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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Vessel Committee was superseded by the following committees: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 (1)

(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)

(g9) 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) Committee on Overpressure Protection (XIII)

() 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 to pressure integrity. The rules govern the
construction” of boilers, pressure vessels, transport tanks, afd nuclear components, and the inservice inspection of nu-
clear components and transport tanks. For nuclear items‘ether than pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity. Phe 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. The Code does
not address other safety issues relating to the-construction of boilers, pressure vessels, transport tanks, or nuclear com-
ponents, 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 integrity and, for nuclear<itéms other than pressure-retaining components, structural integrity. 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 irf\service related to specific service fluids or external operating environments. In formu-
lating the rules, the Committeéiconsiders the needs of users, manufacturers, and inspectors of components addressed by
the Code. The objective of thie'rules is to afford reasonably certain protection of life and property, and to provide a mar-
gin for deterioration in.service to give a reasonably long, safe period of usefulness. Advancements in design and materi-
als and evidence of experience have been recognized.

The Code containhs mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inseryice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects thatare 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 judgment refers to technical
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

" 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 overpressure protection.
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neither requires nor prohibits the use of computers for the design or analysis of components constructed to the require-
ments of the Code. However, designers and engineers using computer programs for design or analysis are cautioned that
they are responsible for all technical assumptions inherent in the programs they use and the application of these pro-
grams 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 interpretationsjof
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary.in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence With the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committee for-appro-
priate action. The action of the Committee becomes effective only after confirmation by ballot of the Committee and ap-
proval by ASME. Proposed revisions to the Code approved by the Committee are submitted to the Amefican National
Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to invite commeénts from all inter-
ested 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 parametersiconsidered 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 ofi.the ASME Single Certification Mark.

When required by context in the Code, the singular shall be interpreted as the plural, and vice versa.

The words “shall,” “should,” and “may” are used in the Code as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement fiet,a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities infaccordance
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‘ccordance with
the requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items/or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Ve§sel Code are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single/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
ASME Single Certification Mark, Certificates of Authorization, and reference to €ode construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse”_any item, construction, or activity and there
shall be no statements or implications that might so indicate. An organizatien holding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literaturejthat items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with'the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler andPfessure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single 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\ASME Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items will carry the ASME Single Certification Mark.

» o«

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 inraccordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described”’in the governing Section of the Code.

Markings.such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code,

Itéms 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.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Pressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page, accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section I, Part/C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate changeés that appear necessary or
desirable as demonstrated by the experience gained from the application of the Codet~“Approved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive email notifications
of posted errata and Special Notices.

This Code is always open for comment, and the committee welcomes_proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number, the proposed‘wording, and a detailed description of the reasons
for the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with altérnative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material 61 \process
(b) Users are cautioned that not all jutisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constriictors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed ¢€ase shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1) a statement of need and background information
(2) the-urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number to which the proposed case applies
(#)the editions of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-
clear Code Cases is available at http://go.asme.org/BPVCC.
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Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do not
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Inquiry Submittal Form at http://go.asme.org/.
InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email confirming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understand-
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or if additional informatien that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to thé/cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database at http://go.asmerg/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public..Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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W. F. Weitze, Secretary
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K. Wright, Contributing Member
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D. D. Imholte W. H. Borter, Contributing Member
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T. Riordan Member
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]. Bass M. C. Messner
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L. Badziagowski

T. L. Bedeaux
Y. Teng
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]. L. Kleiss, Chair
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B. Ahee

M. Carlson
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M. Mengon

Y. Teng

B. ]. Iske, Alternate

T. Wagner, Alternate

P. A. Molvie, Contributing Member

Subgroup on Welded Boilers (BPV IV)

T. L. Bedeaux, Chair

]. P,.Chiceine, Vice Chair

« R’ Ramcharran, Staff Secretary
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. Carlson

. Dinic

/% 0

oz wr

]. L. Kleiss

M. Mengon

M. Wadkinson

M. Washington
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P. A. Molvie, Contributing Member

COMMITTEE ON NONDESTRUCTIVE EXAMINATION (BPV V)
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P. Krishnaswamy P. Vlt')le“ C. May, Vice Chair T. R. Lerohl
M. Kuntz J. Wright C. R. Ramcharran, Staff Secretary J. Schoneweis
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B. Ahee. . D. Picart, Delegate F. B. Kovacs L. E. Mullins, Contributing Member
L. Badziagowski Y. R. Cho, Alternate K. Krueger H. C. Graber, Honorary Member
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C. May, Chair F. B. Kovacs
Executive Committee (BPV IV) N. A. Finney, Vice Chair K. Krueger
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M. Wadkinson, Chair ]. P. Chicoine V. F. Godinez-Azcuaga T .
C. R. Ramcharran, Staff Secretary ~ ]. A. Hall P. T. Hayes E. Peloquin
T. L. Bedeaux L L. Kleiss G. W. Hembree C. Vorwald
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L. E. Mullins, Contributing Member
C. Wassink, Contributing Member

Working Group on Radiography (SG-VM) (BPV V)
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P. L. Dinelli

F. Ferrarese
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P. L. Sturgill

K. Subramanian

J. P. Swezy, Jr.
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PREFACE TO SECTION XI

INTRODUCTION

Section XI, Division 1, Rules for Inservice Inspection of Nuclear Power Plant Components, of the ASME Boiler and Pres-
sure Vessel Code provides requirements for examination, testing, and inspection of components and systes, and re-
pair/replacement activities in a nuclear power plant. Application of Division 1 begins when the requirements of the
Construction Code have been satisfied.

Section XI, Division 2, Requirements for Reliability and Integrity Management (RIM) Programs fey Nuclear Reactor
Facilities, is a technology-neutral standard of the ASME Boiler and Pressure Vessel Code. It provides requirements
for protecting pressure or structural integrity of structures, systems, and components (SSCs).that affect reliability. Ap-
plication of Division 2 begins when the requirements of the Construction Code have been‘satisfied. It is applicable re-
gardless of the Construction Code classification used for an SSC if the SSC is designated as/important to the safety and
reliability of an operating facility. Division 2 is also intended to be used during thetdesign phase of a nuclear facility
structure, system, or component and enhance coordination between the design organization and the RIM program de-
velopers. These provisions are intended to ensure access to the applicable SSCs aifyd to ensure the existence of the proper
conditions to conduct monitoring and nondestructive examination (MANDEJ-to support achieving SSC Reliability
Targets.

GENERAL

The rules of this Section constitute requirements to maintain_ the nuclear reactor facility and to return the facility to
service, following facility outages, in a safe and expeditiouSdnanner.

Division 1 rules require a mandatory program of examinations, testing, and inspections to evidence adequate safety
and to manage deterioration and aging effects. The rules-also stipulate duties of the Authorized Nuclear Inservice Inspec-
tor to verify that the mandatory program has been eompleted, permitting the plant to return to service in an expeditious
manner.

Division 2 rules require the development gf'a‘Reliability and Integrity Management (RIM) Program that considers the
combination of design, fabrication, degradation mechanisms, inspection, examination, monitoring, operation, and main-
tenance of SSCs to ensure they will meettheir required Reliability Targets. The rules also stipulate duties of the Author-
ized Nuclear Inservice Inspector to\verify that the program has been completed, implemented, and updated in
accordance with the requirements 'of Division 2.

(25)



https://asmenormdoc.com/api2/?name=ASME BPVC.XI.1 (ASME BPVC  Section 11 Division 1) 2025.pdf

(25)

ORGANIZATION OF SECTION XI

1 DIVISIONS

Section XI consists of two Divisions, as follows:

Division 1 = Rules for Inservice Inspection of Nuclear Power Plant Components
Division 2 = Requirements for Reliability and Integrity Management (RIM) Programs for Nuclear Reactor Fagilities

2 ORGANIZATION OF DIVISION 1
2.1 SUBSECTIONS

Division 1 is broken down into Subsections that are designated by capital letters, preceded by the letters IW.
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 Comporents
IWE Class MC and CC'Components
IWF Class 1, 2:3;2and MC Component Supports
IWG Core Imternal Structures (In course of preparation)
IWL Class,CC"Concrete Components

Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs.

2.2 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 6f Articles and material contained in the Articles may not, however, be consecutive. Due to the fact that
the complete qutline may cover phases not applicable to a particular Subsection or Article, the requirements have been
prepared with-some gaps in the numbering.

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

2:4 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.

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

Subparagraphs, when they are major 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).

3 ORGANIZATION OF DIVISION 2

Division 2 is broken down into Articles that are designated by the capital letters RIM, followed by the Article number.
Division 2 Articles consist of the following:

Article Title

RIM-1 Scope and Responsibility

RIM-2 Reliability and Integrity Management (RIM) Program
RIM-3 Acceptance Standards

RIM-4 Repair/Replacement Activities

RIM-5 System Leak Monitoring andPeriodic Tests

RIM-6 Records and Reports

RIM-7 Glossary

Division 2 also maintains Mandatory Appendices that are required for the development and implementation of the
RIM Program. Mandatory Appendices consist of the following:

Appendix Title
[ RIM Decision Flowcharts for Use With the RIM Program
11 Derivation of Component Reliability Targets From Facility
Safety Requirements
I Owner’s Record and Report for RIM Program Activities
v Monitoring and NDE Qualification
\' Catalog of NDE Requirements and Areas of Interest
VI Reliability and Integrity Management Expert Panel (RIMEP)
VII Supplements for Types of Nuclear Reactor Facilities

Articles are divided into paragraphs and . subparagraphs. Appendices are divided into Articles, paragraphs, and
subparagraphs.

4 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) Section1l, 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-
ficatiofis)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 111, Nuclear Power Plant Components. Section I1I 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.

(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 ASTM International.
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(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.

(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.

(5) Specifications and standards for determining water chemistry as identified in Table IWA-1600-1 by thelletter
designation APHA are approved and published by the American Public Health Association.

(6) Specifications and standards for welding are listed in Table IWA-1600-1 and are approved and published by the
American Welding Society.

(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.
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_Séection XI activities; such references
are designated by a Roman numeral followed by Arabic numerals. A reference'to-111-1100, for example, refers to a Man-
datory Appendix.

(2) Nonmandatory Appendices provide information or guidance fof; the use of Section XI; such references are de-
signated by a capital letter followed by Arabic numerals. A reference4o 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.

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

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

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area.

Page Location Change

XXvi List of Sections Title of Section XI, Division 1 revised

Xxvii Foreword Third, fourth, seventh, tenth, and eleventh paragraphsjeditorially
revised

XXxil Personnel Updated

I\ Preface to Section XI Introduction and last paragraph of General 'section revised

lvi Organization of Section XI Paragraphs 1 and 4(c), 4(d), and 4(f)sevised

1 Division 1 Title revised

3 Table IWA-1600-1 Updated

3 IWA-1700 Subparagraph (a) revised

5 IWA-2110 (1) Subparagraphs (b){1), (b)(1)(-e), and (b)(1)(-f) revised

(2) Subparagraphs (b)(1)(-g) and (b)(1)(-h) and subsequent
paragraph deleted

5 IWA-2200 Subparagraph'(d) revised

9 IWA-2316 Revisedilyits entirety

13 IWA-2420 Revised in its entirety

13 IWA-2425 Revised in its entirety

16 IWA-3300 Subparagraph (a)(3) revised

19 Figure IWA-3320-1 Note (1) added

29 IWA-4131.2 Subparagraph (a) revised

29 IWA-4132 First paragraph revised

29 IWA-4134 First paragraph revised

37 IWA-4440 (1) “Owner” revised to “Owner or Repair/Replacement

Organization” throughout
(2) Subparagraphs (b) and (c)(8) revised

39 IWA-4520 (1) Subparagraph (b)(2) revised

(2) IWA-4521 deleted
44 IWA-4633.1 Subparagraph (g) revised and subpara. (h) deleted
44 IWA-4633.2 Subparagraph (e) revised and subpara. (f) deleted
44 IWA-4643.1 Subparagraph (g) revised and subpara. (h) deleted
45 IWA-4643.2 Subparagraph (e) revised and subpara. (f) deleted
60 IWA-5212 Subparagraph (c) revised
60 IWA-5213 Subparagraph (b)(2) revised
61 IWA-5241 Revised in its entirety

62 IWA-5242 Subparagraph (e) added
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Page
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63
65
66
68

84
88
127
131

132
132
133
135
138
140
143
143
153
180
186

187
187
199
200
200
202
203
205
207
207
207
208

Location
IWA-5243
IWA-5250
IWA-6220
IWA-6340
Article IWA-9000

Table IWB-2500-1 (B-D)
Table IWB-2500-1 (B-G-1)
Table IWB-3510-1

Table IWB-3514-1

Table IWB-3514-2
Table IWB-3514-3
Table IWB-3514-4
IWB-3522.1
IWB-3612
IWB-3613
IWB-5221
IWB-5222

Table IWC-2500-1 (C-C)
IWC-3132.3

Table IWC-3514-1

IWC-3516.1
IWC-3516.2
IWD-3132.3
IWD-3511.1
IWD-3511.2
IWD-5222
IWD-5240
IWE-1241
IWE-2313
IWE-2420
IWE-2430
IWE-2500

Change
Added

Deleted

Subparagraph (f) revised
Subparagraph (g) revised

Definitions of Material Organization (Metallic) and qualified sounce

material revised
Note (8) revised
Note (8) added

Note (1) revised

(1) Under “Volumetric Examination Method =0 first and last wall

thickness subheadings revised
(2) Note (1) revised

Under “Wall Thickness ...” first andlast subheadings revised

Under “Nominal Pipe Wall Thickness ..., last entry revised

Under “Nominal Wall Thickness ...” last subheading revised

Revised in its entirety,
Revised in its entirety
Subparagraph (@)'revised
Revised in.its*entirety
Subparagraph (b) revised
Note (3) revised
Subparagraph (b) revised

Under “Volumetric Examination Method
thickness subheadings revised

Revised in its entirety

First paragraph revised

Subparagraph (b) revised

Revised in its entirety

First paragraph revised

Subparagraph (c) revised

Revised in its entirety

First paragraph and subpara. (a) revised
Subparagraph (a) revised

Revised in its entirety

Revised in its entirety

..., first and last wall

Subparagraph (d) and Figure IWE-2500 deleted
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282

305
324

337
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445
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Table IWE-2500-1 (E-A)

IWE-3122.3
IWE-3514
IWE-5221
IWF-1210
IWL-2320

1-2400

Mandatory Appendix III,

Supplement 2
Table IV-3110-1

Mandatory Appendix 1V,

Supplement 5
Table VIII-3110-1

Mandatory Appendix VIII,

Supplement 10
Article XI-2000
Article XI-3000
A-1100
A-3311
A-3540
Table A-3610-1
Table A-3610-2
Table A-3610:3
Table A-3610-4
Table A-3610-5
Table A-3610-6
Table A-3630-9
Table A-3630-10
Table A-3630-11
Table A-3630-12
Table A-3630-13
Table A-3630-14
Table A-3630-15
Table A-3630-16
Table A-3650-9

Change

(1) “Examination Requirements/Fig. No.” entry for Item No. E1.31
revised
(2) Notes added, revised, and renumbered

Subparagraph (b) revised
Last sentence revised
Revised in its entirety
Revised in its entirety

In subpara. (a)(3)(-d), “recorded questions” corrected-by errata to
“reworded questions”

Subparagraph (a) added and existing paragraph designated as (b)
Subparagraph (c)(1)(-e) revised

Last row added

Added

Penultimate row and{Note (2) added

Title and paras. 1.0, 2.0, 2.1(c), and 2.4 revised

Subparagraph (f)(1) revised

First paragraph revised
First-paragraph revised

In subpara. (b), definition of a /¢ revised
Subparagraph (e)(3) revised

Revised in its entirety

Revised in its entirety

Revised in its entirety

Revised in its entirety

Revised in its entirety

Revised in its entirety

Title revised and third column added
Title revised and third column added
Title revised and third column added
Title revised and third column added
Title revised and third column added
Title revised and third column added
Title revised and third column added
Title revised and third column added

Title revised and third column added
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Table A-3650-10
Table A-3650-11

Table A-3650-12
Table A-3650-13
Table A-3650-14
Table A-3650-15
Table A-3650-16
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A-4200
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C-4310
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Appendix K
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Nonmandatory
Appendix R
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U-S, Supplement U-S1
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Figure Y-3100-1
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(2) For Coefficient G, last entry under “4.0” added by errata

Title revised and third column added

Title revised and third column added

Title revised and third column added

Title revised and third column added

Title revised and third column added

For Coefficient G, first entry under “0.25” corrected-by errata
In subpara. (c), first paragraph revised and last\paragraph added
Last sentence revised

Title revised

Last paragraph revised

Subparagraphs (a), (a)(2), (b), ahd (c) revised

Subparagraphs (a) and (b)-revised

Title revised

Revised

Revised

In subpara. (a), second and fifth equations revised
Last‘paragraph revised

Subparagraphs (a)(3), (2)(4)(-b), (b)(3), and (b)(4) revised

Revised in its entirety

Definitions of P,, and P, deleted

Subparagraphs (b) through (d) revised

Revised in its entirety

Subparagraphs (a) and (c) revised

Revised in its entirety

Subparagraphs (a) and (c) revised

Revised in its entirety

In in-text table of subpara. (e), first “Difference, %” entry revised
In in-text table, “Factor” entry for Btu/hr (W) revised

Revised in its entirety

Deleted

Subparagraphs (b) and (c) revised

Revised
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Page Location Change

705 Figure Y-3100-1M Revised
706 Y-3200 Subparagraph (b) revised
722 Nonmandatory Added
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CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphanumegrically designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator of that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators under«which the breakdown appears.
The following examples show the format:

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).

(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a):

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced asX,1(c)(1)(-a).
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DIVISION 1
RULES FOR INSERVICE INSPECTION OF
NUCLEAR POWER PLANT COMPONENTS

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 subsequént disposition of
results of evaluations, and repair/replacement activity re-
quirements, including procurenient, design, welding,
brazing, defect removal, fabfication, installation, exami-
nation, and pressure testihg.

IWA-1200 JURISDICTION

The jurisdiction of this Division covers individual com-
ponents and complete plants that have met all the re-
quiremrents 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 require-
ments of the Construction Code may be corrected using
the rules of either the Construction Code or this Division,
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.

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.

(2) The rules of Subsection IWC shall be applied to
those systems whose components are classified ASME
Class 2, with the exception that those portions of Class
3 systems that penetrate the containment and are classi-
fied as Class 2 solely for the containment boundary func-
tion shall meet the Class 3 requirements of Subsections
IWD and IWF.

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

(25)
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(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 Ownepshall include the
following:

(a) determination of the appropriate Code class(es) for
each component’ of the plant,"and identification of the
system boundaries for eacliclass 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 the Owner's
Activity Report, Form OAR-1, for preservice and inservice
examinations.

{d) submittal of Form OAR-1 for preservice and inser-
vice examinations to the regulatory and enforcement
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 responsibility 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.

(1) maintenance of adequate inspection, examination,
test, evaluation, and repair/replacement activity records
such as radiographs, diagrams, drawings, calculations, ex-
amination 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 evaluation calcu-
lations for the service“lifetime of the component 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
accorddnce 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 had an evaluation performed to allow continued ser-
vice in accordance with IWB-3132.3, IWB-3142.4,
IWC-3122.3, IWC-3132.3, IWD-3132.3, IWE-3122.3,
IWF-3112.3, IWF-3122.3, IWL-3112, IWL-3212, and
IWL-3222. Any continued service time or cycle limits in-
herent in the evaluation 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.

IWA-1500 ACCESSIBILITY

Provisions for accessibility shall include the following
considerations:*

(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
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(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.

Table IWA-1600-1
Referenced Standards and Specifications

Standard, Method, or

Specification Revision Date or Indicator
ACI 201.1R 2008
ACI 349.3R 2018
ANSI/ASNT CP-105 2006
ANSI/ASNT CP-189 2006
ANSI/AWS D3.6M Current edition
APHA 427 1981

APHA 4500-S*

4110 [Note (1)]
4500-NO3” [Note (1)]
4500-S* [Note (1)]
ASME/ANS RA-S

ASME B36.10M

1989 through 1992

2000 through 2022

2000 through 2022

2000 through 2022

2008 with RA-Sa-42009 Addenda and
RA-Sb-013 Addenda

1985 through current edition

ASME NQA-1 1994, 2008 through 2015
ASME QAI-1 Currept edition

ASTM D95 1970through 2023
ASTM D512 1981 through 2023
ASTM D974 1987 through 2022
ASTM D992 1971 (Reapproved 1978)
ASTM D3867 1979 through 2021
ASTM D4327 1988 through 2017
ASTM E29 2019 through 2022
ASTM E185 2021

ASTM E1065 2020

ASTM.E1324 2021

ASTM E1921 2022 through 2023b
ASTM E2215 2019 through 2024
AWWA C105 2018

NOTE:

(1) This method is published in “Standard Methods for the Exam-
ination of Water and Wastewater,” published jointly by the
American Public Health Association (APHA), the American
Water Works Association (AWWA), and the Water Environ-
ment Federation (WEF).

IWA-1700 STANDARD UNITS

(a) U.S. Customary, SI, or any local customary units may
be used to demonstrate compliance with all requirements
of this edition related to materials, fabrication, examina-
tion, inspection, testing, certification, and overpressure
protection.

(b) In general, it is expected that a single system.of
units shall be used for all aspects of design except where
unfeasible or impracticable. When components are man-
ufactured at different locations where local eustomary
units are different from those used for the geheral design,
the local units may be used for the desigi_and documen-
tation of that component. Similarly, for-proprietary com-
ponents or those uniquely associated with a system of
units different from 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
unifs.

{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, fab-
rication documents, or measurement and test equipment
are in different units, any conversions necessary for ver-
ification of Code compliance, and to ensure that dimen-
sional consistency is maintained, shall be in accordance
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.

(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
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provide the source of the conversion factors, which shall
be subject to verification and acceptance by the Author-
ized Nuclear Inservice Inspector.

(g9) 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 nominal, 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 AND
AUTHORIZED NUCLEAR INSERVICE
INSPECTOR SUPERVISOR

(a) The duties of the Authorized Nuclear Inservice In-
spector Supervisor shall be conducted in accordance with
the requirements of ASME QAI-1.

(b) The duties of the Inspector shall be conducted in ac-
cordance with ASME QAI-1 and shall include, but are not
limited to, the following:

(1) The Inspector shall review the inspection plan
and the schedule required by IWA-2420 for the preser-
vice inspection and each inspection interval. The review
shall cover any features that are affected by the require-
ments of this Division, as applicable, and shall include
the following:

(-a) examination categories and items

(-b) test and examination requirements

(-c) examination methods

(-d) percentage of parts selected for examination

(-e) examination and test frequency and
scheduling

(-f) disposition of test results

(2) The Inspector shall review any r€yisions to the
inspection plan and, as necessary, thelimplementation
schedule during the preservice inspéction or the inspec-
tion interval.

(3) The Inspector shall submit a report to the Owner
documenting review of the items identified in (1)and (2).

(4) The Inspector shalhyerify that the required exam-
inations and system pressure tests have been performed
and the results recorded.

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

(6) The Inspector shall perform any additional inves-
tigationsinecessary to verify that all applicable require-
ments/of IWA-2110 have been met.

(7) 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.

(8) The Inspector may require, at any time, requalifi-
cation of any procedure or operator if the Inspector has
reason to believe that the requirements are not being met.

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

(10) The Inspector shall verify that,repair/replace-
ment activities are performed in accordance with the re-
quirements of the Owner’s Repair/Replacement Program.

(11) The Inspector shall review the Repair/Replace-
ment Program and its implemeéntation.

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

(a) The inspection required by this Division shall be
performed“by an Inspector employed by an ASME-
accredited Authorized Inspection Agency or by an Inspec-
tor empleyed or appointed by enforcement authorities in
the_country or region having jurisdiction over the desig-
nated plant.

(b) The ASME-accredited Authorized Inspection
Agency, including its staff of Authorized Nuclear Inservice
Inspector Supervisors and the Inspectors, shall meet the
requirements of 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
in Tables IWB-2500-1 (B-A) through IWB-2500-1 (B-Q),
IWC-2500-1 (C-A) through IWC-2500-1 (C-]),
IWD-2500-1 (D-A) through IWD-2500-1 (D-C),
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.
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(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 volume or area shall be conducted to the max-
imum extent practicable. When performing VT-1, surface,
radiographic, or ultrasonic examination on a component
with defined volume or area, essentially 100% of the re-
quired volume or area shall be examined. Essentially
100% coverage is achieved when the applicable examina-
tion 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 re-
quired examination volume or area is practicable. Non-
mandatory Appendix S provides guidance that may be
used for calculating examination coverage.

(d) When Section V is referenced for examination meth-
odology, the Edition and Addenda of Section V shall be the
same as that of Section XI. Alternatively, Articles from la-
ter Editions and Addenda of Section V may be used, pro-
vided related requirements of those Articles are met. The
Section V Edition and Addenda shall be referenced in the
inspection plan or procedure. The personnel qualification
requirements of Section V, Article 1 shall not apply unless
explicitly referenced in this Division.

IWA-2210 VISUAL EXAMINATION

Visual examination shall be conducted in aceordance
with the requirements of Section V, Article 9, except that
the angle of view requirements for direct vistial only ap-
ply to VT-1, and the requirements for illamination, 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 imperfectiotis on the surface of components,
including such conditiens as cracks, wear, corrosion, or
erosion.

(b) The VT-1 _examination procedure shall be demon-
strated capable of resolving characters in accordance
with Tabte TWA-2211-1.

(c) Pirect visual examination distance requirements
shall\be as specified in Table IWA-2211-1.

{d) Nlumination for examinations shall meet the re-
dquirements specified in Table IWA-2211-1.

(e) It is not necessary to measure illumination levels on
each examination surface when the same portable non-
battery-powered light source (e.g., drop light) or similar
installed lighting equipment is demonstrated to provide
the illumination specified 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 t0 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) VT-2 examinatiofi~shall be performed, either di-
rectly or remotely, withvadequate illumination and resolu-
tion to detect evidence of leakage. As indicated in Table
[WA-2211-1, thererare no specific illumination, distance,
and resolutien demonstration requirements 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) Nlumination 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 non-
battery-powered light source (e.g., drop light) or similar
installed lighting equipment is demonstrated to provide
the illumination specified 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
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Table IWA-2211-1
Visual Examinations

Maximum Height for

Maximum Direct Procedure Demonstration

Minimum Illumination, Examination Distance, Characters,
Visual Examination fc (Ix) [Note (1)] ft (mm) 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 illumination adéquacy.

(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, 0), that meet the specified height requirements is required. Measurements on the tést-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 require-
ments. Alternatively, 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 exceed 50 cards.

accordance with 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-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 presefice 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 currént 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 (550 Ix). Alternatively, light shall
be sufficient if the examination can resolve standard test
chart characters 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
requiredAs 50 fc (550 1x). 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-] 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

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

Radiographic Examination
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IWA-2232 Ultrasonic Examination

Ultrasonic examination shall be conducted in accor-
dance with Mandatory Appendix I except for steam gen-
erator tubing examinations.

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.cufrent
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-montlimonitoring 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"ar 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
[WB-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 ANST/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, Cettfifications based on ear-
lier editions of ANSI/ASNT CR-189 are valid until recerti-
fication is required. Recertification shall be in accordance
with the edition of ANST/ASNT CP-189 referenced in
[WA-1600 as amended' by the requirements of this Divi-
sion. Outside agencies, as defined in Mandatory Appendix
VI, may be used-to qualify NDE personnel; however, the
Employer shall be solely responsible for the certification
of LevelHd; 1], and III personnel. Nondestructive and visual
examination personnel qualified and certified in accor-
dafce 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 also comply with the require-
ments of Mandatory Appendix VI.

(d) Training, qualification, and certification of steam
generator tubing examination personnel shall include
the requirements of IWA-2315.
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(e) 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,
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.

(f) 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 Il certificate is not re-
quired. Level I, 11, 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 Practieal
Examination requirements for Level I and IINNDE
personnel.

(d) Level I, 11, and III NDE personnel may be certified or
recertified without additional training“er experience
hours when

(1) certification or recertification isto the same level,
and

(2) the candidate’s trainingvand experience in the
NDE method met the requigements 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
Examination of Steam Generator
Tubing

Personnel performing analysis or NDE evaluation of the
data’shall be qualified. The qualification shall include a
practical examination that includes techniques used and
the types of flaws that may be found during examination
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 with IWA-5211(a) and
IWA-5211(b), in lieu of the requirements of IWA-2310
through IWA-2314, personnel may perform VT-2 visual
examinations after satisfying the following requirements:

(1) at least 40 hr plant walkdown experience, su¢h as
that gained by licensed and nonlicensed operators,\local
leak rate personnel, system engineers, quality control
personnel, and nondestructive examination_personnel.

(2) training in the Section XI VT-2 examination re-
quirements. As a minimum, the training shall include
the following:

(-a) IWA-5240

(-b) VT-2 relevant conditions

(-c) hold times

(-d) test pressures

(-e) pressurizing medium

(-f) visual examination boundaries

(-g) plantsspecific procedures for pressure testing
and VT-2 visuak examination

The traihing shall include an examination sufficient
to demonstrate that the necessary information has been
comprehended. Training and examination records shall
be maintained for at least 5 yr after the individual’s termi-
nation of employment.

(3) the vision test requirements of IWA-2321.

(b) Personnel meeting these alternative requirements
shall not perform VT-2 functions other than examinations
(e.g., verifying adequacy of procedures, training VT-2
personnel).

(c) These alternative VT-2 visual examination person-
nel requirements shall be described in the Owner’s pro-
gram or procedures and in the Employer’s written
practice if the Employer is not the Owner.

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.

(25)
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(b) The alternative qualification requirements shall be
described in the Employer’s written practice.

IWA-2318 Qualifications for Pneumatic Pressure
Test Personnel

(a) For system leakage tests of pneumatic systems and
components performed in accordance with IWA-5242,
test personnel shall be certified in accordance with the re-
quirements of IWA-2310, IWA-2311, IWA-2312(a) and
IWA-2312(e), IWA-2313, and IWA-2314.

(b) In lieu of (a), test personnel performing pneumatic
system or component leakage tests using a bubble test
method may be qualified by satisfying the following
requirements:

(1) the alternate VT-2 visual examination personnel
requirements of IWA-2316, and
(2) a minimum of 8 hr of additional training in the
specific test method for which they are to be qualified.
This additional training shall include the following:
(-a) the basic principles of the test method
(-b) the use, limitations, and calibration require-
ments of the test equipment to be used
(-c) the requirements of Section V, Article 10 spe-
cific to the test method

(c) Written and practical demonstrations shall be ad-
ministered in accordance with the requirements of
CP-189.

(d) These 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 testichart, such as a Jaeger
chart, that meets the requiremefts of IWA-2322. Equiva-
lent measures of near-distance-acuity may be used. In ad-
dition, personnel perferming 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 atleast one eye.

(b) As an alternative to the visual acuity demonstration
requirements of (a), any vision test administered by an
optometrist, ophthalmologist, or other healthcare profes-
sional who administers vision tests and documents com-
pliange 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 magnification or greater) or
other suitable instrument, to verify that the height of a re-
presentative lowercase character, without an ascender or
descender (e.g, a, ¢, €, 0), for the selected type size, meets
the requirements of Table IWA-2322-1. This measures
ment shall be documented and traceable to the test chart.

IWA-2323 Level lll 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), ahd(d). The Demonstration
Examination shall be in accordance with ANSI/ASNT
CP-189, Level II Practical.Examination rules. The adminis-
tration of multiple-cheice’ 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 deeumented.

(a) The Basic Examination shall consist of at least 65
questions-(required only once if certification is sought
in mene‘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 Il 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

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

Test Distance, Maximum Lowercase

in. (mm) 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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(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 11l personnel shall be recertified using the
written Method, Specific, and Practical Examinations
and the Demonstration Examination. Alternatively, Level
[1I personnel may be recertified using only the written
Method and Specific Examinations, provided the follow-
ing conditions are met.

(1) The Level I1I candidate was previously certified
or recertified using all the written examinations and thé
Demonstration Examination.

(2) The Level III candidate is not being recektified
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 examindtion satisfies the Basic, Method, Practi-
cal, and Demonstration examination requirements for
Level III NDE personnel.

IWA-2324 Practical Examination Techniques for
CP-189

¢a) For an unlimited initial certification of personnel
under programs based on ANSI/ASNT CP-189, the tech-
niques demonstrated for purposes of practical examina-
tion shall be in accordance with Table IWA-2324-1. An
individual demonstrating all of the techniques listed in
Table IWA-2324-1 for a specific NDE method shall be con-
sidered qualified to perform examinations using any tech-
nique within that method.

(b) For recertification of Level I and II personnel who
have completed the initial certification technique demon-
strations described in (a) and documented performance
of examinations in a specific NDE method on an annual
basis, demonstration of only one technique in the method
is required for recertification for methods other than vi-
sual examination.

IWA-2330 LEVEL | RESPONSIBILITIES

Level I personnel shall use written procedures when
performing specific setups, calibrations, and\éxamina-
tions and when recording data. These activities shall be
conducted under the guidance of Level [>or Level III per-
sonnel. Level I personnel shall not petform an NDE eva-
luation or accept the results(of a nondestructive
examination.

IWA-2340 LEVEL IILEDUCATION

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-
amihations of limited scope, i.e., limited operations or
limtited techniques within the method. Topics that are
hot 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 | AND LEVEL Il 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 IIl. 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.
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Table IWA-2324-1
Practical Examination NDE Techniques

Examination Method

Techniques

Radiographic [Note (1)]

RT — film radiography

CR — computed radiography
DR — digital radiography

Ultrasonic

Mandatory Appendix VII practical examination

requirements apply in lieu of the requirements of
ANSI/ASNT CP-189
Thickness measurement (limited, Subsection IWE):
(a) digital or
(b) a-scan

Ultrasonic (Subsection IWE only)

Magnetic particle [Note (2)]

Thickness measurement (Subsection IWE)

Coil (longitudinal magnetization)

Yoke (longitudinal magnetization
Direct contact (circular magnetization)
Prods (circular magnetization )

Liquid penetrant [Note (3)]

WW — water washable

PE — post emulsified
SR — solvent removable

Eddy current [Note (4)]

Single frequency

(a) absolute

(b) differential
(c) driver pickup
Multifrequency
(a) absolute

(b) differential
(c) driven pickup

Visual VTE-1
VT2
VT-3
NOTES:

(1) At least one of the above shall be demonstrated with X-ray and at least one demonstrated

with gamma radiography.

(2) Atleast one of the above'shall be demonstrated with fluorescent particles and at least one of
the above shall be demonstrated with visible particles.
(3) At least one of the'above shall be demonstrated with fluorescent dye and at least one of the

above shall be.demonstrated with visible dye.

(4) Personnel qualified for multifrequency satisfy the requirements for single frequency.

IWA-2370 LEVEL II"EXPERIENCE

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

(a) Graduate of a 4-yr accredited engineering or science
college ot wniversity with a degree in engineering or
scienge, plus 1 yr experience in NDE in an assignment
comparable to that of a Level Il 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 I 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.

12
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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) identification of inspection period and interval
dates

(2) identification of the Edition and Addenda of this
Division that apply to the required examinations and tests

(3) the classification and identification of the compo-
nents subject to examination and test

(4) identification of Code Cases proposed for use in
accordance with IWA-2441

(5) identification of alternatives to Code require-
ments approved by the regulatory authority having juris-
diction at the plant site

(b) A schedule for performance of examinations and
tests shall be prepared for each inspection 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 requiging‘examina-
tion or test, the examination or test to be performed, and
the extent of the examination or test

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

(4) description of alternative-examinations and iden-
tification of components to be-examined using alternative
methods

(c) Preservice inspection plans and schedules shall be
completed prior to, the“start of preservice inspection, ex-
cept as provided'ifi(d). Any revisions to the preservice in-
spection pldn jor schedule shall be made prior to
completion of Form OAR-1.

(d) Shoprand field preservice examinations and tests
may/be-performed prior to preparation and approval of
apreservice inspection plan and schedule provided the
following requirements are met:

(1) The preservice examination and tests are per-
formed and documented in accordance with IWB-2200,
IWC-2200, IWD-2200, IWE-2200, IWF-2200, and
IWL-2200, as applicable for the item to be examined
and tested.

(2) The Code Edition used for the preservice exami-
nation or test shall be identified on the examination or
test record.

(e) Inservice inspection plans and schedules shall com-
ply with the following:

(1) Inservice inspection plans and implementation
schedules for the first inservice interval and subsequent
inservice inspection intervals shall be prepared prior to
the start of the interval.

(2) Inservice inspection plans and schedules shall be
updated during the inspection interval, as necessary; for
changes such as the addition of Code Cases to documént
the status of examinations and tests and to comply with
the requirements of IWB-2411(b), IWC{2411(b),
IWD-2411(b), IWE-2411(b), and IWF-2410(c).

IWA-2425 Inspection Plan andSchedule

Supporting Documents

Supporting documents necessary to the implementa-
tion of the inspection plan and‘schedule shall be available
at the plant site. Therdoc¢uments may include the
following:

(a) diagrams or system drawings showing boundaries
and system classifications

(b) examination and test procedures

(c) specifications

(d) refueling outage schedules

(e) other documents required for implementation of
thé inservice examinations and tests

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. Each inspection interval may be reduced
without restriction, provided the examinations required
for the interval have been completed. Successive intervals
shall not extend more than 1 yr beyond the original pat-
tern of 10-yr intervals 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 interval 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
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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. An inspection period may be reduced without re-
striction, provided the examinations required for that
period have been completed. This adjustment shall not al-
ter 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 Class CC components shall be in accordance with the
requirements of IWA-2431.

IWA-2431

The inspection intervals shall comply with the follow-
ing, except as modified by IWA-2430(c) and
IWA-2430(d):

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

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

IWA-2440 APPLICATION OF CODE‘CASES
IWA-2441 Section Xl Code Cases

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

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

(c) Code Cases shdll be in effect at the time the Inspec-
tion Plan becomes effective, except as provided in (d), (e),
or IWA-2442;

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

(e) Code Cases issued subsequent to the Inspection
Plan effective date may be incorporated into the Inspec-
tion Plan.

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

Inspection Program

(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 Xl Code Cases

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

IWA-2500 EXTENT OF EXAMINATION

Requirements for examination of welds. apply only to
welds joining items and not welds correeting flaws in
base material (including core closuré 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 subjeet to surface or volumetric examination.
Each such weldand 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
ofithe weld.

IWA-2620 PIPING

Requirements for piping are provided in I11-4300. The
rules of I1I-4300 may also be applied to piping not within
the scope of 111-1100.

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
[WA-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.
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(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 %, 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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(25)

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
components, Article IWE-3000 for Class MC pressure-
retaining components, or Article IWF-3000 for compo-
nent 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 Con-
struction Code Edition or Addenda applicable to the con-
struction of the component shall be evaluated to
determine disposition.

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 comparisen{with
the acceptance standards of Article IWB-3000)\Article
IWC-3000, Article IWD-3000, or ArticleNlWE-3000,
whether obtained as decimals or convetted 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 bé\pérformed in accordance
with the Rounding-off Method of ASTM Recommended
Practice E29.

(b) Interpolation ofpercentage 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 rdunded to the nearest 0.1 in. (2 mm) or Y4 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 ¢ of the rectangle or one'side of the
square shall be drawn parallel to the inside pressure-
retaining surface of the component.

(2) The depth of the rectangle\or one side of the
square shall be drawn normal-fe’ the inside pressure-
retaining surface of the component and shall be denoted
as a for a surface flaw and2afor a subsurface flaw.

(3) The aspect ratioof'a flaw shall be defined by a /£.
For use of acceptance Stafidards, the flaw aspect ratio a /¢
shall be set to 0.5 when-the detected a /¢ exceeds 0.5. For
analytical evalugtion of the flaw, a /¢ may exceed 0.5. (See
Figure IWA-3320-1, Flaw #3, as an example.)

(b) Flawss.shall be characterized in accordance with
IWA-3320 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 < 0.4d ;) 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 any other flaws or with the surface.

(c) The clad thickness dimension may be taken from
the manufacturer’s drawings.

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.
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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 ¢ (7, in. = 13 mm)
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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(b)
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 ¢ 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 fatigue 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 tw0,0r 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 fWA-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 ¢ 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 ¢ 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) Multiple laminar flaws, as shown in Figure
IWA-3360-1, shall be combined into a single*flaw if all
three of the following proximity criteria aregnet:

(1) S1 < 0.37 min[max(W, 1), max(W,, £,)]
(2) 52 <0.37 min[maX(Wl, [1), maX(Wz, 'gz)]
(3) H < 0.17 min[max(W, £ 3;-max(W,, £3)]

If the detected areas of those-flaws are partially or to-
tally overlapping in any one/direction, the proximity cri-
teria in that direction are met:

(c) The area of a laminar flaw shall be 0.75 times the
area of the square ornrectangle that contains the detected
area of those flawslthatare within the proximity limits de-
fined in (b).

IWA-3370"_RADIOGRAPHIC EXAMINATION

(a) Aw'indication detected by radiographic examination
shall be considered to be a linear flaw unless the indica-
tiofcan 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 S; and S, 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 ¢ 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.

(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, S, S3, and S4 are equal to or less than
the dimensions specified in Flaw #2 of Figure
IWA-3380-1.
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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 £ Where S = 0.4a
(1in. =25 mm)

NOTE:
(1) For analytical evaluation of the flaw, 1 may be less than 2a.

(25)
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Figure IWA-3320-2
Successive Examination Surface Proximity Rule for Class 1 and Class 2 Vessels
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(d) The dimensions a and £ 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 réduces
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

Discontinuous flaws, ascshown in Figure IWA-3390-1,
that are coplanar in the'through-wall direction of the sec-
tion thickness, that-are located within two parallel planes
!/, in. (13 mm), apart (i.e., normal to the pressure-
retaining surface of the component), and that are aligned
to reduce théynet section thickness may be treated as sep-
arate and individual planar flaws if the following require-
ments are met.

(a))The a dimensions for the flaw aspect ratio, a /£, of
the individual flaws do not exceed the allowable flaw
standards for the respective Examination Category appli-
cable to the component, as provided in IWA-3310 for sur-
face flaws and IWA-3320 for subsurface flaws.

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

(1) two surface flaws (one a; on the outer and the
other a, on,the inner surface of the component),
(aq + ay)x(a, + a’y)/2 within planes A-A’ and B-B’

(2)4wo subsurface flaws, (a; + a;) < (a, + a’,)/2
withinvplanes C-C' and D-D’

(3) two surface flaws and one subsurface flaw

(-a) (a1 + a3) < (a5 + a.)/2 within planes E-E’
and F-F' (flaw depth dimensions a; and a3 are not illu-
strated in Figure IWA-3390-1 for parallel planes E-E’
and F-F)

(-b) (a1 + a +az) < (as +a, +a’y)/3 within
planes F-F' and G-G' (flaw depth dimensions a{, a,,
and as are illustrated in Figure IWA-3390-1 for parallel
planes F-F’ and G-G’)

(¢) (az +a3) < (a’s + a,)/2 within planes G-G’
and H-H' (flaw depth dimensions a, and a3 are not illu-
strated in Figure IWA-3390-1 for parallel 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 ¢ of a single and discontinuous
linear flaw shall be determined as shown in Figure
IWA-3400-1.
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Figure IWA-3330-1
Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface
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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 ¢ and o, to determine critical orientation for comparison with allowable indication standards.
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Figure IWA-3350-1
Parallel Planar Flaws
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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
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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 (%, in. = 13 mm)
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Figure IWA-3400-1
Linear Surface Flaws
ILlustrative Flaw Configurations and Determination of Length £ (7, 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 activity* or the
method that detected the condition requiring the re-
pair/replacement activity.

(b) This Article provides requirements for repair/re-
placement activities* involving pressure-retaining com-
ponents 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, removing, adding, or physi-
cally modifying pressure-retaining items or supports, or
adding systems. These requirements are applicable to
procurement, design, fabrication,” installation, examina-
tion, 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 eontain-
ments as specified in Article IWL-4000.

(d) Requirements for repair/replacement.activities in-
volving buried Class 3 polyethylene piping'are in Manda-
tory Appendix XI of this Section.

IWA-4120 APPLICABILITY

(a) The requirements of this\Article apply to items clas-
sified by the Owner in accerdance with IWA-1400(a) as
Code Class 1, 2, 3, MC, or €C, and their associated sup-
ports. Class 1 heat exchanger tube plugs and sleeves
and Class 2 and 3 welded or brazed heat exchanger tube
plugs and sleeyes shall be considered pressure-retaining
material.

(b) The-requirements of this Article do not apply to the
following;-éxcept as provided in (c) through (e):®

(1)valve operators, controllers, position indicators,
puimp 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 mechamically

(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;wvalve seats, and ceramic in-
sulating material and special alloys used as seal material
in electrical penetratiop~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 itéms shall be stated in the Owner’s Requirements.

(7)Class 2 and 3 heat exchanger tube mechanical
plugs or sleeves

(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 ] 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.°

(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) NPS” 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
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(25)

manner, assuming makeup is provided by normal reactor
coolant makeup systems operable from on-site emer-
gency power.

(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 m®) 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
Subsection NCA, NCA-3300 (previouslyNA-3700 or
NCA-3800) need not be met, provided thexOwner’s Qual-
ity Assurance Program provides measures to assure that
material is furnished in accordance‘with the material
specification and the applicable@material requirements
of Section III. A repair/replacentent plan, possession of
a Certificate of Authorization,"and an agreement with an
Authorized Inspection Agency are not required for the or-
ganization constructing or fabricating these items.

(b) Repair/repladement activities shall be performed
and documented\in accordance with the requirements
of IWA-4142_and the technical requirements of
[WA-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

Snubbers and pressure-retaining items® 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 haveno 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.

Items Rotated From Stock

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 Owners

Material to be used in an application requiring compli-
ance with Section III, Subsection NCA, NCA-3300 (pre-
viously NA-3700 or NCA-3800) may be purchased,
exchanged, or transferred between Owners, provided
the following requirements are met in lieu of the admin-
istrative requirements of IWA-4220.

(a) Materials shall have been procured by the supplying
Owner in accordance with their Quality Assurance Pro-
gram meeting the requirements of IWA-1400(o).

(b) Since receipt by the supplying Owner, 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 the supplying Owner’s
Construction Code and/or Owner’s Requirements and
Quality Assurance Program shall be provided to the re-
ceiving Owner with the material.

(25)

(25)
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(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.

(e) The receiving Owner shall obtain certification for
the following:

(1) The supplying Owner purchased and maintained
the material in accordance with their Quality Assurance
Program.

(2) Since receipt by the supplying Owner, the materi-
al has not been placed in service, welded, brazed, or sub-
jected to any operation that might affect the mechanical
properties of the material (e.g., heat treatment or
forming).

(f) The receiving Owner shall verify the Owner’s Re-
quirements and ensure the technical requirements of
the Construction Code in accordance with IWA-4221 are
met.

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/teplacement
activities shall establish a Quality Assuraneg)Program for
control of their activities in accordance-with the Repair/
Replacement Program and Plans. Thé, Quality Assurance
Program shall comply with either«f the following:

(1) IWA-1400(0), 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 Assurahce Program shall be documented
and shall comply with the applicable quality assurance
program criteria of 10 CFR 50 Appendix B supplemented
as necessary to be consistent with the Owner’s Quality As-
surance Program; ASME NQA-1, Part 1; or Section III, Sub-
section NCA, Article NCA-4000. The Owner shall ensure
that the Repair/Replacement Organization’s Quality As-
surance Program meets the requirements of this Article
for the activities to be performed. The program 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) When the original Construction Code is Section III,
the following alternative requirements may be used by
the Owner in lieu of the requirements of Section III, Sub-
section NB/NCD/NC/ND/NE/NF/NG-2600:

(1) When procuring qualified source material, the
Owner may qualify the supplier under the provisions
of their Quality Assurance Program-required by
IWA-1400(0).

(2) Certified Material Test Reports or Certificates of
Compliance, as required by the Edition or Addenda of Sec-
tion III applicable to the purchasg;shall be obtained for all
purchased material.

(3) Small products, as\defined by Subsection NB/
NCD/NC/ND/NE/NF/NG*2610(b) and (c), may be ac-
cepted by the Owner'utider the provisions of their Quality
Assurance Programirequired by IWA-1400(0) with mea-
sures to ensure_that the material is furnished in accor-
dance with the material specification, the Owner’s
Requirements, and the technical requirements of the Con-
struction Code.

(b) Owners shall qualify unqualified source material for
théir'use under the provisions of their Quality Assurance
Program required by IWA-1400(o) with the following ad-
ditional requirements:

(1) The organization that establishes the material
form and issues the source material test report shall not
perform any welding with filler metal and shall confirm
that no welding with filler metal has been performed.

(2) Appropriate testing shall be performed to verify
the chemical composition of each piece of unqualified
source material.

(3) Other requirements and nondestructive examina-
tion required by the material specification, Construction
Code, or Owner’s Requirements shall be either verified
or performed for each piece.

(4) Upon receipt of the unqualified source material,
the Owner shall verify by review of objective evidence
that the requirements of the procurement document have
been met.

(5) When the Owner credits actions taken by the sup-
plier for meeting (2), (3), or (4), the Owner shall verify an
audit of the supplier is conducted, or has been conducted
within the last 3 yr, to ensure that controls are in place
confirming that the actions and information are accurate
and reliable. The audit shall also verify heat/lot controls,
including markings with traceability, to any documenta-
tion provided by the supplier.

(6) Material obtained by an Owner under the provi-
sions of (b) may be used only for the nuclear plants oper-
ated by the Owner performing these activities.
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(c) When using unqualified source material or accept-
ing small products, the Owner shall record use of these al-
ternative requirements on a Certified Material Test
Report or a Certificate of Compliance, as applicable.

IWA-4143 Application of the ASME Certification
Mark

(a) Application of the ASME Certification Mark with the
NPT Designator is neither required nor prohibited for the
fabrication of parts, appurtenances, piping subassemblies,
and supports to be used by the Owner when performed
by the Owner or Owner's contracted Repair/Replacement
Organization with a quality assurance program that com-
plies with IWA-4142. This fabrication is subject to the in-
spection requirements of IWA-4170. These provisions
may not be used to manufacture complete pumps, valves,
vessels, or tanks.

(b) Application of the ASME Certification Mark with the
NA Designator 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 of Section XI used for the Repair/Re-
placement Program shall correspond with the Editien
identified in the inservice inspection program applicable
to the inspection interval. Alternatively, later Editions of
Section XI, or specific provisions within an<Edition later
than those specified in the Owner’s Inservice Inspection
Program may be used. When provisions of later Editions
are used, all related requirements shall’be met.

(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.

(d) A repair/replacement plan may be a single docu-
ment or a set of documénts® used to implement the appli-
cable Article IWA=4000 requirements for each repair/
replacement activity, which shall include the essential re-
quirements for_completion of the repair/replacement ac-
tivity. A repair/replacement plan is not required for the
designphase of a repair/replacement activity. However,
a repair/replacement plan shall be prepared for rerating
activities, other than for supports, as defined in
TWA-4331(d), whether or not there is accompanying phy-
sical work. A repair/replacement plan shall identify the
following for the specific repair/replacement activity:

(1) applicable Code Edition 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 toverify 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 prewious intended life (design life when speci-
fied by the(Design Specification) of the item;
(6)-whether application of the ASME Certification
Mark ‘and appropriate Designator is required in accor-
dange with IWA-4143;
(7) documentation in accordance with Article
IWA-6000.

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(d)(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.
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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
[WA-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
[WA-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 specified for the
repair/replacement activity.

(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 Ownerxshall 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 item may meet all
or portions of the requirements-of different Editions and
Addenda of the Construction €ode; or Section III when the
Construction Code was not:\Section III, provided the re-
quirements of IWA-4222-through IWA-4226, as applica-
ble, are met. Construction Code Cases may also be used.
Reconciliations required by this Article shall be documen-
ted. All or portions of later different Construction Codes
may be used. as|listed below:

(1) Piping, piping subassemblies, and their supports:
B31.1 t0)B31.7 to Section III

(2)Pumps, valves, and their supports: from B31.1 to
Dfaft Code for Pumps and Valves for Nuclear Power to
Section IIL

(3) Vessels and their supports: Section VIII to Section
111

(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.” Exam-
ples of such requirements include quality assurance,
certification, application of the ASME Certification Mark
and appropriate Designator, Data Reports, and Author-
ized 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.
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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, 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.

IWA-4224 Reconciliation of Material

IWA-4224.1 Identical Material Procured to a Later
Edition or Addenda of the Construction Code, Section
Ill, 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:

IWA-4224.2 Identical Material Procured.to an Ear-
lier Construction Code Edition or Addenda‘or Material
Specification.

(a) Materials, including welding arid\brazing materials,
may meet the requirements of earliéb dates of issue of the
material specification and earliér-Editions and Addenda
of the same Construction Cede, 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 lowerstrength, 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-
uatéd 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 orig-
inally specified, shall be evaluated for suitability for the
specified design and operating conditions in accordance
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 exceptfor-editorial differences, to
the corresponding AWS spécification, 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 rec-
onciled 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.
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(a) Material, fabrication, and examination require-
ments (e.g., NX-2000, NX-4000, and NX-5000 of Section
II1) 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.

(c) Later Editions or Addenda of the Construction Code
may specify higher allowable stress values. These higher
values may be used with design formulas, joint configura-
tions, and fabrication and examination requirements of
earlier Code Editions and Addenda, provided material
properties are reconciled in accordance with IWA-4224.

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
I11) 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 accordanece
with the following requirements.

(a) Helical-coil threaded inserts shall satisfy the design
requirements of the Construction Code for théspecified
loading to be applied to the threaded connection. For ma-
terials not listed in the Construction Code, primary stress-
es shall not exceed the lesser of\fwo-thirds of the
minimum specified yield strength\or one-fourth of the
minimum specified tensile strength of the applicable
material.

(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 itém; material specification, chemical composition,
grad¢ or class, and mechanical properties and heat-
treatéd 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 physical change is made to the design or config-
uration of a pressure-retaining item or support, including
material substitution, or for rerating (see IWA-4330), 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. Theevaluation or reanaly-
sis shall document that the prgposed change meets the
Owner’s Requirements, and,the Construction Code or
alternative provisions of this-Division. The evaluation or
reanalysis shall 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-
mentSvand the Construction Code or alternative provi-
stons 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 MECHANICAL JOINTS

The type of piping joint used shall be suitable for the
Design Loadings and shall be selected with consideration
of joint tightness, mechanical strength, and the nature of
the fluid handled. Piping joints shall conform to the re-
quirements of the Construction Code, with leak tightness
being a consideration in selection and design of joints for
piping systems to satisfy the Owner’s Requirements.
Sleeve-coupled and other patented piping joints may be

34


https://asmenormdoc.com/api2/?name=ASME BPVC.XI.1 (ASME BPVC  Section 11 Division 1) 2025.pdf

ASME BPVC.X1.1-2025

designed to later editions of the Construction Code or Sec-
tion III. In addition to the Construction Code and Owner’s
requirements, the following shall be met:

(a) Threaded joints in which the threads provide the
only seal shall not be used for Class 1 applications. 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.

(b) Expanded joints shall not be used in Class 1
applications.

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 temperaturerating
is attached to the item or piping system, the<Owner or the
Owner's designee shall attach a new nameplate as close as
practicable to the original nameplate."This nameplate
shall contain the revised ratings and a réference to the re-
rating documentation.

(f) An ASME Certificate ef*Authorization is not
required.

IWA-4332 Evaluation of Flaws

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 TWA-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
performed to contain or isolate a defective area without
removal of the defect, provided the following require-
ments are met.

(a) These requirements shall applytophysical modifi-
cations only.

(b) The alternative provisions\0f IWA-4131 may be ap-
plied to any portion of the mitigation performed in accor-
dance with IWA-4340 only“if the item containing the flaw
meets the limitatioftrs of IWA-4131.1(b) or
IWA-4131.1(c).

(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) Theydefect shall be characterized using nondestruc-
tivesexamination 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
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material, 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.

(1) 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 perfefmed
by a Repair/Replacement Organization shatl*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.

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 orlportions thereof, and Code Cases may be used
provided.the substitution is as listed in IWA-4221(c). Fil-
ler metdl requirements shall be reconciled, as required, in
aecordance with [WA-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,
and brazers. Welders and brazers include welding and
brazing operators unless otherwise specified.

(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.

(9) The requirements of IWA-4700 shall be used for
tube plugs and sleeves in Class 1 heat exchangers. The ye-
quirements of IWA-4700 may be used for welded installa-
tion of tube plugs and sleeves in Class 2 and Class:3“heat
exchangers.

(h) Classes 1, 2, and 3 austenitic stainlegssteel 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 fluxessand 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-
ceptéd by the Inspector. Procedures for welding and braz-
ingAiller 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 in accordance with the follow-
ing requirements:

(a) Defect removal by mechanical processing’’ shall be
in accordance with IWA-4462.

(b) Defect removal by thermal methods shall be in ac-
cordance with IWA-4461.

(c) Defect removal by welding or brazing shall be in ac-
cordance with [IWA-4411.

(1) Defect removal may include removal of all or a
portion of the defective item, accompanied by installation
of new material, either in accordance with the existing
configuration or in a new configuration. Design or config-
uration changes shall meet IWA-4311.
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(2) Welding or brazing to restore the minimum re-
quired material thickness may be considered defect re-
moval. In this case, IWA-4422 does not apply.

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
NDE evaluation or analytical evaluation provisions of Sec-
tion XI, or the design provisions of the Owner’s Require-
ments 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, exceptias provided below.

(1) A surface examinatiofnis not required when the
defect is eliminated by réméving the full cross-section
of the weld or base material.

(2) When surface‘examination of the excavation can-
not be performedcr 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
IWA-4422.1(b) in lieu of the surface examination. Alter-
native/NDE methods may be used to characterize any re-
maijning 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 perforiied 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 or Repair/Replacement Organization may be used
by another Owner oryRepair/Replacement Organization.
The Owner or Repait/Replacement Organization that per-
formed 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-4142.

(1) The Owner or Repair/Replacement Organization
accepting the completed PQR shall be responsible for ob-
taining any additional supporting information needed for
WPS or BPS development.

(2) The Owner or Repair/Replacement Organization
accepting the completed PQR shall document, on each re-
sulting WPS or BPS, the parameters applicable to welding
or brazing. Each WPS or BPS shall be supported by all nec-
essary PQRs.

(3) The Owner or Repair/Replacement Organization
accepting the completed PQR shall accept responsibility
for the PQR by documenting the Owner’s or Repair/Re-
placement Organization’s approval of each WPS or BPS
that references the PQR.

(4) The Owner or Repair/Replacement Organization
accepting the completed PQR shall demonstrate technical
competence in application of the received PQR by com-
pleting a performance qualification using the parameters
of a resulting WPS or BPS.

(5) The Owner or Repair/Replacement Organization
may accept and use a PQR only when it is received di-
rectly from the Owner or Repair/Replacement Organiza-
tion 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/Re-
placement Plan. Alternatively, a welder or brazer quali-
fied by one Owner or Repair/Replacement Organization
may be used by another Owner or Repair/Replacement
Organization, if the following requirements are met:
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(1) The Owner or Repair/Replacement Organization
that performed the qualification test shall certify, by sign-
ing the record of Performance Qualification (WPQ or
BPQ), that testing was performed in accordance with Sec-
tion IX.

(2) The Owner or Repair/Replacement Organization
that performed the qualification test shall certify, in writ-
ing, that the qualification was conducted in accordance
with a Quality Assurance Program that satisfies the re-
quirements of IWA-1400.

(3) The Owner or Repair/Replacement Organization
accepting the WPQ or BPQ shall obtain any necessary sup-
porting information to satisfy Section IX, QW-301.4 (e.g.,
Welding Procedure Specification, type of tests).

(4) The Owner or Repair/Replacement Organization
accepting the WPQ or BPQ shall require each welder or
brazer to demonstrate proficiency by completing a re-
newal qualification test in accordance with Section IX,
QW-322.2(a) or QB-322(b).

(-a) 1If 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 or Repair/Replacement Organization
accepting the WPQ or BPQ shall accept responsibility
for the Performance Qualification Test and shall docu-
ment acceptance on the WPQ or BPQ for the renewal test.
This WPQ or BPQ shall reference the WPQ or BPQ sup-
plied by the Owner that performed the qualification.

(6) The Owner or Repair/Replacement Organizatién
accepting the WPQ or BPQ shall accept responsibility
for compliance with Section IX, QW-322.

(7) The Owner or Repair/Replacement Organization
may accept and use a WPQ or BPQ only if it is'received di-
rectly from the Owner or Repair/Replacement Organiza-
tion that performed the qualification,

(8) The Owner or Repair/Replacement Organization
accepting the WPQ or BPQ shall comply with the Quality
Assurance requirements of IWA:4142.

(d) Welders and brazers need not be employed directly
by the Repair/Replacement Organization, provided the
use of such welders and brazers is controlled by the Qual-
ity Assurance Program of the Repair/Replacement Orga-
nization. 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.

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
[WA-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 4, in.
(1 mm) of material shall berémoved from the cavity to be
welded.

(2) When welding is not to be performed, at least
Y16 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 shew 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
[WA-4461.1-1, material shall be removed to bright metal
by a mechanical method.

IWA-4461.3 ALl Other Materials. If thermal removal
processes are used on materials other than those listed in
IWA-4461.1 and IWA-4461.2, at least Y/, in. (1.5 mm) of
material shall be mechanically removed from the ther-
mally processed area.

IWA-4461.4 Alternatives to Mechanical Processing.
Mechanical processing of thermally cut surfaces is not re-
quired if the thermal metal removal process is qualified as
follows:

(a) The qualification test assembly for all ferrous mate-
rials, other than austenitic stainless steel or nickel base
materials, shall consist of two coupons comparable to
those to be cut in production as follows:

(1) The test coupon material shall be of the same
P-No. and Group Number as the material to be cut in
production.

(2) Alternatively, when the work piece does not have
an associated P-No., the test coupon material shall have a
carbon equivalence (CE) equal to or greater than the ma-
terial to be cut in production. The CE shall be determined
using Figure IWA-4663.1-1.

(b) The qualification test assembly for austenitic stain-
less steel or nickel base materials shall consist of two cou-
pons comparable to those to be cut in production as
follows:
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Table IWA-4461.1-1
Minimum Preheat Temperature, °F (°C)

P-No. 4 and P-Nos. 5A, 5B,
P-No. 3, and P-Nos. 94, 9B, and 5C, and P-Nos. 10A, 10B, 10C,
P-No. 11A and 9C P-No. 6 P-No. 7 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 %, in. (19 mm) and greater.

(1) The test coupon material shall be of the same  IWA-4512 Use of Section V
P-No. and grade as the material to be cut in production.

(2) Alternatively, when the work piece does not have
an associated P-No., the test coupon material shall be the
same material type or grade as the material to be cut in
production.

(c) The qualification coupons shall be cut using the
maximum heat input to be used in production.

(d) The thermally cut surface of each coupon shall be IWA-4520 EXAMINATION
visually examined at 10X magnification and shall be free
of cracks. The Owner shall specify surface roughness ac-
ceptable for the application and shall verify that the qual-
ification coupon meets that criterion.

(e) Each qualification coupon shall be cross sectioned,
and the exposed surfaces shall be polished, etched, and vi-
sually examined at 10X magnification. All sectioned sur-
faces shall be free of cracks.

(f) 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.

For Section V examination methodologies referenced
by the Construction Code, the Edition and Addenda of Sec-
tion V shall be the same as the-Edition and Addenda of the
Construction Code. Alternatively, Articles from later Edi-
tions and Addenda of Seetion’V may be used, provided re-
lated requirements of thoSe Articles are met.

(a) Weldinger brazing areas and welded joints made
for fabrication or installation of items by a Repair/Re-
placement.Organization shall be examined in accordance
with-thé 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-
IWA-4462 Mechanical Defect Removal Processes  struction Code or Section IIL

(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:

(a) If a mechanical removal proééss is used for defect
excavation and removal where Welding is not to be per-
formed, the area shall be fairéd into surrounding area.

(b) Where cavity 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 (1) The surface examination methods shall be limited
to those permitted by the Construction Code.

IWA-4510." GENERAL REQUIREMENTS (2) If the Construction Code requires radiographic

IWA-4511 NDE Personnel Qualification examination, the Owner may instead authorize use of ul-

trasonic examination in accordance with Nonmandatory
Appendx AA for ferritic or austenitic pipe welds that are
part of a repair/replacement activity.

(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

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.

(25)
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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
[WA-4530 and shall be completed prior to returning the
system to service.

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 CLASS 1, 2,
AND 3 ITEMS FOLLOWING REPAIR/
REPLACEMENT ACTIVITIES

(a) No pressure testing is required for the following re-
pair/replacement activities or associated items:

(1) components or connections NPS 1 (DN 25) or
smaller

(2) bolts, studs, nuts, and washers

(3) threaded or bolted connections

(4) non-pressure-retaining items, such as_supports,
mechanical attachments, pump shafts, or valye'stem seals

(5) valve discs or seats

(6) heat exchanger tube plugging and*sleeving

(b) Replacement components and appurtenances shall
be pressure tested in accordance with the Construction
Code selected for use in accordance with IWA-4221.

(c) Unless exempted by (a).er (d) or addressed by (f),
repair/replacement activities performed by welding or
brazing on a pressure-retaining item shall include a pres-
sure test in accordance-with Article IWA-5000 after com-
pletion of the welding or brazing and prior to, or as part
of, returning to service. Only brazed joints and welds
made in the-course of a repair/replacement activity with-
in the boundaries of IWB-5222(b), IWC-5222, or
IWD-52227 require pressurization and VT-2 visual exam-
ination“during the test.

{d) The following repair/replacement activities per-
formed by welding or brazing on a pressure-retaining
item are exempt from any pressure test:

(1) cladding

(2) welding or brazing that does not penetrate
through the full thickness of the pressure-retaining
material

(3) flange seating surface when less than half the
flange axial thickness is removed and replaced

(4) tube-to-tubesheet welds when such welds are
made on the cladding

(5) seal welds

(6) welded or brazed joints between non-pressure-
retaining items and the pressure-retaining portion of
the components

(7) Class 2 and Class 3 welds that are examined by.a
volumetric or surface method satisfying the applicablere-
quirements of the Construction Code and Owuner's
Requirements

(e) Brazed joints and welds in pressure-retaining re-
placement parts and piping subassembli€s, other than
valve discs or seats, fabricated by th€ Repair/Replace-
ment Organization, or fabricated in-accordance with the
Construction Code without a hydfostatic or pneumatic
pressure test, shall be pressure tested as required by (c).
(f) Repair/replacement activities performed by weld-

ing or brazing on piping{including isolation valves, desig-
nated Class 2, that penetrates a containment vessel and
where the balance jof the piping system inside and outside
the containment'is not within the scope of Section XI, a 10
CFR 50, Appendix ] Type C test, system leakage test in ac-
cordance Wwith IWA-5211(a), or pneumatic test in accor-
dance with' IWA-5211(c) shall be performed. If there is
detectable leakage during the Appendix | test, the brazed
joimts or welds shall be tested to confirm there is no leak-
age through the brazed joints or welds.

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, IWA-4670, or IWA-4680 may be used in lieu
of the welding and nondestructive examination require-
ments of the Construction Code or Section III, provided
the requirements of IWA-4610 are met. Existing temper
bead Welding Procedure Specifications and Procedure
Qualification Records made in accordance with
IWA-4610 and IWA-4620, IWA-4630, or IWA-4640 from
the 1989 Edition or later editions or addenda may still
be used without requalification.

(2) For welding of Class MC metal containments and
their integral attachments and metallic liners of Class CC
containments and their integral attachments, the
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provisions of IWA-4620, IWA-4670, or IWA-4680 may be
used, provided the requirements of IWA-4610 are met.
Existing temper bead Welding Procedure Specifications
and Procedure Qualification Records made in accordance
with IWA-4610 and IWA-4620 from the 1989 Edition or
later editions or addenda may be used without requalifi-
cation. Alternatively, existing Welding Procedure Specifi-
cation and Procedure Qualification Records made in
accordance with the butter bead provisions of
IWA-4650, 1989 Edition or later editions or addenda
through the 2015 Edition, may be used without
requalification.

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,
IWA-4670, or IWA-4680, as applicable. Except as per-
mitted by IWA-4672(c), thermocouples and recording in-
struments shall be used to monitor the process
temperatures. Their attachment and removal shall be in
accordance with Section 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. Prior simulated postweld
heat treatment on the procedure qualification test assem<
bly is neither required nor prohibited. However, ifused,
the simulated postweld heat treatment shall not'exceed
the time or temperature already applied to{he‘base ma-
terial to be welded.

(-b) Consideration shall be givento 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) If qualifying ambient temperature temper
bead procedures of IWA24670 or IWA-4680, the maxi-
mum interpass temperature for the first three layers of
the procedure qualification test assembly shall be 150°F
(66°C).

(-d) Témper bead welding procedures used in
IWA-4620, .IWA-4630, IWA-4640,IWA-4670, or
IWA-4680-shall be qualified in accordance with Section
IX, QW-290. For cladding procedures, the impact test es-
sential variables of Section IX, QW-290.4 shall apply; how-
ever, impact qualification testing and hardness testing of
the procedure qualification test assembly are not re-
quired. For all other procedures, the impact test essential
variables of Section IX, QW-290.4 shall apply, and the fol-
lowing impact test requirements for the procedure qual-
ification shall be met:

(-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. For all qualification tests, 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 same manner as the HAZ specimens. The'o-
cation and orientation of the test specimens shall be as
specified in (-3) below but shall be in the base{metal. Im-
pact testing of austenitic materials (nickel-based P-No. 4X
and stainless steel P-No. 8) is not required-

As an alternative to the requiréments in the pre-
ceding paragraph, the ferritic test@ssembly base material
may be tested by Charpy V-noetch testing in accordance
with the requirements of (+a)and (+b). Drop weight test-
ing, when required by the Construction Code, need not be
performed.

(+a) The_Charpy V-notch test temperature
shall be determined from (+1), (+2), or (+3) and shall
be in the tramsition temperature range of the base
material.

(+1) a full Charpy V-notch transition tem-
perature-curve provided in the Certified Material Test Re-
port for the test assembly base material

(+2) a full Charpy V-notch transition tem-
perature curve developed by impact testing of the test as-
sembly base material

(+3) one or more Charpy V-notch tests of
the test assembly base material where test specimens ex-
hibit lateral expansion values of 35 mils to 50 mils (0.89
mm to 1.3 mm)

(+b) The location and orientation of the test
specimens shall be as specified in (-4) but shall be in
the base metal.

(-2) Charpy V-notch tests of weld metal of the
procedure qualification shall meet the requirements as
determined in (-1) above. Drop weight tests, when re-
quired for the weld metal by the Construction Code in
(-1), need not be performed.

(-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 practicable to a depth of one-half the
thickness 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 approxi-
mately normal to the material surface in such a manner
as to include as much HAZ as possible in the resulting
fracture. If 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.
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(-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 x 10 mm
specimens. The lateral expansion, percentage shear, ab-
sorbed energy, test temperature, orientation, and location
of all test specimens shall be reported in the Procedure
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 qual-
ification meets all other requirements, then either of the
following shall be performed:

(+a) The welding procedure shall be
requalified.

(+b) An Adjustment Temperature or lateral
expansion value for the procedure qualification shall be
determined and applied in accordance with the applicable
provisions of NB-4335.2 of the 2004 Edition or later.

(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 positiohs
required, using the same parameters and simulated phy-
sical obstructions as are involved in the repair/replace-
ment activity.

(c) VT-1 visual examinations required by\IWA-4620,
IWA-4630, IWA-4670, or IWA-4680 shall meet the
following:

(1) VT-1 visual examination shalhbe performed using
a procedure that meets the requirements of IWA-2210.

(2) VT-1 visual examinationpersonnel shall be qual-
ified in accordance with IWA<2300 and shall receive addi-
tional training in examination of weldments for
fabrication condition§,jincluding dimensional require-
ments and fabricatiopt flaws.

(3) Visual examination acceptance standards shall
comply with‘the following:

(-aJ)\ Linear indications are indications in which
the length-is more than 3 times the width. Rounded indi-
catjens/are circular or elliptical with length equal to or
less-than 3 times the width.

(-b) Only indications with major dimensions
greater than Y/, 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 ¥ in. (5 mm)

(-3) four or more rounded indications in a line
separated by ;4 in. (1.5 mm) or less edge-to-edge

(-4) ten or more rounded indications in any
6 in.? (4 000 mm?) of surface with major dimension of this
area not to exceed 6 in. (150 mm) with the area taken in
the most unfavorable location relative to the indication
being evaluated

(d) Temper bead welding shall not be used for repair of;

materials from inside the reactor vessel within the belt-
line region or on vessel internals within the beltline ‘re-
gion, under the following conditions:

(1) ferritic material where fast neutron fluence expo-
sure is greater than 1 x 10" n/cm?® (E > 1 MeV)

(2) nickel-base material where thermal neutron flu-
ence exposure is greater than 1 x 10*7f/cm? (E < 0.5 eV)

(3) austenitic stainless steel (P=No. 8), where thermal
neutron fluence exposure is greater than 1 x 107 n/cm?
(E < 0.5 eV), and measured or calculated helium concen-
tration in the P-No. 8 materiali§ greater than 0.1 APPM."*

(e) For repairs on the@©utside of the reactor vessel shell
on ferritic material where fast neutron fluence exposure
is indeterminate or greater than 1 x 10'” n/cm? (E > 1
MeV), the applicable examinations of IWA-4624.1(c),
IWA-4634.1(b),,TWA-4673(b), or IWA-4683(b) shall also
include the‘adjacent vessel base material as follows:

(1)’ The surface examination shall include Y, in. (13
mm)“gf the reactor vessel base material beyond the de-
posited weld metal.

(2) If practicable, the volumetric examination shall
include the following:

(-a) the heat-affected zone below the weld deposit

(-b) the reactor vessel base material adjacent to
the deposited weld metal to a distance of %/, in. (13
mm) and to a depth of % in. (5 mm)

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, and IWA-4644, as applicable.

(c) Metal removal by thermal methods shall comply
with IWA-4413.

IWA-4611.2
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

Examination Following Defect Re-
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removes the full thickness of the weld and the back side of
the weld joint is not accessible for removal of examination
materials.

(b) Indications detected as a result of the excavation
that are not associated with the defect being removed
shall be subject to an NDE evaluation 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 and 3*?
base materials and associated welds may be performed
without the specified postweld heat treatments, provided
the requirements of (b), (c), (d), IWA-4623, and
IWA-4624 are met.

(b) The maximum area of an individual weld based on
the finished surface shall be 500 in.? (325000 mm?),
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. Peening shall not be used on the fi-
nal weld surfaces, except as permitted in (d) below.

(d) Peening demonstrated to reduce residual surface
tensile stresses is permitted on the final weld surfaces
after any required surface examinations are completed.
A VT-1 visual examination in accordance with
IWA-4610(c) shall be performed after this peening.

IWA-4623 Welding Procedure

IWA-4623.1 Shielded Metal-Arc Welding. The proce-
dure shall include the requirements of (a) threugh (f):

(a) Welding electrodes shall meet the sequirements
for supplemental designators Ry Indicating a
moisture-resistant coating, and “H4,’¢dindicating that they
are low in diffusible hydrogen (<4 mL/100 g), as defined
in the applicable specifications in‘Section II, Part C. Weld-
ing electrodes shall be supplied\in unopened, hermetically
sealed containers or vacuummssealed packages.

(b) Electrodes shall be‘used directly from vacuum-
sealed packages or hermetically sealed containers, or
shall be placed in-storage at 225°F to 350°F (110°C to
180°C) prior te use.

(c) Electrodes not consumed within 8 hr for E70XX
electrodesyor 4 hr for EBOXX and E90XX after removal
from vacuum-sealed packages, hermetically sealed con-
tainers, or storage at 225°F to 350°F (110°C to 180°C)
shall'not be used for temper bead welding. The use of re-
heated or rebaked electrodes is not permitted.

(d) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125 mm), whichever is less, shall be preheated and main-
tained at a minimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(e) Weld the cavity in accordance with the qualified
Section IX, QW-290 WPS described in IWA-4610(b).

(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 autormatic
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 thiekiess or 5 in.
(125 mm), whichever is less, shall be prelieated and main-
tained at a minimum temperature of 300°F (150°C). The
maximum interpass temperature'shall be 450°F (230°C).

(c) Weld the cavity in accordance with the qualified
Section IX, QW-290 WPS déseribed in IWA-4610(b).

(d) The weld area shdll 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.

(@) 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) Nondestructive examinations shall be performed
after the completed weld has cooled to ambient tempera-
ture. The nondestructive examination of the welded re-
gion 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.

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-Nos. 1 and 3% material
may be made without the specified postweld heat treat-
ment, provided the requirements of (b), (c), (d),
IWA-4633 and IWA-4634 are met.
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(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
Ys 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 % 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.? (325 000 mm?).

(c) Weld metal and heat-affected zones may be peened
to control distortion. Peening shall not be used on the fi-
nal weld surfaces, except as permitted in (d) below.

(d) Peening demonstrated to reduce residual surface
tensile stresses is permitted on the final weld surfaces
after any required surface examinations are completed.
A VT-1 visual examination in accordance with
IWA-4610(c) shall be performed after this peening.

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.

(b) Welding electrodes shall be supplied in unopened,
hermetically sealed containers or vacuum-sealed
packages.

(c) Electrodes shall be used directly from/vacuum-
sealed packages or hermetically sealed containers, or
shall be placed in storage at 225°F to 350°F (110°C to
180°C) prior to use.

(d) Electrodes not consumed within8 hr after removal
from vacuum-sealed packages, hermetically sealed con-
tainers, or storage at 225°F t0~350°F (110°C to 180°C)
shall not be used for temperbead welding. The use of re-
heated or rebaked electrodes is not permitted.

(e) The area to be:welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125 mm), whichever is less, shall be preheated and main-
tained at a miinimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(f) Weld the cavity in accordance with the qualified
Section/1X, QW-290 WPS described in IWA-4610(b).

g) When at least %, in. (5 mm) of weld metal has been
deposited, the balance of the welding, if any, may be per-
formed using ambient temperature preheat and maxi-
mum interpass temperature of 350°F (180°C).

IWA-4633.2 Gas Tungsten-Arc Welding. The proce-
dure shall include the requirements of (a) through (e).

(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.
(125 mm), whichever is less, shall be preheated and{rain-
tained at a minimum temperature of 300°F (150°C). The
maximum interpass temperature shall be 450°%F (230°C).

(d) Weld the cavity in accordance with’the qualified
Section IX, QW-290 WPS described infTWA-4610(b).

(e) When at least %, in. (5 mm) of weld metal has been
deposited, the balance of the welding, if any, may be per-
formed using ambient temperature preheat and maxi-
mum interpass temperature.of 350°F (180°C).

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) Nohdestructive examinations shall be performed
after the completed weld has cooled to ambient tempera-
turé,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 IIL

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 and 3'? base
materials when the ferritic material is within Y in.
(3 mm) of being exposed may be performed 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 shall be 500 in.?
(325 000 mm?), and the depth of the weld into the ferritic
material shall not be greater than Y, 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 (g).

(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.

(25)
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(b) Welding electrodes shall be supplied in unopened,
hermetically sealed containers or vacuum-sealed
packages.

(c) Electrodes shall be used directly from vacuum-
sealed packages or hermetically sealed containers, or
shall be placed in storage at 225°F to 350°F (110°C to
180°C) prior to use.

(d) Electrodes not consumed within 8 hr after removal
from vacuum-sealed packages, hermetically sealed con-
tainers, or storage at 225°F to 350°F (110°C to 180°C)
shall not be used for temper bead welding. Use of re-
heated or rebaked electrodes is not permitted.

(e) The area to be welded plus a band around the area
of at least 1.5 times the component thickness or 5 in.
(125 mm), whichever is less, shall be preheated and main-
tained at a minimum temperature of 350°F (175°C). The
maximum interpass temperature shall be 450°F (230°C).

(f) Weld the cavity in accordance with the qualified
Section IX, QW-290 WPS described in IWA-4610(b).

(g) When at least ¥4 in. (5 mm) of weld metal has been
deposited, the balance of the welding, if any, may be per-
formed using ambient temperature preheat and maxi-
mum interpass temperature of 350°F (180°C).

IWA-4643.2 Gas Tungsten-Arc Welding. The proce-
dure shall include the requirements of (a) through (e).

(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.
(125 mm), whichever is less, shall be preheated and main-
tained at a minimum temperatureof 300°F (150°C). The
maximum interpass temperature shall be 450°F (230°C).

(d) Weld the cavity in aceordance with the qualified
Section IX, QW-290 WPS-described in IWA-4610(b).

(e) When at least % {in. (5 mm) of weld metal has been
deposited, the balance of the welding, if any, may be per-
formed using ambient temperature preheat and maxi-
mum interpass.temperature of 350°F (180°C).

IWA-4644° Examination

IWA;4644.1 Examination Requirements.

(@) 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) Nondestructive examinations shall be performed
after the completed weld has cooled to ambient tempera-
ture. The examination 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.

IWA-4660 UNDERWATER WELDING
IWA-4661 Scope and General Requirements

(a) These requirements® 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 operato¥s are qualified in
accordance with Section IX as modified by IWA-4662 or
IWA-4663, as applicable.

(d) Dry underwater weldifig may be performed with
GMAW, GTAW, LBW, PAW,/SMAW, or a combination of
these processes.

(e) Wet underwatér-welding may be performed with
GMAW (FCAW-type only), LBW, SMAW, or a combination
of these processes!

(f) IWA-4660 may not be used for welding of the fol-
lowing materials:

(1) P;No. 1 material exposed to fast neutron fluence
greater than 1 x 10'7 n/cm? (E > 1 MeV)

(2) P-No. 8 material exposed to thermal neutron flu-
ence greater than 1 x 10" n/cm? (E < 0.5 eV) and con-
taining measured or calculated helium content
exceeding 0.1 APPM*!

(3) P-No. 4X material exposed to thermal neutron flu-
ence greater than 1 x 10'” n/ecm? (E < 0.5 eV)

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.”’

(5) For SMAW and FCAW, use of a larger diameter
electrode than that used in qualification.
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Table IWA-4662.1-1
Depth Limitations for Underwater Welding

Qualification
Max. Depth
Qualified Min. Depth
Type of Welding [Note (1)] 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.

(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 ffom 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 theymethod of protecting, removing
moisture from, or gthérwise 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-
ablesylisted 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
electrode than that used during performance
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. T\base metals, the supplemen-
tary essential variables éfSection IX apply to both impact-
tested and non-impactitésted base metal. The impact test
requirements of the Construction Code shall apply for
qualification of welds joining materials required by the
Construction Code to be impact tested. The following vari-
ables shall\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 Y, in. (6 mm).
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Table IWA-4662.1-2
Procedure and Performance Qualification — Position Limitations

Position and Type of Weld Qualified [Note (1)]

Plate Pipe
Qualification Test Weld Plate or Pipe Positions Groove Fillet Groove Fillet
Plate-groove 1G F F F F
2G H H H H
3G \' \'
4G 0 0
Pipe-groove 1G F F F F
2G H H H H
5G F,V,0 F,V,0 F,V,0 F,V,0
6G All All All All
NOTE:
(1) Positions of welding:
F = Flat
H = Horizontal
V = Vertical
0 = Overhead

(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.

(13) For P-No. 1 base materials, a change from multi=
pass per side to single pass per side.

(b) Additional nonessential variable: a decreasé«in‘in-
cluded angle, a decrease in root opening, or an in€rease
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 inlactcordance with Section IX,

Figure IWA-4663.1-1
Carbon Equivalency Calculation

Ni + Cu
15

Mn + Si Cr+ Mo +V

E =
C C+ 6 + 5

GENERAL NOTE: The chemical analysis for carbon
equivalent calculations for the production base ma-
terial may be obtained from the mill test certificate
or chemical analysis. If chemical analysis is not avail-
able for Cr, Mo, V, Ni, and Cu, the carbon equivalent
may be determined by using 0.1 for the term

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
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(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.

(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 appli-
cable 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 nfe-
tals to be joined.

(3) The chemical composition shall meet the-applica-
ble SFA specification requirements for the astdeposited
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) andyif 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-practicable to a depth of one-half the thickness
of thedeposited 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 x 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-1b (34 ]).

(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 Examinatioh.In lieu of any re-
quired surface examination, the following apply:

(a) A surface examination sHall be conducted with an
ultrasonic or eddy current sutface examination procedure
qualified for the underwater ‘environment.

(b) If ultrasonic and.eddy current methods cannot be
performed or will notprovide meaningful results, the sur-
face shall be VT-1 visually examined with a procedure
meeting the requirements of IWA-2200.

(c) An NDE,evaluation of the ultrasonic, eddy current,
and visual\surface indications shall be performed using
the surface examination acceptance criteria of the Con-
struction Code, Section I1I, 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. An NDE evaluation of indications shall be per-
formed using the volumetric acceptance criteria of the
Construction Code, Section 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 USING GAS
TUNGSTEN ARC 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.
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IWA-4671 General Requirements

(a) Repair/replacement activities are limited to P-Nos.
1 and 3" materials, and their associated welds, and welds
joining P-No. 8 or P-No. 43 materials to P-Nos. 1 and 3'2
materials.

(b) The maximum area of an individual weld based on
the finished surface over the ferritic material shall be
1,000 in.? (650 000 mm?) for full circumferential weld
overlays and 500 in.? (325 000 mm?) 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 Y% 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 % in. (10 mm)!

(e) Prior to welding, the area to be welded and-a*band
around the area of at least 1%, times the compofient thick-
ness or 5 in. (130 mm), whichever is less, shall)be at least
50°F (10°C).

(f) Weld metal and heat-affected zones may be peened
to control distortion. Peening shall not be used on the fi-
nal weld surfaces, except as permiittéd in (g) below.

(g) Peening demonstrated, to Teduce surface tensile
stresses is permitted on. thee*final weld surfaces after
any required surface examinations are completed. A
VT-1 visual examination in accordance with
IWA-4610(c) shall'be performed after this peening.

IWA-4672 Welding Procedure Requirements

The pfocedure shall include the following
requiréments:

(d) The weld metal shall be deposited using the auto-
matic or machine GTAW process.

(b) The maximum 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 limitation of Sec-
tion IX, QW-406.3 need not be applied.

(c) The interpass temperature shall be determined by
direct measurement (e.g., pyrometers, temperature-
indicating crayons, thermocouples) during welding. If

direct measurement is impracticable (e.g., because of geo-
metric limitations or radiological reasons), interpass tem-
perature 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 itém
being welded
(-d) thermal conductivity and diffusitvity 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 weldingtefthe test coupon.

(d) Particular cafe-shall be given to ensure that the
weld region is free of potential sources of hydrogen.
The surfacesjto be welded, filler metal, and shielding
gas shall be‘suitably controlled.

IWA-4673 Examination

Except as permitted in (a), the following examinations
shall be performed in accordance with the Construction
€ode or Section III:

(a) 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 IWA-4610(c) are
met.

(b) Examination of the welded region shall include both
volumetric and surface examination methods. If ferritic
materials are used, the weld shall be nondestructively ex-
amined after the completed weld has been at ambient
temperature for at least 48 hr. Ultrasonic examination
shall be performed using procedures qualified at least
in accordance with the low rigor requirements of Section
V, Article 14.

(c) Areas from which weld-attached thermocouples
have been removed shall be ground and examined using
a surface examination method.

(d) Acceptance criteria for surface and volumetric ex-
amination shall be in accordance with the Construction
Code or Section III.

IWA-4680 AMBIENT TEMPERATURE TEMPER
BEAD WELDING USING SHIELDED
METAL ARC WELDING

Ambient temperature preheat may be used for welding
similar materials and dissimilar materials, with the fol-
lowing additional requirements.
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IWA-4681 General Requirements

(a) Repair/replacement activities are limited to P-Nos.
1 and 3'% materials and their associated welds and welds
joining P-No. 8 or P-No. 43 materials to P-Nos. 1 and 32
materials.

(b) The maximum area of an individual weld based on
the finished surface over the ferritic material shall be
500 in.? (325 000 mm?), 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 restrictions 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 Y 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 ¥ in. (10 mm).

(e) Prior to welding, the area to be welded and a band
around the area of at least 1%, times the component thick-
ness or 5 in. (130 mm), whichever is less, shall be at least
50°F (10°C).

(f) Weld metal and heat-affected zones may be peened
to control distortion. Peening shall not be used{on the fi-
nal weld surfaces, except as permitted in (g} below.

(g) Peening demonstrated to reduce.residual surface
tensile stresses is permitted on the\final weld surfaces
after any required surface examinations are completed.
A VT-1 visual examination’ih accordance with
IWA-4610(c) shall be performed after this peening.

IWA-4682 Welding Procedure Requirements

The procedure shallinclude the requirements of (a)
through (f).

(a) The weldunétal shall be deposited using the manual
SMAW process.

(b) Feftritic weld metal used shall meet the following
additional requirements:

(1) Welding electrodes shall meet the requirements

for supplemental designators R, indicating a
moisture-resistant coating, and “H4,” indicating that they
are low in diffusible hydrogen (<4 mL/100 g), as defined
in the applicable specifications in Section II, Part C. Weld-
ing electrodes shall be supplied in unopened, hermetically
sealed containers or vacuum-sealed packages.

(2) Electrodes shall be used directly from vacuum-
sealed packages or hermetically sealed containers, or
shall be placed in storage at 225°F to 350°F (110°C to
180°C) prior to use.

(3) Electrodes not consumed within 8 hr for E70XX
electrodes or 4 hr for EBOXX and E90XX after removal
from vacuum-sealed packages, hermetically sealed con-
tainers, or storage at 225°F to 350°F (110°C to 180°C)
shall not be used for temper bead welding. Use of ne-
heated or rebaked electrodes is not permitted.

(c) Austenitic or nickel-based weld metal used shall
meet the following requirements:

(1) Welding electrodes shall be supplied in
unopened, hermetically sealed containers or vacuum-
sealed packages.

(2) Electrodes shall be used directly from vacuum-
sealed packages or hermetically<sealed containers, or
shall be placed in storage at 225°F to 350°F (110°C to
180°C) prior to use.

(3) Electrodes not@ensumed within 8 hr after re-
moval from vacuum-sealed packages, hermetically sealed
containers, or storage at 225°F to 350°F (110°C to 180°C)
shall not be used for temper bead welding. Use of re-
heated or rebaked electrodes is not permitted.

(d) The maximum 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 requirements
of Section IX, QW-406.3 need not be met.

(e) The interpass temperature shall be determined by
direct measurement (e.g., pyrometers, temperature-
indicating crayons, thermocouples) during welding.

(f) Particular care shall be given to ensure that the
weld region is free of potential sources of hydrogen.
The surfaces to be welded and filler metal shall be
suitably controlled.

IWA-4683 Examination

Except as permitted in (a), the following examinations
shall be performed in accordance with the Construction
Code or Section IIL

(a) Prior to repair welding, surface examination shall
be performed on the area to be welded. When surface ex-
amination 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 may be per-
formed, provided the requirements of IWA-4610(c) are
met.

(b) Examination of the welded region shall include both
volumetric and surface examination methods. If ferritic
materials are used, the weld shall be nondestructively ex-
amined after the completed weld has been at ambient
temperature for at least 48 hr. Ultrasonic examination
shall be performed using procedures qualified at least
in accordance with the low rigor requirements of Section
V, Article 14.
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(c) Areas from which weld-attached thermocouples
have been removed shall be ground and examined using
a surface examination method.

(d) Acceptance criteria for surface and volumetric ex-
amination shall be in accordance with the Construction
Code or Section III.

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 Piocedure 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 perfoermance qualification record shall also
list the procedure number and revision that was used
for testing; the record of operator experience shall be
kept current.

IWA54711.2 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
[X, 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 walkthick-
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% et more in the explosive charge
mass.

(9) a decrease~of 15% or more in the tubesheet
ligament.

(10) thédeletion 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)]

(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.
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(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 50X
or greater magnification for the length of the explosive
bond. The bonding shall be considered acceptable if there
is a minimum of five times the nominal tube wall thick-
ness 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 10X 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 3 mini-
mum of five plugs in conformance with an expleosive plug
Welding Procedure Specification. Acceptahce 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 witly,;the requirements of
IWA-4711.2.1(d). All five welds' must meet these accep-
tance standards for perfopmance 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-oronger, or when there is specific reason to
question‘the“individual's ability to make quality welds in
accordance with the PPS. Renewal of qualification shall be
ideftical to the initial qualification, except that only one
tube plug explosive weld needs to 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 installationand correct
location.

IWA-4712 Fusion Welding

The requirements of IWA-47421 through IWA-4712.5
shall be met when manual, mfachine, or automatic welding
is used to join plugs to Class 1 heat exchanger tubes of
P-Nos. 8 and 4X material.er tubesheet holes of austenitic
stainless steel or nickel base material. These require-
ments may be used‘for Classes 2 and 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 @¢gepted for use by Section III. Material produced
tod@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.

(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
qualification 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 % 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.
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(-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 Y 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 % 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 1%, 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 facilitaté
sectioning. One section of each plug shall be polished;
etched, and visually examined at 10X magnification. The
weld throat and minimum leakage path shall not\be less
than that required by the Construction Codesand Owner’s
Requirements. The welds shall be free of ¢racks 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 requirementsof (a).

(2) For welders,and welding operators, five consecu-
tive acceptable wélds shall be made and examined in ac-
cordance with((a)(6). The performance qualification shall
be made in accordance with a WPS 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 used the process
for 6 months or longer, or when there is a specific reason
to question the individual's ability to make’quality welds
in accordance with the WPS. Renewal of qualification
shall be identical to the initial qualification, except that
only one weld needs to 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, ineluding 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

(€) requirements for preparation (sizing) of the tube or
tabesheet hole 1.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

(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.
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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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IWA-4713.1 General Requirements.

(a) Plugs shall meet the requirements of IWA-4200.

(b) Prior to installation, plug material 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 variablés' 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)

(-¢) 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 %, 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 dre
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 thisceontext, 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 ter times. The thermal cycles
shall simulate the effeétsvof 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
mavement 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) The test may be conducted at any
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.

(-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
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(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) areduction in minimum pull load or expander
travel

(-b) a change in expander or plug inside taper

(-¢) 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 afd
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 ofi(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 accordancewith the PPS. At least one test is re-
quired for performance qualification.

(a) For mantial installation, the installer shall be quali-
fied undér 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 examinatiens and
evaluations

(g) evaluations performed in accofdance 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
sléeving operation shall be performed in accordance with
asleeving 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

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:
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(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 the individual's ability to make
quality attachments in accordance with SRS. Renewal of
qualifications shall be identical to the jnijtial qualification
except that only one sleeve attachmentneeds to be made.

IWA-4721.4 Sleeving by:a‘\Combination of Pro-
cesses. If a combination of progesses is used for sleeve in-
stallation, either at opposite€nds 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) results of all required sleeve installation
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 %/ 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
Iin. (25 mm) greater than the length of the sleeve
attachment.

(d) Examination of Test Assembly

(1) Five consecutive welds shall be examined by a
liquid penetrant method in accordance with IWA-2200
and shall meet the acceptance standards of NB-5350.
Welds inaccessible for liquid penetrant examination
may be sectioned 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 10X 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
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.
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(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
be made and examined in accordance with
IWA-4723.2.1(d). For welding operators, one acceptable
weld shall be made and examined in accordance with
[WA-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
simulate the conditions that will be encountered in pro-
duction with respect to the essential variables.

(e) Retest shall be performed as required by Section IX,
QwW-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 tubesto 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 mmy) greater than the length of the sleeve
attachment.

(d) Examination of Test Assembly

(1) Each test specimen shall be examined to confirm
thatthe braze bond area conforms to the Construction
€ode’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 niechanical or hydraulic
process so that the sleeve is pefmanently deformed and
the attachment depends upofifriction or interference at
the interface, IWA-4725:2through 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
(29.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.

(d) Qualification of Test Assembly. Specimens represent-
ing the expanded sleeve attachment to a tube shall be cy-
clic 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.
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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.

IWA-5120 PERIODIC SYSTEM PRESSURE TEST
EXEMPTIONS

The following systems and components are exempt
from the periodic pressure test requirement:

(a) piping that penetrates a containment vessel when
the piping and isolation valves perform a containment
function and the balance of the piping system is outside
the scope of this Division or is not required to be tested
in accordance with Article IWC-5000 or Article
IWD-5000

(b) ventilation systems, except those designed to re-
move explosive gases from plant structures

(c) sample lines that carry compressible fluids; other
than steam

(d) those portions of pneumatic components and sys-
tems statically pressurized and continuously monitored
or alarmed for pressure loss'®

(e) those portions of pneumatic components and sys-
tems periodically tested for leakage; or that demonstrate
the necessary leak tightness, by programs required by
plant Technical Specifications'® or the regulatory author-
ity having jurisdiction at the plant site

IWA-5200 SYSTEM TEST REQUIREMENT

IWA-5210 - STEST
IWA-5211, Test Description

Pressure-retaining components within each system
beundary shall be subject to the following applicable sys-
tém 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 while the $ys-
tem or portion of the system is at an elevated test pres-
sure as specified in IWB-5230, IWC-5230, or [\WD-5230;
and

(c) a system pneumatic test conducted Wrlieu 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 tésts and system hydrostatic tests
shall be conductedat the pressure and temperature spe-
cified in ArticleiTWB-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 or a system
ph€umatic test in lieu of a system leakage test, system
pressure shall be verified by normal system instrumenta-
tion, 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-5243.1(a) and IWA-5245.

(d) When conducting a system hydrostatic test or a sys-
tem pneumatic test in lieu of a system hydrostatic test, the
requirements of IWA-5260 shall be met.

(e) A system hydrostatic test [see IWA-5211(b)] and
accompanying visual examination are acceptable in lieu
of the system leakage test [see 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
[WB-2500-1 (B-P), Table IWC-2500-1 (C-H), or Table
IWD-2500-1 (D-B), the following shall be met.

(1)For Class 1 components [see Table
[WB-2500-1 (B-P)], no holding time is required after at-
taining test pressure.

(25)

(25)
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(2) For Class 2 [see Table IWC-2500-1 (C-H)] and
Class 3 [see Table IWD-2500-1 (D-B)] components in
standby systems (or portions of standby systems) that
are not operated routinely except for testing, a 10-min
holding time is required after attaining test pressure.

(3) For Class 2 [see Table IWC-2500-1 (C-H)] and
Class 3 [see Table IWD-2500-1 (D-B)] components oper-
ated continuously or routinely during normal plant op-
eration, cold shutdown, or refueling operations, no
holding time is required, provided the system has been
in operation for at least 4 hr for insulated components
or 10 min for noninsulated components.

(4) For Class 2 [see Table IWC-2500-1 (C-H)] and
Class 3 [see Table IWD-2500-1 (D-B)] components con-
nected directly to the Class 1 system that are pressurized
and examined 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,
the following shall be met:

(1) For PWRs and BWRs, except as provided in (2), a
10-min holding time for noninsulated components, or
4 hr for insulated components, is required after attaining
test pressure. For Class 1 system leakage tests, if during
the holding time the pressure drops below the required
test pressure, the initial holding time need not be re-
started but shall be extended by an amount equal to the
time the required test pressure was not met.

(2) For a BWR using the reduced pressure alternative
of IWB-5221(b)(3), a 15-min holding time for noninsu®
lated components, or 6 hr for insulated components, is.re~
quired after attaining test pressure.

(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\s not required by
this Article, except following repair/replacement activ-
ities as required by IWA-4540.

IWA-5220 TEST PRESSURIZATION
BOUNDARIES'®

IWA-5221 System Leakage Test Boundary

The boundarysubject to test pressurization during a
system leakage test [see 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 [see IWA-5211(b)] shall be de-
fined by the system boundary (or each portion of the
boundary) within which the components have the same
minimum required classification and are designed to
the same pressure rating as governed by the system func-
tion 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 tést
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 boundari€s,(such as suction side
and discharge side test boundaries). In the case of posi-
tive displacement pumps, th€ 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 dischafge'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
préssure-retaining components for evidence of leakage.

(b) The sources of leakage detected during the conduct
of a system pressure test shall be identified.

(c) 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.

(d) Components within rooms, vaults, etc., where ac-
cess cannot be obtained may be examined using installed
leakage detection systems.

(e) Essentially vertical surfaces need only be examined
at the lowest elevation where leakage may be detected.

(f) Essentially horizontal surfaces of insulation shall be
examined at each insulation joint if accessible for direct
VT-2 examination.

(9) 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.

(h) For components located in a portion of a system
that is borated for the purpose of controlling reactivity,
the requirements of IWA-5243.1 shall also be met.

(i) Corrective actions for borated water leakage or ac-
cumulated boron residue identified during performance
of VT-2 visual examinations shall comply with
IWA-5243.2.

(25)
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(j) For Class 2 and Class 3 buried components not sur-
rounded by an annulus, examination and testing shall be
conducted in accordance with IWA-5244.

(k) For Class 2 and Class 3 components surrounded by
an annulus, a VT-2 visual examination shall be performed
at each end of the annulus and at low-point drains for evi-
dence of leakage. If there is no low-point drain and the an-
nulus is enclosed, access for visual examination shall be
obtained through any existing means, such as cover plates
and inspections ports.

IWA-5242 Pneumatic Components

(a) For systems and components that contain a com-
pressible fluid, excluding steam, during normal plant op-
eration, a leakage test using one of the following
techniques shall be performed in lieu of a VT-2 visual
examination:

(1) bubble test—direct pressure technique

(2) bubble test—vacuum box technique

(3) halogen diode detector probe test

(4) helium mass spectrometer test—detector probe
technique

(5) helium mass spectrometer test—tracer probe
technique

(6) pressure change test

(b) The test procedures for (a) leakage tests shall com-
ply with the requirements for leak testing defined in
ASME Section V, Article 10 and shall include methods
for detection and location of through-wall leakage from
components of the system tested.

(c) The Owner shall specify the acceptance criteria for
the examinations and tests of (a), which shall be based
on system design and operational requirements:

(d) The personnel qualification shall be in aecordance
with IWA-2318.

(e) Pneumatic components with leakage’in excess of
the acceptance criteria of IWA-5242(c).shall be corrected
by repair/replacement activity or corrective measures, as
required to satisfy the acceptangce-criteria.

IWA-5243 Borated Water Systems

IWA-5243.1 Systems Borated for Reactivity Control.
In addition to the requirements of IWA-5241, the follow-
ing requirements aré applicable for components located
in a portion of.a system that is borated for the purpose
of controlling reactivity:

(a) For-insulated components, insulation shall be re-
moved from pressure-retaining bolted connections for
VT¢2wisual 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 visual exam-
ination without insulation removal.

(b) If leakage is identified at a bolted connection, the
following requirements shall be met:

(1) The leakage shall be stopped, and the bolting and
component material shall be evaluated for joint integrity.

(2) If the leakage is not stopped, the Owner shall
evaluate the structural integrity of the joint, the conse-
quences of continuing operation, and the effect on system
operability of continued leakage.

(3) The evaluation required by (1) or (2) shall deter-
mine the susceptibility of the bolted connection to corro-
sion and failure. The evaluation shall include analysis of
the following:

(-a) the number and service age of the bolts or
studs

(-b) bolt or stud and component material

(-c) corrosiveness of process.fluid

(-d) leakage location and-system function

(-e) leakage history atthe\connection or other sys-
tem components

(-f) visual evidence,of corrosion at the assembled
connection

(c) As an alternative to (b), one of the bolts or studs

shall be removed, VT-3 visually examined, 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 evidence of degradation,
all rémaining bolts or studs in the connection shall be re-
moved, VT-3 examined, and evaluated in accordance with
IWA-3100. If all bolts or studs in the connection are re-
placed in accordance with Article IWA-4000, no visual ex-
amination of the removed bolts or studs is required.

IWA-5243.2 Corrective Actions for Borated Water
Leakage.

(a) When VT-2 visual examinations identify evidence of
borated water leakage or accumulated boron residue on
surfaces of components, insulation, or adjacent floor
areas, the following measures shall be required:

(1) The sources of leakage detected during the con-
duct of a system pressure test shall be located and evalu-
ated by the owner for corrective action, in accordance
with established procedures.

(2) Borated water leakage or any resulting corrosion
on pressure-retaining or load-bearing surfaces shall be
compared to the acceptance criteria of IWB-3522.1,
IWC-3516.1, or IWD-3511.1, as applicable.

(b) Components with local areas of general corrosion
that reduce the wall thickness by more than 10% shall
be evaluated to determine whether the component may
be acceptable for continued service or whether repair/re-
placement activities will be performed.

IWA-5244 Buried Components

(a) Buried Class 2 and Class 3 components shall be
pressure tested as required by Tables IWC-2500-1 (C-H)
and IWD-2500-1 (D-B). In lieu of pressure testing
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portions of Class 2 and Class 3 buried components that
are open ended, a test to confirm that flow during opera-
tion is not impaired shall be performed once every 2 yr.

(b) Buried components fabricated from the following
types of materials’® are exempt from examination and
testing:

(1) stainless steel, provided the local soil conditions
(determined by soil analysis) would not potentially cause
stress corrosion cracking

(2) titanium alloy, super austenitic steel, duplex cast
austenitic stainless steel, or nickel alloy

(3) copper alloy, provided the local soil conditions
(determined by soil analysis) would not potentially cause
an accelerated rate of material loss due to the presence of
anaerobic sulfide-reducing bacteria, a high concentration
of ammonia (NH3), or a pH less than 6.0

(4) high-density polyethylene

(c) Class 2 and Class 3 buried components shall be
pressure tested in accordance with one or more of the
methods described in (1) through (3). Acceptance criteria
and personnel qualifications shall be determined by the
Owner. Different test and examination methods may be
used for subsequent periodic pressure tests.

(1) pressure decay test: a test that determines the rate
of pressure loss within a specified boundary for detecting
leakage. For this type of test, the test boundary isolation
valves shall be capable of being leak tight.

(2) inventory reduction test: a test in which a reduc-
tion in inventory could be indicative of leakage from thé
pressure boundary (e.g., suction line from a tank).(The
Owner shall determine the required test parameters, with
consideration for level instrument accuracy, normal in-
ventory level or range, expected inventory loss\from other
than pressure boundary leakage (e.g., evaporation from a
spray pond), and duration of the test, ta’detect potential
leakage that could adversely affect thetsystem safety func-
tion. The Owner shall account for.saakeup sources to the
system during the test to ensuré\that detection of poten-
tial buried component pressure boundary leakage is not
adversely affected by inventory increases.

(3) ground surfacesvisual examination: a test method
consisting of a visual examination conducted on the
ground surface-while the buried component below is
pressurized. The visual examination is to identify evi-
dence of leakage on ground surfaces near the buried com-
ponents‘and in areas where leakage might be channeled
or accumulated. The examination shall include other
areas-to which leakage is likely to be channeled or in
which leakage is likely to be accumulated (e.g., storm
drain catch basins, other ponding areas). The ground sur-
face examination method shall not be used in areas where
the component is buried beneath an impermeable materi-
al, is encased in concrete, or where leakage would be ex-
pected to flow toward areas where it cannot be detected
(e.g., leakage that would be expected to flow to the
groundwater table, into an aquifer, or into a surface body
of water). Additionally, the pressurization hold time shall

be established in accordance with the following. If the sys-
tem pressure during the test is at least 90% of the acci-
dent pressure of the system, the examination shall be
performed after the buried component has been operat-
ing at the system pressure continuously for at least 30
days. Alternatively, the Owner may determine a period
of operation shorter than 30 days, or a lower system test
pressure, provided leakage would be projected to perme-
ate to the ground surface within the specified hold timée’at
the system test pressure. The basis for the shorterperiod
of operation shall be documented in accordance with
IWA-6340(K).

(d) Alternatively, if it is impracticable to-test the buried
components in accordance with (c), andif the component
is coated, wrapped, or not locatedn a harsh environment,
a test to confirm that flow during operation is not im-
paired shall be performed every 2 yr, provided the follow-
ing conditions are met. The basis for a pressure test being
impracticable shall betdetumented in accordance with
[WA-6340(k). The ehwvironment shall be considered harsh
if cathodic protection is not functional, the component is
within the groundwater table, or soil testing using meth-
ods like AWWA C105, Table A.1 results in a point value
greater thah 10. If soil testing is not performed, the envi-
ronmént-shall be considered harsh.

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

DELETED
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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.

(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, in¢luding 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 TESTRECORDS

The record of theéwisual 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. Form OAR-1 shall
be completed as required by IWA-6230 for the following:

(1) preservice examinations performed prior to pla-
cement of the unit into commercial service.

(2) preservice and inservice examinations performed
following placement of the unit into commereial service.
Form OAR-1 shall include records of examifations, tests,
and repair/replacement activities completed since certifi-
cation of the preceding Form OAR-1,

(d) The Owner shall prepare the Owner’s Repair/Re-
placement Certification Record,"Ferm NIS-2, upon com-
pletion of all required activiti€s associated with the
repair/replacement plan necéssary to place the item in
service.

(e) All Form NIS-2slassociated with repair/replace-
ment activities performed since certification of the pre-
ceding Form OAR=1 shall be completed prior to the
completion of\Eerm OAR-1.

(f) When the Owner contracts a Repair/Replacement
Organjzation 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 T?°
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 Orgdnization shall
prepare a document, acceptable to the Qwner, certifying
its repair/replacement activities. Nonmandatory Appen-
dix T?° provides a report form that may be used for con-
tracted repair/replacement aetivities 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'TWA-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-
ciatéd with the repair/replacement plan, the Owner shall
complete Form NIS-2, as shown in Mandatory Appendix
1L

(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
11, shall be processed as specified below within 120 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 for continued service in ac-
cordance with IWB-3132.3, IWC-3122.3, IWE-3122.3,
IWL-3112, IWL-3212, or IWL-3222 shall be documented
on Form OAR-1, Table 1. This information is required
whether or not the flaw or relevant condition was discov-
ered during a scheduled examination or test.

(25)
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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, Division 1 ac-
ceptance criteria 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 con-
dition that necessitated the repair/replacement activity
did not result from an examination or test required by
Section XI, Division 1. If the acceptance criteria for a par-
ticular item is not specified in Section XI, Division 1, the
provisions of IWA-3100(b) shall be used to determine
which repair/replacement activities are required to be in-
cluded in the abstract.

(3) For Articles IWE-2000 andIWL-2000 examina-
tions, the following information concerning the accept-
ability of inaccessible areas, if unacceptable conditions
are found to exist that could indicate the presence of, or
result in, degradation, shall be included with Form
OAR-1:

(-a) a description of the type and estimated extent
of the degradation and the conditions that led to the
degradation

(-b) the results of engineering evaluations for each
affected area

(-c) a description of each corrective action

(4) If there are multiple inspection plans with differ-
ent intervals, periods, or Section XI, Division 1 Editions or
Addenda, the different inspection intervals, periods, Edi-
tions, or Addenda shall be identified on Form OAR-1.

(5) Form OAR-1 shall be certified by the Owner and
presented to the Inspector for the required signature.

(6) The completed Form OAR-1 shall be submitted-to
the regulatory and enforcement authorities havingjuris-
diction at the plant site, if required by these atithorities.

IWA-6300 RETENTION
IWA-6310 MAINTENANCE OF RECORDS

(a) The Owner shall retain records and reports identi-
fied 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 thelInspector. 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 comporient or system. Storage shall be at the plant
site or at another location that will meet the access and
Quality Assurance Program requirements.

(b)The Owner shall provide reasonable protection
from deterioration for radiographic film that the Owner
has classified as a record for the lifetime of the item. How-
ever, deterioration of radiographic film is to be expected
and is not a violation of the requirement to provide suit-
able protection. If radiographic film has deteriorated, it
need no longer be maintained as a lifetime record, as de-
termined by the Owner.

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 digitallyrepro-
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 thatthe reproduction will
provide the same information fetrieval capability as the
original radiograph. The accuracy of the reproduction
process includes the expesure (or multiple exposures
for density coverage), foCusing, contrast, and resolution.
The Quality AssurancetProgram shall also provide a sys-
tem for identifying.film or reproduction artifacts that
might appean.as material discontinuities in the
reproduction.

IWA-6330 CONSTRUCTION RECORDS

Records designated by the Owner in accordance with
the‘Construction Code, and Owner’s Requirements, as ap-
plicable, 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 evaluations performed to accept flaws or
relevant conditions that exceeded acceptance standards

(e) records of regions in ferritic Class 1 components
with modified acceptance standards

(f) nondestructive examination procedures

(g) nondestructive examination records, including
identification of calibration blocks used

(h) pressure test procedures

(i) pressure test records

(j) for Class CC

(1) tendon force and elongation measurement re-
cords (IWL-2522)

(2) free water documentation (IWL-2524.2)

(3) corrosion protection medium and free water
analysis results (IWL-2525)

(25)
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(k) records of evaluations to determine the practicabil-
ity of conducting pressure testing of buried components
in accordance with IWA-5244(d) or to determine a
hold time and test pressure in accordance with
IWA-5244(c)(3).

IWA-6350 REPAIR/REPLACEMENT ACTIVITY
RECORDS

The following records prepared in performance of a re-
pair/replacement activity shall be retained:

(a)evaluations required by 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) Form NIS-2

(f) documents certifying repair/replacement activities
by contracted Repair/Replacement Organizations
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(25)

ARTICLE IWA-9000
GLOSSARY

analytical evaluation: a quantitative process to determine
the acceptability of postulated flaws, or flaws that exceed
the applicable acceptance standards, including predicted
future growth, to determine whether a component is ac-
ceptable for continued service without a repair/replace-
ment activity.

applied stress (0): 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 (for items that are to be attached to
components fabricated in accordance with Section III).

assess: to determine by evaluation of data compared with
previously obtained data such as operating data or design
specifications.

audit: a planned and documented activity performed to
determine by investigation, examination, or evaluation
of objective evidence; the adequacy of, and compliante
with, established procedures; instructions, drawings,
and other applicable documents; and the effectiveness
of implementation. An audit should not be confused with
the surveillance or inspection activities performed for the
sole purpose of process control of produetacceptance.

Authorized Inspection Agency: an orgahization that is em-
powered by an enforcement authatity 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 Nut¢ledr Inservice Inspector Supervisor: a per-
son who is@€mployed by an Authorized Inspection Agency
to supervise Authorized Nuclear Inservice Inspectors and
who ds qualified as an Authorized Nuclear Inservice
Inspector.

Atithorized Nuclear Inspector: an employee of an Author-
ized Inspection Agency who has been qualified in accor-
dance with Section III, Subsection NCA, 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 (0;,): component of primary stress propor-
tional to distance from centroid ofisolid 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 ok Support: a component or support
that is buried in.direct contact with soil or backfill, or en-
cased in concrete.

Certificate\Holder: an organization holding a Certificate of
Authorization or Certificate of Accreditation issued by the
Sociéty)

Certificate of Authorization: a document issued by the So-
ciety that authorizes the use of an ASME Certification
Mark and appropriate Designator for a specified scope
of activity.

clad or cladding: a layer, usually an austenitic alloy, on the
surface of a component to minimize corrosion.

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 curvature (R;/t): ratio of inside radius to wall
thickness.

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.
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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.

coplanar flaws: two or more flaws that 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 proxi-
mity. (See Figure IWA-3380-1.)

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.

corrective action: action taken to resolve flaws and rele-
vant conditions, including supplemental examinations,
analytical evaluations, other evaluations, repair/replace-
ment activities, and corrective measures.

corrective measures: actions (such as maintenance) taken
to resolve relevant conditions, but not including supple-
mental examinations, analytical evaluations, other eya“
luations, and repair/replacement activities.

crack arrest fracture toughness (Kj,): the criti¢al value of
the stress intensity factor (K;) for crack argest as a func-
tion of temperature.

crack tip: the extremity of the flaw."\T'he boundary be-
tween the flaw and the adjacent.mdterial at the intersec-
tion of the two flaw faces.

critical flaw size: the flaw sizethat will cause failure under
a specified load calculated*using fracture mechanics. The
minimum critical flaw‘size for normal or upset conditions
(Service Levels A andB) is a.; the minimum critical initia-
tion flaw size foremergency and faulted conditions is a;.

cumulative_fatigue crack growth: the total incremental
growth-of'a flaw over a period of time determined
through-use of the design transients.

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; ah inter-
ruption in the normal physical structure of material or a
product.

discontinuity stress: the stress distributiof’through a com-
ponent wall resulting from gross.structural discontinu-
ities such as head-to-shell junctions where net bending
and membrane forces are prgduced.

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.

elastic-plastic fracture mechanics: the analytical proce-
dure thatrelates the stress-field magnitude and distribu-
tion, and plastic deformation in the vicinity of a crack tip,
resulting from the normal stress applied to the structure,
to.the size of a crack in an elastic-plastic (ductile)
material.

Emergency Conditions: those operating conditions which
have a low probability of occurrence (Service Level C).

end-of-evaluation-period flaw size: the maximum size
(depth, af, and length, £) to which a detected flaw is cal-
culated to grow in a specified time period, such as the
next scheduled examination of the component or until
end of component life.

end-of-life irradiation: the predicted fluence at the end of
component life.

end-of-period irradiation: the predicted fluence at the end
of evaluation period.

enforcement authority: a national, regional, or local gov-
erning body, such as a Country, State, or Municipality, em-
powered 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.
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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.

failure assessment diagram: analytical procedure that con-
siders brittle and elastic-plastic fracture, and limit load
failure, for piping containing flaws exceeding the accep-
tance standards of IWB-3500, IWC-3500, or IWD-3500,
using a graphical approach to determine acceptability
for continued service to the next inspection or to the
end of the evaluation period.

fatigue crack growth rate (da/dN ): the incremental crack
extension per cycle as a function of the applied stress in-
tensity factor range.

fatigue crack growth threshold (AK,p): the value of the
range of applied stress intensity factor, AK;, below which
fatigue crack growth is negligible.

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 (crack) initiation: the onset of flaw extension due to
an increase in component loading.

flaw (crack) penetration: the ratio of crack depth to com-
ponent thickness: 2a/t for subsurface flaws and a /t for
surface flaws.

flaw acceptance criteria: the equations or bases fgr'aecep-
tance by fracture mechanics analytical evaluations of
flaws of a size exceeding the flaw acceptance standards.

flaw acceptance standards: specified valyes of flaw length,
depth, depth-to-component thickness ratio, or areas as
specified in IWA-3100 for comparison with examination
results.

flaw aspect ratio (a/?): the fatio 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 (#), where a, 2a, and ¢
are the dimensions bf the rectangle circumscribing the
flaw. (See Figures-IWA-3310-1 through IWA-3390-1.)

flaw chardcterization: the process of circumscribing a
flaw in aréctangle parallel to the component surface or
in thé plane of the wall perpendicular to the component
surface for comparison with flaw acceptance standards.

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.

flaw length: the length, ¢, of the rectangle circumscribing
the flaw when drawn parallel to the surface of the
component.

flaw location: the site of a flaw (radial, axial, circumferen-
tial position) in the wall of a component.

flaw orientation: the position of the plane of the flaw with
respect to the plane perpendicular to the maximum prin-
cipal stress direction. For purpose of analysis, the flaw
plane is projected onto the perpendicular plane.

flow stress (of): the average of the yield and ultimate ten-
sile strengths.

fracture initiation: level at which the applied stress inten-
sity (K;) is equal to or exceeds the fracture totighness
(KIC)'

fracture toughness: the material toughnessproperty mea-
sured in terms of the stress intensity(factor, K;, that will
lead to nonductile crack propagation.

general corrosion: an approximately uniform wastage of a
surface of a component, thgdudgh chemical or electroche-
mical action, free of deep*pits or cracks.

hanger: an item thatcarties the weight of components or
piping from abové.with the supporting members being
mainly in tension.

high energy.items: items in systems with maximum oper-
ating coiiditions greater than 200°F (93°C) or 275 psig
(1.9 MRa).

hat 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.

infinitely long flaw: a flaw whose depth-to-length ratio,
a /¢, is very small or approaching zero.

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 accor-
dance 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.
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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.

irradiation effect: the change in material properties due to
neutron fluence.

item: a material, part, appurtenance, piping subassembly,
component, or component support.

K;: See stress intensity factor.
K;4: See crack arrest fracture toughness.
K,.: See plane strain fracture toughness.

K;4: dynamic initiation fracture toughness obtained un-
der fast or rapidly applied loading conditions.

K r: the crack growth resistance (fracture toughness) ex-
pressed in units corresponding to K;. The value of K; de-
fined in Nonmandatory Appendix G is the lesser of K,
and K, for the material and temperature involved.

laminar flaw: a two-dimensional flaw oriented within
10 deg of a plane parallel to the surface of the component.
(See Figure IWA-3360-1.)

limit load: failure mode associated with fully plastic
collapse.

linear elastic fracture mechanics: the analytical proceduire
that relates the stress-field magnitude and distribition in
the vicinity of a crack tip, resulting from the nominal
stress applied to the structure, to the sizeof\a crack in a
linear elastic material.

linear flaw: a flaw having finite length"and narrow uni-
form width and depth. (See Figuge JWA-3400-1.)

lowest service temperature: thesminimum 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 the Construction Code.

Material Organization (Metallic): an organization accre-
dited by holding a Quality System Certificate issued by
the Society, or qualified by an accredited Material Organi-
zation or Certificate Holder, in accordance with the re-
quirements of Section III, Subsection NCA, NCA-3300
(previously NA-3700 or NCA-3800) or qualified by an
Owner in accordance with the requirements of
IWA-4140.

membrane stress (0,,): 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.

moderate energy items: items in systems with maximum
operating conditions less than or equal to 200°F (93°C)
and 275 psig (1.9 MPa).

multiple flaws: two or more proximate discontinuous
flaws. They may be planar, coplanar, or separate.

NDE evaluation: a process to characterize anid)determine
the relevance of indications, and to compare the flaws and
indications to acceptance standards.

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 giyen location in a component.

nondestructive examinatigi: an examination by the visual,
surface, or volumetricimethod.

nonlinear stress distribution: the curvilinear stress distri-
bution across/a component wall, resulting from the alge-
braic additien of stresses (e.g., bending, membrane,
residual). (See A-3210.)

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 conditions: transients expected to occur during
the course of system testing and operation (Service Level
A).

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.

normal stress: the component of stress normal to the
plane of reference, also referred to as direct stress.

open ended: a condition of piping or lines that permits free
flow to or from the environment or containment.

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.
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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 part
in excess of Construction Code requirements.

part: see below.

(a) for components fabricated to Section III: an item that
was attached to or became a portion of a component or
support before completion and stamping of the compo-
nent or support. A replacement part for use in a repair/
replacement activity is an item that will become a portion
of a component or support after completion and stamping
of the component or support. Parts have work performed
on them requiring verification by an Inspector.

(b) for components fabricated to Construction Codes
other than Section III: an item intended to be installed,
or that is installed, in a component comprised of one of
the following:

(1) materials joined by welding with filler metal or
brazing

(2) materials having hard-facing or corrosion-
resistant weld metal overlay applied

(3) materials joined by any means, when the Con-
struction Code requires that fabrication be verified by
an Inspector.

piping subassembly: a section of piping system consisting
of fittings, pipes, or tubes that is fabricated in a shop or‘in
the field before being installed.

planar flaw: a two-dimensional flaw oriented ina plane
more than 10 deg from parallel to the surface of.the com-
ponent. (See Figures IWA-3310-1 and IWA-3320-1.)

plane strain fracture toughness (K;.): th€/material tough-
ness property measured in terms of‘the stress intensity
factor, K;, which will leadto ' nonductile 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 infteduced internal stresses of such magnitude
and distpibution that the stresses resulting from loads are
counteracted to a desired degree.

primdry stress: any normal stress or shear stress devel-
oped by an imposed loading that is necessary to satisfy
the laws of equilibrium of external and internal forces
and moments. The basic characteristic of a primary stress
is that it is not self-limiting. Primary stresses that consid-
erably exceed the yield strength will result in failure or at
least gross distortion.

qualified source material: metallic products, for plants
whose original Construction Code is Section III, that are
produced by a Certificate Holder, Material Organization,
or approved supplier in accordance with the require-
ments of Section III, Subsection NCA, NCA-3300 (pre-
viously NA-3700 or NCA-3800) or the output of the
qualification process requirements of IWA-4142.1(a)(1).

Quality System Certificate (Materials): a certificate issued
by the Society that permits an organization to perferm
specified Material Organization activities in accordance
with Section III requirements.

R ratio (Kin/Kmax): the algebraic ratio of,ealculated
stress intensity factor (minimum and m@aximum) in a
stress cycle.

reconciliation: the process of evaldating and justifying use
of alternative Construction Code/fequirements or revised
Owner’s Requirements.

regulatory authority: a federal government agency, such
as the United States Nuclear Regulatory Commission, that
is empowered to issué-and enforce regulations affecting
the design, construction, and operation of nuclear power
plants.

reinforcéd-concrete: concrete containing reinforcement
and designed so that the two materials act together in re-
sistingforce.

relevant condition: a condition observed during a visual
examination that requires supplemental examination,
corrective measure, correction by repair/replacement ac-
tivities, or evaluation.

Repair/Replacement Organization: the organization that
performs repair/replacement activities under the provi-
sions of IWA-4142. The Owner may be the Repair/Re-
placement 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.

residual stress: remaining tensile or compressive stresses
within a material under unloaded conditions.

RTypr: 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.

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
10 CFR 100.
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seal weld: a nonstructural weld intended to prevent leak-
age, where the strength is provided by a separate means.

secondary stress: the normal or shear stress developed by
the constraint of the structure. The basic characteristic of
a secondary stress is that it is self-limiting.

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 (K;): 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). K; is directly proportional to applied load
and depends on specimen geometry.

structural factor: a multiplying factor applied to load or
stress in the analytical evaluation of a degraded compo-
nent or piping item for the purpose of maintaining struc-
tural integrity 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.

subsurface flaw: a flaw having an orientation and distanee
between itself and the nearest component surface as pre-
scribed in IWA-3300.

support: see below

(a) an item used to position components,resist gravity,
resist dynamic loading, or maintainsequilibrium 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.)

tearing modulus: material property determined from the
slope of the J-R curve at a particular flaw depth.

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.

unqualified source material; source material, for plants
whose original Construétion Code is Section III, not pro-
duced by a Certificate;Holder, Material Organization, or
approved supplier.in“accordance with the requirements
of Section IINSubsection NCA, NCA-3800 or
IWA-4142.1(a)(1).

upset conditions: transients not expected to occur during
the course of system testing and normal operation (Ser-
vice/Level B).

vdriable spring type support: a spring type support provid-
ing a variable supporting force throughout a specified
deflection.

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 (0,): 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 components 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/esulting flow of coolant
from the reactor coolantSystem under normal plant oper-
ating conditions is withinthe capacity of makeup systems
that are operableyfrom on-site emergency power. The
emergency corg\cooling systems are excluded from the
calculation of makeup capacity.
(b) See (1).through (3) below.
(19 components and piping segments NPS 1 (DN 25)
and Snialler, except for steam generator tubing
(2) components and piping segments with one inlet
and one outlet, both of which are NPS 1 (DN 25) and
smaller
(3) components®! and piping segments with multiple
inlets or multiple outlets for which the cumulative pipe
0.D. cross-sectional area does not exceed the cross-
sectional area defined by the 0.D. 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 Categories B-P and B-Q, the VT-1
visual examination of Examination Categories B-G-1 and
B-G-2 pressure-retaining bolting associated with Exami-
nation Categories B-L-2 and B-M-2 components, and the
VT-3 visual examination of the internal surfaces of Exam-
ination Categories B-L-2 and B-M-2) shall be completed
prior to initial plant startup or as required by
[WA-4530. In addition, except in those components ex-
empted from examination by IWB-1220(a),
IWB-1220(b), or IWB-1220(c), these preservice examina-
tions shall be extended to include the defined examina-
tion extent of all of the pressure-retaining welds in all
Class 1 components categorized under the Item Numbers
in Table IWB-2500-1 (B-A) through Table
IWB-2500-1 (B-Q), regardless of the sample sizes applica-
ble to inservice inspection. However, in the case of Exam-
ination Category B-0O, the examination shall be extended
to include essentially 100% of the welds in the installed
peripheral control rod drive housings only.

(b) Shop and field examinations may serve in liemof the
on-site preservice examinations provided:

(1) in the case of vessels only, the examination is per-
formed after the hydrostatic test required by the Con-
struction Code has been completed;

(2) such examinations are conducted under condi-
tions and with equipment and fechniques equivalent to
those that are expected to be employed for subsequent in-
service examinations;

(3) personnel performing the shop and field mag-
netic particle and liquid’/penetrant examinations shall be
qualified and certified in accordance with the require-
ments of the Construction Code or IWA-2300;

(4) the shep and field examination records are, or
can be, dosumented and identified in a form consistent
with those required in Article IWA-6000.

(d) If preservice volumetric examinations detect
strface-connected flaws in welds susceptible to stress
corrosion cracking that will be in contact with the reactor
coolant environment during normal operation, the re-
quirements of IWB-3514.8 shall be met.

IWB-2400 INSPECTION SCHEDULE
IWB-2410 INSPECTION PROGRAM

Inservice examinations and system pressure tests may
be performed during plant outages suehjas refueling shut-
downs or maintenance shutdowns:

IWB-2411

(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 that may be partially deferred to
the end of an.inspection interval, as allowed by Examina-
tion Categories B-A, B-D, and B-F

(3)-examinations that may be deferred to the end of
andnspection interval, as allowed by Examination Catego-
ries B-A, B-G-1, B-N-2, B-N-3, and B-0

(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.

Inspection Program

Table IWB-2411-1
Inspection Program

Minimum
Inspection Period, Examina-
Calendar Years of tions Maximum
Inspection  Plant Service Within Completed, Examinations
Interval the Interval % Credited, %
All 3 16 50
All 7 50 [Note (1)] 75
All 10 100 100
NOTE:

(1) If the first period completion percentage for any examination
category exceeds 34%, at least 16% of the required examina-
tions shall be performed in the second period.
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(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.

(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-2420 SUCCESSIVE INSPECTIONS

(a) To the extent practicable, the sequence of compo-
nent examinations established during the first inspection
interval shall be repeated during each successive inspec-
tion interval. The sequence of component examinations
may be modified in a manner that optimizes scaffolding,
radiological, insulation removal, or other considerations,
provided that the percentage requirements of Table
[WB-2411-1 are maintained.

(b) If a component is accepted for continued.service in
accordance with IWB-3132.3, the areas containing flaws
shall be reexamined during the next three"inspection per-
iods listed in the schedule of the Inspection Program of
IWB-2400. Alternatively, acoustic emission may be used
to monitor growth of existing flaws in accordance with
IWA-2234.

(1) For vessel welds, thejthree successive inspections
are not required if the following conditions are met:

(-a) The flawis.characterized as subsurface in ac-
cordance with Figure TWA-3320-2.

(-b) The weld containing the flaw is acceptable for
continued seryice in accordance with IWB-3600, and the
flaw is demonstrated acceptable for the intended service
life of-the-Component.

(2)For dissimilar metal butt welds in vessel nozzles
afid-piping butt welds, the three successive inspections
are not required if the following conditions are met:

(-a) The flaw shall be characterized as subsurface
in accordance with Figure IWB-2420-1. Interpolation for
all a/¥¢ values between the curves in Figure
IWB-2420-1 may be performed using the values in Table
IWB-2420-1.

(-b) The NDE technique and evaluation that de-
tected and characterized the flaw shall be documented
in the flaw evaluation report.

(-c) The weld containing the flaw is acceptable for
continued service in accordance with IWB-3600 for the
intended service life of the component.

(-d) The flaw is not in a weld in austenitic stainless
steel in a Boiling Water Reactor (BWR), in UNS N06600 or
W86182 in a Pressurized Water Reactor (PWR) or BWR,
or in UNS W86082 in a PWR.

(c) If a component is accepted for continued seryice in
accordance with IWB-3142.4, successive exanlinations
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 relevant condi-
tion, if known. If the cause of the-srelevant condition is
unknown or if the relevant condition has previously oc-
curred, successive examinatiens'shall be performed dur-
ing each successive inspection” period until the relevant
condition remains essefitially unchanged from the pre-
vious inspection.

(d) If the reexaminations required by (b) above reveal
that the flaws yémain essentially unchanged, or that the
flaw growth.is within the growth predicted by the analy-
tical 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 analytical evaluation,
whichever is limiting.

(e) If the reexaminations required by (b) or (c) above
reveal new flaws or relevant conditions that exceed the
applicable acceptance standards of Table IWB-3410-1,
or growth of existing flaws in excess of the growth pre-
dicted by the analytical evaluation, then

(1) the entire weld, area, or part®? shall be examined
during the current outage

(2) additional examinations shall be performed in ac-
cordance with IWB-2430

(f) For steam generator tubing, the successive exami-
nations shall be governed by the plant Technical
Specification.

(g) 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.
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Table IWB-2420-1
Surface Proximity Rules for Successive Examinations of Piping Components

S/t
a/t a/t =0 a/f =0.1 a/f =0.2 a/f =0.5
0.025 0.058 0.042 0.033 0.010
0.050 0.104 0.078 0.061 0.020
0.075 0.141 0.108 0.085 0.030
0.100 0.172 0.134 0.107 0.040
0.125 0.197 0.157 0.125 0.050
0.150 0.218 0.176 0.141 0.060
0.175 0.236 0.192 0.155 0.070
0.200 0.250 0.206 0.166 0.080
0.225 0.261 0.217 0.176 0.090
0.250 0.270 0.227 0.184 0.100

IWB-2430 ADDITIONAL EXAMINATIONS

(a) Examinations performed in accordance with Tables
IWB-2500-1 (B-A) through IWB-2500-1 (B-0) and Table
[WB-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 examimations shall be performed in
accordance with the-fellowing requirements:

(-a) The additional examinations shall include an
additional number of welds, areas, or parts22 included
in the inspection item?® 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
ffom welds, areas, or parts of similar material and service.

Figure IWB-2420-1
Successive Examination Surface Proximity Rule for Piping Components
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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 evaluation shall be performed. Topics to
be addressed in the 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 parts?? will perform their in-
tended safety functions during subsequent operation
(-3) a determination of which additional welds,
areas, or parts?? 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 parts22 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
evaluation concludes that
(-1) there are no additional welds{ aréas, or
parts subject to the same service conditions.that caused
the flaws or relevant conditions or
(-2) no degradation mechanijsi exists
(-c) The evaluation shall be\retained in accor-
dance with Article IWA-6000.

(b) The examination method-for additional examina-
tions may be limited to the examination method that orig-
inally identified the flaws orrelevant conditions, provided
use of the method is supported by an evaluation. The eva-
luation shall deterfnine the cause of the flaws or relevant
conditions and the appropriate method to be used as part
of the additional examination scope. The evaluation shall
be retained.in accordance with Article IWA-6000.

(c) Eor<the inspection period following the period in
whieh.the examinations of (a) were completed, the exam-
imations 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 subjectjto
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-
fied in Tables IWB-2500>1 (B-A) through
IWB-2500-1 (B-Q). The method of examination for the
components and parts ofsthe 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)Tables) IWB-2500-1 (B-A) through
IWB-2500-1+(B-Q) are organized as follows.
Examiination
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-] 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-] NPS 4 (DN 100) and
larger piping welds, Examination Category B-F socket
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welds, and Examination Category B-] socket welds, the
Owner may elect to perform a plant-specific review for
welds susceptible to outside surface attack. To the extent
practicable, all welds of the examination categories and
within the size limitations of this subparagraph, deter-
mined by this review to be susceptible to outside surface
attack, require surface examination each interval, in the
same sequence, over the lifetime of the item. The plant-
specific review shall be updated each interval. The re-
quirements 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 ther-
mal fatigue, VT-2 visual examination shall be performed
at operating pressure during each refueling outage. Con-
tributors to outside surface attack include proximity to
nearby leak paths, proximity to chloride-bearing materi-
als, 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 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 reviéw 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-], VT-2 visual examina-
tions may be performed injaccordance with the following:

(1) These alternative examination requirements
shall not be applied to any heat exchanger, nor to any heat
exchanger design 0p configuration, that has experienced a
through-wall leak, such as heat exchangers with an inner
shell (inner barrel). The Owner shall review industry ex-
periencesto determine which heat exchanger designs or
configurdtions 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

sections of piping. All of the smaller heat exchanger sub-
components 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.

(f) For BWRs, in lieu of examining all nozzles, at least
25% of nozzle inner radii and-nozzle-to-shell welds, in-
cluding at least one nozzle for each system and nominal
pipe size, may be examined for Table
IWB-2500-1 (B-D), ItexNo6s. B3.90 and B3.100, provided
the following conditiehs are met:

(1) The nozzles-are not feedwater nozzles or control
rod drive return line nozzles.

(2) Thevprovisions of Appendix VIII are used for
examinations.

(3)-The maximum RPV heatup and cooldown rates
are Jimited to less than 115°F/hr (64°C/h).

(4) For recirculation inlet nozzles

where
Crpv = 19,332 for U.S. Customary units
= 133.29 for SI units
p = the RPV normal operating pressure, psi (MPa)
r = the RPV inner radius, in. (mm)
t = the RPV wall thickness, in. (mm)

(5) For recirculation inlet nozzles

where
CnozzrLe = 1,637 for U.S. Customary units
= 11.29 for SI units
r; = nozzle inner radius, in. (mm)
r, = nozzle outer radius, in. (mm)

For definition of p, see (4).
(6) For recirculation outlet nozzles

where

16,171 for U.S. Customary units
111.50 for SI units

CRPV

For definitions of p, r, and t, see (4).
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(7) For recirculation outlet nozzles

where

Cnozzre = 1,977 for U.S. Customary units
= 13.63 for SI units

fé))r definition of p, see (4); for definitions of r; and r,, see

(8) Fluence levels do not exceed 1 x 107 n/cm? on
any portion of the examined component.

(9) The total number of heatup and cooldown cycles
from plant startup for the component will not exceed 40
by the end of the interval. A cycle consists of both a heat-
up and a cooldown.

(g) VT-1 visual examination may be performed in lieu
of volumetric examination required by Table
[WB-2500-1 (B-D), Item Number B3.100, provided that
the requirements of (1) are met for preservice examina-
tions or the requirements of (2) are met for inservice
examinations.

(1) Preservice Examination. For reactor vessel noz-
zles other than BWR feedwater nozzles and operational
control rod drive return line nozzles, a VT-1 visual exam-
ination of the surface M-N shown in Figures
[WB-2500-7(a) through IWB-2500-7(d), may be per-
formed in lieu of the volumetric examination required
by Table IWB-2500-1 (B-D), Item No. B3.100, provided
the following requirements are met:

(-a) The surface M-N shown in Figures
IWB-2500-7(a) through IWB-2500-7(d), shall have been
examined using a surface examination method and\shall
have met the Section III fabrication acceptance standards
at least once after the Construction Code hydrostatic test.
The surface examination shall have been performed prior
to the preservice VT-1 visual examination.

(-b) The appropriate surfaces shall have been pre-
pared in accordance with IWA-2200(b) for application of
a future volumetric examination in accordance with Table
IWB-2500-1 (B-D).

(-c) An evaluation that includes the following shall
have been performed:

(-1) review of the fabrication examination his-
tory for the nozzle inner radius region

(-2) verification that the nozzle of interest
meets the requirements of Section III Appendices, Non-
mandatory Appendix G

For the preservice VT-1 visual examination;compo-
nents with crack-like surface flaws exceeding the accep-
tance criteria of Table IWB-3510-3 are unacceptable for
service, unless the reactor vessel meetS the requirements
of IWB-3122.2 or IWB-3122.3. The:component thickness,
t, to be applied in calculating the ‘allowable surface-flaw-
length-to-component-thickness ratio, I/t, in Table
IWB-3510-3 shall be selectéd as specified in Table
[WB-3512-2.

(2) Inservice Examination. For reactor vessel nozzles
other than BWR feedwater nozzles and operational con-
trol rod drive return line nozzles, a VT-1 visual examina-
tion of the surface M-N shown in Figures IWB-2500-7(a)
through IWB-2500-7(d) may be performed in lieu of the
volunfétric examination required by Table
IWB2500-1 (B-D), Item No. B3.100. For the inservice
VE~Lvisual examination, components with crack-like sur-
face flaws exceeding the acceptance criteria of Table
IWB-3510-3 are unacceptable for continued service, un-
less the reactor vessel meets the requirements of
IWB-3142.2,IWB-3142.3, or IWB-3142.4. The component
thickness, t, to be applied in calculating the allowable
surface-flaw-length-to-component-thickness ratio, I/t, in
Table IWB-3510-3 shall be selected as specified in Table
[WB-3512-2.
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Table IWB-2500-1 (B-A)
Examination Category B-A, Pressure-Retaining Welds in Reactor Vessel

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection | Examination to End of
No. Parts Examined Figure No. Examination Method Standard Interval Intervals Interval
B1.10 |Shell welds
B1.11 Circumferential IWB-2500-1 |Volumetric IWB-3510 All welds [Note (2)] [Same as for first interval | Permissible
B1.12 Longitudinal IWB-2500-2
B1.20 |Head welds ]
B1.21 Circumferential IWB-2500-3 | Volumetric IWB-3510 Accessible length of all Same as for first interval | Permissible
welds [Note (2)]
B1.22 Meridional
Permissible [Note (3
B1.30 |[Shell-to-flange weld IWB-250044" | Volumetric IWB-3510 Weld [Note (2)] Same as for first interval e;:l;;s;tee(g)]o e (3]
. . N 4
B1.40 [Head-to-flange weld IWB-2500-5 LhReetric and surface IWB-3510 Weld [Note (2)] Same as for first interval Permissible [Note (4]
[Note (6)] or [Note (5)]
B1.50 |Repair welds [Note (1 IWB-2 -1
L L (] 500-1 and Volumettic IWB-3510 | All weld repair areas |Same as for first interval | Permissible
B1.51 Beltline region IWB-2500-2
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 examination volume or area.

(3) The shell-to-flange weld examination may be performed during the first and third periods, in which casé.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 theseé, 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).

(6) After a preservice or inservice ultrasonic examination has been performed with no flaw detected that exceeds the acceptance eriteria of IWB-3500, only the surface examination require-

ments of B1.40 need to be met.
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Table IWB-2500-1 (B-B)
Examination Category B-B, Pressure-Retaining Welds in Vessels Other Than Reactor Vessels

Extent and Frequency of Examination

Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection Examination to
No. Parts Examined Figure No. Examination Method Standard Interval Intervals [Note (3)] End of Interval
. Figure IWB-2500-20, |[Figure IWB-2500-20,
Pressurizer . . . .
illustration (a) illustration (b)
B2.10 [Shell-to-Head
B2.11 Circumferential IWB-2500-1 [ Volumetric IWB-3510 | Both welds [Note (4)] |Both welds [Note (4)] |Not permissible
1 ft (300 mm) of one
1 ft (300 f all
B2.12 | Longitudinal IWB-2500-2 (300 mm) of a weld [Note (2)] per
welds [Note (2)]
head
B2.20 [Head Welds
B2.21 Circumferential IWB-2500-3, [Volumetric IWB-3510 All welds [Note (4)] One weld per head Not permissible
B2.22 Meridional
Steam Generators (Primary Side) _ Figure IWB-2500-20,
Figure IWB-2500-20, ) i
B2.30 [Head Welds . . . illustration (d) L.
- - Volunf€tric IWB-3510 illustration (c) One weld [Note (1] Not permissible
B2.31 Circumferential IWB-2500-3 All welds [Note (4)] -
B2.32 Meridional perhea
Weld [Note (1)], .
B2.40 [Tubesheet-to-Head Weld IWB-2500-6 | Volumetric IWB-3510 Weld [Note (4)] GENOEe (ES]( )] Not permissible
Heat Exchangers (Primary Side) — Head
B2.50 |Head Welds Figure IWB-2500-20, Fl%ﬁiztlr‘;\iijs[%o'zo‘
. . [WB-2500-1, [Volumetric TWB=3510 illustration (e) One weld [Note (1] Not permissible
B2.51 Circumferential IWB-2500-3 All welds [Note (4)]
per head
B2.52 Meridional IWB-2500-3
i IWB-2 -2 Fi IWB-2 -2
Heat Exchangers (Primary Side) — Shell F1gu1'"e . 500-20, “(’_’“re . 500-20,
illustration (g) illustration (h)
Weld [Note (1
B2.60 |Tubesheet-to-Head Welds IWB-2500-6 | Volumetric IWB-3510 Weld [Note (4)] ?Noie ‘E 4‘;]( o Not permissible
1 ft of all welds[Note |1 ft of one weld [Note
B2.70 [Longitudinal Welds IWB-2500-2 | Volumetric IWB-3510 (2)] at each-exdyof (1)], [Note (2)] at Not permissible
shell each end of shell
1 N 4 1 N 1 N
B280 |Tubesheet-to-Shell Welds IWB-2500-6 | Volumetric 1wB-3510 | Welds [Note ()] each_}Welds [Note ()], [Note |0 o .ociple
end (#)] each end
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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)

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection Examination to
No. Parts Examined Figure No. Examination Method Standard Interval Intervals [Note (3)] End of Interval
Fi IWB-2500-20,
Figure IWB-2500-20, | Bur¢ "W
Core Makeup Tanks . . illustration (b)
illustration (a)
[Note (1)]
B2.90 [Shell-to-Head
Volumetric IWB-3510 Both wel N 1 Not permissible
B291 | Circumferential {WB-2500-1 Both welds [Note (4)] |P°th welds [Note (1)}, P
[Note (4)]
1 ft (300 mm) of one
1 ft (300 f all
B2.92 | Longitudinal IWB2500-2 W[el s ET\I':SEO(Z;‘] weld [Note (1],
[Note (2)] per head
B2.100 [Head Welds
B2.101 | Circumferential IWB-2500-3 {Volumetric IWB-3510 | All welds [Note (4)] O“[el\l‘(’)";l‘é 1‘;‘]” head Not permissible
B2.102 Meridional
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) To the extent practicable, the initially selected welds are to be examined in the same sequente-during successive inspection intervals.

(4) Includes essentially 100% of the examination volume.
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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

First Inspection
Interval

Successive Inspection
Intervals

Deferral of
Examination to End
of Interval

Reactor Vessel

B3.90

Nozzle-to-Vessel Welds

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]

Volumetric

IWB-3512

All nozzles [Note (1)]

Same as for 1st Interval
[Note (6)]

See [Note (2)],
[Note (3)], [Note
Q]

B3.100

Nozzle Inside Radius Section

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500%7(c), or
IWB-2500-7(d)
[Note (4)]

Volumetric [Note (7)]

IWB-3512
[Note (8)]

All nozzles [Note (1)]

Same as for 1st Interval
[Note (6)]

See [Note (2)],
[Note (5)]

Pressurizer

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]

B3.110

Nozzle-to-Vessel Welds

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]

Volumetric

IWB-3512

All nozzles [Note (1)]

Same as for 1st Interval

Not permissible

Steam Generators (Primary Side)

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]

B3.130

Nozzle-to-Vessel Welds

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]

Volumetric

IWB-3512

All nozzles [Note (1)]

Same as for 1st Interval

Not permissible

Heat Exchangers (Primary Side)

IWB-2500-7(a),
IWB-2500-7(b),
IWB-2500-7(c), or
IWB-2500-7(d)
[Note (4)]
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Table IWB-2500-1 (B-D)
Examination Category B-D, Full Penetration Welded Nozzles in Vessels (Cont'd)

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method Standard Interval Intervals of Interval

IWB-2500-7(a),
IWB-2500-7(b),
B3.150 |Nozzle-to-Vessel Welds IWB-2500-7(c), or |Volumetric IWB-3512 | All nozzles [Note (1)] |Same as for 1st Interval | Not permissible
IWB-2500-7(d)
[Note (4)]

IWB£2500-7(a),
IWB-2500-7(b),
B3.160 |Nozzle Inside Radius Section IWB-2500+7(c), or |Volumetric IWB-3512 | All nozzles [Note (1)] |Same as for 1st Interval | Not permissible
IWB-2500-7/(d)
[Note (4)]

IWB-2500-7(a),
IWB-2500-7(b),
Core Makeup Tanks IWB-2500-7(c), or
IWB-2500-7(d)

[Note (4)]

IWB-2500-7(a),
IWB-2500-7(b),

B3.170 |Nozzle-to-Vessel Welds IWB-2500-7(c), or |Volumetric IWB-3512 | All nozzles [Note (1)] [Same as for 1st Interval | Not permissible
IWB-2500-7(d)
[Note (4)]

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, arid_the remainder by the end of the inspection interval.

(3) Ifthe 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 sketches shown in Figures IWB-2500-7(a) through IWB-2500-7(d)_Examination of the nozzle inside radius section is required
only for Items B3.100 and B3.160.

(5) For PWRs in the second and successive inspection intervals, these examinations may be deferred to the end of the interval, previded 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.

(6) For BWRs, the alternative criteria in IWB-2500(f) may be used.

(7) VT-1 visual examination may be performed in accordance with IWB-2500(g) in lieu of a volumetric examination.

(8) The allowable-flaw-length criteria of Table IWB-3512-1 with a flaw aspect ratio of a /¢ = 0.5 shall be used for VT-1 visual examination.
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Table IWB-2500-1 (B-F)
Examination Category B-F, Pressure-Retaining Dissimilar Metal Welds in Vessel Nozzles

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance | First Inspection Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method | Standard Interval Intervals of Interval
Reactor Vessel
. ) See [Note (1)],
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 [Note (2)]
NPS 4 (DN 100 L Nozzle-to-C t Butt
B5.11 Weld(s ) or Larger Nozzle-to-Component Bu IWB-2500-8 |Volumetric and surface | IWB-3514 All welds Same as for 1st interval [ Not permissible
Less Than NPS 4
B5.2 IWB-2500-8 f: IWB-3514 All wel for 1st i 1 Note (1
5.20 (DN 100) Nozzle-to-Safe End Butt Welds W Surface 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| [WB-2500-8" [ Volumetric and surface | IWB-3514 All welds Same as for 1st interval [Not permissible
Less Than NPS 4
B5.50 IWB-2500-8 IWB-3514 All weld S for 1st interval |Not issibl
(DN 100) Nozzle-to-Safe End Butt Welds Surface welds ame 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| [WB-2500-8 [Volumetric\ahd'surface | IWB-3514 All welds Same as for 1st interval [Not permissible
PS4 (DN 1 L. Nozzle-to- B
B5.71 N VSVeld(s 00) or Larger Nozzle-to-Component Butt IWB-2500-8 |Volumetric and Surface | IWB-3514 All welds Same as for 1st interval [Not permissible
Less Than NPS 4
B5.80 eE;N 1a(;10) 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| [WB-2500-8 | Volumetric and surface | IWB-3514. All welds Same as for 1st interval [ Not permissible
Less Than NPS 4
B5.110 eE]S)N 13(;10) Nizzle—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 Al welds Same as for 1st interval |[Not permissible
Core Makeup Tanks
B5.130 | NPS 4 (DN 100) or Larger Nozzle-to-Safe End Butt Welds| [WB-2500-8 | Volumetric and surface | IWB-3514 All welds Same as for 1st interval [Not permissible
Less Than NPS 4 (DN 100) Nozzle-to-Safe End Butt
B5.140 e‘s/\s]eldsan S4( ) Nozzle-to-Safe End Bu IWB-2500-8 | Surface IWB-3514 All welds Saime as for 1st interval [Not permissible
B5.150 | Nozzle-to-Safe End Socket Welds IWB-2500-8 | Surface IWB-3514 All welds Samie ‘as for 1st interval [ Not permissible
Weld Overlayed Butt Welds
Overlayed Butt Welds (e.g., Full Structural Weld Overlay, See
B5.160 Mitigative Weld Overlay, Repair Weld Overlay, or See [Note (3)] [Volumetric [Note (3] See [Note (3)] See [Note (3)] Not permissible

Optimized Weld Overlay)
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Table IWB-2500-1 (B-F)
Examination Category B-F, Pressure-Retaining Dissimilar Metal Welds in Vessel Nozzles (Cont'd)

NOTES:

(1) Deferral is not permissible during tlfe 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-iispection 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 noAlaws or relevant conditions requiring successive inspections in accordance with IWB-2420(b) are contained in the examination item.

(3) Examination volume, schedule (including additional examinations), and acceptance standards shall be acceptable to the regulatory authority having jurisdiction at the plant site [e.g,,
PWSCC or BWR IGSCC Program, Nonmandatory Appendix Q (2004 Edition with 2005 Addenda or later), Case N-504-4, Case N-740-2, or Case N-754-1]. Weld overlay examinations
shall include all welds and materials in which the ovérlay was installed as pressure-retaining material.
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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

Extent and Frequency of Examination

Examination Deferral of
Item Requirements/ Acceptance Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method | Standard |First Inspection Interval Intervals of Interval
Reactor Vessel
B6.10 Closure Head Nuts Surfaces Visual, VT-1 IWB-3517 Closure head nuts
IWB-2500-12(a),
IWB-2500-12(b), .
B6.20 [Closure Studs or ®) Volumetric [Note (7)] IWB-3515 Closure studs [Note (1)]
IWB-2500-12(c)
Same as for 1st interval L
IWB-2500-12(a), [Note (8)] Permissible
IWB-2500-12(b), . .
B6.40 | Threads in Flange or (®) Volumetric IWB-3515 [ Threads in flange
IWB-2500-12(¢)
. , Closure washer and
B6.50 Closure Washers, Bushings Surfaces ¥isual, VT-1 IWB-3517 R
bushings [Note (2)]
Pressurizer
IWB-2500-12(a),
IWB-2500-12(b), :
B6.60 | Bolts and Studs or ®) Volumetric {Nete,(7)] IWB-3515 Bolts and studs [Note (1)]
IWB-2500-12(c)
Same as for 1st interval | Permissible
Fl Surface, [Note (6 h ti
B6.70 ar?ge urface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface
disassembled
Nuts, bushings, and
B6.80 Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB3517 uts, bushings, an
washers [Note (2)]
Steam Generators
IWB-2500-12(a),
IWB-2500-12(b
B6.90 |Bolts and Studs or ®), Volumetric [Note (7)] [IWB-3515 Bolts.and studs [Note (1)]
IWB-2500-12(c)
Same as for 1st interval |Permissible
Fl Surface, [Note (6 h ti
B6.100 ar?ge urface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface
disassembled
hi
B6.110 [Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 Nuts, bushings, and

washers [Note (2)]

Heat Exchangers
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Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than 2 in. (50 mm) in Diameter (Cont'd)

Table IWB-2500-1 (B-G-1)

Extent and Frequency of Examination

Examination Deferral of
Item Requirements/ Acceptance Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method | Standard |[First Inspection Interval Intervals of Interval
IWB-2500-12(a),
IWB-2 -12 Bol N 1
B6.120 |Bolts and Studs 500-12(0), |y jumetric [Note (7)] | 1wB-3515 | BOIts and studs [Note (1)),
or [Note (3)]
IWB-2500-12(c)
Fl Surface, [Note (6 h ti . S for 1st int I [ Permissibl
B6.130 arTge urface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface [Note (4)] ame as for stinterval | Fermissible
disassembled
Nuts, bushings, and
B6.140 [Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 washers [Note (2)],
[Note (4)]
Piping
IWB-2500-12(a),
IWB-2500-12(b), ) Bolts and studs [Note (1)],
B6.150 |Bolts and Studs (®) Volunretric [Note (7)] IWB-3515 olts and studs [Note (1)]
or [Note (5)]
IWB-2500-12(c)
il Surf N P N Same as for 1st interval | Permissible
t ti
B6.160 ar?ge urface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface [Note (5)]
disassembled
Nuts, bushings, and
B6.170 |Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 washers [Note (2)],
[Note (5)]
Pumps
IWB-2500-12(a),
IWB-2500-12(b), . Bolts and studs [Note (1)],
B6.180 |Bolts and Studs () Volumetric [Note (7)] IWB-3515 olts and studs [Note (1)]
or [Nofe (3)]
IWB-2500-12(c)
i Surf N 11 wh - Same as for 1st interval | Permissible
B6.190 |F1ange Surface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 | Flange surfacé [Note (4)]
disassembled
Nuts, bushings, ‘and
B6.200 | Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 washers [Note (2)],

[Note (4)]

SZ0Z-T'IX'DAdd ANSV


https://asmenormdoc.com/api2/?name=ASME BPVC.XI.1 (ASME BPVC  Section 11 Division 1) 2025.pdf

06

Examination Category B-G-1, Pressure-Retaining Bolting, Greater Than 2 in. (50 mm) in Diameter (Cont'd)

Table IWB-2500-1 (B-G-1)

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method | Standard |First Inspection Interval Intervals of Interval
Valves
IWB-2500-12(a),
IWB-2 -12 N 1
B6.210 |Bolts and Studs WB-2500-12(0), |y 1 umetric [Note (7)] | 1wB-3515 | BOIts and studs [Note (1)],
or [Note (3)]
IWB-2500-12(c)
i Surf N e - Same as for 1st interval | Permissible
, [Not t .
B6.220 ar?ge urface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface [Note (4)]
disassembled
Nuts, bushings, and
B6.230 [Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 washers [Note (2)],
[Note (4)]
Core Makeup Tanks
IWB-2500-12(a),
IWB-2500-12(b), .
B6.240 |Bolts and Studs or (®) Volundetric [Note (7)] IWB-3515 Bolts and studs [Note (1)]
IWB-2500-12(c) Same as for 1st interval | Permissible
Fl f: Note (6)] wh i
B6.250 ar?ge Surface, [Note (6)] when connection Surfaces Visual, VT-1 IWB-3517 Flange surface
disassembled
Nuts, bushings, and
B6.260 |Nuts, Bushings, and Washers Surfaces Visual, VT-1 IWB-3517 uts, bushings, an
washers [Note (2)]

GENERAL NOTE: Bolting diameter is defined as the smaller of the minor thread diameter of the portion/ofithe 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.

(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 groapyofibolted 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 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. Visual examination is required only once during the
interval, when the connection is disassembled, and only if the component is examined in accordance with Examination Category B-B, B-L-2,>or. B-M-2.

(5) The examination of flange bolting in piping systems may be limited to one bolted connection among a group of bolted connections that are similazAn‘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.

(8) For Item Number B6.40, examinations are not required after a second or subsequent inspection interval, provided no defects have been previously detected.
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Table IWB-2500-1 (B-G-2)
Examination Category B-G-2, Pressure-Retaining Bolting, 2 in. (50 mm) and Less in Diameter

Extent and Frequency of Examination

Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection | Examination to End
No. Parts Examined [Note (1)] Figure No. Examination Method Standard Interval Intervals of Interval
Reactor Vessel All bolts, studs, and ) .
Same as for 1st interval [ Not permissible
B7.10 _ |Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Pressurizer All bolts, studs, and . -
Same as for 1st interval [Not permissible
B7.20 _|Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Steam Generators All bolts, studs, and . -
Same as for 1st interval [Not permissible
B7.30 _|Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Heat Exchangers All bolts, studs, and . -
Same as for 1st interval [Not permissible
B7.40 _ |Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Piping All bolts, studs, and . -
Same as for 1st interval [ Not permissible
B7.50 Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (3)]
Pumps
P All bolts, studs, and Same as for 1st interval [Not permissible
B7.60 _[Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Valves All bolts, studs, and . -
Same as for 1st interval | Not permissible
B7.70 _ [Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]
Core Makeup Tanks All bolts, studs, and . -
Same as for 1st interval | Not permissible
B7.80  [Bolts, Studs, and Nuts Surface Visual, VT-1 IWB-3517 nuts [Note (2)]

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 connéetions 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 dufing the interval.
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Table IWB-2500-1 (B-J)
Examination Category B-J, Pressure-Retaining Welds in Piping

Examination Extent and Frequency of Examination Deferral of
Item Requirements/ Acceptance First Inspection Successive Inspection | Examination to End
No. Parts Examined Figure No. Examination Method Standard Interval Intervals [Note (1)] of Interval
B9.10  [NPS 4 or larger (DN 100) Welds [Note (2)],
. [Note (3)], [Note . -
IWB-2500-8 Surface and volumetric |[IWB-3514 Same as for first interval | Not permissible
B9.11 Circumferential welds (4)], [Note (5)],
[Note (6)]
B9.20  [Less than NPS 4 (DN 100) Welds [Note (2)],
Circumferential welds other than PWR high [Note (3)], [Note
5921 ressure safety injection systems Surface (4)]
P Ly 1n) Y IWB2500-8 IWB-3514 Same as for first interval | Not permissible
. . . Welds [Note (3)],
Bozp | Clreumferential welds of PWR high presure safey Volumetric [Note (5)], [Note
(6)], [Note (7)]
B9.30 [Branch pipe connection welds
Welds [Note (2)],
Note (3)], [Not
B9.31 NPS 4 or larger (DN 100) [WB-2500-9, Surface and volumetric Eﬂ(} e[IEIo)t]e {5)(; €
- . ! ’ Same as for first interval [ Not permissible
wa 2500-10, IWB-3514 [Note (6)] P
an
[WB-2500-11 Welds [Note (2)],
B9.32 Less than NPS 4 (DN 100) Surface [Note (3)], [Note
€]
Welds [Note (2)],
B9.40 [Socket welds IWB-2500-8 Surface IWB-3514 ?N(fti ((;ﬁ 2] Same as for first interval [ Not permissible
Overlayed Butt Welds (e.g., Full Structural Weld See
B9.50 Overlay, Mitigative Weld Overlay, Repair Weld See [Note (8)] |Volumetric [Note (8)] Weld [Note (8)] See [Note (8)] Not permissible
Overlay, or Optimized Weld Overlay)
NOTES:
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(1) To the extent practicable, the initially selected welds are to be examined in the same sequence during successive inSpection intervals.

(2) Category B-] welds shall be selected for examination such that 25% (excluding welds exempted by IWB-1220 or welds in“ltem,No. B9.22) of the circumferential butt welds (or branch
connection or socket welds) are examined during the interval. The welds selected for examination shall be prorated to include.the welds listed in (a), (b), and (c) below, up to 25% of
the total population of Category B-] welds. If additional welds are required to meet the 25% criteria, they shall be selected insc¢ordance with (d) below.

(a) terminal ends in each pipe or branch run connected to vessels.
(b)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 2.4S,, for ferritic steel and austenitic steel
(2) cumulative usage factor, U, of 0.4
(c) 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’ €quals 25% of the circumferential
butt welds (or branch connection or socket welds). These additional welds may be located as follows:
(1) For PWR plants
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Table IWB-2500-1 (B-J)
Examination Category B-J, Pressure-Retaining Welds in Piping (Cont'd)

NOTES (CONT'D):

(-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

(-¢) 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

(-¢) 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 examination volume or area.

(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-] circumferéntial 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-] circumfetential 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 examinatidnjyvelume.

(b)When longitudinal welds are specified but locations are unknown, or the existenceé-of Jongitudinal welds is uncertain, the examination requirements shall be met for both trans-
verse and parallel flaws within the entire examination volume of intersecting circumferéntial 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 greaterthan,or equal to NPS 1%, (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.

(8) Examination volume, schedule (including additional examinations), and acceptance standards shall be acceptable to the regulatory authority having jurisdiction at the plant site [e.g.,
PWSCC or BWR IGSCC Program, Nonmandatory Appendix Q (2004 Edition with 2005 Addenda or later), Case N<504-4, Case N-740-2, or Case N-754-1]. Weld overlay examinations
shall include all welds and materials in which the overlay was installed as pressure-retaining material.
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