2023 National Board Digital Library “Single User” Instructional License Agreement

Carefully read the following terms and conditions before using the pdf file

COPYRIGHT & LICENSE

The National Board Inspection Code (NBIC) is a copyrighted publication of the National Board of Boiler and Pressure Vessel Inspectors.
As such, this copyright extends to any/all published versions of the NBIC including printed copies or Web subscription.

You do not own this copy of the NBIC; the National Board has licensed this copy to you for the use described herein. This pdf file is
licensed for use by a single user. “Use” means loaded in temporary memory or permanent storage on the computer. The National F oa:d
reserves all rights not expressly granted to you.

I understand that I am being provided a pdf file containing the 2023 NBIC in consideration of my representation and/c. agreement
that:

» I'may photocopy the contents solely for my own use but I am prohibited from making such photocopy e raila™le t¢ others for
copying.

«  I'will not make the NBIC electronically available through downloading, file sharing or through any c*her meuns.

« Additionally, I will not loan the pdf file for the purpose of photocopy, electronic download, file shariny or for any other copying
means.

» Tunderstand that any unauthorized duplication of the NBIC through my actions, either delibrate .r ur.intentional, directly or
indirectly, may also subject me to a claim of copyright infringement.

o Ifurther understand that any attempt to electronically alter information in the file rende. > thi. device legally void and unusable for
all future reference.

TERM
These terms and conditions are effective until terminated.
LIMITED WARRANTY

The files are provided ‘as is’ without warranty of any kind, either »xpressed or implied, including but not limited to implied warranties
of merchantability and fitness for any particular purpose.

The National Board does not warrant that the function: c¢zntrined in the files will meet your requirements or that the operation of the
files will be uninterrupted or error free. You assume . >spu..sibility for selecting the software to achieve your intended results, and for
the use and results obtained from the software.

LIMITATION OF REMEDIES

In no event will the National Board ¢ liau = to you for any damages, including any lost profits, lost savings, or any other incidental or
consequential damages arising froi. the ise or inability to use such program even if the National Board has been advised of the possi-

bility of such damages, or for any claii. by any other party.

Some states do not allow the "imitation or exclusion of liability for incidental or consequential damage, so the above exclusion may not
apply to you.

GENERAL
This Agroomertovill be governed by the laws of the state of Ohio.

Shouli>you: have any questions concerning this Agreement, you may contact the National Board by emailing info@nbbi.org.


https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

a.

ANSI/NB23

QY]
NATION. %B JARD INSPECTION CODE
b - REPAIRS AND ALTERATIONS

THE HATIONAL BOARD OF BOILER ARND PRESSWRE VESSEL INSFPECTORS


https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

NB-23 | 2023

NATIONAL BOARD INSPECTION CODE
2023 EDITION
DATE OF ISSUE — JULY 1, 2023

This code was developed under procedures accredited as meeting the criteria for American National
Standards. The Consensus Committee that approved the code was balanced to ensure that individuals
from competent and concerned interests had an opportunity to participate. The proposed code was made
available for public review and comment, which provided an opportunity for additional public input from
industry, academia, regulatory and Jurisdictional agencies, and the public-at-large.

” &

The National Board does not “approve,
activity.

rate,” or “endorse” any item, construction, proprietary devic >, or

The National Board does not take any position with respect to the validity of any patent rights assei*ad in
connection with any items mentioned in this document, and does not undertake to insure ar ‘one *.lizing
a standard against liability for infringement of any applicable Letters Patent, nor assume any scch liability.
Users of a code are expressly advised that determination of the validity of any such pate 1t rights, and the
risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with indusu./ is not to be interpreted
as government or industry endorsement of this code.

The National Board accepts responsibility for only those interpretaticns 'ssued in accordance with
governing National Board procedures and policies that preclude the isct ciace of interpretations by individual
committee members.

35 AR
2B N Ry c

The above National Board symbols are recistzred with the US Patent Office.

“National Board” is the abbreviation fo. Tho National Board of Boiler and Pressure Vessel Inspectors.

No part of this document may ke epruduced in any form, in an electronic retrieval system or otherwise,
without the prior written permiss.-n o. the publisher.

All charts, graphs, tables, ¢nd ather criteria that have been reprinted from the ASME Boiler and Pressure
Vessel Code, Sections 1, 'V, 'lll, and X are used with the permission of the American Society of Mechanical
Engineers. All Rights Rese: ‘ed.

Library of Congres~ Catalog Card No. 52-44738
Printed in the Uri*ea States of America
All Rights F eserved

www.NBBIl.org

Copyright © 2023 by
THE NATIONAL BOARD OF BOILER & PRESSURE VESSEL INSPECTORS
All rights reserved
Printed in U.S.A.



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

2023 | NATIONAL BOARD INSPECTION CODE
PART 3 — REPAIRS AND ALTERATIONS
TABLE OF CONTENTS

Lo Yo 11 T2 4T o USSR X
o] =1 T o ¢« PSP UURPRRR XV
L= =T o T T T PRSPPI XVI
Section 1 General and Administrative Requirements ... 1
1.1 S ToTo] o 1= YRS PS PRI I
1.2 Construction Standards for Pressure-Retaining fems ... e 1
1.3 1T 0T o O PPEERP S St 2
1.31 AULNOTIZALION ..ot e et e e e et e e e e snes e e 2
1.3.2 Inspections and Certifications ..o L S , S 2
14 ool =Y o [ =] o 1S TR 2
1.41 ACCTeditation PrOCESS. ......ouiiiiie e e 3
14.2 National Board “R” SYmMDOIl STamMP ......cooiiiiiiiiiii et e 3
1.5 QUAILY SYSTEM ...t s e 3
1.5.1 Outline of Requirements for a Quality System for Qualification for thi>» Na.'ona!' Board “R”

Certificate of AUtRONZAtION ..............cccciiiiiiie e LN, 3
1.6 “NR” Program ReqUIrEMENTS. .......c.uiiiiiiiiiiie et ries e tee et e et 9
1.6.1 S ToTo] o 1= Y RSP ORPPPP 9
1.6.2 L= =T SO 9
1.6.2.1 DefiNitioNS ...ooiiee e et eeeeeenteeeeeeaananeaaeeaaanaeeeeaannnees 10
1.6.3 Prerequisites for Issuing a National Board “NR” Cert ficate of Authorization ...................c.c....... 11
1.6.4 Obtaining or Renewing a National Board “NR” Ce: ‘ificc*~ of Authorization ..............ccccccco....... 12
1.6.5 Quality ASSUFANCE PrOGram .......coiuiiiiiiieiiiieeis et ettt ettt e esnnee s 12
1.6.6 Quality Assurance Program Requirements for Category 1 Activities .......occeveiiiiiiiiiiiis 13
1.6.6.1 Yo7 o] o 1= TP PSSP 13
1.6.6.2 Quality Program EIEMENTS .........ooiiiiiiiiiii e 13
1.6.7 Quality Assurance Program Requiren ents.for Category 2 Activities ..........ccccccoviiiieeiiiiiinennns 20
1.6.7.1 R To7 o] o 1= TP PSSP 20
1.6.7.2 Quality Program EIEMENtS ... ..ii e 20
1.6.8 Quality Assurance Program F:er,uirements for Category 3 Activities ...........cccoeeviciiiiiiiiiieeeeenn. 28
1.6.8.1 Yoo o 1= T PSR 28
1.6.8.2 Quality Program EIEMEN S ..o .. i 28
1.6.9 Interface with the Owi.2r’s Repair/Replacement Program

(For Categories 1/ 2, 4nd 3 @S APPlICADIE) ......ccoiiiiiiii e 33
Section 2 Welding, Braz. »g, Fusing, and Heat Treatment ......................ccco i, 35
21 R To o] o 1= T PSSR 35
2.2 Welding, B.:3zZi".g @nd FUSING ...t e e e e e e e eeaeeas 35
2.21 Procadure SEaCifiCations ........ueeeiiiiiiii e e e e 35
2211 Praceacre Specifications with Impact TeStiNG ....oooviiii i 35
222 Ctand'ard Welding Procedure SpecifiCations ...........coooiiiiiiiiiiiiiiiic e 35
223 Pe.formance QUAalifiCation ...........oouiiiiiii e 36
224 Qualification RECOIAS ......coiiie et e e e e e e e e e e e e e eeeeaeens 36
225 Qualified Personnel Identification ... 36
225 Continuity of Qualified Personnel ... 36
2261 Process ContinUity RECOIUS ........oiuiiiiiiiiie e 36
2.3 Standard Welding Procedure Specifications (SWPS) .........cooiiiiiiiiiiiiiiiiee e 37
24 AWS Reference STandards ...........oooo i 37
2.5 Heat TreatmeEnt ... e e e e e e e e e e e e e e e e e e e e e e aan 38
2.5.1 PreN@ALING ..o e 38
252 Postweld Heat Treatment (PWHT) ...t a e e 39
253 Alternative Welding Methods Without Postweld Heat Treatment..............ccccooiiiiiiiiiie, 42
2.5.3.1 LYY o g T TN 1Y 1= T T e S 43

TABLE OF CONTENTS



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

2532
2533
2534
2535
2536
2537

Section 3
3.1

3.2
3.2.1
3.2.2
3.2.3
3.24
3.25
3.2.6
3.2.7
3.3
3.3.1
3.3.2
3.3.3
3.34
3.3.4.1
3.34.2
3.34.3
3.34.4
3.34.5
3.3.4.6
3.34.7
3.3.4.8
3.349
3.35
3.3.5.1
3.3.5.2
3.4
3.4.1
3.4.2
3.4.3
3.4.4
345
3.4.5.1

Section 4
4.1

4.2

43

4.4

4.4 1
442

Se~’ioi. 5
51

5.2

2.1
5.2.2
523
524
525

Welding MEtNOA 2. ...ttt e e s 44
WEIdING MELNOA 3 ..o e e e e et e e e e e e e e e e e s e st rereeeeeens 45
LAV L= Lo [T Yo TN 1Y/ 1= 1 o o SRRSO 46
Welding MEtNOd 5 ...t e e 48
WEIAING MELNOA B ..ottt e e e e e e e e e e e e e e e e e e e s e et b e s eeeeeens 48
ATATL= Fo [T Yo TN 1Y/ 1= 1 o o SRRSO 49
Requirements for Repairs and Alterations ......................ccooiii e 51
Yoo ] o 1= Y SRS PPPP 51
General Requirements for Repairs and ARErations ...........ooooiiiiieeiiiiiee e 51
Material Requirements for Repairs and Alterations ............cccccvviiiiiiiiii e 51
RePIACEMENT PartS ... e e e e aie e e e aan o}
DIFAWINGS -oeiiie ittt e e ettt e e e e et e e s et e e e e e nnrnr e e e s Crnee s e 52
Design Requirements for Repairs and Alterations ...........cccceveeeiiiiiieeiiiiiicieeee e s .52
LO7= 1 &2 U] =1 {0 o S S PP RPPPPPPI SO .....53
Reference to Other Codes and Standards ..........cccoveiiiieiiiiciiee el e, 53
Change Of SEIVICE ...ooiiiiieii et a e e e e e e —— 53
Repairs to Pressure-Retaining fems ... e 53
D= Yot A =T o = 11 T N 53
ROULtINE REPAIIS ..o W N 53
Examples of REPAIIS .....ccociiiiiiiiiieieee e e as e e e e e e 54
Repair Methods ........oooiii e T e e 56
S ToTo] o1 TR UOUPPPPTPPPPPPPRTS T TR 56
1= (= To B =T o =Y RSP PPRRRPR 56
LT (=T Y == T RS 58
SEAIWEIAING ..t rees eeeeee e e e e e e e e e e e e e e e e e e e araaas 63
Re-Ending or Piecing PIpes O TUDES ........ooiiiiiiie it e 65
PatChes ... L O 66
StAYS oo L.\ et a e e ——aaaaaaaaaas 68
Repair of Pressure-Retaining Items Without'comp.zte Removal of Defects ..........cceeeiinnnnn. 68
Tube Plugging in Firetube BOIIErS .........ooooiiiiiie e 69
Repair of ASME Section VIII, Division 2 or 3, Pressure VESSEIS ............ccooeccviiiiiiiiieieeeeeeeeee, 69
Yoo ] o 1= Y PSSP 69
LT 0= 1 e = o OSSR 69
Alterations ........ccccoveeeennnnn, i, N S P R SUTTIP 70
RE-RAING ... ettt e e et e et e e e e e e e e e e e r e e aaaeaaaaaas 70
Alterations Based on Alloviabi > S7reSS ValUES .....oooeeiiiiiiiie e 70
ENCAPSUIALION .....coiiiei e et e e e e e e e e e aaaaeaa e s 71
EXamples Of AEIation m .o e a e e e e e e 72
Alteration of ASMF. C ude section VIII, Division 2 or 3, Pressure Vessels ........ccccooecceveevineennn. 73
F LT =10 o T =T o SR 73
Examination MG TeSHING .......ooooiiiiii e 75
S ToTo] o1 T PP U RSO PPPPRPPPN 75
Nondastructiva EXamINAtioN .........cuueiiiiiiii et 75
Prassu. 2 Gages, Measurement, Examination, and Test Equipment ..........ccccooooiiiiiiiinennee 75
Txairination and Test for Repairs and Alterations ...........ccccuvviiiiiiiiiie e, 75
Te.t or Examination Methods Applicable to Repairs .........cccccvveeeiiiiiicciiiieeee e 76
Test or Examination Methods Applicable to Alterations.............ooooi i 78
Certification/Documentation and Stamping ............cccccccoiiiiiiiiiiiiiee e 80
oo oS 80
[ ol o180 T=Y 01 ¢= o] o SRRSO 80
Preparation of Form R-1 (Report Of REPAIN).........uiviiiiiiiiiiiccieeee e 80
Preparation of Form R-2 (Report of AIEration) ..........c.cooiuiiiiiiiiiiiie e 80
Preparation of Form R-3 Report of Parts Fabricated by Welding .............ccccooiiiiiiiiiiii, 81
Preparation of Form R-4 Report Supplement Sheet ..., 81
Preparation of Form NR-1, Report of Repair/Replacement Activities for Nuclear Facilities ...... 81

TABLE OF CONTENTS



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

2023 | NATIONAL BOARD INSPECTION CODE

5.2.6 Preparation of Form NVR-1, Report of Repair/Replacement Activities for
Nuclear Pressure Relief DEVICES. .......ooii ittt e e e e e 81
5.3 Distribution of FOrM R-T et e e 82
54 Distribution of FOIM R-2 .. ..ttt e et e e e e e e e e e e nnnaeeeeeannes 82
5.5 Registration of FOrmMs — GENEral .........cooeiiiiiiii e 82
5,51 Registration fOr REPAIIS .........uuiiiiiiiiiie et e e e e e e e e e e e e e e e aeaeeeaeaan 82
55.2 Registration for ARBIratioNS .........c..oiiiiiiiiii ettt 82
553 Registration for Fiber-Reinforced VESSEIS ...........ooiiiiiiiiiiie e 82
554 Registration for Nuclear Repair/Replacement ACtiVIties .........cceeeeveiiiiiiiiiiiiieeee e, 83
55.5 Registration for Graphite VESSEIS..........ccoiuiiiiiiiiiiiii i 83
5.6 FOrm RegiStration LOQ . ...cii ittt et e et e e e e e e e e s ennaeeeeeannne 85
5.7 Stamping Requirements for Repairs and Alterations ............ooooooiiiiiiiiiiiie e ol
571 L TCT o T | PSP PR 83
5.7.2 Stamping Requirements for REPAIIS ........ocuuiiiiiiiiie e LN 83
5.7.3 Stamping Requirements for ARErations ..o e e 83
5.7.4 Stamping Requirements for Parts ...........cccocieiiiiiini e e ) S 84
5.7.5 Specific Requirements for Stamping and Nameplates ..........cccccoiiiiiieniiiiic o, 84
5.8 Stamping for Fiber-Reinforced VESSEIS .........ccoeiviiiiiiiiiiee e e 86
5.8.1 =T a] o] g Te IR o] gl =T o =11 £ SRS 86
5.8.2 Stamping for AREratioNS ........c..eeiiiiiiiiie et e e e 86
5.9 Stamping Requirements for Yankee Dryers ............oeooviiiiiiiiiiiiiiiiiiediiees e e 86
5.10 Alternative Marking and Stamping for Graphite Pressure Equipmant .o i, 87
5.11 Removal of Original Stamping or Nameplate ............cccccoiiiiiii oo e 87
Section 6 R0 o] o] (=1 4 0 1= o | 3 BRSSPSR 88
Supplement 1 Steam Locomotive Firetube Boiler Repairs ... ... 88
S1.1 Yoo o SRR 88
S1.1.1 Federal Railroad Administration (FRA) .......oooiiii e e e 88
S1.1.2 Requirements for Welding ACHIVItIES ........... e 88
S1.1.3 = (T = SRR 88
S1.1.3.1 Material List for Steam Locomotive BOIIEIS .........ooiiiiiiiiiiiiiie e 88
S1.1.4 Formula and Calculations for Steam \ ocomotive BOilers...........ccccueeiiiiiiiinciiiieeee e 89
S1.2 Locomotive Firetube Boiler REPair. .o oot a e e e e 90
S1.2.1 Repair of Staybolt HOIES ...t et e e 90
S1.2.2 Threaded StaYDOIS ... e e e e e e e e e e e e et eeeens 90
S1.2.3 Ball Socket-Type Flexible Sta, nols S, Sleeves, and Caps .....cccceveeiiiiiiiee e 92
S1.24 Seal Welded Staybolts . ...... ettt eeeEeeeeeeeeREeeeeeeateeeeeeeasteeeeeaateteeeeaaneeeeeeaannneeeeeaaneeeeeeaannnees 95
S1.25 Welded Installation 67 Sta hOIRS .....eeeiiiiiiiieie e 96
S$1.2.5.1 Un-Threaded Fille-vy 2lded STaybOItS ........cocuiiiiiiiiiiiie e 96
S1.2.6 Diagonal Braces, (uss et Braces, and Throat Sheet/Tubesheet Braces ..........ccccccovveeennnnee. 96
S1.2.6.1 Girder Stays @i d CrOWN BarS .........ooeiiiiiiiiiii et e e e e e e e e e e eeeeeeens 98
S$1.2.6.2 S [T IS =) PRSP 99
S1.2.6.3 EXPANSION SEAY'S ettt ettt e e ettt e e ettt e e e e et e e e e e nee e e e e e nane e e e e anneeeaeann 100
S1.2.7 THrEAAEA STU TS .ttt 102
S1.2.8 = T 1 €S URTSR 102
S1.2.9 Tlueo. Arch Tubes, Circulators, Thermic Syphons ..o 103
S1.2.91 FIL2 and TubE RE-ENAING ...vuiiiiiiiiiieiee et e e e e e e s eeeaeaeeeeeens 104
S1.2.9.2 N o o T T ] = PR 104
S1.2.2.5 Tube Wall Thickness for Arch TUDES ......cooi i 106
S1.2.9.4 TREIMIC SYPNONS ..ottt e e e e e e e e e e e e e e e e e e e e eesnnsnssnneeeees 106
S1.2.25 L3111 = (o] = PRSP 108
S1.29.6 Installation Of BOIEr FIUES ......co it e e e 108
1297 FOITUIBS ..ottt ettt e ettt e e e sttt e e s b e e e e e e aanbeeee e e 109
51.2.10 Repairs and Alterations to Boiler Barrel Unstayed Areas ..........cccccciiiiiiiiii e 109
S1.2.11 Repairs and Alterations to Boiler Barrel Stayed Area ..........ccccoeiiiiieiiiiiiee e 110
S1.2.11.1 1= ToT0) Q] g 1=T=) 2L o X- | PSPPSRI 110
S$1.2.11.2 Fireboxes and Other Stayed Area PatChes ..........cccooouiiiiiiiiiiii e 110
S1.2.11.3 Repair of Stayed Firebox Sheets Grooved or Wasted at the Mudring ..........ccccocceiiiiiiienennis 111

v

TABLE OF CONTENTS



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

S1.2.11.4 MUAFING REPAIMS ..ottt e e e e e e e st e e e e sanne e e e e e 112
S1.2.11.5 Repair of Firebox, Wrapper, and Tubesheet Knuckles .............ccceeeeviiieiiiiiiiiiiiieeeeeeeeeeeee 113
S1.2.11.6 TUDESNEEE REPAIIS ....eeiieiiieeee ettt e e e e e e e e et e e e e e aaaeeeaeseennsnssnneeeees 119
S1.2.12 SEAMS AN JOINES ..eiieiiiiiiie ettt e e e et e e e e sttt e e e e e ne e e e e e e st e e e e e nnnaeaeeennnaeeeens 120
S1.2.121 Caulking Riveted Seams and Rivet HEadS ........c..ooiiiiiiiiiiiiiee e 120
S$1.2.12.2 Threaded Openings in Vessel Walls, Bushings, and Welded Nozzles

(Washout Plug Holes and Other CONNECHIONS) ........ciiiiiiiiiiie it 121
S1.2.13 FittiNgs @nd GaAgES .. .-eeeiiiiiiiiiiiie ettt e e et e e et e e e et e e e e ae e e e e annaeeeaeaan 122
S1.2.13.1 Water Gage CONNECLION ......cooiiiiiiee et e e e e e e e e e e e e e e e e e e e e e sennnssrsneeeees 122
S1.2.14 Throttle Pipes, Dry Pipes, Superheater Headers & Front End Steam Pipes .........ccccccccevveeee.. 122
Supplement 2 HiStorical BOIIErS ..............oooiiiiiiiiiii e e e e e e e e e e e s iannees 124
S2.1 S Yo o1 T 124
S2.2 1] (oo {1 T3 o] o RS RER ....124
S2.3 RESPONSIDIIILIES ...eeiieeeeeie i e e e e e e e e e e e s nsanrnseeees eeee it 124
S2.4 Repairs and ARRErations ............eeiiiiiiiiii el . 124
S2.5 Construction StANAANAS .......coo i e e e e e ennaeeee s 124
S2.6 ACCTEAITALION. ... e 125
S2.7 (T = P USRS 125
S2.7.1 Material List for Historical Boiler REPAIrS ...........eeeiiiiiiiiiiiiiiiiiieeee et e 125
S2.7.2 Replacement Parts..........cocuiiiiiiiiecce e e e e 126
S2.8 Welded Repair INSPECHION .......c..veieiieeeeee e e e e 126
S2.9 LAV o LT T U U SRR 126
S2.10 Heat Treatment........oooiiiiii e PR 126
S2.11 Nondestructive Examination and TESHING .........cuueiiiiiiiiiiies it 127
S2.12 Do Te10 |3 T=Y o1 ¢= o] o H OSSR RERR 127
S2.13 RePaIr MEINOAS ..o e e e e e e e e eeeaaaeeeeas 127
S2.13.1 Repair of Threaded Staybolt HOIES ...t 128
S2.13.2 Installation of Threaded StayboltS ........c..oiiiiiii e 128
S2.13.3 Seal Welding of Threaded Staybolts........... AT 129
S2.13.4 Installation of Welded Staybolts ..........coiiiiiiiiee e 130
S2.13.5 LI 12T To [T S (0o L= PR 131
S2.13.6 Patch BOIts ......oooviiiiiiicc ettt E e h e e et e e bt e e bt e e e bee e e ettt e e araeeeanteeeabeeeareeean 131
S2.13.7 Flue and Tube RE-ENAING .......ooooiii i ittt e e 132
S2.13.8 Flue and Tube INStallation ....... ..o e e 134
S2.13.9 Repairs and Alterations to Ur Stry@d Ar€aS.........uviiiiiiiii it 136
S2.13.9.1 Weld Buildup of Wastage cna rooving in Unstayed Areas .........ooceeevieeeiiieeeieee e 136
S2.13.9.2 Welded Repair of Cracks in ('nsStayed Ar€as ........ccueeiiiiiiiiiiieieie e 137
S2.13.9.3 Welded Flush Patchecin Instayed Areas ..........ccccuuiiiiiiiiiieie et 137
S2.13.9.4 Repair of Cracks, /sre oving, and Wastage Using a Riveted Patch in Unstayed Areas............. 138
S2.13.9.5 Barrel REPIACEIAGI .. e aaaa e e 139
S2.13.10 Repairs and Alorations 10 Stayed ArCas..........vviiiiiiiiie et a e 140
S2.13.10.1  Weld Builcup >f VWastage and Grooving in Stayed Areas .........ccccceeiiveiiiiiieniieeniee e 140
S2.13.10.2 Welded Reair of Cracks in STayed Ar€as .......coiieuiiieiiiiiiie e 140
S2.13.10.3  Weldad Flust, Patches in Stayed Ar€as .........coviiiiiiiiiiiiiieeeeet e a e e e 140
S2.13.10.4 _ Renair of Stayed Firebox Sheets Grooved or Wasted at the Mudring ............ccccoveeeviieniinenn. 141
S2.13.11 epeir of Firebox and Tubesheet KNUCKIES ...........ooooiiiiiiiiiiiiieeeeee e 143
S2.13.11.1. We'd Buildup of Wastage and Grooving in Firebox and Tubesheet Knuckles ....................... 143
S2.13.11.2° . Welded Repair of Cracks in Firebox and Tubesheet Knuckles ...........ccccovciiieiiiiiiieniennen 143
S2.10.11.2.. Welded Flush Patches in Firebox and Tubesheet KnuckIes ... 144
S2.43.12 Repair Of TUDESNEELS ... e e e e e 146
S2.10.12.1  Weld Buildup of Wastage and Grooving in Tubesheets ............ccoceeiiiiiiiiiiiiicc e 146
S52.'3.12.2 Welded Repair of Cracks in TUDEShEELS ..........ccuuiiiiiiiiiiiiiece e 146
©2.13.12.3  Welded Flush Patches in TUDEShEELS ..........eiiiiiiiiiie e 147
$52.13.13 Seams, JOINtS, aNd RIVELS ........cooo ittt e e e e e e e e e e e e e e e e e e eeeeaees 148
S2.13.13.1  Caulking Riveted Seams and Rivet HEAAS .........cc.ueiiiiiiiiiiiii e 148
S2.13.13.2  RIVELHOIES ...ttt ettt ettt e ettt e ettt e e st e e st eeanseeeanneeas 149
S2.13.13.3  Assembly of Riveted JOINTS .......cocuuiiiiiiiiii e 149
Sy B T T S 1Y {1 Vo RSP RSURR 149

TABLE OF CONTENTS

\"4



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

2023 [ NATIONAL BOARD INSPECTION CODE

S2.13.13.5 Seal Welding Seam, Joints, and Rivet Heads..............cccuiviiiiiiiiii e 153
S2.13.14 =T o= T o) @] oT=Y o1 oo [ RESTRRRRR 154
S2.13.14.1  Repair of Threaded OPENINGS .....cceeiiiiiiiieee ettt ee e e e e e e e e e e s e eeeeeeaaeeeesesannannees 154
S2.13.14.2  Repair of HANAOIE OPENINGS ....ceieeiiiiiieeieiiiie ettt e e e e st e e e e et e e e e s ennaeeeeeennnneeeens 154
S2.13.14.3  Repair of Fusible PIUg OPENING ....coiiieiiieiiei ettt e e 155
S2.13.14.4  Repair of HANANOIE DOOIS......oiiiiiii ittt e e e e e e e e e ee e e e e e e e e e e s e s annnnees 156
Supplement 3 Repair and Alteration of Graphite Pressure Equipment .......................cccccoociiiiiiiinn, 157
S3.1 Yoo ] o 1= YRR PP 157
S3.2 LT 0= 1 SRS 157
S3.3 ROULINE REPAIIS ..ot e e e e e e e e e e e et e e e e e aaaeeeaas 159
S3.4 LY =1 (o] 1 PRSP 15
S3.5 Repair Guide for Impervious Graphite ...........oocueeiieiiiiiiie i eee e ee e e feees e 160
S3.5.1 1] (oo {1 T3 o o SRR ... 160
S3.5.2 Typical Graphite FraCctures ... e e 164
S3.5.2.1 =TT = Vo (] = SR SPPRSROURRR . , 164
S3.5.2.2 Intermediate Fracture ...t e et e e s e e e e 164
S3.5.2.3 T gLl = Tex (1] S T SRR PSRRI 165
S3.5.2.4 FiNisShing the REPAIN ......ocoiiiii et e e e 166
S3.5.3 Graphite Repair by Plug StitChing .......coooiiiiiiiiii D e 166
S3.5.3.1 Plug Stitching Procedure (See NBIC Part 3, Figure S3.5.3) ...occceiiiiiiiit e e 167
S3.5.4 Plugging or Leaking of Damaged Tubes ...........ccccceeviiieinieeinioc i N 168
S3.5.5 TUDE REPIACEMENT ...t ees et e e e e e e e e e e e e e ee e 170
S3.5.6 Reimpregnation of Graphite Parts (Tubesheets, Heads, and BIOCK ).........ccccvvviiiiiieiieeeennnnnn. 172
S3.5.6.1 Control of Impregnation Material ..o e e 173
Supplement 4 Repair and Alteration of Fiber-Reinforced Thern osefting Plastic

Pressure EQUIPMENt ... e 174
S4.1 S ToTo] o 1= T PP PR TR PPPPPRP 174
S4.2 Qualifications for “R” Certificate Holder Designee .. .......ooooiiiiiieiii e 174
S4.3 TOOIS e e erererrrereeeeeree e i ra———rrrraarateeeeaesarannnrarerrnees 175
S4.4 [T 031 =T (1) 1SRRI 175
S4.5 Repair Limitations for Filament Woun I VESSEIS ..........coooiiiiiiiiiiieeeeeeeee e 175
S4.6 Vessels Fabricated Using Elevatec T=roperature Cured Resin Systems .........cccccoeviieiiieens 175
S4.7 (0700 [N o] 070 o153 (1 F o1 o] o P PRI 176
S4.8 = L (=TT PR PRPPTRPPRR 176
S4.9 Replacement Parts. ... ... o e aaa e e 176
S4.10 S T=Yeto] oo F= T VAN =TT o {1 s o TR PR 176
S4.10.1 Secondary Bonding F.ace dure Specifications .........eeviviviiiiiiiiiii e 177
S4.10.2 Performance QUA'IMC AIONS .....oiiiiiiiiie it e ettt e sttt e e e et e e e e et e e e e s snneeeeeeannneeeeeeennnneeaeaanns 177
S4.10.3 = Te7 o) o [ SRR URTSRR 177
S4.10.4 Secondary Bori ler’s [dentifiCation ............oooiiiiiiiii e 177
S4.10.5 Secondary Bede:’'s CONTINUILY ..o..eeiiiiiiiiiiii e 177
S4.11 LG 5 1 T PRSP 177
S4.12 NONAaStrUCEV 2 EXAMINATION......cciiiiiiiii i e e 177
S4.13 Prassui» and Acoustic EMISSION TeSES......c.uuiiiiiiiiiieeee e 182
S4.13.1 rescure Gages, Measurement, and Examination and Test Equipment.............cccoooeeeenee 182
S4.14 F oo = Lot I 1 ] o 1= Tox 1 o] o NP PPEPPRR 182
S4.14 1 ST e= 0] o)1 oo [ PRSPPI 182
S4.1<.2 Do Te18 |3 1Y o c= o] o KOS UREURPSRR 182
S4.44.5 Registration of DOCUMENTAtION .......ooiiiiiiii e a e e 182
S4.14.4 Distribution of DOCUMENTATION ........eviiiiiiiiie e e e e s ee e e e e nneeeeeeanes 182
S4.'5 Pressure Testing fOr REPAIIS .....ooiiuiiieiiii et e e e e e 182
116 Additional Requirements for REPAITS ..........ueiiiiiiieiiiiiiiieee e e e 183
34.16.1 S Yo o1 PRSP 183
S4.16.2 ] = 1117 o SRR URTSRR 183
S4.16.3 =T o= 11 - o T PSSP 183
S4.16.4 ROULINE REPAIIS .oeieiieieie ittt e e e e e e e e et et et e aeae e e e e e e nnnnneeaeeeeaeaaaeeeans 184
S4.16.5 RePAIr MEINOAS ...t e e e e e e e e e e eeeaaaeee s 184

Vi

TABLE OF CONTENTS



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

S4.17 Additional Requirements for ARErations ...........coveiiiiiiieiiiiiee e 184
S4.17 1 S ToTo] o1 TSP PR RSP O PSPPI 184
S4.17.2 [ 13 o o USSR 184
S4.17.3 N =T = 11T TN = o PSSR 185
S4.17.4 LO7= 1 o101 =1 1 o] o 1= RSP 185
S4.17.5 RE-RALING ...ttt e e e e e e e e e e e et e e e e e e e e e e e n b rrraeaaaaaeaaans 185
S4.17.6 PreSSUIME TESHING ... ii ittt e e e e e s e e e 186
S4.18 Repair and Alteration MethodS ............oooiiiiiiiiiieeeeee e 187
S4.18.1 General REQUIFEMENTS ...ocoiiiiie et e e e e e e e e e e e e e e e e e e e e e s nnnssrnnneeees 187
S4.18.2 Classification Of REPAIIS .....ciiuiiiieei e e et e e e et e e e e st e e e e e st e e e e s nnneeeaeeannneeeeens 187
S4.18.2.1 Type 1A — Repair of the Corrosion Barrier ... 187
S4.18.2.2 Type 1B — Repair of the Corrosion Barrier for Vessels with Precision Bores .............cccce.... 169
S4.18.2.3 Type 2 — Corrosion Barrier and Internal Structural Layer Repairs ...........cccoccveeeiiinenns . - 191
S4.18.2.4 Type 3 — External Structural Layer REPairs ..........cueviiiiiiiiiiiiiiee e .....191
S4.18.2.5 TYPE 4 — AREIatiONS ...oeeeeiiiiee et e e e e e e e e e e eeeeeaaeeeeeen s eeees s 193
S4.18.2.6 Type 5 — Miscellaneous General External Repairs or Alterations ....................l . D W . 193
S4.18.2.7 Type 6 — Thermoplastic REPAITS ........c..uiiiiiiie e e e 193
S4.18.2.8 Type 7 — Gel Coat REPAIIS ....cooieiiiiieeie et e e eee e s e e e e e e e e eeeees 194
S4.19 Repair of High Pressure Filament Wound VESSEIS .........cccooiiiiiiiiiiiiiieieies e 194
S4.19.1 S ToTo] o1 T s ST OPPPPP 194
S4.19.2 Level Of DAmagE ......cooiiiiiiieeeee et e e aes e e aaa e 194
S4.19.3 Thickness ConSIderations ............ooiiiiiiiiiei i e e 195
S4.19.4 Impact Damage Considerations ...........c.uueiiiiiiiiiie i eriiee et e e e e e 195
S4.19.5 Assessment of Damage Depth..........ccccvviiiiiiiiiiii e e ——————————————————— 195
S4.19.6 LT 0= 11 (oY= U ¢ PR 195
S4.19.7 Acceptance of the Vessel for Return to Service........... ... i, 196
Supplement 5 General Requirements for Repairs and Altarai’on. #~ Yankee Dryers ...........c.....ccco..... 197
S5.1 S ToTo] o1 T PP U RSP PPPPPRP 197
S5.2 Examinations and Test Methods ... fo e 197
S5.3 Yankee Dryer Repair MEthOAS ........coooiiiiiiiii e 197
S5.3.1 Replacement Parts for Yankee DIYErS ..ot e e 197
S54 Repair Guide for Yankee DIYEIS .......o oot e e e e e e e e 197
S5.5 Repairs That Do Not Require Star.ving, or Nameplate Attachment ... 198
S5.6 =g E=To [ =T o =T O RETRTSRR 198
S5.6.1 Repair of Local ThiNNING. .../t e e e e e e e e eeeaaaeeeeeeas 198
S5.6.2 Assessment Of Crack-LIKE Fla 187 ... e e e e 199
S5.6.3 Driven PIUg REPAIN .. ... oottt e e e e e e e et e e e et ee e e e e annneeeeeanne 200
S5.6.4 Threaded PIUG RePain . oottt e e e e e e e e e e e e e e e e e e s e eansnrnneeeeees 200
S5.7 Aerations 10 Yan! i@ DIYEIS .......ooiii it 200
S5.7.1 S ToTo] o1 T PR U TR TOPOPPPPRP 200
S5.7.2 F N (=T = 1T T 1Y/ o1 TP PEPPRURR 200
S5.7.3 Pressure Tesung uf ARBIatioNS .......ooiuiiiiiiiii et 201
Supplement 6 Repair, Alte. ation, and Modification of DOT Transport Tanks ...............ccccccceeeiiiiiiiinnnns 206
S6.1 S Yool o= ISP PRSP PRRPTRRO 206
S6.2 T T o 1RSSR 206
S6.3 COnStrUCHON SEANAANAS .....cciiiiiiie et 206
S6.4 Accreditation and Registration ............ccuiiiiiiii 206
S6.5 = 1 (=] = OO URRURTSRR 206
S6.7 REPIACEMENT PartS ... e e e e e e e e e e 206
SA.7 0 T 4= 1o o SRR 207
S6.20 [ a1 o1=To11 o) [PPSO PP PUPPTRRRRRN 207
<5.8.1 Inspector Duties for Repairs, Alterations, and Modifications ...............cccooiiiiiiii s 207
56.9 LT =] o LT T PR 208
S6.9.1 Welding Procedure SpecifiCation ............oooiiiiiiioiiee e 208
S6.9.2 Standard Welding Procedure SpecifiCations .........cc.eeeviiiiiieiiiiiiieeeee e 208
S6.9.3 Performance QUalifiCation ............cceiiiiiiiiiie e e e et e e e e e anns 208
S6.9.4 LAV o g T =T oo o £ 208

TABLE OF CONTENTS

\41



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

2023 | NATIONAL BOARD INSPECTION CODE

S6.9.5 Welders’ 1[dentifiCation ...........ooocieiiiiiiiiii et e e e e e et e e e e 205
S6.9.6 Welders’ CONINUILY ....oeiiiiiiiie ettt e e et e e e e et e e e e et e e e e e nneeeeeeanneees 205
S6.10 HEat TrealMeNt.... ..ottt e e e rnnae e e e 205
S6.10.1 PrEN@ALING ...t 205
S6.10.2 Postweld Heat TreatmeENnt ... ..o e e e e e 205
S$6.10.3 Alternatives to Postweld Heat Treatment ... 205
S6.11 Nondestructive EXamiNation...........oooi oot e e e 206
S6.12 (070 T= 111 To E=Ta T I N1 0T oo <SRRI 206
S6.13 Measurement, Examination, and Test Equipment ... 206
S6.14 P X eTo7=T o) =1 oI 1 1] o 1= Tox 1 o] o NSRRI 206
S6.15 General Stamping REQUINEMENTS ........ooiiiiiii e e e 206
S6.15.1 Removal of Original Stamping or Nameplate ..........oooieiiiiiiiiiieee e 207
S6.16 B T 0 2 T T 207
S6.16.1 Do To10 ] 1Y o1 c= o] o SO PUUERN RNPE 207
S$6.16.2 Preparation of “R” FOIMMS........uuiiiiiiieie et e e e e e e e s e eeees e e e 207
S6.16.3 D1y (g1 oW i o) o IO EURRURRRRN S o 207
S6.16.4 Registration of FOrm R-1 and FOrM R-2.......ooo e e 207
S6.17 Additional Requirements for Repairs, Alterations, or Modifications...............tcccce i, 208
S6.17.1 Yo o1 PRSP 208
S6.17.2 Repairs Of DEfECES........ccoi e et e 208
S6.17.3 MOIfICAtIONS ... e e e e 208
S6.17.4 9 1117 o P SRS 208
S6.17.5 F U L] =1 1T I U PRSP 208
S6.18 Examination and Test ... TR 208
S6.18.1 /1= g o T £ SRR SRTSR 208
S6.19 Repairs, Alterations, or Modification REPOIMS ..........cccco oot e 209
Supplement 7 Repair and Alterations of Pressure Vessel= in '.iquif.ed Petroleum Gas Service ......... 210
S7.1 S ToTo] o 1= T PP PR TR PPPPPRP 210
S7.2 General and Administrative ReqQUIremMENts . . ..o 210
S7.3 WEIING oo ettt ree e re e e e e e e e e e e r e e e ee it e e e eeareneees 210
S74 Requirements for Repairs and ARErations .............cooooeiiiiiiiiiiiiiiiiieieee e 210
S7.5 Requirements for Change of Service rom Above Ground to Underground Service................ 210
S7.6 Examination and TeSHNG ........ueiiiiis i e 210
S7.7 Certification/Documentation and S*AMPING ...oooiieiiiiiiiiiiie e e 21
S7.8 10T o =Yoo o TSP PPRRPRRR 211
S7.9 L0701 110 o LTRSS PTRR 211
Supplement 8 Weld and Post Rep.i+ | 'spection of Creep Strength Enhanced Ferritic Steel

Pressure EQUIPIT €D . ... ettt e e e e e e e e e e e e et aeeeeaaaaeeeeens 212
S8.1 S ToTo] o 1= T PP PR TSRO PPPPRP 212
S8.2 Weld Repair 01 Grade 91 STEEI .....eeeeieiiiieee e 212
S8.2.1 LAV = Lo I =T o T Ao YT o PSSP 212
S8.2.2 Weld Repa'= Outions for Dissimilar Metal WeldS...........oeeeviiieiiiiiiiiieeeeeeee e 213
S8.3 Application or Controlled Fill Welding Procedure ...........ceuviiiiiiiieiiiieccccieeee e 213
S8.4 Quilification of Controlled Fill Welding ProCedure ..........ocueveiiiieiiieeiiieeeee e 217
S8.5 e T A=Y o 1= 1T gl [0 1] o =Yoo o H TSSOSO PPPPRP 218
Supplemel t 9 Repair and Alteration Forms and Instructions for Completing Forms
S9.1 S ToTo] o1 TR RSP P PSPPI 219
S9.2 Form R-1, Report of Repair, NB-66 ..........cccuuuiiiiiiiiiieee et e e e 220
S9.3 Form R-2, Report of Alteration, NB-229 ............ooriiiiiiiiiiee e 225
S9.° Form R-3, Report of Parts Fabricated by Welding, NB-230 ..........ccuoiiiiiiiiieiieeeeeeeeee e 231
<95 Form R-4, Report Supplement Sheet, NB-231.......coooiiiiiiiiieee e 236
39.6 Form NR-1, Report of Repair/Replacement Activities for Nuclear Facilities, NB-81 ................ 238
S9.7 Form NVR-1, Report of Repair/Replacement Activities for Nuclear Pressure

Relief DeVICES, NB-160 ..........eiiiiiiiiiiie ittt e e e e s rnnae e e e 244
S9.8 Corrections to Completed National Board Report FOrmMS...........cvivviiiiiiieeiiiiiee e 249

VIIl | TABLE OF CONTENTS



https://www.stdhive.com/standards/nbbi-nb23-2023-part-3-pdf/

NB-23 | 2023
Section 7 NBIC Policy for Metrication ................cooiiiiiiiiii e 251
71 (7= =T | PP RSP OPPPPRP 251
7.2 Equivalent Rationale ...........uuiiiiiiiiiiii e e e e 251
7.3 Procedure for CONVEISION .........eeiiiieiii et e e e e e e e e et ee e e eaeeeaeans 251
7.4 REfErenCiNg TADIES .......oiiiiiii ettt e e e e e e e e ee e e e e ennaeeeeeanne 252
Section 8 Preparation of Technical Inquiries to the National Board Inspection

C0ode COMMILEEE..........coo i e e e e e e e e e e eee s 257
Section 9 GlOSSAY OF TEIIMIS ...ttt et et et e et e e e e e 258
9.1 DEFINILIONS ...t e e e e e e e e e e e e e e e e e e e e e e e e raaaaaaaaaaas 258
Section 10 NBIC Approved Interpretations...............ccooiiiiiiiiiiii i 266
10.1 S ToTo] o1 T PP PR RSP OPPPPRP 266
85T Yo7 (oY s e B O 13 e [ GO PR 278

TABLE OF CONTENTS

IX




2023 | NATIONAL BOARD INSPECTION CODE

INTRODUCTION

It is the purpose of the National Board Inspection Code (NBIC) to maintain the integrity of pressure-retaining
items by providing rules for post-construction activities including installation, and by providing rules for
post-installation activities including inspections, repairs, and alterations, thereby ensuring the safety of the
pressure-retaining items’ continued use.

The NBIC is intended to provide rules, information, and guidance to manufacturers, jurisdictions, Inspectors,
owner-users, installers, contractors, and other individuals and organizations performing or involved in post-
construction activities, thereby encouraging the uniform administration of rules pertaining to pressure retaining
items.

SCOPE

The NBIC recognizes four important areas of post-construction activities where information, understanding,
and following specific requirements will promote public and personal safety. These areas include:

» Installation

* Inspection

* Repairs and Alterations

» Testing of Pressure Relief Devices

The NBIC provides rules, information, and guidance for post-construction activities, but does not provide
details for all conditions involving pressure-retaining items. Where complete details are not provided in this
Code, the Code user is advised to seek guidance from the applicable jurisdiction or other technical sources.

The words “shall,” “should,” and “may” are used throughout the NBIC and have the following intent:

»  Shall — action that is mandatory.

» Should — indicates a preferred but not mandatory means to accomplish the requirement unless specified
by other sources, such as the Jurisdiction.

» May — permissive, not required or a means to accomplish the specified task.

ORGANIZATION

The NBIC is organized into four parts to coincide with specific post-construction activities involving
pressure-retaining items. Each part provides general and specific rules, information, and guidance within
each applicable post-construction activity. Individual NBIC parts or other published standards may contain
additional information or requirements needed to meet the rules of the NBIC. Each part provides specific
references to direct the user where to find this additional information. NBIC parts are identified as:

+ Part 1, Installation — This part provides requirements and guidance to ensure the proper installation and
functioning of all types of pressure-retaining items. Installation includes meeting specific safety criteria for
construction, materials, design, supports, safety devices, operation, testing, and maintenance.

« Part 2, Inspection — This part provides information and guidance needed to perform and document
inspections for all types of pressure-retaining items. This part includes information on personnel safety,
non-destructive examination, tests, failure mechanisms, types of pressure equipment, fitness for service,
risk-based assessments, and performance-based standards.

» Part 3, Repairs and Alterations — This part provides requirements and guidance to perform, verify, and
document acceptable repairs or alterations to pressure-retaining items regardless of code of construc-
tion. Alternative methods for examination, testing, heat treatment, etc., are provided when the original
code of construction requirements cannot be met. Specific acceptable and proven repair methods are
also provided.

» Part 4, Pressure Relief Devices — This part provides information and guidance to ensure pressure relief
devices are installed properly, that inspections of pressure relief devices are performed and documented
properly, and that repairs to pressure relief devices are performed, verified, and documented properly.

Each part of the NBIC is divided into major sections as outlined in the Table of Contents.
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