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Special Notes

APl publications necessarily address problems of a general nature. With respect to particular
circumstances, local, state, and federal laws and regulations should be reviewed. The use of API
publications is voluntary. In some cases, third parties or authorities having jurisdiction may choose to
incorporate API| standards by reference and may mandate compliance.

Neither APl nor any of API’'s employees, subcontractors, consultants, committees, or other assignees
make any warranty or representation, either express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained herein, or assume any liability or responsibility
for any use, or the results of such use, of any information or process disclosed in this publication. Neither
API nor any of API's employees, subcontractors, consultants, or other assignees represent that use of
this publication would not infringe upon privately owned rights.

Users of this recommended practice should not rely exclusively on the information contained in this
document. Sound business, scientific, engineering, and safety judgment should be used in employing the
information contained herein.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly
train and equip their employees, and others exposed, concerning health and safety risks and precautions,
nor undertaking their obligations to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with respect to particular materials
and conditions should be obtained from the employer, the manufacturer or supplier of that material, or the
material safety datasheet.

Where applicable, authorities having jurisdiction should be consulted.

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific
equipment and premises in determining the appropriateness of applying the recommended practice. At all
times users should employ sound business, scientific, engineering, and judgment safety when using this
recommended practice.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to
ensure the accuracy and reliability of the data contained in them; however, the Institute makes no
representation, warranty, or guarantee in connection with this publication and hereby expressly disclaims
any liability or responsibility for loss or damage resulting from its use or for the violation of any authorities
having jurisdiction with which this publication may conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API
publications is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an
API standard is solely responsible for complying with all the applicable requirements of that standard. API
does not represent, warrant, or guarantee that such products do in fact conform to the applicable API
standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by
any means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the
publisher. Contact the publisher, API Publishing Services, 200 Massachusetts Avenue, Suite 1100, Washington, DC.

Copyright © 2021 American Petroleum Institute



Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters patent.
Neither should anything contained in the publication be construed as insuring anyone against liability for
infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not
required in order to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under
which this publication was developed should be directed in writing to the Director of Standards, American
Petroleum Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. Requests for
permission to reproduce or translate all or any part of the material published herein should also be
addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A
one-time extension of up to two years may be added to this review cycle. Status of the publication can be
ascertained from the API Standards Department, telephone (202) 682-8000. A catalog of API publications
and materials is published annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC
20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200
Massachusetts Avenue, Suite 1100, Washington, DC 20001, standards@api.org.



Contents

9.10
10

10.1
10.2
10.3
10.4
10.5
10.6

T oY - 1
NOIrmative REfEreNCES.........ooi i mn e e e e e s s e mn e e e e e e nnnnnn 1
Terms, Definitions, Acronyms, and Abbreviations ... 2
Terms and DefinitioNs ...... ... e e 2
Acronyms and Abbreviations..........cccoiii e ————— 7
Introduction to the Causes of DAMAQe..........cccceriieeerircecrer e e 8
7= o 1= | R 8
CUI in Carbon and Low AlIOy Steels...........cccccicmemmimiiiisccsssscers s sssssssssssse s e sss s s ssssss s e s sssssssssnssssnseas 9
CUIl in Austenitic and Duplex Stainless Steels........c.ccccvvvrrmriiiiccccsscerr e e 10
CUF in Carbon and LOW AlIOY Steels .........ccccecemrimmmiiisscisssceres s ssssssssssmsesssssssssssssssessssssssssssssssnsssas 1
CUI on AlUMiINUM PIPiNg......ccciiiiiiiiciieemrreriissssssssssssessssssssssssssssssssssssssssssssssssssssssmsssssssssssssssnnsnnsens 12
Areas Susceptible to Damage..........ccccciiiiiiiniir e ——————————— 12
7= T - | 12
General Areas of DAMAQE. ........cccviriiiiiniriiinis s 13
PresSsUre VESSEIS ... ... cms e s s e s e mmm e e e e e e s e mmn e e e e e e anann 14
T 1 T N 14
B 11T [=R= 10 Lo IR o = (= 18
Heat-traced SYStemMS.........ccooiiicieirccr e e s e s n e s s sne e s s sane e e e ne e e ame e ensmr e e nnnnnne 18
K57 0101 e Lo3iV7 0T Fo {1 s Y- 11 T T 19
Insulation and Fireproofing SyStems ..o s 20
Insulation Materials and Thermal Insulative Coatings ..........ccccccmririiiccccseeree s 20
Insulation Jacketing/Cladding.........c.ccciiiiiiiiinriii i ———— 28
L7 11 1] T N 30
Fireproofing Materials ... 30
Coatings Under Insulation and Fireproofing Systems .........ccccconiiiiiiniiinnncer e, 35
Inspection for CUl and CUF Damage........ccccucveurrriniinmmminssssssissssss s s s sssssss s sssssss s sssssss s ssssans 37
7= 1T - | 37
Inspection of Piping Operating Below 32 °F (0 °C) ......cccccerireererirrseersrssee e ssssse e ssssmne e ssssmmsesensnns 38
Inspection Tools and Methods...........ooeeemeeeeeeeecececece s mmmmnnas 38
LR L] G = =TT o LT o 7= o2 4 o) o 62
Design Practices to Minimize CUL...............iiiiiiiccceecrrer s csssssee s s s sssne e e e e s mmn e e s essnnnn 63
L= LT 63
Coatings for Hot and Cold Services .........ccccoiiiiiiniiiir s 63
INSUlation MAterials ........ccciiiiiiiiicirrrr e e s sn e e e e s mmnn e e e e s s e s s smmn e e e e e e s nnnnn 63
JACKEHING .. —————————— 65
General DeSign ASPECLES .......cciiiiiiriiiiiiriiis s —————— 67
L L= ] - 1o o N 70
Heat-traced SyStems ..o ——————— 70
Protective Coatings and CaulK..........ccccueceirircesirincrrr e e srssr e e s e s s sne e e s sne s s sme s e smme s snnnes 70
K57 0101 e Lo3V7 0 V1T Fo {0 T's Y- 11 T T 71
Quality Control/Quality ASSUIANCE ........cccceeiiiemiiiiriniis s s san e 71
Design Practices to Minimize CUF..........cccccmiiiimininis s sssss s sssssnns 72
L =T 3T 72
Dense and Lightweight Concrete............ccccoiiiiiiiiccciecrrsre s scssssees s sssss e e e s s s mmn s e e s essnsnns 73
Lightweight Cementitious Products............cccciiiiciiniinncin e 73
Intumescent Coatings and Subliming Compounds ... 73
Protective Coatings........cccciiiiiiiiiiiiii i 73
Quality Control/Quality ASSUFANCE ........ccccieerierreereieeieesiesseessmesesess e s e e s seessse s s s e e e e esseesnsssnesns 73



1 Maintenance to Mitigate CUI/CUF ISSUES ........ccccceecererircemerircseerssssne s ssssse e ssssane e sssssne e s sssmmnesnnnns 73
Rt B €Y 4T 73
11.2 Programmed/Condition-based Maintenance ..........ccccceveecccciemmiiinicccceerr e 74
R T (= 1 1 o o 74
11.4  Deluge SyStem ISSUES.......coiciiiriiiiiri it e mn e ane s 75
11.5 Mitigation of CUI/CUF Damage........cccceermrmrrriiiiscsssmmrnerrssssssssmsnsssssssssssssnssssssssssssssssnsssssssssssssnnsnes 75
11.6  Mitigation Of CUF Damage......c.cccceeiieeiiimmrrniiiiiinssssmsnes s e s ssssssssmsss s s s s ssssssssmmss e s ssssssssssnssnssnssnsssssnnsnes 83
12 Repair Techniques/Strategies ... s 84
0 T € 1Y 4 V=Y | 84
12.2  Surface CoatiNgs .....cccvcviriiiiiii i —————————— 84
12.3 Weld REPAIIS c.ceeeeeeececiciieiicieemennnnnnnnnnsnsnsnsnsnssnnsssnsssssssssnsnsnsnsnsnsnsnsssnsnssssssssssssssssssssssssnnnnnmnnnnnnnnnnnnnnnn 84
L ST 1 =1 T =1 T 85
Annex A (informative) Examples of a Qualitative Likelihood Assessment System ............ccccvcieernnnen 87
Annex B (informative) Examples of Insulation Techniques for Various Applications.............ccccc....... 90
S T] o] 1o o =T o 1 1/ 96
Figures
1 SCC Tendency of Austenitic and Duplex AlIOYS ........cccccciiiiniireir e 11
2 Jacketed Piping with Missing Insulation Plug (top photo) Allowing Water Ingress and
Subsequently Corrosion on Piping Elbow (bottom photo)..........ccccecimiiiiiininiieeen, 16
3 CUI Failure of 4 in. Gas Compressor Recycle LiNe ..o s 17
4 CUI at an Insulation SUPPOrt RiNg......ccoooi e e 19
5 Failure of Sphere Legs Due to CUF ... rrcre s sssee s s s s e s s s e e s s sane e s s ssme e s sssmmn e nsnsnes 19
6 Principle of Guided Wave UT Compared with Conventional Manual UT ............ccccoccemvennnnneee 40
7 Guided Wave Transducer Arrays, Signal Representation, and Results..........ccccceeeccerricccennn. 41
8 Performance SUMMANY .........oiiiccccccmiiiniiisscssssmese s sssssssssss s e e s sssssssssss s e s e ssssssssnsnnsesessnsssssnnnneensssnssnn 41
9 Permanently Installed Monitoring Array of TranSAUCErS.............ccccvmerrrriirsicssseeeeeressssssssmeneeeesssnnns 43
10 Schematic of Profile Radiography Setup ... cssese e e 44
1 Examples of Profile Radiograph Showing CUl Damage on an Insulated Pipe ..........cccccevnunee 45
12 Pit Depth Measurement TEChNIQUES .........ccoiiiiiiiiiin 45
13 Application Limits for Tangential and Film Density Radiography ........c.cccccccomnriinniniicnnininnnn, 46
14 Photo of a Flash Radiography System for Pipe Profiling to Detect Wall Thinning Due to
L0 o ¢ o =3 T T o T 49
15 Radiometric Profiling Display and System ..........cccccoiiniimiiiii s 50
16 RTR Display and SYStem ..........ccciiieriiiiiceer e s rssre s ssssre s s sssse s ssssne s sssssne e ssssaneessssamsessssasessnssnns 51
17 A Pulsed Eddy Current Instrument with Probe ..o 52
18 A Pulsed Eddy Current Array SyStem ..........coiiiccciiccmmmmiiississssrerssssssssssssssssssssssssssssssssssessssssssnnnes 53
19 Principle of Operation the Pulsed Eddy Current Technique.......ccccccceveccciemmrininnscccseceeeesennnens 54
20 A PEC Display Showing the Decay of the Eddy Currents (top), Wall Thickness and Compensated
Wall Thickness (middle), and a Log-Log Representation of the Inspection (bottom)............... 55
21 Difference Between Average and Minimum Wall Thickness Within the Footprint................. 56
22 A Photo of a Neutron Backscatter System ..o 58
23 Thermographs Showing Areas with Wet Insulation (in red) ........cccocvmminiimnnnicneneee 60
24 Examples of Inspectors Working with the Tool (top image); for the bottom images, the Left-
hand Side Shows a System and the Right-hand Side Shows the Corresponding MDI
RESPONSE....ccceeeieieieeeieeeeecececececn e e cnes s nmsmsesasssmnmnmnmnmsmnmsmsmsmsmsmsmsmsmsssssssssssssssssssssssssssssssssmsmsmsmsssssssssnnn 61
25 Areas of Concern for CUl in @ Vertical VeSSel .......cccoccccerereieerrnsccerrsrceeres e sme e 65
26 Example of a Design/Layout That Is Difficult to Insulate ............cccocerrreeeiincccceir e 67
27 Vertical Piping Should Be Wrapped from Bottom-to-Top with an Overlap ..........cccccccvrrrnn..ee. 76
28 Schematic of Two-wire Electric Spray Processes and Deposit Microstructure ..................... 77
29 Schematic of Oxy-fuel Wire Spray ProCeSSEeS........ccuvverirmmrrrriiiissssssscererssssssssssssssessssssssssssssnssees 77
30 Example of a Petroleum-based Tape Wrap System.........cccccvcmiiniicnnniinnness s 79
31 Photograph of a Personnel Protective Cage on a Vertical and Elbow Section of Piping (left)
and a Removable Personnel Protective Cage on a Valve (right)........cccccocmiiiiiiininiicnninciennnane 80



32 Photo Showing Piping with and without Damage to the Insulation System................cc......... 81
33 Example of Jacketing Joint with Missing Caulking .........cccccecccimmmmimiincccceeeere e 82
34 Example of Poor Jacketing Fit-Up.........ccccccimmiiiiiiiccccceecrren s scssssses s s s s ssssn e e mmn e e e e e nnn 82
35 Examples of Joints with Poor Ability to Shed Water ............ccccovmiimiiiccccieeere e 83
36 Example of MisSing ENd Cap.........ccociiiiiiiniiniiis s ssssss s s s sssssss s sssssss s ssanes 83
B.1  Method of Insulating Nozzles and Manways.............ccccccmiiiiinniin e 920
B.2 Method for In Situ Polyurethane Foaming of Straight Pipe and Valve/Flange Boxes............ 920
B.3 Method for Insulating Pipe Support with and without Continuous Vapor Barrier.................. 91
B.4 Method for Insulating Miscellaneous Attachments ...........ccccoiriiinincic 92
B.5 Method for Insulating Vertical Vessel Bottom Support Ring..........cccoooiiiiiiiiciinnnnnees 92
B.6 Method of Diverting Water Away from Critical Locations............cccceveeecimrrcecemnnccce e 93
B.7 Method of Avoiding Water Buildup at Insulation Supports .........ccccccoecimircecrrrccccer e 93
B.8 Method of Avoiding Water Buildup for Vessel Nozzles and Attachments .........c..cccccerrnuneenn. 94
B.9 Method of Avoiding Water Buildup for Piping......ccccccciiiiiiiimimiiiiiisccsesees e ssssssees e se s sssssssmnnes 95
B.10 Method of Avoiding Water Buildup for Horizontal and Vertical Gussets ..........ccccccrvriiicinenens 95
Tables

1 Locations for CUI Throughout Process Facilities..........ccccoinviiiiniininiinn s 13
2 Locations for CUI/CUF On VESSEIS ........cccccvmiimiiiiiiccemrrsssisssssssssssssssssssssmsnne s s sssssssssmmssssssssnssns 14
3 Susceptible Locations for CUl and CUF in Piping ......ccccooommiiiiiiiiisiiee e 15
4 Susceptible Locations for CUI/CUF in Piping Operating Below the Dew Point...................... 17
5 Locations for CUI/CUF in Tanks and SPheres.........cccooiiiiiiiiinsmmnene e smsse s 18
6 Various Types of Insulation in Refining and Chemical Plants...........cccccoeeocimiicecenncccccenecceee 20
7 Comparison of Surface Preparation Standards ............ccccccimmiiiiccccccrrin e 36
A.1  Example of Points-based Parameter Rating for Likelihood of CUL...........ccccorriiimmrrrccrerncceeen 87
N~ 8 (= 1 Yo X I < 1 o T [ PR 88
A.3 Example of Points-based Parameter Rating for Likelihood of CUL............cccoocmrrrrrriiccccnecennnn. 88
/N S 1 = 1 g Yo Yo I < 1 [ PR 88
A.5 Example of Points-based Parameter Rating for Likelihood of CUF ...........ccccvciimriniiinnnnicnnn, 89
A.6  LikelihoOod Rating........ccooimiiiiiimiiiniir s e 89

Vi



Corrosion Under Insulation and Fireproofing

1 Scope

This recommended practice covers the design, maintenance, inspection, and mitigation practices to
address external corrosion under insulation (CUI) and corrosion under fireproofing (CUF). The document
discusses the external corrosion of carbon and low alloy steels under insulation and fireproofing and the
external chloride stress corrosion cracking (ECSCC) of austenitic and duplex stainless steels under
insulation. The document does not cover atmospheric corrosion or corrosion at uninsulated pipe supports
but does discuss corrosion at insulated pipe supports.

The purpose of this recommended practice is to:
— help owner/users understand the complexity of the many CUI/CUF issues;

— provide owner/users with understanding on the advantages and limitations of the various
nondestructive examination methods used to identify CUl and CUF damage;

— provide owner/users with an approach to risk assessment (i.e. likelihood of failure and consequence
of failure) for CUI and CUF damage; and

— provide owner/users guidance on how to design, install, and maintain insulation systems to avoid CUI
and CUF damage.

The practices described in this document apply to pressure vessels, piping, and storage tanks and
spheres. The document discusses the factors impacting the damage mechanisms, the guidelines to
prevent external corrosion/cracking under insulation, the maintenance practices to avoid damage, the

inspection practices to detect/assess damage, and the guidelines for risk assessment of equipment or
structural steel subject to CUI and CUF damage.

2 Normative References

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements and/or recommendations of this document. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced document (including
any addenda) applies.

API 510, Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration

API 570, Piping Inspection Code: In-service Inspection, Rating, Repair, and Alteration of Piping Systems

APl Recommended Practice 571, Damage Mechanisms Affecting Fixed Equipment in the Refining
Industry

API Recommended Practice 580, Risk-Based Inspection
API Recommended Practice 581, Risk-Based Inspection Methodology

API Standard 653, Tank Inspection, Repair, Alteration, and Reconstruction, Fifth Edition





