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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed,

API is not undertaking to meet the duties of emplovers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, conceming health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular matenals and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safetv data sheet.

Nothing contained in any API publication 1s to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent, Neither should anything contained in the publication be con-
strued as insunng anyone aganst hability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five vears. Sometimes a one-time extension of up to two vears will be added to this review
cvcle. This publication will no longer be 1n effect five years after 1ts publication date as an
operative APl standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Standards Deparmment [telephone (202)
682-8000]. A catalog of API publications and materials 1s published annually and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under APl standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in wniting to the director of the Standards Department, American Petro-
leum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to
reproduce or translate all or any part of the matenal published herein should also be
addressed 1o the general manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of APl standards 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 APT standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or atherwise,

without prior written permission from the publisher. Contact the Publisher,
API Publishing Services, 1220 [. Swreet, N.W, Washington, D.C. 2000)3.

Copyright £ 1997, 1998, 2000, 2001 American Potrolcum Instinre
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FOREWORD

In December 1931, API and the American Society of Mechanical Engineers (ASME) cre-
ated the Joint APIYASME Committee on Unfired Pressure Vessels. This commirttee was cre-
ated to formulate and prepare for publication a code for safe practices in the design,
construction, mspecnon, and repair of pressure vessels to be used in the petroleum industry.
Entitled APIVASME Cade for Unfired Pressure Vessels for Petroleum Liquids and Gases
(commonly called the APUVASME Code for Unfired Pressure Vessels or APFASME Code),
the first edition of the code was approved for publication in 1934,

From 1ts inception, the APVASME Code comained Section 1, which covered recom-
mended practices for vessel inspection and repair and for establishing allowable working
pressures for vessels in service. Section | recognized and afforded well-founded bases for
handling various problems associated with the inspection and rating of vessels subject to
corrosion. Although the provisions of Section I (like other parnts of the APVASME Code)
were orginally intended for pressure vessels installed in the plants of the petroleum industry,
especially those vessels contaimng petroleum gases and liquids, these provisions were actu-
ally considered to be applicable to pressure vessels in most services. ASME’s Boiler and
Pressure Vessel Committee adopred substantially identical provisions and published them as
a nonmandatory appendix in the 1950, 1952, 1956, and 1939 editions of Section VIII of the
ASME Boiler and Pressure Vessel Code.

After the APVASME Code was discontinued in 1956, a demand arose for the issuance of
Section | as a separate publication, applicable not only 1o vessels built in accordance with
any editon of the API/ASME Code but also to vessels built 1n accordance with any edition
of Section VIII of the ASME Code. Such a publication appeared to be necessary to assure
industry that the trend toward uniform maintenance and inspection practices afforded by
Section | of the API/ASME Code would be preserved. API 510, first published in 1958, is
mmtended to satisfy this need.

The procedures in Section | of the 1951 edition of the API/ASME Code, as amended by
the March 16, 1954 addenda, have been updated and revised in APl 510. Section [ of the
API/ASME Code contained references to certain design or construction provisions, so these
references have been changed to refer to provisions in the ASME Code. Since the release of
the 1960 edition of the National Bourd Inspection Code, elements of the APIVASME Code
have also been carried by the National Board Inspection Code.

It is the mntent of API to keep this publication up to date. All pressure vessel owners and
operators are invited to report their experiences in the inspection and repair of pressure ves-
sels whenever such experiences may suggest a need for revising or expanding the practices
set forth in API 510,

This edinon of APl 510 supersedes all previous editions of APl 510, Pressure Vessel
Inspection Code. Maintenance Inspection, Rating, and Repair of Pressure Vessels. Each edi-
tion, revision, or addenda to this APl standard may be used beginning with the date of 1ssu-
ance shown on the cover page for that edinon, revision, or addenda. Each edition, revision,
or addenda to this APl standard becomes effective 6 months after the date of issuance for
equipment that 15 rerated, reconstructed, relocated, repaired, modified (altered), inspected,
and tested per this standard. During the 6-month time between the date of issuance of the
edition, revision, or addenda and the effective date, the user shall specify to which edition,
revision, or addenda, and the equipment 15 to be rerated, reconstructed, relocated, repaured,
modified (altered), inspected and tested.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure rhe accuracy and reliability of the dara 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 violauon of any federal, state, or municipal regulation with which this
publication may contlict,

Suggested revisions are invited and should be submitted to the director of the Stan-
dards Department, American Petroleum Institute, 1220 L Street, N.W., Washington, D.C.

01] 20005-4070, standards@api.org.



IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS
OR ALTERNATIVE MATERIALS

Asbestos 1s specified or referenced for certain components of the equipment described 1n
some APl standards. It has been of extreme usefulness in minimizing fire hazards associated
with petroleum processing. It has also been a umversal sealing matenal, compatible with
most refining fluid services.

Certain serious adverse health effects are associated with asbestos, among them the seri-
ous and often fatal diseases of lung cancer, asbestosis, and mesothelioma (a cancer of the
chest and abdominal linings). The degree of exposure to asbestos varies with the product and
the work practices involved.

Consult the most recent edition of the Occupational Safety and Health Administration
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for Asbestos,
Tremolite, Anthophyllite, and Actinolite, 29 Code of Federal Regulations Section
1910.1001; the U.S. Environmental Protecuon Agency, National Emission Standard for
Asbestos, 40 Code of Federal Regulations Sections 61.140 through 61.156; and the U.S.
Environmental Protection Agency (EPA) rule on labeling requirements and phased banning
of asbestos products, published at 54 Federal Register 29460 (July 12, 1989).

There are currently in use and under development a number of substitute materials to
replace asbestos in certain apphicanons. Manufacturers and users are encouraged to develop
and use effective subsutute matenals that can meet the specifications for, and operatng
requirements of, the equipment to which they would apply.

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.



)

Page

SO PE . o i e e 1-1
L1 General AppCatiOn . .ottt it sttt st n et an e 1-1
1.2 Specific Applications . . .. .ottt ii ittt ittt e e 1-1
1.3 FImess-for-ServiCe. . ..ottt ittt e 1-1
REFERENCES .. i ittt 2-1
DEFINT T ION S, L e ettt st e ae e e na e n e annnns 3-1
OWNER-USER INSPECTION ORGANIZATION . ... .. ... 4-1
L 8 = 4-1
4.2 API Authorized Pressure Vessel Inspector Qualification and Certification ... 4-]
4.3 Owner-User Organization Responsibilities. . ............covvrrnnnnnnn. 4-1
4.4  API Authorized Pressure Vessel InspectorDutv. . ... ... oivienan... 4-1
INSPECTION PRACTICES . .. e et e e ianannans 5-1
S. 1 Preparatory Work . . ..o e et 5-1
5.2 Modes of Deteriorationand Failure ... i, 5-1
5.3 Corrosion-Rate Determination ...........c..oviiirenennnnrnnnacennns 5-2
54 Maximum Allowable Working Pressure Determination. . ................ 52
5.5 Defect InSpeCliOn. . .ottt it et et e 5-2
56 InspectionofPants.............coviernninn.. e 5-3
5.7 Corrosion and Minimum Thickness Evaluation. ....................... 53
5.8  Assessment of Inspection Findings. ... ... i, 4
INSPECTION AND TESTING OF PRESSURE VESSELS AND

PRESSURE-RELIEVING DEVICES ... ... . it iianeeas 6-1
0.1 General. ... ..o e e e 6-1
6.2 Risk-Based Inspection. ... ... ... .. i e 6-1
0.3 External InSpection . ... ...citiiurieiiie ittt 6-1
6.4 Internal and On-Stream Inspection .. ... ... it i e enenns 6-2
0.5  PressUre TSl . oo e e et 6-4
6.6 Pressure-Relieving Devices. ... ... i e i, 6-4
0.7 ReCOrds. .. ... .o e 6-4

CONTENTS

REPAIRS, ALTERATIONS, AND RERATING OF PRESSURE VESSELS .... 7-1

7.1
1.2
7.3

8 T+ 7-1
L T 7-1
R At L e 7-5

ALTERNATIVE RULES FOR EXPLORATION AND PRODUCTION

PRESSURE VESSELS ... e e e 8-1
8.1  Scope and Specific Exemptions. . .. ... i e 5-1
8.2 Glossaryof Terms . ... ... o i i e 8-1
8.3 Inspection Program . ... .. e 8-1
e i £ PP 8-3
8.5 Safety ReliefDevices. .. ... ittt aaas 8-3
8.6 ReCOMS. ... e 8-3

01

00
98

jo1
00

01
98

jo1

01

01
00

01
98



I*agc

APPENDIX A ASME CODE EXEMPTIONS .. ... i ieanens A-1
APPENDIX B AUTHORIZED PRESSURE VESSEL INSPECTOR 98
CERTIFICATION L s ettt ens s naaneens B-1
APPENDIX C SAMPLE PRESSURE VESSEL INSPECTION RECORD ........ C-1
APPENDIX D SAMPLE REPAIR, ALTERATION, OR RERATING OF
PRESSURE VESSEL FORM . ... ... it D-1
APPENDIX E TECHNICALINQUIRTES ... .. ettt iieeiienannnns E-1 Jo1
Figure
7-1  Reranng Vessels Using the Latest Edition or Addendum of the ASME 00
Code Allowable Stresses . . . oottt ittt et e it ettt i aanes 7-6
Table
5-1 Values of Spherical Radius Factor K| ... ...ovr e rieiniiennrnnnnnnns 5-4
7-1 WeldingMethods ... ..o i it e e e 7-2

Vi



Pressure Vessel Inspection Code:
Maintenance Inspection, Rating, Repair, and Alteration

1 Scope
1.1 GENERAL APPLICATION

This inspection code covers the maintenance imspection,
repair, alteration, and reratuing procedures lor pressure vessels
uscd by the petrolcum and chemical process industrics. The
application of this inspection code 1s resiricied 10 organiza-
tions that cmploy or have access 1o an authonzcd inspection

agency as defined in 3.4, Eixcept as provided in 1.2, the use of

this inspection code is restricted to organizations that employ
or havc access to engincening and inspection personnel or
organtzauons that are techmcally qualified to maimntain,
mspect, repair, alter, or rerate pressure vessels. Pressure ves-
sel mspectors are 1o be ceritlied as slated in tus inspection
code. Since other codes that cover specific industries and gen-
eral service applicauons already exist (lor example, Sections
VI, VII, and XI ol thc ASME Boiler and Pressure Vessel
Code and the National Board Inspection Code), the industrics
that {it within the restrictions above have developed this
inspection code to fulfill their own specific requirements,

This inspecuon code applies w0 vessels constructed in
accordancce with the APVASML Code for Unfired Pressure
Vessels for Petroleum Liquids and Gases, Scetion VI of the
ASML Code, and other recognized pressure vessel codes; to
nonstandard vessels; and to other vesscls constructed non-
code or approved as jurnisdicuonal special. This inspection
cidde 1s only applicable o vessels that have been placed in
scrvice (including items further described in 1.2) and have
been wmspected by an authorized nspeclion agency or
repaired by a repair organization as defined in 3.15.

Adoption and use ol this inspection code does not permit
1ts use 1n conflict with any prevailing regulatory requirements,

1.2 SPECIFIC APPLICATIONS

1.2.1  All pressure vessels used lor Exploration and Produc-
tion (1&P) scrvice [tor example, drilling, producing, gather-

1-1

ing. wansporting, lcasc processing, and treating liquid
petroleum, natural gas, and associated salt water (brine)] may
be inspected under the alternative rules set forth in Section 8,
Lixeept lor Section 6, all of the sections in this inspection code
arc applicablc to pressurc vesscls in E&P serviee. The alterna-
live rules in Scction 8 arc intended lor services that may be
regulated under salety, spill, emission, or transportation con-
trols by the U.S. Coast Guard, the Office of Ilazardous Mate-
rials Transportation ol the U.S. Deparument ol Transportation
([DOT) and other units of DOT; the Minerals Management
Service ol the U S. Department of the Interior; state and local
o1l and gas agencics; or any other regulatory commission,

1.2.2 The [ollowing arc excluded from the specilic require-
ments of this mspection code:

d. Pressure vesscls on movable structures covered by other

Junisdictional regulations (sce Appendix A).

b, All classes of contamers histed for exemption from con-
struction in the scope ol Scction VI, Division 1, ol the
ASME Code (sce Appendix A).

¢. Pressure vessels that do not exceed the lollowing volumes
and pressurcs:

1. Five cubie feet (0.141 cubic meters) i volume and
250 pounds per squarc inch (1723.1 kilopascals) design
pressure,

2. Onc and a hall cubic [cet (0.042 cubic meters) in vol-
ume and 600 pounds per square inch (4136.9 kilopascals)
design pressure (scc Appendix A).

1.3 FITNESS-FOR-SERVICE

This mspection code recognizes [litness-lor-service con-
cepts for evaluating in-service degradation of pressure-con-
laining components. APl RP 579 provides detailed
asscssment procedures for spectific types of degradation that
are referenced in this code.
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Pressure VEssEL INsPECTION CoDE MAINTENANCE INSPECTION, RATING, REPAIR, AND ALTERATION 2-1

SECTION 2—REFERENCES

The most recent editions of the following standards, codes.
and specifications are cited 1n this inspection code.

API
RP 572 Inspection of Pressure Vessels
RP 574 Inspection of Piping Svstem Components
RP 576 Inspection of Pressure-Relieving Devices
RP 579 Fitness-For-Service
Publ 2201 Procedures Jor Welding or Hot Tapping on

Fquapment in Service

API 510 Inspector Certification Examination Body

of Knowledpe

Guide for Inspection of Refinery Equipment, Chapter 11,
“Conditions Causing Deterioration or
Failures™

Note: This publication 1s out of print. To obtuin a copy please inform
the person taking your order that you require this publication lor the
APIL 310 Inspector Certification Fixam.

ASME'

Boiler and Pressure Vessel Code, Section V, Section VI,
Section VII, Section VIII, Section 1X, and
Section XI

LASME International, Three Park Avenue, New York, NY 10016-
3990, www.asme.org.

NACE:
RP (472 Methods and Controls to Prevent In-Ser-
vice Environmental Cracking of Carbon
Steel Weldments In Corrosive Petroleum
Refining Environments
MR 0175 Sulfide Stress Cracking Resistant Metallic

Muaterialys for Oilfield Equipment

Nauonal Board®

NB-23 National Board Inspection Code
WRC+
Bulletin 412 Challenges and Solutions in Repair Weld-
ing Jor Power and Processing Plants
ASNT>
CP-189 Standard for Qualification and Certifica-
tion of Nondestructive Testing Personnel
SNT-TC-1A  Personnel Qualification and Certification

in Nondestructive lesting

‘NACE Intermational, P.O. Box 218340, Houston, Texas, 77218-
8340, www.nace.org,

‘National Board ol Boiler and Pressure Vessel Inspeciors, 1035
Crupper Avenue, Columbus, Ohio 43229, waw.nationalboard.com.

“The Welding Research Council, 3 Park Avenue, 27th Floor, New
York, NY 10016-3902, www.forenginecrs.org.

SAmerican Socicly for Nondestructive Testing, Inc., 1711 Arlingate
Lane, PO. Box 2851%, Columbus, Ohwo, 43228-0518,
WWW.ASIILONE.
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Pressure VEssEL INsPECTION CoDE MAINTENANCE INSPECTION, RATING, REPAIR, AND ALTERATION 31

SECTION 3—DEFINITIONS

For the purposes of this standard, the following definitions
apply.

3.1 alteration: A physical change in any component or a
rerating that has design implications that affect the pres-
sure-containing capability of a pressure vessel beyond the
scope of the items described in existing data reports. The
following should not be considered alterations: any compa-
rable or duplicate replacement, the addition of any rein-
forced nozzle less than or equal to the size of existing
reinforced nozzles, and the addition of nozzles not requiring
reinforcement.

3.2 ASME Code: Abbreviation and shortened ritle for the
ASME Boiler and Pressure Vessel Code. This abbreviated
tle includes the addenda and code cases of the ASME Boiler
and Pressure Vessel Code.

The ASME Code 1s written for new construction; how-
ever, most of the rechnical requirements for design, weld-
ing, examination, and matenals can be applied in the
maintenance inspection, rating, repair, and alteration of
operating pressure vessels. When the ASME Code cannot be
followed because of its new construction orientation (new or
revised material specifications, inspection requirements,
certain heat treatments and pressure tests, and stamping and
inspection requirements), the engineer or inspector shall
conform to this inspection code rather than to the ASME
Code. If an item 1s covered by requirements in the ASME
Code and this inspection code or if there 1s a conflict
between the two codes, for vessels that have been placed in
service, the requirements of this inspection code shall take
precedence over the ASME Code. As an example of the
intent of this inspection code, the phrase “applicable
requirements of the ASME Code™ has been used in this
inspection code instead of the phrase *in accordance with
the ASME Code.”

3.3 authorized pressure vessel inspector: An
employee of an authorized inspection agency who is quali-
fied and certified to perform inspections under this inspec-
tion code.

3.4 authorized inspection agency: Any one of the fol-
lowing:

a. The inspection organization of the jurisdiction in which
the pressure vessel is used.

b. The inspection organization of an insurance company that
is licensed or registered to write and actually does write pres-
sure vessel insurance.

¢. The inspection organization of an owner or user of pres-
sure vessels who maintains an inspection organization for his
equipment only and not for vessels intended for sale or resale.
d. An independent organization or individual that is under
contract to and under the direction of an owner-user and that
is recognized or otherwise not prohibited by the jurisdiction
in which the pressure vessel is used. The owner-user’s inspec-
tion program shall provide the controls that are necessary
when contract inspectors are used.

3.5 construction code: The code or standard to which a
vessel was onginally built, such as API/ASME, API, or State
Special/non-ASME.

3.6 inspection code: Shortened title for APl 510 used in
this publication.

3.7 inspector: Refers to an authorized pressure vessel
mnspector in this document,

3.8 jurisdiction: A legally constituted government admin-
istrarion that may adopr rules relating to pressure vessels.

3.9 maximum allowable working pressure: The
maximum gauge pressure permitted at the top of a pressure
vessel in its operating position for a designated tempera-
ture. This pressure 18 based on calculations using the mini-
mum (or average pitied) thickness for all critical vessel
elements, exclusive of thickness designated for corrosion
and loadings other than pressure.

3.10 minimum allowable shell thickness: The thick-
ness required for each element of a vessel. The minimum
allowable shell thickness 1s based on calculations that con-
sider temperature, pressure, and all loadings.

3.11 on-stream inspection: The inspection used to
establish the suitability of a pressure vessel for continued
operation. Nondestructive examination (NDE) procedures are
used to establish the suitability of the vessel, and the vessel
may or may not be in operation while the inspection 1s being
carrnied out. Because a vessel may be in operation while an
on-stream inspection is being carried out, an on-stream
inspection means essentially that the vessel 1s not entered for
internal inspection,

3.12 pressure vessel: A container designed to withstand
internal or external pressure. This pressure may be imposed
by an external source, by the application of heat from a direct
or indirect source, or by any combination thereof. This defini-
tion includes unfired steam generators and other vapor gener-
ating vessels which use hear from the operation of a
processing system or other indirect heat source. (Specific lim-
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3-2 API1 610

1ts and exempuons of equipment covered by this inspection
code are given in Section | and Appendix A.)

3.13 pressure vessel engineer: Shall be one or more
persons or organizations acceptable to the owner-user who
are knowledgeable and experienced in the engineering dis-
ciplines associated with evaluating mechanical and material
characteristics which affect the integrity and reliability of
pressure vessels, The pressure vessel engineer, by consult-
g with appropriate specialists, should be regarded as a
composite of all entities needed to properly assess the tech-
nical requirements.

3.14 quality assurance: All planned. systematic, and
preventative actions required to determine if matenals, equip-
ment, or services will meet specified requirements so that
equipment will perform satisfactorily in service. The contents
of a quality assurance inspection manual are outlined in 4.3.

3.15 repair: The work necessary to restore a vessel 10 a
condition suitable for safe operation at the design conditions.
If any repair changes the design temperature or pressure, the
requirements for rerating shall be sansfied. A repair can be
the addition or replacement of pressure or nonpressure parts
that do not change the rating of the vessel.

3.16 repair organization: Any one of the following:

a. The holder of a valid ASME Cenificate of Authorization
that authorizes the use of an appropriate ASME Code symbol
stamp.

b. Anowner or user of pressure vessels who repairs his or her
own equipment in accordance with this inspection code.

c. A contractor whose qualifications are accepiable 1o the
pressure-vessel owner or user and who makes repairs in
accordance with this inspection code.

d. An individual or organization that is authorized by the
legal junisdiction.

3.17 rerating: A change in either the temperarure rarings
or the maximum allowable working pressure rating of a
vessel, or a change 1n both. The maximum allowable work-
1ng temperature and pressure of a vessel may be increased
or decreased because of a rerating, and sometimes a rerat-
ing requires a combination of changes. Derating below
original design condirions 15 a permissible way to provide
for corrosion. When a rerating is conducted in which the

maximum allowable working pressure or temperature 1s
increased or the minimum temperature 1s decreased so that
additional mechanical tests are required, it shall be consid-
ered an alteration.

3.18 examiner: A person who assists the APl authorized
pressure vessel inspector by performing specific NDE on
pressure vessels but does not evaluate the results of those
examinations in accordance with APT 510, unless specifically
tramned and authornzed to do so by the owner or user. The
examiner need not be cermified in accordance with API 510 or
be an employee of the owner or user but shall be tramned and
competent in the applicable procedures in which the exam-
mmer 1s involved. In some cases, the examiner may be required
to hold other cernficarions as necessary to satisfy the owner or
user requirements. Examples of other certification that may
be required are ASNT SNT-TC-1A, or CP189, or American
Welding Society® Welding Inspector Certification. The exam-
iner’s employer shall maintain certification records of the
examiners employed, including dates and results of personnel
qualifications and shall make them available to the API autho-
rized pressure vessel inspector.

3.19 controlled-deposition welding: Anv welding
technique used to obtain controlled grain refinement and tem-
pering of the underlying heat affected zone (HAZ) in the base
metal. Various controlled-deposition techniques, such as trem-
per-bead (tempering of the layer below the current bead being
deposited) and half-bead (requiring removal of one-half of
the first layer), are included. Controlled-deposition welding
requires control of the entire welding procedure including the
jomnt detail, preheaung and post heating, welding technique,
and welding parameters. Refer to supporting technical infor-
mation found in Welding Research Council Bulleun 412.

3.20 fitness-for-service assessment: A methodol-
ogy whereby flaws and conditions contained within a struc-
ture are assessed in order to determine the integrity of the
equipment for continued service.

3.21 industry-qualified UT shear wave examiner: A
person who possesses an ultrasonic shear wave qualification
from APl or an equivalent qualification approved by the
owner/user.

“American Welding Society, 550 N.W. LeJeune Road, Miami,
FL 33135. www.aws.org,
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Pressure VEssEL INsPECTION CoDE MAINTENANCE INSPECTION, RATING, REPAIR, AND ALTERATION 4-1

SECTION 4—OWNER-USER INSPECTION ORGANIZATION

41 GENERAL

An owner-user of pressure equipment shall exercise control
of the pressure vessel inspection program, inspection frequen-
cies, and maintenance. The owner-user 1s responsible for the
function of an authorized inspection agency in accordance with
the provisions of APl 510. The owner-user inspection organiza-
tion shall control activities relating to the maintenance inspec-
tion, rating, repair, and alteration of these pressure vessels.

4.2 APIAUTHORIZED PRESSURE VESSEL
INSPECTOR QUALIFICATION AND
CERTIFICATION

Authorized pressure vessel inspectors shall have education
and experience in accordance with Appendix B of this inspec-
tion code. Authorized pressure vessel inspectors shall be certi-
fied by the American Petroleum Institute in accordance with
the provisions of Appendix B.

4.3 OWNER-USER ORGANIZATION
RESPONSIBILITIES

An owner-user organization 1s responsible for developing,
documennng, implemenung, executing, and assessing pres-
sure vessel inspection systems and mspection procedures that
will meet the requirements of this inspection code. These sys-
tems and procedures will be contained in a quality assurance
inspection manual and shall include the following:

a. Organizauon and reports of structure for mspecton personnel.
b. Documentation and maintenance of inspection and quality
assurance procedures.

¢. Documentation and reports of inspection and test results,
d. Corrective action for inspection and test results,

e. Internal audits for compliance with the quality assurance
inspection manual.

f. Review and approval of dravwings, design calculanions, and
specifications for repairs, alterations, and reratings.

o, Assurance that all jurisdictional requirements for pressure
vessel inspection, repairs, alterations, and rerating are contin-
uously met.

h. Reports to the authonzed pressure vessel inspector any
process changes that could affect pressure vessel integrity.

1. Training requirements for inspection personnel regarding
inspecuon tools, techmques, and technical knowledge base.
. Controls necessary so that only qualified welders and pro-
cedures are used for all repairs and alterations,

k. Controls necessary so that only qualified nondestructive
examination (NDE) personnel and procedures are utilized.

I. Controls necessary so that only matenals conforming to
the applicable secton of the ASME Code are utilized for
repairs and alterations.

m. Controls necessary so that all inspection measurement and
test equipment are properly maintained and calibrated.

n. Controls necessary so that the work of contract inspection
Or repair organizations meet the same inspection require-
ments as the owner-user organizaton,

0. Internal audinng requirements for the quality control sys-
tem for pressure-relieving devices.

44 APIAUTHORIZED PRESSURE VESSEL
INSPECTOR RESPONSIBILITIES

When inspections, repairs, or alterations are being con-
ducted on pressure vessels, an APl authorized pressure ves-
sel inspector shall be responsible to the owner-user for
determining that the requirements of APl 510 on inspection,
examinanon, and testing are met, and shall be directly
involved 1n the mspection activities. The APl authorized
pressure vessel inspector may be assisted in performing-
visual inspections by other properly trained and qualified
individuals, who may or may not be cerufied vessel inspec-
tors. Personnel performing nondestructive examinations
shall meet the qualifications identified in 3.18 but need not
be API authorized pressure vessel mspectors. However, all
examinarion results must be evaluared and accepted by the
API authorized pressure vessel inspector.

| oo
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SECTION 5—INSPECTION PRACTICES

5.1 PREPARATORY WORK

Safcly precautions are important in pressurce vesscl inspec-
tion becausce ol the limited aceess 1o and the conlined spaces
ol pressure vessels. Occupational Salety and Health Admimis-
tration (OSIIA) regulations pertaining to confined spaces and
any other OSHA salety rules should be reviewed and lol-
lowed, where applicablc,

For an intcrnal inspcction, the vessel should be 1solated by
blinds or other positive methods [rom all sources ol hquids,
gascs, or vapors. The vessel should be dramned, purged,
cleaned, ventilated, and gas tesled belore 1t 1s entered. Where
rcquired, protective equipment should be worn that will pro-
teet the eyes, lungs, and other parts ol the body [rom speetlic
hasards that may cxist in the vesscl.

The nondestructive testing equipment used [or the inspec-
tion 1s subjeet o the salely requirements customarily lol-
lowed 1n a gaseous atmosphere. Belore the inspection 1s
startcd, all persons working around the vesscl should be
inlormed that people are going 1o be working inside it. People
working inside the vessel should be informed when any work
Is going o be done on the exterior ol 1L,

The wols and personnel salety equipment needed lor the
vessel inspection should be checked belore the inspection.
Other equipment that might be needed for the inspection,
such as planking, scallolding, bosun’s chairs, and portable
ladders, should be available il needed.

5.2 MODES OF DETERIORATION AND FAILURE

Contaminants in fluids handled in pressure vesscls, such as
sullur, chlorine, hydrogen sullide, hydrogen, carbon, cyamides,
acids, water, or other corroding specics may react with metals
and cause corrosion. Significant stress fuctuations or reversals
m parts ol equipment are common, particularly at pomits ol
high sccondary stress, If stresses are high and reversals are fie-
quent, [ailure of parts may occur because ol [atigue. Fatigue
tarlurcs 1n pressure vessels may also occur because of cyclic
temperature and pressure changes. Locatons where metals
with diffcrent thermal cocthicients of expansion arc welded
logether may be susceptible o thermal fatigue. APL RP 579,
Scetion 3 provides procedures for the assessment of cquip-
ment [or resistance Lo britle [racture,

Other lorms ol deterioration, such as stress corrosion crack-
img, hydrogen attack, carbun-auon, graphitzation, and ero-
sion, may also occur under special circumstances. These
lorms ol deterioration are more {ully discussed in API RP 579,
Appendix (.

Deterioration or creep may occur 1f cquipment 1s subjccted
lo temperatures above those for which 1t 1s designed. Since
mctals weaken at higher temperaturcs, such deterioration may
cause lailures, particularly al points ol stress concentration,

Creep 1s dependent on timge, tcmperature, stress, and matcrial
creep strength, so the actual or estimated levels of these quan-
tics should be used in any cvaluations. At ¢levated tempera-
lures, other metallurgical changes may also take place thal
may permanently affect cquipment.

For developing an inspection plan for cquipment operating
al elevaled temperatures [generally starling in the range ol
7507 1000°F (400°  540°C"), depending on operating con-
divons and alloy], the lollowing should be considered in
asscssing the remaining life:

a. Creep delormation and stress rupture.

h. Creep crack growth.

¢. Eflect ol hydrogen on creep.

d. Interacuon ol creep and latgue.

¢. Possible metallurgical ellects, including a reduction in
ductility.

Numecrous NDI: techniques can be applied to find and
charactenze elevated lemperature damage. These technigues
mclude visual, surface, and volumetric examination. Addi-
lionally, il desired or warranted, samples can be removed lor
laboratory analysis.

The mspection plan should be prepared i consultation
with an engincer having knowledge of clevated temperature
and metallurgical ellects on pressure vessel materials ol con-
struction,

At subfreczing temperatures, water and some chemicals
handled in pressure vessels may [reeze and causc latlure.,

Al ambient temperatures, carbon, low-alloy, and other ler-
ritic steels may be susceptible to brttle failure. A number of
lallures have been atinbuted w britle fracture ol steels thal
were exposed 1o temperatures below their transition lempera-
ure and o pressures greater than 20 percent ol the required
hydrostatic test pressure; most brittle [ractures, however, have
occurrcd on the first application of a particular stress level (the
lirst hydrotest or overload). Although the potenual lor a briule
failurc because of excessive operating conditions below the
transition wemperature shall be evaluated, the potenual for a
brittle failure becausc of rehydrotesting or pnecumatic testing of
equipment or the additon of any other addivonal loadings shall
also be evaluated. Special attention should be given to low-
alloy steels (cspecially 244 Cr-1Mo) because they may be
prone o tlemper embntlement. [Temper embritilement 15 a loss
of ductility and notch toughness duc to postweld heat treatment
or high-temperature service (above 700°F) (370°C).]

(her lomms ol delernioration, such as stress corrosion
cracking, hydrogen attack, carbunzanon, graphinzation, and
eroston, may also occur under special circumstances. These
forms of deterioration are more fully discussed in Chapter 11
ol the APl Guide for Inspection for Refinery Eguipment.
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5.3 CORROSION RATE DETERMINATION

For a new vessel or for a vessel for which service condi-
uons are being changed, onc ol the lollowing methods shall
be emploved 1o determine the vessel’s probable corrosion
ratc. The remaining wall thickness at the time ol the next
mspection can be estumaled lrom this rale.

a. A corrosion ratc may be calculated from data collected
by the owner or user on vessels providing the same or sumi-
lar scrvice.,

b. If data on vesscls providing the same or similar service arc
not available, a corrosion rate may be estimated {rom the
owncr’s or uscr’s ¢xperience or trom published data on ves-
scls providing comparable service.

c. Il the probable corrosion raic cannot be determined by
either item a or item b above, on-stream determinations shall
be made after approximatcly 1000 hours of scrvice by using
suitable corrosion monitoring devices or actual nondestruc-
tive thickness measurements of the vessel or system. Subse-
quent determinations shall be made alter appropriate intervals
until the corrosion rate 1s cstablished.

I it 1s determined that an inaccurdle corrosion rale has
been assumed, the rate o be used lor the next period shall be
mcrecased or may be decreased o agree with the actual rate.

54 MAXIMUM ALLOWABLE WORKING
PRESSURE DETERMINATION

The maximum allowable working pressure for the contin-
ucd use ol a pressure vessel shall be based on compultations
that are determuned using the latest editon ol the ASME
Codc or the construction code to which the vessel was built,
The resulting maximum allowable working pressure [rom
these computations shall not be greater than the ongimal max-
imum allowable working pressure unless a rerating is per-
formed in accordance with 7.3.

Computations may be madce only il the following essential
details comply with the applicable requirements ol the codc
being used: head, shell, and noszle reinforcement designs;
matcrial specifications; allowable stresses, weld cfhiciencies,
mspection acceptance criteria; and cyclical service require-
ments. In corrosive scrvice, the wall thickness used in these
computations shall be the actual thickness as determuned by
mspection (sce 5.7) minus twice the estimated corrosion loss
belore the date ol the next inspection, except as modified in
6.4. It the actual thickness determined by inspection is greater
than the thickness reported in the material test report or the
manulacturer’s data report, it must be conlirmed by muluple
thickness measurcments, taken at arcas where the thickness of
the component in question was most likely allected by the
thinming duc to forming. The thickness measurement proce-
dure shall be approved by the authorized pressure vessel
mspector. Allowance shall be made for other loads in accor-
dance with the applicable provisions ol the ASML: Code.

5.5 DEFECT INSPECTION

Vessels shall be examined tor visual indications of distor-
ton, Il any distortuon ol @ vessel 1s suspected or observed, the
overall dimensions of the vesscl shall be checked to confirm
whether or not the vessel i1s distoned and, if it 1s distoried, w0
determine the extent and sernousness of the distortion. The parts
ol the vessel that should be inspected most carclully depend on
the type ol vessel and its operating conditions. The authorized
pressure vessel inspector should be tamiliar with the operating
condituons ol the vessel and with the causes and characteris-
tics of potential defects and detenoration. (For recommended
inspection practices [or pressure vessels, see AP1RP 572.)

Carelul visual examunation 1s the most important and the
most universally accepted method of inspection. Other meth-
ods that may be used o supplement visual inspection include
(a) magnetic-particle examination for cracks and other clon-
gated discontinuitics in magnetic materials; (b) uorescent or
dye-penetrant examination for disclosing cracks, porosity, or
pin holes that extend w the surface ol the material and for
outhming other surface impertections, especially in nonmag-
nctic matcnals; (¢) radiographic examination; (d) ultrasonic
thickness measurement and flaw detection; (e) eddy current
cxamination; (f) mctallographic cxamination; (g) acoustic
emission testing; hammer testing while not under pressure;
and (h) pressure testing. (Scetion V oof the ASME Code can
be used as a guide for many of the nondestructive cxamina-
tion techniques. )

Adequate surlace preparation is important for proper visual
cxamination and for the satistactory application of any auxil-
lary procedures, such as those mentioned above. The type ol
surlace preparations required depends on the individual cir-
cumstances, but surface preparations such as wirc brushing,
blasting, chipping, grinding, or a combination ol these prepa-
rations may bc required.

[f external or internal coverings, such as insulation, refrac-
ory protective linings, and corrosion-resistant linings, are in
good condition and there 15 no rcason to suspect that an
unsale condition is behind them, it is not necessary to remove
them for inspection of the vessel; however, it may be advis-
able to remove small portions of the coverings (o imvestigate
their condition and cffectiveness and the condition of the
melal underncath them.

Where operating deposits, such as coke, are normally per-
mitted to remain on a vessel surface, it 1s particularly impor-
lant w determune whether such deposits adequatcly protect
the vessel surlace [rom detenoration. To determine this, spot
cxaminations in which the deposit 1s thoroughly removed
from selected critical areas may be required.

Where vessels are equipped with removable internals, the
internals need not be removed completely as long as reason-
able assurance exists that detenoration in regions rendered
inaccessible by the internals 1s not occurring to an cxtent
bevond that lound in more accessible paris ol the vessel.
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The owner/user shall specily industry-qualilied UT
shear wave examiners when the owner/user requires the
lollowing: {a) dciection ol intcrior surlace (ID) breaking
planar flaws when nspecting I[rom the external surlace
(OD); or (b) where detection, characterizatuon, and/or
through-wall sizing 1s required ol planar delects. Applica-
tion examples tor the use ol such industry-qualiied UT
shcar wavce cxamincrs includc fitness-for-service and
[uture monitoring of known interior laws [rom the exier-
nal surface. The requirement for usce of industry-qualificd
UT shear wave examincers beecomes clleclive two vears
aller publication in this code or addendum.

5.6 INSPECTION OF PARTS

The lollowing inspections arce not all inclusive for cvery
vessel, but they do include the leatures that are common Lo
most vesscls and that are most important. Authorized pres-
sure vessel inspectors must supplement this list with any
additional items nccessary for the particular vessel or ves-
scls involved.

a. lixaminc the surtaces of shells and heads carctully for pos-
sible cracks, blisters, bulges, and other signs ol deterioration.,
Pay particular attention to the skirt and to support-attachment
and knucklc regions ol the heads. Il evidence ol distortion 1s
lound, it may be necessary o make a detailed check ol the
actual contours or principal dimensions ol the vessel and to
comparc those contours and dimensions with the original
design details.

bh. Examinc welded joints and the adjacent heat-attected
zonges lor service-induced cracks or other delects. On riveted
vessels, examine rivet head, bull strap, plate, and caulked
cdge conditions, If rivet-shank corrosion is suspected, ham-
mer testing or spot radiography at an angle 1o the shank axis
may be usctul,

¢. Examine the surlaces ol all manways, nozsles, and other
openings for distortion, cracks, and other defects, paying par-
ticular attention to the welding used o attach the parts and
their remlorcements. Normally, weep holes i remmlorcing
plates should remain open to provide visual evidence of lcak-
age as well as 1o prevent pressure build-up in the cavity.
Examine aceessible flange faces for distortion and determine
the condition of gasket-scating surfaces.

API Recommended Practice 574 provides more informa-
tion on the inspection ol piping, valves, and fittings associ-
ated with pressure vessels, APT Recommended Practice 572
provides more inlormation on pressure vessel inspection.

5.7 CORROSION AND MINIMUM THICKNESS
EVALUATION

Corrosion may cause a uniform loss (a general, relatively
even waslage ol a surlace area) or may cause a pilted appear-
ance (an obvious, irregular surface wastage). Unitorm corro-
sion may be dullicult o detect visually, and thickness readings

may be necessary Lo determine its extent. Pived surfaces may
be thinner than they appcar visually, and when there 1s uncer-
lainty about the original surlace locauon, thickness determu-
nations may also be necessary.

The minimum actual thickness and maximum corrosion rate
lor any part ol'a vessel may be adjusted at any mspection. When
the minimum actual thickness or maximum corrosion rate is to
be adjusted, onc ol the [ollowing should be considered:

4. Any suitable nondestructive examination, such as ultra-
sonic or radiographic cxamination, that will not alleet the
safety of the vessel may be used as long as it will provide
minimum thickness determinations. When a measurement
method produces considerable uncertainty, test holes may
be drilled, or other nondestructive techniques, such as
ultrasonic A-scan, B-scan, or C-scan, may be employed.
Profile radiography may be also emploved.
b. Il suitable openings are available, measurements may be
taken through them.
¢. The depth ol corrosion may be determined by gauging the
uncorroded surfaces within the vessel when such surtaces arc
in the vicinity ol the corroded arca.
d. For a corroded arca ol considerable size in which the cir-
cumferential stresses govern, the least thickness along the
most critical element ol the area may be averaged over a
length not exceeding the tollowing:

l. For vessels with inside diameters less than or cqual to

60 inches (150 centimeters), one-half the vessel diameter

or 20 inches (50 centuimeters), whichever 1s less.

2. For vesscls with mnside diameters greater than 60

inches (150 centumeters), one-third the vessel diameter or

40 inches (100 centimeters), whichever 1s Iess.

When the area contains an opening, the distance on either
side of the opening within which the thicknesses are aver-
agcd shall not extend beyond the limits of the reinlorcement
as delined in the ASME Code. 1L because ol wind loads or
other factors, the longitudinal stresses govern, the least
thickness in a similarly determined length ol are in the most
critical plane perpendicular to the axis of the vessel also
shall be averaged for computation of the longitudinal
stresses, The thickness used for determining corrosion rates
at the respective locations shall be the average thickness
determined as in the preceding. For the purposcs ol 5.4, the
actual thickness as determined by inspection shall be under-
stood to mcan the most cntical valuc of the average thick-
ness that has been determined.
¢. Widcly scattered pits may be ignored as long as the fol-
lowing are true:

I. No pit depth is greater than onc-half the vessel wall
thickness exclusive ol the corrosion allowance.

2. The total area ol the pils does not exceed 7 square inches

(45 squarc centimeters) within any 8-inch (20-centimeter)

diameter circle.

3. The sum of their dimensions along anv straight line

within the circle does not exceed 2 inches (5 centimeters).
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[. As an alernative 10 the procedures just described, any
components with thinning walls that, becausce of cotrosion or
other wastage, are below the minimum reguired wall thick-
nesses may be evaluated o determine i they are adequale for
continucd scrvice. The thinming components may be evalu-
atcd by cnploying the design by analysis methods ol Scction
VI, Division 2, Appendix 4, ot the ASME Code. These
methods may also be used to evaluate blend ground areas
where detects have been removed. It 15 impontant to ensurc
that there are no sharp comers in blend ground areas to mini-
mize stress coneentration effects.

When using this eriteria, the stress vialue used in the origi-
nal pressure vessel design shall be substituted lor the S, value
of Division 2 1if the design stress 1s less than or equal to -
specified minimum vield strength (SMYS) at temperature. 1f
the original design stress 15 greater than ¥-specified mini-
mum yield strength at temperature, then -specilied mini-
mum yicld strength shall be substituted lor S, When this
approach i1s to be used, consulting with a pressure vessel engi-
neer experienced in pressure vessel design 1s required.

g. When the surface at a weld with a joint factor of other than
1.0, as well as surlaces remote Irom the weld, 1s corroded, an
imdependent calculation using the appropriate weld joint [actor
must be made to determine il the thickness at the weld or
remote from the weld governs the allowable working pressure,
For this calculation, the surface at a weld includes 1 inch (2.5
centimeters) on either side of the weld or twice the mimimum
thickness on either side ol the weld, whichever is greater.

h. When measuring the corroded thickness of cllipsoidal and
torispherical heads, the governing thickness may be as lollows:

1. The thickness of the knuckle region with the head rat-
ing calculatcd by the appropriate head formula.

2. The thickness ol the central porton ol the dished
region, in which casc the dished region may be considered
a spherical scgment whose allowable pressure is caleu-
lated by the code lormula for spherical shells.

The spherical scgment of both cllipsoidal and torispherical
heads shall be considered 10 be that area located entirely
within a circle whosc center coincides with the center ol the
head and whose diameter is cqual to 80 pereent ol the shell
diamcter. The radius ol the dish ol torispherical heads is o be
used as the radius of the spherical segment (equal to the diam-
eter ol the shell lor standard heads, though other radii have
been permitted). The radius of the spherical scgment of cllip-
soidal heads shall be considered 1o be the equivalent spherical
radius K 1), where £ is the shell diameter (equal to the major
axis) and K is given in Table 5-1. Tn Table 5-1, A is one-hall’
the length of the minor axis [equal to the inside depth of the
cllipsoidal head measured from the tangent line (headbend
line)]. For many ellipsoidal heads, D/2h equals 2.0.

Table 5-1—Values of Spherical Radius Factor K.

£2h A

3.0 1.36
2.8 1.27
16 1.1%
24 1.US
2.2 0.99
20 0,90
1.8 (.81
1.6 0.73
1.4 ().65
1.2 0.57
1.0 0.50

Note: The cquivalent spherical radius cquals X P; the axis ratio equals /2.
Interpolanion 1s permited lor intermediate values,

5.8 ASSESSMENT OF INSPECTION FINDINGS

Pressure containing components found to have degradation
that could afect their load carrving capability (pressure loads
and other applicable loads, e.g., weight, wind, etc., per API RP
579) shall be evaluated for conunucd scrvice. Fitness-lor-scr-
vice techniques, such as those documented in API RP 579,
may be used [or this evaluation. The fitness-lor-service tech-
niques used must be applicable to the specific degradation
observed. The [ollowing techniques may be used as an allerna-
tive to the evaluation techniques in 5.7.

a. To cvaluatc metal loss in excess of the corrosion allow-
ance, a litness-lor-service assessment may be performed in
accordance with the following scctions of API RP 579, as
applicable. This assessment requires the use ol a [uture corro-
sion allowance, which shall be ¢stablished based on Scction 6
of this mspecuon code.

1. Assessment of General Metal Loss  APLRP 379, Secuon 4

2. Assessment of Local Metal Loss  APIRP 5379, Section 5
3. Assessment ol Pitting Corrosion  API RP 579, Secuon 6
h. To cvaluatc bhisters and lamimations, a litness-lor-scrvice
asscssment should be performed in accordance with APl RP
579, Section 7. In some cases this evaluation will require the
use of a future corrosion allowance, which shall be cstab-
lished based on Section 6 ol this inspection code.
¢. To evaluate weld nmusalignment and shell distoruons, a lit-
ness-for-service assessment should be performed in accor-
dance with AP1 RP 579, Section 8.
d. To evaluate crack-like [laws, a litness-lor-service assess-
ment should be pertormed in accordance with API RP 579,
Section 9,
e. To evaluate the elfects ol fire damage, a litness-lor-service
asscssment should be performed 1n accordance with API RP
579, Section 11.
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SECTION 6—INSPECTION AND TESTING OF PRESSURE VESSELS AND PRESSURE-
RELIEVING DEVICES

6.1 GENERAL

Pressure vessels shall be inspected at the ume ol installa-
tion. Internal ficld inspections of new vesscls are not required
as long as a manulacturer’s data report assuring that the ves-
scls are satisfactory for their imtended service is available. To
cnsure vesscl inlegrity, all pressure vesscls shall be inspected
al the requencies provided in this section.

In scleeting the technique(s) to be used for the inspection of
a pressure vesscl, both the condition of the vessel and the envi-
ronment in which it operates should be taken into consider-
aton. The inspection, as deemed necessary by the authonzed
pressure vessel inspector, may include many ol a number ol
nondestructive techmques, including visual inspection. Inter-
nal mspection 1s prelerred because process side degradation
(corrosion, crosion, and environmental cracking) can he non-
uniform throughout the vessel and, therelore, dillicult to locate
by external NDE. On-stream inspection may be acecptable in
licu of internal inspection for vessels under the specific circum-
stuncesdelined in 6.4. In situations where on-stream inspection
Is acceptable, such inspection may be conducted cither while
the vessel is out of service and depressurized or on stream and
under pressure. lixeept in responsc to an apparent need, such as
when environmental cracking (scc Guide for Inspection of
Refinery Eguipment, Chapler 1) 1s suspected, inspecuon tech-
miques exceeding the examination requirements used in the
design and [abrication ol the vessel are not required.

The appropriate inspection must provide the information
necessary to determine that all of the essential sections or com-
ponents ol the vessel are sale w operate until the next scheduled
mspection, The nisks associated with operatonal shutdown and
start-up and the possibility of incrcased corrosion duc to cxpo-
sure ol vessel surlaces (o air and moisture should be evaluated
when an internal imspection 15 being planned.

6.2 RISK-BASED INSPECTION

Idenufying and evaluating potential degradation mecha-
nisms arc important steps in an asscssment of the hikelihood
ol a pressure vessel [ailure. However, adjustments w inspec-
tion stratcgy and tactics to account for conscquences of a
[atlure should also be considered. Combining the assessment
of likclihood of failure and the conscquence of failure arc
essential clements ol risk-based imspection (RBI).

When an owner/user chooses 1o conduct a RBI asscssment,
it must include a systematic evaluation olboth the likelihood ol
faillure and the associated conscquence of failure. The likeli-
hood assessment must be based on all forms ol degradation
that could reasonably be expected to affect a vessel in any par-
ticular service. Examples ol those degradation mechanisms
include: internal or external metal loss from an identified form
ol corrosion (localized or general), all lorms ol cracking,

including hydrogen assisted and stress corrosion cracking
([rom the inside or outside surlaces ol a vessel), and any other
forms of metallurgical, corrosion, or mechanical degradation,
such as [atigue, embrittlement, creep, cte. Additionally, the
elTectiveness ol the inspection practices, wols, and techniques
utilized for linding the expected and potential degradation
mechanisms must be evaluated. This likelihood of [Lalure
asscssment should be repeated cach time cquipment or process
changes are made thal could sigmlicantly atlect degradauon
ratcs or causc premature tailure of the vesscl.

Other lactors that should be considered in a RBI assess-
ment include: appropriatencss of the materials of construc-
tion; vessel design  conditions, relative 1o operating
conditions; appropriatencss ol the design codes and standards
utithized, ellectiveness ol corrosion monilorng programs, and
the quality of maintenance and inspection quality assurance/
quality control programs. l'quipment failure data and infor-
mation will also be impornant informauon lor this assessment,
The conscquence assessment must consider the potential inci-
dents that may occur as a result ol [lud release, including
cxplosion, firc, toxic cxposure, cnvironmental impact, and
other health ellects associated with a lailure ol a vessel.

It is essential that all RBI assessments be thoroughly docu-
mented, clearly defining all the factors contributing to both the
likelihood and conscquence ol a fatlure ol the vessel.

After an cffective RBI assessment is conducted, the
results can be used to establish a vessel inspection strategy
and more specifically better deline the (ollowing:

d. The most appropriate inspection methods, scope, wols and
techniques to be utilized based on the expected forms of
degradauon.

h. The appropnate frequency tor mternal, external, and on-
slream mspeclons.

¢. The need for pressure testing after damage has been
incurred or aller repairs or modiflications have been completed.
d. The prevention and mitigation steps to reduce the likeli-
hood and consequence of'a vessel [ailure.

An RBI asscssment may be used to increase or deercase
the 10-year inspection limit described in Secuon 6.4, When
usced to incrcasc the 10-year limit, RBT asscssment shall be
reviewed and approved by a pressure vessel engineer and
authorized pressure vessel imspector at intervals not to execed
1) ycars, or morc olien il warranted by process, cquipment,
or consequence changes.

6.3 EXTERNAL INSPECTION

liach vessel aboveground shall be given a visual external
inspection, prelerably while in operation, at least every 5 vears
or at the same mmterval as the required internal or on-strcam
inspection, whichever is less. The mspection shall, at the least,
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delermine the condition of the exierior insulation, the condi-
tion of the supports, the allowance for expansion, and the gen-

cral alignment of the vessel on its supports. Any signs of

lcakage should be mvestigated so that the sources can be
cstablished. Inspection [or corrosion under insulation (CUI)
shall be considered [or externally-insulated vessels subject 1o
moisture ingress and that operate between 25°F (—4°C) and
250°F (120°C), or are in intermillent service. This inspection
may require removal of some insulation. It is not normally
necessary o remove insulaton il the entire vessel shell is
always operated at a temperature sufhiciently low [below 25°F
(—4°C)] or sulliciently high [above 250°F (120°C)] to prevent
the presence or condensation of moisture under the insulation,
Alternatively, shell thickness measurements dong internally at
typical problem areas (lor example, stillening rings, around
nozzlgs, and other locations which tend o trap moisture or
allow moisture  ingress) may be perlormed during
mternal inspections.

Buned vessels shall be inspected o determune their exter-
nal cnvironmental condition. The inspection interval shall be
bascd on corrosion-raie imlormation obtaingd [rom one or
more ol the following methods: (a) during maintenance activ-
ity on adjaccnt connccting piping of similar matcnal; (b)
from the mterval examination (specified in the paragraph
above) ol similarly buried corrosion test coupons ol similar
matcrial; (c) from representative portions of the actual vesscl;
or (d) from a vessel in similar circumstances.

Vessels that are known o have a remaining lile ol over 10
years or that are protected agamst external corrosion  lor
cxample, (a) vesscls insulated cffectively to preclude the
entrance ol moisture, (b) jacketed cryogenic vessels, (¢) ves-
scls installed in a cold box in which the ammosphere is purged
with an inert gas, and (d) vesscls in which the wemperature
being maimained is sulliciently low or sufliciently high o
preclude the presence of water  do not need to have insula-
tion removed lor the external inspection. However, the condi-
tion ol their insulating syslem or their outer jacketing, such as
the cold box shell, shall be observed at least every 5 years and
repaired 1 necessary.

6.4 INTERNAL AND ON-STREAM INSPECTION

The period between internal or on-stream inspections shall
not exceed onc half the estimated remaining life of the vesscl
based on corrosion rate or 10 years, whichever is less. In
cases where the remaining sale operating life is estimated o
be less than 4 years, the inspection mterval may be the full
remaining sale operating life up to a maximum ol 2 years.

For pressure vesscels that are in noncontinuous scrvice and
arc isolated from the process fluids such that they are not
exposed Lo corrosive environments (such as inert gas purged
or filled with noncorrosive hydrocarbons), the 10 years shall
be the 10 years ol actual service exposed lile. Equipment
that 1s not adequately protecied [rom corrosive environ-
ments may experience significant internal corrosion while
1dle and should be carelully reviewed when selling inspec-

lion intervals. In no case should these exceed one-hall the
cstimated remaining corrosion-rate lite, or 10 years since
the last inspecuon. Lxternal mspecuons lor vesscls in non-
conlinuous service remain the same as lor continuous ser-
vice, as outlined in 6.3,

Lixcept as noted below, internal inspecton i1s normally the
prelerred method of mspection and shall be conducted on
vessels subject to significant locahized corrosion and other
lypes ol damage. Al the discretion of the authorized pressure
vessel inspector, on-strcam inspection may be substituted for
internal inspecuon in the lollowing situations:

a. When size, configuration, or lack ot access makes vesscl
cntry lor intcrnal inspection physically impossiblc.
b. When the general corrosion rate ol a vessel 1s known o be
less than 0.005 inch (0.125 mullimeter) per year and the csu-
mated remaining life is greater than 10 years, and all ol the
following conditions are mel:
1. The corrosive character of the contents, mcluding the
ellect ol trace components, has been established by at
least 5 years of the same or comparable service experience
with the type ol contents being handled.
2. No guestionable condition is disclosed by the external
mspection specified in 6.3
3. The operaung temperature ol the sieel vessel shell
docs not exceed the lower temperature limits for the
creep-rupture range of the vessel material.
4. The vesscl 15 not considered to be subjcct to environ-
mental cracking or hydrogen damage from the luid being
handled.
5. Thec vessel s not strip-lined or plate-lined.

If the requirements of item b above are not met, as a result
of conditions noted during the scheduled on-strcam inspec-
tion, the next scheduled inspection shall be an internal inspec-
tion. When a vessel has been internally inspected, the results
of a current inspection can be used o determine whether an
on-stream Inspecton can be subsutuled lor an internal
inspcetion on a simular vessel operating 1n the same scrvice
and conditons,

When an on-stream inspection is conducted in licu of an
intcrnal inspection, a thorough cxamination shall be per-
formed using ultrasonic thickness measurements, or radiogra-
phy, or other appropriatc means of NDE to mcasure metal
thicknesses and/or assess the integrity ol the metal and welds.
1T an on-stream inspection is conducted, the authorized pres-
surc vessel mspector shall be given sufficient access to all
parts ol the vessel (heads, shell, and nozees) so that the
inspeetor is satisficd that an accurate assessment of the vesscel
condition can be made.

A representative number of thickness measurements must be
conducted on cach vessel to satisty the requirements for an
internal or on-stream inspection. For example, the thickness for
all major components (shells, heads, cone sections) and a rep-
resentative sample of vessel nozzles should be measured and
recorded, and the remaining lile and next inspection interval
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should be calculated lor the limiting component. A decision on
the number and location of the thickness measurements should
consider results [rom previous inspectons, U available, and the
potential consequence ol loss ol containment. Measurements at
a number of thickness measurement locations (TMLs) arc
intended o establish general and localized corrosion rates in
dillerent sections ol the vessel. A mimimal number ol TMLs are
acceptable when the established rate of comosion 1s low and
not localized. For pressure vessels susceptible o localized cor-
rosion, it is vital that those knowledgeable in localized corro-
ston mechanisms be consulied about the appropnate placement
and number ol TMLs. Additionally, [or localized corrosion, it
IS important that inspections are conducted using scanning
mcthods such as prolile radiography, scanning ultrasonics, ancd;
or other suitable NDE methods that will reveal the scope and
extent of localized corrosion.

The remaining lile ol the vessel shall be calculated [rom
the following formula:
-1

'r.i-!u.::l.u' reg i rescl

COrTOslon rale

Remaining life (years) =

[inches (mm) per year]

where

fiewy = the actual thickness, in inches (millimeters),
measured at the ume ol mspection lor a given
location or component.

! = the required thickness, in inches (millimeters),
at the same location or component as the £, .
measurement, computed by the design [ormulas
(c.g., pressure and structural) before corrosion
allowance and manulacturer’s lolerance are

added.

reguired

The long-term (LT) corrosion rate shall be calculated [rom
the following formula:

! {

mutial ~ ‘acmal

lime (years) between /,

Corrosion rate (LT)=

| and Tacrual

niria
The short-term (ST) corrosion rate shall be calculated from
the following formula:

I ;
Previous acrual

; ) -1
Corrosion rate (ST)=——
lime (years) belween ¢

DICVLOUS and f.l-.'[:].:l.]

ininial = the thickness, in inches (millimeters), at the same

location as 7,4, mecasured at mimal mstallation

or al the commencenment ol a new corrosion rate
cnvironment.

loreviows — the thickness, in inches (millimeters), at the same

location as 1., mcasured during a previous
inspeclion.

Long-term and short-term corrosion rates should be com-
parcd as part of the data asscssment. The authorzed inspec-
lor, in consultation with a corrosion specialist, shall select the
corrosion rate that best refleets the current process.

A staustical analysis may be used in the corrosion rate and
remaining life calculations for the pressure vessel scctions,
This statistical approach may be applied lor assecssment ol
substituting an intemal inspection (item b in the preceding),
or tor determining the internal inspection interval. Care must
be taken 1o ensure that the statistical treatment ol data results
reflects the acmal condition of the vessel section. Staustical
analysis 1s not applicable o vessels with signilicant local-
1zcd corrosion.

The determination ol corrosion rate may include thickness
data collected at more than two different times. Suitable use
ol shorl-term versus long-lerm corrosion rates shall be deter-
mined by the authorized pressure vessel inspector. When
there 1s a discrepancy beiween short-lerm and long-term cor-
rosion raics, a pressure vessel engineer experieneed in corro-
sion may need to be consulted about the usc of these rates, at
the discretion ol the inspector, tor calculating the remaining
lifc and next inspection date.

For a large vessel with two or more zones ol dillering
corrosion rates, cach zone may be treated independently
regarding the inlerval between inspections or lor substitut-
ing the internal inspection with an on-stream inspection. If a
multi-zone analysis i1s uscd, the zone with the shortest
remaining half-lile shall be used as the limiting case [or set-
ting the imternal imspection interval or for substituting the
mtcmal imspcction with an on-strecam inspection,

An alternative method to establish the required inspection
intcrval bascd on remaining lile is by calculaton ol the pro-
jected maximum allowable working pressure (MAWP) ol
cach vessel component as described in 5.4, This procedure
may be lteralive involving selection ol an inspection inlerval,
determination of the corrosion loss expected over the interval,
and calculation of the projected MAWP. The inspection inter-
val 1s within the maximum permitted as long as the projecied
MAWP ol the linuung component 1s nol less than the lower
of the name plate or rerated MAWP. The maximum inspece-
tion interval using this method 1s also 10 years.

When problems are experienced with cxternal loading,
laulty matcrial, or [abrication the remaining life as deter-
mincd above shall be reduced to recognivze those conditions.
If deterioration duc to conditions such as those mentioned
in 5.2 1s detected, the inspection interval must be appropri-
atcly adjusted.

Il'the service conditions ol a vessel are changed, the maxi-
mum opcrating pressure, the maximum and minimum operat-
ing lemperature, and the period ol operation until the next
inspection shall be established for the new service conditions.

II" both the ownership and the location of a vessel are
changed, the wvessel shall be internmally and cxternally
inspecled belore il 1s reused, and the allowable conditions ol
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service and the next period ol inspection shall be established
for the new scrvice.

6.5 PRESSURETEST

When the authorized pressure vessel inspectlor believes that
A pressurc test 1s neccssary or when, afier certain repairs or
alterations, the mspector believes that one 1s neeessary (sce
7.2.9), the test shall be conducted at a pressurc in accordance
with the construction code used for determining the maxi-
mum allowable working pressure. To minimize the risk of
brittle fracture during the test, the metal temperature should
be maintained at least 30°F (17°C) above the minimum
design mcetal temperature for vessels that are more than 2
inches (5 centimeters) thick, or 10°F (6°C) above lor vessels
that have a thickness of 2 inches (5 centimeters) or less. The
test temperature need not exceed 120°F (50°C) unless there is
miormation on the brittle charactenisues ol the vessel material
indicating that a lower test lemperature is acceptable or a
higher test temperature is needed.”

Pncumatic testing may be used when hydrostatic westing is
impracticable because of temperature, foundation, refractory
lining, or process reasons; however, the potential personnel
and property risks of pncumatic testing shall be considered
belore such testing is carried out. As a minimum, the inspec-
uon precautions contained in the ASME Code shall be
applied 1in any pneumatic testing. Belore applying a hydro-
static test to cquipment, consideration should be given to the
supporting structure and the loundation design.

When a pressure test 15 o be conducted i which the test
pressure will exceed the set pressure of the salety reliel valve
with the lowgst sctting, the safcty relicf valve or valves should
be removed. An alternauve w removing the salety relief
valves 15 1o use test clamps w hold down the valve disks.
Applying an additional load to the valve spring by turning the
compression screw 1s not recommended. Other appurte-
nances, such as gauge glasses, pressure gauges, and rupture
disks, that may be incapable of withstanding the test pressure
should also be removed or should be blanked ofl or vented.
When the pressure test has been completed, pressure relicf
devices ol the proper sciings and other appurienances
removed or made inoperable during the pressure test shall be
reinstalled or reactivated.

6.6 PRESSURE-RELIEVING DEVICES

Pressure reliel valves shall be tested and repaired by repair
organizations experienced in valve maintenance. Each repair
organization shall have a fully documented quality control
system. As @ minimum, the [ollowing requirements and

For vessels without mimmum design metal temperature, the mini-
mum acceplable operaling temperature should be used in lieu ol the
minimum design metal temperature.

pieces ol documentation should be included in the quality
control system:

a. Tule page.

b. Revision log.

¢. Conlents page.

d. Statcment of authority and responsibility.

¢. Organizational chart,

. Scopc of work.

g. Drawings and specification controls.

h. Materal and part control.

L. Repair and inspection progran.

1. Welding, nondestructive examination, and heat trcaument
procedures.

k. Valve testing, sctting, leak testing, and scaling.

l. General example ol the valve repair nameplate.

m. Procedures for calibrating measurement and test gauges.
n. Controlled copies ol the manual.

0. Samplc forms.

p. Repair personnel training or qualifications,

Fach repair organization shall also have a fully docu-
mcnted training program that shall ensure that repair person-
nel are qualified within the scope ol the repairs.

Pressure relief valves shall be tested at intervals that arc
frequent enough o verily that the valves perform reliably.
This may include testung pressure relict valves on newly
installed cquipment. Pressurc-relicving devices should be
tested and maintained in accordance with APl Recommended
Practice 576. Other pressurc-relieving devices, such as rup-
ture disks and vacuum-breaker valves, shall be thoroughly
examined at intervals determined on the basis ol service.

The intervals between pressure-relicving-device westing or
inspection should be determined by the performance of the
devices in the particular service concerned. Test or inspection
intervals on pressurc-relicving devices in typical process scr-
vices should not exeeed § years, unless service experienee
indicates that a longer interval is acceptable. For clean
(nontouling), noncorrosive scrvices, maximum mtervals
may be mcereased o 10 years. When service records indicate
that a pressure-relieving device was heavily louled or stuck in
the last inspection or test, the service interval shall be reduced
if" the review shows that the device may not perlorm reliably
in the future. The review should include an cllort wo determine
the cause of the fouling or the reasons for the relief deviee not
operating properly.

6.7 RECORDS

Pressure vessel owners and users shall maintain permanent
and progressive records of their pressure vessels. Permancent
records will be maintained throughout the service lile of each
vessel; progressive records will be regularly updated to
mclude new imformation pertinent o the operation, inspee-
ton, and mainienance history ol the vessel.

IQE
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2h

Pressure vessel records shall contain lour types ol vessel
imtormation pertinent to mechanical integrity as follows:

a. Construction and design information.  For example,
equipment serial number or other identilier, manulacturers’
data reports (MDRs), design specification data, design cal-
culations (where MDRs are unavailable), and construction
drawings. For pressure vessels that have no nameplate and
minimal or no design and construction documentation, the
[ollowing steps may be used (o verily operating integrity:
I. Perform inspection (o determine condition ol the ves-
scl. Make any necessary repairs.
ii. Deline design parameters and prepare drawings and
calculations,
1. Basc calculations on applicable codes and standards
and condition of the vessel following any repairs. Do not
usc allowable stress values based on design factor of 3.5.
Sce ASME Code Scction VI, Division 1, paragraph
UG-10(¢) for guidance on evaluation ol unidenuflied
materials, If UG-10 (¢) is not followed, then for carbon
steels, use allowable stresses for SA-283 Grade C; and lor
alloy and nonferrous materials, use x-ray fluoreseence
analysis 10 dclermine malcrial typc on which 1o basc
allowable stress values.

When extent of radiography originally performed is not
known, usc joint tactor ot 0.7 tor butt welds, or consider
performing radiography 1" a higher joint [actor 1s required.
(Recognize that performing radiography om welds in a
vessel with minimal or no design and construction docu-
mentation may resull in the need lor a fitness-for-service
asscssment and significant repairs.)

iv. Auach a nameplae or stamping showing the maxi-
mum allowablec working pressure and  temperature,
minimum allowable wemperature, and date.

v. Perlorm pressure 1est as soon as practical, as required
by code ol construction used lor design calculations.

h. Opcrating and inspection history. For example, operating
conditions, including process upscts that may affect
mechanical integrity, mspection reports, and data tor each
typc of mspection conducted (for example, intcrnal, cxter-
nal, thickness measurements), and inspection recommenda-
tions tor repair. Sce Appendix C for sample pressure vessel
inspection records. Inspection reports shall document the
datc of cach inspection and/or test, the datc of the next
scheduled inspection, the name of the person who perlormed
the inspection and/or test, the serial number or other identi-
licr ol the equipment inspected, a descripuion ol the inspece-
lion and/or test performed, and the results ol the inspection
and/or test.

c. Repair, alteration, and rerating information. For example,
(1) repair and alteration lorms like that shown in Appendix D,
(2) reports indicating that cquipment still in-serviee with iden-
lified deliciencies or reconunendations lor repair are suilable
for continued serviee until repairs can be completed, and (3)
rerating documentation (including rerating calculations, new
design conditions, and evidence ol stamping).

d. Fitness-lor-service  assessment  documentation  require-
ments are desenbed m APT RP 579, Scction 2.8. Specific
documentation requircments for the type of flaw being
assessed are provided in the appropriate section ol’ API RP
579,
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SECTION 7—REPAIRS, ALTERATIONS, AND RERATING OF PRESSURE VESSELS

71 GENERAL

This section covers repairs and alterations to pressure ves-
sels by welding, The requirements that must be met before
pressure vessels can be rerated are also covered in this sce-
tion. When repairs or alterations have 10 be perlormed, the
applicable requirements of the ASMIL Codc, the codes w
which the vessels were built, or other specilic pressure vessel
rating codes shall be followed. Betore any repairs or alter-
ations arc perlormed, all proposed methods ol exccution, all
materials, and all welding procedures that are 1o be used must
bc approved by the authorized pressure vesscl inspector and,
II" necessary, by a pressure vessel engineer experienced in
pressure vessel design, fabrication, or inspection.

7.1.1  Authorization

All repair and alteration work must be authonized by the
authorized pressure vessel inspector belore the work 1s staned
by a rcpair organization (scc 3.13). Authorization for alter-
ations o pressure vessels that comply with Secuon VIIL
Divisions | and 2, of the ASMI: Code and for repairs to pres-
sure vessels that comply with Section VI, Division 2, of the
ASME Code may not be given untl a pressure vessel engi-
ncer experienced in pressure vessel design has been consulted
about the alteratons and repairs and has approved them. The
authorized pressure vessel inspector will designate the [abri-
cation approvals that arc required. The authorized pressure
vessel inspector may give prior general authorization lor lim-
ited or routing repairs as long as the imspector 1s sure that the
repairs are the kind that will not require pressure lests,

7.1.2 Approval

The authorized pressure vessel inspector shall approve all
specificd repair and alteration work after an inspection of the
work has proven the work Lo be satisfactory and any required
pressure test has been witnessed.

7.1.3 Defect Repairs

A crack in a welded joint and a delect in a plate may be
repaired by preparing a U- or V-shaped groove to the full
depth and length ol the crack and then [lling the groove with
weld metal deposited 1 accordance with 7.2, No crack shall
be repaired without authorization Irom the authorized pres-
surc vessel mspector. Repairing a crack at a discontinuity,
where stress concentrations may be serious, should not be
attcmpted without prior consultation with a pressure vesscl
engineer expericneed in pressure vessel design,

Corroded areas, as defined by 5.7, may be restored with
weld metal deposited in accordance with 7.2, Surlace irregu-
larities and contamination shall be removed belore welding.
The nondestructive examinanon and inspection appropriate

for the extent of restoration being performed shall be speci-
licd in the repair procedurc.

7.2 WELDING

All repair and alterauon welding shall be 1n accordance
with the apphicable requirements of the ASME Code, exceept
as permutted in 7.2.11.

7.2.1 Procedures and Qualifications

The repair organizatuon shall use qualified welders and
welding procedures quabhified i accordance with the applica-
ble requirements of Sccuon 1X ol the ASMLE Code.

7.2.2 Qualification Records

The repair organization shall maintain records ol its quali-
fied welding procedures and its welding performance qualifi-
cations. Thesc records shall be available to the inspector prior
10 the start ol welding. The repair organization’s qualified
wclding procedures and welding performance qualifications
shall be in accord with the appropriate code.

7.2.3 Preheat or Controlled Deposition Welding
Methods as Alternatives to Postweld Heat
Treatment

Prcheat and controlled deposition welding, as described in
7.2.3.1 and 7.2.3.2, may be used in lieu of postweld heat wreat-
ment (PWET) where PWIHT 1s mnadwvisable or mechamically
unnecessary. Prior (o using any alternative method, a metal-
lurgical review conducted by a pressure vessel engineer shall
be perlormed o assess whether the proposcd allernauve 1s
suitable lor the application, The review should consider lac-
tors such as the rcason for the original PWIT of the cquip-
menl, susceptibility ol the service to promaote stress corrosion
cracking, stresses in the location of the weld, susceptibility to
high emperature hydrogen attack, susceptibility o creep, etc.

Selection of the welding method used shall be based on the
rules of the construction code applicable to the work planned
along with technical consideration of the adequacy of the
weld 1n the as-welded condiuon at operaung and pressure test
conditions.

When relerence is made in this scction to matcerials by the
ASME designation, P-Number and Group Number, the
requirements of this seetion apply to the applicable materials
ol the original code ol construction, either ASME or other,
which contorm by chemical composiion and mechanical
properties o the ASML: P-Number and Group Number desig-
nauons.,

Viessels constructed of steels other than those listed in
7.2.3.1 and 7.2.3.2 that imtially required PWHT shall be
postweld heat treated 1 alierations or repairs involving pres-
sure boundary welding are perlormed. When one ol the [ol-
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lowing methods 1s used as an alternative w0 PWHT, the
PWIIT joint cfficiency tactor may bc continued if the factor
has been used in the currently rated design.

7.2.3.1 Preheating Method (Notch Toughness
Testing Not Required)

a. Notch toughness tesung 1s not required when this welding
mcthod 1s used.

b. The matcrials shall be limited o P-No. 1, Group 1, 2, and
3, and to P-No. 3, Group 1 and 2 (excluding Mn-Mo steels in
Group 2).

¢. The welding shall be limited to the shielded-metal-arc
welding (SMAW), gas-metal-arc welding (GMAW), and gas-
tungsten-arc welding (GTAW) processes.

d. The weld arca shall be preheated and maintained at a min-
imum temperature ol 300°F (150°C) during welding. The
300°F (150°C) temperature should be checked to assure that
4 in. (10 mm) of thec material or lour times the maltenal thick-
ness (whichever is greater) on cach side ol the groove is
maintained at the minimuam temperature during welding, The
maximum interpass temperature shall not exceed 6(0°F
(315°C). When the weld does not penctrate through the full
thickness of the material, the minimum preheat and maxi-
mum interpass temperatures need only be maintained at a dis-
tance of 4 in. (10 mm) or lour times the depth ol the repair
weld, whichever is greater on each side of the joint.

7.2.3.2 Controlled-Deposition Welding Method
(Notch Toughness Testing Required)

a. Notch toughness testing, such as that established by
ASME Codce Scction VIIT  Division 1, parts UG-84 and
UCS-66, 15 necessary when impact (ests are required by the
origimal code ol construction or the construction code appli-
cablc to the work planncd.

b. The materials shall be limited 1o P-No. 1, P-No. 3, and P-
No. 4 steels.

¢. The welding shall be limited to the shielded-metal-arc
welding (SMAW), gas-metal-arc welding (GMAW), and gas-
tungsten-arc welding (GTAW) processes.

d. A weld procedure specification shall be developed and
qualified for each application. The welding procedure shall
defline the preheat temperature and interpass temperature and

include the post heating temperature requirement i [ (1)
beclow. The qualification thickness for the test plates and
repair grooves shall be in accordance with Table 7-1.

The test material for the welding procedure qualification
shall bc ol the samc matcnal specificauon (including specili-
cation type, grade, class and condition ol heal treatment) as
the onginal matenal spectfication for the repair. Ifthe original
material specilication is obsolete, the test material used
should conform as much as possible to the matenal used for
construction, but in no case shall the material be lower in
strength or have a carbon content of more than (0,.35%.
¢. When mmpact tests are required by the constructuon code
applicablc to the work planned, the PQR shall include suffi-
cient 1ests to determing i the toughness ol the weld metal and
the heat-allected 2one ol the hase metal in the as-welded con-
dition is adegquate at the mimimum design metal wemperature
(such as the criteria used in ASME Code Section VIIT - Divi-
sion 1, parts UG-84 and UCS 66). If speeial hardness limits
are necessary (lor example, as set lorth in NACL RP 0472,
and MR 0175) for corrosion resistance, the PQR shall include
hardness tests as well.

f. The WPS shall include the following additional require-
MCNLS:

I. The supplementary cssential variables of ASMIE Code,
Section X, paragraph QW-250, shall apply;

2. The maximum weld heat input [or each layer shall not
exeeed that used in the procedure qualification test;

3. The minimum preheat temperature or welding shall
not be less than that used in the procedure qualification
test,

4. The maximum interpass temperature lor welding shall
not be greater than that used in the procedure quahification
Lest;

5. The prcheat temperature shall be checked to assure that
4 in. (10 mm) ol the material or four umes the material
thickness (whichever 1s greater) on cach side of the weld
joint will be maintained at the minimum temperature dur-
mg welding. When the weld does not penetraie through
the [ull thickness ol the material, the minimum prcheat
temperature need only be maintained at a distance ol 4 in.
(10 mm) or four imes the depth of the repair weld, which-
ever 1s greater on each side of the joint;

Table 7-1—Welding Methods as Alternatives to Postweld Heat Treatment
Qualification Thickneeses For Test Plates and Repair Grooves

Dcpth t of Test Repair Groove

Thickness T of Test Thickness of Base Mctal

Groove Welded® Depth Qualified Coupon Welded Qualified
L < < 21n. (50mm) <T
| < | =2 in. (50mm) 2 in. (50mm) to unlimited

“I'he depth of the groove used lor procedure gualification must be deep enough 10 allow removal of the required 1esl specimens.
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6. For the welding processes in 7.2.3.2 (¢), use only elec-
trodcs and filler metals that arc classificd by the filler
metal specification with an optional supplemental diffus-
ible-hydrogen designator of TI8 or lower. When shiclding
gascs arc uscd with a process, the gas shall exhibit a dew
point that is no higher than  60°F ( 50°C). Surlaces on
which welding will be done shall be maintained in a dry
condition during welding and [ree ol rust, mill scale and
hydrogen producing contaminants such as oil, grease and
other organic materials;

7. The welding technique shall be a controlled-deposi-
tion, temper-bead or hall-bead technique. The spectlic
technique shall be used in the procedure qualification test;
8. For welds made by SMAW, alicr completion ol weld-
ing and without allowing the weldment to cool below the
mimmum prcheat wemperature, the wmperature of the
weldment shall be raised 1o a temperature of S00°F = 50°F
(260°C + 30°C) for a minimum period of two hours to
assist out-gassing dillusion ol any weld metal hydrogen
picked up during welding. This hydrogen bake-out treat-
ment may be omitted provided the electrode used 1s classi-
ficd by the filler metal specification with an optional
supplemental diflusable-hydrogen designator of 114 (such
as ET018-H4); and

9. After the finished repair weld has cooled to ambicnt
temperature, the [inal temper bead reinforcement layer
shall be removed substantially flush with the surlace ol the
basc matcrial.

7.2.4 Nondestructive Examination of Welds

Prior 1o welding, the arca prepared for welding shall be
examined using cither the magnetic particle (MT) or the lig-
uwid penetrant (PT) examination method to determine that no
delects exist. Aller the weld is completed, it shall be exam-
imed again by either ol the above methods 1o determine that
no defects exist using acceptance standards acceptable to the
Inspector or code ol construction most applicable wo the work
planned. In addition, welds in a pressurc vessel that was orig-
inally required 10 be radiographed by the rules ol the original
code of construction, shall be radiographically examined. [n
situations where it is not practical to perform radiography the
accessible surfaces of cach non-radiographed repair weld
shall be [ully examined using the most appropriale non-
destructive examination method o determine that no delects
cxist, and the maximum allowable working pressure and/or
allowable temperature shall be reevaluated 0 the sauslacton
of the authorized pressure vessel inspector and jurisdiction at
the location ol installauon.

7.2.5 Local Postweld Heat Treatment

Note: Belore local postweld heal treatment s used, a metallurgical review
musi be conducted 1o determune if the vesscl was postweld heat treared duc 1o
the charactensnes of the fluid contauned i

Local postweld heat treatment (PWHT) may be substituted
tor 360-degree banding on local repairs on all matenals, pro-
vided that the [ollowing precautions are taken and require-
mcents arce mcet:

d. The application is reviewed, and a procedure 1s developed
by pressure vessel engincers experienced in the appropriate
engineering speciallies.
h. The suitability of the procedurc 1s evaluated. In evaluating
the suitability ol the procedure, the lollowing shall be consid-
ered: applicable lactors, such as base metal thickness, decay
thermal gradients, and matcrial propertics (hardness, constitu-
ents, strength, and the like); changes due to local postweld
heat treatment; the need for full penetration welds; and sur-
lace and volumetric examinations alter local postweld heat
trcatment. In cvaluatung and developing local postweld heat
treatment procedures, the overall and local strains and distor-
tions resulting trom the heating of a local restrained arca of
the pressure vessel shell shall be considered.
c. A prcheat of 300°F (150°C) or higher, as specilied by spe-
cific welding procedures, 1s maintained during welding,
(. The required local postweld heat treaument temperature
shall be maintained for a distance of not less than two times
the base metal thickness measured [rom the weld. The local
postweld heat treatment temperature shall be monitored by a
sullable number ol thermocouples (at least two). (When
determining the number of thermocouples necessary, the size
and shape of the arca being heat treated should be considered. )
lHcat shall be applied o any nozzlc or any attachment
within the local postweld heat treatment area.

7.2.6 Repairs to Stainless Steel Weld Overlay and
Cladding

The repair procedure(s) w restore removed, corroded, or
missing clad or overlay areas shall be reviewed and endorsed
prior o implementation by the pressure vessel engineer and
authorized by the mspector.

Considcration shall be given to tactors which may augment
the repair sequence such as stress level, P number ol base
matcrial, scrvice cnvironment, possible previously dissolved
hydrogen, type ol lining, deleriorauon ol base metal proper-
tics (by temper embnttlement of chromium-molybhdenum
alloys), minimum pressurization iemperatures, and a need for
luture penadic exammation.

For cquipment which is in hydrogen service at an clevated
lemperature or which has exposed base melal areas open o
corrosion which could result in a significant atomic hydrogen
migration in the base metal, the repair must additionally be
considered by the pressure vessel engineer for factors aficet-
ing the lollowing:

a. Outgassing basc metal.
b. Hardening ol base meltal due to welding, grinding, or arc

gouging.
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¢. Preheat and interpass temperature control.
d. Postwcld hcat trcatment to reducce hardness and restore
mechanical properties.

Repairs shall be monitored by an inspector to assure com-
pliance Lo repair requirements, Aller cooling 1o ambient em-
pcratures, the repair shall be inspected by the liquid penctrant
method, according to ASML Code, Secuon VI, Division 1,
Appendix B,

For vessels constructed with P-3, P-4, or P-5 basc matcri-
als, the base metal in the area ol repair should be examined
for cracking by the ultrasonic examination in accordance with
ASME Code, Section VY, Arucle 5, paragraph T-543. This
mspection 18 most appropriately accomplished following a
delay ol at least 24 hours after completed repairs lor equip-
ment in hydrogen service and for chromium-molybdenum
allovs that could be allecied by delayed cracking.

7.2.7 Design

Butt joints shall have complete penetrauon and lusion.
Parts should be replaced when repairing them 1s likely to be
inadequate. Part replacements shall be fabricated according 1o
the apphicable requirements of the appropriate code. New
conncclions may be installed on vesscls as long as the design,
location, and mcthod ol attachment comply with the applica-
blc requircments of the appropriate codc.

Fillet-welded patches require special design  consider-
ations, especially relating o efliciency. Fillet-welded patches
may be usced to make temporary repairs, and the use of fillet-
welded patches may be subject wo the patches’ acceplance in
the jurisdiction in which they are required. Temporary repairs
using lillet-welded patches shall be approved by the autho-
rized pressure vessel inspector and a pressure vessel engineer
competent in pressure vessel design; and  the=iemporary
repairs should be removed and replaced with suitable perma-
nent repairs at the next available maintenance opportunity,
Temporary repairs may remain in place lor a longer period of
ume only 1t evaluated, approved, and documented by the
pressure vessel engineer and the authorized AP pressure ves-
scl inspector. Fillet-welded patches may be applicd to the
internal or external surlaces ol shells, heads, and headers
as long as, 1n the judgment of the authonzed pressure ves-
scl inspector, either of the [ollowing is true:

a. The fillet-welded patches provide design safety cquivalent
1o reinforced openings designed according to the applicable
scetion of the ASME Code.
b. The lillet-welded patches are designed to absorb the mem-
brane strain ol the parts so that in accordance with the rules ol
the applicable scction of the ASMI Code, the following
result:
1. The allowable membrane stress 18 not exceeded in the
vessel parts or Lthe pawches.
2. The strain in the patches docs not result in fillet-weld
stresses thal exceed allowable stresses [or such welds.

Owerlay patches shall have rounded corners. Flush (inser)
patches shall also have rounded corners, and they shall he
installed with lull-penetration butl joints.

Refer to API Publication 2201 when making on-strcam
repairs.

A [ull encirclement lap band repair may be considered a
long term repair if the design is approved , and documented
by the pressure vessel engineer and the authorized API pres-
surc vessel inspector and the following requirements are met:

a. The repair is not being made 1o a crack in the vessel shell.

b. The band alone is designed to contain the full design pres-
sure.

¢. All longitudinal scams in the repair band arc full penetra-
tion butt welds with the design joint elliciency and inspection
consisicnt with the appropnatc codc.

d. The circumlerenual fillet welds auaching the band to the
vessel shell are designed to transter the full longitudinal load
in the vessel shell, using a joint clliciency ol 0.45, without
counting on the integrity ol the original shell material covered
by the band. Where significant, the cecentricity cffects of the
band relative to the oniginal shell shall be considered in sizing
the band attachment welds. Other than visual examination,
fillet weld examination may be done at the next shutdown i
conditions and necessary access do not permit complete
examination at the ume ol an onstream repair,

e. lFaugue of the attachment welds, such as fatigue resulting
from differential expansion of the band relative to the vesscl
shell, should be considered i applicable.

[ The band material and weld metal are suitable lor contact
with the contained fluid at the design conditions and an
appropriate corrosion allowance 1s provided in the band.

g. The degradation mechanism lcading to the need for repair
shall be considered in determining the need lor any additional
monitoring and future inspection of the repair.

Non-penetrating nozzles (including pipe caps attached as
nozzles) may be used as long term repairs for other than
cracks when the design and method ol atachment comply
with the applicable requirements of the appropriate code. The
design and reinforcement ol such nozzles shall consider the
loss of the original shell material enclosed by the nozzle. The
nozzle matenal shall be sunable lor contact with the con-
tained Muid at the design conditions and an appropriate corro-
sion allowancc shall be  provided. The degradation
mechanism leading o the need [or repair shall be considered
in determining the need for any additional monitoring and
future inspection of the repair,

For the purposcs of future ispection, it may be necessary
o consider repair bands and non-penetrating noszles 1w be
scparatc zoncs when addressing the on-strcam inspection
requirements in 6.4
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7.2.8 Material

The material used in making repairs or alterations shall
conform to the applicable scction of the ASME Code. The
matcrial shall be ol known weldable quality and be compau-
ble with the original material. Carbon or alloy steel with a
carbon content over 0.35 percent shall not be welded.

7.2.9 Inspection

Acceptance criteria lor @ welded reparr or alteration should
include nondestructive cxamination tcchniques that arc in
accordance with the applicable sections ol the ASML Code or
another applicable vessel rating code. Where use of these
nondestruclive examination techniques 1s nol possible or
practical, alterative nondestructive cxamination methods
may be used provided they arc approved by the pressure ves-
sel engineer and the authorized pressure vessel inspector,

For vessels constructed of matenals that may be subject to
brittle [racture (per APL RP 579, or other analysis) lrom either
normal or abnormal service (including starup, shutdown, and
pressure lesting ), appropriate inspection should be considered
after welded repairs or alterations. Flaws, notches, or other
stress risers could initiate a britle fracture in subscquent pres-
surc testing or service. Magnetic particle testing and other
cllective surlace NDI: methods should be considered. Inspec-
tion techniques should be designed o detect critical Maws as
determined by a [itness-for-service assessment.

7.2.10 Testing

After repairs arc completed, a pressure test shall be applied
il the authorized pressure vessel inspector believes that one 1s
nceessary. A pressurc test 15 normally required afier an alter-
ation. Subject o the approval ol the jurisdiction (where the
Junisdiction’s approval 1s required), appropriate nondestruc-
tive examinations shall be required where a pressure est is
not performed. Substituting nondestructive examination pro-
cedures for a pressurc test after an altcrauon mav be done
only alter a pressure vessel engineer experienced in pressure
vessel design and the authorized pressure vesscl inspector
have been consulied.

For cascs where UT is substituted for radiographic
inspection, the ownerfuser shall specily mdustry-qualified
UT shear wave examiners [or closure welds that have not
been pressure tested and lor weld repairs identificd by the
pressure  vessel engineer or authorized inspector. The
requircment for use of industry-qualificd UT shcar wave
examiners becomes ellective two vears aller publication in
this code or addendum.

7.2.11 Filler Metal

The Lller metal used lor weld repairs should have nunimum
specified tensile strength equal to or greater than the minimum
specilied tensile strength ol the base metal. 110a filler metal 1s
used that has a minimum specified tensile strength lower than

the minimum specified tensile strength of the base metal, the
compatibility of the filler metal chemistry wath the basc metal
chemistry shall be considered regarding weldability and ser-
vice degradation, In addition, the tollowing shall be met:

d. The repair thickness shall not be more than 50 percent of the
required basc metal thickness, excluding cormosion allowancc.
b. The thuckness of the repair weld shall be increased by a ratio
of mimmum speeificd tensile strength of the base metal and
minimum spectlied tensile ol the [iller metal used [or the repair.
¢. The increased thickness ol the repair shall have rounded
corncrs and shall be blended into the base metal using a 3-to-1
laper.

d. The repair shall be made with a minimum of two passes.

7.3 RERATING

Rerating a pressure vessel by changing its temperature rat-
Ings or its maximum allowable working pressure may be done
only after all of the tollowing requirements have been met:

a. Calculations from either the manutacturer or an owner-user
pressure vessel engineer (or lus designated representative)
cxperienced in pressure vessel design, fabrication, or inspee-
tion shall justily rerating.

h. A rerating shall be established in accordance with the
requirements of the construction code to which the pressure
vessel was built or by computations that are determined using
the appropriate [ormulas in the latest edition of the ASME
Codc 1t all of the essential details comply with the applicable
requirements ol the code being used. I the vessel was
dcsigned to an cdition or addendum of the ASMI: Code car-
lier than the 1999 Addenda and was not designed to Code
Casc 2290 or 2278, it may be rerated to the latest edition/
addendum ol the ASML: Code il permitted by Figure 7-1.

c. Current mmspeetion records venly that the pressure vesscl
Is satisfactory for the proposcd scrvice conditions and that the
corrosion allowance provided is appropriate. An increase in
allowablc working pressurc or temperature shall be based on
thickness data obtained Irom a recent mternal or on-stream
Inspection,

d. Il'the pressure vessel has at some ume been pressure tested
1o a test pressure equal o or higher than the pressure test pres-
sure required by the latest edition or addendum of the ASMIE
Cade, or the vessel integrity 1s maintained by special nonde-
structive evaluation inspection technigues in licu ol testing, a
pressure test [or the rerated condition is not required,

¢. The pressure vessel imspection and rerating is acceptable
1o the authorized pressure vessel mspector,

The pressure vessel rerating will be considered complete
when the authorized pressure vessel inspector oversees the
attachment ol an addiuonal nameplate or addiuonal stamping
that carrics the following information:

Rerated by

Maximum Allowable Working Pressure
Dale

psi at F*

00

00
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QObtain onginal
vessel dala.
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Nao built to 1968 ar later

Was the
vessel matenal
specificalion replaced by a
current specification?

Mo

Was the
vessel matenal
anginally certified using
UG10 of ASME
code’?

Can the
vessel matenal be
certified using UG10 of
ASME code?

Can the
vessel matenal
properties meel a current
malenal specfication?

Yes

Y

essel or components canno
be rerated using the lalest
aeditionfaddendum of the ASME
Code allowable stress

A

Mo

Figure 7-1—Rerating Vessels Using the Latest Edition or Addendum of the ASME Code Allowable Stresses

edihion of ASME Code
(see note 1)7

Are vesse|
matanals hsted in the
latest edition/addendum of
the ASME Code
(sea note 2)7?

Mo

|s allowable
siross at rorate
ternperature per the latest
edtion/addendum of the ASME
Code higher than
onginal allowable

Review
operational history.

Y

Has the
matenal been
degraded due to ocperation
(see nole 3)?

Yoo

Does
the malenal
toughness meet the
lalest edilion/addendum of
the ASME Code toughness
requirements?

Do the vessel
componanls sahsfy
the impact toughnass
requirement n RP 579, Sec 3, or
other recognized FFS standards
for the rerated
condition?

MNolas

1 ASME Code identthed as ASME Saction VIII
D, 1

2. Vessel matenal(s) are defined as matenal
essenhal to the structural ntegnty of the
vessel

3. Matenal degradation due to operation s
defined as loss of material strength,
ductility, or toughness due to creep,
graphitization, temper embrittlement,
hydrogen attack, fatigue. etc | see API
RP 579

No incentive to use the
latest edition/addendum of
the ASME Code allowable
siress for rerating

Herate vessel or
companant using the lalest
ediion/addendum of the ASME
Code allowable stress

A

Yes

00
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SECTION 8—ALTERNATIVE RULES FOR EXPLORATION AND
PRODUCTION PRESSURE VESSELS

8.1 SCOPE AND SPECIFIC EXEMPTIONS

This section sets forth the minimum aliernative inspecton
rules for pressure vessels that are exempt from the rules sct
lorth in Secuon 6 excepl as relerenced in paragraphs 8.4 and
8.5. Except for Scection 6, all of the sections in this inspection
code are applicable w Exploration and Production (L&P)
pressure vessels. These rules are provided because of the
vastly dillcrent characteristics and neceds ol pressure vesscls
used [or E&P service. Typical E&P services are vessels asso-
ciatcd with drilling, production, gathering, transportation, and
treaument ol liquid petroleum, natural gas, natural gas liquids,
and associated salt water (brine).

The following are specilic exemptions;

a. Portable pressure vessels and portable compressed gas
containers associated with construction machinery, pile driv-
crs, drilling rigs, well-servicing rigs and equipment, compres-
sors, trucks, ships, boats, and barges shall be reated, lor
imspection and recording purposcs, as a part of that machinery
and shall be subject to prevailing rules and regulations appli-
cable to that specific type of machine or container.

b. Pressure vessels relerenced in Appendix A are exempl
[rom the specilic requirements ol this inspection code.

8.2 GLOSSARY OF TERMS

8.2.1 class of vessels: Pressure vessels used in a com-
mon circumstance of service, pressure, and risk.

8.2.2 inspection: The cxwernal, inwernal, or on-stream
evaluation (or any combinauon ol the three) ol a pressure ves-
sel’s condition.

a. external inspection: FEvaluation performed [rom the
outside of a pressure vessel using visual procedures 10 cstab-
lish the suitability of the vessel for continued operation. The
Inspection may, or may not, be carricd out while the vessel 1s
1N operation.

b. internal inspection: Ivaluation performed from the
inside ol a pressure vessel using visual and/or nondestructive
cxamination proccdures to cstablish the suitability of the ves-
sel lor continued operation.

c. on-stream inspection: I'valuation performed from the
outside ol a pressure vessel using nondestruclive examination
procedures to establish the suitability of the vessel for contin-
ued operation. The vessel may, or may not, be 1n operation
while the inspection is carried out.

d. progressive inspection: An inspection whose scope
(coverage, interval, technique, and so forth) is increased as a
resull ol inspection [indings.

8.2.3 Section 8 wvessel: A pressurc vessel which 1
exempted from the rules set forth in Section 6 of this document.

8.3 INSPECTION PROGRAM

liach owner or uscr of Scction 8 vessels shall have an
inspection program that will assure that the vessels have sulli-
cicnt integnty for the mtended service. Ttach &P owner or
user shall have the option ol employing, within the limitations
of the junsdiction m which the vessels are located, any appro-
priate engineering, inspecuon, classification, and recording
systems which meet the requirements ol this document.

8.3.1 On-Stream or Internal Inspections

4. Bither an on-stream mspection or an internal inspecuon
may be usced interchangeably to satisfy inspection require-
ments. An internal inspection is required when the vessel
mtcgrity cannot be ¢stablished with an on-strecam spection,
When an on-stream inspection is used, a progressive inspec-
tion shall be employed.

b. In scleeting the technique(s) to be utilized for the inspee-
tion ol a pressure vesscl, both the condition ol the vessel and
the cnvironment in which it operates should be taken into
considcration. The inspection may include any number of
nondestructive technigues, mcluding visual inspection, as
deemed necessary by the owner-uscr.

¢. Al ¢ach on-stream or intemal mspection, the remaining
corrosion-rate lite shall be determined as deseribed in 8.3.2.

8.3.2 Remaining Corrosion Rate Life
Determination

For a new vessel, a vessel for which serviee conditions are
being changed, or existing vessels, the remaining corrosion
rate lle shall be determimed lor each vessel or estimaled lor a
class of vessels based on the following formula:

I"riv.'1'|:| l t‘:n--:vul't'd

COITOSION rale

Remaining life (years) =

[inches (mm) per year]

where
e — the actual thickness, m inches (rmillimeters),
measured at the ume ol inspection lor a given

location or component.

= the required thickness, in inches (nullime-
ters), at the samce location or component as
the 1, measurement, obtained by one ol the
lollowing methads:

!

TELjlirel

4. The nominal thickness in the uncorroded condition, less
the specilied corrosion allowance.

01
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b. The original measured thickness, i’ documented, 1n the
uncorroded condition, less the specified corrosion allowance.
¢. Calculations in accordance with the requirements ol the
construction code to which the pressure vessel was built, or
by computations that arc detcrmined using the appropriate
[ormulas in the Tatest edition of the ASME Code, 1l all ol the
cssential details comply with the applicable requirements of
the code being used.

corrosion ratc = loss of metal thickness, i inches (nmlli-
melers), per year. For vessels in which the
corrosion rate 1s unknown, the corrosion rate
shall be determined by one ol the lollowing
methods:

I. A corrosion ratc may be calculated from data col-
lected by the owner or user on vessels 1n the same or sim-
ilar scrvice.

2. Il data on vessels providing the same or simular service
1s not available, a corrosion rate may be estimated from
the owner’s or uscr’s expericnee or from published data on
vessels providing comparable service,

3. If the probable corrosion rate cannot be determined by
either 1tem a or item b above, on-stream determuination
shall be madce aficr approximatcly 1000 hours of service
by using suitable corrosion monitoring devices or actual
nondestructive thickness measurements of the vessel or
system. Subscquent determinations shall be made after
appropriatc intervals until the corrosion rale 1s established.

The remaining hife shall be determined by an individual
experienced in pressure vessel design and/or mspecuon. I 1t 1s
determined that an inaccurate assumption has been made for
cither corrosion rae or thickness, the remaining lile shall be
imercased or deercased to agroe wath the actual rate or thickness,

Other Fallure mechanisms (stress corrosion, briwtle [racture,
blistering, and so (orth,) shall be taken into account in deter-
mining the remaining life of the vesscl.

8.3.3 External Inspections
The tollowing apply to cxternal inspections:

a. The external visual inspection shall, at least, determine the
condition ol the shell, heads, nossles, exterior insulation, sup-
ports and structural parts, pressurc-relicving devices, allow-
ance [or expansion, and general alignment ol the vessel on its
supports. Any signs of lcakage should be imvestigated so that
the sources can be established. It is not necessary to remove
insulation if the entire vessel shell is maintained at a tempera-
ture sulliciently low or sufliciently high to prevent the con-
densation ol moisture. Reler to APT Recommended Practice
572 lor guidclines on external vessel inspections.

b. Buried sections ol vessels shall be monitored to determine
their external environmental condition. This monitoring shall
be done at intervals that shall be established based on corro-
sion-rate information obtained during mamtenance activity

on adjacent connected piping ol similar material, inlormation
from the interval examination of similarly buricd corrosion
test coupons ol similar material, information from representa-
tive portions of the actual vessel, or information from a sam-
plc vessel in similar circumstances.

¢. Vessels that are known (o have a remaining lile ol over 10
ycars or that arc protccted against external corrosion—for
example, (1) vessels insulated ellectively to preclude the
cntrance of moisture, (2) jacketed cryogenic vessels, (3) ves-
sels installed in a cold box 11 which the atmosphere is purged
with an inert gas, and (4) vessels in which the temperature
being maintained 1s sulliciently low or sulliciently high to
preelude the presence of water  do not need to have insula-
ton removed lor the external inspection; however, the condi-
tion ol their insulating system or their outer jacketing, such as
Lthe cold box shell, shall be obscrved at least every 5 years and
repaired il necessary.

8.3.4 Vessel Classifications

The pressure vessel owner or user shall have the option w
cstablish vessel inspection classes by grouping vessels into
common classes ol service, pressure, andior risk. Vessel clas-
sifications shall be determined by an individual(s) experi-
enced in the criteria outlined in the lollowing. II" vessels are
grouped into classes (such as lower and/or higher risk), at a
minimum, the following shall be considered to establish the
risk class:

d. Potential for wvessel fatlure, such as, mimmmum design
meclal iemperature; potential lor cracking, corrosion, and cro-
sion; and the existence ol mitigation [aclors.

b. Wessel history, design, and operating conditions, such as,
the type and history ol repairs or allerations, age ol vessel,
remaining corrosion allowance, propertics of contained fluids,
operaung pressure, and temperature relative o design limits.
¢. Conscquences of vessel fatlure, such as, location of vesscl
relative 10 employees or the public, potenual lor equipment
damagc, and cnvironmental conscquenccs.

8.3.5 Inspection Intervals
The following apply to mspection intervals:

a. Inspections shall be performed at intervals determined by
the vessel’s risk classificanon. The inspection intervals tor the
two main nsk classificauons (lower and higher) are delined
below. When additional classes are established, inspection
and sampling intervals shall be sct between the higher risk
and Tower nisk classes as determined by the owner or user. 1
the owner or user decides to not classify vessels into risk
classes, the inspection requirements and intervals ol higher-
risk vesscls shall be tollowed.
b. Lower-nisk vessels shall be inspected as follows:
I. Inspections on a representative sample of vessels in
that class, or all vessels in that class, may be perlormed.
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2. Lixternal inspecuons shall be performed when an on-
strcam or intcrnal inspection 1s performed or at shorer
intervals at the owner or user’s option.
3. On-strcam or intemal inspections shall be performed at
Icast cvery 15 years or ¥-remaining corrosion-rate lile,
whichever is less,
4. Any signs ol leakage or deterioration detected in the
interval between inspections shall require an on-stream or
intcrnal inspection of that vessel and a reevaluation of the
inspecton interval lor that vessel class.
¢. Iligher-risk vessels shall be inspected as follows:
l. Lxternal inspections shall be performed when an on-
strcam or intemal inspection is performed or at shorter
intervals at the owner or user’s option,
2. On-stream or intemal inspections shall be perlormed at
lcast every 10 ycars or Y-remaining corrosion rale lile,
which ever 1s less.
3. In cascs where the remaining life is estimated to be less
than 4 vyears, the mspecuon mterval may be the [ull
remaining life up to a maximum of 2 vears. Consideration
should also be given 1o mmcreasing the number of vessels
inspected within that class w improve the likclihood of
detecting the worst-case corrosion.
4. Any signs of leakage or deterioration deteeted in the
intcrval between inspections shall require an on-stream or
internal inspection ol that vessel and a reevaluation of the
inspection interval lor that vessel class.
d. Pressure vesscls (whether grouped into classes or not)
shall be inspected at intervals sullicient o insure their [itness
tor continucd scrvice. Opcrauonal conditions and vesscl
integrity may require inspections at shorter intervals than the
mtervals stated above,
¢. II' service conditions change, thec maximum opcrating
lemperalurg, pressure, and imterval between mspections must
be reevaluated.
I For large vessels with two or more zones ol dillering cor-
rosion rates, cach zonc may be treated independently regard-
ing the interval belween inspections.

8.3.6 Additional Inspection Requirements

Additional inspection requirements, regardless of vesscl
classificaton, exist for the lollowing vessels:

a. Vessels that have changed ownership and location must
have an on-stream or internal inspection perlormed Lo estab-

lish the next inspection interval and 1o assure that the vessel 1s
suttable tor 1ts mtended scrvice. Inspection of new vesscls 1s
not required if'a manulacturer’s data report is available,

h. It a vessel 1s transterred to a new location, and 1t has been
morc than 5 years since the vessel’s last inspection, an on-
stream or internal inspection is required. (Vessels in truck-
mounted, skid-mounted, ship-mounted. or barge-mounted
equipment are not included.)

c. Air receivers (other than portable cquipment) shall be
inspected at least every 5 vears.

d. Portablc or temporary pressure vessels that are employed
lor the purpose ol testing oil and gas wells during completion
or recompletion shall be inspected at least onee during cach
3-year period of use. Morc [requent inspections shall be con-
ducted 11" vessels have been in severe corrosive environments,

8.4 PRESSURETEST

When a pressure test is conducted, the 1est shall be in
accordance with the procedures in 6.5,

8.5 SAFETY RELIEF DEVICES

Salety reliel devices shall be inspected, tested, and repaired
in accordance with 6.6,

8.6 RECORDS
The following records requirements apply:

4. Pressure vessel owners and users shall mamtain pressure
vessel records. The prelerred method of record keeping is o
maimiaim data by imdividual vessel. Where vessels are grouped
into classes, data may be maintained by vessel class. When
inspections, repairs, or alterations are made on an individual
vessel, specific data shall be recorded tor that vesscl.

b. Examples ol inlormation that may be maintained are ves-
scl identification numbers; safcty relict device information;
and the lorms on which results of inspections, repairs, alter-
ations, or reratings are to be recorded. Any appropriate
lorms may bc used 1o record these resulls. A sample pressure
vessel ispection record 1s shown in Appendix C. A sample
altcration or rerating of pressure vessel form is shown in
Appendix D. Information on maintenance activities and
cvents that affect vessel integnity should be included in the
vessel records.
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APPENDIX A—ASME CODE EXEMPTIONS

The following classes of containers and pressure vessels

are excluded from the specific requirements of this inspec-
tion code:

a. Pressure vessels on movable structures covered by juns-
dictional regulations:

b.

. Cargo or volume ranks for trucks, ships, and barges.
2. Air receivers associated with braking systems of
mobile equipment,
3. Pressure vessels installed in ocean-going ships, barges,
and floating craft.
All classes of containers listed for exemption from the

scope of Secnon VILL, Division 1, of the ASME Code:

I. Those classes of containers within the scope of other
sections of the ASME Code other than Section VIII,

2. Fired process tubular heaters,

3. Pressure containers that are integral parts or compo-
nents of rotating or reciprocating mechanical devices, such
as pumps, compressors, turbines, generators, engines, and
hydraulic or pneumatic cylinders where the primary design
considerations or stresses are derived from the functional
requirements of the device.

4. Any structure whose primary function is transporting
fluids from one location to another within a system of
which it is an integral part (that 18, piping systems).

5. Piping components such as pipe, flanges, bolting, gaskets,
valves, expansion joints, fittings, and the pressure-containing
parts of other components such as strainers and devices
which serve such purposes as muxing, separating, snub-
bing, distributing, and metering or controlling flow as long
as the pressure-containing parts of these components are

A-1

cenerally recognized as piping components Or accesso-
res.
6. A vessel for containing water under pressure, including
vessels containing air, the compression of which serves
only as a cushion, when the following limitations are not
exceeded:
(a) A design pressure of 300 pounds per square inch
2067.7 kilopascals).
(b) A design temperature of 210°F (99°C).
7. A hot water supply storage tank heared by steam or any
other indirect means when the following limitations are
not exceeded:
(a) A heat input of 200,000 British thermal units (211 x
108 joules) per hour.
(b) A water temperature of 210°F (99°C).
(¢) A nominal water-containing capacity of 120 gallons
(455 liters).
8. Vessels with an intermnal or external operating pressure
not exceeding 15 pounds per square inch (103.4 kilopas-
cals) but with no limitation on size.
9, Vessels with an inside diameter, width, height, or cross-
section diagonal not exceeding 6 inches (15 centimeters)
but with no limitation on their length or pressure.
10. Pressure vessels for human occupancy.

c. Pressure vessels that do not exceed the following volumes
and pressures:

1. Five cubic feet (0.141 cubic meters) in volume and 250
pounds per square inch (1723.1 kilopascals) design pressure.
2. One-and-one-half cubic feet (0.042 cubic meters) in
volume and 600 pounds per square inch (4136.9 kilopas-
cals) design pressure.
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APPENDIX B—AUTHORIZED PRESSURE VESSEL INSPECTOR CERTIFICATION

B.1

A written examination to cernify inspectors within the
scope of APl 510, Pressure Vessel Inspection Code: Mainie-
nance Inspection, Rating, Repair, and Alteration, shall be
admimistered by API or a third party designated by API. The
examination shall be based on the current AP 510 Inspector
Certification Body of Knowledge as published by APL

Examination

B.2 Certification

B.2.1 AnAPI 510 authorized pressure vessel inspector cer-
tificate will be issued when an applicant has successfully
passed the APl 510 certification examination and satisfies the
criteria for education and experience. His/her education and
experience, when combined, shall be equal to at least one of
the following:

a. A Bachelor of Science degree in engineering or technol-
ogy, plus one year of experience m supervision of inspection
activities or performance of inspection activities as described
n APT 510.

b. A two-vear degree or centificate in engineering or technol-
ogy. plus two years of experience in the design, construction,
repair, mspection, or operation of pressure vessels, of which
one vear must be 1n supervision of inspection activites or
performance of inspection activities as described in API 510,

¢. A high school diploma or equivalent, plus three years of
experience in the design, construction, repair, inspection, or
operation of pressure vessels, of which one year must be in
supervision of inspection activities or performance of inspec-
tion activities as described in AP1 510.

d. A minimum of five years of experience in the design, con-
struction, repair, inspection, or operation of pressure vessels, of
which one year must be in supervision of inspection activities
or performance of inspection activities as describe in AP1510.

B.2.2 An API 510 authorized pressure vessel inspector cer-
tificate may be i1ssued when an applicant provides docu-
mented evidence of passing the National Board of Boiler and
Pressure Vessel Inspectors examination and meets all require-
ments for education and experience of API 510.

B-1

B.2.3 An API certificate for an authorized pressure vessel
mmspector 18 valid for three years from its date of 1ssuance.

B.2.4 An API 510 authonzed pressure vessel inspector cer-
tification 1s valid in all jurisdictions and any other location
that acceprs or otherwise does not prohibit the use of APT 510,

B.3 Certification Agency

The Amencan Petroleum Insnmute shall be the cermfying
agency.

B.4 Retroactivity

The certificanon requirements of APl 510 shall not be ret-
roactive or interpreted as applying before 12 months after the
date of publication of this edition or addendum of API 510,
The recertification requirements of APl 510 paragraph B.5.2
shall not be retroactive or interpreted as applving before 3
years after the date of publication of this edition or addendum
of AP1510.

B.5 Recertification

B.5.1 Recertification is required 3 vears from the date of
issuance of the API 510 authorized pressure vessel inspector
certificate. Recertification by written test will be required for
authorized pressure vessel inspectors who have not been
actively engaged as authorized pressure vessel inspectors
within the previous 3 years. Exams will be in accordance with
all provisions contained in APl 510.

B.5.2 “Actively engaged as an authorized pressure vessel
inspector” shall be defined by one of the following provisions:

a. A mimmum of 20% of ume spent performing inspection
activities or supervision inspection activities as described in
the AP1 510 inspection code over the most recent 3-year certi-
fication period.

b. Performance of inspection activities or supervision of
inspection activities on 735 pressure vessels as described n
API 510 over the most recent 3-year certificarion period.

Moic: Inspecnon acnvines common © other A’ inspeciion documenis

(MDD, record-keeping, review of welding documents, cte.) may be consid-
ered here.
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Pressure VEssEL INsPECTION CoDE MAINTENANCE INSPECTION, RATING, REPAIR, AND ALTERATION
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SAMPLE PRESSURE VESSEL Form Date
INSPECTION RECORD

Form No

Owner or User

Vessel Name

Description

Name of Process

Owner or User Number

Location

Junsdiction/National Board Number

Internal Diameter

Manufacturer

Tangent Length/Height

Manufacturer's Serial No.

Shell Matenal Specification

Date of Manufacture

Head Material Specification

Contractor

Internal Malerials

Drawing Numbers

Naminal Shell Thickness

Naominal Head Thickness

Construction Code

Design Temperature

Joint Efficiency

Maximum Allowable Working
Pressure

Type Heads

Type Joinl

Maximum Tested Pressure

Flange Class

Design Pressure

Coupling Class

Relief Valve Sel Pressure

Number of Manways

Contents

Weight

Special Conditions

Thickness Measuremenis

Sketch or
Location
Description

Location
Number

Original Required Minimum
Thickness Thickness

Date

Comments (See Note 2)

Method

Authorized Inspector

Notes:

1. Use additional sheets, as necessary.
2. The location that each comment relates to must be described.







APPENDIX D—SAMPLE REPAIR, ALTERATION, OR RERATING
OF PRESSURE VESSEL FORM
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Pressure VESSEL InsPeEcTion CooeE MAINTENANCE INSPECTION, RATING, REPAIR, AND ALTERATION D-3

Form Date

SAMPLE REPAIR ALTERATION OR Form Na.

Owner or User Name

RERATING OF PRESSURE VESSEL FORM  cccei Name

1. Onginal Vessel Identification Number
2. Original Vessel Location
3. Manufacturer Serial No
4 See attachments for additional data” d Yes Jd No
5. Original Construction Code
6. Original Maximum Allowable Working Pressure Year Built
7. Original Design Temperature Year Built
8. Original Minimum Design Metal Temperature At Pressure
9. Original Test Pressure Fluid Position
10. Shell Material Head Material
11. Shell Thickness Head Thickness
12. Original Joint Efficiency
13. Original Radiography J Yes J No
14. Original PWHT J Yes J No
If yes, Temp (“F) Time (Hrs)
15. Original Corrosion Allowance
16. Work on Vessel Classified as: Jd Repair d Alteration ' Rerating

17. Organization Performing Work

18. Construction Code for Present Work

19. New Vessel |dentification Number (if Applicable)

20. New Vessel Location (if Applicable)

21. New Maximum Allowable Working Pressure

22 New Design Temperature

23. New Minimum Design Metal Temperature At Pressure
24 New PWHT J Yes d No
Temp (°F) Time (Hrs)

25. New Joint Efficiency, if Applicable E =
26. Type of Examination or Inspection Performed:.

J radiographic < ultrasonic
'J magnetic particle J penetrant
d wvisual - other
27 New Pressure Test if Yes, Pressure Test Medium Test Position

28. New Corrosion Allowance

29, Describe work performed (attach drawings, calculations, and other pertinent data):

Statement of Compliance

We certify that the statements made in this report are correct and that all material and construction for and workmanship of this

Jd repair 1 alteration, |1 rerating conform to the requirements of the Edition of AP| 510, Pressure Vessel Inspection Code.
{reparr, alterabon or rerating organization))
Signed
(authonzed representative)
Date

Statement of Inspection

|, the undersigned, an inspector employed by . having inspected the work described above, state
that lo the best of my knowledge, the work has been satisfactorily completed in accordance with the Edition of APl 510,
Pressure Vessel Inspection Code. Signed

AP| 510 Certification Number

Date







APPENDIX E—TECHNICAL INQUIRIES

E.1 Introduction

APl will consider written requests for interpretations of

AP1 510. API stall will make such interpretations in writing
after consultation, if nccessary, with the appropriatc commit-
tee ollicers and the commuittee membership. The APL commit-
tce responsible for maintaining API 510 meets regularly to
consider wrillen requests Lor interpretations and revisions and
to develop new eritena as dictated by technological develop-
ment. The commitlee’s actuvities i this regard are lmited
strictly o mterpretations ol the standard or 1o the consider-
ation of revisions to the present standard on the basis of new
data or technology. As a mater ol policy, API does nol
approve, certity, rate, or endorse any item, construction, pro-
prietary device, or activily; thus, accordingly, inquiries requir-
ing such considcration will be returned. Morcover, API docs
not act as a consultant on specilic engineenng problems or on
the general understanding or application of the rules. Tf, based
on the inquiry information submitied, it 1s the opinion of the
commiltee that the inquirer should seek assistance, the
inquiry will be returned with the recommendation that such
assistance be obtained.

All imquiries that cannot be understood because they lack
information will be returned.

E.2

Inquiries shall be himited strictly to requests [or interpreta-
tion of the standard or to the consideration of revisions to the

Inquiry Format

E-1

standard on the basis of new data or technology. Inquiries
shall be submitted in the following format:

4. Scopc. The inquiry shall involve a single subject or closcly
related subjects. An inquiry letter concerning unrelated sub-
jects will be returned.

b. Background. The inquiry leter shall state the purposc ol
the inquiry, which shall be either 1o oblain an interpretation ol

the standard or to proposc consideration of a revision to the
standard. The letter shall provide concisely the information
needed for complete understanding of the inquiry (with
skeiches, as necessary). This inlformation shall include reler-
ence to the applicable edition, revision, paragraphs, figurcs,
and tables.

c. Inquiry. The inquiry shall be stated in a condensed and
precise question format, Superfluous background information
shall be omitted from the inquiry, and where appropriale, the
inquiry shall be composed so that “yes” or “no” (perhaps with
provisos) would be a suitable reply. This igquiry statement
should be tcchnically and cditorially correct. The inquircr
shall state what he believes the standard requires. 1l in his
opinion a revision to the standard 1s needed, he shall provide
recommended wording.

The inquiry should be typed; however, legible handwritien
inquirics will bc considecred. The name and the mailing
address ol the inguirer must be included with the proposal.
The proposal shall be submitted to the following address:
dircctor of the Standards Depariment, American Petroleum
Institute, 1220 L Street, N.W,, Washimgion, D.C. 20005-40710,
standardsteapi.org.
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Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about API Publications, Programs and Services is
available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
L ) Petroleum  Washington, D.C. 20005-4070



