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 Board
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/or agreement
that:

»  I'may photocopy the contents solely for my own use but I am prohibited from making such photocopy available to others for
copying.

«  I'will not make the NBIC electronically available through downloading, file sharing or through any other means.

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

« Tunderstand that any unauthorized duplication of the NBIC through my actions, either deliberate or unintentional, 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 renders this 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 expressed 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 functions contained in the files will meet your requirements or that the operation of the
files will be uninterrupted or error free. You assume responsibility 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 be liable to you for any damages, including any lost profits, lost savings, or any other incidental or
consequential damages arising from the use or inability to use such program even if the National Board has been advised of the possi-

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

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

GENERAL
This Agreement will be governed by the laws of the state of Ohio.

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



sy
\ ﬂu' .{"f/
",:\“" t .-""2,

a.

ANSI/NB23

NATIONAL BOARD INSPECTION CODE

PART I

INSTALLATION

THE HATIONAL BOARD OF BOILER ARND PRESSWRE VESSEL INSFPECTORS



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 device, or

The National Board does not take any position with respect to the validity of any patent rights asserted in
connection with any items mentioned in this document, and does not undertake to insure anyone utilizing
a standard against liability for infringement of any applicable Letters Patent, nor assume any such liability.
Users of a code are expressly advised that determination of the validity of any such patent rights, and the
risk of infringement of such rights, is entirely their own responsibility.

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

The National Board accepts responsibility for only those interpretations issued in accordance with
governing National Board procedures and policies that preclude the issuance of interpretations by individual
committee members.

et C R
LL[\BJJ NR L(’F{J_) ’Jo

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

“National Board” is the abbreviation for The National Board of Boiler and Pressure Vessel Inspectors.

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

All charts, graphs, tables, and other criteria that have been reprinted from the ASME Boiler and Pressure
Vessel Code, Sections I, 1V, VIII, and X are used with the permission of the American Society of Mechanical
Engineers. All Rights Reserved.

Library of Congress Catalog Card No. 52-44738
Printed in the United States of America
All Rights Reserved

www.NBBIl.org

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




2023 | NATIONAL BOARD INSPECTION CODE
PART 1 — INSTALLATION
TABLE OF CONTENTS
Lo Xo 11 T2 T o PSRRI IX
Lo =T o« PP UPP PP Xl
P IS Ol e e e e e e e e e e e e —— e e aaaeaaaeaaeeeeeea—————————— XV
Section 1 General GUIEIINES .........oooiiii et e et e e e e eneee 1
1.1 Yoo ] o 1= TSSO 1
1.2 P UIDOSE ... ittt e e e e e e e e e e e ae et ee et e —————————————aaaaaaaaaaaaaaaane 1
1.3 Application 0f theSE RUIES .......coooiiii e e e e e e e 1
1.4 Certification, Inspection, and Jurisdictional Requirements ................oooviiiiiiiiiiiiiiiieeeeeeeeeeeeeee, 1
1.41 L TS] o] 131 o1 1 2P EEEERRRR 1
14.2 Equipment CertifiCation ............eeiiiiiiiiei e e e e e e e e e e 2
14.3 JUIISAICHONAI REVIEW ... ..ot e e e e e e e e e e e e e as 2
14.4 1 1S =T 1o o 1SRRI 2
145 Boiler INStallation REPOIT .......eiiiiiiiiieee et e e e e e e e e e r e e e e e e e e e e e e aananes 2
1.4.51 Boiler Installation Report FOMM ... e e e e e e e 3
14511 Guide for Completing National Board Boiler Installation Report ..........ccccooiiiiiiiiiiiiiiee 3
1.5 (01 gF-TaTo 1= N o) IS T=T A To SO PPPRR 7
1.6 General REQUIFEMENTS ...ttt e e e e e e et e e e e e e e e e e e e e nnnnn e eeeeaaaaeens 7
1.6.1 Supports, Foundations, and Settings .........ueeiiiiiiiiee e 7
1.6.2 STUCTUIAL STEEI ...ttt e et e e e s bnee e e e e aanee 7
1.6.3 ] SRR 7
164 Ladders and RUNWAYS.........c.uuiiiiiiiiie ettt e e e e e e e e e e e e 7
1.6.5 =Y PSR 8
1.6.6 Ventilation and CombuUSTIoN Air ... 9
1.6.7 T | 111 SRRSO 10
1.6.8 ChIMNEY OF STACK ....eeeiiiei et e e e e e e e e e e e e e s s et e eeaeeeeas 10
1.6.9 Carbon Monoxide (CO) DeteCtor/AIQIM .........cooiiii e 10
1.6.10 Testing and Final ACCEPIANCE.........coiiiiiii e 10
Section 2 POWEE BOIIEIS ...t e ettt e e e s e e e e e e e aaeaaeeaaees 11
21 ST o1 SRS 11
2.2 = {1 T[] o 1S PP PPPROTPPRP 11
2.3 General REQUIFEMENTS .. oot e e e e e et e e e e e e e e e e e e e nnneneeeeeeeeeens 11
2.31 Supports, Foundations, and SettiNgS ........ceeiiiiiii e 11
23.2 STUCTUIAl STEEI ...t e e e e anneeeea s 11
2.3.3 (0115 T = (ot PP PSPPUPRRRRRN 11
24 Equipment ROOM ReQUIFEMENTS ......ccooiiiiiiieieeeee st e e e e e e e e e e e aeaaaees 1"
241 | PP PEPROTPPRP 11
242 Ladders and RUNWAYS .......oouuiiiiiiiiiieeeee ettt e ettt e e et e e e e e e e e aaaes 12
243 D =V SRR 12
244 WALEr (ClEANING) ...uvvtiiieiiiii et e ettt e e e e e e e et e e e e e e e s e e s st e seeeeeaeeaeeeeeseansssnssnseeeeeens 12
25 SoUrce REQUIFEMENTS ...ttt e e e e e e ettt et e e e e e e e e e s e nnneneeeeeeeaeens 12
251 FEEAWALET ... ettt e e ettt ettt e e e e e e e e e e e e e e nnnbetneeeaeaaaaaaaeans 12
2511 LY o] 0 4 1= S PP PRI 12
251.2 (0701 g1 1=Tox 1 o] o [N PP PSPPPPRRPRN 12
2513 P U I DS ettt oot e e e e e e e e e e e e e naa et e e eeeeeeaeeeae e e e e nnnnananeaaaaaaaaaaaaann 13
2514 B2 1A PRI 13
252 =Y SRR SOTRPRR 14
253 [ 1= o= TSP 14
2531 LT T ORI 14
2532 Remote Emergency Shutdown SWItChes ... 14
2533 Controls and Heat-Generating APParatus ...........cueeieoiiiiiieeeeeiie et e e e e neeeeee s 14
254 Ventilation and CombUSHION Al ... 15
255 T | o111 oo SRR SOTRRRP 15
256 Emergency Valves and CONLIOIS .........ooiiiiiiiiiiiiiiiie ettt 15

TABLE OF CONTENTS




26
2.6.1
2.6.2
26.3
2.6.3.1
26.3.2
2.6.3.3
2.7
271
272
2.7.3
274
275
2.8
2.8.1
2.8.2
2821
2.8.3
284
2.8.5

29
2.9.1
2.9.11
2912
2913
2914
292
293
294
295
2.9.6
2.10
2.101
2.10.2
2.10.3
2104
2.10.5
2.10.6
2.1

Section 3

3.1
3.2
3.3
3.3.1
3.3.1.1

3.3.2
3.3.3
3.34
3.4

3.4.1
3.4.2
3.5

3.5.1
3.5.2
3.5.3

Discharge ReqUIrEMENTS ........ooiiiiiiiiiiii et e e 15
ChIMNEY OF SEACK ...eiiiieiiiie ettt e et e e ettt e e e e e sttt e e e e e nneeeeeeannnneeeeas 15
ASH REMIOVAI ..ttt e e et e e a e 15
)] = 11 < P PPPPP PR 15
L©7 0] 0] =Y 1o o SRS 15
PresSsUre RaAtiNgG ..ooooii oottt e e e et e e e e e e e e e e e e e rraaaaaaeaaa s 15
=] £ TSP PPP PRIt 16
L@ T=Y =il o IS} V) (=T 141 SRS 16
Breeching and DamMPEIS .........uuuiiiiiieiee et e e e e e e e et eeeae e e e e s e s st rrreaeaaaaaeeeaaann 16
BUMNETS @NA STOKEIS ....eeiiiiiiiiiie ettt e et e e e sttt e e e s et e e e e e snsteeaeeannneeeeeeannsseeeeeannes 16
(=T 4IRS T o] o) USRS 16
Condensate and REIUM ...t e e 17
o)V i OO RRRTT 17
(070] 01 (o] FS3=T o To [ € =T [ PRSI 18
L= (=] PP PPR PRI 18
PrESSUIE GAGE .. .eiiiiiiiie ittt ettt ettt ettt e et e ettt e e eh et e e sab e e e snbe e e ebe e e abeeeeabeeeeanneee e 19
@70 ] 1= 1o o SRR 19
BT 0] 0= =1 (0= S SRR PP PR 20
=TS LY O o] o1 o OSSPSR 20
Automatic Low-Water Fuel Cuttoff and/or Water Feeding Device for Stream or

Vapor SYSIEM BOIIEIS ....oooviiieiieie e e e e e e e e e e aeaeens 20
Pressure REHET VAIVES ..........uiiii ettt e e e e e et ee e e e e nnnaeeaeeennes 21
Valve Requirements — GENEIAl .........cc.uuviiiiiiiiiee et a e e e e e e 21
N TE 0] o PP PPPPOTPPRPN 21
(o To7= 1110} o KNP PPPPP PRIt 22
1O o= T SRR 22
SO PIrESSUIE ..ttt ettt e e et e e e e e e e e s 23
Forced-FIOWw Steam GENEIAtOr .........ciiiiiiiiiie ettt e e e e e e e st e e e e e nneaeeeeeannes 24
SUPEINEALEIS ...ttt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e s e et rrraeaeens 24
=T oo g o]0 014 =] 1= T PP PPPPOTPPRPN 25
Pressure-Reducing VaIVES ..ot 25
Installation and Discharge ReqUIr€mMENts ...........ooooiiiiiiiiiii e 25
Testing and ACCEPIANCE ......cooiii et e e e e e e e e e e e e e e e e e aeaeens 26
(CT=T =T | SRRSO PP 26
PrESSUIE TEST ..ttt oottt e e e e e e e e e e e e et e e e e e e e aaaeeaeaan 27
Nondestructive EXamiNation .............ooiiiiiiiii et 27
SYSTEM TESTING . teeeiti ittt ettt et e e bttt ettt e e nb e e st e e sabe e e enteeenneee s 27
= I oTot=T o) = oYU 27
Boiler INstallation REPOIT ........eiiiiiiiieee et e e e e e e e e e e e e e e aeaeeeaeans 27
Tables @Nd FIGUIES ..ottt e e e e as 27
Steam Heating Boilers, Hot-Water Heating Boilers, Hot-Water Supply

Boilers, and Potable Water Heaters ... 28
S ToTo] o1 TSRS OOPOPPPPPP 28
= {1 T[] 1 SO PUPPOTPPRRP 28
General REQUITEMENTS ....oiiiiiiiiie ettt e e e et e e e e e e e e e st e e e e s e teaeeeeesnneeeeeeanreneaennns 28
S TU o] oTo] 1 £ PSP OOPO PP 28
Methods of Support for Steam Heating, Hot-Water Heating,

and Hot-Water SUPPIY BOIIEIS ......ooo ittt e e e e eneeeeees 28
RS 1= 11T 1SR 30
STUCTUIAL STEEI ...t e e a e 30
L@ o = Lot SR SUPRSR 30
Equipment ROOM REQUIFEMENTS ......ccoiiiiiiieeeeee e e e e 30
| SO SUPPPPP 30
Ladders and RUNWAYS .......oouiiiiiiiiiieiee ettt e e s e e e e e s e e e 30
S0Urce REQUITEMENES ... e e e e e e e e e e eeeeaaaeeas 31
LT (=] O PP 31
L 1= S PPPPPPPPPRY 31
=T T PSPPSR 31

TABLE OF CONTENTS




2023 [ NATIONAL BOARD INSPECTION CODE

3.5.31 Steam Heating, Hot-Water Heating, and Hot-Water Supply Boilers..........ccccccoeviiiieeiiiiieeeene 31
3.5.3.2 Potable Water HEALEIS ...ttt e e e e e e e aneeeee e 31
3.56.3.3 Controls and Heat Generating APParatus ..............ueeeiiieieeeiiiiiicieeeee e e e e e e e 32
3.54 Ventilation and CombBbUSTION Al .......oiiiiie e e e e e e e e e 32
3.5.5 T | 11T RSP SURUER 32
3.5.6 Emergency Valves and CONtrolS ........ooooiiiiiiiiiiiii e e e e e e e e e e e ennes 32
3.6 Discharge ReQUIFEMENTS .........uiiiiiiiiiiee et e e 32
3.6.1 ChIMNEY OF SEACK ..eeieiieeiie ettt e ettt e e e st e e e e e b e e e e e snneeeeeeaneneeaeann 32
3.6.2 ASH REMIOVAI ..ottt et e et e e 32
3.6.3 D =V SRR 33
3.7 OPErating SYSIEMS ... ittt e ettt e e e et e e e e et e e e e e ae e e e e e annreeeeeaaneneeaeans 33
3.7.1 L@ | o 1= (T RO PPPOPPPRR 33
3.7.2 Breeching and DamMPEIS .........ooii ittt 33
3.7.3 BUMNErS @Nd STOKEIS ......oiiiiiiiiii ettt et e e e e sttt e e e e et e e e e e nnnteeaeeanreeeeeann 33
3.74 Feedwater, Makeup Water, and Water SUPPIY ..ooooieeiiiiiiiieee e 33
3.7.5 o oI = 1Y USRS 34
3.7.5.1 Steam Heating, Hot-Water Heating, and Hot-Water Supply Boilers ...........cccccooiiiiiiiiiiiiiennee 34
3.7.5.2 Potable Water HEAtErS ..........eiiii e 38
3.7.6 Return Pipe CONNECHIONS ......viiiiiiiiiiiee et e e e e e e e e e e st e e e s e neteeeeeanreeeeeann 39
3.7.7 Bottom Blowoff and Drain ValVES ...t 39
3.7.71 Steam Heating, Hot-Water Heating, and Hot-Water Supply Boilers ............ccooooiiiiieiieeneennn. 39
3.7.7.2 Potable Water HEAtErsS ...... ... et e e e e e e e e s ennes 40
3.7.8 Modular Steam Heating and Hot-Water Heating Boilers ............coccooioiiiiiiii e 41
3.7.8.1 TaTo 1AV To [WE= 1IN 1Y (o T 0] = PRSP 41
3.7.8.2 Assembled Modular BOIIEIS .........oooi it e e e e e e e 41
3.79 Provisions for Thermal EXPanSion ..........ccccuuuiiiiiiiiiie et e e e e e e e 41
3.7.91 Expansion Tanks and Piping for Steam Heating, Hot-Water Heating, and

Hot-Water SUPPIY BOIIEIS ........eiiieiiiiee ettt e e e e e e ae e e e e aneeeeeeenns 41
3.79.2 Expansion Tanks and Piping For Potable Water Heaters ...........ccccccooiiiiis 44
3.8 Instruments, Fittings, and CONLrOIS .........uuiiiiiiiiiiie e a e e e e e e 45
3.8.1 Steam Heating BOIEIS ........oiiiiiiiiiiee et 45
3.8.1.1 STEAM GAGES .ueeiiiieeiitiii ettt e e ettt e e e ettt e e e e et ee e e e e ee et e e e e aan et eee e e nbeeeeeaaneeeeeeeanreeeeeaanreeeaeanns 45
3.8.1.2 Water-Gage GIASSES ....oeiiiiiiiieiiii ittt e ettt e e e e e e e e e e e e e e e e e e e e e e e e e e rraaeaes 45
3.8.1.3 Water Column and Water Level Control PIPES .........ooiiiiiiiiiiiiiiiiee e 46
3.8.14 Pressure CONTIOl ....... ..ottt e e e e st e e e et e e e e e snnteeaeeaneneeaeaan 46
3.8.1.5 Automatic Low-Water Fuel Cutoff and/or Water Feeding Device ...........cccocvviiiiiiiiiieiiiiiiii, 47
3.8.1.6 Modular Steam Heating BOIIETS ..........oiiiiiii e 47
3.8.1.7 Instruments, Fittings, and Controls Mounted Inside Boiler Jackets ............ccccoociiiiiiiiennnnne. 47
3.8.2 Hot-Water Heating or Hot-Water Supply Boilers ..o 47
3.8.2.1 Pressure or AlIUAE GagES .....coiuiiiiiiieiiiie ettt ettt et e e sab e et e e st e e abeeeeaanee e 47
3.8.2.2 TREIMOMETEIS ...ttt e e e e e e e et e e e e e e e e e e e e e e e annnneseeeeas 48
3.8.2.3 TeMPErature CONLION ......oiiiiiii et e e e e e e e e e e e eeeeaeaeeeesseennnnsseneees 48
3.8.24 LOW-Water FUEI CULOMT ... ..oiiiiiiie ettt e et ee e e e e ee e e e e annreeeeeanns 48
3.8.2.5 Modular Hot-Water Heating BOIlers .............euuiiiiiiiiiiaii e 49
3.8.2.6 Instruments, Fittings, and Controls Mounted Inside Boiler Jackets...........cccocoviiiiiieiiiiiiiiinnns 49
3.8.3 Potable Water HEAtErs .......... i e e e e e e e e e e e e nnes 49
3.8.31 TempPerature CONLIOIS .........ooi it e e e e e e e e e e e e e e e r s aees 49
3.8.3.2 TREIMMOMETET .ottt et e e s bbbt e e e et e e e e anneeeeas 49
3.9 Pressure REHET VAIVES .........uuiiiiiiieee ettt e et ee e e e e e e e anreeeeeeans 49
3.91 Pressure Relief Valve Requirements — General ...........ccccuvviiiiiiiiiiiiii e, 50
3.9.1.1 Installation of Pressure Relief Valves for Steam Heating, Hot-Water Heating,

and Hot-Water SUPPIY BOIIEIS ......oooieiiiee ettt te e e e e e eneeeee s 50
3.9.1.11 Permissible INStallation ............ooi e 50
3.9.1.1.2 Requirements for Common Connections for Two or More Valves ............ccccccvieeeeeieeieiiiicccnnns 50
3.9.1.2 Threaded CONNECHIONS ......oiiiiiiiiiiee ettt e e et e e e e e st e e e e et e e e e s atsteeeeesnnteeeeeannneeeeas 50
3.9.1.3 Prohibited INSTallatioNS ..........eeiii e 50
39.14 Use of Shutoff Valves Prohibited ............oueieiiiii e 50
3.9.15 Pressure Relief Valve Discharge Piping ........c.oooiiiiiiiiiiiii e 51
3.9.1.6 Temperature and Pressure Relief Valves ... 51

v TABLE OF CONTENTS




3.9.2
3.9.3
3.9.4
3.94.1
3.9.4.2
3.9.4.3
3944
3.9.45
3.9.4.6
3.94.7
3.9.5
3.9.5.1
3.95.2
3.9.53
3.10
3.10.1
3.10.2
3.10.3
3.11

Section 4
41
4.2
4.3
4.3.1
43.2
4.3.3
4.3.4
4.4
4.41
442
4.5
451
452
453
454
455
456
4.6
4.7
471
4.7.2
47.3
4.7.4
4.7.5
47.6

Section 5
5.1
5.2
5.2.1
522
523
524
525
5.2.6
5.2.7
528
5.2.9

Pressure Relief Valve Requirements for Steam Heating Boilers ..........ccoccccoviiiiiiiiiicciieeee 51
Pressure Relief Valve Requirements for Hot-Water Heating or Hot-Water Supply Boilers ...... 52
Pressure Relief Valve Requirements for Potable Water Heaters .............cccooiiiiiiiiinnns 53
1S3 =1 1= 11T o SRR 53
Permissible INStallatioNs ......... ..o 53
Requirements for Common Connection for Two or More Valves ...........cccccooiiiiiiiieeieiiiics 54
Threaded CONNECHIONS ......iiiiiiiiiiie ettt e et e e e e e st e e e e et e e e e s ansaeeeeesnnteeeeeanneeeens 54
Prohibited INStallatioNS ...........o e 54
Use of Shutoff Valves Prohibited ............oueieiiiii e 54
Temperature and Pressure Relief Valve Discharge Piping ........ccccoooiiiiiieiiiee e 54
Pressure Relief Valves for Tanks and Heat Exchangers ... 55
Steam t0 HOt-Water SUPPIY ....eeeeiiieiiiiieiee e e e e e e e e e e eeeeaeee s 55
High-Temperature Water to Water Heat EXxchanger ... 55
High-Temperature Water to Steam Heat EXChanger ............ccccvoiiiiiiiiiiiiee e 55
Testing and ACCEPIANCE ......cooiiiiiie ettt e e e e e e e e e e e e e e e e e e r s 55
PrESSUIE TEST ittt et e e e e e ettt et e e e e e e e e e e e e aeaeeaeaaaeeeeeaaannn 55
=L I oTot=T o) = o YRR 55
Boiler INStallation REPOIT .......eeiiiiiieie et e e e e e e e e e e e e e e e e e e s ennnes 55
Tables @nd FIGUIES ..ot e e s 56
PreSSUIE VESSEIS ........ooiiiiiieiii ettt e e e e e e e e e e 57
S Yoo o RSO 57
D= {1 7111 o 1= OSSR 57
General REQUIFEMENTS ..ot e e e e e e e e e e e e e e e e e e s e s snas e reeeeeeaaaeeas 57
T8 o] oo o £SO 57
(O = Lo RS SRRSUPRSR 57
[ 1 7 T [OOSR 57
7] 1] o T PO PR PO PPPPPPPPPPP 57
INStruments and CONIOIS ......ooiiiiiii e e e e e e e e e e e eneeee 57
Level INdiCatiNg DEVICES .......uuiiiiiiieie ettt e e e e e e e e e s e s e e e eeaeeeeesaannes 57
Pressure INdiCating DEVICES .......oouiiiiiiiiiie et 58
Pressure RElEf DEVICES ........uiiiiiiiiiiie ettt ettt e e et e e e e et e e e e e aneeeeaeenns 58
DeViCe REQUIMEMENES ......eeiiiiiiiiiieie ettt e e e e et e et e e e e e e e e s e st reereeeeeeeeeesaannnns 58
NUMDET Of DEVICES ... .eeiiiee ettt ettt e e e e e e sttt e e e st e e e e e ssste e e e e snteeeeeeannnseaeeeanseeeaeanns 58
oY= 1o o PO PPERURRPT 58
(07T o= Lo 1 1Y USSP 58
SEE PIrESSUIE ..ttt ettt e e s e e e e e e et e e e e e nte e e e e e e s e aeeeeeanteeeeeannraeeaeans 59
Installation and Discharge Piping Requirements ............ccuuuiiiiiiiiiiiie s 59
Testing and ACCEPIANCE ......cooiiiii et e e e e e e e e e e e e e e e e e e e r e 60
Requirements for Hot Water Storage Tanks/Potable Hot Water Storage Tanks ...................... 60
S TU o] oTo] 4 £ PSR S OO PO PRI 61
Clearance and ACCESSIDIIITY ......uueiiiiiiiiiieee e e e e e e e eeeaeeeeas 61
Temperature and Pressure Relief DEVICES ........ccocueiiieiiiiiiie e 61
TREIMOMETETS ...ttt e et e e e e sttt e e st e e e e e nan e e e e e ennbeeaeeennnneeeas 61
SHUL Off VAIVES ...t e e e e e 61
TestiNg @Nd ACCEPIANCE .....oiiiiiiiiie et 61
e T <1 4 Ve PP 62
S Yoo o RSO 62
General REQUIFEMENTS ...t e e e e e e e e e e e e ereeeaaaeeas 62
Additions t0 EXIStING PiPING ..eeviiiiiiiiiiiiie et e e e e e e e e e e e e e e aannes 62
Proximity to Other Equipment and StrUCIUMES .........coociiiiie i 62
Flanges and Other Non-Welded JOINS .........ooiiiiiiiiiiii e 62
VAIVES et h e e ettt e e e s 62
(T = PP EEERRR 63
[ F=TaTo o =T o Lo IS U o] o o] i < PR SUPRSR 63
Protection and ClEaANING ........ueiiiiiiiii et e e e e e e e e e e e e e e e e e s aanes 63
Welding @nd BrazZiNg ........oeeioiiiiiiiee et 63
0] 11 T PSRRI 63

TABLE OF CONTENTS

\"4




2023 | NATIONAL BOARD INSPECTION CODE

5.3 Pressure REIET DEVICES .......uviiiiiiiiiiiiee ettt e e e e e e s e e e e e st e e e s e nnnreeeeeanreeeaeanns 63
5.3.1 DeViCe REQUIFEIMENES ......ueiiiiiiiiiiiie ettt e e e e e e e e e e e s e eeeeeaaeeeeesannanes 63
5.3.2 NUMDET Of DEVICES ...ttt e et ettt e e e e nn e e e e e anbeeeeeean 64
5.3.3 oY= Yo ) o OSSR 64
534 (07 o =T RS SRSUPRSR 64
5.3.5 SO PIrESSUIE ...ttt a bt e b e e a e 64
5.3.6 Inlet and Discharge Piping ReEqQUIrEMENTS .........cooiiiiiiiiiiiii e 64
5.4 Examination, Inspection, and TEStING ......c.uuiiiiiiiiiii e 65
Section 6 R0 o] o] (=1 4 0 T=T o | SR SUPRRR 66
Supplement 1 Installation of Yankee Dryers ..o 66
S1.1 Yo o1 SRR 66
S1.2 INStallation ASSESSIMENT........ooi ettt e e e e e e e e e e e 66
S1.3 Determination of Allowable Operating Parameters ...........ccccuvviiiiiiiiee i 68
S1.4 ASME Code Primary Membrane Stress Criteria ..........cocoueiiiiieiiiieiiiie e 69
S1.5 PrESSUINE TESHING . . ci e ittt ettt e e ettt e e e e st e e e e e e e e e e e snnteeaeeannneeaeanns 70
S1.6 Nondestructive EXamiNation.............ueiiiiiiiiii ittt 70
Supplement 2 Pressure Relief Valves on the Low-Pressure Side of Steam Pressure

RedUCING VAIVES ... e e e e e e e e e e e e e e aaae s 72
S2.1 S Yoo o RSO 72
S2.2 Pressure Relief Valve Capacity .........ooooiiiiii it 72
S2.3 Calculation of Pressure Relief Valve Relieving Capacity ........cccccoceiiiiiieiiiiiiiiiiiieiieieeee e, 72
S2.4 Steam Flow When Flow Coefficients Are NOot KNOWN .........ccocuiiiiiiiiiiiee e 80
S2.5 Two-Stage Pressure Reducing Valve Stations ... 80
Supplement 3 Installation of Liquid Carbon Dioxide Storage Vessels ............cccccccooviiiiiiiiinec e, 82
S3.1 S ToTo] o1 T PSP OOPO PP 82
S3.2 General Requirements Storage Tank LOCatioN ...........oooviiiiiiiiiiiiiieeeee e 82
S3.2.1 General Requirements (Enclosed and Unenclosed Areas) .........ccccveiueeeiieeeiiieeinieeesieee e 82
S3.2.2 Unenclosed Area LCDSV INStallations ..........ooiiiiiioiiiiiie et 83
S3.2.3 Enclosed Area LCDSV INStallations ..........eeiiiiiiiiiieiie e 83
S3.3 Fillbox Location/Safety Relief/Vent Valve Circuit Termination ...........ccccoocveeeiiiiiieeiiiieeee e 83
S3.4 Gas DeteCtion SYSIEMS ...cooiiiiiii ettt e e e e 84
S3.5 ST (o F= o [= TSSO 84
S3.6 Valves, Piping, Tubing, and FIINGS .......oooiiii e 84
S3.6.1 YV (=10 T D= T Yol o) o o U ERSUPRSR 87
Supplement 4 Installation of Biomass (Wood/Solid Fuel) Fired Boilers...............c.ccoccooviiviieeeniiieen. 90
S4.1 S ToTo] o1 YRR SOOPO PP 90
S4.2 PUIDOSE ..ttt ettt et e e e e e e e e e e e b e —— e e e teae e e e e e e e e nn—aranraaaaaaaeeaeaaann 90
S4.3 Determination of Allowable Operating Parameters ............ccooueiiiiiiiiiiie e 90
S44 General REQUIFEMENTS ...ttt e e e e e e e e e e e eereeeaaaeeas 91
S4.5 Fuel System Requirements and COntrolS.............ooieiiiiiiiiiiiiiiie e 91
S4.6 CombuSstIoN REGUITEMENTS ... ..eiiiiiiiiiiei e ee e ee e e e e s e e e s et e e e e s snnteeeeesnreeeeeanns 92
Supplement 5 Installation of Thermal Fluid Heaters....................ooooiiii e, 94
S5.1 Yoo o1 SRR 94
S5.2 D= {1 71T o 1RSSR 94
S5.3 General REQUIFEMENTS ...t e e e e e e et e e e e e e e e e e e s e sabnbnreeneeeaeeeens 94
S5.3.1 Supports, Foundations, and Settings ........c.uevieiiiiiiiee e 94
S5.3.2 U o 00 = 1] (== RS ERSUPRSR 94
S5.3.3 S T=] (] o TS PO 94
S5.34 L@ =T = Lot USROS 94
S54 Thermal Fluid Heater Room RequUIremMents...........coooiiiiiiiiiiiiiiiies e 95
S5.4.1 L PSSP 95
S5.4.2 Ladders and RUNWAYS........oouiiiiiiiiiie ettt ettt et e e s e e e e e s e e e eaa 95
S5.5 System REQUIFEMENTS ......oiiiiiiii et e et e et ee e e e e ennee e e e e aneeeeeeaans 95

Vi

TABLE OF CONTENTS




S5.5.1 Thermal Liquids (Heat Transfer FIUIAS) ........ouiiiiiiiiiiiiie e 95
S5.5.2 [ o= 1 71 o OO PPPPPR 95
S5.5.3 (07 0] ] =T 1o o PP PPPOTPPRR 96
S5.5.4 (031 o0 = (T g To T o U o o] USRS 96
S5.5.5 Piping @nd VAIVES ... ..ottt et e et e e e ettt e e e e e re e e e e e naaeeaean 96
S5.5.6 Y SO ERPUPPRRP 97
S5.5.7 e =T o 1 (o= | PSRRI 97
S5.5.8 Ventilation and CombBbUSHION Al ..o e e e e e 99
S5.5.9 (IR 13T TSSOSO 99
S$5.5.10 Emergency Valves and CONLIOIS .........oiiiiiiiiiiiieiiiie ettt 99
S5.6 Discharge ReqUIFEMENTES .........oiiiiiiiiiiii e e e e e e e e e e e annes 99
S5.6.1 ChIMNEY OF STACK ...eiiiiiiie et e e e e e e e e e e e s e e ereeaaeaeens 99
S5.6.2 D =Y SRR 99
S5.6.3 Y=Y o | PRSPPI 99
S5.7 OVErpressuUre ProteCiON ......c...uuiiiiiiiiiii e e e e e e e e e e s e eeeeaeaeeas 99
S5.7.1 General REQUITEMENTS ....oiiiiiiiie et e e e e e e e e e e e e st e e e e s e neeeeeeesnnseeeeeanreeeaeanns 99
S5.7.2 Pressure RelEf VaIVES ...t e e e e e 99
S5.7.3 o o= 11 ] o [T PSPPI 100
S5.7.4 L0710 T- o7 1 |V PP 100
S5.7.5 SO PrESSUIE ...ttt e e ettt e e e ettt e e e et e e e e e et e e e e e anneeas 100
S5.7.6 TS e= =1 (T o I PP 100
S5.8 Testing @Nd ACCEPTANCE .....oooi ittt 101
S5.8.1 L T=T oL | PSR 101
S5.8.2 PrESSUIE TEST ...t e et e e 102
S5.8.3 Nondestructive EXamination ...........oooi i 102
S5.8.4 Y] (=10 0 T LT3 (1T PRSP 102
S5.8.5 FINal ACCEPIANCE ..ottt e e e e e e e e e e e s et reeeeeaaeaeeeeeann 102
S5.8.6 INStallation REPOI ... et e e e e e e e e e e e ettt e e e e aaae e e e e e e nnnnnees 102
Supplement 6 Special Requirements for the Installation of Condensing Boilers................................ 103
S6.1 S Yoo o1 PR 103
S6.2 Determination of Allowable Operating Parameters ............oociiiiiiie e 103
S6.3 General REQUIFEMENTS ...ttt e e e e e e e e et e e e e e e e e e e e e e s e nnnbseneaeeeeeens 103
S6.4 Flue Gas Venting System Piping RequiremMents ...........ccoccviiiiiiiiiiiiiieeee e 103
S6.5 Sealed Combustion System RequiremMents.............ooiiiiiiiiii e 103
S6.6 Condensate Drain System RequIremMeNnts ............uuviiiiiiiieooe et 104
Supplement 7 Installation of Graphite Pressure Equipment......................c.ccccciiiiiiiiiieeee, 105
S7.1 R ToTo] o 1= YRS SRR 105
S7.2 GlOSSANY OF TEIMNS ..ottt ettt e e e et e e et e e et e e et e e e nee e e enneeenns 105
S7.3 General REQUIFEMENTS ...ttt e e e e e e e e e e e et ae e eeeeeas 105
S7.3.1 Receiving and Initial Inspection of Graphite Pressure Equipment .............ccccooeieieiiieiiiiiinnns 105
S7.3.2 Equipment Parameters/Clearances/MOVEMENT...........c..euviiiiiiiieee et seeea e 106
S7.3.3 SUPPOMS/FOUNAALIONS ...t e e e e e e e e e e aeeeaeeas 106
S7.3.4 Piping CONNECLIONS .. ...t e e e et e e e e e e e e e s e e st e e aeeeaaaeeeeeann 106
S7.35 INStrUMENTS @NA CONTIOIS ....eiiiieiiiii ettt e e e e e e e s e e e e senne e e e e e nnneeeeeeannes 107
S7.3.6 Post-Installation ACHVItIES .........cooi i 107
Supplement 8 Installation of Pressure Vessels for Human Occupancy (PVHOS)..............ccccooceennen, 108
S8.1 S ToTo] o1 YU E PRSP OOPPPPP 108
S8.2 LCTCT LT | PO PRPR PP 108
S8.3 Documentation, Registration, and Regulatory Requirements ...........ccccocoiiiiiiiiiiiniieee s 108
S8.4 PVHO System Configuration and Installation................cccooiiiiiii e 109
S8.5 RESPONSIDIIILIES ...eeiieieeeie it e e e e e e e e e e e e e e st berreeeaeaaaeeeens 111
S8.6 Other Codes, Standards, and REfErE&NCES .........uuuueieieiei et eeeeeees 112

TABLE OF CONTENTS

\41




2023 [ NATIONAL BOARD INSPECTION CODE

Supplement 9 High-Temperature Water BOIlers ................oooiiiiiiiiiii e 113
S9.1 S ToTo] o1 YR PP R U TOROPPPPRP 113
S9.2 Installation REQUINEMIENTS .....c.iiiii e e e e e ee e e e e e e e e e e e aannnees 113
Supplement 10 Overpressure Protection for Organic Fluid Vaporizers................c.ccocoiiiiiiiiiiiniiiin. 114
S10.1 General REQUIFEMENTS. ... oottt e e e e e e e e e e e e e e eaeeeeeee s snnsssneeeeeees 114
S10.2 Pressure REIEI DEVICES...... c..uuuueiiiiieeee et e e e e e e 114
S10.3 I o= 111 ) o 1SR URTSRR 114
S10.4 (07T o1- Lo | 47/ PSPP 114
S10.5 SOt PrESSUIE.....euiiiteeee ettt e e e e e e e e e e e e et e e e e e e e e e e e e e ee b ar e rraeas 114
S10.6 1013 2= =T o PR 114
Supplement 11 Installation of High-Pressure Composite Pressure Vessels...............ccccoccocveeeiinennn. 116
S11.1 S ToTo] o 1= TSP RSP PPPPPRP 116
S11.2 S TU o] oL0] o €=U RS PP 116
S11.3 ClBAIANGCES. ... .ttt et ettt et e e e e e e e e e e e et ettt e e e eeeeeaeeeeeeeeeanrabaeneeees 116
S11.4 o1 T TN 1o =T <SR URPERR 116
S11.5 MechaniCal CONNECLIONS.. ... ..uiiiiiiiie et e e et e e s nnae e e 116
S11.6 Pressure INdiCating DEVICES. . .....coouiiiii it 117
S11.7 Pressure RelEf DEVICES. .. ... ..uiiiii ettt e e e e e e e et e e e e e ennneeeeeanns 117
S11.8 Assessment Of INSTAllAtION..........c.uiiiii e 118
S11.9 Ladders and RUNWAYS........ocuuiiiiiiiiiiiie ittt et e e s et e e s e nnnne e e e e 119
Section 7 NBIC Policy for Metrication ..o 120
71 (1= =T | SRR SROOSPP 120
7.2 Equivalent Rationale ...........ouviiiiiiiiii e 120
7.3 Procedure fOr CONVEISION ........cciiiiiiiieiiiiiiee ettt e et e e e e e nnnbeeee s 120
7.4 REefErencCing TADIES .......couiiiiiiii et 121
Section 8 Preparation of Technical Inquiries to the National Board

Inspection Code COMMIEEE .............ooiiiiiiiiii e 126
Section 9 GlOSSArY Of TEIMIS ..ottt e e e e e e e et e e e e e e e e e e e e e s e nnnbsrreneeeeeens 127
9.1 [ {101 (o] F- 3OO 127
Section 10 NBIC Approved Interpretations ................c.ooeiiiiiiiiiiii e 135
10.1 S Yoo o1 PR 135
S T=T e o] o B O [ T = G PP RPN 147

Vil

TABLE OF CONTENTS




NB-23 (2023

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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