for Surface Examina-
tions of Studs and Bolts. Allowable surface flaws in
pressure-retaining bolting shall not exceed the following
limits:

(a) nonaxial flaws, 1/4 in. (6 mm) in length
(b) axial flaws, 1 in. (25 mm) in length

IWC-3514 Standards for Examination Category
C-F-1, Pressure-Retaining Welds in
Austenitic Stainless Steel or High
Alloy Piping, and C-F-2,
Pressure-Retaining Welds in Carbon
or Low Alloy Steel Piping

(a) The acceptance standards of IWC-3514 do not apply
to planar surface-connected flaws that are in contact with
the reactor coolant environment during normal operation
and are detected by inservice examination in the follow-
ing materials:

(1) for PWRs, UNS N06600, N06082, or W86182 sur-
faces with a normal operating temperature greater than
or equal to 525°F (275°C) and in contact with the reactor
coolant environment

(2) for BWRs, UNS N06600, W86182, or austenitic
stainless steel and associated weld surfaces, in contact
with the reactor coolant environment, that are suscepti-
ble to stress corrosion cracking and not mitigated

(b) If the acceptance standards are not met or are not
applicable, for acceptance by analytical evaluation, the
planar surface-connected flaws in (a) shall meet the pro-
visions of IWC-3600.

(c) Susceptible materials and mitigation criteria for
BWRs are specified in NUREG 0313 Revision 2, Sections
2.1 and 2.2.

IWC-3514.1 Allowable Planar Flaws.
(a) The size of allowable planar flaws within the bound-

ary of the examination surfaces and volumes delineated
in Figures IWC-2500-7 and IWC-2500-9 through
IWC-2500-13 shall be in accordance with the standards
of IWC-3514.2 and IWC-3514.3, as applicable. In addition,
the requirements of IWC-3514.6 shall be satisfied for pla-
nar surface‐connected flaws that are in contact with the
reactor coolant environment during normal operation
and are detected by preservice examination in materials
that are susceptible to stress corrosion cracking, as de-
fined for PWRs in IWC-3514(a)(1), and for BWRs in
IWC-3514(a)(2) and IWC-3514(c).

(b)Where flaws extend beyond the boundaries of the
examination surfaces and volumes, or separate flaws
are detected that lie both within and beyond the bound-
aries but are characterized as a single flaw by the rules
of IWA-3300, the overall flaw size shall be compared with
standards of (a) above.

(c) Any two or more coplanar‐aligned flaws that are
characterized as separate flaws by IWA-3300 are allow-
able, provided the requirements of IWA-3390 are met.

(d) Inner surface flaws detected by volumetric exami-
nation of piping components with austenitic cladding on
the inner surface shall be governed by the following
standards:

(1) Surface flaws that do not penetrate through the
nominal clad thickness into base metal need not be com-
pared with the standards of (a) above.

(2) The size of allowable surface flaws that penetrate
through the cladding into base metal shall not exceed the
standards of (a) above, except that the depth a of the flaw
shall be the total depth minus the nominal clad thickness.

IWC-3514.2 Allowable Flaw Standards for Ferritic
Piping. The standards are in the course of preparation.
The standards of IWB-3514 may be applied.

IWC-3514.3 Allowable Flaw Standards for Austeni-
tic or High Alloy Piping.

(a) The size of allowable flaws shall not exceed the lim-
its specified in Table IWC-3514-1.

(b)Where flaws on the outer surface of piping as de-
tected by the surface examination method during an in-
service examination exceed the allowable standards of
IWC-3514.5, the flaws may be examined by the volu-
metric method. The acceptance of these flaws shall be
governed by the allowable flaw standards for the volu-
metric examination method in Table IWC-3514-1.

IWC-3514.4 Allowable Laminar Flaws for Austenitic
Piping. The area of allowable laminar flaws, as defined by
IWA-3360, within the boundary of the examination zones
shown in Figures IWC-2500-7 and IWC-2500-9 through
IWC-2500-13 shall not exceed the limits specified in Table
IWB-3514-3.

IWC-3514.5 Allowable Linear Flaw Standards for
Austenitic or High Alloy Piping.

(a) The size of an allowable linear flaw within the
boundaries of the examination surfaces in Figures
IWC-2500-7 and IWC-2500-9 through IWC-2500-13 shall
not exceed the limits specified in Table IWB-3514-2.

(b)Where a flaw extends beyond the boundaries of the
examination surfaces in Figures IWC-2500-7 and
IWC-2500-9 through IWC-2500-13, or where discontinu-
ous linear flaws lie both within and beyond the bound-
aries and are characterized as a single flaw by the rules
of IWA-3400, the size of allowable overall linear flaws
shall not exceed the limits specified in Table IWB-3514-2.
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Table IWC-3514-1
Allowable Planar Flaws

Material: Austenitic steels that meet the requirements for the specified minimum yield strength of 35 ksi (240 MPa) or less at 100°F
(40°C)

Aspect Ratio, [Note
(1)] a/ℓ

Volumetric Examination Method, Wall Thickness, [Note (1)], [Note (2)] t , in. (mm)

0.312 (8) 1.0 (25) 2.0 (50) and over

Surface Flaw, a/t , %
Subsurface Flaw, [Note
(3)], [Note (4)] a/t , % Surface Flaw, a/t , %

Subsurface Flaw, [Note (3)],
[Note (4)] a/t , % Surface Flaw, a/t , %

Subsurface Flaw, [Note
(3)], [Note (4)] a/t , %

Preservice and Inservice Examination

0.00 10.0 10.0Y0.96 10.0 10.0Y0.96 10.0 10.0Y0.96

0.05 10.0 10.0Y0.91 10.0 10.0Y0.73 10.0 10.0Y0.68

0.10 10.0 10.0Y0.59 11.3 11.3Y0.65 11.8 11.8Y0.69

0.15 11.1 11.1Y0.63 13.9 13.9Y0.87 14.4 14.4Y0.91

0.20 12.8 12.8Y0.78 15.0 15.0Y0.96 15.0 15.0Y0.96

0.25 14.3 14.3Y0.90 15.0 15.0Y0.96 15.0 15.0Y0.96

0.30 to 0.50 15.0 15.0Y0.96 15.0 15.0Y0.96 15.0 15.0Y0.96

GENERAL NOTE: This table is not applicable to planar surface‐connected flaws that are in contact with the reactor coolant environment during normal operation and are detected by in-
service examination in materials that are susceptible to stress corrosion cracking, as defined for PWRs in IWC-3514(a)(1) and for BWRs in IWC-3514(a)(2) and IWC-3514(c). For planar
surface‐connected flaws that are in contact with the reactor coolant environment during normal operation and are detected by preservice examination in these materials, the requirements
of IWC-3514.6 shall be satisfied.

NOTES:
(1) For intermediate flaw aspect ratios a/ℓ and thickness t , linear interpolation is permissible. Refer to IWA-3200(b) and IWA-3200(c).
(2) t is nominal wall thickness or actual wall thickness if determined by UT examination.
(3) The total depth of a subsurface flaw is 2a .
(4) Y = (S/t)/(a/t) = S/a . If S < 0.4d , the flaw is classified as a surface flaw. If Y > 1.0, use Y = 1.0.
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IWC-3514.6 Surface-Connected Flaws in Contact
With the Reactor Coolant Environment That Are De-
tected by Preservice Examination in Materials Suscepti-
ble to Stress Corrosion Cracking. When a surface-
connected flaw that will be in contact with the reactor
coolant environment during normal operation is detected
using volumetric examination, the weld shall be reexa-
mined twice subsequent to the preservice examination.
The first reexamination shall be performed after a time
interval that is greater than 2 yr, and fewer than 6 yr, sub-
sequent to plant start-up following the preservice exami-
nation. The time interval for the second reexamination
shall be determined using the rules of IWC-3640 for ana-
lytical evaluation of flaws and shall not exceed 10 yr sub-
sequent to plant start-up following the preservice
examination. The time interval between the two reexami-
nations shall be at least 2 yr, except that it shall not extend
the second reexamination beyond the end of the evalua-
tion period.

IWC-3516 Standards for Examination Category
C-H, All Pressure-Retaining
Components

IWC-3516.1 Visual Examination, VT-2. A component
whose visual examination (IWA-5240) detects any of the
following relevant conditions34 shall meet IWC-3132 and
IWA-5250 prior to continued service:

(a) any through-wall or through-weld, pressure-
retaining material leakage from insulated and noninsu-
lated components

(b) leakage in excess of limits established by the Owner
from mechanical connections (such as pipe caps, bolted
connections, or compression fittings) or from compo-
nents provided with leakage limiting devices (such as
valve packing glands or pump seals)

(c) areas of general corrosion of a component resulting
in leakage

(d) discoloration or accumulated residues on surfaces
of components, insulation, or floor areas that may be evi-
dence of leakage

(e) leakages or flow test results from buried compo-
nents in excess of limits established by the Owner

IWC-3600 ANALYTICAL EVALUATION OF
PLANAR FLAWS

IWC-3610 ACCEPTANCE CRITERIA FOR FERRITIC
COMPONENTS

These criteria are in the course of preparation. In the
interim, the criteria of IWB-3610 may be applied.

IWC-3640 ANALYTICAL EVALUATION
PROCEDURES AND ACCEPTANCE
CRITERIA FOR FLAWS IN AUSTENITIC
AND FERRITIC PIPING

Piping containing flaws exceeding the acceptance stan-
dards of IWC-3514 may be analytically evaluated to de-
termine acceptability for continued service to the next
inspection or to the end of the evaluation period. A pipe
containing flaws is acceptable for continued service for
a specified evaluation time period if the criteria of
IWC-3642, IWC-3643, or IWC-3644 are satisfied. The pro-
cedures shall be the responsibility of the Owner and shall
be provided to the regulatory authority having jurisdic-
tion at the plant site.

IWC-3641 Analytical Evaluation Procedures

Analytical evaluation procedures based on flaw size or
applied stress, such as those described in Nonmandatory
Appendix C or H, may be used, subject to the following:

(a) The analytical evaluation procedures and accep-
tance criteria in Nonmandatory Appendix C are applicable
to piping NPS 1 (DN 25) and greater. The procedures and
criteria in Nonmandatory Appendix H are applicable to
piping NPS 4 (DN 100) and greater. Nonmandatory Ap-
pendices C and H are applicable to portions of adjoining
pipe fittings within a distance of (R2t )

1/2 from the weld
centerline, where R2 is the outside radius and t is the
nominal thickness of the pipe. The weld geometry and
weld‐base metal interface are defined in Nonmandatory
Appendix C.

(b) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded
wrought carbon steel pipe and pipe fittings, and asso-
ciated weld materials that have a specified minimum yield
strength not greater than 40 ksi (280 MPa).

(c) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded
wrought or cast austenitic pipe and pipe fittings and asso-
ciated weld materials that are made of wrought stainless
steel, Ni‐Cr‐Fe alloy, or cast stainless steel, and have a spe-
cified minimum yield strength not greater than 45 ksi
(310 MPa).

(d) A flaw growth analysis shall be performed on the
detected flaw to predict its growth due to fatigue or stress
corrosion cracking mechanisms, or both, when applicable,
during a specified evaluation time period. The time inter-
val selected for flaw growth analysis (i.e., evaluation per-
iod) shall be until the next inspection or until the end of
the evaluation period for the item.

(e) The calculated maximum flaw dimensions at the
end of the evaluation period shall be compared to the ac-
ceptance criteria for Service Levels A, B, C, and D loadings
to determine the acceptability of the item for continued
service.
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IWC-3642 Analytical Evaluation Procedures and
Acceptance Criteria Based on Failure
Mode Determination

Piping containing flaws exceeding the acceptance stan-
dards of IWC-3514 may be analytically evaluated using
procedures described in Nonmandatory Appendix C and
is acceptable for continued service during the evaluated
time period when the critical flaw parameters satisfy
the criteria in Nonmandatory Appendix C. Flaw accep-
tance criteria are based on allowable flaw size or allow-
able stress. Flaws with depths greater than 75% of the
wall thickness are unacceptable.

IWC-3643 Analytical Evaluation Procedure and
Acceptance Criteria Based on Use of a
Failure Assessment Diagram

Piping containing flaws exceeding the allowable flaw
standards of IWC-3514 may be analytically evaluated
using procedures based on use of a failure assessment
diagram, such as described in Nonmandatory Appendix
H. Such analytical evaluation procedures may be invoked

in accordance with the conditions of IWC-3641. Flaws
with depths greater than 75% of the wall thickness are
unacceptable.

IWC-3644 Alternative Analytical Evaluation
Procedure and Acceptance Criteria
Based on Applied Stress

Piping containing flaws exceeding the allowable flaw
standards of IWC-3514 is acceptable for continued ser-
vice until the end of the evaluation period if the alterna-
tive analytical evaluation procedure demonstrates, at
the end‐of‐evaluation period, structural factors, based
on load, equivalent to the following:

Service
Level

Structural
Factor

A 2.7

B 2.4

C 1.8

D 1.4

Flaws with depths greater than 75% of the wall thick-
ness are unacceptable.
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ARTICLE IWC-5000
SYSTEM PRESSURE TESTS

IWC-5200 SYSTEM TEST REQUIREMENTS

IWC-5210 TEST

(a) Pressure-retaining components shall be tested at
the frequency stated in, and visually examined by the
methods specified in Table IWC-2500-1 (C-H).

(b)
(1) The system pressure tests and visual examina-

tions shall be conducted in accordance with Article
IWA-5000 and this Article. The contained fluid in the sys-
tem shall serve as the pressurizing medium.

(2) Alternatively, steam systems may use either
water or gas as the pressurizing medium. When gas is
the pressurizing medium, the test procedure shall include
methods for detection and location of through‐wall leak-
age from components of the system tested.

IWC-5220 SYSTEM LEAKAGE TEST
IWC-5221 Pressure

The system leakage test shall be conducted at the sys-
tem pressure obtained while the system, or portion of
the system, is in service performing its normal operating
function or at the system pressure developed during a
test conducted to verify system operability (e.g., to de-
monstrate system safety function or satisfy technical
specification surveillance requirements). If portions of a
system are subject to system pressure tests associated
with more than one safety function, the visual examina-
tion need only be performed during the test conducted
at the higher of the test pressures for the respective sys-
tem safety function, except as permitted in IWA-5222.

IWC-5222 Boundaries

(a) The pressure-retaining boundary for closed sys-
tems includes only those portions of the system required
to operate or support the safety function up to and includ-
ing the first normally closed valve (including a safety or
relief valve) or valve capable of automatic closure when
the safety function is required.

(b) The pressure-retaining boundary for nonclosed sys-
tems includes only those portions of the system required
to operate or support the safety function up to and includ-
ing the first normally closed valve, including a safety or
relief valve, or valve capable of automatic closure when
the safety function is required. Open-ended piping that
is periodically pressurized to conditions described in
IWC-5221 shall be included in the test boundary.

(c) Portions of systems that are associated with a spray
header or containment sump, or are normally submerged
in the process fluid such that the external surfaces of the
pressure-retaining boundary are normally wetted during
pressurized conditions, are excluded from the test
boundary.

IWC-5230 HYDROSTATIC TEST

(a) The hydrostatic test pressure shall be at least 1.10
times the system pressure Psv for systems with Design
Temperature of 200°F (95°C) or less, and at least 1.25
times the system pressure Psv for systems with Design
Temperature above 200°F (95°C). The system pressure
Psv shall be the lowest pressure setting among the num-
ber of safety or relief valves provided for overpressure
protection within the boundary of the system to be tested.
For systems (or portions of systems) not provided with
safety or relief valves, the system design pressure Pd shall
be substituted for Psv .

(b) The test pressure for a pneumatic test conducted in
accordance with IWA-5211(c) shall be the system leakage
test pressure of IWC-5221.

(c) In the case of atmospheric storage tanks, the nom-
inal hydrostatic pressure, developed with the tank filled
to its design capacity, shall be acceptable as the system
test pressure.

(d) For 0–15 psi (0–100 kPa) storage tanks, the test
pressure shall be 1.1 PG , Design Pressure of vapor or
gas space above liquid level for which overpressure pro-
tection is provided by relief valves.

(e) The hydrostatic test of the Class 2 portion of the
Main Steam System in Boiling Water Reactor (BWR)
plants may be performed in conjunction with the hydro-
static test of the Class 1 portion, when the Class 2 portion
is not capable of being isolated from the Class 1 portion
by the boundary valve. The hydrostatic test of the Class
2 portion shall meet the requirements of Article
IWA-5000 and IWB-5230.

(f) For the purpose of the test, open ended portions of a
suction or drain line from a storage tank extending to the
first shutoff valve shall be considered as an extension of
the storage tank.

(g) For open ended portions of discharge lines beyond
the last shutoff valve in nonclosed systems (e.g., contain-
ment spray header), demonstration of an open flow path
test shall be performed in lieu of the system hydrostatic
test. Test personnel need not be qualified for VT‐2 visual
examination.
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(h) Open ended vent and drain lines extending beyond
the last shutoff valve and open ended safety or relief valve
discharge lines are exempt from hydrostatic testing.
(i) The pressure measuring instrument used for mea-

suring system hydrostatic or pneumatic test pressure
shall meet the requirements of IWA-5260.

IWC-5240 TEMPERATURE
(a) The system test temperature during a system hy-

drostatic test in systems containing ferritic steel compo-
nents shall meet the requirements specified by fracture
prevention criteria.

(b) In systems containing ferritic steel components for
which fracture toughness requirements were neither spe-
cified nor required in the construction of the components,
the system test temperature shall be determined by the
Owner.
(c) No limit on system test temperature is required for

systems comprised of components constructed entirely of
austenitic steel materials.
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SUBSECTION IWD
REQUIREMENTS FOR CLASS 3 COMPONENTS OF

LIGHT-WATER-COOLED PLANTS

ARTICLE IWD-1000
SCOPE AND RESPONSIBILITY

IWD-1100 SCOPE

This Subsection provides requirements for inservice in-
spection of Class 3 pressure-retaining components and
their welded attachments in light‐water-cooled plants.

IWD-1200 COMPONENTS SUBJECT TO
EXAMINATION

IWD-1210 EXAMINATION REQUIREMENTS

The examination requirements of this Subsection shall
apply to pressure-retaining components and their welded
attachments on Class 3 systems in support of the follow-
ing functions:

(a) reactor shutdown

(b) emergency core cooling

(c) containment heat removal

(d) atmosphere cleanup

(e) reactor residual heat removal

(f) residual heat removal from spent fuel storage pool

IWD-1220 COMPONENTS EXEMPT FROM
EXAMINATION

The following components or portions of components
are exempted from the VT‐1 visual examination require-
ments of IWD-2500:

(a) components and piping segments NPS 4 (DN 100)
and smaller

(b) components and piping segments which have one
inlet and one outlet, both of which are NPS 4 (DN 100)
and smaller

(c) components20 and piping segments which have
multiple inlets or multiple outlets whose cumulative pipe
cross‐sectional area does not exceed the cross‐sectional
area defined by the O.D. of NPS 4 (DN 100) pipe.

(d) components that operate at a pressure of 275 psig
(1,900 kPa) or less and at a temperature of 200°F
(95°C) or less in systems (or portions of systems) whose
function is not required in support of reactor residual
heat removal, containment heat removal, and emergency
core cooling;

(e) welds or portions of welds that are inaccessible due
to being encased in concrete, buried underground, lo-
cated inside a penetration, or encapsulated by guard pipe.
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ARTICLE IWD-2000
EXAMINATION AND INSPECTION

IWD-2200 PRESERVICE EXAMINATION

All examinations required by this Article (with the ex-
ception of Table IWD-2500-1 (D-B)) shall be performed
completely, once, as a preservice examination require-
ment prior to initial plant startup.

IWD-2400 INSPECTION SCHEDULE

IWD-2410 INSPECTION PROGRAM

Inservice examinations and system pressure tests may
be performed during either system operation or plant
outages.

IWD-2411 Inspection Program

(a) The required examinations in each examination ca-
tegory shall be completed during each inspection interval
in accordance with Table IWD-2411-1, with the excep-
tions of Category D‐B and of welded attachments exam-
ined as a result of component support deformation
under Examination Category D‐A. If there are less than
three items to be examined in an Examination Category,
the items may be examined in any two periods, or in
any one period if there is only one item, in lieu of the per-
centage requirements of Table IWD-2411-1.

(b) If items are added to the Inspection Program, dur-
ing the service lifetime of a plant, examination shall be
scheduled as follows:

(1)When items are added during the first period of
an interval, at least 25% of the examinations required
by the applicable Examination Category and Item Number
for the added items shall be performed during each of the
second and third periods of that interval.

(2)When items are added during the second period
of an interval, at least 25% of the examinations required
by the applicable Examination Category and Item Number
for the added items shall be performed during the third
period of that interval.

(3)When items are added during the third period of
an interval, examinations shall be scheduled in accor-
dance with (a) for successive intervals.

IWD-2420 SUCCESSIVE INSPECTIONS

(a) The sequence of component examinations which
was established during the first inspection interval shall
be repeated during each successive inspection interval,
to the extent practical. The sequence of component exam-
inations may be modified in a manner that optimizes scaf-
folding, radiological, insulation removal, or other
considerations, provided that the percentage require-
ments of Table IWD-2411-1 are maintained.
(b) If components are accepted for continued service by

evaluation in accordance with IWD-3132.3(a), the areas
containing flaws or relevant conditions shall be reexa-
mined during the next inspection period listed in the
schedule of the Inspection Program of IWD-2400.
(c) If the reexaminations required by (b) above reveal

that the flaws or relevant conditions remain essentially
unchanged, or that the flaw growth is within the growth
predicted by the analytical evaluation, for the next inspec-
tion period, then the component examination schedule
may revert to the original schedule of successive inspec-
tions or the inspection interval defined by the analytical
evaluation, whichever is limiting.
(d) If the reexaminations required by (b) above reveal

new flaws or relevant conditions that exceed the applic-
able acceptance standards of IWD-3400, or growth of ex-
isting flaws in excess of the growth predicted by the
analytical evaluation, then

(1) the entire weld, area, or part35 shall be examined
during the current outage

(2) additional examinations shall be performed in ac-
cordance with IWD-2430
(e) If welded attachments are examined as a result of

identified component support deformation and the re-
sults of these examinations exceed the acceptance

Table IWD-2411-1
Inspection Program

Inspection
Interval

Inspection
Period, Calendar
Years of Plant
Service Within
the Interval

Minimum
Examinations
Completed, %

Maximum
Examinations
Credited, %

All 3 16 50
7 50 [Note (1)] 75

10 100 100

NOTE:
(1) If the first period completion percentage for any examination ca-

tegory exceeds 34%, at least 16% of the required examinations
shall be performed in the second period.
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standards of Article IWD-3000, successive examinations
shall be performed, if determined necessary based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded attach-
ment damage if known. If the cause of the welded
attachment damage could recur or is unknown, succes-
sive examinations shall be performed in accordance with
the requirements of (b) above. No successive examina-
tions are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The degradation mechanism no longer exists.

IWD-2430 ADDITIONAL EXAMINATIONS
(a) Examinations performed in accordance with Table

IWD-2500-1 (D-A) that reveal flaws or relevant condi-
tions exceeding the acceptance standards of Article
IWD-3000 shall be extended to include additional exami-
nations during the current outage in accordance with (1)
or (2) below.

(1) Additional examinations shall be performed in
accordance with the following requirements:

(-a) The additional examinations shall include an
additional number of welds, areas, or parts35 included
in the inspection item36 equal to 20% of the number of
welds, areas, or parts included in the inspection item that
are scheduled to be performed during the interval. The
additional examinations shall be selected from welds,
areas, or parts of similar material and service. This addi-
tional selection may require inclusion of piping systems
other than the one containing the flaws or relevant
conditions.

(-b) If the additional examinations required by
(-a) above reveal flaws or relevant conditions exceeding
the acceptance standards of Article IWD-3000, the exam-
inations shall be further extended to include additional
examinations during the current outage. These additional
examinations shall include the remaining number of
welds, areas, or parts of similar material and service sub-
ject to the same type of flaws or relevant conditions.

(2) Additional examinations shall be performed in
accordance with the following requirements:

(-a) An engineering evaluation shall be performed.
Topics to be addressed in the engineering evaluation shall
include the following:

(-1) a determination of the cause of the flaws or
relevant conditions

(-2) an evaluation of applicable service condi-
tions and degradation mechanisms to establish that the
affected welds, areas, or parts35 will perform their in-
tended safety functions during subsequent operation

(-3) a determination of which additional welds,
areas, or parts35 are subject to the same service condi-
tions and degradation mechanisms that caused the flaws
or relevant conditions

(-b) Additional examinations shall be performed
on all those welds, areas, or parts35 subject to the same
service conditions and degradation mechanisms that
caused the flaws or relevant conditions. This additional
selection might require inclusion of piping systems other
than the one containing the original flaws or relevant con-
ditions. No additional examinations are required if the en-
gineering evaluation concludes that

(-1) there are no additional welds, areas, or
parts subject to the same service conditions that caused
the flaws or relevant conditions or

(-2) no degradation mechanism exists
(-c) The engineering evaluation shall be retained

in accordance with Article IWA-6000.
(b) The examination method for additional examina-

tions may be limited to the examination method that ori-
ginally identified the flaws or relevant conditions,
provided use of the method is supported by an engineer-
ing evaluation. The engineering evaluation shall deter-
mine the cause of the flaws or relevant conditions and
the appropriate method to be used as part of the addi-
tional examination scope. The engineering evaluation
shall be retained in accordance with Article IWA-6000.

(c) For the inspection period following the period in
which the examinations of (a) were completed, the exam-
inations shall be performed as originally scheduled in ac-
cordance with IWD-2400.

(d) If welded attachments are examined as a result of
identified component support deformation, and the re-
sults of these examinations exceed the acceptance stan-
dards of Article IWD-3000, additional examinations
shall be performed, if determined necessary, based on
an evaluation by the Owner. The evaluation shall be docu-
mented and shall include the cause of the welded attach-
ment damage if known. If the cause of the welded
attachment damage could recur or is unknown, additional
examinations shall be performed in accordance with the
requirements of (a) above. No additional examinations
are required if either of the following applies:

(1) There are no other welded attachments subject to
the same apparent or root cause conditions.

(2) The degradation mechanism no longer exists.

IWD-2500 EXAMINATION AND PRESSURE
TEST REQUIREMENTS

(a) Components shall be examined and pressure tested
as spec i f i ed in Tab les IWD-2500-1 (D-A) and
IWD-2500-1 (D-B). The method of examination for the
components and parts of the pressure-retaining bound-
aries shall comply with those tabulated in Tables
IWD-2500-1 (D-A) and IWD-2500-1 (D-B) except where
alternate examination methods are used that meet the re-
quirements of IWA-2240.
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(b) Tables IWD-2500-1 (D-A) and IWD-2500-1 (D-B)
are organized as follows.

Examination
Category Examination Area

D‐A Welded Attachments for Pressure Vessels, Piping,
Pumps, and Valves

D‐B All Pressure-Retaining Components
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Table IWD-2500-1 (D-A)
Examination Category D-A, Welded Attachments for Pressure Vessels [Note (1)], Piping, Pumps, and Valves

Item No. Parts Examined [Note (2)]
Examination

Requirements/ Fig. No. Examination Method
Acceptance
Standard

Extent of Examination [Note (3)],
[Note (4)]

Frequency of Examination
[Note (4)], [Note (5)], [Note

(6)], [Note (7)]

Pressure Vessels
IWD-2500-1 (D-A) Visual, VT‐1 IWD-3000

100% of required areas of each
welded attachment

Each identified occurrence and
each inspection intervalD1.10 Welded Attachments

Piping
IWD-2500-1 (D-A) Visual, VT‐1 IWD-3000

100% of required areas of each
welded attachment

Each identified occurrence and
each inspection intervalD1.20 Welded Attachments

Pumps
IWD-2500-1 (D-A) Visual, VT‐1 IWD-3000

100% of required areas of each
welded attachment

Each identified occurrence and
each inspection intervalD1.30 Welded Attachments

Valves
IWD-2500-1 (D-A) Visual, VT‐1 IWD-3000

100% of required areas of each
welded attachment

Each identified occurrence and
each inspection intervalD1.40 Welded Attachments

NOTES:
(1) These requirements do not apply to atmospheric or 0 psig to 15 psig (0 kPa to 100 kPa) storage tanks.
(2) Examination is limited to those welded attachments that meet the following conditions:

(a) the attachment is on the outside surface of the pressure-retaining component;
(b) the attachment provides component support as defined in NF‐1110;
(c) the attachment weld joins the attachment either directly to the surface of the component or to an integrally cast or forged attachment to the component; and
(d) the attachment weld is full penetration, fillet, or partial penetration, either continuous or intermittent.

(3) The extent of the examination includes essentially 100% of the length of the attachment weld at each attachment subject to examination, except that examination of surface areas may be
limited to the portions of these areas that are accessible without removal of support members.

(4) Selected samples of welded attachments shall be examined each inspection interval.
(5) Examination is required whenever component support member deformation, e.g., broken, bent, or pulled out parts, is identified during operation, refueling, maintenance, examination, or

testing.
(6) For multiple vessels of similar design, function, and service, in systems the Owner has determined the welded attachments to be subject to corrosion, such as the welded attachments to

the Service Water or Emergency Service Water Systems, one welded attachment of only one of the multiple vessels shall be selected for examination. For single vessels in systems that the
Owner has determined the welded attachments to be subject to corrosion, such as the welded attachments to the Service Water or Emergency Service Water Systems, one welded attach-
ment shall be selected for examination. The attachment selected for examination, on one of the multiple vessels or the single vessel, as applicable, shall be an attachment under continuous
load during normal system operation or an attachment subject to potential intermittent load (seismic, water hammer, etc.) during normal system operation if an attachment under con-
tinuous load does not exist.

(7) For piping, pumps, and valves, a sample of 10% of the welded attachments in systems the Owner has determined the welded attachments to be subject to corrosion, such as the welded
attachments to the Service Water or Emergency Service Water Systems, shall be selected for examination.
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Table IWD-2500-1 (D-B)
Examination Category D-B, All Pressure-Retaining Components

Item No. Parts Examined

Examination
Requirements/ Figure

No. Examination Method
Acceptance
Standard Extent of Examination Frequency of Examination

D2.10 Pressure-retaining components
System leakage test

(IWD-5220) Visual, VT‐2 IWD-3000 Pressure-retaining boundary Each inspection period
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Figure IWD-2500-1
Welded Attachments

GENERAL NOTE: Examination of surface areas may be limited to the portions of these areas that are accessible without removal of support
members
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ARTICLE IWD-3000
ACCEPTANCE STANDARDS

IWD-3100 EVALUATION OF EXAMINATION
RESULTS

IWD-3110 PRESERVICE EXAMINATIONS

In the course of preparation. The requirements of
IWC-3100 may be used.

IWD-3120 INSERVICE VOLUMETRIC AND
SURFACE EXAMINATIONS

In the course of preparation. The requirements of
IWC-3120 may be used.

IWD-3130 INSERVICE VISUAL EXAMINATIONS
IWD-3131 General

The visual examinations required by IWD-2500 and
performed in accordance with the procedures of
IWA-2200 shall be evaluated by comparing the examina-
tion results with the acceptance standards specified in
Table IWD-3410-1. Acceptance of components for contin-
ued service shall be in accordance with IWD-3132,
IWD-3133, and IWD-3134.

IWD-3132 Acceptance

(a) A component whose examination confirms the ab-
sence of relevant conditions described in the standards
of Table IWD-3410-1 shall be acceptable for continued
service.
(b) A component whose examination detects relevant

condit ions described in the standards of Table
IWD-3410-1 shall be unacceptable for continued service
unless such components meet the requirements of
IWD-3132.1, IWD-3132.2, or IWD-3132.3.

IWD-3132.1 Acceptance by Supplemental Examina-
tion. Components containing relevant conditions shall be
acceptable for continued service if the results of supple-
mental examination (IWD-3200) meet the requirements
of IWD-3120.

IWD-3132.2 Acceptance by Corrective Measures or
Repair/Replacement Activity. A component containing
relevant conditions is acceptable for continued service if
the relevant conditions are corrected by a repair/replace-
ment activity or by corrective measures to the extent nec-
essary to meet the acceptance standards of Table
IWD-3410-1.

IWD-3132.3 Acceptance by Evaluation. A component
containing relevant conditions is acceptable for continued
service if an evaluation demonstrates the component’s ac-
ceptability in accordance with (a) or (b) below.

(a) The evaluation analysis and evaluation criteria shall
be specified by the Owner. Components accepted for con-
tinued service based on evaluation shall be subsequently
examined in accordance with IWD-2420(b) and
IWD-2420(c). If the subsequent IWD-2420(b) and
IWD-2420(c) examinations reveal that the relevant condi-
tions remain essentially unchanged, or the changes in the
relevant conditions are within the limits predicted by the
evaluation, and the design inputs for the evaluation have
not been affected by activities such as power uprates, the
existing evaluation may continue to be used, provided it
covers the time period until the next examination.

(b) Temporary acceptance of flaws in moderate energy
piping may be performed in accordance with Nonmanda-
tory Appendix U, Supplement U-S1, and temporary accep-
tance of degradation in moderate energy vessels and
tanks may be performed in accordance with Nonmanda-
tory Appendix U, Supplement U-S2.

IWD-3133 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shall comply with the requirements of Article IWA-4000.

IWD-3134 Review by Authorities

(a) The Repair/Replacement Program and the reexami-
nation results shall be subject to review by the enforce-
ment authorities having jurisdiction at the plant site.

(b) Evaluation analyses of examination results as re-
quired by IWD-3132.3(a) shall be submitted to the regu-
latory authority having jurisdiction at the plant site.

IWD-3200 SUPPLEMENTAL EXAMINATIONS

Visual examinations that detect relevant conditions
may be supp lemented by other examina t ions
(IWA-2220, IWA-2230, or IWA-2240) to determine the
need for corrective measures, analytical evaluation, or re-
pair/replacement activities.
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ð15ÞIWD-3400 STANDARDS

IWD-3410 ACCEPTANCE STANDARDS
The acceptance standards referenced in Table

IWD-3410-1 shall be applied to determine acceptability
for service.

IWD-3500 ACCEPTANCE STANDARDS

IWD-3510 STANDARDS FOR EXAMINATION
CATEGORY D-A, WELDED
ATTACHMENTS FOR VESSELS,
PIPING, PUMPS, AND VALVES

In the course of preparation. The requirements of
IWC-3500 may be used.

IWD-3511 Standards for Examination Category
D-B, All Pressure-Retaining
Components

IWD-3511.1 Visual Examination, VT-2. A component
whose visual examination (IWA-5240) detects any of the
following relevant conditions34 shall meet IWD-3132 and
IWA-5250 prior to continued service:

(a) any through-wall or through-weld, pressure-
retaining material leakage from insulated and noninsu-
lated components

(b) leakage in excess of limits established by the Owner
from mechanical connections (such as pipe caps, bolted
connections, or compression fittings) or from compo-
nents provided with leakage-limiting devices (such as
valve-packing glands or pump seals)

(c) areas of general corrosion of a component resulting
in leakage

(d) discoloration or accumulated residues on surfaces
of components, insulation, or floor areas that may be evi-
dence of leakage or

(e) leakages or flow test results from buried compo-
nents in excess of limits established by the Owner

IWD-3600 ANALYTICAL EVALUATION OF
PLANAR FLAWS

IWD-3610 ACCEPTANCE CRITERIA FOR FERRITIC
COMPONENTS

In the course of preparation. The requirements of
IWC-3610 may be used.

IWD-3640 ANALYTICAL EVALUATION
PROCEDURES AND ACCEPTANCE
CRITERIA FOR FLAWS IN AUSTENITIC
AND FERRITIC PIPING

Piping containing flaws exceeding the acceptance stan-
dards of IWD-3500 may be analytically evaluated to de-
termine acceptability for continued service to the next
inspection or to the end of the evaluation period. A pipe
containing flaws is acceptable for continued service for
a specified evaluation time period if the criteria of
IWD-3642, IWD-3643, or IWD-3644 are satisfied. The
procedures shall be the responsibility of the Owner and
shall be provided to the regulatory authority having juris-
diction at the plant site.

IWD-3641 Analytical Evaluation Procedures
Analytical evaluation procedures based on flaw size or

applied stress, such as those described in Nonmandatory
Appendix C or Nonmandatory Appendix H may be used
subject to the following:

(a) The analytical evaluation procedures and accep-
tance criteria in Nonmandatory Appendix C are applicable
to piping NPS 1 (DN 25) and greater. The procedures and
criteria in Nonmandatory Appendix H are applicable to
piping NPS 4 (DN 100) and greater. Nonmandatory Ap-
pendices C and H are applicable to portions of adjoining
pipe fittings within a distance of (R2 t )

1/2 from the weld
centerline, where R2 is the outside radius and t is the
thickness of the pipe. The weld geometry and weld‐base
metal interface are defined in Nonmandatory Appendix C.

(b) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded
wrought carbon steel piping and pipe fittings, and asso-
ciated weld materials, that have a specified minimum
yield strength not greater than 40 ksi (280 MPa).

(c) The analytical evaluation procedures and accep-
tance criteria are applicable to seamless or welded,
wrought or cast, austenitic pipe and pipe fittings and

ð15ÞTable IWD-3410-1
Acceptance Standards

Examination
Category Component and Part Examined Acceptance Standard

D-A Welded attachments for vessels, piping, pumps, and
valves

IWD-3510

D-B Pressure-retaining components IWD-3511
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associated weld materials that are made of wrought stain-
less steel, Ni‐Cr‐Fe alloy, or cast stainless steel, and have a
specified minimum yield strength not greater than 45 ksi
(310 MPa).

(d) A flaw growth analysis shall be performed on the
detected flaw to predict its growth due to fatigue or stress
corrosion cracking mechanisms, or both, when applicable,
during a specified evaluation time period. The time inter-
val selected for flaw growth analysis (i.e., evaluation per-
iod) shall be until the next inspection or until the end of
the evaluation period for the item.

(e) The calculated maximum flaw dimensions at the
end of the evaluation period shall be compared with the
acceptance criteria for Service Levels A, B, C, and D load-
ings to determine the acceptability of the item for contin-
ued service.

IWD-3642 Analytical Evaluation Procedures and
Acceptance Criteria Based on Failure
Mode Determination

Piping containing flaws exceeding the acceptance stan-
dards of IWD-3500 may be analytically evaluated using
procedures described in Nonmandatory Appendix C and
is acceptable for continued service during the evaluated
time period when the critical flaw parameters satisfy
the criteria in Nonmandatory Appendix C. Flaw accep-
tance criteria are based on allowable flaw size or allow-
able stress. Flaws with depths greater than 75% of the
wall thickness are unacceptable.

IWD-3643 Analytical Evaluation Procedure and
Acceptance Criteria Based on Use of a
Failure Assessment Diagram

Piping containing flaws exceeding the acceptance stan-
dards of Article IWD-3000 may be analytically evaluated
using procedures based on use of a failure assessment
diagram, such as described in Nonmandatory Appendix
H. Such analytical evaluation procedures may be invoked
in accordance with the conditions of IWD-3641. Flaws
with depths greater than 75% of the wall thickness are
unacceptable.

IWD-3644 Alternative Analytical Evaluation
Procedure and Acceptance Criteria
Based on Applied Stress

Piping containing flaws exceeding the allowable flaw
standards of IWD-3500 is acceptable for continued ser-
vice until the end of the evaluation period if the alterna-
tive analytical evaluation procedure demonstrates, at
the end‐of‐evaluation period, structural factors, based
on load, equivalent to those given below:

Service
Level

Structural
Factor

A 2.7

B 2.4

C 1.8

D 1.4

Flaws with depths greater than 75% of the wall thick-
ness are unacceptable.
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ARTICLE IWD-5000
SYSTEM PRESSURE TESTS

IWD-5200 SYSTEM TEST REQUIREMENTS

IWD-5210 TEST

(a) Pressure-retaining components shall be tested at
the frequency stated in, and visually examined by the
methods specified in Table IWD-2500-1 (D-B).

(b)
(1) The system pressure tests and visual examina-

tions shall be conducted in accordance with Article
IWA-5000 and this Article. The contained fluid in the sys-
tem shall serve as the pressurizing medium.

(2) Alternatively, steam systems may use either
water or gas as the pressurizing medium. When gas is
the pressurizing medium, the test procedure shall include
methods for detection and location of through‐wall leak-
age from components of the system tested.

IWD-5220 SYSTEM LEAKAGE TEST
IWD-5221 Pressure

The system leakage test shall be conducted at the sys-
tem pressure obtained while the system, or portion of
the system, is in service performing its normal operating
function or at the system pressure developed during a
test conducted to verify system operability (e.g., to de-
monstrate system safety function or satisfy technical
specification surveillance requirements). If portions of a
system are subject to system pressure tests associated
with more than one safety function, the visual examina-
tion need only be performed during the test conducted
at the higher of the test pressures for the respective sys-
tem safety function, except as permitted in IWA-5222.

IWD-5222 Boundaries

(a) The pressure‐retaining boundary for closed sys-
tems includes only those portions of the system required
to operate or support the safety‐related function up to
and including the first normally closed valve (including
a safety or relief valve) or valve capable of automatic clo-
sure when the safety function is required.

(b) The pressure-retaining boundary for nonclosed sys-
tems includes only those portions of the system required
to operate or support the safety function up to and includ-
ing the first normally closed valve, including a safety or
relief valve, or valve capable of automatic closure when
the safety function is required. Open-ended piping that
is periodically pressurized to conditions described in
IWD-5221 shall be included in the test boundary.

(c) Portions of systems that are normally submerged in
its process fluid such that the external surfaces of the
pressure-retaining boundary are normally wetted during
its pressurized conditions are excluded from the test
boundary.

IWD-5230 HYDROSTATIC TEST

(a) The system hydrostatic test pressure shall be at
least 1.10 times the system pressure Psv for systems with
Design Temperature of 200°F (95°C) or less, and at least
1.25 times the system pressure Psv for systems with De-
sign Temperature above 200°F (95°C). The system pres-
sure Psv shall be the lowest pressure setting among the
number of safety or relief valves provided for overpres-
sure protection within the boundary of the system to be
tested. For systems (or portions of systems) not provided
with safety or relief valves, the system design pressure Pd

shall be substituted for Psv .
(b) The test pressure for a pneumatic test conducted in

accordance with IWA-5211(c) shall be the system leakage
test pressure of IWD-5221.

(c) In the case of atmospheric storage tanks, the hydro-
static head, developed with the tank filled to its design ca-
pacity, shall be acceptable as the test pressure.

(d) For 0 psi to 15 psi (0 kPa to 100 kPa) storage tanks,
the test pressure shall be 1.1PG , Design Pressure of vapor
or gas space above liquid level for which overpressure
protection is provided by relief valve.

(e) For the purpose of the test, open ended37 portions
of suction or drain lines from a storage tank extending
to the first shutoff valve shall be considered as an exten-
sion of the storage tank.

(f) For open ended portions of discharge lines beyond
the last shutoff valve in nonclosed systems (e.g., service
water systems), confirmation of adequate flow during
system operation shall be acceptable in lieu of system hy-
drostatic test. Test personnel need not be qualified for
VT‐2 visual examination.

(g) Open ended vent and drain lines from components
extending beyond the last shutoff valve and open ended
safety or relief valve discharge lines, including safety or
relief valve piping which discharges into the containment
pressure suppression pool, shall be exempt from hydro-
static test.

(h) The pressure measuring instrument used for mea-
suring system hydrostatic or pneumatic test pressure
shall meet the requirements of IWA-5260.
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IWD-5240 TEMPERATURE
(a) The system test temperature during a system hy-

drostatic test in systems constructed of ferritic steel com-
ponents shall satisfy either the requirements of fracture
prevention criteria, as applicable, or the test temperature
determined by the Owner.

(b) For tests of systems or portions of systems con-
structed entirely of austenitic steel, test temperature lim-
itations are not required to meet fracture prevention
criteria.
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SUBSECTION IWE
REQUIREMENTS FOR CLASS MC AND METALLIC
LINERS OF CLASS CC COMPONENTS OF LIGHT-

WATER-COOLED PLANTS

ARTICLE IWE-1000
SCOPE AND RESPONSIBILITY

IWE-1100 SCOPE

This Subsection provides requirements for inservice in-
spection of Class MC pressure-retaining components and
their integral attachments, and of metallic shell and pene-
tration liners of Class CC pressure-retaining components
and their integral attachments in light‐water-cooled
plants.

IWE-1200 COMPONENTS SUBJECT TO
EXAMINATION

IWE-1210 EXAMINATION REQUIREMENTS

The examination requirements of this Subsection shall
apply to Class MC pressure-retaining components and
their integral attachments and to metallic shell and pene-
tration liners of Class CC pressure-retaining components
and their integral attachments. These examinations shall
apply to surface areas, including welds and base metal.

IWE-1220 COMPONENTS EXEMPTED FROM
EXAMINATION

The following components (or parts of components)
are exempted from the examination requirements of
Article IWE-2000:

(a) vessels, parts, and appurtenances outside the
boundaries of the containment system as defined in the
Design Specifications.

(b) embedded or inaccessible portions of containment
vessels, parts, and appurtenances that met the require-
ments of the original Construction Code.

(c) portions of containment vessels, parts, and appurte-
nances that become embedded or inaccessible as a result
of vessel repair/replacement activities if the conditions of
IWE-1232(a) and IWE-1232(b) and IWE-5220 are met.

(d) piping, pumps, and valves that are part of the con-
tainment system, or which penetrate or are attached to
the containment vessel. These components shall be exam-
ined in accordance with the requirements of Subsection
IWB or Subsection IWC, as appropriate to the classifica-
tion defined by the Design Specifications.

IWE-1230 ACCESSIBILITY FOR EXAMINATION
IWE-1231 Accessible Surface Areas

(a) As a minimum, the following portions of Class MC
containment vessels, parts and appurtenances, and Class
CC metallic shell and penetration liners shall remain ac-
cessible for either direct or remote visual examination,
from at least one side of the vessel, for the life of the plant:

(1) openings and penetrations;

(2) structural discontinuities;

(3) 80% of the pressure‐retaining boundary (exclud-
ing attachments, structural reinforcement, and areas
made inaccessible during construction); and

(4) surface areas identified in IWE-1240

(b) The requirements of IWE-1232 shall be met when
accessibility for visual examination is only from the inter-
ior surface.

IWE-1232 Inaccessible Surface Areas

(a) Portions of Class MC containment vessels, parts, and
appurtenances that are embedded in concrete or other-
wise made inaccessible during construction of the vessel
or as a result of vessel repair/replacement activities are
exempted from examination, provided:

(1) no openings or penetrations are embedded in the
concrete;
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(2) all welded joints that are inaccessible for exami-
nation are double butt welded and are fully radiographed
and, prior to being covered, are tested for leak tightness
using a gas medium test, such as Halide Leak Detector
Test; and

(3) the vessel is leak rate tested after completion of
construction or repair/replacement activities to the leak
rate requirements of the Design Specifications.
(b) Portions of Class CC metallic shell and penetration

liners that are embedded in concrete or otherwise made
inaccessible during construction or as a result of repair/
replacement activities are exempted from examination,
provided:

(1) all welded joints that are inaccessible for exami-
nation are examined in accordance with CC‐5520 and,
prior to being covered or otherwise obstructed by adja-
cent structures, components, parts, or appurtenances,
are tested for leak tightness in accordance with
CC‐5536; and

(2) the containment is leak rate tested after comple-
tion of construction or repair/replacement activities to
the leak rate requirements of the Design Specifications;
(c) Surface areas of Class MC containment vessels,

parts and appurtenances, and surface areas of Class CC
metallic shell and penetration liners are considered inac-
cessible if visual access by line of sight from permanent
vantage points is obstructed by permanent plant struc-
tures, equipment, or components, provided these surface
areas do not require examination in accordance with the
inspection plan or IWE-1240.

IWE-1240 SURFACE AREAS REQUIRING
AUGMENTED EXAMINATION

IWE-1241 Examination Surface Areas
Surface areas subject to accelerated degradation and

aging require the augmented examinations identified in

Table IWE-2500-1 (E-C). Such areas include the follow-
ing:
(a) interior and exterior containment surface areas that

are subject to accelerated corrosion with no or minimal
corrosion allowance or areas where the absence or re-
peated loss of protective coatings has resulted in substan-
tial corrosion and pitting. Typical locations of such areas
are those exposed to standing water, repeated wetting
and drying, persistent leakage, and those with geometries
that permit water accumulation, condensation, and mi-
crobiological attack. Such areas may include penetration
sleeves, stiffeners, surfaces wetted during refueling,
concrete‐to‐steel shell or liner interfaces, embedment
zones, leak chase channels, drain areas, or sump liners.
(b) interior and exterior containment surface areas that

are subject to excessive wear from abrasion or erosion
that causes a loss of protective coatings, deformation, or
material loss. Typical locations of such areas are those
subject to substantial traffic, sliding pads or supports,
pins or clevises, shear lugs, seismic restraints, surfaces ex-
posed to water jets from testing operations or safety relief
valve discharges, and areas that experience wear from
frequent vibrations.
(c) interior and exterior containment surface areas

identified in accordance with IWE-2420(b).

IWE-1242 Identification of Examination Surface
Areas

Surface areas requiring augmented examination shall
be determined in accordance with IWE-1241, and shall
be identified in the Owner’s Inspection Program.
Examination methods shall be in accordance with

IWE-2500(b).
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ARTICLE IWE-2000
EXAMINATION AND INSPECTION

IWE-2100 GENERAL

(a) The requirements of Article IWA-2000 apply except
as follows:

(1) The requirements of IWA-2210 and IWA-2300
do not apply to general visual examination, except as re-
quired by IWE-2330(b).

(2) The requirements of IWA-2500 and IWA-2600
do not apply.

IWE-2200 PRESERVICE EXAMINATION

(a) Examinations listed in Tables IWE-2500-1 (E-A),
IWE-2500-1 (E-C), and IWE-2500-1 (E-G) shall be com-
pleted prior to initial plant startup. These preservice ex-
aminations shall include the pressure-retaining portions
of components not exempted by IWE-1220.

(b)When visual examinations are required, these ex-
aminations shall be performed in accordance with
IWE-2600, following the completion of the pressure test
required by the Construction Code and after application
of protective coatings (e.g., paint) when such coatings
are required.

(c) When a vessel or liner is subjected to a repair/re-
placement activity during the service lifetime of a plant,
the preservice examination requirements for the portion
of the vessel or liner affected by the repair/replacement
activity shall be met as follows:

(1) The examination requirements of Tables
IWE - 25 00 - 1 ( E -A ) , IWE - 25 00 - 1 ( E - C ) , a n d
IWE-2500-1 (E-G) apply.

(2) The preservice examination shall be performed
upon completion of the repair/replacement activity. If
the plant is not in service, the preservice examination
shall be performed prior to resumption of service.

(3)When a system pressure test is required by
IWE-5220 following completion of the repair/replace-
ment activity, the preservice examination shall be per-
formed during, or upon completion of, the pressure test.

(d)Welds made as part of repair/replacement activities
shall be examined in accordance with the requirements of
Article IWA-4000, except that for welds joining Class MC
or Class CC components to items designed, constructed,
and installed to the requirements of Section III, Class 1,
2, or 3, the examination requirements of Article
IWB-2000, Article IWC-2000, or Article IWD-2000, as ap-
plicable, shall also apply.

(e) Preservice examination for a repair/replacement
activity may be conducted prior to installation provided:

(1) the examination is performed after the pressure
test required by the Construction Code has been
completed;

(2) the examination is conducted under conditions
and with equipment and techniques equivalent to those
that are expected to be employed for subsequent inser-
vice examinations; and

(3) the shop or field examination records are, or can
be, documented and identified in a form consistent with
that required by Article IWA-6000.

IWE-2300 VISUAL EXAMINATION,
PERSONNEL QUALIFICATION,
AND RESPONSIBLE INDIVIDUAL

IWE-2310 VISUAL EXAMINATIONS

The following requirements apply to IWE-2311,
IWE-2312, and IWE-2313.

(a) Painted or coated areas shall be visually examined
for evidence of flaking, blistering, peeling, discoloration,
and other signs of distress.

(b) Noncoated areas shall be examined for evidence of
cracking, discoloration, wear, pitting, corrosion, gouges,
surface discontinuities, dents, and other signs of surface
irregularities.

(c) Visual examinations shall be performed, either di-
rectly or remotely, by line of sight from floors, platforms,
walkways, ladders, or other permanent vantage points,
unless temporary access is required by the inspection
plan.

IWE-2311 General Visual Examinations

General visual examinations shall be performed in ac-
cordance with IWE-2500 and Table IWE-2500-1 (E-A)
to determine the general condition of containment sur-
faces and detect evidence of degradation.

IWE-2312 VT-3 Visual Examinations

VT‐3 visual examinations shall be performed in accor-
dance with IWE-2500 and Table IWE-2500-1 (E-A) to de-
termine the condition of wetted surfaces of submerged
areas and determine the condition of vent system sur-
faces of BWR containments.
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IWE-2313 VT-1 Visual Examinations
VT‐1 visual examinations shall be performed
(a) i n accordance wi th IWE-2500 and Tab le

IWE-2500-1 (E-C),
(1) to assess the initial condition of surfaces requir-

ing augmented examinations in accordance with
IWE-1241 and to determine the magnitude and extent
of any deterioration and distress of these surfaces during
subsequent augmented examinations;

(2) to determine the condition of inaccessible areas
[IWE-1232(c)] when conditions are initially detected in
accessible areas that could indicate the presence of, or re-
sult in, degradation to such inaccessible areas; and
(b) i n accordance wi th IWE-2500 and Tab le

IWE-2500-1 (E-G), to assess the condition of containment
pressure-retaining bolting.

IWE-2320 RESPONSIBLE INDIVIDUAL
(a) The Responsible Individual shall be knowledgeable

in the requirements for design, inservice inspection, and
testing of Class MC and metallic liners of Class CC
components.
(b) The Responsible Individual shall be responsible for

the following:
(1) development of plans and procedures for general

visual examination of containment surfaces
(2) instruction, training, and approval of general vi-

sual examination personnel
(3) performance or direction of general visual

examinations
(4) evaluation of general visual examination results

and documentation

IWE-2330 PERSONNEL QUALIFICATION
(a) Personnel performing VT‐1 and VT‐3 visual exami-

nations shall meet the qualification requirements of
IWA-2300.
(b) Personnel performing general visual examinations

shall meet the vision test requirements of IWA-2321(a).

IWE-2400 INSPECTION SCHEDULE

IWE-2410 INSPECTION PROGRAM
Inservice examinations and system pressure tests may

be performed during plant outages such as refueling shut-
downs or maintenance shutdowns. The requirements of
the Inspection Program shall be met.

IWE-2411 Inspection Program
(a) E x a m i n a t i o n s s p e c i f i e d i n T a b l e s

IWE - 2 500 - 1 ( E -A ) , IWE - 2 500 - 1 ( E - C ) , a n d
IWE-2500-1 (E-G) shall be completed during each succes-
sive inspection interval, in accordance with Table
IWE-2411-1.
(b) If items are added to the Inspection Program, exam-

ination shall be scheduled as follows.

(1)When an item is added during the first period of
an interval, the examinations required by the applicable
Examination Category and Item Number for the added
item shall be performed during each of the second and
third periods of that interval. Alternatively, if deferral of
the examinations is permitted for the Examination Cate-
gory and Item Number, the required examinations shall
be performed during either the second or third period
of that interval.

(2)When an item is added during the second period
of an interval, the examinations required by the applic-
able Examination Category and Item Number for the
added item shall be performed during the third period
of that interval.

(3)When an item is added during the third period of
an interval, examinations shall be scheduled in accor-
dance with (a) above for successive intervals.

IWE-2420 SUCCESSIVE INSPECTIONS

(a) The sequence of component examinations estab-
lished during the first inspection interval shall be re-
peated during each successive inspection interval, to the
extent practical. The sequence of component examina-
tions may be modified in a manner that optimizes scaf-
folding, radiological, insulation removal, or other
considerations.

(b)When examination results detect flaws, areas of de-
gradation, or conditions that require an engineering eva-
luation in accordance with Article IWE-3000 or
IWE-2500(d), and the component is acceptable for con-
tinued service, the areas containing such flaws, areas of
degradation, or conditions shall be reexamined during
the next inspection period listed in the schedule of the In-
spection Program of IWE-2411, in accordance with Table
IWE-2500-1 (E-C).

(c) When the evaluation of examination results identi-
fies conditions that could indicate the presence of, or re-
sult in, flaws or degradation in inaccessible areas [as
defined in IWE-1232(c)], the inaccessible areas shall be
examined, to the extent possible, for evidence of flaws
and degradation. If the examination results detect flaws
or areas of degradation requiring engineering evaluation

Table IWE-2411-1
Inspection Program

Inspection
Interval

Inspection Period,
Calendar Years of Plant

Service Within the
Interval

All 3
7

10

204

ASME BPVC.XI-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



in accordance with Article IWE-3000, and the component
is acceptable for continued service, the requirement of
(b) shall be met.

(d)When the reexaminations required by (b) reveal
that the flaws or areas of degradation remain essentially
unchanged for the next inspection period, these areas no
longer require augmented examination in accordance
with Table IWE-2500-1 (E-C).

IWE-2500 EXAMINATION AND PRESSURE
TEST REQUIREMENTS

(a) Examination methods shall comply with those tabu-
lated in Tables IWE-2500-1 (E-A), IWE-2500-1 (E-C), and
IWE-2500-1 (E-G) except when alternate examination
methods are used that meet the requirements of
IWA-2240.

(b)Methods for augmented examination of surface
areas identified in IWE-1242 shall comply with the fol-
lowing criteria:

(1) Surface areas requiring augmented examination
that are accessible for visual examination shall be visually
examined using a VT‐1 visual examination method.

(2) Surface areas requiring augmented examination
that are not accessible for visual examination on the side
requiring augmented examination shall be examined for
wall thinning using an ultrasonic thickness measurement
method in accordance with Mandatory Appendix I.

(3)When ultrasonic thickness measurements are
performed, grids not exceeding one foot square shall be
used. The number and location of the grids shall be deter-
mined by the Owner.

(4) Ultrasonic thickness measurements shall be used
to determine the minimum wall thickness within each
grid. The location of the minimum wall thickness within

each grid shall be marked or recorded such that periodic
reexamination can be performed in accordance with the
requirements of Table IWE-2500-1 (E-C). A sampling plan
may be used to determine the number and location of ul-
trasonic thickness measurement grids within each contig-
uous examination area provided.

(-a) Acceptance of the examination area is based
on a statistical confidence level of at least 95% that
95% of all grids within the examination area will meet
the acceptance standards of IWE-3500.

(-b) Grid locations are initially selected at random
from within each examination area.

(c) Pressure test requirements for components and
parts of the pressure-retaining boundary shall comply
with the requirements of Article IWE-5000.

(d)When conditions exist in accessible areas that could
indicate the presence of, or result in, degradation in an in-
accessible area, an engineering evaluation shall be per-
formed to determine the acceptab i l i t y o f the
inaccessible area. Such areas are subject to the require-
ments of IWE-2420(b) and IWE-2420(c).

IWE-2600 CONDITION OF SURFACE TO BE
EXAMINED

(a)When a containment vessel or liner is painted or
coated to protect surfaces from corrosion, preservice
and inservice visual examinations shall be performed
without the removal of the paint or coating.

(b)When removal of paint or coating is required, it
shall be removed in a manner that will not reduce the
base metal or weld thickness below the design thickness.
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Table IWE-2500-1 (E-A)
Examination Category E-A, Containment Surfaces

Item No. Parts Examined

Examination
Requirements/ Fig.

No. [Note (1)]
Examination

Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Inspection to End of

Interval
1st Inspection Interval Successive Inspection

Intervals

E1.10
Containment Vessel Pressure-Retaining
Boundary [Note (1)]

IWE‐2310 General visual IWE-3510
100% During each
Inspection Period

100% During each
Inspection Period

N/A

E1.11 Accessible Surface Areas

E1.12 Wetted Surfaces of Submerged Areas IWE‐2310 VT‐3 IWE-3510 100% 100% See [Note (2)]

E1.20
BWR Vent System Accessible Surface Areas
[Note (1)], [Note (3)]

IWE‐2310 VT‐3 IWE-3510 100% 100% See [Note (2)]

E1.30 Moisture Barriers [Note (4)]
IWE-2310,

Figure IWE-2500-1
General visual IWE-3510

100% During each
Inspection Period

100% During each
Inspection Period

N/A

NOTES:
(1) Examination shall include all accessible interior and exterior surfaces of Class MC components, parts, and appurtenances, and metallic shell and penetration liners of Class CC components.

The following items shall be examined:
(a) integral attachments and structures that are parts of reinforcing structure, such as stiffening rings, manhole frames, and reinforcement around openings.
(b)surfaces of attachment welds between structural attachments and the pressure-retaining boundary or reinforcing structure, except for nonstructural or temporary attachments as

defined in NE‐4435 and minor permanent attachments as defined in CC‐4543.4.
(c) surfaces of containment structural and pressure boundary welds, including longitudinal welds (Category A), circumferential welds (Category B), flange welds (Category C), and

nozzle‐to‐shell welds (Category D) as defined in NE‐3351 for Class MC and CC‐3840 for Class CC; and surfaces of Flued Head and Bellows Seal Circumferential Welds joined to the
Penetration.
(d)pressure‐retaining bolted connections, including bolts, studs, nuts, bushings, washers, and threads in base material and flange ligaments between fastener holes. Bolted connections

need not be dissassembled for performance of examinations.
(2) Examinations may be performed at any time during the interval, provided successive examinations are performed no less frequently than every third period.
(3) Includes flow channeling devices within containment vessels.
(4) Examination shall include moisture barrier materials intended to prevent intrusion of moisture against inaccessible areas of the pressure-retaining metal containment shell or liner at

concrete‐to‐metal interfaces and at metal‐to‐metal interfaces which are not seal‐welded. Containment moisture barrier materials include caulking, flashing, and other sealants used for this
application.
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Table IWE-2500-1 (E-C)
Examination Category E-C, Containment Surfaces Requiring Augmented Examination

Item No. Parts Examined

Examination
Requirements/

Figure No.
Examination

Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Inspection to End of

Interval
1st Inspection Interval Successive Inspection

Intervals

E4.10 Containment Surface Areas [Note (1)]
IWE-2310,

IWE-2500(b)(1)
VT‐1 IWE-3520

100% of surface areas
identified by IWE-1242
[Note (1)] during each

inspection period

100% of surface areas
identified by IWE-1242
[Note (1)] during each

inspection period

Not permissible

E4.11 Visible Surfaces

E4.12
Surface Area Grid MinimumWall Thickness
Locations

IWE-2500(b)(2),
(b)(3), (b)(4)

Ultrasonic thickness IWE-3520

100% of minimum wall
thickness locations

during each inspection
period, established in
accordance with

IWE-2500(b)(3) and
(b)(4)

100% of minimum wall
thickness locations

during each inspection
period, established in
accordance with

IWE-2500(b)(3) and
(b)(4)

Not permissible

NOTE:
(1) Containment surface areas requiring augmented examination are those identified in IWE-1240.
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Table IWE-2500-1 (E-G)
Examination Category E-G, Pressure-Retaining Bolting

Item No. Parts Examined

Examination
Requirements/

Figure No.
Examination

Method
Acceptance
Standard

Extent and Frequency of Examination Deferral of
Inspection to End of

Interval
1st Inspection Interval Successive Inspection

Intervals

E8.10 Bolted Connections [Note (1)] IWE‐2310 VT‐1 IWE-3530 100% of each bolted
connection [Note (2)]

100% of each bolted
connection [Note (2)]

Permissible

NOTES:
(1) Examination shall include bolts, studs, nuts, bushings, washers, and threads in base material and flange ligaments between fastener holes.
(2) Examination may be performed with the connection assembled and bolting in place under tension, provided the connection is not dissassembled during the interval. If the bolted con-

nection is dissassembled for any reason during the interval, the examination shall be performed with the connection dissassembled.
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Figure IWE-2500-1
Examination Areas for Moisture Barriers
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ARTICLE IWE-3000
ACCEPTANCE STANDARDS

IWE-3100 EVALUATION OF EXAMINATION
RESULTS

IWE-3110 PRESERVICE EXAMINATIONS
IWE-3111 General

The preservice examination required by IWE-2200 and
performed in accordance with the procedures of
IWA-2200 shall be evaluated by the acceptance standards
specified in IWE-3500. Acceptance of components for ser-
vice shall be in accordance with IWE-3112 and
IWE-3114.

IWE-3112 Acceptance

(a) A component whose examination either confirms
the absence of or detects flaws or areas of degradation
that do not exceed the acceptance standards of
IWE-3500 is acceptable for service, provided the flaws
or areas of degradation are recorded in accordance with
the requirements of IWA-1400(i) in terms of location,
size, shape, orientation, and distribution within the
component.
(b) A component whose examination detects flaws or

areas of degradation that do not meet the acceptance
standards of IWE-3500 is unacceptable for service unless
the component is corrected by a repair/replacement ac-
tivity, to the extent necessary to meet the acceptance
standards, prior to placement of the component in
service.

IWE-3114 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subjected to the
repair/replacement activity meets the acceptance stan-
dards of IWE-3500.

IWE-3120 INSERVICE EXAMINATIONS
IWE-3121 General

Inservice examination results shall be compared with
recorded results of the preservice examination and prior
inservice examinations. Acceptance of the components for
continued service shall be in accordance with IWE-3122.

IWE-3122 Acceptance
IWE-3122.1 Acceptance by Examination. A compo-

nent whose examination results meet the acceptance
standards of IWE-3500 shall be acceptable for continued
service. Confirmed changes in flaws or areas of degrada-
tion from prior examinations shall be recorded in accor-
dance with IWA-1400(i). A component that does not
meet the acceptance standards of IWE-3500 shall be cor-
rected in accordance with the provisions shown in
IWE-3122.2 or IWE-3122.3.

IWE-3122.2 Acceptance by Corrective Measures or
Repair/Replacement Activity. A component containing
flaws or areas of degradation is acceptable for continued
service if the flaws or areas of degradation are corrected
by a repair/ replacement activity or by corrective mea-
sures to the extent necessary to meet the acceptance stan-
dards of IWE-3500.

IWE-3122.3 Acceptance by Engineering Evaluation.
(a) A component whose examination detects flaws or

areas of degradation that do not meet the acceptance
standards of IWE-3500 is acceptable for continued ser-
vice without a repair/replacement activity if an engineer-
ing evaluation indicates that the flaw or area of
degradation is nonstructural in nature or has no unaccep-
table effect on the structural integrity of the containment.
If either the thickness of the base metal in local areas is
reduced by no more than 10% of the nominal plate thick-
ness or the reduced thickness can be shown by analysis to
satisfy the requirements of the Design Specifications, the
component is acceptable by engineering evaluation.

(b)When flaws or areas of degradation are accepted by
engineering evaluation, the area containing the flaw or
degradation shall be reexamined in accordance with
IWE-2420(b), IWE-2420(c), and IWE-2420(d). If the sub-
sequent IWE-2420(b), IWE-2420(c), and IWE-2420(d)
examinations reveal that the flaws or areas of degrada-
tion remain essentially unchanged, or the changes in the
flaws or areas of degradation are within the limits pre-
dicted by the engineering evaluation, and the design in-
puts for the engineering evaluation have not been
affected by activities such as power uprates, the existing
engineering evaluation may continue to be used, provided
it covers the time period until the next examination.

(c) When portions of later editions or addenda of the
Construction Code or Section III are used, all related por-
tions shall be met.
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IWE-3124 Repair/Replacement Activity and
Reexamination

The repair/replacement activity and reexamination
shal l comply with the requirements of Art ic le
IWA-4000. Reexamination shall be conducted in accor-
dance with the requirements of IWA-2200. The recorded
results shall demonstrate that the area subject to the re-
pair/replacement activity meets the acceptance stan-
dards of IWE-3500.

IWE-3130 INSERVICE VISUAL EXAMINATIONS
A component whose visual examination as specified in

Tables IWE-2500-1 (E-A), IWE-2500-1 (E-C), and
IWE-2500-1 (E-G) detects areas that are suspect, shall
be unacceptable for continued service unless, following
verification of the suspect areas by the supplemental ex-
amination as required by IWE-3200, the requirements
of IWE-3120 are satisfied.

IWE-3200 SUPPLEMENTAL EXAMINATIONS

Examinations that detect flaws or evidence of degrada-
tion that require evaluation in accordance with the re-
quirements of IWE-3100 may be supplemented by other
examination methods and techniques (IWA-2240) to de-
termine the character of the flaw (i.e., size, shape, and or-
ientation) or degradation. Visual examinations that detect
surface flaws or areas that are suspect shall be supple-
mented by either surface or volumetric examination,
when specified as a result of the engineering evaluation
performed in IWE-3122.3

IWE-3400 STANDARDS

IWE-3410 ACCEPTANCE STANDARDS
The acceptance standards of IWE-3500 shall be applied

to evaluate the acceptability of the component for service
following the preservice examination and each inservice
examination.

IWE-3430 ACCEPTABILITY
Flaws or areas of degradation that do not exceed the al-

lowable acceptance standards of IWE-3500 for the re-
spective examination category shall be acceptable.

IWE-3500 ACCEPTANCE STANDARDS

IWE-3510 STANDARDS FOR EXAMINATION
CATEGORY E-A, CONTAINMENT
SURFACES

IWE-3511 General Visual Examination of Coated
and Noncoated Areas

The condition of the examined area is acceptable if the
Responsible Individual determines that there is no evi-
dence of damage or degradation requiring further

evaluation or performance of a repair/replacement activ-
ity. Suspect conditions shall be evaluated to the extent
necessary to determine that the component function is
not impaired.

IWE-3512 General Visual Examination of
Moisture Barriers

Moisture barriers with wear, damage, erosion, tear,
surface cracks, or other defects that permit intrusion of
moisture against inaccessible areas of the pressure-
retaining surfaces of the metal containment shell or liner
shall be corrected by corrective measures. Corrective
measures may be deferred until the next regularly sched-
uled outage if an engineering evaluation (IWE-3122.3)
demonstrates that degradation from any moisture intru-
sion would not reduce the thickness of the base metal
in local areas by more than 10% of the nominal plate
thickness, or the degradation-reduced thickness can be
shown by analysis to satisfy the requirements of the De-
sign Specifications.

IWE-3513 Visual Examination, VT-3
The following relevant conditions25 shall require cor-

rection or evaluation to meet the requirements of
IWE-3122 prior to continued service:

(a) pressure‐retaining component corrosion or erosion
that exceeds 10% of the nominal wall thickness;

(b) loose, missing, cracked, or fractured parts, bolting,
or fasteners; or

(c) structural distortion or displacement of parts to the
extent that the component function is impaired.

IWE-3520 STANDARDS FOR EXAMINATION
CATEGORY E-C, CONTAINMENT
SURFACES REQUIRING AUGMENTED
EXAMINATION

IWE-3521 Visual Examination, VT-1
The following relevant conditions25 shall require cor-

rection or evaluation to meet the requirements of
IWE-3122 prior to continued service:

(a) pressure‐retaining component corrosion or erosion
that exceeds 10% of the nominal wall thickness

(b) loose, missing, cracked, or fractured parts
(c) bolting or fastener relevant conditions listed in

IWB-3517.1
(d) structural distortion or displacement of parts to the

extent that component function is impaired
(e) moisture barrier conditions that fail to meet the ac-

ceptance standards of IWE-3512

IWE-3522 Ultrasonic Examination
Examinations of Class MC pressure‐retaining compo-

nents and of metallic shell and penetration liners of Class
CC pressure‐retaining components that detect material
loss in a local area exceeding 10% of the nominal wall
thickness, or material loss in a local area projected to
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exceed 10% of the nominal wall thickness prior to the
next examination, shall be documented. Such local areas
shall be accepted by engineering evaluation or corrected
by repair/replacement activities in accordance with
IWE-3122. Supplemental examinations in accordance
with IWE-3200 shall be performed when specified as a re-
sult of the engineering evaluation.

IWE-3530 STANDARDS38 FOR EXAMINATION
CATEGORY E-G,
PRESSURE-RETAINING BOLTING

IWE-3531 Visual Examination, VT-1

Relevant conditions25 listed in IWB-3517.1 shall re-
quire correction or evaluation to meet the requirements
of IWE-3122 prior to continued service.
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ARTICLE IWE-5000
SYSTEM PRESSURE TESTS

IWE-5200 SYSTEM TEST REQUIREMENTS

IWE-5210 GENERAL
The requirements of Article IWA-5000 are not applic-

able to Class MC or Class CC components.

IWE-5220 TESTS FOLLOWING REPAIR/
REPLACEMENT ACTIVITIES

IWE-5221 General
(a) Except as noted in IWE-5224, a pneumatic leakage

test shall be performed in accordance with IWE-5223 fol-
lowing repair/replacement activities performed by weld-
ing or brazing, prior to returning the component to
service.

(b) The following are exempt from the requirements of
this Article:

(1) attachments (e.g., as defined in NE‐1132) and
nonpressure‐retaining items

(2)welding or brazing on pressure‐retaining por-
tions of components, when the remaining wall thickness
after metal removal is at least 90% of the minimum de-
sign wall thickness

IWE-5222 Personnel Qualification
Personnel performing tests in accordance with

IWE-5223.4(a) and IWE-5224 shall meet the qualification
requirements of Section V, Article 1, or IWA-2300.

IWE-5223 Pneumatic Leakage Test
IWE-5223.1 Pressure. The pneumatic leakage test

shall be conducted at a pressure between 0.96Pa and
1.10Pa , except when otherwise limited by plant technical
specifications, where Pa is the design basis accident
pressure.

IWE-5223.2 Boundaries. The test boundary may be
limited to brazed joints and welds affected by the re-
pair/replacement activity.

IWE-5223.3 Test Medium and Temperature.
(a) The test medium shall be nonflammable.
(b) The test may be conducted with the vessel partially

filled with water, provided the vessel stresses resulting
from the test do not exceed the limits of the Construction
Code.

(c) The test shall be conducted at a temperature that
will preclude brittle fracture of the component.

IWE-5223.4 Examination. During the pneumatic
leakage test, the leak tightness of brazed joints and welds
affected by the repair/replacement activity shall be veri-
fied by performing one of the following:

(a) a bubble test — direct pressure technique in accor-
dance with Section V, Article 10, Mandatory Appendix I,
or any other Section V, Article 10 leak test that can be per-
formed in conjunction with the pneumatic leakage test

(b) a Type A, B, or C Test, as applicable, in accordance
with 10CFR50, Appendix J

IWE-5223.5 Leakage. The test area is acceptable if
the acceptance standards of Section V, Article 10 are
met or if the measured leakage is less than can be de-
tected by the bubble test‐direct pressure technique.

IWE-5224 Bubble Test-Vacuum Box Technique

(a) As an alternative to the requirements of IWE-5223,
a bubble test‐vacuum box technique may be performed
following repair/replacement activities performed by
welding or brazing on the following:

(1)metallic shell and penetration liners of Class CC
components

(2) nonstructural pressure‐retaining metallic liners
of Class MC components embedded in, or backed by,
concrete

(b) The bubble test shall be performed in accordance
with Section V, Article 10, Mandatory Appendix II at a par-
tial vacuum of at least 5 psi (35 kPa) below atmospheric
pressure.

(c) Only brazed joints and welds made in the course of
the repair/replacement activity require testing.

IWE-5240 VISUAL EXAMINATION

The visual examination requirements of IWE-2200(c)
shall be met.

IWE-5250 CORRECTIVE ACTION

If the leakage test requirements of IWE-5220 cannot be
satisfied, the source of leakage shall be located and the
area shall be examined to the extent necessary to estab-
lish the requirements for corrective action. Repair/re-
placement activities shall be performed in accordance
with the requirements of Article IWA-4000. Leakage test-
ing shall be reperformed as required by IWE-5220, prior
to returning the component to service.
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SUBSECTION IWF
REQUIREMENTS FOR CLASS 1, 2, 3, AND MC

COMPONENTS SUPPORTS OF LIGHT-
WATER-COOLED PLANTS

ARTICLE IWF-1000
SCOPE AND RESPONSIBILITY

IWF-1100 SCOPE

This Subsection provides the requirements for inser-
vice inspection of Class 1, 2, 3, and MC component
supports.

IWF-1200 COMPONENT SUPPORTS SUBJECT
TO EXAMINATION AND TEST

IWF-1210 EXAMINATION REQUIREMENTS
The examination requirements shall apply to the

following:
(a) piping supports
(b) supports other than piping supports

IWF-1220 SNUBBER INSPECTION
REQUIREMENTS39

The inservice inspection requirements for snubbers are
outside the scope of this Division.

IWF-1230 SUPPORTS EXEMPT FROM
EXAMINATION

Supports exempt from the examination requirements
of Article IWF-2000 are those connected to piping and
other items exempted from volumetric, surface, or VT‐1
or VT‐3 or general visual examination by IWB-1220(a)
through IWB-1220(c ) ; IWC-1221 , IWC-1222 ;
IWD-1220(a) through IWD-1220(d); and IWE-1220(a),
IWE-1220(c), and IWE-1220(d). In addition, portions of
supports that are inaccessible by being encased in con-
crete, buried underground, or encapsulated by guard pipe
are also exempt from the examination requirements of
Article IWF-2000.

IWF-1300 SUPPORT EXAMINATION
BOUNDARIES

The support examination boundaries for both integral
and nonintegral supports are shown in Figure
IWF-1300-1. The following definitions apply.
(a) The boundary of an integral support (B) connected

to a pressure-retaining component (A) is the distance
from the pressure-retaining component (A) as indicated
in Subsection IWB, Subsection IWC, Subsection IWD,
and Subsection IWE.
(b) The boundary of an integral support (C) connected

to a building structure (E) is the surface of the building
structure.
(c) The boundary of a nonintegral support (D) con-

nected to a pressure-retaining component (A) is the con-
tact surface between the component and the support.
(d) The boundary of a nonintegral support (D) con-

nected to a building structure (E) is the surface of the
building structure.
(e) Where the mechanical connection of a nonintegral

support is buried within the component insulation, the
support boundary may extend from the surface of the
component insulation, provided the support is under con-
tinuous tension or compression load.
(f) The examination boundary of an intervening ele-

ment shall include the attachment portion40 of the inter-
vening element to pressure-retaining components,
integral and nonintegral attachments of pressure-
retaining components, and integral and nonintegral sup-
ports. The examination boundary does not include the at-
tachment of the intervening element to the building
structure.
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ð15ÞFigure IWF-1300-1
Illustrations of Typical Support Examination Boundaries
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Figure IWF-1300-1
Illustrations of Typical Support Examination Boundaries (Cont'd)
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(g) All integral and nonintegral connections within the
boundary governed by Subsection IWF rules and require-
ments are included.

(h) The examination boundary of a support containing
a snubber shall not include the connections to the snub-
ber assembly (pins).
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ARTICLE IWF-2000
EXAMINATION AND INSPECTION

IWF-2100 SCOPE

The requirements of this Article apply to the examina-
tion and inspection of component supports.

IWF-2200 PRESERVICE EXAMINATION

IWF-2210 INITIAL EXAMINATION

(a) All examinations listed in Table IWF-2500-1 (F-A)
shall be performed completely, once, as a preservice ex-
amination. These preservice examinations shall be ex-
tended to include 100% of all supports not exempted by
IWF-1230.
(b) Examinations for systems that operate at a tem-

perature greater than 200°F (95°C) during normal plant
operation shall be performed during or following initial
system heatup and cooldown. Other examinations may
be performed prior to initial system heatup and
cooldown.

IWF-2220 ADJUSTMENT AND REPAIR/
REPLACEMENT ACTIVITIES

(a) Prior to return of the system to service, the applic-
able examinations listed in Table IWF-2500-1 (F-A) shall
be performed on component supports that have been ad-
justed in accordance with Article IWF-3000 or corrected
by repair/replacement activities.

(b) For systems that operate at a temperature greater
than 200°F (95°C) during normal plant operation, the
Owner shall perform an additional preservice examina-
tion on the affected component supports during or follow-
ing the subsequent system heatup and cooldown cycle
unless determined unnecessary by evaluation. This exam-
ination shall be performed during operation or at the next
refueling outage.

IWF-2400 INSPECTION SCHEDULE

IWF-2410 INSPECTION PROGRAM

(a) Inservice examinations shall be performed either
during normal system operation or plant outages.
(b) The required examinations shall be completed in

accordance with the inspection schedule provided in
Table IWF-2410-1.

(c) If component supports are added to the Inspection
Program during the service lifetime of a plant, examina-
tion shall be scheduled as follows:

(1)When component supports are added during the
first period of an interval, at least 25% of the examina-
tions required by the applicable Examination Category
and Item Number for the added component supports shall
be performed during each of the second and third periods
of that interval.

(2)When component supports are added during the
second period of an interval, at least 25% of the examina-
tions required by the applicable Examination Category
and Item Number for the added component supports shall
be performed during the third period of that interval.

(3)When component supports are added during the
third period of an interval, examinations shall be sched-
uled in accordance with (b) for successive intervals.

IWF-2420 SUCCESSIVE INSPECTIONS
(a) The sequence of component support examinations

established during the first inspection interval shall be re-
peated during each successive inspection interval, to the
extent practical. The sequence of component support ex-
aminations may be modified in a manner that optimizes
scaffolding, radiological, insulation removal, or other con-
siderations, provided that the percentage requirements of
Table IWF-2410-1 are maintained.

Table IWF-2410-1
Inspection Program

Inspection
Interval

Inspection Period,
Calendar Years of
Plant Service,
Within the
Interval

Minimum
Examinations
Completed, %

Maximum
Examinations
Credited, %

All 3 16 50
7 50 [Note (1)] 75
10 100 100

NOTE:
(1) If the first period completion percentage for any examination ca-

tegory exceeds 34%, at least 16% of the required examinations
shall be performed in the second period.
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(b)When a component support is accepted for
continued service in accordance with IWF-3112.2 or
IWF-3122.2, the component support shall be reexamined
during the next inspection period listed in the schedule of
the Inspection Programs of IWF-2410.

(c) When the examinations required by (b) do not re-
quire additional corrective measures during the next in-
spection period, the inspection schedule may revert to
the requirements of (a).

IWF-2430 ADDITIONAL EXAMINATIONS

(a) Component support examinations performed in ac-
cordance with Table IWF-2500-1 (F-A) that reveal flaws
or relevant conditions exceeding the acceptance stan-
dards of IWF-3400, and that require corrective measures,
shall be extended, during the current outage in accor-
dance with (1) or (2) below.

(1) Additional examinations shall be performed in
accordance with the following requirements:

(-a) Examinations shall be extended to include the
component supports immediately adjacent to those com-
ponent supports for which corrective measures are re-
quired. If one or more of these adjacent supports
contains a snubber, the Owner shall evaluate the need
to perform an examination or test of the snubber in accor-
dance with the ASME OM Code. The additional examina-
tions shall be extended, during the current outage, to
include additional supports within the system, equal in
number and of the same type and function as those sched-
uled for examination during the inspection period.

(-b) When the additional examinations required
by (-a) above reveal flaws or relevant conditions exceed-
ing the acceptance standards of IWF-3400, and that re-
quire corrective measures, the examinations shall be
further extended to include additional examinations dur-
ing the current outage. These additional examinations
shall include the remaining component supports within
the system of the same type and function.

(-c) When the additional examinations required
by (-b) above reveal flaws or relevant conditions exceed-
ing the acceptance standards of IWF-3400, and that re-
quire corrective measures, the examinations shall be
extended, during the current outage, to include all non-
exempt supports potentially subject to the same failure
modes that required corrective measures in accordance
with (-a) and (-b) above. Also, these additional examina-
tions shall include nonexempt component supports in
other systems when the support failures requiring correc-
tive actions indicate non‐system‐related support failure
modes.

(-d) When the additional examinations required
by (-c) above reveal flaws or relevant conditions exceed-
ing the acceptance standards of IWF-3400, and that re-
quire corrective measures, the Owner shall examine,
during the current outage, those exempt component sup-
ports that could be affected by the same observed failure
modes and could affect nonexempt components.

(2) Additional examinations shall be performed in
accordance with the following requirements:

(-a) An engineering evaluation shall be performed.
Topics to be addressed in the engineering evaluation shall
include the following:

(-1) a determination of the cause of the flaws or
relevant conditions

(-2) an evaluation of applicable service condi-
tions and degradation mechanisms to establish that the
affected supports will perform their intended safety func-
tions during subsequent operation

(-3) a determination of which additional sup-
ports are subject to the same service conditions and de-
gradation mechanisms that caused the flaws or relevant
conditions

(-b) Examinations shall be extended to include the
component supports immediately adjacent to those com-
ponent supports for which corrective measures are re-
quired. If one or more of these adjacent supports
contains a snubber, the Owner shall evaluate the need
to perform an examination or test of the snubber in accor-
dance with the ASME OM Code.

(-c) Additional examinations shall be performed
on all those supports subject to the same service condi-
tions and degradation mechanisms that caused the flaws
or relevant conditions. This additional selection may re-
quire inclusion of piping systems other than the one con-
taining the original flaws or relevant conditions. No
additional examinations are required if the engineering
evaluation concludes that either

(-1) there are no supports subject to the same
service conditions that caused the flaws or relevant con-
ditions or

(-2) no degradation mechanism exists
(-d) The engineering evaluation shall be retained

in accordance with Article IWA-6000.
(b) The examination method for additional examina-

tions may be limited to the examination method that ori-
ginally identified the flaws or relevant conditions,
provided use of the method is supported by an engineer-
ing evaluation. The engineering evaluation shall deter-
mine the cause of the flaws or relevant conditions and
the appropriate method to be used as part of the addi-
tional examination scope. The engineering evaluation
shall be retained in accordance with Article IWA-6000.

IWF-2500 EXAMINATION REQUIREMENTS

The following shall be examined in accordance with
Table IWF-2500-1 (F-A):

(a)mechanical connections41 to pressure-retaining
components and building structure

(b) weld connections to building structure
(c) weld and mechanical connections at intermediate

joints in multiconnected integral and nonintegral
supports
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(d) clearances of guides and stops, alignment of sup-
ports, and assembly of support items
(e) hot or cold settings of spring supports and constant

load supports
(f) accessible sliding surfaces

IWF-2510 SUPPORTS SELECTED FOR
EXAMINATION

Supports not exempted by IWF-1230 shall be examined
in accordance with Table IWF-2500-1 (F-A).

IWF-2520 METHOD OF EXAMINATION
The methods of examination shall comply with those in

Table IWF-2500-1 (F-A). Alternative methods of examina-
tion meeting the requirements of IWA-2240 may be used.
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Table IWF-2500-1 (F-A)
Examination Category F-A, Supports

Item No.
[Note (1)] Support Types Examined

Examination
Requirements [Note

(2)]/ Fig. No. Examination Method
Acceptance
Standard Extent and Examination

Frequency of
Examination [Note

(3)]

F1.10 Class 1 Piping Supports IWF-1300-1 Visual, VT‐3 IWF-3410 25% of Class 1 [Note (4)] Each inspection interval

F1.20 Class 2 Piping Supports IWF-1300-1 Visual, VT‐3 IWF-3410 15% of Class 2 [Note (4)] Each inspection interval

F1.30 Class 3 Piping Supports IWF-1300-1 Visual, VT‐3 IWF-3410 10% of Class 3 [Note (4)] Each inspection interval

F1.40
Supports Other Than Piping Supports (Class 1, 2, 3, and
MC)

IWF-1300-1 Visual, VT‐3 IWF-3410
100% of the supports [Note

(5)]
Each inspection interval

NOTES:
(1) Item numbers shall be categorized to identify support types by component support function (e.g., A = supports such as one directional rod hangers; B = supports such as multi‐directional

restraints; and C = supports that allow thermal movement, such as springs).
(2) Examination may be limited to portions of supports that are accessible for examination without disassembly or removal of support members.
(3) To the extent practical, the same supports selected for examination during the first inspection interval shall be examined during each successive inspection interval.
(4) The total percentage sample shall be comprised of supports from each system (such as Main Steam, Feedwater, or RHR), where the individual sample sizes are proportional to the total

number of non‐exempt supports of each type and function within each system.
(5) For multiple components other than piping, within a system of similar design, function, and service, the supports of only one of the multiple components are required to be examined.
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ARTICLE IWF-3000
STANDARDS FOR EXAMINATION EVALUATIONS

IWF-3100 EVALUATION OF EXAMINATION
RESULTS

IWF-3110 PRESERVICE EXAMINATIONS
IWF-3111 General
The preservice examinations performed to meet the re-

quirements of IWF-2200 shall be evaluated by comparing
the examination results with the acceptance standards
specified in IWF-3400.

IWF-3112 Acceptance
IWF-3112.1 Acceptance by Examination. Component

supports whose examinations do not reveal conditions
described in IWF-3410(a) shall be acceptable for service.

IWF-3112.2 Acceptance by Corrective Measures or
Repair/Replacement Activity. A support whose examina-
tion detects conditions described in IWF-3410(a) is unac-
ceptable for service until such conditions are corrected by
one or more of the following:
(a) adjustment and reexamination in accordance with

IWF-2200 for conditions such as
(1) detached or loosened mechanical connections;
(2) improper hot or cold settings of spring supports

and constant load supports;
(3)misalignment of supports; or
(4) improper displacement settings of guides and

stops
(b) repair/replacement activities in accordance with

Article IWA-4000 and reexamination in accordance with
IWF-2200.

IWF-3112.3 Acceptance by Evaluation or Test.
(a) As an a l ternat ive to the requ irements o f

IWF-3112.2, a component support or a portion of a com-
ponent support containing relevant conditions that do not
meet the acceptance standards of IWF-3410 shall be ac-
ceptable for service without corrective actions if an eva-
luation or test demonstrates that the component
support is acceptable for service.
(b) If a component support or a portion of a component

support has been evaluated or tested and determined to
be acceptable for service in accordance with (a), the Own-
er may perform corrective measures to restore the com-
ponent support to its original design condition. The
requirements of IWF-2220 are not applicable after cor-
rective measures of IWF-3112.2(a) are performed.
(c) Records and reports shall meet the requirements of

Article IWA-6000.

IWF-3120 INSERVICE EXAMINATIONS
IWF-3121 General

Inservice nondestructive examinations performed dur-
ing or at the end of successive inspection intervals to
meet the requirements of Table IWF-2500-1 (F-A) and
conducted in accordance with the procedures of
IWA-2200 shall be evaluated by comparing the results
of examinations with the acceptance standards specified
in IWF-3400.

IWF-3122 Acceptance
IWF-3122.1 Acceptance by Examination. Component

supports whose examinations do not reveal conditions
described in IWF-3410(a) shall be acceptable for contin-
ued service. Confirmed changes in conditions from prior
examinations shall be recorded in accordance with
IWA-1400(i).

IWF-3122.2 Acceptance by Corrective Measures or
Repair/Replacement Activity. A support whose examina-
tion detects conditions described in IWF-3410(a) is unac-
ceptable for continued service until such conditions are
corrected by one or more of the following:
(a) adjustment and reexamination in accordance with

IWF-2200 for conditions such as
(1) detached or loosened mechanical connections;
(2) improper hot or cold settings of spring supports

and constant load supports;
(3)misalignment of supports; or
(4) improper displacement settings of guides and

stops.
(b) repair/replacement activities in accordance with

Article IWA-4000 and reexamination in accordance with
IWF-2200.

IWF-3122.3 Acceptance by Evaluation or Test.
(a) As an a l ternat ive to the requ irements o f

IWF-3122.2, a component support or a portion of a com-
ponent support containing relevant conditions that do not
meet the acceptance standards of IWF-3410 shall be ac-
ceptable for service without corrective actions if an eva-
luation or test demonstrates that the component
support is acceptable for service.
(b) If a component support or a portion of a component

support has been evaluated or tested and determined to
be acceptable for service in accordance with (a), the Own-
er may perform corrective measures to restore the
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component support to its original design condition. The
requirements of IWF-2220 are not applicable after cor-
rective measures of IWF-3122.2(a) are performed.

(c) Records and reports shall meet the requirements of
Article IWA-6000.

IWF-3200 SUPPLEMENTAL EXAMINATIONS

Examinations that detect conditions that require eva-
luation in accordance with the requirements of
IWF-3100 may be supplemented by other examination
methods and techniques (Article IWA-2000) to determine
the character of the flaw (that is, size, shape, and orienta-
tion). Visual examinations that detect surface flaws that
exceed IWF-3400 criteria may be supplemented by either
surface or volumetric examinations.

IWF-3400 ACCEPTANCE STANDARDS

IWF-3410 ACCEPTANCE STANDARDS —
COMPONENT SUPPORT STRUCTURAL
INTEGRITY

(a) Component support conditions which are unaccep-
table for continued service shall include the following:

(1) deformations or structural degradations of fas-
teners, springs, clamps, or other support items;

(2)missing, detached, or loosened support items;
(3) arc strikes, weld spatter, paint, scoring, rough-

ness, or general corrosion on close tolerance machined
or sliding surfaces;

(4) improper hot or cold settings of spring supports
and constant load supports;

(5)misalignment of supports;
(6) improper clearances of guides and stops.

(b) Except as defined in (a), the following are examples
of nonrelevant conditions:

(1) fabrication marks (e.g., from punching, layout,
bending, rolling, and machining);

(2) chipped or discolored paint;
(3)weld spatter on other than close tolerance ma-

chined or sliding surfaces;
(4) scratches and surface abrasion marks;
(5) roughness or general corrosion which does not

reduce the load bearing capacity of the support;
(6) general conditions acceptable by the material,

Design, and/or Construction Specifications.
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SUBSECTION IWL
REQUIREMENTS FOR CLASS CC CONCRETE

COMPONENTS OF LIGHT-WATER-COOLED PLANTS

ARTICLE IWL-1000
SCOPE AND RESPONSIBILITY

IWL-1100 SCOPE

(a) This Subsection provides requirements for preser-
vice examination, inservice inspection, and repair/re-
placement activities of the reinforced concrete and the
post‐tensioning systems of Class CC components, herein
referred to as concrete containments as defined by
CC‐1000.
(b) The rules and requirements of this Subsection do

not apply to the following:
(1) steel portions not backed by concrete;
(2) shell metallic liners;
(3) penetration liners extending the containment

liner through the surrounding shell concrete.

IWL-1200 ITEMS SUBJECT TO EXAMINATION

IWL-1210 EXAMINATION REQUIREMENTS
The examination requirements of this Subsection shall

apply to concrete containments.

IWL-1220 ITEMS EXEMPT FROM EXAMINATION
The following items are exempt from the examination

requirements of Article IWL-2000:
(a) tendon end anchorages that are inaccessible, sub-

ject to the requirements of IWL-2521.1
(b) portions of the concrete surface that are covered by

the liner
(c) portions of the concrete surface obstructed by adja-

cent structures, components, parts, or appurtenances, un-
less the Responsible Engineer determines that
examination is required as a result of conditions identi-
fied in accessible areas
(d) portions of the concrete surface made inaccessible

by foundation material or backfill, subject to the provi-
sions of IWL-2512
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ARTICLE IWL-2000
EXAMINATION AND INSPECTION

IWL-2100 GENERAL

The requirements of Article IWA-2000 apply, except
that

(a) the requirements of IWA-2210, IWA-2500, and
IWA-2600 do not apply

(b) except as noted in IWL-2320, the requirements of
IWA-2300 do not apply

IWL-2200 PRESERVICE EXAMINATION

Preservice examination shall be performed in accor-
dance with the following requirements.

IWL-2210 EXAMINATION SCHEDULE

Preservice examination shall be completed prior to in-
itial plant startup.

IWL-2220 EXAMINATION REQUIREMENTS
IWL-2221 Concrete

(a) Preservice examination shall be performed in ac-
cordance with IWL-2510.

(b) The preservice examination shall be performed fol-
lowing completion of the containment Structural Integrity
Test.

IWL-2222 Unbonded Post-Tensioning Systems

The following information shall be documented in the
preservice examination records. This information may
be extracted from construction records.

(a) Date on which each tendon was tensioned.
(b) Initial seating force in each tendon.
(c) For each tendon anchorage, the location of all miss-

ing or broken wires or strands and unseated wires.
(d) For each tendon anchorage, the location of all miss-

ing or detached buttonheads or missing wedges.
(e) The product designation for the corrosion protec-

tion medium used to fill the tendon duct.

IWL-2230 PRESERVICE EXAMINATION OF
REPAIR/REPLACEMENT ACTIVITIES

(a)When a concrete containment or a portion thereof
is affected by repair/replacement activities during the
service lifetime of a plant, the preservice examination re-
quirements shall be met for the repair/replacement
activity.

(b)When the repair/replacement activity is performed
while the plant is not in service, the preservice examina-
tion shall be performed prior to resumption of service.

(c) When the repair/replacement activity is performed
while the plant is in service, the preservice examination
may be deferred to the next scheduled outage.

IWL-2300 VISUAL EXAMINATION,
PERSONNEL QUALIFICATION,
AND RESPONSIBLE ENGINEER

IWL-2310 VISUAL EXAMINATIONS

(a) General visual examinations of concrete surfaces
shall be performed to determine the structural condition
of containments. The general visual examination shall be
performed to identify areas of concrete deterioration and
distress, such as described in ACI 201.1R and ACI 349.3R.

(b) Detailed visual examinations shall be performed to
determine:

(1) the magnitude and extent of deterioration and
distress initially detected by general visual examinations
of concrete surfaces

(2) the magnitude and extent of deterioration and
distress initially detected by general visual examinations
of concrete surfaces, at tendon anchorage areas

(3) the condition (e.g., cracks, wear, or corrosion) of
tendon wires or strands, and anchorage hardware, as de-
scribed in IWL-2524.1

(4) the condition of concrete surfaces affected by re-
pair/replacement activities, in accordance with
IWL-5250

(5) the condition of reinforcing steel exposed as a re-
sult of removal of defective concrete as described in
IWL-4220(c)

IWL-2320 PERSONNEL QUALIFICATIONS

(a) Personnel performing general or detailed visual ex-
aminations shall be approved by the Responsible Engi-
neer and shall be qualified by satisfying the following
requirements:

(1) at least 10 hr plant experience, such as that
gained by plant personnel involved in inspection, mainte-
nance, or repair/replacement activities in each of the
following:

(-a) structural concrete and reinforcing steel;
(-b) post‐tensioning system components (for

plants with post‐tensioning systems only);
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(2) at least 4 hr of training in Subsection IWL re-
quirements and at least 2 hr of training in plant‐specific
procedures for Subsection IWL visual examinations.
Training shall include requirements for inservice and pre-
service examinations and reporting criteria for the
following:

(-a) concrete (applicable conditions such as those
described in ACI 201.1R should be included)

(-b) reinforcing steel
(-c) post‐tensioning system items (e.g., wires,

strands, anchorage hardware, corrosion protection medi-
um, and free water) [for plants with post‐tensioning sys-
tems only]

(3) training proficiency shall be demonstrated by ad-
ministering a qualification examination consisting of the
following:

(-a) a written examination covering Subsection
IWL requirements and plant‐specific procedure require-
ments for visual examination, containing at least 15 ques-
tions in each of the following:

(-1) concrete and reinforcing steel;
(-2) post‐tensioning system components (i.e.,

wires, strands, anchorage hardware, corrosion protection
medium, and free water) [for plants with post‐tensioning
systems only].

(-b) a practical examination using test specimens
with flaws or indications to be detected by the following
visual examination techniques:

(-1) general and detailed visual examination of
concrete

(-2) detailed visual examination of reinforcing
steel

(-3) detailed visual examination of post‐
tensioning system components (i.e., wires, strands, and
anchorage hardware) [for plants with post‐tensioning
systems only]

(-c) passing grades for visual examinations shall
be as follows:

(-1) an average combined grade of 80% for
written and practical examinations, and

(-2) a minimum grade of 70% for each written
and practical examination

(-d) individuals failing to attain the required pas-
sing grades shall receive additional training as
determined by the Responsible Engineer before reexami-
nation. The written reexamination questions shall be se-
lected at random from a bank of questions containing at
least twice the number of examination questions, or the
written examination shall contain at least 30% different
or recorded questions. The practical reexamination test
shall contain at least 50% different test specimens or shall
contain specimens with at least 50% different flaws or in-
dications from those used during the most recent practi-
cal examination that was not passed by the candidate. No
individual shall be reexamined more than twice within
any consecutive 12 month period.

(4) training proficiency shall be demonstrated by ad-
ministering subsequent examinations at a frequency not
exceeding 5 yr

(5) the vision test requirements of IWA-2321
(b) The preceding qualification requirements shall be

described in the Employer’s written practice.

IWL-2330 RESPONSIBLE ENGINEER

The Responsible Engineer shall be a Registered Profes-
sional Engineer experienced in evaluating the condition of
structural concrete. The Responsible Engineer shall have
knowledge of the design and Construction Codes and
other criteria used in design and construction of concrete
containments in nuclear power plants.
The Responsible Engineer shall be responsible for the

following:
(a) development of plans and procedures for examina-

tion of concrete surfaces
(b) approval, instruction, and training of personnel per-

forming general and detailed visual examination
(c) evaluation of examination results
(d) preparation or review of Repair/Replacement Plans

and procedures
(e) review of procedures for pressure tests following

repair/replacement activities
(f) submittal of a report to the Owner documenting re-

sults of examinations, repair/replacement activities, and
pressure tests

IWL-2400 INSERVICE INSPECTION
SCHEDULE

IWL-2410 CONCRETE

(a) Concrete shall be examined in accordance with
IWL-2510 at 1, 3, and 5 yr following the completion of
the containment Structural Integrity Test CC‐6000 and
every 5 yr thereafter.
(b) The 1-, 3-, and 5-yr examinations shall commence

not more than 6 months prior to the specified dates and
shall be completed not more than 6 months after such
dates. If plant operating conditions are such that examina-
tion of portions of the concrete cannot be completed with-
in this stated time interval, examination of those portions
may be deferred until the next regularly scheduled plant
outage.
(c) The 10-yr and subsequent examinations shall com-

mence not more than 1 yr prior to the specified dates and
shall be completed not more than 1 yr after such dates. If
plant operating conditions are such that examination of
portions of the concrete cannot be completed within this
stated time interval, examination of those portions may
be deferred until the next regularly scheduled plant
outage.
(d) Concrete surface areas affected by a repair/replace-

ment activity shall be examined in accordance with the
requirements of IWL-2510 at 1 yr (±3 months) following
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completion of repair/replacement activity. If plant oper-
ating conditions are such that examination of portions
of the concrete cannot be completed within this time in-
terval, examination of those portions may be deferred un-
til the next regularly scheduled plant outage.

IWL-2420 UNBONDED POST-TENSIONING
SYSTEMS

(a) Unbonded post‐tensioning systems shall be exam-
ined in accordance with IWL-2520 at 1, 3, and 5 yr follow-
ing the completion of the containment Structural Integrity
Test and every 5 yr thereafter.

(b) The 1-, 3-, and 5-yr examinations shall commence
not more than 6 months prior to the specified dates and
shall be completed not more than 6 months after such
dates. If plant operating conditions are such that examina-
tion of portions of the post‐tensioning system cannot be
completed within this stated time interval, examination
of those portions may be deferred until the next regularly
scheduled plant outage.

(c) The 10‐yr and subsequent examinations shall com-
mence not more than 1 yr prior to the specified dates and
shall be completed not more than 1 yr after such dates. If
plant operating conditions are such that examination of
portions of the post‐tensioning system cannot be com-
pleted within this stated time interval, examination of
those portions may be deferred until the next regularly
scheduled plant outage.

(d) Tendons affected by repair/replacement activities
shall be examined in accordance with the requirements
of IWL-2521.2.

IWL-2421 Sites With Multiple Plants

(a) For sites with multiple plants, the requirements of
IWL-2420 may be modified if the containments utilize
the same prestressing system and are essentially identical
in design, if post‐tensioning operations for each subse-
quent containment constructed at the site were
completed not more than 2 yr apart, and if the contain-
ments are similarly exposed to or protected from the out-
side environment.

(b)When the conditions of (a) are met, the inspection
dates and examination requirements may be as follows.

(1) For the containment with the first Structural In-
tegrity Test, all examinations required by IWL-2520 shall
be performed at 1, 3, and 10 yr and every 10 yr thereafter.
In addition, the examinations required by IWL-2524 and
IWL-2525 shall be performed at 5 and 15 yr and every
10 yr thereafter.

(2) For each subsequent containment constructed at
the site, all examinations required by IWL-2520 shall be
performed at 1, 5, and 15 yr and every 10 yr thereafter.
In addition, the examinations required by IWL-2524 and
IWL-2525 shall be performed at 3 and 10 yr and every
10 yr thereafter.

IWL-2500 EXAMINATION REQUIREMENTS

Examination shall be performed in accordance with the
requirements of Tables IWL-2500-1 (L-A) and
IWL-2500-1 (L-B).
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Table IWL-2500-1 (L-A)
Examination Category L-A, Concrete

Item No. Parts Examined
Test or Examination

Requirement
Test or Examination

Method
Acceptance
Standard

Extent of
Examination

Frequency of
Examination

Deferral of
Examination

L1.10 Concrete surface

IWL-2510 General visual IWL-3210 IWL-2510 IWL-2410 NA

L1.11
All accessible surface areas
[Note (1)]

L1.12 Suspect areas IWL-2510 Detailed visual IWL-3210 IWL-2510 IWL-2410 NA

L1.13
Inaccessible Below‐Grade
Areas [Note (2)]

IWL-2512(c) IWL-2512(c) [Note (3)] IWL-3210 IWL-2512(a) IWL-2512(c) NA

NOTES:
(1) Includes concrete surfaces at tendon anchorage areas not selected by IWL-2521 or exempted by IWL-1220(a).
(2) Concrete surfaces exposed to foundation soil, backfill, or ground water.
(3) Method of examination as defined by the Responsible Engineer, based on IWL-2512(b) evaluation.
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Table IWL-2500-1 (L-B)
Examination Category L-B, Unbound Post-Tensioning System

Item No. Parts Examined
Test or Examination

Requirement
Test or Examination

Method
Acceptance
Standard

Extent of
Examination

Frequency of
Examination

Deferral of
Examination

L2.10 Tendon IWL-2522 IWL-2522 IWL-3221.1 IWL-2521 IWL-2420 NA

L2.20 Wire or strand IWL-2523 IWL-2523.2 IWL-3221.2 IWL-2523.1 IWL-2420 NA

L2.30
Anchorage hardware and
surrounding concrete

IWL-2524 Detailed visual IWL-3221.3 IWL-2524.1 IWL-2420 NA

L2.40 Corrosion protection medium IWL-2525, IWL-2526
IWL-2525.2(a),

IWL-2526
IWL-3221.4

IWL-2525.1(a),
IWL-2526

IWL-2420 NA

L2.50 Free water IWL-2525 IWL-2525.2(b) IWL-2525.1(b) IWL-2420 NA
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IWL-2510 SURFACE EXAMINATION

IWL-2511 Accessible Areas

(a) Concrete surface areas, including coated areas, ex-
cept those exempted by IWL-1220(b) through
IWL-1220(d), shall be visually examined in accordance
with IWL-2310(a) for evidence of conditions indicative
of damage or degradation, such as described in ACI
201.1R and ACI 349.3R. Areas not meeting the criteria es-
tablished in concrete surface examination procedures
[IWL-2330(a)] shall be visually examined in accordance
with IWL-2310(b). If the Responsible Engineer deter-
mines that observed suspect conditions indicate the pres-
ence of, or could result in, degradation of inaccessible
areas, the requirements of IWL-2512(a) shall be met.

(b) Concrete surfaces at tendon anchorage areas, in-
cluding coated areas, except those exempted by
IWL-1220(a), shall be visually examined in accordance
with IWL-2310(a) for evidence of conditions indicating
damage or degradation, such as described in ACI 201.1R
and ACI 349.3R. Areas not meeting the criteria estab-
lished in concrete surface examination procedures
[IWL-2330(a)] shall be visually examined in accordance
with IWL-2310(b).

(c) For containments with unbonded post‐tensioning
systems, the concrete surfaces and tendon end anchorage
areas shall be examined for corrosion protection medium
leakage, and the tendon end caps shall be examined for
deformation. Tendon end caps shall be removed for this
examination if there is evidence of tendon end cap
deformation.

(d) The examinations shall be performed by, or under
the direction of, the Responsible Engineer.

(e) Visual examinations may be performed from floors,
roofs, platforms, walkways, ladders, ground surface, or
other permanent vantage points, unless temporary
close‐in access is required by the inspection plan.

IWL-2512 Inaccessible Areas

(a) The Responsible Engineer shall evaluate suspect
conditions and shall specify the type and extent of exam-
inations, if any, required to be performed on inaccessible
sur face areas exempted by IWL-1220(c ) and
IWL-1220(d).

(b) Concrete surfaces exposed to foundation soil, back-
fill, or ground water shall be evaluated to determine sus-
ceptibility of the concrete to deterioration and the ability
to perform the intended design function under conditions
anticipated until the structure no longer is required to ful-
fill its intended design function. The technical evaluation
shall be performed and documented by or under the di-
rection of the Responsible Engineer, at periodic intervals

not to exceed 10 yr. The evaluation shall include the fol-
lowing:

(1) existing subgrade conditions, including ground
water presence, chemistry, and dynamics; aggressive
below‐grade environment,42 or other plant‐specific
conditions that could cause accelerated aging and
degradation

(2) existing or potential concrete degradation me-
chanisms, including, but not limited to, aggressive chem-
ical attack, erosion and cavitation, corrosion of embedded
steel, freeze‐thaw, settlement, leaching of calcium hydro-
xide, reaction with aggregates, increase in permeability or
porosity, and combined effects

(3) design and construction criteria associated with
the inaccessible concrete, including structural design, de-
tail and reinforcement, design recommendations imple-
mented with regard to environmental exposure
conditions, materials used, mixture proportioning, con-
crete production and placement, design and construction
codes used, conformance of the structure to original de-
sign, and performance of any reanalysis

(4) condition of installed protective barrier systems,
such as membranes, coatings, grout curtains, special drai-
nage systems, and dewatering systems

(5) any condition‐monitoring programs being imple-
mented, such as settlement monitoring, ground water
monitoring, condition surveys, and nondestructive
examinations

(6) requirement for the examination of representa-
tive samples of below‐grade concrete, if excavated for
any reason, when an aggressive below‐grade environ-
ment is present
(c) Based upon the evaluation of (b) above, the Respon-

sible Engineer shall define and document the condition‐
monitoring program, including required examinations
and frequencies, to be implemented for the management
of deterioration and aging effects of the subgrade con-
crete surface. This program shall be incorporated into
the plans and schedules required by IWA-1400(c) and
IWA-6211(a).

IWL-2520 EXAMINATION OF UNBONDED
POST-TENSIONING SYSTEMS

IWL-2521 Tendon Selection

(a) Tendons to be examined during an inspection shall
be selected on a random basis except as noted in (b), (c),
and (d), and IWL-2521.2. The population from which the
random sample is drawn shall consist of all tendons of a
particular type (as defined in Table IWL-2521-1) not ex-
amined during earlier inspections. The number of ten-
dons to be examined during an inspection shall be as
specified in Table IWL-2521-1 and Table IWL-2521-2.
(b) One tendon of each type (as defined in Table

IWL-2521-1) shall be selected from the first year inspec-
tion sample and designated as a common tendon. Each
common tendon shall be examined during each
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inspection. A common tendon shall not be detensioned
unless required by IWL-3300. If a common tendon is de-
tensioned, another common tendon of the same type shall
be selected from the first year inspection sample.

(c) If a containment with a stranded post‐tensioning
system is constructed with a predesignated number of de-
tensionable tendons, one tendon of each type shall be se-
lected from among those that are detensionable. The
remaining tendons shall be selected from among those
that cannot be detensioned.

(d) The population of tendons from which a random
sample is drawn for examination in accordance with
Table IWL-2521-1 need not include tendons subject to
augmented examination in accordance with Table
IWL-2521-2.

IWL-2521.1 Exemptions. The following requirements
shall apply to tendon anchorages that are not accessible
for examination because of safety or radiological hazards
or because of structural obstructions.

(a) After the process of randomly selecting tendons to
be examined, any inaccessible tendons shall be desig-
nated as exempt and removed from the sample.

(b) Substitute tendons shall be selected for all tendons
designated as exempt. Each substitute tendon shall be se-
lected so that it is located as close as possible to the ex-
empted tendon, and shall be examined in accordance
with IWL-2520.

(c) Each exempted tendon shall be examined in accor-
dance with IWL-2524 and IWL-2525 to the extent that
the end anchorages of the exempt tendon are accessible
either during operation or at an outage.

IWL-2521.2 Tendons Affected by Repair/Replace-
ment Activities.

(a) Tendons requiring augmented examination in ac-
cordance with Table IWL-2521-2 shall be randomly se-
lected from the population of tendons affected by a
repair/replacement activity.

(b) The requirements of IWL-2521.1 apply, except that
substitute tendons shall be selected from the population
of tendons affected by a repair/replacement activity.

IWL-2522 Tendon Force and Elongation
Measurements

(a) The prestressing force in all inspection sample ten-
dons shall be measured by lift‐off or an equivalent test.

(b) Equipment used to measure tendon force shall be
calibrated in accordance with a calibration procedure
prior to the first tendon force measurement and following
the final tendon force measurement of the inspection per-
iod. Accuracy of the calibration shall be within 1.5% of the
specified minimum ultimate strength of the tendon. If the
post‐test calibration differs from the pretest calibration
by more than the specified accuracy tolerance, the results
of the examination shall be evaluated.

During retensioning of a tendon, the tendon elongation
shall be measured.

IWL-2523 Tendon Wire and Strand Sample
Examination and Testing

IWL-2523.1 Tendon Detensioning and Sample Re-
moval. One sample tendon of each type shall be com-
pletely detensioned. A single wire or strand shall be
removed from each detensioned tendon.

Table IWL-2521-1
Number of Tendons for Examination

Inspection Period

Percentage [Note
(1)], [Note (2)] of all
Tendons of Each Type

[Note (3)]

Required Minimum
[Note (1)] Number of

Each Type
Maximum Required
Number of Each Type

1st year 4 4 10
3rd year 4 4 10
5th year 4 4 10
10th year [Note (4)] 2 3 5

NOTES:
(1) Fractional tendon numbers shall be rounded to the next higher integer. Actual number examined shall

not be less than the minimum required number and need not be more than the maximum required
number.

(2) The reduced sample size listed for the 10th year and subsequent inspections is applicable only if the
acceptance criteria of IWL-3221.1 have been met for the last three inspections.

(3) A tendon type is defined by its geometry and position in the containment: e.g., hoop, vertical, dome,
helical, and inverted U.

(4) The number and percentage of tendons to be examined every fifth year thereafter shall remain the
same.
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IWL-2523.2 Sample Examination and Testing.

(a) Each removed wire or strand shall be examined
over its entire length for corrosion and mechanical dam-
age. The examination shall determine the location of the
most severe corrosion, if any. Strand wires shall be exam-
ined for wedge slippage marks.

(b) Tension tests shall be performed on each removed
wire or strand: one at each end, one at midlength, and
one in the location of the most corroded area, if any.
The following information shall be obtained from each
test:

(1) yield strength

(2) ultimate tensile strength

(3) elongation

IWL-2523.3 Retensioning.

(a) Tendons that have been detensioned shall be reten-
sioned to at least the force predicted for the tendon at the
time of the test. However, the tendon force after reten-
sioning shall not exceed 70% of the specified minimum
ultimate tensile strength of the tendon based on the num-
ber of effective wires or strands in the tendon at the time
of retensioning.

(b) During retensioning, the tendon stresses shall not
exceed the limits of the Construction Code and the Own-
er’s Requirements.

IWL-2524 Examination of Tendon Anchorage
Areas

IWL-2524.1 Visual Examination. A detailed visual
examination in accordance with IWL-2310(b) shall be
performed on the tendon anchorage hardware, including
bearing plates, anchorheads, wedges, buttonheads, shims,
and the concrete extending outward a distance of 2 ft
from the edge of the bearing plate. The following shall
be documented:
(a) concrete cracks having widths greater than 0.01 in.
(b) corrosion, broken or protruding wires, missing but-

tonheads, broken strands, and cracks in tendon ancho-
rage hardware
(c) broken wires or strands, protruding wires and de-

tached buttonheads following retensioning of tendons
which have been detensioned

IWL-2524.2 Free Water Documentation. The quan-
tity of free water contained in the anchorage end cap as
well as any which drains from the tendon during the ex-
amination process shall be documented.

Table IWL-2521-2
Augmented Examination Requirements Following Post-Tensioning System Repair/Replacement

Activities

Examination Frequency

Number (N) of
Tendons of Each Type
[Note (1)] Affected by
Repair/Replacement

Activity

Required Minimum
Percentage of Tendons
of Each Type [Note (1)]
Affected by Repair/
Replacement Activity

To Be Examined
Augmented Examination

Requirement [Note (2)], [Note (3)]

Initial Inspection: 1 yr ( ±3 months)
following completion of the Repair/
Replacement Activity [Note (4)]

3 < N < 5% 4% [Note (5)] L2.10, L2.30, L2.40, & L2.50

N ≥ 5% Lesser of 4% or 10
tendons

L2.10, L2.20, L2.30, L2.40, & L2.50

Subsequent Inservice Inspections
scheduled to coincide with IWL-2420
[Note (6)] following completion of the
Repair/Replacement Activity

3 < N < 5% 4% L2.10, L2.30, L2.40, & L2.50

N ≥ 5% Lesser of 4% or 10
tendons

L2.10, L2.20, L2.30, L2.40, & L2.50

NOTES:
(1) The tendon type is defined by its geometry and position in the containment: e.g., hoop, vertical, dome, helical, and inverted U. If

more than one type of repair/replacement activity (e.g., tendon replacement, detensioning, retensioning) is performed on a group
of tendons, each type of repair/replacement activity need not be considered separately when calculating the number (N) of ten-
dons affected.

(2) A common tendon need not be selected for examination as specified in IWL-2521(b).
(3) Examination requirements are identified in Table IWL-2500-1 (L-B).
(4) If plant operating conditions are such that examination of portions of the post‐tensioning system cannot be completed within this

stated time interval, examination of those portions may be deferred until the next regularly scheduled plant outage.
(5) Where the minimum number of tendons is given as a percentage, fractional tendon numbers shall be rounded to the next highest

integer and shall be considered the minimum number of tendons to be examined. The percentage is to be applied separately to
each type of tendon affected.

(6) The required minimum number of affected tendons of each type to be examined may be reduced to the lesser of 2% or five ten-
dons, if the acceptance criteria of IWL-3221.1 have been met for the last two inspections.
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IWL-2525 Examination of Corrosion Protection
Medium and Free Water

IWL-2525.1 Samples.
(a) Samples of the corrosion protection medium shall

be taken from each end of each tendon examined. Free
water shall not be included in the samples.

(b) Samples of free water shall be taken where water is
present in quantities sufficient for laboratory analysis.

IWL-2525.2 Sample Analysis.
(a) Each corrosion protection medium sample shall be

thoroughly mixed and analyzed for reserve alkalinity,
water content, and concentrations of water soluble chlor-
ides, nitrates, and sulfides. Analyses shall be performed in
accordance with the procedures specified in Table
IWL-2525-1.

(b) Free water samples shall be analyzed to determine
pH.

IWL-2526 Removal and Replacement of
Corrosion Protection Medium

(a) The amount of corrosion protection medium re-
moved at each anchorage shall be measured and the total
amount removed from each tendon sheath and end cap
shall be recorded.

(b) Following completion of tests and examinations re-
quired by Examination Category L‐B, Items L2.10, L2.20,
and L2.30, corrosion protection medium shall be replaced
to ensure sufficient coverage of anchorage hardware,
wires, and strands. The total amount replaced in each ten-
don sheath shall be recorded and differences between
amount removed and amount replaced shall be
documented.

(c) Corrosion protection medium may be replaced
using a pressurized system or cold pack, by pouring, or
by nonpressurized pumping on each end. The Responsi-
ble Engineer shall specify the maximum pressure to be
used in a pressurized system.

(d) The Responsible Engineer shall specify the installa-
tion method for corrosion protection medium.
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Table IWL-2525-1
Corrosion Protection Medium Analysis

Characteristic Test Method Acceptance Limit

Water content ASTM D95 10% maximum

Water soluble chlorides ASTM D512 [Note (1)] or
ASTM D4327 [Note (1)]

10 ppm maximum

Water soluble nitrates ASTM D992 [Note (1)] or
ASTM D3867 [Note (1)] or
ASTM D4327 [Note (1)] or
4110 [Note (1)], [Note (2)]
or 4500‐NO3

− [Note (1)],
[Note (2)]

10 ppm maximum

Water soluble sulfides APHA 427 [Note (1)] or APHA
4500‐S2 − [Note (1)] or
4500‐S2 − [Note (1)], [Note
(2)]

10 ppm maximum

Reserve alkalinity (Base
number)

ASTM D974 Modified [Note
(3)]

[Note (4)]

NOTES:
(1) Water Soluble Ion Tests. The inside (bottom and sides) of a one (1) liter beaker, approx. OD 105 mm,

height 145 mm, is thoroughly coated with 100 ± 10 grams of the sample. The coated beaker is filled
with approximately 900 ml of distilled water and heated in an oven at a controlled temperature of
100°F (38°C) ±2°F (1°C) for 4 hr. The water extraction is tested by the noted test procedures for
the appropriate water soluble ions. Results are reported as PPM (parts/million) in the extracted
water.

(2) These referenced test methods are published in “Standard Methods for the Examination of Water and
Wastewater,” published jointly by APHA, AWWA, and WEF. The following specific test methods are
approved for use:
(a) 4110 B. — Ion Chromatography With Chemical Suppression of Eluent Conductivity
(b)4110 C. — Single‐Column Ion Chromatography With Direct Conductivity Detection
(c) 4500‐NO3

− E. — Cadmium Reduction Method
(d)4500‐NO3

− F. — Automated Cadmium Reduction Method
(e) 4500‐NO3

− H. — Automated Hydrazine Reduction Method
(f) 4500‐NO3

− I. — Cadmium Reduction Flow Injection Method
(g)4500‐S2− D. — Methylene Blue Method
(h) 4500‐S2− I. — Distillation, Methylene Blue Flow Injection Method

(3) ASTM D974 Modified. Place 10 g of sample in a 500 ml Erlenmeyer flask. Add 10 cc isopropyl alcohol
and 5 cc toluene. Heat until sample goes into solution. Add 90 cc distilled water and 20 cc 1 Normal
(1N) H2 SO4. Place solution on a steam bath for 1/2 hr. Stir well. Add a few drops of indicator (1% phe-
nolphthalein) and titrate with 1 Normal (1N) NaOH until the lower layer just turns pink. If acid or base
solutions are not exactly 1N, the exact normalities should be used when calculating the base number.
The Total Base Number (TBN), expressed as milligrams of KOH per gram of sample, is calculated as
follows:

where

B = milliliters NaOH
NA = normality of H2 SO4 solution
NB = normality of NaOH solution
W = weight of sample in grams

(4) The base number shall be at least 50% of the as‐installed value, unless the as‐installed value is 5 or
less, in which case the base number shall be no less than zero. If the tendon duct is filled with a mix-
ture of materials having various as‐installed base numbers, the lowest number shall govern
acceptance.
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ARTICLE IWL-3000
ACCEPTANCE STANDARDS

IWL-3100 PRESERVICE EXAMINATION

IWL-3110 CONCRETE SURFACE CONDITION
IWL-3111 Acceptance by Examination

The condition of the surface is acceptable if the Respon-
sible Engineer determines that there is no evidence of
damage or degradation requiring further evaluation or
performance of repair/replacement activities.

IWL-3112 Acceptance by Evaluation

Items with examination results that do not meet the ac-
ceptance standards of IWL-3111 shall be evaluated as re-
quired by IWL-3300.

IWL-3113 Acceptance by Repair/Replacement
Activity

Repair/replacement activities required to reestablish
acceptability of an item shall be completed as required
by IWL-3300.

IWL-3120 UNBONDED POST-TENSIONING
SYSTEM

The condition of the unbonded post‐tensioning system
is acceptable if it met the requirements of the construc-
tion specification at the time of installation.

IWL-3200 INSERVICE EXAMINATION

IWL-3210 SURFACE CONDITION
IWL-3211 Acceptance by Examination

The condition of the concrete surface and tendon end
anchorage areas is acceptable if the Responsible Engineer
determines that there is no evidence of damage or degra-
dation, corrosion protection medium leakage, or end‐cap
deformation requiring further evaluation or performance
of repair/replacement activities.

IWL-3212 Acceptance by Evaluation

Items with examination results that do not meet the ac-
ceptance standards of IWL-3211 shall be evaluated as re-
quired by IWL-3300.

IWL-3213 Acceptance by Repair/Replacement
Activity

Repair/replacement activities to reestablish the accept-
ability of an item shall be completed as required by
IWL-3300.

IWL-3220 UNBONDED POST-TENSIONING
SYSTEMS

IWL-3221 Acceptance by Examination
IWL-3221.1 Tendon Force and Elongation. Tendon

forces and elongation are acceptable if the following con-
ditions are met:

(a) The average of all measured tendon forces, includ-
ing those measured in (b)(2), for each type of tendon is
equal to or greater than the minimum required prestress
specified at the anchorage for that type of tendon.

(b) The measured force in each individual tendon is not
less than the lower limit force, which is the greater of 95%
of the force predicted for that tendon at the time of mea-
surement or the minimum design prestress force for that
tendon group, unless the following conditions are
satisfied:

(1) The measured force in not more than one tendon
is between 95% and 100% of the lower limit force.

(2) The measured forces in two tendons located adja-
cent to the tendon described in (1) are not less than the
lower limit force.

(3) For tendons requiring augmented examination in
accordance with Table IWL-2521-2, Item L2.10, the mea-
sured forces in two like tendons located nearest to but on
opposite sides of the tendon described in (1) are not less
than the lower limit force.

(4) The measured forces in all the remaining sample
tendons are not less than the lower limit force.

(c) The prestressing forces for each type of tendon
measured in (a) and (b), and the measurement from the
previous examination, indicate a prestress loss such that
predicted tendon forces meet the minimum design pre-
stress forces at the next scheduled examination.

(d) The measured tendon elongation varies from the
last measurement, adjusted for effective wires or strands,
by less than 10%.

IWL-3221.2 Tendon Wire or Strand Samples. The
condition of wire or strand samples is acceptable if:

(a) samples are free of physical damage;
(b) sample ultimate tensile strength and elongation are

not less than minimum specified values.
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IWL-3221.3 Tendon Anchorage Areas. The condition
of tendon anchorage areas is acceptable if:
(a) there is no evidence of cracking in anchor heads,

shims, or bearing plates;
(b) there is no evidence of active corrosion;
(c) broken or unseated wires, broken strands, and de-

tached buttonheads were documented and accepted dur-
ing a preservice examination or during a previous
inservice examination;
(d) cracks in the concrete adjacent to the bearing plates

do not exceed 0.01 in. (0.3 mm) in width;
(e) there is no evidence of free water.

IWL-3221.4 Corrosion Protection Medium. Corro-
sion protection medium is acceptable when the reserve
alkalinity, water content, and soluble ion concentrations
of all samples are within the limits specified in Table
IWL-2525-1. The absolute difference between the amount
removed and the amount replaced shall not exceed 10%
of the tendon net duct volume.

IWL-3222 Acceptance by Evaluation
Items with examination results that do not meet the ac-

ceptance standards of IWL-3221 shall be evaluated as re-
quired by IWL-3300.

IWL-3223 Acceptance by Repair/Replacement
Activity

Repair/replacement activities to reestablish acceptabil-
ity of the condition of an item shall be completed as re-
quired by IWL-3300. Acceptable completion of the
repair/replacement activity shall constitute acceptability
of the item.

IWL-3300 EVALUATION

IWL-3310 EVALUATION REPORT

Items with examination results that do not meet the ac-
ceptance standards of IWL-3100 or IWL-3200 shall be
evaluated by the Owner. The Owner shall be responsible
for preparation of an Engineering Evaluation Report stat-
ing the following:
(a) the cause of the condition that does not meet the ac-

ceptance standards;
(b) the applicability of the condition to any other plants

at the same site;
(c) the acceptability of the concrete containment with-

out repair of the item;
(d) whether or not repair/replacement activity is re-

quired and, if required, the extent, method, and comple-
tion date for the repair/replacement activity;
(e) extent, nature, and frequency of additional

examinations.
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ARTICLE IWL-4000
REPAIR/REPLACEMENT ACTIVITIES

IWL-4100 GENERAL

The requirements of Article IWA-4000 are applicable
except as follows.

(a) The requirements of IWA-4320, IWA-4340, and
IWA-4700 are not applicable.

(b) The requirements of IWA-4224, IWA-4225, and
IWA-4226 are applicable only to reinforcing steel, metal-
lic load bearing items of the post‐tensioning system, and
welding materials.

(c) The requirements of IWA-4400 are applicable only
to bearing plates.

IWL-4110 SCOPE

(a) This Article provides requirements for repair/re-
placement activities on concrete containments.

(b) The following are exempt from the requirements of
the Article:

(1) anchorage end caps, including installation fasten-
ers and seals or gaskets;

(2) sealants or coatings;
(3) removal, replacement, or addition of corrosion

protection medium;43

(4) activities affecting concrete, provided
(-a) the affected concrete is external to the outer-

most layer of reinforcing steel and does not provide
anchorage‐bearing plate support;

(-b) the activities are not required to correct a
condition unacceptable for continued service; and

(-c) the activities have been approved by the Re-
sponsible Engineer.

IWL-4120 REPAIR/REPLACEMENT PROGRAM

Repair/replacement activities shall be performed in ac-
cordance with the Repair/Replacement Program and Plan
required by IWA-4150. For concrete repair/replacement
activities, the Repair/Replacement Program shall specify
requirements for material control.

IWL-4180 DOCUMENTATION

In addition to the requirements of Article IWA-6000,
concrete test reports for quality control of materials for
concrete repair/replacement activities shall be retained
by the Owner.

IWL-4200 REPAIR/REPLACEMENT PLAN

IWL-4210 RESPONSIBLE ENGINEER

The Repair/Replacement Plan shall be developed un-
der the direction of a Responsible Engineer (IWL-2300).

IWL-4220 CONCRETE

(a) The Repair/Replacement Plan shall document con-
ditions indicative of damage or degradation, such as de-
scribed in ACI 201.1R and ACI 349.3R, on surfaces
requiring a repair/replacement activity and shall specify
requirements for removal of defective material.

(b) The affected area shall be visually examined to as-
sure specified surface preparation of concrete and rein-
forcing steel prior to placement of concrete.

(c) When removal of defective material exposes rein-
forcing steel, the reinforcing steel shall receive a detailed
visual examination as defined in IWL-2310(b). Reinfor-
cing steel is acceptable when the Responsible Engineer
determines that there is no evidence of damage or degra-
dation requiring further evaluation or repair. When re-
quired, reinforcing steel shall be repaired in accordance
with IWL-4230. Repair/replacement activities on
exposed‐end anchors of the post‐tensioning system shall
be in accordance with IWL-4240.

(d) Newmaterial shall be chemically, mechanically, and
physically compatible with existing concrete.

(e) When detensioning of prestressing tendons is re-
quired for the repair/replacement activity on the con-
crete surface adjacent to the tendon, the Repair/
Replacement Plan shall require the following:

(1) selection of new material to minimize stress and
strain incompatibilities between new material and exist-
ing concrete;

(2) procedures for application of new material;
(3) procedures for detensioning and retensioning of

prestressing tendons.
(f) The Repair/Replacement Plan shall specify require-

ments for in‐process sampling and testing of new
material.

IWL-4230 REINFORCING STEEL

Damaged reinforcing steel shall be corrected by any
method permitted in the original Construction Code or
in Section III, Division 2, with or without removal of the
damaged reinforcing steel.
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IWL-4240 POST-TENSIONING SYSTEM
(a)Welding of the post‐tensioning system shall be lim-

ited to bearing plates and shall be performed such that
other post‐tensioning system items are protected from
the welding process.
(b) The following items, as applicable, shall be con-

tained in the Repair/Replacement Plan:
(1) requirements for removal of items;
(2) surface preparation required prior to installation

of items;
(3) examinations required prior to installation of

items;

(4) detensioning and retensioning requirements for
tendons affected by installation of items;

(5) requirements and procedures applicable to in-
stallation of items;

(6) in‐process sampling and testing requirements to
be performed during installation of items.

IWL-4300 EXAMINATION

Areas of repair/replacement activities shall be exam-
ined in accordance with Article IWL-2000 and shall meet
the acceptance standards of Article IWL-3000.
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ARTICLE IWL-5000
SYSTEM PRESSURE TESTS

IWL-5100 SCOPE

This Article provides requirements for pressure testing
concrete containments following repair/replacement
activities.

IWL-5200 SYSTEM TEST REQUIREMENTS

IWL-5210 GENERAL

A containment pressure test shall be performed follow-
ing repair/replacement activities unless

(a) the repair/replacement activity consists of only the
exchange of post‐tensioning tendons, tendon anchorage
hardware, shims or

(b) an evaluation is performed demonstrating that the
containment satisfies the requirements of the Construc-
tion Code and the Owner’s Requirements prior to and
during the performance of the repair/replacement activ-
ity. This evaluation shall be reviewed by the Responsible
Engineer.

IWL-5220 TEST PRESSURE

The pressure test shall be conducted at the design basis
accident pressure, Pa .

IWL-5230 LEAKAGE TEST

A leakage test shall be conducted as required by Article
IWE-5000.

IWL-5250 TEST PROCEDURE AND
EXAMINATIONS

The Responsible Engineer shall review the pressure
test procedure and shall authorize performance of the
pressure test. The surface of all containment concrete
placed during repair/replacement activities shall be ex-
amined in accordance with IWL-2310(b) prior to start
of pressurization, at test pressure, and following comple-
tion of depressurization. Extended surface examinations,
additional examinations during pressurization, other ex-
aminations, and measurements of structural response to
pressure shall be conducted as specified by the Responsi-
ble Engineer.

IWL-5260 CORRECTIVE ACTION

If the surface examinations of IWL-5250 cannot satisfy
the requirements specified by the Responsible Engineer,
the area shall be examined to establish requirements
for corrective action. Repair/replacement activities shall
be performed in accordance with Article IWL-4000, and
pressure testing shall be repeated in accordance with
IWL-5200, prior to returning the containment to service.

IWL-5300 REPORT

A pressure test report shall be prepared under the di-
rection of the Responsible Engineer. The report shall de-
scribe pressure test procedures, summarize examination
results, and state whether or not the repair/replacement
activity is acceptable. If the repair/replacement activity is
not acceptable, the report shall specify corrective
measures.
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MANDATORY APPENDIX I
ULTRASONIC EXAMINATIONS

ARTICLE I-1000
INTRODUCTION

I-1100 SCOPE

This Appendix provides rules for the ultrasonic exami-
nation required by IWA-2232.
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ARTICLE I-2000
EXAMINATION REQUIREMENTS

I-2100 VESSELS GREATER THAN 2 in.
(50 mm) IN THICKNESS

I-2110 REACTOR VESSELS

(a) Ultrasonic examination procedures, equipment, and
personnel used to detect and size flaws in reactor vessels
greater than 2 in. (50 mm) in thickness shall be qualified
by performance demonstration in accordance with Man-
datory Appendix VIII for the following specific examina-
tions and no other Article I-2000 requirements apply.

(1) Shell and Head Welds Excluding Flange Welds
(2) Nozzle‐to‐Vessel Welds
(3) Nozzle Inside Radius Section
(4) Clad/Base Metal Interface Region

(b) Ultrasonic examination of reactor vessel‐to‐flange
welds, closure head‐to‐flange welds, and attachment
welds shall be conducted in accordance with Section V,
Article 4, except that alternative examination beam angles
may be used. These examinations shall be further supple-
mented by Table I-2000-1.

(c) Ultrasonic examination of reactor vessel CRD hous-
ing welds (if applicable) shall be conducted in accordance
with Mandatory Appendix III, as supplemented by Table
I-2000-1.

(d) Nonmandatory Appendix M provides guidance that
may be used for validation of mathematical models used
with procedure qualification in accordance with Manda-
tory Appendix VIII.

I-2120 OTHER VESSELS

Ultrasonic examination of all other vessels greater than
2 in. (50 mm) in thickness shall be conducted in accor-
dance with Section V, Article 4, as supplemented by Table
I-2000-1.

I-2200 VESSELS NOT GREATER THAN
2 in. (50mm) IN THICKNESS AND ALL
PIPING WELDS

I-2210 VESSELS

Ultrasonic examination of vessels not greater than 2 in.
(50 mm) in thickness shall be conducted in accordance
with Mandatory Appendix III, as supplemented by Table
I-2000-1.

Table I-2000-1
Required Supplements

Supplement

Reactor Vessel
Flange and
Attachment
Welds (b)

Reactor Vessel
CRD Housing
Welds (c)

Other Vessels >
2 in. (50 mm)
Thick I-2120

Other Vessels ≤
2 in. (50 mm)
Thick I-2210 Other I-2400

1 — Calibration Block Material
and Thickness

X … X … X

2 — Calibration Blocks for Clad
Welds/ Components

X … X X X

3 — Calibration Blocks for
Curved Surfaces

… … X X X

4— Alternative Calibration Block
Design

X … X X X

5 — Electronic Simulators X … X X X
6 — Pulse Repetition Rate X … X X X
7 — Instrument Calibration X … X … X
8 — Scan Overlap and Search

Unit Oscillation
… … X … X

9 — Scan Angles … … X … …
10 — Recording Criteria X X X X X
11 — Geometric Reflectors X … X X X
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I-2220 WELDS IN PIPING
Ultrasonic examination procedures, equipment, and

personnel used to detect and size flaws in piping welds
shall be qualified by performance demonstration in accor-
dance with Mandatory Appendix VIII and no other Article
I-2000 requirements apply.

I-2300 BOLTING

Ultrasonic examination procedures, equipment, and
personnel used to detect flaws in bolts and studs shall
be qualified by performance demonstration in accordance
with Mandatory Appendix VIII and no other Article
I-2000 requirements apply.
Ultrasonic examination to detect flaws in the threads of

the reactor pressure vessel flange shall be conducted in
accordance with either Section V, Article 5, or procedures
qualified in accordance with Mandatory Appendix VIII,
Supplement 8 for examination of the reactor vessel clo-
sure studs. No other Article I-2000 requirements apply.

I-2400 ALL OTHER EXAMINATIONS

When the requirements of I-2100, I-2200, or I-2300 do
not apply, the ultrasonic examination of welds or materi-
als shall be conducted in accordance with the applicable
requirements of Section V, Article 4 or Article 5, respec-
tively, as supplemented by Table I-2000-1.

I-2500 THICKNESS MEASUREMENTS

Ultrasonic thickness measurements shall be conducted
in accordance with Section V, Article 23, SE‐797, Standard
Practice for Thickness Measurement by Manual Contact
Ultrasonic Method, and as modified by a referencing
Subsection.

I-2600 MANDATORY APPENDIX VIII
EXAMINATION

(a) For components to which Mandatory Appendix VIII
is not applicable, examination procedures, personnel, and
equipment qualified in accordance with Mandatory
Appendix VIII may be applied, provided such compo-
nents, materials, sizes, and shapes are within the scope
of the qualified examination procedure.
(b) Examination coverage shall be in accordance with

I-3000.
(c) No other Article I-1000 or Article I-2000 require-

ments apply.
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ARTICLE I-3000
EXAMINATION COVERAGE

I-3100 EXAMINATION

Components identified in I-2110(a), I-2220, and
I-2300 shall be examined as follows.

I-3200 PIPING

(a) The required piping examination volume shall be
examined in two axial directions. When examination in
the circumferential direction is required, the circumferen-
tial examination shall be performed in two directions.

(b)When examination of ferritic welds from both sides
is not possible, procedures and personnel qualified for
single‐side examination in accordance with Mandatory
Appendix VIII, Supplement 3 shall be used to examine
the required volume. When examination of austenitic
welds from both sides is not possible, procedures and
personnel qualified for single‐side examination in accor-
dance with Mandatory Appendix VIII, Supplement 2, with
all flaws on the opposite side of the weld, shall be used to
examine the required volume.

(c) Dissimilar metal welds shall be examined in two ax-
ial and two circumferential directions. If examination
from both sides of the weld is not possible, procedures
and personnel qualified for single-side examination in ac-
cordance with Mandatory Appendix VIII, Supplement 10,
shall be used to examine the required volume.

(d) Near side (same side) and far side (opposite side) of
the weld are in relationship to the weld centerline and
search unit location as depicted in Figure I-3200-1.

(e) When using angle beam examination, overlaid
welds shall be examined in two axial and two circumfer-
ential directions. When using straight beam examination,
overlaid welds shall be examined from the accessible
surface.

I-3300 VESSEL SHELL AND NOZZLE-
TO-SHELL WELDS

(a) The clad‐to‐base‐metal interface and the adjacent
volume to a depth of at least 15% of the vessel thickness,
t , shall be examined from four orthogonal directions,
using procedures and personnel qualified in accordance
with Mandatory Appendix VIII, Supplement 4. The vessel
thickness, t , shall be measured from the clad‐to‐base‐
metal interface. The examination shall include scans par-
allel and perpendicular to the weld.

(b) If the requirements of (a) cannot be met because of
access restrictions, the required examination volume
shall be scanned in accordance with the preceding (a)
to the extent and in the directions allowed by the physical
restrictions. The limitations shall be documented in the
record of examination. Examination coverage of the inner
15% t shall meet the following requirements:

(1) The required volume shall be examined in one di-
rection parallel and one direction perpendicular to the
weld.

(2) The procedure and personnel shall be qualified
for single‐side access in accordance with the require-
ments of Mandatory Appendix VIII, Supplement 4.

(3) The initial examination shall be performed using
a procedure qualified to detect flaws with a tilt angle of
45 deg relative to the weld centerline. Subsequent exam-
inations shall be performed using procedures qualified
for a tilt angle of at least 10 deg.

(c) The remaining 85% of the vessel thickness shall be
examined in four orthogonal directions using procedures
and personnel qualified in accordance with Mandatory
Appendix VIII, Supplement 6.

(d) As an alternative to (c), the outer 85% of the vessel
thickness shall be examined in one direction parallel and
one direction perpendicular to the weld, using proce-
dures and personnel qualified for single‐side access in ac-
cordance with the requirements of Mandatory Appendix
VIII, Supplement 6.

I-3310 NOZZLE-TO-SHELL WELD
EXAMINATIONS CONDUCTED FROM THE
INSIDE

(a) If the provisions of I-3300(b) cannot be met be-
cause of access restrictions, and the nozzle‐to‐shell weld
is examined from the inside, the required examination
volume shall be scanned in accordance with I-3300(a)
and I-3300(b) to the extent and in the directions allowed
by the physical restrictions.

(b) The inner 15% t shall be examined

(1) in one radial direction from the vessel shell using
procedures and personnel qualified in accordance with
the requirements of Mandatory Appendix VIII, Supple-
ment 4 for single‐side access or from the nozzle bore
using procedures and personnel qualified in accordance
with Mandatory Appendix VIII, Supplement 7; and
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(2) in one circumferential direction using procedures
and personnel qualified in accordance with the require-
ments of Mandatory Appendix VIII, Supplement 4 for
single‐side access.
(c) The remaining 85% of the required examination

volume shall be examined in at least one radial direction
from

(1) the nozzle bore, using procedures and personnel
qualified in accordance with Mandatory Appendix VIII,
Supplement 7, or

(2) the vessel shell, using procedures and personnel
qualified for single‐side examination in accordance with
Mandatory Appendix VIII, Supplement 6.

I-3320 NOZZLE-TO-SHELL WELD
EXAMINATIONS CONDUCTED FROM THE
OUTSIDE

(a) If the provisions of I-3300(b) cannot be met be-
cause of access restrictions, and the nozzle‐to‐vessel weld
is examined from the outside, the required examination
volume shall be scanned in accordance with I-3300(a)
and I-3300(b) to the extent and in the directions allowed
by the physical restrictions.
(b) The inner 15% t shall be examined

(1) in two opposing radial directions using proce-
dures and personnel qualified in accordance with Manda-
tory Appendix VIII, Supplement 4; or one radial direction

using procedures and personnel qualified in accordance
with Mandatory Appendix VIII, Supplement 4, for single‐
side access; and

(2) two opposing circumferential directions using
procedures and personnel qualified in accordance with
Mandatory Appendix VIII, Supplement 5.
(c) The remaining 85% of the required examination

volume shall be examined in at least one radial direction
using procedures and personnel qualified for a single‐side
examination in accordance with Mandatory Appendix
VIII, Supplement 6.

I-3400 NOZZLE INSIDE-CORNER REGION

The nozzle inside‐corner region shall be examined in
two opposing circumferential directions using proce-
dures and personnel qualified in accordance with Manda-
tory Appendix VIII, Supplement 5 for examinations
conducted from the outside or Mandatory Appendix
VIII, Supplement 7 for examinations conducted from the
inside.

Figure I-3200-1
Ferritic, Austenitic, or Dissimilar Metal Weld

LC
Same Side 

or 

Near Side 

Same Side 

or 

Near Side 

Opposite Side 

or 

Far Side 

Buttering (either side of
  the weld, as applicable) 

Opposite Side 

or 

Far Side
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I-3500 BOLTING

Bolts and studs shall be examined using procedures
and personnel qualified in accordance with Mandatory
Appendix VIII, Supplement 8. The volume specified in
IWB-2500 or IWC-2500 shall be examined.

Threads of the reactor pressure vessel flange shall be
examined in accordance with either Section V, Article 5,
or procedures qualified in accordance with Mandatory
Appendix VIII, Supplement 8 for examination of the reac-
tor vessel closure studs. The volume specified in accor-
dance with IWB-2500 shall be examined.
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MANDATORY APPENDIX I
SUPPLEMENTS

SUPPLEMENT 1 CALIBRATION BLOCK
MATERIAL AND THICKNESS

(a) The material from which the blocks are fabricated
shall be one of the following:

(1) a nozzle dropout from the component;
(2) a component prolongation; or
(3)material of the same material specification, pro-

duct form, and heat treatment condition as one of the ma-
terials being joined.
(b)Where two or more base material thicknesses are

involved, the calibration block thickness shall be of a size
sufficient to contain the entire examination path.

SUPPLEMENT 2 CALIBRATION BLOCKS FOR
CLAD WELDS OR
COMPONENTS

Calibration blocks shall be clad using the same method
(i.e., rollbonded, manual weld deposited, automatic wire
deposited, or automatic strip deposited) as used to clad
the base material of the component to be examined. In
the event the cladding method is not known, the calibra-
tion shall be performed using a calibration block clad by a
manual weld deposited method. When the base material
on opposite sides of a weld are clad by different methods,
the cladding on the calibration block shall be applied by
the method used on the side of the weld from which the
examination will be conducted. If the examination will
be conducted from both sides of the weld, the calibration
block shall provide for calibration for both methods of
cladding.

SUPPLEMENT 3 CALIBRATION BLOCKS FOR
EXAMINATION OF PARTS
WITH CURVED SURFACES

(a) The rules of the referenced Article or Appendix
shall be applied for selecting calibration blocks for exam-
ination surfaces in materials with diameters 20 in.
(500 mm) and less.
(b) For calibration blocks for examination surfaces with

diameters greater than 20 in. (500mm), one of the follow-
ing shall be applied.

(1) A calibration block of essentially the same curva-
ture as the examination surface; or

(2) A single curved calibration block to calibrate the
examination for surfaces in the range of curvature from
0.9 to 1.5 times the calibration block diameter; or

(3) A flat calibration block may be used. When the
contact technique is used with a search unit having a flat
contact surface (i.e., does not conform to the examination
surface), the following additional requirements apply:

(-a) The minimum radius to be examined shall be
determined and the search unit contact area and fre-
quency shall be selected so that the minimum radius is
greater than the critical radius as determined by Section
V, Article 4, Nonmandatory Appendix G.

(-b) For determining the maximum allowable
search unit contact area for the frequency and couplant
selected, Nonmandatory Appendix G shall be applied for
both straight beam and angle beam examinations and
for convex, concave, or compound curvatures.

(-c) When rectangular search units are used, the
width of the search unit face tangent to the minimum ra-
dius shall be used instead of the transducer diameter in
Section V, Article 4, Nonmandatory Appendix G, Table
G-461.

SUPPLEMENT 4 ALTERNATIVE WELD
CALIBRATION BLOCK
DESIGN

The alternative calibration block design of Figure I-S4
may be used in lieu of a separate block for each weld
thickness as required by Section V, Article 4, provided
that the following requirements are met.
(a) The calibration block thickness shall equal or ex-

ceed the maximum weld thickness to be examined.
(b) The calibration block material requirements shall

be as specified by Supplement 1 and Section V, Article 4.
(c) Calibration for examinations that include the clad–

base metal interface shall employ additional reflectors
as required by Figure I-S4. The instrument gain setting re-
quired to establish reference levels shall be based upon
maximum allowable planar flaws located at the clad–base
metal interface.

SUPPLEMENT 5 ELECTRONIC SIMULATORS

(a) Simulator use does not preclude the requirement
for a written record of all calibration data.
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Figure I-S4
Alternative Calibration Block

(10 in. = 250 mm, 3 in. = 75 mm, 2 in. = 50 mm, 1 in. = 25 mm)

GENERAL NOTES:
(a) The tolerance for hole diameters shall be ±1/32 in. (1 mm). Notch depth tolerance shall be +10 and −20%. The tolerance on hole location

through the thickness and on depth shall be ±1/8 in. (3 mm).
(b) Calibration at DAC curves obtained using the block shall include all side‐drilled holes representing the weld thickness to be examined.
(c) The surface notches and surface notch response calibration are optional.
(d) Inner near surface (clad–base metal interface) reflectors shall be installed as follows:

(1) a 1/8 in. (3 mm) (max.) diameter side‐drilled hole (SDH) shall be placed at the clad base metal interface to establish the reference
level;
(2) at least two additional 1/8 in. (3 mm) (max.) SDH shall be installed at 1/2 in. (13 mm) increments (max.) to establish metal path cali-

bration, and;
(3) alternatively, for examinations conducted from the clad surface, a separate clad block may be used containing the reflectors in this

Note, (a) and (b). Block thickness shall be 2 in. (50 mm) (min.).

NOTES:
(1) Holes shall be drilled and reamed to 5/16 in. (8 mm) diameter and positioned at 1 in. (25 mm) intervals through the calibration block thick-

ness as shown on the left side of Figure I-S4. The five side‐drilled holes positioned below center thickness are located on the near side; the
five holes positioned above center thickness are located on the far side.

(2) Holes shall be drilled and reamed as shown in the right side of drawing but located on a scribe line at 1 in. (25 mm) intervals positioned
through the thickness. The holes shall be alternated side to side as shown so that the distance between any two holes is 2 in. (50 mm) [top
and bottom holes are 1 in. (25 mm) from the surface].

(3) One notch on top and one on the bottom as shown, each 2 in. (50 mm) long by 1/4 in. (6 mm) wide by 2% T deep. If the block is cladded, the
through clad notch shall be 2% deep into the base metal. Notches shall be installed using flat end mills or other suitable means achieving
the same notch profile.

(4) For calibration blocks 4 in. (100 mm) and less in thickness, the dimensions shown are changed to:
(a) width W shall be 2 T or 6 in. (150 mm), whichever is less;
(b) three side‐drilled holes (min.) shall be installed at T/4 (max.) locations with hole diameter at 3/16 in. (5 mm), 11/2 in. (38 mm) deep.

(5) Calibration block thickness shall equal or exceed the maximum weld thickness to be examined.
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(b) Simulator use shall be described in the written ex-
amination procedure.
(c) Simulators shall be calibrated at least every

6 months to verify compliance with the manufacturer’s
specification.
(d) A minimum of three pulses shall be used to repre-

sent a DAC curve at three different delay times over the
DAC range within the ranges of 15% to 30%, 40% to
60%, and 70% to 110% of the maximum transit time to
cover the thickness to be examined.
(e) The final calibration check after the finish of each

examination shall include a calibration check on at least
three of the basic reflectors in the basic calibration block.
(f) As an alternative to (e) above, the final calibration

check may be made without the basic calibration block
provided calibration checks include measuring the re-
sponse from at least three reflectors (or multiples from
a single reflector) that are located in a test medium at dis-
tances providing transit times in the ranges of 15% to
30%, 40% to 60%, and 70% to 110% of the maximum
transit time to cover the thickness to be examined.

SUPPLEMENT 6 PULSE REPETITION RATE

The ultrasonic instrument pulse repetition rate shall be
sufficient to pulse the search unit at least six times within
the time necessary to move one‐half the transducer
(piezoelectric element) dimension parallel to the direc-
tion of scan at maximum scanning speed. Alternatively,
a dynamic calibration on multiple reflectors that is
within ±2 dB of a static calibration may be used to verify
an acceptable pulse repetition rate.

SUPPLEMENT 7 INSTRUMENT
CALIBRATION

The requirements for screen height linearity and ampli-
tude control linearity of Section V, Article 4, T-461, shall
be met at the beginning and end of the weld examinations
performed during one outage.

SUPPLEMENT 8 SCAN OVERLAP AND
SEARCH UNIT
OSCILLATION

(a) Each pass of the search unit shall overlap 50% of
the transducer (piezoelectric element) dimension parallel
to the direction of scan indexing. As an alternative, if the
sound beam dimension parallel to the direction of scan in-
dexing is measured in accordance with the Section V,
Article 4 beam spread measurement rules, each pass of
the search unit shall provide overlap of the minimum
beam dimension determined from the Section V, Article
4 beam spread measurements.
(b) Oscillation of the search unit is permitted if it can be

demonstrated that overlapping coverage is provided.

SUPPLEMENT 9 SCAN ANGLES

Two angle beams having nominal angles of 45 deg
and 60 deg shall be used. An additional longitudinal wave
beam having a nominal angle of 70 deg shall be used for
vessel examination conducted from the inside diameter
clad surface. The examination using the 70 deg beam shall
cover the near surface to a depth of 1 in. (25 mm) in the
required volume. For calibration of the 70 deg beam, a
11/2 in. (38 mm) deep minimum, 1/8 in. (3 mm) diameter
maximum, side‐drilled hole, drilled parallel to the clad in-
terface shall be located with the center at 1/4 in. (6 mm)
from the inside diameter clad surface or at the clad–base
metal interface in the basic vessel calibration block. At
least two additional 1/8 in. (3 mm) diameter maximum
side‐drilled holes shall be installed at 1/2 in. (13 mm) max-
imum increments to establish metal path calibration.

SUPPLEMENT 10 RECORDING CRITERIA

Angle beam reflectors that produce a response greater
than 20% of the reference level shall be investigated. The
maximum amplitude, location, and extent of these reflec-
tors shall be recorded. The operator shall determine
whether the indication originates from a flaw or is a geo-
metric indication in accordance with Supplement 11.
When the reflector is determined to be a flaw, the accep-
tance standards of Article IWA-3000 apply.

SUPPLEMENT 11 GEOMETRIC INDICATIONS

Ultrasonic indications of geometric and metallurgical
origin shall be classified as follows.
(a) Indications that are determined to originate from

surface configurations (such as weld root geometry) or
variations in metallurgical structure of materials (such
as weld‐to‐base metal interface) may be classified as geo-
metric indications. Such indications need not be charac-
terized as originating from flaws, and flaw sizing and
comparison of the reflector causing the indication with
the allowable flaw standards of Article IWA-3000 are
not required. The maximum indication amplitude and
the location and extent of the reflector causing a geo-
metric indication shall be recorded. (For example: inter-
nal attachment, 200% DAC maximum amplitude, 1 in.
(25 mm) above the weld center line, on the inside surface,
from 90 deg to 95 deg)
(b) The following steps shall be taken to classify an in-

dication as geometric.
(1) Interpret the area containing the reflector in ac-

cordance with the applicable examination procedure;
(2) Plot and verify the reflector coordinates. Prepare

a cross‐sectional sketch showing the reflector position
and surface discontinuities such as root and counterbore;
and

(3) Review fabrication or weld prep drawings.
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(c) Alternatively, other NDE methods or techniques
may be applied to classify an indication as geometric
(e.g., alternative UT beam angles, radiography, or I.D.
and/or O.D. profiling).
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ð15Þ MANDATORY APPENDIX II
OWNER’S RECORD AND REPORT
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(07/15)

OWNER’S CERTIFICATE OF CONFORMANCE

CERTIFICATE OF INSERVICE INSPECTION 

I certify that the Repair/Replacement activity represented by Repair/Replacement Plan number 
conforms to the requirements of the ASME Code, Section XI necessary to place the item in service.

of have inspected the items described in 
and employed by 

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors 

Edition and Addenda of Section XI used:  

Code Cases used for repair/replacement  activity:

(Owner or Owner’s Designee, Title)
Signed Date 

Date

Commission
(National Board Number and Endorsement)(Inspector’s Signature)

FORM NIS-2   OWNER’S REPAIR/REPLACEMENT CERTIFICATION RECORD

As Required by the Provisions of the ASME Code Section XI

Repair/Replacement Plan number                                                                          and state that, to the best of my knowledge 

and belief, the Owner has performed all the activities described in the Repair/Replacement Plan in accordance with the 

requirements of the ASME Code, Section XI necessary to place the item in service.

       By signing this certificate, neither the Inspector nor his employer makes any warranty, expressed or implied, concerning 

the activities described in the Repair/Replacement Plan.  Furthermore, neither the Inspector nor his employer shall be liable in 

any manner for any personal injury or property damage or loss of any kind arising from or connected with this inspection.

(if applicable)

F2

F3

F 4

F 6

F 7

F9 F10

F11

F1

F5

F8
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Table II-1
Guide for Completing Form NIS-2

Reference to
Circled

Numbers in the
Form Description

(1) A unique identification number assigned to the Repair/Replacement Plan.
(2) The Edition and Addenda of Section XI used for the Repair/Replacement activity.
(3) Applicable Section XI Code Cases used for the Repair/Replacement activity during the current reporting period.
(4) The signature of the individual and title representing the Owner who certified the accuracy of the contents of the Form NIS-2 and its

attachments.
(5) The date (month, day, year) the individual representing the Owner signed the Form NIS-2.
(6) The name of the Inspector’s employer, the Authorized Inspection Agency.
(7) The address of the Authorized Inspection Agency (city or town and state or province).
(8) The unique identification number assigned to the Repair/Replacement Plan.
(9) The Authorized Nuclear Inservice Inspector’s signature.
(10) The Authorized Nuclear Inservice Inspector’s National Board Commission Number and Endorsement.
(11) The date (month, day, year) the Authorized Nuclear Inservice Inspector signed the Form NIS-2.
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FORM OAR-1 OWNER’S ACTIVITY REPORT

Report Number  

Plant

Unit No.  Commercial service date   Refueling outage no. 
(if applicable)

Applicable inspection interval 
(1st, 2nd, 3rd, 4th, other)

Applicable inspection period 
(1st, 2nd, 3rd)

Edition and Addenda of Section XI applicable to the inspection plans 

Date and revision of inspection plans

Edition and Addenda of Section XI applicable to repair/replacement activities, if different than the inspection plans 

Code Cases used for inspection and evaluation:
(if applicable)

CERTIFICATE OF CONFORMANCE

            I certify that (a) the statements made in this report are correct; (b) the examinations and tests meet the Inspection Plan as required by the ASME 

Code, Section XI; and (c) the repair/replacement activities and evaluations supporting the completion of conform 
to the requirements of the ASME Code, Section XI. (refueling outage number)

Signed Date 
(Owner or Owner’s Designee, Title)

CERTIFICATE OF INSERVICE INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed

by of
have inspected the items described in this Owner’s Activity Report and state that, to the best of my knowledge and belief, the Owner has performed 
all activities represented by this report in accordance with the requirements of the ASME Code, Section XI.

              By signing this certificate, neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the repair/replacement 
activities and evaluations described in this report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal 
injury or property damage or loss of any kind arising from or connected with this inspection.

 Commission 
(Inspector’s Signature) (National Board Number and Endorsement) 

Date

(07/15)

F2

F1

F3 F4 F5

F6

F7

F8

F9

F10

F11

F12

F13 F14

F15 F16

F17 F18

F19
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FORM OAR-1 OWNER’S ACTIVITY REPORT (Cont’d)

Table 1

Items With Flaws or Relevant Conditions That Required

Evaluation for Continued Service

Examination Category
and Item Number

Item and Flaw or Relevant
Condition Description

Evaluation Description

Table 2

Abstract of Repair/Replacement Activities Required

for Continued Service

Code Class Item
Description

Description
of Work

Date
Completed

Repair/Replacement
Plan Number

(07/15)

20 21 22

23 24 25 26 27
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Table II-2
Guide for Completing Form OAR-1

Reference to
Circled

Numbers in the
Form Description

(1) A unique number designation to identify the report, as assigned by the Owner for tracking purposes.
(2) The name and address of the nuclear power plant where the inservice examinations and tests were performed.
(3) The Owner’s designated unit identification number.
(4) The date (month, day, year) determined by the Owner that the nuclear power plant was originally available for regular production

of electricity.
(5) The number of the completed refueling outage during the current reporting period.
(6) The applicable inspection interval (e.g., 1st, 2nd, 3rd, 4th, other) and the dates the interval commenced and is expected to conclude.

When reporting multiple/overlapping intervals, clearly annotate the dates and interval number that will be associated with the
applicable inspection period and Edition and Addenda of Section XI in lines 7 and 8 below. See IWA-2430.

(7) The applicable inspection period (i.e., 1st, 2nd, 3rd) represented by this form as determined from Tables IWB-2411-1, IWC-2411-1,
IWD-2411-1, IWE-2411-1, and IWF-2410-1. When reporting multiple/overlapping periods, clearly annotate the period
associated with the applicable interval in line 6 and Edition and Addenda of Section XI in line 8.

(8) The Edition and Addenda of Section XI applicable to the examinations and tests represented by this Form. When reporting multiple
Editions and Addenda of Section XI, clearly annotate the Edition and Addenda associated with the applicable inspection interval
and inspection period specified in lines 6 and 7, respectively.

(9) The date and revision level of the inspection plan followed during the examinations and tests represented by this Form.
(10) The Edition and Addenda of Section XI applicable to repair/replacement activities, if different than the inspection plans.
(11) The number of any Section XI Case used for inspection and evaluation during the current reporting period, if applicable to the

activities reported in Table 1 or Table 2.
(12) The number of the completed refueling outage during the current reporting period.
(13) The signature of the individual and title representing the Owner who certified the accuracy of the contents of the Form OAR-1 and

its attachments.
(14) The date (month, day, year) the individual representing the Owner signed the Form.
(15) The name of the Inspector’s employer, the Authorized Inspection Agency.
(16) The address of the Authorized Inspection Agency (city or town and state or province).
(17) The Authorized Nuclear Inservice Inspector’s signature.
(18) The Authorized Nuclear Inservice Inspector’s National Board Commission Number and Endorsement.
(19) The date (month, day, year) the Authorized Nuclear Inservice Inspector signed the Form.
(20) Examination Category and Item Number from Section XI.
(21) Brief description of the item and flaw or relevant condition. If no conditions required evaluation, then record the word “None.”
(22) Evaluation description of flaw or relevant condition.
(23) Section XI Code Class.
(24) A description of the item subject to the repair/replacement activity. If no repair/replacement activity was required for continued

service, then record the word “None.”
(25) Brief description of repair/replacement activity required for continued service.
(26) Date Repair/Replacement Plan completed.
(27) Unique Repair/Replacement Plan Number.
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MANDATORY APPENDIX III
ULTRASONIC EXAMINATION OF VESSEL AND PIPING WELDS

ARTICLE III-1000
INTRODUCTION

III-1100 GENERAL

(a) This Appendix describes ultrasonic (UT) examina-
tion methods, equipment, and requirements applicable
to vessel and piping welds when referenced by Manda-
tory Appendix I or Mandatory Appendix VIII.
(b) The requirements of Supplement 1 apply to exami-

nation of welds in wrought austenitic materials and dis-
similar metal welds from the outside surface. The

requirements of Supplement 2 apply to welds in centri-
fugally and statically cast austenitic materials examined
from the outside surface.
(c) Alternative examination techniques and calibration

block designs and materials may be used as provided by
IWA-2240 except when the requirements of III-3430
apply.
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ARTICLE III-2000
GENERAL REQUIREMENTS

III-2100 EQUIPMENT REQUIREMENTS

III-2110 INSTRUMENT

A pulse‐echo ultrasonic flaw detection instrument shall
be used. The instrument shall be equipped with a stepped
gain control calibrated in units of 2 dB or less.

III-2120 SEARCH UNIT

(a) Search units may contain either single or dual trans-
ducer elements.

(b) Search units with contoured contact wedges may be
used to aid ultrasonic coupling. Calibration shall be done
with the contact wedges used during the examination.

(c) The maximum nominal search unit sizes for circu-
lar, square, or rectangular active elements shall not ex-
ceed those listed in Table III-2120-1. Larger search unit
sizes may be used, provided equivalent sensitivity and ex-
amination coverage (III-2410) are demonstrated for a
semicircular notch (0.5 aspect ratio) of the maximum size
allowed by IWB-3500. Equivalence is established by com-
paring the responses from the semicircular notch of the
larger search unit and the maximum size search unit al-
lowed by Table III-2120-1. Equivalence may be obtained
by adjusting examination coverage (III-2410), scanning
sensitivity (III-2430), and recording levels in accordance
with III-4510.

III-2200 PERSONNEL REQUIREMENTS

(a) Nondestructive examination personnel shall be
qualified in accordance with IWA-2300.

(b) Personnel who perform recording or determine
which indications are to be recorded in accordance with
III-4510 shal l have successful ly completed the

qualification requirements of (a), for the procedure to
be used for the examination. The qualification shall in-
clude demonstrated proficiency in discriminating be-
tween flaw indications and indications of geometric or
metallurgical origin.

III-2300 WRITTEN PROCEDURE
REQUIREMENTS

Ultrasonic examination shall be performed in accor-
dance with a written procedure. Each procedure shall in-
clude, as a minimum, the following information:

(a)weld types and configurations to be examined, in-
cluding thickness dimensions, materials, and product
form (e.g., casting, forging, or plate);

(b) s c ann ing su r f a c e and su r f a c e cond i t i on
requirements;

(c) equipment list, including each of the following ap-
plicable items:

(1)make and model of pulse‐echo ultrasonic flaw de-
tection instrument;

(2) transducer size and search unit type, angle, and
frequency;

(3) size and configuration of wedges and shoes;

(4) automatic alarm and recording equipment;

(5) rotating, revolving, or scanning mechanisms;

(6) couplant; and

(7) search unit cable type, length, and number of
connectors.

(d) examination technique including angles and modes
of wave propagation in the material, directions, maximum
speed, and extent of scanning;

(e) calibration techniques including the establishment
of scanning sensitivity levels, instrument controls to be
used, and acceptance standards for the calibrated
condition;

(f) calibration block design;

(g) data to be recorded and method of recording in-
cluding interpretation of indications as required by
III-4510;

(h) techniques for data interpretation and plotting;

(i) personnel qualification requirements.

Table III-2120-1
Maximum Nominal Search Unit Sizes

Vessel Wall Thickness
(Nominal), in. (mm)

Maximum Nominal
Size, in. (mm)

[Note (1)]

Less than 0.5 (13) 0.25 (6)
0.5 (13) to 2.0 (50) 0.5 (13)

NOTE:
(1) For dual element search units used in the pulse receiver mode,

the dimension applies to each individual element.
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III-2400 GENERAL EXAMINATION
REQUIREMENTS

III-2410 EXAMINATION COVERAGE
(a)When a manual scan technique is used, the required

examination volume shall be scanned with beam overlap.
While scanning, the search unit shall be oscillated ap-
proximately ±20 deg. If oscillation is not possible, the
search path shall be overlapped at least 50%.
(b) Automatic scanners shall provide demonstrated

beam overlap or at least 50% search path overlap. Over-
lap may be demonstrated using the simulated maximum
allowable flaw size ( IWB-3500 or IWC-3500), as

applicable for a 0.5 aspect ratio. The simulated maximum
allowable flaw size shall exhibit a recordable indication
on two consecutive scans separated by one increment.

III-2420 RATE OF SEARCH UNIT MOVEMENT

The rate of search unit movement shall not exceed
3 in./sec (75 mm/sec) unless calibration has been veri-
fied at the higher scanning speed.

III-2430 SCANNING SENSITIVITY

Manual scanning shall be done at a minimum of twice
(+6 dB) the primary reference level.
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ARTICLE III-3000
CALIBRATION

III-3100 INSTRUMENT CALIBRATION

III-3110 SCREEN HEIGHT LINEARITY

The ultrasonic instrument shall provide screen height
linearity within 5% of full range for at least 80% of the full
screen height (FSH) (base line to maximum calibrated
screen points). Reject or clipping controls shall be set in
the off or minimum position for calibration and
examination.

III-3120 AMPLITUDE CONTROL LINEARITY

The ultrasonic instrument shall utilize an amplitude
control, accurate over its useful range to ±20% of the
nominal amplitude ratio, to allow measurement of indica-
tions beyond the linear range of the vertical display on the
screen.

III-3200 SYSTEM CALIBRATION

III-3210 GENERAL REQUIREMENTS

(a) Calibration shall include the complete ultrasonic ex-
amination system. Any change in search units, shoes, cou-
plants, cables, ultrasonic instruments, recording devices,
or any other parts of the examination system shall be
cause for calibration check. The original calibration shall
be performed on the basic calibration block. Calibration
checks may be performed on either a basic calibration
block simulator or the basic calibration block, but must
include a check of the entire examination system.

(b) The maximum calibration indications shall be ob-
tained with the sound beam oriented essentially perpen-
dicular to the axis of the calibration reflector. The center
line of the search unit shall be at least 3/4 in. (19 mm) from
the nearest side of the block. (Rotation of the beam into a
corner formed by the reflector and the side of the block
may produce a higher amplitude signal at a longer beam
path; this beam path shall not be used for calibration.)

(c) For contact examination, the temperature differ-
ence between the examination and basic calibration block
surfaces shall not exceed 25°F (15°C).

(d) For immersion examination, the temperature differ-
ence between the examination and calibration couplants
shall not exceed 25°F (15°C), or appropriate compensa-
tion for angle changes shall be made.

(e) Calibration shall be performed from the surface
(clad or unclad) of the calibration block which corre-
sponds to the component surface to be examined.

III-3230 ANGLE BEAM CALIBRATION
(a) Obtain the angle beam paths required in III-4420

and III-4430 on the sweep display. Variables such as weld
preparation, weld crown width, or physical interference
may preclude obtaining two‐beam path direction cover-
age of the complete examination volume with half‐V ex-
amination from two sides. If this interference with
examination coverage occurs, the beam path shall be in-
creased as required to obtain full coverage of the exami-
nation volume from two directions. Alternatively, the
interference may be eliminated by one or more of the
following:

(1) reducing the dimension of the wedge edge‐to‐
beam entry point;

(2) reducing search unit size;
(3) increasing the beam angle;
(4) conditioning the weld surface.

(b) Position the search unit for maximum response
from the notch on the opposite side of the calibration
standard; then position the search unit to obtain the me-
tal path determined in (a). Adjust the sweep control to
display the indications from the notch at convenient in-
tervals on the sweep range. Mark the indication locations
on the screen and record them on the calibration data
sheet.

(c) Sensitivity levels shall be established using the
notch and shall be applicable to that region of the cali-
brated sweep length providing complete examination of
the weld and heat-affected zone (HAZ). To establish cali-
bration, maximize the signal amplitude from the calibra-
tion position and notch that give the greatest reflection.
The response shall be set to 80% of FSH. Without chan-
ging the gain control, determine the peak indication am-
plitudes from the remaining points in the examination
region and construct a distance–amplitude correction
(DAC) curve. This curve shall be the primary reference
level.

(d)When the calibration is limited to the half‐V path
due to material attenuation or examination technique se-
lection, sensitivity shall be established by setting the back
surface notch at 80% of FSH; no DAC curve is required.
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III-3300 CALIBRATION CONFIRMATION

III-3310 INSTRUMENT
Instrument calibration for screen height and amplitude

control linearity shall be verified at the beginning and end
of the weld examinations performed during one outage.

III-3320 SYSTEM CALIBRATION CONFIRMATION
Complete ultrasonic examination system calibration,

establishing the DAC curve, shall be performed within
one day prior to use of the system for examination of
those welds for which the calibration is applicable, and
at least once each week during the examination.

III-3330 SYSTEM CHECK
A system calibration check, which is the verification of

the instrument sensitivity and sweep range calibration,
shall be performed:
(a) at the start and finish of each examination;
(b) at intervals not to exceed 12 hr;
(c) with any change in examination personnel, except

when using mechanized equipment.

III-3331 Corrective Actions
(a) If the calibration point has decreased 20% or 2 dB

of its amplitude, all data sheets since the last calibration
check shall be marked void. A new calibration shall be
made and recorded and the voided examination areas
shall be reexamined.
(b) If the calibration point has increased more than

20% or 2 dB of its amplitude, recorded indications taken
since the last valid calibration or calibration check may be
reexamined with the correct calibration and their values
changed on the data sheets.
(c) If the calibration point has moved on the sweep line

more than 10% of the sweep division reading, correct the
sweep range calibration and note the correction in the ex-
amination record. If recordable reflectors are noted on
the data sheets, those data sheets shall be voided, a new
calibration shall be recorded, and the examination areas
shall be reexamined.

III-3400 BASIC CALIBRATION BLOCKS

III-3410 MATERIAL
The basic calibration blocks shall be made from materi-

al of the same wall thickness within 25% as the compo-
nent to be examined.
The basic calibration block shall be curved for surface

curvatures less than 20 in. (500 mm) diameter. A single
curved basic calibration block may be used to calibrate
the examination surfaces in the range of curvature from
0.9 to 1.5 times the basic block diameter. For examination
of welds with surface curvatures greater than 20 in.
(500 mm) diameter, a block of essentially the same curva-
ture, or a flat basic calibration block shall be used.

III-3411 Material Specification

(a) The calibration blocks for similar metal welds shall
be fabricated from one of the materials being joined by
the weld.
(b) Calibration blocks for dissimilar welds shall be fab-

ricated from the material specified for the side of the weld
from which the examination will be conducted. If the ex-
amination will be conducted from both sides, calibration
reflectors shall be provided in both materials.
(c) Where the examination is to be performed from

only one side of the joint, the calibration block material
shall be of the same specification as the material on that
side of the joint.
(d) If material of the same specification is not available,

material of similar chemical analysis, tensile properties,
and metallurgical structure may be used.
(e) When the component material is clad, and the clad-

ding is determined to be important to the examination,
the block shall be clad by the same welding procedure
as the production part. When the automatic method is im-
practical, a manual method shall be used.

III-3420 SURFACE FINISH

The finish on the surfaces of the block shall be repre-
sentative of the surface finish of the vessel.

III-3430 CALIBRATION REFLECTORS

Basic calibration blocks shall contain circumferential
and longitudinal notches whose sides are perpendicular
to the surface, at least 1.0 in. (25 mm) long, on the O.D.
and I.D. surfaces. Allowable notch configurations are
shown in Figure III-3430-1. Notch width W shall be no
greater than 1/4 in. (6 mm). Notch depth d shall be as spe-
cified in Table III-3430-1. The reflecting surface of the
notch shall be 90 deg ± 2 deg to the block surface. The
blocks shall generally conform to the design shown in
Figure III-3430-2. Alternate block layout may be used,
provided similar beam paths are utilized. Additional re-
flectors may be installed; however, they shall not inter-
fere with establishing the primary reference.

III-3440 RETENTION AND CONTROL

Basic calibration blocks shall be retained by the Owner.

III-3500 CALIBRATION DATA RECORD

The following data shall be recorded on a calibration
data sheet:
(a) calibration sheet identification and date of

calibration;
(b) names of examination personnel;
(c) examination procedure number and revision;
(d) basic calibration block identification;
(e) ultrasonic instrument identification and serial

number;
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Figure III-3430-1
Allowable Notch Configurations

GENERAL NOTES:
(a) Allowable cross sections are in sketches (a), (b), and (c).
(b) 1 in. = 25 mm
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(f) beam angle, couplant, and mode of wave propaga-
tion in the material;

(g) orientation of search unit with respect to the weld
(parallel or perpendicular);
(h) search unit identification — frequency, size, and

manufacturer’s serial number;
(i) special search units, wedges, shoe type, or saddle’s

identification, if used;
(j) search unit cable type and length;
(k) times of initial calibration and subsequent calibra-

tion checks;
(l) amplitudes and sweep readings obtained from the

calibration reflectors.

Table III-3430-1
Surface Notch Depths for Ultrasonic

Calibration

Nominal Pipe Wall
Thickness, t , in. (mm)

Notch Depth, d ,
in. Tolerance

Less than 0.312 (8) 0.10t +0.005 in. (+0.13 mm)
−0.010 in. (−0.25 mm)

0.312 to 6.0 (8 to 150) 0.104t −
0.009t2

+ 10%
−20%
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Figure III-3430-2
Recommended Design for Basic Calibration Blocks

1/4 t

3/4 t
1/4 t

t

3/4 t

11/2 in. (38 mm) min.

Length [Note (1)]

Note (3)

1 in. (25 mm) min.

Axial notch

Axial hole [Note (2)]

Arc [Note (1)]

Circ. hole [Note (2)]Circ. notch

Circ. hole [Note (2)]

11/2 in. (38 mm) min.

GENERAL NOTES:
(a) 1 in. = 25 mm
(b) 11/2 in. = 38 mm

NOTES:
(1) Length and arc shall be adequate to provide required angle beam calibration.
(2) All side drilled holes are optional in accordance with III-3230(d).
(3) For vessels less than 1 in. (25 mm) nominal wall thickness

(a) stagger notch I.D./O.D. locations
(b)a 1/2t hole may be used in lieu of 1/4t and

3/4t side drilled holes
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ARTICLE III-4000
EXAMINATION

III-4100 GENERAL

This Article describes the angle beam ultrasonic exam-
ination requirements for similar and dissimilar metal
welds. The examination is applicable to welds accessible
from at least one surface adjacent to the weld seam. This
examination is intended to detect, locate, and dimension
planar flaws.

III-4200 SURFACE PREPARATION

The examination surface shall be free of irregularities,
loose material, or coatings which interfere with ultrasonic
wave transmission.

III-4300 IDENTIFICATION OF EXAMINATION
AREAS

III-4310 WELD LOCATION

Weld identification and location shall be shown on a
weld identification plan.

III-4320 MARKING

Low stress stamps or vibratooling, or both, may be used
to permanently identify each weld. Marking applied shall
not be any deeper than 3/64 in. (1.2 mm).

III-4330 REFERENCE SYSTEM

A reference system shall be established to locate the
weld centerline. Circumferential and longitudinal welds
requiring volumetric examination shall be marked once
before or during the preservice examination to establish
a reference point.

III-4400 ANGLE BEAM TECHNIQUE

III-4410 BEAM ANGLE

The search unit and beam angle selected shall be cap-
able of detecting flaws within the required examination
volume.

III-4420 REFLECTORS PARALLEL TO THE WELD
SEAM

The examination shall be performed using a sufficiently
long examination beam path to provide coverage of the
required examination volume in two‐beam path

directions. The examination shall be performed from
two sides of the weld, where practicable, or from one side
of the weld, as a minimum.

III-4430 REFLECTORS TRANSVERSE TO THE
WELD SEAM

The angle beam examination for reflectors transverse
to the weld shall be performed on the weld crown on a
single scan path to examine the weld root by one‐half V
path in two directions along the weld.

III-4450 INACCESSIBLE WELDS

Welds that cannot be examined from at least one side
(edge) using the angle beam technique shall be examined
by another volumetric method.

III-4500 RECORDING REQUIREMENTS

III-4510 INDICATIONS TO BE RECORDED
III-4511 Flaw Indications

(a) Any indication of a suspected flaw shall be recorded
regardless of amplitude.
(b) Any other indications which are not determined to

be of geometrical or metallurgical origin shall be recorded
if they are 20% of DAC or greater.

III-4512 Indications Determined to Be of
Geometric or Metallurgical Origin

(a) The following steps shall be taken in order to clas-
sify an indication to be of geometric or metallurgical
origin:

(1) interpret the area containing the reflector in ac-
cordance with the applicable examination procedure;

(2) plot and verify the indication coordinates in ac-
cordance with III-4520(g)(2); and

(3) review fabrication or weld prep drawings.
(4) Alternatively, other NDE methods or techniques

may be applied (e.g., alternate UT beam angles, radiogra-
phy, I.D. and/or O.D. profiling).
(b) Indications 20% of DAC or greater shall be recorded

for preservice examinations of new or replaced welds.
(c) Indications 50% of DAC or greater shall be recorded

for inservice examinations. For indications classified and
recorded in accordance with (a) and (b), the classification
and recording do not have to be repeated for subsequent
examinations.
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III-4520 RECORDED DATA
The following data shall be recorded on the examina-

tion data sheet:
(a) data sheet identification and date and time period

of examination;
(b) names and certification levels of examination

personnel;
(c) examination procedure and revision;
(d) calibration sheet identification;
(e) identification and location of the weld or volume

scanned (for example, marked up drawings or sketches);
(f) surfaces from which the examination is conducted;

and
(g) examination results.
(1) Search unit location, orientation, and the follow-

ing information shall be recorded for each indication
(III-4511):

(-a) peak amplitude as dB from the reference lev-
el, sweep readings to reflector, search unit positions,
search unit locations, and sound beam directions;

(-b) search unit positions parallel to the reflector
at the end points where the reflector amplitude equals
50% of the peak amplitude (estimated length); and

(-c) the true position of the indication, plotted on
a cross‐sectional sketch showing O.D. profile and I.D. geo-
metry (such as root and counterbore). For austenitic ma-
terial, the beam angle as measured in accordance with
Supplement 1 shall be used to plot the position of
indications.

(2) The following shall be recorded for each indica-
tion that equals or exceeds the recording level and is
not considered to be a flaw:

(-a) peak amplitude and amplitude range as dB
from the reference level, sweep readings to reflector,
search unit locations, and sound beam direction over
the extent of the reflector;

(-b) reflector location (at a representative posi-
tion), plotted on a cross‐sectional sketch showing surface
discontinuities (such as root and counterbore); and

(-c) basis for disposition.
(3)Welds and required examination volumes found

free of indications shall be identified and recorded.

III-4530 FLAW SIZING

In the course of preparation.
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ð15Þ MANDATORY APPENDIX III
SUPPLEMENTS

SUPPLEMENT 1 AUSTENITIC AND
DISSIMILAR METAL WELDS

(a) The following welds, because of their inherent
coarse grained structure, may be subject to marked varia-
tions in attenuation, velocity, reflection, and refraction at
grain boundaries:

(1) high alloy steels;
(2) high nickel alloys;
(3) dissimilar metal welds between combinations of

(1) and (2) above and wrought carbon or low alloy steels
(b) For examination of the welds and materials in (a)

above, the requirements of Mandatory Appendix III shall
be modified as follows:

(1) III-4410 Beam Angle —The actual beam angle in
the examination part shall be 40 deg or greater for shear
wave at the inside surface. The shear wave beam angle in
the examination part shall be determined for each weld to
be examined. The refracted longitudinal wave beam angle
shall be measured using the basic calibration block. The
beam angle at the opposite surface of the basic calibration
block shall be at least 35 deg. The beam angle measure-
ments shall be used to assure coverage of the required ex-
amination volume by extending the calibration and
examination distance, as required.

(2) III-4430 Reflectors Transverse to the Weld Seam
— Substitute: The angle beam examination for reflectors
transverse to the weld shall be performed in two direc-
tions covering the minimum area from 1/2 in. (13 mm)
from one side of the weld crown to 1/2 in. (13 mm) from
the other side of the weld crown including the crown.

(3) Table III-3430-1 Calibration Notches — Substi-
tute: depth 10% of t .

(4) Scanning from both sides of the weld is required
where practical. Single side access limitations shall be
noted in the examination data record.

SUPPLEMENT 2 WELDS IN CAST
AUSTENITIC MATERIALS

(a) In addition to variations in attenuation, velocity, re-
flection, and refraction at grain boundaries, the following
welds are associated with beam splitting, distortion, and
skewing due to the coarse-grained and anisotropic nature
of the cast austenitic base materials:

(1) centrifugally cast or statically cast austenitic steel
to wrought carbon or low alloy steel

(2) statically cast austenitic steel to centrifugally cast
austenitic steel

(3) centrifugally cast austenitic steel to centrifugally
cast austenitic steel

(4) statically cast austenitic steel to statically cast
austenitic steel

(5) statically cast austenitic steel to wrought austeni-
tic steel
(b) Examination of the welds for which the ultrasonic

beam must pass through the wrought carbon, low alloy
steel, or wrought austenitic steel materials of the welds
in (a) are to be addressed using the requirements of Man-
datory Appendix I, I-2220.
(c) For examination of the welds for which the ultraso-

nic beam must pass through the cast austenitic base ma-
terials listed in (a) above, the requirements of this
Mandatory Appendix, as supplemented by Table
I-2000-1, shall be met, with the following modifications.
These requirements cover the examinations performed
from the outside surface only.

(1) In lieu of the requirements of III-2120, the follow-
ing requirements shall be met:

(-a) All search units shall be dual-element,
transmit-receive, refracted-longitudinal-wave probes
consisting of monolithic elements (conventional search
unit) or multi-element phased arrays (phased-array
search unit).

(-b) Wedges, whether integral or replaceable, shall
allow for no more than a 1/32-in. (0.8-mm) gap between
the search unit and component surface along the scan
length.

(-c) Two ranges of inspection frequencies are
required.

(-1) For piping no thicker than 1.6 in. (41 mm),
up to 1.5-MHz probes shall be used; however, higher fre-
quency probes (up to and including 2 MHz) may be useful
for flaw characterization.

(-2) For piping thicker than 1.6 in. (41 mm),
0.5-MHz to 1.0-MHz probes shall be used.

(-d) At least one inside-surface-impingement
beam angle (calculated) shall be within the range of
30 deg to 50 deg for examination volume coverage. At
least one beam angle greater than or equal to 55 deg is re-
quired for the detection of deeper flaws.

(-e) Search unit size is dependent on frequency
and focal length or sound path. For detection of inner-
surface-initiated flaws, the search unit shall have a suffi-
ciently large active aperture to enable appropriate beam
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focusing within 80% to 110% of the nominal wall thick-
ness of the piping material. The following relationship
can be used to determine if the appropriate aperture
has been chosen:

where

c = longitudinal wave velocity in material
D = minimum probe diameter or aperture
f = nominal probe frequency
N = required focal length

For phased-array search units, the focal sound
path shall be verified using sound-beam modeling, to en-
sure that focal laws producing a beam focusing within
80% to 110% of the nominal wall thickness of the piping
material are selected for the examination.

(2) In addition to III-2200(a) and III-2200(b), per-
sonnel shall receive 4 hr of training and 4 hr of hands-on
laboratory examination of cast austenitic steel welds re-
lated to discriminating between flaw indications and indi-
cations of geometric or metallurgical origin. This training
shall include descriptions of coarse grain structures, their
effect on the ultrasonic beam, and the expected ultrasonic
response characteristics of metallurgical and flaw
reflectors.

(3) In lieu of the requirements of III-2430, scanning
shall be conducted such that an average material noise
level of 5% to 20% full screen height is observed.

(4) In lieu of the requirements of Table III-3430-1, a
notch depth, d , of 0.1t shall be used, with the correspond-
ing tolerances in the table for all material thicknesses.

(5) In addition to the requirements of III-4200, to al-
low adequate ultrasonic coupling with the examination
surface and to accommodate the relatively large search
units required, the scanning surface condition shall be
flush. Flush is defined as no more than a 1/32-in.
(0.8-mm) gap between the search unit and the examina-
tion surface for the entire length of the scan.

(6) In lieu of the requirements of III-4430, the angle
beam examination for reflectors transverse to the weld
shall be performed in two directions covering at least
1/2 in. (13 mm) of the cast austenitic steel base materials
and the entire weld crown.

(7) In lieu of III-4520(g)(1)(-b), the search unit posi-
tions parallel to the reflector at the end points where the
reflector response is reduced to the noise level shall be re-
corded (estimated length).

(8) In lieu of the requirements of III-4530, tip-
diffraction methods shall be used for flaw depth sizing
when a tip-diffracted signal can be resolved. Flaw length
sizing should be performed using the full-amplitude drop
technique.

(9) In addition to the requirements of Mandatory
Appendix III, ultrasonic coupling between the contoured
search units and examination surface must be over the
entire contact face of the search unit. Continuous noise
level on the ultrasonic display should not be used as the
sole indicator of sufficient coupling. The examination pro-
cedure shall address adequate coupling, by requiring use
of liberal amounts of couplant material, recognition of
material reflectors at or near the inside surface, couplant
monitoring beam angles, or a combination thereof.

(10) Encoded scans with off-line analysis shall be
used. If encoded scanning and off-line analysis are not fea-
sible, manual scans are allowed.
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MANDATORY APPENDIX IV
EDDY CURRENT EXAMINATION

ARTICLE IV-1000
SCOPE

IV-1100 METHODS ADDRESSED

When eddy current examination is used as a surface ex-
amination method in accordance with IWA-2223, this
Appendix provides requirements for performance de-
monstration of eddy current systems.

IV-1200 GENERAL

(a) This Appendix specifies performance demonstra-
tion requirements for eddy current examination proce-
dures, equipment, and personnel used to detect and size
flaws in piping and components. This Appendix does
not include performance demonstration requirements
for steam generator heat exchanger tubing examination.

(b) Each organization (i.e., Owner or vendor) shall have
a written program that complies with this Appendix. Each
organization that performs eddy current examination
shall use procedures, equipment, and personnel qualified
in accordance with this Appendix. The organization may
contract implementation of the program.

(c) Performance demonstration requirements apply to
procedures and equipment for acquisition and analysis
and to personnel who are responsible for detecting, siz-
ing, and reporting of flaws.

(d) The performance demonstration requirements spe-
cified in this Appendix apply to the acquisition process
but do not apply to personnel involved in the acquisition
process. Such personnel shall be trained and qualified by
their employer for the specific tasks they perform. The re-
quirements for training and qualification of such person-
nel shall be described in the employer’s written practice
(IWA-2300).

(e) This performance demonstration is applicable only
to materials whose acceptance standard is 1/8 in. (3 mm)
or more in length.

(f) Equipment characterization described in Supple-
ment 1 is optional. When Supplement 1 is selected, both
the original and substi tute equipment shal l be
characterized.

(g) Equipment and techniques qualified in accordance
with this Appendix may be used in procedures without re-
gard to the organization that qualified the procedure.
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ARTICLE IV-2000
GENERAL SYSTEM AND PERSONNEL REQUIREMENTS

IV-2100 PROCEDURE REQUIREMENTS

The procedure shall contain a statement of scope that
specifically defines the limits of procedure applicability
(e.g., material specification, grade, type, or class). The pro-
cedure shall reference a technique specification, delineat-
ing the essential variables, qualified in accordance with
the appropriate supplement referenced in Article
IV-3000.

IV-2200 PROCEDURE SPECIFICATIONS

(a) The data acquisition procedure shall specify the
following:

(1) instrument or system, including manufacturer’s
name and model

(2) size and type of probe, including manufacturer’s
name and part number

(3) analog cable type and length including
(-a) probe cable type and length
(-b) extension cable type and length

(4) examination frequencies, or minimum and maxi-
mum range, as applicable

(5) coil excitation mode, e.g., absolute or differential
(6)minimum data to be recorded
(7)method of data recording
(8)minimum digitizing rate (samples per in.) or

maximum scanning speed (for analog systems) as
applicable

(9) scan pattern, when applicable (e.g., helical pitch
and direction, rectilinear rotation, length, scan index, or
overlap)

(10)magnetic bias technique, when applicable
(11)material type
(12) coating type and thickness, when applicable

(b) The data analysis procedure shall define the
following:

(1)method of calibration, e.g., phase angle or ampli-
tude adjustments

(2) channel and frequencies used for analysis
(3) extent or area of the component evaluated
(4) data review requirements, e.g., secondary data

review, computer data screening

(5) reporting requirements, i.e., signal‐to‐noise
threshold, voltage threshold, flaw depth threshold

(6)methods of identifying flaw indications and dis-
tinguishing them from nonrelevant indications, such as
indications from probe lift‐off or conductivity and perme-
ability changes in weld material

(7)manufacturer and model of eddy current data
analysis equipment

(8)manufacturer, title and version of data analysis
software, as applicable

(c) The acquisition procedure or the analysis proce-
dure, or both, as applicable, shall address requirements
for system calibration. Calibration requirements include
those actions required to ensure that the sensitivity and
accuracy of the signal amplitude and time outputs of the
examination system, whether displayed, recorded, or
automatically processed, are repeatable and correct.
Any process of calibrating the system is acceptable; a de-
scription of the calibration process shall be included in
the procedure.

IV-2300 PERSONNEL REQUIREMENTS

IV-2310 GENERAL
(a) Personnel shall be qualified to the applicable level

in accordance with IWA-2300
(b) Personnel performing data acquisition shall have

received specific training, and shall be qualified by exam-
ination, in accordance with the employer’s procedures, in
the operation of the equipment, applicable techniques,
and recording of examination results.

IV-2320 PERSONNEL REQUIREMENTS FOR
SURFACE EXAMINATION

(a) Personnel performing analysis of data shall have re-
ceived additional specific training in the data analysis
techniques used in the performance demonstration and
shall successfully complete the performance demonstra-
tion described in IV-3100.

(b) Personnel involved in qualifying procedures, but
who are not seeking qualification to perform examina-
tions, e.g., laboratory personnel, need not meet the re-
quirements of IV-2310 or (a).
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ARTICLE IV-3000
QUALIFICATION REQUIREMENTS

IV-3100 QUALIFICATION TEST
REQUIREMENTS

IV-3110 GENERAL
(a) Data sets for detection and sizing shall meet the re-

quirements of the appropriate supplement listed in Table
IV-3110-1.
(b) The acquisition procedure, analysis procedure,

equipment and analysis personnel shall be considered
qualified upon successful completion of the performance
demonstration specified in the appropriate supplement
listed in Table IV-3110-1.
(c) Once a procedure has been qualified, subsequent

analyst qualifications may be performed using prere-
corded data acquired using the qualified procedure.

IV-3120 ESSENTIAL VARIABLES
(a) An essential variable is a procedure, software, or

hardware item that, if changed, could result in erroneous
examination results. Further, any item that could de-
crease the signal to noise ratio to less than 2:1 shall be
considered an essential variable. (Nonmandatory sample
Data Acquisition Procedure Specification and Data Analy-
sis Procedure Specification Forms are provided in supple-
ments A and B for the purpose of documenting the
essential variables.)

(b) Any two procedures with the same essential vari-
ables (IV-2100 and IV-2200) are considered equivalent.
Equipment with essential variables that vary within the
demonstrated ranges identified in the Data Acquisition
Procedure Specification shall be considered equivalent.
When the procedure allows more than one value or range
for an essential variable, the qualification test shall be re-
peated at the minimum and maximum value for each es-
sential variable with all other variables remaining at their
nominal values. Changing essential variables may be ac-
complished during successive procedure qualifications
involving different personnel. Each data analyst need
not demonstrate qualification over the entire range of
every essential variable.
(c) When the procedure does not specify a range for es-

sential variables and establishes criteria for selecting val-
ues, the criteria must be demonstrated.

IV-3130 REQUALIFICATION
When a change in an acquisition technique or analysis

technique causes an essential variable to exceed a quali-
fied range, the acquisition or analysis technique shall be
requalified for the revised range.

Table IV-3110-1

Component Type Applicable Supplement

Piping and Vessels (Surface) 2

Bolting – Center Bore Hole (Surface) 3
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ARTICLE IV-4000
ESSENTIAL VARIABLE TOLERANCES

IV-4100 INSTRUMENTS AND PROBES

The qualified acquisition procedure may be modified to
replace instruments or probes of similar make, model,
and manufacturer without requalification. Other equip-
ment may be substituted, provided the performance con-
straints for essential variables are met (e.g., 2:1 signal‐
to‐noise ratio is maintained). The qualified acquisition
procedure may also be modified to replace instruments
or probes without requalification, when the range of es-
sential variables defined in the Data Acquisition Proce-
dure Specification are met, provided the equipment is
evaluated using Supplement 1.

IV-4200 COMPUTERIZED SYSTEM
ALGORITHMS

Computerized system algorithms that are altered may
be used when the altered algorithms are demonstrated
equivalent to those qualified. When the performance

demonstration results meet the acceptance requirements
of Article IV-3000, the algorithm shall be considered
qualified.

IV-4300 CALIBRATION METHODS

Alternative calibration methods may be demonstrated
equivalent to those described in the qualified acquisition
procedure or analysis procedure without requalification.
This demonstration of equivalence shall be conducted
as follows.

(a) Calibrate the system in accordance with the alterna-
tive methods.

(b) The alternative calibration method is acceptable
when the system complies with the essential variables de-
fined in the Data Acquisition or Data Analysis Procedure
Specification.
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ARTICLE IV-5000
RECORD OF QUALIFICATION

The organization’s performance demonstration pro-
gram shall specify the documentation that shall be main-
tained as qualification records. The qualification record
shall include the following information:
(a) Identification of the procedure (acquisition or ana-

lysis) qualified and a summary of its essential variables
(A copy of the procedure is sufficient.)

(b) Personnel performing and witnessing the qualifica-
tion demonstrations
(c) Description and drawings of the qualification speci-

mens and the calibration blocks, as applicable
(d) Qualification results
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MANDATORY APPENDIX IV
SUPPLEMENTS

SUPPLEMENT 1 EQUIPMENT
CHARACTERIZATION

1.0 SCOPE

(a) This Supplement specifies essential variables asso-
ciated with eddy current data acquisition instrumentation
and establishes a methodology for essential variable
measurement.

(b) Essential variables are divided into two categories:

(1) Those associated with an individual instrument,
probe, or cable

(2) Those associated with specific on‐site equipment
configurations

(c) When the essential variables of both original and
substitute equipment have been characterized in accor-
dance with this Mandatory Appendix, and the essential
variables of the substitute equipment are equivalent to
those of the original equipment, the substitute equipment
may be used without any supplemental performance
demonstration.

2.0 EDDY CURRENT INSTRUMENT
2.1 The essential variables for the eddy current in-

strument are related to the three basic modules of the
instrument:

(a) The transmitter (signal generation and injection)

(b) The receiver (probe signal detection, amplification,
demodulation, and filtering)

(c) Analog‐to‐digital conversion

2.2 Transmitter.
2.2.1 Total Harmonic Distortion.

(a) Harmonic distortion is due to nonlinearities in the
amplitude transfer characteristics of the instrument.
The output contains not only the fundamental frequency,
but integral multiples of the fundamental frequency. For
eddy current instruments, harmonic distortion is a mea-
sure of the quality of the sinusoidal signal injected into
the coil(s). The total harmonic distortion is expressed in
either percent distortion compared to the fundamental si-
nusoidal frequency, or the ratio in dB of the amplitude of
the fundamental frequency to the amplitude of the largest
side lobe as displayed on a frequency spectrum plot. It
shall be measured for each frequency specified.

(b)When used as an essential variable, the maximum
harmonic distortion shall be specified.

2.2.2 Output Impedance. The output impedance is
measured for each test frequency at the output connector
of the instrument. Both the magnitude and phase shall be
measured for each specified frequency. When used as an
essential variable, the tolerance of the ratio of the output
(transmitter) to input (receiver) impedance shall be
specified.

2.3 Receiver.
2.3.1 Input Impedance.

(a) The input impedance is to be measured indepen-
dently of the output impedance if the transmitter and re-
ceiver are not wired to the same coils as in the case for
reflection (driver/pickup) arrangements. Both the magni-
tude and phase shall be measured at each specified
frequency.

(b)When used as an essential variable, the tolerance of
the ratio of the output (transmitter) to input (receiver)
impedance shall be specified.

2.3.2 Amplifier Linearity and Stability.
(a) Amplifier linearity and stability of each channel

used for inspection is measured as the ratio of the signal
injected at the instrument input to the magnitude of the
signal measured at the data analysis screen. It is a mea-
surement of the similarity between the eddy current sig-
nal sensed at the coil side and the signal observed on the
analysis screen after signal amplification and filtering.
The measurement is performed for five different gain set-
tings equally spaced between the smallest and largest
gain values available on the instrument, and for five dif-
ferent signals injected at the instrument input at each
gain setting, equally spaced between the smallest detect-
able signal and the largest signal that can be obtained
without saturation.

(b) Linearity is expressed in terms of percentage devia-
tion from a best‐fit linear relationship between corre-
sponding input and output values when plotted ona
graph. The percentage is determined by dividing the max-
imum deviation from the line by the full scale value.

(c) When used as essential variables, linearity and sta-
bility shall be expressed as minimum requirements. The
output/input graph shown in Figure 2.3.2-1 illustrates
the curve fitting method used to determine amplifier
linearity.
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2.4 A/D Converter.
2.4.1 A/D Resolution.

(a) The resolution of the analog‐to‐digital converter is
the value of the input voltage that corresponds to a
change of one bit. It is a measurement of the smallest
change in the eddy current signal that can be observed
after digitization. If applicable, it is measured for five
equally spaced gain settings between the smallest and lar-
gest gain values available on the instrument.
(b)When used as an essential variable, the resolution

of the analog‐to‐digital converter shall be expressed as
a minimum value.

2.4.2 Dynamic Range.
(a) The number of bits for full‐scale input determines

the dynamic range of the A/D converter. It is a measure
of the maximum eddy current signal that can be recorded
without distortion after digitization.
(b)When used as an essential variable, the number of

bits for full scale input shall be expressed as a minimum
value.

2.4.3 Sample Rate.
(a) The sample rate is the frequency in Hz at which the

analog to digital conversions are made. The sample rate in
combination with the probe traverse speed determines
the digitization rate.

(b)When used as an essential variable, the minimum
digitization rate shall be specified. The minimum sample
rate of the A/D converter must be capable of providing
the specified digitization rate at the probe speeds to be
used.

(c) Conversely, the maximum probe speed is deter-
mined by the maximum sample rate of the instrument di-
vided by the minimum digitization rate specified.

3.0 PROBE CHARACTERIZATION
3.1 Impedance. The impedance (magnitude and

phase) shall be measured for each test coil at the test fre-
quencies selected for the examination. This is considered
to be the input impedance of the instrument, as defined in
2.3.1.

3.2 Resonant Frequency.
(a) The resonant frequency is measured with the full

cable length between the coil and the instrument input
connector.
(b)When used as an essential variable, the allowable

range of the resonant frequency shall be specified.

3.3 Magnetic Field. Measurements are performed
with the eddy current instrument wired according to
the on‐site conditions (including the cable length) be-
tween the eddy current instrument and the coils. Essen-
tial variables are defined for pancake coils.

3.3.1 Bobbin Coil.
3.3.1.1 Effective Scan Field Width.

(a) The Effective Scan Field Width is a measure of the
extent of the effective magnetic field in the preferred di-
rection. It is also a measure of the spatial resolution. This
resolution determines minimum spacing between three
successive notches compared to a single notch of equal
depth.
(b) The measurement is performed for each eddy cur-

rent examination frequency and mode of coil operation,
e.g., absolute or differential. A 0.050 in. (1.3 mm) deep
notch of 0.008 in. (0.2 mm) width, and minimum length
equal to the coil width 1.0 in. (+25 mm) is scanned per-
pendicular to the preferred direction.
(c) A curve is plotted for the signal amplitude as a func-

tion of the probe displacement. The effective scan field
width in inches (millimeters) is determined by subtract-
ing the crack length from the measured distance between
corresponding signal amplitude points for a given at-
tenuation below the maximum amplitude. The effective
scan field width can be a negative value for one or all of
the four points measured on the curve.
(d)When used as an essential variable, the effective

scan field width shall be specified, for absolute and differ-
ential modes, as the maximum distance to a point on the
curve used to determine the minimum value of four
points, equally spaced, selected to define the curve on
either side of the minimum and maximum signal
amplitudes.

Figure 2.3.2-1
Instrument Linearity
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3.3.1.2 Fill Factor Coefficient. The Fill Factor
Coefficient (FFC) is a measure of the drop in the effective
magnetic field perpendicular to a tube. The measurement
is performed for each eddy current examination fre-
quency and absolute/differential coil configuration. A
0.050 in. (1.3 mm) notch of 0.008 in. (0.2 mm) width,
and of a minimum length equal to the coil width 1 in.
(+25 mm) is scanned perpendicular to the coil preferred
direction.

(a) The gain setting is adjusted for an 80% full scale
peak signal for the signal having the largest amplitude.
The measurements are performed for three or more fill
factors (ratio of square of O.D. probe diameter to I.D. hole
diameter) between the largest and smallest to be encoun-
tered in bore holes.

(b)When used as an essential variable, the fill factor
shall be specified, for absolute and differential modes,
as the amplitude attenuation from the largest fill factor
to the smallest fill factor.

3.3.1.3 Axial Length Coefficient.
(a) The Axial Length Coefficient (ALC) is a measure of

the influence of the axial crack length on the amplitude
of the eddy current signal. The measurement is per-
formed for each of the examination frequencies, abso-
lute/differential coil modes, and nominal fill factors
expected in the bore hole. A 0.050 in. (1.3 mm) deep notch
of 0.008 in. (2 mm) width, and of varying length from a
minimum length equal to the coil width and up to the coil
width 0.5 in. (+13 mm), at increments of 0.1 in. (2.5 mm)
is scanned perpendicular to the coil preferred direction.
The gain setting is adjusted for an 80% scale peak signal
from the signal having the largest amplitude.

(b)When used as an essential variable, the axial length
coefficient shall be specified, for absolute and differential
modes, as a maximum amplitude attenuation for each
length relative to the longest one.

3.3.1.4 Transverse Width Coefficient.
(a) The Transverse Width Coefficient (TWC) is a mea-

sure of the dependency of transverse crack width on
the amplitude of the eddy current signal. The measure-
ment is performed for each of the examination frequen-
cies, absolute/differential coil mode and nominal fill
factors expected in the bore hole. A 0.050 in. (1.3 mm)
deep notch of the same length as the total coil width,
and 0.008 in. (0.2 mm) to (0.02 in. (0.6 mm) wide, at in-
crements of 0.004 in. (0.1 mm), is scanned parallel to
the coil preferred direction. The gain setting is adjusted
for an 80% full scale peak signal from the signal having
the largest amplitude.

(b)When used as an essential variable, the transverse
width coefficient shall be specified, for absolute and dif-
ferential modes, as a maximum amplitude attenuation
for each defect width relative to the largest one.

3.3.1.5 Direct Current Saturation Strength.
(a) The Direct Current Saturation Strength (DCSS) con-

cerns only probes delivered with a supplemental coil or
magnet designed to suppress the influence of possible
magnetic variations. The direct current saturation
strength is measured in air with a gauss meter located
at the center of the coil at a nominal distance from the
bore hole inner surface. It is expressed in millitesla.

(b)When used as an essential variable, the direct cur-
rent saturation strength coefficient and direction shall
be specified as a minimum requirement.

3.3.2 Pancake Coil.
3.3.2.1 Effective Scan Field Width. See 3.3.1.1.

3.3.2.2 Effective Track Field Width.
(a) The Effective Track Field Width (ETFW) takes into

account the combined influence of the coil magnetic field
and the coil scanning pitch. It measures the drop in signal
amplitude when the coil scans the defect at increasing
scanning distances. A 0.125 in. (3 mm) minimum depth
notch of 0.008 in. (0.2 mm) maximum width, and of a
minimum length equal to the coil width +1 in. (25 mm)
is scanned perpendicular to the coil preferred direction
for defect detection.

(b) The gain setting is adjusted for an 80% full scale
peak signal for the signal having the largest amplitude.

(c) A curve is plotted for the signal amplitude as a func-
tion of the distance between the center of the coil and the
center of the notch.

(d)When used as an essential variable, the effective
track field width coefficient shall be specified, for absolute
and differential modes, as the maximum distance from the
notch, where a given signal attenuation is the minimum of
four points, equally spaced, selected to define the curve
on either side of the minimum and maximum signal
amplitudes.

3.3.2.3 Lift-Off Value (LOV).
(a) The Lift‐Off Value (LOV) is a measure of the drop in

the effective magnetic field in a direction perpendicular to
the examination surface. The measurement is performed
for each eddy current examination frequency and abso-
lute/differential coil configuration. A 0.125 in. (3 mm)
minimum depth notch of 0.008 in. (0.2 mm) maximum
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width, and of a minimum length equal to the coil width
+1 in. (25 mm) is scanned perpendicular to the coil pre-
ferred direction.
(b) The gain setting is adjusted for an 80% full scale

peak signal for the signal having the largest amplitude.
The measurements are performed for three or more lift‐
off values between the largest and smallest to be encoun-
tered for the configurations to be examined. When used
as an essential variable, the lift‐off value shall be specified,
for absolute and differential modes, as the amplitude at-
tenuation from the smallest lift‐off to the largest lift‐off
value.

3.3.2.4 Axial Width Coefficient. See 3.3.1.3.

3.3.2.5 Transverse Width Coefficient. See
3.3.1.4.

SUPPLEMENT 2 QUALIFICATION
REQUIREMENTS FOR
SURFACE EXAMINATION
OF PIPING AND VESSELS

1.0 SPECIMEN REQUIREMENTS

Specimens to be used in the qualification test shall meet
the requirements listed herein unless a set of test speci-
mens is designed to accommodate specific limitations sta-
ted in the scope of the examination procedure, e.g.,
surface roughness or contour limitations. The same speci-
mens may be used to demonstrate both detection and siz-
ing qualification. For examination of coated surfaces,
Section V, Article 8 shall apply. Specimens shall conform
to the following requirements:
(a) Specimens shall be fabricated from the same base

material nominal composition (UNS Number) and heat
treatment (e.g., solution annealed, precipitation har-
dened, solution heat treated and aged) as those to be
examined.
(b)Welding shall be performed with the same filler me-

tal AWS classification, and postweld heat treatment (e.g.,
as welded, solution annealed, stress relieved) as the
welds to be examined.
(c) Specimen surface roughness and contour shall be

generally representative of the surface roughness and
contour of the component surface to be examined. The ex-
amination surface curvature need not be simulated if the
ratio of the component diameter to the coil diameter ex-
ceeds 20:1.
(d) Defect conditions:

(1) The flawed grading units shall be cracks or
notches.

(2) The length of cracks or notches open to the sur-
face shall be either

(-a) 1/16 in. (1.5 mm) or less, or

(-b) less than or equal to the allowable length spe-
cified in IWB-3514 and IWC-3514 for inservice surface
flaws for piping or Tables IWB-3510-3 and IWC-3510-3
for vessels

(3) The maximum depth of a crack or compressed
notch shall be 0.040 in. (1 mm)

(4)Machined notches shall have a maximumwidth of
0.010 in. (0.25 mm) and a maximum depth of 0.020 in.
(0.5 mm)
(e) Demonstration Specimens:

(1) The demonstration specimen shall include one
crack or notch at each of the following locations:

(a) on the weld
(b) in the heat‐affected zone
(c) at the fusion line of the weld
(d) in the base material

(2) The demonstration shall include the effects of
coating thickness, when applicable.

3.0 ACCEPTANCE CRITERIA

All flaws in each of the four identified areas must be de-
tected with a minimum 2:1 signal‐to‐noise ratio at the
minimum digitization rate (for digital systems) or maxi-
mum scanning speed (for analog systems) permitted by
the procedure.

SUPPLEMENT 3 QUALIFICATION
REQUIREMENTS FOR
SURFACE EXAMINATION
OF BOLTING — CENTER
BORE HOLES

1.0 SPECIMEN REQUIREMENTS

This Supplement applies only to surface examination of
the center bore hole of studs or bolts with eddy current
examination. Specimens to be used in the qualification
test for examination of the center bore hole surface shall
meet the following requirements unless a set of test speci-
mens is designed to accommodate specific limitations sta-
ted in the scope of the examination procedure. Specimens
shall conform to the following requirements:
(a) Specimens shall be fabricated from materials of the

same base material nominal composition (UNS Number)
and heat treatment (e.g., solution annealed, precipitation
hardened, solution heat treated and aged) as those to be
examined.
(b) The effect of the presence of corrosion products

must be evaluated if the bore hole of the bolt or stud is
not thorough ly c l eaned pr ior to examina t ion
[IV-3120(b)].
(c) Defect Conditions

(1) The crack shall be located in the bore hole and or-
iented circumferentially.

(2) The length of the crack open to the surface shall
not exceed 1/4 in. (6 mm).
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(3) The crack used for qualification may be located in
a block with different geometry if the qualification de-
monstrates that cracks can be detected in the bore hole.
The alternative block shall be demonstrated by showing
equivalent response in both geometries (bore hole and
block) using calibration discontinuities specified by the
qualified procedure.

2.0 CONDUCT OF PERFORMANCE
DEMONSTRATION

Specimen identification and crack locations shall be ob-
scured so as to maintain a “blind test.”

3.0 ACCEPTANCE CRITERIA
Examination procedures, equipment, and personnel

shall be considered qualified when the qualification crack
has been detected with a minimum 2:1 signal‐to‐noise ra-
tio. The notch axial location shall be correctly identified to
within ±1/2 in. (13 mm) or 5% of the bolt or stud length,
whichever is greater.

Appendix IV
Supplement a Data Acquisition Procedure Specification

1. SCOPE:

2. INSTRUMENT:
Manufacturer:
Model:
Software/Mfg./Version:

3. PROBE:

Size:
Manufacturer:
Part No.:

4. CABLES
Probe Cable Extension Cable
Type: Type:
Length: Length:

5. FREQUENCIES/MODES
Mode: Mode:
Frequencies/Channels: Frequencies/Channels:
1. 5. 1. 5.
2. 6. 2. 6.
3. 7. 3. 7.
4. 8. 4. 8.

6. CALIBRATION METHOD:

7. DATA RECORDING
Equipment Manufacturer: Model:
Media: Format:

8. DIGITIZING RATE
Samples Per Inch:

9. SCAN PATTERN
Pitch: Direction:
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Appendix IV
Supplement B Data Analysis Procedure Specification

1. CALIBRATION METHOD

Phase Angle to Depth:
(a) Frequency/Mix/Channel:
(b) Frequency/Mix/Channel:

Amplitude to Depth:
(a) Frequency/Mix/Channel:
(b) Frequency/Mix/Channel:

Other:

Tables (List & Attach):

2. DATA REVIEW REQUIREMENTS
Extent:
Two Party:
Computer Screen:
Software/Mfg./Version:
Other:

3. REPORTING REQUIREMENTS
Flaw Depth Threshold:
Voltage Threshold:
Signal to Noise Threshold:
Other:

4. INSTRUMENT
Manufacturer:
Software/Mfg./Version:
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MANDATORY APPENDIX VI
QUALIFICATION OF PERSONNEL FOR VISUAL EXAMINATION

ARTICLE VI-1000
INTRODUCTION AND SCOPE

This Appendix specifies the training requirements and
experience for visual examination personnel in prepara-
tion for employer certification to perform VT‐1, VT‐2,

and VT‐3 visual examinations. Personnel shall be quali-
fied in accordance with IWA-2300 as modified by this
Appendix.
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ARTICLE VI-2000
QUALIFICATION LEVELS

VI-2100 GENERAL REQUIREMENTS

There are five qualification levels: Trainee, Level I, Level II, Level III, and NDE Instructor. The skills and responsibil-
ities associated with each level shall be as defined in ANSI/ASNT CP‐189, as modified by IWA-2300.
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ARTICLE VI-3000
WRITTEN PRACTICE

VI-3100 GENERAL REQUIREMENTS

Organizations performing training, examination, or
qualification activities shall prepare a written practice
in accordance with ANSI/ASNT CP‐189, as modified by
this Division, for their control and administration.

VI-3110 EXPERIENCE

The written practice shall specify the experience re-
quirements for each qualification level in accordance with
ANSI/ASNT CP‐189 and the additional experience that
may be required for special visual examination applica-
tions, such as in‐vessel visual examination.

VI-3120 TRAINING

The written practice shall specify the training require-
ments for each qualification level in accordance with
ANSI/ASNT CP‐189 and the additional training that may
be required for special visual examination applications,
such as in‐vessel visual examination.

VI-3130 EXAMINATIONS

The written practice shall specify the examination re-
quirements for each qualification level in accordance with
ANSI/ASNT CP‐189.

VI-3200 RESPONSIBILITIES

The written practice shall specify the responsibilities,
duties, and qualifications required for personnel who per-
form examinations or implement the personnel qualifica-
tion program.

VI-3300 USE OF AN OUTSIDE AGENCY

(a) An outside agency is an organization or individual
that provides NDE Level III or Instructor services. The or-
ganization that engages the outside agency qualifies that
agency. The written practice of the organization that en-
gages the outside agency shall specify requirements for
ensuring the outside agency meets the applicable require-
ments of ANSI/ASNT CP‐189 and this Appendix.

(b) The outside agency shall maintain a written practice
that specifies the documentation to be maintained in the
agency’s qualification records. This documentation shall
include such information as stated in Mandatory Appen-
dix VII, VII-3300(b).

(c) An outside agency administering the examinations
required by this Appendix may be an independent com-
pany or a functionally independent organization within
the same company.

VI-3400 CONFIDENTIALITY

The written practice shall specify the provisions to en-
sure the confidentiality of qualification materials, e.g., test
questions, answer sheets, and test specimens.
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ARTICLE VI-4000
QUALIFICATION REQUIREMENTS

VI-4100 EXPERIENCE

VI-4110 INITIAL CERTIFICATION FOR VISUAL
EXAMINATION

(a) Experience in each discipline is required for unlim-
ited certification. The term “experience” refers to visual
examination defined in IWA-2211, IWA-2212, and
IWA-2213, or related experience in the applicable method
such as the following:

(1) for VT‐1, experience as a weld examiner, AWS
CWI or AWS CAWI;

(2) for VT‐1, experience in performing surface
examinations;

(3) for VT‐2, experience in pressure tests;
(4) for VT‐2, plant walkdown experience, such as that

gained by licensed and nonlicensed operators, local leak
rate personnel, system engineers, quality control person-
nel, and nondestructive examination personnel;

(5) for VT‐3, installation, maintenance, or examina-
tion of pumps, valves, or supports;

(6) for VT‐1 and VT‐3, experience in installation,
maintenance, or examination of RPV internals, or other
remote visual examination;

(7) for Level III, documented visual training or exam-
ination activities; administration or development of VT‐1,
VT‐2, or VT‐3 visual examination training or examination
programs; or experience as defined in (1) through (6)
above.

(b) Experience shall be documented by specific tasks
and disciplines, e.g., 10 hr VT‐3 visual examination of
supports.
(c) No more than 50% of the required experience for

VT‐1 visual examination shall be in surface examination.

VI-4200 TRAINING

Visual examination personnel shall successfully com-
plete the training program outlined in Supplement 1.
Training received in other NDE disciplines or academic
training courses covering the topics in Supplement 1
may be credited toward certification. The hours of train-
ing shall be in accordance with ANSI/ASNT CP‐189.

VI-4300 EXAMINATIONS

To be considered for examination, the Levels I, II, and
III candidates shall successfully complete the training re-
quired by VI-4200. Levels I and II qualification examina-
tions shall be in accordance with ANSI/ASNT CP‐189.
Level III qualification examinations shall be in accordance
with IWA-2300.
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MANDATORY APPENDIX VI
SUPPLEMENTS

SUPPLEMENT 1 CONTENT OF INITIAL
TRAINING COURSES

1.0 FUNDAMENTALS OF VISUAL EXAMINATION
1.1 Definition of visual examination

1.2 Overview of visual examination

1.3 Standard terms and definitions

1.4 Vision requirements

1.5 Lighting requirements

1.6 Direct and remote methods

2.0 VISUAL EXAMINATION METHODS
2.1 VT‐1

2.2 VT‐2

2.3 VT‐3

3.0 VISUAL EXAMINATION EQUIPMENT
3.1 Optical aids
(a)Mirrors and magnifiers
(b) Borescopes and fiberscopes
(c) Closed‐circuit television
(d) Lighting and light measurement

3.2 Mechanical measuring devices
(a) Scales and calipers
(b) Gages

4.0 MATERIALS AND PROCESSES
4.1 Manufacturing discontinuities
(a) Castings and forgings
(b) Rolled and wrought products
(c) Extruding, drawing, and piercing

4.2 Welding discontinuities

4.3 Service‐related discontinuities

5.0 VISUAL EXAMINATION OF COMPONENTS
5.1 Valves

5.2 Pumps

5.3 Bolting

5.4 Welds

6.0 VISUAL EXAMINATION OF COMPONENT
SUPPORTS

6.1 Support categories
(a) Plate and shell type supports
(b) Linear type supports
(c) Component standard supports

6.2 Types of supports
(a) Buried supports
(b) Constant load supports
(c) Hangers
(d) Variable spring type supports
(e) Restraints
(f) Mechanical and hydraulic snubbers
(g) Guides and stops
(h) Vibration control and sway braces

6.3 Examination boundaries

7.0 VISUAL EXAMINATION FOR LEAKAGE
7.1 System pressure testing
(a) System leakage test
(b) System hydrostatic test
(c) System pneumatic test
(d) Buried components

7.2 Plant systems and components

8.0 RECORDS AND REPORTS
8.1 Data sheets

8.2 Identification stamps and certification

9.0 PROCEDURES
9.1 Requirements

9.2 Format

9.3 Acceptance criteria

9.4 Documentation

10.0 ADDITIONAL TRAINING FOR REACTOR
VESSEL INTERNALS EXAMINATION

10.1 BWR internal design (as applicable)

10.2 PWR internal design (as applicable)

10.3 Remote examination equipment
(a) Camera, monitor, and recording equipment design
(b) Operation, of specific equipment

10.4 Examination requirements for internals
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11.0 ADDITIONAL TRAINING FOR LEVEL III
CANDIDATES

11.1 Nuclear power plant design, function, and sys-
tem operation

11.2 Materials, metal processing, fabrication technol-
ogy, failure mechanisms, and fracture mechanics
techniques

11.3 Review of NDE methods commonly used during
ISI

11.4 Administration of NDE personnel qualification
and certification practices and instructional techniques

11.5 Codes, standards, and regulatory requirements

11.6 Procedure preparation
Notes:

(1) The training shall cover the applicable topics for the visual
technique and level.
(2) The hours of instruction devoted to each subject shall be deter-

mined by the Level III.

ASME BPVC.XI-2015MANDATORY APPENDIX VI

284

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



MANDATORY APPENDIX VII
QUALIFICATION OF NONDESTRUCTIVE EXAMINATION

PERSONNEL FOR ULTRASONIC EXAMINATION

ARTICLE VII-1000
INTRODUCTION AND SCOPE

This Appendix specifies requirements for the training
and qualification of ultrasonic nondestructive examina-
tion (NDE) personnel in preparation for Employer certifi-
cation to perform NDE. Personnel shall be qualified in
accordance with IWA-2300 as modified by this Appendix.
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ARTICLE VII-2000
QUALIFICATION LEVELS

VII-2100 GENERAL REQUIREMENTS

There shall be five qualification levels: Trainee, Level I, Level II, Level III, and NDE Instructor. The skills and respon-
sibilities associated with each level shall be as defined in ANSI/ASNT CP‐189.
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ARTICLE VII-3000
WRITTEN PRACTICE

VII-3100 GENERAL REQUIREMENTS

Organizations performing training, examination, or
qualification activities shall prepare a written practice
for their control and administration.

VII-3110 EXPERIENCE
The written practice shall specify the experience re-

quirements for each qualification level in accordance with
VII-4100 and the additional experience that may be re-
quired for special NDE applications.

VII-3120 TRAINING
The written practice shall specify the following:
(a) classroom and laboratory training requirements for

each qualification level in accordance with VII-4200;
(b) additional training that may be required for special

NDE applications; and
(c) course outlines for each qualification level including

the number of instruction contact hours.

VII-3130 ANNUAL TRAINING
The written practice shall specify the requirements for

annual training for each qualification level. Annual train-
ing shall be in accordance with VII-4240.

VII-3140 EXAMINATIONS
The written practice shall specify the examination re-

quirements for each qualification level. Examination re-
quirements shall be in accordance with VII-4300.

VII-3200 RESPONSIBILITIES

The written practice shall specify the responsibilities,
duties, and qualifications required for personnel who per-
form examinations or implement the personnel qualifica-
tion program. The written practice shall specify the
responsibilities of NDE Instructors, Level III personnel,
or other individuals providing classroom or laboratory
training.

VII-3300 USE OF AN OUTSIDE AGENCY

(a) An outside agency is an organization or individual
that provides NDE Level III or NDE Instructor services
and whose qualifications have been accepted by the orga-
nization that engages the outside agency. The written
practice of the organization that engages the outside
agency shall specify requirements for assuring the out-
side agency meets the applicable requirements of this
Appendix.

(b) Each outside agency shall maintain a written prac-
tice that specifies the documentation to be maintained
in the agency’s qualification records. This documentation
shall include such information as the qualification exam-
inations, candidate’s name and certification level, date
of examination, overall course grade, and formal qualifi-
cation examination grade.

(c) An outside agency administering the examinations
of VII-4342 may be an independent company or a func-
tionally independent organization within the same
company.

VII-3400 CONFIDENTIALITY

Provisions to assure the confidentiality of qualification
materials (e.g., test questions, answer sheets, and test
specimens) shall be included in the written practice. Ac-
cess to such qualification materials shall be limited, and
the qualification examinations shall be maintained in se-
cure files.

VII-3500 AVAILABILITY OF TRAINING
COURSE MATERIALS

Training course materials shall be available for review
or audit by user organizations and cognizant authorities.
Training course materials shall not be subject to any con-
fidentiality requirements other than the normally applic-
able copyright laws.
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ARTICLE VII-4000
QUALIFICATION REQUIREMENTS

VII-4100 EXPERIENCE

VII-4110 INITIAL CERTIFICATION FOR
ULTRASONIC EXAMINATION

Table VII-4110-1 lists the required experience for initi-
al certification for ultrasonic examination. As used in this
Appendix, experience means performance of the skill ac-
tivities described or referenced in Article VII-2000 for the
applicable NDE Level.

VII-4120 EXPERIENCE OPTIONS FOR LEVEL III
PERSONNEL

The three experience options identified in Table
VII-4110-1 for qualification as a Level III are as follows.

VII-4121 Option 1

Graduate of a 4 yr accredited engineering or science
college or university with a degree in engineering or
science, plus 2 yr experience in NDE in an assignment
comparable to that of an NDE Level II in the ultrasonic ex-
amination method.

VII-4122 Option 2

Completion with a passing grade of at least the equiva-
lent of 2 full years of engineering or science study at a uni-
versity, college, or technical school, plus 3 yr experience
in an assignment comparable to that of a Level II in the
ultrasonic examination method.

VII-4123 Option 3

High school graduate, or equivalent, plus 4 yr experi-
ence in an assignment comparable to that of a Level II
in the ultrasonic examination method.

VII-4130 EXPERIENCE RECORDS

(a) The records maintained by the Employer to sub-
stantiate experience for initial certification to each level
shall include the activity performed, the number of hours
performing the method, and the level of certification.
(b) Documented experience with the current Employer

may be used for certification in accordance with this
Appendix, subject to acceptance by a Level III.
(c) Experience during previous employment may be ac-

cepted where such experience is supported by documen-
tation. The documentation may be a copy of an experience
record form obtained from the previous Employer or a
written statement signed by a cognizant, responsible
member of the previous Employer’s staff attesting to
the type and extent of ultrasonic examination experience
to be credited. A Level III shall be responsible for review-
ing the documentation and judging previous experience
for acceptability under the current Employer’s written
practice.

VII-4200 TRAINING

VII-4210 PROGRAM, FACILITIES, AND
MATERIALS

(a) Personnel shall successfully complete the training
program outlined in Supplement 1.

Table VII-4110-1
Required Experience for Initial Certification

for Ultrasonic Examination (Hours)

Trai-
nee

Level I Level II Level III

None 250 800 4200 (Option 1)
6300 (Option 2)
8400 (Option 3)

GENERAL NOTES:
(a) For Level II certification, the experience shall consist of time at

Level I. To certify a candidate directly to Level II with no time at
Level I, the total experience hours required for Level I plus Lev-
el II shall apply.

(b) Prior certification as a Level I or Level II is not required.
(c) All or part of the Level I experience hours may be satisfied by

laboratory practice hours beyond those required for training in
accordance with VII-4220, provided those practice hours are
dedicated to the Level I or Level II skill areas as described in
CP-189.

(d) The 800 hr of Level II experience time may be reduced to
400 hr, which shall include a minimum of 80 hr of field experi-
ence and a minimum of 320 hr of laboratory practice, provided
that the practice is dedicated to scanning specimens containing
flaws in materials representative of those in actual power plant
components and the candidate passes a Mandatory Appendix
VIII, Supplement 2 performance demonstration for detection
and length sizing.
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(b) Training shall be conducted by an NDE Instructor
except that portions of the training may be conducted
by individuals designated by the NDE Instructor.

(c) Classroom and laboratory facilities shall be
provided.

(d) Training course materials shall be prepared and
made available to the candidate.

VII-4220 TRAINING COURSE CONTENT AND
DURATION

VII-4221 Training Course Content

Training course content shall be in accordance with
Supplement 1.

VII-4222 Initial Training Hours

The initial training hours shall be as specified in Table
VII-4220-1.

VII-4223 Training Requirements for Previously
Qualified Individuals

(a) For individuals who have been previously qualified
to Level I or Level II under a written practice that did not
include the additional requirements of this Appendix, ad-
ditional training shall be required prior to requalification
if the individual has not completed the cumulative hours
of training in the ultrasonic method required by Table
VII-4220-1 for the applicable Level of qualification.

(b) The individual’s training, including the additional
training of (a), shall cover the topics listed in Supplement
1 for the applicable Level of qualification.

(c) Prior documented training that addressed the to-
pics covered in Supplement 1 may be credited for each in-
dividual. The credited training shall be subtracted from
the requirements of Table VII-4220-1 and Supplement 1

to determine the hours and topics, respectively, to be cov-
ered in the additional training. The additional training
shall be conducted by an NDE Instructor.

VII-4230 EVALUATION OF INITIAL TRAINING
EFFECTIVENESS

(a) If the qualification examination for certification
(VII-4300) is not given at the conclusion of training, a fi-
nal course examination shall be given. A grade of 70% is
necessary to receive credit for the training hours.

(b)When an individual fails a final course examination,
additional training shall be required prior to reexamina-
tion. The additional training shall address the areas of
weakness exhibited by the individual and shall be docu-
mented by the NDE Instructor.

VII-4240 ANNUAL PRACTICE

Supplemental practice shall be used to maintain UT
Level II and Level III personnel examination skills. Per-
sonnel shall practice UT techniques by examining or by
analyzing prerecorded data from material or welds con-
taining flaws similar to those that may be encountered
during inservice examinations. This practice shall be at
least 8 hr per year and shall be administered by an NDE
Instructor or Level III. No examination is required.

VII-4300 EXAMINATIONS

To be considered for examination, the Level I, II, and III
candidates shall have successfully completed the training
required in VII-4200.

VII-4310 EXAMINATION QUESTIONS AND TEST
SPECIMENS

(a) For each written examination administered as part
of the qualification examination, a “question bank” con-
taining at least twice the minimum number of questions
required per examination shall be available. Qualification
examinations shall be assembled from the question bank
using a random selection process. The random selection
process shall be controlled by the employer’s written
practice, such that no individual takes the same examina-
tion more than once.

(b) For each Practical Examination that does not use
specimens prepared for UT performance demonstrations
(i.e., Mandatory Appendix VIII) and is administered as
part of the qualification examination, a “specimen bank”
containing at least five flaws shall be available. Grading
units, as defined in Mandatory Appendix VIII, may be used
to produce the specimen bank. The flaws in the specimen
bank shall be simulated flaws not exceeding the standards
of IWB-3500, actual flaws, or a mixture of both. The speci-
men or grading unit set for each Practical Examination
shall be assembled from the specimen bank using a ran-
dom selection process. Blank (sound) test specimens or
grading units shall be included in the specimen set so that

Table VII-4220-1
Initial Training Hours (Classroom/

Laboratory)

Level I Level II Level III

40/40 40/40 40/0

GENERAL NOTES:
(a) To certify a candidate directly to Level II with no time at

Level I, the total hours of training required for Level I plus
Level II shall apply.

(b) To certify a candidate directly to Level III with no time at
Level I or Level II, the total hours of training required for
Level I plus Level II plus Level III shall apply.

(c) Industrial or academic training courses covering the to-
pics listed in 9.0 of Supplement 1 may be credited toward
the training required for Level III personnel.

(d) The hours of instruction devoted to each subject in Sup-
plement 1 shall be determined by the NDE Instructor.
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no more than one‐third of the specimens or grading units
in the set contain flaws required to be detected. The speci-
mens or grading units shall be masked such that flawed
and blank specimens or grading units cannot be identified
and the flaw locations are not visible.

VII-4320 LEVELS I AND II QUALIFICATION
EXAMINATIONS

VII-4321 Levels I and II General Examinations
The General Examination shall be a written, closed

book examination containing a minimum of 40 questions.
The examination shall cover the technical principles rela-
tive to the ultrasonic (UT) method.

VII-4322 Levels I and II Specific Examinations
(a) The Specific Examination shall be a written exami-

nation containing a minimum of 40 questions. Necessary
data, such as graphs, tables, specifications, procedures,
and Codes shall be furnished.
(b) Forty to 60% of the specific examination questions

shall cover Section XI NDE requirements. The remaining
questions shall cover procedures and specifications ap-
plicable to the UT method.

VII-4323 Levels I and II Practical Examinations
(a) Candidates shall demonstrate to the satisfaction of a

Level III that they are familiar with and can perform the
applicable UT examinations using suitable calibration
blocks and written UT procedures prepared for examina-
tion of plant components.
(b) The Practical Examination shall include examina-

tion of a specimen set that complies with VII-4310(b). Al-
ternately, successful completion of a UT performance
demonstration in accordance with Mandatory Appendix
VIII may serve as this Practical Examination.
(c) An assessment report containing at least ten check

points shall be used to evaluate the candidate’s perfor-
mance using longitudinal and shear wave techniques.
The following check points shall be included:

(1) scanning technique;
(2) equipment set‐up and calibration;
(3) selection of search unit;
(4) data recording (Levels I and II);
(5) NDE report (Level II); and
(6) evaluation in terms of the recording criteria.

(d) A description of the specimens and the calibration
blocks, the procedures used, the assessment report, and
the examination report prepared by the candidate shall
be retained as part of the certification records.

VII-4330 LEVEL III QUALIFICATION
EXAMINATIONS

(a) Level III Examinations shall be in accordance with
IWA-2300, except that the Demonstration Examination
shall meet VII-4323 Level II Practical Examination rules.
In addition, the Specific Examination shall be a written

examination containing at least 30 questions. Forty to
60% of the questions shall cover Section XI UT examina-
tion, evaluation, and acceptance criteria. Necessary data
such as graphs, tables, specifications, procedures, and
Codes shall be furnished.
(b) Level III personnel shall be recertified using the

written Method, Specific, and Practical Examinations
and the Demonstration Examination. Alternatively, Level
III personnel may be recertified using only the written
Method and Specific Examinations provided the following
conditions are met:

(1) The Level III candidate was previously certified
or recertified using all the written examinations and the
Demonstration Examination.

(2) The Level III candidate is not being recertified
due to interrupted service as defined in the Employer’s
written practice.

(3) The Level III candidate is not being recertified by
a new Employer.

VII-4340 ADMINISTRATION OF EXAMINATIONS
VII-4341 Levels I and II General, Specific, and

Practical Examinations
The General, Specific, and Practical Examinations shall

be approved, administered, and graded by a Level III.
The candidate shall perform the Practical Examinations
using procedures, techniques, and equipment complying
with Section XI requirements on specimens not used for
training.

VII-4342 Level III Basic, Method, Specific,
Practical, and Demonstration
Examinations

(a) Level III Basic and Method Examinations shall be
administered and graded by an outside agency.
(b) The Specific, Practical, and Demonstration Exami-

nations shall be approved, administered, and graded by
a Level III employed by an outside agency or the
Employer.

VII-4343 Written Examination Administration
The administration of multiple-choice written examina-

tions may be delegated by the Level III, with valid Level III
certifications in the applicable test methods, to a noncer-
tified proctor, if so documented.

VII-4350 GRADING OF EXAMINATIONS
(a) A minimum score of 80% is required for the compo-

site score on a certification examination and a minimum
score of 70% for each of the applicable general, basic, spe-
cific, method, demonstration, and practical examinations.
When the examinations are graded by an outside agency,
a grade of 80% shall be assigned for those examinations
the candidate passed unless actual numerical grades are
provided, in which case the numerical grades shall be
recorded.
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(b) The Levels I and II Practical Examinations and the
Level III Demonstration Examinations shall be graded
such that failure to accurately detect, locate, interpret,
evaluate, or record, as applicable for the examination,
80% of the known conditions in the test specimen set
shall cause the candidate to fail the examination. In addi-
tion, a maximum false call rate of 10% shall be imposed
(i.e., no more than 10% of the blank test specimens shall
be reported as flawed).

VII-4360 REEXAMINATION
(a) Those individuals failing to pass a qualification ex-

amination must receive additional training as determined
by a Level III. This determination shall be based on the to-
pics or subjects on which the individual failed to attain a
passing grade.

(b) The reexamination questions shall be assembled by
a random selection process or the examination shall con-
tain at least 30% different or reworded questions. The
Practical or Demonstration Examination test specimen

set shall contain at least 50% different flaws from those
used during the most recent Practical or Demonstration
Examination that was not passed by the candidate.

(c) No individual shall be reexamined more than twice
within any consecutive 12-month period.

VII-4400 INTERRUPTED SERVICE

Personnel who have not performed the duties asso-
ciated with their certification level during any consecu-
tive 12-month period shall be considered to have
interrupted service and shall be required to successfully
complete a Practical Examination (Levels I and II person-
nel), or a Specific Examination (Level III personnel), to as-
sure continued proficiency prior to further assignment to
perform NDE. The results of this examination shall be
documented and maintained as part of the individual’s
certification records.
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ARTICLE VII-5000
QUALIFICATION RECORDS

VII-5100 PRE-CERTIFICATION RECORDS

Prior to certification or recertification, the records of
the individual shall include the following:
(a) name of the individual;
(b) qualification level;
(c) educational background and experience;
(d) statement indicating satisfactory completion of

training, including training hours, dates attended, and
training institution;
(e) record of annual supplemental training;
(f) results of vision examinations;
(g) current qualification examination results, with tra-

ceability to the actual examination; and
(h) grade assigned to each qualification examination.

VII-5200 CERTIFICATION RECORDS

In addition to the records required in VII-5100, the re-
cords of certified individuals shall include the following:

(a) date of current certification and expiration date;

(b) name and signature of certifying Employer repre-
sentative; and

(c) evidence of continued proficiency (VII-4400).

VII-5300 MAINTENANCE OF RECORDS

The qualification records shall be maintained by the
Employer. In addition, outside agencies that perform
training and qualification activities shall maintain the
qualification records specified in VII-3300.
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MANDATORY APPENDIX VII
SUPPLEMENTS

SUPPLEMENT 1 MINIMUM CONTENT OF
INITIAL TRAINING
COURSES FOR THE
ULTRASONIC
EXAMINATION METHOD

1.0 FUNDAMENTAL PROPERTIES OF SOUND
1.1 Frequency, velocity, and wavelength

1.2 Definition of ultrasonic vibrations

1.3 General application of ultrasonic vibrations

2.0 PRINCIPLES OF WAVE PROPAGATION
2.1 Modes of vibration

2.2 Acoustic impedance

2.3 Reflection

2.4 Refraction and mode conversion

2.5 Diffraction, dispersion, and attenuation

2.6 Fresnel and Fraunhofer effects

3.0 GENERATION OF ULTRASONIC WAVES
3.1 Piezoelectricity and types of crystals

3.2 Construction of ultrasonic search units

3.3 Characteristics of search units
(a) Frequency‐crystal thickness relationships
(b) Conversion efficiencies of various crystals
(c) Damping and resolution
(d) Beam intensity characteristics
(e) Divergence

3.4 Care of search units

4.0 ULTRASONIC TESTING TECHNIQUES
4.1 Contact testing
(a) Straight beam
(b) Angle beam
(c) Surface wave
(d) Lamb wave
(e) Through transmission

4.2 Immersion testing
(a) Straight beam
(b) Angle beam
(c) Through transmission

4.3 Modified immersion testing
(a) Tests employing special devices

4.4 Resonance testing

4.5 Geometric indications, flaw indications, and
methods of discrimination

4.6 Flaw sizing

5.0 ULTRASONIC TESTING EQUIPMENT
5.1 Description of basic pulse‐echo instrument
(a) Time‐base (synchronizer) circuit
(b) Pulser circuit
(c) A‐scan display circuit

5.2 Special instruments
(a) B‐scan display
(b) C‐scan display
(c) Monitors and recording devices

5.3 Scanning equipment
(a)Manipulators
(b) Bridges
(c) Special scanning devices

6.0 OPERATION OF SPECIFIC EQUIPMENT
6.1 General operating characteristics

6.2 Functional block diagram of circuits

6.3 Purpose and adjustment of external controls

6.4 Care of equipment and calibration blocks

7.0 SPECIFIC TESTING PROCEDURES
7.1 Selection of test parameters
(a) Frequency
(b) Search unit size and type
(c) Water distance (immersed test)
(d) Scanning speed and index

7.2 Test standardization
(a) Ultrasonic reference blocks
(b) Adjustment of test sensitivity

7.3 Interpretation of results
(a) Acceptance standards
(b) Comparison between responses from discontinu-

ities to those from ultrasonic reference standards
(c) Estimated length of discontinuities
(d) Location of discontinuities
(e) Zoning
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7.4 Test records
(a) Data sheets
(b)Maps
(c) Identification stamps and certification

7.5 Equipment performance variations

8.0 VARIABLES AFFECTING TEST RESULTS
8.1 Instrument performance variations

8.2 Search unit performance variations

8.3 Inspected parts variations
(a) Entry surface condition
(b) Part size and geometry
(c) Metallurgical structure

8.4 Discontinuity variations
(a) Size and geometry
(b) Distance from entry point
(c) Orientation to entry surface

(d) Discontinuity types and reflecting characteristics

9.0 ADDITIONAL TRAINING FOR LEVEL III
CANDIDATES

9.1 Nuclear power plant design, function, and system
operation

9.2 Materials, metal processing, fabrication technol-
ogy, failure mechanisms, and fracture mechanics
techniques

9.3 Review of NDE methods commonly used during
ISI

9.4 Administration of NDE personnel qualification
and certification practices and instructional techniques

9.5 Code, standard, and regulatory requirements

9.6 Procedure preparation
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MANDATORY APPENDIX VIII
PERFORMANCE DEMONSTRATION FOR ULTRASONIC

EXAMINATION SYSTEMS

ARTICLE VIII-1000
SCOPE

VIII-1100 GENERAL

(a) This Appendix provides requirements for perfor-
mance demonstration for ultrasonic examination proce-
dures, equipment, and personnel used to detect and size
flaws.

(b) Each organization (e.g., Owner or vendor) shall
have a written program that insures compliance with this
Appendix. Each organization that performs ultrasonic ex-
aminations shall qualify its procedures, equipment, and
personnel in accordance with this Appendix. The organi-
zation may contract implementation of the program.

(c) Performance demonstration requirements apply to
personnel who detect, record, or interpret indications or
size flaws in welds or components.

(d) The performance demonstration requirements spe-
cified in this Appendix do not apply to personnel whose
involvement is limited to mounting a scanner device,
marking pipe, or other situations where knowledge of ul-
trasonics is not important.

(e) Any procedure qualified in accordance with this
Appendix is acceptable.

(f) Instrument characterization described in Supple-
ment 1 is optional. When Supplement 1 is selected, both
the original and substituted equipment shall be
characterized.
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ARTICLE VIII-2000
GENERAL EXAMINATION SYSTEM REQUIREMENTS

VIII-2100 PROCEDURE REQUIREMENTS

(a) The examination procedure shall contain a state-
ment of scope that specifically defines the limits of proce-
dure applicability (e.g., materials, thickness, diameter,
product form).
(b) The examination procedure shall specify a single

value or a range of values for the variables listed in (d).
(c) Any calibration method may be used provided it is

described and complies with (d)(5).
(d) The examination procedure shall specify the follow-

ing essential variables:
(1) instrument or system, including manufacturer,

and model or series, of pulser, receiver, and amplifier;
(2) search units, including manufacturer, and model

or series, and the following:
(-a) nominal frequency or, if Supplement 1 is used,

the center frequency and either bandwidth or waveform
duration as defined in Article VIII-4000;

(-b) mode of propagation and nominal inspection
angles;

(-c) number, size, shape, and configuration of ac-
tive elements and wedges or shoes;

(3) search unit cable, including the following:
(-a) type;
(-b) maximum length, +1 ft (300 mm) to allow for

manufacturing tolerances;
(-c) maximum number of connectors;

(4) detection and sizing techniques, including the
following:

(-a) scan pattern and beam directions;
(-b) maximum scan speed;
(-c) minimum andmaximum pulse repetition rate;
(-d) minimum sampling rate (automatic recording

systems);
(-e) extent of scanning and action to be taken for

access restrictions;
(5)methods of calibration for detection and sizing

(e.g., actions required to insure that the sensitivity and ac-
curacy of the signal amplitude and time outputs of the ex-
amination system, whether displayed, recorded, or
automatically processed, are repeated from examination
to examination);

(6) inspection and calibration data to be recorded;
(7)method of data recording;
(8) recording equipment (e.g., strip chart, analog

tape, digitizing) when used;
(9)method and criteria for the discrimination of in-

dications (e.g., geometric versus flaw indications and for
length and depth sizing of flaws);

(10) surface preparation requirements.

VIII-2200 PERSONNEL REQUIREMENTS

Personnel shall meet the requirements of Article
VIII-3000.
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ARTICLE VIII-3000
QUALIFICATION REQUIREMENTS

VIII-3100 QUALIFICATION TEST
REQUIREMENTS

VIII-3110 DETECTION

(a) Qualification test specimens shall meet the require-
ments of the appropriate Supplement listed in Table
VIII-3110-1.

(b) Qualification test specimens may be segments of
full-scale mock-ups or separate specimens cut from full-
scale segments. Additional specimens can be generated
by altering the flow direction or by changing reference
points. Divulgence of full-scale mock-up identification to
the candidate is acceptable, provided the flaw locations
and specimen identifications are not provided.

(c) The examination procedure, equipment, and per-
sonnel are qualified for detecting flaws upon successful
completion of the performance demonstration specified
in the appropriate Supplement l is ted in Table
VIII-3110-1.

(d) For piping welds whose requirements are in course
of preparation, the requirements of Mandatory Appendix
III, as supplemented by Table I-2000-1, shall be met.

VIII-3120 SIZING
(a) Qualification test specimens shall meet the require-

ments of the appropriate Supplement listed in Table
VIII-3110-1.

(b) Qualification test specimens may be segments of
full-scale mock-ups or separate specimens cut from full-
scale segments. Additional specimens can be generated
by altering the flow direction or by changing reference
points. Divulgence of full-scale mock-up identification to
the candidate is acceptable, provided the flaw locations
(unless allowed by the specific supplement) and speci-
men identifications are not provided.

(c) The examination procedure, equipment, and per-
sonnel are qualified for sizing flaws upon successful com-
pletion of the performance demonstration specified in the
appropriate Supplement listed in Table VIII-3110-1.
When the applicable piping supplement contains no pro-
visions for a performance demonstration using axially or-
iented flaws, examination personnel, equipment,
procedures, and the associated techniques qualified for

Table VIII-3110-1
Component Qualification Supplements

Component Type
Applicable
Supplement

Piping Welds
Wrought austenitic 2
Ferritic 3
Cast austenitic [Note (1)]
Structural weld inlay (corrosion‐ resistant clad)
austenitic

[Note (1)]

Dissimilar metal 10
Overlay 11
Coordinated implementation 12

Vessels
Clad/base metal interface region 4
Nozzle examinations from the outside surface 5
Reactor vessel welds other than clad/base metal
interface

6

Nozzle examinations from the inside surface 7

Bolts and Studs 8

NOTE:
(1) In the course of preparation.
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sizing on circumferentially oriented flaws shall be used,
with any modifications to essential variables being lim-
ited to those that compensate for component geometry.
(d) For piping welds whose requirements are in course

of preparation, the requirements of Mandatory Appendix
III, as supplemented by Table I-2000-1, shall be met.
(e) RMS error shall be calculated as follows:

where

mi = measured flaw size
n = number of flaws measured
t i = true flaw size

VIII-3130 ESSENTIAL VARIABLE RANGES
(a) Any two procedures with the same essential vari-

ables [VIII-2100(d)] are considered equivalent. Pulsers,
search units, and receivers that vary within the tolerances

specified in VIII-4100 are considered equivalent. When
the pulsers, search units, and receivers vary beyond the
tolerances of VIII-4100, or when the examination proce-
dure allows more than one value or range for an essential
variable, the qualification test shall be repeated at the
minimum and maximum value for each essential variable
with all other variables remaining at nominal values.
Changing the essential variable may be accomplished dur-
ing successive personnel performance demonstrations.
Each examiner need not demonstrate qualification over
the entire range of every essential variable.

(b)When the procedure does not specify a range for es-
sential variables and establishes criteria for selecting val-
ues, the criteria shall be demonstrated.

VIII-3140 REQUALIFICATION

When a change in an examination procedure causes an
essential variable to exceed a qualified range, the exami-
nation procedure shall be requalified for the revised
range.
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ARTICLE VIII-4000
ESSENTIAL VARIABLE TOLERANCES

VIII-4100 PROCEDURE MODIFICATIONS

VIII-4110 EXAMINATION SYSTEM COMPONENTS
Components of the same manufacturer, and model or

series, are substitutable without further consideration.
The qualified procedure may be modified to replace ex-
amination system components without requalification
when the following conditions are met.

(a) Instruments with reject, damping, or pulse tuning
controls, have discrete settings specified in the procedure.

(b) Pulsers and receivers shall be evaluated using
ASTM E1324, Guide for Measuring Some Electronic Char-
acteristics of Ultrasonic Instruments, with the following
exceptions:

(1) The lower (FL ) and upper (FU) limits for recei-
vers shall be determined between frequencies that are
6 dB below the peak frequency.

(2) The receiver center frequency (FC) shall be deter-
mined by:

(3) The receiver band width (BW ) shall be deter-
mined by:

(c) Search units shall be evaluated using ASTM E1065,
Evaluation of the Characteristics of Ultrasonic Search
Units.

(d) Examination systems shall be evaluated using Sup-
plement 1.

(e) Replacements of the instrument or the pulser sec-
tion of the instrument system shall be within the follow-
ing tolerances of the original equipment as measured into
a 50 ohm, noninductive, noncapacitive, resistive load:

(1) pulse amplitude, ±10%;
(2) pulse rise time, ±10%;
(3) pulse duration, ±10%;

(f) Replacements of the instrument or the receiver sec-
tion of the instrument system shall be within the follow-
ing tolerances of the original equipment:

(1) lower and upper frequency limits at the −6 dB
point, ±0.2 MHz;

(2) center frequency for instrument receivers with
bandwidths less than 30%, ±5%;

(3) center frequency for instrument receivers with
bandwidths equal to or greater than 30%, ±10%.

(g) Replacement search units of the same manufac-
turer’s model, size, and nominal frequency may be used
without requalification.

(h) Replacement search units not of the same manufac-
turer’s model, size, and nominal frequency shall be within
the following tolerances of the original search units:

(1) propagation mode is the same

(2)measured angle, ±3 deg

(3) center frequency for search units with band-
widths less than 30%, ±5%

(4) center frequency for search units with band-
widths equal to or greater than 30%, ±10%

(5)waveform duration, ±1/2 cycle or 20%, whichever
is greater (measured at −20 dB), or bandwidth, ±10%

(i) As an alternative to (e) through (g) above, or for
substitution of other components of the examination sys-
tem identified as essential variables, equipment replace-
ment is acceptable if the examination system is within
the following tolerances of the original system when eval-
uated in accordance with Supplement 1:

(1) system center frequency for examination systems
with bandwidths less than 30%, ±5%

(2) system center frequency for examination systems
with bandwidths equal to or greater than 30%, ±10%

(3) system bandwidth, ±10%

VIII-4120 SEARCH UNIT CHARACTERIZATION

Characterization measurements of the search unit shall
be made using either a sinusoidal tone burst technique or
shock excitation. When using shock excitation, the charac-
terization pulser and UT instrument pulser shall be the
same within the limits of VIII-4110(e).

VIII-4200 COMPUTERIZED SYSTEM
ALGORITHMS

When the performance demonstration uses prere-
corded data, algorithms for automated decisions may be
altered when the altered algorithms are demonstrated
to be equivalent to those qualified. When the performance
demonstration results meet the acceptance requirements
of Article VIII-3000, the algorithm shall be considered
qualified.
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VIII-4300 CALIBRATION METHODS

Alternative calibration methods may be demonstrated
equivalent to those described in the qualified procedure
without requalification. This demonstration of equiva-
lence shall be conducted for each beam angle and mode
of propagation to which it applies, as follows.

(a) Calibrate the examination system in accordance
with the alternative methods.

(b) Compare the sensitivity of the alternative calibra-
tion method to that of the qualified calibration method.

(c) The alternative calibration method is acceptable
when the system sensitivity is no more than 2 dB below
that obtained by the qualified method.
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ARTICLE VIII-5000
RECORD OF QUALIFICATION

VIII-5100 GENERAL

The organization’s performance demonstration pro-
gram shall specify the documentation that shall be main-
tained as qualification records. Documentation shall

include identification of personnel, NDE procedures, and
equipment and specimens used during qualification, and
results of the performance demonstration.
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MANDATORY APPENDIX VIII
SUPPLEMENTS

SUPPLEMENT 1 EVALUATING ELECTRONIC
CHARACTERISTICS OF
ULTRASONIC SYSTEMS

1.0 SYSTEM FREQUENCY CHARACTERISTICS

1.1 The frequency response, also known as the fre-
quency spectrum, shall be determined by measuring of
the amplitude of the pulse echo response from a target
as a function of frequency. This response shall be used
as a basis for establishing the center frequency and band-
width of the ultrasonic system.

CAUTION: The required output signal test point from the ultra-
sonic instrument may require access to ultrasonic circuitry in-
side the instrument chassis. The use of high impedance test
probes may also be required if the signal of interest is not
buffered.

1.2 Connect the ultrasonic instrument including the
search unit and, if applicable, the wedge, as shown in
Figure VIII-S1-1A. The output signal from the ultrasonic
instrument that is used in data analysis for flaw detection
or flaw sizing (i.e., the output signal after amplification,
filtering, and video detection) shall be input to a device
that is capable of measuring the frequency spectrum
(e.g., a spectrum analyzer or a digitizing circuit with a
software package that determines the frequency response
of waveforms). If a digitizing circuit is used, the rate of di-
gitizing shall be at least five times the nominal (labeled)
frequency of the search unit.

(a) If the receiver or transmitter provides variable sig-
nal filtering or frequency control, the signal controls shall
be set as specified in the examination procedure. Check all
connections in the test setup to ensure that it is safe to
turn on the ultrasonic system.

(1) Flat or nonfocused search units shall be adjusted
so that the distance (Zo) from the face of the search unit
to the target is 2 in. (50 mm)(see Figure VIII-S1-1B). A
smooth glass block with dimensions 2 in. × 2 in. × 1 in.
(50 mm × 50 mm × 25 mm) thick is recommended as
the target. Using a manipulator, adjust the search unit an-
gle with respect to the block until the return echo is max-
imized indicating that the sound field is perpendicular to
the block. Adjust the receiver section gain controls until
the ultrasonic signal amplitude from the block is 80% of
full scale without saturating the ultrasonic signal. Plot
the frequency spectrum of the ultrasonic signal as shown
in Figure VIII-S1-2A.

(2) Determination of the frequency response for fo-
cused search units shall follow the same procedure for flat
search units, except that the distance Zo shall be adjusted
to maximize echo from the glass target.

1.3 System Frequency Response Results

(a) Lower Frequency Limit (FL)—The lower frequency
limit (MHz) at a specific frequency control setting is the
lowest frequency on the frequency response curve that
is 6 dB below the maximum amplitude as shown in Figure
VIII-S1-2A.

(b) Upper Frequency Limit (FU ) — The upper fre-
quency limit (MHz) at a specific frequency control setting
is the highest frequency on the frequency response curve
that is 6 dB below the maximum amplitude as shown in
Figure VIII-S1-2A.

(c) Center Frequency (FC ) — The center frequency
(MHz) at a specific frequency control setting shall be cal-
culated as follows:

(d) Bandwidth (BW)—The bandwidth (%) at a specif-
ic frequency control setting shall be calculated as follows:

(e) The system frequency response results, (a) through
(d) above, shall be obtained for the remaining receiver
and transmitter control module setting combinations
used in the performance demonstration. These values
shall be recorded.

SUPPLEMENT 2 QUALIFICATION
REQUIREMENTS FOR
WROUGHT AUSTENITIC
PIPING WELDS

1.0 SPECIMEN REQUIREMENTS

Qualification test specimens shall meet the require-
ments listed herein, unless a set of specimens is designed
to accommodate specific limitations stated in the scope of
the examination procedure (e.g., pipe size, access limita-
tions). The same specimens may be used to demonstrate
both detection and sizing qualification.
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1.1 General. This Supplement is applicable to auste-
nitic piping welds examined from either the inside (I.D.)
or outside (O.D.) surface. The applicable qualification cri-
teria shall be satisfied separately. This Supplement is not
applicable to piping welds containing supplemental
corrosion‐resistant cladding applied to mitigate IGSCC.
The specimen set shall conform to the following
requirements.

(a) Specimens shall have sufficient volume to minimize
spurious reflections that may interfere with the interpre-
tation process.

(b) The specimen set shall consist of at least four speci-
mens having different nominal pipe diameters and thick-
nesses. The set shall include pipe specimens not thicker
than 0.1 in. (2.5 mm) more than the minimum thickness,
nor thinner than 0.5 in. (13 mm) less than the maximum
thickness for which the examination procedure is applic-
able. It shall include the minimum, within NPS 1/2, and
maximum pipe diameters for which the examination pro-
cedure is applicable. If the procedure is applicable to pipe

O.D. of 24 in. (600 mm) or larger, the specimen set must
include at least one specimen 24 in. O.D. (600 mm) or
larger but need not include the maximum diameter.

(c) Taking into consideration the accessible scanning
surface, the O.D. or I.D. specimen set shall include applic-
able examples of the following fabrication conditions:

(1) unground weld reinforcement (crowns);
(2)wide crowns, such that the total crown width is

11/2 to 2 times the nominal pipe wall thickness;
(3) geometric conditions that normally require dis-

crimination from flaws (e.g., counterbore, weld root con-
ditions such as excessive I.D. reinforcement for O.D. scans,
or O.D. reinforcement for I.D. scans, as applicable);

(4) typical limited scanning surface conditions (e.g.,
diametrical shrink, single‐side access due to safe ends
or fittings, clad surfaces, or counterbore within the scan-
ning area, as applicable).

(d) All flaws in the specimen set shall be cracks.
(1)Mechanical fatigue cracks and either IGSCC or

thermal fatigue cracks shall be used. At least 75% of the
cracks shall be either IGSCC or thermal fatigue cracks.

Figure VIII-S1-1A
System Configuration
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(2) At least 50% of the cracks shall be coincident
with fabricated conditions described in (c) above.

1.2 Detection Specimens. The specimen set shall in-
clude detection specimens that meet the following
requirements.
(a) Specimens shall be divided into grading units. Each

grading unit shall include at least 3 in. (75 mm) of weld
length. If a grading unit is designed to be unflawed, at
least 1 in. (25 mm) of unflawed material shall exist on
either side of the grading unit. The segment of weld length
used in one grading unit shall not be used in another
grading unit. Grading units need not be uniformly spaced
around the pipe specimen.
(b) Detection sets for personnel qualification shall be

selected from Table VIII-S2-1. The number of unflawed
grading units shall be at least twice the number of flawed
grading units. For initial procedure qualification, detec-
tion sets shall include the equivalent of three personnel
qualification sets. To qualify new values of essential vari-
ables, at least one personnel qualification set is required.
(c) Flawed grading units shall meet the following cri-

teria for flaw depth, orientation, and type.
(1) A minimum of one-third of the flaws, rounded to

the next higher whole number, shall have depths between
5% and 30% of the nominal pipe wall thickness. At least

one-third of the flaws, rounded to the next higher whole
number, shall have depths greater than 30% of the nom-
inal pipe wall thickness.

(2) At least one and a maximum of 10% of the flaws,
rounded to the next higher whole number, shall be or-
iented axially. The remainder of the flaws shall be or-
iented circumferentially.

(3) Service‐induced flaws shall be included when
available. When the procedure is intended to detect
IGSCC, at least four field‐removed, IGSCC‐flawed grading
units shall be included in the detection test set.

1.3 Sizing Specimens. The specimen set shall contain
sizing specimens that meet the following requirements.
(a) The minimum number of flaws shall be ten. For in-

itial procedure qualification, sizing sets shall include the
equivalent of three personnel qualification sets. To qualify
new values of essential variables at least one personnel
qualification set is required.
(b) Flaws in length sizing sample sets shall meet the re-

quirements of 1.2(c)(1), when given in conjunction with a
detection test. When the length sizing test is administered
independently, the flaw depth requirements do not apply.

Figure VIII-S1-1B
Test Configuration
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(c) Flaws in the depth sizing sample set shall be distrib-
uted as follows:

Flaw Depth (%
Wall Thickness)

Minimum
Percentage of

Flaws

5–30% 20%

31–60% 20%

61–100% 20%

The remaining flaws shall be in any of the above
categories.

2.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

When scanning from the O.D., the specimen inside sur-
face and identification shall be concealed from the candi-
date. When scanning from the I.D., flaw location and

specimen identification shall be obscured to maintain a
“blind test.”All examinations shall be completed prior to
grading the results and presenting the results to the can-
didate. Divulgence of particular specimen results or can-
didate viewing of unmasked specimens after the
performance demonstration is prohibited.

2.1 Detection Test. Flawed and unflawed grading
units shall be randomly mixed.

2.2 Length and Depth Sizing Test.
(a) Each reported flaw in the detection test shall be

length sized. When only length sizing is being tested,
the regions of each specimen containing a flaw to be sized
may be identified to the candidate. The candidate shall de-
termine the length of the flaw in each region.

Figure VIII-S1-2A
Frequency Response Curve
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(b) The depth sizing test may be performed in conjunc-
tion with or separate from the detection test. When only
depth sizing is being tested, the regions of each specimen
containing a flaw to be sized may be identified to the can-
didate. The candidate shall determine the maximum
depth of the flaw in each region.

3.0 ACCEPTANCE CRITERIA
3.1 Detection Acceptance Criteria.
(a) Personnel demonstration shall meet the require-

ments of Table VIII-S2-1 for both detection and false calls.
If the procedure is intended to detect IGSCC, failure to de-
tect more than one of the IGSCC flaws is unacceptable for
personnel qualification.

(b) Procedure qualification shall demonstrate detect-
ability of each flaw within the scope of the procedure. Suc-
cessful personnel demonstrations may be combined to
satisfy the requirements for procedure qualification.

3.2 Sizing Acceptance Criteria. Examination proce-
dures, equipment, and personnel are qualified for sizing
if the results of the performance demonstration satisfy
the following criteria:

(a) The RMS error of the flaw lengths estimated by ul-
trasonics, as compared with the true lengths, shall not ex-
ceed 0.75 in. (19 mm);

(b) The RMS error of the flaw depths estimated by ul-
trasonics, as compared with the true depths, shall not ex-
ceed 0.125 in. (3 mm).

SUPPLEMENT 3 QUALIFICATION
REQUIREMENTS FOR
FERRITIC PIPING WELDS

Qualification of examination procedures, equipment,
and personnel for ferritic pipe examination shall be ac-
complished by satisfying the requirements of Supplement
2, except that the sample material shall be ferritic and
75% of the sample set defects shall be mechanically or
thermally induced fatigue cracks. In addition, the set shall
include pipe specimens not thicker than 0.1 in. (2.5 mm)
more than the minimum thickness, nor thinner than
1.0 in. (25 mm) less than the maximum thickness for
which the examination procedure is applicable.

SUPPLEMENT 4 QUALIFICATION
REQUIREMENTS FOR THE
CLAD/BASE METAL
INTERFACE OF REACTOR
VESSEL

1.0 SCOPE
This Supplement applies to the inner 15% of the clad

ferritic reactor vessel. It may also be applied to the inner
15% of the unclad ferritic reactor vessel in accordance
with Table VIII-S6-1, Note 1.

2.0 SPECIMEN REQUIREMENTS
The qualification test specimens shall provide full and

unrestricted access to the examination volume to permit
scanning in two directions parallel and two directions
perpendicular to the weld. The same specimens may be
used to demonstrate single‐side access conditions.

2.1 Detection Specimens. Detection specimens,
which may be full‐scale mock‐ups, shall conform to the
following requirements.
(a) Specimens shall have sufficient volume to minimize

spurious reflections. Specimen length and width shall be
at least 12 in. (300 mm). There shall be at least 10 ft2

(1 m2) of clad surface in the specimen set.
(b) Specimen Thickness

(1)When the examination procedure requires the
examination to be performed from the vessel I.D. (clad
surface), the specimen minimum thickness shall be 3 in.
(75 mm) or the maximum thickness of the vessel (which-
ever is less).

(2)When the examination procedure requires the
examination to be performed from the vessel O.D. surface,
the specimen shall be at least 90% of the maximum thick-
ness to be examined.
(c) The performance demonstration shall be on the

same type cladding as that to be examined, with the fol-
lowing exceptions:

(1) demonstration on shielded metal arc weld
(SMAW) single‐wire cladding is transferable to multiple‐
wire or strip‐clad processes;

Table VIII-S2-1
Performance Demonstration Detection Test

Acceptance Criteria

Detection Test Acceptance
Critera

False Call Test Acceptance
Criteria

No. of
Flawed
Grading
Units

Minimum
Detection
Criteria

No. of
Unflawed
Grading
Units

Maximum
Number of
False Calls

5 5 10 0
6 6 12 1
7 6 14 1
8 7 16 2
9 7 18 2
10 8 20 3
11 9 22 3
12 9 24 3
13 10 26 4
14 10 28 5
15 11 30 5
16 12 32 6
17 12 34 6
18 13 36 7
19 13 38 7
20 14 40 8
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(2) demonstration of multiple‐wire or strip‐clad is
considered equivalent but is not transferable to SMAW‐
type clad.

(d) The surface condition of the test specimens shall be
representative of the general condition of the vessel scan-
ning surface.

(e) The detection test matrix shall include flaws with
the following description.

(1) Flaw Type. At least 70% of the flaws shall be
cracks. The balance shall be cracks, fabrication flaws
(e.g., slag, lack of fusion), or machined notches. Notches
may be used only if the examination is performed from
the clad surface. Machined notches shall meet the follow-
ing requirements:

(-a) Notches shall have a maximum width of
0.010 in. (0.25 mm) at the tip. The width at the clad‐to‐
base‐metal interface shall not exceed 0.020 in. (0.5 mm)

(-b) Notches shall conform to the following:

(-1) Notch depth shall not exceed 0.25 in.
(6 mm)

(-2) Notches shall be semi‐elliptical.
(2) Flaws shall be oriented either parallel or perpen-

dicular to the clad direction ±10 deg. For procedure qua-
lification, at least 40% of the flaws shall be included in
each orientation. For personnel tests, at least 20% of
the flaws shall be included in each orientation.

(3) The flaw sizes shall be a representative distribu-
tion of through‐wall depths among the ranges:

(-a) 0.075 in. to 0.200 in. (1.9 mm to 5.1 mm)

(-b) 0.201 in. to 0.350 in. (5.11 mm to 8.9 mm)

(-c) 0.351 in. to 0.550 in. (8.91 mm to 14 mm)

(-d) 0.551 in. to 0.750 in. (14 mm to 19 mm)

(4) No flaw shall have an aspect ratio (depth/length)
less than 0.1. Flaws smaller than 50% of the allowable
flaw size, as defined in IWB-3500, need not be included
as detection flaws.

(5) The material thickness used to determine flaw ac-
ceptability shall be as follows:

(-a) The minimum thickness specified in the scope
of the procedure, for procedures applied from the inside
surface.

(-b) The thickness of the test specimen, for proce-
dures applied from the outside surface.

(f) The number of flaws in a personnel detection de-
monstration shall be selected from Table VIII-S4-1.

(g) For initial procedure qualification, the detection set
shall include the equivalent of three personnel qualifica-
tion sets. To qualify new value of essential variables, at
least one personnel qualification set is required.

(h) The requirements of Article IWA-3000 shall be used
to determine if closely spaced flaws are to be treated as
separate flaws.

(i) Flaw location and specimen identification shall be
obscured to maintain a “blind test.”

2.2 Sizing Specimens.
(a) The sizing test matrix shall contain a minimum of

ten flaws, at least 70% of which shall be cracks.
(b) Procedure qualifications shall include the equiva-

lent of three personnel qualification sets.
(c) Sizing specimens shall conform with the require-

ments of 2.1(b), 2.1(c), 2.1(d), and 2.1(e).

2.3 Supplemental Single-Side Access Test Speci-
mens. Supplemental test specimens required to demon-
strate the effectiveness of single‐side examination
procedures for detecting or sizing of reflectors with non-
optimum sound‐reflecting properties shall comply with
the following:

(a) All flaws shall be cracks.
(b) Two or more cracks shall be included.
(c) The cracks shall exhibit nonoptimum sound reflect-

ing properties.
(1) The nominal orientation shall be 45 deg ± 10 deg

relative to the local surface normal.
(2) The reflecting surface shall exhibit the character-

istics of a crack that could occur during fabrication or
repair.

(d) The inner tip of the cracks shall be located no more
than 2.5 in. (65 mm) and no less than 0.1 in. (2 mm) from
the clad‐to‐base‐metal interface.

(e) The flaws shall be oriented parallel or perpendicu-
lar to the clad direction.

3.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

3.1 Detection Test.
(a) Flaw locations shall be obscured so as to maintain a

“blind test.” Divulging particular specimen results or can-
didate viewing of unmasked specimens is prohibited.

Table VIII-S4-1
Personnel Detection Test Acceptance Criteria

Detection Test Acceptance Criteria

No. of Flaws
Minimum Detection

Criteria

7 7
8 8
9 9

10 10
11 11
12 11
13 12
14 13
15 14
16 14
17 15
18 16
19 17
20 18
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(b) If a flaw is reported within the greater of 1 in.
(25 mm) or 10% of the metal path length to the flaw from
its true location (x , y , and z) it shall be considered de-
tected. All other reported flaws shall be considered false
calls.

3.2 Length and Depth Sizing Test.
(a) Each reported flaw in the detection test shall be

length sized.

(b)When only length sizing is being tested, the regions
of each specimen containing a flaw to be sized shall be
identified to the candidate. The candidate shall determine
the length of the flaw in each region.

(c) For the depth sizing test, the regions of each speci-
men containing a flaw to be sized shall be identified to the
candidate. The candidate shall determine the maximum
depth of the flaw in each region.

3.3 Single-Side Access.
(a) Qualification of personnel and procedures for

single‐side access shall be performed as in 3.1, except that
access shall be restricted to one direction parallel and one
direction perpendicular to the weld.

(b) The procedure shall demonstrate that it is capable
of detecting flaws described in 2.3. This need not be a
blind demonstration.

(c) The procedure shall define specific evaluation cri-
teria for detection, such that an independent evaluator
can make an unbiased decision.

4.0 ACCEPTANCE CRITERIA
4.1 Detection Acceptance Criteria.
(a) Procedure qualification shall demonstrate detect-

ability of each flaw within the scope of the procedure.

(b) Personnel are qualified if the results of the perfor-
mance demonstration satisfy the acceptance criteria of
Table VIII-S4-1 and no flaw greater than 0.25 in.
(6 mm) depth is missed.

(c) For procedure and personnel demonstrations, the
number of false calls shall not exceed A/10, rounded to
the next whole number, where A is the total scan area
of specimens in the test measured in square feet. The total
scan area is defined as the area that would be scanned
when scanning from all four directions.

4.2 Sizing Acceptance Criteria. Examination proce-
dures, equipment, and personnel are qualified for sizing
if the results of the performance demonstration satisfy
the following criteria:

(a) The RMS error of the flaw lengths estimated by ul-
trasonics, as compared to the true lengths, shall not ex-
ceed 0.75 in. (19 mm)

(b) The RMS error of the flaw depths estimated by the
ultrasonics, as compared to the true depths, shall not ex-
ceed 0.15 in. (4 mm)

4.3 Single-Side Acceptance Criteria.
(a) Demonstrations performed according to 3.3(a) shall

meet the applicable requirements of 4.1 for flaws located
within the inner 10% of the vessel thickness.
(b) The supplemental procedure demonstration of 3.3

is acceptable when all flaws described in 2.3 are detected
in accordance with the evaluation criteria qualified in
3.3(c).

SUPPLEMENT 5 QUALIFICATION
REQUIREMENTS FOR
NOZZLE EXAMINATION
FROM THE OUTSIDE
SURFACE

1.0 SCOPE

This Supplement is applicable to examination of ferritic
nozzle inside‐corner regions and the inner 15% of ferritic
nozzle‐to‐shell welds when scanning for flaws oriented
perpendicular to the weld. Demonstration on clad nozzle
mockups may be used for examination of unclad nozzles.
Demonstrations performed on unclad nozzle mockups
shall not be used for examination of clad nozzles. Supple-
ment 4 qualification is required when scanning for flaws
oriented parallel to ferritic nozzle‐to‐shell welds. Supple-
ment 6 qualification is required for the outer 85% of fer-
ritic nozzle‐to‐shell welds.

2.0 MODELING REQUIREMENTS

The examination procedure shall include or provide for
the following.

2.1 A computational model that calculates misorien-
tation angles, the maximum metal path distance to the re-
quired examination volume, and the angle at the flaw
(nominal inspection angle). Misorientation angle and
the angle at the flaw is shown in Figure VIII-S5-1. These
calculations apply to the central ray of the ultrasonic
beam. The modeling process and associated essential
variables shall be identified and defined.

2.2 A statement that specifies the examination sur-
face and the associated maximum acceptable misorienta-
tion angle and metal path, and the range of angles at the
flaw for the examinations.

2.3 Division of the surface of the required examina-
tion volume into grids of 1.0 in. (25 mm) or less in the
nozzle axis direction and 10 deg or less of azimuth.

2.4 The misorientation angle, metal path distance,
and angle at the flaw in each grid cell location for each
search unit or scan shall be documented. Alternatively,
when multiple search units with different skew or inci-
dent angles are used, the search unit or scan that pro-
duces the minimum misorientation angle and the
associated metal path and angle at the flaw in each grid
cell location shall be documented.

ASME BPVC.XI-2015MANDATORY APPENDIX VIII

308

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



3.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

3.1 Specimen Requirements. Demonstration speci-
mens shall meet the following requirements.

(a) Two or more full‐size or sections of full‐size nozzle
mockups shall be used. Specimens shall have sufficient
volume to minimize spurious reflections.

(b) Nozzle mockup material and configurations shall be
representative of nozzles installed in operating reactor
vessels, but may be any thickness, diameter, or radius sui-
table for demonstration in accordance with 3.2 or 3.5.

(c) The performance demonstration shall be on the
same type of cladding as that to be examined, with the fol-
lowing exceptions.

(1) Demonstration on shielded metal arc welding
(SMAW) single‐wire cladding is transferable to multiple‐
wire or strip‐clad process.

(2) Demonstrations on multiple‐wire or strip‐clad
are considered equivalent but are not transferable to
SMAW‐type clad.

(d) The surface condition of the test specimens shall be
representative of the general condition of the vessel scan-
ning surface.

(e) The detection test matrix shall include flaws with
the following description.

(1) Flaw type. At least 50% of the flaws shall be
cracks. The balance shall be cracks, fabrication flaws
(e.g., slag, lack of fusion), or machined notches. Notches
shall have a maximum width of 0.010 in. (0.25 mm) at
the tip. The width at the clad‐to‐base‐metal interface shall
not exceed 0.020 in. (0.50 mm).

(2) The flaw sizes shall be distributed in through‐
wall depths among the ranges:

(-a) 0.075 in. to 0.200 in. (1.90 mm to 5.08 mm)
(-b) 0.201 in. to 0.350 in. (5.09 mm to 8.89 mm)

(-c) 0.351 in. to 0.550 in. (8.90 mm to 13.97 mm)

(-d) 0.551 in. to 0.750 in. (13.98 mm to 19.05 mm)

(f) Flaws in the nozzle inside radius section shall be
uniformly distributed in examination zones A and B of
Figure VIII-S5-2. At least 50% of the flaws shall be located
within ±45 deg of nozzle azimuth angles 90 deg
or 270 deg.

(g) All flaws shall be located in the required examina-
tion volume and shall be oriented in the radial axial plane
as shown in F i gures IWB-2500-7 (a ) th rough
IWB-2500-7(d).

(h) Flaw location and specimen identification shall be
obscured to maintain a “blind test.”

3.2 Procedure Qualification Demonstrations.
(a) The qualification shall demonstrate the following:

(1) examination surfaces to be used, for example,
vessel plate, outer blend radius, nozzle boss, nozzle exten-
sion, and taper

(2)maximum metal path length

(3)maximum misorientation angles

(4) range of angles at the flaw

(b) The demonstration shall include at least 10 flaws
for detection and sizing, in one or more mockups. At least
one but no more than two flaws shall be located in the
nozzle‐to‐vessel weld. At least 50% of the flaws in the de-
monstration test set must be cracks, and the maximum
misorientation shall be demonstrated with cracks. Flaws
in nozzles with bore diameters not exceeding 4 in.
(100 mm) may be notches. The demonstration test set
shall contain a representative distribution (e.g., depths,
examination zones, and flaw azimuth locations) of flaws.

(c) The initial demonstration shall be a blind test.

3.3 Procedures Using Multiple Search Units.
(a) After a successful initial demonstration, the proce-

dure may be extended by nonblind demonstrations on
at least one flaw using scan parameters calculated to pro-
vide the desired maximum path length, misorientation
angle, or angle at the flaw. Detection shall be demon-
strated to specific criteria listed in the examination proce-
dure for any expansion of procedure scope.

(b) This demonstration shall not be performed succes-
sively or increase the misorientation angle or angle at the
flaw by more than 9 deg or the maximum metal path by
more than 30%.

(c) Qualification of other essential variables requires at
least one acceptable personnel qualification test.

3.4 Procedure Qualification Documentation.
(a) The examination procedure, modeling program and

methods, and qualification results shall be documented to
the extent necessary to determine that inservice examina-
tions produce equivalent or smaller misorientation angles
than the procedure demonstrated.

Figure VIII-S5-1
Misorientation Angle
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(b) The qualified essential variables associated with the
maximum metal path, misorientation angles, and range of
angles at the flaw shall be defined by the model documen-
tation. Individual flaw validation is not required except
for nonblind expansions of scope.

3.5 Personnel Qualification.
(a) Personnel shall be qualified in accordance with the

requirements of Supplement 4, for the same type of pro-
cedure (manual or automated), from the outside surface,
using the same type of instruments and data recording
and analysis equipment, and the following additional
requirements.

(1) Successful demonstration shall include at least
three additional flaws.

(2) Examinations shall be demonstrated from a selec-
tion of scan surfaces covered by the procedure.

(3) The candidate shall demonstrate a selection of es-
sential variables covered by the procedure, but need not
demonstrate the full range.
(b) The demonstration test set shall contain a represen-

tative distribution (e.g., depths, examination zones,
and flaw azimuth locations) of flaws. Flaws in the
nozzle‐to‐vessel weld are not required for personnel
demonstration.

3.6 Acceptance Criteria.
(a) Examination procedures and equipment are quali-

fied for detection if each flaw is detected and identified
at the proper azimuth within the greater of ±1 in.
(25 mm) or 10% of the metal path. The number of false
calls shall not exceed D/10 (D/254) rounded up to the
next whole number, with a maximum of 3, where D is
the nominal nozzle inside diameter, in. (mm). If only a
portion of a nozzle is examined, proportional credit for

false calls shall be allowed. Personnel are qualified if each
of the flaws presented are detected at the proper azimuth
within the greater of ±1 in. (25 mm) or 10% of the metal
path and identified with no false calls.
(b) Examination procedures and equipment are quali-

fied for depth sizing if the results of the sizing demonstra-
tion meet the requirements of Supplement 4. Personnel
are qualified if the results from the depth sizing test,
when added to the results from Supplement 4 met the ac-
ceptance criteria of Supplement 4.
(c) Examination procedures and equipment are quali-

fied for length sizing if the deviation between measured
length and true length does not exceed 0.75 in.
(19 mm). Length sizing is required only for flaws in the
nozzle‐to‐shell weld. No additional personnel qualifica-
tions are required.

4.0 FIELD EXAMINATIONS
4.1 To demonstrate that the proposed examination

variables are within the bounds of the qualified demon-
stration, the computational model requirements defined
in 2.0 shall be applied in conjunction with each field ex-
amination. Documentation shall be provided for each noz-
zle examination application.

4.2 Modeling need not be applied for repeated exam-
ination of the same or identical nozzles.

4.3 As an alternative to Supplement 5, if the qualified
model indicates that the maximum misorientation angle
is 10 deg or less, examination of the nozzle‐to‐vessel weld
may be performed using personnel, procedures, and
equipment qualified in accordance with Supplement 4.
The examinations shall be conducted from the vessel
shell, and the component materials and sizes shall be

Figure VIII-S5-2
Flaw Distribution Zones
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GENERAL NOTE: The extremities of Zone A are defined by the tangent points of the nozzle bore and the vessel inside diameter.
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within the scope of the qualified procedure. The Supple-
ment 4 procedure essential variables shall be demon-
strated on a specimen meeting the requirements of
3.1(b) that contains at least one nonblind flaw, oriented
perpendicular to the weld, in the inner 15% of the vol-
ume. The demonstration shall meet the applicable re-
quirements of 3.6(a) for detection and 3.6(b) and 3.6(c)
for sizing. No additional personnel qualifications are
required.

4.4 If an area can be examined by the addition of new
search unit angles, orientations, or scan surfaces that pro-
duce misorientation angles and path lengths within or
equal to the qualified values, the originally qualified pro-
cedure and personnel are qualified to examine the field
component. These new search unit angles, orientations,
or scan areas may be used to obtain examination volume
coverage.

SUPPLEMENT 6 QUALIFICATION
REQUIREMENTS FOR
REACTOR VESSEL WELDS
OTHER THAN CLAD/BASE
METAL INTERFACE

1.0 SCOPE

This Supplement applies to unclad ferritic components
and the outer 85% of clad ferritic components.

2.0 SPECIMEN REQUIREMENTS

Qualification test specimens shall meet the require-
ments listed herein unless a set of specimens is designed
to accommodate specific limitations stated in the scope of
the examination procedure. The same specimens may be
used to demonstrate both detection and sizing
qualification.

2.1 Detection Specimens. Detection specimens,
which may be full‐scale mock‐ups, shall conform to the
following requirements.

(a) Specimens shall have sufficient volume to minimize
spurious reflections. Specimen length and width shall be
at least 12 in. (300 mm). There shall be at least 10 ft2

(1 m2) of scan surface in the specimen set.
(b) The specimen set shall contain at least one sample

that is at least 90% of the maximum thickness to be exam-
ined. The specimen set shall contain one or more flaws in
each of the locations and size ranges shown in Table
VIII-S6-1.

(c) When the examination procedure requires the ex-
amination to be performed from the vessel I.D. (clad sur-
face), the cladding on the mockup shall be of the same
type as the cladding on the component to be examined,
with the following exceptions:

(1) demonstration on shielded metal arc weld
(SMAW) single‐wire cladding is transferable to multiple‐
wire or strip‐clad processes;

(2) demonstration on multiple‐wire or strip‐clad is
considered equivalent but is not transferable to SMAW‐
type clad.

(d) The surface condition of the test specimens shall be
representative of the general condition of the vessel scan-
ning surface.

(e) The detection test matrix shall include flaws with
the following description.

(1) Flaw Type. At least 55% of the flaws shall be
cracks. The balance shall be cracks or fabrication flaws
(e.g., slag, lack of fusion).

(2) Detection and sizing examinations shall include
surface‐connected flaws or flaws with unflawed liga-
ments of more than 0.2 in. (5 mm) Procedure demonstra-
tions shall include examples of both.

(3) Flaws shall be oriented either parallel or perpen-
dicular to the clad direction ±10 deg. For procedure qua-
lification, at least 40% of the flaws shall be included in
each orientation. For personnel qualification, at least
20% of the flaws shall be included in each orientation.

(4) Flaws for the detection test matrix shall be se-
lected from Table VIII-S6-1. The flaws selected shall pro-
vide a demonstration of the minimum and maximum
metal path ranges to be demonstrated as well as a repre-
sentative distribution of flaw sizes and locations.

(5) For initial procedure qualification, the detection
set shall include the equivalent of three personnel quali-
fication sets. Qualification of new values of essential vari-
ables requires at least one personnel qualification set.
Procedure qualification flaws shall be uniformly distribu-
ted over the ranges defined in Table VIII-S6-1. The num-
ber of flaws in a personnel detection demonstration shall
be selected from Table VIII-S4-1.

(6) The requirements of Article IWA-3000 shall be
used to determine if closely spaced flaws are to be treated
as separate flaws.

2.2 Sizing Specimens.
(a) Personnel qualification test sets shall include at

least ten flaws. Procedure qualification demonstrations
shall include the equivalent of three personnel qualifica-
tion sets. At least 55% of the flaws shall be cracks and
the balance shall be fabrication flaws (slag, lack of fusion).

(b) Sizing specimens shall conform with the require-
ments of 2.1(b), 2.1(c), 2.1(d), and 2.1(e), except that
the test matrix shall be selected from the sizing and detec-
tion test flaws included in Table VIII-S6-1.

3.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

3.1 Detection Test.
(a) Flaw locations shall be obscured so as to maintain a

“blind test.” Divulging particular specimen results or can-
didate viewing of unmasked specimens is prohibited.
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(b) If a flaw is reported within the greater of 1.0 in.
(25 mm) or 10% of the metal path length to the flaw from
its true location (x , y , and z), it shall be considered de-
tected. All other reported flaws shall be considered false
calls.

3.2 Length and Depth Sizing Test.
(a) Each reported flaw shall be length sized.
(b) For the length sizing test, the regions of each speci-

men containing a flaw to be sized shall be identified to the
candidate. The candidate shall determine the length of the
flaw in each region.
(c) When only depth sizing is being tested, the regions

of each specimen containing a flaw to be sized shall be
identified to the candidate. The candidate shall determine
the maximum depth of the flaw in each region.

3.3 Single-Side Access. Qualification of personnel
and procedures for single‐side access shall be performed
as in 3.1, except that access shall be restricted to one di-
rection parallel and one direction perpendicular to the
weld.

4.0 ACCEPTANCE CRITERIA
4.1 Detection Acceptance Criteria.
(a) Procedure qualification shall demonstrate detect-

ability of each flaw within the scope of the procedure.
(b) Personnel are qualified if the results of the perfor-

mance demonstration satisfy the acceptance criteria of
Table VIII-S4-1 and no surface‐connected flaw greater
than 0.25 in. (6 mm) depth or embedded flaw (distance
from nearest surface exceeds 10%t) greater than 0.5 in.
(13 mm) was missed.
(c) For procedures and personnel demonstrations, the

number of false calls shall not exceed A/10, rounded to
the next whole number, where A is the total scan area

of specimens in the test measured in square feet. The total
scan area is defined as the area that would be scanned
when scanning from all four directions.

4.2 Sizing Acceptance Criteria.
(a) The RMS error of the flaw lengths estimated by ul-

trasonics, as compared to the true lengths, shall not ex-
ceed 0.75 in. (19 mm).
(b) The RMS error of the flaw depths estimated by ul-

trasonics, as compared to the true depths, shall not ex-
ceed 0.25 in. (6 mm).
(c) The slope of the linear regression line, calculated as

shown in Figure VIII-S6-1, shall be at least 0.7.

SUPPLEMENT 7 QUALIFICATION
REQUIREMENTS FOR
NOZZLE EXAMINATION
FROM THE INSIDE
SURFACE

1.0 SCOPE
This Supplement is applicable to examination of radial

flaws in ferritic nozzle inside‐radius sections. It is also ap-
plicable to examination of parallel flaws in ferritic nozzle‐
to‐shell welds for examinations from the nozzle bore. De-
monstrations on clad nozzle mockups may be used for ex-
amination of unclad nozzles. Demonstrations performed
on unclad nozzle mockups shall not be used for examina-
tion of clad nozzles. Supplement 4 and Supplement 6 qua-
lifications are required when scanning the nozzle‐
to‐vessel weld from the vessel wall.

Table VIII-S6-1
Detection and Sizing Test Flaws and Locations

Flaw Location
0.075–0.200
(1.9–5.1)

Flaw Through‐Wall Dimension, in. (mm) [Note (2)]

0.201–0.350
(5.11–8.9)

0.351–0.550
(8.91–14)

0.551–0.750
(14.01–19)

0.751–2.00
(19.01–50)

Inner 10% [Note (1)] X X S S …
Outer 10% X X S S …
11%–30% T … … X X S
31%–60% T … … X X S
61%–89% T … … X X S

GENERAL NOTES:
(a) X applies to detection and sizing flaws.
(b) S applies only to sizing flaws.
(c) T is the thickness of the thickest specimen in the specimen set.

NOTES:
(1) Demonstrations conducted on clad vessel specimens in accordance with Supplement 4 may be used in lieu of these re-

quirements. Demonstrations performed on unclad vessel specimens shall not be used for examination of clad vessels.
(2) Flaws smaller than 50% of the allowable flaw size specified in IWB-3500 need not be included as detection flaws.
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2.0 CONDUCT OF PERFORMANCE
DEMONSTRATION FOR NOZZLE
INSIDE-RADIUS SECTION

Demonstration on clad/base metal interface of reactor
vessel plate specimens (Supplement 4) qualifies examina-
tion personnel for nozzle inside‐radius section examina-
tion when the following requirements are met.

2.1 For detection and sizing, at least three additional
flaws at the inside radius section in one or more full‐scale
nozzle mockups shall be added to the test set.

(a) Specimens shall have sufficient volume to minimize
spurious reflections.

(b) Flaws shall be located in the radial‐axial plane of the
nozzle inside radius section as shown in Figures
IWB-2500-7(a) through IWB-2500-7(d). At least one
mock‐up shall have the minimum nozzle inside‐corner ra-
dius covered by the procedure.

(c) The performance demonstration shall be on the
same type of cladding as that to be examined, with the fol-
lowing exceptions.

(1) Demonstration on shielded metal arc welding
(SMAW) single‐wire cladding is transferable to multiple‐
wire or strip‐clad process.

(2) Demonstrations on multiple‐wire or strip‐clad
are considered equivalent but are not transferable to
SMAW‐type clad.

(d) The surface condition of the test specimens shall be
representative of the general condition of the vessel scan-
ning surface.

(e) The detection test matrix shall include flaws with
the following description.

(1) Flaw Type. At least 50% of the flaws shall be
cracks. The balance shall be machined notches. Notches
shall have a maximum width of 0.010 in. (0.25 mm) at
the tip. The width at the clad‐to‐base‐metal interface shall
not exceed 0.020 in. (0.5 mm).

(2) Distribution of Flaw Sizes. The flaw sizes shall be
distributed in through‐wall depths among the ranges

(-a) 0.075 in. to 0.200 in. (1.90 mm to 5.08 mm)

(-b) 0.201 in. to 0.350 in. (5.09 mm to 8.89 mm)

(-c) 0.351 in. to 0.550 in. (8.90 mm to 13.97 mm)

(-d) 0.551 in. to 0.750 in. (13.98 mm to 19.05 mm)

2.2 Each of the flaws presented for demonstration
shall be correctly identified at the proper azimuth within
the greater of ±1 in. (25 mm) or 10% of the metal path
with no false calls.

2.3 For depth sizing, the sizing results shall be com-
bined with the sizing results from Supplement 4. The
combined results shall meet the depth sizing acceptance
criteria contained in Supplement 4.

Figure VIII-S6-1
Definition of Statistical Parameters

GENERAL NOTE: Standard Mathematical Tables, 25th ed., William H. Beyer, Ph. D., Ed., CRC Press, Inc., Boca Raton, FL, 1979.

NOTE:
(1) Percent through‐wall units apply to Supplements 2 and 3. Flaw depth units apply to Supplements 4 through 7.
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2.4 Personnel shall be qualified in accordance with
the requirements of Supplement 4 using the same type
of instruments and data recording and analysis equip-
ment. For initial procedure and equipment qualification,
test sets shall include the equivalent of three personnel
qualification sets. To qualify new values of essential vari-
ables, at least one personnel qualification set is required.

3.0 CONDUCT OF PERFORMANCE
DEMONSTRATION FOR EXAMINATION OF
THE NOZZLE-TO-SHELL WELD FROM THE
BORE

Single‐side access demonstration to Supplement 6 qua-
lifies examination personnel for nozzle‐to‐vessel weld ex-
amination when the following requirements are met.

3.1 For detection and sizing, a minimum of three ad-
ditional flaws in one or more full‐scale nozzle mock‐ups
shall be added to the test set.

(a) Flaws shall be oriented parallel to the weld and at
either the inside or outside surface, or subsurface. At least
one subsurface flaw shall be included, and there shall be
no more than two flaws from each category.

(b) Specimens shall have sufficient volume to minimize
spurious reflections.

(c) The performance demonstration shall be on the
same type of cladding as that to be examined, with the fol-
lowing exceptions.

(1) Demonstrations on shielded metal arc welding
(SMAW) single‐wire cladding are transferable to
multiple‐wire or strip‐clad process.

(2) Demonstrations on multiple‐wire or strip‐ clad
are considered equivalent but are not transferable to
SMAW‐type clad.

(d) The surface condition of the test specimens shall be
representative of the general condition of the vessel scan-
ning surface.

(e) The detection test matrix shall include flaws with
the following description.

(1) Flaw Type. At least 75% of the flaws shall be
cracks. The balance shall be cracks, fabrication flaws
(e.g., slag, lack of fusion), or machined notches.

(-a) Notches shall have a maximum width of
0.010 in. (0.25 mm) at the tip. The width at the clad‐to‐
base‐metal interface shall not exceed 0.020 in. (0.50 mm).

(-b) Notches shall conform to the following:

(-1) Notch depth shall not exceed 1/4 in. (6 mm).

(-2) Notches shall be semielliptical.

(2) At least one flaw parallel to the weld shall provide
a metal path distance within 10% of the equivalent path
length to the weld centerline of the thickest component
to be examined.

(f) There shall be a representative distribution of flaw
depths from Table VIII-S6-1.

3.2 Each of the flaws presented for demonstration
shall be correctly identified at the proper azimuth within
the greater of ±1 in. (25 mm) or 10% of the metal path,
with no false calls.

3.3 For length sizing, the results shall be added to the
combined results of Supplement 4 and Supplement 6. The
combined results shall meet the length sizing acceptance
standards of Supplement 4.

3.4 For depth sizing, the inside surface and inner
15% results shall be combined with the sizing results
from Supplement 4. The combined results shall meet
the depth sizing acceptance criteria of Supplement 4.
The remaining results shall be combined with the sizing
results from Supplement 6. The combined results shall
meet the depth sizing acceptance criteria of Supplement
6.

3.5 Personnel shall be qualified in accordance with
the requirements of Supplement 6 for single‐side access,
using the same type of instruments and data recording
and analysis equipment. For initial procedure and equip-
ment qualification, test sets shall include the equivalent of
three personnel qualification sets. To qualify new values
of essential variables, at least one personnel qualification
set is required.

SUPPLEMENT 8 QUALIFICATION
REQUIREMENTS FOR
BOLTS AND STUDS

1.0 SPECIMEN REQUIREMENTS

Qualification test specimens shall meet the require-
ments listed herein, unless a set of specimens is designed
to accommodate specific limitations stated in the scope of
the examination procedure.

1.1 Specimens shall conform to the following
requirements:
(a) The qualification process shall be performed with a

full‐scale section bolt or stud that is sufficient to contain
the beam path and demonstrate the scanning technique.
(b) The qualification specimen shall be of similar chem-

ical composition, tensile properties, and metallurgical
structure as the bolt or stud to be examined. The scan sur-
face of the qualification specimen shall have a configura-
tion similar to the bolt or stud to be examined.
(c) Circumferentially oriented notches shall be located

in the qualification specimen at the minimum and maxi-
mum qualified metal paths. Notches located within one
diameter of the end of the bolt or stud are suitable for de-
monstrating the metal path distance. These notches are
required on the outside threaded surface, with maximum
depths and reflective areas as specified in Table VIII-S8-1.
(d) Additional notches may be located within the range

specified in (c) above, provided they do not interfere with
the detection of other notches.
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2.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

Specimen identification and notch locations shall be ob-
scured so as to maintain a “blind test.”A flaw shall be con-
sidered detected when the notch, as defined in 1.1, is
found. The notch axial location correlation shall be
±1/2 in. (±13 mm) or ±5% of the bolt or stud length, which-
ever is greater.

3.0 ACCEPTANCE CRITERIA
3.1 Examination procedures, equipment, and person-

nel are qualified for detection when each qualification
notch (as described in 1.1) has been detected and its re-
sponse equals or exceeds the reporting criteria specified
in the procedure. The notch response shall have a mini-
mum peak signal to peak noise ratio of 2:1.

SUPPLEMENT 9 QUALIFICATION
REQUIREMENTS FOR CAST
AUSTENITIC PIPING WELDS

(In the course of preparation)

SUPPLEMENT 10 QUALIFICATION
REQUIREMENTS FOR
DISSIMILAR METAL
PIPING WELDS

1.0 SCOPE
Supplement 10 is applicable to dissimilar metal piping

welds examined from either the inside or outside surface.
Supplement 10 is not applicable to piping welds contain-
ing supplemental corrosion‐resistant clad (CRC) applied
to mitigate intergranular stress corrosion cracking
(IGSCC).

2.0 SPECIMEN REQUIREMENTS

Qualification test specimens shall meet the require-
ments listed herein, unless a set of specimens is designed
to accommodate specific limitations stated in the scope of
the examination procedure (e.g., pipe size, weld joint con-
figuration, access limitations). The same specimens may
be used to demonstrate both detection and sizing
qualification.

2.1 General. The specimen set shall conform to the
following requirements.

(a) The minimum number of flaws in a specimen set
shall be ten.

(b) Specimens shall have sufficient volume to minimize
spurious reflections that may interfere with the interpre-
tation process.

(c) The specimen set shall include the minimum and
maximum pipe diameters and thicknesses for which the
examination procedure is applicable. Pipe diameters
within a range of 1/2 in. (13 mm) of the nominal diameter
shall be considered equivalent. Pipe diameters larger than
24 in. (600 mm) shall be considered to be flat. When a
range of thicknesses is to be examined, a thickness toler-
ance of ±25% is acceptable.

(d) The specimen set shall include examples of the fol-
lowing fabrication conditions:

(1) geometric and material conditions that normally
require discrimination from flaws (e.g., counterbore or
weld root conditions, cladding, weld buttering, remnants
of previous welds, adjacent welds in close proximity, weld
repair areas)

(2) typical limited scanning surface conditions shall
be included as follows

(-a) for outside surface examinations, weld
crowns, diametrical shrink, single‐side access due to noz-
zle, and safe end external tapers

(-b) for inside surface examinations, internal ta-
pers, exposed weld roots, and cladding conditions

(e) Qualification requirements shall be satisfied
separately for outside surface and inside surface
examinations.

2.2 Flaw Location.
(a) At least 80% of the flaws shall be contained wholly

in the weld or buttering material.
(b) If the specimens in the test set have both austenitic

and ferritic sides, at least one flaw and no more than 10%
of the total flaws shall be located in ferritic material, and
at least one flaw and no more than 10% of the total flaws
shall be in austenitic base material.

(c) For single-side qualifications, flaws located on the
far side of the weld shall be included in the test set.

Table VIII-S8-1
Maximum Notch Dimensions

Bolt or Stud Size
Depth, in. (mm)

[Note (1)]

Reflective
Area, in.2

(mm2)

Greater than 4 in. (100 mm)
diameter

0.157 (4) 0.059 (38)

2 in. (50 mm) diameter and
greater, but not over 4 in.
(100 mm) diameter

0.107 (2.7) 0.027 (17)

NOTE:
(1) For threaded surfaces, depth is measured from the bottom of the

thread root to bottom of notch.
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2.3 Flaw Type.
(a) At least 60% of the flaws shall be cracks, and the re-

mainder shall be alternative flaws. Specimens with IGSCC
shall be used when available. Alternative flaws shall meet
the following requirements:

(1) Alternative flaws, if used, shall provide crack‐like
reflective characteristics and shall only be used when im-
plantation of cracks would produce spurious reflectors
that are uncharacteristic of service‐induced flaws.

(2) Alternative flaws shall have a tip width of no
more than 0.002 in. (0.05 mm).
(b) At least 50% of the flaws shall be coincident with

areas described in 2.1(d).

2.4 Flaw Depth. All flaw depths shall be greater than
10% of the nominal pipe wall thickness. Flaw depths shall
exceed the nominal clad thickness when placed in clad-
ding. Flaws in the specimen set shall be distributed as
follows.

Flaw Depth (%
Wall Thickness)

Minimum
Number of

Flaws

10–30% 20%

31–60% 20%

61–100% 20%

At least 75% of the flaws shall be in the range of 10% to
60% of wall thickness.

2.5 Flaw Orientation.
(a) For other than sizing specimens, at least 30% and

no more than 70% of the flaws, rounded to the next high-
er whole number, shall be oriented axially. The remainder
of the flaws shall be oriented circumferentially.
(b) Sizing specimen sets shall meet the following

requirements.
(1) Leng th ‐ s i z i n g f l aws sha l l b e o r i en t ed

circumferentially.
(2) Depth‐sizing flaws shall be oriented as in (a).

3.0 PERFORMANCE DEMONSTRATION
Personnel and procedure performance demonstration

tests shall be conducted according to the following
requirements.
(a) For qualifications from the outside surface, the spe-

cimen inside surface and specimen identification shall be
concealed from the candidate. When qualifications are
performed from the inside surface, the flaw location and
specimen identification shall be obscured to maintain a
“blind test.”All examinations shall be completed prior to
grading the results and presenting the results to the can-
didate. Divulgence of particular specimen results or can-
didate viewing of unmasked specimens after the
performance demonstration is prohibited.
(b) For single-side qualifications, the specimen set shall

contain a range of access restrictions.

(1) For components that have scan access from both
the ferritic and austenitic sides, qualification shall be per-
formed from the austenitic side of the weld only.

(2) For components with no austenitic side, or for
which scan access is limited to the ferritic side only, qua-
lification may be performed from the ferritic side.

3.1 Detection Test.
(a) The specimen set shall include detection specimens

that meet the following requirements.
(1) Specimens shall be divided into grading units.
(-a) Each grading unit shall include at least 3 in.

(75 mm) of weld length.
(-b) The end of each flaw shall be separated from

an unflawed grading unit by at least 1 in. (25 mm) of un-
flawed material. A flaw may be less than 3 in. (76 mm) in
length.

(-c) The segment of weld length used in one grad-
ing unit shall not be used in another grading unit.

(-d) Grading units need not be uniformly spaced
around the pipe specimen.

(2) Personnel performance demonstration detection
test sets shall be selected from Table VIII-S10-1. The num-
ber of unflawed grading units shall be at least 11/2 times
the number of flawed grading units.

(3) Flawed and unflawed grading units shall be ran-
domly mixed.
(b) Examination equipment and personnel are qualified

for detection when personnel performance demonstra-
tions satisfy the acceptance criteria of Table VIII-S10-1
for both detection and false calls.

3.2 Length-Sizing Test.
(a) Each reported circumferential flaw in the detection

test shall be length sized.
(b)When the length‐sizing test is conducted in conjunc-

tion with the detection test, and less than ten circumfer-
ential flaws are detected, additional specimens shall be
provided to the candidate such that at least ten flaws
are sized. The regions of each specimen containing a flaw
to be sized shall be identified to the candidate, provided it
does not compromise the sample or data set confidential-
ity. The candidate shall determine the length of the flaw in
each region.
(c) For a separate length‐sizing test, the regions of each

specimen containing a flaw to be sized shall be identified
to the candidate, provided it does not compromise the
sample or data set confidentiality. The candidate shall de-
termine the length of the flaw in each region.
(d) Examination procedures, equipment, and personnel

are qualified for length‐sizing when the RMS error of the
flaw length measurements, compared to the true flaw
lengths, do not exceed 0.75 in. (19 mm).

3.3 Depth-Sizing Test.
(a) The depth‐sizing test may be conducted separately

or in conjunction with the detection test. For a separate
depth‐sizing test, the regions of each specimen containing
a flaw to be sized shall be identified to the candidate,
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provided it does not compromise the sample or data set
confidentiality. The candidate shall determine the maxi-
mum depth of the flaw in each region.

(b)When the depth‐sizing test is conducted in conjunc-
tion with the detection test, and less than ten flaws are de-
tected, additional specimens shall be provided to the
candidate such that at least ten flaws are sized. The re-
gions of each specimen containing a flaw to be sized shall
be identified to the candidate, provided it does not com-
promise the sample or data set confidentiality. The candi-
date shall determine the maximum depth of the flaw in
each region.

(c) Examination procedures, equipment, and personnel
are qualified for depth‐sizing when the RMS error of the
flaw depth measurements, as compared to the true flaw
depths, do not exceed 0.125 in. (3 mm).

4.0 PROCEDURE QUALIFICATION

Procedure qualification shall include the following ad-
ditional requirements.

(a) The specimen set shall include the equivalent of at
least three personnel performance demonstration test
sets.

Successful personnel performance demonstrations may
be combined to satisfy these requirements.

(b) Detectability of all flaws in the procedure qualifica-
tion test set that are within the scope of the procedure
shall be demonstrated. Length and depth sizing shall meet
the requirements of 3.2 and 3.3.

(c) At least one successful personnel performance de-
monstration shall be performed.

(d) To qualify new values of essential variables, at least
one personnel performance demonstration set is re-
quired. The acceptance test criteria of (b) shall be met.

SUPPLEMENT 11 QUALIFICATION
REQUIREMENTS FOR FULL
STRUCTURAL OVERLAID
WROUGHT AUSTENITIC
PIPING WELDS

1.0 SPECIMEN REQUIREMENTS

Qualification test specimens shall meet the require-
ments listed herein, unless a set of specimens is designed
to accommodate specific limitations stated in the scope of
the examination procedure (e.g., pipe size, weld joint con-
figuration, access limitations). The same specimens may
be used to demonstrate both detection and sizing
qualification.

1.1 General. The specimen set shall conform to the
following requirements.

(a) Specimens shall have sufficient volume to minimize
spurious reflections that may interfere with the interpre-
tation process.

(b) The specimen set shall consist of at least three spe-
cimens having different nominal pipe diameters and over-
lay thicknesses. They shall include the minimum and
maximum nominal pipe diameters for which the examina-
tion procedure is applicable. Pipe diameters within a
range of 0.9 to 1.5 times a nominal diameter shall be con-
sidered equivalent. If the procedure is applicable to pipe
diameters of 24 in. (600 mm) or larger, the specimen
set must include at least one specimen 24 in. (600 mm)
or larger but need not include the maximum diameter.
The specimen set shall include at least one specimen with
overlay not thicker than 0.1 in. (2.5 mm) more than the
minimum thickness, and at least one specimen with over-
lay not thinner than 0.25 in. (6 mm) less than the maxi-
mum for which the examination procedure is applicable.

Table VIII-S10-1
Personnel Performance Demonstration Detection Test Acceptance Criteria

Detection Test Acceptance Criteria False Call Acceptance Criteria

No. of Flawed
Grading Units Minimum Detection Criteria

No. of Unflawed
Grading Units

Maximum
No. of False

Calls

10 8 15 2
11 9 17 3
12 9 18 3
13 10 20 3
14 10 21 3
15 11 23 3
16 12 24 4
17 12 26 4
18 13 27 4
19 13 29 4
20 14 30 5
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(c) The surface condition of at least two specimens
shall approximate the roughest surface condition for
which the examination procedure is applicable.

(d) Flaw Conditions

(1) Base Metal Flaws. All flaws must be in or near the
butt weld heat‐affected zone, open to the inside surface,
and extending at least 75% through the base metal wall.
Intentional overlay fabrication flaws shall not interfere
with ultrasonic detection or characterization of the base
metal flaws. At least 70% of the flaws in the detection
and sizing tests shall be actual cracks. Specimens contain-
ing IGSCC shall be used if they are available. If implanta-
tion of actual cracks produces spurious reflectors that
are not characteristic of actual flaws, alternative flaws
may be used but shall comprise not more than 30% of
the total of base material flaws. Alternative flaws, if used,
shall provide crack‐like reflective charactistics and shall
be semielliptical. The tip width of the alternative flaws
shall not exceed 0.002 in.

(2) Overlay Fabrication Flaws. At least 40% of the
flaws shall be noncrack fabrication flaws (e.g., sidewall
lack of fusion or laminar lack of bond) in the overlay or
the pipe‐to‐overlay interface. At least 20% of the flaws
shall be cracks. The balance of the flaws shall be of either
type.

(e) Detection Specimens

(1) At least 20% but less than 40% of the base metal
flaws shall be oriented within ±20 deg of the pipe axial di-
rection. The remainder shall be oriented circumferen-
tially. Flaws shall not be open to any surface to which
the candidate has physical or visual access.

(2) Specimens shall be divided into base metal and
overlay fabrication grading units. Each specimen shall
contain one or both types of grading units. Flaws shall
not interfere with ultrasonic detection or characterization
of other flaws.

(-a)

(-1) A base metal grading unit includes the over-
lay material and the outer 25% of the original overlaid
weld. The base metal grading unit shall extend circumfer-
entially for at least 1 in. (25 mm) and shall start at the
weld centerline and be wide enough in the axial direction
to encompass one half of the original weld crown and at
least 1/2 in. (13 mm) of the adjacent base material. For axi-
ally oriented discontinuities, the axial dimension of the
base metal grading unit may encompass the original weld
crown and at least 1/2 in. (13 mm) of the adjacent base
materials.

(-2) When base metal flaws penetrate into the
overlay material, the base metal grading unit shall not
be used as part of any overlay grading unit.

(-3) Sufficient unflawed overlaid weld and base
metal shall exist on all sides of the grading unit to pre-
clude interfering reflections from adjacent flaws.

(-b) See below.
(-1) An overlay fabrication grading unit shall in-

clude the overlay material and the base metal‐to‐overlay
interface for a length of at least 1 in. (25 mm).

(-2) Overlay fabrication grading units designed
to be unflawed shall be separated by unflawed overlay
material and unflawed base metal‐to‐overlay interface
for at least 1 in. (25 mm) at both ends. Sufficient unflawed
overlaid weld and base metal shall exist on both sides of
the overlay fabrication grading unit to preclude interfer-
ing reflections from adjacent flaws. The specific area used
in one overlay fabrication grading unit shall not be used in
another overlay fabrication grading unit. Overlay fabrica-
tion grading units need not be spaced uniformly about the
specimen.

(3) Detection sets shall be selected from Table
VIII-S2-1. The minimum detection sample set is five
flawed base metal grading units, ten unflawed base metal
grading units, five flawed overlay fabrication grading
units, and ten unflawed overlay fabrication grading units.
For each type of grading unit, the set shall contain at least
twice as many unflawed as flawed grading units. For initi-
al procedure qualification, detection sets shall include the
equivalent of three personnel qualification sets. To qualify
new values of essential variables, at least one personnel
qualification set is required.
(f) Sizing Specimen

(1) The minimum number of flaws shall be ten. At
least 30% of the flaws shall be overlay fabrication flaws.
At least 40% of the flaws shall be open to the inside sur-
face. To assess sizing capabilities, sizing sets shall contain
a representative distribution of flaw dimensions. For initi-
al procedure qualification, sizing sets shall include the
equivalent of three personnel qualification sets. To qualify
new values of essential variables, at least one personnel
qualification set is required.

(2) At least 20% but less than 40% of the flaws shall
be oriented axially. The remainder shall be oriented cir-
cumferentially. Flaws shall not be open to any surface
to which the candidate has physical or visual access.

(3) Base metal flaws used for length sizing demon-
strations shall be oriented circumferentially.

(4) Depth sizing specimen sets shall include at least
two distinct locations where a base metal flaw extends
into the overlay material by at least 0.1 in. (2.5 mm) in
the through‐wall direction.

2.0 CONDUCT OF PERFORMANCE
DEMONSTRATIONS

The specimen inside surface and identification shall be
concealed from the candidate. All examinations shall be
completed prior to grading the results and presenting
the results to the candidate. Divulgence of particular spe-
cimen results or candidate viewing of unmasked speci-
mens af ter the per formance demonstrat ion is
prohibited. The overlay fabrication flaw test and the base
metal flaw test may be performed separately.
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2.1 Detection Test. Flawed and unflawed grading
units shall be randomly mixed. Although the boundaries
of specific grading units shall not be revealed to the can-
didate, the candidate shall be made aware of the type or
types of grading units (base metal or overlay fabrication)
that are present for each specimen.

2.2 Length Sizing Test.
(a) The length sizing test may be conducted separately

or in conjunction with the detection test.
(b) If the length sizing test is conducted in conjunction

with the detection test and the detected flaws do not sa-
tisfy the requirements of 1.1(f), additional specimens
shall be provided to the candidate. The regions containing
a flaw to be sized shall be identified to the candidate. The
candidate shall determine the length of the flaw in each
region.

(c) For a separate length sizing test, the regions of each
specimen containing a flaw to be sized shall be identified
to the candidate. The candidate shall determine the length
of the flaw in each region.

(d) For flaws in base metal grading units, the candidate
shall estimate the length of that part of the flaw that is in
the outer 25% of the base wall thickness.

2.3 Depth Sizing Test.
(a) Depth sizing consists of measuring the metal thick-

ness above the flaw (i.e., remaining ligament), and may be
conducted separately or in conjunction with the detection
test.

(b) If the depth sizing test is conducted in conjunction
with the detection test and the detected flaws do not sa-
tisfy the requirements of 1.1(f), additional specimens
shall be provided to the candidate. The regions containing
a flaw to be sized shall be identified to the candidate. The
candidate shall determine the maximum depth of the flaw
in each region.

(c) For a separate depth sizing test, the regions of each
specimen containing a flaw to be sized shall be identified
to the candidate. The candidate shall determine the max-
imum depth of the flaw in each region.

3.0 ACCEPTANCE CRITERIA
3.1 Detection Acceptance Criteria.
(a) Examination procedures shall be qualified as

follows:
(1) All flaws within the scope of the procedure shall

be detected, and the results of the performance demon-
stration shall satisfy the acceptance criteria of Table
VIII-S2-1 for false calls.

(2) At least one successful personnel demonstration
shall be performed meeting the acceptance criteria de-
fined in (b).

(b) Examination equipment and personnel shall be con-
sidered qualified for detection if the results of the perfor-
mance demonstration satisfy the acceptance criteria of
Table VIII-S2-1 for both detection and false calls.

(c) The criteria in (a) and (b) shall be satisfied sepa-
rately by the demonstration results for base metal grad-
ing units and by those for overlay fabrication grading
units.

3.2 Sizing Acceptance Criteria. Examination proce-
dures, equipment, and personnel are qualified for sizing
when the results of the performance demonstration satis-
fy the following criteria.

(a) The RMS error of the flaw length measurements, as
compared to the true flaw lengths, is less than or equal to
0.75 in. (19 mm). The length of a base metal flaw is mea-
sured at the 75% through‐base‐metal position.

(b) The RMS error of the flaw depth measurements, as
compared to the true flaw depths, is less than or equal to
0.125 in. (3.2 mm).

SUPPLEMENT 12 REQUIREMENTS FOR
COORDINATED
IMPLEMENTATION OF
SELECTED ASPECTS OF
SUPPLEMENTS 2 AND 3

1.0 SCOPE

This Supplement provides for expansion of Supplement
2 qualifications to permit coordinated qualification for
Supplement 3.

2.0 DETECTION AND LENGTH SIZING
2.1 Ferritic Piping. Examination personnel, equip-

ment, and procedure qualification requirements for de-
tection and length sizing for Supplements 2 and 3 are
satisfied when the following requirements are met.

(a) For detection qualification, at least three additional
flawed grading units and six additional unflawed units in
ferritic piping shall be added to the test set. A grading unit
shall include at least 3 in. (75 mm) continuous weld
length. All nine ferritic grading units shall be correctly
identified.

(b) The demonstration shall meet the requirements of
Supplement 2, except that for length sizing qualification,
the minimum number of flaws shall be ten, and the speci-
men set shall include at least three, but not more than
four, flaws in ferritic material.

(c) The ferritic grading units added to expand the qua-
lification are not required to span the full thickness and
diameter ranges of the Supplement 2 test set.

3.0 DEPTH SIZING

Examination personnel, equipment, and procedure
qualification requirements for depth sizing for Supple-
ments 2 and 3 are met by the following demonstration.

(a) Specimens
(1) The minimum number of flaws shall be ten.
(2) The specimen set shall include at least four but no

more than five Supplement 3 flaws.
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(3) The overall flaw depth distribution shall meet the
requirements of Supplement 2, 1.3(c).
(b) The demonstration shall be conducted in accor-

dance with the requirements of Supplement 2, 2.2(b).
(c) The examination procedure, equipment, and per-

sonnel are qualified for depth sizing when the RMS error
of the flaw depth measurements, as compared to the true
flaw depths, does not exceed 0.125 in. (3.2 mm).

SUPPLEMENT 14 QUALIFICATION
REQUIREMENTS FOR
COORDINATED
IMPLEMENTATION OF
SUPPLEMENTS 10, 2, AND
3 FOR PIPING
EXAMINATIONS
PERFORMED FROM THE
INSIDE SURFACE

1.0 SCOPE
This supplement is applicable to wrought austenitic,

ferritic, and dissimilar metal piping welds examined from
the inside surface. This supplement provides for expan-
sion of Supplement 10 qualifications to permit coordi-
nated qualification for Supplements 2 and 3.

2.0 SPECIMEN REQUIREMENTS
Qualification test specimens shall meet the require-

ments listed herein, unless a set of specimens is designed
to accomodate specific limitations stated in the scope of
the examination procedure (e.g., pipe size, access limita-
tions). The same specimens may be used to demonstrate
both detection and sizing qualification.

2.1 General. The specimen set shall conform to the
following requirements.
(a) Specimens shall have sufficient volume to minimize

spurious reflections that may interfere with the interpre-
tation process.
(b) The specimen set shall include the minimum and

maximum pipe diameters and thicknesses for which the
examination procedure is applicable. Applicable toler-
ances are provided in Supplements 2, 3, and 10.
(c) The specimen set shall include examples of the fol-

lowing fabrication conditions:
(1) geometric and material conditions that normally

require discrimination from flaws (e.g., counterbore or
weld root conditions, cladding, weld buttering, remnants
of previous welds, adjacent welds in close proximity, and
weld repair areas)

(2) typical limited scanning surface conditions (e.g.,
internal tapers, exposed weld roots, and cladding
conditions)

2.2 Supplement 2 Flaws.
(a) At least 70% of the flaws shall be cracks, the re-

mainder shall be alternative flaws.

(b) Specimens with IGSCC shall be used when available.
(c) Alternative flaws, if used, shall provide crack‐like

reflective characteristics and shall comply with the
following.

(1) Alternative flaws shall be used only when implan-
tation of cracks produces spurious reflectors that are un-
characteristic of service‐induced flaws.

(2) Alternative flaws shall have a tip width of no
more than 0.002 in. (0.05 mm).

2.3 Supplement 3 Flaws. Supplement 3 flaws shall be
mechanical or thermal fatigue cracks.

2.4 Distribution. The specimen set shall contain a re-
presentative distribution of flaws. Flawed and unflawed
grading units shall be randomly mixed.

3.0 PERFORMANCE DEMONSTRATION

Personnel and procedure performance demonstration
tests shall be conducted according to the following
requirements.
(a) The same essential variable values, or, when appro-

priate, the same criteria for selecting values as demon-
strated in Supplement 10 shall be used.
(b) The flaw location and specimen identification shall

be obscured to maintain a “blind test.”
(c) All examinations shall be completed prior to grad-

ing the results and presenting the results to the candidate.
Divulgence of particular specimen results or candidate
viewing of unmasked specimens after the performance
demonstration is prohibited.

3.1 Detection Test.
(a) The specimen set for Supplement 2 qualification

shall include at least five flawed grading units and ten un-
flawed grading units in austenitic piping. A maximum of
one flaw shall be oriented axially.
(b) The specimen set for Supplement 3 qualification

shall include at least three flawed grading units and six
unflawed grading units in ferritic piping. A maximum of
one flaw shall be oriented axially.
(c) Specimens shall be divided into grading units.

(1) Each grading unit shall include at least 3 in.
(76 mm) of weld length.

(2) The end of each flaw shall be separated from an
unflawed grading unit by at least 1 in. (25 mm) of un-
flawed material. A flaw may be less than 3 in. (76 mm)
in length.

(3) The segment of weld length used in one grading
unit shall not be used in another grading unit.

(4) Grading units need not be uniformly spaced
around the pipe specimen.
(d) All grading units shall be correctly identified as

being either flawed or unflawed.

3.2 Length-Sizing Test.
(a) The coordinated implementation shall include the

following requirements for personnel length‐sizing
qualification.
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(b) The specimen set for Supplement 2 qualification
shall include at least four flaws in austenitic material.

(c) The specimen set for Supplement 3 qualification
shall include at least three flaws in ferritic material.

(d) Each reported circumferential flaw in the detection
test shall be length sized. When only length‐sizing is being
tested, the regions of each specimen containing a flaw to
be sized may be identified to the candidate. The candidate
shall determine the length of the flaw in each region.

(e) Supplement 2 or Supplement 3 examination proce-
dures, equipment, and personnel are qualified for length‐
sizing when the flaw lengths estimated by ultrasonics, as
compared with the true length, do not exceed 0.75 in.
(19 mm) RMS, when they are combined with a successful
Supplement 10 qualification.

3.3 Depth-Sizing Test. The coordinated implementa-
tion shall include the following requirements for person-
nel depth‐sizing qualification.

(a) The specimen set for Supplement 2 qualification
shall include at least four circumferentially‐oriented flaws
in austenitic material.

(b) The specimen set for Supplement 3 qualification
shall include at least three circumferentially oriented
flaws in ferritic material.

(c) For a separate depth‐sizing test, the regions of each
specimen containing a flaw to be sized may be identified
to the candidate. The candidate shall determine the depth
of the flaw in each region.

(d) Supplement 2 or Supplement 3 examination proce-
dures, equipment, and personnel are qualified for depth‐
sizing when the flaw depths estimated by ultrasonics, as
compared with the true depths, do not exceed 0.125 in.
(3 mm) RMS, when they are combined with a successful
Supplement 10 qualification.

4.0 PROCEDURE QUALIFICATION

Procedure qualification shall include the following ad-
ditional requirements.

(a) The specimen set shall include the equivalent of at
least three personnel performance demonstration test
sets. Successful personnel performance demonstrations
may be combined to satisfy these requirements.

(b) Detectability of all flaws in the procedure qualifica-
tion test set that are within the scope of the procedure
shall be demonstrated. Detection, length sizing, and depth
sizing shall meet the requirements of 3.1, 3.2, and 3.3.

(c) At least one successful personnel demonstration
shall be performed.

(d) To qualify new values of essential variables, at least
one personnel performance demonstration is required.
The acceptance criteria of (b) shall be met.
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MANDATORY APPENDIX IX

Redesignated as Nonmandatory Appendix W and
moved.
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MANDATORY APPENDIX X
STANDARD UNITS FOR USE IN EQUATIONS

Table X-1
Standard Units for Use in Equations

Quantity U.S. Customary Units SI Units

Linear dimensions (e.g., length, height, thickness, radius, diameter) inches (in.) millimeters (mm)

Area square inches (in.2) square millimeters (mm2)

Volume cubic inches (in.3) cubic millimeters (mm3)

Section modulus cubic inches (in.3) cubic millimeters (mm3)

Moment of inertia of section inches4 (in.4) millimeters4 (mm4)

Mass (weight) pounds mass (lbm) kilograms (kg)

Force (load) pounds force (lbf) newtons (N)

Bending moment inch-pounds (in.-lb) newton-millimeters (N·mm)

Pressure, stress, stress intensity, and modulus of elasticity pounds per square inch (psi) megapascals (MPa)

Energy (e.g., Charpy impact values) foot-pounds (ft-lb) joules (J)

Temperature degrees Fahrenheit (°F) degrees Celsius (°C)

Absolute temperature Rankine (°R) kelvin (K)

Fracture toughness ksi square root inches MPa square root meters

Angle degrees or radians degrees or radians

Boiler capacity Btu/hr watts (W)
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NONMANDATORY APPENDIX A
ANALYSIS OF FLAWS

ARTICLE A-1000
INTRODUCTION

A-1100 SCOPE

This Nonmandatory Appendix provides analytical procedures44 that may be used for determining acceptability of
flaws that have been detected during inspection (including preservice inspection) that exceed the allowable flaw stan-
dards of IWB-3500. Analytical evaluations performed using this Nonmandatory Appendix shall meet all the require-
ments of the Appendix. The procedure is based upon the principles of linear elastic fracture mechanics and can be
used to support acceptability for continued service for a specified evaluation time period. This procedure applies to fer-
ritic materials 4 in. (100 mm) and greater in thickness with specified minimum yield strengths of 50.0 ksi (350 MPa) or
less in components having simple geometries and stress distributions. The basic concepts of the procedure may be ex-
tended to other ferritic materials (including clad ferritic materials) and more complex geometries; however, they are not
intended to apply to austenitic or high nickel alloys. For purposes of analysis, indications that exceed the standards of
IWB-3500 are considered flaws. The following is a summary of the analytical procedure.
(a) Determine the actual flaw configuration from the measured flaw in accordance with Article IWA-3000.
(b) Characterize the flaw in accordance with IWB-3610.
(c) Using Article A-2000, resolve the actual flaw into a simple shape that can be analyzed.
(d) Determine the stresses at the location of the observed flaw for normal (including upset), emergency, and faulted

conditions.
(e) Calculate stress intensity factors for each condition using the methods outlined in Article A-3000.
(f) Using the methods outlined in Article A-4000, determine the necessary material properties, including the effects of

irradiation if applicable.
(g) Using the analytical procedures described in Article A-5000, determine the following critical flaw parameters:

ac = minimum critical flaw size for normal conditions
af = expected end‐of‐life flaw size
ai = minimum critical initiation flaw size for emergency and faulted conditions

(h) Using the critical flaw parameters af , ac , and ai , apply the analytical evaluation criteria of IWB-3600 to determine
whether the observed flaw is acceptable for continued service.
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ARTICLE A-2000
FLAW MODEL FOR ANALYSIS

A-2100 SCOPE

This Article provides the rules for flaw shape, proximity to closest flaw, flaw orientation, and flaw location, which are
used in the analytical model for linear elastic fracture mechanics.

A-2200 FLAW SHAPE

The flaw indication should be completely circumscribed by an elliptical or circular planar area according to the meth-
ods outlined in IWA-3300.

A-2300 PROXIMITY TO CLOSEST FLAW

In the case of multiple neighboring flaws, if the shortest distance between the boundaries of two neighboring flaws is
within the proximity limits described in IWA-3300, the neighboring flaws should be circumscribed by a single ellipse as
described in IWA-3300.

A-2400 FLAW ORIENTATION

Flaws that do not lie in a plane perpendicular to the maximum principal stress direction should be projected into that
plane following the rules in IWA-3340.

A-2500 FLAW LOCATION

(a) For purposes of analysis, the flaw is to be considered in its actual location. The stresses due to system loading
should be computed at this location. Surface flaw or subsurface flaw expressions should be used depending upon the
type of flaw. Where the flaw is a subsurface flaw, but is within the proximity limit in IWA-3340 of the surface of the
component, the flaw should be considered to be a surface flaw and should be circumscribed by a semiellipse, with its
major axis on the surface.

(b) For clad components, flaw depth should be determined in accordance with IWB-3610.
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ð15Þ ARTICLE A-3000
METHOD OF KI DETERMINATION

A-3100 SCOPE

(a) This Article provides methods of calculating crack tip stress intensity factors, KI , for subsurface and surface flaws
using the representative stresses at the flaw location and acting normal to the plane of the flaw (Mode I). The solutions
for KI are based on either flat plate or cylindrical geometries, and can be used for subsurface flaws, and internal and
external surface flaws in various types of components (e.g., vessels, pumps, valves, etc.), for which the flaw can be de-
fined in terms of crack depth, a , for surface flaws (half crack depth for subsurface flaws), wall thickness, t , and compo-
nent curvature, Ri/t (ratio of inside radius to wall thickness).
(b) The flaw shall be represented by an ellipse or semiellipse, as applicable, as shown in Figure A-3100-1. KI for the

appropriate flaw model shall be determined using the stress representation described in A-3200 and the equations pro-
vided in A-3300 for subsurface flaws or A-3400 for surface flaws.

A-3200 STRESSES

(a)When defining the stresses acting at the flaw location, applied stresses from all forms of loading, including internal
pressure, thermal transients, cladding-induced stresses, and weld residual, shall be evaluated. When surface flaws are in
contact with the pressure side of the component, the pressure acting on the crack faces shall be included in the deter-
mination of KI .
(b)When stress distributions are determined using a numerical stress analysis method, stress values are obtained at

discrete locations. Stress distribution may be represented by a polynomial equation as described in A-3210. Stress dis-
tribution may also be represented over discrete intervals as described in A-3220.

A-3210 POLYNOMIAL STRESS REPRESENTATION

The stress distribution may be represented by a polynomial. The selection of the order of the polynomial fit is estab-
lished based on achieving the best fit to the actual stress variation. For nonlinear stress variations through the wall of the
component, higher order regression fits up to fourth order might be required. Two acceptable fitting methods, as de-
scribed in A-3211 and A-3212, may be used; namely, stress fit over the crack depth or stress fit over the wall thickness
of the component.

A-3211 Stress Fit Over Crack Depth

For a surface or subsurface flaw, the stresses normal to the plane of the flaw at the flaw location may be represented
by a polynomial relation fitted over the full crack depth by the following relationship:

ð1Þ

where

a = half crack depth for a subsurface flaw and total crack depth for a surface flaw
x = distance through the wall measured from the intersection point of the major and minor axes of the flaw as

shown in Figure A-3210-1 for a surface flaw and Figure A-3210-2, illustration (a) for a subsurface flaw.
The origin of the stress distribution is at the center of the flaw for a surface or subsurface flaw.

A0 , A1 , A2 ,
A3 , A4 = fitting constants in units of stress derived from fitting the actual stress distribution at the flaw plane

Coefficients A0 through A4 shall provide an accurate representation of stress over the flaw plane for all values of flaw
depths covered by the analysis (i.e., −1 ≤ x/a ≤ 1 for a subsurface flaw and 0 ≤ x/a ≤ 1 for a surface flaw). Alternatively,
the stress distribution that upper bounds the actual stress field over the flaw may be used. An example of a conservative
linearization of a stress field is illustrated in Figure A-3210-3.
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A-3212 Stress Fit Over the Wall Thickness

For a surface or subsurface flaw, the stresses normal to the plane of the flaw at the flaw location may be represented
by a polynomial fit through the thickness by the following relationship:

ð2Þ

where

x = distance through the wall measured from the component surface nearest the flaw, as shown in Figure
A-3210-1 for a surface flaw and Figure A-3210-2, illustration (b) for a subsurface flaw. For a surface flaw,
the origin of the stress distribution is at the center of the flaw. For a subsurface flaw, the origin of the
stress distribution is at the free surface closest to the flaw.

B0 , B1 ,
B2 , B3 , B4 = fitting constants in units of stress derived from fitting the actual stress distribution at the flaw plane

Coefficients B0 through B4 shall provide an accurate representation of stress over the flaw plane for all values of flaw
depth covered by the analysis [i.e., (d − a)/t ≤ x/t ≤ (d + a)/t for subsurface flaws and 0 ≤ x/t ≤ a/t for surface flaws].
The dimension d is the distance from the surface boundary to the center of the subsurface flaw as illustrated in Figure
A-3210-2, illustration (b).

Figure A-3100-1
Elliptical Flaw Models
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Figure A-3210-1
Definition of x Distance Through the Wall for the Surface Flaws
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Figure A-3210-2
Definition of x Distance for the Subsurface Flaw Stress Definition

(a) Coordinate Relative to Center of Subsurface Flaw
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Figure A-3210-3
Linearization of Stress Versus Distance Through the Wall

Legend:

t = wall thickness
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A-3220 STRESS REPRESENTATION OVER DISCRETE INTERVALS
The variation of stress over the intervals between the discrete locations where stress is known may be approximated

for the calculation of stress intensity factors using the weight function method described in A-3420. Piecewise linear
variation is an acceptable approximation method, as described in A-3221.

A-3221 Linear Variation Over Interval
The stress normal to the plane of the flaw may be assumed to vary linearly between the discrete locations where

stress is known. Piecewise linear format over a given interval is written as

ð3Þ

where

bi = constant of piecewise linear stress variation over the interval x i and x i + 1

=

ki = coefficient of piecewise linear stress variation over the interval x i and x i + 1

=

n = number of intervals of discrete locations at which stress is known
x i = discrete locations

σ(x i) = value of known stress at locations x i
σ i (x) = piecewise linear stress approximation over the i -interval

A-3300 STRESS INTENSITY FACTORS FOR SUBSURFACE FLAWS

The detected flaw shall be represented by an ellipse as illustrated in Figure A-3100-1, illustration (a). The stress in-
tensity factors for the elliptical flaw model shall be determined using the representative stresses and flaw geometry de-
scribed in A-3310.

A-3310 KI BASED ON POLYNOMIAL STRESS REPRESENTATION
A-3311 KI Equations

(a) The stress intensity factors for subsurface flaws shall be calculated using superposition of stress terms by the re-
lationships given in (b) or (c).

(b) For stresses represented by A-3211 eq. (1) where the stress is defined over the crack depth, the stress intensity
factor is given by

ð4Þ

where

C0 =

C1 =

C2 =

C3 =

C4 =
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d = distance from the intersection of the major and minor axes of the flaw to the nearest free boundary surface
as shown in Figure A-3210-2

A0 , A1 , A2 ,
A3 , A4 = coefficients from A-3211 eq. (1) that represent the stress distribution over the flaw depth, -1 ≤ x/a ≤ 1.

When calculating KI as a function of flaw depth, a new set of coefficients A0 through A4 shall be deter-
mined for each new value of flaw depth.

G0 , G1 , G2 ,
G3 , G4 = KI coefficients provided in tabular format in A-3312 or in equational format in A-3313

The flaw shape parameter Q is calculated using the following equation:

ð5Þ

where

a/ℓ = the flaw aspect ratio 0 ≤ a/ℓ≤ 0.5
qy = the plastic zone correction factor calculated using the following equation:

ℓ = the length of the major axis of the flaw
σy s = material yield strength
Φ = 1 + 4.593 (a/ℓ)1.65

(c) For stresses represented by A-3212 eq. (2) where the stress is defined over the component thickness, the stress
intensity factor is given by

ð6Þ

where

d = distance from the intersection of the major and minor axes of the flaw to the nearest free boundary sur-
face as shown in Figure A-3210-2

Q = flaw shape parameter given by (b) eq. (5)
qy = the plastic zone correction factor calculated using the following equation:

B0 , B1 , B2 ,
B3 , B4 = coefficients from A-3212 eq. (2)

G0 , G1 , G2 ,
G3 , G4 = KI coefficients for subsurface flaw geometry as provided in tabular format in A-3312 or in equational for-

mat in A-3313
σy s = material yield strength

A-3312 Tabular Gi Coefficients

The G i coefficients for subsurface flaws for ranges of flaw geometries are provided in Tables A-3610-1 through
A-3610-6. Interpolation within the listed values is permitted.

A-3313 Equations for Gi Coefficients

In the course of preparation.

A-3400 STRESS INTENSITY FACTORS FOR SURFACE FLAWS

The detected flaw shall be represented by a semiellipse as illustrated in Figure A-3100-1, illustration (b). The stress
intensity factors for the semielliptical flaw model shall be determined using the stresses and flaw geometry as described
in A-3410 or A-3420.
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A-3410 KI BASED ON POLYNOMIAL STRESS REPRESENTATION
A-3411 KI Equations

(a) The stress intensity factors for surface flaws shall be calculated using superposition of stress terms by the relation-
ships given in (b) or (c).

(b) For stresses represented by A-3211 eq. (1) where the stress is defined over the crack depth, the stress intensity
factor is given by

ð7Þ

where

Ap = pressure for surface flaws exposed to pressure loading (Ap = 0 for flaws not exposed to pressure loading)
Q = flaw shape parameter given by A-3311(b) eq. (5)
qy = the plastic zone correction factor calculated using the following equation:

A0 , A1 , A2 ,
A3 , A4 = coefficients from A-3211 eq. (1). When calculating KI as a function of flaw depth, a new set of coefficients

A0 through A4 shall be determined for each new value of flaw depth.
G0 , G1 , G2 ,

G3 , G4 = KI coefficients specified in A-3412 or A-3413
σy s = material yield strength

(c) For stresses represented by A-3212 eq. (2) where the stress is defined over the component thickness, the stress
intensity factor is given by

ð8Þ

where

Bp = pressure for surface flaws exposed to pressure loading (Bp = 0 for flaws not exposed to pressure loading)
Q = flaw shape parameter given by A-3311(b) eq. (5)
qy = the plastic zone correction factor calculated using the following equation:

B0 , B1 , B2 ,
B3 , B4 = coefficients from A-3212 eq. (2)

G0 , G1 , G2 ,
G3 , G4 = KI coefficients specified in A-3412 or A-3413

σy s = material yield strength

A-3412 Tabular Gi Coefficients

The Gi coefficients for a surface flaw in a flat plate for a range of flaw geometries are provided in Tables A-3620-1
through A-3620-3. Tabular values for circumferential inside surface flaws in selected cylindrical geometries are pro-
vided in Tables A-3630-1 through A-3630-8.

A-3413 Equations for Gi Coefficients

(a) The equations for Gi for the deepest point (Point 1) of a surface flaw are given below:
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where Y0 and Y1 are the solution functions given in A-3500 for the appropriate flaw model and geometry for the com-
ponent, and Φ is defined in A-3311.
(b) For the surface point (Point 2), Gi shall be determined from the following equations:

where F0 and F1 are the solution functions given in A-3500 for the appropriate flaw model and geometry for the com-
ponent, and Φ is defined in A-3311.

A-3420 KI BASED ON WEIGHT FUNCTION METHOD

For an arbitrary stress distribution σ(x) on crack face, the stress intensity factor is given by the following equation
using the weight function method:

ð9Þ

where

a = crack depth
KI = stress intensity factor

m(x,a) = Mode I weight function
x = distance from the surface and moving positive toward the tip of the surface crack, defined in Figure A-3210-1

σ(x) = stress distribution normal to the plane of the flaw

A-3421 KI Equations Based on Weight Functions

(a) For the deepest point (Point 1) of a semielliptical surface crack as shown in Figure A-3100-1, illustration (b), the
weight function is given by

where the weight function coefficients Mj are dependent on geometry of the structure and crack dimensions. The stress
intensity factor calculated using A-3420 eq. (9) and the piecewise linear stress distribution of A-3221 eq. (3) is given by

ð10Þ
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where

KIM0 =

KIM1 =

KIM2 =

KIM3 =

In eq. (10) and (b) eq. (11), ki and bi are defined in A-3221 eq. (3).
(b) For the surface point (Point 2) of a semielliptical surface crack as shown in Figure A-3100-1, illustration (b), the

weight function is given by

where weight function coefficients, Nj , are dependent on geometry of the structure and crack dimensions. The stress
intensity factor calculated using the weight function method of A-3420 eq. (9) and the piecewise linear stress of
A-3221 eq. (3) is given by

ð11Þ

where

KIN0 =

KIN1 =

KIN2 =

KIN3 =

In (a) eq. (10) and eq. (11), ki and bi are defined in A-3221 eq. (3).

A-3422 Equations for Weight Function Coefficients, Mj and Nj

(a) CoefficientsMj for j = 1, 2, and 3, to calculate KI in A-3421(a), where Gi is evaluated at the deepest point (Point 1),
are given by

Solutions for G0 and G1 are provided in A-3412 and A-3413 for various flaw geometries.
(b) Coefficients Nj for j = 1, 2, and 3, to calculate KI in A-3421(b), where Gi is evaluated at the surface point (Point 2),

are given by
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Solutions for G0 and G1 are provided in A-3412 and A-3413 for various flaw geometries.

A-3500 FLAW MODEL SOLUTIONS

A-3510 SUBSURFACE FLAWS

In the course of preparation. The tabular Gi coefficients for subsurface flaws in Tables A-3610-1 through A-3610-6
may be used. Interpolation within the listed values is permitted.

A-3520 SURFACE FLAWS IN FLAT PLATE

For surface flaws in a flat plate of finite thickness, the following expressions define the solution functions for deter-
mining the Gi coefficients in A-3413. For the deepest point (Point 1)

where

f0 = a0 + a1 (a/t)2 + a2 (a/t)4

a0 = 1.10190 − 0.019863(a/c) − 0.043588(a/c)2

a1 = 4.32489 − 14.9372(a/c) + 19.4389(a/c)2 − 8.52318(a/c)3

a2 = −3.03329 + 9.96083(a/c) − 12.582(a/c)2 + 5.3462(a/c)3

f1 = b0 + b1 (a/t)2 + b2 (a/t)4

b0 = 0.456128 − 0.114206(a/c) − 0.046523(a/c)2

b1 = 3.022 − 10.8679(a/c) + 14.94(a/c)2 − 6.8537(a/c)3

b2 = −2.28655 + 7.88771(a/c) − 11.0675(a/c)2 + 5.16354(a/c)3

over the ranges 0 < a/t ≤ 0.8 and 0.2 ≤ a/c ≤ 1.0, where c = ℓ/2.

For the surface point (Point 2)

where

g0 = c0 (a/c)m 0

c0 = 1.143260 + 0.0175996(a/t) + 0.501001(a/t)2

m0 = 0.458320 − 0.102985(a/t) − 0.398185(a/t)2

g1 = c1 (a/c)m 1

c1 = 0.976770 − 0.131975(a/t) + 0.484875(a/t)2

m1 = 0.448863 − 0.173295(a/t) − 0.267775(a/t)2

over the ranges 0 < a/t < 0.8 and 0.2 ≤ a/c ≤ 1.0.
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A-3530 CIRCUMFERENTIAL INSIDE SURFACE FLAWS IN CYLINDERS

(a) This section provides closed-form solutions to determine Y0 and Y1 for the deepest point, and F0 and F1 for the
surface point, of circumferential flaws on the inside surface of cylinders. The deepest and surface points (Points 1 and 2)
are shown in Figure A-3100-1, illustration (b). These coefficients are used in conjunction with equations in A-3413 to
determine G0 through G4 for use in calculating stress intensity factors. The equations cover Ri/t range from 1 to 100.

(b) The range over which an inside surface flaw can be defined as an elliptical crack geometry depends on Ri/t , a/ℓ ,
and a/t . The governing equation for a valid elliptical crack shown in Figure A-3530-1 is

where ℓ360 is that value of ℓ equal to the circumference of the inside surface (ℓ360 = 2πRi). A 360-deg circumferential
flaw is achieved when a/ℓ = a/ℓ360 . Any flaw having a/ℓ ratio less than or equal to a/ℓ360 shall be treated as a
360-deg circumferential flaw (see A-3531).

(c) The equations for Y0 , Y1 , F0 , and F1 are based on stress analysis data over a specific range of values for a/t and
a/ℓ . The ranges over which the equations are valid are defined with each set of equations. Exceeding these bounds on
a/t and a/ℓ results in extrapolation, and the calculated values shall be justified.

(d) Interpolation in Y0 , Y1 , F0 , and F1 to obtain intermediate values for Ri/t is permitted, provided the interpolation
is performed based on t/Ri ratio. The t/Ri ratios shall be checked to ensure that the flaw size and shape for the appro-
priate t/Ri remains a valid elliptical geometry. Otherwise, a 360-deg circumferential flaw geometry shall be used.

Figure A-3530-1
Cylindrical Flaw Geometry
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A-3531 360-Deg Circumferential Inside Surface Flaw
For a 360-deg circumferential surface flaw on the inside surface of a cylinder (Figure A-3531-1), the following equa-

tion defines the solution for the Gi coefficients in A-3413 for the deepest point.

where Yi represents Y0 or Y1 for the flaw equations for the deepest point with coefficients given in Table A-3531-1. The
range of applicability is 0 ≤ a/t ≤ 0.8 and 1 ≤ Ri/t ≤ 100. Use of the above equation outside these parameter ranges will
result in extrapolation and shall be justified.

A-3532 Elliptical Inside Surface Flaw
(a) For a circumferential elliptical surface flaw on the inside surface of a cylinder, the following equations define the

solution for the Gi coefficients in A-3413.
(b) For the case when Ri/t = 1, at the deepest point of the flaw (Point 1)

Figure A-3531-1
360-deg Inside Surface Flaw Geometry
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where Y0 and Y1 are the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges will
result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.

For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. If a/ℓ ≤ a/ℓ360 , the flaw is 360 deg, and values for F0 and F1 do not exist. Use of
the above equations outside these parameters shall be justified. Tabulated values of G0 through G4 are shown in Tables
A-3630-1 and A-3630-2.

(c) For the case when Ri/t = 3, at the deepest point of the flaw (Point 1)

where Yi represents Y0 or Y1 for the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1.
The range of applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equation outside these parameter
ranges will result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.

Table A-3531-1
Coefficients for 360-deg Circumferential Inside Surface Flaw Equation

Coefficients Y0 Y1

m1 1.07130 E+00 6.48814 E−01
m2 1.52135 E−01 1.75457 E−01
m3 9.77012 E−02 4.34760 E−02
m4 −3.35553 E−01 −3.58231 E−01
m5 −2.14289 E−02 −8.42949 E−03
m6 −3.46308 E−01 −1.40864 E−01
m7 9.51292 E−01 6.06585 E−01
m8 −1.20085 E−05 −1.54100 E−04
m9 8.99698 E−02 3.65687 E−02
m10 1.00469 E+00 3.46561 E−01
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For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges shall be justified.
(d) For the case when Ri/t = 5, at the deepest point of the flaw (Point 1)

where Y0 and Y1 are the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges will
result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.
For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges shall be justified.
Tabulated values of G0 through G4 are shown in Tables A-3630-3 and A-3630-4.
(e) For the case when Ri/t = 10, at the deepest point of the flaw (Point 1)

where Y0 and Y1 are the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges will
result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.
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For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges shall be justified.
Tabulated values of G0 through G4 are shown in Tables A-3630-5 and A-3630-6.

(f) For the case when Ri/t = 20, at the deepest point of the flaw (Point 1)

where Y0 and Y1 are the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges will
result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.

For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges shall be justified.
Tabulated values of G0 through G4 are shown in Tables A-3630-7 and A-3630-8.

(g) For the case when Ri/t = 60, at the deepest point of the flaw (Point 1)
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where Y0 and Y1 are the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges will
result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.
For the surface point of the flaw (Point 2)

where F0 and F1 are the surface flaw equations with coefficients,mi , given in Table A-3532-2. The range of applicability
is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equations outside these parameter ranges shall be justified.
(h) For the case when Ri/t = 100, at the deepest point of the flaw (Point 1)

where Yi represents Y0 or Y1 for the flaw equations for the deepest point with coefficients,mi , given in Table A-3532-1.
The range of applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equation outside these parameter
ranges will result in extrapolation and shall be justified. If a/ℓ ≤ a/ℓ360 , use a 360-deg circumferential flaw in A-3531.
For the surface point of the flaw (Point 2)

where Fi represents F0 or F1 for the surface flaw equation with coefficients, mi , given in Table A-3532-2. The range of
applicability is 0 ≤ a/t ≤ 0.8 and a/ℓ360 < a/ℓ ≤ 0.5. Use of the above equation outside these parameter ranges shall be
justified.

A-3540 CIRCUMFERENTIAL O.D. SURFACE FLAWS IN CYLINDERS

In the course of preparation. The solution for the flat plate model for Gi in A-3520 may be used.

A-3550 AXIAL INSIDE SURFACE FLAWS IN CYLINDERS

In the course of preparation. The solution for the flat plate model for Gi in A-3520 may be used.

A-3560 AXIAL OUTSIDE SURFACE FLAWS IN CYLINDERS

In the course of preparation. The solution for the flat plate model for Gi in A-3520 may be used.

A-3600 Gi COEFFICIENTS IN TABULAR FORM

This subarticle contains tabulated values for G0 through G4 for various geometries. These tables are referenced by
A-3312 and A-3412. Interpolation in a/ℓ , a/d , a/t , t/Ri , and d/t is permitted in the Tables of A-3610, A-3620, and
A-3630.

A-3610 COEFFICENTS G0 THROUGH G4 FOR SUBSURFACE CRACK

See Tables A-3610-1 through A-3610-6.
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Table A-3532-1
Coefficients for Semielliptical Circumferential Inside Surface Flaw Equations, Deepest Point (Point 1)

Coefficients

Ri/t = 1 Ri/t = 3 Ri/t = 5 Ri/t = 10

Y0 Y1 Y0 Y1 Y0 Y1 Y0 Y1

m1 1.10889 E+00 6.85352 E–01 1.15125 E+00 6.98772 E–01 1.11343 E+00 7.09517 E–01 1.09199 E+00 6.91614 E–01
m2 –1.25394 E+00 –1.50548 E–01 –8.82425 E–01 –6.58620 E–01 –4.57201 E–01 –5.50839 E–01 –6.34066 E–02 –3.74200 E–01
m3 5.97485 E–01 –1.72245 E–01 1.93364 E–01 1.79846 E–01 6.41084 E–01 1.06038 E+00 3.93480 E+00 2.51851 E+00
m4 4.86147 E–01 7.36887 E–02 2.03438 E+00 1.28738 E+00 3.30691 E+01 9.68824 E–01 4.07522 E+01 1.07367 E+00
m5 2.89649 E–01 1.40103 E+00 5.18324 E–01 9.94781 E–01 –5.29889 E+01 –1.00092 E+00 –6.35645 E+01 –9.25019 E–01
m6 –9.07933 E–01 –3.15954 E–01 –9.75983 E–01 –9.79754 E–01 –8.75031 E–01 2.16603 E+00 –8.17658 E–01 4.24183 E+00
m7 6.68014 E–01 7.86514 E–01 2.46237 E+00 2.42710 E+00 8.80344 E–01 N/A 3.75120 E+00 N/A
m8 N/A –1.69966 E+00 N/A N/A 3.08549 E+01 N/A 3.83982 E+01 N/A
m9 N/A 1.63055 E+00 N/A N/A –4.89480 E+01 N/A –5.79021 E+01 N/A
m10 N/A –1.23433 E+00 N/A N/A N/A N/A N/A N/A

Coefficients

Ri/t = 20 Ri/t = 60 Ri/t = 100

Y0 Y1 Y0 Y1 Y0 Y1

m1 1.09357 E+00 6.96626 E–01 1.08043 E+00 6.88471 E–01 1.06719 E+00 6.93887 E–01
m2 1.84693 E-01 –2.54857 E–01 3.80354 E–01 –1.82010 E–01 5.05303 E–01 –1.76885 E–01
m3 6.31565 E+00 3.73189 E+00 7.18740 E+00 5.48211 E+00 7.55482 E+00 4.35984 E+00
m4 2.04554 E+01 1.59309 E+00 3.56638 E+01 1.19796 E+00 1.14005 E+01 2.93971 E+00
m5 –2.07996 E–01 –8.84114 E–01 –6.37988 E+00 –9.14096 E–01 –8.73938 E–01 –9.21967 E–01
m6 –8.22268 E–01 6.28557 E+00 –8.76588 E–01 8.48290 E+00 7.40188 E+00 7.23332 E+00
m7 6.21895 E+00 N/A 7.07112 E+00 N/A 1.19984 E+01 1.88388 E+00
m8 1.99526 E+01 N/A 3.15701 E+01 N/A N/A N/A
m9 N/A N/A N/A N/A N/A N/A
m10 N/A N/A N/A N/A N/A N/A
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Table A-3532-2
Coefficients for Semielliptical Circumferential Inside Surface Flaw Equations, Surface Point (Point 2)

Coefficients

Ri/t = 1 Ri/t = 3 Ri/t = 5 Ri/t = 10

F0 F1 F0 F1 F0 F1 F0 F1

m1 1.64496 E−01 4.88938 E−04 1.32440 E−01 −1.50149 E−02 1.13982 E−01 −1.39698 E−02 1.11374 E−01 −4.24930 E−03
m2 −2.98905 E−01 −8.69283 E−02 −1.15242 E−01 −3.11917 E−03 8.21739 E−02 −7.19889 E−03 1.38732 E−01 −8.20587 E−03
m3 4.90225 E+00 1.07598 E−01 5.69683 E+00 8.80608 E−01 −7.41220 E−01 8.78529 E−01 −7.06971 E−01 2.35630 E−02
m4 9.04706 E−02 6.25873 E−01 6.40066 E−02 −7.74366 E−01 5.20565 E-01 −1.87063 E+00 4.92779 E−01 5.95009 E−01
m5 −1.15432 E+00 −5.99429 E−01 −1.30963 E+00 2.42183 E+00 6.18421 E+00 2.80791 E+00 5.98338 E+00 6.98387 E−01
m6 5.08381 E−01 −1.00626 E+00 6.70826 E−01 N/A 1.19860 E+00 −2.01685 E+00 3.32795 E−01 −1.18458 E+00
m7 2.34511 E+00 1.68297 E+00 3.01176 E+00 N/A 1.87491 E-01 2.62123 E+00 −2.87288 E+00 4.79557 E−01
m8 N/A −1.06351 E+00 N/A N/A −2.50254 E+00 N/A 1.94042 E+00 8.56237 E−01
m9 N/A −2.44089 E−01 N/A N/A 1.61212 E+00 N/A 3.22359 E+00 4.17703 E+00
m10 N/A N/A N/A N/A 3.88243 E+00 N/A N/A N/A

Coefficients

Ri/t = 20 Ri/t = 60 Ri/t = 100

F0 F1 F0 F1 F0 F1

m1 9.88052 E−02 −8.82484 E−03 1.00475 E−01 −5.12509 E−03 1.20136 E−01 −5.79084 E−03
m2 2.26670 E−01 9.45840 E−03 2.16208 E−01 1.08802 E−02 −8.53915 E−02 4.52833 E−03
m3 −9.09763 E−01 8.47324 E−01 −9.31311 E−01 −4.30886 E−03 5.28063 E+00 6.63713 E−01
m4 5.44771 E−01 −9.08933 E−01 6.12986 E−01 6.18669 E−01 −7.01427 E+00 −5.60214 E−01
m5 6.68337 E+00 2.50035 E+00 6.61383 E+00 7.37669 E−01 1.74082 E+01 2.24920 E+00
m6 1.80906 E+00 N/A 1.25411 E+00 −9.38562 E−01 −4.86581 E−01 −1.41017 E+00
m7 5.36798 E−01 N/A 4.97886 E−01 9.50809 E−01 −4.09918 E−01 5.24646 E−01
m8 −3.93476 E+00 N/A −3.85173 E+00 4.50179 E+00 5.77134 E−01 −2.16250 E−01
m9 2.61316 E+00 N/A 2.56365 E+00 N/A 5.57884 E+00 6.42538 E+00
m10 4.53166 E+00 N/A 4.26498 E+00 N/A N/A N/A
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Table A-3610-1
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.0

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 0.9871 0.1974 0.0395 0.0079 0.0016

2 0.9871 0.1974 0.0395 0.0079 0.0016

3 … … … … …

0.3 1 0.9871 0.2961 0.0888 0.0267 0.0080

2 0.9871 0.2961 0.0888 0.0267 0.0080

3 … … … … …

0.4 1 0.9871 0.3948 0.1579 0.0632 0.0253

2 0.9871 0.3948 0.1579 0.0632 0.0253

3 … … … … …

0.5 1 0.9871 0.4935 0.2468 0.1234 0.0617

2 0.9871 0.4935 0.2468 0.1234 0.0617

3 … … … … …

0.1 0.2 1 0.9886 0.1876 0.0357 0.0068 0.0013

2 0.9884 0.2078 0.0438 0.0092 0.0020

3 … … … … …

0.3 1 0.9886 0.2814 0.0804 0.0230 0.0066

2 0.9884 0.3117 0.0985 0.0312 0.0990

3 … … … … …

0.4 1 0.9662 0.3670 0.1398 0.0534 0.0205

2 0.9659 0.4058 0.1709 0.0722 0.0305

3 … … … … …

0.5 1 0.9900 0.4697 0.2235 0.1067 0.0511

2 0.9900 0.5202 0.2740 0.1447 0.0765

3 … … … … …

0.2 0.2 1 1.0012 0.1800 0.0328 0.0061 0.0011

2 0.9987 0.2199 0.0489 0.0109 0.0025

3 … … … … …

0.3 1 1.0031 0.2706 0.0740 0.0205 0.0058

2 1.0006 0.3305 0.1101 0.0307 0.0125

3 … … … … …

0.4 1 1.0036 0.3610 0.1316 0.0486 0.0182

2 1.0010 0.4408 0.1958 0.0877 0.0395

3 … … … … …

0.5 1 1.0067 0.4529 0.2064 0.0954 0.0448

2 1.0067 0.5539 0.3074 0.1720 0.0969

3 … … … … …

0.4 0.2 1 1.0674 0.1727 0.0298 0.0055 0.0011

2 1.0412 0.2484 0.0611 0.0154 0.0040

3 … … … … …

0.3 1 1.0781 0.2621 0.0680 0.0189 0.0056

2 1.0472 0.3745 0.1381 0.0522 0.0201

3 … … … … …

0.4 1 1.0812 0.3505 0.1214 0.0449 0.0177

2 1.0522 0.5016 0.2466 0.1242 0.0636

3 … … … … …

0.5 1 1.0901 0.4428 0.1921 0.0891 0.0440

2 1.0901 0.6473 0.3966 0.2489 0.1591

3 … … … … …
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A-3620 COEFFICIENTS G0 THROUGH G4 FOR FLAT PLATE SURFACE CRACK
See Tables A-3620-1 through A-3620-3.

A-3630 COEFFICIENTS Gi FOR CIRCUMFERENTIAL SEMIELLIPTICAL INSIDE SURFACE FLAW
See Tables A-3630-1 through A-3630-8.

Table A-3610-1
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.0 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.2207 0.1809 0.0319 0.0065 0.0015

2 1.1216 0.2841 0.0767 0.0216 0.0063

3 … … … … …

0.3 1 1.2259 0.2809 0.0747 0.0228 0.0077

2 1.1309 0.4288 0.1735 0.0732 0.0318

3 … … … … …

0.4 1 1.2640 0.3767 0.1333 0.0542 0.0244

2 1.1451 0.5792 0.3124 0.1757 0.1016

3 … … … … …

0.5 1 1.2766 0.4772 0.2117 0.1080 0.0609

2 1.2766 0.7994 0.5339 0.3722 0.2670

3 … … … … …

0.8 0.2 1 1.6155 0.2273 0.0441 0.0103 0.0027

2 1.2606 0.3295 0.0965 0.0300 0.0097

3 … … … … …

0.3 1 1.7332 0.3710 0.1086 0.0379 0.0147

2 1.2826 0.5006 0.2193 0.1022 0.0494

3 … … … … …

0.4 1 1.7643 0.5001 0.1933 0.0892 0.0456

2 1.3132 0.6872 0.4016 0.2493 0.1604

3 … … … … …

0.5 1 1.7729 0.6260 0.3009 0.1727 0.1099

2 1.7729 1.1469 0.8218 0.6249 0.4934

3 … … … … …
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Table A-3610-2
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.1

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 0.9871 0.1974 0.0395 0.0079 0.0016

2 0.9781 0.1974 0.0395 0.0079 0.0016

3 0.4277 0.0855 0.0171 0.0034 0.0007

0.3 1 0.9871 0.2961 0.0888 0.0267 0.0080

2 0.9871 0.2961 0.0888 0.0267 0.0080

3 0.4277 0.1283 0.0385 0.0115 0.0035

0.4 1 0.9871 0.3948 0.1579 0.0632 0.0253

2 0.9871 0.3948 0.1579 0.0632 0.0253

3 0.4277 0.1711 0.0684 0.0274 0.0109

0.5 1 0.9871 0.4936 0.2468 0.1234 0.0617

2 0.9871 0.4936 0.2468 0.1234 0.0617

3 0.4277 0.2139 0.1069 0.0535 0.0267

0.1 0.2 1 0.9820 0.1861 0.0354 0.0067 0.0013

2 0.9781 0.2059 0.0435 0.0092 0.0019

3 0.4399 0.0879 0.0176 0.0035 0.0035

0.3 1 0.9821 0.2823 0.0824 0.0245 0.0074

2 0.9811 0.3133 0.1016 0.0335 0.0112

3 0.4401 0.1333 0.0409 0.0127 0.0127

0.4 1 0.9823 0.3747 0.1443 0.0561 0.0220

2 0.9820 0.4161 0.1779 0.0767 0.0333

3 0.4404 0.1770 0.0717 0.0292 0.0292

0.5 1 0.9826 0.4656 0.2212 0.1054 0.0504

2 0.9826 0.5171 0.2728 0.1442 0.0764

3 0.4412 0.2203 0.1101 0.0550 0.0550

0.2 0.2 1 0.9869 0.1768 0.0322 0.0060 0.0011

2 0.9837 0.2174 0.0485 0.0109 0.0025

3 0.4389 0.0876 0.0175 0.0035 0.0035

0.3 1 0.9875 0.2683 0.0750 0.0216 0.0064

2 0.9852 0.3302 0.1133 0.0398 0.0143

3 0.4392 0.1329 0.0408 0.0127 0.0127

0.4 1 0.9884 0.3565 0.1315 0.0496 0.0191

2 0.9866 0.4387 0.1984 0.0912 0.0425

3 0.4396 0.1765 0.0714 0.0291 0.0291

0.5 1 0.9905 0.4438 0.2021 0.0935 0.0440

2 0.9905 0.5469 0.3051 0.1719 0.0977

3 0.4406 0.2197 0.1097 0.0549 0.0549

0.4 0.2 1 1.0206 0.1627 0.0277 0.0050 0.0010

2 1.0052 0.2423 0.0601 0.0153 0.0039

3 0.4441 0.0884 0.0177 0.0036 0.0036

0.3 1 1.0247 0.2480 0.0650 0.0184 0.0057

2 1.0082 0.3685 0.1405 0.0556 0.0227

3 0.4452 0.1344 0.0413 0.0129 0.0129

0.4 1 1.0289 0.3308 0.1144 0.0425 0.0169

2 1.0146 0.4918 0.2470 0.1277 0.0676

3 0.4463 0.1787 0.0725 0.0297 0.0297

0.5 1 1.0373 0.4151 0.1775 0.0811 0.0395

2 1.0372 0.6225 0.3849 0.2436 0.1570

3 0.4489 0.2233 0.1118 0.0563 0.0563
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Table A-3610-2
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.1 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.1108 0.1585 0.0270 0.0053 0.0012

2 1.0423 0.2701 0.0741 0.0211 0.0062

3 0.4545 0.0902 0.0181 0.0037 0.0037

0.3 1 1.1260 0.2448 0.0644 0.0199 0.0069

2 1.0512 0.4126 0.1738 0.0771 0.0357

3 0.4574 0.1376 0.0425 0.0135 0.0135

0.4 1 1.1384 0.3294 0.1145 0.0463 0.0209

2 1.0720 0.5571 0.3088 0.1790 0.1072

3 0.4597 0.1835 0.0748 0.0311 0.0311

0.5 1 1.1559 0.4177 0.1800 0.0896 0.0494

2 1.1558 0.7389 0.5012 0.3539 0.2569

3 0.4654 0.2310 0.1164 0.0595 0.0595

0.8 0.2 1 1.3438 0.1754 0.0323 0.0072 0.0018

2 1.0989 0.3009 0.0904 0.0286 0.0093

3 0.4694 0.0927 0.0188 0.0039 0.0039

0.3 1 1.3905 0.2792 0.0796 0.0279 0.0110

2 1.1223 0.4645 0.2139 0.1053 0.0543

3 0.4754 0.1424 0.0444 0.0144 0.0144

0.4 1 1.4237 0.3810 0.1431 0.0654 0.0334

2 1.1709 0.6411 0.3879 0.2489 0.1659

3 0.4792 0.1905 0.0785 0.0334 0.0334

0.5 1 1.4502 0.4833 0.2238 0.1250 0.0776

2 1.4502 0.9683 0.7089 0.5480 0.4385

3 0.4906 0.2431 0.1242 0.0653 0.0653

ASME BPVC.XI-2015NONMANDATORY APPENDIX A

348

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table A-3610-3
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.2

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 0.9842 0.1968 0.0394 0.0079 0.0016

2 0.9842 0.1968 0.0394 0.0079 0.0016

3 0.6180 0.1236 0.0247 0.0049 0.0010

0.3 1 0.9842 0.2953 0.0886 0.0266 0.0080

2 0.9842 0.2953 0.0886 0.0266 0.0080

3 0.6180 0.1854 0.0556 0.0167 0.0050

0.4 1 0.9842 0.3937 0.1575 0.0630 0.0252

2 0.9842 0.3937 0.1575 0.0630 0.0252

3 0.6180 0.2472 0.0989 0.0396 0.0158

0.5 1 0.9842 0.4921 0.2461 0.1230 0.0615

2 0.9842 0.4921 0.2461 0.1230 0.0615

3 0.6180 0.3090 0.1545 0.0773 0.0386

0.1 0.2 1 0.9881 0.1864 0.0353 0.0067 0.0013

2 0.9850 0.2082 0.0441 0.0094 0.0020

3 0.6293 0.1258 0.0252 0.0050 0.0010

0.3 1 0.9881 0.2827 0.0822 0.0243 0.0073

2 0.9842 0.3156 0.1027 0.0340 0.0114

3 0.6293 0.1909 0.0587 0.0183 0.0058

0.4 1 0.9883 0.3753 0.1438 0.0556 0.0217

2 0.9877 0.4202 0.1803 0.0780 0.0340

3 0.6294 0.2534 0.1027 0.0419 0.0172

0.5 1 0.9885 0.4662 0.2205 0.1045 0.0497

2 0.9885 0.5223 0.2765 0.1467 0.0780

3 0.6300 0.3150 0.1576 0.0788 0.0395

0.2 0.2 1 0.9913 0.1759 0.0317 0.0058 0.0011

2 0.9890 0.2202 0.0495 0.0112 0.0026

3 0.6300 0.1260 0.0252 0.0051 0.0010

0.3 1 0.9917 0.2669 0.0738 0.0210 0.0062

2 0.9890 0.3340 0.1153 0.0408 0.0148

3 0.6301 0.1911 0.0588 0.0184 0.0059

0.4 1 0.9922 0.3544 0.1293 0.0482 0.0184

2 0.9908 0.4440 0.2021 0.0934 0.0438

3 0.6305 0.2538 0.1030 0.0422 0.0174

0.5 1 0.9934 0.4407 0.1985 0.0908 0.0422

2 0.9934 0.5527 0.3105 0.1760 0.1006

3 0.6315 0.3157 0.1582 0.0794 0.0400

0.4 0.2 1 1.0139 0.1578 0.0261 0.0046 0.0009

2 1.0022 0.2452 0.0616 0.0158 0.0041

3 0.6366 0.1273 0.0256 0.0052 0.0011

0.3 1 1.0161 0.2401 0.0611 0.0169 0.0050

2 1.0039 0.3725 0.1436 0.0573 0.0236

3 0.6376 0.1933 0.0599 0.0190 0.0061

0.4 1 1.0186 0.3196 0.1074 0.0388 0.0150

2 1.0081 0.4961 0.2522 0.1316 0.0702

3 0.6391 0.2572 0.1050 0.0435 0.0183

0.5 1 1.0239 0.3996 0.1660 0.0736 0.0348

2 1.0239 0.6245 0.3909 0.2498 0.1621

3 0.6432 0.3215 0.1621 0.0824 0.0422
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Table A-3610-3
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.2 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.0842 0.1480 0.0241 0.0046 0.0010

2 1.0271 0.2724 0.0759 0.0219 0.0064

3 0.6529 0.1304 0.0265 0.0055 0.0012

0.3 1 1.0929 0.2270 0.0569 0.0168 0.0057

2 1.0323 0.4149 0.1775 0.0797 0.0371

3 0.6562 0.1987 0.0622 0.0201 0.0067

0.4 1 1.1005 0.3040 0.1007 0.0390 0.0170

2 1.0471 0.5575 0.3141 0.1841 0.1111

3 0.6601 0.2653 0.1095 0.0464 0.0201

0.5 1 1.1119 0.3831 0.1572 0.0750 0.0400

2 1.1119 0.7290 0.5032 0.3597 0.2634

3 0.6704 0.3351 0.1710 0.0890 0.0473

0.8 0.2 1 1.2626 0.1534 0.0267 0.0057 0.0014

2 1.0671 0.3022 0.0926 0.0296 0.0098

3 0.6757 0.1345 0.0278 0.0059 0.0013

0.3 1 1.2883 0.2398 0.0645 0.0217 0.0084

2 1.0784 0.4623 0.2173 0.1083 0.0564

3 0.6831 0.2062 0.0655 0.0218 0.0077

0.4 1 1.3079 0.3243 0.1150 0.0505 0.0251

2 1.1167 0.6332 0.3910 0.2542 0.1710

3 0.6911 0.2770 0.1162 0.0508 0.0231

0.5 1 1.3246 0.4088 0.1787 0.0960 0.0580

2 1.3246 0.9161 0.6860 0.5387 0.4361

3 0.7129 0.3563 0.1856 0.1004 0.0563
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Table A-3610-4
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.3

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 0.9879 0.1976 0.0395 0.0079 0.0016

2 0.9879 0.1976 0.0395 0.0079 0.0016

3 0.7582 0.1516 0.0303 0.0061 0.0012

0.3 1 0.9879 0.2964 0.0889 0.0267 0.0080

2 0.9879 0.2964 0.0889 0.0267 0.0080

3 0.7582 0.2275 0.0682 0.0205 0.0061

0.4 1 0.9879 0.3952 0.1581 0.0632 0.0253

2 0.9879 0.3952 0.1581 0.0632 0.0253

3 0.7582 0.3033 0.1213 0.0485 0.0194

0.5 1 0.9879 0.4940 0.2470 0.1235 0.0617

2 0.9879 0.4940 0.2470 0.1235 0.0617

3 0.7582 0.3791 0.1896 0.0095 0.0474

0.1 0.2 1 0.9923 0.1864 0.0351 0.0066 0.0013

2 0.9911 0.2102 0.0447 0.0095 0.0020

3 0.7664 0.1533 0.0307 0.0061 0.0012

0.3 1 0.9924 0.2827 0.0818 0.0241 0.0072

2 0.9905 0.3187 0.1041 0.0345 0.0117

3 0.7667 0.2325 0.0715 0.0223 0.0071

0.4 1 0.9924 0.3752 0.1431 0.0551 0.0214

2 0.9917 0.4234 0.1823 0.0791 0.0346

3 0.7665 0.3086 0.1251 0.0511 0.0210

0.5 1 0.9926 0.4661 0.2194 0.1035 0.0490

2 0.9926 0.5264 0.2796 0.1488 0.0793

3 0.7669 0.3834 0.1918 0.0960 0.0481

0.2 0.2 1 0.9947 0.1748 0.0312 0.0056 0.0010

2 0.9934 0.2227 0.0504 0.0115 0.0026

3 0.7664 0.1533 0.0307 0.0062 0.0012

0.3 1 0.9950 0.2652 0.0726 0.0205 0.0060

2 0.9934 0.3378 0.1174 0.0417 0.0152

3 0.7666 0.2325 0.0716 0.0224 0.0072

0.4 1 0.9953 0.3520 0.1271 0.0469 0.0177

2 0.9942 0.4487 0.2056 0.0956 0.0451

3 0.7668 0.3087 0.1254 0.0514 0.0212

0.5 1 0.9961 0.4376 0.1951 0.0883 0.0405

2 0.9961 0.5582 0.3156 0.1799 0.1034

3 0.7677 0.3838 0.1924 0.0967 0.0487

0.4 0.2 1 1.0109 0.1537 0.0248 0.0043 0.0008

2 1.0017 0.2484 0.0630 0.0163 0.0043

3 0.7735 0.1546 0.0312 0.0064 0.0013

0.3 1 1.0124 0.2336 0.0580 0.0156 0.0045

2 1.0028 0.3772 0.1470 0.0591 0.0245

3 0.7743 0.2348 0.0728 0.0231 0.0075

0.4 1 1.0140 0.3107 0.1017 0.0357 0.0135

2 1.0057 0.5018 0.2578 0.1357 0.0728

3 0.7757 0.3122 0.1277 0.0531 0.0224

0.5 1 1.0176 0.3877 0.1569 0.0677 0.0311

2 1.0176 0.6295 0.3985 0.2569 0.1679

3 0.7798 0.3898 0.1968 0.1004 0.0517
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Table A-3610-4
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.3 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.0662 0.1393 0.0217 0.0040 0.0008

2 1.0195 0.2759 0.0780 0.0227 0.0067

3 0.7894 0.1576 0.0322 0.0067 0.0014

0.3 1 1.0720 0.2131 0.0511 0.0146 0.0048

2 1.0229 0.4197 0.1821 0.0825 0.0388

3 0.7923 0.2400 0.0753 0.0245 0.0083

0.4 1 1.0771 0.2846 0.0901 0.0336 0.0143

2 1.0340 0.5622 0.3213 0.1902 0.1157

3 0.7963 0.3201 0.1326 0.0565 0.0247

0.5 1 1.0847 0.3570 0.1400 0.0642 0.0333

2 1.0847 0.7271 0.5098 0.3685 0.2721

3 0.8076 0.4037 0.2067 0.1082 0.0580

0.8 0.2 1 1.2119 0.1372 0.0227 0.0047 0.0011

2 1.0478 0.3052 0.0951 0.0308 0.0102

3 0.8147 0.1622 0.0337 0.0073 0.0016

0.3 1 1.2290 0.2128 0.0543 0.0177 0.0067

2 1.0554 0.4657 0.2227 0.1123 0.0589

3 0.8214 0.2479 0.0792 0.0266 0.0094

0.4 1 1.2419 0.2862 0.0962 0.0410 0.0200

2 1.0847 0.6333 0.3982 0.2619 0.1776

3 0.8300 0.3327 0.1404 0.0619 0.0286

0.5 1 1.2515 0.3584 0.1483 0.0771 0.0456

2 1.2515 0.8922 0.6815 0.5426 0.4438

3 0.8547 0.4272 0.2237 0.1220 0.0693
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Table A-3610-5
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.4

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 0.9947 0.1989 0.0398 0.0080 0.0016

2 0.9947 0.1989 0.0398 0.0080 0.0016

3 0.8780 0.1756 0.0351 0.0070 0.0014

0.3 1 0.9947 0.2984 0.0895 0.0269 0.0081

2 0.9947 0.2984 0.0895 0.0269 0.0081

3 0.8780 0.2634 0.0790 0.0237 0.0071

0.4 1 0.9947 0.3979 0.1592 0.0637 0.0255

2 0.9947 0.3979 0.1592 0.0637 0.0255

3 0.8780 0.3512 0.1405 0.0562 0.0225

0.5 1 0.9947 0.4974 0.2487 0.1243 0.0622

2 0.9947 0.4974 0.2487 0.1243 0.0622

3 0.8780 0.4390 0.2195 0.1098 0.0549

0.1 0.2 1 0.9964 0.1864 0.0349 0.0066 0.0012

2 0.9949 0.2118 0.0452 0.0096 0.0021

3 0.8835 0.1767 0.0354 0.0071 0.0014

0.3 1 0.9965 0.2827 0.0814 0.0238 0.0071

2 0.9951 0.3213 0.1053 0.0350 0.0119

3 0.8837 0.2681 0.0824 0.0257 0.0082

0.4 1 0.9965 0.3753 0.1425 0.0546 0.0211

2 0.9960 0.4268 0.1844 0.0803 0.0352

3 0.8837 0.3558 0.1442 0.0589 0.0242

0.5 1 0.9966 0.4661 0.2185 0.1026 0.0483

2 0.9966 0.5304 0.2828 0.1510 0.0807

3 0.8840 0.4420 0.2211 0.1107 0.0555

0.2 0.2 1 0.9980 0.1738 0.0307 0.0055 0.0010

2 0.9969 0.2251 0.0513 0.0118 0.0027

3 0.8837 0.1767 0.0354 0.0071 0.0014

0.3 1 0.9981 0.2637 0.0715 0.0200 0.0057

2 0.9970 0.3415 0.1195 0.0427 0.0156

3 0.8839 0.2681 0.0826 0.0259 0.0083

0.4 1 0.9984 0.3501 0.1252 0.0457 0.0170

2 0.9976 0.4535 0.2091 0.0978 0.0463

3 0.8841 0.3559 0.1446 0.0593 0.0245

0.5 1 0.9988 0.4350 0.1921 0.0860 0.0391

2 0.9988 0.5638 0.3209 0.1840 0.1063

3 0.8846 0.4423 0.2218 0.1115 0.0562

0.4 0.2 1 1.0102 0.1504 0.0237 0.0040 0.0007

2 1.0026 0.2520 0.0646 0.0168 0.0044

3 0.8893 0.1778 0.0359 0.0073 0.0015

0.3 1 1.0112 0.2284 0.0553 0.0144 0.0041

2 1.0033 0.3825 0.1507 0.0611 0.0255

3 0.8899 0.2699 0.0838 0.0266 0.0087

0.4 1 1.0123 0.3036 0.0969 0.0331 0.0122

2 1.0054 0.5085 0.2641 0.1401 0.0757

3 0.8910 0.3586 0.1468 0.0611 0.0258

0.5 1 1.0148 0.3784 0.1493 0.0627 0.0280

2 1.0148 0.6365 0.4074 0.2649 0.1744

3 0.8948 0.4474 0.2261 0.1154 0.0595
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Table A-3610-5
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.4 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.0548 0.1325 0.0197 0.0035 0.0007

2 1.0160 0.2803 0.0803 0.0236 0.0070

3 0.9046 0.1807 0.0370 0.0077 0.0017

0.3 1 1.0590 0.2021 0.0464 0.0127 0.0040

2 1.0184 0.4260 0.1874 0.0858 0.0406

3 0.9069 0.2747 0.0864 0.0282 0.0095

0.4 1 1.0626 0.2695 0.0816 0.0293 0.0121

2 1.0270 0.5695 0.3300 0.1974 0.1209

3 0.9105 0.3662 0.1519 0.0649 0.0285

0.5 1 1.0677 0.3370 0.1263 0.0557 0.0280

2 1.0677 0.7307 0.5200 0.3800 0.2829

3 0.9216 0.4608 0.2362 0.1240 0.0666

0.8 0.2 1 1.1754 0.1245 0.0195 0.0039 0.0009

2 1.0369 0.3100 0.0981 0.0321 0.0107

3 0.9296 0.1851 0.0385 0.0083 0.0019

0.3 1 1.1880 0.1922 0.0464 0.0146 0.0054

2 1.0424 0.4722 0.2295 0.1170 0.0618

3 0.9353 0.2824 0.0904 0.0305 0.0109

0.4 1 1.1970 0.2575 0.0819 0.0336 0.0160

2 1.0653 0.6388 0.4085 0.2717 0.1856

3 0.9434 0.3783 0.1599 0.0708 0.0328

0.5 1 1.2023 0.3206 0.1252 0.0626 0.0361

2 1.2023 0.8817 0.6863 0.5535 0.4569

3 0.9678 0.4839 0.2538 0.1388 0.0790
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Table A-3610-6
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.5

a/d d/t Point G0 G1 G2 G3 G4

0.0 0.2 1 1.0014 0.2003 0.0401 0.0080 0.0016

2 1.0014 0.2003 0.0401 0.0080 0.0016

3 0.9978 0.1996 0.0399 0.0080 0.0016

0.3 1 1.0014 0.3004 0.0901 0.0270 0.0081

2 1.0014 0.3004 0.0901 0.0270 0.0081

3 0.9978 0.2993 0.0898 0.0269 0.0081

0.4 1 1.0014 0.4006 0.1602 0.0641 0.0256

2 1.0014 0.4006 0.1602 0.0641 0.0256

3 0.9978 0.3991 0.1596 0.0639 0.0255

0.5 1 1.0014 0.5007 0.2504 0.1252 0.0626

2 1.0014 0.5007 0.2504 0.1252 0.0626

3 0.9978 0.4989 0.2495 0.1247 0.0624

0.1 0.2 1 1.0005 0.1864 0.0348 0.0065 0.0012

2 0.9986 0.2134 0.0457 0.0098 0.0021

3 1.0005 0.2001 0.0400 0.0080 0.0016

0.3 1 1.0006 0.2828 0.0811 0.0236 0.0070

2 0.9996 0.3240 0.1065 0.0356 0.0121

3 1.0008 0.3036 0.0933 0.0291 0.0092

0.4 1 1.0006 0.3753 0.1419 0.0541 0.0208

2 1.0002 0.4302 0.1865 0.0814 0.0358

3 1.0010 0.4030 0.1634 0.0667 0.0274

0.5 1 1.0006 0.4661 0.2175 0.1017 0.0477

2 1.0006 0.5345 0.2859 0.1532 0.0821

3 1.0011 0.5005 0.2504 0.1254 0.0628

0.2 0.2 1 1.0012 0.1729 0.0302 0.0054 0.0010

2 1.0003 0.2275 0.0521 0.0120 0.0028

3 1.0010 0.2002 0.0402 0.0081 0.0016

0.3 1 1.0013 0.2622 0.0705 0.0195 0.0055

2 1.0006 0.3452 0.1215 0.0437 0.0161

3 1.0012 0.3037 0.0936 0.0293 0.0094

0.4 1 1.0015 0.3481 0.1233 0.0446 0.0164

2 1.0011 0.4582 0.2127 0.1000 0.0476

3 1.0013 0.4031 0.1638 0.0672 0.0278

0.5 1 1.0016 0.4324 0.1891 0.0838 0.0376

2 1.0016 0.5694 0.3261 0.1881 0.1092

3 1.0016 0.5008 0.2512 0.1263 0.0637

0.4 0.2 1 1.0095 0.1471 0.0226 0.0037 0.0006

2 1.0035 0.2556 0.0662 0.0174 0.0046

3 1.0051 0.2010 0.0406 0.0083 0.0017

0.3 1 1.0099 0.2232 0.0526 0.0133 0.0037

2 1.0039 0.3878 0.1543 0.0631 0.0265

3 1.0055 0.3050 0.0947 0.0302 0.0099

0.4 1 1.0106 0.2965 0.0922 0.0306 0.0108

2 1.0052 0.5152 0.2703 0.1446 0.0787

3 1.0064 0.4051 0.1659 0.0691 0.0293

0.5 1 1.0120 0.3690 0.1417 0.0577 0.0250

2 1.0120 0.6435 0.4163 0.2730 0.1809

3 1.0097 0.5049 0.2553 0.1305 0.0674
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Table A-3610-6
Coefficients G0 Through G4 for Subsurface Crack With Flaw Aspect Ratio, a/ℓ = 0.5 (Cont'd)

a/d d/t Point G0 G1 G2 G3 G4

0.6 0.2 1 1.0435 0.1256 0.0178 0.0030 0.0006

2 1.0124 0.2847 0.0826 0.0245 0.0074

3 1.0198 0.2037 0.0417 0.0088 0.0019

0.3 1 1.0460 0.1912 0.0417 0.0109 0.0033

2 1.0139 0.4324 0.1927 0.0890 0.0424

3 1.0216 0.3095 0.0974 0.0318 0.0108

0.4 1 1.0481 0.2544 0.0732 0.0249 0.0098

2 1.0200 0.5768 0.3388 0.2045 0.1261

3 1.0248 0.4122 0.1712 0.0732 0.0323

0.5 1 1.0506 0.3171 0.1127 0.0471 0.0226

2 1.0506 0.7343 0.5302 0.3914 0.2936

3 1.0355 0.5178 0.2658 0.1397 0.0752

0.8 0.2 1 1.1389 0.1117 0.0163 0.0031 0.0007

2 1.0261 0.3147 0.1012 0.0334 0.0112

3 1.0446 0.2080 0.0434 0.0094 0.0021

0.3 1 1.1470 0.1715 0.0385 0.0115 0.0041

2 1.0294 0.4786 0.2363 0.1216 0.0647

3 1.0493 0.3169 0.1016 0.0344 0.0123

0.4 1 1.1521 0.2287 0.0675 0.0263 0.0121

2 1.0460 0.6443 0.4187 0.2814 0.1937

3 1.0567 0.4239 0.1794 0.0796 0.0370

0.5 1 1.1531 0.2828 0.1021 0.0482 0.0267

2 1.1531 0.8712 0.6911 0.5644 0.4700

3 1.0809 0.5405 0.2839 0.1555 0.0888

Table A-3620-1
Coefficients G0 Through G4 for Flat Plate Surface Crack With Flaw Aspect Ratio, a/ℓ = 0.0

(In the course of preparation)
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Table A-3620-2
Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 1

Coefficients
Flaw Depth,

a/t

Flaw Aspect Ratio, a/ℓ

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Uniform G0 0.00 1.0962 1.0920 1.0870 1.0811 1.0743 1.0666 1.0581 1.0487 1.0384
0.05 1.1013 1.0954 1.0893 1.0827 1.0756 1.0678 1.0592 1.0497 1.0392
0.10 1.1165 1.1055 1.0961 1.0875 1.0794 1.0713 1.0626 1.0528 1.0415
0.15 1.1415 1.1222 1.1072 1.0954 1.0858 1.0770 1.0681 1.0578 1.0451
0.20 1.1757 1.1449 1.1224 1.1062 1.0944 1.0848 1.0756 1.0647 1.0501
0.25 1.2182 1.1732 1.1413 1.1197 1.1051 1.0945 1.0849 1.0731 1.0562
0.30 1.2682 1.2063 1.1635 1.1353 1.1176 1.1058 1.0957 1.0830 1.0633
0.35 1.3244 1.2435 1.1882 1.1528 1.1315 1.1184 1.1078 1.0939 1.0710
0.40 1.3852 1.2837 1.2149 1.1716 1.1464 1.1319 1.1207 1.1056 1.0791
0.45 1.4491 1.3257 1.2427 1.1911 1.1618 1.1458 1.1341 1.1176 1.0872
0.50 1.5140 1.3682 1.2707 1.2106 1.1772 1.1597 1.1474 1.1294 1.0950
0.55 1.5779 1.4098 1.2978 1.2294 1.1920 1.1731 1.1601 1.1406 1.1020
0.60 1.6384 1.4488 1.3230 1.2466 1.2054 1.1852 1.1717 1.1506 1.1077
0.65 1.6929 1.4835 1.3450 1.2613 1.2168 1.1954 1.1813 1.1587 1.1116
0.70 1.7386 1.5119 1.3624 1.2726 1.2253 1.2030 1.1885 1.1643 1.1131
0.75 1.7724 1.5319 1.3737 1.2793 1.2300 1.2072 1.1923 1.1666 1.1116
0.80 1.7911 1.5413 1.3775 1.2803 1.2301 1.2071 1.1919 1.1649 1.1064

Linear G1 0.00 0.6648 0.6743 0.6840 0.6937 0.7034 0.7133 0.7231 0.7331 0.7431
0.05 0.6664 0.6754 0.6847 0.6941 0.7037 0.7135 0.7233 0.7332 0.7432
0.10 0.6713 0.6787 0.6868 0.6955 0.7046 0.7141 0.7238 0.7337 0.7437
0.15 0.6793 0.6842 0.6904 0.6978 0.7061 0.7152 0.7248 0.7346 0.7445
0.20 0.6904 0.6916 0.6953 0.7009 0.7082 0.7167 0.7261 0.7358 0.7456
0.25 0.7042 0.7010 0.7014 0.7049 0.7109 0.7187 0.7278 0.7374 0.7470
0.30 0.7206 0.7120 0.7087 0.7097 0.7142 0.7212 0.7299 0.7393 0.7487
0.35 0.7392 0.7246 0.7171 0.7153 0.7180 0.7242 0.7325 0.7417 0.7507
0.40 0.7596 0.7385 0.7263 0.7215 0.7225 0.7277 0.7356 0.7445 0.7530
0.45 0.7815 0.7533 0.7363 0.7283 0.7274 0.7317 0.7392 0.7478 0.7556
0.50 0.8042 0.7688 0.7468 0.7356 0.7330 0.7364 0.7434 0.7515 0.7585
0.55 0.8273 0.7846 0.7576 0.7434 0.7390 0.7416 0.7482 0.7558 0.7616
0.60 0.8501 0.8002 0.7685 0.7515 0.7456 0.7475 0.7537 0.7607 0.7650
0.65 0.8719 0.8153 0.7793 0.7598 0.7527 0.7541 0.7600 0.7662 0.7687
0.70 0.8921 0.8294 0.7896 0.7681 0.7603 0.7615 0.7670 0.7723 0.7726
0.75 0.9098 0.8419 0.7992 0.7765 0.7684 0.7697 0.7750 0.7791 0.7768
0.80 0.9241 0.8522 0.8077 0.7846 0.7769 0.7787 0.7839 0.7867 0.7811

Quadratic G2 0.00 0.5091 0.5205 0.5324 0.5446 0.5572 0.5701 0.5833 0.5967 0.6103
0.05 0.5099 0.5211 0.5327 0.5448 0.5573 0.5701 0.5833 0.5967 0.6104
0.10 0.5122 0.5227 0.5338 0.5454 0.5576 0.5702 0.5832 0.5967 0.6105
0.15 0.5161 0.5253 0.5354 0.5464 0.5580 0.5703 0.5832 0.5967 0.6107
0.20 0.5214 0.5290 0.5378 0.5477 0.5587 0.5706 0.5833 0.5968 0.6109
0.25 0.5282 0.5336 0.5408 0.5495 0.5596 0.5709 0.5834 0.5969 0.6113
0.30 0.5362 0.5392 0.5444 0.5517 0.5608 0.5715 0.5838 0.5973 0.6118
0.35 0.5455 0.5456 0.5486 0.5543 0.5623 0.5724 0.5843 0.5978 0.6126
0.40 0.5558 0.5527 0.5534 0.5574 0.5642 0.5737 0.5853 0.5987 0.6135
0.45 0.5670 0.5606 0.5587 0.5609 0.5666 0.5754 0.5867 0.5999 0.6148
0.50 0.5789 0.5690 0.5646 0.5650 0.5696 0.5777 0.5886 0.6017 0.6163
0.55 0.5913 0.5778 0.5709 0.5696 0.5732 0.5807 0.5913 0.6041 0.6183
0.60 0.6040 0.5869 0.5776 0.5749 0.5776 0.5846 0.5949 0.6073 0.6208
0.65 0.6168 0.5963 0.5847 0.5807 0.5828 0.5895 0.5996 0.6115 0.6238
0.70 0.6293 0.6056 0.5921 0.5872 0.5889 0.5956 0.6055 0.6167 0.6275
0.75 0.6414 0.6147 0.5998 0.5944 0.5962 0.6031 0.6128 0.6231 0.6319
0.80 0.6526 0.6236 0.6077 0.6024 0.6047 0.6121 0.6218 0.6310 0.6371
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Table A-3620-2
Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 1 (Cont'd)

Coefficients
Flaw Depth,

a/t

Flaw Aspect Ratio, a/ℓ

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Cubic G3 0.00 0.4259 0.4374 0.4495 0.4621 0.4752 0.4886 0.5024 0.5166 0.5310
0.05 0.4263 0.4377 0.4497 0.4622 0.4752 0.4886 0.5024 0.5165 0.5310
0.10 0.4277 0.4386 0.4502 0.4624 0.4752 0.4885 0.5022 0.5164 0.5310
0.15 0.4299 0.4402 0.4512 0.4629 0.4753 0.4883 0.5019 0.5161 0.5310
0.20 0.4330 0.4423 0.4525 0.4636 0.4755 0.4881 0.5016 0.5159 0.5310
0.25 0.4370 0.4451 0.4543 0.4645 0.4757 0.4880 0.5013 0.5156 0.5310
0.30 0.4417 0.4484 0.4564 0.4657 0.4762 0.4880 0.5010 0.5154 0.5311
0.35 0.4472 0.4523 0.4590 0.4672 0.4769 0.4881 0.5009 0.5153 0.5314
0.40 0.4535 0.4568 0.4620 0.4690 0.4779 0.4886 0.5011 0.5155 0.5319
0.45 0.4603 0.4617 0.4654 0.4712 0.4793 0.4894 0.5017 0.5161 0.5326
0.50 0.4678 0.4671 0.4692 0.4739 0.4812 0.4908 0.5028 0.5171 0.5336
0.55 0.4758 0.4730 0.4735 0.4772 0.4837 0.4929 0.5046 0.5187 0.5350
0.60 0.4842 0.4793 0.4783 0.4810 0.4869 0.4958 0.5073 0.5211 0.5370
0.65 0.4930 0.4859 0.4836 0.4855 0.4910 0.4997 0.5110 0.5244 0.5395
0.70 0.5020 0.4929 0.4895 0.4908 0.4962 0.5048 0.5159 0.5288 0.5427
0.75 0.5111 0.5002 0.4958 0.4969 0.5025 0.5113 0.5223 0.5345 0.5468
0.80 0.5203 0.5076 0.5027 0.5041 0.5101 0.5194 0.5304 0.5417 0.5517

Fourth order
G4

0.00 0.3729 0.3840 0.3959 0.4083 0.4213 0.4346 0.4484 0.4625 0.4770
0.05 0.3732 0.3842 0.3960 0.4084 0.4212 0.4346 0.4483 0.4625 0.4769
0.10 0.3741 0.3849 0.3964 0.4085 0.4212 0.4344 0.4481 0.4623 0.4769
0.15 0.3755 0.3859 0.3970 0.4087 0.4211 0.4341 0.4477 0.4619 0.4768
0.20 0.3775 0.3873 0.3978 0.4091 0.4211 0.4338 0.4473 0.4615 0.4766
0.25 0.3801 0.3891 0.3990 0.4096 0.4211 0.4335 0.4468 0.4611 0.4765
0.30 0.3832 0.3913 0.4004 0.4103 0.4212 0.4332 0.4463 0.4607 0.4765
0.35 0.3868 0.3940 0.4021 0.4112 0.4215 0.4330 0.4460 0.4604 0.4766
0.40 0.3910 0.3970 0.4042 0.4125 0.4221 0.4331 0.4458 0.4603 0.4768
0.45 0.3957 0.4005 0.4066 0.4140 0.4230 0.4336 0.4461 0.4605 0.4772
0.50 0.4009 0.4044 0.4094 0.4160 0.4243 0.4345 0.4468 0.4612 0.4780
0.55 0.4066 0.4087 0.4126 0.4184 0.4262 0.4361 0.4481 0.4624 0.4791
0.60 0.4127 0.4134 0.4163 0.4215 0.4288 0.4384 0.4502 0.4643 0.4807
0.65 0.4193 0.4185 0.4205 0.4251 0.4322 0.4416 0.4532 0.4670 0.4828
0.70 0.4263 0.4241 0.4253 0.4296 0.4366 0.4460 0.4575 0.4708 0.4857
0.75 0.4337 0.4301 0.4307 0.4349 0.4421 0.4517 0.4631 0.4758 0.4893
0.80 0.4414 0.4365 0.4368 0.4412 0.4489 0.4589 0.4703 0.4823 0.4938
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Table A-3620-3
Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 2

Coefficients
Flaw Depth,

a/t

Flaw Aspect Ratio, a/ℓ

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Uniform G0 0.00 0.5468 0.6584 0.7512 0.8321 0.9046 0.9708 1.0321 1.0894 1.1433
0.05 0.5532 0.6645 0.7569 0.8372 0.9092 0.9748 1.0355 1.0921 1.1454
0.10 0.5628 0.6738 0.7656 0.8454 0.9166 0.9816 1.0415 1.0975 1.1500
0.15 0.5756 0.6863 0.7775 0.8566 0.9271 0.9913 1.0504 1.1055 1.1572
0.20 0.5918 0.7022 0.7928 0.8710 0.9407 1.0038 1.0620 1.1161 1.1668
0.25 0.6117 0.7217 0.8115 0.8887 0.9573 1.0194 1.0765 1.1294 1.1790
0.30 0.6356 0.7449 0.8338 0.9099 0.9772 1.0380 1.0938 1.1454 1.1936
0.35 0.6638 0.7723 0.8599 0.9346 1.0005 1.0598 1.1140 1.1641 1.2108
0.40 0.6967 0.8040 0.8901 0.9631 1.0272 1.0847 1.1372 1.1855 1.2305
0.45 0.7349 0.8406 0.9246 0.9956 1.0576 1.1130 1.1634 1.2097 1.2526
0.50 0.7790 0.8823 0.9639 1.0323 1.0918 1.1447 1.1927 1.2366 1.2773
0.55 0.8296 0.9298 1.0082 1.0735 1.1299 1.1800 1.2251 1.2664 1.3045
0.60 0.8877 0.9836 1.0579 1.1194 1.1723 1.2190 1.2609 1.2991 1.3342
0.65 0.9541 1.0445 1.1137 1.1706 1.2192 1.2618 1.3000 1.3346 1.3664
0.70 1.0301 1.1131 1.1760 1.2272 1.2708 1.3087 1.3426 1.3731 1.4011
0.75 1.1169 1.1904 1.2454 1.2899 1.3274 1.3599 1.3887 1.4147 1.4383
0.80 1.2163 1.2775 1.3228 1.3590 1.3893 1.4155 1.4386 1.4592 1.4780

Linear G1 0.00 0.0725 0.0894 0.1038 0.1165 0.1280 0.1386 0.1484 0.1577 0.1665
0.05 0.0744 0.0923 0.1075 0.1209 0.1331 0.1444 0.1548 0.1647 0.1740
0.10 0.0771 0.0959 0.1119 0.1260 0.1387 0.1505 0.1615 0.1718 0.1816
0.15 0.0807 0.1003 0.1169 0.1316 0.1449 0.1571 0.1685 0.1792 0.1893
0.20 0.0852 0.1056 0.1227 0.1379 0.1515 0.1641 0.1757 0.1867 0.1970
0.25 0.0907 0.1117 0.1293 0.1448 0.1587 0.1715 0.1833 0.1944 0.2049
0.30 0.0973 0.1188 0.1367 0.1524 0.1665 0.1793 0.1912 0.2023 0.2128
0.35 0.1050 0.1269 0.1451 0.1608 0.1749 0.1877 0.1995 0.2105 0.2208
0.40 0.1141 0.1363 0.1544 0.1700 0.1839 0.1965 0.2081 0.2188 0.2289
0.45 0.1248 0.1469 0.1648 0.1802 0.1937 0.2059 0.2171 0.2274 0.2371
0.50 0.1373 0.1591 0.1765 0.1913 0.2042 0.2159 0.2265 0.2362 0.2453
0.55 0.1519 0.1729 0.1895 0.2035 0.2156 0.2265 0.2363 0.2453 0.2536
0.60 0.1689 0.1887 0.2041 0.2169 0.2280 0.2378 0.2466 0.2546 0.2620
0.65 0.1888 0.2067 0.2205 0.2317 0.2414 0.2498 0.2574 0.2642 0.2705
0.70 0.2121 0.2273 0.2388 0.2480 0.2558 0.2627 0.2687 0.2741 0.2791
0.75 0.2394 0.2509 0.2593 0.2660 0.2716 0.2764 0.2806 0.2843 0.2877
0.80 0.2714 0.2779 0.2824 0.2859 0.2887 0.2911 0.2931 0.2949 0.2965

Quadratic G2 0.00 0.0254 0.0301 0.0344 0.0385 0.0423 0.0460 0.0495 0.0529 0.0563
0.05 0.0264 0.0318 0.0367 0.0413 0.0456 0.0498 0.0538 0.0577 0.0615
0.10 0.0276 0.0337 0.0392 0.0443 0.0491 0.0537 0.0582 0.0625 0.0666
0.15 0.0293 0.0359 0.0419 0.0475 0.0527 0.0577 0.0625 0.0671 0.0716
0.20 0.0313 0.0385 0.0450 0.0509 0.0565 0.0618 0.0669 0.0717 0.0764
0.25 0.0338 0.0415 0.0484 0.0546 0.0605 0.0660 0.0713 0.0763 0.0812
0.30 0.0368 0.0449 0.0521 0.0586 0.0646 0.0703 0.0757 0.0808 0.0858
0.35 0.0403 0.0488 0.0561 0.0628 0.0689 0.0747 0.0801 0.0853 0.0903
0.40 0.0445 0.0532 0.0607 0.0673 0.0735 0.0792 0.0846 0.0897 0.0946
0.45 0.0494 0.0582 0.0656 0.0723 0.0783 0.0839 0.0892 0.0941 0.0989
0.50 0.0552 0.0639 0.0712 0.0776 0.0834 0.0888 0.0938 0.0985 0.1030
0.55 0.0620 0.0704 0.0773 0.0834 0.0888 0.0938 0.0985 0.1029 0.1070
0.60 0.0700 0.0778 0.0842 0.0897 0.0946 0.0991 0.1033 0.1072 0.1109
0.65 0.0795 0.0863 0.0919 0.0966 0.1008 0.1046 0.1082 0.1115 0.1147
0.70 0.0907 0.0962 0.1005 0.1042 0.1075 0.1105 0.1132 0.1158 0.1183
0.75 0.1039 0.1075 0.1102 0.1126 0.1147 0.1166 0.1184 0.1202 0.1218
0.80 0.1197 0.1205 0.1212 0.1218 0.1225 0.1231 0.1238 0.1245 0.1252

ASME BPVC.XI-2015 NONMANDATORY APPENDIX A

359

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table A-3620-3
Coefficients G0 Through G4 for Flat Plate Surface Crack at Point 2 (Cont'd)

Coefficients
Flaw Depth,

a/t

Flaw Aspect Ratio, a/ℓ

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Cubic G3 0.00 0.0125 0.0141 0.0158 0.0175 0.0192 0.0209 0.0226 0.0243 0.0261
0.05 0.0131 0.0151 0.0172 0.0193 0.0214 0.0235 0.0256 0.0276 0.0297
0.10 0.0138 0.0163 0.0188 0.0213 0.0237 0.0261 0.0285 0.0309 0.0332
0.15 0.0147 0.0177 0.0206 0.0234 0.0261 0.0288 0.0314 0.0340 0.0365
0.20 0.0159 0.0193 0.0225 0.0255 0.0285 0.0314 0.0343 0.0370 0.0398
0.25 0.0173 0.0210 0.0245 0.0278 0.0310 0.0341 0.0371 0.0400 0.0429
0.30 0.0190 0.0230 0.0267 0.0302 0.0336 0.0368 0.0399 0.0429 0.0459
0.35 0.0210 0.0253 0.0292 0.0328 0.0362 0.0395 0.0427 0.0457 0.0487
0.40 0.0234 0.0278 0.0318 0.0355 0.0390 0.0423 0.0454 0.0485 0.0515
0.45 0.0262 0.0307 0.0347 0.0384 0.0418 0.0451 0.0482 0.0512 0.0541
0.50 0.0295 0.0340 0.0379 0.0415 0.0448 0.0479 0.0509 0.0538 0.0565
0.55 0.0334 0.0378 0.0415 0.0449 0.0480 0.0509 0.0537 0.0563 0.0589
0.60 0.0380 0.0421 0.0455 0.0485 0.0513 0.0539 0.0564 0.0588 0.0611
0.65 0.0435 0.0470 0.0499 0.0525 0.0549 0.0571 0.0592 0.0613 0.0632
0.70 0.0501 0.0527 0.0549 0.0569 0.0587 0.0604 0.0620 0.0636 0.0652
0.75 0.0580 0.0594 0.0606 0.0617 0.0628 0.0639 0.0649 0.0660 0.0670
0.80 0.0673 0.0670 0.0670 0.0670 0.0672 0.0675 0.0679 0.0683 0.0687

Fourth order
G4

0.00 0.0073 0.0079 0.0086 0.0094 0.0103 0.0113 0.0123 0.0133 0.0143
0.05 0.0077 0.0086 0.0096 0.0108 0.0120 0.0132 0.0144 0.0157 0.0169
0.10 0.0082 0.0094 0.0108 0.0122 0.0136 0.0150 0.0165 0.0180 0.0195
0.15 0.0088 0.0103 0.0119 0.0136 0.0152 0.0169 0.0186 0.0202 0.0219
0.20 0.0095 0.0114 0.0132 0.0151 0.0169 0.0188 0.0206 0.0224 0.0242
0.25 0.0104 0.0125 0.0146 0.0166 0.0186 0.0206 0.0225 0.0245 0.0263
0.30 0.0115 0.0138 0.0161 0.0183 0.0204 0.0224 0.0245 0.0265 0.0284
0.35 0.0128 0.0153 0.0177 0.0200 0.0222 0.0243 0.0264 0.0284 0.0304
0.40 0.0143 0.0170 0.0194 0.0218 0.0240 0.0261 0.0282 0.0303 0.0323
0.45 0.0161 0.0189 0.0213 0.0237 0.0259 0.0280 0.0301 0.0321 0.0340
0.50 0.0182 0.0210 0.0234 0.0257 0.0279 0.0299 0.0319 0.0338 0.0357
0.55 0.0208 0.0234 0.0258 0.0279 0.0299 0.0318 0.0337 0.0355 0.0372
0.60 0.0238 0.0262 0.0284 0.0303 0.0321 0.0338 0.0355 0.0371 0.0387
0.65 0.0274 0.0295 0.0312 0.0329 0.0344 0.0359 0.0373 0.0387 0.0400
0.70 0.0317 0.0332 0.0345 0.0357 0.0369 0.0380 0.0391 0.0402 0.0412
0.75 0.0369 0.0376 0.0382 0.0388 0.0395 0.0402 0.0409 0.0416 0.0423
0.80 0.0431 0.0426 0.0424 0.0423 0.0423 0.0425 0.0427 0.0430 0.0433
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Table A-3630-1
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 1), Deepest Point

(Point 1)

Coefficients a/t

Aspect Ratio, a/ℓ

360-deg Circum.
Flaw 0.125 0.25 0.50

G0 0.0 1.071 E+00 1.084 E+00 1.070 E+00 1.068 E+00
0.2 1.096 E+00 1.050 E+00 1.037 E+00 1.039 E+00
0.4 1.139 E+00 1.066 E+00 1.048 E+00 1.049 E+00
0.6 1.247 E+00 1.182 E+00 1.143 E+00 1.124 E+00
0.8 1.465 E+00 [Note (1)] 1.425 E+00 1.322 E+00

G1 0.0 6.488 E−01 6.824 E−01 7.033 E−01 7.370 E−01
0.2 6.744 E−01 6.525 E−01 6.747 E−01 7.414 E−01
0.4 7.005 E−01 6.540 E−01 6.650 E−01 7.401 E−01
0.6 7.561 E−01 7.245 E−01 7.120 E−01 7.707 E−01
0.8 8.705 E−01 [Note (1)] 8.536 E−01 8.712 E−01

G2 0.0 4.960 E−01 5.293 E−01 5.561 E−01 5.994 E−01
0.2 5.177 E−01 5.051 E−01 5.330 E−01 6.086 E−01
0.4 5.370 E−01 5.038 E−01 5.215 E−01 6.056 E−01
0.6 5.752 E−01 5.551E−01 5.527 E−01 6.238 E−01
0.8 6.539 E−01 [Note (1)] 6.473 E−01 6.912 E−01

G3 0.0 4.143 E−01 4.452 E−01 4.730 E−01 5.198 E−01
0.2 4.327 E−01 4.250 E−01 4.538 E−01 5.294 E−01
0.4 4.482 E−01 4.231 E−01 4.429 E−01 5.262 E−01
0.6 4.777 E−01 4.634 E−01 4.662 E−01 5.388 E−01
0.8 5.383 E−01 [Note (1)] 5.373 E−01 5.896 E−01

G4 0.0 3.623 E−01 3.908 E−01 4.183 E−01 4.663 E−01
0.2 3.783 E−01 3.736 E−01 4.020 E−01 4.755 E−01
0.4 3.914 E−01 3.715 E−01 3.920 E−01 4.725 E−01
0.6 4.156 E−01 4.048 E-01 4.106 E−01 4.820 E−01
0.8 4.650 E−01 [Note (1)] 4.675 E−01 5.227 E−01

NOTE:
(1) Flaw geometry for a/t = 0.8 and a/ℓ = 0.125 exceeds 360 deg. Use 360-deg flaw for calculations.
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Table A-3630-2
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 1), Surface Point

(Point 2)

Coefficients a/t

Aspect Ratio, a/ℓ

0.125 0.25 0.50

G0 0.0 6.011 E−01 8.763 E−01 1.204 E+00
0.2 5.653 E−01 8.515 E−01 1.190 E+00
0.4 5.587 E−01 8.641 E−01 1.214 E+00
0.6 5.740 E−01 9.070 E−01 1.268 E+00
0.8 [Note (1)] 9.752 E−01 1.345 E+00

G1 0.0 7.154 E−02 1.273 E−01 1.863 E−01
0.2 6.804 E−02 1.336 E−01 2.046 E−01
0.4 6.743 E−02 1.382 E−01 2.158 E−01
0.6 7.540 E−02 1.491 E−01 2.309 E−01
0.8 [Note (1)] 1.782 E−01 2.690 E−01

G2 0.0 2.116 E−02 4.299 E−02 6.611 E−02
0.2 2.122 E−02 4.929 E−02 8.021 E−02
0.4 2.125 E−02 5.167 E−02 8.647 E−02
0.6 2.585 E−02 5.640 E−02 9.336 E−02
0.8 [Note (1)] 7.235 E−02 1.151 E−01

G3 0.0 8.694 E−03 1.989 E−02 3.192 E−02
0.2 9.328 E−03 2.471 E−02 4.203 E−02
0.4 9.464 E−03 2.617 E−02 4.601 E−02
0.6 1.243 E−02 2.877 E−02 4.992 E−02
0.8 [Note (1)] 3.879 E−02 6.384 E−02

G4 0.0 4.255 E−03 1.094 E−02 1.823 E−02
0.2 4.933 E−03 1.459 E−02 2.566 E−02
0.4 5.072 E−03 1.558 E−02 2.841 E−02
0.6 7.134 E−03 1.721 E−02 3.093 E−02
0.8 [Note (1)] 2.408 E−02 4.058 E−02

NOTE:
(1) Surface point does not exist. Flaw geometry for a/t = 0.8 and a/ℓ = 0.125 exceeds 360 deg.
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Table A-3630-3
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 5), Deepest Point

(Point 1)

Coefficients a/t

Aspect Ratio, a/ℓ

360-deg
Circum. Flaw 0.03125 0.0625 0.125 0.25 0.50

G0 0.0 1.173 E+00 1.102 E+00 1.091 E+00 1.074 E+00 1.054 E+00 1.014 E+00
0.2 1.197 E+00 1.217 E+00 1.192 E+00 1.147 E+00 1.096 E+00 1.044 E+00
0.4 1.370 E+00 1.390 E+00 1.336 E+00 1.242 E+00 1.146 E+00 1.078 E+00
0.6 1.736 E+00 1.675 E+00 1.559 E+00 1.372 E+00 1.204 E+00 1.117 E+00
0.8 2.342 E+00 2.242 E+00 1.950 E+00 1.558 E+00 1.275 E+00 1.161 E+00

G1 0.0 6.963 E−01 6.965 E−01 6.866 E−01 6.746 E−01 6.715 E−01 7.114 E−01
0.2 7.178 E−01 7.302 E−01 7.158 E−01 6.978 E−01 6.896 E−01 7.286 E−01
0.4 7.844 E−01 7.841 E−01 7.609 E−01 7.317 E−01 7.140 E−01 7.498 E−01
0.6 9.252 E−01 8.843 E−01 8.397 E−01 7.859 E−01 7.489 E−01 7.767 E−01
0.8 1.169 E+00 1.135 E+00 1.013 E+00 8.862 E−01 8.025 E−01 8.120 E−01

G2 0.0 5.265 E−01 5.387 E−01 5.311 E−01 5.232 E−01 5.270 E−01 5.828 E−01
0.2 5.440 E−01 5.532 E−01 5.435 E−01 5.343 E−01 5.381 E−01 5.949 E−01
0.4 5.819 E−01 5.784 E−01 5.645 E−01 5.523 E−01 5.543 E−01 6.105 E−01
0.6 6.616 E−01 6.310 E−01 6.062 E−01 5.849 E−01 5.793 E−01 6.309 E−01
0.8 8.048 E−01 7.870 E−01 7.141 E−01 6.541 E−01 6.212 E−01 6.589 E−01

G3 0.0 4.367 E−01 4.513 E−01 4.453 E−01 4.402 E−01 4.476 E−01 5.075 E−01
0.2 4.512 E−01 4.586 E−01 4.515 E−01 4.465 E−01 4.554 E−01 5.169 E−01
0.4 4.767 E−01 4.727 E−01 4.632 E−01 4.579 E−01 4.675 E−01 5.292 E−01
0.6 5.302 E−01 5.057 E−01 4.896 E−01 4.808 E−01 4.871 E−01 5.457 E−01
0.8 6.288 E−01 6.178 E−01 5.671 E−01 5.338 E−01 5.213 E−01 5.686 E−01

G4 0.0 3.799 E−01 3.946 E−01 3.899 E−01 3.865 E−01 3.960 E−01 4.566 E−01
0.2 3.923 E−01 3.986 E−01 3.931 E−01 3.905 E−01 4.021 E−01 4.643 E−01
0.4 4.111 E−01 4.073 E−01 4.003 E−01 3.986 E−01 4.117 E−01 4.744 E−01
0.6 4.506 E−01 4.303 E−01 4.188 E−01 4.160 E−01 4.279 E−01 4.882 E−01
0.8 5.248 E−01 5.173 E−01 4.790 E−01 4.589 E−01 4.566 E−01 5.076 E−01
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Table A-3630-4
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 5), Surface Point

(Point 2)

Coefficients a/t

Aspect Ratio, a/ℓ

0.03125 0.0625 0.125 0.25 0.50

G0 0.0 2.750 E−01 4.065 E−01 6.098 E−01 8.804 E−01 1.192 E+00
0.2 2.794 E−01 4.159 E−01 6.246 E−01 8.985 E−01 1.209 E+00
0.4 2.847 E−01 4.437 E−01 6.756 E−01 9.623 E−01 1.270 E+00
0.6 2.985 E−01 4.986 E−01 7.661 E−01 1.065 E+00 1.360 E+00
0.8 3.359 E−01 5.890 E−01 8.889 E−01 1.185 E+00 1.453 E+00

G1 0.0 1.246 E−02 3.518 E−02 7.219 E−02 1.242 E−01 1.841 E−01
0.2 1.498 E−02 4.459 E−02 8.994 E−02 1.483 E−01 2.085 E−01
0.4 1.622 E−02 5.173 E−02 1.033 E−01 1.652 E−01 2.244 E−01
0.6 1.714 E−02 5.938 E−02 1.173 E−01 1.817 E−01 2.387 E−01
0.8 2.208 E−02 8.148 E−02 1.513 E−01 2.165 E−01 2.658 E−01

G2 0.0 1.474 E−03 8.497 E−03 2.100 E−02 4.054 E−02 6.537 E−02
0.2 2.964 E−03 1.455 E−02 3.262 E−02 5.641 E−02 8.160 E−02
0.4 3.464 E−03 1.766 E−02 3.856 E−02 6.397 E−02 8.859 E−02
0.6 3.138 E−03 1.921 E−02 4.204 E−02 6.840 E−02 9.243 E−02
0.8 3.998 E−03 2.854 E−02 5.755 E−02 8.471 E−02 1.051 E−01

G3 0.0 1.129 E−04 2.896 E−03 8.439 E−03 1.811 E−02 3.160 E−02
0.2 1.084 E−03 6.977 E−03 1.632 E−02 2.892 E−02 4.267 E−02
0.4 1.345 E−03 8.693 E−03 1.963 E−02 3.314 E−02 4.655 E−02
0.6 8.866 E−04 8.863 E−03 2.056 E−02 3.453 E−02 4.775 E−02
0.8 8.656 E−04 1.388 E−02 2.937 E−02 4.396 E−02 5.505 E−02

G4 0.0 −1.039 E−04 1.146 E−03 4.017 E−03 9.616 E−03 1.807 E−02
0.2 5.764 E−04 4.058 E−03 9.661 E−03 1.737 E−02 2.601 E−02
0.4 7.331 E−04 5.137 E−03 1.176 E−02 2.005 E−02 2.847 E−02
0.6 3.166 E−04 4.928 E−03 1.188 E−02 2.044 E−02 2.879 E−02
0.8 7.473 E−05 8.032 E−03 1.754 E−02 2.657 E−02 3.354 E−02

ASME BPVC.XI-2015NONMANDATORY APPENDIX A

364

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table A-3630-5
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 10), Deepest Point

(Point 1)

Coefficients a/t

Aspect Ratio, a/ℓ

360-deg
Circum. Flaw 0.015625 0.03125 0.0625 0.125 0.25 0.50

G0 0.0 1.183 E+00 1.089 E+00 1.087 E+00 1.081 E+00 1.072 E+00 1.057 E+00 1.012 E+00
0.2 1.236 E+00 1.272 E+00 1.253 E+00 1.217 E+00 1.163 E+00 1.106 E+00 1.042 E+00
0.4 1.493 E+00 1.536 E+00 1.486 E+00 1.396 E+00 1.272 E+00 1.160 E+00 1.075 E+00
0.6 1.999 E+00 1.949 E+00 1.834 E+00 1.641 E+00 1.405 E+00 1.221 E+00 1.109 E+00
0.8 2.801 E+00 2.689 E+00 2.410 E+00 1.998 E+00 1.572 E+00 1.288 E+00 1.146 E+00

G1 0.0 7.023 E−01 6.858 E−01 6.811 E−01 6.744 E−01 6.687 E−01 6.738 E−01 7.111 E−01
0.2 7.338 E−01 7.448 E−01 7.351 E−01 7.206 E−01 7.050 E−01 7.004 E−01 7.304 E−01
0.4 8.295 E−01 8.352 E−01 8.153 E−01 7.860 E−01 7.529 E−01 7.327 E−01 7.523 E−01
0.6 1.019 E+00 9.911 E−01 9.468 E−01 8.854 E−01 8.190 E−01 7.731 E−01 7.774 E−01
0.8 1.330 E+00 1.324 E+00 1.202 E+00 1.055 E+00 9.160 E−01 8.247 E−01 8.064 E−01

G2 0.0 5.310 E−01 5.300 E−01 5.259 E−01 5.205 E−01 5.176 E−01 5.287 E−01 5.828 E−01
0.2 5.536 E−01 5.585 E−01 5.521 E−01 5.441 E−01 5.388 E−01 5.471 E−01 5.971 E−01
0.4 6.065 E−01 6.050 E−01 5.935 E−01 5.797 E−01 5.685 E−01 5.705 E−01 6.136 E−01
0.6 7.113 E−01 6.920 E−01 6.671 E−01 6.382 E−01 6.124 E−01 6.008 E−01 6.330 E−01
0.8 8.893 E−01 9.012 E−01 8.267 E−01 7.481 E−01 6.816 E−01 6.412 E−01 6.558 E−01

G3 0.0 4.402 E−01 4.440 E−01 4.406 E−01 4.364 E−01 4.352 E−01 4.490 E−01 5.075 E−01
0.2 4.579 E−01 4.606 E−01 4.558 E−01 4.508 E−01 4.497 E−01 4.631 E−01 5.189 E−01
0.4 4.927 E−01 4.892 E−01 4.814 E−01 4.738 E−01 4.711 E−01 4.814 E−01 5.322 E−01
0.6 5.616 E−01 5.468 E−01 5.303 E−01 5.143 E−01 5.039 E−01 5.056 E−01 5.479 E−01
0.8 6.818 E−01 6.981 E−01 6.452 E−01 5.953 E−01 5.579 E−01 5.387 E−01 5.666 E−01

G4 0.0 3.829 E−01 3.884 E−01 3.855 E−01 3.821 E−01 3.821 E−01 3.972 E−01 4.566 E−01
0.2 3.974 E−01 3.990 E−01 3.953 E−01 3.919 E−01 3.931 E−01 4.086 E−01 4.661 E−01
0.4 4.226 E−01 4.186 E−01 4.129 E−01 4.084 E−01 4.096 E−01 4.237 E−01 4.772 E−01
0.6 4.727 E−01 4.606 E−01 4.486 E−01 4.389 E−01 4.358 E−01 4.439 E−01 4.904 E−01
0.8 5.617 E−01 5.787 E−01 5.379 E−01 5.030 E−01 4.801 E−01 4.718 E−01 5.062 E−01
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Table A-3630-6
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 10), Surface Point

(Point 2)

Coefficients a/t

Aspect Ratio, a/ℓ

0.015625 0.03125 0.0625 0.125 0.25 0.50

G0 0.0 1.950 E−01 2.710 E−01 4.039 E−01 6.125 E−01 8.900 E−01 1.188 E+00
0.2 2.047 E−01 2.826 E−01 4.182 E−01 6.297 E−01 9.084 E−01 1.205 E+00
0.4 2.108 E−01 3.031 E−01 4.597 E−01 6.940 E−01 9.860 E−01 1.277 E+00
0.6 2.205 E−01 3.408 E−01 5.350 E−01 8.045 E−01 1.109 E+00 1.383 E+00
0.8 2.454 E−01 4.009 E−01 6.363 E−01 9.346 E−01 1.237 E+00 1.483 E+00

G1 0.0 5.144 E−03 1.458 E−02 3.334 E−02 6.913 E−02 1.276 E−01 1.892 E−01
0.2 5.673 E−03 1.762 E−02 4.104 E−02 8.416 E−02 1.491 E−01 2.072 E−01
0.4 9.243 E−03 2.448 E−02 5.374 E−02 1.052 E−01 1.750 E−01 2.257 E−01
0.6 1.843 E−02 3.772 E−02 7.377 E−02 1.334 E−01 2.046 E−01 2.437 E−01
0.8 3.676 E−02 6.035 E−02 1.030 E−01 1.685 E−01 2.357 E−01 2.601 E−01

G2 0.0 1.898 E−03 3.269 E−03 7.370 E−03 1.862 E−02 4.222 E−02 6.933 E−02
0.2 1.587 E−03 4.620 E−03 1.185 E−02 2.814 E−02 5.629 E−02 8.099 E−02
0.4 3.699 E−03 8.056 E−03 1.797 E−02 3.855 E−02 6.924 E−02 8.901 E−02
0.6 9.565 E−03 1.482 E−02 2.689 E−02 5.081 E−02 8.159 E−02 9.431 E−02
0.8 2.088 E−02 2.669 E−02 4.051 E−02 6.658 E−02 9.467 E−02 9.891 E−02

G3 0.0 1.725 E−03 1.436 E−03 2.149 E−03 6.727 E−03 1.913 E−02 3.444 E−02
0.2 1.346 E−03 2.190 E−03 5.048 E−03 1.310 E−02 2.867 E−02 4.233 E−02
0.4 2.722 E−03 4.253 E−03 8.638 E−03 1.931 E−02 3.644 E−02 4.673 E−02
0.6 6.666 E−03 8.360 E−03 1.363 E−02 2.606 E−02 4.303 E−02 4.867 E−02
0.8 1.417 E−02 1.567 E−02 2.147 E−02 3.493 E−02 5.006 E−02 5.023 E−02

G4 0.0 1.546 E−03 8.824 E−04 6.191 E−04 2.756 E−03 1.030 E−02 2.016 E−02
0.2 1.212 E−03 1.361 E−03 2.641 E−03 7.287 E−03 1.712 E−02 2.579 E−02
0.4 2.175 E−03 2.737 E−03 5.000 E−03 1.142 E−02 2.231 E−02 2.856 E−02
0.6 4.985 E−03 5.496 E−03 8.176 E−03 1.565 E−02 2.635 E−02 2.932 E−02
0.8 1.029 E−02 1.045 E−02 1.326 E−02 2.132 E−02 3.069 E−02 2.986 E−02

ASME BPVC.XI-2015NONMANDATORY APPENDIX A

366

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table A-3630-7
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 20), Deepest Point

(Point 1)

Coefficients a/t

Aspect Ratio, a/ℓ

360-deg
Circum. Flaw 0.015625 0.03125 0.0625 0.125 0.25 0.50

G0 0.0 1.171 E+00 1.086 E+00 1.080 E+00 1.069 E+00 1.054 E+00 1.038 E+00 1.027 E+00
0.2 1.270 E+00 1.316 E+00 1.284 E+00 1.233 E+00 1.163 E+00 1.095 E+00 1.050 E+00
0.4 1.629 E+00 1.644 E+00 1.565 E+00 1.443 E+00 1.293 E+00 1.158 E+00 1.073 E+00
0.6 2.293 E+00 2.149 E+00 1.973 E+00 1.725 E+00 1.449 E+00 1.227 E+00 1.098 E+00
0.8 3.308 E+00 3.028 E+00 2.623 E+00 2.122 E+00 1.642 E+00 1.303 E+00 1.124 E+00

G1 0.0 6.993 E−01 6.878 E−01 6.810 E−01 6.721 E−01 6.653 E−01 6.725 E−01 7.147 E−01
0.2 7.476 E−01 7.644 E−01 7.491 E−01 7.279 E−01 7.067 E−01 7.008 E−01 7.337 E−01
0.4 8.795 E−01 8.775 E−01 8.458 E−01 8.027 E−01 7.584 E−01 7.337 E−01 7.545 E−01
0.6 1.124 E+00 1.061 E+00 9.939 E−01 9.082 E−01 8.246 E−01 7.723 E−01 7.773 E−01
0.8 1.510 E+00 1.411 E+00 1.249 E+00 1.068 E+00 9.126 E−01 8.182 E−01 8.025 E−01

G2 0.0 5.298 E−01 5.325 E−01 5.270 E−01 5.202 E−01 5.172 E−01 5.305 E−01 5.840 E−01
0.2 5.616 E−01 5.708 E−01 5.610 E−01 5.488 E−01 5.404 E−01 5.494 E−01 5.992 E−01
0.4 6.338 E−01 6.293 E−01 6.110 E−01 5.885 E−01 5.705 E−01 5.719 E−01 6.160 E−01
0.6 7.677 E−01 7.287 E−01 6.909 E−01 6.470 E−01 6.106 E−01 5.990 E−01 6.346 E−01
0.8 9.848 E−01 9.318 E−01 8.377 E−01 7.408 E−01 6.665 E−01 6.323 E−01 6.555 E−01

G3 0.0 4.397 E−01 4.464 E−01 4.419 E−01 4.366 E−01 4.357 E−01 4.515 E−01 5.079 E−01
0.2 4.634 E−01 4.694 E−01 4.623 E−01 4.542 E−01 4.512 E−01 4.656 E−01 5.204 E−01
0.4 5.104 E−01 5.057 E−01 4.932 E−01 4.794 E−01 4.717 E−01 4.827 E−01 5.343 E−01
0.6 5.977 E−01 5.698 E−01 5.448 E−01 5.180 E−01 5.000 E−01 5.037 E−01 5.499 E−01
0.8 7.424 E−01 7.087 E−01 6.443 E−01 5.826 E−01 5.407 E−01 5.299 E−01 5.674 E−01

G4 0.0 3.826 E−01 3.906 E−01 3.867 E−01 3.826 E−01 3.830 E−01 3.999 E−01 4.567 E−01
0.2 4.015 E−01 4.059 E−01 4.003 E−01 3.946 E−01 3.943 E−01 4.112 E−01 4.673 E−01
0.4 4.353 E−01 4.308 E−01 4.216 E−01 4.123 E−01 4.097 E−01 4.250 E−01 4.791 E−01
0.6 4.982 E−01 4.767 E−01 4.584 E−01 4.403 E−01 4.314 E−01 4.421 E−01 4.924 E−01
0.8 6.043 E−01 5.806 E−01 5.324 E−01 4.890 E−01 4.633 E−01 4.637 E−01 5.074 E−01
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Table A-3630-8
Coefficients Gi for Circumferential Semielliptical Inside Surface Flaw (Ri/t = 20), Surface Point

(Point 2)

Coefficients a/t

Aspect Ratio, a/ℓ

0.015625 0.03125 0.0625 0.125 0.25 0.50

G0 0.0 1.902 E−01 2.710 E−01 4.080 E−01 6.144 E−01 8.827 E−01 1.192 E+00
0.2 2.083 E−01 2.901 E−01 4.281 E−01 6.347 E−01 9.012 E−01 1.207 E+00
0.4 2.231 E−01 3.237 E−01 4.862 E−01 7.146 E−01 9.880 E−01 1.283 E+00
0.6 2.401 E−01 3.852 E−01 5.971 E−01 8.574 E−01 1.128 E+00 1.396 E+00
0.8 2.553 E−01 4.797 E−01 7.544 E−01 1.031 E+00 1.274 E+00 1.499 E+00

G1 0.0 4.249 E−03 1.637 E−02 3.817 E−02 7.397 E−02 1.249 E−01 1.844 E−01
0.2 7.356 E−03 2.181 E−02 4.723 E−02 8.754 E−02 1.420 E−01 2.015 E−01
0.4 1.214 E−02 3.000 E−02 6.045 E−02 1.063 E−01 1.639 E−01 2.219 E−01
0.6 2.044 E−02 4.379 E−02 8.153 E−02 1.340 E−01 1.933 E−01 2.467 E−01
0.8 3.841 E−02 7.186 E−02 1.205 E−01 1.788 E−01 2.345 E−01 2.773 E−01

G2 0.0 1.604 E−03 4.553 E−03 1.053 E−02 2.194 E−02 4.086 E−02 6.558 E−02
0.2 2.531 E−03 7.072 E−03 1.557 E−02 3.018 E−02 5.171 E−02 7.674 E−02
0.4 4.889 E−03 1.052 E−02 2.086 E−02 3.788 E−02 6.120 E−02 8.588 E−02
0.6 9.605 E−03 1.598 E−02 2.800 E−02 4.743 E−02 7.213 E−02 9.551 E−02
0.8 2.136 E−02 2.928 E−02 4.458 E−02 6.709 E−02 9.119 E−02 1.100 E−01

G3 0.0 1.599 E−03 2.335 E−03 4.293 E−03 9.019 E−03 1.830 E−02 3.175 E−02
0.2 1.947 E−03 3.780 E−03 7.485 E−03 1.445 E−02 2.558 E−02 3.932 E−02
0.4 3.351 E−03 5.637 E−03 1.022 E−02 1.850 E−02 3.078 E−02 4.444 E−02
0.6 6.369 E−03 8.432 E−03 1.337 E−02 2.281 E−02 3.609 E−02 4.930 E−02
0.8 1.434 E−02 1.617 E−02 2.236 E−02 3.368 E−02 4.700 E−02 5.775 E−02

G4 0.0 1.484 E−03 1.536 E−03 2.153 E−03 4.411 E−03 9.737 E−03 1.817 E−02
0.2 1.627 E−03 2.472 E−03 4.353 E−03 8.236 E−03 1.492 E−02 2.359 E−02
0.4 2.558 E−03 3.619 E−03 5.989 E−03 1.070 E−02 1.818 E−02 2.685 E−02
0.6 4.650 E−03 5.279 E−03 7.609 E−03 1.297 E−02 2.119 E−02 2.970 E−02
0.8 1.035 E−02 1.033 E−02 1.319 E−02 1.983 E−02 2.824 E−02 3.522 E−02
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ð15Þ

ARTICLE A-4000
MATERIAL PROPERTIES

A-4100 SCOPE

This Article provides the rules and equations for determining the material properties that are utilized in the analyses.

A-4200 FRACTURE TOUGHNESS

(a) The fracture toughness of the material is determined by two properties KIa and KIc , which represent critical val-
ues of the stress intensity factor KI . KIa is based on the lower bound of crack arrest critical KI values measured as a
function of temperature. KIc is based on the lower bound of static initiation critical KI values measured as a function
of temperature. The KIa and KIc values used in the analysis should represent conservative values obtained preferably
from the specific material and product form involved. The values so used should be justified on the basis of current tech-
nology and should take into account material variability, testing techniques, and any other variables which may lower
these toughness values.

(b) Lower bound KIa and KIc versus temperature curves from tests of SA-533 Grade B Class 1, SA-508 Class 2, and
SA-508 Class 3 steel are provided in Figure A-4200-1 (Figure A-4200-1M) for use if data from the actual product form
are not available. The temperature scale of this data should be related to the reference nil‐ductility temperature RTNDT ,
as determined for the material prior to irradiation, according to the rules of NB‐2331, or as irradiated according to
A-4400. The curves in Figure A-4200-1 are intended to be very conservative since the recommended procedure is to
determine the material fracture toughness from specimens of the actual material and product form in question. Analy-
tical approximations for these curves are as follows:

(U.S. Customary Units)

(SI Units)

where KIc and KIa are in units of and T and RTNDT are in units of °F (°C).

(c) If a material-specific temperature, T0 , value determined in accordance with ASTM E1921, Standard Test Method
for the Determination of Reference Temperature, T0 , for Ferritic Steels in the Transition Range, is available, a reference
temperature, RTT 0

, may be used in place of RTNDT for the KIc curve. For the KIa curve, the reference temperature,
RTKI a

, may be used in place of RTNDT .

The reference temperatures, RTT 0
and RTK I a

, are defined as

(U.S. Customary Units)
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(SI Units)

Determination of RTT 0
and RTK I a

shall be the responsibility of the Owner and subject to the approval of the regulatory
authority having jurisdiction at the plant site.

A-4300 FATIGUE CRACK GROWTH RATE

(a) The fatigue crack growth rate da/dN of the material is characterized in terms of the range of applied stress in-
tensity factor ΔKI . This characterization is generally of the form:

ð1Þ

where

Co = a scaling constant
n = the slope of the log (da/dN) versus log (ΔKI)

Figure A-4200-1
Lower Bound KIa and KIc Test Data for SA-533 Grade B Class 1, SA-508 Class 2, and SA-508 Class 3 Steels
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Data should be obtained from specimens of the actual material and product form, considering material variability, en-
vironment, test frequency, and other variables that affect the data.

(b) The fatigue crack growth behavior of the material is affected by the R ratio (Kmin/Kmax) and the environment. For
air or water environments

where ΔKth is the threshold ΔKI value below which the fatigue crack growth rate is negligible. ΔKth in units of

is given by

(U.S. Customary Units)

(SI Units)

Reference fatigue crack growth rates for carbon and low alloy ferritic steels for air and water environments at ΔKI ≥ ΔKth

are given below.

Figure A-4200-1M
Lower Bound KIa and KIc Test Data for SA-533 Grade B Class 1, SA-508 Class 2, and SA-508 Class 3 Steels
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(1) Reference fatigue crack growth behavior of the material exposed to air environments (subsurface flaws) is given
by eq. (a)(1) with n = 3.07 and

(U.S. Customary Units)

ð2Þ

(SI Units)

ð2Þ

S is a scaling parameter to account for the R ratio and is given by S = 25.72 (2.88 −R) −3.07, where 0 ≤ R ≤ 1 and
ΔKI = Kmax −Kmin . For R < 0, ΔKI depends on the crack depth, a , and the flow stress, σ f . The flow stress is defined by
σ f =

1/2(σy s + σu l t), where σy s is the yield strength and σu l t is the ultimate tensile strength in units ksi (MPa) and a is in

uni ts in . (m) . For −2 ≤ R ≤ 0 and and ΔK I = K m a x . For R < −2 and

and ΔK I = (1 −R ) Kma x/3. For R < 0 and and

ΔKI = Kmax −Kmin .

The scaling constant Co from eq. (2) produces fatigue crack growth rates in units of in./cycle (mm/cycle) where

ΔKI is in units of and is intended for use when data from the actual product form are not available.

Reference fatigue crack growth rate curves given by eqs. (a)(1) and (2) are provided in Figure A-4300-1 (Figure
A-4300-1M).

(2) Reference fatigue crack growth behavior of material exposed to light‐water reactor environments is given by eq.
(a)(1) using ΔKI = Kmax −Kmin . If Kmin is equal to or less than zero, use R = 0. Co and n are given by whichever of the
following results in the higher fatigue crack growth rate, da/dN : (1) n and Co in (1) for air environments, or (2) either
of the following, as applicable.

(-a) For low ΔKI values,
45 n = 5.95 and

(U.S. Customary Units)

ð3Þ

(SI Units)

ð3Þ

where S is given by

S = 1.0 for 0 ≤ R ≤ 0.25
= 26.9 R −5.725 for 0.25 < R < 0.65
= 11.76 for 0.65 ≤ R ≤ 1.0

(-b) For high ΔKI values,
45 n = 1.95 and

(U.S. Customary Units)

ð4Þ

(SI Units)

ð4Þ

where S is given by

S = 1.0 for 0 ≤ R ≤ 0.25
= 3.75 R + 0.06 for 0.25 < R < 0.65
= 2.5 for 0.65 ≤ R ≤ 1.0
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Figure A-4300-1
Reference Fatigue Crack Growth Curves for Carbon and Low Alloy Ferritic Steels Exposed to Air

Environments (Subsurface Flaws)
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GENERAL NOTE: For other R ratios, see A-4300(b)(1).
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Figure A-4300-1M
Reference Fatigue Crack Growth Curves for Carbon and Low Alloy Ferritic Steels Exposed to Air

Environments (Subsurface Flaws)
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GENERAL NOTE: For other R ratios, see A-4300(b)(1).
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The applicable set of material parameters n and Co is determined by calculating the ΔKI at which the two curves
intersect. This is given by

(U.S. Customary Units)

(SI Units)

If the range of applied stress intensity factor is lower than this value, the low ΔKI parameters apply; otherwise,
the high ΔKI parameters should be used. The scaling constant Co from either eq. (-a)(3) or (4) produces fatigue crack

growth rates in the units of in./cycle (mm/cycle) when ΔKI is in the units and is intended for use

when data from the actual product are not available. Reference fatigue crack growth rate curves given by eqs. (a)(1),
(-a)(3), and (4) are provided in Figure A-4300-2 (Figure A-4300-2M).

A-4400 IRRADIATION EFFECTS

(a) For materials that are subjected to fast neutron fluence, the degradation of the material fracture toughness due to
irradiation must be accounted for. The degree of degradation depends upon the neutron fluence, the irradiation tem-
perature, and the relative sensitivity of the particular steel. Radiation induced changes in fracture toughness should
be determined from surveillance specimens of the actual material and product form, irradiated according to the surveil-
lance techniques of ASTM E185, Standard Practice for the Design of Surveillance Programs for Light-Water Moderated
Nuclear Power Reactor Vessels, and ASTM E2215, Standard Practice for the Evaluation of Surveillance Capsules from
Light-Water Moderated Nuclear Power Reactor Vessels. Measurement of RTT0 of unirradiated or irradiated materials
as defined in A-4200(b) is permitted, including use of the procedures given in ASTM E1921 to obtain direct measure-
ment of irradiated T0 . Given only an unirradiated value of either RTNDT or RTT0 , an irradiation-induced shift in these
values may be calculated from standard Charpy V-notch impact data obtained from irradiated surveillance specimens.

(b)Where surveillance data are not available, the effects of neutron irradiation should be considered for both KIa and
KIc by shifting the reference nil‐ductility temperature RTNDT as a function of irradiation, based on data and methods
acceptable to the regulatory authority having jurisdiction at the plant site.
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Figure A-4300-2
Reference Fatigue Crack Growth Curves for Carbon and Low Alloy Ferritic Steels Exposed to Water

Environments
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GENERAL NOTE: For other R ratios, see A-4300(b)(2).
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Figure A-4300-2M
Reference Fatigue Crack Growth Curves for Carbon and Low Alloy Ferritic Steels Exposed to Water

Environments

d
a/

d
N

 (
m

m
/c

yc
le

) 

10-8 

10-3 

10-7 

10-6 

10-5 

10-4 

10-2 

 

1 2 5 10 20 50 100 

�KI  (MPa   m) ����

 

R  � 0.65  

R  	 0.25  

GENERAL NOTE: For other R ratios, see A-4300(b)(2).
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ARTICLE A-5000
ANALYSIS

A-5100 SCOPE

This Article provides the method to be used in applying the analyses to the normal (including upset and test), emer-
gency, and faulted conditions.

A-5200 END-OF-PERIOD FLAW SIZE

(a) In order to determine the maximum potential for fatigue flaw growth of the observed flaw indication during nor-
mal operation, a cumulative fatigue flaw growth study of the component should be performed using appropriate fatigue
crack growth rates given in A-4300. The design transients prescribed in the system Design Specification that apply to the
remainder of the evaluation period for the component should be included. Cumulative fatigue crack growth analysis of
components need not include emergency and faulted conditions. Stress intensity factors should be determined for each
transient using the bounding elliptical or semielliptical flaw model described in Article A-2000 and consistent with the
methods for KI determination outlined in Article A-3000. The plastic zone correction need not be taken into account in
calculating KI . KI can be determined by setting the plastic zone correction factor qy = 0 in Article A-3000. Each transient
should be considered in approximate chronological order in the following manner.

(1) Determine the range of KI fluctuation associated with the transient, ΔKI .

(2) Find the incremental flaw growth Δa and Δℓ corresponding to ΔKI from the fatigue flaw growth rate data.

(3) Update the flaw dimensions a and ℓ .

(4) Repeat these calculations for the next transient using the updated flaw dimensions.

(b) For surface flaws, either of the following twomethods is acceptable for determining Δa and Δℓ for the increment of
time in the calculation.

(1) Linearized Stress Ratio Approach

(-a) Calculate the incremental flaw growth Δa at Point 1 in Figure A-3100-1, illustration (b), by integration of eq.
A-4300(a)(1).

(-b) Determine the parameters A and B from the ranges of membrane stress, Δσm , and bending stress, Δσb , ob-
tained in accordance with A-3200 and Figure A-3210-3, illustration (b) as follows:

where

(-c) Calculate the parameters e and f from the initial flaw dimensions a0 and ℓ0 for the increment, as follows:

where t is the component wall thickness and m = 2.8.
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(-d) Calculate the flaw length ℓ = ℓ + Δℓ as illustrated by Point 2 in (b), at the end of the increment, as a function
of the flaw depth a = a0 + Δa at the end of the increment, as follows:

(2) Generalized Stress Approach
(-a) Calculate the incremental flaw growth, Δa , at Point 1 in Figure A-3100-1, illustration (b), by integration of

eq. A-4300(a)(1).
(-b) Calculate the incremental flaw growth, Δℓ , at Point 2 in Figure A-3100-1, illustration (b), by integration of

the following equation:

where n and C0 are as defined in A-4300.
The above procedure, after all transients have been considered, yields the expected end‐of‐period flaw size af and ℓ f .

A-5300 NORMAL CONDITIONS

(a) Normal conditions include all transients expected to occur during the course of system testing and operation, as
well as upset conditions anticipated to occur frequently enough that the system should be designed to accommodate
them.

(b) The minimum critical flaw size for normal conditions ac should be established. The procedure for determining
critical flaw size for each transient is as follows.

(1) Determine the maximum end‐of‐period irradiation level at the flaw location.
(2) Using irradiated fracture toughness data, determine the crack initiation fracture toughness, KIc , as a function of

temperature.
(3) Calculate stress intensity factors (using the methods outlined in Article A-3000 or some other documented pro-

cedure) for various penetration depths of an assumed flaw, geometrically similar to the ellipse or semiellipse defined by
the shape af/ℓf.

(4) Compare the calculated stress intensity factors to the material fracture toughness, KIc , for the appropriate tem-
perature to determine the critical flaw size ac corresponding to KI = KIc for the transient.

(5) Proceed to the next transient.
(c) The smallest value of ac determined by the above procedure, after all transients have been considered, represents

the minimum critical flaw size for normal conditions at the location of the observed flaw.

A-5400 EMERGENCY AND FAULTED CONDITIONS

(a) Emergency and faulted conditions refer to very low probability postulated incidents whose consequences are such
that subsequent plant operation is not required and safe system shutdown is the only consideration.

(b) The minimum critical flaw size for emergency and faulted conditions ai should be established using KIc data for
flaw initiation considerations and KIa data for flaw arrest considerations. Each postulated incident should be considered
for critical flaw size as follows.

(1) Determine the maximum end‐of‐period irradiation profile through the thickness of the component at the ob-
served flaw location.

(2) Determine temperature and stress profiles through the thickness of the component at the observed flaw loca-
tion as a function of time following the postulated incident.

(3) Using the irradiated fracture toughness data, determine the flaw arrest KIa and flaw initiation KIc fracture
toughness profiles through the thickness of the component as a function of time following the postulated incident.
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(4) Calculate stress intensity factors (using the methods outlined in Article A-3000 or some other documented pro-
cedure) for various penetration depths of an assumed flaw, geometrically similar to the ellipse or semiellipse defined by
the shape af/ℓf.

(5) The flaw penetration at which the calculated stress intensity factor exceeds the KIc profile corresponds to the
critical flaw size for initiation ai , and the penetration at which the stress intensity factor goes below the KIa curve cor-
responds to the critical flaw size for arrest aa . This comparison is illustrated in Figure A-5400-1 for both an arrest and a
nonarrest situation.

(6) Curves such as in Figure A-5400-1 should be prepared for a number of selected times following each postulated
accident to establish the critical time.

(7) For those transients where KI is monotonically decreasing with time (e.g., where system repressurization is lim-
ited), warm prestressing may be credited to preclude flaw initiation or reinitiation at times in the transient beyond the
time of the peak stress intensity factor.
(c) The smallest value of ai determined by the above procedure (and for which the flaw arrest penetration p is greater

than 0.75) after all postulated accidents have been considered represents the minimum critical initiation flaw size for
emergency and faulted conditions at the location of the observed flaw.
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Figure A-5400-1
Determination of Critical Flaw Sizes for Postulated Conditions

GENERAL NOTES:
(a)

(b) p = 2a/t for subsurface flaws and p = a/t for surface flaws; t = wall thickness.
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ð15Þ ARTICLE A-9000
GLOSSARY

bending stress correction factor (Mb): a factor used in the stress intensity factor equation derived from relationships be-
tween flaw eccentricity ratio, ratio of flaw depth to wall thickness, and flaw depth to wall thickness as a function of flaw
depth to length ratios.

clad or cladding: a layer, usually an austenitic alloy, on the surface of a component to minimize corrosion.

coplanar flaws: two or more flaws which are oriented in the through‐wall direction of a component lying in the same
plane. The flaws may be defined as surface or subsurface, continuous or discontinuous, depending on their proximity.
(see Figure IWA-3380-1.)

crack initiation: the onset of flaw extension due to an increase in component loading.

crack penetration (P): the ratio of crack depth to component thickness— 2a/t for subsurface flaws and a/t for surface
flaws.

cumulative fatigue crack growth: the total incremental growth of a flaw over a period of time determined through use of
the design transients.

discontinuity stress: the stress distribution through a component wall resulting from gross structural discontinuities such
as head‐to‐shell junctions where net bending and membrane forces are produced.

end‐of‐life irradiation: the predicted fluence at the end of component life.

end‐of‐period flaw size: the maximum size (depth, af , and length, ℓ f) to which a detected flaw is calculated to grow in a
specified time period, such as the next scheduled examination of the component or until end of component life.

fatigue crack growth rate (da/dN): the rate of flaw growth due to fatigue in terms of the range of the applied stress in-
tensity factor.

fatigue crack growth threshold (ΔKth): the value of the range of applied stress intensity factor, ΔKI , below which fatigue
crack growth is negligible.

flaw acceptance criteria: the equations or bases for acceptance by fracture mechanics evaluations of flaws of a size ex-
ceeding the flaw acceptance standards.

flaw acceptance standards: specified values of flaw length, depth, depth‐to‐component thickness ratio, or areas as spe-
cified in IWA-3100.

flaw characterization: the process of circumscribing a flaw in a rectangle parallel to the component surface or in the
plane of the wall perpendicular to the component surface for comparison with flaw acceptance standards.

flaw eccentricity (e): the distance of the center line of a flaw from the neutral axis, usually the center line of the wall of a
component.

flaw eccentricity ratio (2e/t): the ratio of twice the flaw eccentricity to the component wall thickness.

flaw length: the length (ℓ) of the rectangle circumscribing the flaw when drawn parallel to the surface of the component.

flaw location: the site of a flaw in the wall of a component.

flaw major axis (ℓ or c): the long dimension (length) of a flaw.

flaw minor axis (a, 2a): the short dimension (depth) of a flaw.

flaw orientation: the position of the plane of the flaw with respect to the plane perpendicular to the maximum principal
stress direction. For purpose of analysis, the flaw plane is projected onto the perpendicular plane.
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flaw shape factor: the relationship between flaw aspect ratio (a/ℓ) and the stress ratio [(σm + σb)/σy] providing values
of the flaw shape parameter (Q).

flaw shape parameter (Q): a value obtained from the flaw shape factor and stress ratio.

irradiation effect: the change in material properties due to neutron fluence.

linear elastic fracture mechanics: the analytical procedure that relates the stress‐field magnitude and distribution in the
vicinity of a crack tip, resulting from the nominal stress applied to the structure, to the size of a crack that would cause
nonductile failure.

linear elastic fracture mechanics: the analytical procedure that relates the stress‐field magnitude and distribution in the
vicinity of a crack tip, resulting from the nominal stress applied to the structure, to the size of a crack that would cause
nonductile failure.

nonlinear stress distribution: the curvilinear stress distribution across a component wall, resulting from the algebraic
addition of stresses (e.g., bending, membrane, residual). (See Figure A-3210-3.)

normal stress: the component of stress normal to the plane of reference, also referred to as direct stress.

primary stress: any normal stress or shear stress developed by an imposed loading that is necessary to satisfy the laws of
equilibrium of external and internal forces and moments.

R ratio (Kmin/Kmax): the algebraic ratio of calculated stress intensity factor (minimum and maximum) in a stress cycle.

residual stress: remaining tensile or compressive stresses within a material under unloaded conditions.

secondary stress: the normal or shear stress developed by the constraint of adjacent material or by self‐constraint of the
structure. The basic characteristic of a secondary stress is that it is self‐limiting.
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NONMANDATORY APPENDIX C
ANALYTICAL EVALUATION OF FLAWS IN PIPING

ARTICLE C-1000
INTRODUCTION

C-1100 SCOPE

This Article provides the general scope and application of the analytical evaluation methodology for flawed pipe.
(a) This Nonmandatory Appendix provides analytical procedures and criteria that may be used for determining ac-

ceptability for continued service for a specified evaluation time period of piping containing flaws that exceed the accep-
tance standards of IWB-3514 or IWC-3514. Analytical evaluations performed using this Nonmandatory Appendix shall
meet all the requirements of the Appendix. The analytical evaluation methodology provided in this Nonmandatory
Appendix is based on the following conditions that govern pipe failure:

(1) Limit load (fully plastic) analysis of the pipe cross‐section which is reduced by the flaw area, for ductile materi-
als when the ability to reach limit load is assured.

(2) Elastic–plastic fracture mechanics when ductile flaw extension occurs prior to reaching limit load.
(3) Linear elastic fracture mechanics for brittle fracture conditions. The procedures are applicable to flaws in weld

materials or base material as defined in Figure C-1100-1.
(b) This Nonmandatory Appendix provides a screening procedure to determine the failure mechanism based on metal

temperature, applied loads, flaw size, and material properties. Flaws are analytically evaluated by comparing the max-
imum flaw dimensions at the end of the evaluation period with the allowable flaw size, or by comparing the applied pipe
stress with the allowable stress for the flaw size at the end of the evaluation period.

Figure C-1100-1
Weld Material–Base Material Interface Definition for Flaw Location

GENERAL NOTE: x = lesser of t/2 or 0.5 in. (13 mm)
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(c) This Nonmandatory Appendix also provides procedures for flaw modeling and analysis. Flaw growth analysis is
based on fatigue. When stress corrosion cracking (SCC) is active, the growth shall be added to the growth from fatigue.
The flaw acceptance criteria of C-2600 include structural factors on failure for the three failure mechanisms described in
(a). The acceptance criteria shall be used to determine acceptability of the flawed piping for continued service for a spe-
cified evaluation time period or to determine the time interval until a subsequent inspection.

C-1200 PROCEDURE OVERVIEW

The following is a summary of the analytical procedure.
(a) Determine the configuration of the flaw in accordance with Article IWA-3000 using Article C-2000.
(b) Resolve the flaw into circumferential and axial flaw components using Article C-2000.
(c) Determine the stresses normal to the flaw at the location of the detected flaw for Service Levels A, B (including test

conditions), C, and D using C-2500.
(d) Perform a flaw growth analysis in accordance with Article C-3000 to establish the end‐of‐evaluation‐period flaw

dimensions af and ℓ f .
(e) Obtain pipe material properties at the temperature required for analysis, σy and J I c . When material properties are

not available, the properties in Tables C-8321-1 and C-8322-1 may be used.
(f) Using the screening procedure described in Article C-4000, determine the failure mechanism for the material and

temperature for the end‐of‐evaluation‐period flaw dimensions, af and ℓ f .
(g) Using the procedures described in Article C-5000, Article C-6000, or Article C-7000 as applicable to the failure

mode, determine the allowable flaw depth, aallow, or the allowable applied stress Sc or Sa , and the allowable flaw length
limit ℓallow.

(h) Using the critical flaw parameters af and ℓ f , or the piping stresses, σm and σb apply the analytical evaluation cri-
teria of C-2600 to determine the acceptability of the pipe for continued service.

C-1300 NOMENCLATURE

The following nomenclature is used.

= maximum allowable end-of-evaluation-period flaw depth corresponding to the flaw length ℓf , in. (mm)
A = pipe geometry factor used to calculate Z load multiplier for ductile flaw extension, dimensionless
a = general depth dimension of a flaw, in. (mm)

AE = factor used to calculate fatigue crack growth rate parameter SENV (in./cycles - sec)0.67 [(mm/cycle - s)0.67]
af = max. depth to which the flaw is calculated to grow by the end of the evaluation period, in. (mm)

C = scaling parameter in fatigue crack growth rate for austenitic steel in air, (in./cycle) [(mm/cycle)

]

c = half-length for a through-wall flaw, in. (mm)

C1 = SCC crack growth rate coefficient for KI dependent crack growth (in./hr) [(m/s) ]

C2 = SCC crack growth rate coefficient for KI independent crack growth, in./hr (m/s)
Cn = coefficients used to calculate Z0 for axial flaws

Co = material constant in. flaw growth equation, (in./cycle) [(mm/cycle) ]

CT = scaling parameter to account for effect of temperature in fatigue crack growth rate (in./cycle)

[(mm/cycle) ]

CL = orientation of a test specimen loaded in the circumferential direction with longitudinal crack plane orientation
CVN = Charpy V‐notch absorbed energy, ft-lb (J)

D = pipe outside diameter, in. (mm)
da/dN = cyclic flaw growth rate, in./cycle (mm/cycle)
da/dt = flaw growth rate, in./hr (m/s)

E = Young’s modulus, ksi (MPa)
E ′ = E/(1 – ν2), ksi (MPa)
F = parameter for axial flaw stress intensity factor
Fb = parameter for circumferential flaw bending stress intensity factor
Fm = parameter for circumferential flaw membrane stress intensity factor

FTW = parameter for through‐wall axial flaw stress intensity factor
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I = moment of inertia, in.4 (mm4)
J1mm = measure of toughness at 1 mm of crack growth at the evaluation temperature [in.-lb/in.2 (kJ/m2)]

J l c = measure of toughness due to crack extension at the evaluation temperature, (in.-lb/in.2 (kJ/m2))

Kc = critical fracture toughness for the material,

KI = Mode I stress intensity factor,

KIb = Mode I stress intensity factor for bending loading,

KIm = Mode I stress intensity factor for membrane loading,

KImax = max. stress intensity factor associated with transient stress range, ΔKI,

KImin = min. stress intensity factor associated with transient stress range, ΔKI,

KI r = stress intensity factor for residual stress,

KIth = threshold stress intensity factor for SCC,

KITR = stress intensity factor at the transition from KI dependent SCC crack growth to KI independent crack growth,

KIU = stress intensity factor at the upper validity limit of the SCC crack growth rate equation,

Klc = static fracture toughness for crack initiation under plane strain conditions,

K ′ r = a component of screening criteria (SC), the ratio of the stress intensity factor to the material toughness,
dimensionless

M = applied moment on the pipe, in.-kip (N-mm)
M1 = flow stress parameter defined in Note (3) of Table C-6330-2, ksi0.46 (MPa0.46)
M2 = bulging factor for axial flaw, dimensionless
Mb = resultant primary bending moment for the appropriate load combinations, in.-kip (N-mm)
Me = resultant secondary bending moment, including thermal expansion loads and seismic anchor movement,

in.-kip (N-mm)
N = number of load cycles in flaw growth analysis, cycles
n = material constant in flaw growth equation

NPS = nominal pipe size, in. (DN)
P = total axial load on pipe including pressure, kips (N)
p = internal pipe pressure, ksi (MPa)
Q = flaw shape parameter, dimensionless
Qg = thermal activation energy for SCC crack growth, kcal/mole (kJ/mole)
R = load ratio, KImin/KImax

R1 = inside radius of pipe, in. (mm)
R2 = outside radius of pipe, in. (mm)
Rg = universal gas constant, kcal/(mole-R)[kJ/(mole-K)]
Rm = mean radius of pipe, in. (mm)
Sa = allowable hoop membrane stress for an axially flawed pipe, ksi (MPa)
Sc = allowable bending stress for circumferentially flawed pipe, ksi (MPa)

SENV = scaling parameter to account for effect of reactor water environment on fatigue crack growth rate,
dimensionless

Sm = design stress intensity value as given in Section II, ksi (MPa)
SR = scaling parameter to account for effect of R ratio on fatigue crack growth rate, dimensionless
St = allowable membrane stress for a circumferentially flawed pipe, ksi (MPa)
Su = specified value for material ultimate tensile strength at the evaluation temperature, ksi (MPa)
Sy = specified value for material yield strength at the evaluation temperature, ksi (MPa)
SC = screening criteria parameter for determining the analysis method, dimensionless
SFb = structural factor for bending stress based on Service Level, dimensionless
SFm = structural factor for membrane stress based on Service Level, dimensionless
S ′ r = component of the screening criteria (SC), the ratio of the applied stress to the stress at limit load,

dimensionless
T = metal temperature, °F (°C)
t = pipe wall thickness, in. (mm)

Tabs = absolute metal operating temperature, °R (K)
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Tre f = absolute reference temperature for SCC, °R (K)
x = parameter a/t, dimensionless
Z = load multiplier for ductile flaw extension, dimensionless

Z0 = function used in calculation of Z-factor for axial flaws
Z1 = function used in calculation of Z-factor for circumferential flaws
ℓ = general flaw length dimension, in. (mm)

ℓa l l ow = allowable end-of-evaluation-period flaw length for stability of a through-wall flaw, in. (mm)
ℓ f = max. length to which the detected flaw is calculated to grow by the end of the evaluation period, in. (mm)

ΔKI = max. range of KI fluctuation during a transient,

Φ = SCC crack growth rate coefficient (in./hr) [(m/s) ]

α = parameter (a/t) / (a/ℓ), dimensionless
β = angle to neutral axis of flawed pipe, radians
η = SCC crack growth rate exponent, dimensionless
θ = one‐half of the flaw angle (Figure C-4310-1), radians

θa l l ow = allowable half angle for stability of a circumferential through-wall flaw, radians
θ f = half angle to which the detected circumferential flaw is calculated to grow by the end of the evaluation period,

radians
λ = normalized flaw length parameter, dimensionless
ν = Poisson's ratio

σb = unintensified primary bending stress in the pipe at the flaw location, ksi (MPa)
σc

b = bending stress at incipient plastic collapse, ksi (MPa)
σ c

m = membrane stress at incipient plastic collapse, ksi (MPa)
σe = unintensified secondary bending stress, including thermal expansion and seismic anchor movement at the

flaw location, ksi (MPa)
σ f = flow stress, ksi (MPa)
σh = hoop stress in pipe at the flaw, ksi (MPa)
σm = unintensified primary membrane stress in the pipe at the flaw location, ksi (MPa)
σu = measured material ultimate tensile strength at temperature, ksi (MPa)
σy = measured material yield strength at temperature, ksi (MPa)
σℓ = reference limit load hoop stress, ksi (MPa)
σ ′b = bending stress at limit load for any combination of primary stresses, ksi (MPa)
σ ′m = membrane stress at limit load, ksi (MPa)
τ r = load rise time, s
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ð15Þ ARTICLE C-2000
ANALYTICAL EVALUATION PARAMETERS

C-2100 SCOPE

This Article provides procedures for defining the flaw geometry (shape, proximity, orientation, and location), applied
stress, and acceptance criteria.

C-2200 FLAW SHAPE

The flaw should be completely bounded by a rectangular or circumferential planar area in accordance with the meth-
ods of IWA-3300. Figures C-2200-1 and C-2200-2 illustrate flaw characterization for circumferential and axial pipe flaws
respectively.
Surface or subsurface flaw characterization shall be used depending on the type of flaw. When the flaw is subsurface,

but within the proximity limit of IWA-3340 from the surface of the component, the flaw shall be considered a surface
flaw and shall be bounded by a rectangular or circumferential planar area with the base (major length) aligned along the
surface.

C-2300 PROXIMITY TO CLOSEST FLAW

For multiple adjacent flaws, when the shortest distance between the boundaries of two adjacent flaws is within the
proximity limits specified in IWA-3300, the adjacent flaws shall be bounded by a single rectangular or circumferential
planar area in accordance with IWA-3300.

Figure C-2200-1
Flaw Characterization— Circumferential Flaws
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C-2400 FLAW ORIENTATION

Flaws that do not lie in either an axial46 or a circumferential47 plane should be projected onto these planes in accor-
dance with the rules of IWA-3340. The axial and circumferential flaws obtained by these projections shall be analytically
evaluated separately in accordance with this Appendix.

Figures C-2400-1, C-2400-2, and C-2400-3 illustrate flaw characterization for skewed flaws.

C-2500 DEFINITION OF PIPE STRESS

For the purpose of analysis, the flaw is to be considered in its pipe cross‐section location. The stresses due to system
loading shall be calculated at this location. The location‐specific loading (forces and moments) can be obtained from the
piping Design Report for each Service Level loading condition. The stresses to be used in the analytical evaluation are the
unintensified pipe stress for membrane, bending, and expansion (thermal and seismic anchor motion) defined as σm , σb ,
and σe , or pipe hoop stress, σh .

(a) For circumferential flaws the unintensified stress can be calculated from the piping Design Report for each Service
Level as follows

where

D = pipe outside diameter
I = pipe moment of inertia

Figure C-2200-2
Flaw Characterization — Axial Flaws
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Figure C-2400-1
Flaw Characterization — Skewed Axial Flaws Projected into Axial Plane

CLPipe

a

2a

CLPipe

(b) Surface Flaw

(a) Subsurface Flaw
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Mb = the resultant moment for the appropriate primary load combination for each Service Level in accordance with the
design

Me = the resultant secondary moment, including thermal expansion and seismic anchor loads in accordance with the
design
The effects of weld shrinkage from a weld overlay repair shall be included.

p = internal pipe pressure
t = wall thickness

(b) For axial flaws, the hoop (membrane) stress shall be calculated, for each Service Level, using

where

p = max. internal pipe pressure for the appropriate operating conditions

Figure C-2400-2
Flaw Characterization — Skewed Circumferential Flaws Projected into Circumferential Plane
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C-2600 FLAW ACCEPTANCE CRITERIA

C-2610 ACCEPTANCE CRITERIA

Piping containing flaws exceeding the acceptance standards and analytically evaluated is acceptable for continued ser-
vice during the evaluated time period if the critical flaw parameters satisfy the criteria in C-2611 or C-2612, and the
criteria in C-2613.

C-2611 Final Flaw Depth Criteria

For circumferential and axial flaws, the acceptance criterion on flaw depth shall meet the following:

where

aal l ow = max. allowable flaw depth corresponding to the flaw length ℓ f and applied stresses
af = max. depth to which the detected flaw is calculated to grow by the end of the evaluation period

Figure C-2400-3
Flaw Characterization — Compound Skewed Flaw Projected into Circumferential and Axial Planes
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ℓ f = max. length to which the detected flaw is calculated to grow by the end of the evaluation period

The allowable flaw depth for flawed pipe, aallow, is a function of pipe stresses, required structural factors, pipe material
properties, the end‐of‐evaluation‐period flaw length (ℓ f) and depth (af), flaw orientation, and pipe failure mode.

C-2612 Applied Stress Criteria

For circumferential and axial flaws, the stresses shall meet the following:

and

or

where

Sa = allowable pipe hoop stress for a pipe with an axial flaw
Sc = allowable pipe bending stress for a pipe with a circumferential flaw
St = allowable pipe membrane stress for a pipe with a circumferential flaw
σb = maximum applied pipe primary bending (unintensified) stress
σh = maximum applied pipe hoop stress
σm = maximum applied pipe primary membrane (unintensified) stress

The allowable stress for the flawed pipe, Sc , St , and Sa is a function of pipe stresses, the required structural factors,
pipe material properties, end‐of‐evaluation‐period flaw length and depth, flaw orientation, and pipe failure mode.

C-2613 Final Flaw Length Criteria

(a) For axially oriented flaws, the final length of the flaw at the end of the evaluation period shall meet the following:

where

= allowable flaw length for an axial through-wall flaw to remain stable under pressure loading

(b) For circumferentially oriented flaws, when the nominal pipe wall thickness is less than 0.250 in. (6.35 mm), the
final length of the flaw shall meet the following:

where

θa l l ow = allowable half angle for a circumferential through-wall flaw to remain stable
θ f = final half angle of the flaw

In terms of circumferential flaw length, the following relationship for allowable half angle and allowable length shall
be used:

where

ℓa l l ow = allowable flaw length for a circumferential through-wall flaw to remain stable

(c) The allowable flaw length for circumferential flaws shall not exceed 75% of the outer perimeter of the pipe
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ð15Þ

when the nominal pipe wall thickness is less than 0.250 in. (6.35 mm).

C-2620 Analysis Structural Factors
The analytical evaluation for allowable flaw size or allowable stress requires application of structural factors. The

structural factors are applied individually to membrane and bending stresses as SFm and SFb , respectively. The struc-
tural factors depend on service level and flaw orientation. Loading conditions that are considered are those associated
with Service Levels A, B, C, and D, for the piping system design. Test conditions are analytically evaluated as Service Level
B.

C-2621 Circumferential Flaws

For Classes 1, 2, and 3 piping, the structural factors to be applied on primary membrane and primary bending stresses
in calculating the allowable flaw depth, aallow, or the allowable stress, Sc , are as follows:

Service Level Membrane Stress, SFm

Bending Stress,
SFb

A 2.7 2.3

B 2.4 2.0

C 1.8 1.6

D 1.3 1.4

C-2622 Axial Flaws

For Classes 1, 2, and 3 piping, the structural factors to be applied on primary membrane stress for calculating the al-
lowable depth, aallow, or the allowable stress, Sa , are as follows:

Service Level Membrane Stress, SFm

A 2.7

B 2.4

C 1.8

D 1.3
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ARTICLE C-3000
FLAW GROWTH ANALYSIS

C-3100 SCOPE

This Article provides the methodology for determination of subcritical flaw growth during the evaluation period.

C-3200 SUBCRITICAL FLAW GROWTH ANALYSIS

If a flaw is characterized in terms of an equivalent axial and circumferential flaw, the maximum depth af and the max-
imum length ℓ f at the end of the evaluation period shall be determined by consideration of subcritical flaw growth. Flaw
growth in austenitic piping can be due to cyclic fatigue loading, stress corrosion cracking (SCC) under sustained load, or
a combination of both. Flaw growth in ferritic piping can be due to cyclic fatigue loading. SCC has not been observed to be
a significant flaw growth mechanism in ferritic piping. Residual stress effects shall be included in the analytical evalua-
tion of both growth mechanisms.

C-3210 FLAW GROWTH DUE TO FATIGUE

(a) Fatigue flaw growth due to cyclic loading in piping can be characterized by the following equation relating the rate
of flaw growth, da/dN, to the range of the applied stress intensity factor, ΔKI :

ð1Þ

where ΔKI is the range of the applied stress intensity factor and Co and n are parameters dependent on material and
environmental conditions. The flaw growth rate parameters are in C-8400.

(b) A cumulative fatigue flaw growth calculation shall be performed using the appropriate fatigue crack growth rates
in C-8400 and the operating conditions and transients that apply during the evaluation period. ΔKI shall be determined
for each transient using the bounding elliptical or semielliptical flaw model described in Article C-2000 and the methods
for KI determination in Article C-7000. Each transient should be considered in approximate chronological order as
follows:

(1) Determine ΔKI , the maximum range of KI fluctuations associated with the transient.
(2) Determine the incremental flaw growth corresponding to ΔKI from the fatigue flaw growth rate equation.
(3) Update the flaw dimensions a and ℓ .
(4) Repeat these calculations for the next transient using the updated flaw dimensions.

(c) After all transients have been considered, this procedure yields the final flaw size af and ℓ f at the end of the eva-
luation period considering only fatigue flaw growth.

C-3220 FLAW GROWTH DUE TO STRESS CORROSION CRACKING

(a) Subcritical flaw growth due to SCC is a function of material condition, environment, stress intensity factor due to
sustained loading, and total time that the flaw is exposed to the environment under sustained loading. The procedure for
computing SCC flaw growth is based on experimental data relating the flaw growth rate (da/dt) to the sustained load
stress intensity factor KI . Sustained loads resulting from pressure and steady state thermal stresses as well as residual
stresses should be included. Appropriate experimental data on residual stress distribution for different pipe sizes and
flaw growth rate as a function of sustained KI should be used. The procedure used for determining the cumulative flaw
growth is as follows.

(1) Determine the sustained stress intensity factor KI for a given steady‐state stress condition.
(2) Find the incremental growth of the flaw depth and length corresponding to the period for which the steady‐state

stress is applied. This can be obtained from the relationship between da/dt and KI . Relations for da/dt for Alloy 60048

and associated weld materials Alloys 82, 182, and 132 are provided in C-8510. A sufficiently small time interval should
be selected to ensure that the flaw size and the associated KI value do not change significantly during this interval.

(3) Update the flaw dimensions a and ℓ .
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(4) Continue the flaw growth analysis for the period during which the sustained stress exists until the end of the
evaluation period.
(b) This procedure yields the final flaw size, af and ℓ f at the end of the evaluation period considering only SCC flaw

growth.

C-3230 FLAW GROWTH DUE TO A COMBINATION OF FATIGUE AND SCC
If the service loading, material, and environmental conditions are such that the flaw is subjected to both fatigue and

SCC growth, as may occur in austenitic piping, the final flaw sizes af and ℓ f are obtained by adding the increments in flaw
size due to fatigue and SCC calculated in accordance with the procedures described in C-3210 and C-3220. The cyclic and
sustained loads should be considered in approximately chronological order.
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ARTICLE C-4000
DETERMINATION OF FAILURE MODE

C-4100 SCOPE

This Article is used to determine the failure mode and analysis method for the flawed pipe. The end‐of‐evaluation‐
period flaw dimensions, temperature, available material properties, and pipe loadings are considered in the screening
procedure.

C-4200 SCREENING CRITERIA

C-4210 AUSTENITIC PIPING

The sequence used to determine the failure mode and analysis method for austenitic piping is given in Figure
C-4210-1. For flaws in wrought base metal, nonflux welds, weld metal, or cast product in which ferrite content is less
than 20%, plastic collapse is the controlling failure mode. For flaws in flux welds of wrought pipe, elastic‐plastic analysis
methods shall be applied.

C-4220 FERRITIC PIPING
C-4221 Class 1 Ferritic Piping

The sequence used to determine the failure mode and analysis method is given in Figure C-4220-1. The upper part of
the figure relates to material toughness determination; the lower part defines the appropriate analysis method [i.e., limit
load controlled by plastic collapse, elastic‐plastic fracture mechanics (EPFM), or linear elastic fracture mechanics
(LEFM)]. The procedures of C-4300 shall be used to calculate the screening parameter (SC) for selecting the analysis
method.

C-4222 Classes 2 and 3 Ferritic Piping

The criteria for Classes 2 and 3 ferritic piping are in the course of preparation. The analyst shall establish the failure
mode relevant for the flawed pipe under analytical evaluation. Alternatively, the most limiting mode for the flawed pipe
can be used to perform the analytical evaluation.

C-4230 BIMETALLIC WELDS

For fusion‐line flaws in Ni‐Cr‐Fe buttered welds, the piping analytical evaluation procedures of C-4220 for the adja-
cent base metal shall be used. For fusion‐line flaws in stainless steel buttered welds, or stainless steel pipe to ferritic pipe
welds with no buttering layer, the Owner shall document the basis for the piping analytical evaluation procedure to be
used. For flaws in austenitic weld metal or Ni‐Cr‐Fe weld metal, the austenitic piping analytical evaluation procedures of
C-4210 shall be used.

C-4300 ANALYSIS METHOD DETERMINATION

The equations necessary to calculate the components of the screening criteria, and , for specified applications
involving circumferential or axial flaw orientations are in C-4310.

C-4310 SCREENING CRITERIA COMPUTATIONS

The equations for and as used in Figure C-4220-1 are as follows:
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Figure C-4210-1
Flowchart for Selecting Analysis Method for Austenitic Piping
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For circumferential flaws, when (σb + σe) ≥ σm

ð2aÞ

otherwise

ð2bÞ

For axial flaws,

The relevant crack dimensions for this calculation are in Figures C-4310-1 and C-4310-2. The equations for KI , , and

are in C-4311 for circumferential flaws. The equations for KI and σℓ are given in C-4312 for axial flaws.

Figure C-4220-1
Flowchart for Selecting Analysis Method for Ferritic Piping
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Figure C-4310-1
Circumferential Flaw Geometry

Figure C-4310-2
Axial Flaw Geometry
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C-4311 Circumferential Flaws

(a) The stress intensity factor, KI is defined as follows:

where

(U.S. Customary Units)

(SI Units)

and

θ/π = ratio of crack length to pipe inner circumference

The above expressions for Fm and Fb are valid for the following conditions:

For θ/π > 0.5, use θ/π = 0.5 in equations for Fm and Fb .
(b) The reference bending stress at limit load, σ ′b in C-4310(2a), can be obtained for any specific membrane stress,

σm , by satisfying eqs. (3) and (4). In these equations, σy from Table C-8321-1 shall be used.

ð3Þ
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where

β =

or if (θ + β) > π

ð4Þ

where

β =

and where σm is in units of ksi (MPa) and σ f is 43.4 ksi (300 MPa).
(c) The reference membrane stress at limit load, σ ′m in eq. C-4310(2b), is given by the following equation, where σy

from Table C-8321-1 shall be used.

C-4312 Axial Flaws
(a) The stress intensity factor, KI , is calculated from the following:

(U.S. Customary Units)

(SI Units)

where

F = 1.12 + 0.053α + 0.0055α2 + (1.0 + 0.02α + 0.0191α2) (20 −Rm/t)
2/1400

Q = 1 + 4.593(a/ℓ)1.65

α =

(b) Reference limit load hoop stress, σℓ is calculated from:

where

M2 = [1 + (1.61/4Rmt) ℓ
2]0.5
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ARTICLE C-5000
ANALYTICAL EVALUATIONS FOR FULLY-PLASTIC FRACTURE

USING LIMIT LOAD CRITERIA

C-5100 SCOPE

This Article provides methodology for determining allowable flaw depths and allowable loads for flawed piping meet-
ing the limit load criteria of C-4200.

C-5200 ANALYTICAL EVALUATION PROCEDURES

A flowchart for the analytical evaluation options is given in Figure C-5200-1 when the failure mode has been deter-
mined to be plastic collapse at limit load using the procedures of C-4200.

C-5300 CIRCUMFERENTIAL FLAWS

(a) The allowable flaw depth, aallow and allowable flaw length, ℓallow, shall be used in the acceptance criteria of C-2600
to determine the acceptability of the flawed pipe for continued service.

(b) Allowable end‐of‐evaluation‐period flaw depths are provided in Tables C-5310-1 through C-5310-5 for austenitic
and ferritic piping. Alternatively, analytical equations (from which these tables can be derived) for allowable pipe bend-
ing stresses given in C-5320 may be solved using specified or measured (when available) material properties.

(c) Allowable end-of-evaluation-period circumferential flaw length is given in C-5330.

C-5310 ALLOWABLE FLAW DEPTHS (TABULAR SOLUTION)

The allowable flaw depths are determined from tabular values under the condition of combined loading (membrane
plus bending) and membrane‐only loading. The maximum allowable flaw depth for the analytical evaluation is the lesser
of the allowable flaw depth for combined loading as determined in C-5311, and for membrane stress as determined in
C-5312.

C-5311 Combined Loading

Allowable flaw depths for a given final flaw length under stress due to combined (membrane plus bending) loading for
Service Levels A, B (including test conditions), C, and D shall be obtained from Tables C-5310-1, C-5310-2, C-5310-3, or
C-5310-4. Using the maximum value of the applied stress for each service level during the evaluation period and the ℓ f

flaw parameter defined in C-3200, the maximum allowable flaw depth, aallow, of a circumferential flaw shall be deter-
mined from Tables C-5310-1, C-5310-2, C-5310-3, or C-5310-4, whichever is the most limiting. The allowable flaw cri-
teria of C-2611 are used to determine the acceptability of the flawed pipe for continued service.

C-5312 Membrane Stress

Allowable flaw depths for a given final flaw length under membrane stress for Service Levels A, B (including test con-
ditions), C, and D shall be obtained from Table C-5310-5. Using the maximum value of the applied membrane stress for
the most limiting Service Level condition during the evaluation period, the structural factors, SFm from C-2621, and the
ℓ f flaw parameter defined in C-3200, the maximum allowable flaw depth, aallow, of a circumferential flaw shall be deter-
mined from Table C-5310-5. The allowable flaw criteria of C-2611 are used to determine the acceptability of the flawed
pipe for continued service.

C-5320 ALLOWABLE APPLIED STRESSES (ANALYTICAL SOLUTION)

The allowable stresses are determined analytically for the conditions of combined loading (membrane plus bending)
and membrane‐only loading. The allowable pipe bending and membrane stresses, determined from C-5321 and C-5322,
shall be used in the acceptance criteria of C-2612 to determine the acceptability of the flawed pipe for continued service.
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C-5321 Combined Loading

The allowable bending stress, Sc , in the flawed pipe for a given end‐of‐evaluation‐period flaw size for each service
level under combined loading shall be determined using the following equations. For circumferential flaws not penetrat-
ing the compressive side of the pipe such that (θ + β) ≤ π, the relation between the applied loads and flaw depth at in-
cipient plastic collapse is given by:

where

β =

and the other terms are defined in C-1300. The flow stress, σ f , is defined in C-8200. For longer flaws penetrating the
compressive bending region when (θ + β) > π, the relation between the applied loads and the flaw depth at incipient

Figure C-5200-1
Flowchart for Allowable Flaw Size Determination for Fully Plastic Fracture Using Limit Load Method
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plastic collapse is given by:

where

β =

The allowable pipe bending stress, Sc , is

ð5Þ

where

= bending stress at incipient plastic collapse

Sc = allowable bending stress for circumferentially flawed pipe
SFb = structural factor for bending stress based on Service Level in C-2621
SFm = structural factor for membrane stress based on Service Level in C-2621

ð15ÞTable C-5310-1
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Circumferential

Flaws — Service Level A Conditions

Stress Ratio
[Note (2)]

Ratio of Flaw Length to Pipe Circumference ℓ f/πD [Note (3)]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.75 or
Greater

≥ 0.60 0.75 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.55 0.75 0.44 0.23 0.16 0.13 0.12 0.11 0.11
0.50 0.75 0.75 0.44 0.31 0.25 0.23 0.21 0.21
0.45 0.75 0.75 0.65 0.46 0.37 0.33 0.31 0.30
0.40 0.75 0.75 0.75 0.59 0.48 0.42 0.39 0.38
0.35 0.75 0.75 0.75 0.73 0.58 0.51 0.47 0.46
0.30 0.75 0.75 0.75 0.75 0.69 0.60 0.55 0.52
0.25 0.75 0.75 0.75 0.75 0.75 0.68 0.63 0.59
0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.70 0.65
0.15 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.74

≤ 0.10 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = (σm + σb)/σ f for limit load analysis

= Z [σm + σb + σe/SFb]/σ f for EPFM analysis
Z = Z‐factor load multipliers from C-6330

σb = primary bending stress
σ e = secondary bending stress
σ f = flow stress
σm = primary membrane stress. The tabular values are valid for σm ≤ 0.2σ f ; otherwise use analytical solution

method.
(3) Circumference based on pipe outside diameter.
(4) Acceptance standards for the applicable class shall be used.
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C-5322 Membrane Stress

The allowable membrane stress, St , in the flawed pipe for a given end‐of‐evaluation‐period flaw size for each service
level shall be determined using the following equations. The relation between the applied membrane stress and flaw
depth at incipient plastic collapse is given by:

The flow stress, σ f , is defined in C-8200. The allowable pipe membrane stress, St , is

ð6Þ

where

= membrane stress at incipient plastic collapse

St = allowable membrane stress for a circumferentially flawed pipe
SFm = structural factor for membrane stress from C-2621

The limits of applicability of these equations are: values from acceptance standards < a/t ≤ 0.75

ð15Þ Table C-5310-2
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Circumferential

Flaws — Service Level B Conditions

Stress
Ratio

[Note (2)]

Ratio of Flaw Length to Pipe Circumference ℓ f/πD [Note (3)]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.75 or
Greater

≥ 0.70 0.75 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.65 0.75 0.30 0.15 0.11 [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.60 0.75 0.66 0.34 0.24 0.20 0.18 0.17 0.17
0.55 0.75 0.75 0.53 0.37 0.30 0.27 0.25 0.25
0.50 0.75 0.75 0.70 0.49 0.40 0.35 0.33 0.32
0.45 0.75 0.75 0.75 0.61 0.49 0.43 0.40 0.39
0.40 0.75 0.75 0.75 0.73 0.59 0.51 0.48 0.46
0.35 0.75 0.75 0.75 0.75 0.67 0.59 0.54 0.52
0.30 0.75 0.75 0.75 0.75 0.75 0.66 0.61 0.57
0.25 0.75 0.75 0.75 0.75 0.75 0.73 0.67 0.63
0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.74 0.68

≤ 0.15 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = (σm + σb)/σ f for limit load analysis

= Z[σm + σb + σe/SFb]/σ f for EPFM analysis
Z = Z ‐factor load multipliers from C-6330

σb = primary bending stress
σe = secondary bending stress
σ f = flow stress
σm = primary membrane stress. The tabular values are valid for σm ≤ 0.2σ f ; otherwise

use analytical solution method.
(3) Circumference based on pipe outside diameter.
(4) Acceptance standards for the applicable class shall be used.
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C-5330 ALLOWABLE FLAW LENGTH

The allowable flaw length for a circumferential flaw, ℓallow, based on the stability of a through-wall flaw, is defined as

where θallow is the flaw half angle that satisfies the following for each Service Level:

where

D = outside diameter
σb = maximum applied primary bending stress
σ f = flow stress defined in C-8200
σm = maximum applied axial primary membrane stress

C-5400 AXIAL FLAWS

(a) The allowable flaw depth, αallow and allowable flaw length, ℓallow, shall be used in the acceptance criteria of C-2600
to determine the acceptability of the flawed pipe for continued service.

(b) Allowable flaw depths shall be determined in accordance with C-5410. Alternatively, equations (from which these
tables can be derived) for allowable flaw sizes given in C-5420 may be solved using either specified or measured (when
available) material properties.

ð15ÞTable C-5310-3
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Circumferential

Flaws — Service Level C Conditions

Stress
Ratio

[Note (2)]

Ratio of Flaw Length to Pipe Circumference ℓ f/πD [Note (3)]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.75 or
Greater

≥ 0.90 0.75 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.80 0.75 0.41 0.21 0.15 0.12 0.11 0.10 0.10
0.70 0.75 0.75 0.48 0.34 0.27 0.24 0.22 0.22
0.60 0.75 0.75 0.74 0.52 0.42 0.36 0.34 0.32
0.50 0.75 0.75 0.75 0.69 0.55 0.48 0.44 0.42
0.40 0.75 0.75 0.75 0.75 0.69 0.60 0.55 0.51
0.30 0.75 0.75 0.75 0.75 0.75 0.70 0.64 0.59
0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.73

≤ 0.10 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = (σm + σb)/σ f for limit load analysis

= Z[σm + σb + σe/SFb]/σ f for EPFM analysis
Z = Z‐factor load multipliers from C-6330

σb = primary bending stress
σe = secondary bending stress
σ f = flow stress
σm = primary membrane stress. The tabular values are valid for σm ≤ 0.3σ f ; otherwise

use analytical solution method.
(3) Circumference based on pipe outside diameter.
(4) Acceptance standards for the applicable class shall be used.
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ð15Þ

(c) Allowable end-of-evaluation-period axial flaw length is given in C-5430.

C-5410 ALLOWABLE FLAW DEPTHS (TABULAR SOLUTION)

Allowable flaw depths for a given final flaw length for each Service Level are given in Table C-5410-1. Using the max-
imum value of pressure circumferential stress for the most limiting Service Level during the evaluation period and the ℓ f
flaw parameter defined in C-3200, the maximum allowable flaw depth aallow of an axial flaw under these conditions shall
be determined from Table C-5410-1.
The allowable flaw depth, aallow, and allowable flaw length, ℓallow, defined in C-5430 shall be used in the acceptance

criteria of C-2610 to determine the acceptability of the flawed pipe for continued service.

C-5420 ALLOWABLE FLAW DEPTHS (ANALYTICAL SOLUTIONS)

The allowable flaw depth in the flawed pipe for a given end‐of‐evaluation‐period flaw length, ℓ f , for each service level
condition is determined using the following:

ð7Þ

where

M2 =

p = internal pipe pressure for the appropriate Service Level
SFm = structural factor defined in C-2622

ð15Þ Table C-5310-4
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Circumferential

Flaws — Service Level D Conditions

Stress
Ratio

[Note (2)]

Ratio of Flaw Length to Pipe Circumference ℓ f/π D [Note (3)]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.75 or
Greater

≥ 1.10 0.75 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
1.00 0.75 0.19 0.10 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.90 0.75 0.62 0.32 0.22 0.18 0.16 0.15 0.14
0.80 0.75 0.75 0.54 0.38 0.30 0.26 0.24 0.23
0.70 0.75 0.75 0.75 0.52 0.42 0.36 0.33 0.31
0.60 0.75 0.75 0.75 0.66 0.53 0.46 0.42 0.39
0.50 0.75 0.75 0.75 0.75 0.64 0.55 0.50 0.46
0.40 0.75 0.75 0.75 0.75 0.75 0.64 0.59 0.54
0.30 0.75 0.75 0.75 0.75 0.75 0.75 0.71 0.65

≤ 0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2 aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = (σm + σb)/σ f for limit load analysis

= Z[σm + σb + σe/SFb]/σ f for EPFM analysis
Z = Z ‐factor load multipliers from C-6330

σb = primary bending stress
σe = secondary bending stress
σ f = flow stress
σm = primary membrane stress. The tabular values are valid for σm ≤ 0.4 σ f ; otherwise

use analytical solution method.
(3) Circumference based on pipe outside diameter.
(4) Acceptance standards for the applicable class shall be used.
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t = pipe wall thickness
σ f = flow stress defined in C-8200
σh = pRm/t

The limits of applicability of this equation are: values from acceptance standards < a/t ≤ 0.75.
The allowable flaw depth aallow, determined from eq. (7), and allowable flaw length, ℓallow, defined in C-5430 shall be

used in the acceptance criteria of C-2612 to determine the acceptability of the flawed pipe for continued service.

C-5430 ALLOWABLE FLAW LENGTH
The allowable flaw length for an axial flaw, ℓallow, based on the stability of a through-wall flaw, is defined as

ð8Þ

where

p = internal pressure for the appropriate Service Level
Rm = mean pipe radius
t = pipe wall thickness

σ f = flow stress defined in C-8200
σh = pRm/t

ð15ÞTable C-5310-5
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Circumferential

Flaws — Pure Membrane Stress

Stress Ratio [Note
(2)]

Ratio of Flaw Length to Pipe Circumference ℓ f/πD [Note (3)]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.75 or
Greater

≥ 1.00 0.75 (4) (4) (4) (4) (4) (4) (4)
0.90 0.75 0.50 0.26 0.18 0.14 0.12 0.11 0.10
0.80 0.75 0.75 0.52 0.36 0.28 0.24 0.22 0.20
0.70 0.75 0.75 0.75 0.54 0.43 0.37 0.33 0.30
0.60 0.75 0.75 0.75 0.71 0.57 0.49 0.44 0.40
0.50 0.75 0.75 0.75 0.75 0.71 0.61 0.55 0.50
0.40 0.75 0.75 0.75 0.75 0.75 0.73 0.66 0.60
0.30 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.70

≤ 0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2 aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = (SFm σm)/σ f for limit load analysis

= Z(SFm σm)/σ f for EPFM analysis
σm = primary membrane stress
σ f = flow stress
Z = Z‐factor load multipliers from C-6330

(3) Circumference based on pipe outside diameter.
(4) Acceptance standards for the applicable class shall be used.
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ð15Þ Table C-5410-1
Allowable End-of-Evaluation-Period Flaw Depth-to-Thickness Ratio [Note (1)] for Axial Flaws

Stress
Ratio

[Note (2)]

Nondimensional Flaw Length, ℓ f/(Rm t)0.5 [Note (3)]

0.0 0.5 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0
12.0 or
Greater

≥ 1.00 0.75 [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)] [Note (4)]
0.90 0.75 0.70 0.42 0.23 0.17 0.15 0.14 0.13 0.12 0.12 0.11
0.80 0.75 0.75 0.62 0.40 0.32 0.28 0.26 0.25 0.24 0.23 0.22
0.70 0.75 0.75 0.73 0.53 0.44 0.40 0.38 0.36 0.35 0.34 0.33
0.60 0.75 0.75 0.75 0.64 0.55 0.51 0.49 0.47 0.45 0.44 0.43
0.50 0.75 0.75 0.75 0.72 0.65 0.61 0.59 0.57 0.55 0.54 0.53
0.40 0.75 0.75 0.75 0.75 0.74 0.70 0.68 0.67 0.65 0.64 0.63
0.30 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.74 0.73 0.73

≤ 0.20 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

NOTES:
(1) Flaw depth = aallow for a surface flaw

= 2 aallow for a subsurface flaw
t = pipe wall thickness

Linear interpolation is permissible.
(2) Stress Ratio = SFmσh/σ f for limit load analysis

= Z(SFm) σh/σ f for EPFM analysis
σh = pRm/t , where Rm = mean pipe radius, p = internal pressure
σ f = flow stress
Z = Z-factor load multiplier for axial part-through-wall flaw from C-6430

(3) ℓ f = end‐of‐evaluation‐period flaw length
ℓ f shall be limited to less than ℓallow, where
ℓallow = 1.58(Rmt)

0.5[(σ f/σh)
2 − 1]0.5 for limit load analysis

ℓallow = 1.58(Rmt)
0.5[(σ f/Zσh)

2 − 1]0.5 for EPFM analysis
Z = Z-factor load multiplier for axial part-through-wall flaw from C-6430

(4) Acceptance standards for the applicable class shall be used.
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ð15Þ

ð15Þ

ð15Þ

ð15Þ

ð15Þ

ARTICLE C-6000
ANALYTICAL EVALUATION FOR DUCTILE FRACTURE USING

EPFM CRITERIA

C-6100 SCOPE

This Article provides the methodology for determining allowable flaw depths and loads for flawed piping meeting the
criteria of C-4200 for materials for which fracture by ductile flaw extension may occur prior to reaching limit load.

C-6200 ANALYTICAL EVALUATION PROCEDURES

A flowchart for the analytical evaluation options is given in Figure C-6200-1 when the failure mode has been deter-
mined to be ductile flaw extension prior to reaching limit load.

C-6300 CIRCUMFERENTIAL FLAWS

(a) The allowable flaw depth, a allow, and allowable flaw length, ℓ allow, shall be used in the acceptance criteria of
C-2600 to determine the acceptability of the flawed pipe for continued service.

(b) The tabular solutions for circumferential flaws shall be used to determine the allowable flaw depths from the limit
load solution of C-5310 with the ordinate stress ratio modified by Z -factors given in C-6330. Alternatively, equations for
allowable pipe bending stresses given in C-6320 shall be satisfied.

(c) Allowable end-of-evaluation-period circumferential flaw length is given in C-6340.

C-6310 ALLOWABLE FLAW DEPTHS (TABULAR SOLUTION)

The allowable flaw depths are determined from tabular values under the conditions of combined load (membrane
plus bending) and membrane‐only loading. The maximum allowable flaw depth for the analytical evaluation is the lesser
of the allowable flaw depth for combined loading as determined in C-6311 and for membrane stress as determined in
C-6312.

C-6311 Combined Loading

Allowable flaw depths for a given final flaw length under combined loading for Service Levels A, B (including test con-
ditions), C, and D shall be obtained from Tables C-5310-1 through C-5310-4 with the ordinate stress ratio for the tables
modified by the Z -factors in C-6330. Using the maximum value of the applied stress for each service level during the
evaluation period (as modified by load multiplier Z) and the ℓ f flaw parameter defined in C-3200, the maximum allow-
able flaw depth, aallow, of a circumferential flaw shall be determined from Tables C-5310-1, C-5310-2, C-5310-3, or
C-5310-4, whichever is the most limiting.

The Z-factors in C-6330 shall be used as load multipliers to the stress ratio in Tables C-5310-1 through C-5310-4 to
determine the allowable flaw depth for the appropriate material, pipe size, and operating condition as follows:

Step 1. Determine the stress ratio for the appropriate operating condition as follows:

for Service Levels A, B, C, and D conditions.
Step 2. Use Tables C-5310-1 through C-5310-4 for the analytical evaluation, using the stress ratio computed from Step

1. Determine the allowable flaw depth, using linear interpolation, if necessary.

C-6312 Membrane Stress

Allowable flaw depths for a given final flaw length under membrane stress for Service Levels A, B (including test con-
ditions), C, and D shall be obtained from Table C-5310-5 with the ordinate stress ratio for the tables modified by the
Z -factors of C-6330. Using the maximum value of the applied membrane stress for each service level during the

ASME BPVC.XI-2015 NONMANDATORY APPENDIX C

411

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



evaluation interval, as modified by the load multiplier Z , and the ℓ f flaw parameter defined in C-3200, the maximum
allowable flaw depth aallow of a circumferential flaw shall be determined from Table C-5310-5 for which Service Level
is the most limiting.
The Z -factors in C-6330 shall be used as load multipliers to the stress ratio in Table C-5310-5 to determine the allow-

able flaw depth for the appropriate material, pipe size, and operating condition as follows:
Step 1. Determine the stress ratio for the appropriate operating condition as follows:

for Service Levels A, B, C, and D conditions.
Step 2. Use Table C-5310-5 for the analytical evaluation, using the stress ratio computed from Step 1. Determine the

allowable flaw depth, using linear interpolation, if necessary.

Figure C-6200-1
Flowchart for Allowable Flaw Size Determination for Ductile Fracture Using EPFM Method
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C-6320 ALLOWABLE APPLIED STRESSES (ANALYTICAL SOLUTION)

The allowable stresses are determined analytically for the conditions of combined loading (membrane plus bending)
and membrane‐only loading. The allowable pipe bending and membrane stresses, determined from C-6321 and C-6322,
shall be used in the acceptance criteria of C-2612 to determine the acceptability of the flawed pipe for continued service.

C-6321 Combined Loading

The allowable bending stress, Sc , in the flawed pipe for a given end‐of‐evaluation‐period flaw size for each combined
loading service level shall be determined using:

ð9Þ

where

= bending stress at incipient plastic collapse from C-5320

Sc = allowable bending stress for circumferentially flawed pipe
SFb = structural factor for bending stress based on service level in C-2621
SFm = structural factor for membrane stress based on service level in C-2621

C-6322 Membrane Stress

The allowable membrane stress, St , in the flawed pipe for a given end‐of‐evaluation‐period flaw size for each Service
Level shall be determined using:

ð10Þ

where

= membrane stress at incipient plastic collapse from C-5320

St = allowable membrane stress for a circumferentially flawed pipe
SFm = structural factor for membrane stress from C-2621

The limits of applicability of these equations are: values from acceptance standards < a/t ≤ 0.75

C-6330 Z-FACTORS LOAD MULTIPLIERS

(a) For austenitic weldments fabricated by shielded metal‐arc welds (SMAW) or submerged‐arc welds (SAW), the load
multiplier is given by:

(U.S. Customary Units)

(SI Units)

where NPS (DN) is the nominal pipe size.
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(b) For ferritic steels and associated weld metals, the load multipliers are given in Table C-6330-1 for materials de-
fined as either Category 1 or 2. For user‐specified data on strength and toughness, if available, the load multiplier equa-
tions given in Table C-6330-2 (Table C-6330-2M) may be used to define the Z-factor.

(c) For Alloy 600 and associated weld materials Alloys 82, 182, and 132, the load multiplier is given by:

(U.S. Customary Units)

for 2 in. ≤ D ≤ 8 in.

for 8 in. < D ≤ 40 in. For 1.315 in. ≤ D < 2 in., use Z = 1.06.

(SI Units)

for 51 mm ≤ D ≤ 203 mm

for 203 mm < D ≤ 1 016 mm. For 33 mm ≤ D < 51 mm, use Z = 1.06.

Flow stress, σ f , for austenitic piping material shall be used in the calculation of limit load in C-5300.

C-6340 ALLOWABLE FLAW LENGTH

The allowable flaw length for a circumferential flaw, ℓallow, based on the stability of a through-wall flaw, is defined as

Table C-6330-1
Load Multipliers for Ferritic Steel Base Metals and Weldments

Material Category
[Note (1)],
[Note (2)]

Z-Factor [Note (3)]

U.S. Customary Units SI Units

1 Z = 1.0, for 1 ≤ NPS ≤ 2 Z = 1.0, for 25 ≤ DN ≤ 50
Z = Z1 [(NPS/2) – 1] – NPS/2 + 2, for 2 < NPS ≤ 4 Z = Z1 [(DN/50) – 1] – DN/50 + 2, for 50 < DN ≤ 100
Z = Z1, for NPS > 4 Z = Z1, for DN > 100
where Z1 = 1.20[1 + 0.021A (NPS – 4)] where Z1 = 1.20[1 + 0.00084A (DN – 100)]

2 Z = 1.0, for 1 ≤ NPS ≤ 2 Z = 1.0, for 25 ≤ DN ≤ 50
Z = Z1 [(NPS/2) – 1] – NPS/2 + 2, for 2 < NPS ≤ 4 Z = Z1 [(DN/50) – 1] – DN/50 + 2, for 50 < DN ≤ 100
Z = Z1, for NPS > 4 Z = Z1, for DN > 100
where Z1 = 1.35[1 + 0.0184A (NPS – 4)] where Z1 = 1.35[1 + 0.00074A (DN – 100)]

NOTES:
(1) Material Category 1: Seamless or welded wrought ferritic steel pipe and pipe fittings that have a specified minimum

yield strength not greater than 40 ksi (280 MPa) and welds made with E7015, E7016, and E7018 electrodes in the
as‐welded or postweld heat treated conditions.

(2) Material Category 2: All other ferritic shielded metal arc and submerged arc welds with a specified minimum tensile
strength not greater than 80 ksi (550 MPa) in the as‐welded or postweld heat treated conditions.

(3) Z is a nondimensional term and
A = [0.125(Rm/t) −0.25]0.25 for 5 ≤ Rm/t ≤ 10
A = [0.4(Rm/t) −3.0]0.25 for 10 < Rm/t < 20
For Z < 1.0, set Z = 1.0.
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Table C-6330-2
Load Multipliers for Ferritic Steel Base Metals and Weldments for User-Specified Data

Material Category
[Note (1)]

Material Properties
[Note (2)] Z-Factor [Note (3)]

1 27.1 < σ y ≤ 40.0 …

600 ≤ J I c < 1,050

where,

J I c ≥ 1,050

where,

2 27.1 < σ y ≤ 40.0 …

350 ≤ J I c < 600

where,

600 ≤ J I c < 1,050

where,

J I c ≥ 1,050

where,

NOTES:
(1) Material categories are defined in Table C-6330-1.
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ð15Þ

where Ѳallow is the flaw half-angle that satisfies the following for each Service Level:

where

D = outside diameter
Z = Z-factor load multiplier defined in C-6330

σb = maximum applied primary bending stress
σe = maximum applied secondary bending stress
σ f = flow stress defined in C-8200
σm = maximum applied axial primary membrane stress

C-6400 AXIAL FLAWS

(a) The allowable flaw depth, a allow, and allowable flaw length, ℓ allow, shall be used in the acceptance criteria of
C-2600 to determine the acceptability of the flawed pipe for continued service.
(b) Allowable flaw depths shall be determined using specified or reported material properties in accordance with

C-6410. Alternatively, equations for allowable flaw depths given in C-6420 shall be satisfied. Specified or reported ma-
terial properties and actual piping system loadings shall be used.
(c) Allowable end-of-evaluation-period axial flaw length is given in C-6410 or C-6420, as appropriate.
(d) The provisions of C-6400 apply to ferritic piping with operating temperatures exceeding 70°F (21°C).

C-6410 ALLOWABLE FLAW DEPTHS (TABULAR SOLUTIONS)

Allowable flaw depths for each Service Level are given in Table C-5410-1. Using the maximum value of pressure cir-
cumferential stress for the most limiting Service Level during the evaluation period and the ℓ f flaw parameter defined in
C-3200, the maximum allowable flaw depth, aallow, of an axial flaw under these conditions shall be determined from
Table C-5410-1. The allowable flaw length, ℓallow, for the stability of a through-wall flaw is defined as

ð11Þ

where

p = internal pressure for the appropriate Service Level
Rm = mean pipe radius
t = pipe wall thickness
Z = Z-factor load multiplier for an axial through-wall flaw given in C-6430
σ f = flow stress defined in C-8200
σh = pRm/t

Table C-6330-2
Load Multipliers for Ferritic Steel Base Metals and Weldments for User-Specified Data (Cont'd)

NOTES (CONT'D):
(2) σy and J I c are in units of ksi and in.‐lb/in.2 respectively. σy = 0.2% offset yield strength at temperature or the Section

II, Part D yield strength value at temperature.
(3) M1 is the ratio of the flow stress (σ f , in units of ksi) used in the limit load calculation to a reference stress of 18.1 ksi

(i.e., M1 = σ f/18.1). When Z is calculated to be less than 1.0, use Z = 1.0. Z is a nondimensional term and
A = [0.125(Rm/t) − 0.25]0.25 for 5 ≤ Rm/t ≤ 10
A = [0.4(Rm/t) − 3.0]0.25 for 10 < Rm/t < 20

ASME BPVC.XI-2015NONMANDATORY APPENDIX C

416

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Table C-6330-2M
Load Multipliers for Ferritic Steel Base Metals and Weldments for User-Specified Data

Material Category
[Note (1)]

Material Properties
[Note (2)] Z Factor [Note (3)]

1 187 < σy ≤ 280 …

105 ≤ J I c < 185

where,

J I c ≥ 185

where,

2 187 < σy ≤ 280 …

61 ≤ J I c < 105

where,

105 ≤ J I c < 185

where,

J I c ≥ 185

where,

NOTES:
(1) Material categories are defined in Table C-6330-1.
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The allowable flaw depth, aallow, and allowable flaw length, ℓallow, shall be used in the acceptance criteria of C-2610 to
determine the acceptability of the flawed pipe for continued service.

C-6420 ALLOWABLE FLAW DEPTHS (ANALYTICAL SOLUTIONS)

The allowable flaw depths in the flawed pipe for a given end-of-evaluation-period flaw depth, af , and length, ℓ f , de-
fined in C-3200 for each Service Level is determined using the following:

ð12Þ

where

M2 =

p = internal pressure for the appropriate Service Level
Rm = mean pipe radius

SFm = structural factor defined in C-2622
t = pipe wall thickness
Z = Z -factor load multiplier for an axial part-through-wall flaw given in C-6430
σ f = flow stress defined in C-8200
σh = pRm/t

The limits of applicability of this equation are values from acceptance standards < af/t ≤ 0.75 and

where ℓallow is determined by the condition for the stability of through-wall flaws given by eq. C-6410(11). The allow-
able flaw depths determined from eq. (12) shall be used in the acceptance criteria of C-2611 to determine the accept-
ability of the flawed pipe for continued service.

C-6430 Z-FACTOR LOAD MULTIPLIERS

(a) For axial part-through-wall and through-wall flaws in ferritic materials with Charpy V-notch (CVN) data available
in the CL direction

(U.S. Customary Units)

Table C-6330-2M
Load Multipliers for Ferritic Steel Base Metals and Weldments for User-Specified Data (Cont'd)

NOTES (CONT'D):
(2) σy and J I c are in units of MPa and kJ/m2, respectively. σ y = 0.2% offset yield strength at temperature or the Section

II, Part D yield strength value at temperature.
(3) M1 is the ratio of the flow stress (σ f , in units of MPa) used in the limit load calculation to a reference stress of

125 MPa (i.e., M1 = σ f/125). When Z is calculated to be less than 1.0, use Z = 1.0. Z is a nondimensional term and
A = [0.125(Rm/t) −0.25]0.25 for 5 ≤ Rm/t ≤ 10
A = [0.4(Rm/t) −3.0]0.25 for 10 < Rm/t < 20
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where

CVN = Charpy V-notch upper shelf energy, full-size (0.394 in. × 0.394 in.) (ft-lb)
E = elastic modulus (ksi)
ℓ f = flaw length (in.)
σ f = flow stress defined in C-8200 (ksi)

(SI Units)

where

CVN = Charpy V-notch upper shelf energy, full-size (10 mm × 10 mm) (J)
E = elastic modulus (MPa)
ℓ f = flaw length (mm)
σ f = flow stress defined in C-8200 (MPa)

(b) For axial part-through-wall flaws in ferritic materials with fracture toughness, J I c , available in the CL direction

(U.S. Customary Units)

where

J I c = fracture initiation toughness (in.-lb/in.2)

(SI Units)

where

J I c = fracture initiation toughness (kJ/m2)

ASME BPVC.XI-2015 NONMANDATORY APPENDIX C

419

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



For the above equations for Z ,

where

x = a/t

y =

Z0 is valid for 0 < x ≤ 0.75. Coefficients Cn are given in Table C-6430-1. For Z < 1.0, set Z equal to 1.0.

(c) Z -factor load multiplier for axial through-wall flaws for ferritic materials with available fracture toughness, J I c , is
in the course of preparation.
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Table C-6430-1
Coefficients Cn of Z0 Equation for Z-Factor Based on Fracture Toughness, J Ic

Nondimensional Flaw Length Rm/t C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

ℓ f/(Rmt)
1/2 ≤ 2.8 5 1.5700 –1.5620 0.7831 0.0156 –0.1034 0.1596 –0.7631 –0.0207 0.5519 0.7910

10 2.2310 –2.4120 1.2010 0.0488 –0.2528 0.3643 –0.7709 –0.1040 0.7692 0.6681

15 3.2920 –3.5640 1.7440 0.0597 –03008 0.4357 –0.7965 –0.1145 0.7584 0.5959

20 3.9620 –4.5130 2.1270 0.0717 –0.3262 0.4408 –0.6657 –0.1835 0.8411 0.5729

25 3.3980 –3.7760 1.9000 0.0832 –0.3662 0.4787 –0.7276 –0.2062 0.9203 0.5877

30 3.8300 –4.0400 1.9400 0.0857 –0.3633 0.4554 –0.8577 –0.2358 1.0620 0.5991

35 3.8690 –4.0140 1.9020 0.0951 –0.3841 0.4650 –0.8807 –0.2811 1.1760 0.6035

2.8 < ℓ f/(Rmt)
1/2 ≤ 4.4 5 2.4010 –4.2110 2.3490 0.0103 –0.1081 0.3903 –0.0738 –0.0026 –0.0089 0.2970

10 1.5700 –2.7560 2.6590 –0.0135 0.1503 –0.5016 –0.2710 0.0487 –0.3255 1.3290

15 0.8640 –2.6340 2.6830 0.0155 –0.1384 0.5120 –0.1541 0.0131 –0.2407 0.1413

20 1.4250 –2.9550 1.9840 –0.0142 0.2135 –0.7955 –0.2578 –0.0600 0.2732 1.7260

25 0.9485 –1.1910 1.4750 –0.0126 0.1943 –0.6910 –0.6639 –0.0274 0.2672 1.6180

30 1.0610 1.1730 –0.6045 –0.0117 0.1895 –0.6791 –1.5030 –0.1092 1.2130 1.6530

35 2.0710 0.0051 2.1150 –0.0162 0.1953 –0.4961 –1.4800 0.0807 –0.1483 1.2010

GENERAL NOTES:
(a) Linear interpolation of Z0 over Rm/t is permissible.
(b) Linear interpolation of coefficients Cn over Rm/t is not permitted.
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ð15Þ

ð15Þ

ARTICLE C-7000
ANALYTICAL EVALUATION FOR NONDUCTILE FRACTURE USING

LEFM CRITERIA

C-7100 SCOPE

This Article provides the methodology for determining allowable flaw depths in flawed piping meeting the linear elas-
tic fracture mechanics criteria of C-4200, when ductile crack extension does not occur prior to fracture. Solutions are
given for both axial and circumferential flaws and are presented in the form of equations that shall be used with the
material properties obtained in accordance with C-8310 or C-8320, for austenitic or ferritic materials, respectively. Ap-
plied stresses shall include residual stresses.

C-7200 ANALYTICAL EVALUATION PROCEDURES

(a) The allowable end-of-evaluation-period flaw depth, aallow, and allowable end-of-evaluation-period flaw length,
ℓallow, shall be used in the acceptance criteria of C-2611 and C-2613 to determine the acceptability of the flawed pipe
for continued service.
(b) A flowchart for the analytical evaluation is given in Figure C-7200-1, when the failure mode has been determined

to be linear elastic fracture, using the procedures of C-4200. The allowable end-of-evaluation-period flaw depth, aallow,
for each Service Level, shall be obtained by solving eq. (13) for the flaw depth, a .

ð13Þ

where KI contains the flaw depth, a , and is defined for a circumferential flaw in C-7300 and for an axial flaw in C-7400.
Conversely, eq. (13) may be rewritten as equivalent criteria in terms of the stress intensity factor.

ð14Þ

For this criterion, the end‐of‐evaluation‐period flaw depth, a f , and flaw length, l f , shall be used to determine KI in
C-7310 and C-7410.
(c) Allowable end-of-evaluation-period flaw length, ℓallow, is given in C-7320 for circumferential flaws and C-7420 for

axial flaws.

C-7300 CIRCUMFERENTIAL FLAWS

C-7310 ALLOWABLE FLAW DEPTHS

The stress intensity factor for a circumferential flaw, including the appropriate structural factor, is given by the
following:

ð15Þ

where

(U.S. Customary Units)

KIb =

KIm =
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KIr = KI from residual stresses at the flaw location
SFm and SFb = structural factors from C-2621

(SI Units)

KIb =

KIm =

The other terms are defined in C-4311. Residual stress shall be included with a structural factor of 1.0 in determining
KIr .

C-7320 ALLOWABLE FLAW LENGTH
The allowable flaw length for a circumferential flaw, ℓallow, for through-wall flaw stability shall be determined from

the stress intensity factor relationship for each Service Level.

Figure C-7200-1
Flowchart for Allowable Flaw Size Determination for Nonductile Fracture Using LEFM Methods

C-7000

Axial
flaws

C-7200
C-7400

Use
specified or
measured
properties

Circumferential
flaws

C-7200
C-7300
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measured
properties
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where

(U.S. Customary Units)

KIb =

KIm =

(SI Units)

KIb =

KIm =

and

Ab =

Am =

Bb =

Bm =

Cb =

Cm =

c =

Fb =

Fm =

Rm = mean pipe radius
t = pipe wall thickness
θ = half flaw angle = 2c/D

Equations for Fm and Fb are accurate for Rm/t between 5 and 20 and become increasingly conservative for Rm/t
greater than 20. Alternative solutions for Fm and Fb may be used when Rm/t is greater than 20.

C-7400 AXIAL FLAWS

C-7410 ALLOWABLE FLAW DEPTHS
The stress intensity factor for an axial flaw, including the appropriate structural factor, is given by the following:

ð16Þ

where

(U.S. Customary Units)

KIm =

KIr = KI from residual stresses at the flaw location
SFm = structural factor from C-2622
σh = pRm/ t

(SI Units)

KIm =
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The other terms are defined in C-4312. Residual stress shall be included with a structural factor of 1.0 in determining
KIr .

C-7420 ALLOWABLE FLAW LENGTH
The allowable flaw length, ℓallow, for an axial flaw based on through-wall flaw stability shall be determined from the

stress intensity factor relationship for each Service Level.

ð17Þ

where

(U.S. Customary Units)
c = ℓ/2

KI =

σh = pRm/t

FTW =

λ =

(SI Units)

KI =

The equation for FTW is accurate for 0 ≤ λ ≤ 5. Alternative solutions for FTW may be used when λ is greater than 5.
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ð15Þ

ð15Þ

ð15Þ

ARTICLE C-8000
MATERIAL PROPERTY PARAMETERS

C-8100 SCOPE

This Article provides requirements for determining the material properties used in the analysis.

C-8200 MECHANICAL STRENGTH

(a) The yield and ultimate tensile strengths shall be obtained from Section II, Part D for the pipe material and service
temperature under analytical evaluation. The material flow stress for austenitic and ferritic pipe is defined as follows.

(b) If actual (measured) material properties for the pipe are known, the flow stress shall be defined as

where σy and σu are the measured yield and ultimate strengths for the pipe material at the service temperature.

C-8300 MATERIAL TOUGHNESS

The material toughness J I c , KIc , or Kc , is required to perform the analytical evaluations for EPFM and LEFM failure
modes. The material toughness shall be determined at upper‐shelf, transition, and lower‐shelf temperature regions, as
applicable. When available, heat‐specific properties for the piping may be used to establish the material toughness at the
evaluation temperature.

C-8310 AUSTENITIC MATERIALS

(a) The fracture toughness of wrought austenitic stainless steel pipe and nonflux weldments is very high. For these
high‐toughness materials, limit load failure mode is assumed for the analytical evaluation, and fracture toughness is
not required in the determination of allowable flaw size.
(b) For flux welds, the fracture toughness may be lower than for wrought pipe. For EPFM analysis, the Z -factors of

C-6330 include the toughness properties required for the analytical evaluation. For other cases, the procedures of
C-8330 may be applied to establish material‐specific fracture toughness properties.

C-8320 FERRITIC MATERIALS

For ferritic piping materials, the following procedures may be applied to establish the fracture toughness at the ap-
propriate flaw location and orientation.

C-8321 Toughness Properties for Circumferentially-Oriented Flaws

(a) The toughness, J I c , shall be obtained directly from heat‐specific experiments or reasonable lower‐bound fracture
toughness data or from Table C-8321-1.
(b) The correlation at upper‐shelf temperatures for use with Charpy V‐notch (CVN) data is

(U.S. Customary Units)

(SI Units)
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Table C-8321-1
Material Properties for Ferritic Steel Base
Metals and Weldments — Circumferential

Flaws

Material
Category
[Note (1)],
[Note (2)]

Temp.≥Upper‐Shelf
Temp.

Temp. < Upper‐Shelf
Temp.

σy J I c σy J I c

1 27.1 600 27.3 45
(187) (105) (188) (8)

2 27.1 350 27.3 45
(187) (61) (188) (8)

NOTES:
(1) Material Category 1: Seamless or welded wrought fer-

ritic steel pipe and pipe fittings that have a specified
minimum yield strength not greater than 40 ksi
(280 MPa) and welds made with E7015, E7016, and
E7018 electrodes in the as‐welded or postweld heat
treated conditions.

(2) Material Category 2: All other ferritic shielded metal
arc and submerged arc welds with a specified mini-
mum tensile strength not greater than 80 ksi
(550 MPa) in the as‐welded or postweld heat treated
conditions.

Table C-8321-2
Temperature for Onset of Upper-Shelf

Behavior for Axial and Circumferential Flaws
in Ferritic Steel Base Metals and Weldments

Wall Thickness
Surface Flaws

Through-Wall
Flaws

Temperature Temperature

in. ( mm) °F (°C) °F (°C)

≤0.25 (≤6) –45 (–43) 6 (–14)
0.375 (10) –4 (–20) 49 (9)
0.50 (13) 22 (–6) 73 (23)

0.625 (16) 35 (2) 86 (30)
0.75 (19) 43 (6) 94 (35)
1.00 (25) 52 (11) 104 (40)
1.25 (32) 58 (15) 110 (43)
1.50 (38) 63 (17) 114 (46)
1.75 (44) 66 (19) 118 (48)
2.00 (51) 70 (21) 121 (50)

GENERAL NOTES:
(a) This table is applicable to piping and portions of ad-

joining pipe fittings within a distance of (R2t)
1/2 from

the weld centerline. The weld geometry and
weld-base-metal interface are defined in Figure
C-1100-1. Applicability of this table to wrought car-
bon steel pipe fittings is limited to those fittings that
have been hot-formed and subsequently normalized
or annealed in accordance with the requirements of
the material specification (e.g., Section II , Part A).

(b) The values of temperature in this table may be inter-
polated to determine temperatures for intermediate
values of wall thickness.
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ð15Þ

and J Imm shall replace J I c when this Charpy correlation is used. In the absence of specific data, the upper‐shelf tempera-
ture for ferritic piping steels shall be 200°F (95°C), or the upper-shelf temperatures in Table C-8321-2 may be used for
flaws in wall thickness less than or equal to 2.0 in. (51 mm). A lower temperature may be used to define upper‐shelf
behavior when it is determined from valid heat‐specific CVN tests.

C-8322 Toughness Properties for Axially Oriented Flaws

The toughness, J I c , in the CL direction shall be obtained directly from heat‐specific experiments or from correlations
with heat‐specific CVN data or reasonable lower‐bound CVN data. If heat‐specific or reasonable lower‐bound KIc data
for ferritic piping materials with specified minimum yield not greater than 40 ksi (280 MPa) are available for the CL
direction, a conservative estimate for J I c shall be determined from the following:

Alternatively, values for J I c shall be obtained from Table C-8322-1. In the absence of specific data, the upper‐shelf
temperature for ferritic piping steels shall be 200°F (95°C), or the upper-shelf temperatures in Table C-8321-2 may
be used for flaws in wall thickness less than or equal to 2.0 in. (51 mm). A lower temperature may be used to define
upper‐shelf behavior when determined from valid heat‐specific CVN test.

C-8330 OTHER PIPING MATERIALS

For other piping materials, including nonferrous alloys and cast austenitic stainless steel with high ferrite content,
similar procedures may be used to establish J I c , KI c , or Kc . Material condition, testing parameters, test results, and
toughness correlations shall be appropriate for the pipe material and flaw orientation under analytical evaluation.

C-8400 FATIGUE CRACK GROWTH RATE

C-8410 AUSTENITIC STEELS

The fatigue crack growth behavior of austenitic stainless steels is affected by temperature, R ratio (KImin/KImax), and
environment. Reference fatigue crack growth rates for air and water environments are given by the following:

(a) Reference fatigue crack growth behavior of cast and wrought austenitic stainless steels and their welds exposed to
air environments (e.g., subsurface flaws) are given by eq. C-3210(a)(1) with n = 3.3 and

ð18Þ

where C is a scaling parameter to account for temperature and is given by

(U.S. Customary Units)

Table C-8322-1
Material Properties for Ferritic Steel Base
Metals and Weldments — Axial Flaws

Temp. ≥ Upper‐Shelf Temp. Temp. < Upper‐Shelf Temp.

σy J I c σy J I c

27.1 300 27.3 45
(187) (53) (188) (8)
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(SI Units)

where T is the metal temperature in °F (°C) [for T ≤ 800°F (430°C)], and S is a scaling parameter to account for R ratio
and is given by:

The scaling constant Co from eq. (18) produces fatigue crack growth rates in the units of in./cycle (mm/cycle) when

ΔKI is in the units of and is intended for use when data from the product form are not available.

Reference fatigue crack growth rate curves using eq. C-3210(a)(1) and eq. (18) are provided in Figure C-8410-1 (Figure
C-8410-1M).

(b) Reference fatigue crack growth rates for austenitic stainless steels exposed to water environments are in the
course of preparation.

C-8411 Alloy 600

The fatigue crack growth rate of Alloy 600 material is affected by temperature, R ratio, load rise time, and environ-
ment. Reference fatigue crack growth rates for PWR and BWR water environments, as well as for air environment, are
given by the following. Reference curves for a temperature of 608°F (320°C) are provided in Figure C-8410-2 (Figure
C-8410-2M).

(a) The reference fatigue crack growth rate of Alloy 600 exposed to water environments is given by eq. C-3210(a)(1)
with n = 4.1 and

ð19Þ

where

SENV =

SR =

and

(U.S. Customary Units)

(SI Units)

where

AE = factor used to calculate fatigue crack growth rate environment parameter SENV

CT = scaling parameter to account for temperature
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Figure C-8410-1
Reference Fatigue Crack Growth Curves for Austenitic Stainless Steels in Air Environments
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GENERAL NOTES:
(a) Solid lines for 70°F; dashed lines for 550°F.
(b) For other R ratios and temperatures, see C-8410.
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Figure C-8410-1M
Reference Fatigue Crack Growth Curves for Austenitic Stainless Steels in Air Environments
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GENERAL NOTES:
(a) Solid lines for 21°C; dashed lines for 290°C.
(b) For other R ratios and temperatures, see C-8410.
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n = fatigue crack growth rate exponent
R = R ratio =KImin/KImax

SENV = scaling parameter to account for reactor water environment
SR = scaling parameter to account for R ratio
T = metal temperature in °F (°C)

ΔKI = maximum range of KI fluctuation during a transient in

τ r = load rise time in s

When τr exceeds 30 s, τr shall be set equal to 30 s. The scaling factor Co in eq. (19) produces fatigue crack growth

rate in units of in./cycle (mm/cycle) when ΔKI is in units of

(b) The reference fatigue crack growth rate of Alloy 600 exposed to air environment (e.g., subsurface flaws) is given by
eq. C-3210(a)(1), with n = 4.1, and Co calculated in accordance with (a) above with SENV = 1.

C-8420 FERRITIC STEELS

The fatigue crack growth behavior of ferritic steels is affected by temperature, R ratio (KImin/KImax), and environ-
ment. Reference fatigue crack growth rates for air and water environments are in the course of preparation. The refer-
ence fatigue crack growth curves for ferritic vessel steels in A-4300 may be used.

C-8430 OTHER MATERIALS

The fatigue crack growth rates for materials not covered by C-8410 or C-8420 may be obtained from other sources.
The growth rate curve should represent conservative values of fatigue crack growth rates for the appropriate environ-
ment, cyclic loading, and R ratio.

C-8500 STRESS CORROSION CRACKING GROWTH RATE

C-8510 ALLOY 600 AND ASSOCIATED WELD MATERIALS

The SCC crack growth rate of Alloy 600 and associated weld materials is a function of the material condition, tempera-
ture, environment, and stress intensity factor due to sustained loading. Reference SCC crack growth rates for PWR en-
vironment are given in C-8511 and for BWR environment in C-8512.

C-8511 Alloy 600 and Associated Weld Materials Alloys 82, 182, and 132 in PWR Environment

The rate of stress corrosion cracking in a PWR environment is given by:

where

da/dt = SCC crack growth rate in in./hr (m/s)

KI = stress intensity factor in

KIth = threshold stress intensity factor for SCC, given in Table C-8510-1 (Table C-8510-1M)
Qg = thermal activation energy for SCC crack growth
Rg = universal gas constant

Tabs = absolute metal operating temperature in R (K)
Tre f = absolute reference temperature for SCC

ϕ = SCC crack growth rate coefficient, given in Table C-8510-1
η = SCC crack growth rate exponent, given in Table C-8510-1

and

(U.S. Customary Units)

Qg =

Rg =

Tre f = 1076.7 R
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Figure C-8410-2
Reference Fatigue Crack Growth Rate Curves for Alloy 600 at 608°F
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GENERAL NOTES:
(a) Solid lines for water environment at 608°F; dashed lines for air environment at 608°F.
(b) For other R ratios and temperatures, see C-8411.
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Figure C-8410-2M
Reference Fatigue Crack Growth Rate Curves for Alloy 600 at 320°C
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GENERAL NOTES:
(a) Solid lines for water environment at 320°C; dashed lines for air environment at 320°C.
(b) For other R ratios and temperatures, see C-8411.
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(SI Units)

Qg =

Rg =

Tre f = 598.15 K

Reference SCC crack growth rate curves for a temperature of 617°F (325°C) are provided in Figure C-8510-1 (Figure
C-8510-1M).

C-8512 Alloy 600 and Associated Weld Materials Alloys 182 and 132 in BWR Environment

(a) The rate of stress corrosion cracking in a BWR environment in the flaw depth direction is given by eq. (20). The
rate of stress corrosion cracking in a BWR environment in the flaw length direction at each end of the flaw is
5 × 10−5 in./hr (3.5 × 10−10 m/s).

ð20Þ

where

C1 = SCC crack growth rate coefficient for K1 dependent crack growth
C2 = SCC crack growth rate coefficient for KI independent crack growth

da/dt = SCC crack growth rate in in./hr (m/s)

KI = stress intensity factor in

KITR = stress intensity factor at the transition from KI dependent SCC crack growth to KI independent crack growth
KIU = stress intensity factor at the upper validity limit of the SCC crack growth rate equation
η = SCC crack growth rate exponent

and

(U.S. Customary Units)

KITR =

KIU =

(SI Units)

KITR =

KIU =

Equation (20) is valid for KI not exceeding KIU .

Table C-8510-1
Constants for SCC Model for PWR Environment (U.S. Customary Units)

Material η

Alloy 600 4.21 × 10−7 1.16 8.19
Alloy 82 9.50 × 10−8 1.6 0
Alloy 182 2.47 × 10−7 1.6 0
Alloy 132 2.47 × 10−7 1.6 0

GENERAL NOTE: Factor ϕ is for in units of in./hr and KI in units of .
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Table C-8510-1M
Constants for SCC Model for PWR Environment (SI Units)

Material η

Alloy 600 2.67 × 10−12 1.16 9.0
Alloy 82 5.77 × 10−13 1.6 0
Alloy 182 1.5 × 10−12 1.6 0
Alloy 132 1.5 × 10−12 1.6 0

GENERAL NOTE: Factor ϕ is for in units of m/s and KI in units of .

Figure C-8510-1
SCC Curves for Alloy 600, 82, 182, and 132 in PWR Environment at 617°F
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GENERAL NOTE: For other temperatures, see C-8511.
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(b) For a BWR environment with Normal Water Chemistry, which is defined by conductivity ≤ 0.3 μS/cm

(U.S. Customary Units)

C1 =

C2 =

η = 2.5

(SI Units)

C1 =

C2 =

η = 2.5

Reference SCC crack growth rate curves for Normal Water Chemistry are provided in Figure C-8510-2 (Figure
C-8510-2M).

(c) For a BWR environment with Hydrogen Water Chemistry, which is defined by ECP (electrochemical potential)
≤ −230 mV SHE (standard hydrogen electrode)

(U.S. Customary Units)

C1 =

C2 =

η = 3.0

Figure C-8510-1M
SCC Curves for Alloy 600, 82, 182, and 132 in PWR Environment at 325°C
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GENERAL NOTE: For other temperatures, see C-8511.
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(SI Units)

C1 =

C2 =

η = 3.0

Reference SCC crack growth rate curves for Hydrogen Water Chemistry are provided in Figure C-8510-2.

C-8520 IGSCC IN AUSTENITIC STAINLESS STEEL IN BWR REACTOR WATER ENVIRONMENTS

(a) The following equation provides the IGSCC growth rate in the depth direction for fluence less than or equal to
5 × 1020 n/cm2 at E > 1.0 MeV:

(U.S. Customary Units)

where

Cond = average conductivity (μS/cm)
da/dt = crack growth rate (in./hr)
ECP = corrosion potential [mV(SHE)]

KI = stress intensity factor ( )

Figure C-8510-2
SCC Curves for Alloy 600, 182, and 132 in BWR Environment
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TF = temperature (°F)

This equation is valid for Cond between 0.055 and 0.30 μS/cm, ECP between −575 and 250 mV(SHE), TF between
200°F and 552°F, and chloride and sulfate concentrations each less than or equal to 5 ppb, at the flaw location.

The following equation provides the IGSCC flaw growth rate in the depth direction for fluence less than or equal to
5 × 1020 n/cm2 at E > 1.0 MeV:

(SI Units)

where

Cond = average conductivity (μS/cm)
da/dt = crack growth rate (mm/s)
ECP = corrosion potential [mV(SHE)]

KI = stress intensity factor ( )

Tabs = temperature (K)

This equation is valid for Cond between 0.055 and 0.30 μS/cm, ECP between −575 and 250 mV(SHE), Tabs between
366K and 562K, and chloride and sulfate concentrations each less than or equal to 5 ppb, at the flaw location.

(b) The growth rate for flaw length shall be set at 5.0 × 10−5 in./hr (3.5 × 10−7 mm/s).

Figure C-8510-2M
SCC Curves for Alloy 600, 182, and 132 in BWR Environment
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(c) The following simplified equation for flaw growth rate in the depth direction with the parameters specified in
Table C-8520-1 may be used as an alternative to the equation for the IGSCC flaw depth growth rate in (a). The simplified
equation may be used when Cond, ECP, temperature, and chloride and sulfate concentrations, at the flaw location, are
within the limits specified in Table C-8520-1.

where

ASCC = SCC crack growth rate coefficient given in Table C-8520-1
da/dt = crack growth rate, in./hr (mm/s)

KI = stress intensity factor,

η = SCC crack growth rate exponent given in Table C-8520-1

Using the parameters specified in Table C-8520-1, reference SCC growth rate curves for Normal Water Chemistry
(NWC) and Hydrogen Water Chemistry (HWC) are provided in Figure C-8520-1.

ð15Þ Table C-8520-1
BWR SCC Growth Rate Parameters (U.S. Customary Units)

Environment [Note (1)] Limits [Note (2)]

ASCC

[(in./hr) ] η

Normal water chemistry
outside reactor
pressure vessel

Conductivity [Note (3)] ≤ 0.15
μS/cm ECP ≤ 50 mV(SHE) TF

≥ 530°F

1.46 x 10–8 2.181

Normal water chemistry
inside reactor pressure
vessel

Conductivity [Note (3)] ≤ 0.15
μS/cm ECP ≤ 200 mV(SHE) TF

≥ 530°F

2.52 x 10–8 2.181

Hydrogen water
chemistry

Conductivity [Note (3)]≤ 0.15
μS/cm ECP ≤ –230 mV(SHE)
TF ≥ 530°F

5.31 x 10–9 2.181

GENERAL NOTE: KI is in , and da/dt is in in./hr.

NOTES:
(1) Fluence shall be less than or equal to 5 x 1020 n/cm2 at E > 1.0 MeV.
(2) The specified applicability limits define the environmental conditions at the location of the flaw. Chloride and sul-

fate concentrations shall each be less than or equal to 5 ppb.
(3) Average conductivity for more than 80% of the evaluation period at the location of the flaw.
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ð15ÞTable C-8520-1M
BWR SCC Growth Rate Parameters (SI Units)

Environment [Note (1)] Limits [Note (2)]

ASCC

[(mm/s)

] η

Normal water chemistry
outside reactor
pressure vessel

Conductivity [Note (3)] ≤ 0.15
μS/cm ECP ≤ 50 mV(SHE)
Tabs ≥ 550K

8.38 x 10–11 2.181

Normal water chemistry
inside reactor pressure
vessel

Conductivity [Note (3)] ≤ 0.15
μS/cm ECP ≤ 200 mV(SHE)
Tabs ≥ 550K

1.44 x 10–10 2.181

Hydrogen water
chemistry

Conductivity [Note (3)] ≤ 0.15
μS/cm ECP ≤ –230 mV(SHE)
Tabs ≥ 550K

3.04 x 10–11 2.181

GENERAL NOTE: KI is in , and da/dt is in mm/s.

NOTES:
(1) Fluence shall be less than or equal to 5 x 1020 n/cm2 at E > 1.0 MeV′′.
(2) The specified applicability limits define the environmental conditions at the location of the flaw. Chlor-

ide and sulfate concentrations shall each be less than or equal to 5 ppb.
(3) Average conductivity for more than 80% of the evaluation period at the location of the flaw.

Figure C-8520-1
IGSCC Reference Curves for Austenitic Stainless Steel in BWR Environments
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GENERAL NOTE: Environmental limits are defined in Table C-8520-1.
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Figure C-8520-1M
IGSCC Reference Curves for Austenitic Stainless Steel in BWR Environments
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GENERAL NOTE: Environmental limits are defined in Table C-8520-1M.
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ð15Þ NONMANDATORY APPENDIX D
CONDITIONING OF WELDS THAT REQUIRE ULTRASONIC

EXAMINATION

ARTICLE D-1000
APPLICATION OF THIS NONMANDATORY APPENDIX

D-1100 GENERAL

If the Owner chooses to use this Appendix for condi-
tioning a weld requiring ultrasonic examination, all of
the applicable provisions shall be met.

D-1200 WELD CONDITIONING

(a)Weld conditioning shall be performed as required
to meet the conditions qualified during the Mandatory
Appendix VIII demonstration applicable to the ultrasonic
examination to be performed. Alternatively, the require-
ments of (b) through (d) may be used.

(b) If the ultrasonic examination is performed from the
outside surface, to allow for adequate scanning over the
weld, the weld crown shall be conditioned flush with
the base metal.

(c) If the ultrasonic examination is performed from the
inside surface, to allow for adequate scanning over the
weld, the weld root (or weld crown for a double bevel
joint), if accessible, shall be conditioned flush with the
base metal.

(d) Flush is defined as no more than a 1/32-in. (0.8-mm)
gap between the search unit and examination surface at
any location of the scan surface.

D-1300 SURFACE FINISH

(a) Surface finishing shall be performed as required to
meet the surface finish qualified during the Mandatory
Appendix VIII demonstration applicable to the ultrasonic
examination to be performed. Alternatively, the require-
ments of (b) may be used.

(b) The ultrasonic examination surface finish shall be
250-µin. (6.3-µm) RMS or better for the weld crown plus
a distance of at least two times the nominal wall plus 4 in.
(100mm) from the edge of the weld crown on each side of
the weld where examination is to be performed.
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ð15Þ

ð15Þ

NONMANDATORY APPENDIX E
EVALUATION OF UNANTICIPATED OPERATING EVENTS

ARTICLE E-1000
INTRODUCTION

E-1100 SCOPE

This Nonmandatory Appendix provides acceptance cri-
teria and guidance for performing an evaluation of the ef-
fects of an out‐of‐limit condition on the structural
integrity of the reactor vessel beltline region. Showing
compliance with the criteria in either E-1200 or E-1300
assures that the beltline region has adequate structural
integrity for the unit to return to service. Evaluations per-
formed using this Nonmandatory Appendix shall meet all
the requirements of the Appendix.

E-1200 ACCEPTANCE CRITERIA49,50

Adequate structural integrity of the reactor vessel belt-
line region is assured if the following applicable criterion
is satisfied throughout the event:
(a) For isothermal pressure transients [i.e., ΔTc /

Δt < 10°F/hr (5.5°C/hr)], the maximum pressure does
not exceed the allowable values of Table E-1 at any value
of Tc −RTNDT .
(b) For pressurized thermal transients [i.e., ΔTc/Δt

≥ 10°F/hr (5.5°C/hr)], the maximum pressure does not
exceed the design pressure and Tc −RTNDT is not less
than 55°F (31°C).
If compliance with the above applicable criterion is not

shown, adequate structural integrity can be assured by
satisfying the guidelines and criteria specified in E-1300.

E-1300 EVALUATION BY ANALYSIS

(a) Adequate structural integrity of the reactor vessel
beltline region is assured if it can be shown by analysis
using the input of Table E-2 that the following criterion
is met throughout the event:

where

KIc = fracture toughness per Article IWA-9000

KIm = stress intensity factor due to membrane stress
KIr = stress intensity factor due to residual stress
KIt = stress intensity factor due to thermal stress

(b) If compliance with the above criterion cannot be
shown, additional analyses or other actions shall be taken
to ensure that acceptable margins of safety will be main-
tained during subsequent operation.

Table E-1
Maximum Allowable Pressure as a Function

of Tc − RTNDT for Isothermal Pressure
Transients [ΔTc/Δt < 10°F/hr (5.5°C/h)] for
Design Pressures Greater Than 2,400 psig

(16.5 MPa)

Tc −RTNDT °F (°C)
Maximum Allowable
Pressure, psig (MPa)

+ 25 (14) and greater 1.1 × Design
+ 15 (8) 2400 (16.5)
+ 10 (5.5) 2250 (15.5)

0 (0) 2000 (13.8)
−10 (−5.5) 1750 (12.1)
−25 (−14) 1500 (10.3)
−50 (−28) 1200 (8.3)
−75 (−42) 1000 (6.9)

−105 (−58) 850 (5.9)
−130 (−72) 800 (5.5)
−200 (−111) 750 (5.2)

GENERAL NOTE: Linear interpolation is
permitted.
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ð15ÞTable E-2
Input for Plant and Event Specific Linear Elastic Fracture Mechanics Analysis

Variable Value

Pressure Event pressure time history
Temperature Event temperature time history
Heat transfer Event/plant specific flow/mixing conditions
Crack type Semi‐elliptical surface flaw
Minimum initiation crack
size

0.0 < a ≤ 1.0 in. (25 mm) [Note (1)]

Crack orientation Longitudinal
KIc/KI location Surface and maximum depth
Clad effects Clad to be considered in the thermal, stress, and fracture mechanics analyses [Note (2)]
Transition toughness KIc per Article IWA-9000
Upper shelf toughness (In course of preparation)
Fluence Fluence at the time of the transient
Shift curve Regulatory Guide 1.99 Rev. 2
Residual stress Appropriate distribution for the fabrication process, or linear distribution with +10 ksi (+69 MPa) at the inside

surface and −10 ksi ( −69 MPa) at the outside surface

NOTES:
(1) a = the maximum crack depth in the base metal
(2) The stresses due to the difference between the base metal and cladding thermal expansion coefficients need not be considered in the

isothermal pressure transient analysis [i.e., ΔTc/Δt < 10°F/hr (5.5°C/h)].
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NONMANDATORY APPENDIX G
FRACTURE TOUGHNESS CRITERIA FOR PROTECTION AGAINST

FAILURE

ARTICLE G-1000
INTRODUCTION

G-1100 SCOPE

This Nonmandatory Appendix presents a procedure for obtaining the allowable loadings for ferritic
pressure-retaining materials in components. This procedure is based on the principles of linear elastic fracture me-
chanics. At each location being investigated a maximum postulated flaw is assumed. At the same location the mode I
stress intensity factor51 KI is produced by each of the specified loadings as calculated and the summation of the KI values
is compared to a reference value KIc which is the highest critical value of KI that can be ensured for the material and
temperature involved. Different procedures are recommended for different components and operating conditions. Eva-
luations performed using this Nonmandatory Appendix shall meet all the requirements of the Appendix.
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ð15Þ

ARTICLE G-2000
VESSELS

G-2100 GENERAL REQUIREMENTS

G-2110 REFERENCE CRITICAL STRESS INTENSITY FACTOR

(a) Figure G-2210-1 is a curve showing the relationship that can be conservatively expected between the critical, or

reference, stress intensity factor KI c , and a temperature which is related to the reference nil‐

ductility temperature RTNDT determined in NB‐2331. Alternatively, if a material-specific temperature value, T0, deter-
mined in accordance with ASTM E1921, Standard Test Method for the Determination of Reference Temperature, T0, for
Ferritic Steels in the Transition Range, is available, a reference temperature, RTT0, may be used in place of RTNDT . The
reference temperature RTT0 is defined as

(U.S. Customary Units)

(SI Units)

Determination of RTT0 shall be the responsibility of the Owner and subject to the approval of the regulatory authority
having jurisdiction at the plant site. The KIc curve is based on the lower bound of static critical KI values measured as a
function of temperature on specimens of SA-533 Grade B Class 1, and SA-508-1, SA-508-2, and SA-508-3 steel. No avail-
able data points for static tests fall below the curve. An analytical approximation to the curve is:

(U.S. Customary Units)

(SI Units)

Unless higher KI c values can be justified for the particular material and circumstances being considered, Figure
G-2210-1 may be used for ferritic steels which meet the requirements of NB‐2331 and which have a specified minimum
yield strength at room temperature of 50 ksi (350 MPa) or less.

(b) For materials which have specified minimum yield strengths at room temperature greater than 50 ksi (350 MPa)
but not exceeding 90 ksi (620 MPa), Figure G-2210-1 may be used provided fracture mechanics data are obtained on at
least three heats of the material on a sufficient number of specimens to cover the temperature range of interest, includ-
ing the weld metal and heat‐affected zone, and provided that the data are equal to or above the curve of Figure G-2210-1.
These data shall be documented by the Owner. Where these materials of higher yield strengths (specified minimum yield
strength greater than 50 ksi (350 MPa) but not exceeding 90 ksi (620 MPa) are to be used in conditions where radiation
may affect the material properties, the effect of radiation on the KIc curve shall be determined for the material. This
information shall be documented by the Owner.

G-2120 MAXIMUM POSTULATED DEFECT

The postulated defects used in this recommended procedure are sharp, surface defects oriented axially for plates, for-
gings, and axial welds, and circumferentially for circumferential welds. For section thicknesses of 4 in. to 12 in. (100 mm
to 300 mm), the postulated defects have a depth of one‐fourth of the section thickness and a length of 11/2 times the
section thickness. Defects are postulated at both the inside and outside surfaces. For sections greater than 12 in.
(300 mm) thick, the postulated defect for the 12 in. (300 mm) section is used. For sections less than 4 in. (100 mm)
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thick, the 1 in. (25 mm) deep defect is conservatively postulated. Smaller defect sizes52 may be used on an individual
case basis if a smaller size of maximum postulated defect can be ensured. Due to the structural factors recommended
here, the prevention of nonductile fracture is ensured for some of the most important situations even if the defects were
to be about twice as large in linear dimensions as this postulated maximum defect.

G-2200 LEVELS A AND B SERVICE LIMITS

G-2210 SHELLS AND HEADS REMOTE FROM DISCONTINUITIES
G-2211 Recommendations
The assumptions of this Subarticle are recommended for shell and head regions during Level A and B Service Limits.

G-2212 Material Fracture Toughness
G-2212.1 Reference Critical Stress Intensity Factor for Material. The KIc values of Figure G-2210-1 (Figure

G-2210-1M) are recommended.

G-2212.2 Irradiation Effects. Subarticle A-4400 of Nonmandatory Appendix A is recommended to define the change
in reference critical stress intensity factor due to irradiation.

G-2213 Maximum Postulated Defects
The recommended maximum postulated defects are described in G-2120.

G-2214 Calculated Stress Intensity Factors
G-2214.1 Membrane Tension. The KI corresponding to membrane tension for the postulated axial defect of G-2120

is KIm = Mm × (pRi /t), where Mm for an inside axial surface flaw is given by

Figure G-2210-1
Reference Critical Stress Intensity Factor for Material
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(U.S. Customary Units)
Mm = 1.85 for t < 4 in.

Mm =
Mm = 3.21 for t > 12 in.

(SI Units)
Mm = 0.296 for t < 102 mm

Mm =
Mm = 0.51 for t > 305 mm

Similarly, Mm for an outside axial surface flaw is given by

(U.S. Customary Units)
Mm = 1.77 for t < 4 in.

Mm =
Mm = 3.09 for t > 12 in.

(SI Units)
Mm = 0.285 for t < 102 mm

Mm =
Mm = 0.493 for t > 305 mm

Figure G-2210-1M
Reference Critical Stress Intensity Factor for Material
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where

p = internal pressure, ksi (MPa)
Ri = vessel inner radius, in. (mm)
t = vessel wall thickness, in. (mm)

The KI corresponding to membrane tension for the postulated circumferential defect of G-2120 is KIm =Mm × (pR i/t),
where Mm, for an inside or an outside circumferential surface defect is given by

(U.S. Customary Units)
Mm = 0.89 for t < 4 in.

Mm =
Mm = 1.53 for t > 12 in.

(SI Units)
Mm = 0.141 for t < 102 mm

Mm =
Mm = 0.245 for t > 305 mm

G-2214.2 Bending Stress. The KI corresponding to bending stress for postulated axial or circumferential defect of
G-2120 is KIb = Mb × maximum bending stress, where Mb is two‐thirds of Mm for the axial defect.

G-2214.3 Radial Thermal Gradient. The maximum KI produced by a radial thermal gradient for a postulated axial or
circumferential inside surface defect of G-2120 is

(U.S. Customary Units)

KI t =

(SI Units)

KI t =

where CR is the cooldown rate in °F/hr (°C/hr), t is the thickness in in. (mm), and KIt is in or, for a
postulated axial or circumferential outside surface defect

(U.S. Customary Units)

KI t =

(SI Units)

KI t =

where HU is the heatup rate in °F/hr (°C/h).
The through‐wall temperature difference associated with the maximum thermal KI can be determined from Figure

G-2214-1. The temperature at any radial distance from the vessel surface can be determined from Figure G-2214-2
for the maximum thermal KI .
(a) The maximum thermal KI and the temperature relationship in Figure G-2214-1 are applicable only for the condi-

tions in (1) and (2), as follows:
(1) An assumed shape of the temperature gradient is approximately as shown in Figure G-2214-2.
(2) The temperature change starts from a steady state condition and has a rate, associated with startup and shut-

down, less than about 100°F/hr (56°C/hr). The results would be overly conservative if applied to rapid temperature
changes.
(b) Alternatively, the KI for radial thermal gradient can be calculated for any thermal stress distribution at any spe-

cified time during cooldown for a 1/4‐thickness axial or circumferential surface defect.
For an inside surface defect during cooldown
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Figure G-2214-1
Mt vs. Wall Thickness for Postulated Inside Surface Reference Flaws

Crack Depth = Wall Thickness/8 
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GENERAL NOTE:

where

KIt = stress intensity factor,

ΔTw = temperature difference through the wall, °F
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Figure G-2214-1M
Mt vs. Wall Thickness for Postulated Inside Surface Reference Flaws
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GENERAL NOTE:

where

KIt = stress intensity factor,

ΔTw = temperature difference through the wall, °C
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(U.S. Customary Units)

KI t =

(SI Units)

KI t =

For an outside surface defect during heatup

(U.S. Customary Units)

KI t =

(SI Units)

KI t =

The coefficients C0 , C1 , C2 , and C3 are determined from the thermal stress distribution at any specified time during the
heatup or cooldown using

Figure G-2214-2
Through-Wall Temperature Difference vs. Wall Depth for Heatup or Cooldown

GENERAL NOTE:

where

ΔTw = temperature (O.D.) − temperature (I.D.)
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where x is a dummy variable that represents the radial distance, in. (mm), from the appropriate (i.e., inside or outside)
surface and a is the maximum crack depth, in.
(c) For the startup condition, the allowable pressure vs. temperature relationship is the minimum pressure at any

temperature, determined from
(1) the calculated steady state results for the 1/4‐thickness inside surface defect
(2) the calculated steady state results for the 1/4‐thickness outside surface defect
(3) the calculated results for the maximum allowable heatup rate using a 1/4‐thickness outside surface defect

G-2215 Allowable Pressure
The equations given in this Subarticle provide the basis for determination of the allowable pressure at any tempera-

ture at the depth of the postulated defect during Service Conditions for which Levels A and B Service Limits are specified.
In addition to the conservatism of these assumptions, it is recommended that a factor of 2 be applied to the calculated KI

values produced by primary stresses. In shell and head regions remote from discontinuities, the only significant loadings
are: (1) general primary membrane stress due to pressure; and (2) thermal stress due to thermal gradient through the
thickness during startup and shutdown. Therefore, the requirement to be satisfied and from which the allowable pres-
sure for any assumed rate of temperature change can be determined is

ð1Þ

throughout the life of the component at each temperature with KIm from G-2214.1, KIt from G-2214.3, and KIc from
Figure G-2210-1.
The allowable pressure at any temperature shall be determined as follows:
(a) For the startup condition,

(1) consider postulated defects in accordance with G-2120;
(2) perform calculations for thermal stress intensity factors due to the specified range of heat‐up rates from

G-2214.3;
(3) calculate the KIc toughness for all vessel beltline materials from G-2212 using temperatures and RTNDT values

for the corresponding locations of interest; and
(4) calculate the pressure as a function of coolant inlet temperature for each material and location. The allowable

pressure‐temperature relationship is the minimum pressure at any temperature determined from
(-a) the calculated steady‐state (KIt = 0) results for the 1/4‐thickness inside surface postulated defects using the

equation

(-b) the calculated results from all vessel beltline materials for the heatup stress intensity factors using the cor-
responding 1/4‐thickness outside‐surface postulated defects and the equation

(b) For the cooldown condition,
(1) consider postulated defects in accordance with G-2120;
(2) perform calculations for thermal stress intensity factors due to the specified range of cooldown rates from

G-2214.3;
(3) calculate the KIc toughness for all vessel beltline materials from G-2212 using temperatures and RTNDT values

for the corresponding location of interest; and
(4) calculate the pressure as a function of coolant inlet temperature for each material and location using the

equation.

The allowable pressure–temperature relationship is the minimum pressure at any temperature, determined from all
vessel beltline materials for the cooldown stress intensity factors using the corresponding 1/4‐thickness inside‐surface
postulated defects.
Those plants having low temperature overpressure protection (LTOP) systems can use the following load and tem-

perature conditions to provide protection against failure during reactor start‐up and shutdown operation due to low
temperature overpressure events that have been classified as Service Level A or Level B events. LTOP systems shall
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be effective at coolant temperatures less than 200°F (95°C) or at coolant temperatures corresponding to a reactor vessel
metal temperature less than RTNDT + 50°F (28°C), whichever is greater.53,54 LTOP systems shall limit the maximum
pressure in the vessel to 100% of the pressure determined to satisfy eq. (1).

G-2216 Risk-Informed Allowable Pressure

The equations given in this paragraph provide an alternative risk-informed methodology to compute allowable pres-
sure as a function of inlet temperature for reactor heat-up and cool-down at rates not to exceed 100°F/hr (56°C/hr). The
allowable pressure is defined as

(U.S. Customary Units)

where

p = pressure (ksi)
RTNDT = RTNDT(u ) + ΔRTNDT , and is the reference nil ductility temperature adjusted for irradiation effects at the

maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F
RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °F
ΔRTNDT = an adjustment for irradiation effects, °F

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F

(SI Units)

where

p = pressure, MPa
RTNDT = RTNDT(u ) + ΔRTNDT , and is the reference nil ductility temperature adjusted for irradiation effects at the

maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C
RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °C
ΔRTNDT = an adjustment for irradiation effects, °C

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C

KIt is as stipulated in G-2214.3, and t , Ri , Mm are as stipulated in G-2214.1. The evaluation is to be performed for all
conditions, materials, and locations as described in G-2215.

The operational pressure-temperature limits are based on the temperature at the reactor coolant inlet temperature,
which is assumed to equal the temperature at the vessel inner surface. Figure G-2214-1 or Figure G-2214-1M and Figure
G-2214-2 can be used to determine the temperature at the vessel inner surface corresponding to the temperature at the
maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3.

ΔRTNDT is determined from plant-specific surveillance data, or the irradiation degradation model used to compute
the risk-informed allowable pressure as shown in eq. (2), or other irradiation degradation models acceptable to the reg-
ulatory authority having jurisdiction at the plant site.

ð2Þ

(U.S. Customary Units)

where

A = 1.140 × 10-7 for forgings
= 1.561 × 10-7 for plates
= 1.417 × 10-7 for welds

Mn = bulk material manganese content, wt. %
P = bulk material phosphorus content, wt. %
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Ti = irradiation temperature, °F

Φe =

Φ = neutron fluence, cm-2

= neutron flux, cm-2s-1

Φe = effective neutron fluence, cm-2

where

B = 102.3 for forgings
= 135.2 for plates in vessels manufactured by Combustion Engineering (CE)
= 102.5 for non-CE plates
= 155.0 for welds

Ni = bulk material nickel content, wt. %

Cue =

= effective material copper content, wt. %
Cu = bulk material copper content, wt. %

Cumax = 0.243 for Linde 80 welds with Ni > 0.5
= 0.301 for all other materials

f (Cue , P) =

g(Cue , Ni, Φe) =

(SI Units)

where

A = 6.333 × 10-8 for forgings
= 8.672 × 10-8 for plates
= 7.872 × 10-8 for welds

Mn = bulk material manganese content, wt. %
P = bulk material phosphorus content, wt. %
Ti = irradiation temperature, °C
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Φe =

Φe = effective neutron fluence, cm-2

Φ = neutron fluence, cm-2

= neutron flux, cm-2s-1

where

B = 56.83 for forgings
= 75.11 for plates in vessels manufactured by Combustion Engineering (CE)
= 56.94 for non-CE plates
= 86.11 for welds

Ni = bulk material nickel content, wt. %

Cue =

= effective material copper content, wt. %
Cu = bulk material copper content, wt. %

Cumax = 0.243 for Linde 80 welds with Ni > 0.5
= 0.301 for all other materials

f(Cue , P) =

g(Cue , Ni, Φe) =

G-2220 NOZZLES, FLANGES, AND SHELL REGIONS NEAR GEOMETRIC DISCONTINUITIES
G-2221 General Requirements

The same general procedure as was used for the shell and head regions in G-2210 may be used for areas where more
complicated stress distributions occur, but certain modifications of the procedures for determining allowable applied
loads shall be followed in order to meet special situations, as stipulated in G-2222 and G-2223.

G-2222 Consideration of Membrane and Bending Stresses

(a) Equation G-2215(1) requires modification to include the bending stresses which may be important contributors to
the calculated KI value at a point near a flange or nozzle. The terms whose sum must be <KIc for Levels A and B con-
ditions are:

(1) 2KIm from G-2214.1 for primary membrane stress;
(2) 2KIb from G-2214.2 for primary bending stress;
(3) KIm from G-2214.1 for secondary membrane stress;
(4) KIb from G-2214.2 for secondary bending stress.

(b) For purposes of this evaluation, stresses from bolt or stud preloading shall be considered as primary.
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ð15Þ

(c) It is recommended that when the flange and adjacent shell region are stressed by the full intended bolt or stud
preload and by pressure not exceeding 20% of the preoperational system hydrostatic test pressure, minimum metal
temperature in the stressed region should be at least the initial RTNDT temperature for the material in the stressed re-
gions plus any effects of irradiation at the stressed regions.
(d) Thermal stresses shall be considered as secondary except as provided in NB‐3213.13(b). The KI of G-2214.3(b) is

recommended for the evaluation of thermal stress.

G-2223 Toughness Requirements for Nozzles

(a) A defect shall be postulated at the corner of the nozzle and cylindrical shell. The postulated defect is defined as
circular in shape, with a depth equal to one-fourth of the length of a path oriented 45 deg to the nozzle flow axis that
extends from the center point on the surface of the nozzle inner corner to the outside surface of the RPV wall
(1/4-thickness), as shown in Figure G-2223-1. A smaller defect size may be postulated, appropriately considering the
combined effects of internal pressure, external loading, thermal stresses, and flaw shape. Postulated defect sizes other
than 1/4-thickness shall be no smaller than the applicable inservice inspection acceptance standards in Table
IWB-3410-1 and compatible with examination detection capabilities demonstrated in accordance with IWA-2230 or
other appropriate standards.
(b) The sources of stresses that may be significant for consideration in the corner region of a nozzle are those due to

internal pressure loading, external nozzle attachment loading, and thermal loading. For Levels A and B Service condi-
tions, the following shall be satisfied for the postulated defect:

ð3Þ

where KIp and KI t are stress intensity factors due to internal pressure plus external loading and thermal loading,
respectively.
(c) The stress intensity factor from internal pressure loading for a nozzle corner crack may be calculated using the

equation55

ð4Þ

where

F(a/rn) =

and
a = crack depth, determined in accordance with (a)
rc = nozzle corner radius
r j = actual inner radius of nozzle
rn = apparent radius of nozzle = r j + 0.29rc
σh = shell hoop stress

Alternately, the method of (d) may be used to calculate stress intensity factor due to internal pressure.
(d) The stress intensity factor for any arbitrary stress distribution through the nozzle corner cross-section may be

determined by curve fitting the stress distribution as a function of the distance into the cross-section, x , from the nozzle
inner corner to a third order polynomial of the form.

ð5Þ

The stress intensity factor may be calculated using the following:

ð6Þ

where KI is the stress intensity factor. The stress intensity factors resulting from each loading type may be superim-
posed. This method may be used for external loading, thermal loading, and for internal pressure loading when the stress
distribution through the nozzle throat section is available.
(e) Fracture toughness analysis to demonstrate protection against nonductile failure is not required for portions of

nozzles and appurtenances having a thickness of 2.5 in. (63 mm) or less, provided the lowest service temperature is
not lower than RTNDT plus 60°F (33°C).
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G-2300 LEVELS C AND D SERVICE LIMITS

G-2310 RECOMMENDATIONS

The possible combinations of loadings, defect sizes, and material properties which may be encountered during Levels
C and D Service Limits are too diverse to allow the application of definitive rules, and it is recommended that each situa-
tion be studied on an individual case basis. The principles given in this Appendix may be applied, where applicable, with
any postulated loadings, defect sizes, and material toughness which can be justified for the situation involved.

G-2400 HYDROSTATIC TEST TEMPERATURE

(a) For system and component hydrostatic tests performed prior to loading fuel in the reactor vessel, it is recommend-
ed that hydrostatic tests be performed at a temperature not lower than RTNDT plus 60°F (33°C). The 60°F (33°C) margin
is intended to provide protection against nonductile failure at the test pressure.

(b) For system and component hydrostatic tests performed subsequent to loading fuel in the reactor vessel, the mini-
mum test temperature should be determined by calculating KI . The terms given in (1) through (4) below should be
summed in determining KI :

(1) 1.5KIm from G-2214.1 for primary membrane stress;

(2) 1.5KIb from G-2214.2 for primary bending stress;

(3) KIm from G-2214.1 for secondary membrane stress;

(4) KIb from G-2214.2 for secondary bending stress.

KI , calculated by summing the four values given in (1) through (4) above, shall not exceed the applicable KIc value.

(c) The system hydrostatic test to satisfy (a) or (b) should be performed at a temperature not lower than the highest
required temperature for any component in the system.

Figure G-2223-1
Postulated Nozzle Corner Defect
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G-2500 RISK-INFORMED HYDROSTATIC LEAK TESTING

G-2510 HYDROSTATIC LEAK TEST TEMPERATURE

For heat-up and cool-down rates not to exceed 40°F/hr (22°C/hr), an alternative risk-informed leak test temperature,
T , may be determined as the larger of

(U.S. Customary Units)

for an outside surface flaw or

for an inside surface flaw
where

RTNDT = RTNDT(u ) + ΔRTNDT and is the reference nil ductility temperature adjusted for irradiation effects at the
maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F

RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °F
ΔRTNDT = an adjustment for irradiation effects, °F

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F

(SI Units)

for an outside surface flaw or

for an inside surface flaw
where

RTNDT = RTNDT(u ) + ΔRTNDT and is the reference nil ductility temperature adjusted for irradiation effects at the
maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C

RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °C
ΔRTNDT = an adjustment for irradiation effects, °C

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C

The operational pressure-temperature limits are based on the temperature at the reactor coolant inlet temperature,
which is assumed to equal the temperature at the vessel inner surface. Figures G-2214-1 (Figure G-2214-1M) and
G-2214-2 can be used to determine the temperature at the vessel inner surface corresponding to the temperature at
the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3.
ΔRTNDT is determined from plant-specific surveillance data, or the irradiation degradation model used to compute

the risk-informed allowable pressure [see eq. G-2216 (2)], or other irradiation degradation models acceptable to the
regulatory authority having jurisdiction at the plant site.

G-2520 HYDROSTATIC LEAK TEST HEAT-UP AND COOL-DOWN ALLOWABLE PRESSURE

For heat-up and cool-down rates not to exceed 40°F/hr (22°C/hr), the allowable pressure as a function of temperature
during hydrostatic leak test heat-up or cool-down shall be determined using the procedure in G-2216

(U.S. Customary Units)

where

p = pressure (ksi)
RTNDT = RTNDT(u ) + ΔRTNDT and is the reference nil ductility temperature adjusted for irradiation effects at the

maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F
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RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °F
ΔRTNDT = an adjustment for irradiation effects, °F

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °F

(SI Units)

where

p = pressure (MPa)
RTNDT = RTNDT(u ) + ΔRTNDT and is the reference nil ductility temperature adjusted for irradiation effects at the

maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C
RTNDT(u ) = equivalent to the unirradiated RTNDT calculated in accordance with NB-2300, °C
ΔRTNDT = an adjustment for irradiation effects, °C

T = temperature at the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3, °C

KIt is as stipulated in G-2214.3, and t , Ri , andMm are as stipulated in G-2214.1. The evaluation is to be performed for
all materials and locations as described in G-2215.

The operational pressure-temperature limits are based on the temperature at the reactor coolant inlet temperature,
which is assumed to equal the temperature at the vessel inner surface. Figures G-2214-1 (Figure G-2214-1M) and
G-2214-2 can be used to determine the temperature at the vessel inner surface corresponding to the temperature at
the maximum depth of the postulated quarter thickness flaw stipulated in G-2214.3.

ΔRTNDT is determined from plant-specific surveillance data, or the irradiation degradation model used to compute
the risk-informed allowable pressure [see eq. G-2216(2)], or other irradiation degradation models acceptable to the reg-
ulatory authority having jurisdiction at the plant site.
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ARTICLE G-3000
PIPING, PUMPS, AND VALVES

G-3100 GENERAL REQUIREMENTS

In the case of the materials other than bolting used for piping, pumps, and valves for which impact tests are required
(NB‐2311), the tests and acceptance standards of Section III, Division 1 are considered to be adequate to prevent non-
ductile failure under the loadings and with the defect sizes encountered under Levels A and B Service Limits and testing
conditions. Levels C and D Service Limits should be evaluated on an individual case basis (G-2300).
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ARTICLE G-4000
BOLTING

G-4100 GENERAL REQUIREMENTS

In the case of bolting materials for which impact tests are required, the tests and acceptance standards of Section III,
Division 1 are considered to be adequate to prevent nonductile failure under the loadings and with the defect sizes en-
countered under Levels A and B Service Limits and testing conditions. Levels C and D Service Limits should be evaluated
on an individual case basis (G-2300). Welding Research Council Bulletin 175 (WRCB 175) “PVRC Recommendations on
Toughness Requirements for Ferritic Materials,” provides procedures in Paragraph 7 for evaluating various defect sizes
and associated toughness levels in bolting materials.
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NONMANDATORY APPENDIX H
ANALYTICAL EVALUATION PROCEDURES FOR FLAWS IN PIPING

BASED ON USE OF A FAILURE ASSESSMENT DIAGRAM

ARTICLE H-1000
INTRODUCTION

H-1100 SCOPE

This Nonmandatory Appendix provides analytical procedures to support determination of acceptability for continued
service of ferritic and austenitic piping containing flaws that exceed allowable flaw standards of IWB-3514 or IWC-3514.
Analytical evaluations performed using this Nonmandatory Appendix shall meet all the requirements of the Appendix.
Flaws acceptable for continued service shall satisfy the criteria of H-1110. The analytical evaluation methodology is
based on a failure assessment diagram approach that includes consideration of the following failure mechanisms:

(a) brittle fracture described by linear elastic fracture mechanics;

(b) elastic‐plastic fracture mechanics, when ductile flaw extension occurs prior to reaching limit load; and

(c) limit load failure of the pipe cross section, which is reduced by the flaw area, for ductile materials when the limit
load is assured.

Pipe material toughness properties are accounted for through input of either the J r resistance curve that characterizes
ductile flaw extension, or the fracture toughness J I c . Flaws are analytically evaluated by comparing the calculated pipe
stress for the flaw size at the end of the evaluation period with the allowable stress using the failure assessment diagram
approach. All applicable combinations of stresses σm , σb , and σe are required in the analytical evaluation.

H-1110 ACCEPTANCE CRITERIA

Flaws acceptable for continued service shall be less than 75% of the wall thickness and shall satisfy the following
criteria:

(a) For each specific set of loading conditions, one or more assessment points with coordinates (Sr
′, Kr

′) shall be below
the failure assessment curve. For lower shelf and transition temperatures, only one assessment point need be calculated.
For upper shelf temperatures, a series of assessment points for various amounts of ductile flaw extension shall be cal-
culated to meet this criterion.

(b) For axial flaws, the Sr
′ coordinate of the assessment point that satisfies (a) above shall satisfy

where Sr
cutoff is the limit load cutoff on the applicable failure assessment diagram. Equations for (Sr

′, Kr
′) and Sr

cutoff and
the structural factors to be applied for ferritic and austenitic piping are given in Article H-4000. The values of
(Sr

′, Kr
′) and Sr

cutoff are functions of calculated pipe stresses, required structural factors, pipe material properties, and
end-of-evaluation-period flaw dimensions.

(c) For circumferential flaws, the applied stresses for the Sr
′ that satisfy (a) above shall satisfy the primary stress lim-

its of H-4410.

(d) The applicable failure assessment diagram is independent of flaw orientation, flaw dimensions, and pipe radius-
to-thickness ratio, for the range of applicability. The failure assessment diagrams apply for pipe mean-radius-
to-thickness ratio, R/t, less than or equal to 20. Pipe-specific failure assessment diagrams applicable to the specific geo-
metry of the piping shall be used when R/t is greater than 20.

ASME BPVC.XI-2015NONMANDATORY APPENDIX H

464

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



H-1200 PROCEDURE OVERVIEW

The following is a summary of the analytical procedure.
(a) Determine the flaw configuration from the measured flaw, using Article H-2000.
(b) Resolve the actual flaw into circumferential and axial components, using Article H-2000.
(c) Determine the stresses normal to the flaw at the location of the detected flaw for Service Levels A, B, C, and D Load-

ings, using Article H-2000.
(d) Perform a flaw growth analysis as described in Article H-3000 to establish the end‐of‐evaluation‐period flaw di-

mensions af and ℓ f .
(e) Obtain pipe material properties E , σy , σ f , and JR resistance curve or J I c at the service temperatures. Heat‐specific

material properties may be used if available.
(f) Calculate the vertical cutoff, Sr

cutoff, for an axial flaw configuration, or the primary stress limits for a circumferen-
tial flaw configuration, using the equations in H-4400 for the end‐of‐evaluation‐period flaw dimensions af and ℓ f .

(g) Using the equations in H-4500, calculate the assessment point coordinates for the piping stresses σm , σb ,

and σe for circumferential flaws, or p (pressure) for axial flaws, using the structural factors specified in Table H-4200-1
for circumferential flaws or in Table H-4200-2 for axial flaws, for the end‐of‐evaluation‐period flaw dimensions af and
ℓ f .

(h) Plot the assessment points calculated in (g) on the failure assessment diagram in Figure H-4300-1 for ferritic pip-
ing or Figure H-4300-2 for austenitic piping.

H-1300 NOMENCLATURE

The following nomenclature is used in this Appendix.

= brittle fracture component of assessment point defined by ratio of stress intensity factor to material fracture
toughness

, ,
= geometry correction factors for interior axial part‐through‐wall flaw in pressurized pipe; accounts for flaw

aspect ratio a/ℓ
= for an axial flaw, maximum value of Sr at vertical (limit load) boundary of failure assessment diagram

= limit load component of assessment point, defined for circumferential flaws by ratio of applied stress to stress
at reference limit load, and for axial flaws as ratio of pressure to reference limit load pressure

= bending stress at collapse limit load for any combination of primary and expansion stresses, ksi (MPa)
= membrane stress at reference limit load for any combination of primary and expansion stresses, ksi (MPa)

a = flaw depth, in. (mm)
af = maximum depth to which the detected flaw is calculated to grow by the end of the evaluation period, in. (mm)
a ′ = sum of flaw depth plus ductile flaw extension in. (mm)
E = Young’s modulus, ksi (MPa)
E ′ = E /(1 − ν2), ksi (MPa)
Fb = parameter for circumferential flaw bending stress intensity factor
f c = geometry correction term that accounts for flaw depth and wall thickness relative to pipe inside radius
FI = total geometry correction factor for interior axial part‐through‐wall flaw in pressurized pipe
Fm = parameter for circumferential flaw membrane stress intensity factor
f(z) = bulging factor correction
J e = linear elastic J ‐integral calculated from stress intensity factor KI , in.-lb/in.

2 (kJ/m2)
J I c = measure of toughness at crack initiation at upper shelf, transition, and lower shelf temperatures, in.-lb/in.2

(kJ/m2)
JR = J ‐integral resistance to ductile tearing at prescribed Δa value obtained from accepted test procedures,

in.-lb/in.2 (kJ/m2)

KI = mode I stress intensity factor,

KIr = stress intensity factor for residual stress,

Kr = ordinate of failure assessment diagram curve
M2 = bulging factor for axial flaw
p = internal pressure, ksi (MPa)

Po = reference limit load pressure, ksi (MPa)
Pℓ = internal pressure at collapse limit load for axial flaw, ksi (MPa)
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Q = flaw shape parameter
R = mean radius of pipe, in. (mm)

R1 = inside radius of pipe, in. (mm)
R2 = outside radius of pipe, in. (mm)
Rc = sum of flaw depth and inside radius of pipe, in. (mm)
Sr = abcissa of failure assessment diagram

SFb = structural factor on primary bending stress for circumferential flaws
SFm = structural factor on primary membrane stress for circumferential or axial flaws

t = pipe wall thickness, in. (mm)
z = global limit load geometry factor
ℓ = flaw length, in. (mm)

ℓa l l ow = allowable flaw length for stability of an axial through‐wall flaw, in. (mm)
ℓ f = maximum length to which detected flaw is calculated to grow at the end of the evaluation period, in. (mm)
Δa = ductile flaw extension, in. (mm)
β = angle to neutral axis of flawed pipe, radians

γ = factor in reference limit load expression for reflecting ratio of σmℓ to σm
θ = one‐half of final flaw angle (see Figure H-4400-1), radians
ν = Poisson’s ratio

σb = unintensified primary bending stress in the pipe at the flaw, ksi (MPa)
σe = unintensified secondary bending stress, including thermal expansion and seismic anchor movement at the

flaw location, ksi (MPa)
σ f = flow stress, ksi (MPa)
σh = hoop stress in the pipe at the flaw, ksi (MPa)
σm = unintensified primary membrane stress in the pipe at the flaw, ksi (MPa)
σmℓ = membrane stress at collapse limit load with zero primary bending stress, ksi (MPa)
σy = yield strength, ksi (MPa)
ψ = angle used in defining σmℓ, radians

ψm = factor in reference limit load expressions reflecting effect of flaw size
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ð15ÞARTICLE H-2000
ANALYTICAL EVALUATION PARAMETERS

Article C-2000 provides procedures for defining flaw shape, multiple flaws, flaw orientation, flaw location, and pipe
stress used to determine acceptance.
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ð15Þ ARTICLE H-3000
FLAW GROWTH ANALYSIS

Article C-3000 provides the methodology for the determination of subcritical flaw growth during the evaluation
period.
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ð15Þ

ð15Þ

ARTICLE H-4000
FAILURE ASSESSMENT DIAGRAM PROCEDURE

H-4100 SCOPE

This Article describes the failure assessment diagram procedure for analytical evaluation of flaws in ferritic and aus-
tenitic piping. The procedure requires a failure assessment diagram and failure assessment point coordinates. End‐of‐
evaluation‐period flaw dimensions shall be used.

H-4200 STRUCTURAL FACTORS

Analytical evaluation of flaws using the failure assessment diagram procedure requires application of structural fac-
tors. The structural factors SFm and SFb applied to primary membrane stresses and primary bending stresses, respec-
tively, are given in Table H-4200-1 for circumferential flaws and Table H-4200-2 for axial flaws.

H-4300 FAILURE ASSESSMENT DIAGRAMS

Figures H-4300-1 and H-4300-2 give failure assessment diagrams for ferritic piping and austenitic piping, respec-
tively. These figures apply to piping having

(a) part‐through‐wall circumferential flaws, under any combination of primary membrane, primary bending, and ex-
pansion stresses (see Figure H-4400-1); or

(b) part‐through‐wall axial flaws under internal pressure (see Figure H-4400-2).

Figures H-4300-1 and H-4300-2 apply for circumferential flaws of depths up to 75% of the pipe wall thickness, and
for axial flaws of depths up to 75% of the pipe wall thickness and lengths up to ℓallow, where ℓallow is given by the limit
load stability condition for through‐wall flaws:

For axial flaws, the failure assessment diagrams shown in Figures H-4300-1 and H-4300-2 have a vertical cutoff for
upper bound limits on Sr . For circumferential flaws, the upper limit on Sr is established by limits on primary stresses.
The procedures for calculating the values of the cutoff and limits on primary stress are given in H-4400. The failure as-
sessment diagrams are limited to R/t less than or equal to 20.

Table H-4200-1
Specified Structural Factors for

Circumferential Flaws

Service Level
Membrane
Stress, SFm

Bending Stress,
SFb

A 2.7 2.3
B 2.4 2.0
C 1.8 1.6
D 1.3 1.4
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H-4400 FAILURE ASSESSMENT DIAGRAM PRIMARY STRESS LIMITS

Limits on the primary stresses in the failure assessment diagram analysis are provided by the following:
(a) direct application of limits on primary stresses for part‐through‐wall circumferential flaws (see Figure H-4400-1)

under any combination of primary membrane and primary bending stresses or
(b) application of a vertical cutoff on the failure assessment diagram for part‐through‐wall axial flaws (see Figure

H-4400-2) under internal pressure

H-4410 CIRCUMFERENTIAL FLAW PRIMARY STRESS LIMITS

(a) The applied primary membrane stress shall satisfy the following equation:

where SFm is the structural factor on primary membrane stress specified in Table H-4200-1 and

σmℓ =

ψ =

(b) The applied primary bending stress shall satisfy the following equation:

where SFm and SFb are the structural factors on primary membrane stress and primary bending stress, respectively, spe-
cified in Table H-4200-1. For circumferential flaws not penetrating the compresssive region of the pipe cross-section,
θ + β ≤ π, and

where

β =

For longer flaws penetrating the compressive region of the pipe cross-section, θ + β > π, and

where

β =

Table H-4200-2
Specified Structural Factors for Axial Flaws

Service Level Membrane Stress, SFm

A 2.7
B 2.4
C 1.8
D 1.3
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H-4420 AXIAL FLAW CUTOFF
For axial flaws in piping under internal pressure, the limit load cutoff for Sr is given by

where

f(z) = (1 + 1.61z)0.5

M2 = {1 + [1.61ℓ2 /(4Rt)]}0.5

Po =

Pℓ =

z =

H-4500 FAILURE ASSESSMENT POINT COORDINATES

The failure assessment point coordinates, shall be calculated for the end‐of‐evaluation‐period flaw dimensions

and for stresses at the location of, and normal to, the flaw, using the JR resistance curve data when ductile flaw extension
at upper‐shelf temperatures may occur prior to reaching limit load, or using JIc fracture toughness data at transition or
lower‐shelf temperatures.

Figure H-4300-1
Failure Assessment Diagram for Ferritic Piping

0.0

K
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1.0
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0.6

0.4

0.2

0.0
0.2 0.4 0.6 0.8

Sr

1.21.0 1.4 1.6 1.8 2.0 2.2

  Sr    Kr
0.00 1.000
0.10 0.995
0.20 0.975
0.30 0.927
0.40 0.850
0.50 0.757
0.60 0.650
0.70 0.570
0.80 0.492
0.90 0.425
1.00 0.371
1.10 0.326
1.20 0.288
1.30 0.258
1.40 0.228
1.50 0.207
1.60 0.187
1.70 0.171
1.80 0.156
1.90 0.144
2.00 0.133
2.10 0.123
2.20 0.114

Limit Load Cutoff
(axial flaw only) 
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Figure H-4300-2
Failure Assessment Diagram for Austenitic Piping
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  Sr     Kr
0.00  1.000
0.10 0.990
0.20  0.981
0.30 0.971
0.40 0.913
0.50  0.828
0.60 0.744
0.70  0.632
0.80  0.540
0.90 0.435
1.00  0.340
1.10  0.276
1.20 0.240
1.30  0.213
1.40  0.199
1.50  0.189
1.60 0.179
1.70 0.170
1.80 0.165
1.90 0.161
2.00  0.157
2.10  0.157
2.20  0.157

Figure H-4400-1
Circumferential Flaw Geometry
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H-4510 CIRCUMFERENTIAL FLAWS

The equation necessary to calculate the failure assessment point coordinates for part‐through‐wall circum-

ferential flaws for a specified amount of ductile flaw extension, Δa , is given in (a). When the temperature is in the transi-
tion or lower‐shelf region, JR shall be replaced by JIc, and Δa shall be zero.

(a) The coordinate is given by the following equation when the primary membrane stress, σm, is not zero:

where SFm is the structural factor on primary membrane stress specified in Table H-4200-1, is recalculated for each
value of Δa , and

= σyψΓm
Rc = R1 + a + Δa
Γm = [R2

2 −Rc2 +(1 −θ/π) (Rc2 −R1
2)]/(R2

2 −R1
2)

ψ =

where Γm is recalculated for each value of Δa . When the primary membrane stress, σm, is zero, the coordinate is given
by

where SFb is the structural factor on primary bending stress specified in Table H-4200-1, and Γm is recalculated for each
value of Δa .

(b) The coordinate is given by

for any value of σm, where Je and JR are also recalculated for each value of Δa . The linear elastic J‐integral is given by

where

(U.S. Customary Units)

Figure H-4400-2
Axial Flaw Geometry
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(SI Units)

In the above equations, a ′ is updated after each increment of ductile flaw extension, while θ is fixed at its end‐of‐
evaluation‐period value. Residual stresses shall be included with a structural factor of 1.0.

H-4520 AXIAL FLAWS

Failure assessment point coordinates for part‐through‐wall axial flaws with a specified amount of ductile flaw

extension, Δa , are given below. When the temperature is in the transition or lower‐shelf region, JR shall be replaced by JIc,
and Δa shall be zero.

(a) The coordinate is given by

where SFm is the structural factor on primary membrane stress specified in Table H-4200-2, and Po is recalculated for
each value of Δa .

a ′ = a + Δa
f(z) = (1 + 1.61z)0.5

Po =

z = 0.1542 ℓ
2/[ta(R1/t + 0.5)]

(b) The coordinate is given by

where Je and JR are calculated for each value of Δa . The linear elastic J‐integral is given by

and

(U.S. Customary Units)

KI =
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(SI Units)

KI =

Q = 1 + 4.593(a/ℓ)1.65

F1 =

f c =

=

=

=

In the preceding equations, a ′ is updated after each increment of ductile flaw extension, while a/ℓ is fixed at its end‐
of‐evaluation‐period value. Residual stresses shall be included with a structural factor of 1.0.
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NONMANDATORY APPENDIX J
GUIDE TO PLANT MAINTENANCE ACTIVITIES AND SECTION XI

REPAIR/REPLACEMENT ACTIVITIES

ARTICLE J-1000
SCOPE

(a) This Nonmandatory Appendix provides guidance to
determine the applicability of Article IWA-4000. For the
purpose of this Appendix, repair/replacement activities
are separate from maintenance activities.

(b) Figure J-1000-1 may be used to distinguish between
repair/replacement activities and maintenance activities.
Maintenance activities may be categorized as activities re-
quiring subsequent tests or examinations or as activities
for which Section XI is not applicable.
(c) Article J-2000, Article J-3000, and Article J-4000

provide clarification or examples for certain decision
blocks in Figure J-1000-1.
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Figure J-1000-1
Decision Tree
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[NOTE (1)];
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AN ITEM [NOTE (1)]
 OR ITS SUPPORT?

ITEMS IN THIS
CATEGORY ARE NOT

WITHIN THE SCOPE OF
SECTION XI

(ARTICLE J-4000)

ITEMS AND
ACTIVITIES IN THIS
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INCLUDED IN
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(ARTICLE J-2000)
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REMOVAL PROCESS,
 OR ENCROACHMENT ON

REQUIRED WALL
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DOES ACTIVITY
REQUIRE DESIGN

CHANGE OR
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ATTACHMENT OR
PRESSURE-RETAINING
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SUPPORT OR SUPPORT ITEM,
OR
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ATTACHMENT/ITEM [NOTE (1)], 
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AFFECT A SECTION XI OR OM 
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IS TO BE PERFORMED?

ACTIVITIES IN THIS
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THE SCOPE OF SECTION
XI EVEN THOUGH THE ITEM
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SECTION XI BOUNDARY
[PARAGRAPH J-4000 (b)].

ACTIVITIES IN THIS
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MAINTENANCE. BUT SINCE
THE PROPOSED ACTIVITY

AFFECTS A REQUIRED  TEST OR
EXAMINATION RECORD, NEW

TESTS OR EXAMINATIONS ARE
REQUIRED (ARTICLE J-3000).

NOTE:
(1) Also includes those nonstructural pump and valve internals constructed to construction codes or code cases and which are within the Sec-

tion XI boundary.
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ARTICLE J-2000
REPAIR/REPLACEMENT ACTIVITIES

(a) Article IWA-4000 requires that repair/replacement
activities comply with the requirements of Article
IWA-4000 and the Repair/Replacement Program.
(b) The following are some examples of repair/replace-

ment activities when performed on items within the Sec-
tion XI scope.

(1) removing weld or material defects

(2) reducing the size of defects to a size acceptable to
the applicable flaw evaluation criteria

(3) performing welding or brazing
(4) adding items
(5) system changes, such as rerouting of piping
(6)modifying items
(7) rerating
(8)metal removal using thermal processes
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ARTICLE J-3000
MAINTENANCE REQUIRING SUBSEQUENT TEST OR

EXAMINATION

(a)Maintenance activities within this category are not
within the scope of Section XI but are performed and con-
trolled in accordance with the Owner’s procedures. How-
ever, due to the nature of the work or item involved, tests
or examinations are required to be performed subse-
quent to completion of the maintenance work activity.

(b) The maintenance activities within this category dif-
fer from the maintenance activities described in Article
J-4000 in that these activities are performed on items
within the Section XI boundary and these activities affect
the existing inspection, test, or examination record re-
quired by this Division or other ASME codes.

(c) The following are some examples of maintenance
activities that may require subsequent Section XI test or
examination:

(1) grinding or machining on valve disk seating
surfaces;

(2) removing arc strikes or weld spatter, in the area
of previous PSI/ISI surface examinations; and

(3) preparing welds for NDE.
(d) The following are some examples of maintenance

activities that may require subsequent testing or exami-
nation as required by the ASME Code For Operation and
Maintenance of Nuclear Power Plants:

(1) for valves, adjustment of packing, removal of bon-
net, stem assembly or actuator, or disconnection of hy-
draulic or electrical lines;

(2) for pumps, adjusting packing, adding packing
rings, mechanical seal maintenance, or replacement or
cleaning of the rotating element;

(3) adjustment of pressure relief device set points in
accordance with existing design requirements; and

(4) for snubbers, replacement of internal seals or ad-
justment of hydraulic control valves.
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ARTICLE J-4000
MAINTENANCE NOT REQUIRING SUBSEQUENT TEST OR

EXAMINATION

(a)Work activities on items not within the classifica-
tion and boundaries of jurisdiction (IWA-1320) are not
within the scope of this Division. These activities are per-
formed and controlled in accordance with the Owner’s
procedures.
(b)Work activities not defined as repair/replacement

activities that are performed on items within the classifi-
cation of boundaries of jurisdiction of this Division

(IWA-1320), but which do not affect a Section XI or OM
Code required test or examination, are not within the
scope of this Division. These activities are performed
and controlled in accordance with the Owner’s proce-
dures. Replacing handwheels on manually operated
valves is an example of a maintenance activity.
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NONMANDATORY APPENDIX K
ASSESSMENT OF REACTOR VESSELS WITH LOW UPPER SHELF

CHARPY IMPACT ENERGY LEVELS

ARTICLE K-1000
INTRODUCTION

K-1100 SCOPE

This Nonmandatory Appendix provides acceptance criteria and evaluation procedures for determining acceptability
for continued operation of a reactor vessel when the vessel metal temperature is in the upper shelf range. Evaluations
performed using this Nonmandatory Appendix shall meet all the requirements of the Appendix. The methodology is
based on the principles of elastic‐plastic fracture mechanics. Flaws shall be postulated in the reactor vessel at locations
of predicted low upper shelf Charpy impact energy, and the applied J‐integral for these flaws shall be calculated and
compared with the J‐integral fracture resistance of the material to determine acceptability. All specified design transi-
ents for the reactor vessel shall be considered.

K-1200 PROCEDURE

The following analytical procedure shall be used.
(a) Reactor vessel flaws shall be postulated in accordance with the criteria of Article K-2000.
(b) Loading conditions at the locations of the postulated flaws shall be determined for Levels A, B, C, and D Service

Loadings.
(c) Material properties, including E , σy, and the J‐integral resistance curve (J‐R curve), shall be determined at the loca-

tions of the postulated flaws. Requirements for determining the J‐R curve are provided in K-3300.
(d) The postulated flaws shall be evaluated in accordance with the acceptance criteria of Article K-2000. Requirements

for evaluating the applied J‐integral are provided in K-3200, and for determining flaw stability in K-3400. Three permis-
sible evaluation methods are described in K-3500. Detailed calculation procedures for Levels A and B Service Loadings
are provided in Article K-4000. Procedures for Levels C and D Service Loadings are provided in Article K-5000.

K-1300 GENERAL NOMENCLATURE

= effective flaw depth at onset of flaw instability, including ductile flaw extension and a plastic‐zone correc-
tion, in. (mm)

= geometry factors used to calculate the stress intensity factor at onset of flaw instability (dimensionless)
= geometry factors used to calculate the stress intensity factor (dimensionless)

= KIp at onset of flaw instability, calculated with a plastic‐zone correction,

= KIp calculated with a plastic‐zone correction,

= KIt at onset of flaw instability, calculated with a plastic‐zone correction,

= KIt calculated with a plastic‐zone correction,

= ratio of the stress intensity factor to the fracture toughness for the material (dimensionless)
= ratio of internal pressure to reference limit‐load internal pressure (dimensionless)

(CR) = cooldown rate,°F/hr, (°C/h)
(SF) = structural factor (dimensionless)
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A = area parameter for tensile stability evaluation, in.2 (mm2)
a = flaw depth that includes ductile flaw extension, in. (mm)
Ac = area of the flaw, in.2 (mm2)
ae = effective flaw depth that includes ductile flaw extension and a plastic‐zone correction, in. (mm)
ao = postulated initial flaw depth, in. (mm)

C1 , C2 = material constants used to describe the power‐law fit to the J‐integral resistance curve for the material,
JR = C1 (Δa)C 2

Cm = material coefficient for calculation of stress intensity factor due to radial thermal gradient, ksi-hr/(in.2-°F),
[MPa-h/(mm2-°C)]

d = thermal diffusivity, in.2/hr (mm2/h)
E = Young’s modulus, ksi (MPa)
E ′ = E/(1 −ν2), ksi (MPa)
J = J‐integral due to the applied loads, in.-lb/in.2 (kJ/m2)

J0 .1 = J‐integral fracture resistance for the material at a ductile flaw extension of 0.10 in. (2.5 mm), in.-lb/in.2

(kJ/m2)
J1 = applied J‐integral at a flaw depth of ao + 0.10 in. (2.5 mm), in.-lb/in.2 (kJ/m2)
JR = J‐integral fracture resistance for the material, in.-lb/in.2 (kJ/m2)
J* = J‐integral at onset of flaw instability, in.-lb/in.2 (kJ/m2)

KI = mode I stress intensity factor,

KIp = mode I stress intensity factor due to internal pressure, calculated with no plastic‐zone correction,

KIt = mode I stress intensity factor due to a radial thermal gradient through the vessel wall, calculated with no

plastic‐zone correction,

Kr = ordinate of the failure assessment diagram curve (dimensionless)
p = internal pressure, ksi (MPa)

Pa = accumulation pressure as defined in the plant specific Overpressure Protection Report, but not exceeding
1.1 times the design pressure, ksi (MPa)

PI = internal pressure at tensile instability of the remaining ligament, ksi (MPa)
Po = reference limit‐load internal pressure, ksi (MPa)
Ps = pressure used to calculate the applied J‐integral/tearing modulus line, ksi (MPa)
P* = internal pressure at onset of flaw instability, ksi (MPa)
Ri = inner radius of the vessel, in. (mm)
Rm = mean radius of the vessel, in. (mm)
Sr = abscissa of the failure assessment diagram curve (dimensionless)
T = tearing modulus due to the applied loads (dimensionless)
t = vessel wall thickness, in. (mm)

TR = tearing modulus resistance for the material (dimensionless)
W = parameter used to relate the applied J‐integral to the applied tearing modulus (dimensionless)
ℓ = total length of the flaw, in. (mm)

Δa = amount of ductile flaw extension, in. (mm)
Δa* = amount of ductile flaw extension at onset of flaw instability, in. (mm)

α = coefficient of thermal expansion, in./in./°F (mm/mm/°C)
ν = Poisson’s ratio (dimensionless)
σ f = reference flow stress, specified as 85 ksi (585 MPa)
σo = flow stress for the material for the tensile stability evaluation, including the effects of temperature and

fluence, ksi (MPa)
σu = ultimate tensile strength for the material, including the effects of temperature and fluence, ksi (MPa)
σy = yield strength for the material, including the effects of temperature and fluence, ksi (MPa)
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ARTICLE K-2000
ACCEPTANCE CRITERIA

K-2100 SCOPE

Adequacy of the upper shelf toughness of the reactor vessel shall be determined by analysis. The reactor vessel is ac-
ceptable for continued service when the criteria of K-2200, K-2300, and K-2400 are satisfied.

K-2200 LEVELS A AND B SERVICE LOADINGS

(a)When evaluating adequacy of the upper shelf toughness for the weld material for Levels A and B Service Loadings,
an interior semi‐elliptical surface flaw with a depth one‐quarter of the wall thickness and a length six times the depth
shall be postulated, with the flaw’s major axis oriented along the weld of concern, and the flaw plane oriented in the
radial direction. When evaluating adequacy of the upper shelf toughness for the base material, both interior axial
and circumferential flaws with depths one‐quarter of the wall thickness and lengths six times the depth shall be postu-
lated, and toughness properties for the corresponding orientation shall be used. Smaller flaw sizes may be used when
justified. Two criteria shall be satisfied:

(1) The applied J‐integral evaluated at a pressure 1.15 times the accumulation pressure as defined in the plant spe-
cific Overpressure Protection Report, with a structural factor of 1 on thermal loading for the plant specific heatup and
cooldown conditions, shall be less than the J‐integral of the material at a ductile flaw extension of 0.1 in. (2.5 mm).

(2) Flaw extensions at pressures up to 1.25 times the accumulation pressure of (1) shall be ductile and stable, using
a structural factor of 1 on thermal loading for the plant specific heatup and cooldown conditions.

(b) The J‐integral resistance versus flaw extension curve shall be a conservative representation for the vessel material
under evaluation.

K-2300 LEVEL C SERVICE LOADINGS

(a)When evaluating adequacy of the upper shelf toughness for the weld material for Level C Service Loadings, interior
semi‐elliptical surface flaws with depths up to 1/10 of the base metal wall thickness, plus the cladding thickness, with total
depths not exceeding 1 in. (25 mm), and a surface length 6 times the depth, shall be postulated, with the flaw’s major
axis oriented along the weld of concern, and the flaw plane oriented in the radial direction. When evaluating adequacy of
the upper shelf toughness for the base material, both interior axial and circumferential flaws shall be postulated, and
toughness properties for the corresponding orientation shall be used. Flaws of various depths, ranging up to the max-
imum postulated depth, shall be analyzed to determine the most limiting flaw depth. Smaller maximum flaw sizes may
be used when justified. Two criteria shall be satisfied:

(1) The applied J‐integral shall be less than the J‐integral of the material at a ductile flaw extension of 0.10 in.
(2.5 mm), using a structural factor of 1 on loading.

(2) Flaw extensions shall be ductile and stable, using a structural factor of 1 on loading.

(b) The J‐integral resistance versus flaw extension curve shall be a conservative representation for the vessel material
under evaluation.

K-2400 LEVEL D SERVICE LOADINGS

(a)When evaluating adequacy of the upper shelf toughness for Level D Service Loadings, flaws as specified for Level C
Service Loadings in K-2300 shall be postulated, and toughness properties for the corresponding orientation shall be
used. Flaws of various depths, ranging up to the maximum postulated depth, shall be analyzed to determine the most
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limiting flaw depth. Smaller maximum flaw sizes may be used when justified. Flaw extensions shall be ductile and stable,
using a structural factor of 1 on loading.
(b) The J‐integral resistance versus flaw extension curve shall be a best estimate representation for the vessel material

under evaluation.
(c) The total flaw depth after stable flaw extension shall be less than or equal to 75% of the vessel wall thickness, and

the remaining ligament shall not be subject to tensile instability.
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ARTICLE K-3000
ANALYSIS

K-3100 SCOPE

This Article contains a description of procedures for evaluating applied fracture mechanics parameters, as well as re-
quirements for determining the J‐R curve for the material.

K-3200 APPLIED J-INTEGRAL

Calculation of the J‐integral due to applied loads shall account for elastic‐plastic behavior of the stress‐strain curve for
the material. When elastic fracture mechanics with small scale yielding applies, the J‐integral may be calculated using
crack‐tip stress intensity factor equations with a plastic‐zone correction. The method of calculation shall be documented.

K-3300 SELECTION OF THE J-INTEGRAL RESISTANCE CURVE

When evaluating the vessel for Levels A, B, and C Service Loadings, the J‐integral resistance versus crack‐extension
curve (J‐R curve) shall be a conservative representation of the toughness of the controlling beltline material at upper
shelf temperatures in the operating range. When evaluating the vessel for Level D Service Loadings, the J‐R curve shall
be a best estimate representation of the toughness of the controlling beltline material at upper shelf temperatures in the
operating range. One of the following options shall be used to determine the J‐R curve.

(a) A J‐R curve shall be generated for the material by following accepted test procedures. The J‐R curve shall be based
on the proper combination of crack orientation, temperature, and fluence level. Crack extension shall be ductile tearing
with no cleavage.

(b) A J‐R curve shall be generated from a J‐integral database obtained from the same class of material with the same
orientation using correlations for effects of temperature, chemical composition, and fluence level. Crack extension shall
be ductile tearing with no cleavage.

(c) When (a) or (b) cannot be used, an indirect method of estimating the J‐R curve shall be used provided the method
is justified for the material.

K-3400 FLAW STABILITY

(a) The equilibrium equation for stable flaw extension is:

where J is the J‐integral due to applied loads for the postulated flaw in the vessel, and JR is the J‐integral resistance to
ductile tearing for the material.

(b) The inequality for flaw stability due to ductile tearing is:

where ∂ J/∂a is the partial derivative of the applied J‐integral with respect to flaw depth, a , with constant load, and
dJR/da is the slope of the J‐R curve. Under increasing load, stable flaw extension will continue as long as ∂ J/∂a remains
less than dJR/da .

K-3500 EVALUATION METHOD FOR LEVELS A AND B SERVICE LOADINGS

(a) The procedure provided in K-4200 shall be used to evaluate the applied J‐integral for a specified amount of ductile
flaw extension.
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(b) There are three acceptable methods for applying flaw stability acceptance criteria in accordance with the govern-
ing flaw stability rules in K-3400. The first is a J‐R curve — crack driving force diagram method. In this method flaw
stability is evaluated by a direct application of the flaw stability rules provided in K-3400. Guidelines for using this meth-
od are provided in K-4310. The second is a failure assessment diagram method. A procedure based on this method for
the postulated initial one‐quarter wall thickness flaw is provided in K-4320. The third is a J‐integral/tearing modulus
method. A procedure based on this method for the postulated initial one‐quarter wall thickness flaw is provided in
K-4330.
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ARTICLE K-4000
EVALUATION PROCEDURES FOR LEVELS A AND B SERVICE

LOADINGS

K-4100 SCOPE

This Article contains calculation procedures to satisfy the acceptance criteria in Article K-2000 for Levels A and B Ser-
vice Loadings. A procedure to satisfy the J‐integral criteria for a specified amount of flaw extension of 0.1 in. is provided
in K-4200. Procedures to satisfy the flaw stability criteria are provided in K-4300. These procedures include axial and
circumferential flaw orientations.

K-4200 EVALUATION PROCEDURE FOR THE APPLIED J-INTEGRAL

K-4210 CALCULATION OF THE APPLIED J-INTEGRAL

Calculation of the applied J‐integral consists of two steps: Step 1 calculates effective flaw depth, including a plastic‐
zone correction; and Step 2 calculates the J‐integral for small scale yielding based on this effective flaw depth.

Step 1. See below

(a) For an axial flaw of depth a , the stress intensity factor due to internal pressure shall be calculated with a structural
factor (SF) on pressure using the following:

(U.S. Customary Units)

ð1Þ

(SI Units)

ð1Þ

where

F1 = 0.982 + 1.006 (a/t)2

This equation for KIp is valid for 0.2 ≤ a/t ≤ 0.5, and includes the effect of pressure acting on the flaw faces.

(b) For a circumferential flaw of depth, a , the stress intensity factor due to internal pressure shall be calculated with a
structural factor (SF) on pressure using the following:

(U.S. Customary Units)

ð2Þ

(SI Units)

ð2Þ

where

F2 = 0.885 + 0.233 (a/t) + 0.345 (a/t)2

This equation for KIp is valid for 0.2 ≤ a/t ≤ 0.5, and includes the effect of pressure acting on the flaw faces.
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(c) For an axial or circumferential flaw of depth a , the stress intensity factor due to radial thermal gradients shall be
calculated using the following:

(U.S. Customary Units)

ð3Þ

(SI Units)

ð3Þ

where

Cm =

F3 = 0.1181 + 0.5353 (a/t) −1.273 (a/t)2 + 0.6046(a/t)3

For SA-302 Grades A and B, SA-533 Grade B, Class 1, and SA-508 Classes 2 and 3 steels, and their associated weld-
ments, Cm equal to 0.0051 (ksi-hr)/(in.2-°F) [98.1 × 10 −6 (MPa · h)/(mm2 ·°C)] can be used. Properties given in Section
II, Part D can be used to determine Cm for other materials.

This equation for KIt is valid for 0.20 ≤ a/t ≤ 0.50, and 0 ≤ (CR) ≤ 100°F/hr (56°C/h).

(d) The effective flaw depth for small scale yielding, ae , shall be calculated using the following:

(U.S. Customary Units)

(SI Units)

Step 2. See Below.

(a) For an axial flaw, the stress intensity factor due to internal pressure for small scale yielding, , shall be calculated,

substituting ae for a in eq. Step 1(a)(1), including the equation for F1 . For a circumferential flaw, shall be calculated,

substituting ae for a in eq. Step 1(b)(2), including the equation for F2 . For an axial or circumferential flaw, the stress
intensity factor due to radial thermal gradients for small scale yielding, , shall be calculated, substituting ae for a in eq.
Step 1(c)(3), including the equation for F3 . Equations Step 1(a)(1), Step 1(b)(2), and Step 1(c)(3) are valid for 0.2 ≤ ae/t
≤ 0.5.

(b) The J‐integral due to applied loads for small scale yielding shall be calculated using the following:

K-4220 EVALUATION USING CRITERION FOR FLAW EXTENSION OF 0.1 in. (2.5 mm)

The J‐integral due to applied loads, J1 , shall be calculated in accordance with K-4210. A flaw depth a of 0.25t + 0.1 in.
(2.5 mm), a pressure p equal to the accumulation pressure for Levels A and B Service Loadings, Pa , and a structural
factor (SF) on pressure of 1.15 shall be used. Acceptance criteria for Levels A and B Service Loadings based on a ductile
flaw extension of 0.10 in. (2.5 mm) in K-2200(a)(1) are satisfied when the following inequality is satisfied.

where

J1 = the applied J‐integral for a structural factor on pressure of 1.15, and a structural factor of 1 on thermal loading
J0 .1 = the J‐integral resistance at a ductile flaw extension of 0.1 in. (2.5 mm)

ASME BPVC.XI-2015NONMANDATORY APPENDIX K

488

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

K-4300 EVALUATION PROCEDURES FOR FLAW STABILITY

K-4310 J-R CURVE — CRACK DRIVING FORCE DIAGRAM PROCEDURE

Flaw stability shall be evaluated by direct application of the flaw stability rules in K-3400. The applied J‐integral shall
be calculated for a series of flaw depths corresponding to increasing amounts of ductile flaw extension. The applied
J‐integral for Levels A and B Service Loadings shall be calculated using the procedures provided in K-4210. The applied
pressure p shall be equal to the accumulation pressure for Levels A and B Service Loadings, Pa ; and the structural factor
(SF) on pressure shall be 1.25. The applied J‐integral shall be plotted against crack depth on the crack driving force dia-
gram to produce the applied J‐integral curve, as illustrated in Figure K-4310-1. The J‐R curve shall be plotted on the
crack driving force diagram, and shall intersect the horizontal axis at the initial flaw depth, ao . Flaw stability at a given
applied load is verified when the slope of the applied J‐integral curve is less than the slope of the J‐R curve at the point on
the J‐R curve where the two curves intersect.

K-4320 FAILURE ASSESSMENT DIAGRAM PROCEDURE

Use of this procedure shall be limited to a postulated initial flaw depth of one‐quarter of the wall thickness.

K-4321 Failure Assessment Diagram Curve

The corresponding failure assessment diagram curve of Figure K-4320-1 shall be used for axial and circumferential
flaws. The coordinates Sr and Kr of the failure assessment diagram curves are provided in Table K-4320-1. These curves
are based on material properties which are characteristic of reactor pressure vessel steels.

K-4322 Failure Assessment Point Coordinates

The flaw depth a for ductile flaw extension Δa is given by the following:

Figure K-4310-1
Comparison of the Slopes of the Applied J-Integral Curve and the J-R Curve
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Figure K-4320-1
Failure Assessment Diagram for the One-Quarter Wall Thickness Flaw

Table K-4320-1
Coordinates of the Failure Assessment
Diagram Curves of Figure K-4320-1

Sr

Kr For Axial
Flaw Curve

Kr For Circumferential
Flaw Curve

0.000 1.000 1.000
0.050 1.000 1.000
0.100 0.999 0.999
0.150 0.998 0.998
0.200 0.996 0.996
0.250 0.993 0.994
0.300 0.990 0.991
0.350 0.987 0.986
0.400 0.981 0.978
0.450 0.973 0.965
0.500 0.960 0.943
0.550 0.939 0.908
0.600 0.908 0.856
0.650 0.864 0.788
0.700 0.807 0.706
0.750 0.737 0.618
0.800 0.660 0.532
0.850 0.581 0.452
0.900 0.505 0.383
0.950 0.435 0.323
1.000 0.374 0.274
1.050 0.321 0.232
1.100 0.276 0.198
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ð15Þ

The failure assessment point coordinates, and , for ductile flaw extension Δa shall be calculated as follows:

where the stress intensity factor shall be calculated using flaw depth a without the plastic‐zone correction, and is given
by the following:

and

where (SF) is the required structural factor on pressure. The procedure for calculating KIp , KIt , and Po for axial flaws is
provided by K-4322.1, and for circumferential flaws by K-4322.2.

K-4322.1 Axial Flaws.
(a) The stress intensity factor due to internal pressure for axial flaws with a structural factor (SF) on pressure is given

by eq. K-4210, Step 1(a)(1). The stress intensity factor due to radial thermal gradients is given by eq.
K-4210, Step 1(c)(3).

(b) The reference limit‐load pressure is given by the following:

(c) For materials with yield strength σy greater than 85 ksi (586 MPa), σy in this equation shall be 85 ksi (586 MPa).
This equation for Po is valid for 0 ≤ Δa/t ≤ 0.10.

K-4322.2 Circumferential Flaws.
(a) The stress intensity factor due to internal pressure for circumferential flaws with a structural factor (SF) on pres-

sure is given by eq. K-4210, Step 1(b)(2). The stress intensity factor due to radial thermal gradients is given by eq.
K-4210, Step 1(c)(3).

(b) The reference limit‐load pressure is given by the following:

(c) For materials with yield strength σy greater than 85 ksi (586 MPa), σy in this equation shall be 85 ksi (586 MPa).
This equation for Po is valid for 0 ≤ Δa/t ≤ 0.25.

K-4323 Evaluation Using Criterion for Flaw Stability
Assessment points shall be calculated for each loading condition in accordance with K-4322, and shall be plotted on

Figure K-4320-1 as follows. A series of assessment points for various amounts of ductile flaw extension, Δa , up to the
validity limit of the J‐R curve shall be plotted. Pressure p equal to the accumulation pressure for Levels A and B Service
Loadings, Pa , and structural factor (SF) on pressure of 1.25 shall be used. When one or more assessment points lie inside
the failure assessment curve, the acceptance criteria based on flaw stability in K-2200(a)(2) are satisfied.

K-4330 J-INTEGRAL/TEARING MODULUS PROCEDURE
Use of this procedure shall be limited to a postulated initial flaw depth of one‐quarter of the wall thickness.

K-4331 J-Integral at Flaw Instability
(a) In Figure K-4330-1, the onset of flaw instability is the point of intersection of the applied and material curves

plotted on a graph of the J‐integral versus tearing modulus (J versus T). The expression for the applied J versus T curve
is given by the following:

(U.S. Customary Units)

ð4Þ
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(SI Units)

where σ f is a reference flow stress of 85 ksi (586 MPa).
(b) For axial flaws eq. (5) applies:

(U.S. Customary Units)

ð5Þ

Figure K-4330-1
Illustration of the J-Integral/Tearing Modulus Procedure
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(SI Units)

where Ps is the pressure under evaluation. eq. (5) is valid for 6 in. ≤ t ≤ 12 in. (150 mm ≤ t ≤ 300 mm), 2.25 ksi
(15.5 MPa) ≤ (SF)Ps ≤ 5.00 ksi (34 MPa), and 0 ≤ (CR) ≤ 100°F/hr (56°C/h). For circumferential flaws eq. (6) applies:

(U.S. Customary Units)

ð6Þ

(SI Units)

Equation (6) is valid for 6 in. (152 mm) ≤ t ≤ 12 in. (305 mm), 2.25 ksi (15.5 MPa) ≤ (SF)Ps ≤ 9.00 ksi (62 MPa), and
0 ≤ (CR) ≤ 100°F/hr (56°C/h). Equations (a)(4), (5), and (6) are based on material properties which are characteristic
of reactor pressure vessel steels.

(c) The tearing modulus for the material is determined by differentiation of the J‐R curve with respect to flaw depth a .

(U.S. Customary Units)

ð7Þ

(SI Units)

The same values for E and σ f shall be used in eqs. (a)(4) and (7). The J‐integral versus tearing modulus JR versus TR

curve for the material is obtained by plotting JR against TR for a series of increments in ductile flaw extension. Each
coordinate for JR shall be evaluated at the same ductile flaw extension as the coordinate for TR .

(d) The value of the J‐integral at the onset of flaw instability, J*, corresponds to the intersection of the applied J versus
T curve given by eq. (a)(4) with the material JR versus TR curve, as illustrated in Figure K-4330-1.

(e) The J‐integral at the onset of flaw instability may be determined analytically when a power‐law curve fit to the J‐R
curve of the form

is available. The J‐integral at the onset of flaw instability, J*, is given by the following:

K-4332 Internal Pressure at Flaw Instability

(a) Calculation of the internal pressure at the onset of flaw instability is based on J*. Ductile flaw extension at the onset
of flaw instability, Δa*, is taken from the J‐R curve. The effective flaw depth at the onset of flaw instability includes Δa*,
and is given by the following:

(U.S. Customary Units)

(SI Units)

ASME BPVC.XI-2015 NONMANDATORY APPENDIX K

493

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



(b) The stress intensity factor due to radial thermal gradients at the onset of flaw instability, , for axial or circum-

ferential flaws is given by the following:

(U.S. Customary Units)

(SI Units)

where

=

For SA-302 Grades A and B, SA-533 Grade B, Class 1, and SA-508 Classes 2 and 3 steels, and their associated weld-
ments, Cm equal to 0.0051 (ksi-hr)/ (in.2-°F) [98.1 × 10 −6 (MPa · h) / (mm2 ·°C)] can be used. Properties given in Section

II, Part D can be used to determine Cm for other materials. This equation for is valid for , and

0 ≤ (CR) ≤ 100°F/hr (56°C/h). The stress intensity factor for small scale yielding due to internal pressure at the onset of

flaw instability, , is given by the following:

(c) For a given value of , the internal pressure at the onset of flaw instability for axial flaws is given by the

following:

(U.S. Customary Units)

(SI Units)

where

=
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and for circumferential flaws is given by the following:

(U.S. Customary Units)

(SI Units)

where

=

These equations for P* are valid for , and include the effect of pressure acting on the flaw faces.

K-4333 Evaluation Using Criteria for Flaw Stability
The value of J * shall be calculated in accordance with K-4331 using pressure P s in eqs. K-4331(b)(5) and

K-4331(b)(6) equal to the accumulation pressure for Levels A and B Service Loadings, Pa , and structural factor (SF)
on pressure of 1.25. The value of P* shall be calculated in accordance with K-4332. The acceptance criteria based on
flaw stability in K-2200(a)(2) are satisfied when the following inequality is satisfied:
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ARTICLE K-5000
EVALUATION PROCEDURES FOR LEVELS C AND D SERVICE

LOADINGS

K-5100 SCOPE

This Article contains evaluation procedures that may be used to satisfy the acceptance criteria in Article K-2000 for
Levels C and D Service Loadings. A procedure to satisfy the J‐integral criteria for a specified amount of flaw extension of
0.1 in. (2.5 mm) is provided in K-5200. A procedure to satisfy the flaw stability criteria is provided in K-5300. These
procedures are applicable to axial and circumferential flaw orientations, and shall be used when this approach is
selected.

K-5200 EVALUATION PROCEDURE FOR THE APPLIED J-INTEGRAL

K-5210 CALCULATION OF THE APPLIED J-INTEGRAL
(a) Stress intensity factors shall be calculated as a function of flaw depth, a for Levels C and D Service Loadings for

each applicable stress component, as follows. Calculate KI due to internal pressure, radial thermal gradient through the
vessel wall, and cladding/ base metal differential thermal expansion.
(b) The effective flaw depth for small‐scale yielding, ae shall be calculated using

(U.S. Customary Units)

(SI Units)

(c) The stress intensity factor for small‐scale yielding, , shall be calculated by substituting ae for a in (a) above.
(d) The J‐integral due to applied loads for small‐scale yielding shall be calculated using

K-5220 EVALUATION USING CRITERION FOR FLAW EXTENSION OF 0.1 in. (2.5 mm)
(a) For Level C Service Loadings, the J‐integral due to applied loads, J1 , shall be calculated in accordance with K-5210.

Flaw depth a , equal to ao + 0.1 in. (2.5 mm), shall be used to calculate the applied J‐integral. Acceptance criteria for Level
C Service Loadings based on a ductile flaw extension of 0.1 in. (2.5 mm) in K-2300(a)(1) are satisfied when the following
inequality is satisfied at each value of J1 for the range in ao specified in K-2300.

(b) For time‐dependent Level C Service Loadings, evaluation shall be in accordance with K-5400.

K-5300 EVALUATION PROCEDURE FOR FLAW STABILITY

(a) For Levels C and D Service Loadings, flaw stability shall be evaluated by direct application of the flaw stability re-
quirements of K-3400. The applied J‐integral for Levels C and D Service Loadings shall be calculated in accordance with
K-5210 for a series of flaw depths corresponding to increasing amounts of ductile flaw extension, Δa . A flaw depth a
equal to a0 + Δa shall be used to calculate the applied J‐integral. The J‐integral resistance at each value of Δa shall
be determined from the J‐R curve. Flaw stability at a given applied load is verified when K-3400(a) and K-3400(b)
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are satisfied. Acceptance criteria based on flaw stability for Level C Service Loadings in K-2300(a)(2), and for Level D
Service Loadings in K-2400(a), are satisfied when flaw stability is verified for the range in a0 specified in K-2300
and K-2400.

(b) For Level D Service Loadings, for the range in a0 specified in K-2400, demonstrate that the total flaw depth after
stable flaw extension is less than or equal to 75% of the vessel wall thickness, and the remaining ligament is not subject
to tensile instability. The internal pressure p shall be less than PI , where PI is the internal pressure at tensile instability
of the remaining ligament. Equations for PI are given in (1) for the axial flaw, and in (2) for the circumferential flaw.

(1) For the axial flaw,

where

ð8Þ

ð9Þ

and σy is the yield strength for the material, σu is the ultimate tensile strength for the material, σo is the flow stress for
the material for the tensile stability evaluation, Ri is the inner radius of the vessel, t is the wall thickness of the vessel, ℓ
is the total length of the flaw, Ac is the area of the flaw, and A is an area parameter. The material properties σy , σu , and
σo include the effects of temperature and fluence. This equation for PI includes the effect of pressure on the flaw face.
For a semi‐elliptical flaw of depth a , the relation for Ac is given by

ð10Þ

(2) For the circumferential flaw,

where Rm is the mean radius of the vessel, σo is given in eq. (1)(8), A is given by eq. (1)(9), and Ac for a semi‐elliptical
flaw is given by eq. (1)(10). This equation for PI includes the effect of pressure on the flaw face. This equation is valid for
internal pressures not exceeding the pressure at tensile instability caused by the applied hoop stress acting over the
nominal wall thickness of the vessel. This validity limit on pressure for the circumferential flaw equation for PI is

(c) For time‐dependent Levels C and D Service Loadings, evaluation shall be in accordance with K-5400.

K-5400 TIME-DEPENDENT LEVELS C AND D SERVICE LOADINGS

When the applicable stress components vary with time during Level C or Level D Service Loadings, evaluation shall be
performed at various times during the postulated loading to determine the limiting conditions for the flaw extension and
flaw stability criteria. The J‐integral resistance shall be determined at each of the times the evaluation is performed using
the metal temperature associated with each flaw depth evaluated.
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NONMANDATORY APPENDIX L
OPERATING PLANT FATIGUE ASSESSMENT

ARTICLE L-1000
INTRODUCTION

L-1100 SCOPE

This Nonmandatory Appendix provides methods for
performing fatigue assessments to determine acceptabil-
ity for continued service of reactor coolant system and
primary pressure boundary components and piping sub-
jected to cyclic loadings. This Nonmandatory Appendix is
applicable only in the absence of any flaw at the location
of concern which is larger than allowed by the applicable
acceptance standard referenced in Table IWB-3410-1.
Evaluations performed using this Nonmandatory Appen-
dix shall meet all the requirements of the Appendix.

L-1200 EVALUATION METHODS

(a) One of the following evaluation methods shall be
used to determine acceptability for continued service of
reactor coolant system and primary pressure boundary
components and piping:

(1) The fatigue usage factor evaluation procedures
and acceptance criteria in Article L-2000.

(2) The flaw tolerance evaluation procedures and ac-
ceptance criteria in Article L-3000.
(b) The evaluations of (a)(1) and (a)(2) shall be docu-

mented in accordance with the provisions of Article
L-4000.

L-1300 NOMENCLATURE

The following nomenclature is used:

a = general depth dimension for the postulated flaw,
in. (mm)

ac = minimum critical flaw depth for normal (includ-
ing upset and test) conditions, in. (mm)

af = maximum depth by which the postulated flaw in
L-3200 is calculated to grow by the end of the
evaluation period, in. (mm)

ai = minimum critical flaw depth for emergency and
faulted conditions, in. (mm)

an = maximum allowable flaw depth for normal (Ser-
vice Level A) and upset and test (Service Level
B) conditions, in. (mm)

ao = maximum allowable flaw depth for emergency
(Service Level C) and faulted (Service Level D)
conditions, in. (mm)

n = fatigue crack growth rate exponent in eq.
C-3210(a)(1).

Ni = number of cycles for i th load pair or transient
loading condition

P = minimum allowable operating period calculated
for the postulated flaw in L-3200 to grow to the
maximum depth allowed in L-3312, L-3320 (in
the course of preparation), L-3332, or L-3342,
years

Pn = allowable operating period calculated for the pos-
tulated flaw for normal (including upset and test)
conditions, years

Po = allowable operating period calculated for the pos-
tulated flaw for emergency and faulted condi-
tions, years

t = nominal thickness, in. (mm)
ℓ = general length dimension for the postulated flaw,

in. (mm)
ℓ f = maximum postulated flaw length at the end of the

evaluation period, in. (mm)
Δσg = cyclic linear and nonlinear gradient stress, psi

(MPa)
Δσm = cyclic membrane stress, psi (MPa)

θ = postulated circumferential flaw half‐angle length,
deg
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ARTICLE L-2000
FATIGUE USAGE EVALUATION

L-2100 SCOPE

This Article provides procedures for performing fatigue
usage factor evaluations for reactor coolant system pri-
mary pressure boundary components and piping in oper-
ating plants.

L-2200 EVALUATION PROCEDURES AND
ACCEPTANCE CRITERIA

L-2210 EVALUATION PROCEDURES
(a) The Section III, Class 1 fatigue usage factor proce-

dures shall be used to determine a cumulative fatigue
usage factor (CUF) at the end of the evaluation period.

(b) Editions and addenda of Section III later than the
original Construction Code may be used.

(c) The loadings in the Design Specification, plant spe-
cific loading cycles consistent with the plant design and
operating practices, or actual plant operating data, shall
be used, as appropriate.

L-2220 ACCEPTANCE CRITERIA
The primary pressure boundary component or piping

is acceptable for continued service throughout the evalua-
tion period if the CUF in L-2210 is less than or equal to
1.0.
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ARTICLE L-3000
FLAW TOLERANCE EVALUATION

L-3100 SCOPE

This Article provides procedures for performing flaw
tolerance evaluations for operating plant components
and piping. It includes procedures for shape, location,
and orientation of the postulated flaw used in the evalua-
tion; the methodology for determination of the growth of
the postulated flaw during the evaluation period; end‐of‐
evaluation‐period acceptance criteria; and examination.

L-3110 GENERAL PROCEDURE
(a) A flowchart for the flaw tolerance evaluation is

shown in Figure L-3110-1.
(b) Using the examination provisions in L-3400, verify

the absence of any flaw exceeding the applicable accep-
tance standard referenced in L-3410(a) at the component
locations of concern.
(c) Postulate an initial flaw in accordance with L-3200.
(d) Determine the stresses at the location of the postu-

lated flaw under normal operating (including upset and
test), emergency, and faulted conditions.
(e) Determine the postulated end‐of‐evaluation‐period

flaw sizes, critical flaw sizes, allowable flaw depths, and
allowable operating period, using the analytical proce-
dures in L-3300.
(f) Apply the successive examination provisions of

L-3420 to the component or piping at the location of
concern.

L-3200 FLAW MODEL

L-3210 FLAW SHAPE AND DEPTH
L-3211 Flaw Shape
(a) For vessel components, the postulated flaw is a pla-

nar, semi‐elliptical surface flaw with an aspect ratio a/ℓ
equal to 0.167.
(b) For circumferential flaws in ferritic piping, the pos-

tulated flaw is a planar, semi‐elliptical surface flaw with
an aspect ratio that shall be determined from Table
L-3210-1.
(c) For circumferential flaws in austenitic piping, the

postulated flaw is a planar, semi‐elliptical surface flaw
with a shape that shall be determined from Table
L-3210-2.

(d) For axial flaws in ferritic and austenitic piping, the
postulated flaw is a planar, semi‐elliptical surface flaw
with an aspect ratio as specified in Table L-3210-1 for fer-
ritic material or Table L-3210-2 for austenitic material.

L-3212 Flaw Depth

(a) The flaw depth for piping and vessel components
shall be determined from the applicable inservice inspec-
tion acceptance standards in Table IWB-3410-1 using a
flaw aspect ratio, a/ℓ , equal to 0.167. Section thicknesses
of 4 in. to 12 in. (100 mm to 300 mm) shall have a mini-
mum flaw depth of 0.25 in. (6 mm) for Examination Cate-
gories B‐A, B‐B, and B‐D.

(b) The flaw depth for other components shall be no
smaller than the applicable inservice inspection accep-
tance standards in Table IWB-3410-1 and compatible
with examination detection capabilities demonstrated in
accordance with IWA-2230 or other appropriate
standards.

(c) The flaw depth for statically or centrifugally cast
austenitic stainless steel base metal, dissimilar metal
welds with limited access, stainless steel welds in which
ultrasonic examination cannot be made from the same
side of the weld as the fatigue sensitive location, and
stainless steel piping having corrosion resistant cladding
(CRC) shall be no smaller than the applicable acceptance
standards in Table IWB-3410-1 and compatible with ex-
amination detection capabilities demonstrated in accor-
dance with IWA-2230 or other appropriate standards.

L-3220 FLAW LOCATION AND ORIENTATION

(a) The postulated flaw shall be located on the compo-
nent surface at the location of concern.

(b) The plane of the flaw shall be oriented perpendicu-
lar to the maximum principal stress. When the direction
of the maximum principal stress varies throughout the
stress cycle, the perpendicular direction corresponding
to the point in the cycle where the maximum principal
stress is greatest shall be chosen, and maximum principal
stresses throughout the cycle shall be assumed to act in
this direction.
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Figure L-3110-1
Flowchart for Flaw Tolerance Evaluation
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Table L-3210-1
Ferritic Piping Postulated Equivalent Single Crack Aspect Ratios (a/ )

Δσm /Δσg

[Note (1)]

Nominal Wall Thickness, t , in. (mm)

≤0.218 (5.5) 0.344 (8.7) 0.719 (18.3) 1.125 (28.6) ≥2.125 (54)

0 0.0178 0.0149 0.0078 0.0071 0.0065
0.1 0.0371 0.0307 0.0240 0.0176 0.0146
0.25 0.0578 0.0592 0.0397 0.0280 0.0291
1 0.0606 0.0741 0.0735 0.0629 0.0714
3 0.0637 0.0794 0.0935 0.0917 0.1087
∞ 0.1667 0.1667 0.1667 0.1667 0.1667

GENERAL NOTE: Linear interpolation is permissible.

NOTE:
(1) The membrane‐to‐gradient cyclic stress ratio is stated as follows:

Summation is over all types of transient loading conditions.

Table L-3210-2
Austenitic Piping Postulated Equivalent Single Crack Aspect Ratios (a/ )

Δσm/Δσg

[Note (1)]

Nominal Wall Thickness, t , in. (mm)

≤0.218 (5.5) 0.344 (8.7) 0.719 (18.3) 1.125 (28.6) ≥2.125 (54)

0 0.0105 0.0107 0.0081 0.0082 0.0088
0.1 0.0280 0.0253 0.0265 0.0289 0.0362
0.25 0.0410 0.0446 0.0654 0.0807 0.1667
1 0.0556 0.0833 0.1351 0.1639 0.1667
3 0.0588 0.1031 0.1539 0.1667 0.1667
∞ 0.1667 0.1667 0.1667 0.1667 0.1667

GENERAL NOTE: Linear interpolation is permissible.

NOTE:
(1) The membrane‐to‐gradient cyclic stress ratio is stated as follows:

Summation is over all types of transient loading conditions.
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L-3300 EVALUATION PROCEDURES AND
ALLOWABLE OPERATING PERIOD

The loadings in the Design Specification, plant specific
loading cycles consistent with the plant design and oper-
ating practices, or actual plant operating data, shall be
used, as appropriate, for evaluations in this Subarticle.

L-3310 EVALUATION PROCEDURES AND
ALLOWABLE OPERATING PERIOD FOR
FERRITIC STEEL COMPONENTS 4 in.
(100 mm) OR GREATER IN THICKNESS

L-3311 Evaluation Procedures

(a) Nonmandatory Appendix A analytical procedures
for fatigue crack growth may be used for ferritic steel
components 4 in. (100 mm) or greater in thickness.

(b) The procedures in Article A-5000 may be used to
calculate af and ℓ f for the postulated flaw in L-3200 dur-
ing the evaluation period.

(c) The procedures in Article A-5000 may be used to
calculate the minimum critical flaw sizes ac and ai .

L-3312 Allowable Operating Period

(a) Calculate the operating periods Pn and Po for the
postulated flaw in L-3200 to grow to the allowable flaw
depth corresponding to the acceptance criteria in
IWB-3610(d) or IWB-3613, as appropriate.

(b) The allowable operating period P is equal to the
smaller of Pn or Po in (a).

L-3320 EVALUATION PROCEDURES AND
ALLOWABLE OPERATING PERIOD FOR
FERRITIC STEEL COMPONENTS LESS
THAN 4 in. (100 mm) THICK

These procedures and criteria are in the course of pre-
paration. In the interim, the procedures and criteria of
L-3310 may be applied.

L-3330 EVALUATION PROCEDURES AND
ALLOWABLE OPERATING PERIOD FOR
AUSTENITIC PIPING

L-3331 Evaluation Procedures

(a) Nonmandatory Appendix C analytical procedures
may be used for austenitic stainless steel piping.

(b) The procedures in C-3200 for fatigue crack growth
may be used to calculate af and ℓ f for the postulated flaw
in L-3200 during the evaluation period.

(c) The allowable flaw depths an and ao shall be deter-
mined using the limit load procedures in Article C-5000
or EPFM procedures in Article C-6000 as applicable.

L-3332 Allowable Operating Period
(a) Calculate the operating periods Pn and Po for the

postulated flaw in L-3200 to grow to the allowable flaw
depths defined in L-3331(c).

(b) The allowable operating period P is equal to the
smaller of Pn or Po in (a).

L-3340 EVALUATION PROCEDURES AND
ALLOWABLE OPERATING PERIOD FOR
FERRITIC PIPING

L-3341 Evaluation Procedures
(a) Nonmandatory Appendix C analytical procedures

may be used for ferritic piping.
(b) The procedures in C-3200 for fatigue crack growth

may be used to calculate af and ℓ f for the postulated flaw
in L-3200.

(c) The allowable flaw depths an and ao shall be deter-
mined using the limit load procedures in Article C-5000,
EPFM procedures in Article C-6000, or LEFM procedures
in Article C-7000, as applicable.

L-3342 Allowable Operating Period
(a) Calculate the operating periods Pn and Po for the

postulated flaw in L-3200 to grow to the maximum allow-
able flaw depth defined in L-3341(c).

(b) The allowable operating period P is equal to the
smaller of Pn or Po in (a).

L-3400 EXAMINATION PROVISIONS

L-3410 EXAMINATIONS
(a) The absence of any flaw larger than the applicable

acceptance standard referenced in Table IWB-3410-1, at
the location of concern, shall be verified by surface or vo-
lumetric examination. Otherwise, this Appendix is not ap-
plicable, and the flaw shall be evaluated in accordance
with IWB-3400.

(b) Examinations shall be conducted in accordance
with IWA-2220, IWA-2230, or IWA-2240, as applicable.

L-3420 SUCCESSIVE EXAMINATIONS
The component shall be examined at the location of

concern in accordance with the successive inspection
schedule provisions in Table L-3420-1. The successive in-
spection period shall not exceed that specified in Table
L-3420-1 or IWB-2410.

L-3430 PERSONNEL QUALIFICATIONS
Personnel performing surface or volumetric examina-

tions specified in L-3410 and L-3420 shall be qualified
and certified in accordance with the applicable provisions
of IWA-2300.
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Table L-3420-1
Successive Inspection Schedule

Allowable
Operating

Period, P , yr
[Note (1)] Successive Inspection Provisions

≥ 10 Component locations of concern shall be
examined at the end of each inspection interval
listed in the schedule of inspection programs in
IWB-2410.

< 10 Component locations of concern shall be
examined at the end of P operating years [Note
(2)].

NOTES:
(1) See L-1300.
(2) See L-3312, L-3332, or L-3342.
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ARTICLE L-4000
RECORDS AND REPORTS

L-4100 SCOPE

This Article contains records and report provisions for
evaluations and examinations specified in Article L-2000
and Article L-3000.

L-4200 EVALUATION RECORDS AND
REPORTS

The evaluations specified in Article L-2000 and Article
L-3000 shall be documented.

L-4300 EXAMINATION RECORDS AND
REPORTS

(a) The reporting provisions of the Owner's Activity Re-
port in IWA-6230 shall apply to the examinations speci-
fied in L-3400.

(b) The examination record retention provisions of
IWA-6300 shall apply to the examinations required by
L-3400.

ASME BPVC.XI-2015 NONMANDATORY APPENDIX L

505

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

NONMANDATORY APPENDIX M
APPLYING MATHEMATICAL MODELING TO ULTRASONIC
EXAMINATION OF PRESSURE-RETAINING COMPONENTS

ARTICLE M-1000
INTRODUCTION

M-1100 SCOPE

This Appendix provides criteria for validation of math-
ematical models used to predict equivalence in examina-
tion coverage and misorientation angle. This Article will
ensure that extensions of examination procedures, based

upon predictions of a mathematical model, to geometries
not specifically addressed in performance demonstra-
tions by the ultrasonic system, are valid. This Nonmanda-
tory Appendix provides guidance. However, if used, all
provisions of the appendix are mandatory.
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ARTICLE M-2000
VALIDATION OF MATHEMATICAL MODELS

M-2100 APPLICABILITY OF MODEL

The mathematical model shall have a statement of
scope that defines the limits of applicability of the model,
e.g., the model applies to nozzle geometries that involve a
cylinder intersecting a cylinder or a cylinder intersecting
a hemispherical head.

M-2200 MODEL VERIFICATION

The mathematical model shall be tested to verify its
capability to produce valid results for the range of per-
mitted usage defined by the Scope. The verification pro-
cess shall be control led by the Owner ’s quality
assurance program. The verification process for the mod-
el shall include test results from at least one of the follow-
ing testing methods:

(a) analysis without computer assistance, e.g., hand
calculations

(b) calculations using other validated, proven computer
programs, if available

(c) experiments and tests
(d) standard problems with known solutions

In addition, confirmed published data, information, and
correlations may be used.

M-2300 DOCUMENTATION

The verification test problems and results developed in
accordance with M-2200 shall be documented.

M-2400 VERIFICATION FREQUENCY

Verification testing shall be performed whenever
changes are made to the computer program or when sig-
nificant hardware or operating system configuration
changes are made.

M-2500 MATHEMATICAL MODEL
ACCEPTANCE

The mathematical model shall be considered accept-
able when the test problems included in the verification
process agree with known solutions within the greater
of 1 in. (25 mm) or 10% of the metal path.
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NONMANDATORY APPENDIX N
WRITTEN PRACTICE DEVELOPMENT FOR QUALIFICATION AND

CERTIFICATION OF NDE PERSONNEL

ARTICLE N-1000
SCOPE

This Nonmandatory Appendix provides information
which may be useful in preparation of written practice
documents in accordance with IWA-2300. This Nonman-
datory Appendix provides guidance; consequently, it
may be used in whole or in part.
Changes to the personnel qualification and certification

references of IWA-2300 may require changes to the em-
ployer’s written practice when implementing the require-
ments of this Division. Table N‐1000 summarizes the
significant requirements of the references.

(a) SNT‐TC‐1A, 1984 Edition (SNT 1984)
(b) CP‐189, 1991 Edition
(c) CP‐189, 1995 Edition
Table N-1000-1 also includes a summary of require-

ments of SNT‐TC‐1A, 1992 (SNT 1992) Edition, which
has been referenced by Section III, and a summary of re-
lated requirements of Mandatory Appendix VII for
comparison.
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Table N-1000-1
Selected Personnel Qualification Requirements from Referenced Sources

Requirement SNT 1984 SNT 1992 CP‐189‐1991 CP‐189‐1995
Sec. XI–1998 Ed. w/

2000 Addenda
Sec. XI–2001 Ed. w/

2003 Addenda

Min. Education
for Level I/II

Grammar School High School (or equiv.) n/a n/a No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 Addenda

NDE Instructor n/a n/a Four options for qualification Four options for qualification No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 Addenda

ET Training Hours Level I/II Hours Level I/II Hours Level I/II Hours Level I/II No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 AddendaGS HS 2CL HS 2CL … …

48/24
8/12

8/8
40/40

24/24
12/40

12/40

ET Experience Level I Level II Level I Level II Level I (hr) Level II (hr) Level 1 (hr) Level II (hr) IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 Addendamonths months months months Meth-

od
Total Meth-

od
Total Meth-

od
Total Meth-

od
Total

1 9 1 9 65 130 600 1200 65 130 600 1200

MT Training Hours Level I/II Hours Level I/II Hours Level I/II Hours Level I/II IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 AddendaGS HS 2CL HS 2CL … …

24/16
12/8

8/4
12/8

8/4
12/8

12/8

MT Experience Level I Level II Level I Level II Level I (hr) Level II (hr) Level I (hr) Level II (hr) IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 Addendamonths months months months Meth-

od
Total Meth-

od
Total Meth-

od
Total Meth-

od
Total

1 3 1 3 65 130 200 400 65 130 200 400

PT Training Hours Level I/II Hours Level I/II Hours Level I/II Hours Level I/II IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 AddendaGS HS 2CL HS 2CL … …

12/16
4/8

4/4
4/8

4/4
8/8

8/8

PT Experience Level I Level II Level I Level II Level I (hr) Level II (hr) Level I (hr) Level II (hr) IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 Addendamonths months months months Meth-

od
Total Meth-

od
Total Meth-

od
Total Meth-

od
Total

1 2 1 9 35 130 135 270 35 130 135 270

RT Training Hours Level I/II Hours Level I/II Hours Level I/II Hours Level I/II IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 AddendaGS HS 2CL HS 2CL … …

88/80
39/40

29/35
39/40

29/35
39/40

40/40

RT Experience Level I Level II Level I Level II Level I (hr) Level II (hr) Level I (hr) Level II (hr) IWA-2300 references
CP‐189‐1995

No change from 1998 Ed.
w/2000 Addendamonths months months months Meth-

od
Total Meth-

od
Total Meth-

od
Total Meth-

od
Total

3 9 3 9 200 400 600 1200 200 400 600 1200

A
SM

E
B
P
V
C
.X
I-2

0
1
5

N
O
N
M
A
N
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A
T
O
R
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A
P
P
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N
D
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Table N-1000-1
Selected Personnel Qualification Requirements from Referenced Sources (Cont'd)

Requirement SNT 1984 SNT 1992 CP‐189‐1991 CP‐189‐1995
Sec. XI–1998 Ed. w/

2000 Addenda
Sec. XI–2001 Ed. w/

2003 Addenda

UT Training Hours Level I/II Hours Level I/II Hours Level I/II Hours Level I/II No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 AddendaGS HS 2CL HS 2CL … …

40/80
40/40

24/40
40/40

30/40
40/40

40/40

… … … … … … … 8 Hours Annual Practice
[Note (4)]

No change from 1998 Ed.
w/2000 Addenda

UT Experience Level I Level II Level I Level II Level I (hr) Level II (hr) Level I (hr) Level II (hr) No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 Addendamonths months months months Meth-

od
Total Meth-

od
Total Meth-

od
Total Meth-

od
Total

3 9 3 9 200 400 600 1200 200 400 600 1200

VT Training No Rules Provided: IWA-2300,
required qualification
comparable to SNT‐TC‐1A

Hours Level I/II No Rules Provided:
IWA-2300, requires
qualification comparable to
CP‐189 for other methods

Hours Level I/III IWA-2300, requires
CP‐189‐1995 for
combined VT‐1,2,3
qualification: only one
VT type is a limited
cert per IWA-2350;

No change from 1998 Ed.
w/2000 AddendaHS 2CL …

8/16
4/8

8/12

VT Experience No Rules Provided: IWA-2300,
required qualification
comparable to SNT‐TC‐1A

Level I Level II No Rules Provided:
IWA-2300, requires
qualification comparable to
CP‐189 for other methods

Level I (hr) Level I (hr) also provided are
alternate qualification
requirements for VT‐2
(IWA-2316) and VT‐3
(IWA-2317)

No change from 1998 Ed.
w/2000 Addendamonths months Meth-

od
Total Meth-

od
Total

1 2 65 130 130 270

Level III
Education,
Experience

4 yr college, 1 yr exper. or 2 yr
college, 2 yr exper. or 4 yr
exp.

4 yr college, 1 yr exper.
or 2 yr college, 2 yr
exper. or 4 yr exp.

No specific education,
experience requirements —
but current ASNT Level III
Certificate is required

No specific education,
experience requirements —
but current ASNT Level III
Certificate is required

IWA-2300 references
CP‐189‐1995, but
does not require
ASNT Level III
Certificate

No change from 1998 Ed.
w/2000 Addenda

Level II
Examinations

General, Specific, & Practical General, Specific, &
Practical

General, Specific, & Practical
(2 sam.); (note 10 extra
questions required on ET
Level II Specific)

General, Specific, & Practical
(2 samples)

IWA-2300 references
CP‐189‐1995

IWA-2300 references
CP‐189‐1995, but
ACCP satisfies the
general and practical
examination

Level III
Examination

Employer may waive Examination Required:
Basic, Method,
Specific

Examination Required: Basic,
Method (ASNT), Specific,
Practical, & Demonstration
(note 10 extra questions on
the Level III Specific)

Examination Required: Basic,
Method (ASNT), Specific,
Practical, & Demonstration

No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 Addenda

Grading of
Examinations
(Employer)

70% each part, 80% composite
— Weighting Factors
Allowed

70% each part, 80%
composite — Simple
Average Required

70% each part, 80%
composite — Simple
Average Required

70% each part, 80%
composite — Simple
Average Required

No change from 1995
Ed. w/1996 Addenda

No change from 1998 Ed.
w/2000 Addenda

Written Practice Required Required Required Required Required Required or use ACCP
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Table N-1000-1
Selected Personnel Qualification Requirements from Referenced Sources (Cont'd)

NOTES:
(1) Education: GS ‐ grammar school, HS ‐ high school, 2CL ‐ 2 yr college.
(2) For college credit, education must be in engineering or science.
(3) IWA-2300 allows employer‐administered Basic and Method exams in lieu of an ASNT Level III Certificate.
(4) The 10 hr annual training requirement was changed to 8 hours annual practice in the 1999 Addenda (VII-4240).
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ARTICLE N-2000
ITEMS ADDRESSED BY THE WRITTEN PRACTICE

A comprehensive written practice prepared to imple-
ment the requirements of this Division should address
the following:
(a) levels of qualification
(b) vision test requirements
(c) training course content
(d) required training time

(e) experience time
(f) administration and grading of examinations
(g) requirements for initial certification
(h) requirements for recertification
(i) revocation and suspension of certification
(j) reinstatement of certification
(k) limited certification
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NONMANDATORY APPENDIX O
EVALUATION OF FLAWS IN PWR REACTOR VESSEL HEAD

PENETRATION NOZZLES

ARTICLE O-1000
INTRODUCTION

O-1100 SCOPE

(a) This Nonmandatory Appendix provides a method
for determining the acceptability for continued service
of pressurized water reactor vessel head penetration noz-
zles. The evaluation methodology is based on the conclu-
sion that head penetration nozzles are ductile materials,
where the ability to reach limit load is assured. Flaws
shall be evaluated by comparing the maximum flaw di-
mensions determined by flaw growth analysis with the
maximum allowable flaw dimensions at the end of a se-
lected evaluation period. Evaluations performed using
this Nonmandatory Appendix shall meet all the require-
ments of the Appendix.

(b) This Nonmandatory Appendix provides rules for
flaw modeling and evaluation. Flaw growth analysis is
based on growth due to fatigue, stress corrosion cracking
(SCC), or both, as appropriate to the flaw under evalua-
tion. The flaw acceptance criteria of IWB-3660 provide
a structural margin on failure for plastic limit load. The
criteria may be used to determine the acceptability of
flawed head penetration nozzles for continued service un-
til the next inspection, or conversely, to determine the
time interval until a subsequent inspection.

O-1200 PROCEDURE

The following is a summary of the analytical procedure.
(a) Determine the actual flaw configuration from the

measured flaw in accordance with Article IWA-3000.
(b) Using Article O-2000, resolve the actual flaw into

circumferential and axial flaw components.
(c) Determine the stresses at the location of the de-

tected flaw for Service Levels A and B conditions includ-
ing weld residual stresses. For weld residual stresses,
the reported yield strength of the head penetration nozzle
at room temperature shall be used, if known. If not
known, a yield strength of 64 ksi (441 MPa) shall be used.
Code minimum values for the nozzle material shall not be
used when determining the weld residual stress.

(d) Using the analytical procedures described in Article
O-3000, determine the flaw parameters af and ℓ f .

(e) Using the flaw parameters af and ℓ f apply the eva-
luation criteria of IWB-3660 to determine the acceptabil-
ity of the flawed nozzle for continued service.
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ARTICLE O-2000
FLAW MODEL FOR ANALYSIS

O-2100 SCOPE

This Article provides criteria for flaw shape, considera-
tion of multiple flaws, flaw orientation, and flaw location,
which are used in the comparison with the allowable flaw
size.

O-2200 FLAW SHAPE

The flaw shall be completely bounded by a rectangular
or circumferential planar area in accordance with the
methods described in IWA-3300. Figures O-2200-1 and
O-2200-2 illustrate flaw characterization for circumferen-
tial and axial flaws.

O-2300 PROXIMITY TO CLOSEST FLAW

For multiple neighboring flaws, if the shortest distance
between the boundaries of two neighboring flaws is with-
in the proximity limits specified in IWA-3300, the neigh-
boring flaws shall be bounded by a single rectangular or
circumferential planar area in accordance with
IWA-3300.

O-2400 FLAW ORIENTATION

Flaws that do not lie in either an axial 56 or a
circumferential57 plane shall be projected into these
planes in accordance with the provisions of IWA-3340.
The axial and circumferential flaws obtained by these
projections shall be evaluated separately in accordance
with Article O-3000.

O-2500 FLAW LOCATION

For the purpose of analysis, the flaw shall be consid-
ered in its actual location. The applicable stress, including
weld residual stress, shall be determined at this location.
Surface or subsurface flaw characterizations shall be
used, depending on the type of flaw. If the flaw is subsur-
face but within the proximity limit of IWA-3340 of the
surface of the component, the flaw shall be considered a
surface flaw and bounded by a rectangular or circumfer-
ential planar area with the base on the surface.

Figure O-2200-1
Flaw Characterization— Circumferential Flaws
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Figure O-2200-2
Flaw Characterization — Axial Flaws
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ARTICLE O-3000
ANALYSIS

O-3100 SCOPE

This Article provides the methodology for evaluation
and describes the procedures to determine the flaw size
at the end of the evaluation period.

O-3200 FLAW GROWTH ANALYSIS

(a) The maximum depth af and the maximum length ℓ f

to which the detected flaw will grow in the plane of the
flaw by the end of the evaluation period shall be deter-
mined. This Article describes the procedures for the flaw
growth analysis.

(b) Crack growth in austenitic head penetration nozzles
can be due to cyclic fatigue flaw growth, SCC under sus-
tained load, or a combination of both. Flaw growth analy-
sis shall be performed for normal operating conditions, as
defined in A-5200 of Nonmandatory Appendix A. Flaw
growth is governed by the applied stress intensity factor.

O-3210 STRESS INTENSITY FACTOR
DETERMINATION

(a) Because the total stresses in this region are typically
nonlinear, it is recommended that the distribution be fit
to a polynomial, as shown in eq. (1).

ð1Þ

where

Ai = coefficients of the polynomial fit
x = the coordinate distance into the nozzle wall
σ = stress perpendicular to the plane of the crack that

produces the maximum KI along the crack tip

The following general expression is used to determine
the stress intensity factor, KI , along the crack front for a
surface flaw with the m th order polynomial stress distri-
bution. This general expression uses the influence coeffi-
cients, Gj , and shape factor, Q , which may be determined
using the procedure defined in Article A-3000. Alternative
procedures may be used to determine the influence coef-
ficients and shape factor. The technical basis for the influ-
ence coefficients and shape factor used to calculate the
stress intensity factor shall be documented.

ð2Þ

where

a = crack depth
c = half‐crack length
Gj = influence coefficients
m = polynomial order for defined stress distribution
Q = shape factor
R = inside radius of the nozzle
t = wall thickness

(b) Other methods may be used to calculate the stress
intensity factor when technical ly just i f ied and
documented.

O-3220 FLAW GROWTH DUE TO FATIGUE

(a) The fatigue crack growth rate of Alloy 600 material
in PWR environments can be characterized in terms of
the range of the applied stress intensity factor, KI . This
characterization is of the form:

ð3Þ

where n and Co are constants dependent on the material
and environmental conditions. These parameters are
based on crack growth data obtained from specimens of
the same material specification and product form, or sui-
table alternative. Material variability, environment, test
frequency, mean stress, and other variables that affect
the data shall be considered.
(b) The fatigue crack growth behavior of Alloy 600 ma-

terials is affected by temperature, R ratio (Kmin ./Kmax . ),
and environment. Reference fatigue crack growth rates
for PWR water environments are given in Nonmandatory
Appendix C, C-8411.
(c) To determine the maximum potential for fatigue

flaw growth of the detected flaw during normal operating
conditions, a cumulative fatigue flaw growth study of the
nozzle shall be performed. The design transients pre-
scribed in the system Design Specification that apply dur-
ing the evaluation period shall be included. Each transient
shall be considered in approximate chronological order as
follows.

(1) Determine ΔK , the maximum range of KI fluctua-
tion asociated with the transient.
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(2) Find the incremental flaw growth corresponding
to ΔK from the fatigue flaw growth rate data.

(3) Update the flaw size and proceed to the next
transient.

(d) The above procedure, after all transients have been
considered, yields the final flaw size, af and ℓ f at the end
of the evaluation period, considering fatigue crack growth
alone.

O-3230 FLAW GROWTH DUE TO STRESS
CORROSION CRACKING

(a) Flaw growth due to SCC is a function of the material
condition, environment, the stress intensity factor due to
sustained loading, and the total time that the flaw is ex-
posed to the environment under sustained loading. The
procedure for computing SCC flaw growth is based on ex-
perimental data relating the flaw growth rate (da/dt) to
the sustained load stress intensity factor KI . Sustained
loads resulting from pressure and steady state thermal
stresses, as well as weld residual stresses, shall be in-
cluded. The procedure used for determining the cumula-
tive flaw growth is as follows.

(1) Determine the stress intensity factor KI for a gi-
ven steady state stress condition. For an axially oriented
flaw, use the hoop stress through-thickness distribution
along the flaw length that produces the maximum KI at
the deepest point.

(2) Calculate the incremental growth of the flaw
depth and length corresponding to the period for which
the steady state stress is applied. This can be obtained
from the relationship between da/d t and K I . A suffi-
ciently small time interval shall be selected to ensure that
the flaw size and the associated KI value do not change
significantly during this interval. Alternatively, the flaw
length may be determined by maintaining a fixed flaw

aspect ratio, α/ℓ, equal to the original flaw aspect ratio,
and all of the length change shall be added at the flaw
end with the highest stress.

(3) Update the flaw size.
(4) Continue the flaw growth analysis for the period

during which the stress exists until the end of the evalua-
tion period.

(b) The above procedure yields the final flaw size, a f

and ℓ f , at the end of the evaluation period, considering
SCC flaw growth alone.

(c) Reference SCC growth rates for Alloy 600 material
in PWR water environments are given in Nonmandatory
Appendix C, C-8511.

For calculation of crack growth from the outside sur-
face of the nozzle, in the annulus region between the noz-
zle and the head, a factor of two shall be applied to the
crack growth rate above.

O-3240 FLAWGROWTH DUE TO A COMBINATION
OF FATIGUE AND SCC

When the service loading and the material and environ-
mental conditions are such that the flaw is subjected to
both fatigue and SCC growth, the final flaw size a f and
ℓ f are obtained by adding the increments in flaw size
due to fatigue and SCC computed in accordance with the
procedures described above. The cyclic loads shall be con-
sidered in approximately chronological order.

O-3300 EVALUATION

The allowable end‐of‐evaluation period flaw sizes are
provided in Table IWB-3663-1. The allowable flaw sizes
specified in these tables are independent of the applied
stress level.
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NONMANDATORY APPENDIX P
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS IN

THE ASME BOILER AND PRESSURE VESSEL CODE

P-1100 USE OF UNITS IN EQUATIONS

The equations in this Nonmandatory Appendix are sui-
table for use with either the U.S. Customary or the SI units
provided in Mandatory Appendix X, or with the units pro-
vided in the nomenclature associated with that equation.
It is the responsibility of the individual and organization
performing the calculations to ensure that appropriate
units are used. Either U.S. Customary or SI units may be
used as a consistent set. When necessary to convert from
one system of units to another, the units shall be conver-
tedto at least three significant figures for use in calcula-
tions and other aspects of construction.

P-1200 GUIDELINES USED TO DEVELOP SI
EQUIVALENTS

The following guidelines were used to develop SI
equivalents:

(a) SI units are placed in parentheses after the U.S. Cus-
tomary units in the text.

(b) In general, separate SI tables are provided if inter-
polation is expected. The table designation (e.g., table
number) is the same for both the U.S. Customary and SI
tables, with the addition of suffix “M” to the designator
for the SI table, if a separate table is provided. In the text,
references to a table use only the primary table number
(i.e., without the “M”). For some small tables, where inter-
polation is not required, SI units are placed in parenth-
eses after the U.S. Customary unit.

(c) Separate SI versions of graphical information
(charts) are provided, except that if both axes are dimen-
sionless, a single figure (chart) is used.

(d) In most cases, conversions of units in the text were
done using hard SI conversion practices, with some soft
conversions on a case‐by‐case basis, as appropriate. This
was implemented by rounding the SI values to the num-
ber of significant figures of implied precision in the exist-
ing U.S. Customary units. For example, 3,000 psi has an
implied precision of one significant figure. Therefore,
the conversion to SI units would typically be to
20 000 kPa. This is a difference of about 3% from the “ex-
act” or soft conversion of 20 684.27 kPa. However, the
precision of the conversion was determined by the Com-
mittee on a case‐by‐case basis. More significant digits

were included in the SI equivalent if there was any ques-
tion. The values of allowable stress in Section II, Part D
generally include three significant figures.
(e) Minimum thickness and radius values that are ex-

pressed in fractions of an inch were generally converted
according to the following table:

Fraction, in.
Proposed SI

Conversion, mm Difference, %
1/32 0.8 −0.8
3/64 1.2 −0.8
1/16 1.5 5.5
3/32 2.5 −5.0
1/8 3 5.5
5/32 4 −0.8
3/16 5 −5.0
7/32 5.5 1.0
1/4 6 5.5
5/16 8 −0.8
3/8 10 −5.0
7/16 11 1.0
1/2 13 −2.4
9/16 14 2.0
5/8 16 −0.8

11/16 17 2.6
3/4 19 0.3
7/8 22 1.0
1 25 1.6

(f) For nominal sizes that are in even increments of
inches, even multiples of 25 mm were generally used. In-
termediate values were interpolated rather than convert-
ing and rounding to the nearest millimeter. See examples
in the following table. [Note that this table does not apply
to nominal pipe sizes (NPS), which are covered below.]

Size, in. Size, mm

1 25
11/8 29
11/4 32
11/2 38
2 50
21/4 57
21/2 64
3 75
31/2 89
4 100
41/2 114
5 125
6 150
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Table continued

Size, in. Size, mm

8 200

12 300

18 450

20 500

24 600

36 900

40 1 000

54 1 350

60 1 500

72 1 800

Size or Length,
ft

Size or
Length,

m

3 1

5 1.5

200 60

(g) For nominal pipe sizes, the following relationships
were used:

U.S.
Customary
Practice SI Practice

U.S.
Customary
Practice SI Practice

NPS 1/8 DN 6 NPS 20 DN 500
NPS 1/4 DN 8 NPS 22 DN 550
NPS 3/8 DN 10 NPS 24 DN 600
NPS 1/2 DN 15 NPS 26 DN 650
NPS 3/4 DN 20 NPS 28 DN 700
NPS 1 DN 25 NPS 30 DN 750
NPS 11/4 DN 32 NPS 32 DN 800
NPS 11/2 DN 40 NPS 34 DN 850
NPS 2 DN 50 NPS 36 DN 900
NPS 21/2 DN 65 NPS 38 DN 950
NPS 3 DN 80 NPS 40 DN 1000
NPS 31/2 DN 90 NPS 42 DN 1050
NPS 4 DN 100 NPS 44 DN 1100
NPS 5 DN 125 NPS 46 DN 1150
NPS 6 DN 150 NPS 48 DN 1200
NPS 8 DN 200 NPS 50 DN 1250
NPS 10 DN 250 NPS 52 DN 1300
NPS 12 DN 300 NPS 54 DN 1350
NPS 14 DN 350 NPS 56 DN 1400
NPS 16 DN 400 NPS 58 DN 1450
NPS 18 DN 450 NPS 60 DN 1500

(h) Areas in square inches (in.2) were converted to
square millimeters (mm ), and areas in square feet (ft )2 2

were converted to square meters (m ). See examples in the2

following table:

Area (U.S. Customary) Area (SI)

1 in.2 650 mm2

6 in.2 4 000 mm2

10 in.2 6 500 mm2

5 ft2 0.5 m2

(i) Volumes in cubic inches (in.3) were converted to cu-
bic millimeters (mm3) and volumes in cubic feet (ft3)
were converted to cubic meters (m3). See examples in
the following table:

Volume (U.S.
Customary) Volume (SI)

1 in.3 16 000 mm3

6 in.3 100 000 mm3

10 in.3 160 000 mm3

5 ft3 0.14 m3

(j) Although the pressure should always be in MPa for
calculations, there are cases where other units are used in
the text. For example, kPa is used for small pressures.
Also, rounding was to one significant figure (two at the
most) in most cases. See examples in the following table.
(Note that 14.7 psi converts to 101 kPa, while 15 psi con-
verts to 100 kPa. While this may seem at first glance to be
an anomaly , i t is consistent with the rounding
philosophy.)

Pressure (U.S.
Customary) Pressure (SI)

0.5 psi 3 kPa
2 psi 15 kPa
3 psi 20 kPa
10 psi 70 kPa
14.7 psi 101 kPa
15 psi 100 kPa
30 psi 200 kPa
50 psi 350 kPa
100 psi 700 kPa
150 psi 1 MPa
200 psi 1.5 MPa
250 psi 1.7 MPa
300 psi 2 MPa
350 psi 2.5 MPa
400 psi 3 MPa
500 psi 3.5 MPa
600 psi 4 MPa
1,200 psi 8 MPa
1,500 psi 10 MPa

(k) Material properties that are expressed in psi or ksi
(e.g., allowable stress, yield and tensile strength, elastic
modulus) were generally converted to MPa to three sig-
nificant figures. See example in the following table:

Strength (U.S.
Customary)

Strength
(SI)

95,000 psi 655 MPa

(l) In most cases, temperatures (e.g., for PWHT) were
rounded to the nearest 5°C. Depending on the implied
precision of the temperature, some were rounded to the
nearest 1°C or 10°C or even 25°C. Temperatures colder
than 0°F (negative values) were generally rounded to

ASME BPVC.XI-2015 NONMANDATORY APPENDIX P

519

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



the nearest 1°C. The examples in the table below were
created by rounding to the nearest 5°C, with one
exception:

Temperature, °F Temperature, °C

70 20
100 38
120 50
150 65
200 95
250 120
300 150
350 175
400 205
450 230
500 260
550 290
600 315
650 345
700 370
750 400
800 425
850 455
900 480
925 495
950 510
1,000 540
1,050 565
1,100 595
1,150 620
1,200 650
1,250 675
1,800 980
1,900 1 040
2,000 1 095
2,050 1 120

P-1300 SOFT CONVERSION FACTORS

The following table of “soft” conversion factors is pro-
vided for convenience. Multiply the U.S. Customary value
by the factor given to obtain the SI value. Similarly, divide

the SI value by the factor given to obtain the U.S. Custom-
ary value. In most cases it is appropriate to round the an-
swer to three significant figures.

U.S.
Customary SI Factor Notes

in. mm 25.4 …
ft m 0.3048 …
in.2 mm2 645.16 …
ft2 m2 0.09290304 …
in.3 mm3 16,387.064 …
ft3 m3 0.02831685 …
U.S. gal. m3 0.003785412 …
U.S. gal. liters 3.785412 …
psi MPa/(N/mm2) 0.0068948 Used exclusively

in equations
psi kPa 6.894757 Used only in text

and for
nameplate

psi bar 0.06894757 …
ft-lb J 1.355818 …
°F °C 5/9 × (°F −

32)
Not for

temperature
difference

°F °C 5/9 × °F For temperature
differences
only

°R K 5/9 Absolute
temperature

lbm kg 0.4535924 …
lbf N 4.448222 …
in.-lb N·mm 112.98484 Use exclusively

in equations
ft-lb N·m 1.3558181 Use only in text

1.0988434 …

Btu/hr W 0.2928104 Use for boiler
rating and
heat transfer

lb/ft3 kg/m3 16.018463 …
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NONMANDATORY APPENDIX Q
WELD OVERLAY REPAIR OF CLASSES 1, 2, AND 3 AUSTENITIC

STAINLESS STEEL PIPING WELDMENTS

ARTICLE Q-1000
SCOPE

This Nonmandatory Appendix provides an alternative
to the requirements of IWA-4420, IWA-4520, IWA-4530,
and IWA-4600 for making repairs to, and subsequent ex-
amination of Class 1, 2, and 3 austenitic stainless steel
pipe weldments by deposition of weld reinforcement
(weld overlay) on the outside surface of the pipe. If used,

all provisions of this Nonmandatory Appendix are manda-
tory. After a weld overlay has been installed in accor-
dance with this Nonmandatory Appendix, the inservice
examinations identified in Q-4300 shall be performed as
long as the repair remains part of the pressure boundary.
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ARTICLE Q-2000
PREREQUISITES

(a) Reinforcement weld metal shall be low carbon
(0.035% max.) austenitic stainless steel applied 360 deg
around the circumference of the pipe, and shall be depos-
ited using a Welding Procedure Specification for groove
welding, qualified in accordance with the Construction
Code and Owner’s Requirements and identified in the Re-
pair/Replacement Plan.
(b) Prior to deposition of the weld reinforcement, the

surface to be repaired shall be examined by the liquid pe-
netrant method. Indications greater than 1/16 in. (1.5 mm)
shall be removed, reduced in size, or corrected in accor-
dance with the following requirements, prior to applica-
tion of weld reinforcement. One or more layers of weld
metal shall be applied to seal unacceptable indications
in the area to be repaired with or without excavation.
The thickness of these layers shall not be used in meeting
weld reinforcement design thickness requirements. Peen-
ing the unaceptable indication prior to welding is
permitted.

(c) If correction of indications in (b) is required, the
area where the weld reinforcement is to be deposited, in-
cluding any local repairs or initial weld overlay layers,
shall be examined by the liquid penetrant method. The
area shall contain no indications greater than /1 16  
(1.5 mm) prior to the application of the structural layers
of the weld overlay.

(d) The weld reinforcement shall consist of at least two
weld layers having as‐deposited delta ferrite content of at
least 7.5 FN. The first layer of weld metal with delta fer-
rite content of at least 7.5 FN shall constitute the first
layer of the weld reinforcement that may be credited to-
ward the required thickness. Alternatively, first layers
of at least 5 FN are acceptable, provided the carbon con-
tent of the deposited weld metal is determined by chem-
ical analysis to be less than 0.02%.

(e) The submerged arc welding method shall not be
used for weld overlays.
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ARTICLE Q-3000
DESIGN CONSIDERATIONS

Design of the weld reinforcement shall provide access
for the examinations required by Article Q-4000 and shall
be in accordance with (a) and (b).

(a) Flaw characterization and evaluation requirements
shall be based on the as‐found flaw. However, the size of
the as‐found flaws shall be projected to the end of design
life of the overlay. Crack growth, including stress corro-
sion cracking and fatigue crack growth, shall be evaluated
using IWB-3640.

(1) For determining the combined length of circum-
ferential flaws, multiple flaws shall be treated as one flaw
of length equal to the sum of the lengths of the individual
flaws characterized in accordance with IWA-3300.

(2) For circumferentially‐oriented flaws, when the
combined length is greater than 10% of the pipe circum-
ference, the flaws shall be assumed to be 100% through
the original pipe wall thickness for the entire circumfer-
ence of the pipe.

(3) For circumferentially‐oriented flaws, when the
combined length does not exceed 10% of the pipe circum-
ference, the flaws shall be assumed to be 100% through
the original pipe wall thickness for a circumferential
length equal to the combined length of the flaws.

(4) For axial flaws 1.5 in. (38 mm) or longer, or for
five or more axial flaws of any length, the flaws shall be
assumed to be 100% through the original pipe wall thick-
ness for the entire axial length of the flaw for the entire
circumference of the pipe.

(5) For weldments with four or fewer axial flaws,
each shorter than 1.5 in. (38 mm), and no circumferential
flaws, the weld reinforcement shall satisfy the require-
ments of Q-2000(d). No additional structural reinforce-
ment is required. The axial length of the overlay shall
cover the weldment and the heat-affected zones, and shall
extend at least 1/2 in. (13 mm) beyond the ends of the ob-
served flaws. The requirements of (b)(1), (b)(3), and
(b)(4) need not be met.

(b) The design of the weld overlay shall satisfy the fol-
lowing, using the assumptions and flaw characterization
restrictions in (a). The design analysis required by (1)
through (4) shall be completed in accordance with
IWA-4311.

(1) The axial length and end slope of the weld overlay
shall cover the weldment and the heat-affected zones on
each side of the weldment, and shall provide for load re-
distribution from the pipe into the weld overlay and back
into the pipe without violating applicable stress limits for
primary local and bending stresses and secondary and
peak stresses, as required by the Construction Code.
Any laminar flaws in the weld overlay shall be evaluated
in the analysis to ensure that load redistribution complies
with the preceding information. These requirements will
usually be satisfied if the overlay full thickness length ex-
tends axially beyond the projected flaw by at least 3/4 ,
where R is the outer radius of the pipe and t is the nom-
inal wall thickness of the pipe.

(2) Unless specifically analyzed in accordance with
(b)(1), the end transition slope of the overlay shall not ex-
ceed 45 deg . A s lope of not more than 1 :3 i s
recommended.

(3) The overlay design thickness of items meeting
(a)(2), (a)(3), or (a)(4) shall be based on the measured
diameter, using the thickness of the weld overlay as re-
stricted by Q-2000(d). The wall thickness at the weld
overlay, any planar flaws in the weld overlay, and the ef-
fects of any discontinuity (e.g., another weld overlay or
reinforcement for a branch connection) within a distance
of 2.5 from the toes of the weld overlay, shall be
eva luated and shal l meet the requirements of
IWB-3640, IWC-3640, or IWD-3640, as applicable.

(4) The effects of any changes in applied loads, as a
result of weld shrinkage, on existing flaws previously ac-
cepted by analytical evaluation shall be evaluated in ac-
cordance with IWB-3640, IWC-3640, or IWD-3640, as
applicable.
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ARTICLE Q-4000
EXAMINATION AND TESTING

Ultrasonic examination personnel shall be certified in
accordance with the Owner’s written practice. Procedures
and personnel shall be qualified in accordance with Man-
datory Appendix VIII.

Q-4100 EXAMINATION

(a) The weld overlay shall have a surface finish of
250 µin. (6.3 µm) RMS or better and a flatness sufficient
to allow for adequate examination in accordance with
procedures qualified in accordance with Mandatory
Appendix VIII. The weld overlay shall be examined to ver-
ify acceptable configuration.

(b) The weld overlay and the adjacent base material for
at least 1/2 in. (13 mm) from each side of the weld shall be
examined using the liquid penetrant method. The weld
overlay shall satisfy the surface examination acceptance
criteria for welds of the Construction Code or NB‐5300.
The adjacent base metal shall satisfy the surface examina-
tion acceptance criteria for base material of NB‐2500.

(c) The examination volume in Figure Q-4100-1 shall
be ultrasonically examined to assure adequate fusion
(i.e., adequate bond) with the base metal and to detect
welding flaws such as interbead lack of fusion, inclusions,
or cracks. Planar flaws in Class 1 piping shall meet the
preservice examination standards of Table IWB-3514-1,
and planar flaws in Class 2 or 3 piping shall meet the pre-
service examination standards of Table IWC-3514-1. La-
minar flaws shall meet the following:

(1) Laminar flaws shall meet the acceptance stan-
dards of Table IWB-3514-3.

(2) The reduction in coverage of the examination vol-
ume in Figure Q-4300-1, due to laminar flaws, shall be
less than 10%. The dimensions of the uninspectable vol-
ume are dependent on the coverage achieved with the an-
gle beam examination of the overlay.

(3) Any uninspectable volume in the weld overlay
shall be assumed to contain the largest radial planar flaw
that could exist within that volume. This assumed flaw
shall meet the inservice examination standards of Table
IWB-3514-1 for Class 1 piping or Table IWC-3514-1 for
Class 2 or 3 piping. Alternatively, the assumed flaw shall
meet the requirements of IWB-3640, IWC-3640, or
IWD-3640, as applicable. Both axial and circumferential
planar flaws shall be assumed.

(4) As an alternative to (3), radiography in accor-
dance with the Construction Code shall be used to exam-
ine the uninspectable volume. The radiographic
acceptance criteria of the Construction Code shall apply.
(d) After completion of all welding activities, affected

restraints, supports, and snubbers shall be VT‐3 visually
examined to verify that design tolerances are met.

Q-4200 PRESERVICE INSPECTION

(a) The examination volume in Figure Q-4300-1 shall
be ultrasonically examined. The angle beam shall be di-
rected perpendicular and parallel to the pipe axis, with
scanning performed in four directions to locate and size
cracks that have propagated into the upper 25% of the
pipe base material or into the overlay.
(b) For Class 1 piping, the preservice examination ac-

ceptance standards of Table IWB-3514-1 shall be satis-
fied, and for Class 2 or 3 piping, the preservice
examination acceptance standards of Table IWC-3514-1
shall be satisfied for the weld overlay. Cracks in the outer
25% of the pipe base metal shall meet the design analysis
requirements of Article Q-3000.

Q-4300 INSERVICE INSPECTION

(a) The weld overlay examination volume in Figure
Q-4300-1 shall be added to the inspection plan and shall
be ultrasonically examined during the first or second re-
fueling outage following application.
(b) The weld overlay examination volume in Figure

Q-4300-1 shall be ultrasonically examined to determine
if any new or existing cracks have propagated into the
upper 25% of the pipe base material or into the overlay.

Figure Q-4100-1
Examination Volume

CD

B

Examination Volume A–B–C–D

A

t
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The angle beam shall be directed perpendicular and par-
allel to the pipe axis, with scanning performed in four
directions.

(c) For Class 1 piping, the inservice examination accep-
tance standards of Table IWB-3514-1 shall be satisfied,
and for Class 2 or 3 piping, the inservice examination ac-
ceptance standards of Table IWC-3514-1 shall be satisfied
for the weld overlay. Alternatively, for Class 1, 2, or 3 pip-
ing systems, the acceptance criteria of IWB-3600,
IWC-3600, or IWD-3600, as applicable, shall be satisfied
for the weld overlay. Cracks in the outer 25% of the pipe
base metal shall meet the design analysis requirements of
Article Q-3000.

(d)Weld overlay examination volumes that show no in-
dication of crack growth or new cracking shall be placed
into a population to be examined on a sampling basis.
Twenty‐five percent of this population shall be examined
once every 10 yr.

(e) If inservice examinations reveal crack growth or
new cracking, meeting the acceptance standards, the weld
overlay examination volume shall be reexamined during
the first or second refueling outage following discovery
of the growth or new cracking. Weld overlay examination
volumes that show no additional indication of crack
growth or new cracking shall be placed into a population
to be examined on a sample basis. Twenty‐five percent of
this population shall be examined once every 10 yr.

(f) For weld overlay examination volumes with unac-
ceptable indications as described in (b) and (c), the weld
overlay shall be removed, including the original defective
piping weldment, and corrected by a repair/replacement
activity in accordance with Article IWA-4000.

Q-4310 ADDITIONAL EXAMINATIONS

If inservice examinations reveal an unacceptable indi-
cation, crack growth into the weld overlay design thick-
ness, or axial crack growth beyond the specified
examination volumes, additional weld overlays, equal to
the number scheduled for the current inspection period,
shall be examined prior to return to service. If additional
unacceptable indications are found in the second sample,
a total of 50% of the total population of weld overlays
shall be examined prior to operation. If additional unac-
ceptable indications are found, the entire remaining po-
pulation of weld overlays shall be examined prior to
return to service.

Q-4400 PRESSURE TESTING

Pressure testing shall be conducted in accordance with
IWA-4540. Weld overlay of a through‐wall flaw shall be
considered a welding activity that penetrates the pres-
sure boundary.

Figure Q-4300-1
Preservice and Inservice Examination Volume

CD

B

Examination Volume A–B–C–D

A

t

t/4

1/2 in. (13 mm)

As-found flaw

1/2 in. (13 mm)
[Note (1)]

NOTE:
(1) For axial or circumferential flaws, the axial extent of the exami-

nation volume shall extend at least 1/2 in. (13 mm) beyond the
as‐found flaw and at least 1/2 in. (13 mm) beyond the toes of
the original piping weldment, including weld end butter, where
applied.
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NONMANDATORY APPENDIX R
RISK-INFORMED INSPECTION REQUIREMENTS FOR PIPING

ARTICLE R-1000
INTRODUCTION

R-1100 SCOPE

(a)When an Owner chooses to use this Appendix, the
requirements of Section XI, Division 1 shall apply, except
for the alternatives and exemptions provided by this
Appendix. In addition, all of the provisions of this Appen-
dix are mandatory for the piping within the boundaries of
the piping for which this Appendix will be used to satisfy
the requirements of IWB-2500, IWC-2500, or IWD-2500.

(b) The risk‐informed selection processes described in
Supplements 1 and 2 may be applied to all Classes 1, 2,
and 3 piping systems, an individual Class of piping (e.g.,
Class 1 piping), to all piping in Examination Category
B‐F, B‐J, C‐F‐1, or C‐F‐2, or to one or more individual pip-
ing systems (e.g., Reactor Coolant System). Boundaries for
the scope of all piping systems, or portions thereof, (i.e.,
portions of piping needed to include a complete Examina-
tion Category of piping, a piping system, or a Class of pip-
ing) to be considered for evaluation in accordance with
either risk‐informed selection process shall be clearly de-
fined. When not applying either process to all systems in a
Class of piping, the piping systems that are not evaluated
shall be examined in accordance with Examination Cate-
gory B‐F, B‐J, C‐F‐1, or C‐F‐2, as applicable.

(c) Application of this Appendix for plants that do not
have an existing deterministic inservice inspection pro-
gram is in the course of preparation.

R-1200 PIPING SUBJECT TO EXAMINATION

R-1210 BOUNDARY REQUIREMENTS

As an alternative to the examination requirements of
IWB-1210, IWC-1210, or IWD-1210, as applicable, the ex-
amination requirements of this Appendix shall be used for
Class 1, 2, and 3 piping evaluated by a risk‐informed pro-
cess. Piping in systems evaluated as part of the plant
Probabilistic Risk Assessment (PRA), but outside the cur-
rent Section XI examination boundaries, may be included.

R-1220 PIPING EXEMPT FROM EXAMINATION

Exemption of piping segments and their structural ele-
ments from examination shall be in accordance with the
requirements of Supplement 1 or 2.

R-1230 RISK-INFORMED SELECTION PROCESS

(a) High Safety Significant (HSS) piping structural ele-
ments shall be examined in accordance with R-2500.
(b) The risk‐informed selection processes in this

Appendix are specified in Supplements 1 and 2. Each pro-
cess identifies how to classify piping segments and their
piping structural elements, based on their safety signifi-
cance, as HSS or Low Safety Significant (LSS).
(c) If using Supplement 1, HSS or LSS is determined by

the process described in 4.2.4 through 4.2.8 of Supple-
ment 1, and if using Supplement 2, HSS is determined to
be Risk Category 1, 2, 3, 4, or 5, and LSS is Risk Category
6 or 7 as defined in 3.3.2 of Supplement 2.

R-1300 OWNER’S RESPONSIBILITY

R-1310 ADEQUACY OF THE PRA
(SUPPLEMENT 1)

The PRA shall meet the requirements of ASME RA‐S
with the RA‐Sa addenda and the RA‐Sb addenda to the ex-
tent required to support the development and application
of a risk‐informed inservice inspection program. All PRA
weaknesses or deficiencies identified by regulatory or
peer review shall be explicitly accounted for during the
analysis used to support the risk‐informed inspection
program. The resolution of all PRA issues shall be
documented.

R-1320 ADEQUACY OF THE PRA
(SUPPLEMENT 2)

The Owner shall ensure that the technical adequacy of
the PRA is reviewed to confirm that it meets the require-
ments of Table R-1320-1 or that the Owner has met PRA
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technical adequacy requirements for RI-ISI applications
accepted by the regulatory authority having jurisdiction
at the plant site.

R-1330 PROGRAM INTENT AND PRINCIPLES
The development or update of a risk‐informed inspec-

tion program in accordance with this Appendix shall meet
the intent and principles outlined in USNRC Regulatory
Guides 1.174 and 1.178.

Table R-1320-1
PRA Technical Adequacy Requirements

Supporting Requirement as Defined in USNRC Regulatory Guide 1.200, r1 [Note (1)] Capability Category Required

None III and II

IE-A3a, IE-C11, IE-C12, AS-A7, SY-A7, SY-A15, SY-B2, HR-D7, HR-F1, DA-B2, DA-C9 II and I

AS-A9, SC-B2 II

IE-A4, IE-E4a, IE-A6, IE-A7, IE-B3, AS-A10, SC-A2, SC-A5, SC-B1, SY-A4, SY-A20, SY-B1, SY-B7, SY-B11,
HR-B1, HR-C2, HR-D2, HR-D3, HR-E3, HR-E4, HR-F2, HR-G1, HR-G3, HR-G4, HR-G5, HR-H1, DA-B1,
DA-C7, DA-C8, DA-C10, DA-C12, DA-D1, DA-D3, DA-D4, DA-D5, DA-D6, DA-D7, QU-A2b, QU-D3,
QU-D5a, QU-E3, QU-F3, LE-B1, LE-B2, LE-C1, LE-C2a, LE-C2b, LE-C3, LE-C4, LE-C8a, LE-C8b, LE-C9a,
LE-C9b, LE-C10, LE-D1a, LE-D1b, LE-D2, LE-D3, LE-D4, LE-D5, LE-D6, LE-E2, LE-E3, LE-F1a, LE-G3

I

IE-A10, IE-B5, IE-C1, IE-C1a, IE-C2, IE-C3, IE-C4, IE-C5, IE-C13, IE-D3, AS-C3, SC-C3, SY-C3, HR-I3,
DA-E3, QU-E1, QU-E2, QU-E4, QU-F4, LE-F2, LE-F3, LE-G4

Need not be met

IE-A1, IE-A2, IE-A3, IE-A5, IE-B1, IE-B2, IE-B4, IE-C1b, IE-C6, IE-C7, IE-C8, IE-C9, IE-C10, IE-D1, IE-D2,
AS-A1, AS-A2, AS-A3, AS-A4, AS-A5, AS-A6, AS-A8, AS-A11, AS-B1, AS-B2, AS-B3, AS-B4, AS-B5,
AS-B5a, AS-B6, AS-C1, AS-C2, SC-A1, SC-A4, SC-A4a, SC-A6, SC-B3, SC-B4, SC-B5, SC-C1, SC-C2, SY-A1,
SY-A2, SY-A3, SY-A5, SY-A6, SY-A8, SY-A10, SY-A11, SY-A12, SY-A12a, SY-A12b, SY-A13, SY-A14,
SY-A16, SY-A17, SY-A18, SY-A18a, SY-A19, SY-A21, SY-A22, SY-B3, SY-B4, SY-B5, SY-B6, SY-B8,
SY-B10, SY-B12, SY-B13, SY-B14, SY-B15, SY-B16, SY-C1, SY-C2, HR-A1, HR-A2, HR-A3, HR-B2,
HR-C1, HR-C3, HR-D1, HR-D4, HR-D5, HR-D6, HR-E1, HR-E2, HR-G2, HR-G6, HR-G7, HR-G9, HR-H2,
HR-H3, HR-I1, HR-I2, DA-A1, DA-A1a, DA-A2, DA-A3, DA-C1, DA-C2, DA-C3, DA-C4, DA-C5, DA-C6,
DA-C11, DA-C11a, DA-C13, DA-C14, DA-C15, DA-D2, DA-D6a, DA-D8, DA-E1, DA-E2, QU-A1, QU-A2a,
QU-A3, QU-A4, QU-B1, QU-B2, QU-B3, QU-B4, QU-B5, QU-B6, QU-B7a, QU-B7b, QU-B8, QU-B9, QU-C1,
QU-C2, QU-C3, QU-D1a, QU-D1B, QU-D1C, QU-D4, QU-D5b, QU-F1, QU-F2, QU-F5, QU-F6, LE-A1,
LE-A2, LE-A3, LE-A4, LE-A5, LE-B3, LE-C5, LE-C6, LE-C7, LE-E1, LE-E4, LE-F1b, LE-G1, LE-G2, LE-G5,
LE-G6

Spans all three categories and
needs to be met

NOTE:
(1) For a supporting requirement to be met, all relevant peer review and other independent findings shall have been addressed and

necessary changes made to PRA models, methods, and documentation. Due to plant operational status (e.g., after fuel load and
prior to commercial operation), some supporting requirements might not be achievable. These supporting requirements shall
be met to the extent practical, and the program shall be updated in accordance with para. 7.0. EPRI Report 1021467-A provides
one acceptable way of meeting this requirement.
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ARTICLE R-2000
EXAMINATION AND INSPECTION

R-2100 DUTIES OF THE INSPECTOR

Duties of the Inspector shall be in accordance with
IWA-2110 except that the Owner’s augmented programs,
such as the Intergranular Stress Corrosion Cracking
(IGSCC) program, the Microbiologically Influenced Corro-
sion (MIC) program, or the Flow Accelerated Corrosion
(FAC) program, referenced in Table R-2500-1, Item Nos.
R1.16, R1.17, or R1.18, are exempt from these require-
ments, unless an Owner chooses to select and credit
structural elements for examination by one of the
risk‐informed selection processes defined in Supplement
1 or 2. If selected and credited structural elements are ex-
amined for one or more of the degradation mechanisms
covered under these Owner’s augmented programs, the
requirements of IWA-2110 apply to the selection and ex-
amination of the credited structural elements.

R-2200 PRESERVICE EXAMINATION

As an alternative to the preservice examination re-
quirements of IWB-2200, IWC-2200, or IWD-2200, as ap-
plicable, the following requirements apply.

R-2210 INITIAL EXAMINATION

(a) Examinations (with the exception of VT‐2 visual ex-
aminations listed in Table R-2500-1) shall be performed
in accordance with the requirements defined in Table
R-2500-1 at least once prior to initial service. Examina-
tions shall include all piping structural elements classified
HSS in accordance with Supplement 1 or 2.
(b) No preservice examination is required for LSS pip-

ing structural elements.

R-2220 REPAIR/REPLACEMENT ACTIVITIES

(a) Prior to return to service following a repair/re-
placement activity on a piping structural element, exami-
nations shall be performed in accordance with the
requirements defined in Table R-2500-1. Examinations
shall include piping structural elements classified HSS in
accordance with Supplement 1 or 2 affected by the re-
pair/replacement activity.
(b) For piping structural elements that become HSS fol-

lowing a reevaluation as a result of a repair/replacement
activity the required first inservice examination per-
formed in accordance with Table R-2500-1 shall serve
as the preservice examination.

(c) No preservice examination for LSS piping structural
elements is required.

R-2400 INSPECTION SCHEDULE

As an alternative to the inspection schedule require-
ments of IWB-2400, IWC-2400, or IWD-2400, as applic-
able, the following requirements apply.

R-2410 INSPECTION PROGRAM

(a) Inservice examinations and system pressure tests
may be performed on‐line or during plant outages such
as refueling shutdowns or maintenance shutdowns.
(b) Reevaluation of risk‐informed piping structural ele-

ment selections shall be in accordance with the require-
ments of Supplement 1 or 2.
(c) The examinations of Examination Category R‐A

shall be completed during each inspection interval, in ac-
cordance with Table IWB-2411-1, with the following
exceptions.

(1) If, during the interval, a reevaluation using a
risk‐informed process of this Appendix is conducted,
and scheduled items are no longer required to be exam-
ined, the percentage requirements of Table IWB-2411-1
need not be met until the end of the inspection interval.

(2) If, during the interval, a reevaluation using a
risk‐informed process of this Appendix is conducted,
and items are required to be added to the examination
program, those items shall be added in accordance with
IWB-2411.

R-2420 SUCCESSIVE INSPECTIONS

As an alternative to the successive inspection require-
ments of IWB-2420, IWC-2420, or IWD-2420, as applic-
able, the following requirements apply.
(a) The sequence of piping examinations established

during the first inspection interval using a risk‐informed
process shall be repeated during each successive inspec-
tion interval to the extent practical. The examination se-
quence may be modified in a manner that optimizes
scaffolding, radiological, insulation removal, or other con-
siderations, provided the percentage requirements of
Table IWB-2411-1 are met.
(b) If piping structural elements are accepted for con-

tinued service by analytical evaluation in accordance with
R-3130, before, during, or after implementation of a
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risk‐informed Inspection Program, the areas containing
flaws or relevant conditions shall be reexamined during
the three inspection periods following their discovery.

(c) If the reexaminations required by (b) reveal that
the flaws or relevant conditions remain essentially un-
changed for three successive inspection periods, the ex-
amination schedule may revert to the original schedule
of successive inspections.

R-2430 ADDITIONAL EXAMINATIONS
As an alternative to the additional examination require-

ments of IWB-2430, IWC-2430, or IWD-2430 as applic-
able, the following requirements apply.

(a) Examinations performed in accordance with
R-2500 that reveal flaws or relevant conditions exceeding
the acceptance standards of Article R-3000 shall be ex-
tended to include a first sample of additional examina-
tions during the current outage.

(1) The piping structural elements to be examined in
the first sample of additional examinations shall include
HSS elements with the same postulated degradation me-
chanism in systems whose materials and service condi-
tions are similar to the element that exceeded the
acceptance standards of Article R-3000 and are deter-
mined to have for Supplement 1 the same or higher fail-
ure potential, or for Supplement 2 the same or higher
failure potential with a high or medium consequence
category.

(2) The number of examinations required is the num-
ber of HSS elements with the same postulated degrada-
tion mechanism scheduled for the current inspection

period. However, if there are not enough HSS elements
to equal this number, the Owner shall include remaining
HSS elements and LSS elements up to and including this
number that are potentially subject to the same degrada-
tion mechanism.

(b) If the additional examinations required by (a) re-
veal flaws or relevant conditions exceeding the accep-
tance standards of Article R-3000, the examinations
shall be further extended to include a second sample of
additional examinations during the current outage.

(1) The second sample of additional piping structural
elements to be examined shall include all remaining HSS
piping structural elements in Table R-2500-1 subject to
the same degradation mechanism.

(2) The Owner shall also examine LSS piping struc-
tural elements subject to the same degradation mechan-
ism or document the basis for their exclusion.

(c) For the inspection period following the period in
which the examinations of (a) or (b) were completed,
the examinations shall be performed as originally sched-
uled in accordance with R-2410.

R-2500 EXAMINATION REQUIREMENTS

As an alternative to the examination requirements of
Examination Category B‐F, B‐J, C‐F‐1, or C‐F‐2, as applic-
able, HSS piping structural elements selected for examina-
tion in accordance with Supplement 1 or 2 shall be
examined as required by Table R-2500-1.
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ð15Þ Table R-2500-1
Examination Category R-A, Risk-Informed Piping Examinations

Item No. Parts Examined

Examination
Requirement/Fig No. [Note

(2)] Examination Method Acceptance Standard

Extent and Frequency [Note (3)]

Defer to End of
Interval1st Interval

Successive
Intervals

R1.10 High Safety Significant piping
structural elements

R1.11 Elements subject to thermal fatigue IWB-2500-8(c) and
IWB-2500-8(d) [Note (1)]
IWB-2500-9,
IWB-2500-10,
IWB-2500-11,

Volumetric [Note (8)],
[Note (9)]

IWB-3514 Element [Note (2)],
[Note (4)]

Same as 1st Not permissible

R1.12 Elements subject to high cycle
mechanical fatigue

IWB‐2500‐8(a) and (b) Visual, VT‐2 [Note (8)],
[Note (9)]

IWB-3142 Each refueling Same as 1st Not permissible

R1.13 Elements subject to erosion
cavitation

[Note (6)] Volumetric [Note (7)] IWB-3514 [Note (6)] Element [Note (2)] Same as 1st Not permissible

R1.14 Elements subject to crevice corrosion
cracking

[Note (5)] Volumetric [Note (8)],
[Note (9)]

IWB-3514 Element [Note (2)] Same as 1st Not permissible

R1.15 Elements subject to Primary Water
Stress Corrosion Cracking
(PWSCC)

[Note (7)] Volumetric [Note (7)],
[Note (8)], [Note
(9)]

[Note (7)] Element [Note (2)],
[Note (4)]

Same as 1st [Note (7)]

R1.16 Elements subject to Intergranular or
Transgranular Stress Corrosion
Cracking (IGSCC or TGSCC)

IWB-2500-8(c) and
IWB-2500-8(d) [Note (1)]
IWB-2500-9,
IWB-2500-10,
IWB-2500-11 [Note (7)
for IGSCC]

Volumetric [Note (7)
for IGSCC], [Note
(8)], [Note (9)]

IWB-3514 Element [Note (2)],
[Note (4)]

Same as 1st Not permissible
[Note (7) for

IGSCC]

R1.17 Elements subject to Localized
Corrosion, Microbiologically
Influenced Corrosion (MIC), Pitting
Corrosion, or General Corrosion

IWB-2500-8(a),
IWB-2500-8(b),
IWB-2500-8(c), and
IWB-2500-8(d),
IWB-2500-9,
IWB-2500-10,
IWB-2500-11 [Note (6)]

Visual, VT‐3, internal
surfaces or
volumetric [Note
(6)] or [Note (7)]

[Note (6)] Element [Note (2)] Same as 1st Not permissible

R1.18 Elements subject to Flow Accelerated
Corrosion (FAC)

[Note (7)] [Note (7)] [Note (7)] [Note (7)] [Note (7)] [Note (7)]

R1.19 Elements subject to External
Chloride Stress Corrosion Cracking
(ECSCC)

IWB-2500-8(a),
IWB-2500-8(b),
IWB-2500-8(c), and
IWB-2500-8(d),
IWB-2500-9,
IWB-2500-10,
IWB-2500-11

Surface IWB-3514 Element [Note (2)] Same as 1st Not permissible
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Table R-2500-1
Examination Category R-A, Risk-Informed Piping Examinations (Cont'd)

Item No. Parts Examined

Examination
Requirement/Fig No. [Note

(2)] Examination Method Acceptance Standard

Extent and Frequency [Note (3)]

Defer to End of
Interval1st Interval

Successive
Intervals

R1.20 Elements not subject to a
degradation mechanism

IWB-2500-8(c) and
IWB-2500-8(d) [Note (1)],
IWB-2500-9,
IWB-2500-10,
IWB-2500-11

Volumetric [Note (8)],
[Note (9)]

IWB-3514 Element [Note (2)],
[Note (4)]

Same as 1st Not permissible

NOTES:
(1) The length of the examination volume shown in Figures IWB-2500-8(c) and IWB-2500-8(d) shall be increased by enough distance [approximately 1/2 in. (13 mm)] to include each side

of the base metal thickness transition or counterbore.
(2) Includes examination locations and Class 1 weld examination requirement figures that typically apply to Class 1, 2, 3, or Non‐Class welds identified in accordance with the

risk‐informed selection process described in Supplement 1 or 2.
(3) Includes 100% of the examination location. When the required examination volume or area cannot be examined due to interference by another component or part geometry, limited

examinations shall be evaluated for acceptability. Acceptance of limited examinations or volumes shall not invalidate the results of the risk‐informed evaluation. Areas with acceptable
limited examinations, and their bases, shall be documented.

(4) The examination shall include any longitudinal welds at the location selected for examination in [Note (2)]. The longitudinal weld examination requirements shall be met for both
transverse and parallel flaws within the examination volume defined in [Note (2)] for the intersecting circumferential welds.

(5) The examination volume shall include the volume surrounding the weld, weld HAZ, and base metal, as applicable, in the crevice region. Examination shall focus on detection of cracks
initiating and propagating from the inner surface.

(6) The examination volume shall include base metal, welds, and weld HAZ in the affected regions of carbon and low allow steel, and the welds and weld HAZ of austenitic steel. Exam-
inations shall verify the minimum wall thickness required. Acceptance criteria for localized thinning are in course of preparation. The examination method and examination region
shall be sufficient to characterize the extent of the element degradation.

(7) In accordance with the Owner’s existing programs, such as PWSCC, IGSCC, MIC, or FAC inspection programs, for degradation mechanisms as described in Table R-S2-1.
(8) Socket welds of any size and branch pipe connection welds NPS 2 (DN 50) and smaller require only VT‐2 visual examination.
(9) The VT-2 visual examination shall be conducted during a system pressure test or a pressure test specific to that weld, in accordance with Examination Category B-P, C-H, or D-B for

Class 1, 2, or 3, respectively.
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ARTICLE R-3000
STANDARDS FOR EXAMINATION EVALUATION

As an alternative to the acceptance standards of Article
IWA-3000, Article IWB-3000, Article IWC-3000, or Article
IWD-3000, as applicable, the following requirements
apply.

R-3100 STANDARDS

R-3110 CHARACTERIZATION
When a volumetric or surface examination method is

used, each flaw or group of flaws shall be characterized
in accordance with IWA-3300 to establish the dimensions
of the flaws. These dimensions shall be used in conjunc-
tion with the evaluation of examination results of R-3130.

R-3120 ACCEPTABILITY
Flaws, areas of degradation, or relevant conditions that

do not exceed the allowable acceptance standards of
R-3130 are acceptable.

R-3130 EVALUATION OF EXAMINATION
RESULTS

For component configurations or examination methods
not addressed by Table R-2500-1, the Owner shall devel-
op acceptance criteria consistent with the requirements
of Article IWA-3000. The following referenced para-
graphs and in Table R-2500-1 shall be applied.
(a) Flaws that exceed the acceptance standards listed in

Table R-2500-1, found during surface or volumetric ex-
aminations, may be accepted by repair/replacement ac-
tivities or analytical evaluation, in accordance with
IWB-3130.
(b) Flaws or relevant conditions that exceed the accep-

tance standards listed in R-2500-1, found during visual
examinations, may be accepted by supplemental exami-
nation, corrective measures, repair/replacement activ-
ities, or analytical evaluation, in accordance with
IWB-3140.
(c) Other unacceptable conditions not addressed by (a)

or (b) may be accepted by repair/replacement activities
in accordance with Article R-4000, or by analytical eva-
luation in accordance with IWB-3600, IWC-3600, or
IWD-3600, as applicable.
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ARTICLE R-4000
REPAIR/REPLACEMENT ACTIVITIES

R-4100 REPAIR/REPLACEMENT REQUIREMENTS

Repair/replacement activities shall be performed in accordance with Article IWA-4000, except that, in lieu of the pre-
service inspection requirements of IWA-4530, the preservice examination requirements of R-2220 apply.
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ARTICLE R-6000
RECORDS AND REPORTS

R-6100 RECORD AND REPORT
REQUIREMENTS

The requirements of Article IWA-6000 apply, except
that Owner’s augmented programs, such as the Intergra-
nular Stress Corrosion Cracking (IGSCC) program, the Mi-
crobiologically Influenced Corrosion (MIC) program, or
the Flow Accelerated Corrosion (FAC) program, refer-
enced in Table R-2500-1, Item Nos. R1.16, R1.17, or
R1.18, are exempt from these requirements, unless an

Owner chooses to select and credit structural elements
for examination by one of the risk‐informed selection pro-
cesses specified in Supplement 1 or 2. If selected and
credited structural elements are examined for one or
more of the degradation mechanisms covered under
these Owner’s augmented programs, the requirements
of Article IWA-6000 apply to documentation of these
examinations.
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ARTICLE R-9000
GLOSSARY

accident sequence: a representation in terms of an initiat-
ing even followed by a sequence of failures or success of
events (i.e., system, function, or operator performance)
that can lead to undesired consequences, with a specified
end state (e.g., core damage or large early release).

core damage: uncovery and heatup of the reactor core to
the point at which prolonged oxidation and severe fuel
damage are anticipated and involving enough of the core
to cause a significant release.

core damage frequency (CDF): expected number of core
damage events per unit of time.

degradation mechanism: a phenomena or process that at-
tacks (i.e., wears, erodes, cracks, etc.) the pressure‐
retaining material and might result in a reduction of com-
ponent pressure boundary integrity.

event tree: a logic diagram that begins with an initiating
event or condition and progresses through a series of
branches that represent expected system or operator per-
formance that either succeeds or fails and arrives at
either a successful or failed end state.

failure: events involving leakage, rupture, or conditions
that would disable a component’s ability to perform its in-
tended safety function.

failure mode: a specific functional manifestation of a fail-
ure, (i.e., the means by which an observer can determine
that a failure has occurred) by precluding the successful
operation of a piece of equipment, a component, or a sys-
tem (e.g., fails to start, fails to run, leaks).

failure modes and effects analysis (FMEA): a process for
identifying failure modes of specific components and
evaluating their effects on other components, subsystems,
and systems.

initiating event: any event either internal or external to
the plant that perturbs the steady state operation of the
plant, if operating, thereby initiating an abnormal event
such as transient or LOCA within the plant. Initiating
events trigger sequences of events that challenge plant
control and safety systems whose failure could potentially
lead to core damage or large early release.

large early release: the rapid, unmitigated release of air-
born fission products from the containment to the envi-
ronment occurring before the effective implementation
of off-site emergency response and protective actions
such that there is a potential for early health effects.

large early release frequency (LERF): expected number of
large early releases per unit of time.

leak detection: detection of a leaking component normally
exposed to pressure, usually by instrumentation detect-
ing changing sump levels or radiation levels. Leak detec-
tion may be credited only when there is reasonable
assurance that a small leak may be detected andmitigated
before the loss of water degrades any plant functions.

piping segment (Supplement 1): a continuous portion of
piping for which a failure at any point in the segment re-
sults in the same consequence (e.g., loss of the system or
loss of a pump train).

piping segment (Supplement 2): a portion of piping for
which a failure at any point in the segment results in
the same consequence (e.g., loss of the system or loss of
a pump train) and includes piping structural elements
subject to the same degradation mechanism or
mechanisms.

piping structural element: an item within a specified pip-
ing segment, such as a straight length of pipe, a pipe el-
bow, a coupling, a fitting, a flanged joint, or a weld.

piping system: an assembly of piping segments, piping
supports, and other components that may consist of one
or more Code Classes with a defined function as described
within the Owner’s Final Safety Analysis Report and Tech-
nical Specifications.

probabilistic fracture mechanics (PFM) model: a methodol-
ogy used to determine probability of failure of degraded
pressure boundaries. Using a deterministic model of the
time to failure for the degraded pressure boundary, the
model’s essential input variables (such as loads, fracture
toughness, density or preexisting flaws, crack growth
law, etc.) are evaluated for many individual cases using
representative probabilistic distributions of values for
the uncertain variables. The number of cases resulting
in pressure boundary failure by a given time compared
to the total number of cases evaluated is used to deter-
mine the time dependent failure probability.
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probabilistic risk assessment (PRA): a qualitative and
quantitative assessment of the risk associated with plant
operation and maintenance that is measured in terms of
frequency of occurrence of risk metrics, such as core dam-
age or a radioactive material release and its effects on the
health of the public (also referred to as a probabilistic
safety assessment, PSA).

range factor: the ratio of a distribution’s cumulative 95th
percentile point with the cumulative 50th percentile
point.

recovery action: a human action performed to regain
equipment or system operability from a specific failure
or human error in order to mitigate or reduce the conse-
quences of the failure.

spatial effect: a failure consequence affecting other sys-
tems or components, such as failures due to pipe whip,
jet impingement, or flooding.
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NONMANDATORY APPENDIX R
SUPPLEMENTS

SUPPLEMENT 1 RISK INFORMED
SELECTION PROCESS —
METHOD A

1.0 INTRODUCTION AND SCOPE

This Supplement provides the risk‐informed selection
process to be used for selection of piping segments and
piping structural elements (including connections) for
preservice and inservice inspection.

2.0 EXPERT PANEL REQUIREMENTS
2.1 General. Each Owner shall establish an expert

panel to implement the risk‐informed selection process
described in this Supplement. The expert panel shall be
indoctrinated in the specific requirements to be used un-
der this risk‐informed selection process. Risk analysis
techniques shall include the use of applicable risk‐
importance measures, threshold values, failure probabil-
ity models, failure mode and degradation mechanism as-
sessments, and the use of expert judgment. Each of these
techniques shall be covered in the indoctrination to pro-
vide the expert panel with a level of knowledge needed
to evaluate and approve the scope of the risk‐informed
selections.

2.2 Expert Panel Formation. Panel members se-
lected for this risk‐informed selection process shall in-
clude members of the expert panel established to
implement other Probabilistic Risk Assessment (PRA) ap-
plications such as those associated with maintenance,
quality assurance, or inservice testing activities, if such
a panel was used. The panel for this risk‐informed selec-
tion process shall include individuals having expertise in
the following fields:

(a) probabilistic safety assessment
(b) inservice examination
(c) nondestructive examination
(d) stress and material considerations
(e) plant operations
(f) plant and industry maintenance, repair, and failure

history
(g) system design and operation
The Owner shall define and document quorum require-

ments. Members may be experts in more than one field,
but the Owner shall consider the diversity of the panel
make‐up, avoiding heavy reliance on any one member’s
judgment. The Owner is responsible for ensuring

adequate experience levels for each expert panel member.
This experience shall be documented and maintained by
the Owner.

2.3 Expert Panel Leader Selection. The Owner shall
select a panel leader who is familiar with the require-
ments of this risk‐informed selection process. The panel
leader shall facilitate the panel activities and shall be re-
sponsible for ensuring accomplishment of this
risk‐informed selection process.

2.4 Expert Panel Responsibilities. The expert panel
shall be responsible for evaluation and approval of all
risk‐informed selection results (i.e., system, segment,
structural element, and inspection selections) by utilizing
their expertise (including knowledge of plant operation,
prior inspection results, industry data, and any available
stress and fracture mechanics results) and PRA insights
to make the final decision on the High Safety Significant
(HSS) structural elements to be included for inservice in-
spection. Selections made in accordance with this process,
or any other required input where the judgment of the ex-
pert panel is needed, shall be reached by consensus.

The expert panel shall be provided documentation to
support a decision making process based on a complete
description of the functions endangered by the failure of
piping within the scope and the operating conditions of
the piping. The documentation should include the func-
tions performed by the system or system parts included
in the scope, the degradation mechanism identified in
the system, the operator recovery actions credited in
the analysis, and all the PRA results.

2.5 Maintenance of the Expert Panel. The Owner
shall maintain the expert panel to allow changes, as nec-
essary, to the risk‐informed selections, when new infor-
mation is applied, as directed by the requirements of
this Supplement. Members may be added or removed as
needed as long as the requirements of 2.2 are satisfied.

2.6 PFM User Training and Qualification. To ensure
that the input parameters are consistently assigned and
the Probabilistic Fracture Mechanics (PFM) model used
in this methodology is properly executed, the users of
the PFM model shall be trained and qualified. Acceptable
qualification and the scope of training shall be based on
the background and experience of the individuals using
the model. Qualification should cover the following topics:

(a) overall risk‐informed inspection process
(b) how PFM‐calculated probabilities are used in the

piping segment risk calculations
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(c) capabilities and limitations of the PFM model
(d) expertise and type of information required, includ-

ing applicable sources
(e) how potential degradation mechanisms are consid-

ered and combined
(f) the importance of each input parameter on each de-

gradation mechanism and failure mode
(g) examples of PFM model use for different degrada-

tion mechanisms and failure modes
(h) how detailed PFM input (e.g., uncertainty) is devel-

oped and used

3.0 BOUNDARY REQUIREMENTS
3.1 Boundary Identification.
(a) The Owner shall define the system boundaries in-

cluded in the scope of the risk‐informed inspection pro-
gram evaluation. Within each system boundary, the
risk‐informed evaluation may include Class 1, 2, or 3 pip-
ing defined in the deterministic inservice inspection pro-
gram, if applicable, and piping outside the current
deterministic program examination boundaries, if applic-
able. Piping, or portions thereof, included for evaluation
shall be based on the deterministic program Class 1, 2,
or 3 examination boundaries, if applicable, determined
in accordance with the requirements of IWA-1320, and
limited by exemptions of IWB-1220, IWC-1220, and
IWD-1220. When Examination Category C‐F‐1 or C‐F‐2
piping is included, the piping exempt from NDE under
the requirements of Tables IWC-2500-1 (C-F-1) and
IWC-2500-1 (C-F-2) due to nominal wall thickness limita-
tions shall be evaluated.
(b) Piping, or portions thereof, within the Class 1, 2, or

3 boundaries [including exempt piping in (a)], if applic-
able, and known from PRA insights to have a high conse-
quence contribution, shall be included.

3.2 Use of the Applicable PRA. The boundary re-
quirements of 3.1 shall be used to identify the piping sys-
tems, or portions thereof , to be considered for
risk‐informed selections of HSS and Low Safety Signifi-
cant (LSS) piping segments and piping structural ele-
ments in accordance with this process. The Owner’s
PRA and its evaluated safety functions which consist of
core damage protection, large early release protection,
and the risk measures associated with these safety func-
tions (core damage frequency and large early release fre-
quency), provide the necessary information for the piping
system PRA boundaries to be used in this process.

4.0 RISK-INFORMED PROCESS
4.1 General

The risk‐informed selection of nuclear power plant pip-
ing segments and piping structural elements shall be per-
formed using the process described in this Supplement.
The final result of this process is to identify those HSS

piping structural elements that will be examined in accor-
dance with Table R-2500-1. The basic overview of this
process is provided in Figure R-S1-1.

4.2 Quantitative Approach

4.2.1 General. The process for this quantitative ap-
proach uses risk‐based ranking calculational methods,
with established threshold values, and risk‐informed con-
siderations of operational and deterministic insights to
select a final list of HSS piping structural elements to be
included in a risk‐informed inspection program. This ap-
proach is divided into four major tasks.

(a) Identify and define the piping system boundaries
and portions that will be considered in this risk‐informed
selection process in accordance with the boundary re-
quirements of 3.0.

Figure R-S1-1
Overview Risk-Informed Selection Process

Piping System Identification

Define system boundaries
and safety functions

Piping Segment Assessment

Define segment boundaries and select
high-safety-significant piping segments

using information on consequences and the
limiting failure potential location

Piping Structural Element

Assessment

Select high-safety-significant piping
structural elements to be scheduled for

examination using segment consequence
information and the location

with high failure potential

Location and Examination

Method Determination

Determine the areas or volumes of
selected piping structural

elements to be examined and the
methods to be used

Reevaluations of Selections

If during an inspection period, plant
design changes or new information

becomes available that may alter the
risk-informed selections made above,

the requirements of R-2410 apply.
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(b) Define, calculate, rank, and select the HSS piping
segments within these identified systems using the failure
modes and effects analysis (FMEA) technique and rele-
vant plant information, including the plant PRA results.

(c) Assess or calculate, rank, and select the HSS piping
structural elements, such as welds, elbows, and tees, with-
in the HSS piping segments that will form the risk‐
informed inspection program for piping.

(d) Determine the areas or volumes of the selected pip-
ing structural elements to be scheduled for examination,
and the appropriate examination methods or monitoring
techniques to be used, in accordance with Table
R-2500-1.

4.2.2 Risk Importance Measures. Risk Reduction
Worth (RRW) shall be used as the primary risk impor-
tance measure in this risk‐informed selection process.
In addition, the Risk Achievement Worth (RAW) impor-
tance measure shall be considered in accordance with
4.2.6(b)(1). Four RRW and RAW values shall be calculated
for each segment, two for CDF and two for LERF. One cal-
culation of RRW and RAW based on CDF and on LERF
shall be performed assuming all reasonable recovery ac-
tions to isolate the failed segment and mitigate the spatial
effects are successful. A second calculation of RRW and
RAW based on CDF and on LERF shall be performed as-
suming that no recovery actions are performed to isolate
the failed segment and mitigate the spatial effects. RRW
and RAW are used in failure consequence calculations,
as discussed in (a) and (b).

(a) Risk Reduction Worth. RRW indicates the reduction
factor in risk if the piping is assumed perfectly reliable for
all failure modes. The RRW is calculated by reevaluating
the PRA model and substituting a value of zero for the un-
availability for all modeled components that would be
placed in a failed state if the segment failed for each pip-
ing segment or structural element of interest. Thus, RRW
is represented as follows:

where

Ri = decreased risk level (total core damage frequency
or large early release frequency from piping pres-
sure boundary failures) with the component i as-
sumed to be perfectly reliable

Ro = base risk level (total core damage frequency or
large early release frequency from piping pressure
boundary failures only)

(1) Fussell‐Vesely. Fussell‐Vesely (F‐V) importance
may be used in lieu of RRW because of the mathematical
relationship between the measures. The following rela-
tionship allows translation of F‐V results to RRW if the
F‐V is less than 0.1:

(b) Risk Achievement Worth. RAW indicates the in-
creased factor in risk if the piping is assumed failed for
all failure modes. The RAW is calculated by reevaluating
the PRA model and substituting a value of unity for the
unavailability for all modeled components that would
be placed in a failed state if the segment failed belonging
to the piping segment of interest. Thus, RAW is repre-
sented as follows:

where

= increased risk level (core damage frequency or
large early release frequency from piping pres-
sure boundary failures) without component i , or
with component i assumed failed

Ro = base risk level (core damage frequency or large
early release frequency from piping pressure
boundary failures only)

4.2.3 Selection of Systems. The expert panel shall
determine, from the boundary requirements of 3.0., the
systems and portions thereof that will be considered in
this risk‐informed selection process. The final system list,
along with the rationale for any decisions, including those
affected by other PRA application considerations, such as
risk significance determinations, shall be documented.

4.2.4 Piping Segment Risk Ranking and Selection.
The selected systems (as identified in 4.2.3) shall be
further evaluated at the piping segment level. The ranking
process is discussed in 4.2.5 and 4.2.6. The ranking pro-
cess shall include the calculated conditional CDF and con-
ditional LERF determined by the evaluation of piping
pressure boundary failures. Four calculations shall be
performed, two for CDF and two for LERF. One calculation
of CDF and LERF shall be performed assuming all reason-
able recovery actions to isolate the failed segment and mi-
tigate the spatial effects are successful. A second
calculation of CDF and LERF shall be performed assuming
that no recovery actions are performed to isolate the
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failed segment and mitigate the spatial effects. The follow-
ing calculations shall be applied as applicable:

(a) Expanded Equations for Use in Risk Evaluation. For a
given segment,

where

FP(FR)leak = probability (dimensionless)
or rate (per yr) for the fail-
ure mode of small leaks

FP(FR)d i sab l i ng l eak = probability (dimensionless)
or rate (per yr) for the fail-
ure mode of disabling leaks

FP(FR)break = probability (dimensionless)
or rate (per yr) for the fail-
ure mode of breaks

CCDF(CCDP)leak = conditional core damage
frequency or core damage
probability given a small
leak

CCDF(CCDP)d i sab l i ng l eak = conditional core damage
frequency or core damage
probability given a disabling
leak

CCDF(CCDP)break = conditional core damage
frequency or core damage
probability given a break

Similar calculations apply to the calculation of LERF for
piping segments.

(b) Initiating Event Consequence CDF Calculations

where

CCDPIE = cond i t iona l core damage probab i l i t y
(dimensionless)

CDFPB = CDF from piping failure (events/yr)
FPEOL = failure probability at end of life (EOL)
FRPB = FPEOL/EOL
FRPB = piping failure rate (no deterministic inservice

inspection) (events/yr)

(c) Mitigating System Consequence CDF Calculations

where

CCDFPB = CCDFPB=1 − CDFBASE

CCDFPB = Conditional CDF with segment failed (=1) (in
events/yr)

CDFBASE = base total plant CDF (events/yr)
CDFPB = Core Damage Frequency from a piping fail-

ure (in events/yr)
CDFPB=1 = new total plant CDF with surrogate compo-

nent = 1 (in events/yr)
FPPB = piping failure probability (dimensionless)

(1) Continuously Operating Systems

where

FRPB = the failure rate (in events per unit time)
FRPB = FPEOL/(EOL yr* 8760 hr/yr)

Tm = the total defined mission time (24 hr for most
PRAs)

(2) Standby Systems

where

FRPB = the failure rate (in events per unit time)
Tm = the total defined mission time (24 hr for most

PRAs)
Tt = the interval between tests that would identify a

piping failure

(d) Initiating Event and System Degradation Conse-
quence CDF Calculations

where

CCDPIE , SEG=1 = conditional core damage probability for
the initiator with mitigating system
component assumed to fail (initiating
e v e n t a n d m i t i g a t i n g s y s t em
component = 1)

CDFPB = Core Damage Frequency from a piping
failure (events per yr)

FRPB = piping failure rate (in events per yr)

4.2.5 Calculate Piping Segment Risk Importances.
The FMEA technique shall be used to rank piping seg-
ments within the selected systems on the basis of core
damage frequency and large early release frequency. Re-
levant plant information that is used for initial formula-
tion of the FMEA shall be realistic and shall reflect
current plant operational practices. The FMEA technique
shall include at least the following information.

(a) Piping Segment. A location and boundary descrip-
tion of the segment that includes consideration of the
number of structural elements being evaluated only,
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usually welds, but may include elements such as elbows,
flow reducers, and fittings, within the segment, and their
nominal pipe size.

(b) Degradation Mechanism. Identification of the full
range of potential degradation mechanisms, such as me-
chanical fatigue, thermal fatigue, stress corrosion crack-
ing, and flow accelerated corrosion (FAC), that may
occur within the piping segment, and the identification
of the particular structural elements where these failures
are most likely to occur.

(c) Failure Probability. Estimates of the failure prob-
ability of a piping segment under consideration assuming
no inservice inspection. Failure rates (on demand, per
hour, or per year) are required inputs to the risk‐
importance calculations. The piping segment failure rate
is analogous to the active component failure rates that
are used in the PRA, where the rate is the number of ob-
served failures divided by the number of years.

Historical or service data, expert judgment, or validated
PFM calculations shall be used to estimate the limiting
piping segment failure probabilities. The PFM calcula-
tions shall be the primary method used to estimate failure
probabilities unless the piping materials and operating
characteristics assessed are not compatible. When using
expert judgment to estimate failure rates, the selected ex-
perts shall have sufficient structural reliability knowledge
to estimate the failure probability. The process shall inte-
grate information from relevant disciplines. Table R-S1-1
provides definitions that have been found useful in having
the selected experts relate their knowledge of piping fail-
ures to a failure probability. PFM calculations that are
used to estimate piping failure probabilities shall contain
the following fundamental parameters:

(1) an appropriate geometric characterization of the
piping segment of interest

(2) flaw density and a size distribution after preser-
vice inspection

(3) a characterization of the loading conditions, in-
cluding mean stress, cyclic stress, number of cycles for
both expected and postulated events; a probabilistic
treatment of the frequency and loading uncertainty of
these events shall also be considered

(4) the failure modes and degradation mechanisms
that are identified to potentially occur within the piping
segment of interest shall be characterized over the life-
time of the piping system

(5) failure criteria shall be included, such as a limited
loss of pipe wall, leaks, and rupture

The above‐noted fundamental parameters for the
PFM calculations should also be considered if historical
or service data or expert judgment processes are used
to estimate piping failure probabilities. Only estimates
of limiting failure probabilities for the pipe segments
are needed. The estimates should be based on the scope
of structural elements within the piping segment, and
consideration of particular structural elements that will
dominate the overall failure probability for the piping
segment. To estimate the limiting failure probability of a
piping segment, all the significant degradation mechan-
isms, material attributes, and operating characteristics
shall be combined to calculate the failure probability of
the segment regardless of the number of elements in
the segment.

(d) Failure Consequence. Failure consequences are

(1) those pressure boundary failures affecting the
function of the system in question, often referred to as di-
rect effects. The following direct effects shall be
considered:

(-a) failures that cause an initiating event such as a
LOCA or reactor trip

(-b) failures that disable a single train or system

(-c) failures that disable multiple trains or
systems

(-d) failures that cause any combination of the
above failures

(2) Pressure boundary failures affecting other sys-
tems, components, or piping segments, often referred to
as spatial or indirect effects, such as failures that cause
pipe whip, jet impingement, or flooding.

The total effect on core damage and large early re-
lease, given the failure of the piping segment under con-
sideration, shall be assessed. Consideration shall be
given to the failure mode postulated for the piping

Table R-S1-1
Definition of Failure Probability Estimates for Pipe Segments

Definition
Failure Probability (per

year)

An event that individually may be expected to occur more than once during the lifetime of the pipe segment. 10 −1

An event that individually may be expected to occur during the lifetime of the pipe segment. 10 −2

An event that individually is not expected to occur during the lifetime of the pipe segment; however, when
considering all piping systems, an event in this category has the credibility of happening once.

10 −4

An event of such low probability that an event in this category is rarely expected to occur. 10 −6

An event of such extremely low probability that an event in this category is considered to be incredible. 10 −8
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segment. The consequences must then be measured in the
correct terms to ensure proper calculations of the risk
measures.

The spatial effects of piping segment failure on other
systems, components, or piping segments shall be evalu-
ated to determine their effect on the selection of the equa-
tions used in 4.2.4. Previous plant hazard evaluations are
useful in this process, along with a plant walkdown. Any
assessment performed to determine that the effect on im-
pacted targets would not cause any additional effects, in-
terfere with the system operation, or prevent plant
shutdown, shall be documented.
(e) Uncertainty. To address the potential impact of un-

certainty in the estimated segment failure probabilities
and the PRA results, a simplified uncertainty analysis
shall be performed.

(1) The following range factors shall be assigned to
each of the values estimated in 4.2.4. If the value is less
than 10−4, a range factor of 20 shall be assigned. If the val-
ue is greater than 10−2, a range factor of 5 shall be as-
signed. Otherwise, a range factor of 10 shall be assigned.

(2) Propagation of uncertainty using an acceptable
Monte‐Carlo technique shall be performed for each of
the four calculations.
(f) Recovery Action. The evaluation shall include the

consequences of the piping failure, with and without re-
covery action.
(g) Core Damage Frequency and Large Early Release

Frequency. The core damage value provides the risk, in
terms of core damage frequency (events per year), asso-
ciated with the failure of the piping segment under con-
sideration. The conditional core damage frequency or
probability per failure is multiplied by the segment failure
probability or rate to obtain a core damage frequency due
to failures for each segment. The large early release fre-
quency shall be evaluated in a similar manner.
(h) Piping Segment Importance. The risk‐importance

measures defined in 4.2.2 shall be used to assist in the
piping segment risk selection.
(i) Other Modes of Operation. Any other information, in-

cluding evaluation of external events and other plant op-
erating modes other than at‐power, that are appropriate
to establish the importance of the piping segment shall
be considered by the expert panel.

4.2.6 Select HSS Piping Segments.
(a) The expert panel shall apply the risk‐importance

measure RRW as described in 4.2.2. Any piping segment
that has any of its eight RRW values (two for CDF without
analysis of uncertainty, two for CDF with analysis of un-
certainty, two for LERF without analysis of uncertainty,
and two for LERF with analysis of uncertainty) exceeding
1.005 shall be considered HSS, unless recovery actions
are credited. To credit recovery actions, the following re-
quirements shall be met:

(1) The recovery actions shall be documented in
plant procedures.

(2) Indications (e.g., alarms, gages, instrumentation)
shall be available to alert the operators to take the appro-
priate action.

(3) There shall be time available for the operator to
diagnose and take the action that results in isolating or
mitigating the piping failure, prior to the action becoming
ineffective, to mitigate the piping failure consequences.

(4) The equipment associated with taking the action
shall be available.

(b) If the recovery actions in (a) above are used as the
basis for categorizing a segment LSS, and the RRWs deter-
mined without recovery actions are quantitatively HSS,
the following shall be documented:

(1) identification of the procedure the operators are
using.

(2) identification of the instrumentation that would
alert the operators to take the appropriate actions.

(3) the estimated time the operators have to respond
to the event.

(4) if the recovery action is modeled in the plant PRA,
the results of any importance analyses performed on a
pipe segment. In these importance analyses, the human
error probabilities (HEPs) developed as part of the PRA
for the operator action are used instead of assuming that
the operators take no action to isolate or mitigate the leak
or always take the correct action to isolate or mitigate the
leak.

(c) Ideally, the screening criteria established by this
quantitative approach should capture the HSS piping seg-
ments, but the following condition shall also be consid-
ered by the expert panel.

(1) All piping segments not exceeding the screening
criteria shall be evaluated by the expert panel to deter-
mine whether any piping segment was inappropriately
ranked below these threshold values. RAW insights may
be considered. Considerations shall be given to the limita-
tions of the PRA implementation approach resulting from
the PRA structure and to limitations in the meanings and
uncertainty associated with the importance measures.
The expert panel shall also consider defense‐in‐depth,
aging, deterministic and operational insights from inspec-
tion results, industry data, and available pipe failure data,
and other PRA application impacts. The expert panel shall
then determine if additional piping segments must be
considered HSS.

(d) The final HSS and LSS piping segments list, along
with the rationale for any adjustments and decisions,
shall be documented. The HSS and LSS piping segments
shall be put into the appropriate regions of Figure R-S1-2.

4.2.7 Process for Selecting Piping Structural Ele-
ments. The final list of HSS piping segments, as identified
in 4.2.6 shall be selected for further evaluation at the pip-
ing structural elements level. The selection process is de-
scribed in 4.2.8.

ASME BPVC.XI-2015NONMANDATORY APPENDIX R

542

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



4.2.8 Piping Structural Element Selection.
(a) To complete the element selection process, a deter-

mination of segment high and low failure‐importance
shall be used to rank failure potential for the elements
in that segment. HSS segments shall be considered to have
a high failure‐importance when a piping segment or its
elements has either a degradation mechanism that is
known to exist, which may be currently monitored as part
of an existing Owner’s augmented program, or is deter-
mined to be highly susceptible to a degradation mechan-
ism that could lead to leakage or rupture. PFM calculation
results may be used to determine this high failure impor-
tance if any location within which the segment exceeds
the following indicator:

Probability of Large Leak > 10−4

per 40 yr of operation

(b) A set of inspection locations or elements shall be
identified for which (1) failures will have the greatest po-
tential impact on safety, and (2) there is a greater likeli-
hood of detectable degradation and consequently a
greater potential for identifying, through NDE, piping de-
gradation prior to failure. The final list of structural ele-
ments and rationale for any decis ions made in
establishing this list shall be documented. The following
criteria shall be used to make this determination as
shown in Figure R-S1-2:

(1) Region 1(A) includes all high‐failure‐importance
locations in each HSS piping segment identified as likely
to be susceptible to a known or postulated degradation
mechanism and shall be examined. Exceptions include
those locations already being examined under existing
augmented programs. Region 1(B) includes other por-
tions of these same HSS piping segments containing loca-
tions not affected by a known degradation mechanism
and evaluated using a statistical evaluation such as the
process described in (2). At least one element in this por-
tion of each HSS piping segment shall be examined.

(2) Region 2 includes all HSS piping segments with
low‐failure‐importance locations. For these segments a
statistical evaluation shall be used to define the number
of random locations to be examined. A sampling plan shall
be selected for each of these segments that achieves at
least a 95% confidence (no more than 5% risk) of not ex-
ceeding an estimated leak (through‐wall crack) frequency
defined from industry operating experience, based upon
the estimates for piping leak frequencies in Table
R-S1-2. In the statistical calculations, a leak is a visible
leak that does not influence system operation. It shall
be estimated as the frequency of a through‐wall flaw. This
estimate shall be obtained from a PFM model with suita-
ble input and output parameters. In cases where a PFM
model cannot be used due to model limitations, such as
application to socket welds or specific materials and to
account for uncertainty and the possibility of unknown
degradation mechanisms in these segments, at least one
element in each HSS piping segment shall be examined.

(3) Region 3 includes all LSS piping segments that
have a high failure‐importance. Locations selected for ex-
amination should be based on Owner‐defined programs.

(4) Region 4 includes all LSS segments and locations
with low failure‐importance.

(5) System pressure tests and VT‐2 visual examina-
tions are required for all Class 1, 2, and 3 piping, as applic-
able in Regions 1, 2, 3, and 4, in accordance with Article
IWA-5000, and Article IWB-5000, Article IWC-5000, or
Article IWD-5000, as applicable, and R-2500.

4.2.9 Change-In-Risk Evaluation.
(a) If a prior deterministic inservice inspection pro-

gram has been used, change‐in‐risk evaluation shall be
performed prior to the initial implementation of a
risk‐informed inspection program.

(b) Proposed inspection program changes shall be as-
sessed to quantitatively determine if any adjustments or
compensatory measures to the proposed risk‐informed
inspection program are necessary to provide assurance
that the effect of the proposed change results in a risk de-
crease, risk neutrality, or acceptably small increase. The
quantitative assessment shall consider CDF and LERF
with and without operator action. Operator recovery ac-
tion credited in the calculations shall assume perfect per-
formance, which means no human error probabilities are
required.

(c) The quantitative assessment shall modify the failure
probability used [see 4.2.5(c)] in calculating change in
CDF and LERF as follows:

(1) For piping segments that are part of augmented
programs (such as erosion‐corrosion and stress corrosion
cracking), the failure probabilities with examinations
credited are used.

(2) For piping segments that have NDE selections
proposed or selected, the failure probabilities with exam-
inations credited are used.

Figure R-S1-2
Structural Element Selection Matrix
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(3) For piping segments that have no NDE selections
proposed or selected, the failure probabilities without ex-
aminations credited are used.

(4) For piping segments within containment, the fail-
ure probabilities with and without examinations credited
based upon the proposed or selected NDE shall be used
along with credit for leak detection. Credit for leak detec-
tion may be taken for reactor coolant system leaks and
other system leaks that have analogous impact and detec-
tion possibilities as primary system leaks.

(5) No additional credit for inspection shall normally
be given to piping segments that contain both augmented
inspections and inservice inspections in the change‐in‐
risk evaluation. However, for selected piping segments
that are in the Inspection Program and an Owner’s aug-
mented program, when the Inspection Program requires
additional or more stringent examinations beyond the
augmented program, an additional factor of 3 improve-
ment shall be used to adjust the failure probability used
in the change‐in‐risk calculation.
(d) The criteria for an acceptable change‐in‐risk evalua-

tion are as follows:
(1) The total change in piping risk shall be a risk re-

duction or risk neutral when moving from a deterministic
inspection program to a risk‐informed inspection pro-
gram. If not, the dominant system (e.g., the system’s con-
tribution to the total risk‐informed inservice inspection
program risk is greater than 10%) and piping segment
contributors shall be reviewed to determine what addi-
tional examinations are needed. If additional examina-
tions are proposed, the change‐in‐risk calculation is to
be revised until a risk‐neutral position is achieved. This
may require several iterations. For the purpose of this
evaluation, risk‐neutral is defined as essentially equiva-
lent values, which may include acceptably small increases
defined by the regulatory authority having jurisdiction at
the plant site.

(2) Dominant systems shall be treated in a similar
manner to the total change in piping risk, in that for each
system, there shall be a risk reduction or risk neutrality
when moving from the deterministic inspection program
to a risk-informed inspection program.

(3) The results for nondominant systems (i.e., system
contribution to the total risk-informed inservice inspec-
tion program risk is equal to or less than 10%) shall be

reviewed to identify any systems for which there is a risk
increase when moving from a deterministic inspection
program to a risk-informed inspection program. For these
systems, the following evaluation shall be performed to
determine if additional examinations are required:

(-a) If the CDF increase for the system is greater
than the larger of 1% of the risk-informed inspection
CDF for that system or 10−8, at least one dominant seg-
ment in that system shall be reevaluated to identify addi-
tional examinations.

(-b) If the LERF increase for the system is greater
than the larger of 1% of the risk-informed inspection
LERF for that system or 10−9, at least one dominant seg-
ment in that system shall be reevaluated to identify addi-
tional examinations.

(4) If additional examinations are added as a result of
the change‐in‐risk evaluation, the evaluation shall be up-
dated to reflect the additional examinations. Segments for
which additional examinations are added shall be cate-
gorized HSS, and no statistical evaluation for a sample
size or expert panel review and approval is required.

4.2.10 Location and Examination Method Determi-
nations. Once the piping structural elements list is com-
pleted in accordance with 4.2.8 and 4.2.9, the areas or
volumes of concern for each of the HSS piping structural
elements shall be determined and documented. This de-
termination is based on the postulated degradation me-
chanisms identified in 4.2.5 and the configuration of
each piping structural element. The examination methods
and techniques for these identified areas or volumes of
concern shall be determined in accordance with the re-
quirements of Table R-2500-1 and documented.

5.0 REEVALUATION OF RISK-INFORMED
SELECTIONS

5.1 General. Examination selections made in accor-
dance with a risk‐informed Inspection Program shall be
reevaluated on the basis of inspection periods and inspec-
tion intervals that coincide with the Inspection Program
requirements of IWA-2431. The third‐inspection‐period
reevaluation will serve as the subsequent inspection in-
terval reevaluation. The performance of each inspection‐
period or inspection‐interval reevaluation may be accel-
erated or delayed by as much as 1 yr. The reevaluation

Table R-S1-2
Estimates for Piping Leak Frequencies

Material

Size

≤ NPS 1
(DN 25) NPS 1 (DN 25) < Size < NPS 4 (DN 100)

≥ NPS 4 (DN 100)<
/entry>

Stainless steel 10 −5 10 −5 10 −6

Ferritic steel 10 −5 10 −6 5 × 10 −6
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shall determine if any changes to the risk‐informed In-
spection Program examination selections need to be
made, by evaluation of the following:

(a) Plant design changes (e.g., physical: new piping or
equipment installation; programmatic: power uprating /
18- to 24-month fuel cycle; procedural: pump test fre-
quency changes, operating procedure changes)

(b) Changes in postulated conditions or assumptions
(e.g., check valve seat leakage greater than previously
assumed)

(c) Examination results (e.g., discovery of leakage or
flaws)

(d) Piping failures (e.g., plant‐specific or industry oc-
currences of through‐wall or through‐weld leakage,
failure due to a new degradation mechanism, or a nonpos-
tulated mechanism)

(e) PRA updates (e.g., new initiating events, new sys-
tem functions, more detailed model used, initiating event
and failure data changes)

5.2 Periodic Updates.
(a) If the periodic reevaluations of 5.1 indicate that pip-

ing structural elements, systems, or portions of systems
may now be HSS, and the risk‐informed inspection pro-
gram needs to be updated, the Owner shall update the
program by adding examination selections in accordance
with the requirements for HSS piping structural elements
in 4.2.8, or by using the applicable portions of the same
risk‐informed selection process previously used to estab-
lish the risk‐informed inspection program. This reevalua-
tion of the selections shall be performed by inserting the
new information at the appropriate level of the analysis. It
may not be necessary to reperform the ent ire
risk‐informed selection process, but the evaluation for
the changes to the selections that occur shall be
documented.

(b) If the reevaluations indicate that piping structural
elements, systems, or portions of systems may now be
LSS, the risk‐informed inspection program may remain
unchanged, or examination selections may be deleted by
using the applicable portions of the same risk‐informed
selection process that previously established the
risk‐informed inspection program. This reevaluation of
the selections shall be performed by inserting the new in-
formation at the appropriate level of the analysis. It may
not be necessary to reperform the entire risk‐informed
selection process, but the evaluation for the changes to
the selections that occur shall be documented.

(c) If any portion of the risk‐informed selection process
is reperformed, a change‐in‐risk evaluation shall be com-
pleted in accordance with 4.2.9.

5.3 Interval Updates. If changes occur during peri-
odic updates, based on qualitative reevaluation results,
those changes shall be cumulatively evaluated for inclu-
sion in the subsequent inspection interval update. The
subsequent inspection interval update shall include a re-
evaluation using the applicable portions of the same

risk‐informed selection process used to establish the
risk‐informed inspection program. This reevaluation of
the selections shall be performed by inserting the new in-
formation at the appropriate level of the analysis. It may
not be necessary to reperform the entire risk‐informed
selection process, but the evaluation for the changes to
the piping selections that occur shall be documented.
The inspection interval update shall meet the require-
ments of IWA-2400, and a change‐in‐risk evaluation shall
be completed in accordance with 4.2.9.

SUPPLEMENT 2 RISK INFORMED
SELECTION PROCESS —
METHOD B

1.0 INTRODUCTION

This Supplement provides the risk‐informed selection
process to be used for selection of piping segments and
piping structural elements (including connections) for
preservice and inservice inspection. This selection pro-
cess is based on the risk‐significance of locations within
an individual system. Figure R-S2-1 illustrates the evalua-
tion process that is summarized in the following text.

1.1 System Identification. Systems shall be selected
for analysis and system boundaries, and functions shall
be identified.

1.2 Segment Risk Assessment. Each selected system
shall be divided into piping segments determined to have
similar consequence of failure and potential for failure
(common degradation mechanisms, etc.). These segments
shall be placed into risk categories based on combinations
of consequence and failure potential. Risk‐significant seg-
ments shall be identified.

1.3 Element Assessment. Potential locations (ele-
ments) within the risk‐significant segments shall be se-
lected for inspection based on the specific degradation
mechanism identified in the segment.

1.4 Inspection Volume and Examination Methods.
The inspection volume and method used for each element
shall be determined based on the degradation mechanism
associated with the element.

1.5 Documentation. The results of this alternative se-
lection process shall be documented. This process shall
include a review incorporating plant‐specific and indus-
try experience, as well as the results of plant‐specific
inspections.

2.0 BOUNDARY IDENTIFICATION

The Owner shall define the system boundaries included
in the scope of the risk‐informed inspection program eva-
luation. Within each system boundary, the risk‐informed
evaluation may include Class 1, 2, or 3 piping defined in
the deterministic inservice inspection program, if applic-
able, and piping outside the current deterministic

ASME BPVC.XI-2015 NONMANDATORY APPENDIX R

545

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



program examination boundaries, if applicable. Piping, or
portions thereof, included for evaluation shall be based
on the deterministic program Class 1, 2, or 3, examination
boundaries, if applicable, determined in accordance with
the requirements of IWA-1320, and limited by exemp-
tions of IWB-1220, IWC-1220, and IWD-1220. When Ex-
amination Category C‐F‐1 or C‐F‐2 piping is included,
the piping exempt from NDE under the requirements of
Tables IWC-2500-1 (C-F-1) and IWC-2500-1 (C-F-2) due
to nominal wall thickness limitations shall be evaluated.

3.0 SEGMENT RISK ASSESSMENT

Piping within a system shall be grouped into segments
of common failure consequence and susceptibility to com-
mon degradation mechanisms. To accomplish this group-
ing for each pipe segment within a system, both the
potential for failure (i.e., susceptibility to potential degra-
dation mechanisms) and the direct and indirect conse-
quence of failure, shall be assessed in accordance with
3.1 and 3.2.

3.1 Failure Potential Assessment
3.1.1 Identification of Degradation Mechanisms. Po-

tential active degradation mechanisms for each pipe seg-
ment within the selected system boundaries shall be
identified. The following conditions shall be considered:
(a) design characteristics, including material, pipe size

and schedule, component type (e.g., fitting type or ANSI
standard) and other attributes related to the system
configuration
(b) fabrication practices, including welding and heat

treatment
(c) operating conditions, including temperatures and

pressures, fluid conditions (e.g., stagnant, laminar flow,
turbulent flow), fluid quality (e.g., primary water, raw
water, dry steam, chemical control), and service environ-
ment (e.g., humidity, radiation)58

(d) industry‐wide service experience with the systems
being evaluated
(e) results of preservice, inservice, and augmented ex-

aminations, and the presence of prior repairs in the
system
(f) degradation mechanisms identified in Table R-S2-1

3.1.2 Failure Potential Categories. Degradation me-
chanisms shall be categorized as described in Table
R-S2-2 in accordance with their probability of causing a
large pipe break. Segments susceptible to Flow Acceler-
ated Corrosion (FAC) shall be classified in the high failure
potential/large break category. Segments susceptible to
any of the other degradation mechanisms shall be classi-
fied in the medium failure potential/small leak category.
Segments having degradation mechanisms listed in the
small leak category shall be upgraded to the high failure
potential/large break category, if the pipe segments also
have the potential for water hammer loads.

Figure R-S2-1
Risk Evaluation Process

System

Select system and define boundaries for evaluation

Consequence Assessment

Direct and Indirect Effects
Identify Impact Groups:

Initiating Events, System/Train, Combination,
Containment

Failure Assessment

Design and Operating Conditions
Service Experience

Degradation Mechanisms

Failure Potential Category

Degradation Mechanism
Loading

Service Experience

Risk Categorization

High – Cat. 1, 2, and 3
Medium – Cat. 4 and 5

Low – Cat. 6 and 7

Element Assessment

Defines Number of Inspections Required [Note (1)]
25% – Categories 1, 2, and 3

10% – Categories 4 and 5

Safety Significant Segments

Risk important segments to be included in RI-ISI
Program

Segment

Consequence � Degradation Mechanism

Consequence Category

PRA/IPE-Based Impact Group Tables

Inspection Location

Procedure Selection Criteria and Service Experience

Examination Requirements

Apply Prescriptive Requirements:
Examination Method and Volume

Acceptance Criteria and Evaluation Standards

Document Revised ISI Plan

NOTE:
(1) If the chosen scope of the application applies only to Examina-

tion Category B‐J welds, excluding socket welds, the following
may be applied: Element Assessment: 10% ‐ Examination Cate-
gory B‐J.
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ð15ÞTable R-S2-1
Degradation Mechanisms

Mechanisms Chapter Two Attributes Susceptible Regions

TF TASCS — piping > NPS 1 (DN 25); and nozzles, branch pipe connections,
safe ends, welds, heat-affected
zones (HAZ), base metal; and
regions of stress concentration

— pipe segment has a slope < 45 deg from horizontal (includes elbow or tee into a
vertical pipe); and

— potential exists for a low flow in a pipe section connected to a component
allowing mixing of hot and cold fluids, or potential exists for leakage flow past a
valve (i.e., in‐leakage, out‐leakage, cross‐leakage) allowing mixing of hot and cold
fluids, or potential exists for convection heating in dead‐end pipe sections
connected to a source of hot fluid, or potential exists for two phase (steam/
water) flow, or potential exists for turbulent penetration in branch pipe
connected to header piping containing hot fluid with high turbulent flow; and

— calculated or measured ΔT > 50°F (ΔT > 27°C); and
— Richardson number > 4.0

TT — operating temperature > 270°F (130°C) for stainless steel, or operating
temperature > 220°F (105°C) for carbon steel, and

— potential for relatively rapid temperature changes including cold fluid injection
into hot pipe segment, or hot fluid injection into cold pipe segment, and

— |ΔT | > 200°F (|ΔT | > 111°C) for stainless steel, or
|ΔT | > 150°F (|ΔT | > 83°C) for carbon steel, or
|ΔT | > ΔT allowable (applicable to both stainless and carbon)

SCC IGSCC
(BWR)

— evaluated in accordance with the Owner’s existing IGSCC inspection program
following NRC Generic Letter 88-01 or alternative (e.g., BWRVIP-075)

base metal, welds, and HAZ

IGSCC
(PWR)

— operating temperature > 200°F (93°C); and
— susceptible material (carbon content ≥ 0.035%); and
— tensile stress (including residual stress) is present; and
— oxygen or oxidizing species are present
OR
— operating temperature < 200°F (93°C), the attributes above apply; and
— initiating contaminants (e.g., thiosulfate, fluoride, chloride) are also required to
be present

TGSCC — operating temperature > 150°F (65°C), and austenitic stainless steel base metal,
welds, and HAZ— tensile stress (including residual stress) is present, and

— halides (e.g., fluoride, chloride) are present, or caustic (NaOH) is present, and
— oxygen or oxidizing species are present (only required to be present in
conjunction w/halides, not required w/caustic)

ECSCC — operating temperature > 150°F (65°C), and austenitic stainless steel base metal,
welds, and HAZ— tensile strength is present, and

— an outside piping surface is within five diameters of a probable leak path (e.g.,
valve stems) and is covered with nonmetallic insulation that is not in compliance
with NRC Regulatory Guide 1.36, or an outside piping surface is exposed to
wetting from chloride‐bearing environments (e.g., seawater, brackish water,
brine)

PWSCC — evaluated in accordance with the Owner’s existing PWSCC inspection program
and, as applicable, the requirements endorsed by the regulatory authority having
jurisdiction at the plant site [e.g., 10CFR50.55a(g)(6)(ii)(F) dated June 21, 2011]

base metal, welds, and HAZ

LC MIC — operating temperature < 150°F (65°C), and fittings, welds, HAZ, base metal,
dissimilar metal joints (e.g.,
welds, flanges), and regions
containing crevices

— low or intermittent flow; and
— pH < 10; and
— presence/intrusion of organic material (e.g., raw water system), or water source
is not treated w/biocides (e.g., refueling water tank)

PIT — potential exists for low flow; and
— oxygen or oxidizing species are present; and
— initiating contaminants (e.g., fluoride, chloride) are present

CC — crevice condition exists (e.g., thermal sleeves); and
— operating temperatures > 150°F (65°C); and
— oxygen or oxidizing species are present
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3.2 Consequence Evaluation
3.2.1 Failure Modes and Effects Analysis (FMEA).

Potential failure modes for each pipe segment shall be
identified, and their effects shall be evaluated. This eva-
luation shall consider the following:
(a) Break Size. The consequence analysis shall be per-

formed assuming a large break for most segments. The
exceptions are piping for which a smaller leak is more
conservative, or when a small leak can be justified

through a leak‐before‐break analysis in accordance with
the criteria specified in NUREG‐1061, Volume 3, and
10CFR50, Appendix J, General Design Criterion 4.
(b) Isolability of the Break. A break can be automatically

isolated by a check valve, a closed isolation valve, or an
isolation valve which closes on a given signal or by opera-
tor action.
(c) Indirect Effects. Includes spatial and loss of inven-

tory effects.

Table R-S2-1
Degradation Mechanisms (Cont'd)

Mechanisms Chapter Two Attributes Susceptible Regions

FS E ‐C — existence of cavitation source (i.e., throttling or pressure reducing valves or
orifices); and

fittings, welds, HAZ, and base metal

— operating temperature < 250°F (120°C); and
— flow present > 100 hr/yr; and
— velocity > 30 ft/s (9.1 m/s); and
— (Pd −Pv)/ΔP < 5 where, Pd = static pressure downstream of cavitation source,
Pv = vapor pressure, and ΔP = pressure difference across the cavitation source

FAC — evaluated in accordance with existing plant FAC program per plant FAC program

Water Hammer [Note
(1)]

— potential for fluid voiding and relief valve discharge

GENERAL NOTE:
The following is a list of acronyms for terms used in the "Mechanisms" column:
Thermal Fatigue (TF) Localized Corrosion (LC)

Thermal Stratification, Cycling, and Striping (TASCS) Microbiologically-Influenced Corrosion (MIC)
Thermal Transients (TT) Pitting (PIT)

Stress Corrosion Cracking (SCC) Crevice Corrosion (CC)
Intergranular Stress Corrosion Cracking (IGSCC) Flow Sensitive (FS)
Transgranular Stress Corrosion Cracking (TGSCC) Erosion-Cavitation (E-C)
External Chloride Stress Corrosion Cracking (ECSCC) Flow-Accelerated Corrosion (FAC)
Primary Water Stress Corrosion Cracking (PWSCC)

NOTE:
(1) Water hammer is a rare, severe loading condition, as opposed to a degradation mechanism, but its known potential at a location, in con-

junction with one or more of the listed mechanisms, is a cause for a higher examination zone ranking.

Table R-S2-2
Degradation Mechanism Category

Failure Potential Conditions Degradation Category Degradation Mechanism

High [Note (1)] Degradation mechanism likely to cause a large break Large break Flow‐Accelerated Corrosion

Medium Degradation mechanism likely to cause a small leak Small leak Thermal Fatigue,
Erosion‐Cavitation,
Corrosion, Stress
Corrosion Cracking

Low None None None

NOTE:
(1) Refer to 3.1.2.
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(d) Initiating Events. These are identified using a plant‐
specific list of initiating events from the plant Probabilis-
tic Risk Assessment/Individual Plant Examination (PRA/
IPE) and the plant design basis.

(e) System Impact/Recovery. The means of detecting a
failure, and the Technical Specifications associated with
the system and other impacted systems. Possible auto-
matic and operator actions to prevent a loss of systems
shall also be evaluated.

(f) System Redundancy. The existence of redundant
flowpaths for accident mitigation purposes shall be
considered.

3.2.2 Impact Group Assessment. The FMEA impacts
for each pipe segment shall be classified into one of three
impact groups: initiating event, system, or combination.
The consequence category (high, medium, low, none)
shall then be selected in accordance with (a) through (e).

(a) Initiating Events (IE) Impact Group Assessment.
When a postulated break results in only an initiating
event (e.g., loss of coolant accident, loss of feedwater, re-
actor trip), the consequence shall be classified into one of
four categories: high, medium, low, or none. The initiating
event categories shall be assigned according to the
following:

(1) The initiating event shall be placed into one of the
categories in Table R-S2-3.

These shall include all applicable design basis events
previously analyzed in the Owners updated final safety
analysis report, PRA, or IPE.

(2) Breaks that cause an initiating event classified as
routine operation (Category I) are not relevant to this
analysis.

(3) For piping segment breaks that result in Category
II (Anticipated Event), Category III (Infrequent Event), or
Category IV (Limiting Fault or Accident), the consequence
category shall be assigned to the initiating event accord-
ing to the conditional core damage probability (CCDP) cri-
teria specified in Table R-S2-4.

(b) System Impact Group Assessment. The consequence
category of a pipe segment failure that does not cause
an initiating event, but that degrades or fails a system es-
sential to plant safety, shall be based on the following
three attributes:

(1) Frequency of challenge, which determines how
often the mitigating function of the system is called upon.
This corresponds to the frequency of initiating events that
require the system operation.

(2) Number of backup systems available, which de-
termines how many unaffected systems are available to
perform the same mitigating function as the degraded
or failed system.

(3) Exposure time, which determines the time the
system would be unavailable before the plant is changed
to a different mode in which the failed system’s function is
no longer required, the failure is recovered, or other com-
pensatory action is taken. Exposure time is a function of
the detection time and Allowed Outage Time, as defined
in the plant Technical Specification.

Consequence categories shall be assigned in accor-
dance with Table R-S2-5 as High, Medium, or Low. Consis-
tent with the initiating event group (Table R-S2-3),
frequency of challenge is grouped into design basis event
categories (II, III, and IV) unless initiating event frequency
ranges are not consistent with Table R-S2-3. If this is the
case, the frequency of the initiating event shall be used to

Table R-S2-3
Consequence Categories for Initiating Event Impact of Group

Design Basis
Event Category Initiating Event Type

Representative
Initiating Event
Frequency Range

(1/yr) Example Initiating Events
Consequence Category

[Note (1)]

I Routine operation > 1 … n/a

II Anticipated event > 10 −1 Reactor trip, turbine trip, partial
loss of feedwater

Low/Medium

III Infrequency event 10 −1 to 10 −2 Excessive feedwater Low/Medium

Steam removal, loss of off‐site
power

Medium/High

IV Limiting fault or accident < 10 −2 Small LOCA, steam line break,
feedwater line break, large
LOCA

Medium/High

NOTE:
(1) Refer to 3.2.2(a)(3).
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determine the event category. Exposure time shall be ob-
tained from Technical Specification and system operating
configuration limits. In lieu of Table R-S2-5, quantitative
indices based on conditional core damage probability
may be used to assign consequence categories on the ba-
sis of the plant’s PRA/IPE in accordance with Table
R-S2-4. The Owner shall ensure that the quantitative basis
of Tables R-S2-4 and R-S2-5 (e.g., train unavailability ap-
proximately 10−2) is consistent with the pipe failure sce-
nario under evaluation.

(c) Combination Impact Group Assessment. The conse-
quence category for a pipe segment whose failure results
in both an initiating event and the degradation or loss of a
system shall be determined using Table R-S2-6. The

Owner shall ensure that the quantitative basis of Table
R-S2-5 (e.g., train unavailability approximately 10−2) is
consistent with the pipe failure scenario under evalua-
tion. The consequence category is a function of two
factors.

(1) use of the system as a mitigating function for the
induced initiating event

(2) number of unaffected backup systems or trains
available to perform the same function
(d) Containment Performance. The previous evaluations

determine pipe failure importance relative to core dam-
age. Pipe failure shall also be assessed for its impact on
containment performance. This shall be accomplished
by addressing two issues both of which are based on an
approximate conditional value of ≤ 10−1 between the
CCDP and the likelihood of large early release from con-
tainment as shown in Table R-S2-4. If there is no margin
(i.e., conditional large early release probability (CLERP)
given core damage is > 10−1), the assigned consequence
category shall be increased by one level. The two issues
are as follows:

(1) CCDP values for initiating events and safety func-
tions shall be evaluated to determine whether the poten-
tial for large early containment failure requires the
consequence category to be increased.

(2) The impact on containment isolation shall be
evaluated. If there is a containment barrier available,
the consequence category from the core damage

Table R-S2-4
Quantitative Indices for Consequence

Categories

Conse-
quence
Category

Corresponding
Conditional Core

Damage Probability
Range

Corresponding
Conditional Large
Early Release

Probability Range

High > 10 −4 > 10 −5

Medium 10 −6 < CCDP ≤ 10 −4 10 −7 < CLERP ≤ 10 −5

Low ≤ 10 −6 ≤ 10 −7

Table R-S2-5
Guidelines for Assigning Consequence Categories to Failures Resulting in System or Train Loss

Affected Systems Number of Unaffected Backup Trains

Frequency of
Challenge

Exposure Time to
Challenge 0.0 0.5 1.0 1.5 2.0 2.5 3.0 ≥ 3.5

Anticipated
(DB Cat. II)

All Year High High High High Medium Medium Low* Low

Between tests (1–3
months)

High High High Medi-
um*

Medium Low* Low Low

Long AOT ( ≤ 1 week) High High Medi-
um*

Medium Low* Low Low Low

Short AOT ( ≤ 1 day) High Medi-
um*

Medium Low* Low Low Low Low

Infrequent
(DB Cat. III)

All Year High High High Medium Medium Low* Low Low

Between tests (1–3
months)

High High Medi-
um*

Medium Low* Low Low Low

Long AOT ( ≤ 1 week) High Medi-
um*

Medium Low* Low Low Low Low

Short AOT ( ≤ 1 day) High Medium Low* Low Low Low Low Low

Unexpected
(DB Cat. IV)

All Year High High Medium Medium Low* Low Low Low

Between tests (1–3
months)

High Medium Medium Low* Low Low Low Low

Long AOT ( ≤ 1 week) High Medium Low* Low Low Low Low Low

Short AOT ( ≤ 1 day) High Low* Low Low Low Low Low Low

GENERAL NOTE: Containment Performance: If there is no containment barrier and the consequence category is marked by an asterisk (*),
the consequence category should be increased (medium to high or low to medium).
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assessment shall be retained. If there is no containment
barrier or the barrier failed in determining the conse-
quence category from the core damage assessment, a
margin of at least 10−1 in the core damage consequence
category assignment shall be present for the consequence
category to be retained.

For example, if the CCDP for core damage is less than
10 −5 (i.e., a “Medium” consequence assignment) and
there is no containment barrier, the “Medium” conse-
quence assignment is retained because there is a margin
of 0.1 to the “High” consequence category threshold (i.e.,
10−4). However, if the CCDP for core damage is 5 × 10−5

(i.e., a “Medium” consequence assignment) and there is
no containment barrier, the consequence category is in-
creased to “High” because the margin to the “High” conse-
quence category threshold (i.e., 10−4) is less than 10−1.
Table R-S2-7 shall be used to assign consequence cate-
gories for those piping failures that can lead to a LOCA
outside containment.

(e) Other Modes of Operation. Any other information, in-
cluding evaluation of external events and other plant op-
erating modes other than at‐power, that are appropriate
to establish the importance of the piping segment shall
be considered.

3.3 Segment Risk Categorization
3.3.1 Risk Matrix. The risk of pipe segment failure

shall be evaluated on the basis of the expected likelihood
of the event and the expected consequence. The likeli-
hood of failure shall be estimated based on the segment
exposure to varying degradation mechanisms, and shall

be represented by the degradation category assigned to
the segment in accordance with 3.1. Consequence shall
be represented by the consequence category assigned to
the segment in accordance with 3.2. The structure used
to document the results of this analysis is called a Risk
Matrix and is shown in Table R-S2-8. Each pipe segment
shall be assigned to one of the risk categories in Table
R-S2-8 based on its degradation and consequence
categories.

3.3.2 Risk Categories. The three failure potential
(i.e., degradation mechanism) categories and four conse-
quence categories shall be combined into seven risk cate-
gories, as follows. Piping segments and piping structural

Table R-S2-6
Consequence Categories for Combination Impact Group

Event Consequence Category

Initiating event and 1 unaffected train of mitigating
system available

High

Initiating event and 2 unaffected trains of mitigating
systems available

Medium [Note (1)] (or IE Consequence Category
from Table R-S2-3)

Initiating event and more than 2 unaffected trains of
mitigating systems available

Low [Note (1)] (or IE Consequence Category from
Table R-S2-3)

Initiating event and no mitigating systems affected IE Consequence Category from Table R-S2-3

NOTE:
(1) The higher consequence category from Table R-S2-3 or Table R-S2-6 shall be assigned.

Table R-S2-7
Consequence Categories for Pipe Failures
Resulting in Increased Potential for an
Unisolated Loca Outside of Containment

Protection Against LOCA Outside
Containment

Consequence
Category

One active barrier [Note (1)] High

One passive barrier [Note (2)] High

Two active barriers Medium

One active and one passive barrier Medium

Two passive barriers Low

More than two passive barriers None

NOTES:
(1) An active barrier is presented by a valve that needs to close on

demand.
(2) A passive barrier is presented by a valve that needs to remain

closed.
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elements determined to be in Risk Category 1, 2, 3, 4, or 5
are HSS, and those that are in Risk Category 6 or 7 are
LSS:

Risk
Category Risk Area

1 High Consequence and High Failure Potential
Category

2 High Consequence and Medium Failure Potential
Category

3 Medium Consequence and High Failure Potential
Category

4 High Consequence and Low Failure Potential
Category

5 Medium Consequence and Medium Failure
Potential Category, or Low Consequence and
High Failure Potential Category

6 Medium Consequence and Low Failure Potential
Category, or Low Consequence and Medium
Failure Potential Category

7 Low Consequence and Low Failure Potential
Category, or No Consequence and Any Failure
Potential Category

4.0 ELEMENT ASSESSMENT
4.1 Standard Element Assessment. The number of

elements to be examined in each risk category shall be
as follows:
(a) For Segments in Risk Category 1, 3, or 5, in an exist-

ing FAC inspection program, with no known degradation
mechanisms other than FAC, the number, location, and
frequency of inspections shall be in accordance with the
existing FAC inspection program. The existing FAC in-
spection program shall remain unchanged. For the
risk‐informed inspection program

(1) if segments in the FAC inspection program are to
be selected and credited under the risk-informed inspec-
tion program, they shall be treated in accordance with (c),
or

(2) the segments defined in (a) may be removed from
the risk‐informed inspection program population used to
determine the number and location of inspections under
(c), as they are governed by the Owner’s existing FAC in-
spection program
(b) For Segments in Risk Category 1, 2, 3, or 5, in an ex-

isting IGSCC inspection program per NRC Generic Letter
88‐01 Categories B through G or an Owner’s existing
PWSCC inspection program for Class 1 PWR piping and
vessel nozzle butt welds that are fabricated with UNS
N06600, N06082, or W86182 materials with or without
the application of mitigation activities, with no known de-
gradation mechanisms other than IGSCC or PWSCC, re-
spectively, the number, location, and frequency of
inspections shall be the same as the existing IGSCC or
PWSCC inspection program. For the risk‐informed inspec-
tion program

(1) IGSCC Category A welds shall be treated in accor-
dance with (c), and

(2) if welds in an IGSCC (Categories B through G) or
PWSCC inspection program are to be selected and cred-
ited under the risk‐informed inspection program, they
shall be treated in accordance with (c), or

(3) the welds in an IGSCC (Categories B through G) or
PWSCC inspection program may be removed from the
risk‐informed inspection program population used to de-
termine the number and location of inspections under (c),
as they are governed by the Owner’s existing IGSCC or
PWSCC inspection programs
(c) For segments determined to have degradation me-

chanisms other than those included in the existing FAC,
IGSCC, and PWSCC inspection programs, or segments
with no known degradation mechanisms, the following
number of locations shall be examined as part of the
risk‐informed inspection program.

(1) For Risk Categories 1, 2, and 3, the number of in-
spection locations in each category shall be at least 25%
of the total number of elements in each risk category ap-
plicable to the system evaluated.

(2) For Risk Category 4 or 5, the number of inspec-
tion locations in each category shall be at least 10% of
the total number of elements in each risk category applic-
able to the system evaluated.
(d) For segments in Risk Category 6 or 7, volumetric

and surface examinations are not required.

Table R-S2-8
Risk Matrix

Risk Groups High: Cat. 1, 2, and
3 Medium: Cat. 4 and 5...Low:

Cat. 6 and 7

Consequence Category

None Low Medium High

Failure
Potential

High Category 7 Category 5 Category 3 Category 1

Medium Category 7 Category 6 Category 5 Category 2

Low Category 7 Category 7 Category 6 Category 4
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(e) All Classes 1, 2, and 3 elements, regardless of risk
category, require pressure tests and VT‐2 visual examina-
tions, as applicable, in accordance with Article IWA-5000;
Article IWB-5000, Article IWC-5000, or Article
IWD-5000, as applicable; and R-2500.

4.2 Optional Element Assessment. If the chosen
scope applies only to Examination Category B‐J welds, ex-
cluding socket welds, elements may be selected for exam-
ination starting with the elements in the High Risk Group
and working toward the Low Risk Group, until the total
number of elements are equal to 10% of the Examination
Category B‐J piping welds, excluding socket welds. Exam-
inations may be concentrated on systems with more high‐
risk segments, such that a larger percentage of the ele-
ments in the High Risk Categories 1, 2, and 3 are exam-
ined. No more than 50% of the examinations required
by other augmented programs (e.g., IGSCC in BWRs)
may be credited toward the required 10% inspection
population.

5.0 INSPECTION LOCATIONS AND
EXAMINATION METHODS

5.1 Selection of Elements for Inspection. The selec-
tion of elements within each risk category shall be docu-
mented and shall be based on the following:

(a) elements identified as susceptible to the specific de-
gradation mechanisms in Table R-S2-1

(b) plant‐specific inservice cracking or flaw experience
(c) availability of previous examination results for

baseline, preservice, and historical records
(d) inspections shall be required for each degradation

mechanism and combination of degradation mechanisms
(e.g., thermal fatigue and IGSCC) identified. Relative de-
gradation severity for specific degradation mechanisms,
when applicable, shall be considered (e.g., wear or ero-
sion rates for flow accelerated corrosion, ΔT or Richard-
son number for thermal fatigue, BWRVIP‐7559 weld
categorization for IGSCC). Examination for elements in
Risk Category 4 segments shall be based on areas of sig-
nificant stress concentration, geometric discontinuities,
or terminal ends.

(e) availability of access to the element to ensure the
examination method for the relevant degradation me-
chanism can be used effectively to achieve required cov-
erage for the defined examination volumes

(f) elements should be selected to minimize personnel
radiation exposure during inspection

(g) elements should be selected to minimize support
services such as scaffolding, insulation, and rigging

5.2 Examination Volumes and Methods. The selec-
tion of examination volumes and methods for each ele-
ment within a Risk Category will depend on the
degradation mechanism present. Examination programs
developed in accordance with this Appendix shall use
NDE techniques suitable for specific degradation mechan-
isms and examination locations. The examination

volumes and methods that are appropriate for each de-
gradation mechanism are provided in Table R-2500-1.
The methods and procedures used for the examinations
shall be qualified to reliably detect and size the relevant
degradation mechanisms identified for each element. Per-
sonnel performing the examinations shall be qualified,
and examinations shall be conducted and documented,
in accordance with Article IWA-2000.

6.0 CHANGE-IN-RISK EVALUATION

(a) If a prior deterministic inspection program has
been used, a change‐in‐risk evaluation shall be performed
prior to the initial implementation of a risk‐informed in-
spection program.

(b) Proposed risk‐informed inspection program
changes shall be qualitatively or quantitatively assessed
to determine if any adjustments to the proposed inspec-
tion program or compensatory measures are needed to
provide assurance that the effect of the proposed change
is either risk‐neutral, provides a risk reduction, or adds
negligible increases in CDF and LERF.

(1) Qualitative Evaluation: For segments categorized
as Low Risk (Category 6 or 7), any changes to the number
of examinations shall have a negligible impact on risk
(EPRI TR‐112657 Revision B‐A, December 1999, Section
3.7.1 ). This qualitative assessment shall review all other
risk categories to determine if the number of examina-
tions is greater, the same, or less than the previous deter-
ministic inspection program, if applicable. For risk
categories for which the number of risk‐informed inspec-
tion examinations is greater, or the same, the risk impact
shall be considered a decrease, or at worse, risk‐neutral,
and therefore acceptable. For risk categories for which
the number of examinations is less than the deterministic
inspection program, as applicable, a quantitative evalua-
tion shall be performed.

(2) Quantitative Evaluation: The change in risk shall
be estimated for changes in examinations of welds in seg-
ments in medium or high risk categories (1, 2, 3, 4, or 5).

(-a) Bounding Failure Frequency: The failure fre-
quencies of 2 × 10−6/weld‐yr for welds in the high‐failure‐
potential category, 2 × 10−7/weld‐yr for welds in the
medium‐failure‐potential category, and 10−8/weld‐yr in
the low‐failure‐potential category may be used.

(-b) Locat ion ‐Spec i f i c Fa i lure Frequency :
Degradation‐mechanism‐specific failure frequencies de-
veloped from an integrated analysis of observed pipe fail-
ure data may be used to develop location‐ and
degradation‐specific failure frequencies. An acceptable
source of data is provided in EPRI TR‐112657, Revision
B‐A, December 1999, Section 3.7.1. Any other evaluation
of data used shall be of comparable scope and quality.
These failure frequency estimates shall be used directly
or in a sound and appropriate first‐order Markov model
of pipe rupture. The Markov model shall incorporate
the degradation‐specific failure frequencies, the time be-
tween opportunities to detect a leak, the time between
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inspections, and the probability of (flaw) detection. The
Markov model may be used to estimate location‐specific
failure frequencies, or to estimate the factor that inspec-
tion could reduce the location‐specific failure frequency
of the inspection program. When failure frequencies
based on degradation mechanisms are used, mechanisms
that are in an augmented program unaffected by the pro-
posed risk‐informed inspection program need not be in-
cluded in the location‐specific estimates. Failure
frequencies for other degradation mechanisms simulta-
neously present (except for IGSCC and FAC) shall be
summed. If IGSCC and FAC are present with any other de-
gradation mechanism, and if the deterministic inspection
program or the risk‐informed inspection program pro-
vides additional or more stringent examination beyond
that required by the Owner’s augmented inspection pro-
gram, an additional factor of 3 improvement may be used
to adjust the failure probability used in the change‐in‐risk
calculation.

(-c) Conditional Risk Estimates: The conditional
core damage probability (CCDP) and conditional large
early release probability (CLERP) estimated for each seg-
ment may be used, if available. Bounding values of the
highest estimated CCDP and CLERP for high‐consequence
segments, and 10−4 (CCDP) and 10−5 (CLERP) for
medium‐consequence segments, and 10−6 (CCDP) and
10−7 (CLERP) for low‐consequence segments shall be
used, if segment‐specific estimates are not available.

(-d) The following general equations shall be used
to estimate the change‐in‐risk. One estimate shall be
made for the change in CDF and one for LERF. The equa-
tions illustrate only the change in CDF; the change in
LERF due to application of the risk‐informed inspection
process shall be estimated by substituting the conditional
large early release probability (CLERP) for CCDP in the
equations.

where

CCDPj = conditional core damage probability at location
j

I e j = factor of reduction in pipe rupture frequency at
location j , associated with a deterministic in-
spection program

I r j = factor of reduction in pipe rupture frequency at
location j , associated with a risk‐informed in-
spection program

PFj = piping failure frequency at location j , without
inspection

ΔRCDF = change in CDF due to replacing a deterministic
inspection program with a risk‐informed in-
spection program

In terms of probability of detection

where

PODej = probability of detection at location j , in a deter-
ministic inspection program

PODrj = probability of detection at location j , in a
risk‐informed inspection program

It is acceptable to use bounding estimates for pipe
failure frequency from (-a) and conditional core damage
and large early release probabilities from (-c) to simplify
the calculations. If the bounding estimates for both pipe
failure frequencies and conditional probabilities are used,
the equation becomes

where

CCDPc = conditional core damage probability for the
high ‐ , medium ‐ , and low ‐consequence
estimates

Nef c = number of inspection locations in the conse-
quence f and failure frequency c categories in
the previous deterministic inspection program

Nrf c = number of inspection locations in the conse-
quence f and failure frequency c categories in
the risk‐informed inspection program

PFf = piping fai lure frequency for the high‐ ,
medium‐, and low‐failure frequency estimates

PODe = probability of detection in the previous deter-
ministic inspection program, if applicable
(may be degradation mechanism specific)

PODr = probability of detection in the risk‐informed
inspection program (may be degradation me-
chanism specific)

(-e) Acceptance Criteria: The estimated change in
CDF and LERF for each system shall be less than
10−7/yr and 10−8/yr, respectively, and the total change
in CDF and LERF shall be less than 10−6/yr and 10−7/yr
respectively. If these requirements are not met, inspec-
tion locations shall be added. If this Supplement is applied
to only Class 1 welds, the individual systems and system
parts in Class 1 may be considered a single system, and
the system‐level guidelines shall be applied to the total
change.
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7.0 REEVALUATION OF RISK-INFORMED
SELECTIONS

7.1 General. Examination selections made in accor-
dance with a risk‐informed inspection program shall be
reevaluated on the basis of inspection periods and inspec-
tion intervals that coincide with the inspection program
requirements of IWA-2431. The third inspection period
reevaluation will serve as the subsequent inspection in-
terval reevaluation. The performance of each inspection
period or inspection interval reevaluation may be acceler-
ated or delayed by as much as 1 yr. The reevaluation shall
determine if any changes to the risk‐informed Inspection
Program examination selections need to be made, by eva-
luation of the following:

(a) Plant design changes (e.g., physical: new piping or
equipment installation; programmatic: power uprating/
18- to 24-month fuel cycle; procedural; pump test fre-
quency changes, operating procedure changes)

(b) Changes in postulated conditions or assumptions
(e.g., check valve seat leakage greater than previously
assumed)

(c) Examination results (e.g., discovery of leakage or
flaws)

(d) Piping failures (e.g., plant specific or industry occur-
rences of through‐wall or through‐weld leakage, failure
due to a new degradation mechanism, or a nonpostulated
mechanism)

(e) PRA updates (e.g., new initiating events, new sys-
tem functions, more detailed model used, initiating event
and failure data changes)

7.2 Periodic Updates.
(a) If the periodic reevaluations of 7.1 indicate that pip-

ing structural elements, systems, or portions of systems
may now be HSS and the risk‐informed Inspection Pro-
gram needs to be updated, the Owner shall update the
program by adding examination selections in accordance
with the requirements for Risk Category 1, 2, 3, 4, or 5 ele-
ment selections in 4.0, or by using the applicable portions
of the same risk‐informed selection process previously

used to establish the risk‐informed Inspection Program.
This reevaluation of the selections shall be performed
by inserting the new information at the appropriate level
of the analysis. It may not be necessary to reperform the
entire risk‐informed selection process, but the evaluation
for the changes to the selections that occur shall be
documented.

(b) If the reevaluations indicate that piping structural
elements, systems, or portions of systems may now be
LSS, Risk Category 6 or 7, the risk‐informed Inspection
Program may remain unchanged, or examination selec-
tions may be deleted by using the applicable portions of
the same risk‐informed selection process that previously
established the risk‐informed Inspection Program. This
reevaluation of the selections shall be performed by in-
serting the new information at the appropriate level of
the analysis. It may not be necessary to reperform the en-
tire risk‐informed selection process, but the evaluation
for the changes to the piping selections that occur shall
be documented.

(c) If any portion of the risk‐informed inspection pro-
cess is reperformed, a change‐in‐risk evaluation shall be
completed in accordance with 6.0.

7.3 Interval Updates. If changes occur during peri-
odic updates, based on qualitative reevaluation results,
those changes shall be cumulatively evaluated for inclu-
sion in the subsequent inspection interval update. The
subsequent inspection interval update shall include a re-
evaluation using the applicable portions of the same
risk‐informed selection process used to establish the
risk‐informed Inspection Program. This reevaluation of
the selections shall be performed by inserting the new in-
formation at the appropriate level of the analysis. It may
not be necessary to reperform the entire risk‐informed
selection process, but the evaluation for the changes to
the piping selections that occur shall be documented.
The inspection interval update shall meet the require-
ments of IWA-2400, and a change‐in‐risk evaluation shall
be completed in accordance with 6.0.
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NONMANDATORY APPENDIX S
EVALUATING COVERAGE FOR SECTION XI NONDESTRUCTIVE

EXAMINATION

ARTICLE S-1000
INTRODUCTION

S-1100 SCOPE

This Nonmandatory Appendix provides guidelines for
evaluating nondestructive examination (NDE) coverage
for visual, surface, and volumetric examination. This Non-
mandatory Appendix provides guidance; consequently, it
may be used in whole or in part.

ASME BPVC.XI-2015NONMANDATORY APPENDIX S

556

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ARTICLE S-2000
EXAMINATION COVERAGE

S-2100 APPLICABILITY

This Appendix is applicable for the examinations re-
quired by IWA-2200, excluding VT‐2 and VT‐3 visual ex-
amination, General Visual examination (Article
IWE-2000), and eddy current examination.

S-2200 DEFINITIONS

examination coverage: percentage of the examination sur-
face or volume obtained during the performance of the
examination.

examination surface: surface area of the weld or base ma-
terial required to be examined.

examination volume: volume of the weld or base material
required to be examined.

scan limitation: inability to manipulate an ultrasonic
search unit on the surface because of interference, ob-
struction, or geometrical configuration.

surface limitation: inability to perform an examination of
the required surface, because of interference, obstruction,
or geometrical configuration

volumetric limitation: inability to examine the required
volume because of interference, obstruction, geometrical
configuration, or metallurgical condition of material being
examined.

S-2300 GENERAL REQUIREMENTS

(a) During performance of a preservice or inservice ex-
amination, essentially 100% coverage is required of the
examination surface for surface and visual examination
and of the examinat ion volume for volumetr ic
examination.

(b) Examination coverage requirements are contained
in Tables IWB/IWC/IWD/IWE/IWF‐2500, the associated
figures, and Article I-3000. These requirements may be
further augmented by 10 CFR 50.55a, Code Cases,
risk‐informed programs, or the applicable examination
procedure.

(c) Data supporting the coverage evaluation (e.g., re-
quired examination surface or volume and any associated
limitations) should be documented.

(d) The method used to evaluate coverage should be
documented for each examination procedure, including
all applicable qualification limitations.
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ARTICLE S-3000
EXAMINATION COVERAGE EVALUATIONS

S-3100 EXAMINATION COVERAGE
EVALUATIONS FOR VISUAL OR
SURFACE EXAMINATION OF WELDS

(a) Determine the area of the required weld examina-
tion surface using the design, as‐built, measured, or nom-
inal weld dimensions and any required adjacent base
material.

(b) Determine the area of the weld examination surface
affected by surface limitations. The actual dimensions of
inaccessible weld surfaces should be documented.

(c) Calculate the examination coverage.

S-3200 EXAMINATION COVERAGE
EVALUATIONS FOR VISUAL OR
SURFACE EXAMINATION OF
COMPONENTS

(a) Determine the area of the required component ex-
amination surface using manufacturer’s drawings or ac-
tual dimensions.

(b) Determine the area of the component examination
surface affected by surface limitations. The actual dimen-
sions of inaccessible component surfaces should be docu-
mented. Note that bolting may be VT‐1 visual examined in
place. In such instances, only those surfaces that are ac-
cessible for examination are required to be examined.

(c) Calculate the examination coverage.

S-3300 EXAMINATION COVERAGE
EVALUATIONS FOR RADIOGRAPHIC
EXAMINATION OF WELDS

(a) Determine the required weld examination volume
using the design, as‐built, measured, or nominal weld di-
mensions and any required adjacent base material.

(b) Determine the weld examination volume affected
by volumetric limitations. The volume unable to be exam-
ined should be documented, using the radiographic image
or actual dimensions and supplemented by manufac-
turer’s drawings if necessary.

(c) Calculate the examination coverage.

S-3400 EXAMINATION COVERAGE
EVALUATIONS FOR RADIOGRAPHIC
EXAMINATION OF COMPONENTS

(a) Determine the required component examination
volume using manufacturer ’s drawings or actual
dimensions.
(b) Determine the component examination volume af-

fected by volumetric limitations. The volume unable to
be examined should be documented, using the radio-
graphic image or actual dimensions and supplemented
by manufacturer’s drawings if necessary.
(c) Calculate the examination coverage.

S-3500 EXAMINATION COVERAGE
EVALUATIONS FOR ULTRASONIC
EXAMINATION OF WELDS

(a) Determine the required weld examination volume
using the design, as‐built, measured, or nominal weld di-
mensions and any required adjacent base material.
(b) Determine the weld examination volume affected

by volumetric or scan limitations. The volume unable to
be examined should be documented, using actual dimen-
sions and supplemented by manufacturer’s drawings if
necessary. Each scan direction (e.g., CW, CCW, parallel,
or perpendicular) should be weighted equally. When mul-
tiple search units (e.g., 0 deg, 45 deg, or 60 deg) are used
for examination, each search unit should be weighted
equally unless the search unit has limited applicability
for examination of the required volume (e.g., qualification
is limited to the base material of austenitic welds) or the
coverage requirements are specified in a demonstrated
procedure.
(c) Calculate the examination coverage, taking into con-

sideration the coverage achieved when different search
units are used for different portions of the examination
volume.

S-3600 EXAMINATION COVERAGE
EVALUATIONS FOR ULTRASONIC
EXAMINATION OF COMPONENTS

(a) Determine the required component examination
volume using manufacturer ’s drawings or actual
dimensions.
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(b) Determine the component examination volume af-
fected by volumetric or scan limitations. The volume un-
able to be examined should be documented, using actual
dimensions and supplemented by manufacturer’s draw-
ings if necessary. Each scan direction (e.g., CW, CCW, par-
allel, or perpendicular) should be weighted equally. When
multiple search units (e.g., 0 deg, 45 deg, or 60 deg) are
used for examination, each search unit should be
weighted equally unless the search unit has limited

applicability for examination of the required volume
(e.g., qualification is limited to the base material of auste-
nitic welds) or the coverage requirements are specified in
a demonstrated procedure.

(c) Calculate the examination coverage, taking into con-
sideration the coverage achieved when different search
units are used for different portions of the examination
volume.
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NONMANDATORY APPENDIX T
REPORTING OF CONTRACTED REPAIR/REPLACEMENT

ACTIVITIES

ARTICLE T-1000
INTRODUCTION

T-1100 SCOPE

This Nonmandatory Appendix provides a report form
that may be used to meet the requirements of
IWA-6211(f) and IWA-6212 for documenting repair/
replacement activities within the jurisdiction of this Divi-
sion (IWA-1200) when performed by a Repair/Replace-
ment Organization under contract with the Owner. This
Nonmandatory Appendix may be used in whole or in part
as specified in the contract between the Owner and the
Repair/Replacement Organization.
If the Owner requires repair/replacement activities to

be documented in accordance with the provisions of this
Nonmandatory Appendix , Form RRA-1 shal l be
completed.
This Nonmandatory Appendix is intended for use if

there is no other certification program imposed on a con-
tracted Repair/Replacement Organization for the repair/
replacement activities being performed.

T-1200 RESPONSIBILITIES

T-1210 OWNER’S RESPONSIBILITY

The Owner is responsible for establishing require-
ments for the Repair/Replacement Organization to pro-
vide a document certifying the repair/replacement
activities it performs in accordance with its Quality Assur-
ance Program that has been reviewed and accepted in ac-
cordance with IWA-4142(a)(2). If this Appendix is
specified for use by the Owner, the Repair/Replacement
Organization shall document its repair/replacement ac-
tivities on Form RRA-1.

T-1220 CONTRACTED REPAIR/REPLACEMENT
ORGANIZATION’S RESPONSIBILITY

The contracted Repair/Replacement Organization shall
complete Form RRA-1 if the Owner requires repair/re-
placement activities to be documented in accordance with
the provisions of this Nonmandatory Appendix.
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7.  Section XI Applicable for the Owner’s Repair/Replacement Program 
 (Edition) [Addenda (if applicable)] (Code Cases)

8.  Section XI Used for Repair/Replacement Activities 
 (Edition) [Addenda (if applicable)] (Code Cases)

FORM RRA-1   REPORT OF CONTRACTED REPAIR/REPLACEMENT ACTIVITY

(Use of Properly Identified Additional Sheets or Sketches Is Acceptable)

1.  Work Performed by _______________________________________________________________   ________________________________
(Name of Repair/Replacement Organization Performing Repair/Replacement Activity) (PO No., Job No., etc.)

(Address)

(Address)

2.  Owner _____________________________________________________________________________________________________________
(Name)

3.  Name, Address, and Identification Number of Nuclear Power Plant _____________________________________________________

4.  Owner Repair/Replacement Plan No. _________________________________________________________________________________

Description
of Item

Item Identification No.
Assigned by Owner

Name of
Manufacturer

Manufacturer’s
Model/Serial No.

Items Affected by the Contracted Repair/Replacement Activities

_________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________

Const Code/
Sect/Div.

Manufacturer’s
Model/Serial No. and

Unique Traceability No.

Name of
Manufacturer

Edition/
Addenda

Code
Cases

Description of 
Item installed

Code
Class

Installed into
(Line No. from Section 5)

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

5.

6.

Identification Construction Code for Fabrication of Installed Item

Items Installed During Contracted Repair/Replacement Activities

F1 F2

F3

F4

F9

F5

F10 F11 F12 F13 F14 F14 F14 F15

F16 F16 F16

F17 F17 F17

F6 F7 F8

(07/10)
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F 18 F 13 

F 19 

F20

F 21 

F 22 

F 18 F 18 

F 23 

F 24 

F28

F29

F 30

F 24 F 31 F 32

F 25 F 26 F 27 

(Use of Properly Identified Additional Sheets or Sketches Is Acceptable) 

(Use of Properly Identified Additional Sheets or Sketches Is Acceptable) 

9.  Construction Code Used for Repair/Replacement Activities  
         Const Code/Sect/Div.         (Edition) [Addenda (if applicable)]     (Code Cases)

10.  Design Responsibilities  ___________________________________  Reconciliation Performed  � No � Yes  (Identify Under 

“Description of Work” and Attach or Reference Documentation)  

11.  Tests Conducted � Hydrostatic � Pneumatic  � System Leakage Test  � N/A (Not Applicable or Test to Be Conducted 

by Owner) _____________________________________________________________________________________________________________ 

12.  Description of Work   _______________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

13. Remarks  __________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

FORM RRA-1   REPORT OF CONTRACTED REPAIR/REPLACEMENT ACTIVITY (Cont’d) 

(Name of Repair/Replacement Organization Performing Repair/Replacement Activities) (Authorized Representative) 

(National Board Number and Endorsement)(Inspector) 

(Title) 

CERTIFICATE OF COMPLIANCE 

CERTIFICATE OF INSPECTION 

I, _____________________________________________ , certify that to the best of my knowledge and belief, the statements made in this 
report are correct, and the repair/replacement activities described above conform to Section XI of the ASME Code and the identified 
Repair/Replacement Plan(s). 
 
Date ______________ , 20 _____   ___________________________________   Signed  ___________________________   _______________________ 

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by
 ____________________________________________________________________________________________________________________________
of _________________________________________________________________________________________________________________________
have inspected the repair/replacement activities described in this report on _______________ , 20 ________ and state that to the best of
my knowledge and belief, the repair/replacement activities have been completed in accordance with the requirements of Section 
XI of the ASME Code and the identified Repair/Replacement Plan(s). 

By signing this report, neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the work 
described in this report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal injury, 
property damage, or a loss of any kind arising from or connected with this inspection.

Date ___________ , 20 _____   Signed  _________________________________________    Commissions ________________________________

(07/13)
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Table T-1
Guide for Completing Form RRA-1

Reference to
Circled

Numbers in the
Form Description

(1) Name and address of the Repair/Replacement Organization that performed the repair/replacement activity.
(2) Indicate the purchase order number, job number, etc., as applicable, assigned by the organization that performed the repair/

replacement activity.
(3) Name and address of the Owner of the nuclear power plant.
(4) Name and address of the nuclear power plant and, if applicable, identification of the unit.
(5) Indicate the type of item affected by the repair/replacement activities (e.g., vessel, line valve, pump, piping system).
(6) Indicate Owner's plant tag or plant identification number, if applicable, assigned to the item affected by the repair/replacement

activities.
(7) Name of the Manufacturer of the item affected by the repair/replacement activities.
(8) Manufacturer's model/serial number for the item affected by the repair/replacement activities.
(9) Identify the Repair/Replacement Plan number for the repair/replacement activities performed.
(10) Indicate the type of item installed (e.g., vessel, vessel part, valve, valve part, pump, pump part, piping system, piping spool, material).
(11) Name of the Manufacturer of the item that was installed during repair/replacement activities.
(12) Manufacturer's model/serial number and unique traceability number for the item that was installed during repair/replacement

activities. Attach the Manufacturer's Data Report for the installed item, as applicable.
(13) Identify the name, section, and division of the Construction Code that was used (e.g., ASME Section III, Division 1; ASME B31.1).
(14) Identify the Edition and, as applicable, Addenda, Code Cases, and Code Class of the Construction Code for the item that was installed

during repair/replacement activities.
(15) Identify the plant item that the installed item is associated with by entering the line number from Section 5.
(16) Identify the Edition and any applicable Addenda and Code Cases of Section XI used for the Owner's Repair/Replacement Program.
(17) Identify the Edition and any applicable Addenda and Code Cases of the ASME Section XI Code used by the Repair/Replacement

Organization for the repair/replacement activity. Identify in the Remarks block of the form any portions of later Section XI used in
the repair/replacement activity.

(18) Identify the Edition and any applicable Addenda and Code Cases of the Construction Code used for the repair/replacement activity.
(19) Identify the organization responsible for design or design reconciliation, if applicable, and attach or reference any design

reconciliation documentation.
(20) Identify the type of pressure test (e.g., hydrostatic, pneumatic, system leakage test, or N/A — test to be conducted by Owner).
(21) Provide a description of the work performed.
(22) Indicate any additional information pertaining to the work.
(23) Type or print the name of the authorized representative from the organization that performed the repair/replacement activities.
(24) Enter date certified.
(25) Name of the organization that performed the repair/replacement activities.
(26) Signature of the authorized representative from the organization that performed the repair/replacement activities.
(27) Title of authorized representative.
(28) Name of the Authorized Nuclear Inservice Inspector's employer.
(29) Address of the Authorized Nuclear Inservice Inspector's employer (city and state or province).
(30) Indicate month, day, and year of inspection by the Authorized Nuclear Inservice Inspector.
(31) Signature of Authorized Nuclear Inservice Inspector.
(32) The Inspector's National Board Commission Number and Endorsement must be shown.
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NONMANDATORY APPENDIX U
EVALUATION CRITERIA FOR TEMPORARY ACCEPTANCE OF
FLAWS IN MODERATE ENERGY PIPING AND CLASS 2 OR 3

VESSELS AND TANKS

ARTICLE U-1000
INTRODUCTION

U-1100 SCOPE

This Nonmandatory Appendix is comprised of two Supplements. Supplement U-S1 addresses moderate energy piping,
and Supplement U-S2 addresses Class 2 or 3 vessels and tanks. If implementing either supplement, all requirements of
that supplement shall be met.
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NONMANDATORY APPENDIX U-S
SUPPLEMENTS

SUPPLEMENT U-S1 EVALUATION CRITERIA
FOR TEMPORARY
ACCEPTANCE OF
FLAWS IN MODERATE
ENERGY PIPING

U-S1-1 SCOPE

This Supplement provides the general scope and appli-
cation of the evaluation methodology for temporary ac-
ceptance of flaws in moderate energy Class 2 or 3 piping.

(a) These requirements apply to Section III, ANSI
B31.1, and ANSI B31.7 piping, classified by the Owner
as Class 2 or 3. The provisions of this Supplement do
not apply to the following:

(1) pumps, valves, expansion joints, and heat
exchangers

(2)weld metal of socket welded joints

(3) leakage through a flange joint

(4) threaded connections employing nonstructural
seal welds for leakage protection

(b) The provisions of this Supplement apply to Class 2
or 3 piping whose maximum operating temperature does
not exceed 200°F (93°C) and whose maximum operating
pressure does not exceed 275 psig (1.9 MPa).

(c) The following flaw evaluation criteria are permitted
for pipe and tube. The flaw evaluation criteria are per-
mitted for adjoining fittings and flanges to a distance of
(Rot)

1/2 from the weld centerline.

(d) The provisions of this Supplement demonstrate the
integrity of the item and not the consequences of leakage.
It is the responsibility of the Owner to demonstrate sys-
tem operability considering effects of leakage.

(e) The evaluation period, τ a l l ow , is the operational
time for which the temporary acceptance criteria are sa-
tisfied but not exceeding 26 months from the initial dis-
covery of the condition.

U-S1-2 PROCEDURE OVERVIEW

(a) The flaw geometry shall be characterized by volu-
metric inspection methods or by physical measurement.
The full pipe circumference at the flaw location shall be
inspected to characterize the length and depth of all flaws
in the pipe section.

(b) Flaw shall be classified as planar or nonplanar.

(c) When multiple flaws, including irregular (com-
pound) shape flaws, are detected, the interaction and
combined area loss of flaws in a given pipe section shall
be accounted for in the flaw evaluation.

(d) A flaw evaluation shall be performed to determine
the conditions for flaw acceptance. U-S1-4.2 provides ac-
cepted methods for conducting the required analysis.

(e) Frequent periodic inspections of no more than
30-day intervals shall be used to determine if flaws are
growing and to establish the time, τa l l ow , at which the de-
tected flaw will reach the allowable size. Alternatively, a
flaw growth evaluation may be performed to predict the
time, τa l l ow , at which the detected flaw will grow to the
allowable size. The flaw growth analysis shall consider
the relevant growth mechanisms, such as general corro-
sion or wastage, fatigue, or stress corrosion cracking.
When a flaw growth analysis is used to establish the al-
lowable time for temporary operation, periodic examina-
tions of no more than 90-day intervals shall be conducted
to verify the flaw growth analysis predictions.

(f) For through-wall leaking flaws, leakage shall be ob-
served by daily walkdowns to confirm the analysis condi-
tions used in the evaluation remain valid.

(g) If examinations reveal flaw growth rate to be unac-
ceptable, a repair/replacement activity shall be
performed.

(h) Repair/replacement activity shall be performed no
later than when the predicted flaw size from either peri-
odic inspection or by flaw growth analysis exceeds the ac-
ceptance criteria of U-S1-4, or the next scheduled outage,
whichever occurs first. Repair/replacement activity shall
be in accordance with Article IWA-4000.

U-S1-3 NOMENCLATURE

= total crack length = 2c , in. (mm)
= allowable axial through-wall flaw length, in.

(mm)
a = flaw depth, in. (mm)

C =
coefficient in the crack growth relationship,

c = half crack length, in. (mm)
dad j = diameter equivalent circular hole at t a d j , in.

(mm)
dmin = diameter of equivalent circular hole at tmin , in.

(mm)
Do = outside pipe diameter, in. (mm)
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da/dt = flaw growth rate for stress corrosion cracking,
in./hr (mm/s)

F = nondimensional stress intensity factor for
through-wall axial flaw under hoop stress

Fb = nondimensional stress intensity factor for
through-wall circumferential flaw under pipe
bending stress

Fm = nondimensional stress intensity factor for
through-wall circumferential flaw under mem-
brane stress

Kmax = maximum stress intensity factor under long-

term, steady-state conditions,

L = maximum extent of a local thinned area with
t < tnom, in. (mm)

Lax i a l = length of idealized through-wall planar flaw
opening in the axial direction of the pipe, as il-
lustrated in Figure U-S1-4.2.2-4, in. (mm)

Lc i rc = length of idealized through-wall planar flaw
opening in the circumferential direction of the
pipe, as illustrated in Figure U-S1-4.2.2-4, in.
(mm)

Lm = maximum extent of a local thinned area with
t < tmin , in. (mm)

Lm(a) = axial extent of wall thinning below tm i n , in.
(mm)

Lm(t ) = circumferential extent of wall thinning below
tmin , in. (mm)

Lm,avg = average of the extent of Lm below tmin for ad-
jacent thinned areas, in. (mm)

Lm, i = maximum extent of thinned area, i , in. (mm)
M2 = bulging factor for axial flaw
n = exponent in the crack growth relationship
p = maximum operating pressure at flaw location,

ksi (MPa)
R = mean pipe radius, in. (mm)
Ro = outside pipe radius, in. (mm)
S = allowable stress at operating temperature, ksi

(MPa)
ST = coefficient for temperature dependence in the

crack growth relationship
Su = Code-specified ultimate tensile strength, ksi

(MPa)
Sy = Code-specified yield strength, ksi (MPa)

SFm = structural factor on primary membrane stress
T = metal temperature, °F (°C)
t = wall thickness, in. (mm)

tad j = adjusted wall thickness that is varied for eva-
luation purposes in the evaluation of a through-
wall nonplanar flaw, in. ( mm)

ta lo c = allowable local thickness for a nonplanar flaw,
in. (mm)

t c , a vg = average remaining wall thickness covering de-
graded area with through-wall leak bounded
by dad j , in. (mm)

tmin = minimum wall thickness required for pressure
loading, in. (mm)

tnom = nominal wall thickness, in. (mm)
tp = minimum remaining wall thickness, in. (mm)

Wm = maximum extent of a local thinned area per-
pendicular to Lm with t < tmin , in. (mm)

Xi , j = minimum distance between thinned areas i
and j , in. (mm)

θ = half crack angle for through-wall circumferen-
tial flaw, radians

λ = nondimensional half crack length for through-
wall axial flaw

σb = nominal longitudinal bending stress for pri-
mary loading without stress intensification fac-
tor, ksi (MPa)

σ f = material flow stress, ksi (MPa)
σh = pipe hoop stress due to pressure, ksi (MPa)
σ l = reference limit load hoop stress, ksi (MPa)
σy = material yield strength at temperature, as de-

fined in C-8200, ksi (MPa)
τa l l ow = time required for the detected flaw to grow to

the allowable flaw size, but not exceeding
26 months from the initial discovery of the con-
dition, sec

U-S1-4 FLAW EVALUATION
U-S1-4.1 Scope
This section provides temporary acceptance proce-

dures for evaluating flaws in moderate energy Class 2
or 3 piping.

U-S1-4.2 Method
Planar flaws shall be evaluated in accordance with the

requirements in U-S1-4.2.1. Nonplanar flaws shall be eval-
uated in accordance with the requirements in U-S1-4.2.2.
Flaw growth evaluation shall be performed in accor-

dance with the requirements in U-S1-4.2.3. Nonferrous
materials shall be evaluated in accordance with the re-
quirements in U-S1-4.2.4.

U-S1-4.2.1 Planar Flaws

(a) For planar flaws, the flaw shall be bounded by a rec-
tangular or circumferential planar area in accordance
with the methods described in Nonmandatory Appendix
C. IWA-3300 shall be used to determine when multiple
proximate flaws are to be evaluated as a single flaw.
The geometry of a through-wall planar flaw is shown in
Figure U-S1-4.2.1-1.
(b) For planar flaws in austenitic piping, the evaluation

procedure in Nonmandatory Appendix C shall be used.
Flaw depths up to 100% of wall thickness may be evalu-
ated. When through-wall circumferential flaws are evalu-
ated, the formulas for evaluation given in C-5320 may be
used, with the flaw depth to thickness ratio, a/t , equal to
unity.
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When through-wall axial flaws are evaluated, the allow-
able flaw length is

ð1Þ

ð2Þ

ð3Þ

where

D0 = pipe outside diameter, in. (mm)
p = pressure for the loading condition, ksi (MPa)
Su = Code-specified ultimate tensile strength, ksi

(MPa)
Sy = Code-specified yield strength, ksi (MPa)

SFm = structural factor on primary membrane stress as
specified in C-2622

σ f = flow stress, ksi (MPa)

Material properties at the temperature of interest shall
be used.

(c) For planar flaws in ferritic piping, the evaluation
procedure of Nonmandatory Appendix C shall be used.
Flaw depths up to 100% of wall thickness may be evalu-
ated. When through-wall circumferential flaws are evalu-
ated in accordance with C-5300 or C-6300, the flaw depth
to thickness ratio, a/t , shall be set to unity. When apply-
ing the Nonmandatory Appendix C screening criteria for
through-wall axial flaws, a/t shall be set to unity, and
the reference limit load hoop stress, σ l , shall be defined
as σ y/M2 . When through-wall axial flaws are evaluated
in accordance with C-5400, the allowable length is de-
fined by eqs. (b)(1) through (b)(3), with the appropriate
structural factors from C-2622. When through-wall flaws
are evaluated in accordance with C-7300 or C-7400, the
formulas for evaluation given in C-4300 may be used
but with values for Fm , Fb , and F applicable to through-
wall flaws. Relations for Fm , Fb , and F that take into ac-
count flaw shape and pipe geometry (R/t ratio) shall be
used. The appendix to this Nonmandatory Appendix pro-
vides equations for Fm , Fb , and F for a selected range of
R/t . Geometry of a through-wall crack is shown in Figure
U-S1-4.2.2-1.

U-S1-4.2.2 Nonplanar Flaws

(a) The evaluation shall consider the depth and extent
of the affected area and require that the wall thickness ex-

ceed tmin for a distance that is the greater of

or 2Lm,avg between adjacent thinned regions, where R is
the mean radius of the piping item based on nominal wall
thickness, and Lm,avg is the average of the extent of Lm

below tmin for adjacent areas (see Figure U-S1-4.2.2-1).
Alternatively, the adjacent thinned regions shall be con-
sidered a single thinned region in the evaluation.

(b) For nonplanar flaws, the pipe is acceptable when
the remaining pipe thickness, tp , is greater than or equal
to the minimum wall thickness tmin:

ð4Þ

where

p = maximum operating pressure at flaw location, ksi
(MPa)

S = allowable stress at operating temperature, ksi
(MPa)

Alternatively, an evaluation may be performed as given
below. The evaluation procedure is a function of the
depth and the extent of the affected area as illustrated
in Figure U-S1-4.2.2-2.

(1)When Wm is less than or equal to 0.5 (Rot )
1⁄2,

where Ro is the outside radius and Wm is defined in
Figure U-S1-4.2.2-2, the flaw can be classified as a planar
flaw and evaluated in accordance with U-S1-4.2.1(a)
through U-S1-4.2.1(c), above. When the above require-
ment is not satisfied, (2) shall be met.

(2)When Lm(t) is not greater than (Rotmin )1⁄2, ta l oc
is determined from Curve 1 of Figure U-S1-4.2.2-3, where
Lm(t) is defined in Figure U-S1-4.2.2-2. When the above re-
quirement is not satisfied, (3) shall be met.

(3)When Lm is less than or equal to 2.65 (Rotmin)
1⁄2

and tnom is greater than 1.13 tmin , ta l o c is determined by
satisfying both of the following equations:

ð5Þ

ð6Þ

When the above requirements are not satisfied, (4)
shall be met.

(4)When the requirements of (1), (2), and (3) above
are not satisfied, t a l o c is determined from Curve 2 of
Figure U-S1-4.2.2-3. In addition, ta lo c shall satisfy the fol-
lowing equation:

ð7Þ

(c) When there is through-wall leakage along a portion
of the thinned wall, as illustrated in Figure U-S1-4.2.2-4,
the flaw may be evaluated by the branch reinforcement
method. The thinned area including the through-wall
opening shall be represented by a circular penetration
at the flaw location. Only the portion of the flaw lying
within t a d j need be considered as illustrated in Figure
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U-S1-4.2.2-5. When evaluating multiple flaws in accor-
dance with U-S1-4.2.2, only the portions of the flaws con-
tained within tad j need be considered.
The minimumwall thickness, tmin , shall be determined

by eq. (b)(4). For evaluation purposes, the adjusted wall
thickness, t adj, is a postulated thickness, as shown in
Figure U-S1-4.2.2-5. The pipe wall thickness is defined
as the thickness of the pipe in the nondegraded region
as shown in Figure U-S1-4.2.2-5(a). The diameter of the
opening is equal to d adj as defined by t adj, as shown in
Figure U-S1-4.2.2-5(a). The postulated value for tadj shall
be greater than tmin and shall not exceed the pipe wall
thickness. The t adj value may be varied between tmin

and the pipe wall thickness to determine whether there
is a combination of tadj and dadj that satisfies the branch
reinforcement requirements.

The values of t adj and d adj of Figure U-S1-4.2.2-5(b)
shall satisfy:

ð8Þ

The remaining ligament average thickness, t c,avg, over
the degraded area bounded by dad j shall satisfy

ð9Þ

If a flaw growth analysis is performed, the growth in
flaw dimensions shall consider the degradation mechan-
isms as relevant to the application. The flaw is acceptable
when there is sufficient thickness in the degraded area to
provide the required area reinforcement.

Figure U-S1-4.2.1-1
Through-Wall Flaw Geometry

R 

(a) Circumferential Flaw 

(b) Axial Flaw 

R 

 

t 

t 

t/2 
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(d) Alternatively, if there is a through-wall opening
along a portion of the thinned wall as illustrated in Figure
U-S1-4.2.2-4 the flaw may be evaluated as two indepen-
dent planar through-wall flaws, one oriented in the axial
direction and the other oriented in the circumferential di-
rection. The minimumwall thickness, tmin , shall be deter-
mined by eq. (b)(4). The allowable through-wall lengths
in the axial and circumferential directions shall be deter-
mined by varying tad j shown in Figure U-S1-4.2.2-4 from
tnom to tmin . The allowable through-wall flaw lengths
based on tad j shall be greater than or equal to the corre-
sponding Lax i a l and Lc i r c (see Figure U-S1-4.2.2-4) as de-
termined from U-S1-4.2.1(a) and U-S1-4.2.1(b) or
U-S1-4.2.1(c), as appropriate. The remaining ligament
average thickness, tc,avg, over the degraded area bounded
by Lax i a l and Lc i r c shall satisfy eq. (c)(9).

U-S1-4.2.3 Flaw Growth Evaluation

If a flaw growth analysis is performed, the growth ana-
lysis shall consider both corrosion and crack growth me-
chanisms as relevant to the application.

In performing a flaw growth analysis, the procedures in
Article C-3000 may be used as guidance. Relevant growth
rate mechanisms shall be considered. When stress

corrosion cracking (SCC) is active in systems not contain-
ing reactor coolant, the following growth rate equation
shall be used:

ð10Þ
where,

C = material constant
da/dt = flaw growth rate, in./hr (mm/s)
Kmax = maximum stress intensity factor under long-

t e rm , s t eady - s t a te cond i t i ons ,

n = material constant
ST = coefficient for temperature dependence
T = metal temperature, °F (°C)

For intergranular SCC in austenitic steels, where T ≤
200°F (93°C)

(U.S. Customary Units)

C =

n = 2.161
ST = 1

(SI Units)

C =

Figure U-S1-4.2.2-1
Separation Requirements for Adjacent Thinned Areas

Lm,avg = 0.5 (Lm, i + Lm, j)
Lm, i = maximum extent of thinned area, i
X i , j = minimum distance between thinned areas I and j , in. (mm)

GENERAL NOTE: Combination of adjacent areas into an equivalent single area shall be based on dimensions and extents prior to combination.
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n = 2.161
ST = 1

For transgranular SCC in austenitic steels, where T ≤
200°F (93°C)
(U.S. Customary Units)

C =

n = 2.161

ST =

(SI Units)

C =

n = 2.161

ST =

The flaw growth rate curves for the above SCC growth
mechanisms are shown in Figures U-S1-4.2.3-1 and
U-S1-4.2.3-2. Other growth rate parameters in eq. (10)
may be used, provided they are supported by appropriate
data.

U-S1-4.2.4 Nonferrous Materials

For nonferrous materials, nonplanar and planar flaws
may be evaluated following the general approach of
U-S1-4.2.1 through U-S1-4.2.3. For planar flaws in ductile
materials, the approach given in U-S1-4.2.1(b) and
U-S1-4.2.3 may be used; otherwise, the approach given
in U-S1-4.2.1(c) and U-S1-4.2.3 should be applied.
Structural factors provided in U-S1-5 shall be used. It is

the responsibility of the evaluator to establish conserva-
tive estimates of strength and fracture toughness for the
piping material.

U-S1-5 ACCEPTANCE CRITERIA

Piping containing a circumferential planar flaw is ac-
ceptable for temporary service when flaw evaluation pro-
vides a margin using the structural factors in C-2621. For
axial planar flaws, the structural factors for temporary ac-
ceptance are as specified in C-2622. Piping containing a
nonplanar part through-wall flaw is acceptable for tem-
porary service if t p ≥ t a l o c , where t a l o c is determined
from U-S1-4.2.2(b). Piping containing a nonplanar
through-wall flaw is acceptable for temporary service
when the f law condi t ions o f U-S1-4 .2 .2(c ) or
U-S1-4.2.2(d) are satisfied.

U-S1-6 AUGMENTED EXAMINATION

An augmented volumetric examination or physical
measurement to assess degradation of the affected sys-
tem shall be performed as follows:

(a) From the engineering evaluation, the most suscepti-
ble locations shall be identified. A sample size of at least
five of the most susceptible and accessible locations or,
if fewer than five, all susceptible and accessible locations
shall be examined within 30 days of detecting the flaw.
(b)When a flaw is detected, an additional sample of the

same size as defined in (a) shall be examined.
(c) This process shall be repeated within 15 days for

each successive sample, until no significant flaw is de-
tected or until 100% of susceptible and accessible loca-
tions have been examined.

SUPPLEMENT U-S2 EVALUATION CRITERIA
FOR TEMPORARY
ACCEPTANCE OF
FLAWS IN MODERATE
ENERGY CLASS 2 OR
CLASS 3 VESSELS AND
TANKS

U-S2-1 SCOPE
(a) The provisions of this Supplement apply to vessels

and tanks, including heat exchangers, classified by the
Owner as Class 2 or 3, and whose maximum operating
temperature does not exceed 200°F (93°C) and whose
maximum operating pressure does not exceed 275 psig
(1.9 MPa).
(b) The provisions of this Supplement define the re-

quirements to demonstrate the structural integrity of
the vessel or tank but not the consequences of leakage.
The Owner shall determine what constitutes acceptable
leakage, evaluate the consequences of leakage, and deter-
mine system operability.
(c) The provisions of this Supplement provide proce-

dures and criteria for evaluating failure conditions for
fracture and overpressure (blowout). The Owner shall
verify that other potential failure modes are not relevant
for the observed degradation (e.g., buckling).
(d) The evaluation period is the operational time for

which the temporary acceptance criteria are satisfied
(i.e., evaluation period τ a l l o w ), but not greater than
26 months from the initial discovery of the condition.

U-S2-2 PROCEDURE
The procedures for use of this Supplement are pro-

vided in this Section, and a flowchart of the overall meth-
odology is provided as Figure U-S2-2.1.

U-S2-2.1 Discovery of Degradation or Leakage
(a) Evaluations and examination results shall be docu-

mented in accordance with IWA-6300.
(b) Leakage shall meet the applicable leakage limits for

the vessel or tank. The Owner shall determine acceptable
leakage limits and evaluate the consequences of leakage
and system operability.
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U-S2-2.2 Degradation Characterization
(a) The vessel or tank shall be examined to characterize

degradation in the affected section in accordance with
IWA-3300, unless the alternative methods of (e) or
U-S2-2.4(a) are implemented. The Owner shall develop
the scope and methods of examination to characterize
the degradation for the structural evaluation procedures
of this Supplement.

(b) If multiple degradation locations, including irregu-
lar (compound) shapes are detected, their interaction in
a given cross section shall be accounted for in. the struc-
tural integrity evaluation in accordance with IWA-3330.

(c) For degradation that intersects openings in the ves-
sel or tank (e.g., nozzle penetrations), the effect of the
opening discontinuity shall be included in the fracture
evaluation.

(d) Nonplanar degradation shall be projected into
equivalent planar flaws in accordance with IWA-3340
for fracture evaluation purposes and characterized in

terms of extent of degradation in accordance with Figure
U-S2-2.2-1 or Figure U-S2-2.2-2 for part-through-wall or
through-wall degradation, respectively.

(e) The Owner shall determine methods for estimating
the geometry of degradation in inaccessible or uninspect-
able regions, e.g., size correlated to leakage rate. If using
this approach to determine a maximum flaw size, such
as a size correlated to an observed leak rate, a factor of
2 shall be applied to the flaw dimensions.

U-S2-2.3 Evaluation Methodology
Degradation shall be evaluated as planar in accordance

with the requirements of U-S2-2.4 or U-S2-2.5. To prevent
bursting, nonplanar part-through-wall degradation shall
also be evaluated in accordance with the requirements
of U-S2-2.6.

Figure U-S1-4.2.2-2
Illustration of Nonplanar Flaw Due to Wall Thinning
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U-S2-2.4 Bounding Flaw Evaluation

(a) A bounding flaw length shall be assumed for struc-
tural evaluation purposes, based on one or more of the
following limiting factors:

(1) geometric limitations (e.g., overlapping welded
plates in tanks that could limit degradation propagation
or the ability to detect the degradation beyond a specified
length)

(2) stress limitations (e.g., degradation growing into
a decreasing stress field such that growth is terminated)

(3) environmental limitations (e.g., degradation
growing into a nonaggressive environment)
(b) The bounding flaw shall be assumed to be a planar

through-wall flaw over its entire length.
(c) A structural integrity evaluation shall be performed

to determine acceptance of the bounding flaw. Acceptable
methods for the required evaluation are provided in
U-S2-4.1, and acceptance criteria are provided in U-S2-6.
For bounding flaws that do not meet the acceptance cri-
teria, the provisions of U-S2-2.5 shall be met.
(d) Bounding flaws that meet the acceptance criteria of

U-S2-6 shall be monitored daily to ensure that leakage
does not exceed leakage limits in accordance with
U-S2-2.1(b) and for trending purposes. If leakage limits
are exceeded within the evaluation period, structural in-
tegrity shall be reconfirmed and leakage limiting mea-
sures applied, or repair/replacement activities shall be
performed.
(e) Repair/replacement activities shall be performed

no later than the end of the evaluation period. Repair/re-
placement activities shall be in accordance with Article
IWA-4000.

U-S2-2.5 Evaluation of Measured Flaws

(a) For degradation that cannot be bounded or for
bounding flaws that do not meet the acceptance criteria
of U-S2-6, the size and extent of degradation shall be de-
termined by methods of U-S2-2.2.

(b) An evaluation shall be performed to determine the
cause of the degradation (e.g., stress corrosion, fatigue,
fabrication defects, etc.).

(c) A degradation-growth evaluation shall be per-
formed to predict the time, τa l l ow , at which the detected
degradation will grow to the maximum structurally allow-
able size in accordance with the acceptance criteria of
U-S2-6. The growth evaluation shall account for the re-
sults of the evaluation, in accordance with (b) and the re-
levant growth mechanisms, in accordance with U-S2-5.

(d) For degradation evaluated to be structurally accept-
able for the evaluation period in accordance with U-S2-4,
examination at 0.5τa l l ow shall be performed to verify the
predicted growth. If τa l low exceeds twice the time to the
end of the evaluation period, examination is not required.

(e) Daily leakage monitoring (e.g., vessel or tank level
indications, sump measurements, etc.) shall be performed
to ensure that leakage, if any, does not exceed the accep-
tance limits, in accordance with U-S2-2.1(b), and for
trending purposes. If acceptance limits are exceeded, re-
pair/replacement activities shall be performed.

(f) The degradation growth evaluation of (c) shall be
updated when new leakage monitoring or examination
results become available, considering all previous exami-
nation and leakage monitoring results. If the updated flaw
size from examination or the predicted flaw size from the

Figure U-S1-4.2.2-3
Allowable Wall Thickness and Length of Locally Thinned Area
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flaw growth analysis exceeds the acceptance criteria of
U-S2-6, repair/replacement activities shall be performed
no later than the end of the updated evaluation period.

(g) Repair/replacement activities shall be performed
no later than the end of the evaluation period. Repair/re-
placement activities shall be in accordance with Article
IWA-4000.

U-S2-2.6 Nonplanar Part-Through-Wall
Degradation Considering Degradation
Growth

In addition to the requirements of U-S2-2.4 or U-S2-2.5
above, nonplanar part-through-wall degradation shall be
evaluated in accordance with the requirements of
U-S2-4.3.

U-S2-3 NOMENCLATURE

C = material constant in austenitic steel stress cor-

rosion cracking equation,

Do = vessel or tank outer diameter (for cylindrical
portions of vessels and tanks), in. (mm)

da/dt = flaw growth rate for stress corrosion cracking
in austenitic steel, in./hr (mm/s)

KI = appl ied stress intens i ty factor ,

KIc = fracture toughness,
Kmax = maximum stress intensity factor under long-

term, steady-state conditions used in the stress
corrosion cracking equation for austenitic steel,

Figure U-S1-4.2.2-4
Illustration of Through-wall Nonplanar Flaw Due to Wall Thinning

Transverse
(circumferential)
directionAxial

direction

L

tmin 
tadj 

tnom 

Lcirc 

Laxial 

Through-wall 
 opening 

ASME BPVC.XI-2015 NONMANDATORY APPENDIX U-S

573

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



L = maximum extent of a local thinned area with
t < tnom, in. (mm)

Lax i a l = crack length for through-wall nonplanar degra-
dation in axial direction, in. (mm)

Lc i r c = crack length for through-wall nonplanar degra-
dation in circumferential direction, in. (mm)

Lm = maximum extent of a local thinned area with
t < tmin , in. (mm)

Lm(a) = axial extent of wall thinning below tm i n , in.
(mm)

Lm(t ) = circumferential extent of wall thinning below
tmin , in. (mm)

n = material constant in austenitic steel stress cor-
rosion cracking equation

p = maximum operating pressure at the degrada-
tion location, ksi (MPa)

R = vessel or tank mean radius (for cylindrical por-
tions of vessels and tanks), in. (mm)

Ro = vessel or tank outer radius (for cylindrical por-
tions of vessels and tanks), in. (mm)

S = allowable stress at the operating temperature,
ksi (MPa)

ST = temperature correction factor in austenitic
steel stress corrosion cracking equation

T = metal temperature at the degradation location,
°F (°C)

t = wall thickness, in. (mm)
ta l o c = allowable local thickness for a nonplanar flaw

that exceeds tmin , in. (mm)

tmin = minimum wall thickness required for pressure
loading, in. (mm)

tnom = nominal wall thickness, in. (mm)
tp = minimum remaining wall thickness, in. (mm)

Wm = maximum extent of a local thinned area per-
pendicular to Lm with t < tmin , in. (mm)

τ = operational time after first discovery of degra-
dation, sec

τa l l ow = operational time required for the detected de-
gradation to grow to the maximum structurally
allowable size, based on the acceptance criteria
of U-S2-6, sec

U-S2-4 STRUCTURAL INTEGRITY EVALUATION

The structural integrity of the degraded vessel or tank
shall be evaluated as specified below. The Owner shall
also verify that other potential failure modes are not rele-
vant for the observed degradation.

U-S2-4.1 Bounding and Measured Flaw
Evaluations

(a) The stresses at the degradation location shall in-
clude the appropriate combination of applied loadings
for Levels A, B, C, and D and test conditions from the De-
sign Specification for the vessel or tank being evaluated.
These shall include, as appropriate, deadweight, pressure,
hydrostatic, thermal, and safe shutdown earthquake
(SSE), including seismic sloshing. Stresses from external

Figure U-S1-4.2.2-5
Illustration of Adjusted Wall Thickness and Equivalent Hole Diameters

(a) Adjusted Wall Thickness 

(b) Equivalent Hole Representation 

Through-wall 
 opening 

Pipe 
 wall 

dadj 

dmin 

Adjusted 
 pipe 
 wall 

tadj 

tmin 

dadj 

tadj 

tmin 

ASME BPVC.XI-2015NONMANDATORY APPENDIX U-S

574

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure U-S1-4.2.3-1
Flaw Growth Rate for IGSCC in Austenitic Piping
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loadings, such as piping reactions for degradation near
nozzle penetrations and wind loading, shall also be
included.
(b) Residual stresses resulting from original welding

and any rework, bolt-up stresses, and cladding-induced
stresses shall be evaluated in accordance with the meth-
ods of A-3200.
(c) If there is no stress analysis for the degradation lo-

cation, the applied stress shall be assumed to be the yield
stress.

(d) Inaccessible degradation shall be assumed to be lo-
cated in the region of highest principal tensile stress with-
in that portion of the vessel or tank. If it can be
determined that the degradation is confined to a specific
region, other regions may be disregarded.
(e) The stress intensity factor for the stresses deter-

mined in (a) through (d) shall be calculated using the
methods of Article A-3000 and meet the acceptance cri-
teria of U-S2-6.

Figure U-S1-4.2.3-2
Flaw Growth Rate for TGSCC in Austenitic Piping
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Figure U-S2-2.1
Overall Methodology
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U-S2-4.2 Flaw Evaluations Considering
Degradation Growth

(a) For degradation considering growth in accordance
with U-S2-2.5, the time for growth to the allowable size,
τa l l ow , shall be calculated in accordance with the accep-
tance criteria of U-S2-6 based on the stress intensity fac-
tor determined in U-S2-4.1(e) for planar flaws.
(b) For nonplanar through-wall degradation along a

portion of the thinned wall, as illustrated in Figure
U-S2-2.2-2, the degradation, including growth through
the end of the evaluation period, shall be evaluated as
two independent planar through-wall flaws: one oriented
in the axial direction and the other oriented in the circum-
ferential direction. The minimum wall thickness, tmin ,
shall be determined using eq. U-S2-4.3(a)(1). The
through-wall lengths for each flaw are the lengths, Lax i a l

and Lcirc, where the local wall thickness is equal to tmin as
projected along the axial and circumferential planes, as
shown in Figure U-S2-2.2-2.

U-S2-4.3 Nonplanar Part-Through-Wall
Degradation Considering Degradation
Growth

(a) For nonplanar part-through-wall degradation
(Figure U-S2-2.2-1) in cylindrical portions of vessels or
tanks, including degradation growth through the evalua-
tion period, the vessel or tank is acceptable when the re-
maining wall thickness, tp , is greater than or equal to the
minimum wall thickness, tmin ,

where

ð1Þ

Do = vessel or tank outside diameter, in. (mm)
p = maximum operating pressure at the degradation lo-

cation, ksi (MPa)
S = allowable stress at operating temperature, ksi

(MPa)

ð15Þ Figure U-S2-2.2-1
Illustration of Nonplanar Part-Through-Wall Degradation Due to Wall Thinning
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(b) Alternatively , an evaluation for nonplanar
partthrough-wall degradation in cylindrical portions of
vessels or tanks may be performed as specified below.
The evaluation procedure used is dependent upon the
depth and extent of the affected area, as illustrated in
Figure U-S2-2.2-1, and includes degradation growth
through the end of the evaluation period.

(1)When the width of the wall thinning that exceeds

tmin , Wm , is less than or equal to , where Ro is

the outside radius, and Wm is defined in Figure
U-S2-2.2-1, the degradation can be classified as a planar
flaw, and further analysis as a nonplanar flaw is not re-
quired. When the above requirement is not satisfied, the
requirement in (2) shall be met.

(2)When the length of the wall thinning that exceeds

tmi n , Lm(t), is not greater than t a l o c is deter-

mined from Figure U-S2-4.3-1, where Lm(t) is defined in
Figure U-S2-2.2-1. When the above requirement is not sa-
tisfied, the requirement in (3) shall be met.

(3)When the maximum extent of wall thinning that

exceeds tmin , Lm , is less than or equal to

and tnom is greater than 1.13tmin , t a l o c is determined
by satisfying both of the following equations:

ð2Þ

ð3Þ

(4)When the requirements of (1) through (3) are
not satisfied, repair/replacement activities shall be
performed.

(c) The Owner shall determine evaluation methods for
nonplanar part-through-wall degradation in noncylindri-
cal portions of vessels or tanks. The evaluation shall in-
clude analysis conditions specified in U-S2-4.1 and
U-S2-4.2. Degradation is acceptable when the criteria of

ð15ÞFigure U-S2-2.2-2
Illustration of Nonplanar Through-Wall Degradation Due to Wall Thinning
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U-S2-6(d) are satisfied. The Owner shall also verify that
other potential failure modes (e.g., buckling) are not rele-
vant for the observed degradation.

U-S2-5 DEGRADATION GROWTH EVALUATION
If degradation growth is evaluated, the analysis shall in-

clude the relevant growth mechanisms determined in the
cause evaluation. Predicted degradation growth shall be
updated based on examination and leakage monitoring
results, when new results become available. The follow-
ing describes some of the potential degradation growth
mechanisms:
(a) Fatigue Crack Growth. Fatigue crack growth shall be

calculated. Methods of Nonmandatory Appendix C shall
be used for austenitic steels, and those of Nonmandatory
Appendix A shall be used for ferritic steels.
(b) Stress Corrosion Cracking in Austenitic Steels. If

stress corrosion cracking (SCC) is active in austenitic
steels in systems not containing reactor coolant, the fol-
lowing growth rate equation shall be used:

ð4Þ

where

C = material constant
da/dt = flaw growth rate, in./hr (mm/s)
Kmax = maximum stress intensity factor under long-

t e rm , s teady - s ta t e cond i t i ons ,

n = material constant
ST = coefficient for temperature dependence
T = metal temperature, °F (°C)

For intergranular stress corrosion cracking (IGSCC) in
austenitic steels, T ≤ 200°F (93°C)
(U.S. Customary Units)

(SI Units)

See Figure U-S1-4.2.3-1 for flaw growth rate versus
stress intensity factor for IGSCC in austenitic steels.

For transgranular stress corrosion cracking (TGSCC) in
austenitic steels, T ≤ 200°F (93°C),
(U.S. Customary Units)

(SI Units)

See Figure U-S1-4.2.3-2 for flaw growth rate versus
stress intensity factor for TGSCC in austenitic steels.
(c) Other Degradation Growth Mechanisms. When other

degradation growth mechanisms, such as microbiologi-
cally induced corrosion (MIC), are present, as determined
by the cause evaluation, the contribution to degradation
growth shall be included in the degradation growth
evaluation.

U-S2-6 ACCEPTANCE CRITERIA

(a) For bounding flaws or for end-of-evaluation-period
flaw sizes based on flaw growth analysis, the applied
stress intensity factor, K I , shall satisfy the following
limits:

(b) If the applicable material fracture toughness values
are not known, the following fracture toughness values
shall be used:

(1) for austenitic stainless steels ,

(2) for ferritic steels,

(c) For nonplanar part-through-wall degradation in cy-
lindrical portions of vessels or tanks, including degrada-
tion growth through the end of the evaluation period,
the vessel or tank is acceptable when the minimum re-
maining wall thickness, t p , is greater than or equal to
the minimum wall thickness required for pressure load-
ing, tmin , where tmin is determined in accordance with
U-S2-4.3(a). Alternatively, the degradation is acceptable
if tp ≥ ta l oc , where ta l o c is determined in accordance with
U-S2-4.3(b).
(d) For nonplanar part-through-wall degradation in

noncylindrical portions of vessels or tanks, including de-
gradation growth through the evaluation period, the ves-
sel or tank is acceptable if the following structural factors
(SF) based on load are maintained:
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(e) For through-wall penetration, the potential leakage
flow area of the degradation, or the total of the potential
leakage flow areas of multiple degradation locations that
are combined into a single, degradation location for the
purpose of evaluation, shall not exceed 20 in.2 (130 cm2).

U-S2-7 SUBSEQUENT EXAMINATIONS AND
SURVEILLANCE

The following actions shall be implemented for degra-
dation determined to be structurally acceptable at the
end of the evaluation period:.

(a) Daily leakage monitoring (e.g., vessel or tank level
indications, sumpmeasurements, etc.) shall be performed

to ensure that leakage, if any, does not exceed acceptable
limits.

(b) Degradation, including growth, that meets the ac-
ceptance criteria of this Nonmandatory Appendix shall
be determined by examination at one-half of the allow-
able operating time (i.e., 0.5τa l l ow) to verify the growth
predictions, unless τa l l ow exceeds twice the time to the
end of the evaluation period, as allowed by U-S2-2.5(d).

Figure U-S2-4.3-1
Allowable Wall Thickness and Length of Locally Thinned Area
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NONMANDATORY APPENDIX W
MECHANICAL CLAMPING DEVICES FOR CLASS 2 AND 3 PIPING

PRESSURE BOUNDARY

ARTICLE W-1000
GENERAL

(a) If an Owner chooses to use this Nonmandatory
Appendix, all of the provisions of this Appendix shall be
met for the mechanical clamping device being installed.
(b)Mechanical clamping devices used as piping pres-

sure boundary may remain in service only until the next
refueling outage, at which time the defect shall be re-
moved or reduced to an acceptable size.
(c) These clamping devices may be used on piping and

tubing, and their associated fittings and flanges, and the
welding ends of pumps, valves, and pressure vessels, ex-
cept as prohibited by (d) below.
(d) Clamping devices shall not be used on the following:

(1) Class 1 piping;
(2) portions of a piping system that forms the con-

tainment boundary;

(3) piping larger than NPS 2 (DN 50) when the nom-
inal operating temperature or pressure exceeds 200°F
(95°C) or 275 psig (1 900 kPa);

(4) piping larger than NPS 6 (DN 150).
(e) A Repair/Replacement plan shall be developed in

accordance with IWA-4150, and shall identify the defect
characterization method, design requirements, and mon-
itoring requirements.
(f) Welding performed as part of the fabrication and in-

stallation of the clamping device shall be in accordance
with the requirements of IWA-4400.
(g) The records required by IWA-4180 and the records

required by Article IWA-6000 shall be prepared and
maintained by the Owner until the clamping device is
removed.
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ARTICLE W-2000
DEFECT CHARACTERIZATION

The size, location, and apparent cause of the defect
shall be determined. The defect size shall be bounded to
account for nondestructive examination limitations. If

the defect size cannot be directly determined, a conserva-
tive bound of the defect size shall be determined and
documented.
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ARTICLE W-3000
DESIGN REQUIREMENTS

W-3100 GENERAL DESIGN REQUIREMENTS

The following design requirements shall be included in
a Repair/Replacement plan and the analyses of the
clamping device (W-3200) and piping (W-3300), as
applicable.
(a) Requirements to address environmental and corro-

sive effects of seal composition, seal installation, and sys-
tem fluid on piping, clamping device, and bolting.
(b) The defect size used in the design of the clamping

device shall include any projected growth.
(c) If additional supports are required to satisfy

W-3200 or W-3300, they shall be considered non‐
pressure‐retaining items and shall be designed in accor-
dance with the requirements of the Construction Code
for the system or as permitted by IWA-4220.

W-3200 CLAMPING DEVICE

The following additional requirements apply to the de-
sign of the clamping device.
(a) No credit shall be taken for structural capability of

the seal.
(b) Pressure-retaining clamping device items shall be

designed based on a stress analysis using the stress limits
identified in Table W-3200-1 for the loading conditions
specified in the Owner’s Requirements for the system.
(c) The clamping device shall be mechanically con-

nected to the piping. Seal welds may be added to prevent
leakage. Serrated contact surfaces of the clamping device
are acceptable, provided they do not affect the structural
integrity of the piping.
(d) If the clamping device is designed to carry, by fric-

tion, longitudinal loads normally transmitted by the pip-
ing, including postulated full circumferential severance
of the piping at the defect location, it shall be designed
to produce clamping friction of at least five times the fric-
tion load required to prevent slippage. If a coefficient of
friction greater than 0.3 is used for friction‐type connec-
tions, the coefficient of friction for each interface design
(e.g., serrated or nonserrated), and each combination of
interface material P‐Numbers, shall be experimentally
determined.

W-3300 PIPING SYSTEM

The following additional requirements apply to the
evaluation of the piping system.
(a) Piping system vibration shall be included when vi-

bration is the apparent cause of the defect or the defect
can be propagated by vibration.
(b) The piping system configuration with the clamping

device shall be evaluated in accordance with the Owner’s
Requirements, and either the Construction Code or Sec-
tion III.
(c) Effects of the stiffness and weight of the clamping

device shall be included in the evaluation of the piping
systems. When the defect is caused by erosion or corro-
sion, the base material thickness at the load transfer area
shall be determined and projected to the time of removal
of the clamping device. The projected wall thickness shall
be used when evaluating the piping system.
(d)When evaluating the effects of thermal expansion of

the piping system, the constraining effects of the clamping
device shall be included.
(e) The Owner shall include the effect of the defect and

its expected growth, in the piping system evaluation.

Table W-3200-1
Stress Limits for Design and Service Loadings

Service Limits Stress Limits [Note (1)]

Design and Level A (Normal) σm < 1.0 S
σm + σb < 1.5 S

Level B (Upset) σm < 1.10 S
σm + σb < 1.65 S

Level C (Emergency) σm < 1.5 S
σm + σb < 1.8 S

Level D (Faulted) σm < 2.0 S
σm + σb < 2.4 S

NOTE:
(1) The symbols used in Table W-3200-1 are defined as follows:

σm = general membrane stress, psi (kPa). Average stress
across the solid cross section produced by mechanical
loads; excludes effects of discontinuities and
concentrations.

σb = bending stress, psi (kPa). Linearly varying portion of
stress produced by mechanical loads; excludes effects of
discontinuities and concentrations.

S = allowable stress value, psi (kPa), at temperature, pro-
vided in the Construction Code.
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ARTICLE W-4000
MATERIAL REQUIREMENTS

Material shall meet the technical requirements of IWA-4220 and shall be furnished with certified material test
reports.
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ARTICLE W-5000
PRESSURE TESTING REQUIREMENTS

A system leakage test in accordance with Article IWA-5000 shall be performed on the portion of the piping system
containing the clamping device.
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ARTICLE W-6000
MONITORING REQUIREMENTS

The Owner shall prepare a plan for monitoring defect
growth in the area immediately adjacent to the clamping
device. The plan shall include the following activities and
requirements.

(a) Except as permitted by (b) below, or where pre-
cluded by the clamping device configuration, the area im-
mediately adjacent to the clamping device shall be
examined using a volumetric method. The examination
frequency shall not exceed 3 months, and shall be

specified in the Repair/Replacement Plan. When the ex-
amination reveals defect growth to a size that exceeds
the projected size determined by W-3100(b), the defect
shall be removed or reduced to an acceptable size.

(b)Monitoring of the defect size need not be performed
for a circumferential crack.

(c) The clamping device shall be monitored for leakage
at least weekly. Any leakage at any time shall be
dispositioned.
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DIVISION 2
RULES FOR INSPECTION AND TESTING OF
COMPONENTS OF GAS-COOLED PLANTS

FOREWORD

HISTORICAL BACKGROUND

Section XI, Division 2, Rules for Inspection and Testing
of Components of Gas‐Cooled Plants, of the ASME Boiler
and Pressure Vessel Code is addressed to the examina-
tion, inspection, and testing requirements for the compo-
nents in gas‐cooled nuclear power plants. This Section of
the Code was developed under sponsorship of the Amer-
ican Society of Mechanical Engineers.
This Division of the Code is unique in that recognition

was given to the problems of examining radioactive areas
where access by personnel is impracticable; provisions
are incorporated in the rules for the examination of such
areas by remote means, employing equipment which may
require development. Examination of these areas is de-
pendent upon providing the access and space require-
ments as dictated by the latest development programs
to mechanize and automate existing nondestructive ex-
amination techniques; but where the equipment has not
been developed, no requirement is stipulated for the per-
formance of the remote examinations until near the end
of the inspection interval, or about 10 yr from the time
this Division of the Code was adopted. The rationale is
that the equipment development can be completed or al-
ternative examinations devised within that time period.

INSERVICE INSPECTION PHILOSOPHY

The object of inservice inspection of components in nu-
clear power plants is to provide a continuing assurance
that they are safe. To provide this assurance for those
components that are subject to the requirements of the
ASME Boiler and Pressure Vessel Code, a set of rules
has been formulated to provide assurance that the
safety‐related functions of the components are available
when required. The rules have been arranged to provide
appropriate levels of assurance according to the impor-
tance of the component in its relationship to plant safety.
The classifications that are established during design and

manufacturing have been adopted to provide the levels of
importance for the components. The types of components
typically found in the various classifications have then
been identified and rules formulated for each type. For
each type of component in each classification, the typical
safety functions have been considered and methods of in-
specting, testing, or monitoring each component speci-
fied. Rules have also been formulated for establishing
the methods of determining the limits of acceptance of
the results. Should it be necessary to take corrective ac-
tions to repair various components, rules have been pro-
vided to establish acceptable methods of repair.
The basis on which the rules were developed assumes

that a component has initially been accepted as being
safe. To establish an indication of its condition for a later
comparison, a preservice (baseline) examination is re-
quired. Subsequent examinations are compared to this
preservice examination to determine if there has been a
change in the component.
A further assumption presumes that similar compo-

nents, which are subjected to essentially identical service
conditions, will behave in a like manner. For this reason,
representative sampling, which is rotated through the
similar components, is presumed to provide adequate as-
surance that all the components are safe. The percentage
of like components or portions of components examined
and the frequency of examination are adjusted in accor-
dance with the level of assurance judged to be
appropriate.
The purpose of establishing rules, in the form of a Code,

is to provide a uniform standard to which all gas‐cooled
nuclear power plants are subjected. By providing such a
standard, important areas are not overlooked and unim-
portant areas do not distract attention from significant
ones. Unlike water‐cooled nuclear power plants, the in-
tegrity of the primary coolant pressure boundary is not
the primary concern of the inspection rules. Rather, the
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inservice inspection rules for each component are based
on the safety function of the component which has been
determined by its role in plant operations.

REACTOR SYSTEM CONSIDERED IN CODE
RULES

These rules are presently addressed to only a single
concept of a gas‐cooled nuclear power plant, that com-
monly known as the High Temperature Gas‐Cooled Reac-
tor (HTGR). The primary reason is that a need for these
rules exists only for those plants which are expected to
be built and operated in the United States and Canada
during the next 5 to 10 yr. Other concepts, such as the
direct‐cycle, the fast reactor, and the pebble bed, are
not expected to reach such early development. Probably
at least one full‐size, full‐function demonstration plant
would be required before any newer concept would be-
come available to an Owner within the meaning of the
ASME Boiler and Pressure Vessel Code. This demonstra-
tion period would provide ample time for the drafting

of Code provisions applicable to the specific concept. A
secondary reason is that, although it might be desirable
to attempt to write rules of sufficient generality to serve
as precedents, the characteristic design features and
equipment may differ so much among concepts that ade-
quate rules could not be formulated at this time.

The limitation of the rules to the single concept of the
HTGR establishes a context in which they should be un-
derstood. Although a specific reference design is not de-
scribed, there are several design features characteristic
o f the HTGR . These inc lude : he l i um coo l ing ;
carbon‐encapsulated fuel particles in a graphite matrix;
graphite‐moderated, prismatic core and reflector ele-
ments; pressure enclosure by a prestressed concrete re-
a c t o r v e s s e l , a nd s t e am power cy c l e . The s e
characteristics inherently affect the way in which
safety‐related functions are performed and, thus, the
way in which these rules are formulated and interpreted.

For the rules for inspection and testing of components
of gas‐cooled plants, refer to the 1992 Edition with the
1993 Addenda, pages 485 through 653.
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DIVISION 3
RULES FOR INSPECTION AND TESTING OF
COMPONENTS OF LIQUID-METAL-COOLED

PLANTS

FOREWORD

INTRODUCTION

Section XI, Division 3, Rules for Inspection and Testing
of Components of Liquid‐Metal-Cooled Plants, of the
ASME Boiler and Pressure Vessel Code provides rules
for the examination, testing, inspection, repair, and re-
placement of components and systems in a liquid‐metal-
cooled nuclear power plant. The rules and requirements
for components and systems containing liquid metal or

cover gas are detailed in this Division. The rules and re-
quirements for those components and systems of this
plant type that contain other fluids are provided by refer-
ences to Articles or portions thereof in Division 1, on the
basis that these Division 1 rules are appropriate and ap-
plicable to Liquid‐Metal-Cooled Nuclear Power Plants;
otherwise such rules and requirements are provided in
this Division.

ASME BPVC.XI-2015

590

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



GENERAL REQUIREMENTS

RATIONALE FOR DIVISION 3 RULES

(a) The rules in this Division of Section XI are based
upon anticipated service environments peculiar to sys-
tems which contain liquid metals (sodium or sodium al-
loys) as coolants and upon the comprehensive
protection against failure of the liquid‐metal coolant
boundary that is characteristic of this type of plant.

(b) The liquid‐metal system service environments de-
rive from the physical and chemical properties of these
coolants (typically sodium or sodium–potassium alloy),
which vary considerably from water. Examples:

(1) Sodium freezes at about 208°F (98°C). It is there-
fore necessary to provide heaters and insulation on all so-
dium lines and components.

(2) Sodium and sodium alloys react with oxygen and
water vapor in air and an inert cover gas is thus required
within all of the plant components containing free liquid‐
metal surfaces. Generally, primary system components
are located in cells or vaults containing an inert gas atmo-
sphere to minimize possible coolant reaction should a
boundary leak develop.

(3) Sodium and sodium alloys have very low vapor
pressure over a wide range of operating temperatures.
As a result, systems are operated at relatively low pres-
sures and stored energy is minimal compared to systems
cooled with water.

(c) Characteristic features of these plants that offer
protection against liquid‐metal coolant boundary failures
include the following.

(1) The liquid metal containing primary system
boundary is typically constructed of an austenitic stain-
less steel. All materials in the liquid‐metal system bound-
ary operate in a temperature range where high fracture
toughness is inherent.

(2) The characteristics of the coolant and the coolant
boundary material ensure that a boundary failure is not
accompanied by a large release of energy.

(3) Design features are typically provided that offer
protection against loss of core cooling, burning of spilled
sodium, and sodium‐concrete reactions in the event of a
coolant boundary failure.

(4) External sodium leakage is readily and reliably
detectable by several diverse and practicable methods
on a continuous basis during plant operation.

(5) Internal coolant leakage between portions of the
primary system, or leakage between primary and inter-
mediate coolant systems, characteristically does not com-
promise the ability to cool the core adequately and does
not constitute release of radioactivity.

APPLICABILITY OF DIVISION 3 RULES

These rules are intended to be generally applicable to
either the loop type or pool type of LMR primary coolant
system. For the requirements for inspection and testing of
components of liquid‐metal‐cooled plants, refer to the
2001 Edition with the 2003 Addenda, pages 482–716.
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ENDNOTES

1 Classification criteria are specified in the facility's current licensing basis.

2 Design considerations other than access provisions may be needed for specific system components to render inser-
vice inspections practical (such as surface finish of components subject to crud or corrosion product buildup, ma-
terial selection to minimize activation in service, and shielding from irradiation effects).

3 The flaw depth dimensions a s and a e are the allowable flaw standards for surface and subsurface flaws,
respectively.

4 The term repair/replacement activity includes those activities previously known as repair, replacement, modification,
or, alteration. Those previous terms no longer have a unique meaning or significance and are combined in the term
repair/replacement activity. Reasons for repair/replacement activities may include the following:
(a) discrepancies detected during inservice inspection, maintenance, or service
(b) regulatory requirements change
(c) design changes to improve equipment service
(d) changes to improve reliability
(e) damage
(f) failure during service
(g) personnel exposure
(h) economics
(i) end of service life
(j) addition of new items or systems

5 Limitations on fabrication by a Repair/Replacement Organization are provided in IWA-4143.

6 Examination and testing requirements for snubbers and testing requirements for pumps and valves are provided in
the ASME Code for Operation and Maintenance of Nuclear Power Plants (OM Code).

7 NPS (Nominal Pipe Size) and DN (used with SI)— designations assigned for the purpose of convenient specification
of pipe size. The actual inside and outside dimensions are listed in ASME B36.10M.

8 This provision does not negate the requirement to implement the Owner’s QA Program, nor does it affect Owner
commitments to regulatory and enforcement authorities.

9 Mechanical processing refers to metal removal by mechanical means, e.g., grinding, machining, chipping.

10 Welders and brazers include welding and brazing operators.

11 Chemical composition meeting the requirements of the original material specification.

12 Same phase and similar grain shape as produced by the heat treatment required by the applicable material
specification.

13 P‐Nos. 12A, 12B, and 12C designations refer to specific material classifications originally identified in Section III and
subsequently reclassified in a later Edition of Section IX.

14 ANSI/AWS D3.6M, “Underwater Welding Code,” contains additional technical information that the Owner or user
may find useful. Additional variables or controls may be considered for specific applications.

15 APPM = atomic parts per million.

16 Background gas is gas that displaces water and is not necessarily intended to shield the arc. The gas may or may not
be breathable.

17 The boundary limits are generally defined by the location of the safety class interface valves within the system.
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18 Nonmandatory Appendix T does not apply to organizations fabricating parts or constructing components within the
jurisdiction of the Construction Code and certifying such activities in accordance with the Construction Code. Such
organizations are not Repair/Replacement Organizations.

19 The exemptions from examination in IWC-1220 may be applied to those components permitted to be Class 2 in lieu
of Class 1 by the regulatory authority having jurisdiction at the plant site.

20 For heat exchangers, the shell side and tube side may be considered separate components.

21 Welds, areas, or parts are those described or intended in a particular inspection item of Tables IWB-2500-1 (B-A)
through IWB-2500-1 (B-O) and Table IWB-2500-1 (B-Q).

22 An inspection item, as listed in Tables IWB-2500-1 (B-A) through IWB-2500-1 (B-O) and Table IWB-2500-1 (B-Q),
may comprise a number of welds, areas, or parts of a component required to be examined in accordance with the
inspection plan and schedule (IWA-2420).

23 For structural factors included in the acceptance standards, refer to report listed under 8(f)(1) of the Organization of
Section XI.

24 The standards apply to accessible surfaces of bolting when examined in place, and to all surfaces when bolting is
removed for examination.

25 Relevant conditions are defined in Article IWA-9000; they do not include fabrication marks, scratches, surface abra-
sion, material roughness, and any other conditions acceptable by material, design, and manufacturing specifications.

26 Relevant conditions are defined in Article IWA-9000; they do not include fabrication marks, material roughness,
casting irregularities, and other conditions acceptable by material, design, and manufacturing specifications of
the component.

27 Wall thickness is determined either from design information, construction drawings, or by measurement on the
component.

28 Relevant conditions are defined in Article IWA-9000; they do not include fabrication marks, material roughness, and
other conditions acceptable by material, design, and manufacturing specifications of the component.

29 Cross‐sectional area is determined either from design information, construction drawings, or by measurement on
the weld.

30 RHR, ECC, and CHR systems are the Residual Heat Removal, Emergency Core Cooling, and Containment Heat Re-
moval Systems, respectively.

31 Statically pressurized, passive safety injection systems of pressurized water reactor plants are typically called:
(a) accumulator tank and associated system
(b) safety injection tank and associated system
(c) core flooding tank and associated system

32 Welds, areas, or parts are those described or intended in a particular inspection item of Tables IWC-2500-1 (C-A)
through IWC-2500-1 (C-F-2).

33 An inspection item, as listed in Tables IWC-2500-1 (C-A) through IWC-2500-1 (C-F-2), may comprise a number of
welds, areas, or parts of a component required to be examined in accordance with the inspection plan and schedule
(IWA-2420).

34 Relevant conditions are defined in Article IWA-9000; they do not include conditions that result in condensation on
components, normal collection of fluid in sumps, and drips from open drains.

35 Welds, areas, or parts are those described or intended in a particular inspection item of Table IWD-2500-1 (D-A).

36 An inspection item, as listed in Table IWD-2500-1 (D-A), may comprise a number of welds, areas, or parts of a com-
ponent required to be examined in accordance with the inspection plan and schedule (IWA-2420).

37 Discharge lines to structural compartments (e.g., service water pump intake structures) and collection tanks, sumps,
and basins that are open (or may become open) to the atmosphere are considered open ended.

38 The standards apply to accessible surfaces of bolting and the bolted connection when examined in place, and to all
surfaces when the bolting or bolted connection is disassembled for examination.

ASME BPVC.XI-2015

594

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



39 Examination and test requirements for snubbers can be found in the ASME Code for Operation and Maintenance of
Nuclear Power Plants (OM Code).

40 Attachment portion includes welds, bolting, pins, clamps, etc.

41 For pipe‐clamp‐type supports, the mechanical connection to the pressure boundary includes the bolting, pins, and
their interface to the clamp, but does not include the component‐to‐clamp interface.

42 An aggressive below-grade environment is defined as having a pH of less than 5.5, chlorides in excess of 500 ppm, or
sulfates in excess of 1,500 ppm.

43 Corrosion protection medium is exempt from the requirements of Article IWL-4000. However, corrosion protection
medium shall be restored in accordance with IWL-2526 following concrete containment post‐tensioning system re-
pair/replacement activities.

44 Refer to report listed under 8(f)(2) of the Organization of Section XI for example problems that apply the evaluation
procedures with various assumptions using the Summer 1976 Addenda to the 1974 Edition of the Code.

45 Low ΔKI values are those below the knee of the curves in Figure A-4300-2. High ΔKI values are those above the knee
of the curves in Figure A-4300-2.

46 A plane containing the pipe axis.

47 A plane perpendicular to the pipe axis.

48 Alloys 600, 82, 182, and 132 are common abbreviations for UNS N06600, N06082, W86182, and W86132,
respectively.

49 Tc is the bulk reactor coolant temperature, and ΔTc/Δt is the maximum variation of temperature Tc in any 1 hr
period.

50 RTNDT is the highest adjusted reference temperature (for weld or base material) at the inside surface of the reactor
vessel as determined by Regulatory Guide 1.99 Rev. 2.

51 The stress intensity factor as used in fracture mechanics has no relation to and must not be confused with the stress
intensity used in Section III, Division 1. Furthermore, stresses referred to in this Appendix are calculated normal ten-
sile stresses not stress intensities in a defect-free stress model at the surface nearest the location of the assumed
defect.

52 WRCB 175 (Welding Research Council Bulletin 175) “PVRC Recommendations on Toughness Requirements for Fer-
ritic Materials” provides procedures in Paragraph 5(c)(2) for considering maximum postulated defects smaller than
those described.

53 The coolant temperature is the reactor coolant inlet temperature.

54 The vessel metal temperature is the temperature at a distance one fourth of the vessel section thickness from the
inside wetted surface in the vessel beltline region. RTNDT is the highest adjusted reference temperature (for weld or
base metal in the beltline region) at a distance one fourth of the vessel section thickness from the vessel wetted inner
surface as determined by Regulatory Guide 1.99, Rev. 2.

55 Use of eq. G-2223(c)(4) or eq. G-2223(d)(6) is only a recommendation for determination of KI . Other techniques
may be used, provided the methods and analyses are documented.

56 A plane parallel to the nozzle axis.

57 A plane parallel, within 10 deg of the plane of the attachment weld, as illustrated in Figure IWB-3662-1.

58 Systems fabricated to nuclear power standards, while resistant to degradation mechanisms addressed in the design
process, have experienced damage from phenomena unknown at the time of installation.

59 Boiling Water Reactor Vessel and Internals Project (BWRVIP)‐75 “Technical Basis for Revision to Generic Letter
88‐01 Inspection Schedules,” October 1999.
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INTERPRETATIONS
Volume 63

Interpretations of the Code have historically been posted in January and July at http://cstools.asme.org/interpreta-
tions.cfm. Interpretations issued during the previous two calendar years are included with the publication of the applic-
able Section of the Code in the 2015 Edition. Interpretations of Section III, Divisions 1 and 2 and Section III Appendices
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INTERPRETATIONS VOLUME 63 — SECTION XI
Replies to Technical Inquiries January 1, 2013 through December 31, 2014

FOREWORD

GENERAL INFORMATION
This publication includes all written interpretations issued between the indicated dates by the ASME Staff on behalf of

the ASME Boiler and Pressure Vessel Committee in response to inquiries concerning interpretations of the ASME Boiler
and Pressure Vessel Code. A contents is also included that lists subjects specific to the interpretations covered in the
individual volume.

These interpretations are taken verbatim from the original letters, except for a few typographical and editorial cor-
rections made for the purpose of improved clarity. In some instances, a review of the interpretation revealed a need for
corrections of a technical nature. In these cases, a revised interpretation is presented bearing the original interpretation
number with the suffix R and the original file number with an asterisk. Following these revised interpretations, new
interpretations and revisions to them issued during the indicated dates are assigned interpretation numbers in chron-
ological order. Interpretations applying to more than one Code Section appear with the interpretations for each affected
Section.

ASME procedures provide for reconsideration of these interpretations when or if additional information is available
that the inquirer believes might affect the interpretation. Further, persons aggrieved by an interpretation may appeal to
the cognizant ASME committee or subcommittee. As stated in the Statement of Policy in the Code documents, ASME does
not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

An interpretation applies either to the Edition and Addenda in effect on the date of issuance of the interpretation or
the Edition and Addenda stated in the interpretation. Subsequent revisions to the Code may supersede the
interpretation.

For detailed instructions, see "Submittal of Technical Inquiries to the ASME Boiler and Pressure Vessel Standards
Committees" in the front matter.

SUBJECT AND NUMERICAL INDEXES
Subject and numerical indexes (if applicable) have been prepared to assist the user in locating interpretations by sub-

ject matter or by location in the Code. They cover interpretations issued from Volume 12 up to and including the present
volume.

SECTION XI — INTERPRETATIONS VOL. 63

545

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:37:16 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Subject Interpretation File No.

IWA-4712.2(a) (2013 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-15-07 14-1560
Case N-661-1, Para. 5(b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-26 14-168
Cases N-770-1 Through N-770-3, Paras. -1100 and -1210 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-27 14-382
Code Case N-606-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-19 13-56
Code Cases N-716 and N-716-1, Table 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-15-01 14-916
Code Cases N-729 Through N-729-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-16 12-2059
Code Cases N-770, N-770-1, N-770-2, and N-770-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-21 13-1912
IWA-2210 (2013 Edition) and Case N-823 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-24 13-1241
IWA-2323; Mandatory Appendix VI, VI-4300; and Mandatory Appendix VII, VII-4340 (2001 Edition
With the 2003 Addenda Through the 2010 Edition With the 2011 Addenda) . . . . . . . . . . . . . . . . . XI-1-13-12 12-1905

IWA-4132 and IWA-4540 (2004 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-14 12-827
IWA-4132 and IWA-4540(c) (1998 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-15 12-1585
IWA-4520(a)(1) (2001 Edition Through the 2015 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-15-04 14-1472
IWA-4530(a) (1998 Edition With the 2000 Addenda Through the 2004 Edition With the 2005
Addenda) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-23 13-1537

IWA-4530(a) and IWF-2220 (1998 Edition With the 2000 Addenda) . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-22 13-1916
IWA-4540 (1995 Edition With the 1995 Addenda Through the 2015 Edition) . . . . . . . . . . . . . . . . . . XI-1-15-08 14-2038
IWA-4723.4 (1998 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-15-09 14-2121
IWB-3522.1 (1998 Edition With the 2000 Addenda Through the 2007 Edition) and IWA-5300 (1998
Edition With the 2000 Addenda Through the 2013 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-17 12-2273

IWC-1221(d) and IWC-1222(d) (1995 Edition With the 1996 Addenda Through the 2013 Edition) XI-1-15-05

14-132
(associated
Code
revision
14-1159)

IWE-1230 (1992 Edition With the 1992 Addenda Through the 2013 Edition) . . . . . . . . . . . . . . . . . . XI-1-13-25 13-2137
IWF-1230 (1995 Edition Through the 2015 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-15-06 13-2071
IWF-1300(e) (2004 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-20 13-114
IWL-2520 (1995 Edition With the 1997 Addenda Through the 2015 Edition) . . . . . . . . . . . . . . . . . . . XI-1-15-02 14-126
Mandatory Appendix VII, VII-4310(a) (1998 Edition Through the 2013 Edition) . . . . . . . . . . . . . . . . XI-1-13-18 13-888
Mandatory Appendix VIII, Supplement 14, Para. 3.3(b) (2004 Edition Through the 2015 Edition) . . XI-1-15-03 14-1463
Table IWB-2500-1, Examination Category B-A, Item Numbers B1.30 and B1.40, Notes (4) and (5)
(1992 Edition With the 1994 Addenda Through the 2013 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-08R 12-1353*

Table IWB-2500-1, Examination Category B-K, Item B10.10 (1995 Edition With the 1996 Addenda
Through the 2013 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-28 14-167

Table IWD-2500-1, Category D-A (2004 Edition Through the 2010 Edition With the 2011 Addenda) XI-1-13-13 11-1126
Table IWE-2500-1, Examination Category E-D, Item E5.30 (1992 Edition With the 1992 Addenda
Through the 1995 Edition With the 1997 Addenda) and Examination Category E-A, Item E1.30
(1998 Edition Through the 2013 Edition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI-1-13-10R 12-1950*
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Interpretation: XI-1-13-08R

Subject: Table IWB-2500-1, Examination Category B-A, Item Numbers B1.30 and B1.40, Notes (4) and (5) (1992 Edition
With the 1994 Addenda Through the 2013 Edition)
Date Issued: October 2, 2013
File: 12-1353*

Question (1): Is it a requirement of Table IWB-2500-1, Examination Category B-A, Note (4) that a minimum of 50% of
the examination volume is to be examined from the flange face?

Reply (1): No.

Question (2): Is it the intent of Table IWB‐2500‐1, Examination Category B‐A, Item Numbers B1.30 and B1.40 that
Note (5) requirements must be met prior to using Note (3) or Note (4), as applicable?

Reply (2): No.

Interpretation: XI-1-13-10R

Subject: Table IWE-2500-1, Examination Category E-D, Item E5.30 (1992 Edition With the 1992 Addenda Through the
1995 Edition With the 1997 Addenda) and Examination Category E-A, Item E1.30 (1998 Edition Through the 2013 Edi-
tion)
Date Issued: October 31, 2013
File: 12-1950*

Question: Do Table IWE-2500-1, Examination Category E-D, Item E5.30 (1992 Edition with the 1992 Addenda through
the 1995 Edition with the 1997 Addenda) and Examination Category E-A, Item E1.30 (1998 Edition through the 2013
Edition) require examination of leak chase channel threaded plugs, caps, seals, or covers?

Reply: No.

Interpretation: XI-1-13-12

Subject: IWA-2323; Mandatory Appendix VI, VI-4300; and Mandatory Appendix VII, VII-4340 (2001 Edition With the
2003 Addenda Through the 2010 Edition With the 2011 Addenda)
Date Issued: January 16, 2013
File: 12-1905

Question: When administering multiple-choice written examinations in accordance with IWA-2323, VI-4300, or
VII-4340, is it the intent that the certified Level III may delegate a noncertified proctor to administer and monitor
the testing process of the Level III candidate?

Reply: Yes, as long as the certified Level III has a valid certification in the applicable test method.
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Interpretation: XI-1-13-13

Subject: Table IWD-2500-1, Category D-A (2004 Edition Through the 2010 Edition With the 2011 Addenda)
Date Issued: January 22, 2013
File: 11-1126

Question: Is it the intent of Table IWD-2500-1, Category D-A, Note (3) [Note (4) in the 2007 Edition with the 2009
Addenda through the 2010 Edition with the 2011 Addenda] to select only one welded attachment of only one of the
multiple vessels for examination?

Reply: Yes.

Interpretation: XI-1-13-14

Subject: IWA-4132 and IWA-4540 (2004 Edition)
Date Issued: February 13, 2013
File: 12-827

Question (1): If new bolting is installed as part of rotating an item from stock in accordance with IWA-4132, are an
R/R plan and NIS-2 data report required for the replacement bolting?

Reply (1): Yes.

Question (2): Is it a requirement of IWA-4540 for the replacement bolting included in Question (1) to be pressure
tested?

Reply (2): No.

Interpretation: XI-1-13-15

Subject: IWA-4132 and IWA-4540(c) (1998 Edition)
Date Issued: February 13, 2013
File: 12-1585

Question (1): Is it a requirement of the 1998 Edition of IWA-4540(c) to perform a pressure test following installation
of a pressure relief valve rotated from stock in accordance with IWA-4132 that does not include replacement of
pressure-retaining bolting?

Reply (1): Yes, from the 1996 Addenda to the 1998 Edition, IWA-4132(e) and IWA-4540(c) required pressure testing
of mechanical connections made during the rotation of pressure relief valves from stock whether or not bolting was
replaced.

Question (2): Is it a requirement of the 1998 Edition of IWA-4540(c) to perform a pressure test following installation
of a pressure relief valve rotated from stock in accordance with IWA-4132 that includes replacement of
pressure-retaining bolting?

Reply (2): Yes, from the 1996 Addenda to the 1998 Edition, IWA-4132(e) and IWA-4540(c) required pressure testing
of mechanical connections made during the rotation of pressure relief valves from stock whether or not bolting was
replaced.
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Interpretation: XI-1-13-16

Subject: Code Cases N-729 Through N-729-3
Date Issued: February 13, 2013
File: 12-2059

Question: Is it a requirement of -3132.1(b) that a rounded indication of any size be subject to the provisions of -3232.2
if there are no relevant conditions indicating nozzle leakage?

Reply: No.

Interpretation: XI-1-13-17

Subject: IWB-3522.1 (1998 Edition With the 2000 Addenda Through the 2007 Edition) and IWA-5300 (1998 Edition
With the 2000 Addenda Through the 2013 Edition)
Date Issued: May 15, 2013
File: 12-2273

Question (1): Is it a requirement of IWB-3522.1 to consider as relevant any identified leakage from mechanical
connections?

Reply (1): Yes.

Question (2): Is it a requirement of IWA-5300 to record all leakage?

Reply (2): Yes.

Interpretation: XI-1-13-18

Subject: Mandatory Appendix VII, VII-4310(a) (1998 Edition Through the 2013 Edition)
Date Issued: May 15, 2013
File: 13-888

Question (1): Do the requirements of VII-4310(a) requiring a question bank containing at least twice the minimum
number of questions and examinations assembled using a random selection process apply only to the ultrasonic exam-
ination method?

Reply (1): Yes.

Question (2): Is it a requirement of VII-4310(a) that examinations be assembled from a question bank using a “random
selection process” without consideration to the requirements of VII-4321 and VII-4322?

Reply (2): No. All applicable paragraphs of VII-4300 are required.
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Interpretation: XI-1-13-19

Subject: Code Case N-606-1
Date Issued: June 21, 2013
File: 13-56

Question: Is it the intent that the application of peening to the initial or final weld layer for the purpose of surface
stress mitigation be prohibited by Code Case N-606-1, 1(f)?

Reply: No. The prohibition against peening was intended to prevent the use of high-impact peening methods used to
control distortion. It was not intended to prohibit peening methods used only for the purpose of surface stress mitiga-
tion, such as rotary peening.

Interpretation: XI-1-13-20

Subject: IWF-1300(e) (2004 Edition)
Date Issued: June 21, 2013
File: 13-114

Question (1): Is it the intent of IWF-1300(e) to allow insulation to remain in place during examination of those sup-
ports under continuous compression or tension load, regardless of orientation (i.e., horizontal, vertical, or anywhere in
between) when examination is required in accordance with Table IWF-2500-1?

Reply (1): Yes.

Question (2): Is it the intent of IWF-1300(e) to remove insulation during examination of those supports that normally
carry no load (such as snubbers) when examination is required in accordance with Table IWF-2500-1?

Reply (2): Yes.

Interpretation: XI-1-13-21

Subject: Code Cases N-770, N-770-1, N-770-2, and N-770-3
Date Issued: October 31, 2013
File: 13-1912

Question: Do Cases N-770, N-770-1, N-770-2, and N-770-3 require a visual examination be performed on unmitigated
butt welds at cold leg operating temperature ≥ 525°F (274°C) and < 580°F (304°C) if an ultrasonic examination de-
scribed in Table 1, Notes (3) and (4), is performed within the same interval the visual examination is scheduled to
be performed?

Reply: No.
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Interpretation: XI-1-13-22

Subject: IWA-4530(a) and IWF-2220 (1998 Edition With the 2000 Addenda)
Date Issued: October 31, 2013
File: 13-1916

Question: In accordance with IWA-4530(a) and IWF-2220, is it a requirement to perform a preservice inspection on a
component support subjected to a Repair/Replacement Activity if the support is exempted from examination by
IWF-1230?

Reply: No.

Interpretation: XI-1-13-23

Subject: IWA-4530(a) (1998 Edition With the 2000 Addenda Through the 2004 Edition With the 2005 Addenda)
Date Issued: November 5, 2013
File: 13-1537

Question: Does IWA-4530(a) apply to a Repair/Replacement Activity to install a new replacement snubber assembly
(pin-to-pin) in an existing support?

Reply: No. IWA-4530(b) shall be used.

Interpretation: XI-1-13-24

Subject: IWA-2210 (2013 Edition) and Case N-823
Date Issued: January 23, 2014
File: 13-1241

Question (1): Is it the intent of IWA-2210 or Case N-823 that there are no illumination, distance, angle-of-view, and
resolution demonstration requirements for VT-2 visual examinations?

Reply (1): Yes.

Question (2): Is it the intent of IWA-2210 or Case N-823 that there are no angle-of-view requirements for VT-3 visual
examinations?

Reply (2): Yes.
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Interpretation: XI-1-13-25

Subject: IWE-1230 (1992 Edition With the 1992 Addenda Through the 2013 Edition)
Date Issued: March 7, 2014
File: 13-2137

Question (1): Is it a requirement of IWE-1230 that the containment surface covered by thermal insulation be consid-
ered accessible for general visual examination in accordance with Table IWE-2500-1, Examination Category E-A?

Reply (1): No.

Question (2): Is it a requirement of IWE-1230 that the containment surface covered by thermal insulation be consid-
ered accessible for augmented examination in accordance with Table IWE-2500-1, Examination Category E-C, if these
surfaces are subject to accelerated degradation and aging?

Reply (2): Yes.

Interpretation: XI-1-13-26

Subject: Case N-661-1, Para. 5(b)
Date Issued: March 7, 2014
File: 14-168

Question: Does Case N-661-1, para. 5(b), prohibit repairing through-wall leaks by installing a metal plug into the
through-wall opening and seal welding?

Reply: No.

Interpretation: XI-1-13-27

Subject: Cases N-770-1 Through N-770-3, Paras. -1100 and -1210
Date Issued: March 10, 2014
File: 14-382

Question: Is it a requirement of paras. -1100 and -1210 of Cases N-770-1 through N-770-3 that the Case applies to
Examination Category B-J branch connection welds in piping?

Reply: No. Cases N-770-1 through N-770-3 only apply to circumferential butt welds, as shown in Figure 1 of the Case.
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Interpretation: XI-1-13-28

Subject: Table IWB-2500-1, Examination Category B-K, Item B10.10 (1995 Edition With the 1996 Addenda Through the
2013 Edition)
Date Issued: April 1, 2014
File: 14-167

Question: Is it a requirement of Table IWB-2500-1, Examination Category B-K, Item B10.10, to perform a surface ex-
amination of the weld buildup on a nozzle associated with the vessel support if the weld buildup does not weld any at-
tachment to the nozzle?

Reply: No.

Interpretation: XI-1-15-01

Subject: Code Cases N-716 and N-716-1, Table 1
Date Issued: August 5, 2014
File: 14-916

Question: For welds with full structural or optimized weld overlays that are required to be examined in accordance
with Table 1 of Code Cases N-716 and N-716-1, are the required examination volumes those specified in the figures in
IWB-2500?

Reply: No. Code Cases N-716 and N-716-1 do not address examination volumes.

Interpretation: XI-1-15-02

Subject: IWL-2520 (1995 Edition With the 1997 Addenda Through the 2015 Edition)
Date Issued: August 26, 2014
File: 14-126

Question: Is it a requirement of IWL-2520 that protruding wires documented in accordance with IWL-2524.1 be eval-
uated for acceptability in accordance with IWL-3220 and IWL-2330(c)?

Reply: Yes.

Interpretation: XI-1-15-03

Subject: Mandatory Appendix VIII, Supplement 14, Para. 3.3(b) (2004 Edition Through the 2015 Edition)
Date Issued: August 26, 2014
File: 14-1463

Question: Is it a requirement of Mandatory Appendix VIII, Supplement 14, para. 3.3(b) that axial flaws shall be in-
cluded in depth sizing tests?

Reply: No.
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Interpretation: XI-1-15-04

Subject: IWA-4520(a)(1) (2001 Edition Through the 2015 Edition)
Date Issued: August 26, 2014
File: 14-1472

Question: May the exemption of IWA-4520(a)(1) be used to exempt from RT a pipe or fitting base material repair in a
portion of a Class 3 piping system in which none of the full penetration butt welds require Construction Code volumetric
examination?

Reply: Yes.

Interpretation: XI-1-15-05

Subject: IWC-1221(d) and IWC-1222(d) (1995 Edition With the 1996 Addenda Through the 2013 Edition)
Date Issued: October 1, 2014
File: 14-132 (associated Code revision 14-1159)

Question: Is it the intent of IWC-1221(d) and IWC-1222(d) to exempt from examination piping and other components
of any size in open-ended portions of suction or discharge lines that do not contain water during normal plant operating
conditions?

Reply: Yes.

Interpretation: XI-1-15-06

Subject: IWF-1230 (1995 Edition Through the 2015 Edition)
Date Issued: November 5, 2014
File: 13-2071

Question: Is it the intent of IWF-1230 that only those portions of supports that are inaccessible by being encased in
concrete, buried underground, or encapsulated by guard pipe are exempt from examination if the supports are attached
to piping with welds that are exempt from examination in accordance with IWC-1223?

Reply: Yes.
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Interpretation: XI-1-15-07

Subject: IWA-4712.2(a) (2013 Edition)
Date Issued: December 2, 2014
File: 14-1560

Question (1): When performing tube plugging by fusion welding, shall the test assembly simulate the conditions to be
used in production with respect to position, tube hole pattern, and the essential variables listed in IWA-4712.2(a)?

Reply (1): No. The procedure qualification essential variables are only those provided in IWA-4712.2(a).

Question (2): When performing tube plugging by fusion welding, may the five required consecutive welds be made in a
straight line on the tubesheet test assembly, rather than the actual tubesheet hole pattern, provided the ligament dimen-
sions are correct?

Reply (2): Yes.

Interpretation: XI-1-15-08

Subject: IWA-4540 (1995 Edition With the 1995 Addenda Through the 2015 Edition)
Date Issued: December 2, 2014
File: 14-2038

Question (1): In the 1998 Edition with the 1999 Addenda through the 2013 Edition, does IWA-4540 require a hydro-
static or system leakage test of a replacement manway cover with lifting lugs (nonstructural attachments) attached by
welding?

Reply (1): No.

Question (2): In the 1995 Edition with the 1995 Addenda through the 1998 Edition, does IWA-4540 require pressure
testing of the mechanical joint between a replacement manway cover and the vessel?

Reply (2): Yes. IWA-4540(c) requires a system leakage test of the mechanical joint.

Interpretation: XI-1-15-09

Subject: IWA-4723.4 (1998 Edition)
Date Issued: December 2, 2014
File: 14-2121

Question: IWA-4723.4 states, “The welded sleeve attachment shall be examined to confirm that the attachment is in
the correct location and conforms to the Construction Code and Owner’s Requirements.” Does IWA-4723.4 require the
application of Construction Code tube-to-tubesheet examination requirements for sleeve attachment welds?

Reply: No.
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NUMERICAL INDEX

Location
Interpreta-

tion File No.
Page
No.

Subsection IMA
IMA-5200 XI-3-89-02 IN86-024B 211
IMA-5210 XI-3-89-02 IN86-024B 211
Subsection IMB
Table IMB-2500-1 XI-3-89-01 IN86-024C 169

XI-1-98-21 IN97-026 375
IMB-5000 XI-3-89-01 IN86-024C 169
IMB-5100 XI-3-86-01 IN86-024A 153
Subsection IMC
IMC-2500 XI-3-89-01 IN86-024C 169
Subsection IMF
IMF-1500 XI-3-83-01 BC81-330 11
IMF-2500 XI-3-83-01 BC81-330 11
Subsection IWA
IWA-1200 XI-1-86-07 BC85-481 94

XI-1-98-03 IN96-025 362
IWA-1310 XI-1-83-78 BC84-682 76
IWA-1320 XI-1-83-44 BC83-448 50

XI-1-83-77 BC84-603 76
XI-1-83-78 BC84-682 76
XI-1-95-56 IN96-022 346

IWA-1400 XI-1-89-64R IN89-017B* 241
XI-1-92-02 IN91-012 242
XI-1-98-04 IN97-029 363
XI-1-10-34 11–262 537

1WA-1400(a) XI-1–10–43 12–240 540
IWA-1400(b) XI-1-04-21 IN05-003 484

XI-1-13-03 12-1275 542
IWA-1400(k) XI-1-07-45 09-795 518
IWA-1400(n) XI-1-04-37 IN06-002 492
IWA-2000 XI-1-83-71R BC80-583* 90
IWA-2100 XI-1-86-22 IN86-010 108

XI-1-98-25 IN98-003 377
IWA-2110(h) XI-1-04-37 IN06-002 492
IWA-2120 XI-1-83-48 BC84-177 52

XI-1-86-64 IN87-028A 147
XI-1-98-05 IN97-027 363

IWA-2130 XI-1-83-79 BC84-684 77
IWA-2200 XI-1-89-02 IN88-001 165
IWA-2210 XI-1-98-06 IN97-034 364

XI-1-98-24 IN97-032 377
XI-1-01-07 IN00-011 430
XI-1-01-32 IN01-010 450
XI-1-01-33 IN01-016 451
XI-1-10-19 10-1865 529

Table IWA-2210-1 XI-1-01-33 IN01-016 451
XI-1-10-26 11-260 535
XI-1-13-24 13-1241 551

IWA-2211(b) XI-1-01-51 IN03-003 465
Table IWA-2211-1 XI-1-10-31 11-271 536
IWA-2212 XI-1-98-06 IN97-034 364
IWA-2213 XI-1-95-27 IN94-006A 314

XI-1-04-13 IN03-022 478
XI-1-07-14 IN06-019 497

IWA-2214 XI-1-83-69 BC84-616 69

Location
Interpreta-

tion File No.
Page
No.

IWA-2216 XI-1-01-52 IN03-004 466
IWA-2222 XI-1-83-64 BC84-562 60
IWA-2232 XI-1-83-29 BC82-050 32

XI-1-83-31 BC82-630 33
XI-1-83-84 BC83-654 80
XI-1-86-71 IN87-005A 156
XI-1-86-72 IN87-005B 156
XI-1-89-09 IN87-019 168
XI-1-89-13 IN89-005 176
XI-1-89-49 IN90-013 217

IWA-2240 XI-1-86-28 IN86-008 111
IWA-2300 XI-1-83-16 BC82-775 20

XI-1-83-18 BC83-060 21
XI-1-83-23 BC83-056 29
XI-1-83-24 BC83-178 29
XI-1-83-29 BC82-050 32
XI-1-83-40R BC84-043* 67
XI-1-83-45 BC83-535 50
XI-1-83-63 BC84-310 60
XI-1-83-82 BC83-176 78
XI-1-86-40 BC85-571 123
XI-1-86-56 IN86-028 137
XI-1-86-66 IN87-015 153
XI-1-89-06 IN88-006 167
XI-1-89-26 BC80-231* 194
XI-1-92-39 IN92-032 267
XI-1-92-42 IN92-030 268
XI-1-92-70 IN93-022 293
XI-1-95-38 IN95-019 330
XI-1-95-68 IN95-024 351
XI-1-95-58 IN96-027 347
XI-1-95-67 IN96-013 351
XI-1-98-24 IN97-032 377
XI-1-92-70R IN93-022* 447
XI-1-04-31 IN05-015 490
XI-1-10-34 11-262 537

IWA-2300(a) XI-1-86-16 BC85-142 105
IWA-2300(a)(1) XI-1-86-19 BC85-071 106

XI-1-86-73 IN87-029 157
IWA-2300(c) XI-1-92-28 IN92-019 257
IWA-2300(d) XI-1-86-19 BC85-071 106
IWA-2300(e) XI-1-83-01 BC80-582 5

XI-1-83-36 BC83-585 40
IWA-2310 XI-1-95-61 IN95-022 348

XI-1-98-23 IN97-030 376
XI-1-98-72 IN00-001 421
XI-1-01-05 IN00-005 429
XI-1-04-05 IN03-006 475
XI-1-04-22 IN04-017 484

IWA-2312 XI-1-95-61 IN95-022 348
IWA-2312(a) XI-1-01-27 IN01-021 448
IWA-2312(b) XI-1-01-27 IN01-021 448
IWA-2314 XI-1-04-22 IN04-017 484

(a)
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Location
Interpreta-
tion File No.

Page
No.

IWA-2321 XI-1-98-07 IN97-031 364
XI-1-98-37 IN98-029 388
XI-1-01-48 IN03-002 464

IWA-2321(a) XI-1-10-16 10-1359 529
IWA-2323 XI-1-01-08 IN00-016 430

XI-1-01-29 IN00-013 449
XI-1-04-01 IN03-011 469
XI-1-07-18 IN06-022 501
XI-1-13-12 12-1905 547

IWA-2324 XI-1-92-54 IN93-015 276
IWA-2325 XI-1-92-54 IN93-015 276

XI-1-92-70 IN93-022 293
IWA-2330 XI-1-95-61 IN95-022 348
IWA-2380 XI-1-01-31 IN01-009 450
IWA-2400 XI-1-86-54 IN87-001 136

XI-1-89-58 IN90-025 228
IWA-2410 XI-1-83-41 BC84-064 43
IWA-2430(d) XI-1-92-57 IN93-002 282

XI-1-04-26 IN05-009 485
IWA-2441 XI-1-13-02 12-1240 541
IWA-2600 XI-1-92-06 IN91-019 244

XI-1-95-05 IN93-035 301
IWA-3100 XI-1-89-16 IN89-001B 178

XI-1-89-45 IN90-006 209
IWA-3100(b) XI-1-10-29 11-563 536
IWA-3200 XI-1-92-38 IN92-031 266
IWA-3300 XI-1-98-11 IN97-001 366

XI-1-01-02 IN98-001 427
XI-1-13-06 12-1014 542

IWA-3350 XI-1-98-11 IN97-001 366
Figure IWA-3350-1 XI-1-98-11 IN97-001 366
IWA-3360 XI-1-98-11 IN97-001 366

XI-1-13-06 12-1014 542
Figure IWA-3360-1 XI-1-98-11 IN97-001 366
IWA-3400 XI-1-86-52R BC85-524* 187
IWA-3410 XI-1-83-17 BC82-597 20
IWA-4000 XI-1-83-10 BC82-277 17

XI-1-83-13 BC82-407 18
XI-1-83-28R BC83-344* 185
XI-1-83-50R BC84-175* 68
XI-1-83-65 BC84-647 61
XI-1-83-66 BC84-652 61
XI-1-86-13R BC85-111* 225
XI-1-86-36 IN86-021 121
XI-1-86-41 IN86-005 124
XI-1-86-44 IN86-015 126
XI-1-86-47 IN86-025B 127
XI-1-86-44R IN86-015* 144
XI-1-86-59 BC85-550 145
XI-1-86-55R IN87-002* 153
XI-1-89-28 IN89-021 195
XI-1-89-30 IN89-011 202
XI-1-89-40 IN89-017A 207
XI-1-89-56 IN90-022 227
XI-1-89-64R IN89-017B* 241
XI-1-92-21 IN92-009B 254
XI-1-92-31 IN91-018 263
XI-1-92-68 IN94-005 292
XI-1-95-09 IN94-014 302
XI-1-95-14 IN93-029 304
XI-1-98-20R IN97-025* 375
XI-1-98-27 IN97-035 378

Location
Interpreta-
tion File No.

Page
No.

IWA-4000 XI-1-98-43 IN98-018 395
XI-1-98-44 IN98-020 395
XI-1-98-61 IN99-010 411
XI-1-98-62 IN99-024 411
XI-1-98-73 IN99-010B 421
XI-1-01-03 IN98-012 428
XI-1-01-11 IN00-022 432
XI-1-01-21 IN01-013 438
XI-1-04-10 IN04-006 477
XI-1-04-30R IN05-014* 509
XI-1-04-42 IN06-003 493
XI-1-07-13 IN06-017 497
XI-1-07-22 IN07-004 503
XI-1-07-44 09-150 518
XI-1-10-27 11-261 535

IWA-4100 XI-81-11R BC81-369* 87
XI-1-83-26R BC83-244* 87
XI-1-98-08 IN97-021 365
XI-1-98-29R IN97-021A* 379

IWA-4120 XI-1-83-40R BC84-043* 67
XI-1-83-57 BC84-392 57
XI-1-86-38 BC85-141 122
XI-1-92-32 IN91-031 263
XI-1-92-60 IN93-024 283
XI-1-07-17R IN05-014* 509

IWA-4121 XI-1-04-24 IN05-006 485
IWA-4130 XI-1-83-57 BC84-392 57

XI-1-92-06 IN91-019 244
IWA-4131 XI-1-04-24 IN05-006 485
IWA-4132 XI-1-04-39 IN05-021 492

XI-1-13-14 12-827 548
XI-1-13-15 12-1585 548

IWA-4132(e) XI-1-07-16 IN05-002 501
IWA-4133 XI-1-07-27 IN07-008 504
IWA-4140 XI-1-98-73 IN99-010B 421
IWA-4142 XI-1-04-40 IN05-023 493
IWA-4143 XI-1-98-57 IN99-018 409
IWA-4150 XI-1-95-01 IN93-003 299

XI-1-98-73 IN99-010B 421
IWA-4150(c) XI-1-04-41 IN05-024 493
IWA-4160 XI-1-04-25 IN05-007 485
IWA-4170 XI-1-95-29 IN95-001B 315
IWA-4180 XI-1-98-66R IN99-031* 435
IWA-4180(c) XI-1-07-35R IN07-07*,

07-1632*,
08-62* 517

IWA-4200 XI-1-83-57 BC84-392 57
XI-1-92-35R IN92-023* 289

IWA-4210 XI-1-89-01 IN87-036 165
IWA-4220 XI-1-95-57R IN96-023* 359

XI-1-98-66 IN99-031 413
IWA-4221 XI-1-04-40 IN05-023 493

XI-1-07-08 IN06-012 496
XI-1-07-11 IN06-012 497

IWA-4222(a)(1)

XI-1-07-35R

IN07-07*,
07-1632*,
08-62* 517

IWA-4226 XI-1-95-57R IN96-023* 359

(b)
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IWA-4300 XI-1-83-43 BC84-179 44
XI-1-83-55 BC84-322 56
XI-1-83-81 BC84-687 78
XI-1-89-01 IN87-036 165
XI-1-92-08 IN91-024 245
XI-1-92-59 IN93-023 282
XI-1-95-29 IN95-001B 315
XI-1-98-54 IN98-024 408

IWA-4310 XI-1-83-83 BC83-179 79
IWA-4311(e)

XI-1-07-35R

IN07-07*,
07-1632*,
08-62* 517

IWA-4330 XI-1-89-35 IN89-006 204
IWA-4400 XI-1-83-05 BC82-425 7

XI-1-83-28 BC83-344 31
XI-1-83-34 BC83-587 39
XI-1-83-35 BC83-588 40
XI-1-83-37R2 BC82-425** 185
XI-1-83-54R BC84-321* 186
XI-1-83-58 BC84-422 57
XI-1-86-25 BC85-528 110
XI-1-86-75 IN87-032 158
XI-1-89-18 IN86-031 188
XI-1-89-19 IN88-009 188

IWA-4400(a) XI-1-83-35R BC83-588* 67
XI-1-89-31 IN89-023 203

IWA-4400(b)(5) XI-1-83-35R BC83-588* 67
XI-1-83-58 BC84-422 57
XI-1-86-35 IN86-019 120

IWA-4410 XI-1-98-66 IN99-031 413
IWA-4421 XI-1-98-66 IN99-031 413
IWA-4422 XI-1-95-60 IN95-018 348

XI-1-07-07 IN06-011 496
IWA-4422.2.2(e) XI-1-10-03 09-1315 519
IWA-4440 XI-1-04-09 IN04-004 476

XI-1-04-32 IN05-012 490
IWA-4500 XI-1-86-51 IN86-027 129

XI-1-95-29 IN95-001B 315
IWA-4513.1(b) XI-1-04-04 IN03-014 470
IWA-4520 XI-1-07-12 IN06-016 497

XI-1-10-03 09-1315 519
XI-1-15-04 14-1472 554

IWA-4530 XI-1-10-33 09-1541 537
XI-1-13-22 13-1916 551
XI-1-13-23 13-1537 551

IWA-4540 XI-1-01-18 IN00-021 437
XI-1-13-14 12-827 548
XI-1-15-08 14-2038 555

IWA-4540(a) XI-1-07-42 08-1231 514
IWA-4540(c) XI-1-98-51R IN99-011* 406

XI-1-10-30 10-808A 536
XI-1-13-15 12-1585 548

IWA-4600 XI-1-83-26R BC83-244* 87
XI-1-83-54R BC84-321* 186
XI-1-83-85 BC84-683 81
XI-1-83-86R BC85-113A* 102
XI-1-86-51 IN86-027 129
XI-1-92-65 IN94-001 290
XI-1-98-42 IN98-008 390

IWA-4600(b)(2) XI-1-04-20 IN04-018 484
IWA-4610 XI-1-10-17 10-30 529
IWA-4621 XI-1-13-07 12-1238 543
IWA-4632 XI-1-10-17 10-30 529

Location
Interpreta-

tion File No.
Page
No.

IWA-4640 XI-1-10-24 10-1901 534
IWA-4651 XI-1-13-07 12-1238 543
IWA-4700 XI-1-95-50 IN96-012 339

XI-1-98-52R IN99-013* 406
XI-1-01-18 IN00-021 437

IWA-4710(c) XI-1-95-48R IN95-007A* 407
IWA-4712.2 XI-1-10-22 10-567 534

XI-1-15-07 14-1560 555
IWA-4712.2(b) XI-1-04-15 IN04-015 479
IWA-4723 XI-1-15-09 14-2121 555
IWA-5000 XI-1-83-05 BC82-425 7

XI-1-83-54 BC84-321 55
XI-1-86-35 IN86-019 120
XI-1-89-08 IN87-018 168
XI-1-89-18 IN86-031 188
XI-1-95-37 IN95-015 329
XI-1-95-54 IN96-003 346
XI-1-07-44 09-150 518

IWA-5110 XI-1-95-50 IN96-012 339
IWA-5120 XI-1-95-50 IN96-012 339

XI-1-98-52 IN99-013 399
IWA-5200 XI-1-83-35 BC83-588 40

XI-1-86-13 BC85-111 104
XI-1-07-19 IN07-001 502

Table IWA-5210-1 XI-1-83-70R BC84-198* 201
XI-1-92-19 IN92-005 253

IWA-5211 XI-1-83-19 BC82-607 27
XI-1-83-34 BC83-587 39
XI-1-83-49 BC82-776 53
XI-1-83-63 BC84-310 60
XI-1-83-70R BC84-198* 201
XI-1-86-03R BC83-112* 103
XI-1-86-13R BC85-111* 225
XI-1-86-34 IN86-017B 120
XI-1-86-53 IN86-017A 136
XI-1-89-15 IN88-002A 178
XI-1-89-33 IN88-017 203
XI-1-92-04 IN91-009 243
XI-1-92-18 IN92-003 253
XI-1-92-23 IN86-017B 255
XI-1-13-09 12-1586 543

IWA-5212 XI-1-86-46 IN86-023 127
IWA-5212(e) XI-1-10-44 12-828 540
IWA-5213 XI-1-86-46 IN86-023 127
IWA-5214 XI-1-83-63R BC84-310* 101

XI-1-83-70R BC84-198* 201
XI-1-86-13R BC85-111* 225
XI-1-86-27R IN86-007* 187
XI-1-86-29R IN86-009* 143
XI-1-89-08 IN87-018 168
XI-1-89-37 IN88-002C 205
XI-1-89-42 IN90-001 208
XI-1-89-52 IN88-002B 219
XI-1-92-30 IN92-015 258
XI-1-95-48R IN95-007A* 407
XI-1-95-66 IN95-007B 350
XI-1-95-52 IN95-021 345
XI-1-98-03 IN96-025 362

IWA-5214(e) XI-1-01-37 IN02-010 453
IWA-5220 XI-1-89-45 IN90-006 209

XI-1-95-50 IN96-012 339
IWA-5224 XI-1-83-67 BC82-606 62

XI-1-89-54 IN90-018B 226

(c)
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IWA-5240 XI-1-83-63 BC84-310 60
XI-1-92-34 IN92-020 264
XI-1-98-06 IN97-034 364
XI-1-07-19 IN07-001 502
XI-1-07-34 08-413 511

IWA-5241 XI-1-92-64 IN93-038 290
IWA-5242 XI-1-89-39R IN89-013A* 289

XI-1-92-64 IN93-038 290
XI-1-92-47 IN92-046 274
XI-1-92-64 IN93-038 290

IWA-5243 XI-1-95-41 IN95-016 335
IWA-5244 XI-1-83-19 BC82-607 27

XI-1-92-52 IN93-005 276
XI-1-07-28 IN07-009 505
XI-1-07-37 08-701 512

IWA-5246 XI-1-01-18 IN00-021 437
IWA-5250 XI-1-89-64R IN89-017B* 241

XI-1-92-01 IN90-023 242
XI-1-92-03 IN91-017 242
XI-1-92-19 IN92-005 253
XI-1-92-31 IN91-018 263
XI-1-92-48 IN93-001 274
XI-1-92-64 IN93-038 290
XI-1-98-39 IN97-033 388

IWA-5250(a)(2) XI-1-01-43 IN02-018 463
XI-1-04-07 IN03-017 476
XI-1-04-17E IN04-016 521

IWA-5260 XI-1-89-74 IN91-008 235
XI-1-92-10 IN91-029 246

IWA-5262 XI-1-83-49R BC82-776* 89
IWA-5265 XI-1-86-75 IN87-032 158

XI-1-89-54 IN90-018B 226
XI-1-89-66 IN90-018A 232

IWA-5300 XI-1-95-07 IN94-011 301
XI-1-13-17 12-2273 549

IWA-5350 XI-1-92-51 IN93-011 275
IWA-6000 XI-1-86-14R BC85-112* 118

XI-1-89-64R IN89-017B* 241
XI-1-92-02 IN91-012 242
XI-1-01-13 IN00-019 435
XI-1-07-22 IN07-004 503

IWA-6210 XI-1-01-22 IN01-017 439
IWA-6220 XI-1-04-06 IN03-010A 475

XI-1-04-12 IN03-010 478
IWA-6220(a) XI-1-04-12 IN03-010 478
IWA-6220(d) XI-1-04-12 IN03-010 478
IWA-6230 XI-1-83-03 BC82-406 6

XI-1-83-08 BC82-523 9
XI-1-83-15 BC82-610 19

IWA-6300 XI-1-89-48 IN90-011 217
IWA-6320 XI-1-07-45 09-795 518

Location
Interpreta-
tion File No.

Page
No.

IWA-7000 XI-1-83-28R BC83-344* 185
XI-1-83-38 BC84-122 41
XI-1-83-42 BC84-123 43
XI-1-83-46 BC83-595 51
XI-1-83-47 BC84-197 52
XI-1-83-50R BC84-175* 68
XI-1-83-52 BC83-625 55
XI-1-83-54 BC84-321 55
XI-1-83-65 BC84-647 61
XI-1-83-66 BC84-652 61
XI-1-86-13R BC85-111* 225
XI-1-86-44R IN86-015* 144
XI-1-86-47 IN86-025B 127
XI-1-86-55R IN87-002* 153
XI-1-86-58 IN87-010 138
XI-1-86-65 IN87-031 148
XI-1-89-22 IN89-009 191
XI-1-01-21 IN01-013 438
XI-1-89-40 IN89-017A 207
XI-1-89-56 IN90-022 227
XI-1-89-64R IN89-017B* 241
XI-1-92-31 IN91-018 263
XI-1-95-09 IN94-014 302
XI-1-95-13 IN93-027B 304
XI-1-98-61 IN99-010 411
XI-1-01-03 IN98-012 428
XI-1-01-11 IN00-022 432
XI-1-04-10 IN04-006 477
XI-1-07-22 IN07-004 503
XI-1-07-44 09-150 518

IWA-7120 XI-1-89-34 IN89-012 204
IWA-7121 XI-1-83-83 BC83-179 79
IWA-7131 XI-1-98-73 IN99-010B 421
IWA-7210 XI-1-83-20 BC82-430 27

XI-1-83-21R BC82-434* 117
XI-1-83-40R BC84-043* 67
XI-1-83-72 BC81-568A 72
XI-1-86-08 BC81-568B 94
XI-1-86-12 BC85-098 103
XI-1-86-59 BC85-550 145
XI-1-89-07 IN88-011 167
XI-1-89-20 IN88-014 189
XI-1-89-24 IN89-014 193
XI-1-89-29 IN89-008 202
XI-1-89-34 IN89-012 204
XI-1-89-46R IN90-008* 225
XI-1-89-68 IN90-015 232

IWA-7210(b) XI-1-04-37 IN06-002 492
IWA-7210(c) XI-1-86-18 BC85-254 106

XI-1-86-38R BC85-141* 143
XI-1-86-39R BC85-525C* 144
XI-1-89-41 IN89-025 207

IWA-7220 XI-1-92-15 IN91-040 252
XI-1-95-02 IN93-026 299
XI-1-01-41 IN02-012 462

IWA-7300 XI-1-83-72 BC81-568A 72
XI-1-86-03R BC83-112* 103
XI-1-86-08 BC81-568B 94

IWA-7310 XI-1-83-50R BC84-175* 68
IWA-7320 XI-1-83-72 BC81-568A 72

XI-1-98-54 IN98-024 408

(d)
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IWA-7330 XI-1-83-02 BC81-476 6
XI-1-83-46 BC83-595 51
XI-1-83-72 BC81-568A 72
XI-1-89-24 IN89-014 193
XI-1-98-57R IN99-018* 435

IWA-7400 XI-1-83-37R2 BC82-425** 185
XI-1-83-54R BC84-321* 186
XI-1-89-36 IN89-024 205
XI-1-92-27 IN92-016 257
XI-1-92-66R-E IN93-041** 514
XI-1-98-34 IN98-011 386

IWA-7400(d) XI-1-83-26 BC83-244 30
XI-1-83-83 BC83-179 79
XI-1-83-85 BC84-683 81
XI-1-83-86R BC85-113A* 102
XI-1-86-65 IN87-031 148
XI-1-89-04 IN88-004 166
XI-1-92-32 IN91-031 263
XI-1-92-44 IN91-031B 273
XI-1-92-66 IN93-041 291

IWA-7520 XI-1-83-38 BC84-122 41
XI-1-86-68 IN87-024 154

IWA-7530 XI-1-83-37 BC82-425 41
XI-1-86-51 IN86-027 129
XI-1-89-36 IN89-024 205

Subsection IWB
IWB-1220 XI-1-10-05 09-1310 520

XI-1-13-01 11-865 541
IWB-1220(a) XI-1-92-40 IN92-022A 267

XI-1-92-45 IN92-022B 273
XI-1-01-45 IN02-020 463

IWB-1220(b) XI-1-86-45 IN86-020 126
XI-1-98-09 IN97-018 365

IWB-2200 XI-1-86-20 IN86-006 107
XI-1-86-50 IN86-026C 128
XI-1-89-63 IN90-034 230
XI-1-98-43 IN98-018 395

IWB-2200(a) XI-1-86-24 BC85-526 109
XI-1-04-21 IN05-003 484

IWB-2200(c) XI-1-83-71 BC80-583 71
XI-1-95-11 IN94-024 303

IWB-2410 XI-1-95-10 IN94-023 303
IWB-2412 XI-1-86-74 IN86-003A 157

XI-1-95-55 IN96-019 346
Table IWB-2412-1 XI-1-92-12 IN91-025 251

XI-1-95-11 IN94-024 303
IWB-2420 XI-1-98-46 IN98-027 396

XI-1-01-46 IN02-022 464
IWB-2420(b) XI-1-98-49 IN99-008 398
IWB-2430 XI-1-92-24 IN91-014 255

XI-1-95-42 IN96-002 335
XI-1-98-41 IN98-007 389
XI-1-01-46 IN02-022 464

IWB-2430(a) XI-1-92-61 IN93-027A 283
XI-1-95-13 IN93-027B 304
XI-1-98-10 IN93-027C 365

IWB-2500 XI-1-92-40 IN92-022A 267
XI-1-04-43 IN06-004 494

Figure IWB-2500-6 XI-1-95-44 IN96-008 336
Figure IWB-2500-7 XI-1-86-71 IN87-005A 156

XI-1-10-40 11-641 539

Location
Interpreta-

tion File No.
Page
No.

Figure IWB-2500-8 XI-1-83-75 BC83-055 75
XI-1-89-49 IN90-013 217
XI-1-10-32 09-2178 536

Figure IWB-2500-13 XI-1-83-75 BC83-055 75
XI-1-89-21 IN89-004A 190
XI-1-89-27 IN89-004C 195

Figure IWB-2500-14 XI-1-89-21 IN89-004A 190
Figure IWB-2500-15 XI-1-89-21 IN89-004A 190

XI-1-89-27 IN89-004C 195
XI-1-98-40 IN98-002 389

Table IWB-2500-1 XI-1-83-11 BC82-304 17
XI-1-83-12 BC82-230 18
XI-1-83-33 BC83-589 39
XI-1-83-39 BC83-527 42
XI-1-83-40R BC84-043* 67
XI-1-83-51 BC83-240 54
XI-1-83-56 BC84-388 56
XI-1-83-69 BC84-616 69
XI-1-83-76 BC84-390 75
XI-1-86-04 BC83-438 92
XI-1-86-10 BC84-393 95
XI-1-86-20 IN86-006 107
XI-1-86-21R IN86-004* 186
XI-1-86-24 BC85-526 109
XI-1-86-34 IN86-017B 120
XI-1-86-45 IN86-020 126
XI-1-86-62 IN86-032 146
XI-1-86-71 IN87-005A 156
XI-1-86-74 IN86-003A 157
XI-1-89-11 IN88-016 175
XI-1-89-14 IN86-003B 176
XI-1-89-21 IN89-004A 190
XI-1-89-27 IN89-004C 195
XI-1-89-33 IN88-017 203
XI-1-89-43 IN90-003 208
XI-1-89-49 IN90-013 217
XI-1-89-50 IN90-014 218
XI-1-92-05 IN91-016 243
XI-1-92-09 IN91-027 245
XI-1-92-12 IN91-025 251
XI-1-92-13 IN91-026 251
XI-1-92-23 IN86-017B 255
XI-1-92-43 IN92-033 268
XI-1-92-46 IN92-043 274
XI-1-92-56 IN93-013 281
XI-1-95-28 IN94-006B 315
XI-1-95-27 IN94-006A 314
XI-1-95-44 IN96-008 336
XI-1-95-65 IN97-010A 350
XI-1-98-16 IN97-010B 368
XI-1-98-17 IN97-017 368
XI-1-98-22 IN97-028 376
XI-1-98-43 IN98-018 395
XI-1-98-70 IN98-009 415
XI-1-98-75 IN00-003 422
XI-1-98-77 IN00-009 423
XI-1-01-06 IN00-008 429
XI-1-01-12 IN00-023 432
XI-1-01-15 IN01-002 436
XI-1-01-19 IN01-007 438
XI-1-01-24 IN01-018 443
XI-1-04-14 IN04-013 478
XI-1-04-18 IN04-009 483

(e)
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XI-1-04-21 IN05-003 484
XI-1-04-27 IN05-008 486
XI-1-04-29 IN05-011 486
XI-1-07-09 IN06-018 496
XI-1-07-20 IN04-002 502
XI-1-07-24 IN07-005 503
XI-1-07-32 08-554 510
XI-1-07-40 IN03-009,

03-1301 513
XI-1-10-14 10-1209 528
XI-1-10-12 10-1120 527
XI-1-10-23 10-1247 534
XI-1-10-32 09-2178 536
XI-1-10-38 12–87 538
XI-1-10-42 12–34 539
XI-1-13-08 12-1353 543
XI-1-13-28 14-167 553

Table IWB-2600-1 XI-1-83-51 BC83-240 54
XI-1-86-10 BC84-393 95

IWB-3000 XI-1-86-07 BC85-481 94
XI-1-86-52R BC85-524* 187
XI-1-89-67 IN89-017C 232
XI-1-92-19 IN92-005 253
XI-1-92-35R IN92-023* 289

IWB-3111 XI-1-04-44 IN06-006 494
IWB-3112 XI-1-86-37 IN86-022 121

XI-1-04-44 IN06-006 494
IWB-3112(b) XI-1-04-02 IN03-012 469
IWB-3132.3 XI-1-98-49 IN99-008 398

XI-1-10-28 10-850 535
IWB-3142 XI-1-86-62 IN86-032 146
IWB-3144 XI-1-86-62 IN86-032 146
IWB-3200 XI-1-95-42 IN96-002 335
Table IWB-3410-1 XI-1-92-24 IN91-014 255
IWB-3500 XI-1-83-29 BC82-050 32

XI-1-86-52R BC85-524* 187
Table IWB-3510-1 XI-1-83-06 BC82-428 8
IWB-3512 XI-1-83-32 BC82-437 33
Table IWB-3514-1 XI-1-01-01 IN96-007 427
Table IWB-3514-2 XI-1-83-07 BC82-429 8

XI-1-98-40 IN98-002 389
IWB-3514.2 XI-1-92-58 IN93-021 282
IWB-3514.6 XI-1-07-41 IN04-008 513
IWB-3516.1(a) XI-1-98-69 IN98-002B 414
IWB-3517.1 XI-1-89-45 IN90-006 209
IWB-3521 XI-1-98-11 IN97-001 366
IWB-3522 XI-1-98-55 IN98-006 408

XI-1-13-17 12-2273 549
IWB-3600 XI-1-83-29 BC82-050 32
IWB-3613(a) XI-1-04-03 IN03-013 469
IWB-3641 XI-1-95-49 IN96-010 339
IWB-4000 XI-1-86-41 IN86-005 124

XI-1-92-21 IN92-009B 254
IWB-4212 XI-1-89-70R IN91-005* 351
IWB-4230 XI-1-95-33 IN94-031 322
IWB-4232.2(d) XI-1-98-53 IN99-015 400
IWB-4232.4 XI-1-98-53 IN99-015 400
IWB-4300 XI-1-92-32 IN91-031 263
IWB-4340 XI-1-83-09R BC82-604* 10
IWB-4400 XI-1-83-41R BC84-064* 88
IWB-5000 XI-1-89-08 IN87-018 168

XI-1-95-54 IN96-003 346

Location
Interpreta-
tion File No.

Page
No.

IWB-5200 XI-1-86-34 IN86-017B 120
XI-1-92-23 IN86-017B 255

IWB-5210 XI-1-83-25 BC83-219 30
IWB-5220 XI-1-04-19E IN04-010 521
IWB-5222 XI-1-89-74 IN91-008 235
Subsection IWC
IWC-1200 XI-1-83-27R BC83-437* 88
IWC-1220 XI-1-86-43R IN86-012* 125

XI-1-89-53 IN90-019 219
XI-1-89-61 IN90-032 229
XI-1-95-17 IN95-017 368
XI-1-01-16 IN01-004 437

IWC-1221 XI-1-86-05 BC84-686 93
XI-1-86-42 IN86-011 124
XI-1-95-03 IN93-042 300
XI-1-15-05 14-132 554

IWC-1222 XI-1-15-05 14-132 554
IWC-2000 XI-1-86-57 IN87-007 138
IWC-2100 XI-1-86-22 IN86-010 108
IWC-2200 XI-1-89-42 IN90-001 208

XI-1-95-47 IN96-016 337
XI-1-98-42 IN98-008 390

IWC-2200(b)(1) XI-1-98-50 IN99-009 398
IWC-2410 XI-1-95-10 IN94-023 303
IWC-2411 XI-1-83-68 BC83-441 62
IWC-2412 XI-1-86-74 IN86-003A 157

XI-1-01-30 IN01-006 449
Table IWC-2412-1 XI-1-95-11 IN94-024 303

XI-1-01-30 IN01-006 449
IWC-2420 XI-1-98-46 IN98-027 396
IWC-2420(b) XI-1-98-49 IN99-008 398
IWC-2430 XI-1-83-04 BC82-427 7

XI-1-92-24 IN91-014 255
XI-1-95-06 IN94-002A 301
XI-1-95-42 IN96-002 335
XI-1-98-41 IN98-007 389

IWC-2430(a) XI-1-92-61 IN93-027A 283
XI-1-95-13 IN93-027B 304

Table IWC-2500-1 XI-1-83-39 BC83-527 42
XI-1-83-40R BC84-043* 67
XI-1-83-51 BC83-240 54
XI-1-83-53 BC83-656 55
XI-1-83-69 BC84-616 69
XI-1-83-80R BC84-685* 241
XI-1-86-57 IN87-007 138
XI-1-86-74 IN86-003A 157
XI-1-89-21 IN89-004A 190
XI-1-89-30 IN89-011 202
XI-1-89-43 IN90-003 208
XI-1-89-51 IN90-017 218
XI-1-89-53 IN90-019 219
XI-1-89-57 IN90-024 227
XI-1-89-58 IN90-025 228
XI-1-89-61 IN90-032 229
XI-1-89-75 IN91-010 235
XI-1-92-05 IN91-016 243
XI-1-92-47 IN92-046 274
XI-1-92-62 IN93-030 284
XI-1-98-36 IN98-025 387
XI-1-95-63 IN97-012 349
XI-1-95-13 IN97-007 367
XI-1-98-67 IN96-015 413
XI-1-01-15 IN01-002 436
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XI-1-01-24 IN01-018 443
XI-1-04-21 IN05-003 484
XI-1-04-38 IN04-019 492
XI-1-07-23 IN07-005 503
XI-1-07-24 IN07-005 503
XI-1-07-36 08-674 512
XI-1-10-37 11-2149 538
XI-1-13-05 10-950 542

Figure IWC-2500-5 XI-1-89-38 IN89-007 206
IWC-2520 XI-1-83-27 BC83-437 31
Table IWC-2520 XI-1-83-51 BC83-240 54

XI-1-83-68 BC83-441 62
Table IWC-2600-1 XI-1-83-51 BC83-240 54

XI-1-83-68R BC83-441* 101
IWC-3000 XI-1-89-67 IN89-017C 232

XI-1-92-19 IN92-005 253
XI-1-92-24 IN91-014 255
XI-1-92-35R IN92-023* 289

IWC-3112 XI-1-86-37 IN86-022 121
IWC-3121(b) XI-1-04-02 IN03-012 469
IWC-3122.3 XI-1-98-49 IN99-008 398
IWC-3200 XI-1-95-42 IN96-002 335
IWC-3500 XI-1-95-35 IN96-007 329
Table IWC-3510-1 XI-1-95-11 IN97-001 366

XI-1-98-55 IN98-006 408
IWC-3511 XI-1-01-38 IN98-025B 461
IWC-3516 XI-1-98-55 IN98-006 408
IWC-4000 XI-1-86-27R IN86-007* 187
IWC-5000 XI-1-86-32 BC85-525B 119

XI-1-89-08 IN87-018 168
XI-1-92-34 IN92-020 264
XI-1-95-54 IN96-003 346

IWC-5210 XI-1-83-25 BC83-219 30
XI-1-92-18 IN92-003 253

IWC-5210(a) XI-1-92-62 IN93-030 284
IWC-5222 XI-1-83-67 BC82-606 62

XI-1-86-09 BC84-391 94
XI-1-89-30 IN89-011 202
XI-1-89-66 IN90-018A 232
XI-1-89-74 IN91-008 235
XI-1-95-13 IN97-007 367

IWC-5222 XI-1-07-25 IN05-022 504
IWC-5222(b) XI-1-07-15 IN06-020 498
IWC-5222(c) XI-1-01-04 IN99-017 428
IWC-5222(d) XI-1-01-04 IN99-017 428
IWC-5222(f) XI-1-01-04 IN99-017 428
IWC-5223 XI-1-83-67 BC82-606 62
IWC-5230(g) XI-1-01-04 IN99-017 428
IWC-5240 XI-1-95-13 IN97-007 367
IWC-7000 XI-1-86-27R IN86-007* 187
Subsection IWD
IWD-1220 XI-1-89-47 IN90-009 210

XI-1-95-17 IN95-017 368
IWD-2000 XI-1-86-67 IN87-022 154
IWD-2410 XI-1-95-10 IN94-023 303
IWD-2412 XI-1-01-30 IN01-006 449
Table IWD-2412-1 XI-1-01-30 IN01-006 449
Table IWD-2412-2 XI-1-95-11 IN94-024 303
IWD-2420 XI-1-98-46 IN98-027 396

XI-1-98-49 IN99-008 398

Location
Interpreta-

tion File No.
Page
No.

Table IWD-2500-1 XI-1-83-40R BC84-043* 67
XI-1-83-69 BC84-616 69
XI-1-86-15R BC85-130* 135
XI-1-86-69 IN87-008 155
XI-1-89-43 IN90-003 208
XI-1-89-58 IN90-025 228
XI-1-89-75 IN91-010 235
XI-1-92-05 IN91-016 243
XI-1-95-36 IN94-012 329
XI-1-95-13 IN97-007 367
XI-1-98-32 IN98-014 386
XI-1-98-60 IN98-014B 411
XI-1-01-24 IN01-018 443
XI-1-13-13 11-1126 548

Figure IWD-2500-1(b) XI-1-07-38 08-675 512
IWD-2600 XI-1-83-27 BC83-437 31
IWD-2620 XI-1-89-47 IN90-009 210
IWD-3000 XI-1-89-67 IN89-017C 232

XI-1-92-19 IN92-005 253
XI-1-92-35R IN92-023* 289
XI-1-95-36 IN94-012 329
XI-1-98-55 IN98-006 408

IWD-3500 XI-1-95-35 IN96-007 329
IWD-4000 XI-1-86-27R IN86-007* 187
IWD-5000 XI-1-86-32 BC85-525B 119

XI-1-89-08 IN87-018 168
XI-1-92-34 IN92-020 264

IWD-5210 XI-1-92-18 IN92-003 253
IWD-5222(c) XI-1-01-04 IN99-017 428
IWD-5222(f) XI-1-01-04 IN99-017 428
IWD-5223 XI-1-83-67 BC82-606 62

XI-1-89-66 IN90-018A 232
XI-1-89-74 IN91-008 235

IWD-5223(c) XI-1-01-04 IN99-017 428
IWD-5223(d) XI-1-01-04 IN99-017 428
IWD-5240 XI-1-07-25 IN05-022 504
IWD-5240(b) XI-1-07-15 IN06-020 498
IWD-5246 XI-1-95-13 IN97-007 367
IWD-7000 XI-1-86-27R IN86-007* 187
Subsection IWE
IWE XI-1-95-14 IN97-022 367

XI-1-98-30 IN97-036 385
IWE-1220(d) XI-1-98-56 IN99-014 409
IWE-1230 XI-1-13-25 13-2137 552
IWE-1232(c) XI-1-10-02 09-1314 519
IWE-2412 XI-1-01-35 IN02-002 452
IWE-2420 XI-1-98-49 IN99-008 398

XI-1-98-46 IN98-027 396
Table IWE-2500-1 XI-1-86-70 IN87-011 155

XI-1-89-43 IN90-003 208
XI-1-92-33 IN91-043 264
XI-1-98-24 IN97-032 377
XI-1-98-35 IN98-015 387
XI-1-98-45 IN98-022 395
XI-1-98-71 IN99-001 415
XI-1-10-01 IN06-14 519
XI-1-10-13 10-1121 528
XI-1-13-10 12-1950 543

IWE-2500(c)(1) XI-1-01-49 IN01-011 465
IWE-2600 XI-1-98-14 IN97-022 367

XI-1-98-27 IN97-035 380
IWE-3519.3 XI-1-92-33 IN91-043 264
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IWE-4311(e)
XI-1-07-35

IN07-07,
07-1632 511

IWE-5210
XI-1-07-39E

IN02-001,
03-1726 522

IWE-5221 XI-1-95-34 IN95-009 323
IWE-5240

XI-1-07-39E
IN02-001,
03-1726 522

IWE-5246 XI-1-95-15 IN97-015 367
Subsection IWF
IWF XI-1-86-02 BC82-753 91

XI-1-86-11 BC85-253A 96
XI-1-86-17 BC85-253B 105
XI-1-86-50 IN86-026C 128
XI-1-10-11R 10-1119* 533

IWF-1100 XI-1-83-30 BC82-522 32
IWF-1230 XI-1-01-24 IN01-018 443

XI-1-15-06 13-2071 554
IWF-1300 XI-1-89-69 IN90-027 233

XI-1-92-20 IN92-006B 254
XI-1-92-22 IN92-010 254
XI-1-92-29R IN92-006A* 405
XI-1-10-25 11-164 535

IWF-1300(e) XI-1-98-60 IN99-014B 411
XI-1-13-20 13-114 550

IWF-2000 XI-1-92-55 IN93-016 281
IWF-2200 XI-1-86-48 IN86-026A 127

XI-1-89-44 IN90-004 209
IWF-2220(a) XI-1-01-36 IN02-007 452

XI-1-13-22 13-1916 551
IWF-2220(b) XI-1-01-36 IN02-007 452
IWF-2410(b) XI-1-95-10 IN94-023 303
IWF-2420(a) XI-1-98-46 IN98-027 396
IWF-2420(b) XI-1-86-

30R-2E IN86-013** 520
IWF-2430 XI-1-86-

30R-2E IN86-013** 520
XI-1-89-60 IN90-029 229
XI-1-95-30 IN95-004A 316
XI-1-95-32 IN95-004B 322

IWF-2430(b) XI-1-07-10 IN06-009 496
IWF-2500 XI-1-83-12R-2 BC82-230** 49

XI-1-89-59 IN90-026 228
XI-1-98-58 IN99-022 410

IWF-2500(a) XI-1-92-29R IN92-006A 405
Table IWF-2500-1 XI-1-83-12 BC82-230 18

XI-1-83-12R-2 BC82-230** 49
XI-1-89-69 IN90-027 233
XI-1-01-16 IN01-004 437
XI-1-01-24 IN01-018 443
XI-1-07-38 08-675 512

Table IWF-2500-2 XI-1-86-48 IN86-026A 127
IWF-2510 XI-1-83-12 BC82-230 18

XI-1-83-12R-2 BC82-230** 49
XI-1-86-26 IN86-002 110
XI-1-86-49 IN86-026B 128
XI-1-86-69 IN87-008 155
XI-1-89-47 IN90-009 210
XI-1-89-61 IN90-032 229
XI-1-89-72 IN90-035 234
XI-1-01-24 IN01-018 443

Table IWF-2510(b) XI-1-86-63 IN87-004 147

Location
Interpreta-
tion File No.

Page
No.

IWF-3000 XI-1-86-
30R-2E

IN86-013**
520

XI-1-89-60 IN90-029 229
XI-1-89-67 IN89-017C 232
XI-1-92-35R IN92-023* 289
XI-1-92-55 IN93-016 281

IWF-4000 XI-1-89-28 IN89-021 195
Subsection IWL
IWL XI-1-01-28 IN98-016 448
IWL-2100 XI-1-95-05 IN97-027 363
IWL-2200 XI-1-95-64 IN97-014 349

XI-1-98-26 IN97-013 377
XI-1-98-31 IN98-004 385

IWL-2421 XI-1-01-40 IN02-011 461
IWL-2520 XI-1-15-02 14-126 553
IWL-2523.3 XI-1-01-50 IN02-017 465
IWL-4000 XI-1-98-59 IN99-002 410
Subsection IWP
IWP XI-82-06R BC82-340* 5

XI-1-83-08 BC82-523 9
XI-1-86-21R IN86-004* 186

IWP-3100 XI-1-92-63 IN93-036 284
IWP-3210 XI-1-92-63 IN93-036 284
IWP-3500 XI-1-92-63 IN93-036 284
IWP-4110 XI-1-89-55 IN90-021 226
Table IWP-4110-1 XI-1-89-55 IN90-021 226

XI-1-92-14 IN91-037 251
IWP-4120 XI-1-86-33 BC85-529B 119

XI-1-89-55 IN90-021 226
Subsection IWV
IWV XI-82-06R BC82-340* 5

XI-1-83-08 BC82-523 9
XI-1-83-59 BC83-439 58
XI-1-86-21R IN86-004* 186

IWV-1000 XI-1-89-36 IN89-024 205
IWV-1100 XI-1-89-71R IN90-036* 281
IWV-1200 XI-1-83-59R BC83-439* 90
IWV-1300 XI-1-83-17 BC82-597 20
IWV-2200 XI-1-83-62 BC84-178 59
IWV-3200 XI-1-83-14 BC82-626 19

XI-1-86-60 IN86-001 145
XI-1-92-16 IN91-045 252
XI-1-92-50 IN92-041 275

IWV-3300 XI-1-89-10 IN88-015 169
IWV-3400 XI-1-86-60 IN86-001 145
IWV-3410 XI-1-83-17 BC82-597 20

XI-1-92-41R IN92-025A* 273
IWV-3412 XI-1-83-74 BC82-752 74

XI-1-89-10 IN88-015 169
XI-1-92-50 IN92-041 275

IWV-3413 XI-1-89-10 IN88-015 169
IWV-3420 XI-1-83-62 BC84-178 59
IWV-3426 XI-1-83-61 BC84-176 59
IWV-3427 XI-1-83-60 BC84-095 58
Table IWV-3510-1 XI-1-89-25 IN89-019 193
IWV-3511 XI-1-89-25 IN89-019 193
IWV-3512 XI-1-89-65 IN90-002 231

XI-1-92-37 IN92-027 266
XI-1-98-28 IN98-017 378

IWV-3514 XI-1-89-65 IN90-002 231
IWV-3520 XI-1-92-41R IN92-025A* 273
IWV-3522 XI-1-83-73 BC82-665A 73

XI-1-86-01 BC82-665B 91
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Subsection IWX
IWX-2100 XI-1-83-75 BC83-055 75
IWX-2500 XI-1-83-75 BC83-055 75

XI-1-86-52R BC85-524* 187
Table IWX-2500-1 XI-1-86-52R BC85-524* 187
IWX-3100 XI-1-92-59 IN93-023 282
IWX-4000 XI-1-86-21 IN86-004 107

XI-1-95-25 IN95-001 313
Mandatory Appendix I
I XI-1-89-62 IN90-033 230
I-2000 XI-1-89-12 IN89-001A 175

XI-1-89-13 IN89-005 176
I-2220 XI-1-95-24 IN94-026 313
I-2300 XI-1-95-24 IN94-026 313
I-2400 XI-1-07-02 IN05-019 494

XI-1-10-04 09-754 520
I-3200(c) XI-1-10-41 11-1460 539
I-4421 XI-1-83-22 BC80-567 28
I-4422 XI-1-83-22 BC80-567 2812
I-4430 XI-1-83-22 BC80-567 28
I-4450 XI-1-83-22 BC80-567 28
I-7000 XI-1-83-22 BC80-567 28
Supplement 9 XI-1-04-34 IN05-017 491
Mandatory Appendix II
Form NIS-1 XI-1-01-26 IN00-019(b) 447

XI-1-01-26 IN00-019(b) 447
Form NIS-2 XI-1-92-07 IN91-022 244

XI-1-04-28 IN05-010 486
XI-1-04-35 IN05-020 491
XI-1-07-21 IN06-021 502

Mandatory Appendix III
III XI-1-89-49 IN90-013 217

XI-1-92-58 IN93-021 282
XI-1-07-41 IN04-008 513

III-1100 XI-1-86-61 IN86-030 146
III-3230 XI-1-89-11 IN88-016 175

XI-1-89-17 IN89-004B 179
XI-1-89-21 IN89-004A 190
XI-1-89-23 IN89-010 192

III-3310 XI-1-89-05 IN88-005 167
III-3320 XI-1-92-17 IN92-001 252
III-3330 XI-1-92-17 IN92-001 252
III-3400 XI-1-89-11 IN88-016 175

XI-1-89-11 IN89-001A 175
III-3410 XI-1-86-28 IN86-008 111
III-3430 XI-1-95-62 IN97-006 349

XI-1-95-19 IN97-006A 369
III-4410 XI-1-95-18 IN97-023 369
III-4420 XI-1-89-23 IN89-010 192
III-4430 XI-1-89-11 IN89-016 175

XI-1-89-21 IN89-004A 190
XI-1-89-23 IN89-010 192

III-4500 XI-1-83-84 BC83-654 80
Mandatory Appendix IV
IV-2300 XI-1-92-67 IN94-004 291
IV-3000 XI-1-92-67 IN94-004 291
IV-3110(f) XI-1-98-63 IN99-025B 412
IV-4000 XI-1-92-67 IN94-004 291
Mandatory Appendix VI
VI-4310 XI-1-13-12 12-1905 547
VI-4320 XI-1-07-05 IN05-001 495

XI-1-10-39 12-88 538

Location
Interpreta-

tion File No.
Page
No.

Mandatory Appendix VII
Appendix VII XI-1-92-42 IN92-030 268
VII-3300 XI-1-92-53 IN93-007 276

XI-1-95-31 IN95-008 321
VII-4120 XI-1-01-34 IN01-020 451
VII-4220 XI-1-07-03 IN06-005 495
Table VII-4220-1 XI-1-01-44 IN02-019 463
VII-4240 XI-1-92-11 IN91-035 246

XI-1-95-40 IN96-005 330
VII-4310(a)

XI-1-95-22
IN94-016,
IN94-022 312

XI-1-13-18 13-888 549
VII-4310(b) XI-1-95-23 IN94-019 312
VII-4323 XI-1-92-69 IN94-007 292

XI-1-98-23 IN97-030 376
VII-4340 XI-1-13-12 12-1905 547
VII-4342 XI-1-92-53 IN93-007 276

XI-1-98-23 IN97-030 376
VII-4342(b) XI-1-07-46 09-797 518
Supplement 1, 9 XI-1-95-08 IN94-015 302
Mandatory Appendix VIII
Appendix VIII XI-1-92-49 IN93-006 275

XI-1-01-39 IN02-008 461
XI-1-04-36 IN06-001 491

VIII-1100(c) XI-1-92-39 IN92-032 267
VIII-1100(f) XI-1-01-25 IN01-015 443
VIII-2100 XI-1-95-04 IN94-009 300
VIII-2100(d) XI-1-01-25 IN01-015 443
VIII-2110(d)(5) XI-1-01-42 IN02-015 462
VIII-3100 XI-1-92-09 IN91-027 245

XI-1-98-33 IN95-025 386
VIII-3120(b) XI-1-07-01 IN05-018 494
VIII-4000 XI-1-95-21 IN94-013 312

IN94-025
XI-1-01-25 IN01-015 443

VIII-4110(d) XI-1-07-26 IN07-002 504
Supplement 4, 1.1 XI-1-92-36 IN92-026 265
Supplement 6, 1.1 XI-1-92-36 IN92-026 265
Supplement 5, 3.2(a)(1) XI-1-10-46 11-1852 541
Supplement 12 XI-1-10-35 11-1120 537
Supplement 14 XI-1-10-36 11-1366 537

XI-1-15-03 14-1463 553
Nonmandatory Appendix C
Tables C-6410-1, C-6410-2 XI-1-07-33 08-459 510
Nonmandatory Appendix G
G XI-1-07-19 IN07-001 502
Nonmandatory Appendix J
Article J-3000 XI-1-98-47 IN99-003 396
Code Cases
N-98 XI-1-89-09 IN87-019 168
N-308 XI-1-83-02 BC81-476 6

XI-1-83-47 BC84-197 52
N-408 XI-1-89-03 IN88-003 166

XI-1-95-03 IN93-042 300
N-416 XI-1-92-25 IN92-012 256

XI-1-95-12 IN94-028 304
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N-416-1 XI-1-95-37 IN95-015 329
XI-1-95-45 IN96-009 336
XI-1-95-01 IN97-008 360
XI-1-98-48R IN99-004* 405
XI-1-98-61 IN99-010 411
XI-1-98-64 IN99-026 412
XI-1-98-73 IN99-010B 421
XI-1-98-76 IN99-028 422

N-435-1 XI-1-07-24 IN07-005 503
N-458 XI-1-95-15 IN93-019 309
N-460 XI-1-89-32 IN89-026 203

XI-1-95-43 IN96-004 336
N-481 XI-1-92-26 IN92-014 256
N-491 XI-1-98-58 IN99-022 410

XI-1-01-16 IN01-004 437
XI-1-86-
30R-2E IN86-013** 520

N-491-1 XI-1-01-36 IN02-007 452
XI-1-86-
30R-2E IN86-013** 520

N-498 XI-1-92-25 IN92-012 256
XI-1-92-26 IN92-014 256
XI-1-98-38 IN97-024 388
XI-1-98-68 IN99-004 414

N-498-1, -2, -3, -4 XI-1-04-16 IN04-002 479
N-498-4 XI-1-07-25 IN05-022 504
N-504-1 XI-1-95-39 IN96-001 330
N-504-2 XI-1-04-08 IN04-003 476

XI-1-04-11 IN04-007 477
N-508 XI-1-04-23 IN05-002 485

XI-1-07-06 IN05-002 495
N-508-1 XI-1-04-23 IN05-002 485

XI-1-07-06 IN05-002 495
N-508-2 XI-1-04-23 IN05-002 485

XI-1-07-06 IN05-002 495
N-508-3 XI-1-04-23 IN05-002 485

XI-1-07-06 IN05-002 495
N-509 XI-1-95-02 IN95-023 362
N-517 XI-1-95-46 IN96-018 337
N-522 XI-1-98-65 IN99-027 412

XI-1-01-20 IN01-008 438
XI-1-07-29 08-56 509

N-523-1 XI-1-01-17 IN00-018 437

Location
Interpreta-
tion File No.

Page
No.

N-524 XI-1-95-59 IN97-005 348
N-532, -1, -2, -3, -4, -5 XI-1-07-31 08-340 510

XI-1-10-18 10-1310 529
XI-1-10-21 10-1360 533
XI-1-13-04 12-1455 542
XI-1-13-11 12-2005 544

N-557 XI-1-95-53 IN96-017 345
N-560 XI-1-98-74 IN00-002 422

XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-560-1 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-560-2 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-577 XI-1-98-74 IN00-002 422
XI-1-01-09 IN00-10A 431
XI-1-01-47 IN03-001 464
XI-1-04-33 IN05-013 490

N-577-1 XI-1-01-09 IN00-10A 431
XI-1-01-47 IN03-001 464
XI-1-04-33 IN05-013 490

N-578 XI-1-98-74 IN00-002 422
XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464
XI-1-04-33 IN05-013 490

N-578-1 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464
XI-1-04-33 IN05-013 490

N-606-1 XI-1-13-19 13-56 550
N-638, -1, -2 XI-1-07-04 IN06-007 495
N-638-1 XI-1-07-30 08-116 510
N-641 XI-1-01-14 IN00-024 436
N-661-1 XI-1-13-26 14-168 552
N-716 XI-1-10-15 10-1246 528
N-716-1 XI-1-15-01 14-916 553
N-722 XI-1-07-43 08-1430 517
N-729 XI-1-10-45 11-1956 540
N-729-1, -2, -3 XI-1-13-16 12-2059 549
N-770 XI-1-13-21 13-1912 550
N-770-1, -2, -3 XI-1-13-27 14-382 552
N-823 XI-1-13-24 13-1241 551
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SUBJECT INDEX

Subject
Interpreta-

tion File No.
Page
No.

Acceptance Criteria
allowable flaws XI-1-98-11 IN97-001 366
analytical evaluation XI-1-10-28 10-850 535
applicable code XI-1-83-75 BC83-055 75

XI-1-86-37 IN86-022 121
XI-1-89-16 IN89-001B 178

characterizing multiple
planar flaws XI-1-01-01 IN96-007 427

Class 1 — reactor vessel
ferritic material XI-1-83-06 BC82-428 8

constructed to B31.7 XI-1-83-07 BC82-429 8
definition of flaw depth XI-1-83-32 BC82-437 33
fabrication defects —
additional examinations XI-1-83-04 BC82-427 7

flaw evaluation XI-1-86-52R BC85-524* 187
XI-1-95-49 IN96-010 339
XI-1-98-20 IN97-025 375
XI-1-04-44 IN06-006 494
XI-1-07-01 IN05-018 494
XI-1-10-29 11-563 536
XI-1-13-06 12-1014 542

flaw evaluation— Section XI
in lieu of construction
code

XI-1-92-35R IN92-023* 289

indications outside
examination area

XI-1-86-52R BC85-524* 187

leakage XI-1-92-19 IN92-005 253
XI-1-13-16 12-2059 549
XI-1-13-17 12-2273 549

leakage collection XI-1-95-41 IN95-016 335
not specified XI-1-89-45 IN90-006 209
protruding wires XI-1-15-02 14-126 553
structural discontinuities at
intersections of nozzles
and pressure vessel shells XI-1-04-03 IN03-013 469

Applicability
alternative weld repair —
removal cavity

XI-1-95-25 IN95-001 313
XI-1-95-29 IN95-001B 315

certified design
specifications XI-1-01-11 IN00-022 432

Code Cases XI-1-13-02 12-1240 541
corrective measures — of
new bolting XI-1-92-01 IN90-023 242

fabrication of replacements XI-1-83-72 BC81-568A 72
flaws detected outside of an
inservice examination XI-1-89-67 IN89-017C 232

installation requirements XI-1-83-85 BC84-683 81
instrument tubing XI-1-83-52 BC83-625 55
leakage — not found during
a system pressure test XI-1-92-03 IN91-017 242

Level III, hands-on practical
examination XI-1-01-08 IN00-016 430

material removal process —
considered as thermal XI-1-95-60 IN-95-018 348

Subject
Interpreta-

tion File No.
Page
No.

material removal process —
nonwelded

XI-1-89-70R IN91-005 351

metal removal to prepare
surface for NDE XI-1-89-56 IN90-022 227

owner XI-1-83-83 BC83-179 79
XI-1-07-08 IN06-012 496
XI-1-07-11 IN06-012 497

preservice examination XI-1-04-21 IN05-003 484
preventive maintenance XI-1-89-19 IN88-009 188
reactor coolant boundary
components XI-1-01-06 IN00-008 429

redundant canopy seal XI-1-89-19 IN88-009 188
repair program — installing
replacements XI-1-83-42 BC84-123 43

repair/replacement
activities —
documentation XI-1-04-40 IN05-023 493

repair/replacement
activities — off site

XI-1-95-09 IN94-014 302
XI-1-98-44 IN98-020 395

repair subsequent to
N-Stamping — prior to
N-3

XI-1-83-10 BC82-277 17
XI-1-83-46

BC83-595 51
shot peening XI-1-89-73 IN91-006 234
small items — replacement
of XI-1-92-60 IN93-024 283

storage tank — examination XI-1-89-51 IN90-017 218
through wall leakage XI-1-89-64 IN89-017B 231
use of AIA for installing
replacements XI-1-83-38 BC84-122 41

verification of weld XI-1-04-25 IN05-007 485
Brazing
Brazing XI-1-86-47 IN86-025B 127
procedures and personnel XI-1-83-85 BC84-683 81

XI-1-83-86R BC85-113A* 102
Repair/Replacement
Program XI-1-86-23 BC85-525D 108

Calibration
angle beam XI-1-89-11 IN88-016 175
confirmation — period of
use XI-1-89-05 IN88-005 167

demonstration of
equivalence

XI-1-86-28 IN86-008 111
XI-1-86-61 IN86-030 146

electronic memory XI-1-92-17 IN92-001 252
interim check XI-1-89-62 IN90-033 230
of gages XI-1-83-49 BC82-776 53
series of test XI-1-83-49 BC82-776 53
standard XI-1-86-28 IN86-008 111
Calibration Blocks
different specification XI-1-86-61 IN86-030 146
material XI-1-86-72 IN87-005B 156
notch reflectors XI-1-89-09 IN87-019 168
reactor vessel XI-1-86-71 IN87-005 156
reflectors XI-1-95-62 IN97-006 349
reflectors—alternative
layout XI-1-98-19 IN97-006A 369
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Subject
Interpreta-
tion File No.

Page
No.

side drilled holes XI-1-89-11 IN88-016 175
ultrasonic examination XI-1-89-12 IN89-001A 175
V path XI-1-89-21 IN89-004A 190
Classification of Systems
core support structure XI-1-04-27 IN05-008 486
exclusion of components XI-1-95-56 IN96-022 346
high pressure safety
injection XI-1-86-42 IN86-011 124

instrument tubing XI-1-83-78 BC84-682 76
penetrates the containment XI-1-83-44 BC83-448 50
piping— visual examination XI-1-86-67 IN87-022 154
Closure Studs
bushings XI-1-04-18 IN04-009 483
inspection interval XI-1-98-75 IN00-003 422
volume and surface
examination XI-1-98-75 IN00-003 422

Component Supports
additional examinations XI-1-95-32 IN95-004B 322
associated supports XI-1-86-49 IN86-026B 128

XI-1-86-50 IN86-026C 128
coiled wire rope device XI-1-92-55 IN93-016 281
corrective measures —
additional examinations

XI-1-86-17 BC85-253B 105
XI-1-95-30 IN95-004A 316

encased, buried, or
encapsulated XI-1-15-06 13-2071 554

examination XI-1-98-58 IN99-022 410
IX-1-07-10 IN06-009 496

examination requirements
— exemptions

XI-1-83-27 BC83-437 31
XI-1-92-22 IN92-010 254

integral attachments XI-1-89-47 IN90-009 210
XI-1-89-59 IN90-026 228
XI-1-98-69 IN98-002B 414

integrally attached XI-1-86-69 IN87-008 155
XI-3-98-21 IN97-026 375

integrity by analyses XI-1-86-
30R-2E

IN86-013** 520

interfaces XI-1-92-29R IN92-006A 405
leakage at threaded
connections XI-1-98-55 IN98-006 408

multiple components XI-1-86-26 IN86-002 110
XI-1-86-63 IN87-004 147

not constructed to Section
III XI-1-83-30 BC82-522 32

preservice examination XI-1-86-48 IN86-026A 127
XI-1-86-50 IN86-026C 128
XI-1-89-44 IN90-004 209

removal of insulation XI-1-89-69 IN90-027 233
XI-1-92-20 IN92-006B 254
XI-1-13-20 13-114 550

Repair/Replacement
Program XI-1-86-23 BC85-525D 108

repair — requirements XI-1-89-28 IN89-021 195
representative sample XI-1-89-72 IN90-035 234
retensioning forces XI-1-01-50 IN02-017 465
scope expansion XI-1-89-60 IN90-029 229
selection of supports for
examination

XI-1-83-12R-2 BC82-230** 49
XI-1-86-48 IN86-026A 127
XI-1-86-49 IN86-026B 128
XI-1-86-63 IN87-004 147
XI-1-89-61 IN90-032 229
XI-1-10-11R 10-1119* 533
XI-1-10-25 11-164 535

Subject
Interpreta-
tion File No.

Page
No.

Construction Code

certificate requirement XI-1-98-57R IN99-018* 435
hydrostatic test XI-1-83-83 BC83-179 79

XI-1-86-22 IN86-010 108
XI-1-86-52R BC85-524* 187

material manufacturers and
suppliers

XI-1-83-50R BC84-175* 68
XI-1-89-24 IN89-014 193

reconciliation XI-1-89-41 IN89-025 207
repair activities — removal
cavity

XI-1-95-25 IN95-001 313
XI-1-95-29 IN95-001B 315

repair/replacement —
design requirements XI-1-95-01 IN93-003 299

replacement of Section III
components XI-1-89-68 IN90-015 232

replacement pressure vessel XI-1-89-46R IN90-008* 225
surface examination —
acceptance criteria XI-1-86-52 BC85-524 135

use of later editions of XI-1-86-12 BC85-098 103
XI-1-86-38R BC85-141* 143
XI-1-86-39R BC85-525C* 144
XI-1-86-44R IN86-015* 144
XI-1-89-20 IN88-014 189

use of later editions of —
stamping

XI-1-83-21R BC82-434* 117
XI-1-86-44R IN86-015* 144

welding requirements XI-1-86-51 IN86-027 129
Documentation (see Records and Reports)

Equipment
characterization of
substituted equipment XI-1-01-25 IN01-015 443

Essential Variable
examination systems XI-1-01-25 IN01-015 443
tolerances XI-1-01-25 IN01-015 443
Hydrostatic Test (see also Pressure Testing)
after a repair XI-1-83-66 BC84-652 61

XI-1-86-75 IN87-032 158
XI-1-89-18 IN86-031 188

after a replacement XI-1-83-54 BC84-321 55
XI-1-83-66 BC84-652 61
XI-1-98-73 IN99-010B 422

alternative test XI-1-86-25 BC85-528 110
XI-1-92-30 IN92-015 258

core criticality XI-1-86-53 IN86-017A 136
elevated temperatures XI-1-86-34 IN86-017B 120
exempt from XI-1-83-34 BC83-587 39
fabricated spool piece —
Construction Code

XI-1-86-58 IN87-010 138
XI-1-98-73 IN99-010B 422

impractical XI-1-86-25 BC85-528 110
induction stress
improvement XI-1-83-71 BC80-583 71

inspection interval
extension XI-1-89-58 IN90-025 228

manway covers XI-1-15-08 14-2038 555
nonwelded modification XI-1-86-03R BC83-112* 103
NPS 1 and smaller —
component connected to XI-1-86-35 IN86-019 120

open ended portions of
systems XI-1-89-30 IN89-011 202

piping, pumps, and valves—
preservice XI-1-86-22 IN86-010 108

pressurization pressure
factors XI-1-86-32 BC85-525B 119
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Subject
Interpreta-

tion File No.
Page
No.

removal of a seal weld XI-1-83-28R BC83-344 185
repair to a flange XI-1-89-31 IN89-023 203
requirements XI-1-83-37R2 BC82-425** 185

XI-1-83-54R BC84-321* 186
static head considerations XI-1-89-54 IN90-018B 226

XI-1-89-66 IN90-018A 232
system leakage test — NDE
specification XI-1-98-64 IN99-026 412

system pneumatic test in
lieu of

XI-1-92-04 IN91-009 243
XI-1-92-18 IN92-003 253

test pressure XI-1-83-67 BC82-606 62
XI-1-92-23 IN86-017B 255

test pressure — gage
accuracies XI-1-89-74 IN91-008 235

test temperature XI-1-92-23 IN86-017B 255
through-wall leakage XI-1-89-40 IN89-017A 207
when performed — order XI-1-89-63 IN90-034 230
Inservice Inspection Summary Report
additional examinations —
similar components XI-1-95-13 IN93-027B 304

additional examinations—
within system XI-1-98-10 IN97-027C 365

authorized nuclear inservice
inspector

XI-1-98-05 IN97-027 363
XI-1-98-25 IN98-003 377

pressure-retaining
components and their
supports XI-1-83-03 BC82-406 6

pumps and valves XI-1-83-08 BC82-523 9
surrounding conditions XI-1-04-13 IN03-022 478
when performing preservice
inspection XI-1-83-15 BC82-610 19

Inspection Interval
deferral of required
examinations XI-1-95-65 IN96-019 346

extended or decreased XI-1-92-57 IN93-002 282
XI-1-95-55 IN96-019 346
XI-1-04-26 IN05-009 485
XI-1-04-26 IN05-009 485

extension of XI-1-86-54 IN87-001 136
hydrostatic test — interval
extension XI-1-89-58 IN90-025 228

inspection completion
percentages— calculation
of XI-1-95-11 IN94-024 303

multiple components —
NDE XI-1-86-26 IN86-002 110

piping XI-1-10-15 10-1246 528
pressure testing XI-1-07-20 IN04-002 502
pump casing and valve body XI-1-10-14 10-1209 528
scheduling requirements —
applied by XI-1-86-74 IN86-003A 157

sites with multiple plants XI-1-01-40 IN02-011 461
successive inspections XI-1-98-46 IN98-027 396

XI-1-98-49 IN99-008 398
support examinations —
percentage requirements XI-1-95-10 IN94-023 303

visual examination —
multiple stream XI-1-83-68R BC83-441* 101

volumetric examination —
successive XI-1-89-50 IN90-014 218

Inspection Techniques
flaws XI-1-01-01 IN96-007 427

Subject
Interpreta-

tion File No.
Page
No.

Installation
concrete anchors XI-1-98-59 IN99-002 410
joining of items to make
piping subassemblies

XI-1-98-61 IN99-010 411
XI-1-98-73 IN99-010B 421

Instrument Tubing
Instrument Tubing XI-1-83-52 BC83-625 55

XI-1-83-77 BC84-603 76
XI-1-83-86R BC85-113A* 102

Liquid-Metal-Cooled Plants
inspection of inaccessible
welds XI-3-83-01 BC81-330 11

preservice system leakage
test XI-3-89-02 IN86-024B 211

system leakage monitoring XI-3-86-01 IN86-024A 159
Material Manufacturer or Material Supplier
qualification of XI-1-83-50 BC84-175 54

XI-1-86-55R IN87-002* 153
Quality Assurance Program
— update XI-1-86-44R IN86-015* 144

Metric Versus Customary XI-1-86-76 IN87-035 158
Nondestructive Examination (see also Ultrasonic, Visual, and
Volumetric Examinations)

ANSI/ASNT CP-189 XI-1-01-05 IN00-005 429
digitally enhanced
radiographs XI-1-04-02 IN03-012 469

examination of dissimilar
metal welds XI-1-89-57 IN90-024 227

induction stress
improvement XI-1-83-71 BC80-583 71

items NPS 1 and smaller XI-1-83-86R BC85-113A* 102
XI-1-86-45 IN86-020 126

for installation welds XI-1-86-51 IN86-027 129
liquid penetrant comparator
blocks XI-1-83-64 BC84-562 60

longitudinal welds XI-1-83-51 BC83-240 54
magnetic particle —
material used for XI-1-95-23 IN94-019 312

multiple stream —
pressure-retaining bolting XI-1-83-68R BC83-441* 101

multiple stream —
pressure-retaining nozzle
weld XI-1-83-53 BC83-656 55

nonferromagnetic steam
generator heat exchanger
tubing XI-1-92-67 IN94-004 291

of emergency core cooling
systems XI-1-92-45 IN92-022B 273

of pipe lugs XI-1-89-38 IN89-007 206
performance demonstration
— thermal fatigue crack XI-1-92-49 IN93-006 275

piping — pressure-retaining
welds XI-1-86-57 IN87-007 138

reactor vessel XI-1-86-71 IN87-005A 156
requirements XI-1-83-85 BC84-683 81
SNT-TC-1A XI-1-01-05 IN00-005 429
surface — flaw evaluation XI-1-86-52R BC85-524* 187

XI-1-95-42 IN96-002 335
use of one examination to
satisfy two categories XI-1-83-33 BC83-589 39

NIS-1
preparation of abstract XI-1-04-06 IN03-010A 475
Nonpressure-Retaining Welds
sealwelds XI-1-83-28R BC83-344* 185
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Subject
Interpreta-
tion File No.

Page
No.

Nonwelded Work
maintenance —
requirements

XI-1-86-21R IN86-004* 186

mechanical tube plugging XI-1-86-41 IN86-005 124
XI-1-92-44 IN91-031B 273

modification — hydrostatic
test XI-1-86-03R BC83-112* 103

pressure-retaining material
— requirements

XI-1-86-21R IN89-004* 186

repair program XI-1-83-42 BC84-123 43
replacement —
documentation XI-1-86-14R BC85-112* 118

sleeving of heat exchanger
tubes XI-1-92-32 IN91-031 263

sleeving of steam generator
tubes XI-1-86-41 IN86-005 124

use of an AIA XI-1-83-13 BC82-407 18
XI-1-83-38 BC84-122 41

NPS 1 and Smaller
attachment welds XI-1-92-66R-E IN93-041** 514
connected to a valve —
hydrostatic test

XI-1-83-58 BC84-422 57
XI-1-86-35 IN86-019 120

drilling XI-1-98-34 IN98-011 386
exempted — pressure test XI-1-83-85R BC83-588* 67

XI-1-83-83 BC83-179 79
heat exchanger tube
plugging XI-1-92-44 IN91-031B 273

heat exchanger tube —
sleeving XI-1-92-32 IN91-031 263

items — exempted from XI-1-83-86R BC85-113A* 102
XI-1-86-45 IN86-020 126
XI-1-92-66R-E IN93-041** 514

piping, valves, and fittings—
exemptions

XI-1-83-26R BC83-244* 87
XI-1-89-04 IN88-004 166
XI-1-92-68 IN94-005 292

piping, valves, and fittings—
supports for XI-1-86-65 IN87-031 147

size limitations XI-1-98-77 IN00-009 423
valve replacements —
exemptions XI-1-89-36 IN89-024 205

Piping
component connected to
NPS 4 and smaller — NDE XI-1-86-43R IN86-012* 125

containment vessels XI-1-98-56 IN99-014 409
multiloop system —
inspection XI-1-86-15R BC85-130* 135

NDE — installation welds XI-1-86-51 IN86-027 129
pressure-retaining welds —
NDE

XI-1-86-57 IN87-007 138
XI-1-92-56 IN93-013 281
XI-1-04-38 IN04-019 492

pressure-retaining welds—
selection criteria XI-1-98-17 IN97-017 368

subassembly — installation XI-1-98-61 IN99-010 411
support — Class 2, wall
thickness XI-1-01-16 IN01-004 437

supports — examination XI-1-86-49 IN86-026B 128
XI-1-86-63 IN87-004 147

supports — exempted XI-1-86-65 IN87-031 147
supports — multiloop
system XI-1-86-63 IN87-004 147

system — visual inspection XI-1-86-67 IN87-022 154
PQR
signature XI-1-04-09 IN04-004 476

Subject
Interpreta-
tion File No.

Page
No.

Preservice Examination
Preservice Examination XI-1-86-24 BC85-526 109
after a hydrostatic test XI-1-98-50 IN99-009 398
component supports XI-1-86-48 IN86-026A 127

XI-1-86-50 IN86-026C 128
edition of Section V XI-1-89-02 IN88-001 165
exemptions — gasket
replacements

XI-1-89-36 IN89-024 205
XI-1-98-30 IN97-036 385

integrally cast steam
generator nozzle XI-1-86-71 IN87-005A 156

limited to XI-1-86-24 BC85-526 109
of Class 2 vessel XI-1-89-42 IN90-001 208
of manways — bolting XI-1-83-11 BC82-304 17
piping, pumps, and valves—
hydrostatic testing XI-1-86-22 IN86-010 108

pumps and valves — VT-3
prior to service XI-1-86-20 IN86-006 107

replacement XI-1-95-47 IN96-016 337
ultrasonic examination —
acceptance standards

XI-1-86-37 IN86-022 121
XI-1-98-26 IN97-013 377

bolting XI-1-10-33 09-1541 537
Pressure-Retaining
bolting — corrective actions XI-1-04-07 IN03-017 476
bolting — documentation XI-1-89-22 IN89-009 191
bolting — manways XI-1-83-11 BC82-304 17
bolting — removal of
insulation XI-1-89-39R IN89-013A* 289

bolting — visual
examination

XI-1-83-68R BC83-441* 101
XI-1-86-45 IN86-020 126
XI-1-92-64 IN93-038 290

bolts and studs —
examination

XI-1-83-76 BC84-390 75
XI-1-98-45 IN98-022 395
XI-1-04-14 IN04-013 478
XI-1-04-29 IN05-011 486
XI-1-10-38 12-87 538

boundary — alternative test XI-1-86-25 BC85-528 110
boundary — flaw evaluation XI-1-92-35 IN92-023 265
boundary — machining of
sealing surface XI-1-98-08 IN97-021 365

boundary — valve XI-1-07-09 IN06-018 496
component — through-wall
leakage XI-1-89-64R IN89-017B* 241

components and their
supports — summary
report XI-1-83-03 BC82-406 6

components— exempt from
visual XI-1-89-53 IN90-019 219

electrical containment
penetrations XI-1-98-35 IN98-015 387

material— nonwelded work XI-1-86-21R IN86-004* 186
material — sealants XI-1-95-26 IN95-002 314
open-ended portions of
suction or discharge lines XI-1-15-05 14-132 554

parts — hydrostatic test XI-1-83-83 BC83-179 79
parts — ordered as spares XI-1-83-21R BC82-434* 117
storage tanks XI-1-07-36 08-674 512
welds — examination
schedule requirements XI-1-89-14 IN86-003B 176

welds in piping — NDE XI-1-86-57 IN87-007 138
XI-1-92-56 IN93-013 281

welds in vessels —
examination XI-1-86-70 IN87-011 155
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Subject
Interpreta-

tion File No.
Page
No.

welds — preservice
examination XI-1-86-24 BC85-526 109

Pressure Testing
applicability XI-1-04-43 IN06-004 494
buried components XI-1-07-28 IN07-009 505
Class 1 component XI-1-07-42 08-1231 514

XI-1-13-01 11-865 541
Class 2 and 3 — submerged
in water XI-1-07-15 IN06-020 498

containment surfaces XI-1-10-01 IN06-14 519
XI-1-13-10 12-1950 543

mechanical joint XI-1-07-44 09-150 518
XI-1-10-30 11-808A 536

of replacement items, with
welds not considered
installation welds XI-1-98-73 IN99-010B 421

of welded repairs and
installation of
replacement items XI-1-98-73 IN99-010B 421

reactor vessel during
midcycle outage XI-1-01-19 IN01-007 438

reactor vessel water level XI-1-07-19 IN07-001 502
reports XI-1-04-12 IN03-010 478
system leakage test XI-1-04-19E IN04-010 521

XI-1-07-25 IN05-022 504
XI-1-13-09 12-1586 543

Procurement of
code replacement items,
with certified design
specifications XI-1-01-11 IN00-022 432

material XI-1-86-55R IN87-002* 153
material — MM and MS
qualification

XI-1-83-50R BC84-175* 68
XI-1-89-24 IN89-014 193

NPT stamped replacement
parts, pressure testing
requirements XI-1-98-73 IN99-010B 421

parts as material XI-1-83-21R BC82-434* 117
parts by non-Certificate
Holder XI-1-89-29 IN89-008 202

pipings, valves, and fittings
— NPS 1 and smaller XI-1-89-04 IN88-004 166

pressure-retaining part —
Code Data Report XI-1-83-21R BC82-434* 117

replacements — later
edition XI-1-86-12 BC85-098 103

replacements — perform
work on it XI-1-86-59 BC85-550 145

replacement — stamping XI-1-83-20 BC82-430 27
spares XI-1-83-21R BC82-434* 117

XI-1-86-18 BC85-254 106
spares— transfer of custody XI-1-89-07 IN88-011 167
Pumps
Class 2 and 3—exemption
from examination XI-1-98-12 IN95-017 366

instrument accuracy XI-1-89-55 IN90-021 226
XI-1-92-14 IN91-037 251

required weld examinations XI-1-95-63 IN97-012 349
testing of — inservice XI-1-92-63 IN93-036 284
vibration measurement
instrumentation XI-1-86-33 BC85-529B 119

visual VT-3 — prior to
service XI-1-86-20 IN86-006 107

Subject
Interpreta-

tion File No.
Page
No.

Qualification of NDE Personnel
annual practice
requirements for Level I XI-1-07-03 IN06-005 495

Appendix VII program
requirement XI-1-01-44 IN02-019 463

Appendix VIII Program
Requirement XI-1-04-36 IN06-001 491

certification date XI-1-86-73 IN87-029 157
certification examinations XI-1-86-56 IN86-028 137

XI-1-86-66 IN87-015 153
XI-1-86-73 IN87-029 157
XI-1-89-06 IN88-006 167

certification of personnel XI-1-92-70R IN93-022* 447
XI-1-04-05 IN03-006 475

certified to a later edition of
SNT-TC-1A

XI-1-83-18 BC83-060 21
XI-1-83-24 BC83-178 29
XI-1-86-40 BC85-571 123

certified to an earlier edition
of SNT-TC-1A XI-1-83-24 BC83-178 29

certified to SNT-TC-1A XI-1-83-18 BC83-060 21
XI-1-83-23 BC83-056 29
XI-1-83-29 BC82-050 32
XI-1-83-82 BC83-176 78
XI-1-89-26 BC80-231* 194

color vision examination —
frequency XI-1-83-36 BC83-585 40

construction code XI-1-07-12 IN06-016 497
duties of Authorized
Inspector XI-1-83-48 BC84-177 52

examination — Level III
personnel qualification

XI-1-01-29 IN00-013 449
XI-1-07-18 IN06-022 501
XI-1-13-12 12-1905 547

examinations — random
selection XI-1-95-22

IN94-016,
IN94-022 312

XI-1-98-22 IN97-030 376
XI-1-13-18 13-888 549

examinations scoring XI-1-92-54 IN93-015 276
XI-1-92-70 IN93-022 293
XI-1-07-05 IN05-001 495

examinations — use of
grading unit XI-1-95-23 IN94-019 312

experience requirements XI-1-92-28 IN92-019 257
XI-1-01-34 IN01-020 451

eye examination XI-1-83-01 BC80-582 5
for pumps and valves XI-82-06R BC82-340* 5
instructor — qualification XI-1-01-31 IN01-009 450
Level III personnel XI-1-04-01 IN03-011 469

XI-1-07-46 09-797 518
other than to SNT-TC-1A XI-1-83-45 BC83-535 50
outside agency XI-1-92-53 IN93-007 276
perform examinations to
earlier editions

XI-1-86-40 BC85-571 123
XI-1-92-70 IN93-022 293

performance demonstration XI-1-92-39 IN92-032 267
practical examination
requirements —
alternatives to XI-1-92-69 IN94-007 292

pressure loss, flow change
and test XI-1-92-52 IN93-005 276

pumps and valves XI-1-92-37 IN92-027 266
qualification of personnel XI-1-92-70R IN93-022* 447

XI-1-04-31 IN05-015 490
qualification — SNT-TC-1A XI-1-95-61 IN95-022 348
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Subject
Interpreta-
tion File No.

Page
No.

recertification — ASNT
certification

XI-1-86-66 IN87-015 153
XI-1-10-34 11-262 537

recertification — contract
employee XI-1-95-58 IN96-027 347

recertification —
examinations XI-1-86-16 BC85-142 105

recertification —
examination only XI-1-95-68 IN95-024 351

recertification — Level III XI-1-86-19 BC85-071 106
recertification — SNT-TC-1A
or CP-189 XI-1-95-67 IN96-013 351

supplemental training —
Level III

XI-1-95-08 IN94-015 302
XI-1-95-40 IN96-005 330

to another code XI-1-83-40R BC84-043* 67
to delegate presentation
time XI-1-04-22 IN-04-017 484

ultrasonic examination
personnel XI-1-01-27 IN01-021 448

ultrasonic examination
technicians XI-1-92-39 IN92-032 267

ultrasonic examination —
annual training XI-1-92-11 IN91-035 246

ultrasonic examination —
outside agency XI-1-95-31 IN95-008 321

used to perform repair
examinations XI-1-83-40 BC84-043 42

visual examination — SNT-
TC-1A XI-1-83-16 BC82-775 20

visual examination — VT-1,
VT-2, VT-3

XI-1-95-38 IN95-019 330
XI-1-98-24 IN97-032 377

Quality Assurance Program
Owners’s final safety
analysis report XI-1-95-46 IN96-018 337

qualification of plant and
contractor personnel XI-82-06R BC82-340* 5

review of XI-1-86-64 IN87-028A 147
updating to a later
Construction Code

XI-1-86-44R IN86-015* 144

Records and Reports
activities — nonaccredited
material organization or
N-type certificate holder

XI-1-01-21 IN01-013 438
XI-1-86-68

IN87-024 154
certificate of compliance and
CMTR XI-1-83-21R BC82-434* 117

Code Data Report XI-1-83-21R BC82-434* 117
design documents XI-1-89-34 IN89-012 204
documentation —
construction code

XI-1-89-20 IN88-014 189
XI-1-89-34 IN89-012 204
XI-1-89-48 IN90-011 217
XI-1-07-35R IN07-07*,

07-1632*,
08-62* 517

documentation — inservice
degradation XI-1-89-64R IN89-017B* 241

documentation —
installation of
replacement XI-1-95-02 IN93-026 299

documentation — Quality
Assurance Program XI-1-04-37 IN06-002 492

documentation — pressure
and temperature XI-1-07-21 IN06-021 502

documentation — test
temperature XI-1-95-07 IN94-011 301

Subject
Interpreta-
tion File No.

Page
No.

eddy current instrument
channel amplification XI-1-98-63 IN99-025B 412

for pressure-retaining
bolting XI-1-89-22 IN89-009 191

inservice inspection plan —
requirements XI-1-92-02 IN91-012 242

leakage XI-1-13-17 12-2273 549
manufacturer’s data report
— NIS-2

XI-1-92-07 IN91-022 244
XI-1-04-28 IN05-010 486
XI-1-04-35 IN05-020 491

NIS forms — certification XI-1-01-26 IN00-019(b) 447
NIS forms — signature XI-1-83-65 BC84-647 61

XI-1-83-79 BC84-684 77
nonwelded replacement XI-1-86-14R BC85-112* 118
Owners data form XI-1-83-02 BC81-476 6
Owner’s report XI-1-01-22 IN01-017 439
radiographs XI-1-07-45 09-795 518
replacements XI-1-86-68 IN87-024 154
report of reconciliation XI-1-98-66R IN99-031* 435
retention of eddy current
data storage units XI-1-98-04 IN97-029 363

retention of radiographs XI-1-89-48 IN90-011 217
use of NIS-1 Form XI-1-83-47 BC84-197 52

XI-1-86-14R BC85-112* 118
XI-1-86-31 BC85-525A 118

use of NIS-2 Form XI-1-86-31 BC85-525A 118
XI-1-10-18 10-1310 529
XI-1-10-21 10-1360 533
XI-1-13-04 12-1455 542
XI-1-13-11 12-2005 544

weld reference system XI-1-92-06 IN91-019 244
Repair/Replacement Program
acceptability/suitability XI-1-01-41 IN02-012 462
activities — ANII services XI-1-98-62 IN99-024 411

XI-1-07-06 IN05-002 495
activities — off site XI-1-95-09 IN94-014 302
applies to XI-1-86-36 IN86-021 121

XI-1-86-41 IN86-005 124
XI-1-86-62 IN86-032 146
XI-1-98-29R IN97-021A* 379
XI-1-04-30R IN05-014* 509
XI-1-04-42 IN06-003 493
XI-1-07-13 IN06-017 497
XI-1-07-17R IN05-014* 509
XI-1-10-27 11-261 535

cladding rules XI-1-10-24 10-1901 534
component supports XI-1-86-23 BC85-525D 108

XI-1-04-33 IN05-013 490
XI-1-13-22 13-1916 551
XI-1-13-23 13-1537 551

contract services XI-1-98-62 IN99-024 411
defect removal followed by
welding or brazing XI-1-07-07 IN06-011 496

design change XI-1-01-10 IN00-012 431
design reconciliation
requirements

XI-1-95-57R IN96-023* 359

failure XI-1-92-15 IN91-040 252
identification and
documentation XI-1-01-41 IN02-012 462

impractical NDE —
alternative examination XI-1-86-51 IN86-027 129

initiation of XI-1-95-14 IN93-029 304
installation XI-1-98-61 IN99-010 411
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Subject
Interpreta-

tion File No.
Page
No.

items NPS 1 and smaller XI-1-83-86R BC85-113A* 102
items rotated from stock XI-1-04-39 IN05-021 492

XI-1-07-16 IN05-002 501
XI-1-13-14 12-827 548
XI-1-13-15 12-1585 548

jurisdiction of rules XI-1-98-03 IN96-025 362
mechanical clamping XI-1-07-27 IN07-008 504
NIS-2 form XI-1-01-13 IN00-019 436

XI-1-07-22 IN07-004 503
nonpressure boundary
material XI-1-86-23 BC85-525D 108

Owner’s responsibility XI-1-95-09 IN94-014 302
XI-1-13-03 12-1275 542

paint or coatings XI-1-98-44 IN98-020 395
XI-1-98-14 IN97-022 367

Preservice Examination XI-1-98-43 IN98-018 395
preservice examination —
following concrete repair XI-1-01-28 IN98-016 448

preservice examination —
supports XI-1-01-36 IN02-007 452

pressure tests — items
installed by mechanical
means XI-1-01-37 IN02-010 453

Program and Plan XI-1-04-41 IN05-024 493
Quality Assurance Program
— review of XI-1-86-64 IN87-028A 147

seals, gaskets, and moisture
barriers XI-1-98-14 IN97-022 367

small items XI-1-07-31 08-340 510
structural integrity test XI-1-95-64 IN97-014 349
use of later rules XI-1-86-25 BC85-528 110
welding requirements XI-1-98-54 IN98-024 408

XI-1-86-31 BC85-525A 118
Requirements
examination percentages —
categories C-H and D-B XI-1-01-30 IN01-006 449

examination percentages —
in each period XI-1-01-35 IN02-002 452

makeup capacity XI-1-04-24 IN05-006 485
Scan Angles
scan angles XI-1-04-34 IN05-017 491
Sealants
use of XI-1-89-40 IN89-017A 207

XI-1-95-26 IN95-002 314
Shutdown
cold XI-1-83-73 BC82-665A 73

XI-1-83-74 BC82-752 74
extended — valve testing XI-1-92-41R IN92-025A* 273
valve testing XI-1-83-74 BC82-752 74
Spares (see Procurement of)

Stamping
installation of replacement
parts

XI-1-83-02 BC81-476 6
XI-1-04-37 IN06-002 492

of replacement parts —
ordered as spares XI-1-83-21R BC82-434* 117

of replacement parts —
valves XI-1-83-20 BC82-430 27

Section III XI-1-83-72 BC81-568A 72
Surfaces
accessible surface areas XI-1-98-71 IN99-001 415

XI-1-10-13 10-1121 528

Subject
Interpreta-

tion File No.
Page
No.

System Pressure Test (see also Hydrostatic Testing)
after a repair or replacement XI-1-83-05 BC82-425 7

XI-1-95-52 IN95-021 345
alternate pressure test
requirement

XI-1-98-01 IN97-008 360
XI-1-98-48 IN99-004 397

applies to XI-1-83-34 BC83-587 39
XI-1-83-37R2 BC82-425** 185
XI-1-86-13R BC85-111* 225
XI-1-86-21R IN86-004* 186

corrective measures XI-1-92-19 IN92-005 253
XI-1-92-51 IN93-011 275

determining test pressure XI-1-95-54 IN96-003 346
XI-1-10-44 12-828 540

exempted from— NPS 1 and
smaller XI-1-83-35R BC83-588* 67

exempted from—
open-ended portions of
Class 2 and 3 XI-1-98-13 IN97-007 367

leak test — core criticality XI-1-86-53 IN86-017A 136
open ended portions of
systems XI-1-89-30 IN89-011 202

pressure-retaining
boundary XI-1-95-34 IN95-009 323

pressurizing medium XI-1-83-25 BC83-219 30
XI-1-86-34 IN86-017B 120
XI-1-92-23 IN86-017B* 255

reassembled components/
breaking pressure
boundary

XI-1-83-63R BC84-310* 101
XI-1-83-70R BC84-198* 201
XI-1-86-13R BC85-111* 225
XI-1-86-27R IN86-007* 187
XI-1-86-29R IN86-009* 143
XI-1-89-15 IN88-002A 178
XI-1-89-33 IN88-017 213
XI-1-89-37 IN88-002C 205
XI-1-89-52 IN88-002B 219

reduction of pressure —
visual examination XI-1-86-46 IN86-023 127

replacement XI-1-95-47 IN96-016 337
replacement of bolts, studs,
and nuts

XI-1-89-08 IN87-018 168
XI-1-92-65 IN94-001 290
XI-1-98-03 IN96-025 362

required XI-1-95-50 IN96-012 339
systems not required to
operate XI-1-92-62 IN93-030 284

that does not involve
replacement items

XI-1-98-51R IN98-011R 406
XI-1-98-52R IN99-013* 406

through-wall leakage XI-1-89-64R IN89-017B* 241
through-wall leakage —
corrective action XI-1-92-31 IN91-018 263

Temporary Repair
Temporary Repair XI-1-83-14 BC82-626 19

XI-1-83-57 BC84-392 57
Ultrasonic Examination
bolts and studs XI-1-95-24 IN94-026 313

XI-1-98-22 IN97-028 376
calibration XI-1-92-17 IN92-001 252
depth sizing tests XI-1-15-03 14-1463 553
detection specimens —
orientation XI-1-92-36 IN92-026 265

electronic characteristics XI-1-07-26 IN07-002 504
equalized sensitivity —
recording of XI-1-83-22 BC80-567 28

evaluation of flaws XI-1-83-29 BC82-050 32
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Subject
Interpreta-
tion File No.

Page
No.

full penetration weld of
nozzles XI-1-83-56 BC84-388 56

material attenuation XI-1-89-17 IN89-004B 179
nozzle-to-safe end welds —
extent of XI-1-89-49 IN90-013 217

performance demonstration XI-1-92-36 IN92-026 265
piping — outer surface XI-1-92-58 IN93-021 282

XI-1-10-46 11-1852 541
procedure qualification —
search unit

XI-1-95-21 IN94-013, 312
IN94-025

qualification of personnel XI-1-01-27 IN01-021 448
qualification outside agency XI-1-95-31 IN95-008 321
qualified by performance
demonstration

XI-1-92-09 IN91-027 245
XI-1-10-35 11-1120 537
XI-1-10-36 11-1366 537

reflectors XI-1-83-84 BC83-654 80
refracted sound beam angles XI-1-01-42 IN02-015 462
requirements XI-1-83-84 BC83-654 80
search unit overlap XI-1-89-13 IN89-005 176
sweep display XI-1-89-23 IN89-010 192
threads in flange XI-1-07-02 IN05-019 494
three-point DAC XI-1-83-31 BC82-630 33
use of Section V XI-1-10-04 09-754 520
V path XI-1-89-23 IN89-010 192
welds > 2 inches in thickness XI-1-95-51 IN95-011 345
welds in piping XI-1-95-24 IN94-026 313
Use of Code Cases
N-98 XI-1-89-09 IN87-019 168
N-308 XI-1-83-02 BC81-476 6

XI-1-83-47 BC84-197 52
N-408 XI-1-89-03 IN87-003 166
N-416 XI-1-92-25 IN92-012 256
N-416-1 XI-1-95-12 IN94-028 304

XI-1-95-37 IN95-015 329
XI-1-98-73 IN99-010B 421
XI-1-98-76 IN99-028 422

N-458 XI-1-95-15 IN93-019 309
N-460 XI-1-89-32 IN89-026 203
N-481 XI-1-92-26 IN92-014 256
N-491 XI-1-98-58 IN99-022 410
N-491-1 XI-1-01-36 IN02-007 452
N-498 XI-1-92-10 IN91-029 246

XI-1-92-25 IN92-012 256
XI-1-92-26 IN92-014 256
XI-1-98-38 IN97-024 388
XI-1-98-68 IN97-004 414
XI-1-04-16 IN04-002 479

N-504-1 XI-1-95-39 IN96-001 330
N-504-2 XI-1-04-08 IN04-003 476

XI-1-04-11 IN04-007 477
N-508 XI-1-04-23 IN05-002 485
N-508-1 XI-1-04-23 IN05-002 485
N-508-2 XI-1-04-23 IN05-002 485
N-508-3 XI-1-04-23 IN05-002 485
N-522 XI-1-98-65 IN99-027 412

XI-1-01-20 IN01-008 438
XI-1-07-29 08-56 509

N-523 XI-1-01-17 IN00-018 437
N-524 XI-1-95-59 IN97-005 348
N-532, -1, -2, -3, -4 XI-1-07-31 08-340 510

XI-1-10-21 10-1360 533
N-557 XI-1-95-53 IN96-017 345

Subject
Interpreta-
tion File No.

Page
No.

N-560 XI-1-98-74 IN00-002 422
XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-560-1 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-560-2 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-577 XI-1-98-74 IN00-002 422
XI-1-01-09 IN00-010A 431
XI-1-01-47 IN03-001 464

N-577-1 XI-1-01-09 IN00-010A 431
XI-1-01-47 IN03-001 464

N-578 XI-1-98-74 IN00-002 422
XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-578-1 XI-1-01-10 IN00-012 431
XI-1-01-47 IN03-001 464

N-638-1 XI-1-07-30 08-116 510
N-641 XI-1-01-14 IN00-024 436
N-716 XI-1-15-01 14-916 553
N-722 XI-1-07-43 08-1430 517
N-770 XI-1-13-21 13-1912 550
Valve
Class 2 and 3—exemption
from examination XI-1-98-12 IN95-017 366

classification XI-1-83-59R BC83-439 90
XI-1-83-62 BC84-178 59
XI-1-92-13 IN91-026 251

disc and seat — hard facing XI-1-92-35R IN92-023 289
examination — bolts and
studs XI-1-83-76 BC84-390 75

exercising test XI-1-89-10 IN88-015 169
full stroke exercising XI-1-92-50 IN92-041 275
inservice testing program —
corrective action

XI-1-86-60 IN86-001 145
XI-1-98-28 IN98-017 378

inservice testing — scope of XI-1-89-71R IN90-036* 281
limiting values of stroke
time XI-1-83-17 BC82-597 20

measured leakage rate XI-1-83-60 BC84-095 58
XI-1-83-61 BC84-176 59

mechanical disassembly and
reassembly XI-1-95-66 IN95-007B 350

packing adjustment — seat
leakage testing XI-1-92-38 IN92-031 266

replacements — NPS 1 and
smaller XI-1-89-36 IN89-024 205

replacement valve bonnet/
body/pressure-retaining
part

XI-1-95-48R IN95-007A* 405

required weld examinations XI-1-95-63 IN97-012 349
set point adjustments XI-1-89-65 IN90-002 231
stroke time XI-1-92-16 IN91-045 252
supervisor qualification —
set point testing XI-1-92-37 IN92-027 266

supports — exempted XI-1-86-65 IN87-031 147
test scheduling — extended
shutdown XI-1-92-41R IN92-025A* 273

test scheduling — outage XI-1-89-25 IN89-019 193
XI-1-92-41 IN92-025A 268

visual VT-3 — prior to
service XI-1-86-20 IN86-006 107

Visual Examinations
black and white camera XI-1-01-52 IN03-004 466
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Subject
Interpreta-

tion File No.
Page
No.

components exempt —
volumetric and surface

XI-1-92-40 IN92-022A 267
XI-1-10-02 09-1314 519

core support structure XI-1-92-46 IN92-043 274
XI-1-10-23 10-1247 534

exempt from XI-1-89-53 IN90-019 219
illumination adequacy XI-1-01-33 IN01-016 451

XI-1-13-24 13-1241 551
illumination level
measurement XI-1-01-07 IN00-011 430

leakage XI-1-92-19 IN92-005 253
XI-1-92-48 IN93-001 274
XI-1-92-51 IN93-011 275
XI-1-10-45 11-1956 540

lighting requirements XI-1-01-51 IN03-003 465
XI-1-10-26 11-260 535

liquid-metal containing
components XI-3-89-01 IN86-024C 169

multiple stream —
pressure-retaining bolting XI-1-83-68R BC83-441* 101

near-distance acuity XI-1-98-07 IN97-031 364
XI-1-10-16 10-1359 529

near vision test charts XI-1-01-48 IN03-002 464
piping system —
classification XI-1-86-67 IN87-022 154

pressure test — pressure
requirements XI-1-86-46 IN86-023 127

reactor vessel — spaces
below the core XI-1-95-28 IN94-006B 315

reactor vessel — spaces
within XI-1-95-27 IN94-006A 314

removal of insulation XI-1-89-39 IN89-013A 206
XI-1-98-32 IN98-014 386
XI-1-13-25 13-2137 552

responsible engineer XI-1-98-31 IN98-004 385
test chart requirements XI-1-01-33 IN01-016 451

XI-1-10-31 11-271 536
vessels —
pressure-retaining welds

XI-1-86-70 IN87-011 155
XI-1-13-13 11-1126 548

vision test chart XI-1-01-32 IN01-010 450
VT categories —
requirements XI-1-89-26 BC80-231* 194

VT-1 — base metal XI-1-92-33 IN91-043 264
VT-1 — pressure-retaining
bolting XI-1-86-45 IN86-020 126

VT-1 — surface areas
requiring augmented
examination XI-1-01-49 IN01-011 465

VT-1, VT–3 — exempt XI-1-10-05 09-1310 520
VT-1, VT-3 —
interchangeable XI-1-83-69 BC84-616 69

VT-2 — blocked component XI-1-07-34 08-413 511
VT-2 bubble-forming
solution XI-1-98-72 IN00-001 421

VT-2 by direct examination XI-1-98-06 IN97-034 364
VT-2 — Class 2 and 3
submerged in water XI-1-07-15 IN06-020 498

VT-2 — containment XI-1-98-15 IN97-015 367
VT-2 during a functional test XI-1-89-75 IN91-010 235
VT-2 — exemption from
open-ended portions of
Class 2 and 3 XI-1-98-13 IN97-007 367

VT-2 —isolable portion
subject to pressure test XI-1-01-18 IN00-021 437
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VT-2 of borated water
systems XI-1-89-39 IN89-013A 206

VT-2 of buried components XI-1-83-19 BC82-607 27
XI-1-92-34 IN92-020 264

VT-2 — personnel XI-1-83-63R BC84-310* 101
VT-2 — pressure-retaining
bolts XI-1-07-37 08-701 512

VT-2 — qualification for
performing a flowtest XI-1-01-04 IN99-017 428

VT-2 — removal of
insulation XI-1-92-47 IN92-046 274

VT-2 — surrounding areas XI-1-98-06 IN97-034 364
VT-2 — system leakage test XI-1-95-45 IN96-009 336
VT-2, VT-3 — piping system XI-1-86-67 IN87-022 154
VT-3 — bolted connection XI-1-92-48 IN93-001 274

XI-1-07-14 IN06-019 497
VT-3—bolting XI-1-98-39 IN97-033 388

XI-1-04-17E IN04-016 521
VT-3 — class 3 components XI-1-92-51 IN93-011 275

XI-1-95-36 IN94-012 329
VT-3 — degredation
induced by boric acid
corrosion XI-1-01-43 IN02-018 463

VT-3 — disassembly &
reassembly

XI-1-98-47 IN99-003 396
XI-1-01-12 IN00-023 432

VT-3 — insulation removal XI-1-98-60 IN98-014B 411
VT-3 — pumps and valves
prior to service XI-1-86-20 IN86-006 107

VT-3 — reactor vessel XI-1-95-28 IN94-006B 315
XI-1-95-27 IN94-006A 314

VT-3 — supports XI-1-89-26 BC80-231* 194
VT-3 — when leakage of
borated water XI-1-98-16 IN97-010B 368

VT-4 — pumps and valves XI-1-83-69 BC84-616 69
VTM-2 — Accessibility XI-3-89-01 IN86-024C 169
welds on multiple
components

XI-1-86-26 IN86-002 110
XI-1-98-27 IN97-035 378

Volumetric Examinations
and surface — exemptions
to

XI-1-86-43R IN86-012* 125
XI-1-92-40 IN92-022A 267
XI-1-92-45 IN92-022B 273
XI-1-95-03 IN93-042 300

as an alternative to surface XI-1-89-21 IN89-004A 190
XI-1-89-27 IN89-004C 195

Class 3 base metal XI-1-15-04 14-1472 554
Code Case N-435-1 XI-1-07-24 IN07-005 503
Code Case N-460 XI-1-89-32 IN89-026 203
fabrication defects —
additional examinations XI-1-83-04 BC82-427 7

or surface XI-1-89-11 IN88-016 175
XI-1-92-43 IN92-033 268

piping — outer surface XI-1-92-58 IN93-021 282
prior to hydrostatic test XI-1-89-63 IN90-034 230
required volume to be
examined

XI-1-89-32 IN89-026 203
XI-1-13-05 10-950 542
XI-1-13-08 12-1353 543

successive inspection
intervals XI-1-89-50 IN90-014 218

Weld
accessible — preservice
examination XI-1-86-24 BC85-526 109

additional examinations —
similar components XI-1-92-61 IN93-027A 283

(s)
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alternate rules for the
selection and examination XI-1-98-02 IN95-023 362

attachment XI-1-92-66R-E IN93-041** 514
XI-1-07-38 08-675 512

austenitic piping welds with
structural weld inlay XI-1-01-39 IN02-008 461

between different
P-numbers

XI-1-83-39 BC83-527 42
XI-1-10-17 10-30 529

butter bead XI-1-04-20 IN04-18 484
connecting NPS 1 and less—
hydrostatic test XI-1-86-35 IN86-019 120

electrode baking for temper
bead repair welding XI-1-04-04 IN03-014 470

examination — austenitic
welds

XI-1-98-18 IN97-023 369
XI-1-98-33 IN95-025 386

Examination Category B-J XI-1-13-27 14-382 552
Examination Category B-K XI-1-13-28 14-167 553
Examination Category B-O,
exemption criteria XI-1-01-45 IN02-020 463

Examination Category C-A,
requirements XI-1-07-23 IN07-005 503

Examination Category C-B,
requirements XI-1-01-38 IN98-025B 461

examination — dissimilar
metal welds

XI-1-92-13 IN91-026 251
XI-1-10-32 09-2178 536

Examination Categories
C-F-1 and C-F-2 XI-1-10-37 11-2149 538

examination — full
penetration

XI-1-89-43 IN90-003 208
XI-1-98-67 IN96-015 413
XI-1-10-42 12-34 539

examination — nonexempt
weld population XI-1-98-70 IN98-009 415

examination — nozzle-
to-nozzle XI-1-98-67 IN96-015 413

examination of integrally
welded attachments XI-1-92-05 IN91-016 243

examination of pipe XI-1-83-80R BC84-685* 241
XI-1-10-12 10-1120 527

examination — full
structural or optimized
overlays XI-1-15-01 14-916 553

examination — partial XI-1-92-12 IN91-025 251
examination — partial
penetration XI-1-89-43 IN90-003 208

examination — weld flaws
exceeding acceptance
standards XI-1-01-46 IN02-022 464

examination — welded
supports XI-1-01-24 IN01-018 443

examination schedule
requirements XI-1-89-14 IN86-003B 176

examination volume —
Category B-B XI-1-95-44 IN96-008 336

examination volume —
Class 1 and 2 XI-1-95-43 IN96-004 336

XI-1-92-24 IN91-014 255
ferritic piping welds XI-1-01-15 IN01-002 436
flow size — acceptance
standards XI-1-95-35 IN96-007 329

fusion welding — repair of
tube or tubesheet XI-1-95-33 IN94-031 322

half bead weld repair —
automatic XI-1-83-09R BC82-604* 10
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items NPS 1 and smaller —
exemption from
examination XI-1-98-09 IN97-018 365

items NPS 1 and smaller —
requirements XI-1-83-86R BC85-113A* 102

multiple components —
NDE

XI-1-86-15R BC85-130* 135
XI-1-86-26 IN86-002 110

multiple loop piping —
inspection XI-1-86-15R BC85-130* 135

NDE examination
requirements XI-1-86-51 IN86-027 129

nonpressure-retaining XI-1-83-28R BC83-344* 185
nozzle in shell or head XI-1-10-40 11-641 539

XI-1-10-41 11-1460 539
nozzle-to-vessel XI-1-98-36 IN98-025 387
overlay cladding to
replacement parts XI-1-86-36 IN86-021 121

peening XI-1-13-19 13-56 550
peening of austenitic alloys XI-1-13-07 12-1238 543
piping — additional
examinations XI-1-95-06 IN94-002A 301

piping — examination of
(calibration method) XI-1-95-04 IN94-009 300

piping — NDE requirements XI-1-86-51 IN86-027 129
XI-1-86-57 IN87-007 138

piping supports —
examination XI-1-86-49 IN86-026B 128

pressure-retaining
boundary — alternative
test XI-1-86-25 BC85-528 110

procedure qualification
record — sharing of XI-1-92-08 IN91-024 245

procedures — qualification XI-1-83-41 BC84-064 43
XI-1-83-55 BC84-322 56
XI-1-83-81 BC84-687 78
XI-1-89-01 IN87-036 165

reference system —
identification of XI-1-95-05 IN93-035 301

reference system —
recording of XI-1-92-06 IN91-019 244

repair — internal wall
thinning

XI-1-92-59 IN93-023 282
XI-1-13-26 14-168 552

repair — steam generator
tube plug XI-1-92-21 IN92-009B 254

Repair/Replacement
Program XI-1-86-23 BC85-525D 108

simulated conditions— heat
exchanger tube plugging
by fusion welding XI-1-04-15 IN04-014 479

sleeve attachment XI-1-15-09 14-2121 555
socket and partial
penetration welds to
piping XI-1-10-03 09-1315 519

surface area XI-1-07-04 IN06-007 495
temper bead method XI-1-89-18 IN86-031 188
tube plugging by fusion XI-1-15-07 14-1560 555
tungsten-inert gas process
— automatic

XI-1-83-09R BC82-604* 10

vessels — examination XI-1-86-70 IN87-011 155
Welder
Procedure Qualification
Record (PQR) XI-1-04-32 IN05-012 490
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qualification XI-1-83-55 BC84-322 56
XI-1-98-53 IN99-015 400
XI-1-10-22 10-567 534

qualification of —
simultaneously XI-1-89-35 IN89-006 204
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requalification — change in
contractor XI-1-83-43 BC84-179 44

required qualification —
Section IX XI-1-89-01 IN87-036 165

supervision XI-1-83-81 BC84-687 78

(u)
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ASME CODES AND STANDARDS TRAINING

To assist in a better understanding of the practical applications of ASME Codes and Standards and their impact on
safety, quality, and integrity, ASME Training & Development provides more than 200 different courses, ranging from
fundamental to advanced, that focus on various ASME Codes and Standards.

Developed and taught by ASME-approved instructors who are recognized experts within their respective professional
disciplines, training programs are offered in multiple learning formats, including face-to-face “live” courses and eLearning
courses, as well as In-Company Training held onsite at an organization’s location.

For more information and to explore the wide range of ASME Codes and Standards training programs, you can reach
us in the following ways:

Website: go.asme.org/standardstraining
Email: training-info@asme.org
Phone: ASME Customer Care at +1 973 882 1170
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ASME Services

ASME is committed to developing and delivering technical information. At ASME’s Customer Care, we make every effort to answer your questions
and expedite your orders. Our representatives are ready to assist you in the following areas:

ASME Press Member Services & Benefits Public Information
Codes & Standards Other ASME Programs Self-Study Courses
Credit Card Orders Payment Inquiries Shipping Information
IMechE Publications Professional Development Subscriptions/Journals/Magazines
Meetings & Conferences Short Courses Symposia Volumes
Member Dues Status Publications Technical Papers

How can you reach us? It’s easier than ever!

There are four options for making inquiries* or placing orders. Simply mail, phone, fax, or email us and a Customer Care representative will
handle your request.

Mail Call Toll Free Fax—24 hours E il—24 hours
ASME US & Canada: 800-THE-ASME 973-882-1717 customercare@asme.org

973-882-5155
Mexico: 95-800-THE-ASME

07424-2138 (95-800-843-2763)
Universal: 973-882-1167

* Customer Care staff are not permitted to answer inquiries about the technical content of this code or standard. Information as to whether
or not technical inquiries are issued to this code or standard is shown on the copyright page. All technical inquiries must be submitted in
writing to the staff secretary. Additional procedures for inquiries may be listed within.

150 Clove Road, 6th Floor     (800-843-2763)
Little Falls, New Jersey
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ASME Boiler and
Pressure Vessel Code
AN  I N T E R N A T I O N A L  C O D E

• referenced standards
• related standards and guidelines
• conformity assessment programs
• training and development courses
• ASME Press books and journals
• conferences and proceedings

You gain unrivaled insight direct from the BPVC source, 
along with the professional quality and real-world 
solutions you have come to expect from ASME.

For additional information and to order:
Phone: 1.800.THE.ASME
  (1.800.843.2763)
Email: customercare@asme.org
Website: go.asme.org/bpvc15

The ASME Boiler and Pressure Vessel Code (BPVC) is “An 
International Historic Mechanical Engineering Landmark,” 
widely recognized as a model for codes and standards 
worldwide. Its development process remains open and 
transparent throughout, yielding “living documents” that have 
improved public safety and facilitated trade across global 
markets and jurisdictions for a century. ASME also provides 
BPVC users with integrated suites of related offerings:

2015
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