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FOREWORD

In 1993, ASME initiated activity to address the development of post construction standards in response to
an identified need for recognized and generally accepted engineering standards for the inspection and

maintenance of pressure equipment after it has been placed in service. In 1995, the Post Constru

ction

Committee (PCC) was appointed to develop and maintain standards addressing common issues and

technologies related to post-construction activities, and to work with other consensus committees i
development of separate, product-specific codes and standards addressing issues encountered after i
construction of non-nuclear pressure equipment such as boilers, pressure vessels (including

n the
nitial
heat

exchpngers), piping and piping components, pipelines, and storage tanks. Subcommittees were formd
bolted flange joint assembly, repair and testing, and inspection planning. The subcommittees were|cht
with|preparing standards dealing with several aspects of the in-service inspection and maintenan
presqure equipment. As a result, ASME PCC-1 Guidelines for Pressure Boundary Bolted) Flange
Assembly was published in 2000; ASME PCC-2 Repair of Pressure Equipment and Piping was publ
in 2006 and ASME PCC-3 Inspection Planning Using Risk-Based Methods was published in 2007.

In the course of preparing the documents described above, the Post Construction'Committee recognize
need|to provide a guideline or “roadmap” to help users of pressure equipment-and their designated ag
as Well as manufacturers, owners, regulators and other stakeholders,-identify the codes, stang
recommended practices, specifications and guidelines that apply to thé-life cycle management of pre
equipment integrity. Accordingly, ASME held a workshop in March;2009 to review a proposal for guig
that provides an integrated approach to the understanding and application of technologies in these stan
in erjgineering programs for management of the life cycle of.pressure equipment, including inspe
fitnegs for continued service and repair. The transition froniznew construction to post construction w
essential part of this study, as new construction standards address inspectability and provide a bas
critiqal to any post-construction assessment. The pest construction standards presented and revi
included:

pCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly

RCC-2 Repair of Pressure Equipment and Piping Standard

RCC-3 Inspection  Planning . "Using Risk-Based Methods API 579-1/ASME R
Fitness-For-Service

This|Guide is intended to fill that need. It is not intended to be an industry standard, but rather to pr
genefal guidance. Also note that this document is not intended to be a complete listing of all
publications related toressure equipment integrity, which would fill many bookshelves, but rather lis
most pertinent references in the opinion of the author and the reviewers.

The first edition of ASME PTB-2, prepared by J. R. Sims, Jr., was published in 2009. This edition re
updates to-documents previously included in the first edition, as well as new documents that have
published since then. Also included is Appendix C, which includes international documents that are rel
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Established in 1880, ASME is a professional not-for-profit organization with more than 100,000 members
promoting the art, science, and practice of mechanical and multidisciplinary engineering and allied
sciences. ASME develops codes and standards that enhance public safety, and ASME provides lifelong
learning and technical exchange opportunities benefiting the engineering and technology community.

Visit www.asme.org for more information.

Vi
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STLLC is a not-for-profit limited liability company, with ASME as the sole member, formed in 2004 to
carry out work related to new and developing technologies. STLLC’s mission includes meeting the needs
of industry and government by providing new standards-related products and services, which advance the
application of emerging and newly commercialized science and technology and provides the research and
technology development needed to establish and maintain the technical relevance of codes and standards.
Visit http://asmestllc.org/ for more information.
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ABBREVIATIONS AND ACRONYMS

API American Petroleum Institute

ANSI American National Standards Institute

ASCE American Society of Civil Engineers

ASME American-Seciety-of-Mechanical-Engineers

ASME BPVC ASME Boiler and Pressure Vessel Code

ASNT American Society for Non-Destructive Testing

BPVC Boiler and Pressure Vessel Code (ASME)

CFR Code of Federal Regulations

MTI Materials Technology Institute of the Chemical Process Industries

NB National Board of Boiler and Pressure Vessel Inspectors

NBBPVI National Board of Boiler and Pressure Vessel Inspectors

RP Recommended Practice

SDO Standards Developing Organization that,for the purpose of this Guide, is accredite
ANSI

SEI Structural Engineering Institute

TEMA Tubular Exchanger Manufagcturers Association

viii
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1 SCOPE

This Guide provides a summary of some of the more commonly used codes, standards, recommended
practices (RPs), publications, specifications and guidelines produced by organizations based in the United
States that assist manufacturers, owners, users and their designated agents, regulators and other stakeholders
in maintaining the integrity of fixed pressure equipment in process plants and in general industrial use. For
the convenience of the user of this Guide, the term “documents” will be used throughout to refer collectively
0 “codes, standards, recommended practices, specifications and guidelines.” This Guide is not all-
inclusive.

Therp are many documents that are useful for specific applications of pressure equipment that hav}tz not
been|described or included as references in this Guide. This does not imply that these documents should
not e used or that they have any deficiencies. Note also that engineering knowledge and. experierfce is
necegsary for the proper application of most of the documents listed.

The following applications for pressure equipment are not specifically included in the-scepe. Howevey, the
owngr of these categories of equipment may use those portions of this Guide that are applicable:

(a) Wpstream “non-process” equipment in the oil and gas industry (e.g., pressure:equipment used in olll and
gas exploration and production such as Christmas trees, wellhead eguipment, flow lines, sybsea
gquipment).

(c) Domestic plumbing and other domestic pressure equipment¢sueh as hot water heaters. Portable air
eceivers (air tanks) used by homeowners and contractors are:excluded from the scope, but air recdivers
in industrial facilities are included.

ship
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2 DEFINITIONS

Code — A document published by a standards developing organization (SDO) that has requirements that
should be considered to be mandatory for use within its stated scope. Some codes also contain
recommended practices and guidelines. In the past, some defined a code to be a document that has been
adopted as a requirement by one or more legal entities, but this definition is not universally applicable.

Construction — An all-inclusive term comprising materials, design, fabrication, examination, inspection,
testing, certification and pressure relief.

Jurisfliction — A legal entity, such as a state or provincial government that has established laws”ahd/or
regulations governing the construction and in-service inspection, repair and alteration of prepsure
equipment.

NB - National Board of Boiler and Pressure Vessel Inspectors.

Petrgleum and Chemical Process Industries — This term is self-explanatory ang'is used consistently in the
main body of this document to refer to that segment of the process industry:that is addressed by API Cpdes,
Stanglards and Recommended Practices. However, other terms such as/*hydrocarbon and chemical prpcess
industries,” “refineries and related industries” and “petrochemical facilities” are used in some of the
documents that are referenced in this Guide. These alternative terms are used in the document sumrijaries
in Appendix A but are considered to be equivalent to petroleum and chemical process industries fgr the
purppse of the main body of this Guide.

Publ|cation (also known as Technical Publication) — A;document that contains useful information but {s not
cons|dered to contain mandatory requirements.

Recdmmended Practice (RP) — A document published by an SDO that communicates recognized industry
pracfices. Recommended Practices may(include requirements, recommendations and options. In general, a
Recdmmended Practice document will. focus more on communicating information, and while they can
contgin requirements, such requirements will typically be fewer in number than a standard that covers a
similar subject matter.

Spedffication — A docunient that contains requirements for construction of specific types of equipment
itemg.

Stanglard — A.document published by an SDO that contains standardized methods, requirementy and
reconmendations. Requirements in standards should be considered to be mandatory unless written
documentation has been developed to justify alternatives.
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3 ORGANIZATION OF THIS GUIDE

This Guide is organized by type of equipment as described below. Each equipment type section is intended
to stand alone, such that it includes all of the documents for that equipment type. This results in a lot of
duplication but should provide a more user-friendly reference.

The following equipment types are included:
(a) Guide to documents that apply to boilers, including:
(1) Power (steam) boilers

(2) Heat recovenssteam aenerators (HRSGs)
Sdbibbed ARG AR hARhAhthh il U 7

(3) Heating boilers

(4) Unfired steam boilers.

(b) Guide to documents that apply to pressure vessels, including:

(1) Typical pressure vessels, including towers, drums, reactors, heat exchangers, condensers,
air receivers, accumulators, etc.

(2) Large, heavy wall vessels [e.g., >50 mm (2 in) wall thickness] and«zessels with high dgsign
temperature [e.g., > 370°C (700°F)]

(3) High pressure vessels [e.g., > 70 MPa (10 ksi)] design pressure

(4) Heat exchangers (as a class of pressure vessels).

(c) Guide to documents that apply to storage tanks.
(d) Guide to documents that apply to piping systems.
(e) Guide to documents that apply to piping components including fittings.

(1) Some pressure equipment contains components such as flanges, valves, expansion joints
and other fittings. Specifications and.standards for these components are gengrally
referenced in the new construction cgdes. A listing of these documents is provided in
paragraph 14 of this Guide.

(f) Guide to documents that apply to overpressure protection.

(g) Guide to documents that are focused\-on specific tasks, such as welding and non-destructive
gxamination, that are routinely performed as a part of both new and post construction.

Appéndix A contains a summary ofi:each document that is referenced in this Guide describing:
(@) Title of the document.

(b) HEdition that was currentwhen this Guide was prepared. The user should check for updates. In parti¢ular,
note that the generaljaractice is to update or to reaffirm documents that have been ANSI approved g¢very
 years. Thereforgjif’an ANSI-approved document has an edition date more than 5 years old, it would
he prudent to check for updates.

(c) An alternative-number for the document (e.g., an ISO number) if applicable.
(d) Whether:the document has been approved by ANSI.
(e) $ummary of the scope of the document with comments.

(f) y rlncr\ripfinn of the Wway inwhich the document is f\]lpir‘ﬂ"\ll qpplind Eqr nv:\mpln'

(1) Referenced in a purchase specification.

(2) Manufacturer uses in construction.

(3) Regulator has available to be able to audit compliance.

(4) Allow users to manage the complete life cycle of pressure equipment in an effective
manner.

(g) Comments containing a summary of the contents of the document. This is intended to allow a potential
purchaser of the document to determine what to expect. For example, a document’s scope may state
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that pressure-temperature ratings for the components covered by the standard are included, when in
reality there is only a reference to another standard that contains the ratings.

(h) A listing of the categories of users of the document.

Appendix B contains a summary of documents that are not necessarily codes, standards or recommended
practices, which may be useful for additional reading on the topics covered.

Appendix C contains a listing of documents from various countries outside the United States that are
relevant to the subject of pressure equipment integrity.
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4 POWER (STEAM) BOILERS

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
1 is hyperlinked to the description in Appendix A.

Table 1: Power (Steam) Boilers

Specification/Purchase Design/Construction Operation
NB=370 BPVC-Sectiomt BPVE-Sectiom v
NB-23 BPVC Section II-Materials—Part A API RP 584
ASME PCC-3 BPVC Section II-Materials—Part B
API RP 580 BPVC Section l1-Materials—Part C
API RP 581 BPVC Section II-Materials—Part D
API RP 538 BPVC Section V
API RP 578 BPVC Section I1X
API RP 588 BPVC Section XIlII
ASCE/SEI 7 API RP 578
ASCE/SEI 7
ASME PCC-1
In-Service Inspection Fitness-For-Service Repair
NB-23 API 579-1/ASME FFS-1 NB-23
NB-370 API 579-2/ASME FFS-2 NB-370
ASME PCC-3 EPRI.CS-5208 ASME PCC-2
API RP 580 ASME PCC-1
API RP 581 API RP 577
API RP 573 API RP 578
BPVC Section VII API RP 582
EPRI CS-5235 BPVC Section I1X
EPRI CS-5208 API RP 573
BPVC Section'V
ASNT.CP-189
ASNT RP SNT-TC-1A

4.1 Specification (Purchase) of Power (Steam) Boilers

Before acquiring a new boiler, it is important for the equipment owner/user to consider the life cycle cost
and pressure integrity requirements for the equipment, including requirements for in-service inspection,
testing, maintenance, and repair. This will allow the design and construction to be optimized to provide
appropriate access for these activities, as well as provide ways for minimizing the impact of possible repairs.
Some of the steps in this consideration, and the documents that should be considered for each step, are:

(a) Determine which design and construction codes will be specified. These are described in paragraph 4.2.
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()

(©)

(d)

(€)

(f)

Determine legally mandated new construction and in-service inspection requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

Determine potential manufacturers. One useful reference is the National Board Manufacturer and
Repair Directory, an online searchable directory containing a listing of manufacturers of pressure
equipment and pressure relief devices and repair organizations.

[pete C d-party orothercontractuatreguireme ¥ ST ETEgUITETTE

bome insurance companies have specific requirements for design, construction, inspection and

integrity. Post construction (in-service) documents that should be <tonsidered
design/specification/new construction phase are listed in the following paragraghs. Note that some post-
gonstruction codes provide for the evaluation of damage in pressure equipment using method$ and
gcceptance criteria that are not permitted by the new construction codes.=This is consistent with the
intent of many new construction codes to provide a margin for deterigration in service. Thereforg, it is
rot necessary to satisfy all of the new construction rules after the equipment has been placed in sefvice.

(1) NB-23 National Board Inspection Code Part 2 (Idspection) provides rules for in-sefvice
inspection that are mandatory in many jurisdictions. NB-370 provides some guidang¢e on
this. (Also, see paragraph (b), above).

(2) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develdp an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to-provide more detailed guidance on developing an
optimum inspection plan than does"NB-23. However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a gmall,
simple boiler, the basic guidance in NB-23 may be sufficient.

(3) APIRP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroleum and.chemical process industries. See comments under ASME PCC-3
above.

(4) API RP 581 RiskiBased Inspection Methodology. This document provides a detailed,
prescriptive_methodology for determining inspection methods and intervals. It proyides
one method-of implementing the more general guidance in ASME PCC-3 and API RP 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechahism information that is specific to certain refinery processes (e.g., fluid catglytic
cracking), it is not universally applicable.

Determine-ifthere are additional documents that should be referenced in the purchase specification.
For example:

(1) APIRP 538 Industrial Fired Boilers for General Refinery and Petrochemical Service] This
recommended practice (RP) gives recommendations for design, operation, maintenpnce,
and troubleshooting considerations for industrial fired boilers used in refineries and
chemical plants.

(2) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in service.
“Positive Materials Identification” (PMI) is one way to minimize these failures. Note that
PMI is not normally performed on equipment constructed of carbon steel. However, it
should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety, health, environmental or financial losses. This can
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be determined by a risk assessment using the methods of risk-based inspection (Also, see
4.4(b)).

(3) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure
equipment to determine the magnitude of earthquake and wind loads.

4.2 Design and Construction of Power (Steam) Boilers

The ASME Boiler and Pressure Vessel Code, Section | (BPVC Sectlon I) provides rules for construction
I"‘ ll‘ cot TUIES dlt angatory i O OTiSaicto g USanag Canadd, and are

freqyently used worldwide. Section | references many other codes and standards, a few of whigch-gre
listed below. If a user requires Section I construction in a purchase document, the internal references{in

Section | become mandatory as well.

(a) BPVC Section II-Materials—Part A Ferrous Material Specifications

(b) BPVC Section II-Materials—Part B Nonferrous Material Specifications

(c) BPVC Section II-Materials—Part C Specifications for Welding Rods, Electrodés; and Filler Metals

(d) BPVC Section Il-Materials—Part D Properties (Customary)

(e) BPVC Section lI-Materials—Part D Properties (Metric)

(f) BPVC Section V Nondestructive Examination

(9) BPVC Section IX Welding, Brazing, and Fusing Qualifications

(h) BPVC Section XIII Rules for Overpressure Protection. With:the publication of the 2021 Edition ¢f the
$ection |, the rules for pressure relief device capacity certification have been transferred to thel new
BPVC Section XIII. The remaining rules for pressureselieving devices remain in BPVC Section |.

(i) API RP 578 Guidelines for a Material Verification-Program (MVP) for New and Existing Assets| The

se of material other than the material specifiedc¢an result in failures in service. “Positive Matgrials

Identification” (PMI) is one way to minimize, these failures. Note that PMI is not normally perfoymed
an equipment constructed of carbon steel. However, it should be applied in cases where substitutipn of
gnother alloy for a specified alloy can:résult in failure with significant safety, health, environmental or
flinancial losses. This can be determined by a risk assessment using the methods of risk-based inspection
(see 4.4(b)).

(1)) ASCE/SEI 7 Minimum Design'[*oads and Associated Criteria for Buildings and Other Structures|This
document is used primarily_by manufacturers and designers of pressure equipment to determing the

agnitude of earthquake_and wind loads.

(k) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
echniques for flapge joint assembly to minimize leakage in service.

4.3 | Operation of Power (Steam) Boilers

BPV[IC Section VIl Recommended Guidelines for the Care of Power Boilers.
API RR_584 Integrity Operating Windows. This recommended practice (RP) explalns the |mportanue of

inteortV-operatina-wiRdow O\A o-Broca ebvmanagemen nd-auide n-a blishind and

implementing an IOW program for refining and petrochemical process faC|I|t|es to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.
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4.4 In-service Inspection of Power (Steam) Boilers

The following documents apply to the in-service inspection of power boilers. They should be considered to
be good engineering practices, with applicability that depends on the situation. However, in many cases,
the manufacturers of power boilers have compiled the guidance of the applicable documents in an
installation and operating manual (IOM).

(a) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
are mandatory in many jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
4.1(b)).

(b) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optignum,
gost-effective inspection program for all pressure equipment. This standard uses ancanalytical

isk-based approach to provide more detailed guidance on developing an optimum inspectian plarf than
does NB-23. However, ASME PCC-3 should be used as a supplement to the basic requirements inf NB-
23, as permitted by that document. For a small, simple boiler, the basic guidance i’NB-23 may be
qufficient.

(c) API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focuséd on equipment ih the
petroleum and chemical process industries. See comments under ASME REC-3 above.

(d) API RP 581 Risk-Based Inspection_Methodology. This document provides a detailed, prescriptive
ethodology for determining inspection methods and intervals. It provides one method of
implementing the more general guidance in ASME PCC-3 and~APIl RP 580 for refinery and some
ghemical plant equipment. Since the document relies on damage’mechanism information that is spgcific

(e) API RP 573 Inspection of Fired Boilers and Heaters; Although this document was written ased
grimarily on refinery experience, it can be considergd to be generally applicable. It covers prpcess

() BPVC Section VII Recommended Guidelines forthe Care of Power Boilers.
(g) EPRI CS-5235 Recommended Practices for'Qperating and Maintaining Steam Surface Condensgrs.
(h) EPRI CS-5208 Life Extension and Assessment of Fossil Power Plants (Conference Proceedings),

In implementing an in-service inspection plan, various nondestructive examination (NDE) techniquds are
ofter] used. Additionally, the exetution of these techniques requires qualified NDE personnel. Guidarice in

(@)
(b) 4 sting
(c) 4 hajor
e the

4.5

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
4.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could
result in one or more of the following actions:

(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.
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(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.

(©)

Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:

(a) APl 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

API 579-2/ASME FFS 2 Fltness For Serwce Example Problem Manual ThIS document prowdes

(b)

ssessments described in API 579- 1/ASME FFS 1
PRI CS-5208 Life Extension and Assessment of Fossil Power Plants (Conference Proceedings).

Repair of Power (Steam) Boilers

If th¢ FFS assessment (see paragraph 4.5) indicates that a repair is necessary for continued operation, the

following documents provide guidance on many repair methods:

(@)
()
(©)
(d)

(€)
(f)

(@)

(h)

B-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repair$ and
dlterations that are mandatory in many jurisdictions. NB-370 provides s@me guidance on this.

ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC:2 provides guidance on a lproad
ange of repair techniques that can be employed.

ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
echniques for flange joint assembly to minimize leakage,inservice.

APl RP 573 Inspection of Fired Boilers and Heatersy,Although this document was written Based
primarily on refinery experience, it can be considered to be generally applicable. It covers process
eaters as well as power (steam) boilers for use inrefining and petrochemical service.

APl RP 577 Welding Processes, Inspection,.and Metallurgy. This document can also be usef for
inspection of new construction.

API RP 578 Guidelines for a Material ¥erification Program (MVP) for New and Existing Assets| The
Use of material other than the materialspecified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way to_minimize these failures. Note that PMI is not normally perfoymed
an equipment constructed of carbon steel. However, it should be applied in cases where substitutipn of
gnother alloy for a specified alloy can result in failure with significant safety, health, environmental or
inancial losses. This cap-bedetermined by a risk assessment using the methods of risk-based inspection
ee 4.4(b)). Also, withifrthe context of repairs, the document cites examples of in-service mainterjance
ctivities where material verification should be established (paragraph 5.7.4 of the third edition).

P1 RP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended prdctice
RP) provides supplementary guidelines and practices for welding and welding-related topics for[shop
nd field fabrication, repair and modification. This document is general in nature and augments the

elding requirements of ASME BPVC Section IX and similar codes, standards, specifications} and
ractices. The intent of this document is to be mcluswe of chemlcal oil and gas industry standards,
tural

welding are intentionally not covered).
BPVC Section I1X Welding, Brazing, and Fusing Qualifications.
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5 HEAT RECOVERY STEAM GENERATORS (HRSGS)

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
2 is hyperlinked to the description in Appendix A.

Table 2: Heat Recovery Steam Generators (HRSGS)

Specification/Purchase Design/Construction Operation
NB-370 BPVC Section | BPVC SectionVI|
APl RP 534 BPVC Section VIII-Division 1 API RP 584
API RP 573 BPVC Section lI-Materials—Part A
NB-23 BPVC Section I1-Materials—Part B
API 510 BPVC Section II-Materials—Part C
ASME PCC-3 BPVC Section II-Materials—Part D
API RP 580 BPVC Section V
API RP 581 BPVC Section I1X
API RP 578 BPVC Section XIlI
API RP 588 API RP 578
ASCE/SEI 7 ASCE/SEI 7

ASME PCC-1

In-Service Inspection Fitness-For-Service Repair
NB-23 API 579:1/ASME FFS-1 NB-23
NB-370 ARI.579-2/ASME FFS-2 NB-370
API 510 EPRI CS-5208 API 510
ASME PCC-3 ASME PCC-2
APl RP 580 ASME PCC-1
API RP 581 API RP 577
API RP 970 API RP 578
API RP 573 API RP 582
BPVC Section VI BPVC Section I1X
BPVE-Section V
ASNT CP-189
ASNT RP SNT-TC-1A

5.1 Specification (Purchase) of HRSGs

Before acquiring a new HRSG, it is important for the equipment owner/user to consider the life cycle cost
and pressure integrity requirements for the equipment, including requirements for in-service inspection,
testing, maintenance, and repair. This will allow the design and construction to be optimized to provide
appropriate access for these activities, as well as provide ways for minimizing the impact of possible repairs.
Some of the steps in this consideration, and the documents that should be considered for each step, are:

10
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(a) Determine which design and construction codes will be specified. These are described in paragraph 5.2.

(b) Determine legally mandated new construction and in-service inspection requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturer and

Repair Directory, an online searchable directory containing a listing of manufacturers of pressure
equipment and pressure relief devices and repair arganizations

(d) Determine third-party or other contractual requirements, such as insurance requirements, that may.¢xist.
ome insurance companies have specific requirements for design, construction, inspection| and
peration of pressure equipment. Some building owners or owner entities impose conditions for yse of

their facilities that may apply to pressure equipment.

(e) API RP 534 Heat Recovery Steam Generators is a useful reference for specification and design of
RSG systems.

(H Determine the methods and frequency of in-service inspection that will be needed to ensure equipment

integrity.  Post-construction  (in-service) documents that should,~be considered in| the
design/specification/new construction phase are listed in the following’paragraphs. Note that somdg post
donstruction codes provide for the evaluation of damage in pressure equipment using methods and
gcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide a margin fordeterioration in service. Thereforg, it is
not necessary to satisfy all of the new construction rules after the equipment has been placed in sefvice.

(1) APIRP 573 Inspection of Fired Boilers and’Heaters. Although this document was wfitten
based primarily on refinery experience, it'can be considered to be generally applicahle. It
covers process heaters as well as power (steam) boilers and HRSGs for use in refining and
petrochemical service.

(2) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-seyvice
inspection that are mandatory-in some jurisdictions. NB-370 provides some guidange on
this. (Also, see paragraph\(b), above).

(3) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair{ and
Alteration. For the\petroleum and chemical process industries, APl 510 may Qe an
alternative for equipment in this category if NB-23 is not required by the jurisdiction

(4) ASME PCC-3\Inspection Planning Using Risk-Based Methods can be used to develdp an
optimum epst-effective inspection program for all pressure equipment. This standard uses

supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NB-23 may be sufficient.
(5)"API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment

prescriptive methodology for determining inspection methods and intervals. It provides
one method of implementing the more general guidance in ASME PCC-3 and API RP 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechanism information that is specific to certain refinery processes (e.g., fluid catalytic
cracking), it is not universally applicable.

(g) Determine if there are additional documents that should be referenced in the purchase specification.
For example:

11
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(1) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Exi

sting

Assets. The use of material other than the material specified can result in failures in service.
“Positive Materials Identification” (PMI) is one way to minimize these failures. Note that
PMI is not normally performed on equipment constructed of carbon steel. However, it
should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety, health, environmental or financial losses. This can
be determined by a risk assessment using the methods of risk-based inspection (see 5.4(b)).
(2) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure

equipment to determine the magnitude or earthquake and wind loads.

5.2 | Design and Construction of HRSGs

The ASME Boiler and Pressure Vessel Code, Section | (BPVC Section | ) provides rules, for'constru
of pdwer boilers, including HRSGs. These rules are mandatory in most jurisdictions inthe4US and Ca
and are frequently used worldwide. Section | references many other codes and standards, a few of v
are listed below. If a user requires Section | construction in a purchase documentgthe internal refereng
on | become mandatory as well.

5s ASME Section | is required by the local jurisdiction, BPVC Section VIII-Division 1Rulg
Congtruction of Pressure Vessels Division 1 may be used for construction of HRSGs. Section

ction
nada,
hich
es in

s for
VIl

references many other codes and standards, a few of which are listed below. If a user requires Section |

consfruction in a purchase document, the internal references in Section | become mandatory as well.

(a) BPVC Section II-Materials—Part A Ferrous Material Specifications

(b) BPVC Section II-Materials—Part B Nonferrous Matetial Specifications

(c) BPVC Section II-Materials—Part C Specifications;for Welding Rods, Electrodes, and Filler Metajs

(d) BPVC Section II-Materials—Part D Properties{Customary)

(e) BPVC Section lI-Materials—Part D Properties (Metric)

() BPVC Section V Nondestructive Exarination

(9) BPVC Section 1X Welding, Brazing,-and Fusing Qualifications

(h) BPVC Section XIII Rules for Qverpressure Protection. With the publication of the 2021 Edition ¢f the
BPVC, the rules for pressure-relief devices have been transferred to the new BPVC Section XIIl| The

emaining rules for overpressure protection remain in the construction code, in this case either BPVC
bection | or BPVC Settion VIII Division 1, as selected.

(i) A\PI RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The

se of material other than the material specified can result in failures in service. “Positive Matgrials
Identification”)(PMI) is one way to minimize these failures. Note that PMI is not normally perfoymed
an equipment constructed of carbon steel. However, it should be applied in cases where substitutipn of
another'alfoy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This can be determined by a risk assessment using the methods of risk-based inspegction
see 5.4(b))

(i) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures. This
document is used primarily by manufacturers and designers of pressure equipment to determine the
magnitude of earthquake and wind loads.

(k) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidance on
techniques for flange joint assembly to minimize leakage in service.

5.3 Operation of HRSGs

BPVC Section VII Recommended Guidelines for the Care of Power Boilers.

12
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API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWs) for process safety management and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.

5.4 In-service Inspection of HRSGs

The following documents apply to the in-service inspection of HRSGs. They should be considered.to be
good engineering practices, with applicability that depends on the situation. However, in many.case$, the
manyfacturers of HRSGs have compiled the guidance of the applicable documents in an instatlation and
operating manual (IOM).

(a) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspectiof that
re mandatory in many jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
1(b)).
P1 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteratior|. For
the petroleum and chemical process industries, API 510 may be an alternative for equipment i this
ategory if NB-23 is not required by the jurisdiction.

SME PCC-3 Inspection Planning Using Risk-Based Methods.can be used to develop an optirpum,
ost-effective inspection program for all pressure equipment.>This standard uses an analytical|risk-
ased approach to provide more detailed guidance on develaping an optimum inspection plan than|does
B-23. However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
s permitted by that document. For a small, simple: boiler, the basic guidance in NB-23 mgy be
ufficient.

Pl RP 580 Risk-based Inspection is similar~to ASME PCC-3, but is focused on equipment ip the
etroleum and chemical process industriesxSee comments under ASME PCC-3 above.

Pl RP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescriptive
ethodology for determining inspection methods and intervals. It provides one method of
plementing the more general, guidance in ASME PCC-3 and APl RP 580 for refinery and fome
hemical plant equipment. Sincethe document relies on damage mechanism information that is spgcific
tp certain refinery processes (e:g., fluid catalytic cracking), it is not universally applicable.

Pl RP 573 Inspection of Fired Boilers and Heaters. Although this document was written based
rimarily on refinerysexperience, it can be considered to be generally applicable. It covers prpcess
eaters as well as power (steam) boilers and HRSGs for use in refining and petrochemical servicg.

PVC Section¥H Recommended Guidelines for the Care of Power Boilers.
Pl RP 970:Corrosion Control Documents. This document assists owner/users in the proceps of
eveloping and maintaining corrosion control documents as a tool to understand and managg the

aterials damage mechanisms in their process facilities. While written for the refining industryy, its
rineiples may be used elsewhere.

()

(©)

(d)

()

(f)

(@)
(h)

In implementing an in-service inspection plan, various nondestructive examination (NDE) techniques are
often used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidance in
these areas can be found in the following documents:

(a) BPVC Section V Nondestructive Examination.

(b) ASNT CP-189 ASNT Standard for Qualification and Certification of Nondestructive Testing
Personnel.

13
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(c) ASNT RP SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing. The major
difference between ASNT RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the
former is a recommended practice. It is probably not necessary to use both.

5.5 Fitness-for-service Analysis of HRSGs

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
5.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while athe ould bhe assessed he fitness-for-service assessment could

result in one or more of the following actions.

(@) Continue operation at current operating conditions with periodic inspection or monitoring‘for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:

(@) API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance o the
gvaluation of many types of flaws to help the user determine whether.re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem*Manual. This document proyides
gxample problems illustrating the use and calculations™qequired for the Fithess-For-Sefvice
Assessments described in AP1 579-1/ASME FFS-1.

(c) EPRI CS-5208 Life Extension and Assessment of FossilcRower Plants (Conference Proceedings),

5.6 | Repair of HRSGs

If thg FFS assessment (see paragraph 5.5) indicateSthat a repair is necessary for continued operation, the
following documents provide guidance on many:repair methods.

(a) NB-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repair$ and
dlterations that are mandatory in many jurisdictions. NB-370 provides some guidance on this.

(b) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration. For
e petroleum and chemical (process industries, APl 510 may be an alternative for equipment in this
gategory if NB-23 is not required by the jurisdiction.

(c) ASME PCC-2 Repair-of-Pressure Equipment and Piping. ASME PCC-2 provides guidance on a proad
ange of repair technigues that can be employed.

(d) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidang¢e on
echniques forflange joint assembly to minimize leakage in service.

(e) API RPA77 Welding Processes, Inspection, and Metallurgy. This document can also be usefl for

inspection’of new construction.

() ARLRP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The

i FRater Hied-ean H-Fer H-Servee: ithre—Matérials

Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally performed

on equipment constructed of carbon steel. However, it should be applied in cases where substitution of

another alloy for a specified alloy can result in failure with significant safety, health, environmental or

financial losses. This can be determined by a risk assessment using the methods of risk-based inspection

(see 5.4(b)). Also, within the context of repairs, the document cites examples of in service maintenance
activities where material verification should be established (paragraph 5.7.4 of the third edition).

(g) APIRP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended practice
(RP) provides supplementary guidelines and practices for welding and welding-related topics for shop
and field fabrication, repair and modification. This document is general in nature and augments the
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welding requirements of ASME BPVC Section IX and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding
are intentionally not covered).

(h) BPVC Section IX Welding, Brazing, and Fusing Qualifications.
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6 HEATING BOILERS

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
3 is hyperlinked to the description in Appendix A.

Table 3: Heating Boilers

Specification/Purchase Design/Construction Operation
NB-376 BRWC-Seetion+v- BR\C-SeettorH
APJl RP 538 BPVC Section I1-Materials—Part A API RP 584
APJ Std 560 BPVC Section II-Materials—Part B
AP RP 573 BPVC Section II-Materials—Part C
NB-23 BPVC Section I1-Materials—Part D
APJ 510 BPVC Section V
ASME PCC-3 BPVC Section 1X
APJ RP 580 BPVC Section XIlI
NACE SP0170 API RP 578
AP RP 578 ASCE/SEI 7
APJ RP 588 ASME PCC-1
AS[CE/SEI 7

In-Service Inspection Fitness-For=Service Repair
NB-23 API 579-1/ASME-FFS-1 NB-23
NB-370 API 579-2/ASME FFS-2 NB-370
APJ 510 EPRI €S:5208 API 510
ASME PCC-3 ASME PCC-2
AP| RP 580 ASME PCC-1
AP| RP 573 API RP 577
AP RP 970 API RP 578
NACE SP0170 API RP 582
BP)/C Section VI BPVC Section I1X
BPMC SectionV
ASNT £P-189
ASNT RP SNT-TC-1A

6.1

Specification (Purchase) of Heating Boilers

Before acquiring a new heating boiler, it is important for the equipment owner/user to consider the life
cycle cost and pressure integrity requirements for the equipment, including requirements for in- service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provide ways for minimizing the impact of
possible repairs. Some of the steps in this consideration, and the documents that should be considered for
each step, are:
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(a) Determine which design and construction codes will be specified. These are described in paragraph 6.2.

(b) Determine legally mandated new construction and in-service inspection requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturer and
Repair Directory, an online searchable directory containing a listing of manufacturers of pressure
equipment and pressure relief devices and repair organizations.

(d) [petermine third-party or other contractual requirements, such as Insurance requirements, that may gxist.
ome insurance companies have specific requirements for design, construction, inspection and
peration of pressure equipment. Some building owners or owner entities impose conditions-for yse of

their facilities that may apply to pressure equipment.

(e) APl RP 538 Industrial Fired Boilers for General Refinery and Petrochemical Service. |This
commended practice (RP) specifies requirements and gives recommendations<€or design, operation,
aintenance, and troubleshooting considerations for industrial fired boilerscused in refinerie§ and
hemical plants.

(f) API Std 560 Fired Heaters for General Refinery Services. This document-applies primarily to prpcess
eaters in refineries, but contains information that may be of use in other industries. It is intended|to be
sed as a supplement to a design code, such as ASME Section | of.Section IV.

(g) Determine the methods and frequency of in-service inspectionhat will be needed to ensure equipment

integrity.  Post-construction  (in-service) documents that should be considered in| the
design/specification/new construction phase are listed in the-following paragraphs. Note that somdq post
gonstruction codes provide for the evaluation of damage in pressure equipment using method$ and
dcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide’a margin for deterioration in service. Thereforg, it is
rot necessary to satisfy all of the new construction rules after the equipment has been placed in sefvice.

(1) API RP 573 Inspection of Fired-Boilers and Heaters. Although this document was wfitten
based primarily on refineryexperience, it can be considered to be generally applicahle. It
covers process heaters(as well as power (steam) boilers and heating boilers for use in
refining and petrochemical service.

(2) NB-23 NationalBoard Inspection Code Part 2 (Inspection) provides rules for in-seyvice
inspection that are’ mandatory in some jurisdictions. NB-370 provides some guidange on
this. (Also, Segparagraph 6.1(b)).

(3) API 510(Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair] and
Alteration. For the petroleum and chemical process industries, APl 510 may ke an
alternative for equipment in this category if NB-23 is not required by the jurisdiction

(4) .ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develdp an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to provide more detailed guidance on developing an
optlmum inspection plan than does NB 23 However, ASME PCC-3 should be used as a

S|mple boiler, the baS|c gwdance in NB-23 may be suff|C|ent

(5) APIRP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroleum and chemical process industries. See comments under ASME PCC-3,
above.

(6) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys from
Polythionic Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment.
This standard practice provides mitigation methods to protect austenitic stainless steels and
other austenitic alloys from polythionic acid (PTA) stress corrosion cracking (SCC) that
can occur during a shutdown of refinery equipment.
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(h) Determine if there are additional documents that should be referenced in the purchase specification.
For example:

(1) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in service.
“Positive Materials Identification” (PMI) is one way to minimize these failures. Note that
PMI is not normally performed on equipment constructed of carbon steel. However, it
should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety, health, environmental or financial losses. This can

be determined by a risk assessment using the methods of risk-based inspection (see
6.1(a)3N

\I/\=77

(2) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and) @ther
Structures. This document is used primarily by manufacturers and designers_of, pregsure
equipment to determine the magnitude of earthquake and wind loads.

6.2 | Design and Construction of Heating Boilers

The ASME Boiler and Pressure Vessel Code (BPVC) Section IV (BPVC Section’AV") provides rulgs for
construction of heating boilers. These rules are mandatory in most jurisdictions<n.the US and Canadd, and
are frequently used worldwide. Section IV references many other codes and-standards, a few of which are
listed below. If a user requires Section IV construction in a purchase docament, the internal referenges in

Section IV become mandatory as well.

(@) BPVC Section II-Materials—Part A Ferrous Material Specifications

(b) BPVC Section II-Materials—Part B Nonferrous Material Specifications

(c) BPVC Section II-Materials—Part C Specifications for Welding Rods, Electrodes, and Filler Metals

(d) BPVC Section II-Materials—Part D Properties (Customary)

(e) BPVC Section II-Materials—Part D Properties (IMétric)

() BPVC Section V Nondestructive Examination

(g) BPVC Section IX Welding, Brazing, and Fusing Qualifications

(h) BPVC Section XIII Rules for Overpressure Protection. With the publication of the 2021 Edition ¢f the
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section X111} The
emaining rules for overpressure.protection remain in BPVC Section IV.

(i) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The
se of material other than‘the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI) isloné way to minimize these failures. Note that PMI is not normally perfoymed
an equipment construeted of carbon steel. However, it should be applied in cases where substitutipn of
gnother alloy for.a'specified alloy can result in failure with significant safety, health, environmental or
financial losses./Fhis can be determined by a risk assessment using the methods of risk-based inspection
(see 6.1(g) (3))-

(1) ASCE/SELT7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures| This

docurment is used primarily by manufacturers and designers of pressure equipment to determing the
agnitude of earthquake and wind loads.

(k) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidance on
techniques for flange joint assembly to minimize leakage in service.

6.3 Operation of Heating Boilers

BPVC Section VI Recommended Rules for the Care and Operation of Heating Boilers.

API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWs) for process safety management and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
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equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWSs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.

6.4 In-service Inspection of Heating Boilers

The following documents apply to the in-service inspection of heating boilers. They should be considered
to be good engineering practices, with applicability that depends on the situation. However, in many cases,
the manufacturers of heating boilers have compiled the guidance of the applicable documents in an
installation and operating manual (IOM).

(&) WB-23 National Board Tnspection Code Part 2 (Inspection) provides rules for in-service inspectioh that
dre mandatory in many jurisdictions. NB-370 provides some guidance on this. (Also, see_paragraph
1(b)).

(b) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration. For
the petroleum and chemical process industries, APl 510 may be an alternative for gquipment in this
gategory if NB-23 is not required by the jurisdiction.

(c) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used.to/develop an optifhum,
qost-effective inspection program for all pressure equipment. This standard uses an analytical risk-
hased approach to provide more detailed guidance on developing an optimitim inspection plan than{does

B-23. However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
4s permitted by that document. For a small, simple boiler, thé<basic guidance in NB-23 mgy be
qufficient.

(d) API RP 580 Risk-based Inspection is similar to ASME PCE-3, but is focused on equipment ip the
petroleum and chemical process industries. See commentS\under ASME PCC-3 above.

(e) API RP 573 Inspection of Fired Boilers and Heaters.” Although this document was written pased
grimarily on refinery experience, it can be considered to be generally applicable. It covers prpcess
eaters as well as power (steam) boilers and :heating boilers for use in refining and petrochemical
dervice. However, for typical applications of heating boilers constructed to Section 1V, the rule$ and
guidelines in the post-construction documents previously referenced are adequate, without the need to

fer to APl RP 573.

() BPVC Section VI Recommended Rules for the Care and Operation of Heating Boilers.

(@) API RP 970 Corrosion Control~Documents. This document assists owner/users in the procegs of
developing and maintaining.corrosion control documents as a tool to understand and managg the
aterials damage mechanisms in their process facilities. While written for the refining industryy, its
principles may be used-elsewhere.

(h) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys from Polythlionic
Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment. This standard prdctice
provides mitigation methods to protect austenitic stainless steels and other austenitic alloys [from

nery

HHS = S =3 o e -6 & D o cHoo cHo o—oArEt = o = == Sal’e
often used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidance in
these areas can be found in the following documents:

(a) BPVC Section V Nondestructive Examination.

(b) ASNT CP-189 ASNT Standard for Qualification and Certification of Nondestructive Testing
Personnel.

(c) ASNT RP SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing. The major
difference between ASNT RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the
former is a recommended practice. It is probably not necessary to use both.
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6.5 Fitness-for-service Analysis of Heating Boilers

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
6.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could
result in one or more of the following actions.

(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(@) APl 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
valuation of many types of flaws to help the user determine whether re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This’document proyides
xample problems illustrating the use and calculations required for (the Fitness-For-Seyvice
ssessments described in AP1579-1/ASME FFS-1.

(c) EPRI CS-5208 Life Extension and Assessment of Fossil Power Plants (Conference Proceedings),

6.6 | Repair of Heating Boilers

If th¢ FFS assessment (see paragraph 6.5) indicates that a repair is.necessary for continued operation, the
following documents provide guidance on many repair methads.

(a) NB-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repair$ and
Iterations that are mandatory in many jurisdictions.*NB-370 provides some guidance on this.

(b) API 510 Pressure Vessel Inspection Code: In-sefvice Inspection, Rating, Repair, and Alteratior|. For
e petroleum and chemical process industries) APl 510 may be an alternative for equipment i this
ategory if NB-23 is not required by the jurisdiction.

(c) ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a proad
nge of repair techniques that can e employed.

(d) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.

(e) API RP 577 Welding Processes, Inspection, and Metallurgy. This document can also be usefl for
inspection of new construction.

() API RP 578 Guidelings for a Material Verification Program (MVP) for New and Existing Assets| The

yse of material other than the material specified can result in failures in service. “Positive matgrials

Identification”,}{PMI) is one way to minimize these failures. Note that PMI is not normally perfofmed

an equipment-constructed of carbon steel. However, it should be applied in cases where substitutipn of

gnother.allay for a specified alloy can result in failure with significant safety, health, environmental or
inancial losses. This can be determined by a risk assessment using the methods of risk-based inspection
ee-674(b)). Also, within the context of repairs, the document cites examples of in-service mainterjance

d VILIES WIIEre Imaterial Ve allo OUld pDe esStab ed (pParagrapr .40 e U e0 Oll).

(g) APIRP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended practice
(RP) provides supplementary guidelines and practices for welding and welding-related topics for shop
and field fabrication, repair and modification. This document is general in nature and augments the
welding requirements of ASME BPVC Section IX and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding
are intentionally not covered).

(h) BPVC Section 1X Welding, Brazing, and Fusing Qualifications.
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7 UNFIRED STEAM BOILERS

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
4 is hyperlinked to the description in Appendix A.

Table 4: Unfired Steam Boilers

Specification/Purchase Design/Construction Operation
NB-370 BPVC Section | BPVC Section V1|
API RP 573 BPVC Section VIII-Division 1 API RP 584
NB-23 BPVC Section II-Materials—Part A
API1 510 BPVC Section II-Materials—Part B
ASME PCC-3 BPVC Section II-Materials—Part C
API RP 580 BPVC Section lI-Materials-Part D
API RP 578 BPVC Section V
API RP 588 BPVC Section I1X
ASCE/SEI 7 BPVC Section XIlII

API RP 578

ASCE/SEI 7

ASME PCC-1

In-Service Inspection Fitness-For-Service Repair
NB-23 API 5794/ASME FFS-1 NB-23
NB-370 ARI579-2/ASME FFS-2 NB-370
API 510 EPRI CS-5208 API 510
ASME PCC-3 ASME PCC-2
APl RP 580 ASME PCC-1
API RP 970 API RP 577
BPVC Section VII API RP 578
BPVC Section/ API RP 582
ASNT CP-189 BPVC Section IX
ASNT RP'SNT-TC-1A
71 S ificati i= | ) of Unfired S Boil

Before acquiring a new unfired steam boiler, it is important for the equipment owner/user to consider the
life cycle cost and pressure integrity requirements for the equipment, including requirements for in-service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provisions for minimizing the impact of possible
repairs. Some of the steps in this consideration, and the documents that should be considered for each step
are:

(a) Determine which design and construction codes will be specified. These are described in paragraph 7.2.
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(b) Determine legally mandated new construction and in-service inspection requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturer and
Repair Directory, an online searchable directory containing a listing of pressure equipment and pressure
relief devices and repair organizations.

(d) Determine third-party or other con

actua 3 3 eXist.
bome insurance companies have specific requirements for design, construction, inspection and
gperation of pressure equipment. Some building owners or owner entities impose conditions-for yse of
their facilities that may apply to pressure equipment.

[Determine the methods and frequency of in-service inspection that will be needed to.ensure equipment
integrity. Post construction (in-service) documents that should be cOnsidered in| the
design/specification/new construction phase are listed in the following paragraphs.‘Note that some post-
gonstruction codes provide for the evaluation of damage in pressure equipment using methods and
dcceptance criteria that are not permitted by the new construction codes.~This is consistent with the
intent of many new construction codes to provide a margin for deterioration in service. Thereforg, it is
not necessary to satisfy all of the new construction rules after the equipment has been placed in sefjvice.

(1) API RP 573 Inspection of Fired Boilers and Heaters:Although this document was wfitten
based primarily on refinery experience, it can be‘considered to be generally applicahle. It
covers process heaters as well as power (steam):boilers and Unfired Steam Boilers fdr use
in refining and petrochemical service.

(2) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-seyvice
inspection that are mandatory in someYjurisdictions. NB-370 provides some guidange on
this. (Also, see paragraph 7.1(b)).

(3) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair{ and
Alteration. For the petroleum~and chemical process industries, APl 510 may ke an
alternative for equipment.in this category if NB-23 is not required by the jurisdiction

(4) ASME PCC-3 Inspection)Planning Using Risk-Based Methods can be used to develpp an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to provide more detailed guidance on developing an
optimum inspection plan than NB-23. However, ASME PCC-3 should be used|as a
supplementto the basic requirements in NB-23, as permitted by that document. For a small,
simple bailer, the basic guidance in NB-23 may be sufficient.

(5) API RP580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in.he petroleum and chemical process industries. See comments under ASME PCC-3
above.

(6)-API RP 588 Recommended Practice for Source Inspection and Quality Surveillange of
Fixed Equipment. This document outlines the fundamentals of source inspection and may
be useful to all personnel conducting such activities to perform their jobs in a competent
and ethical manner.

(f) Determine if there are additional documents that should be referenced in the purchase specification.
For example:

(1) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in service.
“Positive Materials Identification” (PMI) is one way to minimize these failures. Note that
PMI is not normally performed on equipment constructed of carbon steel. However, it
should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety, health, environmental or financial losses. This can
be determined by a risk assessment using the methods of risk-based inspection (see 7.4(b)).
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(2) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure
equipment to determine the magnitude of earthquake and wind loads.

7.2 Design and Construction of Unfired Steam Boilers

The ASME Boiler and Pressure Vessel Code, Section | (BPVC Section | ) provides rules for construction
of power boilers, including Unfired Steam Boilers. These rules are mandatory in most jurisdictions in the
US and Canada, and are frequently used worldwide. Section | references many other codes and standards,

a few.of which are ad helow a Lser requires Section lLcan joninan hase document _the internal

references in Section | become mandatory as well.

Unless ASME Section | is required by the local jurisdiction, BPVC Section VIII-Division“1Rulgs for
Congtruction of Pressure Vessels Division 1 may be used for construction of unfired steamm-boilers. Section
V111 peferences many other codes and standards, a few of which are listed below. If a.user requires Segction
I construction in a purchase document, the internal references in Section | become nandatory as well

(a) BPVC Section II-Materials—Part A Ferrous Material Specifications
(b) BPVC Section II-Materials—Part B Nonferrous Material Specifications
(c) BPVC Section II-Materials—Part C Specifications for Welding Rods,Electrodes, and Filler Metajs
(d) BPVC Section II-Materials—Part D Properties (Customary)

(e) BPVC Section lI-Materials—Part D Properties (Metric)

() BPVC Section V Nondestructive Examination

(g) BPVC Section IX Welding, Brazing, and Fusing Qualifications

(h) BPVC Section XIII Rules for Overpressure Protection. With the publication of the 2021 Edition ¢f the
BPVC, the rules for pressure relief devices havecheen transferred to the new BPVC Section X111} The
emaining rules for overpressure protection remain in the construction code, in this case either BPVC
$ection | or BPVC Section VIII Division Ii.as selected.

(i) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The
se of material other than the matetial specified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way.to-minimize these failures. Note that PMI is not normally perfoymed

an equipment constructed of earbon steel. However, it should be applied in cases where substitutipn of
gnother alloy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This carhe determined by a risk assessment using the methods of risk-based inspegction

(see 7.4(b)).

(1) A\SCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures| This
document is used primarily by manufacturers and designers of pressure equipment to determing the
agnitude ef.earthquake and wind loads.

(k) ASME P€C-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
echpiques for flange joint assembly to minimize leakage in service.

7.3 Operatiomof Unfired-Stearmm Botters

BPVC Section VII Recommended Guidelines for the Care of Power Boilers.

API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWSs) for process safety management and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWSs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.
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7.4 In-service Inspection of Unfired Steam Boilers

The following documents apply to the in-service inspection of Unfired Steam Boilers. They should be
considered to be good engineering practices, with applicability that depends on the situation. However,
in many cases, the manufacturers of unfired steam boilers have compiled the guidance of the applicable
documents in an installation and operating manual (IOM).

(a) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
are mandatory in many jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
7.1(b).)

PT 510 Pressure Vessel Tnspection Code: In-service Inspection, Rating, Repair, and Alteratjon. For

the petroleum and chemical process industries, API 510 may be an alternative for equipment i this

ategory if NB-23 is not required by the jurisdiction.

SME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop.an optifhum,
ost-effective inspection program for all pressure equipment. This standard uses<an’analytical|risk-
ased approach to provide more detailed guidance on developing an optimum inspection plan than|does
B-23. However, ASME PCC-3 should be used as a supplement to the basic‘requirements in NB-23,
s permitted by that document. For a small, simple boiler, the basic guidance in NB-23 mgy be
ufficient.

Pl RP 580 Risk-based Inspection is similar to ASME PCC-3, but-is focused on equipment ip the
etroleum and chemical process industries. See comments under. ASME PCC-3, above.

SME PCC-3 Inspection of Fired Boilers and Heaters. Althiough this document was written pased
rimarily on refinery experience, it can be considered to be generally applicable. It covers prpcess
eaters as well as power (steam) boilers and unfired steam-boilers.

(b)

(©)

(d)
)

(H BPVC Section VII Recommended Guidelines for the Care of Power Boilers.

(9) API RP 970 Corrosion Control Documents. This*document assists owner/users in the procegs of
eveloping and maintaining corrosion control~documents as a tool to understand and managg the
aterials damage mechanisms in their proeess facilities. While written for the refining industry, its
rinciples may be used elsewhere.

In implementing an in-service inspection plan, various nondestructive examination (NDE) techniqugs are

ofterf used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidarice in

thesq areas can be found in the following documents.

(a) BPVC Section V Nondestructive Examination.

(b) ASNT CP-189 ASNTIJ Standard for Qualification and Certification of Nondestructive Testing
ersonnel.

(c) ASNT RP SNT<TC-1A Personnel Qualification and Certification in Nondestructive Testing. The rmajor
ifference_between ASNT RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the
rmer is.a,recommended practice. It is probably not necessary to use both.

7.5 | «Fitness-for-service Analysis of Unfired Steam Boilers

If damage is discovered in a pressure-retaining item, the damage should be either repaired (see paragraph

7.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for

continued service without repair. These methods can also be used in combination (e.g., some portions of

the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could

result in one or more of the following actions:

(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.
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The following documents can be used for the fitness-for-service (FFS) assessment:

(@)
(b)

(©)
7.6

API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

APl 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This document provides
example problems illustrating the use and calculations required for the Fitness-For-Service
Assessments described in API 579-1/ASME FFS-1.

EPRI CS-5208 Life Extension and Assessment of Fossil Power Plants (Conference Proceedings).

Repair of Unfired Steam Boilers

If the¢ FFS assessment (see paragraph 7.5) indicates that a repair is necessary for continued operation, the

following documents provide guidance on many repair methods.

(@)
(b)

(©)
(d)
(€)

(@)

(h)

i
() API RP 578 Guidelines for a Material Verificatian Program (MVP) for New and Existing Assetsf The
|

B-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rales for repair$ and
Iterations that are mandatory in many jurisdictions. NB-370 provides some guidance on this.

P1 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteratior|. For
e petroleum and chemical process industries, APl 510 may be an alternative for equipment in this
ategory if NB-23 is not required by the jurisdiction.

SME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a fproad
nge of repair techniques that can be employed.

SME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakagecinservice.

PlI RP 577 Welding Processes, Inspection, and Metallurgy. This document can also be usefl for
spection of new construction.

se of material other than the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally perfoymed
an equipment constructed of carbon steel,"However, it should be applied in cases where substitutipn of
gnother alloy for a specified alloy can,résult in failure with significant safety, health, environmental or
inancial losses. This can be determined by a risk assessment using the methods of risk-based inspection
ee 7.4(b)). Also, within the cantext of repairs, the document cites examples of in-service mainterjance
ctivities where material verification should be established (paragraph 5.7.4 of the third edition).

P1 RP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended prdctice
RP) provides supplementary guidelines and practices for welding and welding-related topics for[shop
nd field fabrication,/ repair and modification. This document is general in nature and augments the

elding requiréments of ASME BPVC Section IX and similar codes, standards, specifications} and
ractices. The jintent of this document is to be inclusive of chemical, oil and gas industry standards,

Ithough/there are many areas not covered herein (e.g., pipeline welding and offshore structural wejding
re intentionally not covered).

RVC'Section IX Welding, Brazing, and Fusing Qualifications.
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8 TYPICAL PRESSURE VESSELS

For this Guide, typical pressure vessels include towers, drums, reactors, heat exchangers, condensers, air
receivers, accumulators, etc. Heavy wall vessels [e.g., >50 mm (2 in) wall thickness] and vessels with high
design pressures [e.g. > 70 MPa (10,000 psi)] and/or temperatures [e.g., > 370°C (700°F)] are covered in
subsequent sections.

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
documentcanmbe-foundHmAppendix A tretectronicversions of this Guide;, thedocument mumberimT able

5 is fyperlinked to the description in Appendix A.
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Table 5: Typical Pressure Vessels

ASNT RP SNT-TC-1A

Specification/Purchase Design/Construction Operation
NB-370 BPVC Section VIlI-Division 1 API RP 584
API 510 BPVC Section VIII-Division 2 API RP 751
NB-23 BPVC Section VIlI-Division 3
API RP 571 BPVC Section X
API RP 572 BPVC Section |I-Materials—Part A
ASMEPCC=3 BFVL SeClon r-=vidierials—rFdrt b
API RP 580 BPVC Section II-Materials—Part C
API RP 581 BPVC Section II-Materials—Part D
API RP 583 BPVC Section V
API RP 578 BPVC Section IX
API RP 588 BPVC Section XIlII
ASCE/SEI 7 API RP 578
API RP 945 API RP 751
API RP 751 ASCE/SEI 7
API RP 939C ASME PCC-1
NAJE MR0103/1SO 17945 ASME BPE
NAJE SP0170
NAJE SP0296
NAJE SP0472
NAJE SP0590

In-Service Inspection Fitness-For-Service Repair
API p10 APRI'579-1/ASME FFS-1 API1 510
NB-23 API1579-2/ASME FFS-2 NB-23
NB-370 API 510 NB-370
ASME PCC-3 ASME PCC-2
API RP 580 ASME PCC-1
API RP 581 API RP 572
API RP 571 API RP 577
API RP 572 API RP 578
API RP 583 API RP 582
APl RR/5% API RP 583
API RP 939C APl RP 751
API RP 970 BPVC Section IX
NACE MR0103/ISO 17945
NACE SP0170
BPVC Section V
ASNT CP-189
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8.1 Specification (Purchase) of Typical Pressure Vessels

Before acquiring a new pressure vessel, it is important for the equipment owner/user to consider the life
cycle cost and pressure integrity requirements for the equipment, including requirements for in-service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provisions for minimizing the impact of possible
repairs.

Some of the steps in this consideration, and the documents that should be considered for each step are:
(a) Determine which design and construction codes will be specified. These are described in paragrap:t 8.2.

(b) Determine legally mandated new construction and in-service inspection requirements. Requirements of
Iegal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
oiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions,have made the

Il version of applicable laws and regulations available on their respective websitesi.and hard cppies

re generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturerl and
epair Directory, an online searchable directory containing a listing of-manufacturers of prepsure
guipment and pressure relief devices and repair organizations.

(d) Determine third-party or other contractual requirements, such as insurance requirements, that may exist.
ome insurance companies have specific requirements for .deSign, construction, inspection| and
peration of pressure equipment. Some building owners or owner‘entities impose conditions for yse of
eir facilities that may apply to pressure equipment.

(e) Determine the methods and frequency of in-service inspection that will be needed to ensure equipment

integrity.  Post-construction  (in-service) documents that should be considered in| the
design/specification/new construction phase are listed in the following paragraphs. Note that some
post-construction codes provide for the evaluatien’of damage in pressure equipment using methodp and
dcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to,provide a margin for deterioration in service. Thereforg, it is
not necessary to satisfy all of the new.construction rules after the equipment has been placed in sefvice.

(1) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair] and
Alteration for pressure vessels in the petroleum and chemical process industries.

(2) NB-23 National(Bpard Inspection Code Part 2 (Inspection) provides rules for in-sefvice
inspection that.are mandatory in many jurisdictions. NB-370 provides some guidang¢e on
this. (Also,.see paragraph 8.1(b)).

(3) API RP-571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry
provides detailed descriptions of damage mechanisms and can be used to supplement the
geheral summary descriptions in ASME PCC-3 and API RP 580. It is important to
determine the damage mechanisms that can affect the equipment in the design ptage
because that can steer the selection of materials of construction, the corrosion allowance
and possibly the design (e.g., if crevice corrosion is an applicable damage mechanigm, it
may be possible to eliminate crevices during design).

(4) APHRP-572 :nopcutiun Practtees—forPressure—vessels—Written—for—the pctlulcun' and
chemical process industries, but can be applied elsewhere.

(5) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to provide more detailed guidance on developing an
optimum inspection plan than does NB-23. However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NB-23 may be sufficient.
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(6) APIRP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroleum and chemical process industries. See comments under ASME PCC-3,
above.

(7) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed,
prescriptive methodology for determining inspection methods and intervals. It provides
one method of implementing the more general guidance in ASME PCC-3 and API RP 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechanism information that is specific to certain refinery processes (e.g., fluid catalytic
cracking), it is not universally applicable.

(f) Determine if there are additional documents that should be referenced in the purchase specification.
fror example:

(1) API RP 583 Corrosion Under Insulation and Fireproofing. This documenti.covers the
design, maintenance, inspection, and mitigation practices to address exterral corrpsion
under insulation (CUI) and corrosion under fireproofing (CUF).

(2) APIRP 578 Guidelines for a Material Verification Program (MVP)or New and Existing
Assets. The use of material other than the material specified«can result in failurgs in
service. “Positive Materials Identification” (PMI) is one way.te minimize these failures.
Note that PMI is not normally performed on equipmentyeonstructed of carbon pteel.
However, it should be applied in cases where substitutien-of another alloy for a spegified
alloy can result in failure with significant safety, health, environmental or financial lgsses.
This can be determined by a risk assessment using.the methods of risk-based inspection
(see 8.4(c)).

(3) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Qther
Structures. This document is used primarily by manufacturers and designers of prepsure
equipment to determine the magnitude of earthquake and wind loads.

(4) API RP 588 Recommended Practice~for Source Inspection and Quality Surveillance of
Fixed Equipment. This document.gutlines the fundamentals of source inspection and may
be useful to all personnel conducting such activities to perform their jobs in a competent
and ethical manner.

(5) API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The documgnt is
written specifically for hydrofluoric acid (HF) alkylation units that are used in the refjning
industry.

(6) API RP 945 Ayoiding Environmental Cracking in Amine Units. This RP should be
considered.only if the equipment will be in amine service.

(7) NACE MRO0103/ISO 17945 Petroleum, petrochemical and natural gas indusfries-
Metallic,materials resistant to sulfide stress cracking in corrosive petroleum refjning
environments. This document is applicable for equipment in sour petroleum refining and
related processing environments containing H.S either as a gas or dissolved in an aqyeous
(tiquid water) phase with or without the presence of hydrocarbon. Such environments are
susceptible to sulfide stress cracking (SSC).

(8) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys|from

Polythionic Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment.
i I . - R I . - !Itleels

and other austenitic alloys from polythionic acid (PTA) stress corrosion cracking (SCC)
that can occur during a shutdown of refinery equipment.

(9) NACE SP0296 Detection, Repair, and Mitigation of Cracking in Refinery Equipment in
Wet HS Environments. This document is applicable to carbon steel refinery equipment in
wet H,S environments and provides guidelines on the detection, repair, and mitigation of
cracking.

(10) NACE SP0472 Methods and Controls to Prevent In-Service Environmental Cracking of
Carbon Steel Weldments in Corrosive Petroleum Refining Environments. This standard
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should be considered only if the equipment will be in an environmental cracking service
as determined by reviewing API RP 571.

(11) NACE SP0590 Prevention, Detection, and Correction of Deaerator Cracking. This
standard should be considered only for deaerators.

8.2 Design and Construction of Typical Pressure Vessels

The ASME Boiler and Pressure Vessel Code (BPVC Section VIII-Division 1) provides rules for
constructlon of typical pressure vessels In many Jurlsdlctlons this code, or an equwalent mternatlonally
d be
isted
NCces

V11—

din of
isions

: sign
analysis in Division 2 Class 2 are typically more complex and detailed thanin'\Division 2 Class 1 or Dilision
1 anfl may be more costly to implement. In addition, examination and)testing requirements are more
stringent. For design by analysis, the maximum design temperaturedis limited to values that restilt in

used|primarily for large, relatively high pressure vessels, or those made from expensive alloys where the
savings in fabricatien‘cost are greater than the increase in design/analysis costs.

The ASME Boilér and Pressure Vessel Code (BPVC) Section X (BPVC Section X) provides rules for|fiber
reinfprced plastic pressure vessels, except that rules for hoop wrapped FRP vessels are covered in Segction
V11 Division3.

The :ectron VIl Codes reference many other codes and standards, a few of which are listed belo L If a
user ctig 3 3 2
Codes become mandatory as weII

(a) BPVC Section II-Materials—Part A Ferrous Material Specifications.

(b) BPVC Section II-Materials—Part B Nonferrous Material Specifications.

(c) BPVC Section lI-Materials—Part C Specifications for Welding Rods, Electrodes, and Filler Metals.
(d) BPVC Section II-Materials—Part D Properties (Customary).

(e) BPVC Section lI-Materials—Part D Properties (Metric).

() BPVC Section V Nondestructive Examination.

(9) BPVC Section I1X Welding, Brazing, and Fusing Qualifications.
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(h)

(i)

)

(k)

(1

BPVC Section XIII Rules for Overpressure Protection. With the publication of the 2021 Edition of the
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section XIII. The
remaining rules for overpressure protection remain in BPVVC Section VI1II Division 1.

API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets. The
use of material other than the material specified can result in failures in service. “Positive Materials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally performed
on equipment constructed of carbon steel. However, it should be applied in cases where substitution of
another alloy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This can be determined by a risk assessment using the methods of risk-based inspection

ee 8.4(c)).

PI RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written speeifically

r hydrofluoric acid (HF) alkylation units that are used in the refining industry. For vessels in this
ervice, the document should be reviewed for details to incorporate into the vessel design/construgtion.

SCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other'Structures, This
ocument is used primarily by manufacturers and designers of pressure equipment to determing the
agnitude of earthquake and wind loads.
SME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.

(m) ASME BPE provides rules for bioprocessing equipment, primarilytelated to cleanability requirenjents.

8.3
API

Operation of Typical Pressure Vessels
P 584 Integrity Operating Windows. This recommended practice (RP) explains the importanfe of

intedrity operating windows (IOWs) for process safety maidgement and guides users in establishing and

implgmenting an IOW program for refining and petrochemical process facilities to avoid unexp
equipment degradation that could lead to loss ofccontainment. While the document emphasis
monitoring exceedances of IOWSs, the process of establishing relevant IOWs could reveal details that

pcted
S on
merit

incoffporation into the equipment specifications:

API

for hiydrofluoric acid (HF) alkylation.units that are used in the refining industry.

8.4
The

cons|dered to be good engineering practices, with applicability that depends on the situation.

(@)
()

(©)

(d)
)

RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically

In-service Inspection of Typical Pressure Vessels
following documents-apply to the in-service inspection of typical pressure vessels. They should be

API 510 Pressure-Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration for
pressure vessels-in the petroleum and chemical process industries.

NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
dre mandatory in some jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
§.1(b)).

SME DCC ’3 |nr~nnn+ Im] | nnalloina Ricl Dacad Mathade ~can ha ticad ta dAavalan Aan An um

an
VI T OO P\.uuull Iy Uﬂllls NI DT oCTU IVIC OO S Car T O 00T U toU— O veTOo—TiT UrJLII

cost-effective inspection program for all pressure equipment. This standard uses an analytical risk-
based approach to provide more detailed guidance on developing an optimum inspection plan than does
NB-23. However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
as permitted by that document. For a small, simple boiler, the basic guidance in NB-23 may be
sufficient.

API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment in the
petroleum and chemical process industries. See comments under ASME PCC-3, above.

API RP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescriptive
methodology for determining inspection methods and intervals. It provides one method of
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implementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and some
chemical plant equipment. Since the document relies on damage mechanism information that is specific
to certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

() APIRP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry provides detailed
descriptions of damage mechanisms and can be used to supplement the general summary descriptions
in ASME PCC-3 and API RP 580. It is important to determine the damage mechanisms that can affect
the equipment in the design stage because that can steer the selection of materials of construction, the
corrosion allowance and possibly the design (e.g., if crevice corrosion is an applicable damage
mechanism, it may be possible to eliminate crevices during design).

(g) APIRP 572 Inspection Practices for Pressure Vessels.

(h) API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the“dgsign,
aintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
gnd corrosion under fireproofing (CUF).

(i) APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document.s written specifically
flor hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(i) A\PI RP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion Failures in Oil Refineries| This
RRP should be considered only if the equipment is subject to sulfidation carrosion.

(k) API RP 970 Corrosion Control Documents. This document assists,owner/users in the proceps of
developing and maintaining corrosion control documents as a teol to understand and managg the
aterials damage mechanisms in their process facilities. While written for the refining industryy, its
grinciples may be used elsewhere.

(I) NACE MRO0103/1SO 17945 Petroleum, petrochemical antt'natural gas industries-Metallic matgrials
esistant to sulfide stress cracking in corrosive petreledm refining environments. This documgnt is
dpplicable for equipment in sour petroleum refining and related processing environments contajning

»S either as a gas or dissolved in an aqueous (liquid water) phase with or without the presenge of
ydrocarbon. Such environments are susceptibleto sulfide stress cracking (SSC).

(m) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys from Polythlionic
Acid Stress Corrosion Cracking During;a Shutdown of Refinery Equipment. This standard prgctice
grovides mitigation methods to protect austenitic stainless steels and other austenitic alloys [from
polythionic acid (PTA) stress carrosion cracking (SCC) that can occur during a shutdown of refjnery
gquipment.

s are
cein
sting

hajor
e the

former is a recommended practice. It is probably not necessary to use both.

8.5 Fitness-for-service Analysis of Typical Pressure Vessels

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
8.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could
result in one or more of the following actions:
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(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:
(a) API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This document proyides
xample problems illustrating the use and calculations required for the Fitness-Fer:Service
ssessments described in AP1579-1/ASME FFS-1.

(c) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration for
ressure vessels in the petroleum and chemical process industries.

8.6 | Repair of Typical Pressure Vessels

If the FFS assessment (see paragraph 8.5) indicates that a repair is necessary, far continued operation, the
following documents provide guidance on many repair methods:

(a) API 510 Pressure Vessel Inspection Code: In-service Inspection Rating, Repair, and Alteration for
ressure vessels in the petroleum and chemical process industriés,

(b) NB-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repair$ and
Iterations that are mandatory in many jurisdictions. NB-370 provides some guidance on this.

(c) ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a proad
nge of repair techniques that can be employed.

(d) ASME PCC-1 Guidelines for Pressure Boundary-Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.

(e) APIRP 572 Inspection Practices for Pressure Vessels. Written for the petroleum and chemical process
dustries, but can be applied elsewhere:-This document includes a section on methods of repair.

() API RP 577 Welding Processes,-Inspection, and Metallurgy. This document can also be usef for
inspection of new construction:

i
(g) API RP 578 Guidelines for-a-Material Verification Program (MVP) for New and Existing Assets| The

Use of material other than the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI)(isyone way to minimize these failures. Note that PMI is not normally perfoymed
@n equipment constructed of carbon steel. However, it should be applied in cases where substitutipn of
gnother alloy fogaspecified alloy can result in failure with significant safety, health, environmental or
inancial losses. This can be determined by a risk assessment using the methods of risk-based inspection
(see 8.4(c))--Also, within the context of repairs, the document cites examples of in-service mainterjance
gctivities‘where material verification should be established (paragraph 5.7.4 of the third edition).

(h) APIRP 582 Weldlng Gmdelmes for the Chemical, O|I and Gas Industries. ThIS recommended prc ctice
0 arlshop
and field fabrlcatlon repair and modification. Thls document is general in nature and augments the
welding requirements of ASME BPVC Section 1X and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding
are intentionally not covered).

(i) API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the design,
maintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
and corrosion under fireproofing (CUF).
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(i) APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry. When repairing vessels
in HF alkylation units, the document should be reviewed for relevant repair details.

(k) BPVC Section IX Welding, Brazing, and Fusing Qualifications.
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9 LARGE, HEAVY WALL AND HIGH TEMPERATURE PRESSURE VESSELS

For this Guide, large, heavy wall vessels include those exceeding 50 mm (2 in.) wall thickness, and high
temperature vessels include those exceeding 370°C (700°F) design temperature.

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
6 is hyperlinked to the description in Appendix A.
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Table 6: Large, Heavy Wall and High Temperature Pressure Vessels

ASNT RP SNT-TC-1A

Specification/Purchase Design/Construction Operation
NB-370 BPVC Section VIII-Division 1 API RP 584
API 510 BPVC Section VIII-Division 2 API TR 934G
NB-23 BPVC Section VIII-Division 3 API RP 941
API RP 572 BPVC Section X
ASME PCC-3 BPVC Section II-Materials—Part A
APLRR 581 BP\/C Section ll-Materials—Part B
AP| RP 578 BPVC Section I1-Materials—Part C
AP| RP 588 BPVC Section I1-Materials—Part D
AP| RP 932-B BPVC Section V
AP| RP 934A BPVC Section IX
AP| TR 934G BPVC Section XIlI1
AP| RP 941 APl RP 578
ASCE/SEI 7 ASCE/SEI 7
AP| RP 945 ASME PCC-1
NACE MR0103/ISO 17945 API RP 932-B
NACE SP0170 API RP 934A
NACE SP0296 API RP 934C
NACE SP0472 API RP 934E
NACE SP0590 APl TR 934G
APl RP 941
In-Service Inspection Fitness-For-Service Repair
AP| 510 APl 579-2/ASME FFS-1 API 510
NB}23 API 579-2/ASME FFS-2 NB-23
NB}370 API 510 NB-370
ASME PCC-3 API TR 934G ASME PCC-2
AP| RP 580 ASME PCC-1
AP| RP 581 API RP 572
AP|RP 571 API RP 577
AP|RP 572 API RP 578
In-Setvice Inspection Fitness-For-Service Repair
AP| RP932-B API RP 582
APHR-9346 APHR-9346
APl RP 941 BPVC Section IX
API RP 970 NACE SP0472
NACE MR0103/I1SO 17945
NACE SP0170
BPVC Section V
ASNT CP-189
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9.1 Specification (Purchase) of Large, Heavy Wall and High Temperature
Pressure Vessels

Before acquiring a new pressure vessel, it is important for the equipment owner/user to consider the life
cycle cost and pressure integrity requirements for the equipment, including requirements for in-service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provide ways for minimizing the impact of
possible repairs. Some of the steps in this consideration, and the documents that should be considered for
each step are:

(a) Determinewhich designa ioncodses ilH-be spec ifiec ose-are-described-inparagraph 9.2,

lull version of applicable laws and regulations available on their respective websites)-and hard cppies
dre generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturerl and
epair Directory, an online searchable directory containing a listing of smanufacturers of prepsure
gquipment and pressure relief devices and repair organizations.

(d) Determine third-party or other contractual requirements, such as insurafce requirements, that may exist.
$ome insurance companies have specific requirements for deSign, construction, inspectionf and
gperation of pressure equipment. Some building owners or owngr entities impose conditions for yse of

eir facilities that may apply to pressure equipment.

(e) Determine the methods and frequency of in-service inspettion that will be needed to ensure equipment

integrity.  Post-construction  (in-service) documents that should be considered in| the
design/specification/new construction phase are listed in the following paragraphs. Note that fome
post-construction codes provide for the evaluatiopof damage in pressure equipment using methodp and
dcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to pravide a margin for deterioration in service. Thereforg, it is
not necessary to satisfy all of the new cohstruction rules after the equipment has been placed in sefvice.

(1) API 510 Pressure Vessel~Inspection Code: In-service Inspection, Rating, Repair] and
Alteration for pressure vessels in the petroleum and chemical process industries.

(2) NB-23 National Boeard Inspection Code Part 2 (Inspection) provides rules for in-seyvice
inspection that-are’mandatory in many jurisdictions. NB-370 provides some guidang¢e on
this. (Also, see.paragraph 9.1(b)).

(3) API RP 572 Inspection Practices for Pressure Vessels. Written for the petroleurm and
chemicalprocess industries, but can be applied elsewhere.

(4) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develpp an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to provide more detailed guidance on developing an
optimum inspection plan than does NB-23. However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NB-23 may be sufficient.

(5) APIRP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroleum and chemical process industries. See comments under ASME PCC-3,
above.

(6) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed,
prescriptive methodology for determining inspection methods and intervals. It provides
one method of implementing the more general guidance in ASME PCC-3 and API RP 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechanism information that is specific to certain refinery processes (e.g., fluid catalytic
cracking), it is not universally applicable.
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() Determine if there are additional documents that should be referenced in the purchase specification.

For example:

(1)

API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in
service. “Positive Materials Identification” (PMI) is one way to minimize these failures.
Note that PMI is not normally performed on equipment constructed of carbon steel.
However, it should be applied in cases where substitution of another alloy for a specified
alloy can result in failure with significant safety, health, environmental or financial losses.
This can be determined by a risk assessment using the methods of risk-based inspection

2)

3)

(4)

Q)

(6)

()
(8)
©)

K ()
API RP 588 Recommended Practice for Source Inspection and Quality Surveitlance of
Fixed Equipment. This document outlines the fundamentals of source inspectionand may
be useful to all personnel conducting such activities to perform their jobsdn a’competent
and ethical manner.

API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelings for
Corrosion Control in Hydroprocessing Reactor Effluent Air Cooler (REAC) Sysfems.
Equipment and piping associated with hydroprocessing reactor effluent systems in
refineries are subject to corrosion and fouling. This documentiis applicable to equipment
and piping in that service.
API RP 934A Materials and Fabrication of 2% Cr-4A Mo, 2% Cr-1Mo-%V,3C¢r-1
Mo, And 3 Cr - 1 Mo - % V Steel Heavy Wall Pressure Vessels for High-tempergture,
High-pressure Hydrogen Service.
API TR 934G Design, Fabrication, Operational Effects, Inspection, Assessment| and
Repair of Coke Drums and Peripheral Components in Delayed Coking Units.|This
document is specific to coke drums anderipheral components in delayed coking dinits.
This class of equipment is exposed te\significant temperature cycling and the document
covers practices that can assist in mianaging the effects.

ASCE/SEI 7 Minimum Design.[oads and Associated Criteria for Buildings and Qther
Structures. This document_is used primarily by manufacturers and designers of prepsure
equipment to determine thé magnitude of earthquake and wind loads.

API RP 941 Steels for Hydrogen Service at Elevated Temperatures and Pressurgs in
Petroleum Refineries and Petrochemical Plants.

APl RP 945 Avoiding Environmental Cracking in Amine Units. This RP should be
considered onlyif the equipment will be in amine service.
NACE MRO0103/1SO 17945 Petroleum, petrochemical and natural gas indusfries-
Metallic_ materials resistant to sulfide stress cracking in corrosive petroleum refjning
envirgaments. This document is applicable for equipment in sour petroleum refining and
refated processing environments containing H.S either as a gas or dissolved in an aqyeous
(liquid water) phase with or without the presence of hydrocarbon. Such environmenfs are
susceptible to sulfide stress cracking (SSC).

(20) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys|from

Polythionic Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment.
This standard practice provides mitigation methods to protect austenitic stainless Iteels

and other austenitic alloys from polythionic acid (PTA) stress corrosion cracking (SCC)
that can occur during a shutdown of refinery equipment.

(11) NACE SP0296 Detection, Repair, and Mitigation of Cracking in Refinery Equipment in

Wet HS Environments. This document is applicable to carbon steel refinery equipment in
wet H,S environments and provides guidelines on the detection, repair, and mitigation of
cracking.

(12) NACE SP0472 Methods and Controls to Prevent In-Service Environmental Cracking of

Carbon Steel Weldments in Corrosive Petroleum Refining Environments. This standard
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should be considered only if the equipment will be in an environmental cracking service
as determined by reviewing API RP 571.

(13) NACE SP0590 Prevention, Detection, and Correction of Deaerator Cracking. This
standard should be considered only for deaerators.

9.2 Design and Construction of Large, Heavy Wall and High Temperature
Pressure Vessels

Large, heavy wall or high temperature pressure vessels should be purchased to the same general
requirements as the typical pressure vessels described in paragraph 9.6(f), but with some additional
cons|derations and documents as applicable. This section includes the applicable documents from paragraph
9.6(f), as well as the additional documents that should be considered. The ASME Boiler and Pressure-\essel
Codg (BPVC Section VIII-Division 1) provides rules for construction of heavy wall pressuré vessels, but
Section V111, Division 2 (BPVC Section VIII-Division 2) is generally preferred for this application (sde the

two yessel classes for design; Class 1 with its design-by-rules provisions in Part 4 and a Design Mardin of
3.0 oh the material’s Ultimate Tensile Strength, or Class.2 which employs the design-by-analysis provigions
of Part 5 and a Design Margin of 2.4 (which is the historical Division 2 approach). The rules for dgsign
sis in Division 2 Class 2 are typically more complex and detailed than in Division 2 Class 1 or Division
may be more costly to implement. Insaddition, examination and testing requirements are more
stringent. For design by analysis, the maximum design temperature is limited to values that restilt in

limitp are the same as in Division 1sBoth classes of Division 2 offer lower design margins, which can fesult
in weight and cost savings in fabrication. Division 2 Class 2 can be selected for construction of most tyjpical
presqure vessels at the option-ofthe owner/user, but it is used primarily for large vessels or those made[from
expepsive alloys where thesavings in fabrication cost are greater than the increase in design/analysis ¢osts.

The |JASME Boiler.and Pressure Vessel Code (BPVC) Section VIII, Division 3 (BPVC Section VIII-
Division 3) provides alternative rules for high pressure vessels. The rules for design analysis in Divisjon 3
are more complex and detailed than in Divisions 1 and 2, particularly for fatigue (cyclic service) analysis.
In agldition,,'examination and impact testing requirements are more stringent. The maximum design

erattre is limited to values that result in allowable stresses that are not based on time dependent (cfeep)
values—Hewever-Dhrston-s3-efferslowerdesigrrargins-thar-Dhrstor2--seme-—eases—which-ean+esult
in weight and cost savings in fabrication. Division 3 also has rules for low temperature hydrogen service
and for steel wire and composite fiber reinforced plastic (FRP), hoop wrapped pressure vessels. Division 3
can be selected for construction of most pressure vessels at the option of the owner/user, but it is used
primarily for large, relatively high pressure vessels, or those made from expensive alloys where the savings
in fabrication cost are greater than the increase in design/analysis costs.
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The Section VIII Codes reference many other codes and standards, a few of which are listed below. If a
user requires Section VIII construction in a purchase document, the internal references in the Section VIII
Codes become mandatory as well.
(a) BPVC Section II-Materials-Part A Ferrous Material Specifications.
(b) BPVC Section II-Materials—Part B Nonferrous Material Specifications.
(c) BPVC Section II-Materials—Part C Specifications for Welding Rods, Electrodes, and Filler Metals.
(d) BPVC Section II-Materials—Part D Properties (Customary).
(e) BPVC Section ll-Materials—Part D Properties (Metric).
() BPVC Section V Nondestructive Examination.
(9) BPVC Section I1X Welding, Brazing, and Fusing Qualifications.
(h) BPVC Section XIII Rules for Overpressure Protection. With the publication of the 2021.Edition ¢f the
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section XII1| The
emaining rules for overpressure protection remain in BPVC Section VIII Division‘2.
(i) API RP 578 Guidelines for a Material Verification Program (MVP) for New and*Existing Assets| The
se of material other than the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way to minimize these failures. Note that PMHIs not normally perfoymed
gn equipment constructed of carbon steel. However, it should be applied‘in cases where substitutipn of
gnother alloy for a specified alloy can result in failure with significantsafety, health, environmental or
flinancial losses. This can be determined by a risk assessment using.the methods of risk-based inspection
(see 9.1(e)(4)).
(1) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures,This
document is used primarily by manufacturers and designers of pressure equipment to determing the
agnitude of earthquake and wind loads.
(k) ASME PCC-1 Guidelines for Pressure Boundary-Bolted Flange Joint Assembly provides guidange on
echniques for flange joint assembly to minimize'teakage in service.
() API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelines for Corrpsion
Control in Hydroprocessing Reactor Effluent Air Cooler (REAC) Systems. Equipment and pjping
gssociated with hydroprocessing reactor effluent systems in refineries are subject to corrosion) and
flouling. This document is applicableto equipment and piping in that service.
(m) APl RP 934A Materials and.Fabrication of 2 % Cr - 1 Mo, 2% Cr-1Mo - %V, 3 Cr - 1 Mo, And 3
Cr - 1 Mo - ¥ V Steel Heavy-Wall Pressure Vessels for High-temperature, High-pressure Hydiogen
Jervice.
(n) APl RP 934C Materials and Fabrication of 1 % Cr - Y2 Mo Steel Heavy Wall Pressure Vessels for
igh-pressure Hydrogen Service Operating at or Below 825 Degrees F (440 Degrees C).
(0) API RP 934E RP-for Materials and Fabrication of 1%Cr-%2Mo and 1Cr-%:Mo Steel Pressure Vgssels
for Service above 825°F (440°C). This document has not been published as of this writing.
(p) API TRQ34G Design, Fabrication, Operational Effects, Inspection, Assessment, and Repair of [Coke
Drums-and Peripheral Components in Delayed Coking Units. This document is specific to coke drums
gnd>peripheral components in delayed coking units. This class of equipment is exposed to signiflicant
temperature cychng and the docume OVETS Practices that carm assist i managing the ef fects.
() API RP 941 Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum
Refineries and Petrochemical Plants.

9.3 Operation of Large, Heavy Wall and High Temperature Pressure Vessels

API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWs) for process safety management and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
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monitoring exceedances of IOWSs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.

API TR 934G Design, Fabrication, Operational Effects, Inspection, Assessment, and Repair of Coke
Drums and Peripheral Components in Delayed Coking Units. This document is specific to coke drums and
peripheral components in delayed coking units. This class of equipment is exposed to significant
temperature cycling and the document covers practices that can assist in managing the effects.

APl RP 941 Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum Refineries
and Petrochemical Plants.

9.4 | In-service Inspection of Large, Heavy Wall and High Temperature' Presgure

Vessels

The [following documents apply to the in-service inspection of large, heavy wall and~high tempergture
presqure vessels. They should be considered to be good engineering practicesy with applicability that
depends on the situation.

(a) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating,-Repair, and Alteration for
ressure vessels in the petroleum and chemical process industries.
(b)

B-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
re mandatory in some jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
1(b)).
SME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optifpum,
ost-effective inspection program for all pressure equipment. This standard uses an analytical |risk-
ased approach to provide more detailed guidance on developing an optimum inspection plan than|does
B-23. However, ASME PCC-3 should be used-as a supplement to the basic requirements in NB-23,
s permitted by that document. For a small;=simple boiler, the basic guidance in NB-23 mgy be
ufficient.

Pl RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment ip the
etroleum and chemical process industries. See comments under ASME PCC-3.

Pl RP 581 Risk-Based Inspeetion Methodology. This document provides a detailed, prescriptive
ethodology for determining: inspection methods and intervals. It provides one methop of
plementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and fome
hemical plant equipmeft, Since the document relies on damage mechanism information that is spgcific
tp certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

Pl RP 571 Damage’Mechanisms Affecting Fixed Equipment in the Refining Industry provides detailed
escriptions of\damage mechanisms and can be used to supplement the general summary descrigtions
in ASME PCG-3 and API RP 580. It is important to determine the damage mechanisms that can affect
e equipment in the design stage because that can steer the selection of materials of construction, the
orrosign allowance and possibly the design (e.g., if crevice corrosion is an applicable damage
echanism, it may be possible to eliminate crevices during design).

() APTRP 572 TNSpection Practices for Pressure VESSels.

(h) API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelines for Corrosion
Control in Hydroprocessing Reactor Effluent Air Cooler (REAC) Systems. Equipment and piping
associated with hydroprocessing reactor effluent systems in refineries are subject to corrosion and
fouling. This document is applicable to equipment and piping in that service.

(i) API TR 934G Design, Fabrication, Operational Effects, Inspection, Assessment, and Repair of Coke
Drums and Peripheral Components in Delayed Coking Units. This document is specific to coke drums
and peripheral components in delayed coking units. This class of equipment is exposed to significant
temperature cycling and the document covers practices that can assist in managing the effects.

(©)

(d)

(€)

(f)
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() APl RP 970 Corrosion Control Documents. This document assists owner/users in the process of

(k)

(0

developing and maintaining corrosion control documents as a tool to understand and manage the
materials damage mechanisms in their process facilities. While written for the refining industry, its
principles may be used elsewhere.

NACE MR0103/1SO 17945 Petroleum, petrochemical and natural gas industries-Metallic materials
resistant to sulfide stress cracking in corrosive petroleum refining environments. This document is
applicable for equipment in sour petroleum refining and related processing environments containing
H,S either as a gas or dissolved in an aqueous (liquid water) phase with or without the presence of
hydrocarbon. Such environments are susceptible to sulfide stress cracking (SSC).

ACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys from Polythiionic
cid Stress Corrosion Cracking During a Shutdown of Refinery Equipment. This standard Jprdctice
rovides mitigation methods to protect austenitic stainless steels and other austeniticcalloys [from
olythionic acid (PTA) stress corrosion cracking (SCC) that can occur during a shutdown of refjnery
quipment.

In implementing an in-service inspection plan, various nondestructive examinatioRANDE) techniquds are
ofter] used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidance in

thesq areas can be found in the following documents:

(@)
(b)

(©)

PVC Section V Nondestructive Examination.

SNT CP-189 ASNT Standard for Qualification and Certification of Nondestructive Testing
ersonnel.
SNT RP SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing. The major
ifference between ASNT RP SNT-TC-1A and ASNT €P-189 is that the latter is a standard while the
rmer is a recommended practice. It is probably not<iecessary to use both.

Fitness-for-service Analysis of Large, Heavy Wall and High Temperafure
Pressure Vessels

If dajmage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph

pr subjected to a fitness-for-service  (FFS) assessment to determine whether the item is acceptable for

continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired.while others could be assessed). The fitness-for-service assessment ¢ould

result in one or more of the following actions.

(@)

(b)
(©)

The

Continue operation at current operating conditions with periodic inspection or monitoring for fyrther
damage.

[De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
RRepair the equipment.

oIIowing documents can be used for the fitness-for-service (FFS) assessment:

(b) API 579- 2/ASME FFS-2 Fitness-For-Service Example Problem Manual This document prowdes
example problems illustrating the use and calculations required for the Fithess-For-Service
Assessments described in API 579-1/ASME FFS-1.

(c) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration for

pressure vessels in the petroleum and chemical process industries.

(d) API TR 934G Design, Fabrication, Operational Effects, Inspection, Assessment, and Repair of Coke

Drums and Peripheral Components in Delayed Coking Units. This document is specific to coke drums
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and peripheral components in delayed coking units. This class of equipment is exposed to significant
temperature cycling and the document covers practices that can assist in managing the effects.

9.6 Repair of Large, Heavy Wall and High Temperature Pressure Vessels
If the FFS assessment (see paragraph 9.5) indicates that a repair is necessary for continued operation, the
following documents provide guidance on many repair methods.

(a) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration for
pressure vessels in the petroleum and chemical process industries.

b) B Natienal-Board-trspeetion-CodePa RepatrstAlterations-provides—rules—for+ep
®) dlterations that are mandatory in many jurisdictions. NB-370 provides some guidance on this:
ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance'on a
ange of repair techniques that can be employed.
(d) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on

ats and

hroad

(©)

and peripheral components in delayed coking units. This class of equipment is exposed to signiflicant
mperature cycling and the document covers practices that can assist-in managing the effects.

() APIRP 572 Inspection Practices for Pressure Vessels. Written forthe petroleum and chemical process
industries, but can be applied elsewhere. This document includes-a section on methods of repair.
(g) API RP 577 Welding Processes, Inspection, and Metallurgy. This document can also be usef for

inspection of new construction.

(h) API RP 578 Guidelines for a Material Verification Rfogram (MVP) for New and Existing Assets| The
Use of material other than the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally perfoymed
@n equipment constructed of carbon steel. Hewever, it should be applied in cases where substitutipn of
gnother alloy for a specified alloy can resultin failure with significant safety, health, environmental or
inancial losses. This can be determined‘by a risk assessment using the methods of risk-based inspection
ee 9.4(c)). Also, within the context.of repairs, the document cites examples of in-service mainterjance
ctivities where material verification should be established (paragraph 5.7.4 of the third edition).

(i) APIRP 582 Welding Guidelinesfor the Chemical, Oil, and Gas Industries. This recommended prgctice
RP) provides supplementary guidelines and practices for welding and welding-related topics for[shop
nd field fabrication, repair and modification. This document is general in nature and augments the

elding requirements-of ASME BPVC Section IX and similar codes, standards, specifications} and
ractices. The intent’of this document is to be inclusive of chemical, oil and gas industry standards,
Ithough thereare-many areas not covered herein (e.g., pipeline welding and offshore structural wejding
re intentionally not covered).

() BPVC Settion IX Welding, Brazing, and Fusing Qualifications.

(k) NACE'SP0472 Methods and Controls to Prevent In-Service Environmental Cracking of Carbon [Steel
eldments in Corrosive Petroleum Refining Environments. This standard should be considered oply if
the equipment will be in an environmental cracking service as determined by reviewing API RP 571.
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10 HIGH PRESSURE VESSELS

For this Guide, high pressure vessels include those exceeding 70 MPa (10 ksi) design pressure.

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
7 is hyperlinked to the description in Appendix A.

Table 7: High Pressure Vessels

Specification/Purchase Design/Construction Operation

NB-370 BPVC Section VIII-Division 3 API RP 584
API1 510 BPVC Section II-Materials—Part A
NB-23 BPVC Section II-Materials—Part B
API RP 572 BPVC Section II-Materials—Part C
ASME PCC-3 BPVC Section II-Materials—Part D
API RP 580 BPVC Section V
APl RP 581 BPVC Section I1X
API RP 588 BPVC Section XIII
API RP 578 API RP 578
ASCE/SEI 7 ASCE/SEI 7

ASME PCC-1

API RP.934A

APIRP 941

In-Service Inspection Fitness-For-Service Repair

NB-23 API 579-1/ASME FFS-1 NB-23
NB-370 API 579-2/ASME FFS-2 NB-370
ASME PCC-3 ASME PCC-2
APl RP 580 ASME PCC-1
API RP 581 API RP 572
API RP 572 API RP 577
API RP 970 API RP 578
BPVCSection V API RP 582
ASNT CP-189 BPVC Section IX

ASNT RF SNT-TC-1A

10.1 Specification (Purchase) of High Pressure Vessels

Before acquiring a new high pressure vessel, it is important for the equipment owner/user to consider the
life cycle cost and pressure integrity requirements for the equipment, including requirements for in-service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provide ways for minimizing the impact of
possible repairs. Some of the steps in this consideration, and the documents that should be considered for
each step, are:
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(a) Determine which design and construction codes will be specified. These are described in paragraph
10.2.

(b) Determine legally mandated new construction and in-service inspection requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

(c) Determine—potential-mandfacturers—One—tsef—reference—is—theNattonal-Board—Mantfactures and
RRepair Directory, an online searchable directory containing a listing of manufacturers of-pregsure
gquipment and pressure relief devices and repair organizations.

(d) Determine third-party or other contractual requirements, such as insurance requirementssthat may exist.
$ome insurance companies have specific requirements for design, constructior/sinspection| and
gperation of pressure equipment. Some building owners or owner entities impose-¢onditions for yse of
their facilities that may apply to pressure equipment.

(e) Determine the methods and frequency of in-service inspection that will be needed to ensure equipment
integrity.  Post-construction  (in-service) documents that should,.~be considered in| the
design/specification/new construction phase are listed in the following' paragraphs. Note that some
post-construction codes provide for the evaluation of damage in pressure equipment using methodp and
gcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide a margin fordeterioration in service. Thereforg, it is
not necessary to satisfy all of the new construction rules after the equipment has been placed in setvice.

(1) NB-23 National Board Inspection Code_Part 2 (Inspection) provides rules for in-sefvice
inspection that are mandatory in many jurisdictions. NB-370 provides some guidang¢e on
this. (Also, see paragraph 10.1(b)).

(2) API RP 572 Inspection Practices\for Pressure Vessels. Written for the petroleun and
chemical process industries, but.can be applied elsewhere.

(3) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develgp an
optimum, cost-effective-inspection program for all pressure equipment. This standard uses
an analytical risk-based-approach to provide more detailed guidance on developing an
optimum inspection'\plan than does NB-23. However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NB-23 may be sufficient.

(4) APIRP 580-Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroeleum and chemical process industries. See comments under ASME PCC-8.

(5) API<RP"581 Risk-Based Inspection Methodology. This document provides a detailed,
prescriptive methodology for determining inspection methods and intervals. It proyides
one method of implementing the more general guidance in ASME PCC-3 and APl RF 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechanism information that is specific to certain refinery processes (e.g., fluid catalytic
cracking), it is not universally applicable.

6 APTRP588Reto endedPractice for-Source pectiomand—Ouatity-Surveittance of
Fixed Equipment. This document outlines the fundamentals of source inspection and may
be useful to all personnel conducting such activities to perform their jobs in a competent
and ethical manner.

() Determine if there are additional documents that should be referenced in the purchase specification.
For example:

(1) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in service.
“Positive Materials Identification” (PMI) is one way to minimize these failures. Note that
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PMI is not normally performed on equipment constructed of carbon steel. Howev

er, it

should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety, health, environmental or financial losses. This can

be determined by a risk assessment using the methods of risk-based inspection
10.4(b)).

(see

(2) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure

equipment to determine the magnitude of earthquake and wind loads.

are |
inS
(@)
(b)
(c)

sted below. If a user requires Section V11 construction in a purchase document, thelinternal referg
ction VIII become mandatory as well.

BPVC Section Il-Materials—Part A Ferrous Material Specifications.
BPVC Section II-Materials—Part B Nonferrous Material Specifications.
BPVC Section Il-Materials—Part C Specifications for Welding Rods, Electrodes, and Filler Metal

(d) BPVC Section II-Materials—Part D Properties (Customary).

(e) BPVC Section lI-Materials—Part D Properties (Metric).

() BPVC Section V Nondestructive Examination.

(9) BPVC Section I1X Welding, Brazing, and Fusing Qualifications.

(h) BPVC Section XIII Rules for Overpressure Protection: With the publication of the 2021 Edition ¢
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section XIlII
emaining rules for overpressure protection remain in BPVC Section VI1II Division 3.

(i) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets
se of material other than the material Specified can result in failures in service. “Positive Mat
Identification” (PMI) is one way tominimize these failures. Note that PMI is not normally perfo
gn equipment constructed of carbon Steel. However, it should be applied in cases where substituti
gnother alloy for a specified alley can result in failure with significant safety, health, environmen
financial losses. This can be-determined by a risk assessment using the methods of risk-based inspe
(see 10.1(e)(3)).

(i) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures.
document is used«primarily by manufacturers and designers of pressure equipment to determin

agnitude of earthgquake and wind loads.

(k) ASME PCCAL Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidan
echniques for flange joint assembly to minimize leakage in service.

() API_RP941 Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petrg

ause
ction
hich
nces

f the
The

The
erials
'med
DN of
al or
ction

This
e the

Ce on

leum

efineries and Petrochemical Plants.

10.3 Operation of High Pressure Vessels

APl RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWs) for process safety management and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWs, the process of establishing relevant IOWs could reveal details that merit

incorporation into the equipment specifications.
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10.4 In-service Inspection of High Pressure Vessels

The following documents apply to the in-service inspection of high pressure vessels. They should be
considered to be good engineering practices, with applicability that depends on the situation.

(a) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
are mandatory in some jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
10.1(b)).

(b) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optimum,
cost-effective inspection program for all pressure equipment. This standard uses an analytical risk-

ased approach to provide more detailed guidance on developing an optimum spection plan thanjdoes

B-23. However, ASME PCC-3 should be used as a supplement to the basic requirements_in NiB-23,

s permitted by that document.

Pl RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment ip the
etroleum and chemical process industries. See comments under ASME PCC-3, above.

Pl RP 581 Risk-Based Inspection Methodology. This document provides a‘“detailed, prescriptive
ethodology for determining inspection methods and intervals. It provides one method of
plementing the more general guidance in ASME PCC-3 and APl RR-580 for refinery and some
hemical plant equipment. Since the document relies on damage mechanism information that is spgcific
tp certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

Pl RP 572 Inspection Practices for Pressure Vessels.

(©)
(d)

(€)

() API RP 970 Corrosion Control Documents. This documerit{assists owner/users in the procegs of
eveloping and maintaining corrosion control documents~as a tool to understand and managg the
aterials damage mechanisms in their process facilities. "While written for the refining industryy, its
rinciples may be used elsewhere.

In implementing an in-service inspection plan, various nondestructive examination (NDE) techniqugs are

ofterf used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidarice in

thesq areas can be found in the following dosuments.

(a) BPVC Section V Nondestructive Examination.

(b) ASNT CP-189 ASNT Standard® for Qualification and Certification of Nondestructive Tasting
ersonnel.

(c) ASNT RP SNT-TC-1A Petsonnel Qualification and Certification in Nondestructive Testing. The rpajor
ifference between ASNT) RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the
rmer is a recommended practice. It is probably not necessary to use both.

10.5 Fitness-for-service Analysis of High Pressure Vessels

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
10.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued.~service without repair. However, some of the fitness-for-service analysis rules in
API b79-1/ASME FFS-1 do not extend to very heavy wall construction. These methods can also be uged in
combination (e.g., some portions of the damaged area can be repaired while others could be assessed). The
fitness-for-service assessment could result in one or more of the following actions:

(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:
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(@) API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This document provides
example problems illustrating the use and calculations required for the Fitness-For-Service
Assessments described in API 579-1/ASME FFS-1.

10.6 Repair of High Pressure Vessels

If the FFS assessment (see paragraph 10. 5) mdrcates that a reparr is necessary for contlnued operatlon the
follopvingtectments-provide-gtitance-ofhan yrepathethods Oy srehipited
on s¢me of the materials used in hlgh pressure vessels o) many of the rules in ASME PCC 2 andpther

B-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repairg and
dlterations that are mandatory in many jurisdictions. NB-370 provides some guidance’on this.

ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a lproad
ange of repair techniques that can be employed.

ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
echniques for flange joint assembly to minimize leakage in service.

APl RP 577 Welding Processes, Inspection, and Metallurgy. ThisCdocument can also be usefl for
inspection of new construction.

(e) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The
yse of material other than the material specified can resultin failures in service. “Positive Matgrials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally perfoymed
@n equipment constructed of carbon steel. However,.itshould be applied in cases where substitutipn of
gnother alloy for a specified alloy can result in failure with significant safety, health, environmental or
inancial losses. This can be determined by a risk @sessment using the methods of risk-based inspegction
ee 10.4(b)). Also, within the context of Ttepairs, the document cites examples of in-service
aintenance activities where material verification should be established (paragraph 5.7.4 of the(third
dition).
() APIRP 582 Welding Guidelines for'the Chemical, Oil, and Gas Industries. This recommended prgctice
RP) provides supplementary guidelines and practices for welding and welding-related topics for[shop

nd field fabrication, repair @nd modification. This document is general in nature and augments the
elding requirements of ASME BPVC Section IX and similar codes, standards, specifications} and
ractices. The intent of(this document is to be inclusive of chemical, oil and gas industry standards,
Ithough there are many’areas not covered herein (e.g., pipeline welding and offshore structural wejding

re intentionally not-covered).

(9) BPVC Section X Welding, Brazing, and Fusing Qualifications.

(b)
(©)
(d)
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11 HEAT EXCHANGERS

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
8 is hyperlinked to the description in Appendix A.

Table 8: Heat Exchangers

Specification/Purchase Design/Construction Operation
NB-370 BPVC Section VIII-Division 1 API RP 584
API 510 BPVC Section VIII-Division 2 TEMA Standards
NB-23 BPVC Section VIII-Division 3
API RP 572 BPVC Section II-Materials—Part A
ABME PCC-3 BPVC Section II-Materials—Part B
API RP 580 BPVC Section II-Materials—Part C
API RP 581 BPVC Section II-Materials—Part D
API RP 578 BPVC Section V
API RP 583 BPVC Section I1X
API RP 588 API Std 660
ABCE/SEI 7 API Std 661
API RP 571 API Std 662, Part 1
API Std 660 API Std 663
API Std 661 API Std.664
API Std 662, Part | APIStd 668
API Std 663 TEMA Standards
API Std 664 API RP 578
API Std 668 API RP 751
TEMA Standards ASCE/SEI 7
API RP 945 ASME PCC-1
API RP 751
API RP 932-B
API RP_939€
NACEIMR0103/1SO 17945
NACE SP0170
NACE SP0296
NACE SP0472
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In-Service Inspection Fitness-For-Service Repair

API 510 API 579-1/ASME FFS-1 API 510

NB-23 API 579-2/ASME FFS-2 NB-23

NB-370 API 510 NB-370

ASME PCC-3 ASME PCC-2

API RP 580 API RP 583

ARLRP 581 ASME PCC-]

API RP 583 API RP 572

APIRP 571 API RP 577

API RP 572 API RP 578

API RP 751 APl RP 582

API RP 932-B ARI'RP 751

API RP 939C TEMA Standards

API RP 970 BPVC Section 1X

TEMA Standards

NACE MR0103/ISO 17945

NACE SP0170

BPVC Section V

ABNT CP-189

ABNT RP SNT-TC-1A
11.1 Specification (Purchase) of Heat Exchangers
Befofe acquiring a new heat exchanger;-it is important for the equipment owner/user to consider th
cyclg cost and pressure integrity requirements for the equipment, including requirements for in-se
inspection, testing, maintenance,@nd repair. This will allow the design and construction to be optimiz
prov|de appropriate access for_these activities, as well as provide ways for minimizing the impa

possible repairs. Some of the steps in this consideration, and the documents that should be considerg

each|step, are:

(@) Dpetermine which-design and construction codes will be specified. These are described in parag

1.2.

(b) Determinesdegally mandated new construction and in-service inspection requirements. Requireme
Ipgal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
oiler,and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
llversion of applicable laws and regulations available on their respective websites, and hard cppies

p |ife
rvice
ed to
ct of
d for

raph

ts of

are generally made available on request.

(c) Determine potential manufacturers. One useful reference is the National Board Manufacturer and
Repair Directory, an online searchable directory containing a listing of manufacturers of pressure
equipment and pressure relief devices and repair organizations.

(d) Determine third-party or other contractual requirements, such as insurance requirements, that may exist.
Some insurance companies have specific requirements for design, construction, inspection and
operation of pressure equipment. Some building owners or owner entities impose conditions for use of
their facilities that may apply to pressure equipment.
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(e) Determine the methods and frequency of in-service inspection that will be needed to ensure equipment

integrity.  Post-construction  (in-service) documents that should be considered in the
design/specification/new construction phase are listed in the following paragraphs. Note that some post-
construction codes provide for the evaluation of damage in pressure equipment using methods and
acceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide a margin for deterioration in service. Therefore, it is
not necessary to satisfy all of the new construction rules after the equipment has been placed in service.

(1) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and
Alteration for pressure vessels in the petroleum and chemical process industries.

(2) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for insseyvice
inspection that are mandatory in many jurisdictions. NB-370 provides some guidange on
this. (Also, see paragraph 11.1(b)).

(3) API RP 572 Inspection Practices for Pressure Vessels. Written for the ‘petroleu
chemical process industries, but can be applied elsewhere.

(4) ASME PCC-3 Inspection Planning Using Risk-Based Methods can ¢ used to develpp an
optimum, cost-effective inspection program for all pressure equipfment. This standard uses

and

supplement to the basic requirements in NB-23, as permitted by that document.

(5) APIRP 580 Risk-based Inspection is similar to ASMEPCC-3, but is focused on equi
in the petroleum and chemical process industries. See)comments under ASME PCC-8.

(6) APl RP 581 Risk-Based Inspection Methodology. This document provides a detgiled,
prescriptive methodology for determining inspection methods and intervals. It proyides
one method of implementing the more general guidance in ASME PCC-3 and API RP 580
for refinery and some chemical plant equipment. Since the document relies on dafage
mechanism information that is specific'to certain refinery processes (e.g., fluid catglytic
cracking), it is not universally applicable.

(f) Determine if there are additional documentsithat should be referenced in the purchase specification.

for example:

(1) API RP 578 Guidelinesfara Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in sefvice.
“Positive Materials:Identification” (PMI) is one way to minimize these failures. Not¢ that

11 A(c)).

(2) ARF RP 583 Corrosion Under Insulation and Fireproofing. This document cove
design, maintenance, inspection, and mitigation practices to address external corrpsion
under insulation (CUI) and corrosion under fireproofing (CUF).

(3) API RP 588 Recommended Practice for Source Inspection and Quality Surveillange of
Fixed Equipment. This document outlines the fundamentals of source inspection and may
be useful to all personnel conducting such activities to perform their jobs in a competent
and ethical manner.

(4) API Std 660 Shell-and-Tube Heat Exchangers.

(5) API Std 661 Petroleum, Petrochemical, and Natural Gas Industries — Air-cooled Heat
Exchangers.

(6) API Std 662, Part 1 Plate Heat Exchangers for General Refinery Services — Part 1 — Plate-
and-Frame Heat Exchangers.

(7) API Std 663 Hairpin-type Heat Exchangers.

(8) API Std 664 Spiral Plate Heat Exchangers.

(9) API Std 668 Brazed Aluminum Plate-fin Heat Exchangers.
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(10) Standards of the Tubular Exchanger Manufacturers Association (TEMA).

(11) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure
equipment to determine the magnitude of earthquake and wind loads.

(12) APl RP 945 Avoiding Environmental Cracking in Amine Units. This RP should be
considered only if the equipment will be in amine service.

(13) API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is
written specifically for hydrofluoric acid (HF) alkylation units that are used in the refining
industry.

refineries are subject to corrosion and fouling. This document is applicable to equipment
and piping in that service.

(15) API RP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrasion Failures ip Oil
Refineries. This RP should be considered only if the equipmentcis subject to sulfidation
corrosion.

(16) NACE MRO0103/1SO 17945 Petroleum, petrochemical .and natural gas industries—
Metallic materials resistant to sulfide stress cracking in ‘corrosive petroleum refjning
environments. This document is applicable for equipment in sour petroleum refining and
related processing environments containing H.S eitheras a gas or dissolved in an aqyeous
(liquid water) phase with or without the presencé.of hydrocarbon. Such environments are
susceptible to sulfide stress cracking (SSC).

(17) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys|from
Polythionic Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipent.
This standard practice provides mitigation methods to protect austenitic stainless $teels
and other austenitic alloys from pelythionic acid (PTA) stress corrosion cracking ($CC)
that can occur during a shutdown of refinery equipment.

(18) NACE SP0296 Detection, Repair, and Mitigation of Cracking in Refinery Equipment in
Wet H,S Environments. This document is applicable to carbon steel refinery equipmgnt in
wet HS environmentsiand provides guidelines on the detection, repair, and mitigatipn of
cracking.

(19) NACE SP0472Methods and Controls to Prevent In-Service Environmental Crackipg of
Carbon Steel(Weldments in Corrosive Petroleum Refining Environments. This stapdard
should be considered only if the equipment will be in an environmental cracking service
as determined by reviewing API RP 571.

11.3 Design and Construction of Heat Exchangers

Therp are many:types of heat exchangers, condensers, etc. The ASME Boiler and Pressure Vessel Code
(BPYC Section VIII-Division 1) provides rules for construction of typical heat exchangers. In many
jurisgli ion, i i
addition; there are API documents that cover many specmc types of heat exchangers, as descrlbed blow

other codes and standards. If a user requires Section VI constructlon ina purchase document, the internal
references in Section V111 become mandatory as well.

The ASME Boiler and Pressure Vessel Code (BPVC) Section VIII, Division 2 (BPVC Section VIII-

Division 2) provides alternative rules for pressure vessels. Division 2 now offers the choice to select among

two vessel classes for design; Class 1 with its design-by-rules provisions in Part 4 and a Design Margin of

3.0 on the material’s Ultimate Tensile Strength, or Class 2 which employs the design-by-analysis provisions

of Part 5 and a Design Margin of 2.4 (which is the historical Division 2 approach). The rules for design

analysis in Division 2 Class 2 are typically more complex and detailed than in Division 2 Class 1 or Division
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1 and may be more costly to implement. In addition, examination and testing requirements are more
stringent. For design by analysis, the maximum design temperature is limited to values that result in
allowable stresses that are not based on time dependent (creep) values. However, many components can be
designed using the rules without the need for design by analysis. In that case, the maximum temperature
limits are the same as in Division 1. Both classes of Division 2 offer lower design margins, which can result
in weight and cost savings in fabrication. Division 2 Class 2 can be selected for construction of most typical
pressure vessels at the option of the owner/user, but it is used primarily for large vessels or those made from
expensive alloys where the savings in fabrication cost are greater than the increase in design/analysis costs.

The JASME Boiler and Pressure Vessel Code (BPVC) Section VIII, Division 3 (BPVC Section VIII-
Division 3) provides alternative rules for high pressure vessels and heat exchangers, but the majority of
heat pxchangers are constructed to Division 1. The rules for design analysis in Division 3 are mare cor{plex

tion,
exanpination and impact testing requirements are more stringent. The maximum design’ temperatyre is
limited to values that result in allowable stresses that are not based on time dependent (creep) vdlues.
ever, Division 3 offers lower design margins than Division 2 in some cases, which can result in weight
¢ost savings in fabrication. Division 3 also has rules for low temperature hydrogen service and for|steel
wire|and composite fiber reinforced plastic (FRP), hoop wrapped pressurg-vessels. Division 3 cgn be
selegted for construction of most typical pressure vessels at the option of. the owner/user, but it isfused
primprily for large, relatively high pressure vessels, or those made froni.expensive alloys where the sayings
in fabrication cost are greater than the increase in design/analysis costs.

The Bection VIII Codes reference many other codes and standards, a few of which are listed below. If a
user requires Section VIII construction in a purchase document, the internal references in the Section VIII
Codds become mandatory as well.

(a) BPVC Section II-Materials—Part A Ferrous Material Specifications.

(b) BPVC Section II-Materials—Part B Nonferreus Material Specifications.

(c) BPVC Section II-Materials—Part C Specifications for Welding Rods, Electrodes, and Filler Metals.

(d) BPVC Section II-Materials—Part D Properties (Customary).

(e) BPVC Section lI-Materials—Part D.Properties (Metric).

() BPVC Section V Nondestrugtive Examination.

(g) BPVC Section IX Welding,.Brazing, and Fusing Qualifications.

(h) BPVC Section X1l Rules’for Overpressure Protection. With the publication of the 2021 Edition gf the
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section X111} The
emaining rulesor overpressure protection remain in BPVC Section VIII Divisions 1, 2, or|3 as
dpplicable.

(i) API Std 660-Shell-and-Tube Heat Exchangers.

(1) A\PI Std:661 Petroleum, Petrochemical, and Natural Gas Industries—Air-cooled Heat Exchangers.

(k) ARLStd 662, Part | Plate Heat Exchangers for General Refinery Services—Part 1-Plate-and-Frame

ant Cyvrnhannneko
et CACTITgeTST

() API Std 663 Hairpin-type Heat Exchangers.

(m) API Std 664 Spiral Plate Heat Exchangers.

(n) API Std 668 Brazed Aluminum Plate-fin Heat Exchangers.

(o) Standards of the Tubular Exchanger Manufacturers Association (TEMA).

(p) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets. The
use of material other than the material specified can result in failures in service. “Positive Materials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally performed
on equipment constructed of carbon steel. However, it should be applied in cases where substitution of
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another alloy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This can be determined by a risk assessment using the methods of risk-based inspection
(see 11.4(c)).

(g) APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(r) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures. This
document is used primarily by manufacturers and designers of pressure equipment to determine the
magnitude of earthquake and wind loads.

(S) ASMER GuidehnesforPressure-Boundary-Boked-Hange Jotrt-Assembly-providesguidante on

chniques for flange joint assembly to minimize leakage in service.

11.3 Operation of Heat Exchangers

API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importange of
intedrity operating windows (IOWs) for process safety management and guides usets in establishing and
implementing an IOW program for refining and petrochemical process facilities, to avoid unexpgcted
equipment degradation that could lead to loss of containment. While the-decument emphasis {s on
monitoring exceedances of IOWs, the process of establishing relevant IOWs;¢ould reveal details that merit
incoffporation into the equipment specifications.

Stanglards of the Tubular Exchanger Manufacturers Association (FTEMA)

11.4 In-service Inspection of Heat Exchangers

The following documents apply to the in-service inspection of heat exchangers. They should be considered
to be good engineering practices, with applicability that depends on the situation.

(&) API 510 Pressure Vessel Inspection Code:(In-service Inspection, Rating, Repair, and Alteration for
gressure vessels in the petroleum and chemical process industries.

(b) NB-23 National Board Inspection Gode Part 2 (Inspection) provides rules for in-service inspectiof that
gre mandatory in some jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
1.1(b)).

(c) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optifnum,
gost-effective inspection program for all pressure equipment. This standard uses an analytical [risk-
hased approach to provide more detailed guidance on developing an optimum inspection plan than{does
B-23. However,"ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,

4s permitted by that document. For a small, simple boiler, the basic guidance in NB-23 mgy be
qufficient.

(d) API RP.580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment ih the
petroleum’and chemical process industries. See comments under ASME PCC-3.

(e) ARLRP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescriptive
v UUUIUJY U UCLC i U i Jc - C UU adl U i clVa B IUVI‘ Ul'lc c 9]0 Of
implementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and some
chemical plant equipment. Since the document relies on damage mechanism information that is specific

to certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.
() API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the design,

maintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
and corrosion under fireproofing (CUF).

(g) APIRP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry provides detailed
descriptions of damage mechanisms and can be used to supplement the general summary descriptions
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in ASME PCC-3 and API RP 580. It is important to determine the damage mechanisms that can affect
the equipment in the design stage because that can steer the selection of materials of construction, the
corrosion allowance and possibly the design (e.g., if crevice corrosion is an applicable damage
mechanism, it may be possible to eliminate crevices during design).

(h) API RP 572 Inspection Practices for Pressure Vessels.

(i) APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(1) API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelines for Corrosion

eH—HyeHeprocessis Hert—AH—Ceoler—REA ystems—Eaqtprment—ang—piping

gssociated with hydroprocessing reactor effluent systems in refineries are subject to corrgsion and

fouling. This document is applicable to equipment and piping in that service.

APl RP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion Failures in Oil Refineries| This

APl RP 970 Corrosion Control Documents. This document assists owner/users in the procegs of
developing and maintaining corrosion control documents as a tool to understand and managg the
aterials damage mechanisms in their process facilities. While written for-the refining industry, its
grinciples may be used elsewhere.

btandards of the Tubular Exchanger Manufacturers Association (TEMA).

ACE MRO0103/ISO 17945 Petroleum, petrochemical and naturakgas industries — Metallic matgrials
esistant to sulfide stress cracking in corrosive petroleum refining environments. This documgnt is
gpplicable for equipment in sour petroleum refining and relateéd processing environments contajning
»S either as a gas or dissolved in an aqueous (liquid water) phase with or without the presenge of
ydrocarbon. Such environments are susceptible to sulfide stress cracking (SSC).

ACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys from Polythjionic
Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment. This standard prdctice
grovides mitigation methods to protect austenitic stainless steels and other austenitic alloys [from
polythionic acid (PTA) stress corrosion cracking (SCC) that can occur during a shutdown of refjnery
gquipment.

(m)
(n)

()

plementing an in-service inspection plan, various nondestructive examination (NDE) techniqugs are
ofter] used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidance in

(@)

(b) ASNT CP-189 ASNT Standard for Qualification and Certification of Nondestructive Testing
fPersonnel.
ASNT RP SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing. The major
difference between ASNT RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the

flormer_is.a recommended practice. It is probably not necessary to use both.

(©)

11.9

If damage is discovered in a pressure retaining item, the damage should be either repaired (see paragraph
11.6) or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could
result in one or more of the following actions:

(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.

Fitness-for-service Analysis of Heat Fxchangers

55


https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

(c) Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:
(a) APl 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This document provides
example problems illustrating the use and calculations required for the Fithess-For-Service
Assessments described in APl 579-1/ASME FFS-1.

(c) APT'510 Pressure Vessel Inspection Code: In-service Inspection, Rating, Repair, and Alteration for
ressure vessels in the petroleum and chemical process industries.

11.4 Repair of Heat Exchangers

If the FFS assessment (see paragraph 11.5) indicates that a repair is necessary for continued operation, the
following documents provide guidance on many repair methods:

(d) API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating, KRepair, and Alteration for
ressure vessels in the petroleum and chemical process industries.

(e) NB-23 National Board Inspection Code Part 3 (Repairs/Alterations). provides rules for repair$ and
Iterations that are mandatory in many jurisdictions. NB-370 provides'some guidance on this.

(f) ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a proad
nge of repair techniques that can be employed.

(g) APl RP 583 Corrosion Under Insulation and Firepreefing. This document covers the dgsign,
aintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
nd corrosion under fireproofing (CUF).

(h) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.

(i) APIRP 572 Inspection Practices for Pressure Vessels. Written for the petroleum and chemical prpcess
industries, but can be applied elsewhere_This document includes a section on methods of repair.

(i) API RP 577 Welding Processes, Inspection, and Metallurgy. This document can also be usef for
spection of new construction,

i
(k) API RP 578 Guidelines for-a Material Verification Program (MVP) for New and Existing Assets| The

yse of material other than the material specified can result in failures in service. “Positive Matgrials
Identification” (PMI) s ;ene way to minimize these failures. Note that PMI is not normally perfoymed
@n equipment constructed of carbon steel. However, it should be applied in cases where substitutipn of
gnother alloy forsaspecified alloy can result in failure with significant safety, health, environmental or
inancial losses<This can be determined by a risk assessment using the methods of risk-based inspection
ee 11.4(c))Also, within the context of repairs, the document cites examples of in-service mainterjance
ctivitiesavhere material verification should be established (paragraph 5.7.4 of the third edition).

(N APIRP582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended prgctice
RP)-provides supplementary guidelines and practices for welding and welding-related topics for[shop
and field fabrication, repair and modification. This document is general in nature and augments the
welding requirements of ASME BPVC Section IX and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding

are intentionally not covered).

(m) API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(n) Standards of the Tubular Exchanger Manufacturers Association (TEMA).
(o) BPVC Section IX Welding, Brazing, and Fusing Qualifications.
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12 STORAGE TANKS
For this Guide, the types of storage tanks that are included are listed in paragraph 12.2.

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table

9 is hyperlinked to the description in Appendix A.

Table 9: Storage Tanks

Specification/Purchase Design/Construction Operation
API|Publication 327 API Std 650 API RP 584
API|Std 653 API RP 651 API RP_652
API|RP 575 API Std 2000
ASNIE PCC-3 API RP 652
API|RP 580 API Std 653
API|RP 581 API Std 620
API|RP 583 ASME RTP-1
API|RP 578 BPVC Section V
API|Std 2350 BPVC Section IX
ASdE/SEI 7 API RP 578
API|RP 945 ASCE/SEI 7
NACE SP0472 ASME PCC-1
API|RP 571

In-Service Inspection Fitness-For-Service Repair
API|Std 653 API 579-1/ASME FFS-1 API Std 653
API|RP 575 API 579-2/ASME FFS-2 API RP 575
ASNIE PCC-3 API Std 653 API RP 583
API|RP 580 ASME PCC-2
API|RP 581 ASME PCC-1
API|RP 571 API RP 577
API|RP 583 API RP 578
API|RP Q70 API RP 582
BP\IC-Seetion BRV/C-Seetionc——
ASNT CP-189
ASNT RP SNT-TC-1A

12.1 Specification (Purchase) of Storage Tanks

Before acquiring a new storage tank, it is important for the equipment owner/user to consider the life cycle
cost and integrity requirements for the tank, including requirements for in-service inspection, testing,
maintenance, and repair. This will allow the design and construction to be optimized to provide appropriate
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access for these activities, as well as provide ways for minimizing the impact of possible repairs. Some of
the steps in this consideration, and the documents that should be considered for each step, are:

(@)
()

(©)

(d)

Determine which design and construction codes will be specified. These are described in paragraph
12.2.

Determine third-party or other contractual requirements, such as insurance requirements, that may exist.
Some insurance companies have specific requirements for design, construction, inspection and
operation of storage tanks.

Determrne the methods and frequency of in-service |nspect|0n that WI|| be needed to ensure equrpment
A the
ceS|gn/speC|f|cat|on/neW construction phase are listed in the following paragraphs Note that some
gost-construction codes provide for the evaluation of damage in pressure equipment using piethodg and
dcceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide a margin for deterioration in servige./Thereforg, it is
not necessary to satisfy all of the new construction rules after the equipment has beén.placed in sefvice.

(1) API Publication 327 Aboveground Storage Tank Standards: A Tutorial.

(2) API Std 653 Tank Inspection, Repair, Alteration, and Recenstruction. Although this
standard was developed primarily for the petroleum and chemical process industries} it is
widely used in other industries.

(3) API RP 575 Inspection Practices for Atmospheric and Lew pressure Storage Tanks.

(4) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develgp an
optimum, cost-effective inspection program for allpressure equipment. This standard uses
an analytical risk-based approach to providg_fmore detailed guidance on developing an
optimum inspection plan than does NB-23..However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NBs23 may be sufficient.

(5) APIRP 580 Risk-based Inspection jssimilar to ASME PCC-3, but is focused on equipment
in the petroleum and chemical process industries. See comments under ASME PCC-8.

(6) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed,
prescriptive methodology.for determining inspection methods and intervals. It proyides
one method of implementing the more general guidance in ASME PCC-3 and API RF 580
for refinery and some chemical plant equipment. Since the document relies on damage
mechanism infopmation that is specific to certain refinery processes (e.g., fluid catalytic
cracking), it istnot’universally applicable.

(7) API RP 583 Corrosion Under Insulation and Fireproofing. This document coverg the
design, maintenance, inspection, and mitigation practices to address external corrpsion
undersnsulation (CUI) and corrosion under fireproofing (CUF).

Determine if there are additional documents that should be referenced in the purchase specification.

fror example:

(2)"API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing
Assets. The use of material other than the material specified can result in failures in sefvice.
“Posrtrve Materials Identification” (PMI) is one way to minimize these failures. Not¢ that

should be applied in cases where substitution of another alloy for a specmed aIon can
result in failure with significant safety, health, environmental or financial losses. This can
be determined by a risk assessment using the methods of risk-based inspection (see
12.4(c)).

(2) API Std 2350 Overfill Protection for Storage Tanks in Petroleum Facilities. This document
applies to atmospheric storage tanks associated with refining, marketing, pipeline, and
terminals that contain NFPA Class | or Class Il liquids and assists owner/operators and
operating personnel in the prevention of tank overfilling by implementation of a
comprehensive overfill prevention system.

58


https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

12.

Stordge tanks in many industries are purchased in accordance with the requirements of API standards;

(@)
(b)
(©)

(d)
(€)

(f)

9)

(3) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. This document is used primarily by manufacturers and designers of pressure
equipment to determine the magnitude of earthquake and wind loads.

(4) API RP 945 Avoiding Environmental Cracking in Amine Units. This recommended
practice should be considered only if the equipment will be in amine service.

(5) NACE SP0472 Methods and Controls to Prevent In-Service Environmental Cracking of
Carbon Steel Weldments in Corrosive Petroleum Refining Environments. This standard
should be considered only if the equipment will be in an environmental cracking service as
determined by reviewing APl RP 571.

Design and Construction of Storage Tanks

Pl Std 650 Welded Tanks for Qil Storage. This standard covers tanks that are” essentially at
tmospheric pressure.

Pl RP 651 Cathodic Protection of Aboveground Petroleum Storage Tanks.
P1 Std 2000 Venting Atmospheric and Low-pressure Storage Tanks.
P1 RP 652 Linings of Aboveground Petroleum Storage Tank Bottoms.

Pl Std 653 Tank Inspection, Repair, Alteration, and Reconstruction. Although this standard was
eveloped primarily for the petroleum and chemical process iadustries, it is widely used in pther
industries.

P1 Std 620 Design and Construction of Large, Welded, Low-pressure Storage Tanks. This stafdard
overs tanks that have design pressures up to 1 bar (15,psig), with design temperatures up to 1R0°C
50°F).
SME RTP-1 Reinforced Thermoset Plastic Corrosion-Resistant Equipment. This standard cpvers
ressure vessels with internal pressures up to 15°psig. However, it is listed in the storage tank section
f this document because equipment construeted to this standard is used primarily for atmosphefic or
Ipw pressure storage.

In addition, the following documents are feferenced or should be considered for storage tank construgtion:

(@)
(b)
(©)

(d)

(€)

PVC Section V Nondestructive:Examination.
PVC Section I1X Welding; Brazing, and Fusing Qualifications.

Pl RP 578 Guidelines\for a Material Verification Program (MVP) for New and Existing Assets| The

se of material otherthan the material specified can result in failures in service. “Positive Matgrials
Identification” (RMY is one way to minimize these failures. Although APl RP 578 is targeted toward
piping systems,/the principles can be used for other alloy equipment. Note that PMI is not nor
performed en-equipment constructed of carbon steel. However, it should be applied in cases
q
g
N

ubstitution- of another alloy for a specified alloy can result in failure with significant safety, h¢alth,
nvironmental or financial losses. This can be determined by a risk assessment using the methos of
isk-based inspection (see 12.1(c)(4)).

viintmum DesIqgr Oad Or bunaings and oOtner ructures. 11 gocumer used
primarily by manufacturers and designers of pressure equipment to determine the magnitude of
earthquake and wind loads.

ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidance on
techniques for flange joint assembly to minimize leakage in service.

12.3 Operation of Storage Tanks

API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importance of
integrity operating windows (IOWs) for process safety management and guides users in establishing and
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implementing an IOW program for refining and petrochemical process facilities to avoid unexpected
equipment degradation that could lead to loss of containment. While the document emphasis is on
monitoring exceedances of IOWSs, the process of establishing relevant IOWs could reveal details that merit
incorporation into the equipment specifications.

API RP 651 Cathodic Protection of Aboveground Petroleum Storage Tanks.

12.4 In-service Inspection of Storage Tanks

The foHowingdocome appPIy 1o e T=Service nsSpectiono orage tanks. SAY, outdbeconsidened to
be ggod engineering practices, with applicability that depends on the situation.

(a) API Std 653 Tank Inspection, Repair, Alteration, and Reconstruction. Although this standard was
developed primarily for the petroleum and chemical process industries, it is widely used in pther
industries.

(b) API RP 575 Inspection Practices for Atmospheric and Low pressure Storage Tanks.

(c) ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used.to-develop an optifnum,
gost-effective inspection program for all pressure equipment. This standard’ uses an analytical |risk-
hased approach to provide more detailed guidance on developing an optimiuim inspection plan than{does

B-23. However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
ds permitted by that document.

(d) API RP 580 Risk-based Inspection is similar to ASME PCE-8,"but is focused on equipment ip the
petroleum and chemical process industries. See comments under ASME PCC-3.

(e) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescriptive
ethodology for determining inspection methods(and intervals. It provides one method of
implementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and some
ghemical plant equipment. Since the document relies on damage mechanism information that is spgcific

tp certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

() API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the dgsign,
aintenance, inspection, and mitigation-practices to address external corrosion under insulation (CUI)
and corrosion under fireproofing (CUF).

(g) APIRP 571 Damage Mechanisms-Affecting Fixed Equipment in the Refining Industry provides defailed
descriptions of damage mechanisms and can be used to supplement the general summary descrigtions
in ASME PCC-3 and ARI RP 580. It is important to determine the damage mechanisms that can affect
the equipment in the design stage because that can steer the selection of materials of construction, the
gorrosion allowanegyand possibly the design (e.g., if crevice corrosion is an applicable damage

echanism, it may.\be possible to eliminate crevices during design).

(h) API RP 583~Corrosion Under Insulation and Fireproofing. This document covers the ddgsign,

aintenanee; inspection, and mitigation practices to address external corrosion under insulation (CUI)

and corrgsion under fireproofing (CUF).

(i) APICRP 970 Corrosion Control Documents. This document assists owner/users in the proceps of

developing and maintaining corrosion control documents as a tool to understand and manage the

materials damage mechanisms in their process facilities. While written for the refining industry, its
principles may be used elsewhere.

In implementing an in-service inspection plan, various non-destructive examination (NDE) techniques are
often used. Additionally, the execution of these techniques requires qualified NDE personnel. Guidance in
these areas can be found in the following documents:

(a) BPVC Section V Nondestructive Examination.

(b) ASNT CP-189 ASNT Standard for Qualification and Certification of Nondestructive Testing
Personnel.
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(c) ASNT RP SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing. The major
difference between ASNT RP SNT-TC-1A and ASNT CP-189 is that the latter is a standard while the
former is a recommended practice. It is probably not necessary to use both.

12.5 Fitness-for-service Analysis of Storage Tanks

If damage is discovered in a storage tank, the damage should be either repaired (see paragraph 12.6) or
subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
contlnued service without repalr These methods can also be used in comblnatlon (e. g., some portions of
the dama ould
result in one or more of the following actions.
(@) Continue operation at current operating conditions with periodic inspection or monitoring‘for fUrther
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.

The following documents can be used for the fitness-for-service (FFS) assessment:

(@) API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance o the
gvaluation of many types of flaws to help the user determine whether.re-rating or repairs are needed.

APl 579-2/ASME FFS-2 Fitness-For-Service Example Problem*Manual. This document proyides
gxample problems illustrating the use and calculations™qequired for the Fithess-For-Sefvice
Assessments described in AP1 579-1/ASME FFS-1.

APl Std 653 Tank Inspection, Repair, Alteration, and Reconstruction for storage tanks. Although this
dtandard was developed primarily for the petroleum‘and chemical process industries, it is widely|used
in other industries.

(b)

(©)

12.4 Repair of Storage Tanks
If the FFS assessment (see paragraph 12.5) indicates that a repair is necessary for continued operation, the
following documents provide guidance onymany repair methods:

(@) API Std 653 Tank Inspection, Repair, Alteration, and Reconstruction. Although this standard was
developed primarily for the/petroleum and chemical process industries, it is widely used in pther
industries.

(b) API RP 575 Inspection Practices for Atmospheric and Low pressure Storage Tanks.

(c) ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a lproad
nge of repair techniques that can be employed.

(d) API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the dgsign,
aintenanee; inspection, and mitigation practices to address external corrosion under insulation (CUI)
nd cortgsion under fireproofing (CUF).

(e) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on

( API RP 577 Welding Processes, Inspection, and Metallurgy. This document can also be used for
inspection of new construction.

(g) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets. The
use of material other than the material specified can result in failures in service. “Positive Materials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally performed
on equipment constructed of carbon steel. However, it should be applied in cases where substitution of
another alloy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This can be determined by a risk assessment using the methods of risk-based inspection
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(see 12.4(c)). Also, within the context of repairs, the document cites examples of in-service maintenance
activities where material verification should be established (paragraph 5.7.4 of the third edition).

(h) APIRP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended practice
(RP) provides supplementary guidelines and practices for welding and welding-related topics for shop
and field fabrication, repair and modification. This document is general in nature and augments the
welding requirements of ASME BPVC Section IX and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding
are intentionally not covered).

(i) BPVC Section IX Welding, Brazing, and Fusing Qualifications.
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13

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table

PIPING SYSTEMS

10 is hyperlinked to the description in Appendix A.

Table 10: Piping Systems

Specification/Purchase Design/Construction Operation

AP| 570 ASME B31.1 API RP 584

AP| RP 574 ASME B31.3

ASME PCC-3 ASME B31.5

AP| RP 580 ASME B31.9

AP| RP 581 ASME B31.12

AP| RP 2611 ASME B31E

AP| RP 578 ASME B31J]

AP| RP 583 ASME B31P

AP| RP 588 ASME B31T

AP| Std 598 API RP 686

AP| RP 571 API RP 751

AP| RP 751 API RP 932-B

AP| RP 932-B BPVC Section’V

APJ RP 939C BPVC,Section 1X

AS[CE/SEI 7 ASME B16.5

NACE MR0103/1SO 17945 ASME B16.47

NACE SP0170 API RP 578

NACE SP0296 ASCE/SEI 7

NACE SP0472 ASME PCC-1

ASME B16.5 API Std 1104

ASME B16.47 ASME NM.1

ASME B36.10M ASME NM.2

ASME B36.19M ASME NM.3.1
ASME NM.3.2
ASME NM.3.3
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In-Service Inspection Fitness-For-Service Repair
API 570 API 579-1/ASME FFS-1 API 570
API RP 574 API 579-2/ASME FFS-2 ASME PCC-2
ASME PCC-3 API RP 583
API RP 580 API RP 751
AP| RP 581 ASME PCC-1
In_.Sarvice lnsnaction Eitness.Eor-Senvice Raonair
~ Lad
AP] RP 2611 APl RP 577
AP] RP 571 API RP 621
APJ RP 583 API RP2201
APl RP 751 APKRP 2611
APJ RP 932-B ARVRP 578
APJ RP 939C API RP 582
AP] RP 970 BPVC Section IX
AP] Std 598
BP)MC Section V
ASNT CP-189
ASNT RP SNT-TC-1A
13.1 Specification (Purchase) of Piping.Systems
Befoye acquiring a new piping system, it is important for the equipment owner/user to consider the life
cyclg cost and pressure integrity requirements for the system, including requirements for in-service
inspgction, testing, maintenance, and repair. This will allow the design and construction to be optimized to
prov|de appropriate access for these -activities, as well as provide ways for minimizing the impact of
possible repairs. Some of the steps:inthis consideration, and the documents that should be considergd for
each|step are:
(a) Determine which designmand construction codes will be specified. These are described in paragraph
3.2.
(b) Determine third-party or other contractual requirements, such as insurance requirements, that may exist.
ome insuranceé-companies have specific requirements for design, construction, inspection| and
gperation of piping systems. Some building owners or owner entities impose conditions for use offtheir
acilitiesthat may apply to pressure equipment.
(c) etermme the methods and frequency of in-service inspection that will be needed to ensure equipment
Post constructlon (|n serV|ce) documents that should be conS|dered in the
et S - i ; Paragra at-Some

post- constructlon codes prowde for the evaluatlon of damage in piping systems usmg methods and
acceptance criteria that are not permitted by the new construction codes. This is consistent with the
intent of many new construction codes to provide a margin for deterioration in service. Therefore, it is
not necessary to satisfy all of the new construction rules after the equipment has been placed in service.

(1) API 570 Piping Inspection Code: In-service Inspection, Rating,-Repair, and Alteration of
Piping Systems for piping in the petroleum and chemical process industries. However, the
scope states that it may be used in other industries where practical.

(2) API RP 574 Inspection Practices for Piping System Components.
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3)

(4)
Q)

ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an
optimum, cost-effective inspection program for all pressure equipment. This standard uses
an analytical risk-based approach to provide more detailed guidance on developing an
optimum inspection plan than does NB-23. However, ASME PCC-3 should be used as a
supplement to the basic requirements in NB-23, as permitted by that document. For a small,
simple boiler, the basic guidance in NB-23 may be sufficient.

API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment
in the petroleum and chemical process industries. See comments under ASME PCC-3.
APl RP 581 Risk-Based Inspection Methodology. This document provides a detailed,

(d) 1
i

(6)

()

3)

(4)
©)

prescriptive methodology Tor determining inspection metnods and intervals. It proyides
one method of implementing the more general guidance in ASME PCC-3 and APl R® 580
for refinery and some chemical plant equipment. Since the document reliesyon damage
mechanism information that is specific to certain refinery processes (e.g.f fluid catglytic
cracking), it is not universally applicable.
API RP 2611 Terminal Piping Inspection—Inspection of In-Servige* Terminal Pjping
Systems. This document covers the inspection and repair of typicakterminal piping syqtems
within terminal boundaries, which includes off-plot piping. It aligns current terminal pjping
inspection practices with the appropriate and applicable elements of API 570.

Determine if there are additional documents that should be referenced in the purchase specificgtion.
For example:
(1) API RP 578 Guidelines for a Material Verificationy,Rrogram (MVP) for New and Existing

Assets. The use of material other than the material specified can result in failures in sefvice.
“Positive Materials Identification” (PMI) is one*way to minimize these failures. Not¢ that
PMI is not normally performed on equipment constructed of carbon steel. Howewer, it
should be applied in cases where substitution of another alloy for a specified alloy can
result in failure with significant safety; health, environmental or financial losses. Thif can
be determined by a risk assessment using the methods of risk-based inspection| (see
13.4(c)).
API RP 583 Corrosion Under Insulation and Fireproofing. This document coverg the
design, maintenance, inspection, and mitigation practices to address external corrgsion
under insulation (CUI) and corrosion under fireproofing (CUF).
API RP 588 Recommended Practice for Source Inspection and Quality Surveillange of
Fixed Equipment._This document outlines the fundamentals of source inspection and may
be useful to.all-personnel conducting such activities to perform their jobs in a competent
and ethicakmanner.

API Std598 Valve Inspection and Testing.
API<RP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry
provides detailed descriptions of damage mechanisms and can be used to supplement the
general summary descriptions in ASME PCC-3 and APl RP 580. It is importaht to
determine the damage mechanisms that can affect the equipment in the design ftage
because that can steer the selection of materials of construction, the corrosion allowance
and possibly the design (e.g., if crevice corrosion is an applicable damage mechanigm, it

(6)

()

Ay De poSSiie to eHTmiTate Crevites quring uesigny.
API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is
written specifically for hydrofluoric acid (HF) alkylation units that are used in the refining
industry.

API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelines for
Corrosion Control in Hydroprocessing Reactor Effluent Air Cooler (REAC) Systems.
Equipment and piping associated with hydroprocessing reactor effluent systems in
refineries are subject to corrosion and fouling. This document is applicable to equipment
and piping in that service.
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(8) API RP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion Failures in Qil

Refineries. This RP should be considered only if the equipment is subject to sulfidation
corrosion.

(9) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other

Structures. This document is used primarily by manufacturers and designers of pressure
equipment to determine the magnitude of earthquake and wind loads.

(10) NACE MRO0103/ISO 17945 Petroleum, petrochemical and natural gas industries —

Metallic materials resistant to sulfide stress cracking in corrosive petroleum refining
environments. This document is applicable for equipment in sour petroleum refining and

13.2 Design andi.€onstruction of Piping Systems

related processing environments containing H-S either as a gas or dissolved in an aqyeous
(liquid water) phase with or without the presence of hydrocarbon. Such environments are
susceptible to sulfide stress cracking (SSC).

(11) NACE SP0170 Protection of Austenitic Stainless Steels and Other Austenitic Alloys|from

Polythionic Acid Stress Corrosion Cracking During a Shutdown of Refinery Equipment.
This standard practice provides mitigation methods to protect austenitic stainless $teels
and other austenitic alloys from polythionic acid (PTA) stress cerrosion cracking ($CC)
that can occur during a shutdown of refinery equipment.

(12) NACE SP0296 Detection, Repair, and Mitigation of Crackirg in Refinery Equipment in

Wet H2S Environments. This document is applicable to carbon steel refinery equipmgnt in
wet H,S environments and provides guidelines on the detection, repair, and mitigatipn of
cracking.

(13) NACE SP0472 Methods and Controls to Prevent/In-Service Environmental Cracking of

Carbon Steel Weldments in Corrosive Petroleum Refining Environments. This stapdard
should be considered only if the equipment will be in an environmental cracking sejrvice
as determined by reviewing APl RP 57.1¢

(14) ASME B16.5 Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 MetricfInch

Standard. This standard provides standard dimensions for flanges and flanged fittings up
to NPS 24 and pressure-tempetature ratings from Class 150 through Class 2500.

(15) ASME B16.47 Large Diameter Steel Flanges (NPS 26 through NPS 60 Metricfinch

Standard). This standard.grovides standard dimensions for flanges in sizes from NRS 26
through NPS 60 and pfressure-temperature ratings from Class 75 through Class 900.

(16) ASME B36.10M Welded and Seamless Wrought Steel Pipe. This standard proyides

standard dimengions for pipe NPS 12 and smaller.

(17) ASME B36.19IM" Stainless Steel Pipe. This standard provides standard dimensiors for

stainless steel-pipe.

The ¢odes and standards for new construction of piping systems are organized by the industry or applidation
in which they sil’be used, as described below. Note that piping components and fittings are covergd in

paragraph 14
(a) ASME-B31.1 Power Piping. This standard covers piping in electric power generating stations,
industrial and institutional plants (except as covered by B31.3), geothermal heating systems and cgntral

and district heating and cooling systems.

(b) ASME B31.3 Process Piping. This standard covers piping in petroleum refineries and chemical,
pharmaceutical, textile, paper, semiconductor, cryogenic and related processing plants and terminals.

(c) ASME B31.5 Refrigeration Piping. This standard covers piping for refrigerants and secondary

coolants.

(d) ASME B31.9 Building Services Piping. This standard covers piping in industrial, institutional,
commercial, and public buildings and in multi-unit residences, which do not require the range of sizes,
pressures and temperatures covered in B31.1.
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(e) ASME B31.12 Hydrogen Piping and Pipelines. This document is applicable to piping in gaseous and
liquid hydrogen service and to pipelines in gaseous hydrogen service.

() ASME B3L1E Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems.

(9) ASME B31J Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their
Determination for Metallic Piping Components. This document provides a standardized method to
develop the stress intensification factors (i-factors), flexibility factors (k-factors), and sustained stress
factors used in ASME B31 piping analysis. It is primarily a tool for piping designers.

(h) ASME B31P Standard Heat Treatments for Fabrication Processes. This document is intended to

S T T i o o BRI Stion

Cipvarars Gt o v, o Gt
gr by the engineering design being used.

(i) ASME B31T Standard Toughness Requirements for Piping. This document provides guidance for
gvaluating the suitability of materials used in piping systems for piping that may be subject to RQrittle
flailure due to low-temperature service conditions.

The piping codes reference many other codes and standards, a few of which are listéd below.

(a) BPVC Section V Nondestructive Examination.

(b) BPVC Section IX Welding, Brazing, and Fusing Qualifications.

(c) ASME B16.5 Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 Metric/Inch Standard, This
qtandard provides standard dimensions for flanges and flanged fittings up to NPS 24| and
pressure-temperature ratings from Class 150 through Class 2500.

(d) ASME B16.47 Large Diameter Steel Flanges (NPS 26 through NPS 60 Metric/Inch Standard).| This
qtandard provides standard dimensions for flanges im, sizes from NPS 26 through NPS 6Q and
gressure-temperature ratings from Class 75 through €lass 900.

Other standards that should be considered for constkuction include:

(@) API RP 578 Guidelines for a Material Verification Program (MVP) for New and Existing Assets| The

se of material other than the material Specified can result in failures in service. “Positive Matgrials
Identification” (PMI) is one way ta_minimize these failures. APl RP 578 should be applied in fases
here substitution of another alloy for a specified alloy can result in failure with significant sgfety,
ealth, environmental or financial losses. This can be determined by a risk assessment using the
ethods of risk-based inspection (see 13.4(c)).

(b) ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other StructuresThis
document is used primarily by manufacturers and designers of pressure equipment to determing the

agnitude of earthguake and wind loads.

(c) ASME PCC-1:Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
chniques for-flange joint assembly to minimize leakage in service.

(d) API Std- X104 Welding of Pipelines and Related Facilities. Although 1104 was developed for pipelines,
if can.be used for large diameter or critical piping in process units.

() API'RP 686 Recommended Practice for Machinery Installation and Installation Design—Chapter 6-

Piping. Chapter 6 of this document provides guidelines (including a checklist) for the installation and
pre-installation design of piping that is connected to machinery. While written for petroleum and
chemical processing facilities, it may be consulted as a resource for machinery in other industries.

() APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(g) API RP 932-B Design, Materials, Fabrication, Operation, and Inspection Guidelines for Corrosion
Control in Hydroprocessing Reactor Effluent Air Cooler (REAC) Systems. Equipment and piping
associated with hydroprocessing reactor effluent systems in refineries are subject to corrosion and
fouling. This document is applicable to equipment and piping in that service.
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Standards that should be considered for construction of nonmetallic piping include:

(a) ASME NM.1 Thermoplastic Piping Systems. This standard prescribes requirements for the design,
materials, fabrication, erection, examination, testing, and inspection of thermoplastic piping systems.

(b) ASME NM.2 Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems. This standard provides
requirements for the design, materials, manufacture, fabrication, installation, examination, and testing

of glass-fiber-reinforced thermosetting-resin (FRP) piping systems.
(c) ASME NM.3.1 Nonmetallic Materials Part 1—Thermoplastic Material Specifications. This Part i

gonformance with the requirements of the individual construction standards, methodologies, d

sone
IS in
ESign

alues, limits, and cautions on the use of materials. It is analogous to ASME Section Il, Parts A gnd B

flor metallic materials.

(d) ASME NM.3.2 Nonmetallic Materials Part 2—Reinforced Thermoset Plastic Material Specifications.

his Part is one of three contained in the Standard that includes specifications forqionmetallic mat

brials

and is in conformance with the requirements of the individual construction standards, methodolqgies,
design values, limits, and cautions on the use of materials. It is analogous to:ASME Section 11, Parts A

gnd B for metallic materials.

(e) ASME NM.3.3 Nonmetallic Materials Part 3—Properties. This Partiprovides tables and data s
for allowable stresses, mechanical properties (e.g., tensile and yield strength), and physical prop
(e.g., coefficient of thermal expansion and modulus of elasticity) for nonmetallic materials.
gnalogous to ASME Section I, Part D for metallic materials.

13.3 Operation of Piping Systems
API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the importan

heets
brties
It is

ce of

intedrity operating windows (IOWs) for process safety management and guides users in establishing and

implementing an IOW program for refining and-petrochemical process facilities to avoid unexp
equipment degradation that could lead to_loss”of containment. While the document emphasis
monitoring exceedances of IOWs, the progcess-of establishing relevant IOWs could reveal details that
incofporation into the equipment specifications.

13.4 In-service Inspectionof Piping Systems
The following documents apply/to the in-service inspection of typical pressure vessels. They shou
cons|dered to be good engineering practices, with applicability that depends on the situation.

(a) API 570 Piping lmspection Code: In-service Inspection, Rating, Repair, and Alteration of P
Jystems for piping:in the petroleum and chemical process industries. However, the scope states t
ay be used inother industries where practical.

(b) API RP 574-Inspection Practices for Piping System Components.

pcted
S on
merit

|d be

ping
hat it

(c) ASME._PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optifpum,

qost-effective inspection program for all pressure equipment. This standard uses an analytical

risk-
does

NB-23. However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
as permitted by that document. For a small, simple boiler, the basic guidance in NB-23 may be

sufficient.

(d) API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment i
petroleum and chemical process industries. See comments under ASME PCC-3.

(e) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescri

n the

ptive

methodology for determining inspection methods and intervals. It provides one method of
implementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and some
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chemical plant equipment. Since the document relies on damage mechanism information that is specific
to certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

() API RP 2611 Terminal Piping Inspection—Inspection of In-Service Terminal Piping Systems. This
document covers the inspection and repair of typical terminal piping systems within terminal
boundaries, which includes off-plot piping. It aligns current terminal piping inspection practices with
the appropriate and applicable elements of API 570.

(g) APl RP 583 Corrosion Under Insulation and Fireproofing. This document covers the design,
maintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
and corrasion under fireproofing (CUF)

(h) APIRP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry provides,defailed
descriptions of damage mechanisms and can be used to supplement the general summary descrigtions
in ASME PCC-3 and API RP 580. It is important to determine the damage mechanisms-that can gffect
the equipment in the design stage because that can steer the selection of materials of-construction, the
gorrosion allowance and possibly the design (e.g., if crevice corrosion is an{applicable damage

echanism, it may be possible to eliminate crevices during design).

(i) API RP 686 Recommended Practice for Machinery Installation and Installation Design—Chapter 6—
FPiping. Chapter 6 of this document provides guidelines (including a checklist) for the installatiop and
gre-installation design of piping that is connected to machinery. While written for petroleum and
ghemical processing facilities, it may be consulted as a resource for machinery in other industries

(i) A\PIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units.)The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in thefefining industry.

(k) API RP 932-B Design, Materials, Fabrication, Operation,>and Inspection Guidelines for Corrpsion
Control in Hydroprocessing Reactor Effluent Air Cooeler (REAC) Systems. Equipment and pjping
gssociated with hydroprocessing reactor effluent systems in refineries are subject to corrosion) and
flouling. This document is applicable to equipmept-and piping in that service.

() APIRP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion Failures in Oil Refineries| This
RRP should be considered only if the equipment is subject to sulfidation corrosion.

(m) API RP 970 Corrosion Control Dogcuments. This document assists owner/users in the proceps of
developing and maintaining corrosiont control documents as a tool to understand and managg the
aterials damage mechanisms in ‘their process facilities. While written for the refining industryy, its
principles may be used elsewhere.

(n) API Std 598Valve Inspectionyand Testing.

S are
ofterf used. Additionatly, the execution of these techniques requires qualified NDE personnel. Guidarice in

(b) 1 sting

(c) A e-major
dlfference between ASNT RP SNT-TC- 1A and ASNT CP- 189 is that the Iatter isa standard Whlle the

former is a recommended practice. It is probably not necessary to use both.

13.5 Fitness-for-service Analysis of Piping Systems

If damage is discovered in a piping component, the damage should be either repaired (see paragraph 13.6)
or subjected to a fitness-for-service (FFS) assessment to determine whether the item is acceptable for
continued service without repair. These methods can also be used in combination (e.g., some portions of
the damaged area can be repaired while others could be assessed). The fitness-for-service assessment could
result in one or more of the following actions:
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(a) Continue operation at current operating conditions with periodic inspection or monitoring for further
damage.

(b) De-rate the equipment by reducing pressures, temperatures and/or other loads to reduce stresses.
(c) Repair the equipment.

The following document can be used for the fitness-for-service (FFS) assessment:
(a) API 579-1/ASME FFS-1 Fitness-For-Service. This document provides detailed guidance on the
evaluation of many types of flaws to help the user determine whether re-rating or repairs are needed.

(b) API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual. This document proyides
gxample problems illustrating the use and calculations required for the Fitness-kor:Service
Assessments described in APl 579-1/ASME FFS-1.

(@) API 570 Piping Inspection Code: In-service Inspection, Rating, Repairi/and Alteration of Pjping
ystems for piping in the petroleum and chemical process industries. However, the scope states that it
ay be used in other industries where practical.

(b) ASME PCC-2 Repair of Pressure Equipment and Piping. ASME PCC-2 provides guidance on a proad
ange of repair techniques that can be employed.

(c) APl RP 583 Corrosion Under Insulation and Firepreefing. This document covers the dgsign,
aintenance, inspection, and mitigation practices to address external corrosion under insulation (CUI)
gnd corrosion under fireproofing (CUF).

(d) APIRP 751 Safe Operation of Hydrofluoric Acid@Alkylation Units. The document is written specifically
flor hydrofluoric acid (HF) alkylation units that-are used in the refining industry.

(e) ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly provides guidange on
echniques for flange joint assembly to.minimize leakage in service.

() API RP 577 Welding Processes,, Inspection, and Metallurgy. This document can also be usef for

(h) A\PI Std 1104 Welding of-Pipelines and Related Facilities. Although 1104 was developed for pipelines,

(i) API RP 2201 Safe.Hot Tapping Practices in the Petroleum and Petrochemical Industries. Althpugh
2201 was developed for pipelines, it can be used for large diameter or critical piping in process ufits.

This

with

the.appropriate and applicable elements of API 570.
PTRP 578 Guitelines for a Materiat Verificatio XISt . The
use of material other than the material specified can result in failures in service. “Positive Materials
Identification” (PMI) is one way to minimize these failures. Note that PMI is not normally performed
on equipment constructed of carbon steel. However, it should be applied in cases where substitution of
another alloy for a specified alloy can result in failure with significant safety, health, environmental or
financial losses. This can be determined by a risk assessment using the methods of risk-based inspection
(see 13.4(c)). Also, within the context of repairs, the document cites examples of in-service maintenance
activities where material verification should be established (paragraph 5.7.4 of the third edition).

() APIRP 582 Welding Guidelines for the Chemical, Oil, and Gas Industries. This recommended practice
(RP) provides supplementary guidelines and practices for welding and welding-related topics for shop
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and field fabrication, repair and modification. This document is general in nature and augments the
welding requirements of ASME BPVC Section IX and similar codes, standards, specifications, and
practices. The intent of this document is to be inclusive of chemical, oil and gas industry standards,
although there are many areas not covered herein (e.g., pipeline welding and offshore structural welding
are intentionally not covered).

(m) BPVC Section IX Welding, Brazing, and Fusing Qualifications.
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14 ACQUISITION (PURCHASE) OF COMPONENTS, INCLUDING FITTINGS

The codes and standards for construction of components are organized by component or fitting type, as
described below. Although these standards are frequently used in construction of pressure equipment, they
are used primarily by the component or fitting manufacturer. However, a user may wish to refer to these
standards for new construction dimensions and design requirements that could be used for reference in a
fitness-for-service analysis.

(a) Valves.
(b) FTangesand flanged Tittings.
(c) Gaskets.
(d) Fittings.

New/|construction codes, standards and recommended practices for valves are listed below:
(a) ASME B16.10 Face-to-Face and End-to-End Dimensions of Valves.

(b) ASME B16.34 Valves — Flanged, Threaded, and Welding End.

(c) API RP 591 Process Valve Qualification Procedure.

(d) API Std 594 Check Valves: Flanged, Lug, Wafer and Butt-Welding.

(e) A\PI Std 598 Valve Inspection and Testing.

(f) API Std 599 Metal Plug Valves—Flanged, Threaded, and Welding Ends.

(g) A\PI Std 600 Steel Gate Valves—Flanged and Butt-welding-Ends, Bolted Bonnets.

(h) A\PI Std 602 Gate, Globe and Check Valves for Sizesd®N 100 (NPS 4) and Smaller for the Petrdleum
and Natural Gas Industries.

(i) A\PI Std 603 Corrosion-resistant, Bolted Bonnet‘Gate Valves—Flanged and Butt-welding Ends.
(1) A\PI Std 607 Fire Test for Quarter-turn Valves and Valves Equipped with Nonmetallic Seats.
(k) API Std 608 Metal Ball Valves—Flanged;:Threaded and Welding Ends.

() API Std 609 Butterfly Valves: Doubfe-flanged, Lug and Wafer-Type, and Butt Welding Ends.
(m) API RP 615 Valve Selection Guideé.

(n) A\PI Std 622 Type Testing ofProcess Valve Packing for Fugitive Emissions.

(0) API Std 623 Steel Globe Valves—Flanged and Butt-welding Ends, Bolted Bonnets.

(p) API Std 624 Type Testing of Rising Stem Valves Equipped with Graphite Packing for Fugitive
Emissions.

(g) API Std 641 Type-Testing of Quarter-turn Valves for Fugitive Emissions.

New|construction codes, standards and recommended practices for flanges and flanged fittings are lisfed
beloyv:

(a) ASME B16.1 Gray Iron Pipe Flanges and Flanged Fittings.

(b) ASME B16.5 Pipe Flanges and Flanged Fittings NPS ¥ Through NPS 24 Metric/Inch Standard. This
is the most common standard that is used for flanges and flanged fittings.

(c) ASME B16.24 Cast Copper Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900,
1500, and 2500

(d) ASME B16.36 Orifice Flanges.
(e) ASME B16.42 Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300.
() ASME B16.47 Large Diameter Steel Flanges (NPS 26 Through 60 Metric/Inch Standard).
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construction codes, standards and recommended practices for gaskets are listed below:

(a) ASME B16.20 Metallic Gaskets for Pipe Flanges.
(b) ASME B16.21 Nonmetallic Flat Gaskets for Pipe Flanges.

New

construction codes, standards and recommended practices for fittings are listed below:

(a) ASME B16.3 Malleable Iron Threaded Fittings (Classes 150 and 300).
(b) ASME B16.4 Gray Iron Threaded Fittings (Classes 125 and 250).

(9)
(h)
()

1) 4
(k) 4
(1) 4
(m) 4
(n) 4
(0) 4
A
(P) 4

ASME B16.11 Forged Flttlngs Socket- Weldlng and Threaded.

ASME B16.14 Ferrous Pipe Plugs, Bushings and Locknuts with Pipe Threads.
ASME B16.15 Cast Copper Alloy Threaded Fittings; Classes 125 and 250.
ASME B16.18 Cast Copper Alloy Solder Joint Pressure Fittings.

ASME B16.22 Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings:

ASME B16.24 Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves: Classes 150, 300,
900, 1500, and 2500.

ASME B16.25 Butt-welding Ends.

ASME B16.26 Cast Copper Alloy Fittings for Flared Copper Tubes.

\SME B16.39 Malleable Iron Threaded Pipe Unions—Classes150, 250, and 300.
ASME B16.48 Line Blanks.

ASME B16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings.

ASME B16.52 Forged Nonferrous Fittings, Socket-Welding and Threaded (Titanium, Titanium A
Aluminum, and Aluminum Alloys).

ASME B40.100 Pressure Gauges and Gauge-Attachments.
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15 POST-CONSTRUCTION DOCUMENTS FOR COMPONENTS, INCLUDING
FITTINGS

Post-construction codes, standards and recommended practices for valves are listed below:

(a) API Std 598 Valve Inspection and Testing.

(b) API RP 621 Reconditioning of Metallic Gate, Globe and Check Valves.
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16 OVERPRESSURE PROTECTION SYSTEMS

These documents are briefly summarized in the paragraphs that follow. A more detailed summary of each
document can be found in Appendix A. In electronic versions of this Guide, the document number in Table
11 is hyperlinked to the description in Appendix A.

Table 11: Overpressure Protection

Note: Almost all of the new construction codes have overpressure protection requirements, so these will not
DeTepeated tTere.

Specification/Purchase Design/Construction Operation
NB-370 NB-23 APl RP/584
API Std 526 NB-370
API Std 520 BPVC Section XllII
API Std 520 Part 11 API Std 527
API Std 521 ASME PTC 25

NATIONAL BOARD OF BOILER AND
PRESSURE VESSEL INSPECTORS ASME PCC-1
(NBBPVI) STANDARDS

NB-18
ASME PCC-3
APl RP 580
API RP 581
APl RP 588
API RP 751
In-Service Inspection Fitness-For-Service Repair
NB-23 None listed ASME PCC-2
NB-370 ASME PCC-1
ASME PCC-3 API RP 751
API RP 580
APl RP 581
API RP 571
APl RP:576
ARI'RP 751
API RP 970

16.1 Specification (Purchase) of Overpressure Protection Systems

Before specifying an overpressure protection system, it is important for the equipment owner/user to
consider life cycle cost and in-service testing requirements, including requirements for in-service
inspection, testing, maintenance, and repair. This will allow the design and construction to be optimized to
provide appropriate access for these activities, as well as provide ways for minimizing the impact of
possible repairs. Some of the steps in this consideration, and the documents that should be considered for
each step, are:
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(a) Determine legally mandated new construction and in-service testing requirements. Requirements of
legal jurisdictions in the US and Canada can be obtained from NB-370 National Board Synopsis of
Boiler and Pressure Vessel Laws, Rules and Regulations. Most individual jurisdictions have made the
full version of applicable laws and regulations available on their respective websites, and hard copies
are generally made available on request.

(b) Determine potential manufacturers. One useful reference is the National Board Manufacturer and
Repair Directory, an online searchable directory containing a listing of manufacturers of pressure
equipment and pressure relief devices and repair organizations.

(©)

(1)
(2)

3)

(4)
()

(6)

()

(8)

integrity and to comply with jurisdictional regulations. Documents that should Be.considered i
design/specification/new construction phase are listed in the following paragraphs.

API Std 526 Flanged Steel Pressure Relief Valves.
APl Std 520 Sizing, Selection, and Installation of Pressure-relieving Device
Refineries, Part | — Sizing and Selection.
API Std 520 Part Il Sizing, Selection, and Installation‘of Pressure-relieving Devig
Refineries, Part Il — Installation.

API Std 521 Guide for Pressure-relieving and Depressuring Systems.

eXist.
and
se of

ment
N the

S in

es in

NB-18 Pressure Relief Device Certifications.~This document contains a listing gf the

device designs certified by the National Board. Also listed are the certifications issu
pressure relief device manufacturers and assemblers to apply the National Board *
and construction code symbols as_well as companies holding “VR” Certificat
Authorization for the repair of pressure relief valves. Also included is a listir
combination capacity factors determined for various rupture disk devices install
series with pressure relief valves.

ASME PCC-3 Inspection Planning Using Risk-Based Methods can be used to devel
optimum, cost-effective inspection program for all pressure equipment. This standarg
an analytical risk-based approach to provide more detailed guidance on developif
optimum inspection plan than does NB-23. However, ASME PCC-3 should be used
supplement to the basic requirements in NB-23, as permitted by that document.
small, simple boiler, the basic guidance in NB-23 may be sufficient.

APl RP_580 Risk-based Inspection is similar to ASME PCC-3, but is focuse
equipment in the petroleum and chemical process industries. See comments under A
PCC-3.

API RP 581 Risk-Based Inspection Methodology. This document provides a det
prescriptive methodology for determining inspection methods and intervals. It pro
one method of implementing the more general guidance in ASME PCC-3 and AH
580 for refinery and some chemical plant equipment. Since the document relies on dal

ed to
NB”
s of
g of
bd in

Dp an
uses
gan
as a
-or a

d on
SME

iled,
Vides
| RP
mage

mechanism information that is specific to certain refinery processes (e.qg.. fluid cat

©)

cracking), it is not universally applicable.

API RP 588 Recommended Practice for Source Inspection and Quality Surveillan
Fixed Equipment. This document outlines the fundamentals of source inspection and
be useful to all personnel conducting such activities to perform their jobs in a comp
and ethical manner.

lytic

ce of
may
etent

(10) API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is

written specifically for hydrofluoric acid (HF) alkylation units that are used in the ref
industry.
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16.2 Design and Construction of Overpressure Protection Systems

The following documents apply to the construction of overpressure protection devices:

(a) NB-23 National Board Inspection Code Part 3 (Repairs/Alterations) provides rules for repairs and
alterations that are mandatory in many jurisdictions. NB-370 provides some guidance on this.

(b) ASME PTC 25 Pressure Relief Devices. This document contains procedures for determining the
relieving pressure and flow capacity of pressure relief devices.

(c) BPVC Section X111l Rules for Overpressure Protection. With the publication of the 2021 Edition of the
BPVC, the rules for pressure relief devices have been transferred to the new BPVC Section XIII. The
maining rules for overpressure protection remain in referencing construction code.

P1 Std 527 Seat Tightness of Pressure Relief Valves. This standard describes methods of determjning
the seat tightness of metal- and soft-seated pressure relief valves, including those of.conventional,
ellows, and pilot-operated designs.

Pl RP 576 Inspection of Pressure Relieving Devices. This document describes the inspection and
pair practices for self-actuated pressure-relieving devices commonly used“in the oil/gas and
etrochemical industries. The document also contains coverage on handling andinstallation that ¢ould
e applied in the construction of overpressure protection systems.

(d)

(€)

() ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint:Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.

16.3 Operation of Overpressure Protection Systems

API RP 584 Integrity Operating Windows. This recommended’practice (RP) explains the importange of

intedrity operating windows (IOWs) for process safety mafagement and guides users in establishing and
implementing an IOW program for refining and petrochemical process facilities to avoid unexpgcted
equipment degradation that could lead to loss of -containment. While the document emphasis s on
monitoring exceedances of IOWs, the process of establishing relevant IOWs could reveal details that merit
incoffporation into the equipment specifications:

16.

The following documents apply to the-in-service inspection of typical pressure vessels. They should be
cons|dered to be good engineering-practices, with applicability that depends on the situation.

(a) NB-23 National Board Inspection Code Part 2 (Inspection) provides rules for in-service inspection that
re mandatory in some\jurisdictions. NB-370 provides some guidance on this. (Also, see paragraph
6.1(a)).
SME PCC-3 Inspection Planning Using Risk-Based Methods can be used to develop an optirpum,
ost-effective-inspection program for all pressure equipment. This standard uses an analytical|risk-
ased approach to provide more detailed guidance on developing an optimum inspection plan than|does
B-23..However, ASME PCC-3 should be used as a supplement to the basic requirements in NB-23,
s permitted by that document. For a small, simple boiler, the basic guidance in NB-23 mgy be
ufficient.

(c) API RP 580 Risk-based Inspection is similar to ASME PCC-3, but is focused on equipment in the
petroleum and chemical process industries. See comments under ASME PCC-3.

(d) API RP 581 Risk-Based Inspection Methodology. This document provides a detailed, prescriptive
methodology for determining inspection methods and intervals. It provides one method of
implementing the more general guidance in ASME PCC-3 and APl RP 580 for refinery and some
chemical plant equipment. Since the document relies on damage mechanism information that is specific
to certain refinery processes (e.g., fluid catalytic cracking), it is not universally applicable.

(e) APIRP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry provides detailed
descriptions of damage mechanisms and can be used to supplement the general summary descriptions
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in ASME PCC-3 and API RP 580. It is important to determine the damage mechanisms that can affect
the equipment in the design stage because that can steer the selection of materials of construction, the
corrosion allowance and possibly the design (e.g., if crevice corrosion is an applicable damage
mechanism, it may be possible to eliminate crevices during design).

() APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
for hydrofluoric acid (HF) alkylation units that are used in the refining industry.

(g) API RP 576 Inspection of Pressure Relieving Devices. This document describes the inspection and
repair practices for self-actuated pressure-relieving devices commonly used in the oil/gas and
petrachemical industries

(h) API RP 970 Corrosion Control Documents. This document assists owner/users in the proceps of
eveloping and maintaining corrosion control documents as a tool to understand and thanagg the
aterials damage mechanisms in their process facilities. While written for the refining iridustryy, its
rinciples may be used elsewhere.

16.3 Fitness-for-service Analysis of Overpressure Protection Systems

No documents listed.

16.4 Repair of Overpressure Protection Systems

The following document provides some guidance on repair of overpressure protection devices:
(@) APl RP 576 Inspection of Pressure Relieving Devices. Thissdocument describes the inspectiony and
pair practices for self-actuated pressure-relieving devices commonly used in the oil/gas and
etrochemical industries.

The following documents provide some guidance on repair methods, but most do not apply to overprepsure
protgction devices:
(a) ASME PCC-2 Repair of Pressure Equipmentand Piping. ASME PCC-2 provides guidance on a proad
nge of repair techniques that can be employed.
(b) ASME PCC-1 Guidelines for Presstre Boundary Bolted Flange Joint Assembly provides guidange on
chniques for flange joint assembly to minimize leakage in service.
(c) APIRP 751 Safe Operation of Hydrofluoric Acid Alkylation Units. The document is written specifically
r hydrofluoric acid (HF)@lKylation units that are used in the refining industry.
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17 SPECIFIC TASKS

The following documents are focused on tasks that are performed as a part of both new and post construction
activities. They should be referenced when the subject activity is to be performed.

(a) API RP 577 Welding Processes, Inspection, and Metallurgy.

(b) API RP 582 Welding Guidelines for the Chemical, Oil and Gas Industries.

(c) API RP 583 Corrosion Under Insulation and Fireproofing. This document covers the design,

(d) API RP 584 Integrity Operating Windows. This recommended practice (RP) explains the imparfance
af integrity operating windows (IOWs) for process safety management and guides users in-establighing
and implementing an IOW program for refining and petrochemical process facilities to gvoid

nexpected equipment degradation that could lead to loss of containment. While the document
gmphasis is on monitoring exceedances of IOWSs, the process of establishing selevant I0Ws ¢ould
eveal details that merit incorporation into the equipment specifications.

(e) API RP 585 Pressure Equipment Integrity Incident Investigation. This document offers owner/ugers a
framework for developing, implementing, sustaining, and enhancing an-investigation prograrm for
gressure equipment integrity (PEI) incidents. It is applicable to all of the equipment categories coyered
By this PTB document. While specifically targeted for application to pressure equipment in the oilf gas,

fining and petrochemical industries, it could be applied to.other equipment and industries gt the
discretion of the owner/user.

(H) API Bulletin 587 Guidance for the Development of Ultrasonic Examiner Qualification Programs,|This
gublication outlines the general guidelines for the development of owner/user ultrasonic exarminer
qualification programs that are consistent with API petformance demonstration programs for detegtion,
gharacterization, and crack height sizing of weld discontinuities in weldments.

(g) APl RP 588 Recommended Practice for Seurce Inspection and Quality Surveillance of Kixed
quipment. This document outlines the fundamentals of source inspection and may be useful {o all
personnel conducting such activities to perform their jobs in a competent and ethical manner.

(h) API RP 970 Corrosion Control Doguments. This document assists owner/users in the proceps of
developing and maintaining corrosion control documents as a tool to understand and managg the
aterials damage mechanismssin their process facilities. While written for the refining industry, its
grinciples may be used elsewhere.

(i) A\PI Std 936 Refractory Installation Quality Control—Inspection and Testing Monolithic Refraftory
inings and Materials./This standard provides installation quality control procedures for monojithic
efractory linings.

(1) API Std 976-Refractory Installation Quality Control—Inspection and Testing of AES/RCF [Fiber
inings and\Materials. This standard provides installation quality control procedures and lining syjstem
design reguirements for Alkaline Earth Silicate/Refractory Ceramic Fiber (AES/RCF) fiber linings.

(k) APIStd1104 Welding of Pipelines and Related Facilities. Although 1104 was developed for pipelines,
if carbe used for large diameter or critical piping in process units.

() API RP 2201 Safe Hot Tapping Practices in the Petroleum and Petrochemical Industries. Although
2201 was developed for pipelines, it can be used for large diameter or critical piping in process units.
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APPENDIX A SUMMARY OF STANDARDS REFERENCED

AMERICAN PETROLEUM INSTITUTE (APIl) STANDARDS

A-1 API 510 Pressure Vessel Inspection Code: In-service Inspection, Rating,
Repair, and Alteration

Current Edition:

10th Edition, May 2014 through Addendum 2, March 2018 (84 pages)

Alt. Number: None
ANS$I Approved? | No
Provides rules for in-service inspection, repair, overpressure protection, alteratiopyand refating
of pressure vessels in the petroleum and chemical process industries. Applies to-vessels whether
or not constructed to a recognized code. Application of API 510 is restricted to ownerjusers
that have access to the following technically qualified individuals and organizations:
Scope: e Anauthorized inspection agency.
e Arepair organization.
e Anengineer.
e Aninspector.
e Examiners.
Owners and users of pressure vessels can use AP}'510 to develop an in-service (post-
construction) inspection program for their equipment. Other inspection planning documents as
listed below can be used for inspection planning:if permitted by local jurisdictional authofities:
API RP 580 “Risk-based Inspection?
APl RP 581 “Base ResourcesPocument-Risk Based Inspection.” This docyment
provides specific, detailed guidance for risk-based inspection.
Aoplication: e ASME PCC-3 “Inspection‘Planning Using Risk-Based Methods.” This document is
ppfication: very similar to APl RP™580, but applies to equipment in areas in addition tp the
hydrocarbon and chemical process industries.
Owners and users of presslre equipment can use API 510, in combination with other documents
as listed below, to evdluate flaws and to plan for repairs and alterations to pressure equipfnent.
Other documents,include:
o AP| 579-1/ASME FFS-1-“Fitness-For-Service”
e ASME-PCC-2 “Repair of Pressure Equipment and Piping”
API 510.provides administrative requirements for certification of authorized pressure Jessel
inspectors as well as requirements for owner-user inspection organizations. APl 51( also
provides:
e  General guidance on examination techniques and pressure testing.
Conmments: e Descriptions of a limited number of damage (deterioration) mechanisms.
e  General requirements for inspection of pressure vessels.
e Requirements for inspection and repair of overpressure protection devices.
e Methods for determining inspection intervals.
Py General reauirements far renairs and alterations and re.rating
| Lad J
Purchaser Consultant Owner Inspector Regulator
S P P S
User:

P — Primary User
S — Secondary User
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A-2

API Std 520 Part | Sizing, Selection, and Installation of Pressure-relieving
Devices—Part I: Sizing and Selection

Current Edition:

Tenth Edition, October 2020 (172 pages)

Alt. Number:

None

ANSI Approved?

No

This recommended practice applies to the sizing and selection of pressure relief devices used

in refineries and related industries for equipment that has a maximum allowable w

orking

Scope:

Pressure (MAWP T of 15 psig {103 KPag| or greater. T1e Pressure Tetief devites Covered]in this

RP are intended to protect unfired pressure vessels and related equipment against oyerp
from operating and fire contingencies.

ssure

Atmospheric and low-pressure storage tanks covered in APl Standard 2000 and pressure

vessels used for transportation of products in bulk or shipping containers.are not with
scope of this RP.

The rules for overpressure protection of fired vessels are provided for in'Section 1 of the
Boiler and Pressure Vessel Code and ASME B31.1, and are not within the scope of this

in the

A\SME
RP.

Ap

plication:

This RP can be used by pressure vessel and/or instrument designers to aid in selecting th

e type

of pressure relief device and then to determine the appropriate size. Manufacturers of pressure

vessels can use this RP to assess the adequacy of the pressdre-relieving device specified
purchaser.

by the

Co

mments:

This RP includes basic definitions and information about the operational characteristi
applications of various pressure relief deviceshlt also includes sizing procedures and m
based on steady flow of Newtonian fluids,

Pressure relief devices protect a vesselkagainst overpressure only; they do not protect 3
structural failure when the vessel isiexposed to extremely high temperatures such as du
fire. See APl RP 521 for information about appropriate ways of reducing pressu
restricting heat input.

The information in this RPyis intended to supplement the information contained in Sectio
“Pressure Vessels,” of.the ASME Boiler and Pressure Vessel Code. The recommeng
presented in this publication are not intended to supersede applicable laws and regulatio

Cs and
bthods

gainst
ring a
e and

VI,
ations
ns.

Usef:

Designer Manufacturer Owner Inspector Regulat

or

P P S S

P £ Rrimary User
S'= Secondary User
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A-3 API Std 520 Part Il Sizing, Selection, and Installation of Pressure-relieving
Devices—Part II: Installation

Current Edition:

Seventh Edition, October 2020 (69 pages)

Alt. Number:

None

ANSI Approved?

No

This RP covers methods of installation for pressure-relief devices for equipment that
maximum allowable working pressure (MAWP) of 15 psig [103kPag] or greater.

has a

Scope:

Pressure-relief valves or rupture disks may be used independently or in combination wit]
other to provide the required protection against excessive pressure accumulation. /AsU
this RP, the term pressure-relief valve includes safety-relief valves used in eithercompr
or incompressible fluid service, and relief valves used in compressible fluidrservice. T
covers gas, vapor, steam, two-phase and incompressible fluid service; it degs’not cover §
applications that require unusual installation consideration.

h each
sed in
pssible
nis RP
pecial

Application:

This RP can be used by the pressure vessel designer, fabricator, ‘and erector to
determining how pressure relief devices, along with the associated\piping and supports,
be installed.

aid in
hould

Comments:

This RP covers the following topics: inlet piping to pressure-relief devices, discharge
from pressure-relief devices, isolation (stop) valves ih pressure-relief piping, bonnet o
vent piping, drain piping, pressure-relief device loCation and position, bolting and gas
multiple pressure-relief valves with staggered settings, pre-installation handling and insp

piping
r pilot
eting,
pction,

rupture disk installation guidelines, and installation and maintenance of pin- actuateq non-

reclosing pressure-relief devices.

User:

Designer Manufacturer Owner Inspector Regulat

P P s S P

P — Primary User
S — Secondary User
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A-4

API Std 521 Pressure-relieving and Depressuring Systems

Current Edition:

Seventh Edition, June 2020 (247 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies requirements and gives guidelines for examining the principal causes

of overpressure; and determining individual relieving rates; and selecting and des

igning

disposal systems, including such component parts as piping, vessels, flares and vent stacks.

Scope:

Fhis-standare-does-netapphy-to-girect-fired-stearrboters:

This standard is applicable to pressure-relieving and vapor-depressuring systemsAl
intended for use primarily in oil refineries, it is also applicable to petrochemical-faciliti
plants, liquefied natural gas (LNG) facilities and oil and gas production faCilitie
information provided is designed to aid in the selection of the system that-is/most appr
for the risks and circumstances involved in various installations. This standard is inten
supplement the practices set forth in 1SO 4126 or APl RP 520-I forcsestablishing a b
design.

hough
bS, gas
. The
priate
ded to
hsis of

Ap

plication:

For new construction, this standard can be used by process designers to aid in 1) assess
cause of overpressure associated with various process operatiens, 2) determining relievin
and 3) selecting and designing disposal systems. It cancalso be used for evaluating e
systems.

ng the
j rates
isting

Co

mments:

This standard covers the following topics: causeS.0f‘overpressure determination of ind
relieving rates, selection and design of dispasal systems, determination of fire relief]
sample calculations for sizing a subsonic flare stack, typical details and sketches an
integrity protection systems (HIPS).

The portions of this standard dealing\with flares and flare systems are an adjunct to A
537, which addresses mechanical design, operation and maintenance of flare equipmer
important for all parties involved in the design and use of a flare system to have an ef
means of communicating antpreserving design information about the flare system. 71
end, API has developed a'set of flare data sheets, which can be found in API Std 537, Ap

vidual
rates,
i high

Pl Std
t. Itis
ective
[0 this
pendix

A. The use of these data-sheets is both recommended and encouraged as a concise, ufiform

means of recording and communicating design information.

Us!

1

Designer Manufacturer Owner Inspector Regulat

P P S

R< Primary User
S Secondary User
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A-5

API Std 526 Flanged Steel Pressure-relief Valves

Current Edition:

Seventh Edition, September 2017 through Errata 1 September 2018 (54 pages)

Alt. Number:

None

ANSI Approved?

No

This standard is a purchase specification for flanged steel pressure-relief valves. Basic
requirements are given for direct spring-loaded pressure-relief valves and pilot-operated
pressure-relief valves as follows:

Scdpe: e Orifice designation and area.
cope: . A
e Valve size and pressure rating, inlet and outlet.
e  Materials.
e  Pressure-temperature limits.
o  Center-to-face dimensions, inlet and outlet.
Purchasers can use this standard to determine the information required for the pufchase
Application: specification. Purchasers can also reference this standard in a putehase specification. [Valve
manufacturers can use this standard to assess the adequacy of apurchase specification.
The topics covered in this standard are purchaser and manufacturer responsibilities, orifi¢e area
. designations, determination of effective orifice area, valve-selection, valve material, insgection
Comments: S : . . : .
and shop tests, identification, preparation for shipment, pressure-relief valve specification
sheets and nameplate nomenclature.
Purchaser Manufacturer Owner Inspector Regulafor
P P
User:

P — Primary User
S — Secondary User
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A-6 API Std 527 Seat Tightness of Pressure Relief Valves

Current Edition:

Fifth Edition, July 2020 (13 pages)

Alt. Number:

None

ANSI Approved?

No

This standard describes methods of determining the seat tightness of metal- and soft-seated
pressure relief valves, including those of conventional, bellows, and pilot-operated designs.

The maximum acceptable leakage rates are defined for pressure relief valves with set pressures

Sclpe:

from 103 KPa gauge (15 psig) to 41,379 KPa gauge (6000 psig)-
If greater seat tightness is required, the purchaser shall specify it in the purchase order:

The test medium for determining the seat tightness-air, steam, or water-shall bé the s
that used for determining the set pressure of the valve.

For dual-service valves, the test medium-air, steam, or water-shall be the same as the p
relieving medium.

me as

imary

Application:

Purchasers can use this standard to determine the information.fequired for the pu
specification. Purchasers can also reference this standard in@-purchase specification.
manufacturers can use this standard to assess the adequacy o0f-a purchase specification.

To ensure safety, the procedures outlined in this standard shall be performed by p
experienced in the use and functions of pressure reliefwalves.

Fchase
Valve

Ersons

Comments:

The test methods of determining seat tightness afe’air, steam, or water. An alternative method

is provided for testing with air valves with open bonnets that cannot be readily tested
primary air testing procedure. Each test method details the relevant procedure (test m¢
configuration, test pressure, how to check for leakage), along with the acceptance criter

by the
dium,
a.

User:

Purchaser Manufacturer: Owner Inspector Regulat

or

P P
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A-7 API Std 530 Calculation of Heater-tube Thickness in Petroleum Refineries

Current Edition:

Seventh Edition, April 2015 through Addendum 1, July 2019 (347 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies the requirements and gives recommendations for the procedures and
design criteria for calculating the required wall thickness of new tubes and associated
component fittings for petroleum-refinery heaters. These procedures are appropriate for

SCLLpe:

testgringttbesforserriceboth-corrosive-ana-nem-corrostre-apphications—Hhese-proeedures
have been developed specifically for the design of refinery and related process-fired|heater
tubes (direct-fired, heat-absorbing tubes within enclosures). These procedures are(hotinfended
to be used for the design of external piping, nor do they apply to boiler tubes.

This standard does not give recommendations for tube retirement thickness; Annex A degcribes
a technique for estimating the life remaining for a heater tube.

Application:

For new equipment, this standard can be used by heater designers to determine the refuired
thickness of the heater/boiler tubes. It can also be used for estimating the remaining flife of
existing heater tubes. However, the preferred method for remaining life assessment is provided
in APl 579-1/ASME FFS-1 Fitness-For-Service.

This standard can be referenced in a purchase specification.

Comments:

This is a comprehensive design document intended<for use by persons knowledgeable ir stress
calculations and materials properties.

The main sections in this standard cover the following: general design information; design;
allowable stresses; and sample calculations. Annexes are provided on the following: a)
Estimation of allowable skin temperatlice, tube retirement thickness, and remaining ljfe; b)
Calculation of maximum radiant section tube skin temperature (including those opirating
below the creep rupture range); c).Ehermal stress limitations in the elastic range; d) Calcillation
sheets; e) Stress curves and data tables in Sl units; f) Stress curves and data tables [in US
customary units; g) Derivation of corrosion fraction and temperature fraction; and h) Data
sources.

Usef:

Purchaser Manufacturer Owner Inspector Regulafor

P S S P

P — Priftmary User
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A-8

API RP 534 Heat Recovery Steam Generators

Current Edition:

Second Edition, February 2007, Reaffirmed October 2013 (72 pages)

Alt. Number:

None

ANSI Approved?

No

This RP provides guidelines for the selection or evaluation of heat recovery steam generator
(HRSG) systems. Details of related equipment designs are considered only where they interact
with HRSG system design. This publication does not provide rules for design, but indicates

£LINDCO 4 Ll

to the

SCLLpe:

areas-thatneed-attentiorand-offersinformationand-deseriptionof HRSGtypesavatabl
designer or user to aid in the selection of the appropriate HRSG system.

The HRSG systems discussed are those currently in industry use. A general deseription
tube and water tube HRSG systems is given. The description of an HRSG system
document does not imply other systems are not available or recommended.-Many ind
features described in this document will be applicable to any type of HRSG-system.

of fire
n this
vidual

Ap

plication:

This RP can be used by designers and owners to aid in the selection of an appropriate
system.

HRSG

Co

mments:

The main topics covered in this RP are firetube heat recovery-steam generators, watertul

recovery steam generators, steam drums, heat flux and cireulation ratio and sootblowers,

An HRSG may be subject to boiler licensing rules, which require all inspection, mainte
and repair tasks be conducted in accordance \with " specific codes, as adopted by
jurisdictions. In almost all US jurisdictions, the‘governing codes are the ASME Boil
Pressure VVessel Code (BPVC) and the National.Board of Boiler and Pressure Vessel Insy
Code. The appropriate portions of the Boiler'and Pressure Vessel Code include:

Section I: “Power Boilers”

Section Il: “Materials”

Section I11: “Nondestructive Testing”

Section VII: “Guidelines for the Care of Power Boilers”

Section 1X: “Welding and Brazing Qualifications.”

Of these, Section VIkmost directly affects the maintenance of HRSGs because it cd
specific inspection and repair guidelines. Section VIII can be used as the design code
allowed by the lgcal jurisdiction.

e heat

hance,

local
br and
ectors

ntains
when
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A-9 APl Std 537 Flare Details for Petroleum, Petrochemical, and Natural Gas

Indus

tries

Current Edition:

Third Edition, March 2017 through Addendum 1, June 2020 (195 pages)

Alt. Number:

None

ANSI Approved?

Yes

SC(Epe:

petrochemical, and natural gas industries.

applications is included.

This standard specifies requirements and provides guidance for the selection, design,
specification, operation, and maintenance of flares and related combustion and mechanical

COMPONENtS USed 1M Pressure-Telieving and vapor-uepressurizing Systems for petrpleum,

While this standard is primarily intended for onshore facilities, guidance related-to offfshore

This RP can be used by designers and owners to aid in the selection and desigh of a flare

ystem

Application: for their facilities.
The main topics covered in this RP are design, mechanical details of elevated flargs and
enclosed flame flares.
Annex A, Annex B, Annex C, and Annex D provide further guidance and best practices for the
Comments: selection, specification, and mechanical details for flares;and on the design, operatiop, and
maintenance of flare combustion and related equipmeat.
Annex E explains how to use the datasheets provided in Annex F; it is intended that these
datasheets be used to communicate and record-design information.
Purchaser Manufacturer Owner Inspector Regulafor
P P P S
User:

P — Primary User
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A-10 API

Petrochemical Service

RP 538 Industrial Fired Boilers for General Refinery and

Current Edition:

First Edition, October 2015, Reaffirmed April 2021 (360 pages)

Alt. Number:

None

ANSI Approved?

No

This recommended practice (RP) specifies requirements and gives recommendations for
design, operation, maintenance, and troubleshooting considerations for industrial fired boilers

USed T Tefineries and chemical prants.
It covers waterside control, combustion control, burner management systems) (B

MSs),

Scope: feedwater preparation, steam purity, emissions, etc.
This RP does not apply to fire tube boilers, gas turbine exhaust boilers, or fluidized bed Hoilers.
This RP does not cover boiler mechanical construction. Purchaser or ownéer.shall specify| codes
such as ASME, IS0, etc.
This RP does not cover forced circulation boilers.
Lo This RP can be used by designers and owners to aid in the selection and design of industrial
Application: . .
fired boiler system.
Regarding the specifics of pressure component design;-this RP refers to other cod¢s and
Comments: standards, such as the ASME Boiler and Pressure\Vessel Codes and the appropriate B31
standard.
Purchaser Manufacturer Qwner Inspector Regulafor
P P
User:
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S — Secondary User
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A-11

API Std 560 Fired Heaters for General Refinery Service

Current Edition:

Fifth Edition, February 2016 through Addendum 1, May 2021 (337 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This standard specifies requirements and gives recommendations for the design, materials,
fabrication, inspection, testing, preparation for shipment and erection of fired heaters, air

preheaters, fans and burners for general refinery service.

I'nis standard IS not intended 1o apply to the design OT Steam retormers or pyrolysis turn

Ces.

Ap

plication:

Purchasers can reference this standard in a purchase specification, and manufacturers c|
it in the design and fabrication of fired heaters. This standard includes equipment data
for fired-heater, burner, air-preheater, fan and sootblower. The data sheets are started
purchaser and completed by the purchaser.

The information in the standard on field erection is very limited.

AN use
sheets
by the

Co

mments:

The topics covered in this standard are pressure design code; tegulations, purchaser
manufacturer’s responsibilities; documentation and final records; process, combustig
mechanical design; tubes; headers and return bends; piping;-terminals and manifold{
supports; refractory linings; structures and appurtenances:-stacks, ducts and breaching; b
and auxiliary equipment (sootblowers, fans, dampers); instrument and auxiliary conne
shop fabrication and field erection; and inspection$.examination and testing. The anne
are Equipment data sheets, Purchaser’s check list{Proposed shop-assembly conditions,
curves for use in the design of tube-support elements, Centrifugal fans for fired-heater sy
Air preheat systems for fired-process heaters, Measurement of efficiency of fired-p

's and
n and
; tube
urners
ctions;

titles
Stress
stems,
rocess

heaters, Stack design, Measurement of~ Noise from Fired-process Heaters, Refiactory

Compliance Data Sheet, Burner-to-Burner and Burner-to-Coil Spacing Example Calcul
Damper Classifications and Damper,Controls for Fired Heaters, and Ceramic Coating for
Surfaces of Fired Heater Tubes;-Eiber, and Monolithic Refractories.

There are numerous (72)*decuments referenced in this standard that are stated
indispensable for the application of the standard.

htions,
Outer

to be
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A-12

and Alteration of Piping Systems

API 570 Piping Inspection Code: In-service Inspection, Rating, Repair,

Current Edition:

Fourth Edition, February 2016 through Errata 1, April 2018 (90 pages)

Alt. Number:

None

ANSI Approved?

No

Provides rules for in-service inspection, repair, alteration and rerating of piping. It was
developed for the petroleum and chemical process industries, but may be used, where practical,

P — Primary User
S — Secondary User

Torany piping SYStenT. AppHes 1o piping Whether or ot ConStructed 1o a recognized coge. It is
intended for use by organizations that have access to the following:
Scope: e Anauthorized inspection agency.
e Arepair organization.
e Technically qualified piping engineers.
e Inspectors.
e Examiners.
Owners and users of piping systems can use APl 570 to-‘develop an in-service |(post-
construction) inspection program for their equipment. Othersinspection planning documegnts as
listed below can be used for inspection planning if permitted by local jurisdictional authgrities:
e API RP 580 “Risk-based Inspection.”
e APl RP 581 “Base Resource Document~Risk Based Inspection.” This dodument
provides specific, detailed guidance for, risk-based inspection.
Aoblication: e ASME PCC-3 “Inspection Planning.Using Risk-Based Methods.” This document is
pplication: very similar to APl RP 580, but,applies to equipment in areas in addition |to the
hydrocarbon and chemical procéss industries.
Owners and users of pressure equipment can use API 570, in combination with other docyments
as listed below, to evaluate flaws-and to plan for repairs and alterations to pressure equipment.
Other documents include:
e APl 579-1/ASME FFS-1 Fitness-For-Service.
e ASME PCC-2:“Repair of Pressure Equipment and Piping.”
API 570 provides administrative requirements for certification of authorized piping insgectors
as well as requireéments for owner-user inspection organizations. AP1 570 also provides
e  Guidance on examination techniques, including specific guidance for:
0 Injection points.
0 Deadlegs.
o Corrosion under insulation.
Comments: o0 Environmental and fatigue cracking.
o0 Corrosion under linings and deposits.
o Creep cracking.
0 Buried piping.
e Methods for selecting thickness measurement locations (TMLs) and for determining
inspection intervals based on piping classification.
e General requirements for repairs, alterations and re-rating.
Purchaser Consultant Owner Inspector Regulator
S P P S
User:
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A-13 APl RP 571 Damage Mechanisms Affecting Fixed Equipment in the
Refining Industry

Current Edition:

Third Edition, March 2020 (376 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

Provides detailed descriptions of the damage mechanisms that can affect pressure equi
in the refining and petrochemical industries.

pment

Application:

Owners and users of piping systems, particularly plant inspection personnel, can usé)A
571 to assist in identifying the likely causes of damage in equipment. When the-most
types of damage have been identified, an inspection program can be designed|to’ loc
damage before a failure occurs.

Pl RP
likely
te the

Comments:

API RP 571 provides detailed descriptions of approximately 70 damage-mechanisms. Of
44 apply generally to a broad range of industries. The description of @ach damage mech
includes:

A description of the damage and the materials affected.
A list of the “critical factors” or variables that lead to the damage.

these,
anism

The appearance or morphology of the damage, often with_photographs. Prevention/mitigation,

inspection and monitoring techniques

The descriptions of the damage mechanisms are{much more detailed than the descript
ASME PCC-3 and API RP 580. Note that WRE:Bulletin 489 is a “sister document” to A
571.

ons in
PI RP

User:

Purchaser Consultant Owner Inspector Regulat
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A-14 API RP 572 Inspection Practices for Pressure Vessels

Current Edition:

Fourth Edition, December 2016 (154 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This RP covers the inspection of pressure vessels. It includes a description of the various types
of pressure vessels and the standards for their construction and maintenance. The reasons for
inspection, causes of deterioration, frequency and methods of inspection, methods of repair and

BraRaratrarn-af-k el “na-ranakt ¥ araa—aaof naratian-t mah HEP- - |
PTCParatUIT OUT TCCUTUS TN TCPUT IS arC LU VETC U oarC U Pt TatroT T 1S CTITPITTASTZCUY

Application:

This RP can be used by inspectors and plant owners as an aid in the proper inspectior of re
and petrochemical plant pressure vessels. It can also be used by consultants andregula
an aid in assessing the adequacy of a plant’s inspection program.

finery
ors as

Comments:

The main topics covered in this RP are introduction to pressure vessels, redsons for insp
inspection plans, frequency and extent of inspection, safety precautions' and preparatory
inspection methods and limitations, condition assessment and repair,,and records and r

pction,
work,
pports.

It also has an appendix describing heat exchanger types, an.appendix on towers angl their

internals, and an appendix with sample inspection sheets and.réport forms.

The information contained in this RP was previously presented as Chapter VI and Chap
of the Guide for Inspection of Refinery Equipment:, The information in this RP dog

er VII
es not

constitute, and should not be construed as, a codeyof rules, regulations or minimum safe

practices. The practices described in this publication dre not intended to supplant other pr
that have proven satisfactory, nor is this pubhgation intended to discourage innovatig
originality in the inspection of pressure vessels. Users of this RP are reminded that no b
manual is a substitute for the judgment.ofi@’responsible, qualified person.

ctices
n and
Dok or

User:

Purchaser Consultant Owner Inspector Regulat

S P P s

P — Primary User
S — Secondary User

93



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-15 API RP 573 Inspection of Fired Boilers and Heaters

Current Edition:

Fourth Edition, January 2021 (129 pages)

Alt. Number:

None

ANSI Approved?

No

Scope————

This RP covers the inspection practices for fired boilers, process heaters, and furnaces used in
petroleum refineries and petrochemical plants. It includes a description of the common heater
and boiler designs, and a synopsis of reliability programs/philosophy for these items. The
practices—deseribed-this-doeument-are—foeuseto—tmprove-—eauipmen ehabHity-ah plant
safety by describing the operating variables which impact reliability, and to ensufe that
inspection practices obtain the appropriate data, both on-stream and off-stream, to [assess
current and future performance of the equipment.

Application:

This RP can be used by inspectors and plant owners as an aid in the proper inspection of rdfinery
and petrochemical plant fired boilers and heaters. It can also be used. by consultants and
regulators as an aid in assessing the adequacy of a plant’s inspection pfogram.

Comments:

The main topics covered in this RP are common heater and boiler.designs; heater, furnage and
boiler mechanical reliability; damage mechanisms; frequency.and timing of inspections;|safety
precautions, preparatory work and cleaning; outage inspection programs; boiler putage
inspection; on-stream inspection programs; tube reliability assessment; method of insgection
for foundations, settings and other appurtenances;~tepairs; and records and reports. |t also
includes five appendices: 1) Sample inspection cheeklists for heaters and boilers, 2) Jample
heater inspection records, 3) Sample semiannual*stack inspection record, 4) Parametgrs for
Integrity Operating Windows in Fired Heatérs,Jand 5) Cleaning methods.

User:

Purchaser Consultant Owner Inspector Regulafor

S P P S

P — Primary User
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A-16 API RP 574 Inspection Practices for Piping System Components

Current Edition:

Fourth Edition, November 2016 (122 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This RP covers the inspection practices for piping, tubing, valves (other than control valves)
and fittings used in petroleum refineries and petrochemical plants. Although this publication is
not specifically intended to cover specialty items, many of the inspection methods described in

+has np hi L [ 1 1 L oo
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controls columns, etc.

Application:

This RP can be used by inspectors and plant owners as an aid in the proper inspection of piping
systems in refineries and petrochemical plants. It can also be used by consultants and reguilators
in assessing the adequacy of a plant’s inspection program.

Comments:

The main topics covered in this RP are piping components; pipe joining methods, reasgns for
inspection; inspection plans; frequency and extent of inspectian;, safety precautios and
preparatory work; inspection procedures and practices; pressure tests; determinat{on of
minimum required thickness; and records. It also contains_a one page appendix, External
Inspection Checklist for Process Piping, with the headings: Ieaks, misalignment, vibratign, and
supports.

Some of the information contained in this RP was previously presented as a Chapter XI|of the
Guide for Inspection of Refinery Equipment, whi€h is currently being reorganized as individual
RPs. The information in this RP does not constitute and should not be construed as a cpde of
rules, regulations or minimum safe practices. The practices described in this RP dre not
intended to supplant other practices that-have proven satisfactory, nor is this RP intended to
discourage innovation and originality.inithe inspection of refineries and chemical plants) Users
of this RP are reminded that no bogk-or manual is a substitute for the judgment of a respopsible,
qualified inspector or piping engineer.

User:
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A-17 APl RP 575 Inspection Practices for Atmospheric and Low-pressure
Storage Tanks

Current Edition:

Fourth Edition, July 2020 (116 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This document provides useful information and recommended practices for the maintenance
and inspection of atmospheric and low-pressure storage tanks. While some of these guidelines

TMay appty 10 Other types of 1anks, tese practices are mended primarity for existing tanks that
were constructed to API Spec 12A and API Spec 12C, and API Std 620 and API Std, 65p.

Application:

This RP can be used by inspectors and plant owners as an aid in the propef inspecfion of
atmospheric and low-pressure storage tanks used in refineries and petrocheniical plants] It can
also be used by consultants and regulators in assessing the adequacy of<@plant’s insgection
program.

Comments:

The main topics covered in this RP are types of storage tanks; reasgns for inspection and fauses
of deterioration; inspection plans; interval/frequency and extent-of-inspection; inspectiong; leak
testing and hydraulic integrity of the bottom; integrity of repairs and alterations; and rgcords.
It also includes appendices for selected nondestructivexexamination (NDE) methods, and
similar service evaluation tables.

Some of the information contained in this RP was préviously presented as Chapter XII1{of the
API Guide for Inspection of Refinery Equipment;which is being reorganized as an individual
RP. The information in this RP does not copstitute, and should not be construed as, a cpde of
rules, regulations or minimum safe practices. The practices described on this RP gre not
intended to supplant other practices that\have proven satisfactory, nor is this recommended
practice intended to discourage innovation and originality in the inspection of refinerips and
chemical plants. Users of this RP @fe reminded that no book or manual is a substitute for the
judgment of a responsible, qualified inspector or piping engineer.

User:

Purchaser Consultant Owner Inspector Regulafor
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A-18

API RP 576 Inspection of Pressure-Relieving Devices

Current Edition:

Fourth Edition, April 2017 (82 pages)

Alt. Number:

None

ANSI Approved?

No

This RP describes the inspection and repair practices for automatic pressure-relieving devices
commonly used in the oil and petrochemical industries. As a guide to the inspection and repair
of these devices in the user’s plant, it is intended to ensure their proper performance. This RP

Scope:

eovers-stehattomatic-gevices-as-pressure-relef-valvespHot-eperated-pressure-rehefyalves,
rupture disks, and weight-loaded pressure vacuum vents.
The recommendations in this RP are not intended to supersede requirements established by
regulatory bodies. This RP does not cover weak seams or sections in tanks,-explosion |doors,
fusible plugs, control valves or other devices that either depend on an external source of [power
for operation or are manually operated. Inspections and tests made at-manufacturers’ plants,
which are usually covered by codes or purchase specifications, are not covered Hy this
publication.

This RP does not cover training requirements for mechanics-involved in the inspectign and
repair of pressure-relieving devices. Those seeking these reguirements should see ARI 510,
which gives the requirements for a quality control syStem and specifies that the |repair
organization maintain and document a training program ensuring that personnel are qualified.

Ap

plication:

This RP can be used by inspectors and plant owners as an aid in the proper inspection of
pressure-relieving devices used in the oil and petrochemical industries. It can also be uped by
consultants and regulators in assessing the adequacy of a facility’s inspection program.

Co

mments:

The main topics covered in this RP\are dimensional and operational charactefistics;
pressure-relieving valves (descriptions, applications and limitations); pressure-relieving
rupture disks (descriptions, applications and some limitations); causes of improper
performance; inspection and testing; inspection and replacement of rupture disk dgvices;
pressure relief valve visual on=stream inspection; inspection frequency; and records and rgports.
It also includes two appendices: 1) Sample record and report forms and 2) Pressure relief valve
testing.

The repair practices given in this RP are limited.

Us!
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A-19

API RP 577 Welding Processes, Inspection, and Metallurgy

Current Edition:

Third Edition, October 2020 (194 pages)

Alt. Number:

None

ANSI Approved?

No

This RP provides guidance to the API authorized inspector on welding inspection as
encountered with fabrication and repair of refinery and chemical plant equipment and piping,
pipelines, and other related industries. Common welding processes, welding procedures, welder

ed to

Scope:
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aid the inspector in fulfilling their role implementing AP1 510, API 570, API Std 653 &
RP 582. The level of learning and training obtained from this document is not a(replag
for the training and experience required to be an American Welding Society (AWS) Ce
Welding Inspector (CWI1), or equivalent schemes in Canada and Europe.

This RP does not require all welds to be inspected, nor does it require welds’to be inspe
specific techniques and extent. Welds selected for inspection, and the’appropriate insp
techniques, should be determined by the welding inspectors, engingers or other respg
personnel using the applicable code or standard. The importancé;-difficulty, and problen
could be encountered during welding should be considered by.alVinvolved. A welding en
should be consulted on any critical, specialized or compleX welding issues.

d API
ement
rtified

cted to
ection
nsible
ns that
gineer

Ap

plication:

This RP can be used by inspectors as an aid in propetwelding inspection. It can also b
as a general welding resource by manufacturers, grectors and consultants.

P used

Co

mments:

The main topics covered in this RP are welding processes (for eight types—descri
advantages and limitations); welding protedure (specification and qualification rd
welding materials; welder qualification;<ion-destructive examination; welding insp
metallurgy; refinery and petrochemical-plant welding issues; and safety precautions.
includes seven appendices: 1) Terminology and symbols, 2) Actions to address impr
made production welds, 3) WPS/PQR review, 4) Guide to common filler metal select
Example report of RT results(6) Inspection considerations, and 7) Welding safety.

btions,
cord);
pction;
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A-20

API RP 578 Guidelines for a Material Verification Program (MVP) for New

and Existing Assets

Current Edition:

Third Edition, February 2018 (28 pages)

Alt. Number:

None

ANSI Approved?

No

The purpose of this RP is to provide the guidelines for an owner/user to develop and implement
a material verification program (MVP) as part of an asset integrity program. The MVP uses

Scope:

POSTNVE TAteriat Taentification and other methods 1o verify that the nominal composition of an
asset, an asset component, or weldment within the pressure envelope is consistent w{th the
selected or specified construction materials. A well-designed and well-implemented\MVP is an
important management system used to minimize the potential for release of hazgrdous
substances due to nonconforming materials of construction.

This RP provides the guidelines for material verification programs.involving ferroyis and
nonferrous alloys during the construction, installation, maintenance,and inspection of nqw and
existing process equipment. This practice applies to metallic materidls purchased for use either
directly by the owner/user or indirectly through distributors,~fabricators, or contractors and
includes the supply, fabrication and installation of these materials.

Ap

plication:

A material verification program may involve participation of several groups withjiin the
operating plant or the shop of a contractor, distribttor, or fabricator. When establishing a
material verification program, consideration should\be given to the roles and responsibilities
that each group has within the specific organization. These roles and responsibilities shquld be
clearly defined and documented. Within the.operating plant, this can include those groups
responsible for purchasing, engineering, warehousing/receiving, operating, religbility,
maintenance, and inspection.

Co

mments:

The main topics covered in this);RP are considerations and general concerns; material
verification programs; PMI methodology and technology test methods; evaluation of PIVI test
results; materials identification; and documentation and record-keeping.

When determining the need-to perform material verification on carbon steel, the effect that the
process steam could have on substituted alloy materials should be evaluated. In some cages, the
substitution of hardenable alloy materials for carbon steel resulted in failure and Ipss of
containment. Examples of such systems include wet hydrogen sulfide (H2S), hydrofluorjc acid
(HF) and sulfuric acid (H2SO.) services.
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A-21 API 579-1/ASME FFS-1 Fitness-For-Service

Current Edition:

June 2016 (1320 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

Provides methods for evaluating flaws that are found in pressure equipment, usually as a result
on an in-service inspection, to determine acceptability for continued service.

Owners and users of pressure equipment can use the methods in this standard to evaluate flaws

Ap teatton:

that are discovered during an inspection of boilers, pressure vessels, piping, and storage t

Anks.

Conmments:

Detailed rules for the evaluation of the following types of flaws and damage are provided:

Three levels of evaluation are provided covering screening that can be done by plant inspg
personnel (Level 1), engineering evaluations that can be done by plant engineers (Level 2
more detailed evaluations that require the services of-experts (Level 3).

Note: An update is in final stages of approval with publication in late 2021, to include:

Potential for brittle fracture and creep damage.

General or widespread metal loss due to corrosion, erosion, or othefecauses.
Local metal loss due to corrosion, pitting, erosion, gouging, or ether causes.
Misalignment, distortion, dents, etc.

Cracking due to fatigue, the environment, creep, hydrogen‘damage, etc.
Assessment of fatigue damage.

Revisions to Part 2 (Fitness-For-Service Engineering Assessment Proced
including Annexes 2C, 2D, and 2E,
Revisions to Part 3 (Assessment . @f\Existing Equipment for Brittle Fracture).
Revisions to Part 4 (Assessment of General Metal Loss).
Revisions to Part 9 (Assessment of Crack-Like Flaws), including Annexes 9B, 9(
and:

0 New Annex<9H (Constraint Effects for Surface Flaws in Carbon and

Alloy Steel-=Components in the Ductile-Brittle Transition Region).

o New-Annex 9l (Alternative Estimate of Mode | Stress Intensity Factors).

ction
, and

ure),

‘! 9F!

| ow-

0 New~Annex 9J (Determination of the Minimum Allowable Tempetfature

(MAT) using a Fracture Mechanics Approach).
Revisions to Part 10 (Assessment of Components Operating in the Creep R4
including Annex 10B.

Revisions to Part 11 (Assessment of Fire Damage).
Revisions to Part 12 (Assessment of Dents, Gouges, and Dent-Gouge Combinati
Revisions to Part 14 (Assessment of Fatigue Damage), including Annex 14B.

nge),

DNS).
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A-22 API 579-2/ASME FFS-2 Fitness-For-Service Example Problem Manual

Current Edition:

August 11, 2009 (374 pages)

Alt. Number:

None

ANSI Approved?

Yes

Example problems illustrating the use and calculations required for Fitness-For-Service
Assessments described in API1 579-1/ASME FFS-1 are provided in this document.

Scope: . . .
P Example problems are provided for all calculation procedures in both SI and US Customary
units.
N Owners and users of pressure equipment can use the methods in this standard to evaluatg flaws
Application: . . . . - .
that are discovered during an inspection of boilers, pressure vessels, piping, and storage|tanks.
An introduction to the example problems in this document is described in Part2'0f this standard.
Comments: The remaining parts of this document contain the example problems. The"parts in this doqument
coincide with the parts in APl 579-1/ASME FFS-1.
Purchaser Consultant Owner Inspector Regulator
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A-23 API RP 580 Risk-Based Inspection

Current Edition:

Third Edition, February 2016 (94 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

Provides guidance for developing and implementing a risk-based inspection program for fixed
pressure-containing equipment and components in the hydrocarbon and chemical process
industry. The approach is focused on maintaining mechanical integrity.

Application:

Owners and users of pressure equipment can use the guidance in this standard to deve
in-service (post-construction) inspection program for their equipment. The guidahce”3
broadly to boilers, pressure vessels, piping, pipelines, and storage tanks. However,
standards that are specific to one or more of these equipment types should also be consu
developing inspection plans. These include:

e API RP 581 “Risk Based Inspection Methodology.” This document provides sp

detailed guidance for risk-based inspection.
e APl 510 “Pressure Vessel Inspection Code: In-service laspection, Rating, Rep
Alteration” for pressure vessels in refining and chemieab process services.
e API 570 “Piping Inspection Code: In-service Inspection, Rating, Repair, and Altgration
of Piping Systems” for piping systems. Althotugh developed for the refinirjg and
chemical process industries, it may be used,where practical, for any piping system.

lop an

pplies
other

Ited in

ecific,

r, and

Comments:

API RP 580 provides an overall methodology that can be used to develop an inspecti

using risk-based methods. It provides guidance*and detailed tables to assist in defining the

establishing RBI teams to determine the.probability and consequence of failure and to ca
the risk of continued operation. The result of applying the process is an optimized

effective inspection plan.

T plan
ds for

damage (deterioration) mechanisms that can affect pressure equipment. It provides meth

culate
cost-
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A-24

API RP 581 Risk-Based Inspection Methodology

Current Edition:

Third Edition, April 2016 through Addendum 2, October 2020 (664 pages)

Alt. Number:

None

ANSI Approved?

No

This document provides a detailed, prescriptive methodology for determining inspection
methods and intervals. It provides one method of implementing the more general guidance in
ASME PCC-3 and API RP 580 for refinery and some chemical plant equipment. Since the

Scope:

tdoetmentretesontdamage-mechanisrinformationthatisspeeificto-certatrrefinerypr
(e.g., fluid catalytic cracking), it is not universally applicable. The methodology is based
experience of experts in the refining industry and provides consistent results amang ‘ref
with similar process units.

esses
on the
neries

Ap

plication:

The RP can be applied to most refinery units by typical refinery inspegtion and ma
engineering personnel.

terials

Co

mments:

This RP is particularly valuable for refineries that have smaller or l€ss.experienced staffs
it provides probabilities (likelihoods) and consequences of failure-based on input of para
that are readily obtained, such as process fluids, materials“of construction, temper
pressures, and volume of fluid in the equipment. This reduces the need to make judg
based on experience and expertise.

| since
meters
htures,
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A-25

API RP 582 Welding Guidelines for the Chemical, Oil and Gas Industries

Current Edition:

Third Edition, May 2016 (38 pages)

Alt. Number:

None

ANSI Approved?

No

This RP, initiated and developed through the joint efforts of APl and Process Industry Practices

(PIP), provides supplementary guidelines and practices for welding and welding-related
for shop and field fabrication, repair, and modification of:

topics

Scope:

e Pressure-containing equipment (such as pressure vessels, heat exchangers, ia
piping, heater tubes, pressure boundaries of rotating equipment, and attach
welded thereto).

e Non-removable internals for process equipment.

e  Structural items attached and related to process equipment.

e Any other equipment or component item when referenced by-an.applicable pu
document.

This document is general in nature and is intended to augment the“welding requireme
ASME Section IX and similar codes, standards, and practicés-such as those issued b
ASME, ASTM, AWS, NACE, and the National Board. The’intent of this document is
inclusive of chemical, oil and gas industry standards, althetgh there are many areas not c
(e.g., pipeline welding and offshore structural weldingy.

hkage,
ments

Ichase

nts of
API,
to be
pvered

This document is based on industry experience;and any restrictions or limitations npay be

waived or augmented by the purchaser.

Ap

plication:

This RP can be used by manufacturers and field contractors as an aid in establishing w
procedures. It can also be used by theseguipment owners as an aid in developing a W
specification.

elding
elding

Co

mments:

The main topics covered in this RR<are general welding requirements; welding processes
metal and flux; shielding and-purging gases; preheating and interpass temperature; po
heat treatment; cleaning “and surface preparation; special procedure qualif
requirements/testing (general, tube-to-tubesheet welding, additional procedure qualif
requirements for duplex-and super duplex stainless steels); and other items (backing ma
peening, overlay and clad restoration, temporary attachments, stud welding, hardness t
and single pass:welds). It also includes two appendices: 1) Welding consumables for sh
metal arc welding and 2) Weld overlay and clad restoration (back cladding).

As indjeated in Scope above, this is not a stand-alone document and is intended to au
otherwelding codes, standards, and practices.
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stweld
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A-26

API RP 583 Corrosion Under Insulation and Fireproofing

Current Edition:

Second Edition, March 2021 (105 pages)

Alt. Number:

None

ANSI Approved?

No

This recommended practice (RP) covers the design, maintenance, inspection, and miti

gation

practices to address external corrosion under insulation (CUI) and corrosion under fireproofing

(CUF). The document discusses the external corrosion of carbon and low alloy steels

under

Scope:

o /rr\or:c) of

insttatioreane—fireproefingane-the-external-chtoride—Sstress—eorroston—erackirg~(EESE
austenitic and duplex stainless steels under insulation. The document does ot
atmospheric corrosion or corrosion at uninsulated pipe supports, but does discuss corro
insulated pipe supports.

cover
Bion at

Ap

plication:

This RP can be used by owner/users to help them understand the complexity of the
CUI/CUF issues; provide them understanding on the advantages and limitations of the \

many
arious

NDE methods used to identify CUI/CUF damage; provide an approachtto risk assessment; and

provide guidance on how to design, install, and maintain insulation‘systems to avoid C
CUF damage.

The practices described in this document apply to pressure Vessels, piping, and storage

I and

tanks

and spheres. The document discusses the factors impasting the damage mechanisms, the

guidelines to prevent external corrosion/cracking under insulation, the maintenance pr
to avoid damage, the inspection practices to detect/assess damage, and the guidelines f
assessment of equipment or structural steel subject to CUI and CUF damage.

ctices
DI risk

Co

mments:

The main topics covered in this RP are introduction to the causes of damage; areas susc
to damage; insulation and fireproofing, systems; inspection for CUI and CUF damage
based inspection; design practices to~minimize CUIl and CUF; maintenance to m
CUI/CUF issues; and repair techgiques/strategies. Two informative annexes are ing
Annex A provides examples of\'a qualitative likelihood assessment system, and An
provides examples of insulation techniques for various applications.

ptible
; risk-
itigate
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A-27 API RP 584 Integrity Operating Windows

Current Edition:

First Edition, May 2014 (46 pages)

Alt. Number:

None

ANSI Approved?

No

The purpose of this recommended practice (RP) is to explain the importance of integrity

operating windows (IOWSs) for process safety management and to guide users in h

ow to

establish and implement an IOW program for refining and petrochemical process facilities for

the eXpresspHrpose of-aveiding-trexpected-eguipment-tegradationthat-cotteHeadto-oss of
containment.
The scope of this document includes:
e Definitions of IOWSs and related terminology.
e Creating and establishing IOWs.
Scope: e Data and information typically needed to establish IOWs.
' e Descriptions of the various types of IOWs needed for process units.
e Risk ranking IOWs.
e Documenting and implementing IOWSs.
e Monitoring and measuring process variables within gstablished 10Ws.
e  Communication of IOW exceedances.
e Reviewing, changing, and updating IOWs.
e Integrating IOWs with other risk management practices.
e Roles and responsibilities in the IOW work process.
e Knowledge transfer to affected personnel.
It is not the intent of this document to:provide a complete list of specific IOWs or opgrating
variables that might need 10Ws for.the numerous types of hydrocarbon process units|in the
Apblication: industry (though some generic examples are provided in the text and in Annex A); but|rather
PP ' to provide the user with information and guidance on the work process for development and
implementation of IOWs to<help strengthen the Mechanical Integrity (MI) program fgr each
process unit.
The key goals of an 1OW program are:
1. Defining IOW. limits which will result in predictable and acceptable levels of equipment
degradation to-meet reliability expectations.
Comments: 2. Enabling)effective communication of equipment limits and exceedances betwedn key
' Process, Operations, Maintenance, and other MI stakeholders to facilitate safe and rgliable
process operation and management.
3uFacilitating the reliable operation of equipment without loss of containment or the nged for
unplanned maintenance activities between scheduled outage or shutdowns.
Purchaser Consultant Owner Inspector Regulafor
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A-28 API RP 585 Pressure Equipment Integrity Incident Investigation

Current Edition:

Second Edition, March 2021 (52 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

The purpose of this document is to provide owners/operators with practices for developing,
implementing, sustaining, and enhancing an investigation program for pressure equipment
integrity (PEI) incidents. This recommended practice (RP) describes characteristics of how an

-l

Fhontinia Lo actiaoti o b CIARP-C IRTY-V- | PSP T-C 1PN o | rafr Bed "t
crrectveTvestgaunor CouTo ot Strottor oSO orgarnzatronstar riear - T ot =T T Ictucty.

Application:

The investigation principles and concepts that are presented in this RP are specifically, tqrgeted
for application to process pressure equipment in the refining and petrochemical ‘industry but
could be applied to other equipment at the discretion of the owner/user.

Because of the broad diversity in organizations’ size, culture, national, arid/or local regylatory
requirements, APl RP 585 offers users the flexibility to apply the investigation methodlology
within the context of existing incident investigation practices and to‘accommodate uniqup local
circumstances. APl RP 585 is intended to promote the use of systematic investigations aga way
to learn from unexpected leaks and equipment degradation or hear misses associated with PEI.

Comments:

This RP is not intended to define or supplement criteria ‘for compliance with regylatory
requirements for which companies already have defined investigation processes in |place.
Rather, APl RP 585 provides a specific focus on investigating PEI failures that are preqursors
to potential incidents that could have significant impact on safety, health, and environment.
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A-29 API Bulletin 587 Guidance for the Development of Ultrasonic Examiner
Qualification Programs

Current Edition:

First Edition, May 2021 (31 pages)

Alt. Number:

None

ANSI Approved?

No

This publication outlines the general guidelines for the development of owner/user ultrasonic
examiner qualification programs that are consistent with APl performance demonstration

Scope:

programs for detection, characterization, and crack Meight Sizing of wetd tiscontinuities in
weldments. The performance demonstration programs covered in this publication Linclude
qualification of ultrasonic testing examiners in the following methods:

Detection and Characterization of Flaws Using Manual Angle Beam(Testing: QUTE
Detection and Characterization of Flaws Using Manual UT-Phase@-Array: QURA
Manual UT-Angle Beam Crack Sizing: QUSE

Manual UT-Phased Array Crack Sizing: QUSE-PA

Application:

The purpose of this publication is to provide owner/users with.guidelines for developing basic
in-house qualification programs to identify industry-qualified-ultrasonic testing (UT)| angle
beam examiners that are equivalent to those possessing arkultrasonic angle beam qualification
from API (e.g., APl QUTE/QUSE detection and sizing tests) for inspection of pressure
equipment and piping as required by API 510 and ARR570.

Comments:

The availability of high quality and accurate UT. data is often the cornerstone for weld and base
metal discontinuity detection and sizing foreeguipment integrity assessments. As a result, API
has implemented several certification programs to assist in defining the minimum criteria for
assessing the performance of UT .technicians. Examinations for these programs are
administered differently than other Individual Certification Program (ICP) certifications|in that
they are based on hands-on perfabmance demonstration tests. It should be noted that UT
certifications are issued by accredited NDE certification authorities, such as the Anferican
Society for Nondestructive\Testing (ASNT), and these APl UT ICP certificatiops are
considered performance demonstration qualifications by such NDE certification schemgs.
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A-30 APl RP 588 Recommended Practice for Source Inspection and Quality
Surveillance of Fixed Equipment

Current Edition:

First Edition, July 2019 (72 pages)

Alt. Number:

None

ANSI Approved?

No

This recommended practice (RP) covers the process of specifying the necessary quality
surveillance of materials, equipment, and fabrications being supplied for use in the oil,

Scope:

petrochemicat, and gas maustry, ciuting upstreanT, TostreanT, and downstrearnT Segm

This RP outlines the fundamentals of source inspection and may be useful to all per
conducting such activities to perform their jobs in a competent and ethical manner.

The primary purpose of this RP is to summarize the basic body of knowledge that the
inspector typically needs to know to perform as a source inspector for fixéd-equipment.

A secondary purpose is to assist candidates intending to take the/AP1 Source Insp
Examination to become certified source inspectors.

pNts.
sonnel

bource

ection

Application:

This RP focuses primarily on pressure-containing and structural-equipment (fixed equip,
including but not limited to vessels, columns/towers, Reat” exchangers, piping,
pressure-relief devices, tubulars, and supporting structuralfabrications.

The principles of the document can be applied to othérequipment disciplines.

This RP may be used as the basis for providing a‘systematic approach to risk-based
inspection to provide confidence that materials ‘and equipment being purchased me
minimum requirements as specified in the project documents and contractual agreement

ment),
alves,

source
et the
S,

Comments:

The activities outlined in this RP are potiintended to replace the manufacturer’s/fabri
own quality systems, but rather are meant to guide source inspectors (SIs) acting on be
the purchaser to determine whether manufacturer’s/fabricator’s own quality system
functioned appropriately, such\that the purchased equipment and materials will
contractual agreements.

ator’s
nalf of
have
meet
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A-31

API RP 591 Process Valve Qualification Procedure

Current Edition:

Sixth Edition, April 2019 (32 pages)

Alt. Number:

None

ANSI Approved?

No

This RP provides recommendations for evaluation of a manufacturer’s valve construction and

quality assurance program for the purpose of determining a manufacturer’s capabi

lity to

provide new valves manufactured in accordance with the following API standards: 594, 599,

00 LA2 00 _oN0 _oNQ V- Walsle)

Scope:

\vAvivimvivrampvivivmvivie muviviv et piv e e

Qualification of valves under this RP is “manufacturing facility specific” and doesnot
valves manufactured by other manufacturing facilities, whether owned My the
manufacturer or a third party.

cover
Same

Ap

plication:

This RP can be used by the valve end user or purchaser (e.g., contractor).as an aid in ass
a valve manufacturer’s capability to supply quality products.

essing

Co

mments:

The main topics covered in this RP are manufacturer quality magagement system eva
(general, record and documentation review, right of access~and document control);
qualification (data to be provided by the manufacturer, valve-gualification facility, selec
valves to be tested, required examination and testing and<documentation of examinati
test results); and post qualification. It also includes four-appendices: 1) Suggested se
quantities for examination and test of valves made in-accordance with API Valve Standal
Strength tests for stem-shaft-to-closure-element “connections; 3) Suggested mif
acceptable casting radiographic results for wall thickness; and 4) Examination and
tables.

uation
valve
ion of
n and
ection
rds; 2)
imum
esting
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A-32 API Std 594 Check Valves: Flanged, Lug, Wafer and Butt-Welding

Current Edition:

Eighth Edition, July 2017 (35 pages)

Alt. Number:

None

ANSI Approved?

No

Design, material, face-to-face dimensions, pressure-temperature ratings and examination,

inspection and test requirements for two types of check valves.

e Type “A” check valves which are short face-to-face and can be wafer, lug, or double

Scope:

flanged.
0 Classes 125, 150, 250 and 300 in 50 > DN < 1200 (2 > NPS < 48)
0 Class 600 in 50 > DN < 1050 (2 > NPS <42)
0 Classes 900 and 1500 in 50 > DN <600 (2 > NP < 24)
0 Class 2500 in 50 > DN < 300 (2 > NPS < 12)
e Type “B” bolted cover swing check values, which are long face-to-face and
flanged or butt-welding ends.
0 Classes 150 through 1500 in 50 > DN < 600 (2 2 NPS < 24)
0 Class 2500 in 50 > DN <300 (2 > NPS < 12)

can be

Application:

Purchasers can reference this document in an equipment purchase specification
manufacturers can use it to certify that requirements have been met.

In addition, the thickness and dimensional requirements may be useful in evaluating the
of an in-service examination program.

Regulators can reference as desired.

, and

results

Comments:

The main topics covered by this standardcare pressure-temperature ratings; design; mal
inspection, examination testing and repair; marking; shipment; and recommended spare
Annexes are also provided on the ARkMonogram Program, information to be specified
Purchaser, and standard nomenclattre for valve parts.

erials;
parts.
by the
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A-33 API Std 598 Valve Inspection and Testing

Current Edition:

Tenth Edition, October 2016 (22 pages)

Alt. Number:

None

ANSI Approved?

No

This standard covers inspection, examination, supplementary examinations and pressure test
requirements for resilient-seated, nonmetallic-seated (e.g., ceramic) and metal-to-metal-seated

valves of the gate, globe, plug, ball, check and butterfly types. Resilient seats are considered to

e Soft seats, both solid and semi-solid grease type (e.g., lubricated plug).
e Combination soft and metal seats.
Schoe: e Any other type valve designed to meet resilient seat leakage rates as specified in Table
pe- 5 of this standard.
API Std 598 supplements API standards that reference it, but it may,alse be applied tq other
types of valves by agreement between the purchaser and the valve manufacturer.
The inspection requirements pertain to examinations and testing.by the manufacturer apd any
supplementary examinations that the purchaser may require_atthe valve manufacturer’q plant.
The test requirements cover both required and optional” pressure tests at the | valve
manufacturer’s plant.
Purchasers can reference this standard in a purchase specification, and manufacturers ne¢d it to
Application: comply with the purchase specification when théxstandard is cited therein. It can also be used
as a reference for shop inspection.
The main topics covered in this standard are inspection at the manufacturer’s plant; insgection
outside the manufacturer’s plant; examination; pressure tests; pressure test procedurgs; and
certification and retesting.
The following tests and examinations are specified in this standard:
e Shell test.
Comments: e Backseat test.
e Low-pressureclosure test.
e High-pressure‘closure test.
e Double block and bleed high-pressure closure test.
e Visual)examination of castings.
e High-pressure pneumatic shell test.
Purchaser Manufacturer Owner Inspector Regulafor
P P S
User:
P — Primary User
S — Secondary User
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A-34 API Std 599 Metal Plug Valves—Flanged, Threaded, and Welding Ends
Current Edition: Eighth Edition, March 2020 (26 pages)
Alt. Number: None
ANSI Approved? | No

Sc

This standard specifies the requirements for quarter turn metal plug valves, including the lift

plug type, for the petroleum, petrochemical, and industrial applications.
This standard is applicable to:

Dpe:

e  Steel, nickel base, and other alloy plug valves with flanged or butt-weldingen
ductile iron plug valves with flanged ends in sizes 15 < DN <900 (Y2 < NBS| <3

e Threaded or socket-welding end plug valves for sizes 15 < DN < 50 (VA& NPS 5

e Plug valve bodies conforming to ASME B16.34, which may have any, combinal
flanged, threaded, socket welding, or butt-welding ends;

e Lubricated and nonlubricated plug valves that have two-way goaxial ports.

s and
6);

- 2);
ion of

NOTE: Three-way and four-way plug valves do not fall under the scope ¢f this

standard.
e Tandem plug valves that have two independent operating plugs in a single body

This standard covers plug valves of the nominal diameter-Sizes DN: 15, 20, 25, 32, 40,
80, 100, 150, 200, 250, 300, 350, 400, 450, 50Q0;,600, 650, 700, 750, 800, 850
corresponding to nominal pipe sizes NPS: 1/2, 3/4£1,)11/4, 11/2, 2, 21/2, 3, 4, 6, 8, 10,
16, 18, 20, 24, 26, 28, 30, 32, 34, 36; and applies t0 pressure class designations: 150, 30
900, 1500, 2500.

This standard includes requirements for plug valves fitted with internal body, plug, an
linings or applied hard facings on the:body, body ports, plug, and plug port. The ex
linings and the facing materials of which they are made are not covered in this standard

This standard also provides additienal requirements for plug valves that are in full confor|
to the requirements of ASME-B16.34 for Class 150 through 2500.

0, 65,

900;
12, 14,
D, 600,

d port
ent of

mance

Application:

Purchasers can reference'this standard in a purchase specification, and manufacturers ¢
it in the design and fabrication of bolted bonnet steel gate valves. It can also be use
reference for shop inspection.

an use
d as a

Co

mments:

The main topi¢s-covered by this standard are pressure-temperature ratings; design; mal
sealing system, inspection, examination and testing; marking; shipment; and recomm
spare parts=Annexes are also provided on information to be specified by the Purchasg
standard-nomenclature for valve parts.

erials;
ended
r, and

Us!
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A-35 API Std 600 Steel Gate Valves — Flanged and Butt-welding Ends, Bolted
Bonnets

Current Edition:

Fourteenth Edition, May 2021 (42 pages)

Alt. Number:

Formerly co-branded with 1SO 10434:2001 (Modified)

ANSI Approved?

No

This standard specifies the requirements for a heavy duty series of bolted bonnet steel gate

valves for petroleum refinery and related applications where corrosion, erosion and

other

SeTvice conditions indicate a need for futtport openings, eavy Walt Sections and farge stem
diameters.
This specification sets forth the requirements for the following gate valve features:
e Bolted bonnet.
e  Outside screw and yoke.
e Rising stems.
Scope: e Non-rising handwheels.
e Single or double gate.
e Wedge or parallel seating.
e Metallic seating surfaces.
e Flanged or butt-welded ends.
It covers valves of the nominal sizes DN: 25, 32, 40,50, 65, 80, 100, 150, 200, 250, 300, 350,
400, 450, 500, 600, 650, 700, 750, 800, 850, 900,950, 1000, 1050; corresponding to ngminal
pipe sizes NPS: 1, 1Y, 2,2 %, 3, 4, 6, 8, 10, 12,14, 16, 18, 20, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42; and applies for nominal Class ratings:150, 300, 600, 900, 1500, and 2500.
Purchasers can reference this standard ig\a purchase specification and manufacturers car use it
Application: in the design and fabrication of bolted-bonnet steel gate valves. It can also be used as a reference
for shop inspection.
This standard gives thickness)and/or other requirements (directly or by reference td other
standards) for the following.valve components: body, bonnet, flanged ends, welded endq, gate,
Comments: yoke, stem, stem nut,.packing, bolting and auxiliary connections. It also covers (directly or by
reference to other standards) materials, repair, testing, inspection, examination, markimg and
preparation for shipment.
Purchaser Manufacturer Owner Inspector Regulator
P P S
User:
P\~ Primary User
S — Secondary User
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A-36

Smaller for the Petroleum and Natural Gas Industries

API Std 602 Gate, Globe and Check Valves for Sizes DN 100 (NPS 4) and

Current Edition:

Ninth Edition, May 2015 through Errata 1, September 2016 (66 pages)

Alt. Number:

Formerly co-branded with ISO 15761:2002

ANSI Approved?

No

This standard specifies the requirements of a series of compact steel gate, globe, and check
valves for petroleum and natural gas industry applications. It is applicable to valves of:
e Nominal size DN 8, 10, 15, 20, 25, 32, 40, 50, 65, 80 and 100.
e  Corresponding to NPS V4, 3%, 5, %, 1, 1Y, 1%, 2,2 Y, 3 and 4.
e  Corresponding to pressure designations of Class 150, Class 300, Class 600, Class 800
and Class 1500.
Class 800 is not a listed class designation, but is an intermediate class numper widely uged for
socket-welding and threaded end compact valves.
It includes provisions for the following valve characteristics:
e Qutside screw with rising stems (OS&Y), in sizes 8 £DN < 100 (Y4 < NPS <H) and
pressure designations 150 < Class < 1500 including ‘Class 800.
e Inside screw with rising stem (ISRS), in sizes 8 < DN < 65 (%4 <NPS <2'2) and plessure
designations of Class < 800.
e  Socket-welding or threaded ends, in sizes.8 I DN < 65 (Y4 < NPS < 2'%) and pressure
designations of Class 800 and Class 1500«
Scope: e Flanged or butt-welding ends, in sizes™5 < DN < 100 (%2 < NPS < 4) and piessure
designations of 150 < Class < 1500, excluding flanged end Class 800.
e Bonnet joint construction-bolt¢d; welded and threaded with seal weld for Class £ 1500
and union nut for Class < 800,
e Extended body, in sizes:1&;< DN < 50 (2 < NPS < 2) and pressure designatipns of
Class 800 and Class 1500.
e Bellows stem seal, ifisizes 8 < DN < 50 (% < NPS < 2) and pressure designations of <
Class 1500.
e Bellows stemr-seal testing requirements.
e Standard andfull-bore body seat openings.
e Materialsyas specified.
e Testing and inspection.
This standard is applicable to valve end flanges in accordance with ASME B16.5, valvg body
ends/having tapered pipe threads to ASME B 1.20.1, valve body ends having socket weld ends
to/ASME B16.11 and butt-weld connections per the requirements described within this
standard.
Purchasers can reference this standard in a purchase specification, and manufacturers can use
Application: it in the design and fabrication of steel gate, globe, and check valves. It can also be usgd as a
reference for shop inspection.
The main topics covered by this standard are design; materials; marking; testing and inspgction;
and preparation _for shipment. There are seven annexes in support of these topics: 1)
Comments: Requirements for extended body gate valve bodies, 2) Requirements for valves with bellows

stem seals, 3) Type testing of bellows stem seals, 4) Identification of valve parts, 5) Information

to be specified by the purchaser, 6) Valve material combinations and 7) Use of API Mon
by Licensees.

ogram
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A-37 API Std 603 Corrosion-resistant, Bolted Bonnet Gate Valves—Flanged
and Butt-welding Ends

Current Edition:

Ninth Edition, September 2018 (33 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies the requirements for corrosion-resistant bolted bonnet gate valves
meeting the requirements of Standard Class, ASME B16.34 and having full port openings for

Scope:

USE 11T PrOCEesS pPiping appiications.
This standard sets forth the requirements for the following gate valve features:

Bolted bonnet.

Outside screw and yoke.
Rising stems.

Non-rising handwheels.
Single or double gate.

Wedge or parallel sealing.
Metallic seating surfaces.
Flanged or butt-welding ends.

Covering valves of the nominal pipe size DN:

e 15;20; 25; 32; 40; 50; 65; 80; 100; 150; 200;/250; 300; 350; 400; 450; 500; 600.

Corresponding to the nominal pipe size NPS:

o Vo 1; 1Y 1Y2; 2, 2%, 3, 4, 6; 8; 10;712; 14, 16; 18; 20; 24.
Applies to pressure class designations:

e 150; 300; 600.

Application:

Purchasers can reference this standard in a purchase specification and manufacturers cal
in the design and fabrication(of steel gate, globe and check valves. It can also be use
reference for shop inspection.

use it
d as a

Comments:

The main topics covered by this standard are pressure-temperature ratings; design; ma
testing, inspection-and examination; marking; and preparation for shipment. There are
annexes in support of these topics: 1) APl Monogram Program, 2) Information to be sp
by the purchaser, and 3) Identification of valve terms.

erials;
three
cified
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A-38

API Std 607 Fire Test for Quarter-turn Valves and Valves Equipped with

Nonmetallic Seats

Current Edition:

Seventh Edition, June 2016 (22 pages)

Alt. Number:

Formerly co-branded with 1SO 10497

ANSI Approved?

No

Specifies fire type-testing requirements and a fire type-test method for confirming the
pressure-containing capability of quarter-turn valves and other valves with nonmetallic sealing

SC(I;pe:

undaer pressure uuring anoafter the fire test TTU0es ot COVET e [estiﬂg requiremems for valve
actuators other than manually operated gear boxes or similar mechanisms when these,form part
of the normal valve assembly. Other types of valve actuators (e.g., electrical, pneumadtic, or
hydraulic) may need special protection to operate in the environment consideredin thig valve
test, and the fire testing of such actuators is outside the scope of this standard.

Ap

plication:

This standard is intended for use by valve manufacturers and testingfacilities for conducting
and reporting on fire testing of valves.

Co

mments:

The main topics covered by this standard are test conditions; thefire test method; performance
during the test; and using the results for qualification of othervalves by representativg size,
pressure rating, and materials of construction.
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A-39 API Std 608 Metal Ball Valves-Flanged, Threaded and Welding Ends

Current Edition:

Sixth Edition, January 2020 (32 pages)

Alt. Number:

None

ANSI Approved?

No

This standard covers Class 150, 300, and 600 metal ball valves used in on-off service that have
butt-welding of flanged ends for nominal pipe sizes NPS % through NPS 12 and Classes 150,
300, 600, and 800 valves in threaded or socket-welding ends for sizes NPS ¥ through NPS 2,

Scope: eotresponting—to—the—rominal—pipe—sizes—i—ASME—B36-10M—Alse—eevers—additional
requirements for ball valves that are otherwise in full conformance to the requiremgnts of
ASME B16.34, Standard Class.
Purchasers can reference this document in an equipment purchase specification and
Application: manufacturers can use it to certify that requirements have been met.
It can also reference for inspection at the manufacturer’s plant.
This standard establishes requirements for bore sizes described as;
e Full bore.
e Single reduced bore.
Cotnments: e Double reduced bore.
The main topics covered by this standard are pressurg-temperature ratings; design; maferials;
inspection, examination and testing; marking; packaging and shipping requirements; and spare
parts. Annexes are provided on the APl Monogtam Program, information to be specified|by the
purchaser, and typical floating and trunniontball valve component nomenclature.
Purchaser Manufacturer Owner Inspector Regulafor
P P S
User:
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A-40 API Std 609 Butterfly Valves: Double-flanged, Lug- and Wafer-Type, and
Butt Welding Ends

Current Edition:

Ninth Edition, April 2021 (34 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This standard covers design, materials, face-to-face dimensions; pressure-temperature ratings;
and examination, inspection and test requirements for gray iron, ductile iron, bronze, steel,

micket-base dallOy or SDECiaI dllOy DULLeTTly vdlves.

Application:

Purchasers can reference this document in an equipment purchase specification and
manufacturers can use it to certify that requirements have been met.

It can also be referenced for inspection at the manufacturer’s plant.

Comments:

Two categories of butterfly valves are included:

e Category A: Sizes covered are NPS 2 to NPS 60 for ASME Class 125 or Class 150.
e Category B: Sizes covered are:
o0 For lug and wafer, NPS 2 to NPS 60 for ASME Classes 150 and 300.
o For lug and wafer, NPS 3 to NPS 60 for Class 600.
o For double-flanged short and long pattern, NPS 3 to NPS 60 for ASME
Classes 150, 300 and 600.
o0 For butt-welding ends, NPS 3 to)NPS 60 for ASME Classes 150, 30D, and
600.
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A-41

API RP 615 Valve Selection Guide

Current Edition:

Second Edition, August 2016 (44 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This Recommended Practice (RP) provides general guidance on valve selection for the
hydrocarbon processing industry (HPI), which includes refineries and petrochemical, chemical,
and Ilquefled natural gas (LNG) plants and their various associated processes. Selection

Al ACANC D1c D4 el ADLN\ oL

ds for

= ndadf L [aX
Huluulluc 1S |J|le\.||:u TOf-varve Ly'.lco Coveret Oy OV ODTO 0 arta7-x 1 V-arve-Steitt:

the Downstream Segment, which include gate, ball, plug, butterfly, check, and globe'va
Modulating control valves and pressure relief valves are outside the scope of this'RP:

VES.

Ap

plication:

The objective of this RP is to disseminate suggested information on' valve se
recommendations as an aid to reduce operational problems and maintenaneg costs.

Although this RP provides guidance on the selection of valves, the valve specifier or en
is required to pay particular attention to, and is ultimately responsible for, all aspects
application involving process, metallurgical, and mechanical considerations.

ection

d user
of the

Co

mments:

Typical purchase descriptions are provided in the Annex to assist in the complete defini

ion of

valve details to help ensure that the correct product is spe€ified for the intended applicafion.

Primarily, however, this RP is a general guideline for’zalve selection; the final responsib
that of the user of this document.

lity is

Us!

1

Purchaser Manufacturer Owner Inspector Regulat

or

P P S

P — Primary User
S — Secondary User

121



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-42 API Std 620 Design and Construction of Large, Welded, Low-pressure
Storage Tanks

Current Edition:

Twelfth Edition, October 2013 through Addendum 2, April 2018 (288 pages)

Alt. Number:

None

ANSI Approved?

No

General
The APl Downstream Segment has prepared this standard to cover large, field-assembled

Scope:

storage tanks of the type described below that contain petroleum intermediates (gases of,fapors)
and finished products, as well as other liquid products commonly handled and stored’py the
various branches of the industry.

The rules presented in this standard cannot cover all details of design and coristruction bgcause
of the variety of tank sizes and shapes that may be constructed. Where €omplete rule$ for a
specific design are not given, the intent is for the manufacturer—subject to the approval|of the
purchaser’s authorized representative—to provide design and construction details that are ps safe
as those which would otherwise be provided in this standard.

The manufacturer of a low-pressure storage tank that will béanthe APl 620 nameplatg shall
ensure that the tank is constructed in accordance with the requirements of this standard.

The rules presented in this standard are further intended-to ensure that the application|of the
nameplate shall be subject to the approval of a qualified inspector who has made the ¢hecks
and inspections that are prescribed for the design,“materials, fabrication and testing |of the
completed tank.

Coverage

This standard covers the design and construction of large, welded, low-pressure carbop steel
aboveground storage tanks (including flat-bottom tanks) that have a single vertical gxis of
revolution. This standard does net@over design procedures for tanks that have walls shgped in
such a way that the walls cannet be generated in their entirety by the rotation of a stitable
contour around a single vertical axis of revolution.

The tanks described in this'standard are designed for metal temperatures not greater than[250°F
(121°C) and with pressures in their gas or vapor spaces not more than 15 Ibf/in.2 (10p kPa)
gauge.
The basic rules:in*this standard provide for installation in areas where the lowest recorded 1-
day mean atmospheric temperature is —-50°F (—46°C). Appendix S covers stainless stedl low-
pressure.storage tanks for refrigerated products at temperatures from +40°F to —60°F (+{4°C to
—51°C)-Appendix Q covers low-pressure storage tanks for liquefied hydrocarbon gases at
temperatures not lower than —270°F (-168°C).

T4ie rules in this Standard are applicable to tanks that are intended to (a) hold or store |iquids
with gases or vapors above their surface or (b) hold or store gases or vapors alone. Thesp rules
do not apply to lift-type gas holders.

Although the rules in this standard do not cover horizontal tanks, they are not intenfled to
preclude the application of appropriate portions to the designs and construction of horjzontal
tanks designed in accordance with good engineering practice. The details for horizonta| tanks

not—covered—byv—these—rles—shallbe—egualh—as—safe—as—the—desian—and—construction-details
ROt WeFee—By—h H HaH—3 gHaH—as—sate—as—+1e—aesigh—aha RSHHEHBH

provided for the tank shapes that are expressly covered by this standard.

Application:

Purchasers can reference this standard in a purchase specification and manufacturers can use it
in the design and fabrication/erection of large, welded, low-pressure storage tanks.

It can also be used as a reference for shop and field fabrication/erection inspection.
Regulators can reference as desired.

Comments:

This is a comprehensive document covering the following main topics: materials; design;
fabrication; inspection, examination and testing; marking; and pressure and vacuum-relieving
devices. It also includes 21 appendices in support of these topics.
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A-43 API RP 621 Reconditioning of Metallic Gate, Globe, and Check Valves

Current Edition:

Fourth Edition, October 2018 (36 pages)

Alt. Number:

None

ANSI Approved?

No

This RP provides guidelines for reconditioning heavy wall (AP1 600, APl 623 and APl 594
type) carbon steel, ferritic alloy (up to 9% Cr), stainless steel, and nickel alloy gate, globe and

check valves for ASME pressure classes 150, 300, 400, 600, 900, 1500, and 2500. Guid

PO [ wa-bttaaald

Scope:

eontatretH-thisRP-apply-te-flangedand-but-weld-castor-forged-vatves:

This RP does not cover reconditioning or re-manufacturing of used or surplus valves in
for resale. The only intent of this RP is to provide guidelines for refurbishing-anjend
(owner’s) valves for continued service in the owner’s facility. Valves recenditioned
manufactured to this RP may not meet API standard requirements for new-valves. The

elines

ended
user’s
or re-
orrect

application of a valve reconditioned to this practice remains the responsibility of the owper.
It is an expectation of this RP that a contractual agreement shall be €stablished between the

owner and the valve reconditioning facility. The reconditioning” facility may be

OEM

owned/operated, or directly associated and approved by the @EM. At the owner’s option, an

independent facility may be used. The owner shall determiné that the facility selected fo

valve

reconditioning has a documented and established working ‘quality assurance program. The

quality assurance program should include the essential elements described in the 1S
standard.

9000

Application:

This RP can be used by the owner and the reconditioner as an aid in reconditioning valves.

Comments:

This RP covers what information should be provided to the reconditioner by the owné

r, and

how the owner should prepare theswalve for shipment to the reconditioner. Fpr the

reconditioner, it provides guidance on.how to assess and take action on each valve comp
It also covers, for the reconditioner (some with owner approval or input), welding
destructive examination, pressure test, preparation for shipment and tagging.

onent.
non-
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A-44

APl Std 622 Type Testing of Process Valve Packing for Fugitive

Emissions

Current Edition:

Third Edition, October 2018 (37 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies the requirements for comparative testing of valve stem packing for
process applications where fugitive emissions are a consideration. Packing(s) shall be suitable

Scope:

Tor use at=20°F 10 1000°F (=29°C 10 538°C). Factors affecting fugitive emissions performance
that are considered by this standard include temperature, pressure, thermal cycling, mechanical
cycling, and corrosion.
This standard is not intended to replace proof testing of valve assemblies orcvalve production
testing.

This standard establishes requirements and parameters for the following packing tests:

e Fugitive emissions.
e Corrosion.
e Packing material composition and properties.

Test methods apply to valve packing for use in on-off valves with the following stem motjon(s):
e Rising stem;
¢ Rotating stem; or
e Rising and rotating stem.

Ap

plication:

This standard can be used by packing manufacturers and testing laboratories to design and build
test facilities, and to perform the testing’It can also be referenced by packing and| valve
manufacturers, and valve end users, in a-purchase specification for packing testing serviges.

Co

mments:

The purpose of this API standard.is’to establish a uniform procedure for evaluation of process
valve stem packing. The testing approaches defined within this standard provide a mettjod for
evaluating packing systems.\Fhis testing program will provide a basis for the comparison of
the emissions and life cyele performance of packing. This standard includes test documentation
data sheets and test fixture construction information.
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A-45

Bonnets

API Std 623 Steel Globe Valves—Flanged and Butt-welding Ends, Bolted

Current Edition:

Second Edition, January 2021 (39 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies the requirements for a heavy-duty series of bolted bonnet steel
valves for petroleum refinery and related applications where corrosion, erosion and

globe
other

SETVICE CONATtions Woutd indicate a need for fieavy watt Sections and targe Sterm aiametars.
This standard sets forth the requirements for the following globe valve features:
e Bolted bonnet.
e Outside screw and yoke.
e Rotating rising stems, and nonrotating rising stems.
e Rising handwheels and nonrising handwheels.
e  Straight pattern, y-pattern, right-angle.
e  Stop-check (nonreturn type globe valves in which the disc*may be positioned dgainst
Scone: the seat by action of the stem, but is free to rise as a check valve due to flow from under
pe: the disc, when the stem is in a full or partially open position).
e  Plug, narrow, conical, ball, or guided disc.
e Metallic seating surfaces.
e Flanged or butt-welding ends.
It covers valves of the nominal pipe sizes NPS:
o 2,2-1/2,3,4,6,8,10, 12, 14, 16,48,"20, and 24.
Corresponding to nominal pipe sizes DN
e 50, 65, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, and 600.
Applies for pressure class designations:
e 150, 300, 600, 900, 1500, and 2500.
This standard can be used-by packing manufacturers and testing laboratories to design angl build
Application: test facilities and to.perform the testing. It can also be referenced by packing and| valve
manufacturers, and valve end users, in a purchase specification for packing testing serviges.
The main_topics covered by this standard are design; materials; testing, inspecticjn and
Cohments: examination; marking; and preparation for shipment. There are three annexes in support of
' these-topics: 1) Information to be specified by the purchaser, 2) Identification of valve terms,
and-3)-Valve material combinations.
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A-46 API Std 624 Type Testing of Rising Stem Valves Equipped with Graphite
Packing for Fugitive Emissions

Current Edition: First Edition, February 2014 (20 pages)
Alt. Number: None
ANSI Approved? | No
This standard specifies the requirements and acceptance criteria (100 ppmv) for fugitive
emission type testing of rising and rising-rotating stem valves equipped with packing
previousty 1ested i accordance Wit APT 622 Packing shatt e suitabite for use at Jervice
SC(I;pe: temperatures —29°C to 538°C (-20°F to 1000°F). The type testing requirements-corftained
herein are based upon elements of EPA Method 21.
Valves larger than NPS 24 or valves greater than class 1500 are outside the Scope pf this
standard.
This standard can be used by packing manufacturers and testing laboratories to design and build
Application: test facilities and to perform the testing. It can also be referenCed by packing and| valve
manufacturers, and valve end users, in a purchase specification far packing testing serviges.
The purpose of this standard is to establish a uniform proceduré for the evaluation of enmpission
Comments: performance of process valves. The testing program will provide a basis for the comparison of
the emissions and performance of process valves.
Manufacturer Consultant Owner Inspector Regulafor
P P S
User:
P — Primary User
S — Secondary User
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A-47 API Std 641 Type Testing of Quarter-turn Valves for Fugitive Emissions

Current Edition:

First Edition, October 2016 (22 pages)

Alt. Number:

None

ANSI Approved?

No

This standard specifies the requirements and acceptance criteria for fugitive emission type
testing of quarter-turn valves. The type testing requirements contained herein are based on
elements of EPA Method 21.

Scope:

Valves Targer than NPS 24 and valves greater than ASME B16.34 class 1500 are outside the
scope of this standard. Valves with a pressure rating at ambient temperature less tham6.89 barg
(100 psig) are outside the scope of this standard. Repacking or resealing of valves s qutside
the scope of this standard.

Application:

This standard can be used by packing manufacturers and testing laboratoriés'to design angl build
test facilities, and to perform the testing. It can also be referenced)by packing and| valve
manufacturers, and valve end users, in a purchase specification forpacking testing serviges.

Comments:

The purpose of this standard is to establish a uniform proceduye for the evaluation of enjission
performance of process valves. The testing program will proyide a basis for the comparison of
the emissions and performance of process valves.

User:

Manufacturer Consultant Owner, Inspector Regulafor
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A-48 API Std 650 Welded Tanks for Oil Storage

Current Edition:

Thirteenth Edition, March 2020 through Errata 1 January 2021 (515 pages)

Alt. Number:

None

ANSI Approved?

No

This standard establishes minimum requirements for material, design, fabrication, erection and
testing for vertical, cylindrical, aboveground, closed and open-top, welded storage tanks in
various sizes and capacities for internal pressures approximating atmospheric pressure (internal

tac)

Scope:

presstresnotexceeding-the-weightoftheroofplates)butahigherirterral-pressurets-permitted
when additional requirements are met. This standard applies only to tanks whose entire jottom
is uniformly supported and to tanks in non-refrigerated service that have a maximum Hesign
temperature of 93°C (200°F) or less.

This standard is designed to provide industry with tanks of adequate safetyand reaspnable
economy for use in the storage of petroleum, petroleum products, and“other liquid prgducts.
This standard does not present or establish a fixed series of allowablétank sizes; instead, it is
intended to permit the purchaser to select whatever size tank may,best meet his needs.

This standard is intended to help purchasers and manufacturers-in ordering, fabricating, and
erecting tanks; it is not intended to prohibit purchasers and manufacturers from purchaging or
fabricating tanks that meet specifications other than those-gontained in this standard.

Application:

Purchasers can reference this standard in a purchase-specification and manufacturers carj use it
in the design and fabrication/erection of welded oi} storage tanks.

It can also be used as a reference for shop and-field fabrication/erection inspection. Reglilators
can reference as desired.

Comments:

This is a comprehensive document caovering the following main topics: materials; design;
fabrication; erection; method of examining joints; vacuum testing; welding procedufe and
welder qualifications; and markingZit also includes 27 appendices in support of these topics.

User:

Purchaser Manufagcturer Owner Inspector Regulator

P P P s

P — Primary User,
S — Secondaky User
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A-49

Tanks

APl RP 651 Cathodic Protection of Aboveground Petroleum Storage

Current Edition:

Fourth Edition, September 2014 (56 pages)

Alt. Number:

None

ANSI Approved?

No

Sclpe:

This RP presents procedures and practices for achieving effective corrosion control on

existing and new storage tanks in hydrocarbon service. Specific cathodic protectiondesigns are
not provided. Certain practices recommended herein may also be applicable to-tanks if other
services. Corrosion control methods based on chemical control of the environment or the use
of protective coatings are not covered in detail.

Tank owners and manufacturers, and consultants, can use this RP to deyvelop specific cgthodic

Application: protection designs.
The intent of this RP to provide information and guidance specific:to aboveground steel gtorage
Comments: tanks in hydrocarbon service. Certain practices recommended,herein may also be applicgble to
tanks in other services.
Consultant Manufacturer Owner Inspector Regulafor
P P P
User:

P — Primary User
S — Secondary User
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A-50 API RP 652 Linings of Aboveground Petroleum Storage Tank Bottoms

Current Edition:

Fifth Edition, May 2020 (40 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This RP provides guidance on achieving effective corrosion control by the application of tank

bottom linings in aboveground storage tanks. It contains information pertinent to the sel

ection

of lining materials, surface preparation, lining application, cure and inspection of tank bottom
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be an effective method of preventing internal corrosion of steel tank bottoms.

Application:

Tank owners and manufacturers, and consultants, can use this RP to developspecifi
bottom lining designs and lining specifications.

C tank

Comments:

The intent of this RP is to provide information and guidance specific<to\abovegroun
storage tanks in hydrocarbon service. Certain practices recommended herein may a
applicable to tanks in other services. This RP is intended to serve only as a guide and d
tank bottom lining specifications are not included.

The main topics covered by this standard are corrosion mechanisms; determination of th

for tank bottom lining; tank bottom lining selection; surface preparation; lining appli
inspection; evaluation, repair, and replacement of existing linings; maximizing lining s

life by proper material selection and specification; and*health, safety, and environmenta.
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A-51 API Std 653 Tank Inspection, Repair, Alteration, and Reconstruction

Current Edition:

Fifth Edition, November 2014 through Addendum 2, May 2020 (189 pages)

Alt. Number:

None

ANSI Approved?

No

This standard covers steel storage tanks built to API Standard 650 and its predecessor AP1 12C.
It provides minimum requirements for maintaining the integrity of such tanks after they have
been placed in service and addresses inspection, repair, alteration, relocation, and

¥ PRV TRP-C 1PN
TCCOTISTOCTIoTTT

Scope:

The scope is limited to the tank foundation, bottom, shell, structure, roof; at
appurtenances and nozzles to the face of the first flange, first threaded joint, or-first'we
end connection. Many of the design, welding, examination, and material requirements
Std 650 can be applied in the maintenance inspection, rating, repair, and alteration of in-
tanks. In the case of apparent conflicts between the requirements of this‘standard and A
650 or its predecessor API 12C, this standard shall govern for tanks that have been pl3
service.

This standard employs the principles of APl Std 650; however;.storage tank owner/ope
based on consideration of specific construction and operating-details, may apply this st
to any steel tank constructed in accordance with a tank spegification.

This standard does not contain rules or guidelines to cover all the varied conditions whig
occur in an existing tank. When design and copstruction details are not given, and 3
available in the as-built standard, details that will‘provide a level of integrity equal to th
provided by the current edition of API Std 650ymust be used.
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Application:

This standard is intended for use by organizations that maintain or have access to engin
and inspection personnel technically trained and experienced in tank design, fabrication,
construction and inspection.

Regulators may use as desired.

eering
Fepair,

Comments:

The main topics covered M this standard are suitability for service; brittle f
considerations; inspectiah;'materials; design considerations for reconstructed tanks; tank
and alteration; dismant}ing and reconstruction; welding; examination and testing; and m
and record keeping. It also contains 13 appendices in support of these topics.

acture
repair
arking

User:
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A-52 API Std 660 Shell-and-Tube Heat Exchangers

Current Edition:

Ninth Edition, March 2015 through Addendum 1, August 2020 (77 pages)

Alt. Number:

Formerly co-branded with 1SO 16812:2007

ANSI Approved?

No

This standard specifies requirements and gives recommendations for the mechanical design,
material selection, fabrication, inspection, testing, and preparation for shipment of shell-and-

tube heat exchangers for the petroleum, petrochemical, and natural gas industries.

Scqpe:

This standard 15 applicable to the Tolfowing types of shell-and-tube heat exchangers.. n
condensers, coolers, and reboilers.

This standard is not applicable to vacuum-operated steam surface condensers and-feed
heaters.

Paters,

-water

Application:

Purchasers can reference this standard in a purchase specification and man@facturers car
in the design and fabrication of shell-and-tube heat exchangers. It _¢an also be use
reference for shop inspection.

use it
l as a

Comments:

The main topics covered in this standard are: proposal information required; design; ma
fabrication; inspection and testing; preparation for shipment;-supplemental requireme

erials;
nts (if

specified by the purchaser); and supplemental requirements for services subject t¢ high

temperature hydrogen service (HTHS). It also includeSthree appendices:

1) Recommended practices, 2) Shell-and-tube heatexchanger checklist, and 3) Shell-an
heat exchanger data sheets.

The completion of the heat exchanger data shéets is the joint responsibility of the purchas
the manufacturer. The purchaser is responsible for the process data on the data sheets.

0-tube

er and

This standard states that the pressure, design code shall be specified by, or agreed to by, the

purchaser. Some welding requirements are included in the standard, but no guidanc
welding code is given.

e 0N a

User:
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A-53 API| Std 661 Petroleum, Petrochemical, and Natural Gas Industries — Air-
cooled Heat Exchangers

Current Edition:

Seventh Edition, July 2013, Reaffirmed June 2018 (160 pages)

Alt. Number:

Formerly co-branded with 1SO 13706-1:2005

ANSI Approved?

No

This standard gives requirements and recommendations for the mechanical design, materials,
fabrication, inspection, testing, and preparation for shipment of air-cooled heat exchangers for

Scope:

USE 11T e PEtroteun, petrochemicat, and naturat gas imoustries.

This standard is applicable to air-cooled heat exchangers with horizontal bundles, but th
concepts can also be applied to other configurations.

p basic

Application:

Purchasers can reference this standard in a purchase specification and manufacturers ca
in the design and fabrication of air-cooled heat exchangers. It can also bedused as a ref
for shop inspection.

This standard includes data sheets whose completion is the joint reSponsibility of the pur
and the manufacturer. The purchaser is responsible for the procéss.data on the data shee

use it
Brence

chaser
[S.

Comments:

The main topics covered in this standard are manufacturer’s proposal require
documentation; design; materials; fabrication of tube hundle; inspection, examinatio
testing; preparation for shipment; and supplemental requirements (if specified &
purchaser). It also includes five annexes: 1) Recemmended practices, 2) Checklist an

ments;
n, and
y the
d data

sheets, 3) Winterization of air-cooled heat exchangers, 4) Recommended Procedure for Airflow

Measurement of Air-cooled Heat Exchangers,and 5) Measurement of Noise from Air-
Heat Exchangers.

The completion of the heat exchanger data sheets is the joint responsibility of the purchas
the manufacturer. The purchaser is résponsible for the process data on the data sheets.

cooled

er and

This standard states that the pressure design code shall be specified by, or agreed to By, the

purchaser, and that welding shall be in accordance with the pressure design code.

User:

Purchaser Manufacturer Owner Inspector Regulat
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A-54

Part 1-Plate-and-Frame Heat Exchangers

API Std 662, Part 1 Plate Heat Exchangers for General Refinery Services—

Current Edition:

First Edition, February 2006, Reaffirmed February 2011 (36 pages)

Alt. Number:

ISO 15547-1:2005 (Identical)

ANSI Approved?

Yes

This Part 1 of the standard gives requirements and recommendations for the mechanical design,
materials selection, fabrication, inspection, testing, and preparation for shipment of plate-and-

Scone. frame feat excangers for USe 11 Petroteun, petrochemicat, and natural gas mnaustries. It is
applicable to gasketed, semi-welded, and welded plate-and-frame heat exchangers.
Purchasers can reference this standard in a purchase specification and manufactlrers car use it
Application: in the design and fabrication of plate-and-frame heat exchangers. It can also be usefd as a
reference for shop inspection.
The main topics covered in this standard are manufacturer’s proposalrequirements; drgwings
and other data requirements; design; materials; fabrication; inspection and testing; preparation
for shipment. It also includes three annexes: 1) Recommendgd-practices, 2) Plate-andiframe
c heat exchanger checklist and 3) Plate-and frame heat exchangerdata sheets.
omments: The completion of the heat exchanger data sheets is the joift responsibility of the purchader and
the manufacturer. The purchaser is responsible for the’process data on the data sheets.
This standard states that the pressure design codesanhd the structural welding code shall be
specified, or agreed to, by the purchaser.
Purchaser Manufacturer Owner Inspector Regulafor
P P S
User:

P — Primary User
S — Secondary User
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A-55 API Std 663 Hairpin-type Heat Exchangers

Current Edition:

First Edition, May 2014 (54 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This standard specifies requirements and gives recommendations for the mechanical design,
materials selection, fabrication, inspection, testing and preparation for shipment of hairpin heat
exchangers for use in the petroleum, petrochemical and natural gas industries. Hairpin heat

chanaaretaaltde-darbla-iie wa—eatitbe-tuaa-b + hanaak
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Application:

Purchasers can reference this standard in a purchase specification, and manufacturers'c

AN use

it in the design and fabrication of hairpin heat exchangers. It can also be used as@reference for

shop inspection.

Comments:

The main topics covered in this standard are general requirements,<proposal information

required, drawings and other required data, design, materials, fabtication, inspectid
testing, preparation for shipment, and supplemental requirements specified by the purch

also includes three appendices:

1) Recommended practices, 2) Hairpin heat exchanger checklist;’and 3) Hairpin heat exc

data sheets.

The completion of the heat exchanger data sheets is thé joint responsibility of the purchas
the manufacturer. The purchaser is responsible for.the process data on the data sheets.
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A-56 API Std 664 Spiral Plate Heat Exchangers

Current Edition:

First Edition, March 2014, Reaffirmed June 2019, Errata 1, February 2021 (50 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This standard specifies requirements and gives recommendations for the mechanical design,
materials selection, fabrication, inspection, testing, and preparation for shipment of spiral plate
heat exchangers for the petroleum, petrochemical, and natural gas industries. It is applicable to

dondlol s aeal-alatab. + avcahanaoy wa-th. HIZE DN IR 128 B T ) [
StartaroTe-Sprrar pratcTicat CACangersanatroSCregrarvvrtT o PressSurtveSSCT

Application:

Purchasers can reference this standard in a purchase specification and manufacturers|ca
in the design and fabrication of spiral plate heat exchangers. It can also be usedas-a ref
for shop inspection.

use it
brence

Comments:

The main topics covered in this standard are general requirements,<proposal infor
required, drawings and other data requirements, design, materials, falrication, inspecti
testing, and preparation for shipment. It also includes three appendices:

1) Recommended practices, 2) Spiral heat exchanger checklist,"and 3) Spiral heat exc
data sheets.

The completion of the heat exchanger data sheets is the joifit.responsibility of the purchas
the manufacturer. The purchaser is responsible for the process data on the data sheets.

ation
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A-57 API Std 668 Brazed Aluminum Plate-fin Heat Exchangers

Current Edition: First Edition, November 2018 (49 pages)
Alt. Number: Formerly API Standard 662 Part 2
ANSI Approved? | No
This standard gives requirements and recommendations for the mechanical design, materials
Scope: selection, fabrication, inspection, testing and preparation for shipment of brazed aluminum
plate-fin heat exchangers for use in petroleum, petrochemical, and natural gas industries.
Purchasers can reference this standard in a purchase specification, and manufacturers,cgan use
Application: it in the design and fabrication of brazed aluminum plate-fin heat exchangers. It.can“glso be
used as a reference for shop inspection.
The main topics covered in this standard are general requirements, proposal infornation
required, drawings and other required data, design, materials, fabrigation, inspectign and
testing, and preparation for shipment. It also includes four appendices:
Comments: 1) Recommended practices, 2) Plate-fin heat exchanger checklist, 3)/Plate-fin heat exchanger
data sheets, and 4) Block-in-shell heat exchangers.
The completion of the heat exchanger data sheets is the joint fesponsibility of the purchader and
the manufacturer. The purchaser is responsible for the process data on the data sheets.
Purchaser Manufacturer Ownep Inspector Regulafor
P P S
User:
P — Primary User
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A-58 APl RP 686 Recommended Practice for Machinery Installation and
Installation Design—Chapter 6—Piping

Current Edition:

Second Edition, December 2009 (64 pages)

Alt. Number:

Originally PIP REIE 686

ANSI Approved?

No

This recommended practice (RP) provides guidelines for the installation and pre-installation
design of piping that is connected to machinery in petroleum or chemical processing facilities.

SC(Lpe:

TT0oES Mot aduress piping Matertals, nor piping fabrication and estng TeqUiTements, Wi
part of equipment user specified piping specifications.

This RP covers rotating and reciprocating fluid-handling machinery and includes
compressors, blowers, and turbines in both horizontal and vertical configurations:

ch are

umps,

Application:

This RP is written such that it can be used as a contractual document<between an
company and an engineering and construction (E&C) contractor. Thé)major benefit is
provides a detailed scope of supply for machinery installation requirements, with acce
criteria, and documentation requirements. There is then no ambiguity amongst multiplg
bidders as to the requirements for project machinery installation;

owner
that it
htance
E&C

Comments:

The main topics covered in this RP are the machinery piping installation desig
machinery-specific piping design (pumps, compressafs/blowers, and steam turbines), &
machinery piping installation. Four annexes are provided: 1) a checklist for machinery
installation; 2) machinery installation piping diagrams; 3) steam piping for turbines;

field relief of pipe strain.

n, the
hd the
piping
hnd 4)
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A-59

API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units

Current Edition:

Fourth Edition, May 2013, Reaffirmed August 2020 (75 pages)

Alt. Number:

None

ANSI Approved?

No

The Hydrofluoric Acid (HF) alkylation process presents operational risk and relies up
proper design, maintenance, and operation practices to assure safe operation. APl RP 75

on the
lisan

industry document that communicates proven industry practices to support the safe operation

eVious

SCLLpe:

efer-HacidaHepation-trit—he-phiosephy-of- this-fourthreditionisto-buHa-onthepr
editions’ base of recommendations for HF acid leak prevention, detection and mitigatio
the document section topics of hazard management, operating procedures (and” v
protection, material inspection and maintenance, transportation and inventory centrol
and utility systems, and risk mitigation. The recommendations presented in the docum
those that have been found effective or those which are advised for safe.opérations.

h with
vorker

relief
Nt are

Ap

plication:

This RP is relevant for the entire life cycle involving HF acid alkylatiof units. It could b
by the owner and engineering contractor in design and constructiohy as well as by the
during operation and maintenance activities.

e used
owner

Co

mments:

Within the context of pressure equipment, the primary area of interest in this RP is the
on Materials, New Construction, Inspection, and Maintenance (Section 3 in the Fourth Eg
This section covers materials performance in HE<service, construction and equ
guidelines (pressure vessels, piping, valves, flanged\joints, heat exchangers, fired heate
safety relief valves), inspection of commissioned HF unit equipment, equipmer
maintenance. Another section of the RP cavers relief and utility systems (Section 5
Fourth Edition). An annex in the document highlights specific materials issues knowr
potentially problematic within HF alkylation units.
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A-60 API RP 932-B Design, Materials, Fabrication, Operation, and Inspection
Guidelines for Corrosion Control in Hydroprocessing Reactor Effluent Air
Cooler (REAC) Systems

Current Edition:

Third Edition, June 2019 (70 pages)

Alt. Number:

None

ANSI Approved?

No

This recommended practice provides guidance to engineering and plant personnel on

Scope:

equipment and piping design, material selection, fabrication, operation, and msrjection
practices to manage corrosion and fouling in the wet sections of hydroprocessing“eactor
effluent systems.

The reactor effluent system includes the equipment and piping subject to ammonium splting,
NH4HS corrosion, and associated fouling. This system usually begins at the'last feed/effluent
exchanger or first water injection point and continues through the cold-high pressure separator
(1, 2, and 3 separator designs) or cold high- and low-pressure separators (4 and 5 separator
designs). The reactor effluent system specifically excludes the strippér, fractionator, anfl final
separation sections. However, guidance in this RP may be”applicable to ammonium salt
corrosion mitigation in those areas, as well.

An understanding of all variables impacting corrosion andfouling in these systems is negessary
to improve the reliability, safety, and environmental impact associated with them. Past atfempts
to define generic optimum equipment design and-aceeptable operating variables to mipimize
fouling and corrosion have had limited success due to the interdependence of the varjables.
Corrosion can occur at high rates and be extremely localized, making it difficult to insppct for
deterioration and to accurately predict remaining life of equipment and piping.
Within the refining industry, continuing equipment replacements, unplanned outages, and

serious past incidents illustrate the current need to better understand the cofrosion
characteristics and provide guidance on factors that can impact fouling and corrosion.

Application:

This recommended practicexis-applicable to process streams in which NH4Cl and NHH salts
can form and deposit in gquipment and piping or dissolve in water to form aqueous solutions
of these salts. Included-ifnrthis practice are:

e Details of deterioration mechanisms.

e Methods\to assess and monitor the corrosivity of systems.

e Details’ on materials selection, design, and fabrication of equipment for new and
revamped processes.

o~ Considerations in equipment repairs.

o Details of an inspection plan.

Comments:

Materials and corrosion specialists should be consulted for additional unit-specific
interpretation and application of this document. Each facility needs to establish its own safe
operating envelope to ensure satisfactory service. This RP helps to identify key vafiables
necessary for monitoring and establishing the operating envelope.

Purchaser Manufacturer Owner Inspector Regulafor
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A-61 APl RP 934A Materials and Fabrication of 2%Cr-1Mo, 2%Cr-1Mo-%V,
3Cr-1Mo and 3Cr-1Mo-%V Steel Heavy Wall Pressure Vessels
High-temperature, High-pressure Hydrogen Service

for

Current Edition:

Third Edition, January 2019 (57 pages)

Alt. Number:

None

ANSI Approved?

No

This RP presents materials and fabrication requirements for new 2-%Cr and 3Cr steel

Scope:

wall pressure vessels for high temperature, high pressure hydrogen service. It applies to

that are designed, fabricated, certified and documented in accordance with ASME Code'S
VIII, Division 2, including Appendix 26, Mandatory Rules for Cr-Mo Steels and Add
Requirements for Welding and Heat Treatment and ASME Code Case 2151, ¢f applicab

Materials covered by this RP are conventional steels including standard, 2-%Cr-1M
standard 3Cr-1Mo steels, advanced steels including enhanced 2-¥4Cy-1Mo, 2-Y4Cr-1M
3Cr-1Mo-%V-Ti-B, and 3Cr-1Mo-¥4V-Ch-Ca steels. The interior surfaces of these heay
pressure vessels may have an austenitic stainless steel weld overlay to provide add
corrosion resistance.

Licensors and owners of process units in which these heavy wall pressure vessels are to b
may modify and/or supplement this RP with additional proprietary requirements.

heavy
essels
ection
tional
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o and
0-1/4V,
y wall
itional

e used

Application:

Purchasers can reference this document in a purchaSe)specification and manufacturers g
it in the design and fabrication of pressure vessels. It can also be used as a reference fg
inspection, and as a resource when modifying-éxisting pressure vessels.

an use
r shop

Comments:

This RP is based on decades of industry operating experience and the results of experimentation

and testing conducted by independent manufacturers, fabricators, and users of heav
pressure vessels for this service.

y wall

The main topics covered in this RPare design (per ASME Code); two design issues (welg seam

layout and nozzle neck trapsition); base metal requirements; welding requirements
treatment; testing requirements; nondestructive examination (NDE); hydrostatic t
preparation for shipping;_documentation; and supplementary material examination and
requirements. Annexes include guidance for inspection for transverse reheat crackin
alternate probe setup with offset for detecting transverse defects.

; heat
bsting;
NDE
y, and
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A-62

APl RP 934C Materials and Fabrication of 1%Cr-¥2Mo Steel Heavy Wall

Pressure Vessels for High-pressure Hydrogen Service Operating at or
Below 825°F (440°C)

Current Edition:

Second Edition, February 2019 (25 pages)

Alt. Number:

None

ANSI Approved?

No

Sc

This RP presents materials and fabrication requirements for new 1 ¥%Cr-¥%2Mo steel heavy wall

Dpe:

pressure vessels and heat exchangers for high-temperature, high-pressure hydrogen ser
applies to vessels that are designed, fabricated, certified, and documented in accordang
ASME BPVC, Section VIII, Division 1 or Division 2. This document may also,bé use
resource for equipment fabricated of 1Cr-%22Mo Steel.

This document may also be used as a resource when planning to modify an existing heay
pressure vessel.

The interior surfaces of these heavy wall pressure vessels may have’an austenitic stainles
or ferritic stainless steel weld overlay or cladding to provide additienal corrosion resistal

For this RP, the heavy wall is defined as shell thickness 2 in(50 mm) or greater but
equal to 4 in. (100 mm). Integrally reinforced nozzles, ¢flanges, tubesheets, bolted ¢
covers, etc. can be greater than 4 in. (100 mm). At shell ‘or head thicknesses greater thal
(100 mm), 1¥4Cr-¥%2Mo has been shown to have diffietilty meeting the toughness requirg
given in this document. Although outside of the/scepe of this document, it can be use
resource for vessels down to 1 in. (25 mm).shell thickness with changes defined
purchaser.

This RP is not intended for use for equipmént operating above 825°F (440°C) or in the
range.
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Application:

Purchasers can reference this document in a purchase specification and manufacturers ¢
it in the design and fabrication of pressure vessels. It can also be used as a reference fo
inspection, and as a resourcé\when modifying existing pressure vessels.

an use
r shop

Co

mments:

This RP is based on-detades of industry operating experience and the results of
experimentation and\testing conducted by independent manufacturers, fabricators and u
pressure vesselstfor this service.

The main topics'covered in this RP are design (per ASME Code); three design issues (thi
allowance{ weld seam layout and nozzle neck transition); base metal requirements; W
requirements; heat treatment; testing requirements; nondestructive examination (
hydrostatic testing; preparation for shipping; documentation; and summary m
examination and NDE requirements.
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A-63 APl RP 934E Recommended Practice for Materials and Fabrication of
1v4Cr-%2Mo Steel Pressure Vessels for Service above 825°F (440°C)

Current Edition:

Second Edition, January 2018 (27 pages)

Alt. Number:

None

ANSI Approved?

No

This RP includes materials and fabrication requirements for new 1%Cr-%2Mo and 1Cr-“2Mo
steel pressure vessels and heat exchangers for high temperature service in petroleum refining,

Scope:

petrochemicat, and chemical faciities, Tt appties 10 VesSels that are aesigned, fabr
certified, and documented in accordance with ASME Code Section VIII, Division|4
document may also be used as a resource when planning to modify existing pressure‘ve

This RP is not intended for use for equipment operating below 825°F (440%C). ‘Refer

RP 934-C for information on design for lower temperature ranges. When designing equ
that operates in the 825-850°F (440-454°C) temperature range, refer to guidelines in b
these RPs.

cated,
. This
sels.

0 API

pment
oth of

Application:

Purchasers can reference this document in a purchase specification and manufacturers ¢
it in the design and fabrication of pressure vessels. It can also-He used as a reference fo
inspection, and as a resource when modifying existing pressure vessels.

an use
r shop

Comments:

This RP is based on decades of industry operating, experience and the results of
experimentation and testing conducted by independent manufacturers, fabricators, and u
pressure vessels for this service.

The main topics covered in this RP are design.(per ASME Code); three design issues (thi
allowance, weld seam layout, and nozzle-neck transition); base metal requirements; W
requirements; heat treatment; testing{requirements; nondestructive examination (
hydrostatic testing; preparation for shipping; and documentation.
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A-64

APl TR 934G Design, Fabrication, Operational

Effects, Inspection,

Assessment, and Repair of Coke Drums and Peripheral Components in
Delayed Coking Units

Current Edition:

First Edition, April 2016 (66 pages)

Alt. Number:

None

ANSI Approved?

No

This technical report includes information and guidance on the practices used by in

dustry

Scope:

practitioners on the design, fabrication, operation, inspection, assessment, and repalr, o
drums and peripheral components in delayed coking units. The guidance is general) an
not reflect specific details associated with a design offered by licensors of delayed
technology, or inspection tools, operating devices/components, repair techniques,
engineering assessments offered by contractors. For details associated with.the design d
by a licensor or services provided by contractors, the licensor or contractor should be cor
for guidance and recommendations for their design details and, opérating guidance
document is a technical report and as such, provides generally used+practices in industry|
not an APl Recommended Practice for coke drums in delayed,coking units.

f coke
 does
oking
and/or
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and is

Ap

plication:

Purchasers can reference this document in a purchase specification and manufacturers ¢
it in the design and fabrication of coke drums and periphenal equipment. It can also be U
a reference for shop inspection, and as a resource when modifying existing coke drur
peripheral equipment. Finally, it can be used by-owners/operators to establish strateg
operations, maintenance, and repair in a manner that will optimize the life of the coke
given their unique circumstances.

AN use
sed as
s and
es for
drums

Co

mments:

This technical report is based on decades‘ef industry operating experience and the res
recent experimentation and testing conducted by independent manufacturers, fabricato
users of coke drums and peripheraltequipment.

The main topics covered in this technical report are design (including design apprag
materials selection, thickness-considerations, fatigue design considerations, skirt &
support details, insulationdetails, and tolerances); fabrication; effects of operating pract
coke drum reliability;-ia-service inspection and monitoring, condition assessment, repai
peripheral equipment:
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A-65 APl Std 936 Refractory Installation Quality Control—Inspection and
Testing Monolithic Refractory Linings and Materials

Current Edition:

Fourth Edition, June 2014 (60 pages)

Alt. Number:

None

ANSI Approved?

No

This standard provides installation quality control procedures for monolithic refractory
and may be used to supplement owner specifications. Materials, equipment, and person

linings
nel are

SC(I;pe:

quatifiet by the Methous descrited, and apptied Tefractory quality 15 closely monitored;) based

on defined procedures and acceptance criteria. The responsibilities of inspection personn
monitor and direct the quality control process are also defined. In addition,-this”st

el who
ndard

provides guidance for the establishment of quality control elements necessary te”achigve the

defined requirements.

Application:

This standard may be used as a basis for owners to develop theiryrefractory instajlation

procedures.

Comments:

contractor, inspector and manufacturer), inspector qualifications, materials, qualificati
testing, installation/execution, and dryout. Three annexes-are provided; a glossary, ref
compliance datasheet, and a framework for certification fer refractory personnel.

The main parts of this standard are quality control elements;~responsibilities (or £Wner,

n and
ctory
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A-66 APl RP 939C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion
Failures in Oil Refineries

Current Edition:

Second Edition, January 2019 (59 pages)

Alt. Number:

None

ANSI Approved?

No

The objective of this recommended practice (RP) is to provide a better understanding of
sulfidation corrosion characteristics and give practical guidance to inspectors and maintenance,

pe. s - . . - . .
Se Tetiabitity, project, Operations, and COrroSioN PerSonmel Of oW 10 atdress sutfidation conrosion
in petroleum refining operations.
Owner/operators may use this RP to create and implement an inspection plan for comppnents
in sulfidation corrosion service. Such a plan could include performing inspections, evaluating
Application: thickness readings, performing retrospective PMI/verification, perform aJdow-Si carbop steel
inspection program, define operating envelopes, institute corrosion “monitoring, dise of
inhibitors for corrosion control, or materials replacement/upgrading.
Included in this RP are:
e Background to damage mechanisms.
e  The most common types of damage observed.
Comments: e Root causes of sulfidation corrosion.
e Methods to predict and monitor the corrosivity of systems.
e Materials selection for new and revamped-processes.
e Inspection and nondestructive examination (NDE) methods used for defecting
sulfidation corrosion.
Purchaser Manufacturer Owner Inspector Regulafor
S P S
User:

P — Primary User
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A-67 API RP 941 Steels for Hydrogen Service at Elevated Temperatures and
Pressures in Petroleum Refineries and Petrochemical Plants

Current Edition:

Eighth Edition, February 2016 through Addendum 1, August 2020 (66 pages)

Alt. Number:

None

ANSI Approved?

No

This RP summarizes the results of experimental tests and actual data acquired from operating
plants to establish practical operating limits for carbon and low alloy steels in hydrogen service

Scope:

At elevated TEMpEratures and pressures. T e effects o the TesiStance of Seefs 1o Nydrggen at
elevated temperature and pressure that result from high stress, heat treating,ychemical
composition, and cladding are discussed. This RP does not address the resistance of stgels to
hydrogen at lower temperatures [below about 400°F (204°C)], where atomic-hydfogen|enters
the steel as a result of an electrochemical mechanism.

This RP applies to equipment in refineries, petrochemical facilities, and chemical facilities in
which hydrogen or hydrogen-containing fluids are processed at, elevated temperatufe and
pressure. The guidelines in this RP can also be applied to hydrogenation plants such ag those
that manufacture ammonia, methanol, edible oils, and higher atcehols.

Hydrogenation processes require standards and materials, that-may not be warranted i) other
operations of the petroleum industry. At certain combinations of elevated temperatufe and
hydrogen partial pressure, both chemical and metallurgical changes occur in carbon steel,
which, in advanced stages, can render it unsuitablé\for safe operation. Alloy steels confaining
chromium and molybdenum can be used under.such conditions.

The steels discussed in this RP resist high temperature hydrogen attack (HTHA) when ogerated
within the guidelines given. However, they,may not be resistant to other corrosives pregent in
a process stream or to other metallurgical’damage mechanisms operating in the HTHA Jrange.
This RP also does not address the issues surrounding possible damage from rapid cooling of
the metal after it has been in high‘temperature, high pressure hydrogen service (e.g., pgssible
need for outgassing hydroprocessing reactors).

This RP will discuss in detailonly the resistance of steels to HTHA.

Application:

This RP can be used by pressure vessel designers as an aid in selecting steels for new pressure
vessels at elevated temperature and pressure. It can also be used by pressure vessel fabr|cators
to assess the adequacy of the materials specified by the purchaser. It can also be uged by
inspectors as—an aid in selecting an inspection method(s) for detecting high tempgrature
hydrogen attack in existing pressure vessels.
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Co

Presented in this document are curves that indicate the operating limits of temperature and
hydrogen partial pressure for satisfactory performance of carbon steel and Cr-Mo steels in
elevated temperature, hydrogen service. In addition, it includes a summary of inspection
methods to evaluate equipment for the existence of HTHA.

At normal atmospheric temperatures, gaseous molecular hydrogen does not readily permeate
steel, even at high pressures. Carbon steel is the standard metal for cylinders that are used to
transport hydrogen at pressures of 2000 psi (14 MPa). Many postweld heat treated carbon steel
pressure vessels have been used successfully in continuous service at pressures up to 10,000
psi (69 MPa) and temperatures up to 430°F (221°C). However, under these same conditions,
highly stressed carbon steels and hardened steels have cracked due to hydrogen embrittlement.

mments:

The recommended maximum hydrogen partial pressure at atmospheric temperature for ¢arbon
steel fabricated in accordance with the ASME Boiler and Pressure Vessel Code is-13,000 psia
(90 MPa). Below this pressure, carbon steel equipment has shown satisfactory performance.
Above this pressure, very little operating and experimental data are available) If plants|are to
operate at hydrogen partial pressures that exceed 13,000 psia (90 MPa), théuse of an austenitic
stainless steel liner with venting in the shell should be considered.

At elevated temperatures, molecular hydrogen dissociates into the atomic form, whi¢h can
readily enter and diffuse through the steel. Under these conditions, the diffusion of hydrogen
in steel is more rapid. As discussed in Section 4 of this RP, hydrggen reacts with the carpon in
the steel to cause either surface decarburization or internal decarburization and fissuring, and
eventually cracking. This form of hydrogen damage is catled high temperature attack (HTHA)
and this RP discusses the resistance of steels to HTHA¢

The main topics covered by this RP are pressure/temperature operating limits for carbgn and
Cr-Mo steels; forms of HTHA,; factors influencing HTHA; and inspection for HTHA. [It also
includes eight technical annexes: 1) High temperature attack (HTHA) of 0.5 Mo stegls, 2)
HTHA of 1.25 Cr-0.5 Mo steel, 3) HTHAvof 2.25 Cr-0.5 Mo steel, 4) Effective pressyres of
hydrogen in steel covered by clad/overlay, 5) Summary of inspection methods, 6) HTHA of
Non-PWHT’d carbon steels, 7) methiodology for calculating H; partial pressure in liquid-filled
piping, and internal company data:¢ollection (request for new information).
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A-68 API RP 945 Avoiding Environmental Cracking in Amine Units

Current Edition:

Third Edition, June 2003, Reaffirmed, July 2020 (35 pages)

Alt. Number:

None

ANSI Approved?

No

Scnﬂpe:

This RP discusses environmental cracking problems of carbon steel equipment in amine units.
Stress corrosion cracking of stainless steels in amine units is beyond the scope of this document,
although there have been isolated reports of such problems. This practice does provide
eeetne camuey -‘ At - ,- -G‘i et GG“ ,- v -n,and
repair to help assure safe and reliable operation. The steels referred to in this docimgnt are
defined by the ASTM designation system, or are equivalent materials contaified”in other
recognized codes or standards. Welded construction is considered the primary method of
fabricating and joining amine unit equipment.

oo O atrio0 O O atro v,

Application:

This RP can be used by process designers (owner or contractor) as an-aid in specifying steels
and fabrication requirements for new and replaced/repaired equipmerit in amine units.|It can
also be used for guidance for the inspection and repair of existing‘equipment used to handle
amines.

Comments:

This document is based on current engineering practices and insights from recent industry
experience. Older amine units may not conform exactly.to the information contained jn this
RP, but this does not imply that such units are operating in an unsafe or unreliable manner. No
two amine units are alike, and the need to modify)a specific facility depends on its opefating,
inspection, and maintenance history.

This RP presents information covering antine unit description and problems, constiuction
materials and fabrication, inspection guidelines, repair guidelines, cracking mechanisms, and
corrosion control.
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A-69 API RP 970 Corrosion Control Documents
Current Edition: First Edition, December 2017 (59 pages)
Alt. Number: None
ANSI Approved? | No

Sc

This recommended practice (RP) provides users with the basic elements for devel

oping,

implementing, and maintaining a Corrosion Control Document for refining, and at the owner’s

discretion, may be applied at petrochemical and chemical process facilities.

dpe:

7A_Corrosion Control Document (CCD) 1S a document or_other repository or sysiein that

contains all the necessary information required to understand materials damage suscep
issues in a specific type of operating process unit at a plant site. CCDs are a valuablé ag
to an effective Mechanical Integrity Program. They help to identify the damage” mech
susceptibilities of pressure-containing piping and equipment, factors that influence d
mechanism susceptibilities, and recommended actions to mitigate<the’ risk of |
containment or unplanned outages.

Typical CCDs cover the pressure-containing components of fixed.equipment. The ty
equipment and associated components typically covered by CGDsare: pressure vessels, p
piping, storage tanks (atmospheric and pressurized), process-heater pressurized compd
and heat exchangers.

The scope of this standard includes:

Descriptions of CCDs and definitions of4elated terminology.
Creating, establishing, and maintaining.CCDs.

Data and information typically needed-to create CCDs.
Descriptions of the various types.ef CCDs needed for process units.
Documenting and implementing-CCDs.

Reviewing, changing, and updating CCDs.

Integrating CCDs with ather risk management practices.

Roles and responsibilities in the CCD work process.

Knowledge transfér.to all stakeholders.

ibility
dition
anism
hmage
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pes of
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nents,

Ap

plication:

This RP is a guidelin€ document for organizing Corrosion Control Documents. The own
of this RP may also develop internal documents that detail how their company will creg
implement thesprocesses suggested herein. Section 5 contains key points for establishing
procedure that documents the CCD work process.

br/user
te and
a site

Co

mments:

This deCument provides the owner/user with information and guidance on the work pro
for development and implementation of CCDs for the owners’/users’ process units. Whilg
géneric examples are provided in the text and in 5.9, this document does not contain a co
list of unit-specific CCDs or operating plant variables for the numerous types of hydro
processing units in the industry.
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A-70 APl Std 976 Refractory Installation Quality Control—Inspection and
Testing of AES/RCF Fiber Linings and Materials

Current Edition:

First Edition, March 2018 (34 pages)

Alt. Number:

None

ANSI Approved?

No

This standard provides installation quality control procedures and lining system design
requirements for AES/RCF* fiber linings, and may be used to supplement owner specifications.

Scope:

Viateriats, equipment, and personnetare quatified by the methods descrited; and
refractory quality is closely monitored, based on defined procedures and acceptance (¢
The responsibilities of inspection personnel who monitor and direct the quality cantrol p
are also defined.

The lining described in this standard is for internal refractory linings on the)ptocess side
equipment. External insulation and jacketing are not covered in this standard.

*AES: Alkaline Earth Silicate fiber; RCF: Refractory Ceramic Fibers

plied
Fiteria.
rocess

of the

Application:

This standard may be used as a basis for owners to develop-their refractory insta
procedures, along with a means to assess and verify competencies of refractory inspectd

lation
rs.

Comments:

The main parts of this standard are responsibilities (or owner, installer, inspector, reffactory

manufacturer, and fiber component fabricator); inspéetor qualifications; materials (inc
refractory and anchors); lining design; rigidized and'surface-treated fiber; QA/QC; exam
and testing; and preparation for shipping. Annexes-consist of a refractory compliance dat
and a listing of minimum competencies for refractory inspectors.

uding
nation
asheet
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A-71 API Std 1104 Welding of Pipelines and Related Facilities

Current Edition:

Twenty First Edition, September 2013 through Errata 5, September 2018 (130 pages)

Alt. Number:

None

ANSI Approved?

No

This standard covers the gas and arc welding of butt, fillet, and socket welds in carbon and
low-alloy steel piping used in the compression, pumping, and transmission of crude petroleum,
petroleum products, fuel gases, carbon dioxide, nitrogen and, where applicable, covers welding

Scope:

et-eistribttionsystems—Happhiesto-bethrew-construetionantHr-service-welding—Fhre-welding
may be done by a shielded metal-arc welding, submerged arc welding, gas turgsten-arc
welding, gas metal-arc welding, flux-cored arc welding, plasma arc welding, oxyacdtylene
welding or flash butt welding process, or by a combination of these processes using a manual,
semi-automatic, mechanized or automatic welding technique, or a combipation of] these
techniques. The welds may be produced by position or roll welding or by’a combinafion of
position and roll welding.

This standard also covers the procedures for radiographic, magnetic particle, liquid pefetrant
and ultrasonic testing, as well as the acceptance standards to be-applied to production|welds
tested to destruction or inspected by radiographic, magnetic particle, liquid penetrant, ultrpsonic
and visual testing methods.

Application:

Pipeline owners and operators can reference this standard in a purchase specification f¢r new
pipeline construction welding and for in-serviee\ pipeline welding. Pipeline construction
contractors can refer to this document to ensure compliance when it is cited in the purchase
specification. It can also provide guidance te.ihspectors.

Comments:

The purpose of this standard is to present“methods for the production of high-quality|welds
through the use of qualified welders using approved welding procedures, materials, and
equipment. Its purpose is also to present inspection methods to ensure the proper analysis of
welding quality through the use.of\qualified technicians and approved methods and equipment.
It applies to both new construction and in-service welding.

The main topics covereglin this standard are welding equipment; weld filler metal| weld
shielding gases; qualification of welding procedures; qualification of welders; design and
preparation of a joint/for production welding; inspection and testing of production pelds;
certification of NDT personnel; acceptance standards for nondestructive testing; repgir and
removal of defeets; procedures for nondestructive testing; mechanized welding with fillef metal
additions; @utomatic welding without filler-metal additions; alternative acceptance stapdards
for girthrwelds; and in-service welding.
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A-72 API Std 2000 Venting Atmospheric and Low-pressure Storage Tanks

Current Edition:

Seventh Edition, March 2014, Reaffirmed April 2020 (94 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers the normal and emergency vapor venting requirements for aboveground
nonrefrigerated liquid petroleum or petroleum products storage tanks and aboveground and
underground refrigerated storage tanks designed for operation at pressures from vacuum

(1. 024 hak

Scope:

thretgh-t5o-potnds-persadare-chgatge{(H-034-bargatge)-
Engineering studies of a particular tank may indicate that the appropriate venting capadity for
the tank is not the venting capacity estimated in accordance with this standard.)Thel many
variables associated with tank venting requirements make it impractical to set forth definite,
simple rules that are applicable to all locations and conditions. Larger vepting’capacitigs may
be required on tanks in which liquid is heated, on tanks that receive liquid from wells of traps,
and on tanks that are subjected to pipeline surges. Larger venting‘capacities may ajso be
required on tanks that use flame arresters or have other restrictions.that may build up pressure
under certain conditions.

This standard does not apply to external floating roof tanks or-free vented internal floatirjg roof
tanks.

Application:

This standard can be used by storage tank designers.and/or instrument engineers as anfaid in
determining a tank’s venting requirement, and alsonin selecting the type of venting device. It
can also be used by a storage tank supplier<to assess the adequacy of the venting plevice
specified by the purchaser.

Comments:

The main topics covered in this standard-are causes of overpressure or vacuum; determination
of venting requirements; means of venting; considerations for tanks with potentially flanimable
atmospheres; relief-device specification, and installation of venting devices and open|vents.
These topics are presented separately for nonrefrigerated and refrigerated storage [tanks.
Annexes are provided on alternative calculation of normal venting requirements; basis of
emergency venting for Tables 7 and 8; types and operating characteristics of venting dgvices;
basics of sizing equations; basis for normal out-breathing and in-breathing; guidance fdr inert
gas blanketing of tanks for flashback protection; and explanation of differences in therrpal in-
breathing using the general and Annex A methods.
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A-73 API

RP 2201 Safe Hot Tapping Practices in the Petroleum and
Petrochemical Industries

Current Edition:

Fifth Edition, June 2003, Reaffirmed March 2020 (40 pages)

Alt. Number:

None

ANSI Approved?

No

This publication provides information to assist in safely conducting hot tapping operations on
equipment in service in the petroleum and petrochemical industries. No document can address

Scqpe:

incidents.

At —Situations nor_answer—att pO[Eﬂ[iaI queSIions, nowever, e unuerswnaing or P
hazards, and application of this knowledge, can help reduce the probability and seve

ential
Fity of

Application:

and de-inventory equipment to add a branch connection.

Hot tapping is performed in refineries and chemical plants when it is impractic¢al to shut

down

Comments:

The main topics covered in this publication are job analysis, hazard evaluation an
reduction, metallurgy considerations, hot tapping machines, preparations, special cond
and hot tap operations. Appendices include examples of hot-tap checklists, request
welders instructions, and an in-service hot tap emergency action’plan.

d risk
itions,
forms,
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A-74 API

Terminal Piping Systems

RP 2611 Terminal Piping Inspection—Inspection of In-Service

Current Edition:

First Edition, June 2011 (54 pages)

Alt. Number:

None

ANSI Approved?

No

This document covers the inspection of typical terminal piping systems within terminal
boundaries, which includes off-plot piping. Off-plot piping includes, but is not limited to,

Scope:

PIpINg DEtWeen facitities, piping that COmeS fTomT OT JO&s 10 a Tefinery, Of Other type of f
or piping that may cross a road, ditch, or other property outside the confines ofca te
facility.

Piping for transportation of finished fuel products such as gasoline, diesel, lubricating d
fuel, and aviation fuel are covered by the scope of this document. Alsq covered are

cility,
rminal

ils, jet
piping

systems for nonfuel-type fluids. The piping for other terminal nonfuglstype fluids typically

found in terminals, include asphaltic products, process water, transmix;§lop water and bi

pfuels.

The scope of this document does not include piping in a refinery faeility, sanitary waste piping,

cast iron piping, and nonmetallic gravity flow piping systems:

Application:

The purpose of this document is to align current terminal®piping inspection practices w
appropriate and applicable elements of APl 570. AP} 2611 covers the inspection of e
terminal piping systems. The document incorporates,industry accepted practice for ter
as well as selected principles from API 570. This<docdment addresses the piping and assd
failure modes commonly found in terminals:with piping systems operating at a ma
process design pressure of 300 psi at ambientitemperature (an exception on design tempe
is made for asphaltic products). If any.‘repair or alteration results in a change of
conditions, a rerating per APl 570 shall be satisfied. For asphaltic products, this dog
covers the maximum process design-pressure of 150 psi at a temperature range of 25°F to
(-3.9°C to 232°C).

th the
isting
minals
ciated
imum
atures
Hesign
ument
450°F

Comments:

The main topics covered in<this document are: inspection of piping, frequency and ex

ent of

inspection of aboveground-and belowground piping, repairs to piping systems, and fnarine

facilities inspection/freguency. Annexes are provided covering inspector qualificati
summary of cited, inspections, guidance on pipe wall retirement thickness, and a 9
inspection checKlist for piping.

bns, a
ample
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A-75

API Std 2350 Overfill Protection for Storage Tanks in Petroleum Facilities

Current Edition:

Fifth Edition, September 2020 through Errata 1, April 2021 (75 pages)

Alt. Number:

None

ANSI Approved?

Yes

Sc

This document applies to atmospheric storage tanks associated with refining, marketing,
pipeline, and terminals that contain NFPA Class | or Class Il liquids. This standard does not

apply to:

Dpe:

e Tanks of 1320 US gallons (5000 [iters) or less, unless connected 0 a transpo
marine delivery system.

e Tanks that are covered by PEI RP 600.

e Tanks filled exclusively from wheeled vehicles (i.e., tank trucks or raifroad tank
where the fill rate is less than 630 bbl/hr (440 gpm) (100m3/hour):

e Dedicated pipeline relief tanks.

e Tanks storing LPG and LNG.

The purpose of this standard is to assist owner/operators and\eperating personnel
prevention of tank overfilling by implementation of a comprehensive overfill prey
system (OPS). The goal is to receive product into the intended storage tank without ovet
or mechanical damage.

[ter or

cars),

in the
ention
filling

Application:

The user or tank designer may use this standard to/define/specify the overfill protection level

(or volume requirement) and need for overflow ifdicators as required.

Co

mments:

This standard is one of minimum requirements. Alternate approaches or variations

principles of this standard that provide equivalent or more robust overfill preventi
acceptable. Alternate approaches may he.heeded when the tank system varies from the

configurations described in this standard. The rationale for the implementation of each @
prevention process (OPP) should'de documented and retained by the owner/operato
standard is not intended to prevent the use of systems, methods, or devices of equiva
superior quality, effectiveness;’durability, and safety over those provided in this standar

bn the
DN are
ypical
verfill
. This
ent or
],
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AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE) STANDARDS

A-76 ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings
and Other Structures

Current Edition: 2016 through Errata 3, January 2020 (923 pages)

Alt. Number: None

ANSI Approved? | Yes

Th;Q Qtﬂ.l Idﬂ.ld i bC uocd tU dCtCIm;IIU thC ma ||;tudc Uf VV;IICIl und CGIthNUGIr\C :uud. gS tO
Scope: 7 . I “
apply to structures, including pressure vessels and piping systems.
Designers of pressure equipment can use the methods in this standard to (determipe the
Apblication: appropriate design magnitude of wind and earthquake loadings for new construction.
P ' Owners and users of pressure equipment can use the methods for postzcenstruction infegrity
assessments.
. Rules are provided for locating earthquake zones and for estimating maximum wind $peeds
Comments: - . - - -
depending on the location of the installation of the equipment,
Purchaser Consultant Owner Inspector Regulatpr
User:
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A-TT

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) STANDARDS

125, and 250)

ASME B16.1 Gray Iron Pipe Flanges and Flanged Fittings (Classes 25,

Current Edition:

2020 (49 pages)

Alt. Number:

None

ANSI Approved?

Yes

SC([pe:

fittings; marklng, materials; dlmensmns and tolerances; bolting and gaskets; and”pressure
testing.
Purchasers can reference this document in an equipment purchasespecification, and
Apblication: manufacturers can use it to certify that requirements have been met.
PP ' In addition, the thickness and dimensional requirements may be useful in evaluating the fesults
of an in-service examination program.
This standard covers flanges, 45 and 90 degree elbows, itees, crosses, 45 degree Igterals,
Comments: reducers and true Ys in sizes NPS 4 through 96 (Class 25);. NPS 1 through 48 (Class 12b) and
NPS 1 through 30 (Class 250).
Purchaser Manufacturer Owner Inspector Regulatpr
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A-78 ASME B16.3 Malleable Iron Threaded Fittings (Classes 150 and 300)
Current Edition: 2016 (54 pages)
Alt. Number: None
ANSI Approved? | Yes

Scope:

This standard covers malleable iron threaded fittings, Class 150 and 300. It also contains
provisions for using steel for caps and couplings in Class 150 for NPS 3% and smaller. This
standard includes: a) pressure-temperature ratings; b) size and method of designating openings

Fradioroa Fitiia o o\ ool oo AN tarial: o\ dioa oot an ad-talaran. ity =
UT TCUOC Ty TITTY S, C ) THTArNTTY, O ot T A, C U e TiSTO TS Ao toTe Tanct 5T ancadmmy, 4

h) plugs, bushings, and locknuts; i) face bevel; and j) coatings.

) ribs;

Ap

plication:

Purchasers can reference this document in an equipment purchase specificatio
manufacturers can use it to certify that requirements have been met.

In addition, the thickness and dimensional requirements may be useful in-évaluating the
of an in-service examination program.

, and

results

Co

mments:

This standard covers flanges, 45 and 90 degree elbows, tees, crasses, 45 degree Y bra
reducers, street tees and elbows, couplings, caps and return bends and generally in NP
Y through 6 (Class 150) and NPS % through 3 (Class 300)..There is some variation
smallest and largest size based on the particular type of fitting'(e.g., Class 300 return ben
are NPS 1 and 2).

nches,
b sizes
in the
 sizes

Us!

1

Purchaser Manufacturer Owner Inspector Regulat

P P s

P — Primary User
S — Secondary User

160



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-79 ASME B16.4 Gray Iron Threaded Fittings (Classes 125 and 250)
Current Edition: 2016 (34 pages)
Alt. Number: None
ANSI Approved? | Yes

Scope:

This standard for gray iron threaded fittings, Classes 125 and 250, covers: a) pressure-
temperature ratings; b) size and method of designating openings of reducing fittings; c)
marking; d) material; e) dimensions and tolerances; f) threading; g) ribs; h) plugs, bushings,

aa-l Lot N\ £ bawal-—and i\ frooy
MO TOURITOLES, T TaCCUT VT, —arnd ) ooatimyg S:

Ap

plication:

Purchasers can reference this document in an equipment purchase specificatio
manufacturers can use it to certify that requirements have been met.

In addition, the thickness and dimensional requirements may be useful in evaluating the

of an in-service examination program.

, and

results

Co

mments:

This Standard covers Classes 125 and 250, 45 and 90 degree elbows, tées and crosses i
NPS ¥ through 12. It also covers Class 125, 90 degree reducing elbdws (NPS %2 x % thr
X 6), reducing crosses (NPS % x ¥ X %2 x % through 8 x 8 x 4x°4), reducing tees (NPS

x ¥ through 6 x 6 x 8) and caps, reducing couplings and retusn-bends (NPS %% through 1

N sizes
ugh 8
Lo X Yo
2).
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A-80

Metric/Inch Standard

ASME B16.5 Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24

Current Edition: 2020 (250 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard covers pressure-temperature ratings, materials, dimensions, tolerances, marking,
testing, and methods of designating openings for pipe flanges and flanged fittings. Included

are;
e  Flanges with rating class designations 150, 300, 400, 600, 900, 1500, and 2500 sizes
NPS % through NPS 24, with requirements given in both metric and &JS-custpmary
units with diameter of bolts and flange bolt holes expressed in inch ufits.
e Flanged fittings with rating class designation 150 and 300 in sizesd\NB'S %2 through NPS
24, with requirements given in both metric and US customary:units with diamgter of
Scape: bolts and flange bolt holes expressed in inch units.
e Flanged fittings with rating class designations 400, 600, 900; 1500, and 2500 ip sizes
NPS % through NPS 24 that are acknowledged in Nonmandatory Appendix E injwhich
only US customary units are provided.
This standard is limited to:
e Flanges and flanged fittings made from cast-er.forged materials.
e Blind flanges and certain reducing flanges’made from cast, forged, or plate matgrials.
Also included in this standard are requirements.and recommendations regarding flange bplting,
flange gaskets, and flange joints.
Purchasers can reference this standard in an equipment purchase specificatior), and
manufacturers can use it to certify that requirements have been met. Manufacturers cgn also
use this document as a reference.or the required flange dimension details, including those
applicable to welding.
Application: Designers can use this standard to select the appropriate class flange or fitting based pn the
specific design conditions)(pressure and temperature) and the material of construction.
In addition, the thickness and dimensional requirements may be useful in evaluating the fesults
of an in-service €xamination program. It can also be used as a reference for inspection| at the
manufacturer’s plant.
This is a comprehensive document that contains the pressure-temperature ratings for 44 groups
Commments: of materials, with each group broken down according to forgings, castings, and plates.
' Theflanged fittings covered by this standard include 90 and 45 degree standard elboys, 90
degree long radius elbows, tees, crosses, true Ys and reducers.
Purchaser Manufacturer Owner Inspector Regulatpr
P P P S
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A-81 ASME B16.9 Factory-Made Wrought Buttwelding Fittings

Current Edition:

2018 (41 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard covers overall dimensions, tolerances, pressure ratings, testing, markings,
material, and end preparation for factory-made wrought butt-welding fittings in sizes NPS %

through NPS 48 (DN 15 through DN 1200).

Appllication:

Purchasers can reference this standard in an equipment purchase specification,
manufacturers can use it to certify that requirements have been met.

and

Conpments:

This standard covers 45 and 90 degree long radius elbows (NPS % through 48),.90.degresg
radius reducing elbows (NPS 2 x %2 through 24 x 12), long radius returns (NPS ¥%2 througm
short radius elbows (NPS 1 through 24), short radius 180 degree returns{NPS 1 throug

long
24),
24),

3D elbows (NPS % through 48), straight tees and crosses (NPS ¥ throdgh 48), reducing utlet
tees and crosses (NPS % x % x % through 48 x 48 x 22), lap joint stub ends (NPS %2 thfjough

24), caps (NPS % through 48), and reducers (NPS % x ¥ throughw48*x 40).

The allowable pressure ratings for fittings designed in accordance with this standard may be
calculated as for straight seamless pipe of equivalent material in accordance with the|rules
established in the applicable sections of ASME B31, Code for Pressure Piping. Fgr the
calculations, applicable data for the pipe size, wall thickness, and material that is equivalgnt to
that of the fitting shall be used. Pipe size, wall thickness (or schedule number), and material

identity on the fittings are in lieu of pressure rating markings.
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A-82 ASME B16.10 Face-to-Face and End-to-End Dimensions of Valves

Current Edition:

2017 (57 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers face-to-face and end-to-end dimensions of straightway valves and

center-to-face and center-to-end dimensions of angle valves. Its purpose is to assure insta

llation

interchangeability for valves of a given material, type, size, rating class, and end connection.

Scope:

Face-to-face-antd-center-to-facedimensionsapphy-to-fHangesent-valves-with-factrg-defi
paragraph 2.3.1 of this standard and to other valves intended for assembly between flat A
raised face flanges. End-to-end dimensions apply to grooved end, butt-welding “€n
flanged end valves with facing defined in paragraph 2.3.3 of this standard.” Center-
dimensions apply to butt-welding end and to flanged end valves with_facings defi
paragraph 2.3.3 of this standard.

For cast iron and ductile iron valves, only flanged end valves (and othérs intended for ass
between flanges) are covered by this standard.

For carbon, alloy and stainless steel valves, and nonferrous materials listed in ASME B
this standard covers flanged, butt-welding and grooved ends;-as well as the types of
intended for assembly between flanges.

ed in
ace or
i, and
fo-end
ned in

embly

16.34,
valves

Application:

Purchasers can reference this standard in an_-equipment purchase specificatior
manufacturers can use it to certify that requirements\have been met.

, and

Designers can reference this standard in preparing piping layout drawings. It can also be

referenced for inspections at the manufacturér’s plant.

Comments:

For cast iron valves, this standard covers: 1) Class 125 and 250 gate, plug, check, globe,
and wafer swing check valves and 2).Class 25 and 125 butterfly valves. For ductile iron
this standard covers Class 150 and‘300 gate, plug, check, globe, and angle valves. For ste
alloy valves, this standard covers: 1) Class 150 through 2500 gate, globe, angle, check
and ball valves; 2) Class 150.Y-pattern globe and Y-pattern swing check valves; 3) Cla
and 300 wafer knife gate-valves; 4) Class 150 through 2500 wafer swing check valves;
Class 150, 300, and 600-butterfly valves.

The sizes covered by this Standard are NPS ¥ through 72, but the range varies depend
class and valve:type.

angle,
valve,
el and

plug,
5s 150
and 4)

ng on
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A-83 ASME B16.11 Forged Fittings, Socket-Welding and Threaded

Current Edition:

2016 through Errata, June 2017 (39 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers ratings, dimensions, tolerances, marking, material requirements, and

Scope: testing for forged fittings, both socket-welding and threaded.
Purchasers can_reference this _document in_an equipment purchase specification, and
Apblication: manufacturers can use it to certify that requirements have been met.
P ' In addition, the thickness and dimensional requirements may be useful in evaluating the fesults
of an in-service examination program.
This standard covers 45 and 90 degree elbows, tees, crosses, couplings, half-Couplings| caps,
Comments: plugs, and bushings forged fittings in sizes NPS % through 4 and pressuré.classes 3000 through
‘ 9000 (welded) and 6000 (threaded). Standard dimensions are provided, as well ag body
thickness requirements.
Purchaser Manufacturer Owner Inspector Regulatpr
P P S
User:
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A-84

ASME B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts with Pipe

Threads

Current Edition:

2018 (26 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard for ferrous pipe plugs, bushings, and locknuts with pipe threads covers: a)
pressure-temperature ratings; b) size; ¢) marking; d) materials: e) dimensions and tolerances;

Ty threading; and g) patter @aper.

Ap

plication:

Purchasers can reference this document in an equipment purchase specification, and
manufacturers can use it to certify that requirements have been met. It can also be refefenced
for inspections at the manufacturer’s plant.

Co

mments:

The types of components covered by this standard are solid and cored-square head plugs; bar
and slotted head plugs; countersunk plugs; outside head, inside headyand face bushings; and
locknuts. The sizes covered are NPS % through 8, but the range varies depending on the type
of component.
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A-85 ASME B16.15 Cast Copper Alloy Threaded Fittings (Classes 125 and 250)

Current Edition: 2018 (34 pages)
Alt. Number: None
ANSI Approved? | Yes

Scope:

This standard covers cast Classes 125 and 250 copper alloy threaded pipe fittings with
provisions for substituting wrought copper alloys for plugs, bushings, caps and couplings in
small sizes. This standard includes: a) pressure-temperature ratings; b) size and method of

AR HaE BaRHAEH £ v

imum

testgnating—openings—ef—redueirg—pipe—fittngs—e—merdng—reguirements—e—mit
requirements for casting quality and materials; e) dimensions and tolerances in SI (metr,
US customary units; f) threading requirements; and g) pressure test requirements:

c) and

Application:

Purchasers can reference this document in an equipment purchase specificatio
manufacturers can use it to certify that requirements have been met.

In addition, the thickness and dimensional requirements may be usefulin evaluating the

n and

results

of an in-service examination program. It can also be used as a reference for inspectiofs in a

manufacturer’s plant.

Comments:

For Class 125 fittings, this standard covers 45 and 90 degrege,etbows, tees, crosses, 45
Y branches, reducers, street elbows, couplings, caps, reducing elbows and tees and
bands, and generally in NPS sizes % through 4.

egree
return

For Class 250 fittings, this standard covers 45 and©Q0 degree elbows, tees, crosses, couplings,

bushings, plugs, and reducing elbows and tees,.and generally in NPS sizes ¥ through 4.
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A-86

ASME B16.18 Cast Copper Alloy Solder Joint Pressure Fittings

Current Edition:

2018 (41 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard for cast copper alloy solder joint pressure fittings designed for use with copper
water tube establishes requirements for: a) pressure-temperature ratings; b) abbreviations for
end connections; c) sizes and methods of designating openings of fittings; d) marking; e)

material—f dinaancian ad-talaran P20 PN +,
AT, T U TISTUTTIS AU tOTCTANC T S, AUy ) tCotSy

Ap

plication:

Purchasers can reference this document in an equipment purchase specificatio
manufacturers can use it to certify that requirements have been met. It can alsa™be-refe

for inspections at the manufacturer’s plant.

, and
enced

Co

mments:

This standard covers various types of copper fittings, such as elbows, tees, ¥eturn bends,
caps, and couplings, in both straight and reducing styles, if applicable. Fittings wit
soldered and threaded connections are also covered. The water tubesizes covered are ¥4 through
12 inches, but the range varies depending on the type of fitting.

plugs,
 both
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A-87

ASME B16.20 Metallic Gaskets for Pipe Flanges

Current Edition:

2017 (66 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers materials, dimensions, tolerances and markings for metal ring-joint
gaskets, spiral-wound metal gaskets metal-jacketed gaskets, and grooved metal gaskets with

Scope: covering layers. These gaskets are dimensionally suitable for use with flanges described in
reference—flange—standards—ASMEBI6-5-ASMEBI6-47—APHSpeetfieation—6A—and 1SO
10423.

Purchasers (end users or fabricators) can reference this standard in a purchase specifigation.

Application: Manufacturers and fabricators need it to comply with the purchase specifi¢ation when the
standard is cited therein.

Ring-joint gaskets shall be identified by an R, RX or BX number that relates to flange size
(NPS), pressure class and appropriate flange standards (ASME B16.5, ASME B16.47, API
Specification 6A or ISO 10423).
The pipe sizes and pressure classes covered by this standardiare:
ASME B16.5 API 6B

Gasket 150 300- 900 1500 2500 720- 2000 3000 5000 |10000

type 600 960(1) (6Y)

R 1 Yo Yo Yo Y 1 1 1 1 1

(min)

R 24 24 24 24 12 20 20 20 10 10

(max)

ASME-B16.47 Series A
Gasket type 150 300-600 900
R (min) —= 26 26
Comments: R (max) N 36 36
ASME B16.47 Series A
Gasket type 720-960V 2900W 3000 5000
and 2000
RX (min) 1% 1 1% 1%
RX (max) 20 10 20 14
ASME B16.5
Gaskettype 2000 3000 5000 10000 1500 20000
BX (min) 26% 26% 135 1 1 113/16
11/16  11/16
BX (max) 30 30 21Ys  21% 18 % 135/

(1) Class 720, 960, 2900 and 10000 flanges to API 6B are obsolete. Data for information only.
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A-88 ASME B16.21 Nonmetallic Flat Gaskets for Pipe Flanges
Current Edition: 2016 (29 pages)
Alt. Number: None
ANSI Approved? | Yes

Scope:

This standard covers types, sizes, materials, dimensions, tolerances, and markings for

nonmetallic flat gaskets. These gaskets are dimensionally suitable for use with f

langes

described in the referenced flange standards: ASME B16.1, B16.5, B16.24, B16.47 (Series A

Q D\ o d ANCC CNH L1

OO anaivioo- o —IL

Ap

plication:

Purchasers (end users or fabricators) can reference this standard in a purchase specifi
Manufacturers and fabricators need it to comply with the purchase specification wh
standard is cited therein. It can also be used as a reference for inspections in@ manufac
plant.

cation.
En the
urer’s

Co

mments:

The pressure classes and pipe sizes covered by this standard are ASME B16.1 Class 25

(NPS

4 t0 96), Class 125 (NPS 1 to 48), Class 250 (NPS 1 to 48); ASME B16.5 Classes 150, 300,

400, 600, and 900 (NPS % to 24); ASME B16.24 Classes 150 andy300 (NPS %2 to 12);
B16.47 Series A Classes 150, 300, 400, and 600 (NPS 22.t6.60); ASME B16.47 Se
Classes 75, 150, 300, 400, and 600 (NPS 26 to 60); and MSS SP-51 Class 150 LW (NP
24).
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A-89

ASME B16.22 Wrought Copper and Copper Alloy Solder-Joint Pressure

Fittings

Cu

rrent Edition:

2018 (26 pages)

Alt. Number:

None

ANSI Approved?

Yes

Sc

This standard establishes specifications for wrought copper and wrought copper alloy,

Dpe:

soIderjomt seamless flttlngs deslgned for use W|th seamless copper tube conformmg to

soldering materials conforming to ASTM B 32, brazing materials conforming to-AWS A5.8 or
with tapered pipe thread conforming to ASME B1.20.1.

This standard is allied with ASME B16.18, which covers cast copper alloyypfessure fittings. It
provides requirements for fitting ends suitable for soldering. This\standard covdrs: a)
pressure-temperature ratings; b) abbreviations for end connections;C) size and method of
designating openings of fittings; d) marking; e) material; f) dimensions and tolerances; pnd g)
tests.

Ap

plication:

Purchasers can reference this document in an equipmeént purchase specification and
manufacturers can use it to certify that requirements have)been met. It can also be refefenced
for inspection at the manufacturer’s plant.

Co

mments:

This standard covers various types of copper fittings such as adapters, bushings, elbows, tees,
return bends, plugs, caps, couplings, P-traps, in'both straight and reducing styles, if appljcable.
Fittings are mostly soldered, but some with both soldered and threaded connections afe also
covered. The water tube and threaded pin-Sizes covered are % through 8 inches.

This standard states that, due to«widely varying manufacturing processes, mearjingful
laying-length requirements of fittirigs cannot be established and to consult the manufacturer for
these dimensions.
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A-90

Valves (Classes 150, 300, 600, 900, 1500, and 2500)

ASME B16.24 Cast Copper Alloy Pipe Flanges, Flanged Fittings, and

Current Edition:

2016 (42 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers the following cast copper alloy components: a) threaded-joint pipe f
and blind pipe flanges having rating class designations 150, 300, 600, 900, 1500, and

langes
2500;

Scope:

Trangedfittimgs faving Tatng class designations 150 and 300, threadedand ftanged
having rating class designations 150, 300, 600, 1500, and 2500. It establishes requiremet
a) pressure-temperature ratings; b) size and method of designation openings‘\for rg
fittings; c) markings; d) materials; ) dimensions; f) bolting and gaskets; g) telerances;
tests.

This standard also provides dimensional requirements for flanged ends ef alves confg
to MSS SP-80.

alves
ts for:
duced
and h)

rming

Ap

plication:

Purchasers can reference this standard in an equipment<purchase specificatior
manufacturers can use it to certify that requirements have beeh/met.

Designers can reference this standard in preparing piping layout drawings.

In addition, the thickness and dimensional requirements may be useful in evaluating the
of an in-service examination program. It can also e)used as a reference for inspection
manufacturer’s plant.

, and

results
in the

Co

mments:

This standard covers flanges, 45 and 90 degree elbows, tees, crosses, 45 degree |
reducers, and true Ys in sizes NPS % through 12 (Class 150) and NPS % through 8 (Clas

The dimensions for the other classes of'flanges only are by reference to ASME B16.5.

The pressure-temperature ratings for Class 150 and 300 are provided for ASTM B61
C92200 and B62 Alloy C83600, for flanges and flanged fittings. The pressure-tempg

terals,
300).

Alloy
rature

ratings for Classes 150 through 2500 are provided for ASTM B148 Alloy C95200 for flanges

only.
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A-91

ASME B16.25 Buttwelding Ends

Current Edition:

2017 (38 pages)

Alt. Number:

None

ANSI Approved?

Yes

{001/ o/ —

This standard covers the preparation of butt-welding ends of piping components to be joined
into a piping system by welding. It includes requirements for welding bevels, for external and
internal shaping of heavy-wall components, and for preparation of internal ends (including
dirmensions-ana-teterancesi—Coverage-tneludespreparation-forjoints-with-the-feHowing; a) no
backing rings; b) split or noncontinuous backing rings; c) solid or continuous backing rings; d)
consumable insert rings; e) gas tungsten arc welding (GTAW) of root pass.
Details of preparation for any backing ring must be specified when ordering the component.

Ap

plication:

Purchasers can reference this standard in a purchase specification and fabricators, angl field
contractors require it to comply with the purchase specification when the standard i$ cited
therein. It can also be used as a reference for shop or field inspectigh.

Co

mments:

The main topics covered by this standard are scope; transition,contours; welding bevel design;
preparation of inside diameter of welding end; and tolerances;.Specific details are provided for
maximum envelope for welding end transitions; bevels for«wall thickness 3 mm (0.12 in)) to 12
mm (0.88 in.); weld bevel details for wall thickness over-22 mm (0.88 in.); weld bevel fetails
for GTAW root pass [wall thickness 3 mm (0.12 ig-)\to 10 mm (0.38 in.)]; weld bevel fetails
for GTAW root pass [wall thickness 10 mm (0$38in.) to 25 mm (1.0 in.)]; and weld| bevel
details for GTAW root pass [wall thickness over25 mm (1.0 in.)].
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A-92 ASME B16.26 Cast Copper Alloy Fittings for Flared Copper Tubes

Current Edition:

2018 (22 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard establishes specifications for cast copper alloy fittings and nuts used with flared
seamless copper tube conforming to ASTM B 88 (water and general plumbing systems).
Included are requirements for the following: (a) pressure rating; (b) size; (c) marking; (d)

dinaancionc: LBtk P H= ALk

raatarial- (o) i H thay H n el tot toctiae
e, (T U eTSToT S, () threatmmyg,ant (g Ty orostatttestuTgr

Application:

Purchasers can reference this document in an equipment purchase specification, and
manufacturers can use it to certify that requirements have been met. It can also™be-refefenced
for inspections at the manufacturer’s plant.

Comments:

This standard covers tees, 90 degree elbows, and 45 degree elbows in standard water tubp sizes
3/8 through 2 inches. All fitting connections are threaded to accept flareéd copper tubes.

The fittings covered by this standard are designed for a maximum e0ld water service-pressure
of 1200 kPa (175 psig).
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A-93 ASME B16.34 Valves — Flanged, Threaded, and Welding End

Current Edition:

2020 (229 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard applies to new construction and covers pressure-temperature ratings, dimensions,
tolerances, materials, nondestructive examination requirements, testing, and marking for cast,
forged, and fabricated flanged, threaded, and welding end and wafer or flangeless valves of

baliad

h-bolt

JtCC:, niulr\cl buoc u”uyo (And ULllcr u”uya. ‘VAVl(AfUr Ur I:(AngC:COO ‘V’(A:‘V’UJ, IJUItC\J Ur ulru'u'g
types, which are installed between flanges or against a flange, are treated as flanged-end
Alternative rules for NPS 2 % and smaller valves are given in Mandatory Appendix, V.

alves.

Application:

Purchasers can reference this document in an equipment purchase specification
manufacturers can use it to certify that requirements have been met.

It can also be referenced for inspection at the manufacturer’s plant.

In addition, the thickness requirements may be useful in evaluating_the results of an in-
examination program.

, and

ervice

Comments:

This standard covers Pressure Classes 150, 300, 400, 600, ‘900, 1500, 2500, and 4500
applies only to welding end valves). The range of inside-valve diameters covered is 3
1500 mm (0.12 in, to 60 in.).

(4500
mm to
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A-94 ASME B16.36 Orifice Flanges

Current Edition:

2020 (42 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This standard covers pressure-temperature ratings, materials, dimensions, tolerances, testing,
and making of flanges (similar to those covered in ASME B16.5) that have orifice pressure
differential connections. Coverage is limited to the following: a) welding neck flanges Classes

200 00 000 100N V- o I ndaYa Tl " WP H “n-ana-thse dad Cl 200

YUUT U0V JUU ToUU iU Z o000 S orm arna o cauttuCTaSS~oU Ut

Application:

Purchasers can reference this standard in an equipment purchase specificatior, and
manufacturers can use it to certify that requirements have been met. Manufacturers cgn also
use this document as a reference for the required flange dimension details;)including those
applicable to welding.

Designers can use this standard to select the appropriate class flange based on the specific
design conditions (pressure and temperature) and the material of construction.

In addition, the thickness and dimensional requirements may bewseful in evaluating the fesults
of an in-service examination program. It can also be used as areference for inspection| at the
manufacturer’s plant.

Comments:

This standard references ASME B16.5 in regard to préssure-temperature ratings and materials.
B16.5 contains the pressure-temperature ratings for 44 groups of materials, with each|group
broken down according to forgings, castings and plates.

The sizes covered by this standard are NPS L through 24 (Classes 300, 400, 600, 900, and 1500)
and NPS 1 through 12 (Class 2500).
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A-95 ASME B16.39 Malleable Iron Threaded Pipe Unions Classes 150, 250, and

300
Current Edition: 2019 (22 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard for threaded malleable iron unions, Classes 150, 250, and 300 provides
requirements for the following: a) design; b) pressure-temperature ratings; c) size; d) marking;

Scone. By Materiats; ) joints and Seats; g) threads; ) Nydrostatic Srengti; 1) ensite Strength j) air
pressure test; k) sampling for air pressure test; I) coatings; and m) dimensions.
Purchasers can reference this document in an equipment purchase specification, and
Application: manufacturers can use it to certify that requirements have been met. It can also be refefenced
for inspections at the manufacturer’s plant.
Comments: The sizes of the pipe unions covered by this standard are NPS 1/8 through 4.
Purchaser Manufacturer Owner Inspector Regulatpr
P P S
User:
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A-96 ASME B16.42 Ductile Iron Pipe Flanges and Flanged Fittings (Classes 150

and 300)
Current Edition: 2016 (50 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard covers minimum requirements for Class 150 and 300 cast ductile iron pipe
flanges and flanged fittings. The requirements covered are as follows: a) pressure-temperature

Scone. Tatimngs; 1) SiZes and method of gesignating openings of Teducimg fittings; ¢y marking; d)
materials; €) dimensions and tolerances; f) bolts, nuts and gaskets; and g) tests.
Purchasers can reference this document in an equipment purchase specification, and
Apblication: manufacturers can use it to certify that requirements haVve, been | met.
PP ' In addition, the thickness and dimensional requirements may be useful in.€valuating the fesults
of an in-service examination program.
Cohments: This standard covers flanges, 45 and 90 degree elbows, tees,Cr0sses, 45 degree Idterals,
‘ reducers, and true Ys in sizes NPS 1 through 24 in Classes 150-and"300.
Purchaser Manufacturer Owner Inspector Regulatpr
P P S
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A-97

Metric/Inch Standard)

ASME B16.47 Large Diameter Steel Flanges (NPS 26 through NPS 60

Current Edition:

2020 (137 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard covers pressure-temperature ratings, materials, dimensions, tolerances, marking,
and testing for pipe flanges in sizes NPS 26 through NPS 60. Included here are flanges with

Tating class gesignations 75, 150, 300, 200, 600, and 900 With TeqUiTememts givern in tjoth Sl
(metric) and US customary units, with diameter of bolts and flange bolt holes expressedAn inch
units.
Scgpe: This standard is limited to:
e Flanges made from cast or forged materials.
e Blind flanges made from cast, forged, or plate materials.
Also, included in this standard are requirements and recommendatiahs regarding flange bplting,
flange gaskets, and flange joints.
Purchasers can reference this standard in an equipment purchase specificatior), and
manufacturers can use it to certify that requirements havebeen met. Manufacturers cgn also
use this document as a reference for the required flange dimension details, including those
applicable to welding.
Application: Designers can use this standard to select the.appropriate class flange based on the specific
design conditions (pressure and temperature)-and the material of construction.
In addition, the thickness and dimensionalrequirements may be useful in evaluating the fesults
of an in-service examination program:lt can also be used as a reference for inspectidn in a
manufacturer’s plant.
. This is a comprehensive document that contains the pressure-temperature ratings for 26 groups
Comments: - . : . .
of materials, with each group‘broken down according forgings, castings and plates.
Purchaser Manufacturer Designer Inspector Regulatpr
P P P S
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A-98 ASME B16.48 Line Blanks
Current Edition: 2020 (38 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard covers pressure-temperature ratings, materials, dimensions, tolerances, marking,

P — Primary User
S — Secondary User

Scope: and testing for operating line blanks in sizes NPS % through NPS 24 for installation between
ASME B16.5 flanges in the 150, 300, 600, 900, 1500, and 2500 pressure classes.
Purchasers can reference this standard in an equipment purchase specificatior], and
manufacturers can use it to certify that requirements have been met. Manufacturérs cgn also
use this document as a reference for the required flange dimension details.
T Designers can use this standard to select the appropriate class line blank based,on the specific
Application: . . ! :
design conditions (pressure and temperature) and the material of construetion.
In addition, the thickness and dimensional requirements may be usefufin evaluating the fesults
of an in-service examination program. It can also be used as a reférence for inspection|in the
manufacturer’s plant.
This standard covers figure-8 blanks, paddle blanks, and paddle spacers. Facings include|raised
Comments: face, female ring-joint facing, and male oval ring-joint faeing.
Materials and pressure-temperature ratings are by reference to ASME B16.5.
Purchaser Manufacturer Designer Inspector Regulatpr
P P P S
User:
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A-99

Fittings

ASME B16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure

Current Edition:

2018 (26 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard establishes requirements for wrought copper and wrought copper alloy

braze-

joint seamless fittings designed for use with seamless copper tube conforming to ASTM

Scope:

Standard Specification B 88 (Waterand Generat Ptumbimng Systemsy, B 280 (AT Conditioning

and Refrigeration Service) and B 819 (Medical Gas Systems).
This standard covers joints assembled with brazing materials conforming to AWS$A5.8M

This standard is allied to ASME Standards B16.18 and B16.22. It provides‘requireme
fitting-ends suitable for brazing. This standard covers: a) pressure-temperature ratin

AS5.8.

hts for
gs; b)

abbreviations for end connections; c) size and method for designating-gpenings for fittings; d)

marking; e) materials; f) dimensions and tolerances; and g) testing,

Ap

plication:

Purchasers can reference this document in an equipmentSpurchase specificatio
manufacturers can use it to certify that requirements have been/met. It can also be refe
for inspection at the manufacturer’s plant.

, and
enced

Co

mments:

This standard covers various types of copper fittings,‘such as adapters, bushings, elbow
return bends, plugs, cap, couplings, P-traps, in both.straight and reducing styles, if appl
Fittings are mostly soldered, but some with beth*soldered and threaded connections a
covered. The water tube and pipe thread sizes.covered are 1/8 through 8 inches.

This standard states that due to widely varying manufacturing processes, mear
laying-length requirements of fittings cannot be established and to consult the manufactu
these dimensions.

, tees,
cable.
e also

ingful
rer for
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A-100

ASME B16.52 Forged Nonferrous Fittings, Socket-Welding and Threaded

(Titanium, Titanium Alloys, Aluminum, and Aluminum Alloys)

Current Edition: 2018 (28 pages)

Alt. Number: None

ANSI Approved? | Yes

Scope:

and-threaded-ends-

This Standard covers ratings, dimensions, tolerances, marking, and material requirements for
titanium, titanium alloy, aluminum, and aluminum alloy forged fittings, both socket-welding

Apqlication:

for inspection at the manufacturer’s plant.

Purchasers can reference this document in an equipment purchase specificatior, and
manufacturers can use it to certify that requirements have been met. It can also-be\réfefenced

Comments:

fittings in pipe schedule 160, the size range is NPS % through NPS.2,

This standard covers 45- and 90-degree elbows, tees, crosses, couplings¢half couplings, and
caps in socket-welding and threaded configurations. Size range is NPS % through NPY 4 for
threaded fittings and socket-welded fittings in pipe schedules 40 and<80. For socket-Welded
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A-101

ASME B31.1 Power Piping

Current Edition:

2020 (393 pages)

Alt. Number:

None

ANSI Approved?

Yes

Sc

Rules for this code section have been developed considering the needs for application, which
include piping typically found in electric power generating stations, in industrial and
institutional plants, geothermal heating systems, and central and district heating and cooling

Dpe:

ayatcmo.
This code prescribes requirements for the design, materials, fabrication, erection, examifation,
testing, inspection, operation, and maintenance of piping systems.

Piping as used in this code includes pipe, flanges, bolting, gaskets, valves) rélief d¢vices,
fittings, and the pressure-containing portions of other piping compohents, ether
manufactured in accordance with standards listed in Table 126.1-1 or specifically desighed. It
also includes hangers and supports and other equipment items<necessary to prevent
overstressing the pressure containing components.

Rules governing piping for miscellaneous appurtenances, suchias water columns, remotd water
level indicators, pressure gages, gage glasses, etc., are included within the scope of thig code,
but the requirements for boiler appurtenances shall becn~accordance with Section | [of the
ASME Boiler and Pressure Vessel Code, PG-60.

Power piping systems as covered by this code apply’to all piping and their componen{ parts,
except as excluded in paragraph 100.1.3. They-include, but are not limited to, steam, water, oil,
gas, and air services.

This code covers boiler external piping forpower boilers and high temperature, high pressure
water boilers in which steam or vaporsis generated at a pressure of more than 15 psig¢ (100
kPag), and high temperature water-generated at pressures exceeding 160 psig (1103|kPag)
and/or temperature exceeding 250°F (120°C).

Ap

plication:

This code is intended for use.by organizations that maintain or have access to engineerifg and
inspection personnel technically trained and experienced in power boiler piping design,
fabrication, repair, censtruction, and inspection. Regulators may use as desired.

Co

mments:

The general philosophy underlying this Power Piping Code is to parallel those provisions of
Section I, Power-Boilers, of the ASME Boiler and Pressure Vessel Code, as they can be gpplied
to power piping systems. The allowable stress values for power piping are generally congistent
with these assigned for power boilers. This code is more conservative than some other piping
codes;wreflecting the need for long service life and maximum reliability in power plant
installations.

The Power Piping Code as currently written does not differentiate between the design,
fabrication, and erection requirements for critical and noncritical piping systems, exc¢pt for
certain stress calculations and mandatory nondestructive tests of welds for heavy wal|, high
temperature application.

Manufacturer Consultant Owner Inspector Regulatpr
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A-102

ASME B31.3 Process Piping

Current Edition:

2020 (554 pages)

Alt. Number:

None

ANSI Approved?

Yes

Rules for the Process Piping Code Section B31.3 have been developed considering

piping

typically found in petroleum refineries; onshore and offshore petroleum and natural gas
production facilities; chemical, pharmaceutical, textile, paper, ore processing, semiconductor,

aa-pracernie-pdanic—Ff dand-bavaraca-nr HZWE o HHH cand valotad op HZPEA | t d
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terminals.
This code prescribes requirements for materials and components, design, fabrication) assgmbly,
erection, examination, inspection, and testing of piping.
This code applies to piping for all fluids, including:
e Raw, intermediate and finished chemicals.
e Petroleum products.
e Gas, steam, air, and water.
e Fluidized solids.
e Refrigerants.
Schpe: e  Cryogenic fluids.
' Fig. 300.1.1 of this code illustrates the application of B31.3 piping at equipment. The joint
connecting piping to equipment is within the scope of B31.3.
Also included within the scope of this code is piping which interconnects pieces or stages within
a packaged equipment assembly.
This code excludes the following:
¢ Piping systems designed forinternal gage pressures at or above zero but less than 105
kPa (15 psi), provided thé-fluid handled is nonflammable, nontoxic, and not damaging
to human tissues.
e  Power boilers in accordance with BPV Code Section | and boiler external piping,[which
is required to cohform to B31.1.
e Tubes, tubetheaders, crossovers and manifolds of fired heaters, which are intefnal to
the heater enclosure.
e Pressure-vessels, heat exchangers, pumps, compressors, and other fluid handling or
processing equipment, including internal piping and connection for external pipjng.
Lo This cade tan be used by persons knowledgeable in the design, fabrication, erection, tpsting,
Application: - S
and.repair of piping components and systems.
This is a comprehensive document intended for use by persons knowledgeable in|stress
Cohments: calculations and materials properties. It covers metallic and nonmetallic piping. It has a part on
‘ piping for Category M (high pressure, toxic, flammable, damaging to human skin) fluid sgrvice.
There is also information on interpretations and code cases relevant to B31.3.
Purchaser Manufacturer Owner Inspector Regulatpr
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A-103  ASME B31.5 Refrigeration Piping and Heat Transfer Components
Current Edition: 2020 (105 pages)
Alt. Number: None
ANSI Approved? | Yes

Rules for this code section have been developed considering the needs for applications that
include piping and heat transfer components for refrigerants and secondary coolants.

This code prescribes requirements for the materials, design, fabrication, assembly, erection,

TEST, and INSpection of refrigerant, Neat transier Components, and secondary coolant piping for
temperatures as low as —320°F (-196°C), whether erected on the premises or factoryassembled,
except as specifically excluded as noted.

This code does not apply to any of the following:

Scope:
e Any self-contained or unit systems subject to the requirements of Underyvriters
Laboratories or other nationally recognized test laboratory.
e  Water piping, other than where water is used as a secondary,coolant or refrigergnt.
e Piping designed for external or internal gage pressure net\exceeding 15 psi (10p kPa)
regardless of size.
e Pressure vessels, compressors or pumps, but does ificlude all connecting refriigerant
and secondary coolant piping starting at the first(oint adjacent to such apparatus.
N This code can be used by persons knowledgeable_ it the design, fabrication, constructign, and
Application: - -
testing of piping components and systems.
This document is intended for use by persons-knowledgeable in stress calculations, mdterials
Comments: properties, and mechanical engineering_principles. It applies primarily to new constiuction
using metallic components.
Purchaser Manufacturer Owner Inspector Regulatpr
P P P S
User:

P — Primary User
S — Secondary User
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A-104  ASME B31.9 Building Services Piping

Current Edition: 2020 (86 pages)
Alt. Number: None
ANSI Approved? | Yes

This code section has rules for the piping in industrial, institutional, commercial, and

public

buildings and multi-unit residences, which do not require the range of sizes, pressures, and
temperatures covered in ASME B31.1. This code prescribes requirements for the design,

materiale—falbrt o oot llodion o PN RN T-P-E P02 Badtactiaa-aof 4
TS AT IeatroT HStaa o, TS PCC U oT CAT It Ot arnto te Sty O PPy Sy St
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building services. It includes piping systems for building services. It includes piping systems

in the building or within the property limits.
This code applies to the following building services:

e Water and antifreeze solutions for heating and cooling.
e Condensing water.
e Steam or other condensate.
e  Other nontoxic liquids.
Scope: e  Steam.
e Vacuum.
e Compressed air.
e  Other nontoxic, nonflammable gases.
e Combustible liquids including fuel oil.
The scope of this code includes boiler externalpiping within the following limits:
e For steam boilers, 15 psig (103 kPa gage) max.
e For water heating units, 160 psig (1103 kPa gage) max. and 250°F (121°C) maXx.
Boiler external piping above these pressure or temperature limits is within the scope of ASME
B31.1.
This code does not apply to ecenomizers, heaters, pumps, tanks, heat exchangers, or equipment
covered by the ASME Bailer-and Pressure Vessel Code.
This code is intendgd~for use by building designers, construction contractors and byilding
Application: inspectors.
It can also be used as a resource by regulators and lawmakers for input into building codes.
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Piping systems of the following materials are within the scope of this code, through the

indicated maximum size (and wall thickness if noted):

Carbon steel: NPS 48 (DN 1200) and 0.50 in. (12.7 mm) wall.
Stainless steel: NPS 24 (DN 600) and 0.50 in. (12.7 mm) wall.
Aluminum: NPS 12 (DN 300).

Thermoplastics: NPS 24 (DN 600).
Ductile iron: NPS 48 (DN 1200).
Reinforced thermosetting resin: 24 in. (DN 600) nominal.

Brass and copper: NPS 12 (DN 300) and 12.125 in. (308 mm) O.D. for copper tubing.

Ol + P =8 P2 taal Fad ™ + (W] £l P2
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Piping systems with working pressure not in excess of the following limits are withinthe

scope

Comments: of this code:
e Steam and condensate: 150 psig (1034 kPa gage).
e Liquids: 350 psig (2413 kPa gage).
e Vacuum: 1 atm. external pressure.
e Compressed air and gas: 150 psig (1034 kPa gage).
Piping systems with working temperatures not in excess of the fellowing limits are within the
scope of this code:
e Steam and condensate: 366°F (186°C).
e  Other gases and vapors: 200°F (93°C).
e Other nonflammable liquids: 250°F (121°Q).
The minimum temperature for all services is 02F (-18°C).
Purchaser Contractor Designer Inspector Regulatpr
P P P P
User:

P — Primary User
S — Secondary User
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A-105 ASME B31.12 Hydrogen Piping and Pipelines

Current Edition:

2019, Including Errata, February 2020 (280 pages)

Alt. Number:

None

ANSI Approved?

Yes

Rules for this code section are applicable to piping in gaseous and liquid hydrogen service and
to pipelines in gaseous hydrogen service. This code is applicable up to and including the joint
connecting the piping to associated pressure vessels and equipment but not to the vessels and

Scope:

the structure to which the support elements are attached. The design for pressufe and
temperature shall be in accordance with the requirements of Part IP for industriahpipi
Part PL for pipelines. This code is presented in the following parts and appendices:

(a) Part GR—General Requirements. Part GR contains requirements~applicable to and
referenced by other parts. It contains definitions and requirements for ‘materials, wglding,
brazing, heat treating, forming, testing, inspection, examination, operation, and maintepance.
It also contains quality system topics common to the other parts.

(b) Part IP—Industrial Piping. Part IP includes requirements for components, design,
fabrication, assembly, erection, inspection, examination, and testing of piping.

(c) Part PL—Pipelines. Part PL sets forth requirementsfor components, design, installation,
and testing of hydrogen pipelines.

(d) Mandatory Appendices | through IX.
(e) Nonmandatory Appendices A through F.

Each part defines requirements for piping or pipelines, as applicable, within its scopg. The
requirements are different for different aspects of components, design, fabrication, installation,
assembly, erection, inspection, examination, and testing. It is required that each part be ysed in
conjunction with the General Requirements section but independent of the other parts. THe joint
connecting piping governed by “two different parts shall be subject exclusively fo the
requirements of one of the twi@)parts. It is not intended that this edition of this Code be gpplied
retroactively to existing hydrogen systems.

PTRTI-N-CP N o A | I [ =y H bla o thao | from ool 4y o £ ooyt olonaonte bt tt
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Application:

This code can be used by persons knowledgeable in the design, fabrication, constructign, and
testing of piping components and systems.

Comments:

The rules of Part’IP, Industrial Piping, have been developed for hydrogen service included in
petroleum( refineries, refueling stations, chemical plants, power generation plants,
semiconductor plants, cryogenic plants, hydrogen fuel appliances, and related facilities.

User:

Purchaser Consultant Owner Inspector Regulatpr

P P P P

P — Primary User
S — Secondary User
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A-106 ASME B31lE Standard for the Seismic Design and Retrofit of Above-
Ground Piping Systems

Current Edition:

2008, including Addenda-a, July 2010 (34 pages)

Alt. Number:

No

ANSI Approved?

Yes

This standard establishes a method for the seismic design of above-ground piping systems in
the scope of the ASME B31 Code for Pressure Piping.

Sclpe:

This standard applies to above-ground, metallic piping systems in the scope of the ASME B31
Code for Pressure Piping (B31.1, B31.3, B31.4, B31.5, B31.8, B31.9 and B31.11).

The requirements described in this standard are valid when the piping system(compligs with
the materials, design, fabrication, examination, testing, and inspection reduirements [of the
applicable ASME B31 Code section.

Application:

This standard can be used by piping and/or mechanical designers as an@id in designing pew or
retrofitting existing piping systems to withstand seismic loads.

Comments:

This standard provides guidance on the design method that Should be used based on:|a) the
classification of the piping system (critical or noncritical);\b) the magnitude of the spismic
input; and c) the pipe size.

This standard can be used by persons knowledgeable.if) the design of piping systems.

User:

Purchaser Designer Owner Inspector Regulator

P P

P — Primary User
S — Secondary User
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A-107  ASME B31G Manual for Determining the Remaining Strength of Corroded
Pipelines

Current Edition:

2012, Reaffirmed 2017 (64 pages)

Alt. Number:

None

ANSI Approved?

Yes

This document provides guidance in the evaluation of metal loss in pressurized pipelines and
piping systems. The scope of this manual includes all plpellnes W|th|n the scope of the plpellnes

Scope:

TOUES that are part of ASv
Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhydrous Ammo ia and
Alcohols); ASME B31.8, Gas Transmission and Distribution Piping Systemsi.and ASME
B31.11, Slurry Transportation Piping Systems. Parts 2, 3 and 4 are based on material ingluded
in ASME Guide for Gas Transmission and Distribution Piping Systems, 1983 Edition.

This manual is not applicable to new construction covered under the B31, Code sectiong. That
is, it is not intended for this manual be used to establish acceptance standards for pipe that may
have become corroded prior to or during fabrication and/or installation.

The limitations of this manual are:

e This manual is limited to corrosion on weldable pip€line steels categorized as ¢arbon
steels or high strength low alloy steels. Typical 6f these materials are those degcribed
in ASTM A 53, A 106, A 381, and API 5L,

e This manual applies only to defects inthevbody of line pipe which have relgtively
smooth contours and cause low stress\concentrations (e.g., electrolytic or gglvanic
corrosion, loss of wall thickness dué:to’erosion).

e This procedure should not be usedio evaluate the remaining strength of corrodefl girth
or longitudinal welds or related- heat affected zones, defects caused by mechanical
damage, such as gouges and grooves or defects introduced during pipe and plate
manufacture, such as seams, laps, rolled ends, scabs, or slivers.

e The criteria for corroded pipe to remain in service presented in this manual are| based
only upon the ability'of the pipe to maintain structural integrity under internal prgssure.
It should not be(the sole criterion when the pipe is subject to significant sec¢ndary
stresses (e.d., ybending), particularly if the corrosion has a significant transverse
component.

e  This procedure does not predict leaks or rupture failures.

Application:

This manual "is intended for the purpose of providing guideline information fpr the
designér/owner/operator. The specific use of this manual is the responsibility ¢f the
designer/owner/operator.

This’'manual can also be used by consultants who are contracted by pipeline owners/operators.

Comments:

The development of the procedure presented in this manual began in the early 1970sand is
based on pressurizing to failure tests on full-size corroded pipes. These tests led to mathematical
expressions to calculate the pressure strength of corroded pipe.

Based on the table in Part 3 of this manual, the range of pipe sizes covered is NPS 2 (N 50)
and 0.083in. (2.1 mm) wall thickness through NPS 60 (DN 1500) and 1.250 in. (31.8 mnp) wall

tlaal Al +h. +la +lot L kl ACNALC D21 4 8 d
UTITUATIT OO, I"\II.IIUU\JII iIc \J\JU'JC DI.GI.CQ l.IIﬂl. uairo rraruar 1o ﬂ'J'JII\.:GIJIC LU M\IIVILL DOL.5, LJ\JJ. an
B31.11 pipelines, it can be used to assess other piping systems constructed of the same steels
as used for pipelines.
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A-108 ASME B31J Stress Intensification Factors (i-Factors), Flexibility Factors
(k-Factors), and Their Determination for Metallic Piping Components

Current Edition:

2017 (64 pages)

Alt. Number:

None

ANSI Approved?

Yes

The ASME B31 Code for Pressure Piping and the ASME Boiler and Pressure Vessel

Code,

Section I11, Nuclear Components, Subsections NC and ND piping rules require the use of stress

Scope:

Mtensification factors (STFS or i-factors) and fiexibitity factors (K=factors) Whemn check
adequacy of components and joints (welded and nonwelded) in piping subject to various
including cyclic loads, that may produce fatigue failures.

This standard provides a standardized method to develop the stress intensification

g the
loads,

actors

(i-factors), flexibility factors (k-factors), and sustained stress factors used in ASME B31 piping

analysis. Experimental methods to determine SIFs, flexibility factors, and'sustained load
are provided in the Nonmandatory Appendices. Compiled stress intensification and fle)
factor equations for common piping components are included in Table 1-1 of the standa

actors
ibility
rd.

Application:

This Standard sets forth stress intensification factors, flexibility factors, and engin
procedures deemed appropriate for the safe determinatian of the fatigue and sustaine
capacity of metallic piping components or joints in typical services. The procedure
foresee all geometries and services possible, and the dse of competent engineering jud

eering
H load
Cannot
gment

may be necessary to extend the procedure to cover unusual geometries and service conglitions

or to ensure a safe testing environment.

Comments:

Stress intensification and flexibility factor“equations for common piping compone
provided in Table 1-1 of this standard-~Fhe sustained load test procedure can be u
determine more applicable nominal stress multipliers for use in sustained and occasional
B31 analyses.

ts are
sed to
\SME

User:

Designer Consultant Owner Inspector Regulat

P P P

P — Primary User
S — Secondary"User
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A-109

ASME B31P Standard Heat Treatments for Fabrication Processes

Current Edition:

2017 (41 pages)

Alt. Number:

None

ANSI Approved?

Yes

SCL[pe:

In 2011, the B31 Standards Committee for Pressure Piping determined that more consistency
was needed between the B31 Code Sections regarding preheat and postweld heat treatment
(PWHT) rules. The B31 Fabrication & Examination Technical Committee decided that a B31

andare-eovere-these e 6 eroe-thRe-pe Wey-to ide-tris-eonsi CRCY- i ndard

was written to meet that need.

This standard is intended to provide requirements for preheating and PWHT when mapdated
by the applicable Code Section or by the engineering design being used.AWhile thel Code
Sections provide only preheat and PWHT rules for ferrous materials, this Standard may provide
expanded rules and alternatives for a wider variety of materials, althoughtalbmaterials that may
be possible to use may not be covered.

Application:

This standard is intended to provide consistent code heat treatment rules. It may be incorporated
by reference in a code, or it can become a basis for code or cohtract requirements.

Comments:

Appendices provide more-specific controls that may Dbe ‘needed or desired for specific
applications. These specific controls are not mandatopy, unless specified.

Appendices are also included that outline alternative methods to exempt PWHT of weld§ when
PWHT is difficult or impossible. The alternatives<are required to be addressed within Welding
Procedure Specifications (WPS) qualified .invaccordance with ASME Boiler and Pressure
Vessel Code (BPVC), Section IX.

The requirements for the heat treatmients done in accordance with material or product
specifications are not addressed within this Standard. Such heat treatments are goverfied by
those specifications.

User:

Designer Manufagturer Owner Inspector Regulator

P P P S

P — Primary User,
S — Secondaky User
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A-110 ASME B31T Standard Toughness Requirements for Piping
Current Edition: 2018 (59 pages)
Alt. Number: None
ANSI Approved? | Yes

Sc

This Code provides requirements for evaluating the suitability of materials used in

piping

systems for piping that may be subject to brittle failure due to low-temperature service
conditions. While low-temperature service is usually considered to be below ambient

britila fail

ertain

dpe:

toranarat e e n Mt toran oot e kbaovs ralbiart tonanaorot e £
terperattrebritHe-fattre-can-ocetrat-temperatures-above-—ambienttemperatdre—for
combinations of materials, thicknesses, and stress levels. The definition of “low-temps
service” as used in this Code, therefore, varies widely across the many applicatians for
piping systems are used. For a building service air line, low temperature may be0°C
whereas for a cryogenic piping system, it could easily be —185°C (—300°F)s Howev
principles used to evaluate the suitability of a piping system as related to'service tempg
by evaluating the toughness of the material can be applied across a4vidé temperature
and this Code has been established to provide uniform guidance indhis area.

rature
which
32°F),
br, the
rature
range,

Ap

plication:

This Code may be invoked in whole or in part by various piping codes and/or specifig
and is only mandatory when so invoked.

ations

Co

mments:

One objective of this Code is to provide a simple appfroach to evaluate whether add
consideration is necessary to evaluate suitability for-low-temperature service. This is d
establishing a low-temperature service limit for varioeus materials. Services at or warmé

tional
bne by
r than

this limit are not considered low temperature,“and additional considerations relafjve to

suitability are not required.

Us!

1

Contractor Designer Owner Inspector Regulat

P P P

P — Primary User
S — Secondary User
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A-111  ASME B36.10M Welded and Seamless Wrought Steel Pipe
Current Edition: 2018 (36 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard covers the standardization of dimensions of welded and seamless wrought steel

pipe for high or low temperatures and pressures.

The word “pipe” is used, as distinguished from “tube,” to apply to tubular products of

Scope:

dimensions commonly USed Tor pipeline and piping Systems. Pipe NPS IZ (DN 300) and §
have outside diameters numerically larger than their corresponding sizes. For pipes N
(DN 350) and larger, the outside diameter and size are numerically identical. In‘contrg
outside diameters of tubes are numerically identical to the size number for all-sizes.

maller
PS 14
st, the

Ap

plication:

Designers can use this standard to select an available standard pipe thickness after the mi
thickness for the required conditions has been determined. The standard provides a tab
of pipe weight per unit of length, which can be used in determining piping support loa
shipping weights.

imum
lation
s and

Co

mments:

This standard covers nominal pipe sizes from NPS % (DN 6)-through 80 (DN 2000).

This standard does not cover the possible variations in pige dimensions. These toleran
given in the individual pipe material specifications.

es are

Us

1M

Purchaser Manufacturer Designer Inspector Regulat

P
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S — Secondary User
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A-112  ASME B36.19M Stainless Steel Pipe
Current Edition: 2018 (18 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard covers the standardization of dimensions of welded and seamless wrought

stainless steel pipe for high or low temperatures and pressures.

The word “pipe” is used, as distinguished from “tube,” to apply to tubular products of

Scope:

dimensions commonly USed Tor pipeline and piping Systems. Pipe NPS IZ (DN 300) and §
have outside diameters numerically larger than their corresponding sizes. For pipes N
(DN 350) and larger, the outside diameter and size are numerically identical. In‘contrg
outside diameters of tubes are numerically identical to the size number for all-sizes.

The wall thickness for NPS 14 through 22, inclusive (DN 350-550, inclusive),’of Schedu
NPS 12 (DN 300) of Schedule 40D; and NPS 10 and 12 (DN 250 and 300) of Schedu
are not the same as those of ASME B36.10M. The suffix “S” in the schedule number is
differentiate B36.19M pipe from B36.10M pipe. ASME B36:40M includes othe
thicknesses that are commercially available with stainless steel-material.

maller
PS 14
st, the

e 10S;
e 80S
sed to

pipe

Ap

plication:

Designers can use this standard to select an available standardpipe thickness after the mi
thickness for the required conditions has been determined) The standard provides a tab
of pipe weight per unit of length, which can be used.in determining piping support loa
shipping weights.

imum
lation
s and

Co

mments:

This standard covers nominal pipe sizes from NPS % (DN 6) through 30 (DN 750).

This standard does not cover the possiblecvariations in pipe dimensions. These toleran
given in the individual pipe material specifications.

es are

Us

1M

Purchaser Manufacturep Designer Inspector Regulat

P

P — Primary User
S — Secondary User
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A-113  ASME B40.100 Pressure Gauges and Gauge Attachments

Current Edition:

2013 (136 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard (B40.100) consolidates the following individual standards, which cover
terminology and definitions, dimensions, safety, construction and installation issues, test
procedures, and general recommendations.

ASME B4U.T-Gauges: Pressure Indicating Dial Type-Elastic Element

e This standard is confined to analog, dial-type gauges, which, utilizing elasticleléments,
mechanically sense pressure and indicate it by means of a pointer mowving pver a
graduated scale.

e This standard does not include gauges of special configuration,designed for specific
applications, edge reading, deadweight or piston gauges, or any;other gauges not using
an elastic element to sense pressure.

ASME B40.2-Diaphragm Seals

e This standard is confined to mechanical separators-utilizing diaphragms or blpdders
together with a fill fluid to transmit pressure fromithe medium to the pressure element
assembly of pressure gauges or other pressure measuring instruments sych as
transducers, transmitters, and switches.

e It does not include diaphragm actuated gressure instruments that employ mechanical
linkages to transmit the applied pressure or other separation devices designed to protect

Scope: the pressure element assembly.
ASME B40.5-Snubbers

e This standard is confined to devices that are installed between the pressure sourfe and
the pressure-sensing elemeént and are used to minimize the effect of pressure surges on
positive and negative pressure-sensing instruments.

ASME B40.6-Pressure Limiter Valves

e This standard-is-confined to devices that protect pressure-sensing instrument$ from
pressure solrces in the event of system pressure rising above the adjusted dlosing
pressure,of .the device. These devices are not pressure regulators. Pressure |imiter
valves.are designed only to prevent the passage of excessive pressure to downgtream
pressure-sensing instruments. Hereafter, pressure limiter valves may be referregl to as
“devices.”

ASME)B40.7-Gauges: Pressure Digital Indicating

¢ This standard is confined to digital gauges with integral pressure transducers, [which
respond to pressure and indicate numerically.

e It does not include panel meters with remote mounted transducers, nonindjcating
pressure transmitters, or pressure switches.

This standard is an advisory document that can provide guidance to manufacturers, instqjument
engineers, and users. For manufacturers, it provides suggested configuration guidelinrks; for
Application- engineers it can he a resource in preparing a specification: and for users it explains the
construction, operation, application, and procedures associated with pressure gauges and
attachments.
Comments: This Standard can serve as a tutorial type reference for process and mechanical engineers.
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A-114

ASME BPE Bioprocessing Equipment

Current Edition:

2019 (381 pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard provides the requirements applicable to the design of equipment used in the
bioprocessing, pharmaceutical, and personal care product industries, including aspects related to
sterility and cleanability, materials, dimensions and tolerances, surface finish, material joining,

Scope:

[ Seaoainati o HARE tion tactiae " LT +ioa. Th sahetas
SCarS;, CAarTHatroT S ISPt aons e Stmyant Certreatron ST e SCappry to:

e Components that are in contact with the product, raw materials, or product internlediates

during manufacturing, development, or scale-up.
e  Systems that are a critical part of product manufacture [e.g., water-for injection
clean steam, filtration, and intermediate product storage].

The main sections in this standard are: General requirements; Design for steril
cleanability; Dimensions and tolerances for stainless steel automatic welding and h
clamp tube fittings and process components; Material joining; Stainfess steel and high
product contact surface finishes; Equipment seals; and Polymer-based materials.

(WFI),

ty and
ygienic
r alloy

Ap

plication:

This standard is intended for use by persons involved:in the design and manufag

ture of

bioprocessing equipment. It can also be used as a reference by shop inspectors, regulatgrs, and

owners.

Co

mments:

This standard does not apply to those components.of the system that are not in contact
finished product or are a part of the intermediate ‘manufacturing stages (e.g., computer s
electrical conduits, and external system support structures).

vith the
ystems,

Steam sterilized systems normally megt" pressure vessel design codes. Other equipment or

systems as agreed to by the manufacturer and owner/user may not require adherence
codes.

0 these

Us!
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ator

P P P S

P — Primary User.
S — SecondaryUser

200



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-115

BPVC Section | Rules for Construction of Power Boilers

Current Edition:

2021 (444 pages)

Alt. Number:

None

ANSI Approved?

Yes

This code covers rules for construction of power boilers, electric boilers, miniature boilers,
high-temperature water boilers and heat recovery steam generators to be used in stationary
service and includes those power boilers used in locomotive, portable, and traction service.

SC(Lpe:

The Scope of jurisdiction of Section T applies 1o the boiler proper and to the boiler_external

piping.

Superheaters, economizers, and other pressure parts connected directly to thecoiler without
intervening valves shall be considered as parts of the boiler proper, and their constructiop shall
conform to Section I rules.

Ap

plication:

This standard is intended for use by organizations that maintain or have access to engineering
and inspection personnel technically trained and experienced inlboiler design, fabrigation,
repair, construction, and inspection. Regulators may use as desired.

Co

mments:

The first part of this document contains a section covering:the general requirements [for all
methods of construction. Subsequent sections cover reguirements for boilers fabricajed by
welding, requirements for boilers fabricated by riveting, requirements for boilers fabricgted by
brazing, requirements for watertube boilers, requirements for firetube boilers, optional
requirements for feedwater heater, requirements for miniature boilers, requirements for glectric
boilers, requirements for organic fluid vaporizers and requirements for heat recovery|steam

generators.

One significant change in the 2021 Edition is the transfer of pressure relief device cgpacity
certification requirements to the new.Section XII1 on Overpressure Protection. The remaining
overpressure protection requirenients have been retained in their current locations| New
Nonmandatory Appendix G provides a guide to the relocation of pressure relief device cgpacity
certification requirements.
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A-116

BPVC Section II-Materials—Part A Ferrous Material Specifications

Current Edition:

2021 (Approx. 1800 pages)

Alt. Number:

None

ANSI Approved?

Yes

This document contains the individual specifications for the ferrous materials that are allowed

to be used by the ASME Code, Sections I, Il, 111, IV, VIII-1, VIII-2, V1II-3, and XII.
designates for each ferrous material the specific ASME Code that allows its use.

It also

Sc&pe:

The Torms of Terrous material cCovered by this document are Steel Pipe, Steel TUDES, Steel T

fittings, valves, and parts; steel plates, sheets, and strip for pressure vessels; structura
steel bars; steel bolting materials; steel billets and forgings; steel castings; corresion-re
and heat-resisting steels; and wrought iron, cast iron, and malleable iron. This decume
has specifications covering test and examination methods.

hnges,

steel;
Bisting
Nt also

Ap

plication:

This document can be used as an aid by pressure vessel, piping, and)structural desigmers to

select a ferrous material for a specific application. It can also be referenced by inspectio
by persons involved in the review of equipment designs.

hs and

Co

mments:

The areas addressed by the individual specifications vary based on the characteristics
ferrous material and the final use/form for which it is intended. Some examples are of
information, heat treatment, chemical compositien, ~mechanical properties, test
examination, dimensions and tolerances, and steel miaking practice. In addition to the ind
material specifications, there are several general requirement specifications (e.g., G
Requirements for Steel Plate for Process Vessels). The general specification is referen
the applicable individual specifications.
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A-117 BPVC Section II-Materials—Part B Nonferrous Material Specifications

Current Edition:

2021 (1280 pages)

Alt. Number:

None

ANSI Approved?

Yes

This document contains the individual specifications for the nonferrous materials that are

allowed to be used by the ASME Code, Sections I, 11, 111, 1V, VIII-1, VIII-2, V11I-3 and

X1 It

also designates for each nonferrous material the specific ASME Code that allows its use.

Sclpe:

The Torms of 1errous material COvered Dy this doCUMent are aluminum and atuminum

cobalt alloys; copper and copper alloy plate, sheet, strip, and rolled bar; copper and coppe
rod, bar, and shapes; copper and copper alloy pipe and tubes; copper alloy castings;nick
nickel alloy plate, sheet and strip; nickel and nickel alloy rod, bar and wire; nickel and
alloy pipe and tubes; nickel alloy castings; nickel and nickel alloy fittings; titanium and tit
alloys; and zirconium and zirconium alloys. Test requirements are typically by refere
ASTM standards.

lloys;
ralloy
el and
nickel
anium
nce to

Application:

This document can be used as an aid by pressure vessel, pipingyand structural desigfers to

select a nonferrous material for a specific application. It can @lso be referenced by ins
and by persons involved in the review of equipment designs:

ectors

Comments:

The areas addressed by the individual specificationsvary based on the characteristics
ferrous material and the final use/form for which itissintended. Some examples are or
information, chemical composition, mechanical properties, tests and examinatior
dimensions and tolerances. In addition to thexindividual material specifications, thg
several general requirement specifications (&.g., General Requirements for Nickel and
Alloy Welded Pipe). The general spegification is referenced by the applicable ind
specifications.
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A-118 BPVC Section IlI-Materials—Part C Specifications for Welding Rods,
Electrodes, and Filler Metals

Current Edition:

2021 (1016 pages)

Alt. Number:

None

ANSI Approved?

Yes

This is a service book to the other code sections providing material specifications for the
manufacture, acceptability, chemical composition, mechanical usability, surfacing, testing

Scqpe: TEqUITEMENTS and ProCedUres, OPerating characteristics and Mtended uses for wetding rods,
electrodes, and filler metals. These specifications are designated by SFA numbers land are
derived from American Welding Society (AWS) specifications.

This document can be used by persons who are responsible for: 1) Developing welding

Application: procedures and 2) Purchasing welding materials. It can also be used/as a refererjce by
inspectors.

Comments: This document only includes specifications that are applicable to the ASME B&PVC Code.
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A-119 BPVC Section lI-Materials—Part D Properties (Customary)

Current Edition:

2021 (1260 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope————

This is a service book to other code sections providing tables of design stress values, tensile
and yield strength values, and tables and charts of material properties. Part D facilitates ready
identification of specific materials to specific sections of the Boiler and Pressure Vessel Code.

B c ‘;“““‘ tees-whieh eSen “: e ;G“G; a1t €355 baSES
for establishing external pressure charts, and information required for approval |of new
materials. Access to the online version of the Stress Tables is included with the purchase [of this
hard copy.

D D a ol o a a I
> O apPP C v, O Ovva

This standard is intended for use by organizations that maintain, or have aceess to, engineering

Application: and inspection personnel technically trained and experienced in<~ASME Code design,
fabrication, repair, construction, and inspection.
The three subparts in this document are: Subpart 1: Interactive T-ables—Stress Tables, Subpart
2: Physical Properties Tables and Subpart 3: Charts and Tables for Determining Shell Thigkness
Comments: of Components Under External Pressure. The Subpart 1 Stress Tables are provided for ASME
Code Sections I, 111, VIII-1, VIII-2, VIII-3 and XIll,,and include all ferrous and nonferrous
materials contained in Section Il, Parts A and B.
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A-120

BPVC Section lI-Materials—Part D Properties (Metric)

Current Edition:

2021 (1268 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

This is a service book to other code sections providing tables of design stress values, tensile
and yield strength values, and tables and charts of material properties. Part D facilitates ready

identification of specific materials to specific sections of the Boiler and Pressure Vessel

Doy

Code.
bases

+ _iaa. Baaakek wibirekhnr ri-critariao oo tolblichina llo ok + +h
mAart wourimarito (AlJlJCI TUTOL O, VVITTUTT 'JI COUTIU UTTIUTTA TUT ColuauTIonNT I I\‘.’ UNMUVVAVTC oltlfCoo, Ul
for establishing external pressure charts and information required for approval of new.ma
Access to the online version of the Stress Tables is included with the purchase of this\harg

erials.
copy.

Ap

plication:

This standard is intended for use by organizations that maintain or have acceSs to engin
and inspection personnel technically trained and experienced in ASME Code d
fabrication, repair, construction, and inspection.

eering
esign,

Co

mments:

The three subparts in this document are: Subpart 1: Interactive Tables—Stress Tables, S
2: Physical Properties Tables and Subpart 3: Charts and Tables for-Determining Shell Thi
of Components Under External Pressure. The Subpart 1 StressZPables are provided for

ubpart
ckness
NSME

Code Sections I, 111, VIII-1, VIII-2, VIII-3 and XII, and.include all ferrous and nonferrous

materials contained in Section Il, Parts A and B.
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A-121 BPVC Section IV Rules for Construction of Heating Boilers
Current Edition: 2021 (280 pages)
Alt. Number: None
ANSI Approved? | Yes

Sc

This section of the code covers rules for minimum construction requirements for the design,
fabrication, installation, and inspection of steam heating, hot water heating, hot water supply
boilers that are direction fired with oil, gas, electricity, coal, or other solid or liquid fuels, and

Similar

Dpe:

for onaratian-at aor bhaoloya o oy K rnatarapnaratiralioait + for a-thicdl PETZ- VN
U1 U'JCI(ALIUII AL VUl UCTUVV UIic IJICJJUIC arivu LCIII'JCI(ALUIC mrmmto SULU TUTULITITT UNITO UUUUTTICTIL
rules for potable water heaters are also included.

The scope of jurisdiction of Section 1V applies to the boiler proper at the supphyand
connections to the system or the supply and feedwater connections of a hot water stpply

Included within the scope of the boiler are pressure-retaining covers for dinspection ope
such as manhole covers, handhold covers and plugs; and headers requiredto’connect ind
coils, tubes, or cast sections within a boiler.

return
boiler.
nings,
\vidual

Ap

plication:

This standard is intended for use by organizations that maintainoxhave access to engin
and inspection personnel technically trained and experienced in heating boiler d
fabrication, repair, construction, and inspection. Regulators may use as desired.

eering
esign,

Co

mments:

The first part of this document contains a section cgvering the general requirements
methods of construction. Subsequent sections covep requirements for boilers fabrica

for all
ed by

welding, requirements for boilers fabricated by bfazing, requirements for boilers consfructed

of cast iron, and requirements for boilers copsttucted of cast aluminum. There is also a s
on the requirements for potable water heaters:

One significant change in the 2021 Edition is the transfer of pressure relief device requird

ection

ments

from Avrticle 4 to the new Section XIHon Overpressure Protection. The remaining overpressure

protection requirements have been(restructured within the new Article 4A. New Nonman
Appendix P provides a completé-eross reference list between the previous requirements 3
updated requirements and locations.

datory
nd the

Us!

1M

Manufacturer €onsultant Owner Inspector Regulat

P P P P S

P — Primary-User
S — Secondary User

207



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-122 BPVC Section V Nondestructive Examination

Current Edition:

2021 (1016 pages)

Alt. Number:

None

ANSI Approved?

Yes

SCLLpe:

This section of the code contains requirements and methods for nondestructive examination
(NDE), which are code requirements to the extent they are specifically referenced and required
by other code sections or referencing document. These NDE methods are intended to detect
arface-art-hterratmperfectionstmateradsweldsTfabricatedparts—and¢o 3 They
include radiographic examination, ultrasonic examination, liquid radiographic examipation,
magnetic particle examination, liquid penetrant examination, magnetic particle €xamimation,
eddy current examination, visual examination, leak testing, and acoustic emission/examimation.
Appendix A of Subsection A presents a listing of common imperfections and dpmage
mechanisms and the NDE methods that are generally capable of detecting'them.

This document can be used by owners, manufacturers, and inspection ‘Service companies as an

Application: aid in selecting an NDE method(s) and performing the test for 4aspecting new and existing
equipment. It also presents guidance for the evaluation of the testresults.
Cohments: This is a comprehensive guidance document intended far use by persons knowledgedble in
' inspection methods and procedures and in the types of défects and damage mechanisms
Consultant Manufacturer Owner Inspector Regulatpr
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A-123

Heating Boilers

BPVC Section VI Recommended Rules for the Care and Operation of

Current Edition:

2021 (104 pages)

Alt. Number:

None

ANSI Approved?

Yes

This section of the ASME Code is intended to cover general descriptions, terminology and

basic fundamentals of heating boilers, controls and automatic fuel burning equipment.

Scope:

Because of the wide variety of makes and types of equipment in use, it is general in seo
The boilers discussed in this section will be those limited to the operating ranges of.Secti
Heating Boilers, of the ASME Boiler and Pressure Vessel Code as follows.

e Steam boilers for operation at pressure not exceeding 15 psi (100 kPa).

e Hot water heating and hot water supply boilers for operation at pressures not exc
160 psi (1100 kPa) and/or temperatures not to exceed 250°F (120°C).

De.
on 1V,

peding

Ap

plication:

This section is intended to provide general guidance to owners ia\the care and operafion of

steam and hot water boilers. For detailed information on any speeific unit, the manufac

urer’s

information should be consulted. It also includes informatien on the periodic inspecfion of

existing boilers.

Co

mments:

This section is a tutorial type document. The maih topics covered are types of b
accessories and installation; fuels; fuel burning<€guipment and fuel burning controls;
room facilities; operation, maintenance, and repair—steam boilers; operation, maintenang
repair-hot water boilers and hot water heating boilers; and water treatment. It also in
sample maintenance, testing, and inspectiom logs for steam heating boilers and hot water
boilers.

oilers;
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A-124 BPVC Section VIl Recommended Guidelines for the Care of Power Boilers

Current Edition:

2021 (208 pages)

Alt. Number:

None

ANSI Approved?

Yes

SCL[pe:

This document applies to the boiler proper and to pipe connections up to and including the
valve or valves as required by the code. Superheaters, reheaters, economizers, or other pressure
parts connected directly to the boiler without intervening valves should be considered as part

A He tdehresares et eraten At eeratRen are-appliances

O 00 oo arsSO—1PT0 C OoT0pP O OTad ary viv

that affect the safe and reliable operation of power boilers.

With respect to the application of this document, a power boiler is a pressure vessel. consfructed
in compliance with Section 1 in which steam is generated for use external to the boilpr at a
pressure exceeding 15 psig (100 kPa) due to the application of heat. This heat'may be derived
from the combustion of fuel (solids, liquids, or gases), from hot waste gases’or other chemical
reactions or from the application of electrical energy.

Application:

The purpose of this document is to promote safety in the use of.power boilers. This doqument
is intended for use by those directly responsible for operatihg; maintaining, and insgecting
power boilers.

The difficulty in formulating a set of guidelines that may)be applied to all sites and tyjpes of
plants is recognized; therefore, it may be advisable to depart from them in specific caseg.

Manufacturer’s operating instructions should <always be followed. Other recomnjended
procedures such as National Fire Protection Asseciation codes covering prevention of flirnace
explosions are suggested for additional guidance.

Comments:

The main topics covered by this section‘are fundamentals; boiler operation; boiler auxiliaries;
appurtenances; instrumentation, controls, and interlocks; inspection; repairs, alteratior|s, and
maintenance; control of internal.¢hemical conditions; and preventing boiler failures. Jt also
includes maintenance and operation checklists for watertube and firetube boilers.
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A-125

BPVC Section VIlI-Division 1 Rules for Construction of Pressure Vessels

Current Edition:

2021 (804 pages)

Alt. Number:

None

ANSI Approved?

Yes

For the scope of this division, pressure vessels are containers for the containment of pressure,
either internal or external exceeding 15 psig. This pressure may be obtained from an external
source, by the application of heat by a direct or indirect source or through any combination

haoy £
OTCTCUT,

Scope:

This division contains mandatory requirements, specific prohibitions and nonmangdatory
guidance for pressure vessel materials, design, fabrication, examination, inspgection, testing,
certification, and pressure relief. The code does not address all aspects of these activitigs, and
those aspects which are not specifically addressed should not be considered prohibited.

This division is divided into three subsections, mandatory appendicesy.and non-mandatory
appendices. Subsection A covers the general requirements applicablecto all pressure vpssels.
Subsection B covers specific requirements that are applicable tothevarious methods ysed in
the fabrication of pressure vessels. It deals with weldedforged, and brazed mgdthods.
Subsection C covers specific requirements applicable to the Several classes of materials ysed in
pressure vessel construction. It deals with carbon and low:-alloy steels, nonferrous metals, high
alloy steels, cast iron, clad and lined material, cast ductile iron and ferritic steels, with properties
enhanced by heat treatment, layered construction and)low temperature materials, respegtively.
Section II, Part D contains tables of maximum“allowable stress values for these clagses of
materials.

The mandatory appendices address specifig,subjects not covered elsewhere in this divisign, and
their requirements are mandatory whenhe subject covered is included in construction{under
this division. The non-mandatory .appendices provide information and suggested| good
practices.

Ap

plication:

This division can be used by-persons knowledgeable in the design, fabrication, testing, and
repair of pressure vessels,

Co

mments:

This division is based on “Design by Rule” procedures. It is less rigorous than Division 2 but
uses lower allowable'stress values.

One significant.chiange in the 2021 Edition is the transfer of pressure relief device requirgments
to the new-Section XIII on Overpressure Protection. The remaining overpressure profection
requirements have been restructured into new paragraphs UG-150 through UG-156] New
Nonmandatory Appendix PP provides a complete cross reference list between the previous
regquirements and the updated requirements and locations.
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A-126 BPVC Section VIlI-Division 2 Rules for Construction of Pressure
Vessels—Alternative Rules

Current Edition:

2021 (872 pages)

Alt. Number:

None

ANSI Approved?

Yes

In the scope of this division, pressure vessels are containers for the containment of pressure,
either internal or external, exceeding 15 psig. This pressure may be obtained from an external

Scope:

SOUTCE Or by theappticatiom of treat froma ditect orimdiTect Source a5 a resuttof & progess or
through any combination thereof.

The rules of this division may be used for the construction of the following pressure vessels:

e Vessels to be installed at a fixed (stationary) location for a specific,service |where
operation and maintenance control is retained during the useful life/of the vessel|by the
user and is in conformance with the user’s design specification;

e Pressure vessels installed in ocean-going ships, barges, and-other floating craft dr used
for motor vehicle or rail freight.

e Pressure vessels or parts subject to direct firing from-the combustion of fuel (solid,
liquid, or gaseous) that are not within the scope ‘of Sections I, Ill or IV may be
constructed in accordance with the rules of this division.

e The following pressure vessels in which stéam is generated shall be construgted in
accordance with the rules of Section VI1},-Division 1 or this division:

0 Vessels known as evaporators.orheat exchangers.

0 Vessels in which steam is. generated by the use of heat resulting from
operation of a processingcsystem containing a number of pressure vessels such
as used in the manufacture of chemical and petroleum products.

0 Vessels in which steam is generated but not withdrawn for external usqg.

e Unfired steam boilers shallZbe constructed in accordance with the rules of Sectipn | or
Section VIII, Division 1.

This division is divided, into nine parts: general requirements, responsibilities and futies,
materials requirements,_design by rule requirements, design by analysis requirements,
fabrication requirefments, examination and inspection requirements, pressure festing
requirements, and ‘pressure vessel overpressure protection. Technical information previously
placed in mandatory and non-mandatory appendices at the back of the document have bgen re-
deployed as annexes to the nine parts.

The 2047 Edition of Section VIII Division 2 introduced two vessel classes to attract morg users
to Section VIII Division 2. Class 1 vessels were introduced with the following limitatiops and
relaxed rules when compared to a Class 2 vessel:

e Class 1 vessels utilize a Design Margin of 3.0 on the material Ultimate Tensile Strength
(compared to 2.4 for Class 2 vessels).
e Certification of the User’s Design Specification and Manufacturer’s Design Report is
required only when a formal fatigue analysis is required. Otherwise, these dre not
required (similar to that for a Section V11 Division 1 vessel).
e For Class 1 vessels, the Design-by-Analysis rules of Part 5 may not be used in Jieu of

thC DCO;UII by RU:C ICL{U;I CITICT ItD ;II Palt 4.

e All other aspects of construction including materials, fabrication, examination, and
testing shall be in accordance with the applicable parts of ASME Section VIII Division
2.

Application:

This division can be used by persons knowledgeable in the design, fabrication, testing, repair,
and approval of pressure vessels.

Comments:

This division is based on both “Design by Rule” and “Design by Analysis” procedures. It is
more rigorous than Division 1 and uses higher allowable stress values. This division covers
cyclic fatigue analysis.
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One significant change in the 2021 Edition is the transfer of pressure relief device requirements
from Part 9 to the new Section XIII on Overpressure Protection. The remaining overpressure
protection requirements have been restructured within Part 9. New Annex 9B provides a
complete cross reference list between the previous requirements and the updated requirements
and locations.
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A-127 BPVC Section VIlI-Division 3 Rules for Construction of Pressure
Vessels—Alternative Rules for Construction of High Pressure Vessels

Current Edition:

2021 (384 pages)

Alt. Number:

None

ANSI Approved?

Yes

The rules of this division constitute requirements for the design, construction, inspection, and
overpressure protection of metallic pressure vessels with design pressures generally above 10

Scope:

for Section VIII, Division 1 or 2, nor minimum pressure limits for this division, Specific

RS (70™MPa). HOWeVET, TS ot the IMent of this aivisTon 1o estab i aximam pressur’}limits
posed

pressure limitations for vessels constructed to the rules of this division may\be”i
elsewhere in this division for various types of fabrication.

Pressure vessels within the scope of this division are pressure containers for/the retainnpent of
fluids, gaseous or liquid, under either internal or external pressure, This pressure ::[ay be
generated by an external source, the application of heat from a direCt or indirect sodirce, a
process reaction or through any combination thereof.

This division is divided into eight parts and mandatory and@enmandatory appendices. The
eight parts cover general requirements; material requirementsydesign requirements; fabrication
requirements; pressure relief devices; examination requirements; testing requirements; and
marking, stamping, reports, and records.

Application:

This division can be used by persons knowledgeable’in the design, fabrication, testing, yepair,
and approval of high pressure vessels.

Comments:

One significant change in the 2021 Edition-is the transfer of pressure relief device requirgments
from Part KR to the new Section X111 aifQverpressure Protection. The remaining overpiessure
protection requirements have been restructured within a new Part KOP. New Nonmangdatory
Appendix M provides a complete(cross reference list between the previous requiremerfts and
the updated requirements and locations.
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A-128

BPVC Section IX Welding, Brazing, and Fusing Qualifications

Current Edition:

2021 (400 pages)

Alt. Number:

None

ANSI Approved?

Yes

This section of the ASME Boiler and Pressure Vessel Code relates to the qualifications of

welders, welding operators, brazers and brazing operators, and the procedures that they e

mploy

in welding and brazing accordlng to the ASME Boiler and Pressure Vessel Code and the ASME

D21 _Cadl £ Dy Dicioo L Aidad Dot OO\A/L

nts for

Scope:

Dyl UUUU IUI 1 ICDDUIC T I'JIII\;’ LY IJ \JIVIUC\J IIILU LV\IU 'J(AI I.J mart VVV yIVCO ICL1UIICIIIC
welding and Part QB contains requirements for brazing. Others sections of the code may s
different requirements than those specified by this section. Such requirements take précs
over those of this section, and the manufacturer or contractor shall comply with them.

The main topics in the welding Part QW are welding general requirements;welding pro
qualification; welding performance qualifications; welding data; ahd‘standard W
procedure specifications (SWPSs). The main topics in brazing Part‘@B are brazing d
requirements; brazing procedure qualifications; brazing perforimance qualification
brazing data.

pecify
dence

cedure
elding
eneral
; and

Ap

plication:

Purchasers can reference this section in purchase specifications for new equipment or
and modifications to existing equipment. Manufacturers and field contractors need it to ¢
with the purchase specification when the section is cited therein.

epairs
pmply

Co

mments:

This section provides detailed procedures to qualify welders and brazers (operate mar
semi-automatic equipment) and welding and brazing operators (operate machine or aut
equipment) and also the procedures employéd:It also contains acceptance standards.

ual or
hmatic
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A-129 BPVC Section X Fiber-Reinforced Plastic Pressure Vessels

Current Edition:

2021 (328 pages)

Alt. Number:

None

ANSI Approved?

Yes

This section established the requirements for the fabrication of fiber-reinforced thermosetting
plastic pressure vessels for general service, sets limitations on the permissible service

conditions, and defines the types of vessels to which these rules are not applicable.

TO assuUre that Vessels fabricated according to these rules will be capable of safely Withst
the operating conditions specified by the design specification, this section:

e  Gives minimum requirements for the materials of fabrication.
e  Specifies test procedures for determining laminate mechanical properties.
e Defines two methods of design qualification:

nding

o Class I Design—qualification of a vessel design through the destructive [test of
a prototype.
o Class Il Design—mandatory design rules _andv acceptance testing by

nondestructive methods.

and approval of fiber-reinforced plastic pressure vessels.

e Suggests nonmandatory design procedures for Class\I'vessels.

e  Provides mandatory design procedures and acceptance testing for Class Il vesse]s.

e Defines the general methods of fabrications.which may be used.

e Limits the types of end closures, connectiofis.and attachments which may be employed

Scope: and the means used to join them to the vessels.

e Stipulates the procedures to be usedin proving that prototype vessels will withstand
specified operating and test conditions.

e Establishes rules under which fabricating procedures used for fabricating Glass |
prototype and production vessels are qualified, and defines what deviations from such
procedures necessitate regualification.

e Sets forth requiremepts to assure that no essential variation in qualified fabrjcation
procedures has occurred.

e Establishes rulesfor acceptance testing, inspection, and reporting.

e  Gives requirements for stamping and marking.

For vessels fabricated in accordance with these rules, the provisions of Section X shallf apply
over any other sections of the code. When metallic components are part of fiber-reinforced
plastic vessels;they shall meet the provisions of Section VII1I, Division 1.
This seCtion is divided into nine main parts and mandatory and nonmandatory appendicdgs. The
main_ parts are general requirements; material requirements; fabrication requirements;
qualification requirements; pressure relief devices; rules governing testing; insgection
requirements; and marking, stamping, and reports.

Application: This section can be used by persons knowledgeable in the design, fabrication, testing, fepair,
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Co

The use of fiber-reinforced plastics for the manufacture of pressure vessels presents unique
materials considerations in the design, fabrication, and testing of these vessels. Metallic vessels,
being made from materials which are normally isotropic and ductile, are designed by using
well-established allowable stresses based on measured tensile and ductility properties. In
contrast, fiber-reinforced plastics are usually anisotropic and the physical properties are
dependent upon the fabrication process, the placement and orientation of the reinforcement and
the resin matrix.

Adequacy of specific designs shall be qualified by one of two basic methods:

e Class | Design—qualification of a vessel design through the pressure testing of a
prototype.

mments:

e Class Il Design—mandatory design rules and acceptance testing by nondestjuctive
methods.

These two methods shall not be intermixed.

These vessels are not permitted to store, handle, or process lethal fluids. Messél fabrication is
limited to the following processes: bag-molding, centrifugal casting andAilament-windir]g, and
contract molding. General specifications for the glass and resin faaterials and migimum
physical properties for the composite materials are given.

One significant change in the 2021 Edition is the transfer of pressure relief device requirgments
from Part RR to the new Section XII1 on Overpressure Protection. The remaining overpressure
protection requirements have been restructured within the:hew Part ROP. New Nonmangdatory
Appendix AM provides a complete cross reference list between the previous requiremernts and
the updated requirements and locations.
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A-130 BPVC Section XIlll Rules for Overpressure Protection
Current Edition: 2021 (128 pages)
Alt. Number: None
ANSI Approved? | Yes

Sc

This Section (new in 2021) provides the requirements for the overpressure protect

ion of

pressurized equipment such as boilers, pressure vessels, and piping systems. Overpressure

protection methods include:

dpe:

(I) Releasing eXcess Pressure Dy USE Of Pressure Teliet Jevices.

(2) Applying controls to prevent an increase in pressure (overpressure protection’ by’
design)
(3) Using a combination of (1) and (2).

ystem

The referencing Code or Standard specifies the objectives of the overpressure protectirxn and

acceptable methods to achieve it. Where a pressure-releasing overpressure protection
is specified, the referencing Code or Standard identifies the permissible devices based
Section’s rules for devices.

This Section includes:

(1) Requirements relating to pressure integrity and perforpaance governing the constructi
installation of pressure relief devices. Construction«equirements include materials, g
manufacture, examination, inspection, productien)testing, and certification. Insta

ethod
bn this

bn and
esign,
lation

requirements address only the variables that affect the performance and pressure-relieving

function of the devices, including the inlet and.outlet piping.

(2) Requirements for conducting tests and-analyses to determine the performance of pressure

relief devices. These include rules for dgvice-type certification of relieving capacity and/q
resistance and production testing forsiew pressure relief devices.

(3) Requirements for the use of gverpressure protection by system design.
(4) Mandatory Appendices that,address specific subjects not covered elsewhere in this S
(5) Nonmandatory Appendices that provide information and suggested best practices.

r flow

bction.

Ap

plication:

The main Parts of this*Section include: scope and general requirements; responsibilit
providing overpressure protection; five Parts describing requirements for the design, ma
inspection, testing, welding, and marking of pressure relief devices, rupture disk devic
devices, spring-actuated non-reclosing devices, and temperature and pressure relief

flow resistance certification; requirements concerning the use of the Certification
requirements for open flow paths and vents; requirements/guidelines for the installai
pressure relief devices (addressing only those variables that affect the performand
pressure-relieving function of the devices);. requirements for overpressure protection by {
design.

requirements for use and marking of devices in combination; requirements for capac]y and

es for
erials,
S, pin
alves;

Mark;
ion of
e and
ystem
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Co

The ASME BPV Committee on Overpressure Protection was established in 2016 to establish,

for publication in Section XIII of the Boiler and Pressure Vessel Code:

(1) Rules relating to pressure integrity and performance governing the construction® and

installation? of pressure relief devices.
(2) Rules for device type certification of relieving capacity and flow resistance ratings inc

luding

the rules for conducting the tests and analyses to determine the performance of pressure relief

devices.
(3) Rules for overpressure protection by system design.

These rules are intended for use in the Sections of the Boiler and Pressure Vessel Code and

mments:

other-Standards;,for-thepurposeof providingoverpressure-protection;,to-theextent th
are specified in those Sections or Standards. These rules are also to be suitable for refere

t they
nce by

other national and international organizations involved with the application of ©vefpressure

protection. This committee shall also advise on overpressure protection rules thatlare prg
for construction and in-service integrity in the Boiler and Pressure Vessel and the B31 (

Construction, as used here, is limited to materials, design, fabrication, examination, insp
testing, and certification.

2Installation, as here, is limited to the variables that affect the perfermiance and safety fu
of pressure relief devices.

The Committee worked in coordination with other BPV Construction Codes (I, 111, 1V
1/2/3, X) to publish the new Section XIII Code with carresponding revisions in each
construction codes (see the respective code sections for a brief summary of relevant cha

posed
odes.

pction,
nction

VIII-
of the
nges).
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A-131

BPVC Code Cases Boilers and Pressure Vessels

Current Edition:

2021 (No. of pages changes when periodic supplements are issued.)

Alt. Number:

None

ANSI Approved?

Yes

This document contains provisions which have been adopted by the Boiler and Pressure VVessel

Committee that cover all the sections of the code other than Section Ill, Divisions 1, 2,

and 3

and Section XI. Code cases provide rules that permit the use of materials and alternative

PR oD\/OC .l

Scope:

IIICthUdJ Uf UunotrU\;tiun thut urC r‘IUt hU‘V‘Ci‘Cd b‘y‘ Cxi\)ting DOl Vo IIUICJ- A CUdC CUOLU

into existence when there is an inquiry to the ASME Boiler and Pressure Vessel-Sta
Committee on some aspect of design and/or construction that is not covered by theCurren
rules. The written response from the committee is assigned a number and it is published
with the inquiry, in this document.

comes
ndards
t code
along

Ap

plication:

The initial user of a code case is typically the party that made thelinquiry to the
Standards Committee. Once the committee responds, it is available foruse by anyone in
in the use, design, and construction of boilers and pressure vessels.

\SME
olved

Co

mments:

The code cases are indexed according to the: 1) ASME code.section, 2) material specifi
3) AWS specifications, 4) international specifications designer and 5) charts for vessels
external pressure. There is also a numerical index that shows the approval date and an
date, if applicable.

The ASME Boiler and Pressure Vessel Standards‘Committee took action to eliminate coc
expiration dates effective March 11, 2005. Thisimeans that all code cases listed after th
will remain available for use until annulled by.the ASME Boiler and Pressure Vessel Sta
Committee.

Cation,
under
nulled

e case
s date
ndards
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A-132  ASME NM.1 Thermoplastic Piping Systems

Current Edition: 2020 (179 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard prescribes requirements for the design, materials, fabrication, erection,
examination, testing, and inspection of thermoplastic piping systems.

Thermoplastic piping, as used in this Standard, includes pipe, flanges, bolting, gaskets, valves,

Scope:

TITiNGS, SPecial connecting COmMpONents, and the pressure contaming portons of other piping
components, whether manufactured in accordance with standards referenced in thisstandard or
specially designed. It also includes hangers and supports and other equipment items negessary
to prevent overstressing the pressure containing components.

Application:

This standard can be used by persons knowledgeable in the design, fabfication, testing, and
repair of thermoplastic piping systems.

Comments:

Thermoplastics are a specific group of nonmetallic materials that,farprocessing purposgs, are
capable of being repeatedly softened by increase of temperatureiand hardened by decrgase of
temperature.

User:
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A-133 ASME NM.2 Glass-Fiber-Reinforced Thermosetting-Resin Piping
Systems
Current Edition: 2020 (138 pages)
Alt. Number: None
ANSI Approved? | Yes

This standard provides requirements for the design, materials, manufacture, fabrication,

installation, examination, and testing of glass-fiber-reinforced thermosetting-resin

(FRP)

Scope:

PPNy SYSIENTS.

FRP piping, as used in this Standard, includes pipe, flanges, bolting, gaskets, valves, f]ttings,

special connecting components, and the pressure-containing or pressure retaining-porti
other piping components, whether manufactured in accordance with references’cited
Standard or specially designed. It also includes hangers and supports and othet items neg
to prevent overstressing the pressure-containing components.

ons of
n this
essary

Ap

plication:

This standard can be used by persons knowledgeable in the design,, fabrication, testin
repair of glass-fiber-reinforced thermosetting-resin piping systems,

g, and

Co

mments:

This standard addresses pipe and piping components that are\produced as standard produ
well as custom products that are designed for a specific-application. It covers FRP pi
piping components manufactured by contact molding, centrifugal casting, filament wi
and other methods. Its intent is to provide a uniformé&et of requirements for FRP pipe and
components that can be adopted by reference in thé various piping codes, including sect

cts, as
be and
nding,
piping
ons of

the ASME B31 Code for Pressure Piping. This.standard is published as a separate document to

reduce duplication between piping codes.
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A-134 ASME NM.3.1 Nonmetallic Materials Part 1—Thermoplastic Material
Specifications

Current Edition:

2020 (555 pages)

Alt. Number:

None

ANSI Approved?

Yes

This Part is one of three contained in the Standard that includes specifications for nonmetallic
materials (except wood, nonfibrous glass, and concrete) and, in conformance with the

Scd)pe:

TequUITEMents of the ndividual construction Sstandards, methodotogies, design values,
and cautions on the use of materials. This Part contains thermoplastic material spegifid
identical to or similar to those published by the American Society for Testing.and ‘M3
(ASTM International) and other recognized national or international organizations.

imits,
ations
terials

Application:

This document can be used as an aid by piping designers to select a thermoplastic mate
a specific application. It can also be referenced by inspectors and by persons involved
review of equipment designs.

ial for
in the

Comments:

This document is similar to ASME Section Il, Parts A and B for'metallic materials.

User:
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A-135

Plastic Material Specifications

ASME NM.3.2 Nonmetallic Materials Part 2 — Reinforced Thermoset

Current Edition:

2020 (191 pages)

Alt. Number:

None

ANSI Approved?

Yes

This Part is one of three contained in the Standard that includes specifications for nonmetallic
materials (except wood, nonfibrous glass, and concrete) and, in conformance with the

Scd)pe:

TeqUITEMentS of the ndividuat construction standards, methodotogies, design values,

and cautions on the use of materials. This Part contains reinforced thermoset plastic m
specifications identical to or similar to those published by ASTM and other recogriized n
or international organizations.

imits,
aterial
tional

Ap

plication:

This document can be used as an aid by piping designers to select a reinfor€ed thermoset
material for a specific application. It can also be referenced by inspectors and by p
involved in the review of equipment designs.

blastic
Ersons

Co

mments:

This document is similar to ASME Section Il, Parts A and B for'metallic materials.
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A-136  ASME NM.3.3 Nonmetallic Materials Part 3—Properties

Current Edition:

2020 (191 pages)

Alt. Number:

None

ANSI Approved?

Yes

This Part provides tables and data sheets for allowable stresses, mechanical properties (e.g.,

P — Primary User
S — Secondary User

Scope: tensile and yield strength), and physical properties (e.g., coefficient of thermal expansion and
modulus of elasticity) for nonmetallic materials.
This document can be used as an aid by piping designers to select a nonmetallic materigl for a
Application: specific application. It can also be referenced by inspectors and by persons involved|in the
review of equipment designs.
Cohments: The subparts in this document are: Subpart 1: Stress Tables and Subpart 2;-Physical Properties
' Tables. This document is similar to ASME Section 11, Part D for metallic materials.
Purchaser Consultant Owner Inspector Regulafor
P P P S
User:
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A-137 ASME RTP-1 Reinforced Thermoset Plastic Corrosion-Resistant
Equipment

Current Edition:

2019 (357 Pages)

Alt. Number:

None

ANSI Approved?

Yes

This standard applies to stationary vessels used for the storage, accumulation, or processing of
corrosive or other substances at pressures not exceeding 15 psig external and/or 15 psig internal

Scope:

above any Nyarostatic head:
In relation to the geometry of vessels, the scope of this standard shall include the folloviing:

e  Where external piping is to be connected to the vessel:
0 The first threaded joint for screwed connections.
0 The face of the first flange for bolted connections.
0 The vessel side sealing surface for proprietary connections or fittings.
e The vessel attachment joint when an attachment is made, to' either the extefnal or
internal surface of the vessel.
e  Covers for vessel openings, such as manhole and handhole covers.
e The vessel side sealing surface for proprietary fittings attached to vessels for fwhich
rules are not provided by this standard, such as gauges and instruments.
The following types of reinforced thermoset plastic-equipment are excluded from the ryiles of
the standard:

Vessels with internal operating pressure.in excess of 15 psig.
Hoods, ducts, and stacks.
Fans and blowers.
Vessel internals such as entrainment separators, chevron blades, packing sppport
plates, and liquid distribution plates.

e  Pumps.

e Pipe or piping (see ASME B31.3).

e  Fully buried underground closed vessels.
This standard is divided into eight main parts and mandatory and non-mandatory appe:redices.

The main parts are: general requirements; materials; design; fabrication; over-pressure
protection; inspection and testing; shop qualification; and certification.

Application:

This standargdan be used by persons knowledgeable in the design, fabrication, testing, fepair,
and approval of reinforced thermoset plastic low pressure vessels.
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Design by formulas and by stress analysis are both included in this standard. Consideration is
given both to ultimate strength and to limiting strain. Time and temperature dependence of RTP
laminate properties is recognized.

The ultimate stress consideration is required to assure safety against catastrophic failure over a
reasonably long term. The strain considerations are required to assure long-term operation
under cyclic stress (fatigue) without cracking the resin matrix of the composite laminate, thus
maintaining maximum corrosion resistance.

Vessels conforming to this standard shall be limited to the following pressure and temperature
limits:

. Maxdimum-intarnal nraccura-
ttecHRHH R H e P+ HH-e-

Comments:

0  With Proof Test. The internal operating pressure, measured at the-fop|of the
vessel, shall not be greater than 15 psig.
0 Without Proof Test. The internal operating pressure, measured| at the [top of
the vessel, shall not be greater than 2 psig.
e  Maximum external pressure:
0  With Proof Test. The limit on external operating pressure is 15 psig.
0  Without Proof Test. The limit on external operatifg pressure is 2 psig.
e Temperature limits. The operating temperature shall be-limited to a value for [which
mechanical properties have been determined and the“themical resistance ha$ been

Us!
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A-138 ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint

Assembly
Current Edition: 2019 (114 pages)
Alt. Number: None
ANSI Approved? | Yes
s . This document may be used to develop effective joint assembly procedures for flanged joints
cope: o . L . s
with ring type gaskets covering a broad range of sizing and service conditions.
Apblication: Owners, users, and manufacturers of pressure equipment can use the methods in this dogument
PP ' to optimize the assembly procedures for bolted flanged joints in order to minimize-leakd.
Detailed rules are provided for:
e Examination of “working” surfaces.
e Alignment of mating surfaces.
e Installation of gaskets.
e Lubrication of “working” surfaces.
e Installation of bolts.
Cotnments: e Number of bolts and tightening sequence.
e Bolt tightening/tensioning methods and determination of the load achieved.
e Tables of torque to achieve target bolt stress-levels using the Target Torque Indgx (see
Appendix O, “Determining the Target Bolt Stress™).
The current edition contains 16 appendices cavering topics such as training and qualif{cation
of bolted joint assembly personnel (AppendixA), alternative tightening patterns (Appenflix F),
assembly bolt stress determination (Appendix O), troubleshooting (Appendix P), and
considerations for the use of powered, equipment (Appendix Q).
Purchaser Manufactufer Owner Inspector Regulafor
P P
User:
P — Primary User
S — Secondary User
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A-139  ASME PCC-2 Repair of Pressure Equipment and Piping

Current Edition: 2018 (294 pages)
Alt. Number: None
ANSI Approved? | Yes

Provides methods for repairing pressure equipment after it has been placed into service. The

Scope: methods include relevant design, fabrication, examination and testing of repairs, which may be
temporary or permanent.
S Owners and users of pressure equipment can use the methods in this standard to make fepairs
Application: - “ L - .
using the “best practices” provided in the document.
Detailed rules are provided for the following general types of repairs:

e Weld repairs, including insert plates, weld overlay, seal welds).leak boxed, flaw
evacuation and weld repair, full encirclement reinforcing sleeves and lap pgtches,
reinforcing plug welds, preheat alternatives, PWHT alternatives, weld buildup, fillet

Comments: weld pat_ches, and_ plug repairs.

e Mechanical repairs, including replacement of components, freeze plugs, daaged
threads, flange refinishing, mechanical leak clamps,ipipe straightening and alighment,
concrete anchors, bolting removal, and repair of heat exchangers.

e Nonmetallic and bonded repairs.

e Examination and testing.

Purchaser Contractor Qwner Inspector Regulatpr
P P P
User:
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A-140 ASME PCC-3 Inspection Planning Using Risk-Based Methods

Current Edition:

2017 (94 pages)

Alt. Number:

None

ANSI Approved?

Yes

Scope:

Provides guidance for developing and implementing an inspection program for fixed
pressure-containing equipment and components. The approach emphasizes safe and reliable
operation through cost-effective inspection.

Application:

Owners and users of pressure equipment can use the guidance in this standard to develop an
in-service (post-construction) inspection program for their equipment. The guidance”dpplies
broadly to boilers, pressure vessels, piping, pipelines, and storage tanks. However| other
standards that are specific to one or more of these equipment types should alsg be consulted in
developing inspection plans. These include:

e API RP 580 “Risk-Based Inspection.” This document is verysimilar to ASME PCC-3
but is focused on the hydrocarbon and chemical process industries.
e APl RP 581 “Risk Based Inspection Methodology.” This:document provides specific,
detailed guidance for risk-based inspection.
e NB-23-“National Board Inspection Code” for boilers and pressure vessels that gre not
in refining and chemical process services.
e API 510-“Pressure Vessel Inspection Code:-In-service Inspection, Rating, Repajr, and
Alteration” for pressure vessels in refiningand chemical process services.
e APl 570-“Piping Inspection Code:>In=service Inspection, Rating, Repaif, and
Alteration of Piping Systems” for piging systems. Although developed for the rgfining
and chemical process industries, itimay be used, where practical, for any piping system.

Comments:

ASME PCC-3 should be used to help:theé owner or user of pressure equipment determing what
areas of the equipment to inspect, what inspection techniques to use, and how frequently to do
the inspection. Although basic -guidance on these topics is provided in NB-23, APl 510, and
API 570 (described above),"ASME PCC-3 provides for a more detailed analysis of insgection
needs. This typically results in a reduction in the overall inspection effort, with incregses in
some areas offset by~reductions in others. Most importantly, it provides for a systgmatic
analysis to identifydamage mechanisms that may affect particular material/process
environment corabinations to ensure that inspection/examination activities are focused jon the
areas that are-important to pressure equipment integrity.

ASME PCC33 provides an overall methodology that can be used to develop an inspectidn plan
using_risk-based methods. It provides guidance and detailed tables to assist in defining the
damage mechanisms that can affect pressure equipment, as well as inspection and mon|toring
methods to detect the damage. It provides methods for establishing RBI teams to determ|ne the
probability and consequence of failure and to calculate the risk of continued operatiop. The
result of applying the process is an optimized, cost-effective inspection plan.
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A-141  ASME PTC 25 Pressure Relief Devices (Performance Test Codes)
Current Edition: 2018 (98 pages)
Alt. Number: None
ANSI Approved? | Yes

This code provides standards for conducting and reporting tests on reclosing and nonreclosing
pressure relief devices normally used to terminate an abnormal internal or external rise in

pressure above a predetermined design value in boilers, pressure vessels, and related

Scope:

piping

Aaraant—Thi Al viorathk + - P~ ta-dataroainag vaolioy iaoy B t d
C\.IullJIIICIIL. Tio CUUL CUVUTO UIC TTICLNTUUS Adi'u 'JIUUCUUICJ W UCTLeTIimmrie ICIICVIII\J \J(A'J(AU y an
additional operating characteristics, which may be required for certification or other’ purposes
by other codes. This is accomplished by dividing the code into two parts following,Séctions 1

and 2: Part 1, “Flowing Capacity Testing,” and Part 2, “In-Service and Bench.Testing.”

This code provides instructions in Part 1 for flow capacity testing and in Rart'2 for in-
and bench testing. Testing of reclosing and nonreclosing pressure relief.devices is con
under various inlet and outlet conditions using steam, gases, and“liquids for which
physical properties are known.

The object of the test is to determine the performance of pressure-relief devices. Thes
determine one or more of the following: a) dimensional; operational, and mech
characteristics; b) relieving pressure; c) relieving flow capacity at test pressure;
individual flow resistance. Procedures for conducting the tests, calculating the result
making corrections are defined.

ervice
Hucted
valid

e tests
anical
nd d)
s, and

This code does not necessarily cover the methods and procedures to satisfy operating angl other

conditions as may be required by other codes:\Establishment of pressure-relief device
and rules of safe construction do not fall within the province of this code.

atings

Ap

plication:

This code is intended for use by pressure-relief device manufacturers and testing facilijes for

conducting and reporting tests on reclosing and nonreclosing pressure-relief devices. Th
can also be used by owners as a_reference for in-service and bench testing.

s code

Co

mments:

This code is applicable to the’following types of reclosing and nonreclosing pressure
devices: (A) Pressure relief-valves, (B) Rupture disk devices (part 1 only), (C) Breaking
pin devices (part 1 enly), and (D) Fusible plug devices (part 1 only). Other pressurg
devices may be tested-provided all parties to the test agree to accept the provisions of thi

-relief
/shear
relief
code.

Us!

1

Test Facility Manufacturer Owner Inspector Regulat

DI

P P P S

P\~'Primary User
S — Secondary User

231



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

AMERICAN SOCIETY OF NONDESTRUCTIVE TESTING (ASNT)STANDARDS

A-142  ASNT CP-189 ASNT for Qualification and Certification of Nondestructive
Testing Personnel
Current Edition: 2020 (28 pages)
Alt. Number: None
ANSI Approved? | Yes
Th;Q Qtﬂ.lldald OPCb;f;CO thC pIUdeUICO, COOCIIt;C\: fuutulo, Glld |||;||;|||um Ich;ICIIICI tS for
qualifying and certifying NDT personnel. The standard:

e Establishes the minimum requirements for the qualification and certification of
nondestructive testing (NDT) and Predictive Maintenance (PdM) personnel.

Scope: e Details the minimum training, education, and experience requitements forf NDT
personnel and provides criteria for documenting qualifications.and Certification

e Requires the employer to establish a procedure for the certification of NDT perdonnel.

e Requires that the employer incorporate any unique or additional requirements|in the
certification procedure.

Apblication: This standard is intended for use by persons who are in ¢harge of the training, qualifigation,
PP ' and certification of the personnel who are responsible fof, and perform, nondestructive tgsting.
A complementary standard to ANSI/ASNT CP-189 )is ASNT Standard Topical Outlines for
Qualification of Nondestructive Testing Personnelk(Document No. ANSI/ASNT CP-105). This
standard specifies the body of knowledge to bé-used as part of a training program qualifying
and certifying NDT personnel.
The scope of ANSI/ASNT CP-105:

e Establishes the minimumstopical outline requirements for the qualificatigns of
nondestructive testing (NDT) personnel.

Cohlmments: e Details the minimumtsaining course content for NDT personnel.

e Specifies that the amount of time spent on each topic in each method shopld be
determined by:theeNDT Level 111 and the applicable certification document.

e These topical outlines are progressive (i.e., consideration as Level | is bajed on
satisfactory completion of Level I training course; consideration as Level 11 is based on
satisfactory completion of both Level I and Level Il training courses).

e Topics in the outlines may be deleted or expanded to meet the employer’s specific
applications or for limited certification, unless stated otherwise by the applicable
eertification procedure or written practice.
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A-143 ASNT RP SNT-TC-1A Personnel Qualification and Certification in
Nondestructive Testing

Current Edition: 2020 (44 pages)
Alt. Number: None
ANSI Approved? | No

This recommended practice establishes the general framework for a qualification and
certification program for nondestructive testing. In addition, the document provides

TECOMMENUed educational EXperience and traimng Tequitements for the differenttestmythods.
Supplementary documents include question and answer lists, which may be used incomposing
examinations for nondestructive testing personnel. The following apply to this récommended
practice:

e |t is recognized that the effectiveness of nondestructive testing¢(NDT) appligations
depends upon the capabilities of the personnel who are responsiklé for, and pefform,
NDT. This recommended practice has been prepared to establish guidelines for the
qualification and certification of NDT personnel whose specific jobs rfequire
appropriate knowledge of the technical principles underlying the nondestructive tests
they perform, witness, monitor, or evaluate.

Scope: e This document provides guidelines for the establishment of a qualificatign and
certification program.

e This document has been developed by Thé ‘American Society for Nondestquctive
Testing Inc., to aid employers in recognizing the essential factors to be considgred in
qualifying personnel engaged in any ofthe NDT methods listed in Section 3 (Aqoustic
Emission Testing, Electromagnetic Testing, Laser Testing Methods, Leak Tgsting,
Liquid Penetrant Testing, Magnétic Flux Testing, Neutron Radiographic Tgsting,
Radiographic Testing, Thermal/Infrared Testing, Ultrasonic Testing, Vilration
Analysis, Visual Testing).

e |t is recognized that this ‘document may not be appropriate for certain employers’
circumstances and/er_application. In developing a written practice as requifed in
Section 5, the emiployer should review the detailed recommendations presented fherein
and modify them;’as necessary, to meet particular needs.

This recommended practice is intended for use by persons who are in charge of the training,
Application: qualification, andcertification of personnel who are responsible for and perform nondestfuctive

testing.

A complementary standard to ASME RP SNT-TC-1A is ASNT Standard Topical Outlines for

Qualification of Nondestructive Testing Personnel (Document No. ANSI/ASNT CP-lOSVl;. This

standard specifies the body of knowledge to be used as part of a training program qualifying

and certifying NDT personnel.

The scope of ANSI/ASNT CP-105:

e Establishes the minimum topical outline requirements for the qualificatigns of
nondestructive testing (NDT) personnel.

Cohmments: e Details the minimum training course content for NDT personnel.
e Specifies that the amount of time spent on each topic in each method shopld be

determined by the NDT Level 111 and the applicable certification document.

e These topical outlines are progressive (i.e., consideration as Level | is based on
satisfactory completion of Level I training course; consideration as Level 11 is based on
satisfactory completion of both Level I and Level 1l training courses).

e Topics in the outlines may be deleted or expanded to meet the employer’s specific
applications or for limited certification, unless stated otherwise by the applicable
certification procedure or written practice.
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ELECTRIC POWER RESEARCH INSTITUTE (EPRI) STANDARDS

A-144 EPRI CS-4774 Guidelines for the Evaluation of Seam-Welded High-Energy
Piping

Current Edition: Fourth Edition, December 2003 (392 pages)

Alt. Number: None

ANSI Approved? | No

Th;Q dUbUIIICIIt UffCIO IUIIIQ;II;IIu :;fU Uot;lllﬂt;ull PIUdeUICO thﬂt PIUV;dC thC Cl1 IU;IICCI;IIq baSiS
for making inspection or maintenance decisions. Seam weldment damage mechanisms gnd the
influence of numerous operational and structural variables on performance are_fiotCufrently
understood quantitatively enough for developing a rigorous mechanistic-hased evaluation
procedure. Nevertheless, a significant body of laboratory and field experience’acquired since
the 1980s has been reviewed, consolidated, and incorporated into develaping an altefnative
empirical procedure that is an effective piping integrity assurance tool:

Scope: The main sections in this document are: 1) Industry Experience and\@bservations; 2) Tedhnical
Bases for Guidelines; 3) Overview of Approach to Pipe Evaluation; 4) Inspection Decis|on; 5)
Inspection Methodology; 6) Serviceability Assessment; 7) Cenclusions; and 8) Referencds. The
following supporting appendices are also included in the Guidelines: A) Cracking and Kailure
Experience; B) Ultrasonic Examination Procedure; C),Time-of-Flight Diffraction Examination
Procedure; D) Automated Phased Array Examination.Procedure; E) Ultrasonic Flaw [Sizing
Procedure; F) Bid Specification for Examinatiofof Seam-Welded Steam Piping; G)|Crack
Growth Calculation Procedure; and H) Stress Rupture Testing.

This document can be used by plant owners and operators to assess the remaining fife of
seam-welded high-energy piping. It can‘also be used by inspectors as guidance on insgection
Application: procedures for obtaining information\for a remaining life assessment. It can also be uged by
consultants and regulators in asséssing the adequacy of a plant’s inspection/remaining life
assessment program.

This fourth edition of the_Guidelines for Evaluation of Seam-Welded High-Energy Piping
updates the third editidnyby incorporating new cracking and failure data, observatipns of
industry trends, and {information on inspection and evaluation methods.

Data on cracking.and failure incidents reported since the third edition of the documept—and
recent EPRI~reports on advances in applicable nondestructive evaluation methodg-were
reviewed to préepare the 2003 update (fourth edition) of the document.

The document features an easy-to-use stepwise format with inspection and evaluation
procedure details. EPRI’s pipe integrity evaluation approach is based on a flaw or dpmage
tolerance evaluation method in which the flaw or damage zone is detected by inspectjon. A
reinspection interval is set on the basis of current flaw size (in the through-wall dimensign) and
the estimated rate of crack growth. The flaw size is the inspection-estimated value|or an
appropriately selected default size when inspection data show no indication of damage.

Comments:
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A-145

EPRI CS-5208 Life Extension and Assessment of Fossil Power Plants

(Conference Proceedings)

Cu

rrent Edition:

1987 (1265 pages)

Alt. Number:

None

ANSI Approved?

No

Sc

This document consolidated the proceedings of a conference, which was held in Washington,
DC, June 2-4, 1986, to review, document, and transfer technology on all aspects of life

Dpe:

EXtEnsion for fossit=fuet=firing power ptants. it provided a umique opportanity for personnel
involved with the development of life extension strategies to interface directly with~personnel
in the development and application of residual life assessment methodologies for‘major [pieces
of plant equipment. Participation was truly international, with more than, 400 pedple in
attendance representing 14 countries.
Utility experience reports were presented from Australia, Canada, England, Germany, apan,
Italy, Holland, and the United States. In recognition of the fact that life_extension is notfonly a
technical issue but has broader implications with respect to ecenomic, environmentdl, and
regulatory issues, a comprehensive agenda was organized thatincluded:

Programs and strategies for plant life extension.

Residual life estimation for boilers, turbines, and'steam pipes.
Nondestructive examination techniques.

Environmental and regulatory issues.

Application:

These conference proceedings can be used as aréference by power plant owners and operators,
and their engineering contractors and consultants, to develop and implement life extension
methods as a possible way of retaining.units in service for 50 to 60 years or longer. They can
also be used by the power plant component suppliers of boilers and turbines.

Co

mments:

The conference was sponsoredh®y Edison Electric Institute, the American Socigty of
Mechanical Engineers, and the.American Society of Metals. The presentations and discyssions
supplemented ongoing EPRI-work on life extension and assessment and contributed |to the
development of the Generic Life Extension Guidelines (EPRI report CS-4778, out of |print).
Since many of the residual life techniques have usefulness above and beyond life extgnsion,
the information consolidated in these proceedings is expected to be of long-range valtie and
even applicable-to-newer plants.

In addition-to-the papers and presentations by individual authors, an overview of each qubject
area was presented by recognized experts in the field.
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A-146

Steam Surface Condensers

EPRI CS-5235 Recommended Practices for Operating and Maintaining

Current Edition:

July 1987 (248 pages)

Alt. Number:

None

ANSI Approved?

No

This document is a guideline for the operation and maintenance of steam surface condensers.

It was developed for the Electric Power Research Institute by Heat Exchange Systems, |

nc.

Scope:

The document includes a primer on the theory of operation of steam surface condensers
included is a brief description of typical condenser problems. These introductory_sectiq
the groundwork for assisting operators and engineers in troubleshooting to maximize'con
performance and availability. The remaining sections concentrate on specific tdpics s
performance monitoring, lay-up, and corrective action. Corrosion monitoring’and maintg
methods including cleaning, plugging, corrosion countermeasures, and.other corrective g
are also addressed.

. Also
ns lay
Henser
ich as
nance
ctions

Ap

plication:

The document is intended to assist plant engineers, operators, @nd maintenance personnel in

improving the availability and performance of the steam surfacé)condenser.

Co

mments:

This document describes the theory of operation, related heat transfer principals,

and a

description of the steam surface condenser designs typically used in the electric utility inglustry.

A section is also included that identifies condefser performance, structural design
materials of construction-related problems and.their causes. This section also contains g
which cross references the reader to other report sections and other Electric Power Re
Institute reports for guidance in problem resolution.

The document also identified methods.0f performance and condition monitoring. In ad
technologies for improving condenser, performance and availability are also identified,
there are many technologies and»monitoring practices that apply to specific con
problems, the report addresses™all which were identified by the principal investigato)
which are proven by past utility experience.

The document identifiesthe advantages and disadvantages of the technologies and m
presented. This is done"in a manner that will assist a utility’s operation and maintg
personnel in selectingthe best solution for a specific application.

5, and
table,
Search

Hition,
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NATIONAL ASSOCIATION OF CORROSION ENGINEERS (NACE) STANDARDS

A-147

NACE MRO0103/ISO 17945-2015 Petroleum, petrochemical and natural gas

industries—Metallic materials resistant to sulfide stress cracking in
corrosive petroleum refining environments

Current Edition:

November 2015 (52 pages)

Alt. Number:

ISO 17945

AN

S| Approved?

Yes

This document establishes material requirements for resistance to sulfide stress cracking|(SSC)
in sour petroleum refining and related processing environments containing H»S either ag a gas
or dissolved in an aqueous (liquid water) phase with or without the presence of hydrocarbon.

Scope: This document does not include and is not intended to include design spegifications.
Other forms of wet H»S cracking, environmental cracking, corrosion, and other modes of failure
are outside the scope of this International Standard.
S This standard practice is intended to be used by refiners, equipmént manufacturers, engineering
Application: .
contractors, and construction contractors.
Specifically, this International Standard is directed at the* prevention of SSC of equipment
(including pressure vessels, heat exchangers, piping,fvalve bodies, and pump and comgressor
cases) and components used in the refining industry.
Prevention of SSC in carbon steel categorized tndér P-No. 1 in Section IX of the ASME [Boiler
Cohments: and Pressure Vessel Code (BPVC) is addressed by requiring conformance to NACE SP(472.

' This International Standard applies to all:*components of equipment exposed to sour rgfinery
environments (see Factors contributing-to SSC; Clause 6) where failure by SSC would (1)
compromise the integrity of the pressure containment system, (2) prevent the basic function of
the equipment, and/or (3) prevent the equipment from being restored to an operating condition
while continuing to contain pressure.
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A-148

NACE SP0106-2018 Control of Internal Corrosion in Steel Pipelines and

Piping Systems

Current Edition:

November 2018 (28 pages)

Alt. Number:

None

ANSI Approved?

No

This standard presents recommended practices for the control of internal corrosion in steel
pipelines and piping systems used to gather, transport, or distribute crude oil, petroleum

SC(I;pe:

Proaucts, or gas.

This standard serves as a guide for establishing minimum requirements for control of‘internal
corrosion in the following systems: (a) crude oil gathering and flow linesy~(b) cryde oil
transmission; (c) hydrocarbon products; (d) gas gathering and flow lines; (e) gas transmjssion;
(F) gas distribution; (g) storage systems; (h) produced water lines; and (i) injection watef lines.

Ap

plication:

This standard presents general practices and preferences in regard)to’ control of ipternal
corrosion in steel piping systems. This standard is intended forduse by pipeline operators,
pipeline service providers, government agencies, and any other persons or companies inyolved
in planning, designing, or managing pipeline integrity.

Co

mments:

Because of the complex nature and interaction between constituents that are found in gps and
liquid (e.g., oxygen, carbon dioxide, hydrogen sulfide/chloride, bacteria), certain combirjations
of these impurities being transported in the pipeline may affect whether a corrosive condition
exists. Identification of corrosive gas and liquid ina pipeline can only be achieved by ampalysis
of operating conditions, impurity content, pRysical monitoring, or other considergtions.
Therefore, gas, liquids, and operating conditions must be monitored and evaluated [on an
individual basis to accurately assess the.effects of their presence or absence in the pipeline.
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A-149 NACE SP0169-2013 Control of External Corrosion on Underground or
Submerged Metallic Piping Systems

Current Edition:

October 2013 (60 pages)

Alt. Number:

Formerly RP0169-2002

ANSI Approved?

No

This standard practice presents procedures and practices for achieving effective control of
external corrosion on buried or submerged metallic piping systems. These recommendations

SC(I;pe:

are atso_appticapie 1o many other buried or SUDMerged metattic Structures. TS St
describes the use of electrically insulating coatings, electrical isolation, and cathodic-pro
(CP) as external corrosion control methods. It contains specific provisions for the ‘appl
of CP to existing bare, existing coated, and new piping systems. Also included aré proc
for control of interference currents on pipelines.

ndard
ection
cation
bdures

Application:

This standard practice is intended for use by corrosion control personnel concerned w
corrosion of buried or submerged piping systems, including oit, gas, water, and 3
structures. It can also be used as a reference by field inspectors.

th the
imilar

Comments:

This standard should be used in conjunction with the pragetices described in the fol
NACE standards and publications, when appropriate (use fatest revisions):

SP0572, RP0177, RP0285, SP0186, SP0286, SP0387, SP0188, TPC11, TM0497

owing
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A-150

NACE SP0170-2018 Protection of Austenitic Stainless Steels and Other

Austenitic Alloys from Polythionic Acid Stress Corrosion Cracking
During a Shutdown of Refinery Equipment

Current Edition:

September 2018 (16 pages)

Alt. Number:

Formerly RP0169-2002

ANSI Approved?

No

This standard practice provides mitigation methods to protect austenitic stainless steels and

Scope:

other austenitic alloys from polythionic acid (PTA) stress corrosion cracking (SCC)-tHat can
occur during a shutdown of refinery equipment. A shutdown includes the actual dovyntime
period and the contiguous periods required to shut down and start up the equipment. This
standard is directed toward preventing stress corrosion cracking (SCC) caused by polythionic
acid (PTA) that can be formed by reaction of oxygen and water with sulfideycorrosion prpducts
(i.e., metal sulfides) or with other oxidizable sulfur species (e.g., sulfur; hydrogen $ulfide
[H2S]).

Ap

plication:

This standard is intended primarily for petroleum refinery materials-and corrosion engingers as
well as inspection, operations, and maintenance personnel. It camalso be used as a referepce by
field inspectors.

Co

mments:

While the main focus of this standard is on equipment in refinery process units slich as
desulfurizing, hydrocracking, and hydrotreating, indwhich the incidence of PTA SCC has been
comparatively high, it may be applied to equipment in other refinery process units that use
austenitic stainless steels and other austeniticzalloys, such as crude distillation unitg, lube
distillation units, coking units, and fluid catalytic cracking units (FCCUs), when the us¢r may
have a concern for PTA SCC.
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A-151

NACE SP0288-2011 Inspection of Lining Application in Steel and

Concrete Equipment

Current Edition:

November 2011 (12 pages)

Alt. Number:

None

ANSI Approved?

No

Sc

The intent of this NACE standard recommended practice is to provide appropriate inspection
requirements to verify conformance to the lining/coating specification. It is not intended to

auTUTesS the Sefection of a fimmng/coating or 10 Specify Surface preparation and apptication
requirements.

Ap

plication:

This standard is intended for use by owners and their representatives, coating contrpctors,
coating suppliers, and coating inspectors involved with the inspection of lihings/coatings on
steel and concrete.

Co

mments:

For further information on coatings for concrete, users of this standard should refer to NACE
No. 6/SSPC-SP 13 and NACE Publication 02203/ICRI TechnicalGuideline 03741/SSRC-TR
5. For further information about selecting and specifying surface preparation methagds for
concrete before application of linings, users of this standard.should refer to ICRI Teghnical
Guideline 03732. For further information on the design, installation, and inspection of I{nings,
users of this standard should refer to NACE No. 10/SSPE-PA 6 and NACE No. 11/SSFC-PA
8.
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A-152

NACE SP0296-2016-Detection, Repair, and Mitigation of Cracking in

Refinery Equipment in Wet H2S Environments

Current Edition:

January 2020 (26 pages)

Alt. Number:

None

ANSI Approved?

No

Scope:

This standard practice is intended to be a primary source of information on cracking in wet H,S
petroleum refinery environments and provides guidelines on the detection, repair, and

Ttigation of Cracking of existing carbomn Steet Tefinmery equipment M Wet HzS environments.

Ap

plication:

This standard practice is intended for use primarily by refinery corrosion and \mdterials
engineers and inspection, operations, and maintenance personnel.

Co

mments:

For the purposes of this standard practice, the term equipment refers to presstre vessdls and
piping made of carbon steel plate material. Refinery pressure vessels incfude’items such ps, but
not limited to, columns or towers, heat exchangers, drums, reboilers, and separators.

Limited cracking has been noted in seamless piping; therefore, thexirformation in this standard
practice concentrates on longitudinally seam-welded pipe fabricated from plate.

Us!

1M

Construction Engineering

Contractor Contractor Owner Inspector Consultant

S S P P P

P — Primary User
S — Secondary User

243



https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

ASME PTB-2-2022: GUIDE TO LIFE CYCLE MANAGEMENT OF PRESSURE EQUIPMENT INTEGRITY

A-153 NACE SP0472-2020 Methods and Controls to Prevent

In-Service

Environmental Cracking of Carbon Steel Weldments in Corrosive
Petroleum Refining Environments

Current Edition:

August 2020 (32 pages)

Alt. Number:

Formerly RP0472

ANSI Approved?

No

This standard establishes guidelines to prevent most forms of environmental cracking of

Scope:

weldments in carbon steel refinery equipment, including pressure vessels, heat excha
storage tanks, piping, valve bodies, and pump and compressor cases. Weldments are def
include the weld deposit, base metal HAZ, and adjacent base metal zones subjectto re
stresses from welding.

This standard covers only carbon steels classified as P-No. 1, Group 1 or 2.
classifications can be found in the ASME Boiler and Pressure Vessel Code, Section
pressure vessels, ASME B31.3 for process piping, or API Standards 620 and 650 for tg

ngers,
ned to
sidual

These
X for
nks. It

excludes steels with greater than 485 MPa (70,000 psi) minimum‘specified tensile stiength.

Other materials may be vulnerable to cracking, but these materials are outside the scope
standard.

of this

All pressure-containing weldments or internal attachment'weldments to the pressure boutndary

are included. In addition, weldments in some nop-pfessure-containing equipment, s
storage tanks, are included. External attachmentweldments are sometimes includ
discussed in paragraph 3.6.1.

Both new fabrication and repair welds are*within the scope of this standard. The pr
included are intended to prevent in-service cracking and are not intended to address cr;
that can occur during fabrication, such*as delayed hydrogen cracking. In most cases, ho
these practices are also helpful in minimizing these fabrication problems.

ch as
ed as

ctices
hcking
vever,

Application:

This standard is intended for use-by persons involved in the design and repair of equipme
is susceptible to environmental’cracking in corrosive petroleum refinery services. It can
used as a reference by field-and shop inspectors.

nt that
Iso be

Comments:

0 two

Corrosive refinery process environments covered by this standard can be divided in
general categorigs: services that could cause cracking as a result of hydrogen chargi

g and

services that could cause alkaline stress corrosion cracking (ASCC). However, identification
of the specific.environments to which the guidelines set forth in this standard are to be gpplied
to prevent various forms of in-service environmental cracking is the responsibility of th¢ user.

User:

Engineering Manufacturer Owner Inspector Construc1|ion

Contractor Contract

or

P P P P P

P — Primary User

S — Secondary User
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A-154

Cracking

NACE SP0590-2015 Prevention, Detection, and Correction of Deaerator

Current Edition:

February 2015 (24 pages)

Alt. Number:

Formerly RP0590-96

ANSI Approved?

No

Sclpe:

for materials, design, fabrication, inspection, and acceptance criteria for new deagrator
and for repair of existing deaerator vessels; and 5) operational and water chemistry para
that may influence deaerator deterioration.

This standard practice addresses: 1) procedures for inspection of deaerator heater and water
storage vessel welds, including reinspection criteria and qualification of personnel; 2) factors
—Inftuencing boiter feedwater deaerator cracking based o Herature TEferences and Tase pistory

analyses; 3) standardized nomenclature of deaerator vessel welds and cracking; 4)-guidelines

essels
meters

Ap

plication:

This standard is intended to be the primary source of information on deaérator cracking
directed toward owners, operators, and designers of deaerator equipment used in
generation. It can also be used as a reference by field inspectors,

and is
steam

Co

mments:

Information presented in this standard reflects the work ofsthe“many individuals invol
documenting the deaerator cracking problem and is based on studies of carbon steel
Similar cracking has been found in blowdown flash tanks, sedimentation tanks, hot
storage/disengaging vessels, and steam and feedwater piping.

ved in
units.
water

Us!

Oowner/

Purchaser Designer Operator

Inspector Regulafor

P P S

P — Primary User
S — Secondary User
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NATIONAL BOARD OF BOILER AND PRESSURE VESSEL INSPECTORS (NBBPVI)

STANDARDS

A-155 NB-18 National Board Pressure Relief Device Certifications

Current Edition:

See note in Comments section below.

Alt. Number:

None

ANSI Approved?

No

Scope:

FhisNatiomnat Buam-pmgmm-prowterfm-me-cmmmmmfpremeh?ﬁtesrgnwrd the
accreditation of organizations that manufacture or assemble these devices. Acciedited
organizations are issued a certificate of authorization to apply the National Board “NB” gymbol

to devices of certified designs.

Technical requirements applied by this program to pressure-relief devigessare contaiped in
standards called “construction codes.” These codes are:

Code Section Construction Code

| ASME Boiler & Pressure Vessel Code (BPVC) Section |
i ASME BPVC Section 111

v ASME BPVC Section IV

VIl ASME BPVC Section VI

Organizations which have met the program tequirements and have paid the proper
administrative fees will be granted permission te_use the National Board “NB” mark on devices
to denote certification by the National Board-of-the pressure relieving device design.

Application:

Manufacturers and assemblers of pressurefélief devices can use this document to learn What is
required to obtain National Board (NB) accreditation for the devices they manufacture or
assemble.

Owners, users, and designers-of pressure vessels can reference this document to |locate
manufacturers and assemblers’of National Board accredited pressure-relief devices. Qwners
and users of pressure vessels can also use it to locate repair firms who hold a National |Board
certificate of authorization to repair pressure relief valves.

Comments:

The steps presented.in this document required for accreditation of pressure-relief devicgs are:
a) administrativesrules; b) quality system requirements; c) design review; d) initial testjng; e)
production-testing for permission to apply the “NB” mark; f) 5 year repeat testing for|“NB”
mark permission extension; g) device marking requirements; h) permission to transfer the
certifieation results of initial/production testing to a different/relocated facility; and |i) test
faeility and test procedure requirements.

THis document presents two methods (coefficient and slope) to determine the relieving cgpacity
which should appear on a valve set between the maximum and minimum listed set pregsures.
These methods are presented separately for the four ASME Codes (I, 111, IV and VII1) tojwhich
this document applies.

Although this document lists the repair firms who hold a National Board certifidate of
authorization to repair pressure relief valves, it does not address how that authorizafion is

obtainad Lrafar ta tha National Baoard Lncnactinn Cadn Dart 2 _Cantinn 1)
Bt O TETetotHE-Ta OB Oar o HopeetHBn-obat oSt etort—=-

Note: This document is continuously updated and can be downloaded free of charge from the
National Board website: www.nationalboard.org. (easiest way to find is to enter “NB-18" in
the search field on the site.
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Purchaser Designer Owner/User Manufacturer/ Regulator
Assembler

P P P

User:

P — Primary User
S — Secondary User
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A-156 NB-23 National Board Inspection Code

Current Edition: 2019 (1018 pages)
Alt. Number: None
ANSI Approved? | Yes

Provides basic rules that are required in many jurisdictions (see NB-370 for specific
jurisdictional requirements) for installation, in-service inspection, repair and alteration of
boilers, pressure vessels, piping, and pressure-relief devices. For pressure vessels, APl 510,

(11}

Presstre-esseHnspeetior-Cotde—n-service-thspectionRatingRepatant-Adteration,” and
for piping, APl 570, “Piping Inspection Code: In-service Inspection, Rating, Repair, and
Alteration of Piping Systems,” are typically used in lieu of NB-23 in the petroleum and

Scope: chemical process industries. Legal requirements for the use of these documents are detefmined
by each jurisdiction. The four primary parts of NB-23 are:
e Part 1-Installation
e Part 2-Inspection
e Part 3-Repairs and Alterations
e Part 4-Pressure Relief Devices.
Owners and users of pressure equipment can use (NB-23 to develop an in-dervice
(post-construction) inspection program for their equipment. Although not specifically
recognized by NB-23, other inspection planning doeuiments, as listed below, can be uged for
inspection planning if permitted by local jurisdictional authorities:
e ASME PCC-3 “Inspection Planning Using Risk-Based Methods”.
e API RP 580 “Risk-based Inspection:*This document is very similar to ASME HCC-3,
Application: but is focused on the hydrocarbon@hd chemical process industries.
e API RP 581 “Risk Based Inspection Methodology.” This document provides sgecific,
detailed guidance for risk-based inspection.
Owners and users of pressure equipment can use NB-23, in combination with other docyments
as listed below, to plan for<repairs and alterations to pressure equipment. Other docyments
include:
e ASME PCCe2 “Repair of Pressure Equipment and Piping.”
NB-23 providessadministrative requirements for accreditation of repair organizations and
owner-user dnspection organizations. Accredited organizations receive a Certific}te of
Authorizationand can apply an “R” stamp to pressure equipment that they have repaired as an
indication that the repairs conform to the requirements of NB-23. NB-23 also provides:
o Installation requirements that impose requirements for new construction, sdich as
accessibility for inspection.
e Precautions for conducting inspections (e.g., vessel entry requirements).
Comments: e General guidance on examination techniques and pressure festing
Descriptions of a limited number of damage (deterioration) mechanisms.
Specific inspection requirements for boilers by boiler type.
General requirements for inspection of pressure vessels and piping.
Requirements for inspection and repair of overpressure protection devices.

Methods for determining inspection intervals.
General requirements for repairs and alterations and re-rating.
Repair, alteration, and inspection of fiber-reinforced plastic equipment.
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Field Consultant Owner Inspector Regulator
Contractor
User: P S P P

P — Primary User
S — Secondary User
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A-157 NB-370 National Board Synopsis of Boiler and Pressure Vessel Laws,
Rules and Regulations

Current Edition:

A link to the Synopsis can be found within the Resources link on the home page (look for

“NB-370, National Board Synopsis”).

Alt. Number:

None

ANSI Approved?

No

Provides a compilation of laws, rules, and regulations relating to boilers and pressure vessels

Scqpe:

M the 50 States I the US, I3 Provinces and termtories of Canada, and £7 USTitieg Also
provides a directory of code enforcement officials.

Application:

Owners and users of pressure equipment in the United States and Canada can use] the gujdance
in this document to determine what state, provincial, and local laws and regulations agply to
their boilers and pressure vessels for both new construction (e.g., code stamping requirenents)
and in-service inspection, alteration, and repair. It does not cover federal requirements, guch as
those of the Occupational Safety and Health Administration (OSHA).

Comments:

This document is updated frequently and can be downloaded frée-of charge from the National

Board website: www.nationalboard.org

User:

Purchaser Consultant

Owner

Inspector

Regulatpr

S

P

P

P

P — Primary User
S — Secondary User
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TUBULAR EXCHANGER MANUFACTURERS ASSOCIATION (TEMA) STANDARDS

A-158

Standards of the Tubular Exchanger Manufacturers Association (TEMA)

Current Edition:

Tenth Edition, 2019 (296 pages)

Alt. Number:

None

ANSI Approved?

No

This standard covers the mechanical design, fabrication, and testing for shell and tube type heat

exchanaers. The main sections are: fabrication tolerances: aeneral fabrication and perfor
~ I T

ance

Scope:

information; installation, operation, and maintenance; mechanical standard TEMA Clas
heat exchangers; flow induced vibration; thermal relations; physical properties offluid
general information.

There is also a recommended practice section that covers: horizontal vessel supports; \
vessel supports; lifting lugs; wind and seismic design; plugging tubes intube’bundles; en
and exit areas; tubesheets; nozzles; end flanges and bolting; finite elemeént analysis guid
and fouling.

The TEMA mechanical standards are applicable to shell and tube heat exchangers, wh
not exceed any of the following criteria;

e Inside diameters of 100 in.
e The product of nominal diameter, in., multiplied by design pressure, psi, of 100
e  Adesign pressure of 3,000 psi.

The intent of these parameters is to limit the maximum shell wall thickness to approxim

in. and the maximum stud diameter to approximately 4 in. Criteria contained in these sta
may be applied to units which exceed the above parameters.

5 RCB
s; and

ertical
trance
Blines;

ch do

000.

btely 3
ndards

Ap

plication:

This standard is intended to be used by persons knowledgeable in the design, fabri
operation, testing, and repair of shell"and tube heat exchangers. This standard can be cit
purchase specification.

cation,
pd in a

Co

mments:

Three classes of mechanical standards, R, C, and B, reflecting acceptable designs for v
service applications, areresented in this standard:

e Class “R” covers unfired shell and tube heat exchangers for the generally
requirements of petroleum and related processing applications.

e Class~C” covers unfired shell and tube heat exchangers for the generally mg
requirements of commercial and general process applications.

e Class “B” covers unfired shell and tube heat exchangers for chemical process se

Heat.exchangers built to this standard shall comply with the ASME Boiler and Pressure
Gode, Section VIII, Division 1.

arious

Severe

derate

rvice.
Vessel

Us!

Purchaser Manufacturer Owner Inspector Regulat

P P P P

P — Primary User

S — Secondary User
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APPENDIX B ADDITIONAL REFERENCES

B-1 APl 5UE Recommended Practice for Ultrasonic Evaluation of Pipe
Imperfections

This RP describes procedures which may be used to “prove-up” the depth of imperfections. Included in this
practice are the recommended procedures for ultrasonic prove-up inspection of new pipe using the
Amplitude Comparison Technique and the Amplitude-Distance Differential Technique for evaluation of 1)
surface breaking imperfections in the body of pipe, 2) surface breaking and subsurface imperfections in the
weld area of electric resistance, electric induction or laser welded pipe, and 3) surface breaking and
subsyirface imperfections in the weld area of arc welded pipe. For the purpose of this documentpipe is
defined as including casing, plain-end casing liners, tubing, plain-end drill pipe, line pipe, coiled.lin€ |pipe,
pup joints, coupling stock, and connector material.

Provg-up inspection is a method to evaluate the radial depth of imperfections detected by automated
inspdction equipment or other nondestructive testing (NDT) technique(s) to determiné acceptance crjteria
compliance with the appropriate API specification.

This| RP covers application, certification of testing personnel, a description of inspection methods,
calibration and standardization procedures, testing procedures, and guantification of imperfectiong and
testimg record contents.

This|RP was originally included in Appendix A as one of the standards to be considered for piping systems.
Althpugh developed primarily for application to drill pipe-and casing in the petroleum and natural gas
exploration and production industry, SUE can be usedxfor critical piping systems where detection and
chargcterization of small flaws is important to integrity:
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B-2 API Publication 327 Aboveground Storage Tank Standards: A Tutorial

This document is published to help owner/operators of aboveground storage tanks (ASTs) maintain ASTs
in an environmentally safe manner.

This tutorial is applicable to both the design of new tanks and the evaluation of existing tanks.

This tutorial can be used by personnel involved with the design, fabrication, maintenance, and inspection
of ASTs fabricated and/or maintained per the following standards:

AP| SPEC 12B: Bolted Tanks for Storage of Production Liquids.
Pl SPEC 12D: Field Welded Tanks for Storage of Production Liquids.
Pl SPEC 12F: Shop Welded Tanks for Storage of Production Liquids.
Pl RP 12R1: Setting, Maintenance, Operation, and Repair of Tanks in Production Service:
PI STD 650: Welded Steel Tanks for Qil Storage.
Pl RP 651: Cathodic Protection of Aboveground Storage Tank Bottoms.
Pl STD 653: Tank Inspection, Repair, Alteration, and Reconstruction.

Application of the principles discussed in this tutorial to ASTs constructed to différing design criteria should
be based on sound engineering judgments. This tutorial does not attempt:to address additional rule$ and
requirements that may be imposed by individual jurisdictions or states:

This|tutorial presents a set of procedures and examples to aid in Gnderstanding and complying withl API
reconmended practices, specifications, and standards regardingrthe prevention of leaks caused by bgttom
or shell corrosion, brittle fracture, and excessive settlementzAlso, they show how the API inspectiofn and
maintenance documents influence the design of new or proposed tanks.

This|tutorial is not meant to be used by itself; rather it is meant to be used as an aid in understanding the
releMant Recommended Practices, Specifications; and Standards and to be used in conjunction with those
documents.
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B-3 API TR 654 Aboveground Storage Tank Caulking or Sealing the Bottom
Edge Projection to the Foundation

The purpose of this technical report is to provide guidance to owner/operators who have tanks that are set
on a foundation system with the goal to protect the asset from deterioration by minimizing corrosion and
foundation deterioration and allowing for proper support of the tank shell. The asset includes the tank itself,
as well as the foundation system.

This technical report does not require that caulking or sealants be installed at the bottom edge projection
and {hefoundation of abovegroumnd Storage tanks. T provides guidance 1 situations fmwiichcautking or
sealgnts may be advantageous and should be considered.

This|technical report applies to situations where an owner/operator is considering caulk or sealant in this
area,[or if any regulatory agency requires or recommends that an owner/operator installsSeme type of ¢aulk
or sgalant. This document will also consider how to inspect existing caulk and sealant, inclyding
maintenance procedures, and includes a suggested inspection schedule.

Thisftechnical report does not offer guidance on tanks resting entirely on theground or earth with no|rigid
founflation or foundation ring wall.
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B-4 API Publication 932-A A Study of Corrosion in Hydroprocess Reactor
Effluent Air Cooler Systems

This technical report provides the technical background for controlling corrosion in hydroprocessing reactor
effluent systems based on industry experience and consensus practice. Information for this report has been
gathered from open literature, private company reports, and interviews with representatives of major

refining companies. The findings in this report are the basis for the guidance in APl Recommended Practice
932-B.
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B-5 API TR 934-D Technical Report on the Materials and Fabrication Issue
1 1/4Cr-1/2Mo and 1Cr-1/2Mo Steel Pressure Vessels

s of

This document provides background information and guidance on the implementation of APl 934-C,

Materials and Fabrication of 1%Cr-*2Mo Steel Heavy Wall Pressure Vessels for High Pressure Hydr
Service Operating at Temperatures at or Below 825°F (426°C) and APl RP 934E, Materials

ogen
and

Fabrication of 1%Cr-%2Mo Steel Heavy Wall Pressure Vessels for High Temperature Service Operating

Above 825°F (426°C), and should be used as a supplement to these recommended practices.

Inre ;

1v4/4Cr-Y2Mo steels. Whereas API 934-A continues to provide materials and fabrication requiremen
new [2%/3Cr-1Mo and 2%/3Cr-1Mo-%V steel heavy wall pressure vessels in high temperature,
presqure hydrogen service, different material and fabrication requirements have been develope
1v4/1Cr-%2Mo steel heavy wall pressure vessels. These requirements are covered in APl RP;934-C ang
RP 934-E.

This|document contains a description of key damage mechanisms that relate specifically to 1%4/1Cr-
presqure vessels used in a variety of services. These damage mechanismstinelude elevated temper
damage mechanisms such as “reheat cracking” or “creep embrittlement” as well as other da
mechanisms that may occur at lower temperatures. Not all services ,are affected by the same da
mechanisms due to significant differences in service conditions. Forexample, Hydrofiner Reactors te|
operate at lower temperatures and higher pressures than Catalytic Reformer Reactors, and Coke Drum

damage mechanisms, the fabrication requirements also differ, To this end, API has developed two se
recofnmended practices to take this into account: AP{:RP 934-C and APl RP 934-E. Accordi

FCC| Reactors do not see hydrogen service. Also, as a result of the different services causing diErent

backpround information and guidance on the implemeftation of these two new documents are needed.

This|{document provides information and guidarice on successful practices for fabrication of 1%/1Cr-
steel|heavy wall pressure vessels for the intended services of both APl RP 934-C and APl RP 934-E

>2Mo
ature
mage
mage
hd to
5 and

arate

aly,

5Mo
The

survey of steel producers and vessel fabricators (Annex 1) indicates that there is a need to evaluatg the

effeqt of heat treat cycles on materials properties (CVN toughness, tensile and yield strength). Fo
reasqn, the connection of the Larsen=Miller parameter is emphasized to better align the user needs
fabrication requirements. However, detailed attention is still needed to implement this approac
indiViidual cases, as there are. many secondary variables, such as heating and cooling rates that need
cons|dered and discussedbetween the user and the fabricator. The areas of fabrication that are cover
this document include<steel making as related to chemical composition, heat treatment, forming
welding.

this
with
n for
to be
ed in
and
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B-6 APl TR 934-F, Part 1 Impact of Hydrogen Embrittlement on Minimum
Pressurization Temperature for Thick-Wall Cr-Mo Steel Reactors in High-
Pressure H2 Service—lInitial Technical Basis for RP 934-F

In support of APl Recommended Practice 934-F [Guidance for Establishing a Minimum Pressurization
Temperature (MPT) for Heavy Wall Reactors in High Temperature Hydrogen Service During Startups and
Shutdowns, not yet published], the objective of this study is to establish the technical basis for determining
a minimum pressurization temperature necessary to avoid Internal Hydrogen Assisted Cracking (IHAC) of
weld metal and base plate of temper embrittled 2%Cr-1Mo steel in high pressure H. service. The threshold
conditiena ) £ cuberitieal crack nropaastion—and_its denandencios_ondisselyod by

concgntration, temperature, and steel purity/temper embrittlement—are targeted as particularly jmpa

Thisfinvestigation has accomplished 5 tasks, leading to conclusions that are sufficient to establish RP 9434-F
on MPT to conservatively avoid IHAC in 2%Cr-1Mo steel.

Task] 1.0—Summarize and clarify the technical approach, assumptions, data, and modeling results used in
Phasg Il JIP research to quantitatively establish the H concentration ahd temperature dependencies qf the
threshold stress intensity, KIH, for IHAC and the concentration depéndence of MPT for moderate-imgurity
2Y4Cr-1Mo steel.

Task| 2.0—Validate the Phase 1l correlation of KIH and critical temperature vs H concentration, baséd on
new pnalyses of post-Phase-1l1 IHAC data.

Task|3.0—Enhance the Phase Il analysis of KIH vstrack tip H concentration, and thus MPT, by descrjbing
the ipteraction between temper embrittlement and THAC using JIP Phase | data so as to predict the inflyence
of mpdern steel purity.

Taskj4.0—Build on the hydrogen-damage-mechanism-based master correlation between KIH and cra¢k tip
stres field/microstructure-trappedyH to develop a H concentration similitude parameter that is useful in
engimeering analysis of thick-wall reactor FFS and MPT.

Task| 5.0—Validate the_empirically based trends and predictions of the effects of temperature and|steel
puritly on the threshold-stress intensity through consideration of state-of-the art theory and micromechanical
mode¢ling of IHAE.
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B-7 APl TR 934-F, Part 2 Impact of Hydrogen Embrittlement on Minimum
Pressurization Temperature for Thick-Wall Cr-Mo Steel Reactors in
High-Pressure Hz Service—Initial Technical Basis for RP 934-F

This report documents a critical assessment of the existing literature on IHAC of V-modified Cr-Mo steels
for use in interpreting the results of the present laboratory work (reported in APl TR 934-F, Part 3,
Subcritical Cracking of Modern 2¥4Cr-1Mo-%4V Steel due to Dissolved Hydrogen and H2 Environment) so
as to establish a definitive characterization of the H cracking resistance of this steel class. Since these
modern Cr-Mo-V steels are of relatively high purity, and thus retain a low Fracture Appearance Transition

cominercial scale heats of Cr-Mo-V.
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B-8 API TR 934-F, Part 3 Subcritical Cracking of Modern 2%Cr-1Mo-v4V Steel
Due to Dissolved Internal Hydrogen and H2z Environment, Research
Report

This report conveys the results of API-sponsored research to: (a) quantitatively characterize the internal
hydrogen assisted cracking (IHAC) resistance of modern 2¥4Cr-1Mo-Y4V steel, in both base metal and weld
metal product forms and including the effect of stressing temperature, (b) scope the hydrogen environment
assisted cracking (HEAC) resistance of 2¥Cr-1Mo- ¥4V base metal, (c) understand the mechanism(s) for
the IHAC and HEAC behaviors of Cr-Mo and Cr-Mo-V steels, centered on H interactions with

min - e ~ RE—6 PP Siamoame e ReHRE-6 A RG

deterfmine the role of subcritical H-assisted cracking on a minimum pressurization temperature-est
relevant to thick-wall hydro-treating reactor vessels.
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B-9 API TR 934-F, Part 4 The Effects of Hydrogen for Establishing a Minimum
Pressurization Temperature (MPT) for Heavy Wall Steel Reactor Vessels

Hydrogen, dissolved in the thick wall of a steel pressure vessel during steady state operation in elevated
temperature, high-pressure H,, can cause both slow-subcritical crack advance as well as
unstable-catastrophic fracture during shutdown and startup. This behavior is defined in Section 2. It follows
that modern fracture-mechanics assessments of the minimum pressurization temperature (MPT) and fitness
for service (FFS) must include the deleterious effect of H on both subcritical and unstable internal hydrogen
assisted crackrng (IHAC). Two approaches are in draft stage to develop standard procedures that address
this ) 579

The abjectrve of thrs technrcal report IS to establrsh the technrcal basrs necessary to enable and validate
thesq best practices for quantifying the effects of hydrogen on (a) the MPT and (b) FFS of aCthick|wall
hydrpprocessing reactor.
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B-10 APl Publication 935 Thermal Conductivity Measurement Study of
Refractory Castables

The refractory industry uses various methods for measuring and reporting thermal conductivity of refractory
castables. The accuracy of reporting and understanding thermal conductivity are vital to developing the
most cost effective, efficient, and reliable equipment. This study compares the differences between
measurement techniques used to develop thermal conductivity of refractory castables. The following
procedures were examined: Water Calorimeter, Calorimeter-Pilkington Method, Hot Wire Method,
Comparative Thermal Conductivity Method, and Panel Test. The study makes no attempt to rank, classify,

or assign-accurac\ to-sach-of the measutrement-technigues
gh-& aGy-o-e4 t -t g
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B-11 API Publication 937-A Study to Establish Relations for the Relative
Strength of API 650 Cone Roof Roof-to-Shell and Shell-to-Bottom Joints

This report documents an evaluation of the relative strengths of the roof-to-shell and shell-to-bottom joints
in API 650 cone roof tanks. This information is supplied to the American Petroleum Institute as background
material for development of design rules that govern frangible roof joints for API 650 tanks.

API 650 provides design criteria for fluid storage tanks used to store flammable products. Due to filling
and emptying of the tanks, the vapor above the product surface inside the tank may be within its
flamabitity Hmits—tgnition of this—vapor cam cause Suduen OVer-pressurization and cam tead_tp the
catagtrophic loss of tank integrity. To prevent shell or bottom failure, the rules in API 650 are intended to
ensufe that the frangible roof-to-shell joint fails before failure occurs in the tank shell or the shell-~to-bqttom
joint| Failure of the frangible roof-to-shell joint provides a large venting area and reduces dhe pressyre in
the tank.

Althpugh the criteria in API 650 function well for large tanks, small tanks desigred to the API 650 frules
have|not always functioned as intended. Morgenegg, 1978, provides a description:of a 20 foot diameter by
20 fdot tall tank in which the shell-to-bottom failed. Other such failures have:heen noted by API, provjding
the incentive for this study.

As presently written, the API 650 rules do not address the strength.of the shell-to-bottom joint dirgctly.
Instepd, the present rule is intended to ensure that the roof-to-shell*joint fails at a pressure lower than that
required to lift the weight of tank. It is assumed that with no plift, the shell-to-bottom joint will not[have
signifficant additional loads and that failure of the shell-to-hattom will be avoided.

A stydy of roof-to-shell joint failure (Swenson, et al;1996) showed that for large tanks, the roof-to{shell
joint|did indeed fail before tank uplift, but that for smaller tanks uplift would occur before roof-to{shell
jointjfailure. Since uplift occurs for small tanks, this increases the possibility of shell-to-bottom joint fajlure.
The purpose of this study is to investigate(the relative strengths of the roof-to-shell and shell-to-bgttom
jointg, with the goal of providing suggestions for frangible roof design criteria applicable to smaller tanks.
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B-12 API Publication 938-A An Experimental Study of Causes and Repair of
Cracking of 1%Cr-1/2Mo Steel Equipment

This 1996 publication gives the results of an experimental study conducted to provide the petroleum

industry with solutions to recurring incidents of cracking in the application of welded 1%Cr-1/2Mo steel
for hydrogen processing equipment.
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B-13 APl TR 938-B Use of 9Cr-1Mo-V (Grade 91) Steel in the Oil Refining
Industry

This report is only applicable to the 9Cr-1Mo-V alloy steel, Grade 91. There are newer, higher strength
grades, namely 9Cr-2W (Grade P92) and 9Cr-1Mo-1W-Cb (Grade 911), however, because little fabrication
and welding experience is available and application history for these grades is still evolving, they are not
included in the scope of this report. Some data on these grades is included for comparison with Grade 91.

It covers the basic material and metallurgical properties of 9Cr-1Mo-V steel, including a summary of the
physfcatand mectanical properties, Torrosion and OXidation TESIStance, imdicating possibie torrosiomand/or
mechanical failure mechanisms and how to avoid them. The appropriate base metal heat treatment lig also
given.

This|report provides guidelines on the proper specifications for base metal and welding consumable$ and
successful fabrication, including welding and heat treatment requirements for use of 9Cr-1Mo-V alloy|steel
in the oil refinery services. This includes guidelines for preheat, postweld heat, treatment, proc¢dure
qualification, and mechanical and nondestructive testing.

This{document also defines hardness limits for the base material and welds in order to avoid cra¢king
failufes due to wet sulfide stress corrosion cracking or due to other paossible failure mechanisms.

=

A digcussion of both proper and improper refinery service applications for these steels is also provide
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B-14 API TR 938-C Use of Duplex Stainless Steels in the Oil Refining Industry

This report covers many of the “lean”, “standard”, “super”, and “hyper” grades of duplex stainless steels
(DSSs) most commonly used within refineries. The definitions of these terms have not been firmly
established by the industry, and vary between literature references and materials suppliers. Table 1 shows
how the various grades are being classified into “families” for the purposes of this report. The UNS numbers
of the standard grades being used for corrosive refining services include:

e Lean DSSs: S32101, S32202, S32304, S32003, S82011, and S82441.
e Standard DSSs: S31803 and S32205.

Hyper DSS: S32707.

Cr, Ni, or Mo than the standard grades, and are used in some process services that afe)less aggressive
(prinparily in corrosive environments to replace 304L SS). These alloys have also beeh used for stprage
tankg and structural applications, primarily for their higher strength as compared to.carbon steel (CS)} It is
obsefved that new DSS alloys are being introduced and are likely to continue te:be introduced. Thesq new
grad¢s can be reasonably placed in the context of this discussion based on thei.composition.

The grades which are labeled as “lean” (including grades sometimes called “semi-lean”) havg either%Ewer

The product forms within the scope are tubing, plate, sheet, forgings,{pipe, and fittings for piping, vgssel,
exchpnger, and tank applications. The use of DSSs for tanks is alse addressed by API 650, Annex X| The
Thirg Edition of this report (API 938-C) has added sections covering castings and hot isostatically-pressed
(HIP) components for pumps, valves, and other applications. The limited use of DSSs as a cladding ig also
briefly covered within this document.

The majority of refinery services where DSSs are currently being used or being considered in the refjning
industry contain at least one of the following:

(@) A wet, sour (H2S) environment, which may also contain hydrogen, ammonia, carbon dioxide, chlofides,
gnd/or hydrocarbons, which typically.has-a pH greater than 7.

(b) \Vater containing chlorides, with or.without hydrocarbons—this includes many fresh water copling
Water systems, and some salt water systems with higher alloy grades.

(c) Hydrocarbons with naphthenicyacids at greater than 200°C (400°F), but below the maximum allowable
temperatures in the ASME'Code for DSSs (260°C to 343°C [500°F to 650°F], depending on the grade).

(d) Amines, such as MEA;"MDEA, DEA, etc.
(e) Other environments, such as those containing caustic conditions.

The $pecific plantfocations containing these services are described in a later section, and the report 4cope
will be limited to the first four environments. Although DSSs have good resistance to caustic environments,
this gervice-is not unique to or widespread in refining, and hence is not covered in detail in this report
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B-15 APl Publication 939-A Research Report on Characterization and
Monitoring of Cracking in Wet H2S Service

Demonstrates the ability to characterize and monitor various aspects of crack propagation in pressurized

process equipment exposed to wet hydrogen sulfide environments. It represents one of several significant
industry-wide efforts to study and to better understand this phenomenon.
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B-16 API Publication 939-B Repair and Remediation Strategies for EQuipment
Operating in Wet H2S Service

This publication presents data relative to the fabrication requirements for 2% 3Cr alloy steel heavy wall
pressure vessels for high temperature, high pressure hydrogen services. It summarizes the results of industry
experience, experimentation, and testing conducted by independent manufacturers, fabricators, and users
of heavy wall pressure vessels. This recommended practice applies to equipment in refineries,
petrochemical, and chemical facilities in which hydrogen or hydrogen-containing fluids are processed at
elevated temperature and pressure.
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B-17 API TR 939-D Stress Corrosion Cracking of Carbon Steel in Fuel-Grade
Ethanol: Review, Experience Survey, Field Monitoring, and Laboratory
Testing

Addresses stress corrosion cracking (SCC) in carbon steel equipment used in distribution, transportation,
storage, and blending of denatured fuel ethanol. API, with assistance from the Renewable Fuels Association
(RFA), conducted research on the potential for metal cracking and product leakage in certain portions of
the fuel ethanol distribution system. APl TR 939-D contains a review of existing literature, results of an
industry survey on cracking events and corrosion field monitoring, and information on mitigation and
prevenrtien
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B-18 API Bulletin 939-E Identification, Repair, and Mitigation of Cracking of

Steel Equipment in Fuel Ethanol Service

Usage of fuel ethanol as an oxygenate additive in gasoline blends is increasing both in the United S

tates

and internationally. This document discusses stress corrosion cracking (SCC) of carbon steel tanks, piping,
and equipment exposed to fuel ethanol as a consequence of being in the distribution system, at ethanol
distribution facilities, or end user (EU) facilities where the fuel ethanol is eventually added to gasoline.
Such equipment includes but is not limited to the following when used in distribution, handling, storage,

and blending of fuel ethanol:

Storage tanks.
Piping and related handling equipment.
Pipelines.

Ho
guidelines from this document that have been derived mainly from applications involving piping and
in ethanol storage and blending facilities. SCC of other metals and alloys is.beyond the scope o
document, as is the corrosion of steel in this service.

ver, data for pipelines in ethanol service is limited and caution should be_dsed when applying

anks
this

It is fealized that SCC of steel in fuel ethanol is a topic where knowledge of the subject is actively growing

throdgh documentation of recent experience and through research.it progress. This document deals

with

handlling of cracks in existing equipment and reduction of SCC gccurrence in new equipment as a resfilt of

exposure to fuel ethanol per ASTM D4806 (or other international specifications), ethanol fuel blends

It in¢ludes guidelines for carbon steel construction materials, including their fabrication, inspection
repair to help assure safe and reliable operations.

. and

ine transmixes involving fuel ethanol and conventional hydrocarbon fuels (gasoline, diesel, or jet fuel).

and

This|document is based on current engineeringspractices and insights from recent industrial experiencg and

resegrch. Older equipment may not conform exactly to the information contained herein, but this dog
imply that such equipment is being operated in an unsafe or unreliable manner. It is also recognizeq
facilities may vary and may need to be modified depending on specific operating conditions, inspec
and maintenance experience. Each.user company is ultimately responsible for its own safe and rel
operations.

The $teels referred to in thisdocument are defined by the ASTM or API designation systems or equiy
steel| grades contained™in other recognized codes or standards. Welded construction is considere
primary method of fabrication in equipment exposed to fuel ethanol.

S not
that
tion,
iable

alent
] the
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B-19 APl TR 942-A Materials, Fabrication, and Repair Considerations for
Hydrogen Reformer Furnace Outlet Pigtails and Manifolds

The API Committee on Refinery Equipment, Subcommittee on Corrosion and Materials undertook a project
to develop this technical report on materials, fabrication, and repair issues related to hydrogen and syngas
reformer furnace outlet pigtails and manifolds. High reliability of outlet pigtails and manifold components,
such as headers, tees, and fittings, is important to the successful long-term operation of hydrogen and syngas
reformer furnaces. These components typically operate at high temperatures in the range of 750°C to 950°C
(1382°F to 1742°F) where they are potentially subject to high-temperature creep, stress relaxation, hot

corrgsion, and-thermal fatlgl 1) damagn

In rg¢cent years, a number of reformer furnace operators have encountered problems of\in-sefvice
degradation and cracking of outlet pigtails and manifold components, while others have hadlittle r no
probjems of this type. Both direct experience in addressing specific cases of outlet pigtajl and marfifold
cracking problems and indirect experience gained from surveying industry with regafd\to these proljlems
were|used in preparing this report.

The pbjective of the project was to develop an understanding, based on published literature and industry
expefience, of why some reformer furnaces have had problems with embrittlement and cracking of gutlet
pigtdils and manifold components in service, while others have not had.such problems.

270


https://asmenormdoc.com/api2/?name=ASME PTB-2 2022.pdf

