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FOREWORD

The need for a national code for pressure piping became inrrpaqing]v evident from 1915 to

1925. To meet this need, the American Engineering Standards Committee (later changed to the
American Standards Association [ASA]) initiated Project B31 in March 1926 at the request of The
American Society of Mechanical Engineers (ASME), and with that society as sole sponsor. After
several years” work by Sectional Committee B31 and its subcommittees, a first editionxwas
published in 1935 as an American Tentative Standard Code for Pressure Piping.
A revision of the original tentative standard was begun in 1937. Several more yeafs5effort was
biven to securing uniformity between sections and to eliminating divergent requiréments and
discrepancies, as well as to keeping the code abreast of current developments in welding technique,
Stress computations, and references to new dimensional and material standards. During this
period, a new section was added on refrigeration piping, prepared in cooperation with The
American Society of Refrigeration Engineers (ASRE) and complementing)the American Standard
Code for Mechanical Refrigeration. This work culminated in the 1942 American Standard Code
for Pressure Piping.
Supplements 1 and 2 of the 1942 code, which appeared in 1944.and 1947, respectively, introduced
new dimensional and material standards, a new formula-for pipe wall thickness, and more
comprehensive requirements for instrument and control piping. Shortly after the 1942 code was
jssued, procedures were established for handling inquiries that require explanation or interpreta-
tion of code requirements, and for publishing such inquiries and answers in Mechanical Engineering
for the information of all concerned.
Continuing increases in the severity of service conditions, with concurrent developments of
hew materials and designs equal to meeting‘these higher requirements, had pointed to the need
by 1948 for more extensive changes in, thetcode than could be provided by supplements alone.
The decision was reached by ASA and\the sponsor to reorganize the Sectional Committee and
its several subcommittees, and to invite the various interested bodies to reaffirm their representa-
tives or to designate new ones. Following its reorganization, Sectional Committee B31 made an
intensive review of the 1942 code,'and a revised code was approved and published in February 1951
with the designation ASA B31.1-1951, which included

(a) a general revision @nd extension of requirements to agree with practices current at the time

(b) revision of refetences to existing dimensional standards and material specifications, and
the addition of references to new ones

(c) clarification*of ambiguous or conflicting requirements

Supplemefit)No. 1 to B31.1 was approved and published in 1953 as ASA B31.1a-1953. This
Supplement-and other approved revisions were included in a new edition of B31.1 published in
1955 with the designation ASA B31.1-1955.

Acreview by B31 Executive and Sectional Committees in 1955 resulted in a decision to develop
prid-publish industry sections as separate code documents of the American Standard B31 Code

OT Pressure Piping- ASA B3t 41959 was the first separate code docurment for O Transportation
Piping Systems and superseded that part of Section 3 of the B31.1-1955 code covering oil
transportation piping systems. In 1966, B31.4 was revised to expand coverage on welding, inspec-
tion, and testing, and to add new chapters covering construction requirements and operation
and maintenance procedures affecting the safety of the piping systems. This revision was published
with the designation USAS B31.4-1966, Liquid Petroleum Transportation Piping Systems, since
ASA was reconstituted as the United States of America Standards Institute (USASI) in 1966.
USASI changed its name, effective October 6, 1969, to the American National Standards Institute,
Inc. (ANSI), and USAS B31.4-1966 was redesignated as ANSI B31.4-1966. The B31 Sectional
Committee was redesignated as American National Standards Committee B31 Code for Pressure
Piping, and, because of the wide field involved, more than 40 different engineering societies,
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government bureaus, trade associations, institutes, and the like had one or more representatives
on Standards Committee B31, plus a few “Individual Members” to represent general interests.
Code activities were subdivided according to the scope of the several sections, and general
direction of Code activities rested with Standards Committee B31 officers and an Executive
Committee whose membership consisted principally of Standards Committee officers and
chairmen of the Section and Technical Specialists Committees.

The ANSI B31.4-1966 Code was revised and published in 1971 with the designation
ANSI B31.4-1971.

The ANSI B31.4-1971 Code was revised and published in 1974 with the designation

AINSIB314157+

In December 1978, American National Standards Committee B31 was converted to\an
ASME Committee with procedures accredited by ANSI. The 1979 revision was approved by(ASMH
and subsequently by ANSI on November 1, 1979, with the designation ANSI/ASME B31.4-1979

Following publication of the 1979 Edition, the B31.4 Section Committee begarywork o1
expanding the scope of the Code to cover requirements for the transportation of liguid alcohols
References to existing dimensional standards and material specifications were Téyised, and new
references were added. Other clarifying and editorial revisions were made i order to improve
the text. These revisions led to the publication of two addenda to B31.4.Addenda “b” to B31.4
was approved and published in 1981 as ANSI/ASME B31.4b-1981. Addenda “c” to B31.4 wag
approved and published in 1986 as ANSI/ASME B31.4c-1986.

The 1986 Edition of B31.4 was an inclusion of the two previously-published addenda into the
1979 Edition.

Following publication of the 1986 Edition, clarifying and editorial revisions were made tq
improve the text. Additionally, references to existing staridards and material specifications were
revised, and new references were added. These revisions led to the publication of an addendsa
to B31.4 that was approved and published in 1987 as’ASME/ANSI B31.4a-1987.

The 1989 Edition of B31.4 was an inclusion of the'previously published addenda into the 1986
Edition.

Following publication of the 1989 Editioh,”clarifying revisions were made to improve the
text. Additionally, references to existing standards and material specifications were revised and
updated. These revisions led to the publication of an addenda to B31.4 that was approved and
published in 1991 as ASME B31.4a<1991.

The 1992 Edition of B31.4 was jan inclusion of the previously published addenda into thg
1989 Edition and a revision to‘valve maintenance. The 1992 Edition was approved by ANSI or
December 15, 1992, and desighated as ASME B31.4-1992 Edition.

The 1998 Edition of B31.4 was an inclusion of the previously published addenda into the 1992
Edition. Also included-in this Edition were other revisions and the addition of Chapter IX
Offshore Liquid Pipeline Systems. The 1998 Edition was approved by ANSI on November 11
1998, and designated as ASME B31.4-1998 Edition.

The 2002 Edition of B31.4 was an inclusion of the previously published addenda into the 199§
Edition aleng with revisions to the maintenance section and updated references. The 2002 Editior
was approved by ANSI on August 5, 2002, and designated as ASME B31.4-2002.

The2006 Edition of B31.4 contained a new repair section, along with revisions to the definition
section, expansion of material standards Table 423.1 and dimensional standards Table 426.1, and
tupdated references. The 2006 Edition was approved by ANSI on January 5, 2006, and designated
as ASME B31.4-2006.

The 2009 Edition of B31.4 contained major revisions to the definitions section, Chapter 11,
Design; and Chapter VIII, Corrosion Control. The materials standards Table 423.1 and references
were revised and updated. The 2009 Edition was approved by ANSI on September 14, 2009, and
designated as ASME B31.4-2009.

The 2012 Edition of B31.4 contained a revised scope and a new chapter to incorporate the
requirements from B31.11, Slurry Transportation Piping Systems. There was also a new chapter
for carbon dioxide piping, extracting all of the previous carbon dioxide information into a stand-
alone chapter. The definitions section was also revised with new entries. The 2012 Edition was
approved by ANSI on September 14, 2012, and designated as ASME B31.4-2012.

The 2016 Edition of B31.4 contains a revised scope and updates to the stress section in Chapter II.
A new paragraph has been added in Chapter III for material requirements in low-temperature
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applications. In addition, changes have been included throughout to reference minimum wall
thickness requirements as permitted by manufacturing specifications. The 2016 Edition was
approved by ANSI on February 22, 2016, and designated as ASME B31.4-2016.
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a number of individually published

Sections, each an American National Standard. Rules for each Section reflect the kinds of piping
installations considered during its development, as follows:

B31.1  Power Piping: piping typically found in electric power-generating stations, industxial
and institutional plants, geothermal heating systems, and central and district heating
and cooling systems

B31.3  Process Piping: piping typically found in petroleum refineries; chemical, pharmaceuti
cal, textile, paper, semiconductor, and cryogenic plants; and related processing plants
and terminals

B31.4  Pipeline Transportation Systems for Liquids and Slurries: piping ttansporting hazard-
ous products that are predominately liquid between facilities, (production and storage
fields, plants, and terminals, and within terminals and pumping, regulating, and
metering stations associated with liquid pipeline systems

B31.5  Refrigeration Piping and Heat Transfer Components: piping for refrigerants and sec-
ondary coolants

B31.8  Gas Transmission and Distribution Piping Systems: piping transporting products that]
are predominately gas between sources and terminals, including compressor, regulat-
ing, and metering stations, and gas gathering ‘piplines

B31.9 Building Services Piping: piping typicallyfound in industrial, institutional, commer-
cial, and public buildings, and in multi-unit residences, that does not require the
range of sizes, pressures, and temperatures covered in B31.1

B31.12 Hydrogen Piping and Pipelines: piping in gaseous and liquid hydrogen service and
pipelines in gaseous hydrogen, §érvice

This is the B31.4, Pipeline Transportation Systems for Liquids and Slurries Code Section
Hereafter, in this Introduction and inr the text of this Code Section B31.4, where the word “Code’
is used without specific identification, it means this Code Section.

It is the user’s responsibility- to select the Code Section that most nearly applies to a proposed
piping installation. Factofs to be considered include limitations of the Code Section, jurisdictiona
requirements, and the applicability of other codes and standards. All applicable requirements o
the selected Code Section shall be met. For some installations, more than one Code Section may
apply to different'parts of the installation. Certain piping within a facility may be subject to othe
national or industry codes and standards. The user is also responsible for imposing requirements
supplementaty to those of the Code if necessary to ensure safe piping for the proposed installation

The Code specifies engineering requirements deemed necessary for safe design, construction
operation, and maintenance of pressure piping. While safety is the primary consideration, thif
factof alone will not necessarily govern the final specifications for any piping installation of
operation. The Code is not a design handbook. Many decisions that must be made to produce
a’sound piping installation and to maintain system integrity during operation are not specified

ill l:‘lci.all VVii.}lill ‘l.}lib CUdC. T}lc CUdC dUCD llUi. STLVE dd d bu}.}b.lli,ui.t fUl DULllld Clléillcclill&
judgments by the operating company and the designer.

To the greatest possible extent, Code requirements for design are stated in terms of basic design
principles and formulas. These are supplemented as necessary with specific requirements to
ensure uniform application of principles and to guide selection and application of piping elements.
The Code prohibits designs and practices known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.

This Code Section includes

(a) references to acceptable material specifications and component standards, including dimen-
sional requirements and pressure—temperature ratings

(b) requirements for design of components and assemblies, including pipe supports

xi
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(c) requirements and data for evaluation and limitation of stresses, reactions, and movements
associated with pressure, temperature changes, and other forces

(d) guidance and limitations on the selection and application of materials, components, and
joining methods

(e) requirements for the fabrication, assembly, and erection of piping

(f) requirements for examination, inspection, and testing of piping

(g) procedures for operation and maintenance that are essential to public safety

(h) provisions for protecting pipelines from external corrosion and internal corrosion/erosion

It is intended that this Edition of Code Section B31.4 not be retroactive. Unless agreement is

specifically made between contracting parties to use another 1ssue, or the regulatory body having
urisdiction imposes the use of another issue, the latest Edition issued at least 6 months prior to
the original contract date for the first phase of activity covering a piping system or systems shall
be the governing document for all design, materials, fabrication, erection, examination, and testing
for the piping until the completion of the work and initial operation.

Users of this Code are cautioned against making use of Code revisions without asstitance that
they are acceptable to the proper authorities in the jurisdiction where the piping is,to'be installed.
Code users will note that paragraphs in the Code are not necessarily numbered.consecutively.
Such discontinuities result from following a common outline, insofar as pragticable, for all Code
Sections. In this way, corresponding material is correspondingly numbered ityariost Code Sections,
thus facilitating reference by those who have occasion to use more than‘one Section.

The Code is under the direction of ASME Committee B31, Code f6r Pressure Piping, which is
prganized and operates under procedures of The American Society 6f'‘Mechanical Engineers that
have been accredited by the American National Standards Institute. The Committee is a continuing
pne and keeps all Code Sections current with new developments in materials, construction, and
industrial practice. New editions are published at intervals“of 3 to 5 years.

When no Section of the ASME Code for Pressure Piping specifically covers a piping system,
pt his discretion the user may select any Section determined to be generally applicable. However,
jt is cautioned that supplementary requirements to the Section chosen may be necessary to provide
for a safe piping system for the intended application. Technical limitations of the various Sections,
legal requirements, and possible applicability(of other codes or standards are some of the factors
to be considered by the user in determining the applicability of any Section of this Code.

The Committee has established an ordérly procedure to consider requests for interpretation
and revision of Code requirements. {Jo receive consideration, inquiries must be in writing and
must give full particulars (see Nonmandatory Appendix A covering preparation of technical
inquiries).

The approved reply to anringtiry will be sent directly to the inquirer. In addition, the question
and reply will be published”as part of an Interpretation Supplement issued to the applicable
(Code Section.

A Case is the prescribed form of reply to an inquiry when study indicates that the Code
wording needs_elatification or when the reply modifies existing requirements of the Code or
prants permission to use new materials or alternative constructions. The Case will be published
pn the B31.4\Web page at http://cstools.asme.org/.

A Casé,is normally issued for a limited period, after which it may be renewed, incorporated
in the Code, or allowed to expire if there is no indication of further need for the requirements
covered by the Case. However, the provisions of a Case may be used after its expiration or
withdrawal, providing the Case was effective on the original contract date or was adopted before

completion of the work, and the contracting parties agree to its use.

Materials are listed in the stress tables only when sufficient usage in piping within the scope
of the Code has been shown. Materials may be covered by a Case. Requests for listing shall
include evidence of satisfactory usage and specific data to permit establishment of allowable
stresses, maximum and minimum temperature limits, and other restrictions. Additional criteria
can be found in the guidelines for addition of new materials in the ASME Boiler and Pressure
Vessel Code, Section II and Section VIII, Division 1, Appendix B. (To develop usage and gain
experience, unlisted materials may be used in accordance with para. 423.1.)

Requests for interpretation and suggestions for revision should be addressed to the Secretary,
ASME B31 Committee, Two Park Avenue, New York, NY 10016 (http://go.asme.org/Inquiry).
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ASME B31.4-2016
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.4-2016

was approved by the American National Standards Institute on February 22, 2016.

ASME B31.4-2016 includes editorial changes, revisions, and corrections identified by a-margir
note, (16), placed next to the affected area.

Page Location Change

xi, xii Introduction Revised

1 400 Subparagraphs (a) and-(e) revised

2-9 400.1.1 First and fourthiparagraphs revised
400.1.2 Subparagraph(c) revised
400.2 (1) Definiitions of internal design pressure

anid’ pipe subterms double submerged arq
welded pipe, electric fusion welded pipe,
electric induction welded pipe, and
electric resistance welded pipe revised

(2) Definitions of electrolyte, maximum
operating pressure, and safe operating
pressure added

Figure 400.1.1-1 Revised
12,13 401.2.3.7 First and third paragraphs revised
401.3 Last paragraph revised
17 402.5:2 In-text Note revised
4026.1 Fourth paragraph revised
402.6.2 Second paragraph revised
18, 19 402.8 First paragraph revised
403.2.1 Definition of E revised
Table 403.2.1-1 Revised in its entirety
20 403.3.3 Penultimate sentence revised
Table 403.3.1-1 Entry for “Slurry pipelines” deleted
22 20372 Penultimate senitence added
24 403.11 Revised
404.1.2 Last sentence revised
25, 26 404.2.5 Last paragraph revised
28-31 404.3.5 In subpara. (c), definition of #, revised
Figure 404.3.4-1 In Note (2), cross-reference revised
Figure 404.3.4-2 In General Note (c), cross-reference

revised

xiii
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Page Location Change
32 Figure 404.3.5-1 In definitions of f, and t,, cross-references
revised
33 404.4.1 First and last paragraphs revised
404.4.2 Last sentence revised
B6 404.11 First paragraph revised
B7 423.2 Revised
14 434.6 In subpara. (c), last two sentenées deleted
434.7 In first paragraph and in
subparas. 434.7.1(c)/434.7 2(a), and
434.7.3(a), cross-references revised
15, 46 434.8 Subparagraphs434.8.1(a), 434.8.2(b)(4),
and 434.8:3(¢) revised
52 434.13.1 Revised
b3 434.13.4 (1) Subparagraph (b) revised
(2) Subparagraph (c) deleted
b4 434.18 Subparagraph (b)(1) revised
b7 435.4.3 Revised
59 437.1.5 In last sentence, cross-reference revised
b0 437.6.2 Subparagraph (a) revised
437.6.4 Revised
b1 437.6.6 Second paragraph revised
b3, 64 451.1 In subpara. (a), cross-references revised
451.6.1 Subparagraphs (e) and (g) revised
65 451.6.2.2 Subparagraph (b) revised
66 451.6.2.3 Revised
451.6.24 Subparagraph (b) revised
67-72 451.6.2.9 Revised

Table 451.6.2.9-2

Xiv

Note (4) revised
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Page Location Change
451.9 Subparagraph (a) revised
73-75 454 Subparagraph (b) revised
456 Subparagraph (c) revised
77,78 461.1.4 Revised
461.1.7 Revised
80 462.3 Subparagraphs (a)(2), (b), and (c)(4)
revised
82 466.1.1 Last paragraph revised
83 467 First paragraph revised
84 A400.2 Title revised
87 A402 (1) Titles of A402 and+A402.3, and first
paragraph reyvised
(2) Former A402.3.6 revised and
redesignated as A403.9
91, 92 A403 (1) Designator and title added
(2) Former A402.3.6 and A404.1 revised
ahd redesignated as A403.9 and
A403.2, respectively
A404 Revised in its entirety; changes include
but are not limited to the following;:
— former A406.2, A406.4, A407, A408,
and A414 revised and redesignated as
A404.2, A404.6, A404.5, A404.4, and
A404.8, respectively
— former A406.6 redesignated as
A404.7
A405 Revised
A406 Former A410 redesignated as A406
A409 Deleted
A419 Deleted
93 A434.8.5 Subparagraph (a)(3) revised
95, 96 A451.1 Former A451.7 revised and redesignated
as A451.1
A451.6 Former A451.11 revised and redesignated
as A451.6
A451.6.2 In subpara. (c)(8), cross-reference revised
97, 98 A461.1.3 In subpara. (a), cross-reference revised
A463 Revised
99, 100 B400.2 Title revised
B423 (1) Designators and titles for B423 and

XV

B423.2 added
(2) In B423.2.6, last sentence added
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Page Location Change
B434 (1) Designator and title added
(2) Paragraph B434.15 added
B435.5 Deleted
B437 (1) Designator and title added
(2) Paragraph B437.1.4 deleted
B451 (1) Designator and title added
(2) Subparagraph B451.6.1(c) revised
B452.2 Deleted
B454 Revised
101 C400.2 Title revised
C401.2 Designators and titles for €401.2 and
C401.2.3 added
C403 Designator and title ‘added
102 C404 Designators and titles for C404, C404.2,
and C404.6.added
C434 Designators and titles for C434 and
C434:21 added
104 C437 Designator and title added
C451 Designator and title added
C4el Designator and title added
105-107 Mandatory Appendix{ Updated
111-118 Index Updated

XVi
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ASME B31.4-2016

PIPELINE TRANSPORTATION SYSTEMS FOR LIQUIDS
AND SLURRIES

GENERAL STATEMENTS

(a)| This pipeline transportation systems Code is one
of seYeral sections of The American Society of Mechani-
cal Engineers Code for Pressure Piping, ASME B31, and
it is fhe responsibility of the user of this Code to select
the applicable Section. This Section is published as a
separate document for convenience. This Code is
intenided to apply to pipeline systems transporting lig-
uids jncluding, but not limited to, crude oil, condensate,
liquid petroleum products, natural gasoline, natural gas
liquigls, liquefied petroleum gas, carbon dioxide (super-
criticpl), liquid alcohol, liquid anhydrous ammonia, pro-
ducgd water, injection water, brine, biofuels, and
slurrfes. Throughout this Code, these systems will be
referfed to as liquid pipeline systems.

(b)| The requirements of this Code are adéquate for
safety under conditions normally encouhtered in the
operation of liquid pipeline systems. Requirements for
all anormal or unusual conditions are'not specifically
provided for, nor are all details of engineering and con-
strugtion prescribed. All work ‘performed within the
scop¢ of this Code shall comply with the safety stan-
dard$ expressed or implied-

(c)] The primary purpese of this Code is to establish
requirements for safé.design, construction, inspection,
testinyg, operatior, and maintenance of liquid pipeline
syst¢ms for ptotection of the general public and
operating comipany personnel, as well as for reasonable
protgction-of the piping system against vandalism and
accidental damage by others, and reasonable protection

Chapter |
Scope and Definitions

need for the engineer or competent engineetfing judg-
ment. The Code generally employs a simplified
approach for many of-its' requirements.
(1) For design dnd construction, a designer may
choose to use a more complete and rigorous analysis to
develop designi and construction requiremerjts. When
the designenrdecides to take this approach, th¢ designer
shall provide details and calculations demonstrating
design,)construction, examination, and testing are con-
sistent with the criteria of this Code. These détails shall
be*adequate for the operating company to verify the
validity of the approach and shall be approved by the
operating company. The details shall be documented in
the engineering design.
(2) For operation and maintenance, the pperating
company may choose to use a more rigorouf analysis
to develop operation and maintenance reqyirements.
When the operating company decides to ftake this
approach, the operating company shall provifle details
and calculations demonstrating that such alternative
practices are consistent with the objectives of this Code.
The details shall be documented in the operatifg records
and retained for the lifetime of the facility.
(f) This Code shall not be retroactive or construed as
applying to piping systems installed before the date of
issuance shown on the document title page {nsofar as
design, materials, construction, assembly, irjspection,
and testing are concerned. It is intended, however, that
the provisions of this Code shall be applicaljle within
6 months after date of issuance to the relocatimr, replace-

of theenvironment.

(d) This Code is concerned with employee safety to
the extent that it is affected by basic design, quality
of materials and workmanship, and requirements for
construction, inspection, testing, operation, and mainte-
nance of liquid pipeline systems. Existing industrial
safety regulations pertaining to work areas, safe work
practices, and safety devices are not intended to be sup-
planted by this Code.

(e) The designer is cautioned that the Code is not a
design handbook. The Code does not do away with the

Trrertt—arct uylalius orotherwise dlausiug of existing
piping systems; and to the operation, maintenance, and
corrosion control of new or existing piping systems.
After Code revisions are approved by ASME and ANSI,
they may be used by agreement between contracting
parties beginning with the date of issuance. Revisions
become mandatory or minimum requirements for new
installations 6 months after date of issuance except for
piping installations or components contracted for or
under construction prior to the end of the 6-month
period.
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(g) The users of this Code are advised that in some
areas legislation may establish governmental jurisdic-
tion over the subject matter covered by this Code and
are cautioned against making use of revisions that are
less restrictive than former requirements without having
assurance that they have been accepted by the proper
authorities in the jurisdiction where the piping is to
be installed. The Department of Transportation, United
States of America, rules governing the transportation

(c) liquid petroleum and liquid anhydrous ammonia
piping located on property that has been set aside for
such piping within petroleum refinery, natural gasoline,
gas processing, ammonia, and bulk plants

(d) those aspects of operation and maintenance of
liquid pipeline systems relating to the safety and protec-
tion of the general public, operating company personnel,
environment, property, and the piping systems [see
paras. 400(c) and (d)]

by pipeliferrinterstateamndforeigmcommmerce of petro=
leum, pefroleum products, and liquids such as anhy-
drous ammonia or carbon dioxide are prescribed under
Part 195 |— Transportation of Hazardous Liquids by
Pipeline, | Title 49 — Transportation, Code of Federal
Regulatigns.

400.1 Sqope

400.1f1 This Code prescribes requirements for the
design, materials, construction, assembly, inspection,
testing, dperation, and maintenance of liquid pipeline
systems between production fields or facilities, tank
farms, abpve- or belowground storage facilities, natural
gas processing plants, refineries, pump stations, ammo-
nia plantg, terminals (marine, rail, and truck), and other
delivery and receiving points, as well as pipelines trans-
porting ljquids within pump stations, tank farms, and
terminalg associated with liquid pipeline systems. (See
Figs. 400J1.1-1 and 400.1.1-2.)

This C¢de also prescribes requirements for the design,
materialg, construction, assembly, inspection, testing)
operation, and maintenance of piping transpozting
aqueous glurries of nonhazardous materials such'ascoal,
mineral ¢res, concentrates, and other solid materials,
between |a slurry processing plant or tefminal and a
receiving|plant or terminal (see Fig. 400:]:1-3).

Piping| consists of pipe, flanges{ bolting, gaskets,
valves, telief devices, fittings, and the pressure-
containinlg parts of other piping components. It also
includes |hangers and suppOrts, and other equipment
items nedessary to prevent overstressing the pressure-
containing parts. It does not include support structures
such as flames of buildings, stanchions, or foundations,
or any equipmertsuch as defined in para. 400.1.2(b).

Chapter IXs-Requirements for carbon dioxide pipelines

nic £ pxz g

400.1.2 This Code was not developed to.apply to
(a) building service piping, such as water,ain, or gteam
(b) pressure vessels, heat exchangers, pumps, meters,
and other such equipment including internal piping and
connections for piping except)as limited by
para. 423.2.4(b)

(c) piping with a design_temperature below {20°F
(=30°C) or above 250°F (1205€) [for applications helow
—20°F (-30°C), see paras,423.2.1(a) and 423.2.6]

(d) casing, tubing, or'pipe used in oil wells and|well-
head assemblies

400.2 Definitions

Some of.the more common terms relating to pliping
are defined below. For welding terms used in this [Code
but'niot shown here, definitions in accordance|with
AWS A3.0 apply.

daccidental loads: any unplanned load or combination of
unplanned loads caused by human intervention or natu-
ral phenomena.

active corrosion: corrosion that is continuing o not
arrested.

anomaly: an indication, detected by nondestrujctive
examination (such as in-line inspection).

arc welding (AW)': a group of welding processed that
produces coalescence of workpieces by heating [them
with an arc. The processes are used with or withotit the
application of pressure and with or without filler thetal.

automatic welding': welding with equipment that requires
only occasional or no observation of the welding, and
no manual adjustment of the equipment controls,

backfill: material placed in a hole or trench to fill jexca-
vated space around a pipeline.

Requilements for offshore pipelines are found in

are foun
lines are found in Chapter XI.

Also included within the scope of this Code are

(a) primary and associated auxiliary liquid petroleum
and liquid anhydrous ammonia piping at pipeline termi-
nals (marine, rail, and truck), tank farms, pump stations,
pressure-reducing stations, and metering stations,
including scraper traps, strainers, and prover loops

(b) storage and working tanks, including pipe-type
storage fabricated from pipe and fittings, and piping
interconnecting these facilities

- Chantar X Raqiirapman 1 clizae DA
H-ohaptef o eqtirementsTor-5tatty-—Ppipe

blunt imperfection: an imperfection characterized by
smoothly contoured variations in wall thickness.

breakaway coupling: a component installed in the pipeline
to allow the pipeline to separate when a predetermined
axial load is applied to the coupling.

! These welding terms agree with AWS A3.0.

2 Sharp imperfections may be rendered blunt by grinding, but
the absence of a sharp imperfection must be verified by visual and
nondestructive examination.

(16)
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Fig. 400.1.1-1 Diagram Showing Scope of ASME B31.4 Excluding Carbon Dioxide Pipeline Systems (16)
(See Fig. 400.1.1-2)
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Fig. 400.1.1-2 Diagram Showing Scope of ASME B31.4 for Carbon Dioxide Pipeline Systems
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Fig. 400.1.1-3 Diagram Showing Scope of ASME B31.4 for Slurry Pipeline Systems
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buckle: a condition where the pipeline has undergone
sufficient plastic deformation to cause permanent wrin-
kling in the pipe wall or excessive cross-sectional defor-
mation caused by loads acting alone or in combination
with hydrostatic pressure.

butt weld (typically, a butt joint, single V-groove weld): a
weld between two members aligned approximately in
the same plane.

cathodic pratection (CP): fpohniq11p to reduce the corrosion

and protected pipeline system can provide liquid trans-
portation service indefinitely.

detect: to sense or obtain measurable indications from
an anomaly or coating flaw in a pipeline using in-line
inspection or other technologies.

discontinuity': an interruption of the typical structure of a
material, such as alack of homogeneity in its mechanical,
metallurgical, or physical characteristics. A discontinu-
ity is not necessarily a defect

of a metql surface by making that surface the cathode
of an ele¢trochemical cell.

characterife: to quantify the type, size, shape, orientation,
and locatfion of an anomaly.

coating: liquid, liquefiable, or mastic composition that,
after application to a surface, is converted into a solid
protectivie or functional adherent film. Coating also
includes fape wrap.

coating system: complete number and types of coats
applied tp a surface in a predetermined order. (When
used in g broader sense, surface preparation, pretreat-
ments, dfy film thickness, and manner of application
are inclugled.)

cold sprinfing: deliberate deflection of piping, within its
yield strgngth, to compensate for anticipated thermal
expansiof.

column byckling: buckling of a beam or pipe under com-
pressive gxial load in which loads cause unstable lateral
deflection; also referred to as upheaval buckling.

componen}: an individual item or element fitted in‘line
with pipg in a pipeline system, such as, but not limited
to, valveg, elbows, tees, flanges, and closures.

connectorg: components, except flanges, used'for the pur-
pose of mechanically joining two sections of pipe.

consequene: impact that a pipeline-faildre could have on
the publif, employees, property,and the environment.

corrosion:|deterioration of almaterial, usually a metal,
that results from a reaction-with its environment.

corrosion {nhibitor: chemnigal substance or combination of
substancgs that, when*present in the environment or on
a surface) prevents, or reduces corrosion.

defect': a fliscontinuity or discontinuities that by nature
or accumjulated effect render a part or product unable

ductility: measure of the capability of a materiabfto be
deformed plastically before fracturing.

electrolyte: a chemical substance containing iong that
migrate in an electric field. For purpeses of this Code,
electrolytes include the soil or liquid adjacent t¢ and
in contact with a buried or submerged metallic piping
system, as well as some tran§pefted liquid products.

employer: the owner, manufacturer, fabricator, contrpctor,
assembler, or installer responsible for the welding, [praz-
ing, and NDE performed by his organization, inclfiding
procedure and performance qualifications.

engineering design: detailed design developed [from
operating equirements and conforming to ode
requiremiénts, including all necessary drawing$ and
specifi¢ations, governing a piping installation.
enwironment: surroundings or conditions (phypical,
chemical, or mechanical) in which a material exiss.

epoxy: type of resin formed by the reaction of aliphgtic or
aromatic polyols (like bisphenol) with epichlorohfydrin
and characterized by the presence of reactive oxirane
end groups.

evaluation: a review, following the characterization|of an
actionable anomaly, to determine whether the angmaly
meets specified acceptance criteria.

examination: direct physical inspection of a pipleline
which may include the use of nondestructive examina-
tion (NDE) techniques or methods.

experience: work activities accomplished in a spcific
NDT method under the direction of qualified supervi-
sion, including the performance of the NDT method
and related activities, but not including time sp¢nt in
organized training programs.

failure: general term used to imply that a part in s¢rvice

to meet minimum applicable acceptance standards or
specifications. The term designates rejectability.

dent: permanent concave deformation of the circular
cross section of the pipe that produces a decrease in the
diameter.

design life: a period of time used in design calculations,
selected for the purpose of verifying that a replaceable
or permanent component is suitable for the anticipated
period of service. Design life does not pertain to the life
of the pipeline system because a properly maintained

has become completely inoperabie; 15 still operable but
is incapable of satisfactorily performing its intended
function; or has deteriorated seriously to the point that
it has become unreliable or unsafe for continued use.

fatigue: process of development of or enlargement of a
crack as a result of repeated cycles of stress.

fillet weld": a weld of approximately triangular cross sec-
tion joining two surfaces approximately at right angles
to each other in a lap joint, tee joint, or corner joint.

film: thin, not necessarily visible layer of material.
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full fillet weld": a fillet weld whose size is equal to the
thickness of the thinner member joined.

gas metal arc welding (GMAW): an arc welding process
that uses an arc between a continuous filler metal elec-
trode and the weld pool. The process is used with
shielding from an externally supplied gas and without
the application of pressure.

gas tungsten arc welding (GTAW)': an arc welding process

that uses_an arc between a tungsten electrode (nnnrnn-

and determining the resulting integrity of the pipeline
through analysis.

internal design pressure: internal pressure used in calcula-
tions or analysis for pressure design of a piping
component (see para. 401.2.2.2); it includes factors pre-
sented in para. 403.2.1.

launcher: pipeline device used to insert a pig into a pres-
surized pipeline, sometimes referred to as a pig trap.

sumdble) and the weld pool. The process is used with
shieling gas and without the application of pressure.

generpl corrosion: uniform or gradually varying loss of
wall fthickness over an area.

girthfweld: a complete circumferential butt weld joining
pipe for components.

gougd: mechanically induced metal loss, which causes
localized elongated grooves or cavities in a metal
pipeline.

hydrdstatic test or hydrotest: a pressure test using water
as thp test medium.

impeilfection: discontinuity or irregularity that is detected
by inspection.

incid¢nt: unintentional release of liquid due to the failure
of a pipeline.

inclugion: nonmetallic phase such as an oxide, sulfide;
or silicate particle in a metal pipeline.

indicqtion: finding from a nondestructive testingi\tech-
niqu¢ or method that deviates from the expected: It may
or mpy not be a defect.

in-lin inspection (IL1): steel pipeline inspection technique
that fises devices known in the industty as intelligent
or sthart pigs. These devices run\inside the pipe and
provide indications of metal loss,'deformation, and other
defeqts.

in-line inspection tools: any instrumented device or vehi-
cle tHat records data and uses nondestructive test meth-
ods dr other techniqudes to inspect the pipeline from the
insidp. Also knoww’as intelligent or smart pig.

in-seffvice pigelipe: a pipeline that contains liquid to be
transported.The liquid may or may not be flowing.

inspegtign: use of a nondestructive testing technique or

L’tt/tl’\. uuiutcuﬁuua} TSCape Uf }u,luld flUlll ﬂl plpehne
The source of the leak may be holes, cracks (including
propagating and nonpropagating, longitudingl, and cir-
cumferential), separation, or pullieut ahd loose
connections.

length: a piece of pipe of the length delivered| from the
mill. Each piece is called a length, regardless of its actual
dimension. This is sometimés called a joint, but length
is preferred.

line section or pipeline”section: continuous ruh of pipe
between adjacent pump stations, between a pump sta-
tion and a bloek valve, or between adjacent block valves.

liquefied petroleum gas(es) (LPG): liquid petrolgum com-
posed predominantly of the following hydrocarbons,
eithér\by themselves or as mixtures: butan¢ (normal
butane or isobutane), butylene (including isomers), pro-
pane, propylene, and ethane.

liquid alcohol: any of a group of organic compopinds con-
taining only hydrogen, carbon, and one|or more
hydroxyl radicals that will remain liquid in p moving
stream in a pipeline.

liquid anhydrous ammonia: a compound formed by the
combination of the two gaseous elements nitjogen and
hydrogen, in the proportion of one part of njtrogen to
three parts of hydrogen, by volume, compregssed to a
liquid state.

magnetic-particle inspection (MPI): a nondestryctive test
method utilizing magnetic leakage fields angl suitable
indicating materials to disclose surface and ner-surface
discontinuity indications.
mainline pipelines: all in-line pipeline pipes| fittings,
bends, elbows, check valves, and block valveg between
scraper traps.

maximum operating pressure: a pressure establlished by

method.

integrity: the capability of the pipeline to withstand all
anticipated loads (including hoop stress due to
operating pressure) within the design factor established
by this section.

integrity assessment: process that includes inspection of
pipeline facilities, evaluating the indications resulting
from the inspections, examining the pipe using a variety
of techniques, evaluating the results of the examinations,
characterizing the evaluation by defect type and severity,

the operating company that is the highest pressure at
which a piping system can be operated with appropriate
consideration for

(a) internal design pressure

(b) hydrostatic test pressure

(c) design pressure of any pipeline components

(d) safe operating pressure

(e) deviations from normal steady-state operating
conditions

maximum steady-state operating pressure: maximum pres-
sure (sum of static head pressure, pressure required to
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overcome friction losses, and any back pressure) at any
point in a piping system when the system is operating
under steady-state conditions.

mechanical damage: type of metal damage in a pipe or
pipe coating caused by the application of an external
force. Mechanical damage can include denting, coating
removal, metal removal, metal movement, cold working
of the underlying metal, puncturing, and residual
stresses.

double submerged arc welded pipe: pipe having a longitu-
dinal or helical seam butt joint produced by at least
two passes, one of which is on the inside of the pipe.
Coalescence is produced by heating with an electric arc
or arcs between the bare metal electrode or electrodes
and the work. The welding is shielded by a blanket of
granular, fusible material on the work. Pressure is not
used and filler metal for the inside and outside welds
is obtained from the electrode or electrodes.

metal loss] types of anomalies in pipe in which metal has
been remjoved from the pipe surface, usually due to
corrosion| or gouging.

miter: twg or more straight sections of pipe matched and
joined on a line bisecting the angle of junction so as to
produce & change in direction.

mitigatior): limitation or reduction of the probability of
occurrenfe or expected consequence for a particular
event.

nominal fipe size (NPS): see ASME B36.10M, p. 1 for
definition).

nondestruftive examination (NDE) or nondestructive testing
(NDT): testing method, such as radiography, ultrasonic,
magnetic| testing, liquid penetrant, visual, leak testing,
eddy curfent, and acoustic emission, or a testing tech-
nique, suth as magnetic flux leakage, magnetic-particle
inspectipn, shear-wave ultrasonic, and contact
compresgion-wave ultrasonic.

operator qr operating company: individual, partnership;
corporatipn, public agency, owner, agent, or other entity
currently responsible for the design, construction,
inspectiof, testing, operation, and maintenance of the
pipeline facilities.

oxyfuel ga welding (OFW)': a group of welding processes
that prodluces coalescence of worKpieces by heating
them with an oxyfuel gas flame. The processes are used
with or without the applicatiori of pressure and with or
without fiiller metal.

petroleum} crude oil, condensate, natural gasoline, natu-
ral gas liquids, liquefiéd petroleum gas, and liquid petro-
leum products.

pig: a deyice passed internally through the inside of a
pipeline fo clean or inspect the pipeline, or to separate
batch flujds;

electric finsiTwettted piper pipe having a tongitgdinal
butt joint wherein coalescence is produced similtane-
ously over the entire area of abutting surface$ by th¢ heat
obtained from resistance to the flow of eleetric cyrrent
between the two surfaces, and by theapplicatipn of
pressure after heating is substantially.completed. Flash-
ing and upsetting are accomparnied by expulsipn of
metal from the joint.
electric fusion welded pipe: pipe having a longitydinal
or helical seam butt joifit~-wherein coalescence if pro-
duced in the preforméd tube by manual or automatic
electric arc welding. The weld may be single or dpuble
and may be made with or without the use of filler rhetal.
Helical seam‘welded pipe is also made by the electric
fusion welded process with either a lap joint or ajlock-
seam joint.
eleatric induction welded pipe: pipe produced in individ-
ual lengths or in continuous lengths from coiled gskelp
having a longitudinal or helical seam butt joint wherein
coalescence is produced by the heat obtained from fesist-
ance of the pipe to induced electric current, and by 3ppli-
cation of pressure.
electric resistance welded pipe: pipe produced in individ-
ual lengths or in continuous lengths from coiled gkelp,
having a longitudinal or helical seam butt joint wherein
coalescence is produced by the heat obtained from fesist-
ance of the pipe to the flow of electric current in a dircuit
of which the pipe is a part, and by the applicatipn of
pressure.
furnace butt welded pipe
furnace butt welded pipe, bell welded: pipe produced
in individual lengths from cut-length skelp, havihg its
longitudinal butt joint forge welded by the mechanical
pressure developed in drawing the furnace-heated skelp
through a cone-shaped die (commonly known gs the

“welding bell”) that serves as a combined forming and
waldina-dia

pigging: use of any independent, self-contained device,
tool, or vehicle that moves through the interior of the
pipeline for inspecting, dimensioning, cleaning, or
drying.

pipe: a tube, usually cylindrical, used for conveying a
fluid or transmitting fluid pressure, normally desig-
nated “pipe” in the applicable specification. It also
includes any similar component designated as “tubing”
used for the same purpose. Types of pipe, according to
the method of manufacture, are defined below.

welding—die:
furnace butt welded pipe, continuous welded: pipe pro-
duced in continuous lengths from coiled skelp and sub-
sequently cut into individual lengths, having its
longitudinal butt joint forge welded by the mechanical
pressure developed in rolling the hot formed skelp
through a set of round pass welding rolls.
furnace lap welded pipe: pipe having a longitudinal lap
joint made by the forge welding process wherein coales-
cence is produced by heating the preformed tube to
welding temperature and passing it over a mandrel
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located between two welding rolls that compress and
weld the overlapping edges.

seamless pipe: pipe produced by piercing a billet fol-
lowed by rolling or drawing, or both.

pipeline: all parts of physical facilities through which
liquid moves in transportation, including pipe, valves,
fittings, flanges (including bolting and gaskets), regula-
tors, pressure vessels, pulsation dampeners, relief
valves, appurtenances attached to pipe, pump units,

receiver: pipeline device used for removing a pig from a
pressurized pipeline, sometimes referred to as a pig trap.

residual stress: stress present in an object in the absence
of any external loading, typically resulting from manu-
facturing or construction processes.

resistivity:
(a) resistance per unit length of a substance with uni-
form cross section.

meteyring facilities, pressure-regulating stations, pres-
sure-limiting stations, pressure relief stations, and fabri-
cated assemblies. Included within this definition are
liquid transmission and gathering lines, which transport
liquigls from production facilities to onshore locations,
and liquid storage equipment of the closed pipe type,
which is fabricated or forged from pipe or fabricated
from|pipe and fittings.

pipelipie section: continuous run of pipe between adjacent
pump stations, between a pump station and a block
valvd, or between adjacent block valves.

pipe pominal wall thickness: the wall thickness listed in
applicable pipe specifications or dimensional standards
included in this Code by reference. The listed wall thick-
ness [dimension is subject to tolerances as given in the
specification or standard.

pipe qupporting elements: pipe supporting elements con-
sist qf fixtures and structural attachments as follows:

(a)| Fixtures. Fixtures include elements that transfer
the lpad from the pipe or structural attachmentxte’the
supporting structure or equipment. They~include
hangjng-type fixtures such as hanger rods,spring hang-
ers, $way braces, counterweights, turnbuekles, struts,
chair}s, guides and anchors, and beating-type fixtures
such|as saddles, bases, rollers, brackets, and sliding
suppprts.

(b)| Structural Attachments. Structural attachments
include elements that are welded, bolted, or clamped to
the pipe, such as clips,\lugs, rings, clamps, clevises,
strapp, and skirts.
pittinlg: localized (corrosion of a metal surface that is

confined to asmall area and takes the form of cavities
calledl pits.

pressiire: wmless otherwise stated, pressure is expressed
in pounds per square inch (bar) above atmospheric pres-

\/L/\ meastte Uf thc Clblllt)’ uf atr cchtLuly te (C g., Soﬂ) to
resist the flow of electric charge (e.g., cathodic ;l)rotection
current).

return interval: statistically determined time interval
between successive events of design environmpntal con-
ditions being equaled or exceeded.

right-of-way (ROW): strip <f land on which pipelines,
railroads, power lines, reads, highways, and ofher simi-
lar facilities are constrdeted. Generally, a wriften ROW
agreement secures th¢ right to pass over propeity owned
or occupied by, others. ROW agreements generplly allow
the right of ingfess and egress for the installatipn, opera-
tion, and q/maintenance of the facility. ROW wiflth varies
based upon such factors as existing land use,|construc-
tion work space, environmental restrictions, and mainte-
nance requirements of the facility. The width i§ typically
specified in the ROW agreement, following ne¢gotiation
with the affected landowner, by legal action, ¢r by per-
mitting authority.

risk: measure of potential loss in terms of botl the inci-
dent probability (likelihood) of occurrence and the mag-
nitude of the consequences.

safe operating pressure: the pressure derived by calculat-
ing the remaining strength at an anomaly or defect using
an acceptable method (e.g.,, ASME B31G or| an engi-
neering analysis) and applying an appropriatg safety or
design factor.

seam weld: longitudinal or helical weld in pip

Y

segment: length of pipeline or part of the systemn that has
unique characteristics in a specific geographiq location.

semiautomatic welding': manual welding with equipment
that automatically controls one or more of the¢ welding
conditions.

shall: “shall” or “shall not” is used to indicate that a

sure, i.e., gage pressure as abbreviated psig (bar).

pressure test: means by which the integrity of a piece of
equipment (pipe) is assessed, in which the item is filled
with a fluid, sealed, and subjected to pressure. It is used
to validate integrity and detect construction defects and
defective materials.

qualification: demonstrated and documented knowledge,
skills, and abilities, along with documented training
and/or experience required for personnel to properly
perform the duties of a specific job or task.

provision 1s mandatory.

shielded metal arc welding (SMAW)": an arc welding pro-
cess with an arc between a covered electrode and the
weld pool. The process is used with shielding from the
decomposition of the electrode covering, without the
application of pressure, and with filler metal from the
electrode.

should: “should” or “it is recommended” is used to indi-
cate that a provision is not mandatory but recommended
as good practice.
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smart pig: general industry term for internal inspection
devices (see in-line inspection).

soil liquefaction: a soil condition, typically caused by
dynamic cyclic loading (e.g., earthquake, waves), where
the effective shear strength of the soil is reduced such
that the soil exhibits the properties of a liquid.

span: a section of pipe that is unsupported.
specified minimum yield strength, S,: expressed in pounds
Loci) ordnamacanacon 1

per squar, {psirex (P i

mekh
Her

system or pipeline system: either the operator’s entire pipe-
line infrastructure or large portions of the infrastructure
that have definable starting and stopping points.

tack weld': a weld made to hold parts of a weldment in
proper alignment until the final welds are made.

temperatures: expressed in degrees Fahrenheit (°F) unless
otherwise stated.

tensile stress: applied pulling force divided by the origi-

ecapaseals-MPal-minimam
yield str¢ngth prescribed by the specification under
which th¢ pipe was manufactured.
strain: change in length of a material in response to an
applied force, expressed on a unit length basis (e.g.,
inches pdr inch or millimeters per millimeter).

stress: res]stance of a body to an applied force, expressed
in units gf force per unit area (psi or MPa). It may also
be termedl unit stress.

stress corfosion cracking (SCC): form of environmental
attack of|the metal involving an interaction of a local
corrosivp environment and stresses in the metal,
resulting|in formation and growth of cracks.

stress levdl: level of tangential or hoop stress, usually
expressed as a percentage of specified minimum yield
strength.

submerged arc welding (SAW)': an arc welding process
that uses|an arc or arcs between a bare metal electrode
or electrqdes and the weld pool. The arc and molten
metal are shielded by a blanket of granular flux on the
workpiedes. The process is used without pressure.and
with fillef metal from the electrode and sometimésfrom
a supplementary source (welding rod, flux,‘or metal
granules),

survey:

(a) mdasurements, inspections of observations
intended |to discover and identify eyvents or conditions
that indicate a departure frofn normal operation or
undamaged condition of thé\pipeline.

(b) mepsurement of the physical location of installed
pipe and)/ or facilities/in‘relation to known landmarks
or geogrgphic features:

nal cross-sectional area.

tie-in: a connection where a gap was left te_diviide a
pipeline into test sections, or to install a pret¢sted
replacement section, or in the continuous-ine congtruc-
tion at a location such as a river or a highway crosgsing.

tie-in weld: a tie-in connection using a weld, typicplly a
girth weld.

tool: generic term signifying any type of instrumented
device or pig.
training: organized program developed to impazt the
knowledge andsskills necessary for qualification.

e for
wvity.

weight coating*Cany coating applied to the pipelir
the purpose of increasing the pipeline specific gr

weld";_alocalized coalescence of metals or nonmetals
produced either by heating the materials to the welding
temperature, with or without the application of [pres-
§ure, or by the application of pressure alone and| with
or without the use of filler material.

welder': one who performs manual or semiautomatic
welding.

welding operator': one who operates adaptive control,
automatic, mechanized, or robotic welding equipment.

welding procedures': the detailed methods and praftices
involved in the production of a weldment.

wrinkle bend: pipe bend produced by a field machine or
controlled process that may result in prominent coptour
discontinuities on the inner radius. The wrinkle is ¢lelib-
erately introduced as a means of shortening the inside
meridian of the bend.

10
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Chapter Il
Design

401 LOADS

401.2 Application of Loads

401.1 Load Classifications

401.1.1 Classification of Loads. The design of a
pipeline shall be based on consideration of the loads
identfified in this section to the extent that they are signif-
icant|to the proposed system and applicable to the pro-
posedl installation and operation. Loads that may cause
or coptribute to pipeline failure or loss of serviceability
of the pipeline system shall be identified and accounted
for in the design. For strength design, loads shall be
classified as one of the following;:

(a)| sustained
(b)| occasional
(c)| construction
(d)| transient

401.1.2 Sustained Loads. Sustained loads are those
arising from the intended use of the pipeline system
and lpads from other sources. The weight of the pipeline,
including components, fluids, and slurries, and loads
due fo pressure are examples of sustained loads(Soil
covet, external hydrostatic pressure, and vibration due
to eqpiipment are examples of sustained loadsfrém other
sourges. Reaction forces at supports from! sustained
loadq and loads due to sustained displacement or rota-
tions| of supports are also sustained.Joads.

401.1.3 Occasional Loads. Examples of occasional
loadq are those resulting frorh wind, snow, ice, seismic,
road [and rail traffic, temperature change, currents, and
waves except where theyneed to be considered as sus-
tained loads (loads caused by temperature change may

401.2.1 Restrained Versus Unrestrainled. The
restraint condition is a factor in the strctural behavior
of the pipeline and, consequently, affeets strpsses and
applicable stress limits. The degree of restraint{may vary
with pipeline construction acfivities, suppqrt condi-
tions, soil properties, terrain,'dand time. For pyrposes of
design, this Code recognizés two restraint cpnditions,
restrained and unrestrained. Guidance in cafegorizing
the restraint conditien-is given below. Examples given
are neither comprehensive nor definitive.

(a) “Unrestrained” means that the pipe is ffee to dis-
place laterally'and to strain axially. Unrestraihed pipe-
lines may.include the following:

(1)xaboveground pipe that is configured fo accom-
modate’ thermal expansion or support moverhent

(2) field bends and adjacent pipe buried|in soft or
unconsolidated soil

(3) an unbackfilled section of buried pipeline that
is free to displace laterally or which contains|a bend

(4) unanchored sections of pipe

(b) Restrained pipelines may include the fq

(1) sections of buried pipe

(2) sections of aboveground pipe attfached to
closely spaced rigid supports, anchored at each end and
at changes in direction

(3) field bends and adjacent pipe buried
consolidated soil

Portions of buried pipeline may be only|partially
restrained. Pipe-to-soil interactions should be pvaluated
to ensure that the soil provides adequate rdstraint to

llowing:

in stiff or

also be considered sustained in some instances). Loads ~ limit the movement of the pipeline as may b¢ required
resulfing from préstressing, residual forces from installa- ~ to prevent unacceptable levels of stress andfor strain
tion, ubsidende, differential settlement, frost heave,and ~ in the pipe and to prevent failure of the soi} support,
thawl settlément are included in occasional loads. particularly at overbends and side bends. Gujdance on
. the movement at pipe bends, soil interaction fincluding

401.1.4 Construction Loads. Loads necessary for o1 pooiinn coocis 20d coil cnrinas used—tolre
seh-pearng-capaciyana-son-sprngs-usea-terepresent

the installation and pressure testing of the pipeline sys-
tem are construction loads. Examples of construction
loads include handling, storage, installation, and
hydrotesting.

401.1.5 Transient Loads. Loads that may occur dur-
ing operation of the pipeline, such as fire, impact, falling
objects, and transient conditions (during landslides,
third-party damage, equipment collisions, and acciden-
tal overpressure), including surge, are examples of tran-
sient loads.
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soil forces on pipe may be found in the ASCE publication
American Lifelines Alliance “Guidelines for the Design
of Buried Pipelines,” July 2001 (with addenda through
2005) and ASME B31.1, Nonmandatory Appendix VIL

401.2.2 Sustained Loads

401.2.2.1 General. In the case of constant loads,
the expected value of the load shall be used. In the case
of variable loads, the specified highest or lowest value
shall be used, whichever is more critical. In the case of
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loads caused by deformation, the expected extreme
value shall be used.

401.2.2.2 Internal Design Pressure. The pipe and
components at any point in the pipeline shall be
designed for an internal design pressure that shall not
be less than the maximum steady-state operating pres-
sure at that point, nor less than the static head pressure
at that point with the pipeline in a static condition. The
maximum steady-state operating pressure shall be the

401.2.3.4 Road and Rail Traffic. Earth load and
cyclic rail and truck loads shall be considered. Maximum
traffic axle loads shall be established in consultation
with the appropriate traffic authorities and others
operating in the vicinity of the pipeline.

401.2.3.5 Vibration. Loads resulting from vibra-
tion (including Karmon vortex effect) and resonance
shall be considered.

sum of the static head pressure, pressure required to
overcomg¢ friction losses, and applied back pressure.
Credit mpy be taken for hydrostatic external pressure
by modifying the internal design pressure for use in
calculatigns involving the pressure design of pipe and
componehts. Pressure rise above maximum steady-state
operating pressure due to surges and other variations
from normal operations is allowed in accordance with
para. 403}3.4.

401.

p.2.3 External Hydrostatic Pressure. The pipe-

line shalll be designed to withstand the maximum
expected differential between external and internal
pressures.

401.2.2.4 Weight Effects. Weight effects combined
with loads and forces from other causes shall be consid-
ered in the design of pipelines. The effect of the com-
bined wdight of pipe, coating, and other attachments
(in air ad submerged) on installation stresses and
strains ﬁall be considered. Variability due to weight
coating mpanufacturing tolerances and water absorption
shall alsq be considered.

401.2.2.5 Residual Loads. The pipeline system
shall normnally be installed in a manner so as to minimize
residual Joads. An exception is when a designer pur-
posefully| plans for residual loads.

401.2.2.6 Subsidence. Loads resulting from sub-
sidence shall be considered in design when pipelines or
pipeline Jegments are located’in-areas where subsidence
is known| to occur.

401.2

401.2.3.1 Earthquakes. The following effects shall
be considered when' designing for earthquakes:
(a) dir¢gct effects due to ground vibrations
(b) indpucedeffects (liquefaction, landslides)

3 Occasional-Loads

401.2.3.6 Waves and Currents. Loads resylting
from waves and currents shall be considered-in the
design of pipelines across waterways.

401.2.3.7 Temperature Effects. The design|tem-
perature is the metal temperature expected in ngrmal
operation. It is not necessary to vatysthe design stress for
metal temperatures between £€20°F (-30°C) and R50°F
(120°C). However, some of the'materials conforming to
specifications approved_fof)use under this Codg may
not have properties sujtable for the lower portion f the
temperature band cotered by this Code. Attention|shall
be given to the low<temperature properties of the mpteri-
als used for fagilities to be exposed to unusually low
ground temperatures, low atmospheric temperatuses, or
transientioperating conditions.
The design temperature should be established cqnsid-
ering\temperature variations resulting from pressure
changes and extreme ambient temperatures.
Consideration should be given to possible cond]tions
that may cause low temperatures on pipelines {rans-
porting liquids that become gases at or near atmosgheric
conditions. See ASME B31T for more information about
evaluating the suitability of piping materials that may be
subject to brittle failure due to low-temperature s¢rvice
conditions.
When piping is exposed to the sun, considefation
should be given to the metal temperature and |fluid
expansion resulting from solar heat gain.

401.2.4 Construction Loads

401.2.4.1 Installation Loads. Loads induced dur-
ing transportation, handling, storage, and lowering-in
shall be considered. Increases in external pressurg dur-
ing pressure grouting or decreases in internal prgssure
during vacuum drying shall be considered as installation
loads.

(c) effects dueto crossing of active faults at the surface

401.2.3.2 Wind Loads. Wind loads shall be consid-
ered in the design of above-grade pipelines. Refer to
ASCE 7 for the application of wind loads.

401.2.3.3 IceLoads. The following effects shall be
considered when designing for ice loads:
(a) ice frozen on pipelines and supporting structures
(b) drifting ice (river ice breakup or in inshore waters)
(c) impact forces due to thaw of the ice
(d) forces due to expansion of the ice

12

401.2.4.2 Hydrostatic Testing. Loads that occur
during hydrostatic testing shall be considered. These
loads include weight of contents, thermal, and pressured
end effect.

401.3 Combining of Loads

When calculating equivalent stresses or strains, the
most critical combination of sustained, occasional, con-
struction, and transient loads that can be expected to
occur shall be considered.

(16)

(16)
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If the operating philosophy is to maintain full opera-
tion during extreme environmental conditions, the sys-
tem shall be designed for concurrent action of the
expected sustained and occasional loads.

If the operating philosophy is such that operations
will be reduced or discontinued under extreme environ-
mental conditions, the following load combinations
shall be considered:

(a) the design operating loads plus the environmental

installation temperature and minimum or maximum
anticipated operating temperature, whichever results in
a higher stress.

Nominal dimensions of pipe and fittings shall be used
in flexibility calculations.

402.2 Properties

402.2.1 Coefficient of Thermal Expansion. The lin-
ear coefficient of thermal expansion for carbon and low

loadgatthe permissibie tevet

(b) the reduced operating loads plus the maximum
envigfonmental loads

Urjless they can be reasonably expected to occur
together, it is not necessary to consider a combination
of trgnsient loads in combination with occasional loads.

Effiects of sustained loads caused by deformations
shall|be taken into account only to the extent that the
capagity to withstand other loads is affected.

Wihen combining environmental loads with construc-
tion Joads, the environmental loading should be selected
to reflect the most severe loading likely to be encoun-
tered during the construction phase.

When considering loads during tests, it is not neces-
sary|to consider occasional or transient loads as
occufring concurrently with the sustained and construc-
tion Joads existing at the time of the test.

402 | CALCULATION OF STRESSES

402.

Cifcumferential, longitudinal, shear, and. equivalent
stresges shall be considered, taking into account stresses
from/all relevant sustained, occasional, construction, and
transfent loads, including vibration, resonance, and sub-
siderfce. The effects of all parts of, the pipeline and all
restraints, supports, guides, and‘sources of friction shall
be cqnsidered. When flexibility calculations are per-
formed, linear and angular.movements of equipment
to which the pipeline has’been attached shall also be
considered.

Calculations shallytake into account stress intensifica-
tion ffactors found to exist in components other than
plain(straight pipe. Credit may be taken for extra flexibil-
ity of sueh.components. In the absence of more directly
applicabledata, the flexibility factors and stress intensifi-

I General

catiomfacto : :

Calculations of pipe stresses in loops, bends, and off-
sets shall be based on the total range from minimum to
maximum temperature normally expected, regardless
of whether piping is cold sprung or not. In addition
to expansion of the line itself, the linear and angular
movements of the equipment to which it is attached
shall be considered.

Calculations of thermal forces and moments on
anchors and equipment such as pumps, meters, and heat
exchangers shall be based on the difference between

OW dy DE USEd
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alloy high tensile steel may be thken as
6.5 x 107 in./in./°F for temperatures.itf) to 250°F
(11.7 X 10~® mm/mm/°C for temperatures up fo 120°C).

402.2.2 Moduli of Elasticity. Flexibility caJculations
shall be based on the modulus-of‘elasticity af ambient
temperature.

402.2.3 Poisson’s Ratio,». Poisson’s ratip shall be
taken as 0.3 for steel.
402.3 Stress From Internal Pressure

For both réstrained and unrestrained pipdlines, the
circumferential (hoop) stress due to internal gressure is
calculatedas

(U.S."Customary Units)

P.D
SH = Sp
(SI Units)
g PP
H= 200
where
D = outside diameter of pipe, in. (mm)
P; = internal design gage pressure, psi (bar)
Sy = circumferential (hoop) stress due tp internal
pressure, psi (MPa)
t = wall thickness of pipe, in. (mm)
The above equation may not be applicablg¢ for pipe

D/t less than 20.

402.4 Stress From External Pressure

For both restrained and unrestrained pipglines, the
circumferential stress from external pressure, F,, is calcu-
i Hertng or P;. For
ation, compressive stress is

vy - = T

external pressure in the equ
negative.

Offshore pipe systems require additional considera-
tions. Refer to Chapter IX.

402.5 Stress From Thermal Expansion

402.5.1 Restrained Pipe. Thermal expansion stress
in restrained pipe is calculated as

Sg = Ea(Tl - Tz)
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Stress Intensification

Factor
Flexibility ii io Flexibility
Description Factor, k [Note (1)] [Note (2)] Characteristic, h Sketch

Welding elbow, 1.65 0.9 0.75 tR
or pipe bend - T T =
[Notes (3)=(7)] h h r

Closely spaked
miter berd, 1.52 0.9 0.75 cot § ts
[Notes (3)-(5), and (7)] 56 h2/3 h2/3 2
s<r(1}tan 6)

Widely spa¢ed
miter berd, 1.52 0.9 0.75 l+cotdt
[Notes (3), (4), (7), and (8)] 516 h2/3 h2/3 2 r
s>r(1 +tan 6)

Welding ted 0.9 ¢
[Notes (3) and (4)] 1 0.75i, + 0.25 7/3 4.4;
per ASME B16.9 h

Reinforced fee 0.9 5/2
[Notes (3), (4), and (9)] 1 0.75i, + 0.25 — (t+1/27)7
with pad|or saddle h 312y

Unreinforced
fabricatedl tee . 0.9 t
[Notes (3) and (4)] P 0.75i0 + 0.25 m r

. 0.9 ro\ t

Extruded wglding tee ! 0.75i0 + 0.25 m (1 * 7) r
[Notes (3)), (4), and\(10)]
ro = 0.05d
t. < 1.5t

Butt welded joint, reducer, 1 1.0
or welding neck flange

Double welded slip-on flange 1 1.2

Fillet welded joint (single 1 1.3

welded), or single welded
slip-on flange

14
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Table 402.1-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor
Flexibility i io Flexibility
Description Factor, k [Note (1)] [Note (2)] Characteristic, h Sketch

Lapped flange (with 1 1.6

ASME B16.9 lap-joint stub)
Threaded pipe joint, or 1 2.3

threaded flange
Corrugated straight pipe, or 5 2.5

corrugated or creased bend

[Nofe (11)]
NOTES:
(1) Intplane.
(2) Out-of-plane.

(3) Fd fittings and miter bends, the flexibility factors, k, and stress intensification factors, /, in the Table‘apply to bending in a

w

(4) THe values of k and i can be read directly from Chart A by entering with the characteristic,%h, computed from the equations
ere
d = outside diameter of branch
R = bend radius of welding elbow or pipe bend, in. (mm)
r = mean radius of matching pipe, in. (mm)
r, = see Note (10)
s = miter spacing at centerline
T = pad or saddle thickness, in. (mm)
t = nominal wall thickness of: part itself, for elbows and ctirtved or mited bends; matching pipe, for welding tees;

(G) W

be maintained for at least one run O.D. to each'sidé of the branch 0.D.)
t. = the crotch thickness of tees
0 = one-half angle between adjacent miter axes;.deg

ich can be read directly from Chart B, enteringwith the computed h: one end flanged, h'/¢ > 1; both ends flanged, h1/3

y plane

arld shall not be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by hpavy center-
lies in the sketches) for curved and miter elbows, and to the intersection point for tees.

Eiven,

run or

header, for fabricated tees (provided that if thickness\is greater than that of matching pipe, increased thicknegs must

here flanges are attached to one or both ends,.theValues of k and i in this Table shall be corrected by the factors C; givep below,

b 1.

(6) THe engineer is cautioned that cast butt welding elbows may have considerably heavier walls than that of the pipe with which they are
uded. Large errors may be introduced unless the effect of these greater thicknesses is considered.

@) In

—
(=]

(8) Al
9 w

s. To correct values obtained from this Table for the pressure effect, divide

o p (A3 (R\Y?
Flexibility factor, &, by 1+6 E (?) -

P(F 5/ R 2/3
Stress intensification factor, /, by 1+3.25— (—) (—)
E \t r
ere
E.
P

¢otd™modulus of elasticity
gage pressure

Eo\includes single miter joint.

large diameter thin wall elbows and bends, pressure can significantly affect the magnitude of flexibility and stress intensification fac-

T al/g L F
eI 1 770G uSe 1T — F.UJ /T¢

(10) Radius of curvature of external contoured portion of outlet measured in the plane containing the axes of the run and branch. This is
subject to the following limitations:

(@ Minimum radius, r,: the lesser of 0.05d or 1.5 in. (38 mm).

(b) Maximum radius, r,, shall not exceed
(1) for branches DN 200 (NPS 8) and larger, 0.10d + 0.50 in. (13 mm)
(2) for branches less than DN 200 (NPS 8), 1.25 in. (32 mm)

() When the external contour contains more than one radius, the radius on any arc sector of approximately 45 deg shall

meet the requirements of (a) and (b) above.
(d) Machining shall not be employed in order to meet the above requirements.

(11) Factors shown apply to bending; flexibility factor for torsion equals 0.9.

15
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Table 402.1-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

16
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80 Flexibility factor for
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where
E = moduli of elasticity
Sg = thermal expansion stress, psi (MPa)
T; = temperature of the pipe at installation or com-

pletion of final tie-in, °F (°C)
T, = operating temperature, °F (°C)
a = coefficient of thermal expansion, in./in./°F

where
A = metal area of nominal pipe cross section, in.?
(em?)
F, = axial force, such as weight on a riser, Ib (N)
M = bending moment, in.-Ib (N-m)
Sg = thermal expansion stress, psi (MPa)

Sy = circumferential (hoop) stress due to internal

(mm/mm/°C) pressure, psi (MPa)
Z = section modulus of the pipe, in.? (cm?)
In fheabove equatiorn, Tompressive Stress s anegative 7—=TOISS0IS Tatio

valudg.

(16) 402.5.2 Unrestrained Pipe. Calculations shall take
into qccount flexibility and stress intensification factors
of piping components.

The stress range resulting from thermal expansion in
pipe/|fittings, and components in unrestrained pipeline
is calculated as follows, using the modulus of elasticity
at the installed temperature:

Sp = /Si* + 457

where
Sy| = resultant bending stress, psi (MPa)
S¢| = torsional stress, psi (MPa)
NOTH: Thermal stress shall be calculated for the range of mini-

mum fand maximum operating temperatures.

Thie resultant bending stress, S, is calculated as
folloyvs:
S, = J(i:M;)* + (i,M,)*/Z

/

ij [= in-plane stress intensification factor from
Table 402.1-1. Note that i;{is)I for pipe.
i, |= out-of-plane stress intemsification factor from
Table 402.1-1. Note-that i; is 1 for pipe.
M; |= in-plane bending-mement, in.-Ib (N-m)
M, |= out-of-plane bénding moment, in.-Ib (N-m)

Z = section modulus of the pipe or of the fitting

outlet, agapplicable, in.? (cm?)

Repultantttorsional stress, S;, is calculated as

Examples of force, F,, are forces due to-the differential
pressure on a buried valve, and frictional for¢es due to
pipe movement through the soil. Fj’can be ppsitive or
negative, depending on the direction of the fprce.

Sy can be either a positive{gy hegative valye.

Both positive and negative values of M/Z shall be
considered in the analysis.

Residual stresses fromi construction are oftgn present
for spanning, elastic'bends, and differential s¢ttlement.
Designers should_determine if such stresses rjeed to be
evaluated.

402.6.2. Unrestrained Pipe. The longitudjnal stress
from pressure and external loadings in unrestrained
pipe is calculated as

(U.S. Customary Units)

o _PD M _F
FTa Tz A
(SI Units)
5 =D M L
P4 Z T A
where
A = metal area of nominal pipe cross seftion, in.?
(cm?)
D = outside diameter of pipe, in. (mm)
F, = axial force, such as weight on a riser, |b (N)
i = component stress intensification in planje of load-

ing (see Table 402.1-1), limited by 0.75i > 1. For
straight pipe, i = 1.0.
M = bending moment across the nominal pipe cross
section due to weight or seismic inertip loading,

5, = M; in-Ib (N-m)
z P; = internal design gage pressure, psi (bar)
t = wall thickness of pipe, in. (mm)
where ) . Z = section modulus of the pipe or of the fitting out-
M; = torsional moment, in.-Ib (N-m)

402.6 Longitudinal Stress
(16) 402.6.1 Restrained Pipe. Longitudinal stress in

restrained pipe is calculated as

S, = Sg+ VSH+%+FH/A

let, as applicable, in.? (cm3)

Note that longitudinal stress from pressure in an unre-
strained line shall include consideration of bending
stress or axial stress that may be caused by elongation
of the pipe due to internal pressure and result in stress
at bends and at connections and produce additional
loads on equipment and on supports.

(16)
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402.7 Combining of Stresses

In restrained pipe, the longitudinal and circumferen-
tial stresses are combined in accordance with the maxi-
mum shear stress theory as follows:

S = 2[5 - S)/2] 2 + 52

may provide are encasing with steel pipe of larger diam-
eter, adding concrete protective coating, adding a con-
crete cap, increasing the wall thickness, lowering the
line to a greater depth, or indicating the presence of the
line with additional markers.

In no case where the Code refers to the specified mini-
mum value of a physical property shall a higher value

where of the property be used in establishing the allowable
Se; = equivalent combined stress stress value.
S, = [forsional stress, psi (MTPa) Pipetimeswithimr thescopeof this Codemay besybject

When §; can be disregarded, the combined stress cal-
culation ¢an be reduced to the following;:

IS — Sl

such that{ when S; <0, \SL\ <(Sy - Sy), and when S; >0,
SL < (Sr + SH)

where
Sy = pxial stress, psi (MPa)
Alternatively, the stresses may be combined in accor-
dance with the maximum distortion energy theory as
follows:

Sep = St = SuSy + 512 + 357

402.8 S]resses From Road and Rail Traffic Loads

The tofjal effective stress due to internal design pres-
sure, temperature change, and external loads (including,
sustainefl, occasional, and transient loads) in pipe
installed junder railroads or highways without\use of
casings |shall be calculated in accordanceé with
API RP 11102 or other calculation methodstCyclic stress
componehts shall be checked for fatigue,

Where |casings are used, the same(methodology may
be used for the design of the casing.

403 CI1ITERIA FOR PIPELINES
403.1 G

Design|and instalfation analyses shall be based upon
accepted |engineering methods, material strengths, and
applicablp desigit conditions.

The design:fequirements of this Code are adequate
for public r-conditior ' FTteT
in piping systems within the scope of this Code, includ-
ing lines within villages, towns, cities, and industrial
areas. However, the design shall provide reasonable pro-
tection to prevent damage to the pipeline from unusual
external conditions that may be encountered in river
crossings, offshore and inland coastal water areas,
bridges, areas of heavy traffic, long self-supported spans,
unstable ground, vibration, weight of special attach-
ments, or forces resulting from abnormal thermal condi-
tions. Some of the protective measures that the design

neral
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to conditions during construction and operation_yhere
the external pressure exceeds the internal pfessurg. The
pipe wall selected shall provide adequatelstrength to
prevent collapse, taking into consideration mechgnical
properties, variations in wall thickness permitt¢d by
material specifications, out-of*¥oundness, berlding
stresses, and external loads.

The forces and momentsitransmitted to connected
equipment, such as valves, strainers, tanks, pressurg ves-
sels, and pumps, shall'be‘kept within stress limits gpeci-
fied herein and irnvother applicable codes.

External or internal coatings or linings of cement/plas-
tics, or other 4materials may be used on steel pipg con-
forming to the requirements of this Code. These codtings
or liningsishall not be considered to add strength ynless
it can.be’ demonstrated that they do so.

Allin-line pipe and pipeline components shall be
designed to allow passage of instrumented internal
mspection devices.

403.2 Criteria for Pipe Wall Thickness and
Allowances

403.2.1 Criteria. The nominal wall thickngss of
straight sections of steel pipe shall be equal to or greater
than ¢, determined in accordance with the follqwing
equation:

t,2t+ A
where
A = sum of allowances for threading, grooving, cor-
rosion, and erosion as required in paras. 403.2.2
through 403.2.4, and increase in wall thickness
if used as protective measure in para. 403{1
t, = nominal wall thickness satisfying requirements

for pressure and allowances

inches (millieters) in accordance with the fol-
lowing equations:

(U.S. Customary Units)

P.D

25

(SI Units)

_PD
= 208

(16)
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where Table 403.2.1-1 Weld Joint Factors Applicable to
D = outside diameter of pipe, in. (mm) Common Pipe Specifications
P; = internal design gage pressure, psi (bar) Specification Grade Weld Joint Factor, E
S = applicable allowable stress value, psi (MPa), as
determined by the following equation: Seamless
API 5L A25 through 1.00
B X80Q/M
S=EXEXS, . ASTM A53 All 1.00
specified minimum yield ASTM A106 All 1.00
strength of the pipe, psi (MPa) ASTM A333 6 1.00
ASTM A524 All 1.00
where Furnace Butt Welded, Continuous Welded
E = weld joint factor as specified in Table 403.2.1-1 ASTM A53 T'ype F. Grade A 0.60
F | design factor based on nominal wall thickness API 5L A25 0.60
Sy B spec1f1ed minmum yleld strength of the pipe, Electric Resistance Welded and Electrie Flash Welded

psi (MPa)

In setting design factor, due consideration has
been given to and allowance has been made
for the underthickness tolerance and maximum
allowable depth of imperfections provided for
in the specifications approved by the Code. The
value of F used in this Code shall be not greater
than 0.72. Where indicated by service or loca-
tion, users of this Code may elect to use a design
factor, F, less than 0.72.

4Q3.2.2 Wall Thickness and Defect Tolerances. Wall
thickhess tolerances and defect tolerances for pipe shall
be a§ specified in applicable pipe specifications_or
dimensional standards included in this Code by refer-
ence |in Mandatory Appendix I. Design factors i this
Cod¢ were established with due consideration for
undgrthickness tolerance and maximumyallowable
depth of imperfections allowed by the referenced stan-
dard$; no additional allowance is necessary.

403.2.3 Corrosion. A wall thickness allowance for
corrgsion is not required if pipe and components are
protected against corrosion in accordance with the
requirements and procedures prescribed in Chapter VIIL

403.2.4 Threading-and Grooving. An allowance for
thread or groove depth in inches (millimeters) shall be
included in A, of the equation in para. 403.2.1 when
threalded or grooved pipe is allowed by this Code (see
para/404.8;3).

Legstmominal wall thickness for threaded pipe shall

API 5L A25 through 1.00
X80Q/M
ASTM A53 All 1.00
ASTM A135 All 1.00
ASTM A333 6 1.00
Electric Fusion Welded
ASTM A134 All 0.80
ASTM A139 All 0.80
ASTM A671 All 1.00 [Note (1)]
ASTM A674, All 0.70 |Note (2)]
ASTMSA672 All 1.00 [Note (1)]
ASTM, A672 All 0.80 [Note (2)]
Submerged Arc Welded
API 5L A25 through 1.00
X120M [Note (3)]
ASTM A381 Y35 through Y65 1.00

GENERAL NOTES:

(@) For some Code computations, particularly with regafd to
branch connections [see para. 404.3.5(c)] and expapsion, flexi-
bility, structural attachments, supports, and restraints (see
para. 404.9), the weld joint factor, E, need not be donsidered.

(b) Definitions for the various types of pipe are given i
para. 400.2.

NOTES:

(1) Factor applies for Class X2 pipe only, when the radipgraphic
examination has been performed after postweld heat treat-
ment (PWHT).

(2) Factor applies for Class X3 pipe (no radiographic edamination)
or for Class X2 pipe when the radiographic examingtion is per-
formed prior to PWHT.

(3) For offshore applications, API 5L Annex ] applies, which speci-
fies @ maximum strength grade allowed up to X80MO.

be standard wall (see ASME B36.10M).

403.2.5 Use of High D/t Ratio. The designer is cau-
tioned that susceptibility to flattening, ovality, buckling,
and denting increases with D/t ratio, decreased wall
thickness, decreased yield strength, and combinations
thereof. Pipe having a D/t ratio greater than 100 may
require additional protective measures during construc-
tion. See para. 403.2.2 and the General Note under
Table A402.3.5-1 for wall thickness allowances included
in the design factors.

19

403.3 Criteria to Prevent Yield Failure

403.3.1 Strength Criteria. The maximum longitudi-
nal stress due to axial and bending loads during installa-
tion and operation shall be limited to a value that
prevents pipe buckling or otherwise impairs the service-
ability of the installed pipeline. Other stresses resulting
from pipeline installation activities such as spans shall
be limited to the same criteria. Instead of a stress crite-
rion, an allowable installation strain limit may be used.
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Table 403.3.1-1 Allowable Values for Pipeline System Stresses

Sum of Effective Stress

Internal and Longitudinal Equivalent for Casing or
External Allowable Additive Stresses From Combined Uncased Pipe at
Pressure Expansion Longitudinal Sustained and Stress, Road or Railroad
Location Stress, Sy Stress, S Stress, S; Occasional Loads Seq Crossings
Restrained pipeline 0.72(B)S, 0.90S, 0.90S, [Note (1)] 0.908S, 0.90S, 0.90S, [Note (2)]
Unrestrained pipeline 0.72(E)S, Sa [Note (3)] 0.755, [Note (1)] 0.80S, n/a 0.90S, [Note (2)]
Riser and platform piping on 0.60(E)S, 0.80S, 0.80S, 0.90S, n/a n/a

inland ndvigabte waters

GENERAL NPTES:

(@ S, = specified minimum yield strength of pipe material, psi (MPa)

(b) £ = wgld joint factor (see Table 403.2.1-1)

(©) In the detting of design factors, due consideration has been given to and allowance has been made for the underthickness tolergnce

and mdximum allowable depth of imperfections provided for in the specifications approved by the Code.

(d) S, in the table above is the maximum allowable value for unrestrained piping calculated in accordance with para. 402.6.2. The maxi-

mum v
(e) See pa
NOTES:

a. 403.10 for allowable stresses of used pipe.

lue of S, for restrained pipe is calculated in accordance with para. 402.6.1.

(1) Beam-Hending stresses shall be included in the longitudinal stress for those portions of the restrained or unrestrained line that gre

supporfed aboveground.

(2) Effectivp stress is the sum of the stress caused by temperature change and from circumferéntial, longitudinal, and radial stresses
design pressure and external loads in pipe installed under railroads or highways.

interna

(3) See pafa. 403.3.2.

Stress Yalues for steel pipe during operation shall not
exceed the allowable values in Table 403.3.1-1 as calcu-
lated by the equations in this Chapter.

Slurry pipe systems require additional considerations.
Refer to Chapter XI.

403.3.2 Criteria for Allowable Stress Due to Periodic
or Cyclic boading. For unrestrained pipelines, theallow-
able expdnsion stress, S4, is as follows:

Sa<f[1.25(S. +Sp) - Sud

where
f = fatigue factor calculated asf = 6.0N*? but can-

1ot exceed 1.2

N = dquivalent number.0f full displacement cycles
during the expected service life of the pipeline
gystem

S, = 235,, at theslewer of the installed or minimum
q pérating temperature

S, = 23Sy atithe higher of the installed or maximum

qQperating temperature

from

strainand the buckling behavior of the pipe. Where
plastic strains are anticipated, the pipe eccentricity} pipe
otit-of-roundness, and the ability of the weld to undlergo
such strains without detrimental effect shall be cgnsid-
ered. Maximum strain shall be limited to 2%.

403.3.4 Criteria for Transient Overpressure. [Tran-
sient overpressure includes pressure rise due to gurge.
Surge pressures in a liquid pipeline are produced by a
change in the velocity of the moving fluid that results
from shutting down a pump station or pumping| unit,
closing a valve, or blockage of the moving fluid.

Surge calculations should be made and adequat¢ con-
trols and protective equipment shall be provided sp that
the pressure rise due to surges and other variations| from
normal operations shall not exceed the internal design
pressure at any point in the piping system and efquip-
ment by more than 10%.

403.4 Criteria to Prevent Buckling and Excessiv
Ovality T

403.3.3 Strain Criteria for Pipelines. When a pipe-
line may experience a noncyclic displacement of its sup-
port (such as fault movement along the pipeline route
or differential support settlement or subsidence along
the pipeline), the longitudinal and combined stress lim-
its may be replaced with an allowable strain limit, so
long as the consequences of yielding do not impair the
serviceability of the installed pipeline. The permissible
maximum longitudinal strain depends upon the ductil-
ity of the material, any previously experienced plastic

20

The pipeline system shall be designed and installed
in a manner to prevent local buckling or excessive ovality
of the pipe, collapse, and column buckling during instal-
lation and operations. Design, installation, and
operating procedures shall consider the effect of external
pressure; bending, axial, and torsional loads; impact;
mill tolerances in the wall thickness; out-of-roundness;
and other applicable factors. Consideration shall also be
given to mitigation of propagation buckling that may
follow local buckling or denting. The pipe wall thickness
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shall be selected to resist collapse due to external
pressure.

403.5 Criteria to Prevent Fatigue

The pipeline shall be designed, installed, and operated
to limit stress fluctuations to magnitudes and frequen-
cies that will not impair the serviceability of the pipeline.
Loads that may cause fatigue include internal pressure
variations, currents, and vibrations induced by vortex

Installation and operational on-bottom stability
design conditions shall be considered.

403.6.2.2 Design Current Conditions. Operational
design current conditions shall be based upon an event
having a minimum return interval of not less than 100 yr.

403.6.2.3 Stability Against Currents. The sub-
merged weight of the pipe shall be designed to resist
or limit movement to amounts that do not cause the

shedfling. Pipeline spans shall be designed to prevent
vort¢x-induced resonant vibrations when practical.
When vibrations must be tolerated, the resulting stresses
due fo vibration shall be included in allowable stresses
listed in para. 403.3.1. If alternative acceptance standards
for gjirth welds in API 1104 are used, the cyclic stress
analysis shall include the determination of a predicted
fatighie spectrum to which the pipeline is exposed over
its dgsign life. See Chapter 2 of ASME B31.3 for guidance.

403.

403.6.1 Strength Criteria During Installation and
Testing. Design against loss of in-place stability shall
be ir| accordance with the provisions of para. 403.6.2,
except that the installation design current conditions
shall[be based upon the provisions of para. 401.3. If the
pipeline is to be trenched, it shall be designed for stabil-
ity dpring the period prior to trenching.

Criteria to Prevent Loss of In-Place Stability

403.6.2 Strength Criteria During Operations

403.6.2.1 General. Pipeline design for lateral and
vertigal on-bottom stability is governed by.pérmanent
featufres such as topography and soil chardcteristics and
by transient events such as hydrodynamic, seismic, and
soil hehavior events that are likely to-occur during the
anticjpated service life. Design conditions to be consid-
ered fare provided in paras. 403.6.2.2 through 403.6.2.7.
The pipeline shall be designed to prevent horizontal
and pertical movements~er-shall be designed so that
any movements will be\limited to values not causing
allowable stresses afid-strains to be exceeded.
(a)] Typical factors to be considered in the stability
design include
1) flood\plains and marshes and other locations
ct to-immersed conditions
2)\current forces

subjd

tor 15itudi1 rat-ard-combired-stressestoexceedhthe limits
specified in Table 403.3.1-1. The submerged\Weight may
be adjusted by weight coating and/or increasing pipe
wall thickness.

Current direction shall be considefed.

The pipeline and its appurteniances may be
enhance stability.

Backfill or other protective covering optiong shall use
materials and proceduresithat minimize damgge to the
pipeline and coatings.

Anchoring may‘be used alone or in conjun
other options to maintain stability. The anchos
designed to\withstand lateral and verti
expectedqrom the design wave and current cpnditions.
Anchors'shall be spaced to prevent excessive gtresses in
the pipe. Scour shall be considered in the desjgn of the
anchoring system. The effect of anchors on th¢ cathodic
protection system shall be considered.

Intermittent block type, clamp-on, or set-oh weights
(river weights) shall not be used on pipelirjes where
there is a potential for the weight to become unsup-
ported because of scour.

403.6.2.4 Shore Approaches. Pipe in
approach zone shall be installed on a
abovewater structure or buried or bored to the depth
necessary to prevent scouring, spanning, oy stability
problems that may affect integrity and safe opgration of
the pipeline during its anticipated service life| Seasonal
variation in the near-shore thickness of seafjoor sedi-
ments and shoreline erosion over the pipelie service
life shall be considered.

403.6.2.5 Slope Failure and Soil Liquefaction.
Slope failure shall be considered in zones where it is
expected (mudslides, steep slopes, areas df seismic
slumping). If it is not practical to design th¢ pipeline
system to survive the event, the pipeling shall be

buried to

tion with
s shall be
ral loads

the shore
suitable

(3) soil properties

(4) scour and resultant spanning

(5) soil liquefaction

(6) slope failure

(b) Stability may be obtained by such means as, but

not limited to

(1) adjusting pipe submerged weight

(2) trenching and/or covering of pipe

(3) anchoring

(4) clamp-on or set-on weights

21

designed for controtted breakaway withr provisions to
minimize loss of the pipeline contents.

Design for the effects of liquefaction shall be per-
formed for areas of known or expected occurrence. Soil
liquefaction normally results from cyclic wave overpres-
sures or seismic loading of susceptible soils. The bulk
specific gravity of the pipeline shall be selected, or alter-
native methods shall be selected to ensure both hori-
zontal and vertical stability.

Seismic design conditions used to predict the occur-
rence of bottom liquefaction or slope failure shall be at
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least as severe as those used for the operating design
strength calculations for the pipeline. Occurrence of soil
liquefaction due to hydrostatic overpressures shall be
based on a minimum storm return interval of not less
than 100 yr.

403.6.2.6 Earthquake-Prone Areas. When a pipe-
line is to be laid across a known fault zone or in an
earthquake-prone area, consideration shall be given to
the need for flexibility in the pipeline and its components

utility lines, and other underground structures along
and crossing the proposed right-of-way shall be deter-
mined and considered in the design.

403.8.2 Trenched Water Crossings. Design of cross-
ings of rivers, streams, lakes, and inland bodies of water
shall include investigation of the composition of bottom
and underlying layers, variation in banks, velocity of

water, scouring, and special seasonal conditions.
‘A71‘1nvn roaiil datqs

lad - wvlanc and cnacif

403.6.2.7 Pipe-Soil Interaction. The pipe-soil
factors that are used shall be representative

iteria to Prevent Fracture

403.7|1 General. Prevention of fractures during
installati¢gn and operation shall be considered in mate-
rial selecfion in accordance with the requirements of
section 413. Welding procedures and weld defect accept-
ance critgria shall consider the need to prevent fractures
during irfstallation and operation. See para. 434.8.5.

403.7{2 Design Considerations. The probability of
brittle and ductile propagating fractures shall be consids:
ered in the design of pipelines transporting liquids that
become gases at or near atmospheric conditions: Protec-
tion shall be provided to limit the occurrence-and the
length of|fractures throughout the pipeline\with special
considerdtion at industrial areas, residéntial areas, com-
mercial afreas, river crossings, road and railroad cross-
ings, and| other appropriate areas,

403.7
tion shall
fractures

3 Brittle Fractures Brittle fracture propaga-
be prevented by:.seléction of a pipe steel that
in a ductile manner at operating temperatures.

403.7.4 Ductile Fractures. Ductile fracture propaga-
tion shall be minimized by the selection of a pipe steel
with appropriate fracture toughness and/or by the
installatjon, -of suitable fracture arrestors. See

ad ad 1
hererequired—detailedplansand speeitieations

shall be prepared taking into account these and any
special considerations or limitations imposed by'the reg-
ulatory bodies involved. Plans and specifi¢ations|shall
describe the position of the line showing the depth helow
mean low water level when applicable.

Thicker wall pipe may be spéecified. Approach and
position of the line in the banks’are important, as fis the
position of the line across the-bottom. Special congider-
ation shall be given to depth-of cover and other means of
protecting the pipelin&in' the shore and bank crossgings.

Special consideration shall be given to protective|coat-
ings and the usé of weight coating, river weightg, and
anchors.

403.8:3)Directionally Drilled Crossings. Spgcific
considération shall be given to stresses and dypamic
loads associated with the installation of directidgnally
dfilled crossings, including axial loading, yielding,
buckling, bending, and other dynamic loads or a c¢mbi-
nation of these loads. Calculated stresses in the| pipe
and attachments shall not exceed the allowable Jimits
identified in Table 403.3.1-1, including residual bending
stresses.
Designs shall include selection of the location of jentry
and exit points of the proposed installation, clearpnces
at points of crossing of other underground facilitieg, and
spacing between the directionally drilled crossing and
parallel underground pipelines, utilities, and cables.
In finalizing the proposed pipeline routing, each pper-
ator shall
(a) conduct a site survey to identify pipelines, utilities,
cables, and other nearby subsurface structures thaf may
potentially be affected by the drilling and installation
operations
(b) contact and communicate with other facility jown-
ers identified in the previous step

ASME B3+Efex nformation—about—d
11 formoreinformation—about-determining

appropriate toughness of pipe steel. Design consider-
ation shall include pipe diameter, wall thickness, frac-
ture toughness, yield strength, operating pressure,
operating temperature, and the decompression charac-
teristics of the pipeline contents.

403.8 Criteria for Crossings

403.8.1 General. Crossing of water, railroads,
roads, foreign pipelines, and utilities requires variations
in basic pipeline design. The location of buried pipelines,

22

(c) physically locate and mark all nearby or parallel
pipelines, utilities, cables, and other underground struc-
tures within 100 ft (30 m) of the drilling operation

(d) analyze the accuracy of the method specified for
tracking the position of the pilot string during drilling,
including the effect on the tracking system of parallel
power or communication lines (above- or belowground)
and cathodic protection systems operating in the vicinity

(e) conduct soil borings and geotechnical evaluations
if subsurface conditions are unknown
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403.8.4 Overhead Crossings. Overhead suspended
bridges or other overhead structures used to suspend
pipelines shall be designed and constructed within the
restrictions or regulations of the regulatory body having
jurisdiction. Suspension bridges, prefabricated steel
bridges, reinforced concrete bridges, and self-spanning
pipe bridges may be used. Stresses produced by the
pipe weight, environmental loads, and other predictable
loads shall not exceed the maximum stresses allowed

403.9 Criteria for Expansion and Flexibility

403.9.1 Unrestrained Pipelines. Pipelines shall be
designed to have sufficient flexibility to prevent expan-
sion or contraction from causing stresses in the pipe
material or pipeline components that exceed the allow-
ables specified herein, including joints, connections,
anchor points, or guide points. Note that allowable
forces and moments on equipment may be less than for
the connected pipe.

by thiis Code. Detailed plans and speciiications shall be
prepared where required.

Design of overhead crossings using a dedicated bridge
with [self-supporting spans that are specially designed
for the pipeline crossing shall consider the following;:

(a)

(b)

(c)

(d)

(e)
steel
cathd

f)

4(
to st

pipe and content weight

external loads such as wind, snow, and ice
flooding

thermal stresses

electrical isolation of pipeline from supporting
structure to prevent interference with pipeline
dic protection

atmospheric corrosion control

3.8.5 Crossings Attached to Bridges. In addition
uctural support concerns, the differential move-
ment] between the bridge and pipeline due to thermal
stresges and external loads shall be considered in the
design of the pipeline crossing. In addition to the design
considerations listed in para. 403.8.4, consideration shall
be given to special requirements to prevent damage to
the pipeline from vehicles, deicing chemicals," bridge
components, and other site-specific hazaxds,

403.8.6 Railroad and Highway Crossings. Stresses
due tp internal design pressure and external load in pipe
instal]led under railroads or highways without use of
casing shall not exceed the allowable stresses specified
in Taple 403.3.1-1. Installation of uncased carrier pipe is
preferred. Installation of carrier, or casing if used, may
be in|accordance with API RP 1102 or other appropriate
standard. If casing is'used, coated carrier pipe shall be
indeppendently supported outside each end of the casing
and insulated$rom the casing throughout the cased sec-
tion, [and-casing ends shall be sealed using a durable,
electfically nonconductive material.

Analysis of adequate flexibility of unrestrajned pipe
is not required for a pipeline that

(a) has been previously analyzed

(b) is of uniform size, has no more than two anchor
points and no intermediate restraints, and fafls within
the limitations of the followifig empirical forpula:

DyD=U)? < K

where
D = outside diameter of the pipe, in. (mnf)
K = 0.03 for U.S. customary units listed above
= 208\for SI units listed above
L = _.developed length of the pipe betweer} anchors,
ft (m)
U, = straight line distance between anchorp, ft (m)
Yy~ = resultant of total displacement strains |in. (mm),

to be absorbed by the pipe (UaAT)

Any pipeline not meeting the requirements given
above shall be analyzed by a simplified, approximate,
or comprehensive method as appropriate. The effects
of all parts of the pipeline and components and of all
restraints, including friction, shall be accountpd for.

403.9.2 Restrained Buried Pipelines. Bu
lines are considered restrained. Stress calcul
necessary for buried pipelines whenever signif
perature changes are expected or the pipeling
from a straight line. Safe operation of a burie
is predicated on the assumption that the
maintained in its position in the ground throu
of the soil below and on the sides. The pip
also be provided with proper soil cover to prohibit it
from rising out of the ground at over bends. The buoy-
ancy effects on a submerged pipeline shall be cpnsidered
in its stability. At the ends of a buried pipeling, thermal

ied pipe-
htions are
cant tem-
deviates
pipeline
ipeline is
support
ine must

403.8.7 Crossings of Pipelines and Utilities. Pipe-
line crossings should be designed to provide a minimum
12-in. (300-mm) separation between the pipeline and
other pipelines and utilities, unless other measures of
protection are provided. Soil settlement, scour, and cycli-
cal loads shall be considered in the design of pipeline
crossings in order to ensure that the separation is main-
tained for the design life of both lines. Consideration
shall be given to the support of other pipelines and
utilities during and following construction.

23

AT Ppressure forces Iy cause significant tongitudinal
movement of the pipe, as the soil is normally unable to
provide the restraint to prevent movement. The length
of the pipeline subject to axial movement may be several
hundred feet, and the end of the pipeline should be
either anchored to prevent movement or designed to
accommodate movement at the end of the pipeline.
Buried sections of pipe that are not fully restrained,
such as in a pump station, will move through the soil
and should be analyzed for overstressing by reaction
with the soil. Guidance regarding soil-pipe interaction
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can be found in the ASCE publication American
Lifelines Alliance “Guidelines for the Design of Buried
Pipelines,” July 2001 (with addenda through February
2005) and ASME B31.1, Nonmandatory Appendix VII.

403.9.3 Restrained Aboveground Pipelines.
Restrained aboveground pipelines should be anchored
so that longitudinal expansion or contraction due to
thermal and pressure changes is absorbed by direct axial
compression or tension. Consideration shall also be

404.1.2 Components Having Specific Pressure-
Temperature Ratings. Within the metal temperature
limits of —20°F (-30°C) to 250°F (120°C), pressure ratings
for components shall conform to those stated for 100°F
(40°C) in material standards listed in Table 403.2.1-1.
The nonmetallic trim, packing, seals, and gaskets shall
be made of materials that are not injuriously affected
by the fluid in the piping system and shall be capable of
withstanding the pressures and temperatures to which

given to peam bending stress and the possible elastic
instability of the pipe and its supports due to longitudi-
nal compyessive forces. The supports shall be designed
to provide the stiffness necessary to prevent lateral
buckling|

403.10

Used |pipe of known specification listed in
Table 403.2.1-1 may be utilized in accordance with the
design equations in section 402 of this Code, subject to
the criter]a in this section, and the testing requirements
of paras. [437.4.1, 437.6.1, 437.6.3, and 437.6.4.

riteria for Used Pipe

403.11 (riteria for Cold Worked Pipe

The allowable stress for pipe that has been cold
meet the specified minimum yield strength
sequently heated to 600°F (300°C) or higher

riteria for Shear and Bearing Stresses

le stress values in shear shall not exceed45%
cified minimum yield strength of the\pipe,
and allowable stress values in bearing shall not‘exceed
90% of the specified minimum yield strength of the pipe.

403.13 (riteria for Structural Supports‘and

estraints

Allowable tensile and comptessive stress values for
materialsjused in structural supports and restraints shall
not exceefl 66% of the specified minimum yield strength.
Allowablp stress values\in shear and bearing shall not
exceed 4%% and 90%.of the specified minimum yield
strength, respectively. Steel materials of unknown speci-
ficationy may“be used for structural supports and
restraints .provided a yield strength of 24,000 psi
(165 MP

) or less is used

they-wittbesubjectedirrserviceConsideratiorrshpll be
given to possible conditions that may cause low te;tlper—
atures on pipelines transporting liquids that befome
gases at or near atmospheric conditions.

404.1.3 Ratings — Components Not Having Specific
Pressure-Temperature Ratings. Piping componenits not
having established pressure ratings'may be qualifi¢d for
use as specified in paras. 404:10”and 423.1(b).

404.1.4 Pressure Critefia. The piping comppnent
at any point in the pipeline system shall be desjgned
for an internal desjgn'pressure that shall not be lesg than
the maximum steady-state operating pressure at that
point, or less ¢har the static head pressure at that point
with the linein a static condition. The maximum stpady-
state opetating pressure shall be the sum of the ptatic
head pressure, pressure required to overcome friction
lossés; and any required back pressure. Credit mpy be
given for hydrostatic external pressure, in the appro-
priate manner, in modifying the internal design pressure
for use in calculations involving the pressure design
of piping components. Pressure rise above maximum
steady-state operating pressure due to surges and jother
variations from normal operations is allowed in gccor-
dance with para. 404.1.5.

Provision shall be made in the design either to with-
stand or to relieve increased pressure caused by the
heating of static fluid in a piping component.

The piping component shall be designed to withgtand
the maximum possible differential between externgl and
internal pressures to which the component wijll be
exposed.

404.1.5 Overpressure Criteria. The pressure rise due
to surges (see para. 403.3.4) and other variations|from
normal operations shall not exceed the internal design
pressure at any point in the piping system and efuip-
ment by more than 10%

404 CRITERIA FOR FITTINGS, ASSEMBLIES, AND
OTHER COMPONENTS (ALTERNATIVELY,
CRITERIA FOR COMPONENTS)

404.1 General Criteria for Piping Components

404.1.1 Steel Butt Welding Fittings. When steel butt
welding fittings (see paras. 404.2.5 and 404.3.2) are used,
they shall comply with ASME B16.9, ASME B16.28, or
MSS SP-75.

24

404.1.6 Ratings — Considerations for Different
Pressure Conditions. When two lines that operate at
different pressure conditions are connected, the valve
segregating the two lines shall be rated for the more
severe service condition. When a line is connected to a
piece of equipment that operates at a higher pressure
condition than that of the line, the valve segregating the
line from the equipment shall be rated for at least the
operating condition of the equipment. The piping
between the more severe conditions and the valve shall

(16)
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be designed to withstand the operating conditions of
the equipment or piping to which it is connected.

404.1.7 Fittings Exceeding Scope of Standard
Sizes. Fittings exceeding scope of standard sizes or
otherwise departing from dimensions listed in the stan-
dards referred to in paras. 404.1.1 and 404.4.1 may be
used, provided the designs meet the requirements of
this Code.

diameter to wall thickness, use of bending mandrel,
and skill of bending crew. Test bends shall be made to
determine that the field bending procedure used pro-
duces bends meeting the requirements of this paragraph
and that the wall thickness after bending is not less than
the minimum permitted by the pipe specification.

Cold bends should have tangents on each end in accor-
dance with para. 434.7.1(d).

404.2.3 Induction Bends. Inductionbends are made

4%+ 8—Speciat Fittimgsand—€onmmections—Cast;
forged, wrought, or welded steel fittings different from
thos¢ specified in the applicable American National
Standlards and MSS Standard Practices will be permitted
provjided that their design is in accordance with

para|404.10.

404.1.9 Thermowells.
with|ASME PTC 19.3 TW.

Thermowells shall comply

404,

494.2.1 General. Changes in direction, vertically
and Qorizontally, may be made by field bending the pipe,
by inlserting induction bends (also called hot bends), or
by irfstalling manufactured bends or elbows.

The minimum wall thickness of pipe before bending,
field |bends, or induction bends shall be determined as
for straight pipe in accordance with para. 403.2.1.

404.2.2 Field Bends. Field bends are cold bends;
genefally made in the field during construction, to allow
the pipe to conform to the contour of the ditch, Field
bendk include vertical bends (sags and overbends), hori-
zontgl bends to accommodate changes in ditection, and
comBination bends.

Bends shall be free from bucklings cracks, or other
evid¢gnce of mechanical damage. Ripples or wrinkles
meeling the requirements of para. 451.6.2.8 are
accefjtable.

Figld bends shall mget-the requirements of
para|434.7.1.

The minimum radius,'of field cold bends, except as
notedl in the next tiwoO-paragraphs, shall be as follows:

P Directional Changes

Minimum Radius of

Nominal Pipe Size Bend in Pipe Diameters

by heating the pipe and forming the bend-uhder con-
trolled conditions. The minimum wall thickness of pipe
before bending shall be determined asfor straight pipe
in accordance with para. 403.2.1. Induction b¢nds shall
comply with ASME B16.49.
Bends shall be free from puckling, cracks| or other
evidence of mechanical damage. Ripples or| wrinkles
meeting the requirements of para. 451.5.2.8 are
acceptable.
The pipe diameter’shall not be reduced at pny point
by more than 2%% of the nominal diametet, and the
completed befid shall pass the specified sizing pig.
When hot bends are made in pipe that has peen cold
worked, in{order to meet the specified minimum yield
strengthy 'wall thickness shall be determined|by using
the Jower stress values in accordance with pafa. 403.12.

404.2.4 Mitered Bends. In systems inflended to
operate at a hoop stress of more than 20% of thq specified
minimum yield strength of the pipe, miter bends are
prohibited. Miter bends not exceeding 12% ddg may be
used in systems operated at a hoop stress of 20% or less
of the specified minimum yield strength of [the pipe,
and the minimum distance between miters measured
at the crotch shall not be less than one pipe [diameter.
When the system is to be operated at a hoop} stress of
less than 10% of the specified minimum yield strength
of the pipe, the restriction to 12% deg maximjum miter
and distance between miters will not apply. Deflections
caused by misalignment up to 3 deg are not cpnsidered
miter bends.

Care shall be taken in making mitered joints fo provide
proper spacing and alignment and full pehetration
welds.

404.2.5 Factory-Made Bends and Elbows. [The mini-
mum metal thickness of flanged or threaddd elbows
shall not be less than specified for the presgures and

NP812.and smaller 18D
14 21
16 24
18 27

NPS 20 and larger 30

In some cases, thin wall pipe will require the use of
an internal mandrel when being bent to the minimum
radii tabulated above.

Bends may be made by bending the pipe in sizes
NPS 14 and larger to a minimum radius of 18D. How-
ever, bending pipe to radii approaching 18D shall com-
ply with the criteria in this paragraph and will be
dependent upon wall thickness, ductility, ratio of pipe

25

Temperatures in the applicable ASME Standard or the
MSS Standard Practice.

Steel butt welding elbows shall comply with
ASME B16.9, ASME B16.28, or MSS SP-75, and shall
have pressure and temperature ratings based on the
same stress values as were used in establishing the pres-
sure and temperature limitations for pipe of the same
or equivalent materials.

Factory-made bends and elbows shall have approxi-
mately the same mechanical properties and chemical
composition as the pipe to which they are welded.

(16)
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Transverse segments cut from factory-made wrought
steel welding bends and factory-made elbows may be
used for changes in direction provided the arc distance

404.3.3.2 Notation. The notation used herein is
illustrated in Fig. 404.3.3.1-1. All dimensions are in
inches (millimeters).

measured along the crotch is at least 2 in. (50 mm) on D = outside diameter of header
pipe size NPS 4 and larger. d = outside diameter of branch pipe

If the internal diameter of factory-made bends and D, = internal diameter of header
elbows differs by more than %6 in. (5 mm) from that dc . . .
of the pipe, the fitting shall be treated as indicated in ¢ = internal diameter of branch pipe
Fig. 434.8.6-2, or use a transition nipple not less than D, = internal diameter of extruded outlet measured
one-half pipe diameter in length with acceptable joint at-thetevetof theoutsidesurfaceof fregder
designs ds illustrated in Fig. 434.8.6-2. h, = height of the extruded lip. This must.Be pqual

If factory-made elbows are used in cross-country lines, to or greater than 7, except as-shown|in 7,
care shall|be taken to allow for passage of in-line inspec- below.
tion toold. L = height of the reinforcement/zone

404.216 Wrinkle Bends. Wrinkle bends shall not - 07 ‘/d_T"
be used. 7, = radius of curvature of external contoured por-

tion of outlet measured in the plane contdining

the axes of the header and branch. This i§ sub-
404.3 Branch Connections . S iitar

ject to the following limitations:

404.3]1 General. Branch connections may be made (a) Minimum radius shall n.ot be less| than
by meang of tees, crosses, integrally reinforced extruded 0.05d, €xcept thgt on branch diameters ]arger
outlet hdaders, or welded connections, and shall be thafh/NPS 30 it need not exceed 1.30 in.
designed|in accordance with the requirements of this (38.mm).
paragraph. (b) Maximum radius for outlet pipe|sizes

NPS 8 and larger shall not exceed 0.]10d +

404.3{2 Tees and Crosses. Steel butt welding tees 0.50 in. (13 mm). For outlet pipe sizes lesg than
and crosses may be used for all ratios of branch diameter NPS 8, this dimension shall not be greateg than
to headey diameter and all ratios of design hoop stress 1.25 in. (32 mm).
to specified minimum yield strength of the adjoining (c) When the external contour contains|more
header ahd branch pipe, provided they comply ‘with than one radius, the radius of any arc gector
ASME B16.9, ASME B16.28, or MSS SP-75. Pressure and of approximately 45 deg shall meet the require-
temperatjire ratings shall be based on the same stress ments of for minimum and maximum madius
values ag were used in establishing the pressure and above.

’lceerlzieli’; ;ir;hrmtatlons for pipe of the/same or equiva- (d) Machining shall not be employpd in
1. . order to meet the above requirements.

The mihimum metal thickness 0f flanged or threaded = half-width of reinf ; oD
tees and frosses shall not be less/than specified for the ! alt-widt ? rem orcer.nen zone (equal fo Do)
pressurep and temperatures.in the applicable ASME T, = actual nominal wall thickness of branch
Standard|or the MSS Standard Practice. fy = required thickness of the branch [pipe

according to the wall thickness equatipn in

404.3.3 Integrally Reinforced Extruded Outlet para. 403.2.1
Headers T, = actual nominal wall thickness of header

404.B.3.1_Definition. An extruded outlet header fn = required th.ickness of thfj‘ heéder according to
is defined_as a header in which the extruded lip at the the wall thickness equation in para. 403)2.1
r T, = finished thickness of extruded outlet measured

outlet has a height above the surface of the header that
is equal to or greater than the radius of curvature of the
external contoured portion of the outlet, i.e., h, > 7,. See
Fig. 404.3.3.1-1.

These rules do not apply to any nozzle in which addi-
tional nonintegral material is applied in the form of
rings, pads, or saddles.

These rules apply only to cases where the axis of the
outlet intersects and is perpendicular to the axis of the
header.

26

at a height equal to r, above the outside surface
of the header

404.3.3.3 Criteria for Use. Integrally reinforced
extruded outlet headers may be used for all ratios of
branch diameter to header diameter and all ratios of
design hoop stress to specified minimum yield strength
of the joining header and branch pipe, provided they
comply with this paragraph.
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Fig. 404.3.3.1-1 Reinforced Extruded Outlets
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404.3.3.4 Design. When the design meets the lim-
itations on geometry contained herein, the rules estab-
lished are valid and meet the intent of the Code. These
rules cover minimum requirements and are selected to
ensure satisfactory performance of extruded headers
subjected to pressure. Extruded headers shall be
designed to withstand forces and moments applied to
the branch by thermal expansion and contraction; by
vibration; by deadweight of piping, valves, fittings, cov-
ering, an

404.3.3.5 Required Area. The required area is
defined ps A = K(t;,Dp), where K shall be taken as
follows:
(a) for|d/D >0.60, K = 1.00
(b) for|d/D >0.15 and not exceeding 0.60, K = 0.6 +
%(d/D)
(c) forld/D<0.15, K = 0.70
The depign must meet the criteria that the reinforce-
ment areq defined in para. 404.3.3.6 is not less than the
required prea.

404.8.3.6 Reinforcement Area. The reinforcement
area shall] be the sum of areas A; + A, + A3 as defined
below.
(a) Arep A;. The area lying within the reinforcement
zone resylting from any excess thickness available in
the head¢r wall, i.e.,

Al = Do (Th - th)

(b) Arepp Ay. The area lying within the reinforcemjent
zone resylting from any excess thickness available in
the brangh pipe wall, i.e.,

A2 = 2L (Tb - th)

(c) Arefi A;. The area lying within“the reinforcement
zone resilting from excess thiekness available in the
extruded|outlet lip, i.e.,

As =200 (T, - Ty)

404.8.3.7 Reinforcement of Multiple Openings.
The requjrements.gutlined in para. 404.3.6 shall be fol-
lowed, except-that the required area and reinforcement
area shal] be as given in paras. 404.3.3.5 and 404.3.3.6.

paras. 404.3.4(a) through 404.3.4(d). Where reinforce-
ment is required, paras. 404.3.4(e) and 404.3.4(f) shall
apply.

(a) Smoothly contoured wrought tees or crosses of
proven design or integrally reinforced extruded headers
are preferred. When such tees, crosses, or headers are not
used, the reinforcing member shall extend completely
around the circumference of the header (see
Fig. 404.3.4-1 for typical constructions). Whenever possi-

A . . 1l be

rounded to a % in. (3 mm) radius. If the encircling
ber is thicker than the header and its ends\are fto be
welded to the header, the ends shall be chamfer¢d (at
approximately 45 deg) down to a thickness not in gxcess
of the header thickness, and continuous fillet weldd shall
be made. Pads, partial saddles, ox dther types of Jocal-
ized reinforcements are prohibited.

(b) The reinforcement member may be of the conjplete
encirclement type (see Fig;404.3.4-1), pad or saddlg¢ type
(see Fig. 404.3.4-2), or welding outlet fitting type. Where
attached to the header by fillet welding, the edges of
the reinforcentént member shall be chamfergd (at
approximately45°deg) down to a thickness not in gxcess
of the headet thickness. The diameter of the hole ¢ut in
the headér pipe for a branch connection shall not exceed
the quiside diameter of the branch connection by [more
than'y; in. (6.4 mm).

(c) Reinforcement for branch connections with hole
cut NPS 2 or smaller is not required (see Fig. 404.3.4-3 for
typical details); however, care shall be taken to prpvide
suitable protection against vibrations and other external
forces to which these small branch connections ate fre-
quently subjected.

(d) Reinforcement of opening is not mandatory;how-
ever, reinforcement may be required for cases invdlving
pressure over 100 psi (7 bar), thin wall pipe, or severe
external loads.

(e) If a reinforcement member is required, anfl the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than hdlf the
circumference of the header, then a complete endircle-
ment type of reinforcement member shall be fised,
regardless of the design hoop stress, or a smoothlyf con-
toured wrought steel tee or cross of proven design or
extruded header may be used.

(f) The reinforcement shall be designed in accordlance

404.3.3.8 Marking. The manufacturer shall be
responsible for establishing and marking on the section
containing extruded outlets the design pressure and
temperature, “Established under provisions of
ASME B31.4,” and the manufacturer’s name or
trademark.

404.3.4 Welded Branch Connections. Welded
branch connections shall be as shown in Figs. 404.3.4-1,
404.3.4-2, and 404.3.4-3. Design shall meet the minimum
requirements listed in Table 404.3.4-1 and described in

with para. 404.3.5.

404.3.5 Reinforcement of Single Openings

(a) When welded branch connections are made to
pipe in the form of a single connection, or in a header
or manifold as a series of connections, the design shall
be adequate to control the stress levels in the pipe within
safe limits. The construction shall take cognizance of the
stresses in the remaining pipe wall due to the opening
in the pipe or header, the shear stresses produced by
the pressure acting on the area of the branch opening,

(16)
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Fig. 404.3.4-1 Welding Details for Openings With Complete Encirclement Types of Reinforcement
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NOTES:

(1) Since fluid pressure is exerted on both sides of pipe metal under tee, the pipe metal does not provide reinforcement.

(2) Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment [see
para. 404.3.5(h)]. Not required for tee type.

(3) If the encircling member for tee, sleeve, or saddle type is thicker than the header and its ends are to be welded to the header, the
ends shall be chamfered (at approximately 45 deg) down to a thickness not in excess of the header thickiness.

29
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(16) Fig. 404.3.4-2 Welding Details for Openings With Localized-Type Reinforcement

GENERAL NOTES:

(@ All welds are to have equal leg dimensions and a minimum throat equal to 0.707 X leg dimension.

(b) If the reinforcing member is thicker at its edge than the header, the edge shall be chamfered (at approximately 45 deg) down to a
thickness such that leg dimensions of the fillet weld shall be within the minimum and maximum dimensions specified above.

(©) A hole shall be provided in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 404.3.5(h)].

30
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Fig. 404.3.4-3 Welding Details for Openings Without Reinforcement Other Than That in
Header and Branch Walls

GENERAL NOTE:

When a welding saddle is used, it shall be inserted over this type of connection. See Fig. 404.3.4-2.

Table 404.3.4-1 Design Criteria for.Welded Branch Connections

Ratio |of Design Hoop Stress

Ratio of Diameter of Hole Cut for Branch Connection to Nominal Header Diamefer

to Splecified Minimum Yield

Strpngth of the Header 25% or less

More Than 25%

Through 50% More Than [50%

20% qr less
More than 20% through 50%
More than 50%

See para. 404.3.4(d)
See paras. 404,8.4(b) and (c)
See paras. 4043.4(b) and (c)

See para. 404.3.4(d)
See para. 404.3.4(b)
See para. 404.3.4(b)

See paras. 404.3.4(d) and (e)
See para. 404.3.4{a)
See para. 404.3.4(a)

and pny external loading due)to thermal movement,
weight, vibration, etc., and_shall meet the minimum
requjrements listed intTable 404.3.4-1. The following
paragraphs provide design rules based on the stress
intenification créated by the existence of a hole in an
othefjwise symmeétrical section. External loadings, such
as thjose dueto thermal expansion or unsupported
weight of connecting pipe, have not been evaluated.
These factors should be given attention in unusual
desig iti i g
When pipe that has been cold worked to meet the
specified minimum yield strength is used as a header
containing single or multiple welded branch connec-
tions, stresses shall be in accordance with para. 403.12.

(b) The reinforcement required in the crotch section
of a welded branch connection shall be determined by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required cross-
sectional area as defined in para. 404.3.5(d)(3) and in
Fig. 404.3.5-1.

31

(c) The required cross-sectional area, Ag, is defined
as the product of d times ¢,

AR = dth

length of the finished opening in tle header
wall measured parallel to the axis of the header
= design header wall thickness re

seam weld of the header, the allowable stress
value for seamless pipe of comparable grade
may be used in determining ¢, for the purpose
of reinforcement calculations only. When the
branch does intersect the longitudinal or helical
seam weld of the header, the allowable stress
value, S, of the header shall be used in the
calculation. The allowable stress value, S, of the
branch shall be used in calculating #.
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Fig. 404.3.5-1 Reinforcement of Branch Connections
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(d) The area available for.the reinforcement shall be
the sum §f
(1) the cross-sectipnal area resulting from any
excess thickness ayailable in the header thickness (over
the minimum regquired for the header as defined in
para. 403]2.1)and that lies within the reinforcement area
as definefl in.para. 404.3.5(e)
(2) t i
excess thickness available in the branch wall thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in para. 404.3.5(e)

(3) the cross-sectional area of all added reinforcing
metal, including weld metal, that is welded to the header
wall and lies within the reinforcement area as defined
in para. 404.3.5(e)

(e) The reinforcement area is shown in Fig. 404.3.5-1
and is defined as a rectangle whose length shall extend

“Area of reinforcement” enclosed by
Reinforcement area required A, = df,
Area available as reinforcement = A, + A, + A,

A; = summation of area of all added reinfercement, including
weld areas that lie within the ““aréa of reinforcement”
A, + A, + A; must be equal to or'greater than A,

d = length of the finished opening in the header wall
{measured parallel'to the axis of the header)

M = actual (by measurement) or nominal

thickness of added reinforcement

nominal, wall thickness of branch

nominalwall thickness of header

design.branch wall thickness required by para. 403.2

design header wall thickness required by para. 403.2

32

— ——— lines

a distance, d [see para. 404.3.5(c)], on each side ¢f the
transverse centerline of the finished opening and Whose
width shall extend a distance of 2% times the hpader
wall thickness from the outside surface of the hpader
wall, except that in no case shall it extend more| than
2Y% times the thickness of the branch wall from th¢ out-
side surface of the header or of the reinforcement, if any.
i i shall
have an allowable working stress at least equal to that of
the header wall, except that material of lower allowable
stress may be used if the area is increased in direct ratio
of the allowable stresses for header and reinforcement
material, respectively.

(¢) The material used for ring or saddle reinforcement
may be of specifications differing from those of the pipe,
provided the cross-sectional area is made in correct pro-
portions to the relative strength of the pipe and rein-
forcement materials at the operating temperatures, and
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provided it has welding qualities comparable to those
of the pipe. No credit shall be taken for the additional
strength of material having a higher strength than that
of the part to be reinforced.

(h) When rings or saddles are used that cover the
weld between branch and header, a vent hole shall be
provided in the ring or saddle to reveal leakage in the
weld between branch and header and to provide venting
during welding and heat treatlng operations. Vent holes
shall
sion between | pipe and remforcmg member, but no plug-
ging |material shall be used that would be capable of
sustdining pressure within the crevice.

(i) | The use of ribs or gussets shall not be considered as
contrfibuting to reinforcement to the branch connection.
This |does not prohibit the use of ribs or gussets for
purppses other than reinforcement, such as stiffening.

(j) | The branch shall be attached by a weld for the full
thickhess of the branch or header wall plus a fillet weld,
Wi, 4s shown in Figs. 404.3.4-2 and 404.3.4-3. The use
of concave fillet welds is preferred to minimize corner
stres§ concentration. Ring or saddle reinforcement shall
be atfached as shown by Fig. 404.3.4-2. If the reinforcing
member is thicker at its edge than the header, the edge
shall[be chamfered (at approximately 45 deg) down to
a thigkness so leg dimensions of the fillet weld shall be
within the minimum and maximum dimensions speci-
fied in Fig. 404.3.4-2.

(k)| Reinforcement rings and saddles shall be accus
rately fitted to the parts to which they are attached.
Figutes 404.3.4-1 and 404.3.4-2 illustrate some acceptable
forms of reinforcement.

Branch connections attached at an angle.less than
90 d¢g to the header become progressively weaker as
the gngle decreases. Any such desigi shall be given
indivjidual study, and sufficient réinforcement shall be
provided to compensate for the_ihherent weakness of
such [construction. The use of encircling ribs to support
the flat or reentering surfaces is permissible and may
be influded in the strength/considerations. The designer
is cafitioned that stress.concentrations near the ends of
partipl ribs, straps, or gussets may defeat their reinforc-
ing vialue, and «heir use is not recommended.

404.3.6 Reinforcement of Multiple Openings
(a)) Two,adjacent branches should preferably be
spacgdi\at-such a distance that their individual effective

(b) When more than two adjacent openings are to be
provided with a combined reinforcement, the minimum
distance between centers of any two of these openings
shall preferably be at least 1% times their average diame-
ter, and the area of reinforcement between them shall
be at least equal to 50% of the total required for these
two openings on the cross section being considered.

(c) When two adjacent openings, as considered in
para 4043 6(b) have a dlstance between centers less
] it for rein-
between

3 2 )
forcement shall be given for any of the meta
these two openings.

(d) When pipe that has been coldworked tq meet the
specified minimum yield strength 15 used as|a header
containing single or multiple Welded branch connec-
tions, stresses shall be in accotdance with pata. 403.12.

(e) Any number of closely’spaced adjacent ppenings,
in any arrangement, may be reinforced as if the group
were one assumed @§pening of a diameter englosing all
such openings.

404.4 Flanges

404.4.1 General. The design of flanges [manufac-
tured irvaccordance with para. 404.4 and standgrds listed
in fable 426.1-1 shall be considered suitable for use at
the pressure-temperature ratings as set|forth in
para. 404.1.2. When steel flanged fittings are ysed, they
shall comply with ASME B16.5.

It is permissible to inside taper bore the hubg on weld-
ing neck flanges having dimensions complying with
ASME B16.5 when they are to be attached tothin wall
pipe. It is recommended that the taper shall nqt be more
abrupt than a ratio of 1:3. Pipeline flanges manjufactured
in accordance with MSS SP-44 and ASME 116.47 are
designed for attachment to thin wall pipe angl are pre-
ferred for this service.

Where conditions require the use of flanges ¢ther than
those covered in para. 404.1.2, the flangeg shall be
designed in accordance with the ASME Boiler[and Pres-
sure Vessel Code, Section VIII, Division 1, Mandatory
Appendix 2. Alternatively, Section VIII, Djvision 2,
Part 5, or Section VIII, Division 3 may be used,|provided
the required detailed analysis is performed.

404.4.2 Steel Flanges Within Scope of [Standard
Sizes. Welding neck, slip-on, threaded, and lapped

areas Ol reinforcement do Not overlap. Vhen two or
more adjacent branches are spaced at less than 2 times
their average diameter (so that their effective areas of
reinforcement overlap), the group of openings shall be
reinforced in accordance with para. 404.3.5. The reinforc-
ing metal shall be added as a combined reinforcement,
the strength of which shall equal the combined strengths
of the reinforcements that would be required for the
separate openings. In no case shall any portion of a cross
section be considered to apply to more than one opening,
or be evaluated more than once in a combined area.

33

companion flanges, reducing flanges, blind flanges, and
flanges cast or forged integral with pipe, fittings, or
valves, conforming to ASME B16.5, ASME B16.47, or
MSS SP-44, are permitted in the sizes listed in these
standards and for the pressure-temperature ratings
shown in para. 404.1.2. The bore of welding neck flanges
shall correspond to the inside diameter of the pipe with
which they are to be used.

404.4.3 Cast Iron Flanges Within Scope of Standard
Sizes. Cast iron flanges are prohibited, except those

(16)

(16)
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that are an integral part of cast iron valves, pressure
vessels, and other equipment and proprietary items [see
paras. 404.5.1 and 423.2.4(b)].

404.4.4 Flanges Exceeding Scope of Standard
Sizes. Flanges exceeding scope of standard sizes or
otherwise departing from dimensions listed in
ASME B16.5 or MSS SP-44 may be used provided they
are designed in accordance with para. 404.4.1.

404.4.8.2 Bolting for Insulating Flanges. For insu-
lating flanges, % in. (3 mm) undersize bolting may be
used provided that alloy steel bolting material in accor-
dance with ASTM A193 or ASTM A354 is used.

404.4.8.3 Bolting Steel to Cast Iron Flanges. When
bolting Class 150 steel flanges to Class 125 cast iron
flanges, heat-treated carbon steel or alloy steel bolting
(ASTM A193) may be used only when both flanges are
flat face and the gasket is full face; otherwise, the bolting

404.4.5—Flanges-ef Reetangular-Cross-Seetion:
on flang¢s of rectangular cross section may be used
provided|they are designed so that flange thickness is
increased] to provide strength equal to that of the corres-
ponding hubbed slip-on flange covered by ASME B16.5,
as deternjined by calculations made in accordance with
the ASME Boiler and Pressure Vessel Code, Section VIII,
Division [L.

404.4}6 Flange Facings. Steel or cast iron flanges
shall hav¢ contact faces in accordance with ASME B16.1,
ASME B16.5, or MSS SP-6.

Special facings are permissible provided they are
capable pf withstanding the same tests as those in
ASME B16.5. See para. 404.4.8.3 for bolting steel to cast
iron flanges.

404.4

404.%1.7.1 General. Gasketsshall be made of mate-
rials thatjare not injuriously affected by the fluid in the
piping system, and shall be capable of withstanding
the pressures and temperatures to which they will be
subjected| in service.

404.44.7.2 Standard Gaskets. Gaskets conforming
to ASME|B16.20 or ASME B16.21 may be used-

Metallic gaskets other than ring type or spiral wound
shall not e used with ASME Class 150 ¢rlighter flanges.

The us¢ of metal or metal jacketed igasket (either plain
or corrugated) is not limited (excépt as provided in the
preceding sentence) as to pressure, provided that the
gasket material is suitable for, the service temperature.

Gasket|groups and typical materials may be used as
permitted in Table B-}-of ASME B16.5.

Rings for ring jeint gaskets shall be of dimensions
establish¢d in ASMIE B16.20. The materials for these
rings shall be stiitable for the service conditions encoun-
tered and shall'be softer than the flanges.

[a) FN
O

7 Flange Gaskets

shall have a maximum tensile strength no greater than
the maximum tensile strength of ASTM A307'Grdde B.
When bolting Class 300 steel flanges to Class 25 cast
iron flanges, the bolting shall have a maximum t¢nsile
strength no greater than the maximuin tensile strength
of ASTM A307 Grade B. Good practice indicates that
the flange should be flat faced:

404.4.8.4 Bolting for Special Flanges. For fl
designed in accordance-with para. 404.4.1
paras. 404.4.4 and 404%4.5), bolting shall conform
applicable section of-Section VIII, Division 1, g
ASME Boiler and\Pressure Vessel Code.

nges

(see
o the
f the

404.5 Valves

404.5.1General. Steel valves conforming to|stan-
dards~and specifications listed in Tables 423.1-1 and
426.1~1 may be used. These valves may contain c¢rtain
cast, malleable, or wrought iron parts as providgd for
in API 6D.

Cast iron valves conforming to standards and s
cations listed in Tables 423.1-1 and 426.1-1 may be
for pressures not to exceed 250 psi (17 bar). Care
be exercised to prevent excessive mechanical lo
(see para. 404.4.8.3).

Working pressure ratings of the steel parts of]| steel
valves are applicable with the temperature limitgtions
of —20°F (-30°C) to 250°F (120°C) (see para. 401.2.2.4).
Where resilient, rubber-like, or plastic materials ard used
for sealing, they shall be capable of withstandinyg the
fluid, pressure, and temperature specified for the pliping
system.

ecifi-
used
shall
hding

404.5.2 Special Valves. Special valves not lisfed in
Tables 423.1-1 and 426.1-1 shall be permitted, proyided
that their design is of at least equal strength and fight-
ness and they are capable of withstanding the [same

test & thesestandards) and

404.5.7.3 Special Gaskets. Special gaskets,
including insulating gaskets, may be used provided they
are suitable for the temperatures, pressures, fluids, and
other conditions to which they may be subjected.

404.4.8 Flange Bolts

404.4.8.1 General. Bolting shall conform to
ASME B16.5. Bolts or stud bolts shall extend completely
through the nuts. Nuts shall conform to ASTM A194 or
ASTM A325, except that ASTM A307 Grade B nuts may
be used on ASME Class 150 and ASME Class 300 flanges.

34

testreqtrements—as—eoverea—h

structural features satisfy the material specification and
test procedures of valves in similar service set forth in
the listed standards.

404.6 Reducers

404.6.1 Manufactured Reducers. Reductions in line
size may be made by the use of smoothly contoured
reducers manufactured in accordance with ASME B16.5,
ASME B16.9, or MSS SP-75. Reducer fittings shall have
pressure-temperature ratings based on the same stress
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values as were used in establishing the pressure—
temperature limitations for pipe of the same or equiva-
lent material.

Where appropriate, changes in diameter may be
accomplished by reducing elbows, reducing outlet tees,
or valves.

404.6.2 Fabricated Reducers. Fabricated reducers
shall conform to the requirements of para. 404.10. Seam
welds of fabricated reducers shall be visually inspected

404.7.4 Fabricated Closures. Orange peel bull plugs
are prohibited on systems operating at a hoop stress
more than 20% of the specified minimum yield strength
of the pipe. Fishtails and flat closures are permitted for
NPS 3 and smaller, operating at less than 100 psi (7 bar).
Fishtails and flat closures on pipe larger than NPS 3 are
prohibited.

404.7.5 Bolted Blind Flange Closures. Bolted blind
flange closures shall conform to para. 404.4.

and inspected by radiography or ultrasonic shear wave
techrjiques.

404.6.3 Orange Peel Swages. Orange peel swages
are prohibited in systems operating at hoop stresses of
more than 20% of the specified minimum yield strength
of the pipe. Seam welds shall be visually inspected.

404.

4
clos

¢ Closures

4.7.1 Quick-Opening Closures. A quick-opening
re is a pressure-containing component (see
para]404.10) used for repeated access to the interior of
a piging system. It is not the intent of this Code to
impdse the requirements of a specific design method on
the dpsigner or manufacturer of a quick-opening closure.

Quick-opening closures used for pressure contain-
ment under this Code shall have pressure and tempera-
ture[ratings equal to or in excess of the design
requirements of the pipeline system to which they aré
attached (see paras. 403.1 through 403.6).

Qick-opening closures shall be equipped with'safety
locking devices in compliance with Section VIII,
Dividion 1, UG-35(b) of the ASME Boilersand Pressure
Vessgl Code.

Wegld end preparation shall be in ‘accordance with
para|434.8.6.

404.7.2 ClosureFittings. Closure fittings commonly
referfed to as “weld caps” shall’be designed and manu-
factuped in accordance with"ASME B16.9 or MSS SP-75.

404.7.3 ClosureHeads. Closure heads such as flat,
ellipgoidal (other(than in para. 404.7.2), spherical, or
coniqdal heads are-allowed for use under this Code. Such
itemg shall be‘designed in accordance with Section VIII,
Dividion#, of the ASME Boiler and Pressure Vessel Code.
The maximum allowable stresses for materials used in

404.8 Joints

404.8.1 Butt Welds. Butt welded jeints shall be in
accordance with Chapter V.

404.8.2 Flange Joints. Flanged joints shal| meet the

requirements of para. 4044,

404.8.3 Threaded Joints. All external pige threads
on piping components:shall be taper pipe threads. They
shall be line piperthreads in accordance with API 5B,
or NPT threads i’ accordance with ASME B1.20.1. All
internal pipe\threads on piping components shall be
taper pipe/threads, except for sizes NPS 2 and smaller
with design gage pressures not exceeding 150 psi
(10 bar), in which case straight threads may be used.

404.8.4 Sleeve, Coupled, and Other Patented Joints.
Steel connectors and swivels complying with API 6H
may be used. Cast, malleable, and wroyght iron
threaded couplings are acceptable subject to the limits
of para. 423.2.4. Sleeve, coupled, and other|patented
joints may be used provided

(a) a production joint has been subject to froof tests
to determine the safety of the joints under $imulated
service conditions. When vibration, fatigue, cy¢lic condi-
tions, low temperature, thermal expansion| or other
severe conditions are anticipated, the applicable condi-
tions shall be incorporated in the tests.

(b) adequate provisions are made to prevent separa-
tion of the joint and to prevent longitudinal|or lateral
movement beyond the limits provided for in the joining
member.

404.9 Supports, Braces, Anchors, and Attachments

404.9.1 General. The applicable sections of MSS
SP-58 for materials and design of pipe hangerg and sup-

thesectosure teads strattbeestablished trder the provi=
sions of para. 403.2.

If welds are used in the construction of these heads,
they shall be 100% radiographically inspected in accor-
dance with the provisions of Section VIII, Division 1.

Closure heads shall have pressure and temperature
ratings equal to or in excess of the requirements of
para. 403.2.1. It is not the intent of this Code to necessar-
ily extend the design requirements of Section VIII,
Division 1 to other components in which closure heads
are part of a complete assembly.
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ports and of MSS SP-69 for their selection and applica-
tion may be used.

If pipe is designed to operate above 20% S, , all attach-
ments welded to the pipe shall be made to a separate
cylindrical member that completely encircles the pipe,
and this encircling member shall be welded to the pipe
by continuous circumferential welds.

404.9.2 Supports. Supports shall be designed to
support the pipe without causing excessive local stresses
in the pipe and without imposing excessive axial or


https://asmenormdoc.com/api2/?name=ASME B31.4 2016.pdf

ASME B31.4-2016

lateral friction forces that might prevent the desired free-
dom of movement.

404.9.3 Braces. Braces and damping devices may
occasionally be required to prevent vibration of piping.

404.9.4 Attachments. All attachments to the pipe
shall be designed to minimize the added stresses in
the pipe wall because of the attachment. Nonintegral
attachments, such as pipe clamps and ring girders, are

404.11 Used Piping Components

Used piping components such as fittings, elbows,
bends, intersections, couplings, reducers, closures,
flanges, valves, and equipment may be reused. (Reuse
of pipe is covered by para. 403.10). However, such com-
ponents and equipment shall be cleaned, examined, and
reconditioned, if necessary, to ensure that they meet all
requirements for the intended service and are free of
defects, See ASME PCC-2 for more information about

preferref‘] where {-ho} wall fulfill the cnppnv{-ing or

anchoring functions.

External and internal attachments to piping shall be
designed|so they will not cause flattening of the pipe,
excessive|localized bending stresses, or harmful thermal
gradients in the pipe wall.

404.10 Qther Pressure-Containing Components

Pressuge-containing components that are not covered
by the stagndards listed in Table 423.1-1 or Table 426.1-1
and for which design equations or procedures are not
given hetein may be used where the design of similarly
shaped, proportioned, and sized components has been
proven shtisfactory by successful performance under
comparalple service conditions. (Interpolation may be
made befween similarly shaped proved components
with small differences in size or proportion.) In the
absence qf such service experience, the pressure design
shall be bpsed on an analysis consistent with the general
design philosophy embodied in this Code, and substan-
tiated by|at least one of the following:

(a) propf tests (as described in UG-101 of Section VI
Division ], of the ASME Boiler and Pressure Vessel Code)

(b) experimental stress analysis (as deseribed in
Annex 5-F of Section VIII, Division 2, of the ASME Boiler
and Presgure Vessel Code)

(c) englineering calculations

flange repair and conversion.

In addition, reuse shall be contingent on identifidation
of the specification under which the item wasoriginally
produced. Where the specification cannotbe identified,
use shall be prohibited.

404.12 Auxiliary and Relief Riping

404.12.1 Instrument and“Other Auxiliary Piping.
All instrument and other/auxiliary piping connecfed to
primary piping and (that operates at a gage pressure
exceeding 15 psi{¥ bar) shall be constructed in gccor-
dance with the)provisions of this Code.

404.12.2 Relief Piping. Pressure disposal or |relief
piping between pressure origin point and relief device
shallbe in accordance with this Code.

An’isolation valve capable of full design flow [relief
may be installed between origin point and relief device
providing such valve can be locked or sealed in the
open position. Disposal piping from relief device|shall
be connected to a proper disposal facility, whichl may
be a flare stack, suitable pit, sump, or tank. This disposal
piping shall have no valve between relief devic¢ and
disposal facility unless such valve can be locked or
sealed in the open position.
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Chapter Il
Materials

423 MATERIALS — GENERAL REQUIREMENTS

Steel pipe designed to be operated at a hoop stress

423,

(a)| The materials used shall conform to the specifica-
tions| listed in Table 423.1-1 or shall meet the require-
menis of this Code for materials not listed. Specific
editipns of standards incorporated in this Code by refer-
ence,| and the names and addresses of the sponsoring
organizations, are shown in Mandatory Appendix I,
since| it is not practical to refer to a specific edition of
each ptandard in Table 423.1-1 and throughout the Code
text. Mandatory Appendix I will be revised at intervals,
as ngeded. Materials and components conforming to a
specffication or standard previously listed in
Tabld 423.1-1, or to a superseded edition of a listed speci-
ficatipn or standard, may be used.

(b)| Except as otherwise provided for in this Code,
mateyials that do not conform to a listed specification
or stgndard in Table 423.1-1 may be used provided they
confgrm to a published specification covering chemistry,
physjcal and mechanical properties, method and process
of manufacture, heat treatment, and quality control; and
othefwise meet the requirements of this Code. Allowable
strespes shall be determined in accordance\with the
applicable allowable stress basis of this Cede or a more
consg¢rvative basis.

| Acceptable Materials and Specifications

423.2 Limitations on Materials

423.2.1 General

(a)] The designer shall give'¢onsideration to the signif-
icande of temperature on _the performance of the mate-
rial. ome of the matérials conforming to specifications
refer¢nced for use under this Code may not have proper-
ties suitable for operation at temperatures below —20°F
(-309C). Users of this Code are cautioned to consider
the effectsof\low temperature and the potential impact
on frhcture performance at low temperatures.

(b)LSelection of material to resist corrosion, erosion

of more than 20% S, shall be impact tested inagcordance
with the procedures of API 5L, PSL 2, or"ASTM A333.
The test temperature shall be the lowet of 32°F (0°C) or
the lowest expected metal temperature” during service,
having regard to past recorded temperature|data and
possible effects of lower air and)ground temperatures.
The average of the Charpy energy values from|each heat
shall meet or exceed the following:

(a) For all grades with'an S, equal to or greater than
42,000 psi (289 MPa),"the required minimum average
(set of three specimens) absorbed energy for feach heat
based on full-§ized 0.394 in. X 0.394 in. (10 mm [X 10 mm)
specimens-shall be 20 Ib-ft (27 ]) for transverse gpecimens
or 30 Ib<ft\(41 J) for longitudinal samples.

(b)-For all grades with an S, less than 42,000 psi
(289 MPa), the required minimum average (s¢t of three
specimens) absorbed energy for each heat bas¢d on full-
sized 0.394 in. X 0.394 in. (10 mm X 10 mm) §pecimens
shall be 13 1b-ft (18 J).

423.2.4 Cast, Malleable, and Wrought Iron
(a) Cast, malleable, and wrought iron shgll not be
used for pressure-containing parts except as|provided
in paras. 404.5 and 423.2.4(b).
(b) Cast, malleable, and wrought iron are dcceptable
in pressure vessels and other equipment|noted in
para. 400.1.2(b), except that pressure-contairfing parts
shall be limited to pressures not ekceeding
250 psi (17 bar).

423.2.5 Materials for Liquid Anhydrous Ammonia
Pipeline Systems. Only steel conforming to |specifica-
tions listed in Mandatory Appendix I shall b¢ used for
pressure-containing piping components and eguipment
in liquid anhydrous ammonia pipeline systems. How-
ever, internal parts of such piping components and
equipment may be made of other materials syitable for

and other deterioration in service is not within the scope
of this Code. It is the designer’s responsibility to select
materials suitable for the fluid or slurry service under
the intended operating conditions. An example of a
source of information on materials performance in corro-
sive environments is the Corrosion Data Survey pub-
lished by the National Association of Corrosion
Engineers.

423.2.3 Steel. Steels for pipe are shown in
Table 423.1-1 (except as noted in para. 423.2.5).
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theservice:

The longitudinal or helical seam weld of electric resist-
ance welded and electric induction welded pipe shall
be normalized.

Cold formed fittings shall be normalized after
fabrication.

Except for the quantities permitted in steels by indi-
vidual specifications for steels listed in Mandatory
Appendix I, the use of copper, zinc, or alloys of these
metals is prohibited for all pressure piping components
subject to a liquid anhydrous ammonia environment.
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423.2.6 Materials for Use in Low-Temperature Appli-
cations. Whenever the minimum design temperature
(see para. 401.2.3.7) is below —20°F (-30°C), a fracture
control program shall be established. The program shall
address parent materials, the parent material seam weld
(if present), circumferential butt welds, attachment
welds, and any weld heat-affected zone (HAZ). Of pri-
mary importance in the fracture control program is the
prevention of fracture initiation that can occur at small
stress concentrations—As—a-minimum acty
trol progiam shall require Charpy impact energy testing
at or belgw the minimum design temperature, as noted
in para. #23.2.3. The specific energy requirement is a
function lof the strength of the material, its thickness,
and the flesign stress, but shall not be less than the
energy values specified in paras. 423.2.3(a) and (b). See
para. 403|7 for additional requirements relative to frac-
ture contfol for pipe.

Provided the manufacturer’s fracture toughness test-
ing of reference is performed at or below the pipeline

on A a ne e

minimum design temperature and meets the require-
ments of the fracture control plan, additional toughness
testing of the material is not required.

Welding procedures for circumferential welds shall be
qualified as conforming to the fracture control program
by Charpy testing at or below the minimum design
temperature.

A

ARTS

425.3 Gaskets

Limitations on gasket materials afe cover
para. 408.4.

ed in

425.4 Bolting

Limitations on bolting-materials are covergd in
para. 408.5.
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Table 423.1-1 Material Standards

Standard or Specification Designation

Pipe
Pipe, Steel, Black & Hot-Dipped, Zinc-Coated Welded & S€amless . .....vuuiin ettt ittt i i e eieennnn ASTM A53
Seamless Carbon Steel Pipe for High-Temperature Service ............ oottt ASTM A106
Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and OVEI) .. ...outiiint et iie et iie et ie e iie i ASTM A134
Electric-Resistance-Welded Steel Pipe ... ...ttt e ittt e e e ettt ettt e ASTM A135
Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and OVEI) ...ttt ittt ittt ettt eieeas ASTM A139
Seamless and Heavily Cold Worked Welded Austenitic Stainless Steel Pipe . .............c.oooouuuieuneeenaeen... ASTM A312
Seanless and Welded Steel Pipe for Low Temperature Service ... ....uuvutnen ettt ittt teiinnennens ASTM A333
Electfic Fusion Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service and General

A o] o1 LoF= 4 e PSP 4 ASTM A358
Metal|-Arc-Welded Steel Pipe for Use With High-Pressure Transmission Systems .............c.oiiienvenen. .. ASTM A381
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service ............cccviie benn. ASTM A409
Seamlless Carbon Steel Pipe for Atmospheric and Lower Temperatures .............c.coovevnnivennnn iy, ASTM A524
Genefal Requirements for Specialized Carbon and Alloy Steel Pipe ......c.coviiniiniininiininn ... [ASTM A530
Electfic-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures ............ccoovvee. OS/al L. ASTM A671
Electtlic-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures ......... =53 ............ ASTM A672
Seanless and Welded Ferritic/Austenitic Stainless Steel PIpe .. ...ttt iaee e eeianneeeann [ASTM A790
Ferrit{c/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded With Addition of FillerMetal ................ ASTM A928
Line Pipe [Note (1)] « vt ettt Y API 5L
Fittings, Valves, and Flanges
Pipe Flanges and Flanged Fittings ... ...ttt i i i e AN s e ettt ettt e SME B16.5
Valvep — Flanged, Threaded, and Welding End . ... ..ot A ittt it et et e e A$ME B16.34
Large] Diameter Steel Flanges . ..ottt ittt e e e e e e D e e e e A$ME B16.47

Factofy-Made Wrought Steel Buttwelding Induction Bends for Transportationand Distribution Systems .............. A$ME B16.49
Carbgn Steel Forgings for Piping Components .. .. ... ...ttt i B et ettt ettt te e ea e eanennens ASTM A105
Gray |ron Castings for Valves, Flanges, and Pipe Fittings .. .... .0 oottt i i i i e e i e ASTM A126
Carbgn Steel Forgings for General-Purpose Piping .. ... ... s ..ottt i i e ee e ASTM A181
Forgeld or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature

LS Y=T 17 o PSP P ASTM A182
Steel|Castings, Carbon, Suitable for Fusion Welding, fof High Temperature Service .......... .. . i, ASTM A216
Steel|Castings, Martensitic Stainless and Alloy, forPressure Containing Parts, Suitable for High-Temperature

ST 17 o= ASTM A217
Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Services ............... ASTM A234
Carbgn and Low-Alloy Steel Forgings, Requiring Notch Toughness Testing for Piping Components .................. [ASTM A350
Castings, Austenitic, for Pressure-Containing Parts . ...t tnn ittt ittt it it e ettt ASTM A351
Ferrit|c Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures ...........c.viuiirnenennenn.. ASTM A395
Wrought Austenitic Stainless St€el\PIping Fittings ... ...ttt e et e ASTM A403
Piping Fittings of Wrought Catbon Steel and Alloy Steel for Low Temperature Service [Note (2)] ............cun.... ASTM A420
Steel|Castings Suitable fORPIESSUIE SEIVICE . . ..ottt e et et e ettt ASTM A487
Carbgn and Alloy Steel¢Forgings for Pipe Flanges, Fittings, Valves, and Parts for High-Pressure Transmission

SIVICE .ot e e ASTM A694
Forgeld, Carbon and-Alloy Steel Flanges for Low-Temperature Service .. ........vuuviivintinennennennennennnn ASTM A707
Wrought FerriticyFerritic/Austenitic, and Martensitic Stainless Steel Piping Fittings ........... ... ... oo, [ASTM A815
WellHead @nd.Christmas Tree EQUIPMENT . ...ttt ettt et et et et te e e enaennn APl 6A
Pl N A S . .ottt e e e e e e e e e e e e e API 6D
Subsea Dirr_\nlinﬂ \/alye API 6DSS
End Closures, Connectors and SWIVElS .. ... ...ttt e et ettt APl 6H
Steel Gate Valves, Flanged and Buttwelding Ends ... ...ttt it i ettt ie e eneen APl 600
Compact Carbon Steel Gate Valves .. ...iu ittt it it it it ettt ettt e e API 602
Class 150, Corrosion Resistant Gate Valves . ... ..ttt i ittt et ettt et et et ettt e e APl 603
Steel Pipeling Flanges . .ottt ittt et e et et e e e e e e e e MSS SP-44
Quality Standard for Steel Castings for Valves, Flanges and Fittings and Other Piping Components ................. MSS SP-55
Specification For High Test Wrought Butt Welding Fittings . ......o ottt i i i i it e i i MSS SP-75
Class 3000 Steel Pipe Unions Socket Welding and Threaded ......... ...ttt MSS SP-83
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Table 423.1-1 Material Standards (Cont’d)

Standard or Specification Designation

Bolting
Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature or High Pressure Service and Other Special

PUIPOSE APPlICatiONS .o\ttt e e e e e e ASTM A193
Carbon and Alloy Steel Nuts for Bolts for High-Pressure or High-Temperature Service, or Both ..................... ASTM A194
Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength . ... ... it i i i i i ASTM A307
Alloy Steel and Stainless Steel Bolting Materials for Low-Temperature Service ............ooeuiiiiineennneennn.. ASTM A320
Structural petts;SteetHeatFreated; 12005 ksi-Mintmum—TFensiteStrergth ASTH A325
Quenched|and Tempered Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners ....................... ASTM A354
Hex Cap Sfrews, Bolts and Studs, Steel, Heat Treated, 120/105/90 ksi Minimum Tensile Strength, General Use ... ... ASTM A449
Structural Bolts, Alloy Steel, Heat Treated, 150 ksi Minimum Tensile Strength ......... .. .. i, ASTM A490
Plates, Bafs, and Structural Shapes [Note (3)]
General Rdquirements for Rolled Structural Steel Bars, Plates, Shapes, and Sheet Piling ................... . A9TM A6
General Rquirements for Steel Plates for Pressure VESSElS . ....ovuirn ittt iiennnendia ASTM A20
General Rdquirements for Steel Bars, Carbon and Alloy, Hot-Wrought .......... ... .. .. o i 0V, ASTM A29
Carbon Stuctural Steel . . ..ot i N e ASTM A36
Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium-Nickel ......... ... .. .. i St ASTM A225
Chromium|and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and fer

General JAPPlICAtIONS vttt e e e ASTM A240
High-Strength Low-Alloy Structural Steel . ... it N ASTM A242
Low and Itermediate Tensile Strength Carbon Steel Plates ............. ... AN i, ASTM A283
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength . ... .8 .. ... ASTM A285
High-Strength Low-Alloy Structural Manganese Vanadium Steel ............. .. 000 . ittt ASTM A441
Pressure Vessel Plates, Carbon Steel, Improved Transition Properties ........ 000 ..., ASTM A442
General Rdquirements for Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Ralled .......... ..., ASTM A505
Alloy and btructural Alloy Steel, Sheet and Strip, Hot-Rolled and Cold-Rolled, . .......... ..., ASTM A506
Alloy Drawjng and Alloy Steel, Sheet and Strip, Hot-Rolled and Cold-Rolled ............ ..., ASTM A507
High-Yield{Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding ......... ... .. ... ... ASTM A514
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Highef-Temperature Service ...........cciviiviinon... ASTM A515
Pressure Vessel Plates, Carbon Steel, for Moderate- and LowerTemperature Service ...........c.oiiiiieennaan.. ASTM A516
Pressure Vessel Plates, Alloy Steel, High-Strength, Quenched-and Tempered ........... ..ottt enn... ASTM A517
Pressure Vessel Plates, Heat Treated, Carbon-Manganese-Silicon Steel ........ ... ... ... ASTM A537
High-Strength Low-Alloy Columbium-Vanadium Structdral Steels . ........o it i i ASTM A572
Structural [Carbon Steel Plates of Improved TOUgHRESS . ... ..ottt e et ASTM A573
Steel Bars| Carbon, Merchant Quality, M-Grades .. ..... ..ottt i et et e ASTM A575
Steel Bars| Carbon, Hot-Wrought, Special QUality . .........c.oiiiiiiinntit ittt ittt e te i ieiienaeneens ASTM A576
Normalized High-Strength Low-Alloy Structural Steel . ... ... ...t i e e e i e ASTM A633
Steel Bars| Carbon, Merchant Quality; Mechanical Properties . ......c.vuiiin it it et e e i ASTM A663
Steel Bars| Carbon, Hot-WroughtaSpecial Quality, Mechanical Properties ........ ... i, ASTM A675
Pressure Vessel Plates, High-Strength, Low-Alloy Steel . ...ttt i i i i it it et ie s ASTM A737
Standard $pecification for,Strlictural Steel Shapes . ....... .. i ASTM A992
Miscellangous
Pipe Hanggrs andiSupports — Materials, Design and Manufacture . ...ttt it i MSS| SP-58
GENERAL NOTE: ~ Specific editions of standards incorporated in this Code by reference, and the names and addresses of the sporjsoring

organizations, are shown in Mandatory Appendix I, since it is not practical to refer to a specific edition of each standard in Table 423.1-1 and

throughout
NOTES:

(1) Use of
(2) A420 G

the Code text. Mandatory Appendix | will be revised at intervals as needed.

PSL 2 pipe is recommended.
rade WPL9 is not recommended for anhydrous ammonia due to copper content.

(3) A36 and A992 are not permitted for pressure-containing parts such as patches, reinforcement plates, or fully welded sleeves.
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Chapter IV
Dimensional Requirements

DIMENSIONAL REQUIREMENTS FOR

426.2 Nonstandard Piping Components

426.

Di
listed
tions|
ment

STANDARD AND NONSTANDARD PIPING
COMPONENTS

| Standard Piping Components

mensional standards for piping components are

in Table 426.1-1. Also, certain material specifica-
listed in Table 423.1-1 contain dimensional require-
5 that are requirements of section 426. Dimensions

of piping components shall comply with these standards

and

specifications unless the provisions of para. 426.2

are met.

The dimensions for nonstandard piping(¢e
shall be such as to provide strength and ‘per

mponents
formance

equivalent to standard components or as providled under

section 404. Wherever practical, these dimens
conform to those of comparable standard cox

426.3 Threads

The dimensions of all piping connection th
otherwise covered by(governing component
or specification shall\¢onform to the requirems
applicable standards listed in Table 426
para. 414.1).

ions shall
nponents.

reads not
standard
nts of the
.1-1 (see
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Table 426.1-1 Dimensional Standards

Standard or Specification Designation
Pipe
Welded and Seamless Wrought Steel Pipe . ... .ot e e e et ASME B36.10M
Stainless Steel Pipe .. .t e e e ASME B36.19M
Line Pipe (Combination of former APl Spec. 5L, 5LS, and 5LX) ... u ettt e API 5L
Fittings, Valves, and Flanges
Pipe Flangps and Flanged Fittings . ... .. ...ttt e e e e et ettt et e ASME|B16.5
Factory-Made Wrought Buttwelding Fittings . ... ...ttt i ittt ettt it it et et eie e ASME|B16.9
Face-to-Fade and End-to-End Dimensions of Valves .. ...ttt ettt et et e iy ASME B16.10
Forged Fittjngs, Socket-Welding and Threaded . ..........iiniii ittt ittt et et e ie e e e o ASME B16.11
Metallic Gaskets for Pipe Flanges — Ring Joint, Spiral-Wound, and Jacketed ........ ... .. ... .. a0 L. ASME B16.20
Nonmetallic Flat Gaskets for Pipe Flanges . ......oviii ittt it iieiieiieiieineineen e A ASME B16.21
BUHWELAINIG ENAS ..ttt ettt e e et ettt e ettt e e e e e e e A e ASME B16.25
Wrought Steel Buttwelding Short Radius Elbows and Returns ........ ...l b, ASME B16.28
Valves — Hanged, Threaded, and Welding End . ...... ... oottt ) ASME B16.34
Orifice FlaMges .« oottt e e e e e e S ASME B16.36
Large Diameter Steel Flanges ... .vtit it it et i e i e e e e ASME B16.47
Line Blankb . ...t et e e N e ASME B16.48
Wellhead 3dnd Christmas Tree Equipment ....... ..o e A e APl 6A
Pipeline VAIves . ...t i ittt T e APl 6D
Steel Gate|Valves, Flanged and Buttwelding Ends ...t M ittt ittt et et et et et e e e API 600
Compact arbon Steel Gate Valves . ...ttt it e i ettt et ettt e APl 602
Class 150,| Corrosion Resistant Gate Valves ...........oouuiiinie @8ttt APl 603
Standard ﬂ/i‘nishes for Contact Faces of Pipe Flanges and Connectifg-End Flanges of Valves and Fittings ............. MSB SP-6
Standard Marking System for Valves, Fittings, Flanges and URions” . ... .. ... ittt MSS| SP-25
Steel Pipeline FLanges . ..ot ol g e e e e e e e e e e e e e MSS| SP-44
Pressure Testing of Steel Valves . ... i i it ittt et e et e e e e MSS|SP-61
BUterfly VRIVES .ottt e e e T e e e e e e e e e e e e MSS|SP-67
Cast Iron (ate Valves, Flanged and Threaded Ends . .. .ottt i i e ettt et et et et e e e e MSS| SP-70
Cast Iron qwing Check Valves, Flanged and Fhreaded Ends . ........ ...ttt ittt MSS|SP-71
Specificatipn for High Test Wrought Butt Welding Fittings . ...ttt i ittt MSS]| SP-75
Cast Iron Rlug Valves, Flanged and Threaded Ends . ...... ...ttt ittt e e eneen MSS| SP-78
Class 300(Q Steel Pipe Unions Socket\Velding and Threaded .........oiuiiiiiniin it iieiie e MSS| SP-83
Swage(d) INipples and Bull PlUgSt s/ -« oot ettt et e ettt e e e e e MSS| SP-95
Integrally Reinforced Forged Brafich Outlet Fittings ... ... ..ottt i e e e e MSS| SP-97
Miscellaneous
Unified Ingh ScefewsThreads (UN and UNR Thread FOrmM) ...ttt ettt i e eeiiaaens ASME B1.1
Pipe Threaldsy G&neral PUrPoSse (INCH) ...ttt ettt ettt e e e ettt ettt ASME BJ1.20.1
Dryseal Pipe—Fhreads (:IIL:I) ........................................................................... ASME .20.3
Threading, Gaging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads ..........c.ccvuvivivenven.. API 5B
Pipe Hangers and Supports — Selection and Application. .......iui it i i i it et e e MSS SP-69

GENERAL NOTE: Specific editions of standards incorporated in this Code by reference, and the names and addresses of the sponsoring
organizations, are shown in Mandatory Appendix I, since it is not practical to refer to a specific edition of each standard in Table 426.1-1 and
throughout the Code text. Mandatory Appendix | will be revised at intervals as needed.

42


https://asmenormdoc.com/api2/?name=ASME B31.4 2016.pdf

ASME B31.4-2016

Chapter V
Construction, Welding, and Assembly

434 CONSTRUCTION

434.3.2 Construction Requirements. Inconvenience

434.1 General

New construction and replacements of existing sys-
tems|shall be in accordance with the requirements of
this Chapter. Where written specifications are required,
they[shall be in sufficient detail to ensure that the
requirements of this Code shall be met. Such specifica-
tions|shall include specific details on handling of pipe,
equipment, materials, welding, and all construction fac-
tors fhat contribute to safety and sound engineering
practice. It is not intended herein that all construction
itemg be covered in full detail, since the specification
should be all-inclusive. Whether covered specifically or
not, gll construction and materials shall be in accordance
with|good engineering, safety, and proven pipeline
practice.

434,

434.2.1 Construction Personnel. Construction per-
sonngl involved in critical activities shall be qualified
by ejther experience or training. Critical activities
include, but are not limited to, the following:

(a)

(b)

(c)|individuals responsible forJocating underground
strucfures or utilities

(d)] individuals responsible-for establishing the loca-
tion of the pilot string during drilling operations

(e)| blasting operations

43

P Qualifications

operation of construction equipment
directional drilling equipmentsoperators

84.2.2 Inspection. The operating company shall
makg provisiofifor suitable inspection of pipeline and
related facilities'by qualified inspectors to ensure com-
pliance withthe construction specifications. Qualifica-
tion pflinspection personnel and the type and extent of

to the landowner should be a minimum, and safety of
the public shall be given prime consideration.

(a) All blasting shall be in accordance with governing
regulations and shall be performed\by compgetent and
qualified personnel, and performed so as tp provide
adequate protection to the geneéral public; |ivestock;
wildlife; buildings; telephone, telegraph, and power
lines; underground structurés; and any other property
in the proximity of the-blasting.

(b) In grading theight-of-way, every effort shall be
made to minimjze damage to the land and prevent
abnormal drainage and erosive conditions. The land is to
be restored to as nearly original condition as is| practical.

(c) In cénstructing pipeline crossings of failroads,
highways, streams, lakes, rivers, etc., safety pjecautions
such as signs, lights, guardrails, etc., shall be maintained
if'the interest of public safety. The crossings shgll comply
with the applicable rules, regulations, and r¢strictions
of regulatory bodies having jurisdiction.

434.3.3 Survey and Staking or Marking.
shall be surveyed and staked, and such staking
ing should be maintained during constructiqn, except
route of pipeline offshore shall be surveyed and the
pipeline shall be properly located within the
right-of-way by maintaining survey route nfarkers or
by surveying during construction.

434.4 Handling, Hauling, Stringing, and Stg

Care shall be exercised in the handling or
pipe, casing, coating materials, valves, fittings,[and other
materials to prevent damage. Transportation| by truck
or other road vehicles, rail cars, and marine vepsels shall
be performed in such a manner as to avoid damage to
the pipe and any pre-applied coatings. Trangportation
of line pipe shall conform to the requirements of
APIRP 5LW and APIRP 5L1, as applicable. In|the event
pipe is yard coated or mill coated, adequate pecautions

The route
or mark-

ring
storing of

inspection shall be in accordance with the requirements
of section 436. Repairs required during new construction
shall be in accordance with paras. 434.5, 434.8, and
461.1.2.

434.3 Right-of-Way

434.3.1 Location. Right-of-way should be selected
so as to minimize the possibility of hazard from future
industrial or urban development or encroachment on
the right-of-way.

43

shall be taken to prevent damage to the coating when
hauling, lifting, and placing on the right-of-way. Pipe
shall not be allowed to drop and strike objects that will
distort, dent, flatten, gouge, or notch the pipe or damage
the coating, but shall be lifted or lowered by suitable
and safe equipment.

434.5 Damage to Fabricated Items and Pipe

(a) Fabricated items such as scraper traps, manifolds,
volume chambers, etc., shall be inspected before assem-
bly into the mainline or manifolding and defects shall
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be repaired in accordance with provisions of the stan-
dard or specification applicable to their manufacture.
(b) Pipe shall be inspected before coating and before
assembly into the mainline or manifolding. Distortion,
buckling, denting, flattening, gouging, grooves, or
notches, and all defects of this nature, shall be prevented,
repaired, or eliminated as specified herein.
(1) Injurious gouges, grooves, or notches shall be
removed. These defects may be repaired by the use of

(c) Location of underground structures intersecting
the ditch route shall be determined in advance of con-
struction activities to prevent damage to such structures.

(d) Ditching operations shall follow good pipeline
practice and consideration of public safety. API RP 1102
will provide additional guidance.

434.7 Bends, Miters, and Elbows

welding procedures prescribed in API 5L or removed
by grindihg, provided the resulting wall thickness is not
less than|that permitted by the material specification.

(2) When conditions outlined in para. 434.5(b)(1)
cannot b¢ met, the damaged portion shall be removed
as a cylipder. Insert patching is not permitted. Weld-
on patching, other than complete encirclement, is not
permitted in pipelines intended to operate at a hoop
stress of nore than 20% of the specified minimum yield
strength of the pipe.

(3) Nlotches or laminations on pipe ends shall not
be repairpd. The damaged end shall be removed as a
cylinder gnd the pipe end properly rebeveled.

(4) Distorted or flattened lengths shall be
discarded.

(5) A dent containing a stress concentrator, such as
a scratch/ gouge, groove, or arc burn, shall be removed
by cutting out the damaged portion of the pipe as a
cylinder.

(6) All dents that affect the curvature of the pipe
at the seam or at any girth weld shall be removed as in
para.4345(b)(5). All dents that exceed a maximum depth
of % in. (p.4 mm) in pipe NPS 12 and smaller/o1"2% of
the nomipal pipe diameter in sizes greater than NPS 12,
shall not be permitted in pipelines intended\to operate at
a hoop sttess of more than 20% of the specified minimum
yield strgngth of the pipe. Insert patching, overlay, or
pounding out of dents shall not be'permitted in pipelines
intended|to operate at a hogp-stress of more than 20%
of the spgcified minimum yield strength of the pipe.

(7) Buckled pipe shall'be replaced as a cylinder.

434.6 D

location, [surfaee use of the land, terrain features, and
loads impesed-byroadwaysand railroads- e
pipelines shall be installed below the normal level of
cultivation and with a minimum cover not less than that
shown in Table 434.6-1. Where the cover provisions of
Table 434.6-1 cannot be met, pipe may be installed with
less cover if additional protection is provided to with-
stand anticipated external loads and to minimize dam-
age to the pipe by external forces.

(b) Width and grade of ditch shall provide for low-
ering of the pipe into the ditch to minimize damage to
the coating and to facilitate fitting the pipe to the ditch.

aVa atsVa JA) a
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Changes in direction, including sags or overbends
required to conform to the contour of the ditchaay be
made by bending the pipe or using miters, factory-made
bends, or elbows. (See limitations in para #04.2.)

434.7.1 Bends Made From Pipe

(a) Bends shall be made from pipe-having wall thick-
nesses determined in accordance’with para. 40¢.2.1.
When hot bends are made in\pipe that has beeny cold
worked in order to meet the*specified minimum [yield
strength, wall thicknesses’shall be determined by psing
the lower stressyalues in accordance [with
para. 402.3.1(d).

(b) Bends shallbe made in such a manner as t¢ pre-
serve the cress*sectional shape of the pipe, and shall be
free fromebuickling, cracks, or other evidence of medhani-
cal damage. The pipe diameter shall not be reduded at
any-point by more than 2%% of the nominal diarheter,
and the completed bend shall pass the specified siz-
ng pig.

(c) The minimum radius of field cold bends shhll be
as specified in para. 404.2.2.

(d) Tangents approximately 6 ft (2 m) in length are
preferred on both ends of cold bends.

(e) When bends are made in longitudinally welded
pipe, the longitudinal weld should be located on of near
the neutral axis of the bend.

434.7.2 Mitered Bends
(a) Mitered bends are permitted subject to limitdtions
in para. 404.2.4.
(b) Care shall be taken in making mitered joiIts to
provide proper spacing and alignment and full pemetra-
tion welds.

434.7.3 Factory-Made Bends and Elbows
(a) Factory-made wrought steel welding bends$ and
aetory-maae-emowsmay-pe-tsed ; imitdtions
in para. 404.2.5, and transverse segments cut therefrom
may be used for changes in direction provided the arc
distance measured along the crotch is at least 2 in.
(50 mm) on pipe size NPS 4 and larger.

(b) If the internal diameter of such fittings differs by
more than % in. (5 mm) from that of the pipe, the fitting
shall be treated as indicated in Fig. 434.8.6-2 or use a
transition nipple not less than one-half pipe diameter
in length with acceptable joint designs as illustrated in
Fig. 434.8.6-2.

(16)
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Table 434.6-1 Minimum Cover for Buried Pipelines

For Normal For Rock Excavation Requiring
Excavation, Blasting or Removal by
Location in. (m) Equivalent Means, in. (m)
Cultivated, agricultural areas where plowing or subsurface 48 (1.2) N/A
ripping is common [Note (1)]

Industrial, commercial, and residential areas 48 (1.2) 30 (0.75)

River and stream crossings 48 (1.2) 18 (0.45)

Drainage ditches at roadways and railroads 48 (1.2) 30 (0.75)

All otHerareas 36 (0.9) T3 (0.45)

NOTE:

(1) Pipelines may require deeper burial to avoid damage from deep plowing; the designer is cautioned to account for‘this possibility.

434.8 Welding

434.8.1 General

(a)| Scope. Welding herein applies to the arc and gas
weldjng of pipe in both wrought and cast steel materials
as applied in pipelines and connections to apparatus or
equipment. This includes butt joints in the installation
of pipe, valves, flanges, fittings, and other equipment,
and ffillet welded joints in pipe branches, slip-on flanges,
etc. If does not apply to the welding of longitudinal or
helicgl seam joints in the manufacture of pipe, fittings,
and vialves, or to pressure vessels or assemblies manufac-
tured in accordance with the ASME Boiler and Pressure
Vessdl Code, Section VIII, Division 1 or Division 2.

(b)| Welding Terms. Definitions pertaining to welding
as uspd in this Code conform to the standard definitions
established by the American Welding Society and”con-
tained in AWS A3.0, Section IX of the ASME. Boiler and
Presqure Vessel Code, and API 1104.

(c)| Safe Practices in Cutting and Welding. Prior to cut-
ting and welding in areas in which-the‘possible leakage
or presence of vapor or flammableliquid constitutes a
hazatd of fire or explosion, a-thotough check shall be
madg¢ to determine the presence of a combustible gas
mixtyire or flammable liqtiid-"Cutting and welding shall
begin} only when safewconditions are indicated.

434.8.2 Welding Processes and Filler Metal

(a)] Welding shall be performed by a manual, semiau-
tomaltic, or @dtematic process or combination of pro-
cessep that'have been demonstrated to produce sound
weldp.

(3) When filler metals of different strengths are
used in a single weld, the proportions shall be|such that
the completed weldment eqaals the specified minimum
tensile strength of thé-base metal.

(4) For alloy steels, the nominal chemical analysis
of the weld metal*shall be the same as thq nominal
chemical analysis of the base metal. If base jmetals of
different eltemical analysis are being joined,|the weld
metal shall be the same as either base metal, or of inter-
mediafe composition. Where austenitic steels pare joined
to ferritic steels, the weld metal shall have an pustenitic
structure.

434.8.3 Welder
Qualifications
(1) Welder and welding procedure qualifichtions for
cross-country pipelines shall be performed|in accor-
dance with API 1104. Welder and welding procedure
qualifications for alloy steel and for shop-fabritated pip-
ing assemblies, and welding at stations and [terminals
shall be performed in accordance with ARl 1104 or
Section IX of the ASME Boiler and Pressure Vegsel Code.
(b) Prior to any welding covered by this Code, a weld-
ing procedure specification shall be established and
qualified by testing to demonstrate that welgls having
suitable mechanical properties and soundness can be
produced. Welding procedure specification$ shall be
qualified as required by API 1104, or Section|IX of the
ASME Boiler and Pressure Vessel Code, whichever is
appropriate for the locations, materials, and type of
welding to be performed, except as modifigd by the
following;:

and Welding Pfocedure

(b)
pany, welding electrodes and consumables shall comply
with the following;:

(1) Filler metal and consumables shall be selected
so that the strength of the completed weldment will
equal or exceed the specified minimum tensile strength
of the materials being joined.

(2) If base metals of different tensile strengths are
to be joined, the nominal tensile strength of the weld
metal shall equal or exceed the tensile strength of the
weaker of the two.

b | 1 . 11 1 .
Urtessotherwrse SpTliIcu Uy the UPClai.lllS CUILIT=
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(1) Standard VVelding Procediires. standard Welding
Procedure Specifications (SWPSs) published by the
American Welding Society and listed in Mandatory
Appendix E of ASME Section IX are permitted for code
construction within the limitations established by Arti-
cle V of ASME Section IX. Either the employer shall
demonstrate his ability to follow SWPSs as required by
ASME Section IX or he shall qualify one welder or weld-
ing operator following each SWPS.

(2) Procedure Qualification by Others. In order to
avoid duplication of effort, and subject to the approval
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of the owner, WPSs qualified by a technically competent
group or agency may be used provided the following
are met:

(-a) The WPSs meet the requirements of
ASME Section IX or AP11104 and any additional qualifi-
cation requirements of this Code.

(-b) The employer has qualified at least one
welder or welding operator following each WPS.

(- , .
shown o each WPS and on each qualification record.
In additipn, qualification records shall be signed and
dated by [the employer, thereby accepting responsibility
for the qialifications performed by others.

The wdlding procedure specification shall be adhered
to during welding performed under this Code.

(c) Thq welding procedure specifications shall at a
minimun include the information required by API 1104
or Sectioph IX of the ASME Boiler and Pressure Vessel
Code. When materials, welding consumables, mechani-
cal restrajnt, service conditions, and/or weather condi-
tions make more details necessary to produce a sound
weld, sudh as preheat, interpass temperature, and post-
weld hegt treatment, such details shall be provided.
When joihing materials with notch-toughness require-
ments, pqrticularly for low-temperature service, consid-
eration shall be given to weld metal and heat-affected
zone toughness requirements in the welding procedure
specificafion. See ASME B31T for more information
about wgld procedure qualification requirements for
piping that may be subject to brittle failure due to-low-
temperatfire service conditions. When applicable, the
test methpd, temperature, specimen, and acceptance cri-
teria shal| be specified in the welding procedure specifi-
cation.

(d) AP[ 1104 and Section IX of the.,ASME Boiler and
Pressure Vessel Code contain sections entitled “Essential
Variables|" applicable to welding procedure specifica-
tions, procedure qualification.récords, and welder quali-
fications.| The classificatign"of base materials and weld
filler maflerials into grouips does not imply that other
materials| within a particular group may be indiscrimi-
nately substitutedfor the base material or weld filler
material tisedAfor the qualification test. Welding proce-
dure qualifieation tests shall be conducted with the high-

the performance qualification of a welder or welding
operator made by a previous employer. This acceptance
is limited to performance qualifications that were made
on pipe or tube test coupons. The new employer shall
have the WPS that was followed during qualification or
an equivalent WPS that is within the limits of the essen-
tial variables. An employer accepting such qualification
tests shall obtain a copy of the performance qualification
test record from the previous employer. The record shall
lders
or welding operator was qualified and the date(of that
qualification. A record showing use of the procgss or
processes from the date of the welder’s qualifidation
shall be available. The new employer’s 'business hame
shall be shown on the qualification'record, and it{shall
be signed and dated by the employer, thereby accepting
responsibility for the qualifications performed by others.

Welder requalification tests are required if there is
some specific reason to gquestion a welder’s ability or if
the welder is not engaged in a given process of welding
for a period of 6 months or more.

(f) The operating company shall be responsible for
qualifications‘ef procedures and welders. The prepara-
tion of welding procedure specifications and/o1 per-
formanceof welding qualification tests mdy be
delegated to others; however, each company that per-
forms'welding activities is responsible for the welding
activities performed by its employees and contragtors.

(g) Qualification Records. The welding procedure fol-
lowed during the qualifying tests shall be recorded in
detail. Records of the tests that establish the qualifidation
of a welding procedure specification shall be retairjed as
long as that procedure is in use. A record of the wglders
qualified, showing the date and results of the tests)shall
be retained during the construction involved and for
6 months thereafter. These records shall be available to
the owner or the owner’s agent and the inspector gt the
location where the welding is being done.

434.8.4 Welding Standards. All the welding|done
under this Code shall be performed under a specifidation
that embodies the minimum requirements of this [Code
and shall encompass the requirements of API|1104
except as provided in paras. 434.8.3(a) and (b).

434.8.5 Required Inspection and Acceptance Cr{teria

(q) Dof;nn'vprl T‘wcpaﬁh’nm

est strength base metal to be welded in the essential
variable groups identified in the procedure specification.

(e) Prior to any welding covered by this Code, each
welder or welding operator shall be qualified as required
by API 1104, or Section IX of the ASME Boiler and
Pressure Vessel Code, whichever is appropriate for the
locations, materials, and type of welding to be
performed.

In order to avoid duplication of effort and subject to
the approval of the owner, an employer may accept

46

(1) The quality of welding shall be checked by
visual inspection and supplemental nondestructive
methods or by removing completed welds as selected
and designated by the inspector for destructive testing.

(2) All welds shall be visually inspected.

(3) When the pipeline is to be operated at a hoop
stress of more than 20% of the specified minimum yield
strength of the pipe, the welds shall be inspected. A
minimum of 10% of the girth welds and 10% of the other
welds completed each day shall be randomly selected by
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the operating company and nondestructively inspected.
The inspection of girth welds shall be by radiographic
or other accepted volumetric methods. Nonvolumetric
methods, such as dye penetrant or magnetic particle,
may be used for other welds. Each weld inspected shall
be inspected completely with the selected method. In
the following locations or conditions, all welds in the
pipe shall be completely inspected; however, if some of
the welds are inaccessible, a minimum of 90% of the

(c) Tack Welds. Tack welding shall be done by quali-
fied welders, the same as all other welds.

434.8.7 Removal or Repair of Defects

(a) Arc Burns. Arc burns can cause serious stress con-
centrations in pipelines and shall be prevented,
removed, or repaired. The metallurgical notch caused
by arc burns shall be removed by grinding, provided the
grinding does not reduce the remaining wall thickness
to less than the minimum permitted by the material

We1d> dIc 1O 1Ul;f iIleULLEd.
(-a) within populated areas such as residential
subdjvisions, shopping centers, and designated com-
mercjal and industrial areas

(-b) river, lake, and stream crossings within the
bubject to frequent inundation; and river, lake, and
m crossings on bridges

(-c) railroad or public highway rights-of-way,
including tunnels, bridges, and overhead railroad and
road |crossings
(-d) offshore and inland coastal waters
(-e) old girth welds in used pipe
(-f) tie-in girth welds not hydrostatically tested
in acpordance with para. 437.4.1

(b)| Inspection Methods and Acceptance Standards
1) Nondestructive inspection shall consist of
visudl inspection and radiographic examination or other
accepptable nondestructive methods, and shall be in
accofdance with API 1104. The methods used shall bé
capable of producing indications of potential defects
that ¢an be accurately interpreted and evaluated. Welds
shall[meet the acceptance standards for discontinhuities
contgined in API 1104, or the alternate acgeptance stan-
dardfs for girth welds in Mandatory Appendix I of
API 1104.
2) Completed welds that haVe)been removed for
destrjuctive examination shall meet the requirements of
API 1104 for Welder Qualification by Destructive
Testipg. Trepanning metheds.of testing shall not be used.

area
strea

434.8.6 Types of Welds, Joint Designs, and Transition
Nipples

(a)| Butt Welds—~Butt welded joints may be of the single
vee, floubleVee; or other suitable type of groove. Joint
designs shown in Fig. 434.8.6-1 or applicable combina-
tions| of-these joint design details are recommended for

specifications. Complete removal of the mefallurgical
notch created by an arc burn can be determirfed as fol-
lows. After visible evidence of the af¢ burn|has been
removed by grinding, swab the ground area with a mini-
mum 10% solution of ammonium persulfate or a
5% solution of nital. A darkened spot is evidence of a
metallurgical notch and indicates that additiopal grind-
ing is necessary. If the restlting wall thicknhess after
grinding is less than tHatpermitted by the matefrial speci-
fication, the portion ef pipe containing the arc burn shall
be removed or repaired in accordance with para. 451.6.
Insert patching is prohibited.

(b) WeldyRefects. Authorization for repair [of welds,
removal.and repair of weld defects, and testirlg of weld
repairs shall be in accordance with API 1104,

(c) Pipe Defects. Laminations, split endsf or other
detects in the pipe shall be repaired or removed in accor-
dance with para. 434.5(b).

434.8.8 Preheating and Interpass Tempergture

(a) The welding procedure specification shgll specify
the minimum preheat temperature. When th¢ welding
procedure specification specifies preheatihg above
ambient temperatures, the method of heating shall be
specified. For heat-treated and other high-strerjgth mate-
rials and impact-tested materials, control of|interpass
temperatures may be necessary. The operating[company
shall determine when interpass temperature [limits are
necessary, and, when required, the interpass|tempera-
tures shall be provided in the welding procedure
specification.

(b) When welding dissimilar materials having differ-
ent preheating requirements, the material reqiring the
higher preheat shall govern.

(c) The preheating temperature shall be checked by
the use of temperature-indicating crayons, thermocou-
ple pyrometers, or other suitable method to ensure that

ends
unequal thickness may be accomplished by taper or
welding as shown in Fig. 434.8.6-2, or by means of a
prefabricated transition nipple not less than one-half
pipe diameter in length with acceptable joint designs as
illustrated in Fig. 434.8.6-2.

(b) Fillet Welds. Fillet welds may be concave to
slightly convex. The size of a fillet weld is stated as a
leg length of the largest inscribed right isosceles triangle
as shown in Fig. 434.8.6-3 covering recommended
attachment details of flanges.

£ 1 +lazal Tl + T beak | £
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the required temperature is attained prior to and main-
tained during the welding operation.

434.8.9 Stress Relieving

(a) Welds shall be stress relieved when the effective
weld throat (see Fig. 434.8.6-2) exceeds 1% in. (32 mm),
unless it can be demonstrated by welding procedure
qualification tests, using materials of the same specifica-
tion, type, and grade with an effective weld throat that
is equal to or greater than the production weld, that
stress relieving is not necessary.
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Fig. 434.8.6-1 Acceptable Butt Welded Joint Design for Equal Wall Thicknesses
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Fig. 434.8.6-2 Acceptable Butt Welded Joint Design for Unequal Wall Thicknesses
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Fig. 434.8.6-2 Acceptable Butt Welded Joint Design for Unequal Wall Thicknesses (Cont’d)

DTES:
strations in Fig. 434.8.6-2 illustrate acceptable preparations for joining pipe ends having unequal wall thickneSses and/or
Is of unequal specified minimum yield strength by butt welding.

es at least equal to those of the pipe having the higher strength.

sition between ends of unequal thickness may be accomplished by taper or welding as illustrated or by means of a
cated transition nipple not less than one-half pipe diameter in length.

otches or grooves at the edge of the weld where it joins a slanted surface shall be aveided.

ing pipes of unequal wall thicknesses and equal specified minimum vyield strengths,,the rules given herein apply, except
inimum angle limit to the taper.

bctive weld throat, ty, shall be used for determining postweld heat treatment fequirements.

mum when materials joined have equal yield strength [see General Note (f)].

m thickness, fp, for design purposes shall not be greater than 1.5¢.

Diameters Unequal

the nominal wall thicknesses of the adjoining pipe ends do(@ot vary more than 34, in. (2.5 mm), no special treatment is
vided full penetration and bond is accomplished in welding."See illustration (a).

here the nominal internal offset is more than 34, in.,(2.5 mm) and there is no access to the inside of the pipe for weldin
n shall be made by a taper cut on the inside end.\of the thicker pipe. See illustration (b). The taper angle shall not be stg
deg nor less that 14 deg.

br hoop stresses of more than 20% of the sgecified minimum yield strength of the pipe, where the nominal internal offse
an %4, in. (2.5 mm) but does not exceed one-half the wall thickness of the thinner pipe, and there is access to the insidd
e for welding, the transition may be made.wih a tapered weld. See illustration (c). The land on the thicker pipe shall be e
ffset plus the land on abutting pipe.

here the nominal internal offset(is nore than one-half the wall thickness of the thinner pipe, and there is access to the i
ipe for welding, the transitiop®may be made with a taper cut on the inside end of the thicker pipe [see illustration (b)], o
ption taper weld to one-half'the’wall thickness of the thinner pipe and a taper cut from that point [see illustration (d)].
Diameters Unequal

here the external offset.does not exceed one-half the wall thickness of the thinner pipe, the transition may be made by
illustration (e)], provided the angle of rise of the weld surface does not exceed 30 deg and both bevel edges are proper

here there is-an external offset exceeding one-half the wall thickness of the thinner pipe, that portion of the offset over
wall thickness of the thinner pipe shall be tapered. See illustration (f).

llustrations (a) through (f). See illustration (g). Particular attention shall be paid to proper alignment under these conditid

| thickness of the pipes to be joined, beyond the joint design area, shall comply with the design reqlifements of this Code.
he specified minimum yield strengths of the pipes to be joined are unequal, the deposited weld metal shall have mechanfical

and Exterhal Diameters Unequal. Where there is both an internal and an external offset, the joint design shall be a comHi

here

neces-

g, the
eper
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of
fual
hside

by a

eld-
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Fig. 434.8.6-3 Recommended Attachment Details of Flanges
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Welds in carbon steels having an effective weld throat
larger than 1% in. (32 mm) and not larger than 1% in.
(38 mm) may be exempted from stress relieving if a
minimum preheating temperature of 200°F (93°C) is
used. The welding procedure specification shall specify
when stress relieving and/ or heat treatment are required
due to composition, thickness, welding process, restraint
of the weld joint, or service conditions. When required,
the welding procedure qualification test shall include

434.13 Special Crossings

Water, railroad, and highway crossings require spe-
cific considerations not readily covered in a general
statement, since all involve variations in basic design.
The pipeline company shall obtain required permits for
such crossings. The design shall employ sound engi-
neering and good pipeline practice with minimum haz-
ard to the facility and due consideration of public safety.
Construction shall be so organized as to result in mini-

stress relij viug culd/'Ul heattreatmentof the Luulpleled
test joint| The postweld stress-relieving and heat treat-
ment requirements in ASME B31.3 or Section VIII,
Division ] or Division 2 of the ASME Boiler and Pressure
Vessel Cade may be used as a guide for minimum stress-
relieving jand heat-treating requirements. The thickness
tobe used to determine the stress-relieving requirements
of branch connections or slip-on flanges shall be the
thickness| of the pipe or header.

The thifkness to be used to determine the stress-reliev-
ing requjirements of branch connections or slip-on
flanges shall be the thickness of the pipe or header.

(b) In welds between dissimilar materials, if either
material fequires stress relieving, the joint shall require
stress relfeving.

434.9 Tip-In

Gaps l¢ft in the continuous line construction at such
points aq river, canal, highway, or railroad crossings
require special consideration for alignment and welding.
Sufficient equipment shall be available and care exert
cised not|to force or strain the pipe to proper alignment.

434.10 |

It is very important that stresses induged into the
pipeline by construction be minimized-~Fhe pipe shall
fit the difich without the use of externalforce to hold it
in place yintil the backfill is completed. When the pipe
is loweref into the ditch, care(shall be exercised so as
not to impose undue stress ifi the pipe. Slack loops may
be used where laying conditions render their use
advisable,

stallation of Pipe in the Ditch

434.11 Backfilling

Backfil
firm supj

ing shall be performed in a manner to provide
ort of the pipe. When there are large rocks in

BralL

mal interference with traffic or the activities of adjacent
property owners. Adequate efforts shall be\nrade to
determine the location of buried pipelines;utility [lines,
and other underground structures alonig, ahd crdssing
the proposed right-of-way. The owneérs of any affected
structures shall be given adequate prior notice ¢f the
proposed construction so that,thé owner may make
operational preparations and\provide a representative
at the crossing.

434.13.1 Water Crossings. Crossings of rivers,
streams, lakes, andrinland bodies of water are indivjidual
problems, and the‘designer shall investigate confposi-
tion of bottofn, Variation in banks, velocity of water,
scouring, and special seasonal problems. The degigner
shall detérmine whether the crossing is to be und¢rwa-
ter, ovérhead on a suspension bridge, or support¢d on
an adjacent bridge. Continuity of operation and the
safety of the general public shall be the controlling fac-
tors both in design and in construction. Where reqtiired,
detailed plans and specifications shall be prepared tak-
ing into account these and any special considergdtions
or limitations imposed by the regulatory body invqlved.

Plans and specifications for underwater constryction
shall describe the position of the line, showing relgtion-
ship of the pipeline to the natural bottom and the ¢lepth
below mean low water level when applicable. To|meet
the conditions set out in para. 434.13.1, heavier wal| pipe
may be specified. Approach and position of the ljne in
the banks are important, as is the position of th¢ line
across the bottom. Special consideration shall be given
to depth of cover and other means of protecting the
pipeline in the surf zone. Special consideration|shall
be given to protective coating and the use of corcrete
jacketing or the application of river weights. Conplete
inspection shall be provided. Precautions shall be faken
during construction to limit stress below the leve] that

the backf
damage to the pipe and coating by such means as the
use of a rock shield material, or by making the initial
fill with a rock-free material sufficient to prevent rock
damage. Where the ditch is flooded, care shall be exer-
cised so that the pipe is not floated from the bottom of
the ditch prior to backfill completion.

H smatarial carn Skn]] be-exereis

ad + ant
HRateFa-Care-Shape-exereisea—+to-prevent

434.12 Restoration of Right-of-Way and Cleanup

These operations shall follow good construction prac-
tices and considerations of private and public safety.
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would produce buckling or collapse due to out-of-
roundness of the completed pipeline.

434.13.2 Overhead Structures. Overhead structures
used to suspend pipelines shall be designed and con-
structed on the basis of sound engineering and within
the restrictions or regulations of the governing body
having jurisdiction. Detailed plans and specifications
shall be prepared where required, and adequate inspec-
tion shall be provided to ensure complete adherence
thereto.

(16)
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434.13.3 Bridge Attachments. Special requirements
are involved in this type of crossing. The use of higher
strength lightweight steel pipe, proper design and instal-
lation of hangers, and special protection to prevent dam-
age by the elements or bridge and approach traffic shall
be considered. Any agreed upon restrictions or precau-
tions shall be contained in the detailed specifications.
Inspectors shall assure themselves that these require-
ments are met.

(d) plan for containment and disposal of drilling flu-
ids, if used.

(e) hydrostatic test plan that should consider pre-
testing of the fabricated string(s) prior to installing the
crossing.

The following publications provide guidance on
design of directionally drilled crossings:

— American Gas Association PR-227-9424
“Installation of Pipelines by Horizontal Directional

434.13.4 Railroad and Highway Crossings

(a)| The safety of the general public and the prevention
of dgmage to the pipeline by reason of its location are
primpry considerations. The great variety of such cross-
ings precludes standard design. The construction speci-
ficatipns shall cover the procedure for such crossings,
basedl upon the requirements of the specific location.

(b)| Installation of uncased carrier pipe is preferred.
Installation of carrier pipe, or casing if used, shall be in
accorldance with para. 402.8. As specified in para. 461.1.7,
if cading is used, coated carrier pipe shall be indepen-
dentlly supported outside each end of the casing and
insulpted from the casing throughout the cased section,
and ¢asing ends shall be sealed using a durable, electri-
cally|nonconductive material.

434.13.5 Directionally Drilled Crossings. Written
plang shall be developed for all directionally drilled
crossings or for when directional drilling is selected as
a pipe lay method. Plans will include the following:

(a)] crossing plan and profile drawings shewing all
pipelines, utilities, cables, and structures that\.cross the
drill path, are parallel to and within 100 f£ (30 m) of the
drill path, and that are within 100 ft (30.m).of the drilling
operation, including mud pits and-bore pits.

(b)| damage prevention plan to reduce the likelihood
of dTnage to adjacent underground facilites, including
pipelines, utilities, cables, @nd other subsurface struc-
tures{ The plan shall consider the accuracy of the method
to bd employed in locating existing structures and in
tracking the positien(of the pilot string during drilling.
Congdideration should be given to having an auxiliary
locatjon systeém to include manual excavation to ensure
that the drilling bit or reamer is following the projected
path [and”does not encroach upon crossing or parallel
lineslLThe damagp Prpvpnfin‘n p]a‘n should pros ide spe=

Dritting, Anm Engineering Design Guide

— American Society of Civil Engineering, Ptactice No.
89 — “Pipeline Crossings Handbook”,

— Directional Crossing Contractons AsSociatjon publi-
cations “Guidelines for a Successful Directiona] Crossing
Bid Package,” “Directional Cro$sing Survey Standards,”
and “Guidelines for Successful Mid-Sized Directional
Drilling Projects”

434.14 Inland Coastal_'Water Construction

Plans and specifications shall describe alignment of
the pipeline, depth below mean water level, dnd depth
below bottemy if ditched. Special consideratioh shall be
given to depth of cover and other means of protecting
the pipeline in the surf zone. Considerationy shall be
givenh to use of weight coating(s), anchorsf or other
meahs of maintaining position of the pipe undler antici-
pated conditions of buoyance and water motjon. Com-
plete construction inspection shall be provided.
Precautions shall be taken during constructign to limit
stress below the level that would produce byckling or
collapse due to out-of-roundness of the c¢mpleted
pipeline.

434.15 Block and Isolating Valves

434.15.1 General

(a) Block and isolating valves shall be ingtalled for
limiting hazard and damage from accidental discharge
and for facilitating maintenance of the piping system.

(b) Valves shall be at accessible locations, [protected
from damage or tampering, and suitably supjported to
prevent differential settlement or movemgnt of the
attached piping. Where an operating device tp open or
close the valve is provided, it shall be prot¢cted and
accessible only to authorized persons.

(c) Submerged valves on pipelines shall be
spotted by survey techniques to facilitate quic

arked or
location

cific instructions regarding the notification of affected
parties, including the participation in one-call systems
where applicable.

(c) written safety plan to include contingency plans in
the event the drilling string impacts subsurface facilities.
The safety plan should identify facilities and resources to
be utilized in the event of an emergency or any personnel
injuries. The safety plan shall be reviewed on-site with
all construction personnel prior to the commencement
of drilling operations.
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when operation is required.

434.15.2 Mainline Valves

(a) Mainline block valves shall be installed on the
upstream side of major river crossings and public water
supply reservoirs. Either a block or check valve shall be
installed on the downstream side of major river cross-
ings and public water supply reservoirs.

(b) A mainline block valve shall be installed at main-
line pump stations, and a block or check valve (where
applicable to minimize pipeline backflow) shall be
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installed at other locations appropriate for the terrain
features. In industrial, commercial, and residential areas
where construction activities pose a particular risk of
external damage to the pipeline, provisions shall be
made for the appropriate spacing and location of main-
line valves consistent with the type of liquids and slur-
ries being transported.

(c) A remotely operated mainline block valve shall
be provided at remotely controlled pipeline facilities to
isolate se| Ipetirte:

(d) On| piping systems transporting LPG or liquid
anhydrofis ammonia, check valves shall be installed
where applicable with each block valve to provide auto-
matic blgckage of reverse flow in the piping system.

(e) In qrder to facilitate operational control, limit the
duration |of an outage, and expedite repairs, mainline
block valyes shall be installed at 7.5 mile (12 km) maxi-
mum spdcing on piping systems transporting LPG or
ydrous ammonia in industrial, commercial,
and residential areas.

434.15.3 Pump Station, Tank Farm, Slurry Holding
Pond, and Terminal Valves

(a) Valyes shall be installed on the suction and dis-
charge of|pump stations whereby the pump station can
be isolatdd from the pipeline.

(b) Valyes shall be installed on lines entering or leav-
ing tank|farms or terminals at convenient locations
whereby the tank farm, slurry holding pond, or terminal
may be isplated from other facilities such as the pipeline,
manifoldp, or pump stations.

434.16 (Connections to Main Lines

Where |connections to the main line such as’branch
lines, jummp-overs, relief valves, air vents;.ete., are made
to the mdin line, they shall be made in(accordance with
para. 4043.1. When such connectionsjor additions are
made to|coated lines, all damaged coating shall be
removed |and replaced with new coating material in
accordange with para. 461.4.2/This protective coating
should irjclude the attachments.

434.17 $craper Traps

434.17.1 Sgraper traps are to be installed as
deemed njecessary for good operations. All pipe, valves,
fittings, dosmies, and appurtenances shall comply with

434.17.4 Allin-line mainline pipeline scraper traps
shall accommodate the passage of instrumented internal
inspection devices during launching and receiving
operations.

434,18 Line Markers

(a) Except as provided in para. 434.18(d), adequate
pipeline location markers for the protection of the pipe-
line, the public, and persons performing work in the
area shall be placed over each buried pipeline in gccor-
dance with the following;:

(1) Markers shall be located at each~public| road
crossing, at each railroad crossing, at each navigable
stream crossing, and in sufficient numbers along the
remainder of the buried line so that the pipeline location,
including direction of the pipeline,isadequately krjown.
It is recommended that markets’ are installed on|each
side of each crossing whenever possible.

(2) Markers shall be~installed at locations where
the line is aboveground in areas that are accessibple to
the public.

(b) The marker)shall state at least the following on a
background, of{sharply contrasting colors:

(1) Thexword “Warning,” “Caution,” or “Dahger”
followed by the words “Petroleum (or the name ¢f the
hazardous liquid transported) Pipeline” or “Slurry [Pipe-
line”*all of which, except for markers in heavily devel-
oped urban areas, shall be in letters at least|1 in.
(254 mm) high with an approximate stroke of [} in.
(6.4 mm).

(2) The name of the operator and a telephone hum-
ber (including area code) where the operator cgn be
reached at all times.

(c) API RP 1109 should be used for additjonal
guidance.

(d) Unless required by applicable regulatory agencies,
line markers are not required for buried pipdlines
located offshore or under waterways and other bpdies
of water, or in heavily developed urban areas such as
downtown business centers where the placemgnt of
markers is impractical and would not serve the pufpose
for which markers are intended and where the|local
government maintains substructure records.

434.19 Corrosion Control

Protection of ferrous pipn and nnmpnnnnfq from éxter-

appropriate sections of this Code.

434.17.2  Scraper traps on mainline terminations
and tied into connection piping or manifolding shall be
anchored belowground with adequate concrete anchors
when required and suitably supported aboveground to
prevent transmission of line stresses due to expansion
and contraction to connecting facilities.

434.17.3  Scraper trap and its components shall be
assembled in accordance with section 435, and pressure
tested to the same limits as the main line. See para. 437 4.

nal and internal corrosion shall be as prescribed in
Chapter VIIL

434.20 Pump Station, Tank Farm, and Terminal
Construction

434.20.1 General. Allconstruction work performed
on pump stations, tank farms, terminals, equipment
installations, piping, and allied facilities shall be done
under construction specifications. Such specifications
shall cover all phases of the work under contract and

(16)


https://asmenormdoc.com/api2/?name=ASME B31.4 2016.pdf

ASME B31.4-2016

shall be in sufficient detail to ensure that the require-
ments of this Code shall be met. Such specifications shall
include specific details on soil conditions, foundations
and concrete work, steel fabrication and building erec-
tion, piping, welding, equipment and materials, and all
construction factors contributing to safety and sound
engineering practice.

434.,20.2 Location. Pump stations, tank farms, and
terminals should be located on the pipeline’s fee or

valves, and other safety devices, as shown on the draw-
ings or required by the specifications, shall be installed
by competent and skilled workmen. Installation shall
be accomplished with careful handling and minimum
exposure of instruments and devices to inclement
weather conditions, dust, or dirt to prevent damage.
Also, piping, conduits, or mounting brackets shall not
cause the instruments or devices to be distorted or in
any strain. Instruments and devices shall be installed so

leasefl property in order to be assured that proper safety
precdutions may be applied. The pump station, tank
farm| or terminal shall be located at such clear distances
from(adjacent properties not under control of the com-
pany| as to minimize the communication of fire from
strucfures on adjacent properties. Similar consideration
shall[be given to its relative location from the station
manffolds, tankage, maintenance facilities, personnel
housjng, etc. Sufficient open space shall be left around
the bpilding and manifolds to provide access for mainte-
nance equipment and firefighting equipment. The sta-
tion, |tank farm, or terminal shall be fenced in such a
maner as to minimize trespass, and roadways and gates
should be located to give ready access to or egress from
the facilities.

434.20.3 Building Installation. Buildings shall be
located and constructed to comply with detailed plans
and $pecifications. The excavation for and installation
of foindations and erection of the building shall be done
by c:I:iftsmen familiar with the respective phase of. the
worH, and all work shall be done in a safe and worksnan-
like rpanner. Inspection shall be provided to.ensure that
the r¢quirements of the plans and specifications are met.

434.20.4 Pumping Equipment and,Prime Movers.
Installation of pumping equipmentiand prime movers
shall[be covered by detailed plans/and specifications
that have taken into account-the-variables inherent in
localfsoil conditions, utilization; and arrangement of the
equipment to provide théyoptimum in operating ease
and maintenance access:"Machinery shall be handled
and mounted in accordance with recognized good mill-
wright practice and be provided with such protective
covets as to prevent damage during construction. Rec-
ommendations’of installation details provided by manu-
factufersifor-auxiliary piping, setting, and aligning shall
be ansidered as minimum requirements.

thatthey carm bechecked-without trdueimtgrruptions
in operations. After installation, controls andprotective
equipment shall be tested under conditiéns approximat-
ing actual operations to ensure their,praper fufctioning.

434.20.7 Fire Protection. Fire'protection yhen pro-
vided shall be in accordanceswith recommendlations in
NFPA 30. If the system installed requires th¢ services
of fire pumps, their motive.power shall be sepdrate from
the station power so(that their operation shall not be
affected by emergency shutdown facilities.

434,21 Storage and Working Tankage

434.21:1 General. All construction work gerformed
on storage‘and working tankage and allied equipment,
piping,and facilities shall be done under comstruction
specifications. Such specifications shall cover all phases
of the work under contract, and shall be in|sufficient
detail to ensure that the requirements of the (fode shall
be met. Such specifications shall include specific details
on soil conditions, foundations and concrete work, tank
fabrication and erection, piping, welding, equipment
and materials, dikes, and all construction factofs contrib-
uting to safety and sound engineering practige.

434.21.2 Location

(a) Tankage or slurry holding ponds shall be located
on the pipeline’s fee or leased property in ordeq to ensure
that proper safety precautions may be applied. Tank
facilities or slurry holding ponds shall be located at
such clear distances from adjacent properties pot under
control of the company as to minimize the cofnmunica-
tion of fire from structures on adjacent properties. Simi-
lar consideration shall be given to relative [locations
between station manifolds, pumping equipmg¢nt, main-
tenance facilities, personnel housing, etc. Suffi¢ient open
space shall be left around the tankage facilitieg or slurry
holding ponds and associated equipment t¢ provide

434.20.5 Pump Station, Tank Farm, and Terminal
Piping. All piping, including but not limited to main
unit interconnections, manifolds, scraper traps, etc., that
can be subject to the mainline pressure shall be con-
structed in accordance with the welding standards (see
para. 434.8), corrosion control requirements (see
Chapter VIII), and other practices of this Code.

434.20.6 Controls and Protective Equipment. Pres-
sure controls and protective equipment, including pres-
sure-limiting devices, regulators, controllers, relief
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access for maintenance and firefighting equipment. The
tankage or slurry holding pond area shall be fenced so
as to minimize trespass, and roadways and gates should
be located to give ready ingress to and egress from the
facilities.

(b) Spacing of tankage shall be governed by the
requirements of NFPA 30.

434.21.3 Tanks and Pipe-Type Storage
(a) Tanks for storage or handling crude oil and liquid
petroleum products and liquid alcohols having vapor
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pressures approximating atmospheric shall be con-
structed in accordance with API 650, API 12B, API 12D,
API 12F, or designed and constructed in accordance with
accepted good engineering practices.

(b) Tanks for storage or handling liquid petroleum
products and liquid alcohols having vapor gage pres-
sures of 0.5 psi (0.035 bar) but not exceeding 15 psi
(1 bar) shall be constructed in accordance with API 620.

(c) Tanks used for storage or handling liquids having
vapor gape pressures greater than 1o psi (I bar) she
be designed and constructed in accordance with the
design of|accredited tank builders and the ASME Boiler
and Presgure Vessel Code, Section VIII, Division 1 or
Division p.

(d) Butied pipe-type holders used for storage and
handling| liquid petroleum, liquid alcohols, or liquid
anhydroys ammonia shall be designed and constructed
in accordance with the requirements of this Code for
pipe and|piping components.

434.21.4 Foundations. Tank foundations shall be
constructed in accordance with plans and specifications
that shall|take into account local soil conditions, type of
tank, usage, and general location.

434.21.5 Dikes or Firewalls. The protection of the
pipeline’q station, tank farm, terminal, or other facilities
from danpage by fire from adjacent facilities, as well as
the protection of the general public, may dictate the
need of dlikes or firewalls around tankage or between
tankage gnd station or terminal. Tank dikes or firewalls;
where required, shall be constructed to meet the capacity
requirements set out in NFPA 30.

r, and control shall be covered by detailed
specifications, and installations shall be in

rials. All electri-

with details of electrical aspects and code requirements
for such installation. At all times, care shall be exercised
to prevent damage to the insulation of cable and wiring.
All partial installations shall be protected from damage
during construction. The installation design and specifi-
cations shall give consideration to the need for dust-
proof and/or moisture-proof enclosures for such special
gear as relays, small switches, and electronic compo-
nents. In no case shall the frames of electric motors
i i beused3s the

U O c < TOUITUCU CIC d
ground connection for electrical welding.

434.23 Liquid Metering

434.23.1 Positive displacementuneters, tufbine
meters, or equivalent liquid-measuping devices and their
proving facilities shall be degigned and installpd in
accordance with the ARI\Manual of Petroleum
Measurement Standards.

434.23.2 Provisionsshall be made to permit gccess
to these facilities By atthorized personnel only.

434.23.3 (Assembly of the metering facility compo-
nents shall'be in accordance with section 435.

434.24>]iquid Strainers and Filters

434.24.1  Strainers and filters shall be desigrjed to
the same pressure limitations and subjected to thesame
test pressures as the piping system in which thdy are
installed, and supported in such a manner as to prevent
undue loading to the connecting piping system.

434.24.2 Installation and design shall providle for
ease of maintenance and servicing without interfefrence
with the station operation.

434.24.3  The filtering medium should be of such
retention size and capacity as to fully protect the facjlities
against the intrusion of harmful foreign substances.

434.24.4 Assembly of strainers or filters and| their
components shall be in accordance with section 435.

435 ASSEMBLY OF PIPING COMPONENTS
435.1 General

cal equipment and instruments shall be carefully han-
dled and properly stored or enclosed to prevent damage,
deterioration, or contamination during construction.
Packaged components are not to be exposed until instal-
lation. Equipment susceptible to damage or deteriora-
tion by exposure to humidity shall be adequately
protected by using appropriate means such as plastic
film enclosures, desiccants, or electric heating.

434.22.3 Installation. The installation of electrical
materials shall be made by qualified personnel familiar

The assembly of the various piping components,
whether done in a shop or as a field erection, shall be
done so that the completely erected piping conforms
with the requirements of this Code and with the specific
requirements of the engineering design.

435.2 Bolting Procedure

435.2.1 All flanged joints shall be fitted up so that
the gasket contact faces bear uniformly on the gasket,
and made up with uniform bolt stress.
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435.2.2 Inbolting gasketed flanged joints, the gas-
ket shall be properly compressed in accordance with the
design principles applicable to the type of gasket used.

435.2.3  All bolts or studs shall extend completely
through their nuts.

435.3 Pumping Unit Piping

435.3.1 Piping to main pumping units shall be so

435.4.2  Meter banks, prover loops, and scraper
traps shall be subject to the same assembly requirements
as manifolds.

435.4.3 Manifold headers with multiple outlets
shall have outlets designed as covered in para. 404.3.
Assembly may be with the use of jigs to ensure alignment
of outlets and flanges with other components. The fabri-
cated unit shall be stress relieved before removal from
the jig.

desigrnedand supported that-witen assembied to-the
pump flanges and valves it should be relatively free of

stresg and should not add stress or load to the pump
frame.
435.3.2 The design and assembly shall take into

accoyint the forces of expansion and contraction to mini-
mize|their effect within the assembly.

435.3.3  All valves and fittings on pumping units
shall|carry the same pressure ratings as required for line
operqting pressures.

435.3.4 Welding shall be in accordance with
para,434.8.

435.3.5 Bolting shall be in accordance with
para435.2.
435.4 Manifolds

435.4.1 All components within a manifold assems
bly, including valves, flanges, fittings, headers, and-spe-
cial assemblies, shall withstand the operating presstires
and gpecified loadings for the specific service(piping to
which it is connected.

435.4.4 Manifold headers assembled from
wrought tees, fittings, and flanges may \be dssembled
with jigs to ensure alignment of componeryts. Stress
relieving should be considered.

435.4.5 All welding on-manifolds andl headers
shall conform to para. 434:8.

435.4.6 Final assembly of all compongnts shall
minimize locked-inistresses. The entire assembly shall
be adequately supported to provide minimym unbal-
ance and vibzation.

435.5 Augxiliary Piping

435.5.1  All auxiliary piping between njain units
and auxiliary components shall be assembled in a work-
manlike manner and in accordance with th¢ applica-
ble code.

435.5.2  All welded auxiliary lines shall pe assem-
bled in accordance with the requirements of this Code
with special provisions as required for assembly to mini-
mize locked-in stress, and for adequate sypport or
restraint to minimize vibration.
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Chapter VI
Inspection and Testing

436 INSPECTION

(b) Construction

436.1 Glneral

Constrfiction inspection provisions for pipelines and
related failities shall be adequate to ensure compliance
with the fnaterial, construction, welding, assembly, and
testing redquirements of this Code.

436.2 Qualification of Inspectors

Inspection personnel shall be qualified by training
and expefience. Such personnel shall be capable of per-
forming the following inspection services:

(a) right-of-way and grading

(b) ditghing

(c) use|of explosives

(d) road and railroad casing and crossing

(e) pipp stringing and pipe and material handling

(f) bending

(¢) lindup and pipe surface inspection

(h) welding

(i) coating

(j) tie-in and lowering

(k) badkfilling and clean up

(I) pregsure testing

(m) spegcial services for testing andinspection of facili-
ties, such|as station construction, rivercrossings, electri-
cal installation, radiography, corrosion control, double
jointing, etc., as may be required

436.5 Type and Extent\of Examination Required

436.5
(a) Ma
(1) Al p1p1ng components shall be Vlsually
inspected
occurred during shlpment and handhng prior to bemg
connected into the piping system.

1 Visual
erial

(2) All pipe shall be visually inspected to discover
any defects as described in paras. 434.5 and 434.8.7.

(3) On systems where pipe is telescoped by grade,
wall thickness, or both, particular care shall be taken to
ensure proper placement of pipe. Permanent records
shall be kept showing the location as installed of each
grade, wall thickness, type, specification, and manufac-
turer of the pipe.

58

(1) Visualinspection for detection of surfacedefects
in the pipe shall be provided for each job just‘ahead of
any coating operation and during the lowering-if and
backfill operation.

(2) The pipe swabbing operation‘shall be inspected
for thoroughness to provide a clean-surface inside the
pipe.

(3) Before welding, thespipe shall be examingd for
damage-free bevels and _proper alignment of the joint.

(4) All welding operations shall be inspected to
verify that welding is)being performed in accordlance
with qualified welding procedures by qualified we|ders.

(56) The strihger bead shall be inspected, pafticu-
larly for cracks, before subsequent beads are applied.

(6) Thé completed weld shall be cleaned and
inspected prior to coating operations, and irregulgrities
that‘could protrude through the pipe coating shall be
reinoved.

(7) When the pipe is coated, inspection shgll be
made to determine that the coating machine dogs not
cause harmful gouges or grooves in the pipe surflace.

(8) Lacerations of the pipe coating shalll be
inspected prior to repair of coating to see if the| pipe
surface has been damaged. Damaged coating and pipe
shall be repaired before the pipe is lowered in the fitch.

(9) All repairs, changes, or replacements shall be
inspected before they are covered up.

(10) The condition of the ditch shall be inspected
before the pipe is lowered in to ensure proper protgction
of pipe and coating. For underwater crossings, the dondi-
tion of the ditch and fit of the pipe to the ditch shhll be
inspected when feasible.

(11) The fit of the pipe to ditch shall be inspected
before the backfilling operations.

( 12) The backflllmg operatlons shall be inspected

matenal for the control of erosion, and p0551ble damage
to the pipe coatings.

(13) Cased crossings shall be inspected during
installation to determine that the carrier pipe is sup-
ported, sealed, and insulated from the casing.

(14) River crossings shall have thorough inspection,
and shall be surveyed and profiled after construction.

(15) All piping components other than pipe shall be
inspected to ensure damage-free condition and proper
installation.
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(16) Stringing operations shall be inspected to ver-
ify use of proper pipe-handling techniques and that the
pipe is not being damaged.

(17) When explosives are used during grading and
ditching operations, inspections shall be made to verify
use of proper techniques and maintenance of records.

(18) The bending operations shall be inspected to
verify that the maximum allowable angle of bend is not
exceeded and that there is no wrinkling or excessive

437.1.4 Testing After New Construction
(a) Systems or Parts of Systems

(1) Allliquid and slurry transportation piping sys-
tems within the scope of this Code, regardless of stress,
shall be tested after construction.

(2) Systems to be operated at a hoop stress of more
than 20% of the specified minimum yield strength of
the pipe shall be hydrostatically tested in accordance
with para. 437.4.1.

flatteping of the pipe.

436.5.2 Supplementary Types of Examination

(a)] Testing of field and shop welds shall be made in
accofdance with para. 434.8.5.

(b)] Radiographic inspection of welds shall be per-
formpd in accordance with para. 434.8.5.

(c)| Coated pipe shall be inspected in accordance with
para|461.1.2.

(d)| Pipeline segments installed by directional drilling
shall|be inspected for cross section deformation by run-
ning|a sizing plate or caliper pig through the crossing
after| installation but prior to removing the drilling
equipment from the work site or tying in the crossing
to the pipeline system.

436.

436.6.1 Defects of fabricated items and in pipe
wall phall be repaired or eliminated in accordance with
para434.5.

436.6.2 Welding defects shall be repaired invaecor-
dancg with para. 434.8.7.

b Repair of Defects

436.6.3 Holidays or other damage td coating shall
be repaired in accordance with para. 461,1.2.

TESTING
Ll General

437
437.

(a)] In order to meet réqyiirements of this Code, it is
necegsary that tests besmade upon the completed system
and ypon component parts of the finished system. When
refer¢nce in this\Code is made to tests or portions of
tests [described in other codes and specifications, they
shall[be considered as a part of this Code.

(b)| Shetld leaks occur on tests, the line section or
component part shall be repaired or replaced and

(3) Systems to be operated at a hoop sirdss of 20%
or less of specified minimum yield strength-of the pipe
may be subjected to a leak test in accordgnce with
para. 437.4.3 in lieu of the hydrostatic 'test specified in
para. 437.4.1.

(4) When testing piping,.irhno case shall the test
pressure exceed that stipulated.in the standardp of mate-
rial specifications (except.pipe) incorporated in this
Code by reference and.listed in Table 423.1{1 for the
weakest element in(the system, or portion df system,
being tested.

(5) Equipment not to be subjected to tes} pressure
shall be disConnhected from the piping or othefwise iso-
lated. Valves may be used if the valve, includifg closing
mechanism, is suitable for the test pressure.

(b) lesting Tie-Ins. Because it is sometimes phecessary
tondivide a pipeline into test sections and ipstall test
heads, connecting piping, and other necessary| appurte-
nances for testing, or to install a pretested replacement
section, it is not required that tie-in welds be tested;
however, tie-in welds and girth welds joininlg lengths
of pretested pipe shall be inspected by radiographic or
other accepted nondestructive methods in a¢cordance
with para. 434.8.5(b) if system is not pressure tgsted after
tie-in. After such inspection, the joint shall pe coated
and inspected in accordance with para. 461.].2 before
backfilling.

(c) Testing Controls and Protective Equipment| All con-
trols and protective equipment, including pregsure-lim-
iting devices, regulators, controllers, relief vglves, and
other safety devices, shall be tested to determine that
they are in good mechanical condition; of pdequate
capacity, effectiveness, and reliability of opefation for
the service in which they are employed; functioning at
the correct pressure; and properly installed [and pro-
tected from foreign materials or other condifions that
might prevent proper operation.

retested in accordance with this Code.

437.1.3 Testing of Fabricated Items

(a) Fabricated items such as scraper traps, manifolds,
volume chambers, etc., shall be hydrostatically tested
to limits equal to or greater than those required of the
completed system. This test may be conducted sepa-
rately or as a part of the completed system.

(b) In testing fabricated items before installation, the
applicable paragraphs of specifications listed in
Table 423.1-1 shall apply.
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437.1.5 Testing of Replacement Components. Com-
ponents other than pipe that are being replaced or added
to the pipeline system need not be hydrostatically tested
if the manufacturer certifies that either each component
was hydrostatically tested at the factory, or each compo-
nent was manufactured under a quality control system
that ensures each component is at least equal in strength
to a prototype that was hydrostatically tested at the
factory. Tie-in butt welds are subject to the same nonde-
structive tests as in para. 451.6.3.

(16)
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437.4 Test Pressure

437.4.1 Hydrostatic Testing of Internal Pressure
Piping

(a) Portions of piping systems to be operated at a
hoop stress of more than 20% of the specified minimum
yield strength of the pipe shall be subjected at any point
to a hydrostatic proof test equivalent to not less than
1.25 times the internal design pressure at that point (see

a nominal hoop stress of 25% of the specified minimum
yield strength of the pipe, whichever is less.
437.6 Qualification Tests

Where tests are required by other sections of this Code,
the procedures in paras. 437.6.1 through 437.6.7 shall
be used.

437.6.1 Visual Examination. Used or new pipe to

be laid shall be visually examined in accordance with

para. 4022 ferneotless—than4—-hr—Whentines—are
tested at pressures that develop a hoop stress, based on
nominal yvall thickness, in excess of 90% of the specified
minimun yield strength of the pipe, special care shall
be used to prevent overstrain of the pipe.

(1) Those portions of piping systems where all of
the pressjired components are visually inspected during
the proof test to determine that there is no leakage
require np further test. This can include lengths of pipe
that are pretested for use as replacement sections.

(2) Qnthose portions of piping systems not visually
inspected while under test, the proof test shall be fol-
lowed by|a reduced pressure leak test equivalent to not
less than|1.1 times the internal design pressure for not
less than|4 hr.

(b) AP] RP 1110 may be used for guidance for the
hydrostatic test.

(c) Thqhydrostatic test shall be conducted with water,
except liquid petroleum that does not vaporize rapidly
may be ysed, provided

(1) the pipeline section under test is not offshore
and is outside of cities and other populated areas,and
each building within 300 ft (90 m) of the test séction is
unoccupied while the test pressure is equal to orgreater
than a pyessure that produces a hoop stréss of 50% of
the specific minimum yield strength of the pipe

(2) the test section is kept under surveillance by
regular ppatrols during test

(3) Jommunication is maintained along the test
section

(d) If the testing medigmin the system will be subject
to thermdl expansion during the test, provisions shall be
made for|relief of excess pressure. Effects of temperature
changes shall be taken into account when interpretations
are made of recorded test pressures.

(e) Afferjcompletion of the hydrostatic test, it is
important in cold weather that the lines, valves, an
fittings be drained completely of any water to avoid
damage due to freezing.

437.4.3 Leak Testing. A 1-hr hydrostatic or pneu-
matic leak test may be used for piping systems to be
operated at a hoop stress of 20% or less of the specified
minimum yield strength of the pipe. The hydrostatic
test pressure shall be not less than 1.25 times the internal
design pressure. The pneumatic test gage pressure shall
be 100 psi (7 bar) or that pressure which would produce

60

para-436.5.1
r

437.6.2 Bending Properties

(a) For pipe of unknown specification or ASTM A120,
bending properties are required if minimum [ield
strength used for design is above 24,000"psi (165 MPa),
and after type of joint has been identified in accordlance
with para. 437.6.4. For pipe NPS 2@hd smaller, bepding
test shall meet the requiremengs©f ASTM A53 or API5L.
For pipe larger than NPS-2%in nominal diameter} flat-
tening tests shall meet the-requirements in ASTM A53
or API 5L.

(b) The number-of tests required to determine bend-
ing properties~shall be the same as requir¢d in
para. 437.6.6 fo' determine yield strength.

437.6,3 Determination of Wall Thickness. Whg¢n the
nominal wall thickness is not known, it shall be dleter-
mined\by measuring the thickness at quarter poirts on
one end of each piece of pipe. If the lot of pipe is khown
to*be of uniform grade, size, and nominal thickness,
measurement shall be made on not less than 5% ¢f the
individual lengths, but notless than 10 lengths; thickness
of the other lengths may be verified by applying a| gage
set to the minimum thickness. Following such megsure-
ment, the nominal wall thickness shall be taken as the
next nominal wall thickness below the average pf all
the measurements taken, but in no case greater| than
1.14 times the least measured thickness for all pipe yinder
NPS 20, and no greater than 1.11 times the least|mea-
sured thickness for all pipe NPS 20 and larger.

437.6.4 Determination of Weld Joint Factor. [f the
type of longitudinal or helical seam weld joint is krjown,
the corresponding weld joint factor (Table 403.2.1-1) may
be used. Otherwise, as noted in Table 403.2.1-1, the factor
E shall not exceed 0.60 for pipe NPS 4 and smaller, or
0.80 for pipe over NPS 4.

437.6.5 Weldability. For steel pipe of unk

own
; ows.
A qualified welder shall make a girth weld in the pipe.
This weld shall be tested in accordance with the require-
ments of para. 434.8.5. The qualifying weld shall be made
under the most severe conditions under which welding
will be permitted in the field and using the same proce-
dure as to be used in the field. The pipe shall be consid-
ered weldable if the requirements set forth in
para. 434.8.5 are met. At least one such test weld shall
be made for each number of lengths to be used as listed
below.

(16)
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Minimum Number of Test Welds

Nominal Pipe Number of Lengths
Size per Test

Less than 6 400

6 through 12 200

Larger than 12 100

test specimens shall be selected at random.

7.6.6 Determination of Yield Strength. When the

437.6.7 Minimum Yield Strength Value. For pipe of

unknown specification, the minimum yield
may be determined as follows.
Average the value of all yield strength tests

strength

for a test

lot. The minimum yield strength shall then be taken as

the lesser of the following;:

(a) 80% of the average value of the yield strength tests
(b) the minimum value of any yield strength test,
except that in no case shall this value be taken as greater

spec

fied minimum yield strength, minimum tensile

strength, or minimum percent of elongation of pipe is
unkrfown, the tensile properties may be established as

folloys.

Petform all tensile tests prescribed by API 5L, except
that the minimum number of such tests shall be as
folloys:

Nominal Pipe Number of Lengths
Size per Test
Less than 6 200
6 through 12 100
Larger than 12 50
Al] test specimens shall be selected at random.

than 52,000 psi (358 MPa)
(c) 24,000 psi (165 MPa) if the average.yie
ratio exceeds 0.85

437.7 Records

A record shall be maintained in the fil
operating company relative to'design, constru

|d—tensile

es of the
rtion, and

testing of each main line ‘Within the scope of this Code.

These records shall incliacle material specificati
maps and alignmengs- sheets for “as-built”

location of each pipe size, grade, wall thicknes
seam (if any),and manufacturer; coatings; and
These records)shall be kept for the life of the f3
para. 436.5.1(a)(3).

bns; route
ondition;
s, type of
test data.
cility. See

61
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Chapter VII
Operation and Maintenance Procedures

450 OPERATION AND MAINTENANCE

450.2 Operation and Maintenance Plans and

LIQUID AND SLURRY TRANSPORTATION

PF}OCEDURES AFFECTING THE SAFETY OF
PIPING SYSTEMS

450.1 General

(a) Ttignot possible to prescribe in this Code a detailed
set of op¢rating and maintenance procedures that will
encompasps all cases. It is possible, however, for each
operating company to develop operating and mainte-
nance prgcedures based on the provisions of this Code,
and the fompany’s experience and knowledge of its
facilities and conditions under which they are operated,
that will|be adequate from the standpoint of public
safety.

(b) Thg methods and procedures set forth herein serve
as a gendral guide but do not relieve the individual or
operating company from the responsibility for prudent
action that current particular circumstances make
advisable,

(c) It must be recognized that local conditions.(such
as the effects of temperature, characteristics of_the line
contents, |and topography) will have considerable bear-
ing on the approach to any particular maintenance and
repair job.

(d) Suitable safety equipment (shall be available for
personne| use at all work areas.and operating facilities
where liquid anhydrous amihenia is transported. Such
safety eqpipment shall ificlude at least the following:

(1) fpill-face gas ‘mask with anhydrous ammonia
refill canisters
(2) independently supplied air mask

(3) tight-fitting goggles or full face shield

Procedures

Each operating company having a transportation pip-
ing system within the scope of this Code'shall

(a) have written detailed plans and training programs
for employees covering operating and maintenancg pro-
cedures for the transportation piping system during nor-
mal operations and maintenanicé in accordance with the
purpose of this Code. Essenitial features recommegnded
for inclusion in the plans-for specific portions gf the
system are given in séctions 451 and 452.

(b) have a plany for’external and internal corrpsion
control of new and existing piping systems, inclfiding
requirements@nd procedures prescribed in sectiop 453
and Chapter\VIIL

(c) havera written emergency plan as indicatpd in
section@54 for implementation in the event of system
failures, accidents, or other emergencies. Train appro-
priate operating and maintenance employees|with
regard to applicable portions of the plan, and estgblish
liaison with appropriate public officials with resppct to
the plan.

(d) have a plan for reviewing changes in condjtions
affecting the integrity and safety of the piping syptem,
including provisions for periodic patrolling and
reporting of construction activity and changes in dondi-
tions, especially in industrial, commercial, and residen-
tial areas and at river, railroad, and highway crossirjgs, in
order to consider the possibility of providing additional
protection to prevent damage to the pipeline in dccor-
dance with para. 402.1.

(e) establish liaison with local authorities who [issue
construction permits in urban areas to prevent accidents
caused by excavators.

(f) establish procedures to analyze all failureg and

accidents for the purpose of determining the causge and
to minimize the possibility of recurrence

(4) protectivegtoves
(5) protective boots

(6) protective slicker and/or protective pants and
jacket

(7) easily accessible shower and/or at least 50 gal
(190 L) of clean water in an open-top container
Personnel shall be instructed in effective use of masks
and limited shelf life of refill canisters. Protective cloth-
ing shall be of rubber fabric or other ammonia-impervi-
ous material.
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(¢) maintain necessary maps and records to properly
administer the plans and procedures, including records
listed in section 455.

(h) have procedures for abandoning piping systems,
including the requirements in section 457.

(1) in establishing plans and procedures, give particu-
lar attention to those portions of the system presenting
the greatest hazard to the public in the event of emergen-
cies or because of construction or extraordinary mainte-
nance requirements.
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(j) operate and maintain its piping system in confor-
mance with these plans and procedures.

(k) modify the plans and procedures from time to time
as experience dictates and as exposure of the system to
the public and changes in operating conditions require.

(I) participate in government-sponsored or industry-
sponsored excavation notification programs.

451 —PIPELINE-OPERAHON-AND-MAINTENANCE

in areas of development and growth to protect the pipe-
line from encroachment.

451.4 Right-of-Way Maintenance

(a) The right-of-way should be maintained to provide
clear visibility for the periodic patrolling described in
para. 451.5. A properly maintained right-of-way pro-
vides effective access for expeditious, safe response to
emergency situations.

451.

(a)| Care shall be exercised to ensure that at any point
in the piping system the maximum steady-state
operating pressure and static head pressure with the
line in a static condition do not exceed at that point the
interpal design pressure and pressure ratings for the
components used as specified in para. 401.2.2.2, and
that the level of pressure rise due to surges and other
variations from normal operation does not exceed the
interpal design pressure at any point in the piping sys-
tem and equipment by more than 10% as specified in
para|403.3.4.

()| A piping system shall be qualified for a higher
operating pressure when the higher operating pressure
will produce a hoop stress of more than 20% of the
specified minimum yield strength of the pipe in accor-
dance with section 456.

(c)|If a piping system is derated to a lower operating
presgure in lieu of repair or replacement, the new maxi-
mun steady-state operating pressure shall be deter-
mined in accordance with para. 451.6.2.2(b)-

(d)| For existing systems utilizing materials produced
under discontinued or superseded standards or specifi-
cations, the internal design pressure $hall be determined
using the allowable stress and design criteria listed in
the idsue of the applicable code orspecification in effect
at the time of the original eenstruction.

| Operating Pressure

451.2 Communications

A fommunicatiens facility shall be maintained to
ensufe safe pipeline’ operations under both normal and
emergency conditions.

451,
(a)

over each line at each public road crossing, at each rail-
road crossing, at each navigable stream crossing, and in
sufficient number along the remainder of the pipeline
route to properly locate and identify the buried pipeline.
See para. 434.18.

(b) Pipeline markers at crossings, aerial markers when
used, and other signs shall be maintained so as to indi-
cate the location of the line and to provide the required
information on the pipeline. Additional pipeline mark-
ers shall be installed and maintained along the pipeline

B Line ‘Markers and Signs

e o w AStarrea—anca—mamtatmea
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(b) Proper right-of-way maintenance includes the
following;:
(1) controlling vegetation growth
(2) preventing encroachment,from abjove- and
belowground structures
(3) controlling erosion
(4) maintaining access to pipeline systems
(5) maintaining visibility of pipeline matkers
(c) Diversion ditches or dikes shall be mhintained
where needed to¢protect against washouts df the line
and erosion of the) landowner’s property.

451.5 Patrolling

(a) Each operating company shall maintain  periodic
pipeline patrol program to observe surface donditions
on'and adjacent to the pipeline right-of-way, indication
of leaks, construction activity other than that gerformed
by the company, and any other factors affgcting the
safety and operation of the pipeline. Special|attention
shall be given to such activities as road buildjing, ditch
cleanouts, excavations, cultivated areas where deep
plowing or subsurface ripping is common/f and like
encroachments to the pipeline system. Patrols shall be
made at intervals not exceeding 2 weeks, except that
piping systems transporting LPG or liquid aphydrous
ammonia shall be patrolled at intervals not ¢xceeding
1 week in industrial, commercial, or residential areas.

(b) Underwater crossings shall be inspecteql periodi-
cally for sufficiency of cover, accumulation of |debris, or
for any other condition affecting the safety anfl security
of the crossings, and at any time it is felt that [the cross-
ings are in danger as a result of floods, storms, or sus-
pected mechanical damage.

451.6 Pipeline Integrity Assessments and Repairs

aral
<13

(a) Each operator of pipelines designed in accordance
with this Code should consider the need for periodic
integrity assessments of those pipelines. An integrity
assessment may consist of a hydrostatic test of the pipe-
line, an in-line inspection (ILI) followed by remediation
of anomalies indicated by the inspection to be possibly
injurious, or other technical means that can provide a
level of integrity assessment equivalent to a hydrostatic
test or an ILIL. For guidance on the integrity-assessment
process, the operator may refer to API 1160.

(16)
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When assessing pipeline integrity, each operator
should develop criteria for evaluating anomalies identi-
fied through ILI methods, through visual inspection,
or through other technical means. API 1160 provides
guidance for evaluating anomalies.

(b) Defect repair criteria and repair methods are
described below as a guideline for pipeline operators
to use when addressing anomalies discovered on their
pipelines. It is recognized that a pipeline operator may

from failing while the excavation, inspection, and repair
are in progress. In this respect, the following two types
of anomalies are relevant:

(-a) anomalies for which the remaining strength
can be calculated

(-b) anomalies of unknown significance

(2) When a pipeline operator is excavating and

physically evaluating an anomaly for possible repair or
excavating and physically responding to an ILI where

elect to peTfOTTIT an engineering critical asSesSMertt
(ECA) tolidentify alternate repair criteria or other miti-
gative m¢thods as defined in API 1160.

(c) Repjairs shall be covered by a maintenance plan
[see para| 450.2(a)] and shall be performed under quali-
fied supefrvision by trained personnel familiar with the
hazards {o public safety. The maintenance plan shall
consider| the appropriate information contained in
API RP 2200, API 2201, API 1104, and API RP 1111. It
is essentiql that all personnel working on pipeline repairs
understapd the need for careful planning of the job, be
briefed a$ to the procedures to be followed in accomp-
lishing the repairs, and follow precautionary measures
and prodedures outlined in API RP 2200. Personnel
working pn repairs to pipelines handling liquids requir-
ing special safety precautions such as LPG, liquid alco-
hol, or liquid anhydrous ammonia shall also be informed
on the spkcific properties, characteristics, and potential
hazards gssociated with those liquids, precautions to be
taken following detection of a leak, and safety repair
procedures set forth for LPG pipelines in API RP 2200;
Piping in| the vicinity of any repair shall be adequately
supportefl during and after the repair.

(d) If ap inert gas, such as nitrogen, is used to_tempo-
rarily digplace the liquid in a pipeline system for the
purpose ¢f a repair, a detailed written precedure shall be
required.|Because the potential energy of'a gas presents
special concerns, this procedure sshotld address, as a
minimuny, the following factorsreldted to the use of an
inert gas:

(1) maximum flow rate'of the fluid being displaced

(2) maximum pressare at the injection site of the
inert gas

(3) injection¢emperature

(4) ipert.gas"handling to eliminate the risks to

the data indicate the presence of an anomaly that{ may
affect the integrity of the pipeline, the pressure’at the
location of the anomaly should be reduced.as follows
depending on the type of anomaly:
(-a) For anomalies for which the remajning
strength can be calculated, the pressure at the lodqation
of the anomaly should be reducedvto the greater ¢f the
calculated safe operating pressufe or 80% of the paxi-
mum steady-state pressiire from recent operating
history.
(-b) For anomalies of unknown signifig
operating at a pressure equal to or greater than 40po S, ,
the pressure at'the location of the anomaly should be
reduced to 80% of the maximum steady-state pressure
from recentyoperating history.
The flow of the pipeline segment should npt be
stopped if the resulting static pressure at the lodation
of the anomaly exceeds 80% of the maximum steady-
state pressure from recent operating history.
(f) Materials used for pipeline repair shall be in gccor-
dance with Chapter 3 and this section.
(g) Repair welding procedures and welders
forming repair work shall be qualified in accor
with API 1104 or ASME Section IX. The welders
also be familiar with safety precautions and other
lems associated with cutting and welding on pip
is or has been in service. Cutting and welding|shall
commence only after compliance with para. 434.§.1(c).
See ASME PCC-2 for more information about welding
on pipe containing liquid.
The qualification test for welding procedures [to be
used on pipe containing a liquid shall include the cqoling
effects of the pipe contents on the soundness and ghysi-
cal properties of the weld. Welding procedures on pipe
not containing liquid shall be qualified in accordlance

ance

per-
Hance
shall
prob-
b that

visu-

personne| with para. 434.8.3.
(5) afatz procadiirac caiolh oo v arpracciina R : . LI T : : ST I ol
SUTCTy T p ottt ITo ouTiT oo OV eT | A NCPAITS TU PIPTIIITES HITSTIVILE SITdI DT HISPTLictu
protection ally and by magnetic-particle or dye-penetrant inspec-

This procedure shall be followed under the supervi-
sion required in para. 451.6.1(c).
(e) Anomalies
(1) Whenever a specific ILI anomaly is to be exca-
vated, inspected, and evaluated for repair, the possibility
of sudden failure of the anomaly must be recognized.
To minimize the risks to personnel and facilities, the
internal pressure in the pipeline should be reduced to
a level that would be expected to prevent an anomaly
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tion methods where appropriate. All welds made in
contact with a carbon steel carrier pipe shall be inspected
for cracks using magnetic-particle inspection tech-
niques. At least 90% of the welds shall be inspected no
sooner than 12 hr after completion of the welding. Areas
that have been dressed by grinding to remove cracks or
other stress risers shall be inspected using magnetic-
particle or dye-penetrant techniques to ensure that all
cracks have been removed.
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Fig. 451.6.2.2-1 Type | Interaction
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(h)| Coating damaged during the repair process shall
be removed and new coating applied in accordance with
para]461.1.2.

Replacement pieces of pipe, areas that are exposed
for examination by removal of coating, and any appurte-
nances or components added for the purpose of repair
shall|be coated when installed in a coated line.

481.6.2 Limits and Disposition of Imperfections-and
Anomalies

#51.6.2.1 Limits.
removed or repaired.

Pipe containing leaks shall be

#51.6.2.2 Corrosion

(a)| External or Internal Corrosion.) Areas of external or
interpal metal loss with a maximum depth greater than
80% pf the wall thickness-shall be removed or repaired.
An appropriate fitnes§=for-purpose criterion may be
used|to evaluate thé)longitudinal profile of corrosion-
caus¢d metal losg inbase metal of the pipe or of non-
preferential corresion-caused metal loss that crosses a
girthjweld orifnpinges on a submerged arc welded seam.

(b)| Externnl Corrosion. Externally corroded areas
>ed for examination shall be cleaned to bare metal

of 20% or less of the thlckness requlred for design, t,
need not be repaired. However, measures should be
taken to prevent further corrosion. An area of corrosion
with maximum depth greater than 20% but less than or
equal to 80% of the wall thickness shall be permitted to
remain in the pipeline unrepaired provided that the safe
operating pressure is established. Generally acceptable
methods for calculating a safe operating pressure
include ASME B31G, “modified B31G,” and an effective
area method (e.g., RSTRENG).
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A A,

For pipelines subjected to unusual axial loafls, lateral
movement, or settlement, or for pipelines conjprised of
materidls with yield-to-tensile ratios exceedinjg 0.93, an
engiheering analysis shall be performed to eptablish a
safe operating pressure.

If the safe operating pressure is less than the fnaximum
operating pressure, the affected area shall bel removed
or repaired or the maximum operating presfure shall
be reduced to the safe operating pressure or |ess.

(c) Internal Corrosion. The limitations for areas with
internal corrosion and areas with a combinatioh of inter-
nal and external corrosion are the same as fof external
corrosion. When dealing with internal corrosiopn, consid-
eration should be given to the uncertainty reldted to the
indirect measurement of wall thickness and th¢ possibil-
ity that internal corrosion may require continpiing miti-
gative efforts to prevent additional metal loss.

(d) Interaction of Corrosion-Caused Metal Lpss Areas.
Two or more areas of corrosion-caused metal loss that
are separated by areas of full wall thickness mdy interact

(1) Type I Intemctzon (see Fzg 451 6.2.2-1). If the cir-
cumferential separation distance, C, is greater than or
equal to 6 times the wall thickness required for design,
the areas A; and A, should be evaluated as separate
anomalies. If the circumferential separation distance is
less than 6 times the wall thickness, the composite area
(A1 + Ay — Aj) and the overall length, L, should be used.

(2) Type 1I Interaction (see Fig. 451.6.2.2-2). If the
axial separation distance, L3, is greater than or equal to
1in. (25.4 mm), the areas A; and A, should be evaluated
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as separate anomalies. If the axial separation distance
is less than 1 in. (25.4 mm), area A; plus A, should be
used and the length, L, should be taken as L, + L, + L.

(e) Grooving, Selective, or Preferential Corrosion of Welds.
Grooving, selective, or preferential corrosion of the lon-
gitudinal seam of any pipe manufactured by the electric
resistance welding (ERW) process, electric induction
welding process, or electric flash welding process shall
be removed or repaired.

pipeline integrity. Shallow crater cracks or star cracks
in girth welds, %, in. (4.0 mm) or less in length, are not
considered defects.

451.6.2.6 Anomalies Created by Manufacturing
Processes. An anomaly created during the manufac-
ture of the steel or the pipe that exists in a pipeline that
has been subjected to a hydrostatic test to a minimum
level of 1.25 times its maximum operating pressure in
accordance with para. 437.4.1 shall not be considered a

451)6.2.3 Gouges, Grooves, and Arc Burns.

Gouges and grooves shall be evaluated by nondestruc-
tive exanjination. Superficial grinding may be necessary
to providg a smooth surface for nondestructive examina-
tion. The|remaining wall thickness after grinding shall
not be legs than the minimum permitted by the compo-
nent specffication. Upon completion of superficial grind-
ing, the gbsence of any cracking shall be confirmed by
using dy¢-penetrant or magnetic-particle inspection. If
no crackipg is present, the net remaining wall thickness
shall be determined by ultrasonic measurement. Gouges
and grooyes that leave less than the minimum wall thick-
ness perrthitted by the component specification shall be
removed| or evaluated for repair in accordance with
para. 451|6.2.2(b).

Arc bufns shall be removed or repaired by grinding.
Arc burnp repaired by grinding shall be etched to con-
firm remgval of all of the metallurgically altered mate-
rial. Suitable etchants include 10% nital or 20%
ammoniym persulfate. All dark-etching material shall
be removied, and the remaining wall thickness shall be
determingd by ultrasonic measurement.

451.6.2.4 Dents. Dents exposed for examindtion
that have any of the following characteristics-shall be
removed |or repaired unless an engineering, evaluation
can demqnstrate that other mitigative action as defined
in API 1160 will reduce the risk to dn acceptable level:
(a) denpts containing gouges,(grooving, scratches,
cracking,|or other stress riser
(b) derjts containing metallgss resulting from corro-
sion or grinding where-less than the minimum wall
thicknes$ permitted by‘the component specification
remains
(c) derfts that affect pipe curvature at a girth weld or
a longituflinal seam weld
(d) dentswith a depth greater than 6% of the nominal

defect unless the operafor has reason to suspect fhht the
anomaly has been enlarged by pressure-cycle-inquced
fatigue. If it is established that the anomaly has become
or is likely to become enlarged by pressure-clycle-
induced fatigue, the anomaly shall be removed or
repaired.

Suspected hard spots or flat spots,should be exarhined
by means of a hardness tester, Areas having a harginess
level corresponding to Roekwell C 35 or more shhll be
removed or repaired.

A lamination that lies on a plane parallel to the pipe
surfaces shall not be eonsidered a defect unless it nter-
sects a seam or girth weld or it extends to the inside or
outside surface’of the pipe. A lamination that intersects
a girth weld or seam weld, that lies on a plane indlined
to the plane’of the pipe surfaces, or that extends {o the
inside @b outside surface of the pipe shall be renmoved
or répaired. Prior to repair, the entire extent of the [lami-
nation should be defined by means of ultrasonic|mea-
surement of the wall thickness. Laminations discoyered
as a result of ILI activities should be cross-referenced,
if possible, to deformation data to examine the pogsibil-
ity that a lamination is actually a blister.

451.6.2.7 Blisters. Blisters shall be considlered
defects and shall be removed or repaired. Prior to rppair,
the entire extent of the blister should be defined| by a
nondestructive technique.

451.6.2.8 Buckles, Ripples, Wrinkles. For pmall
ripples (i.e., incipient buckles or wrinkles) that exhibit
no cracks, no repair is required if the crest-to-tjough
height, /1, meets one of the following criteria whete the
maximum operating hoop stress, S, is as shown| The
absence of any cracks shall be confirmed using jmag-
netic-particle or dye-penetrant inspection.

h
Cannot Excedd

Maximum Operating
Hoop Stress, S

pipe diar
diameter NPS 4 and smaller]

The absence of any cracks shall be confirmed by
inspection using magnetic-particle or dye-penetrant
techniques. Prior to inspection, the surface of the dent
shall be cleaned to bare metal. Dents that could restrict
the passage of ILI tools should be removed.

451.6.2.5 Cracks. Verified cracks except shallow
crater cracks or star cracks in girth welds shall be consid-
ered defects and removed or repaired unless an engi-
neering evaluation shows that they pose no risk to

eter 10250 in (6.4 mm) in depth for a pive
T AY 7 T r-°r
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<20,000 psi (138 MPa) 2
> 20,000 psi (138 MPa) 30,000 — S

but (—io w00+ 1)
<30,000 psi (207 MPa) !
> 30,000 psi (207 MPa) B

but 0.5 (—471070800 S + 1)
< 47,000 psi (324 MPa) !
> 47,000 psi (324 MPa) 0.5
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OD surface

\
/

Areas where grinding reduces the remaining wall
thickness to less than the design thickness calculated in
accordance with para. 403.2, decreased by an amount
equal to the manufacturing tolerance applicable to the
pipe or component, should be analyzed using an

ID surface . . c .
appropriate fitness-for-purpose criterion [see
where para. 451.6.2.2(b)]. The remaining wall thickness after
D = outside diameter of the pipe, in. (mm) grinding shall not be less than 60% of the nominal wall
h = crest-to-trough height of the ripple, in. (mm) thickness of the pipe.
S [ maximum operating hoop stress, psi Hgrinding istobethe sote mearnsof Tepair

(145S, MPa)

When a group of buckles, ripples, or wrinkles exist in
proximity to one another, the limitation on & shall be
applied to the largest crest-to-trough height.

51.6.2.9 Permanent Repairs. Defects may be
removed or repaired by one or more of the methods
descilibed below subject to the limitations listed for each
type jof defect and repair method (see Tables 451.6.2.9-1
and §51.6.2.9-2 for some acceptable methods). Other
methjods can be used provided that they are supported
by sqund engineering principles and meet the require-
mentg of this Code. See ASME PCC-2 for more informa-
tion pbout repair options in this paragraph.

(a)| Removal. The section of pipe containing the defect
shoulld be removed as a cylinder and replaced. The
replgcement pipe shall meet the requirements of
para(401.2.2 and, where possible, should have a length
of nqt less than one-half the diameter or not less than
3in. (76.2 mm), whichever is greater. The pipeline should
be uTcovered or otherwise relaxed from restraint over
a sufficient distance to allow a reasonably\stress-free
realignment.

(b)| Grinding. Defects may be removed by grinding
within the limitations stated below.)Prior to grinding,
limit$ on grinding imposed by thé operating pressure,
the femaining wall thicknéss) ‘and the proximity of
defedts should be considered. The ground area should
havd a smooth transition (minimum 4-to-1 slope)
betwpen it and the surtounding pipe. Weld imperfec-
tions|{ arc burns, (gouiges, grooves, and cracks may be
removed by grinding prior to any additional repairs.
Dentf with stress risers may be ground to remove the
stresg riser prior to installation of a repair.

Grinding of defects shall include

of a dent
containing cracks or other stress risers, the crafks, stress
risers, or other defects shall be completély;remfoved and
the remaining wall thickness after grinding sHall not be
less than the minimum wall thickness as permitted by
the component specification, which shall be qonfirmed
by ultrasonic measurement mgthods.
(c) Deposited Weld Metql{Pefects in welds [produced
with a filler metal, small corroded areas| gouges,
grooves, and arc burns“may be repaired by depositing
weld metal provided that they are not located yithin the
confines of aryindénted region of the pipe. The welding
processes shalh be in accordance with the agpropriate
pipe specification for the grade and type of ffipe being
repaired: Weld imperfections, arc burns, gofiges, and
grooves shall be removed by grinding prior [to depos-
iting the weld filler metal. The qualification tes{ for weld-
ing procedures to be used on pipe containing a liquid
shall include the cooling effects of the pipg contents
on the soundness and physical properties of the weld.
Welding procedures on pipe not containing ligruid shall
be qualified in accordance with para. 434.8.3. A welding
procedure specification for repairing by means{of depos-
ited weld metal shall be established. The weldjng proce-
dure specification shall define the minimum pllowable
remaining wall thickness in areas where weld deposition
is to be used and the appropriate value of pfessure in
the carrier pipe during this type of repair. Low-hydrogen
electrodes shall be used to prevent hydroger] cracking
in carbon steel materials.
(d) Full Encirclement Sleeves. Repairs may b¢ made by
the installation of a full encirclement welded split sleeve.
Sleeve configurations may be one of the follgwing:

(1) Non-Pressure-Containing Sleeve Configuration
(Type A). For full encirclement split sleeves ingtalled for
repair by reinforcement only and not internal pressure
containment, circumferential welding of the ends is not

(H—confirmationrof LUlllPlCi.C Termovatof thedefect
by using visual and magnetic-particle or dye-penetrant
inspection
(2) measurement of longitudinal length and

remaining wall thickness of the ground area using
mechanical or ultrasonic measurement equipment to
ensure compliance with an appropriate fitness-for-pur-
pose criterion

Ground arc burns must be etched in accordance with
para. 451.6.2.3 to confirm removal of all of the metallur-
gically altered material.
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allowed. A hardenable filler material such as nonshrink
epoxy shall be used to fill any voids that exist between
the sleeve and the defective area being repaired. The
ends of the sleeve shall extend past the edge of the defect
for a minimum of 2 in. (50 mm). When a reinforcing
sleeve is used for defects with length less than L, as
defined in the following equation, the thickness of the
sleeve material may be a minimum of two-thirds that
of the carrier pipe. For flaws with length greater than
L, the thickness of the sleeve material must be equal to
or greater than that of the carrier pipe.
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Table 451.6.2.9-2

Acceptable Pipeline Repair Methods for Dents, Buckles, Ripples, Wrinkles, Leaking

Couplings, and Defective Prior Repairs

Repair Methods

4a 4b
Reinforcing-Type Pressure- 6
1 2 Full Containing Full 5 Mechanical
Replace as Removal by Encirclement Encirclement Composite Bolt-On
Type of Defect Cylinder Grinding Sleeve (Type A) Sleeve (Type B) Sleeve Clamps
Dents < 6%of the Yes No | imited Yes |imited es
diameter|of the pipe [Note (1)] [Note (2)] [Note (2)]
containing seam or
girth welfl
Dents < 6% of the Yes Limited Limited Yes Limited es
diameter|of the pipe [Note (1)] [Note (4)] [Notes (2), (3)] [Notes (2)3.(3)]
containing gouge,
groove, dr crack
Dents < 6% of the Yes No Limited Yes Limited es
diameter|of the pipe [Note (1)] [Note (2)] [Note (2)]
containinig external
corrosion with depth
exceeding 12%% of
wall thickness
Dent exceegling 6% of Yes No Limited Yes Limited es
the diampter of pipe [Note (1)] [Note (2)] [Notes (2), (3)]
Buckles, rigples, or Yes No Limited Yes No es
wrinkles [Note (1)] [Note (2)]
Leaking coypling Yes No No Yes No es
[Note (1)]
Defective s|eeve from Yes No No Yes No es
prior repgir [Note (1)]

NOTES:

(1) Replacgment pipe should have a minimum length of ope-half of its diameter or 3 in. (76.2 mm), whichever is greater, and shall meet
the same design requirements as those of the cartier pipe.

(2) A hardg¢nable filler such as epoxy or polyestefsresin shall be used to fill the void between the pipe and the repair sleeve.

(3) May be| used only if gouge, groove, arc burn or crack is entirely removed and removal is verified by visual and magnetic-particle ¢r dye-
penetrgdnt inspection (plus etchant in the case of arc burns).

(4) May be| used only if the crack, stress riser, or other defect is entirely removed, removal is verified by visual and magnetic-particlg or
dye-peretrant inspection (plus et¢hant in the case of arc burns), and the remaining wall thickness is not less than the minimum pwall
thickneks as permitted by the €omponent specification.

\=)20 x /D x t the sleeve is installed, applying external mechgnical
force, or preheating the sleeve to facilitate a “shrink-fit.”

where (2) Pressure-Containing Sleeve Configuration (Tipe B).

D = pipe d1fameter Type B sleeves shall have a design pressure of nqt less
t = wall'thickness than that of the pipe being repaired. The longitudinal

When a Type A sleeve is used, measures shall be taken
to prevent migration of water into space between the
pipe and the sleeve. Electrical continuity shall be estab-
lished between the pipe and the sleeve in order to pro-
vide cathodic protection. Type A sleeves should not be
used to repair leaking defects or for circumferentially
oriented defects.

A Type A sleeve may be installed in a manner that
reduces the hoop stress in the carrier pipe. Methods for
accomplishing this include lowering the pressure before

70

seams of the sleeve shall be full-penetration butt welds.
The ends of the sleeve shall be fillet-welded to the carrier
pipe using a low-hydrogen welding procedure. The ends
of the sleeve shall extend past the edge of the defect for
a minimum of 2 in. (50 mm). If the sleeve is thicker than
the pipe being repaired, the circumferential ends should
be chamfered (at approximately 45 deg) down to the
thickness of the pipe or the leg length of the fillet weld
on the end of the sleeve should not be allowed to exceed
the thickness of the carrier pipe by more than % in.
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(1.6 mm). Also, the leg length of the fillet weld on the
end of the sleeve should not be less than the thickness
of the carrier pipe minus % in. (1.6 mm). Special consid-
eration shall be given to minimize stress concentration
resulting from the repair.

Type B sleeves may be used for leaking or nonleaking
defects including circumferentially oriented defects.
When multiple sleeves are used, a Type B sleeve should
not be terminated within one-half of a pipe diameter
of, oo T gl wetd-wii fsgreater: o
distapce between sleeves should be at least one pipe
diamjeter. Separated sleeves may be spaced less than one
pipe fliameter apart if joined by a welded bridging sleeve
or made continuous by butt-welding them together.
When installed at a nonleaking defect, a Type B sleeve
may |be installed in a manner that reduces the hoop
stres§ in the carrier pipe. Methods for accomplishing
this include lowering the pressure before the sleeve is
installed, applying external mechanical force, or pre-
heatihg the sleeve to facilitate a “shrink-fit.”

(e)| Composite Sleeve. Nonleaking corroded areas and
certajn other types of defects may be repaired by the
installation of a composite sleeve provided that design
and Installation methods are proven for the intended
servife prior to application. A qualified written proce-
dure|performed by trained personnel is required, and
recorfds shall be retained in accordance with section 455.
A composite sleeve must have been tested to determine
if it if compatible with cathodic protection and the prod-
uct iI the carrier pipe. The composite sleeve must-also
retain its essential properties in a moist environment at
templeratures within the operational temperature range
of th¢ pipe. The load-carrying capacity of the remaining
pipe [and the composite sleeve shall be‘at a minimum
equal to the nominal load-carrying capacity of the pipe.
Compposite sleeves should be marked and/or docu-
mented as to location so that.it\will be evident that a
repair has been made at the.specific location.

Composite sleeves shallnot be used to repair leaks,
metal loss with a depth gi€ater than 80% of the nominal
wall [thickness, cracks; or circumferentially oriented
defedts.

Composite sleeves may be used to repair defects that
have|been rémoved by grinding.

(f)| Mechanical Bolt-On Clamp. Repairs may be made
to bathileaking and nonleaking defects by the installa-

sAVAS

(g) Hot Tapping. Defects may be removed by hot tap-
ping. When hot tapping is used as a means of repair,
the portion of piping containing the defect shall be com-
pletely removed. Hot tap fittings larger than 2 in.
(50 mm) that have integral material sufficient to satisfy
the area replacement requirements of para. 404.3.5 may
not have adequate resistance to external forces and
moments if used without full-encirclement
reinforcement.
fttt ernal cor-

may be
. Welded

s, IV OI' 1I€ak resu :
rosion and small externally corroded aréa
repaired by the installation of a welded fitting
fittings used to cover pipeline defects shall njot exceed
NPS 3 and shall have a design presstre of nof less than
the pipe being repaired. Pipéleontaining afrc burns,
grooves, and gouges may,be{repaired with fa welded
fitting if the arc burn or stréss riser associated with the
gouge or groove is removed by grinding. No drack shall
be repaired by this method.

(i) Patches and Half Soles. Neither patche

soles shall be installed on pipelines.

5

nor half

451.6.2.10 Temporary Repairs. Temporalry repairs
may be-n€cessitated for operating purposes. $uch tem-
porary wepairs shall be made in a safe manner and in
accordance with sound engineering principles. Tempo-
raty repairs shall be made permanent or replaced in a
permanent manner as soon as practical in agcordance
with this Code.

451.6.3 Testing Repairs to Pipelines Operpting at a
Hoop Stress of More Than 20% of the Specified|Minimum
Yield Strength of the Pipe. When a scheduled repair
to a pipeline is made by cutting out a section df the pipe
as a cylinder and replacing it with another $ection of
pipe, the replacement section of pipe shall be [subjected
to a pressure test. The replacement section of pipe shall
be tested as required for a new pipeline in a¢cordance
with para. 437.4.1. The tests may be made on the pipe
prior to installation provided radiographid or other
acceptable nondestructive tests (visual irfspection
excepted) are made on all tie-in butt wellds after
installation.

451.8 Valve Maintenance

Pipeline block valves shall be inspected,|serviced
where necessary, and partially operated at least once

tion of a mechanically applied clamp. A mechanical
clamp shall have a design pressure of not less than that
of the pipe being repaired. Mechanical clamps shall not
be used to repair circumferentially oriented defects
unless designed to withstand the axial load. A mechani-
cal clamp may be fully welded, both circumferentially
and longitudinally and seal welded at the bolts. The
clamp ends shall extend past the edges of the defect for
a minimum of 2 in. (50 mm). Mechanically applied full
encirclement repair fittings shall meet the design
requirements of para. 401.2.
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each year tO ensure proper operating conditions.

451.9 Railroads and Highways Crossing Existing
Pipelines

(1) When an existing pipeline is to be crossed by a
new road or railroad, the operating company shall ana-
lyze the pipeline in the area to be crossed in terms of
the new anticipated external loads. If the sum of the
circumferential stresses caused by internal pressure and
newly imposed external loads (including sustained,
occasional, and transient loads) exceeds 0.908, (specified
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minimum yield strength), the operating company shall
install mechanical reinforcement, structural protection,
or suitable pipe to reduce the stress to 0.90S, or less, or
redistribute the external loads acting on the pipeline.
API RP 1102 provides methods that may be used to
determine the total stress caused by internal pressure
and external loads. API RP 1102 also provides methods
to check cyclic stress components for fatigue.

(b) Installation of uncased carrier pipe is preferred.

Response time expected during a leak or emergency
is another important factor that should be considered.
Longer response time supports the benefit of faster
detection needs. Accuracy of detection and lack of false
indications are also factors that support or diminish the
reliability of the leak detection method selected.

The operator should carefully select leak detection
systems. The detection system can consist of regularly
scheduled right-of-way patrol, aerial, land or water;

AdjustmgTtsof existing pipetines i service ata pro-
posed rajlroad or highway crossing shall conform to
details dontained in API RP 1102. As specified in
para. 461{1.7, if casing is used, coated carrier pipe shall
be indeppndently supported outside each end of the
casing arjd insulated from the casing throughout the
cased sedtion, and casing ends shall be sealed using a
durable, ¢lectrically nonconductive material.

(c) Tesfing and inspection of replaced pipe sections
shall conform to requirements of para. 451.6.3. All new
girth welfls in the carrier pipe shall be radiographed or
inspected by other acceptable nondestructive methods
(visual irfspection excepted).

451.10 Inland Waters Platform Risers

Riser ir)stallations shall be visually inspected annually
for physical damage and corrosion in the splash zone
and above. The extent of any observed damage shall be
determinpd, and, if necessary, the riser installation shall
be repaired or replaced.

451.11 lLeak Detection

While in operation, all pipe segments should-be peri-
odically |monitored to ensure they are not‘leaking.
On-site pgersonnel, both as neighbors of\thé pipeline
system and as operator employees, disgover many leaks.
Operatorp should continue to communicate and main-
tain the detection and response skills necessary to sup-
port vispial inspection of tHe jpipeline system. In
addition,|operators should ¢ensider supplemental leak
detection| methods other-than visual.

Selectign and implementation of the leak detection
system should take into account the risk of both the
likelihoodl and consequence of a leak. Some factors that
could reduce the\risk when an operator is determining
the type gnd. frequency of monitoring to employ include

analysis of blocked-in pressures; monitoring changes of
flow or pressure from steady-state operation; voluthetric
line balances; pressure wave analysis, orsany pther
method capable of detecting leakage in altimely mgnner.
Monitoring intervals vary from contintious with compu-
terized evaluation software, to range from weelly to
daily for visual observation methods. If computer-based
monitoring is utilized, API RR:1130 should be follgwed.

Whatever method is selected, operators should moni-
tor and analyze their leak performance periodically and
make adjustments to the leak detection method selected
to reduce the leakdge.

451.12 Strain Criteria for Existing Pipelines

Whety,an existing pipeline experiences a nongyclic
displacement of its support (such as fault movgment
along the pipeline route or differential support dettle-
ment or subsidence along the pipeline), the longitydinal
and combined stress limits may be replaced with an
allowable strain limit, so long as the consequenges of
yielding do not impair the serviceability of the installed
pipeline. This allowable strain limitation does not apply
to localized strains such as those found in dents,| field
bends, or induction bends. The permissible maximum
tensile strain depends upon the ductility of the maferial,
any previously experienced plastic strain, and the puck-
ling behavior of the pipe. Where plastic strains are gntici-
pated, the pipe eccentricity, pipe out-of-roundnesq, and
the ability of the welds to undergo such strains without
detrimental effect shall be considered. Maximum t¢nsile
strain shall be limited to 2%.

452 PUMP STATION, TERMINAL, AND STORAGE

the followdng-—  FACHITIFS OPFRATION-AND-MAINTENANCE

(a) service — clean, noncorrosive, low vapor pressure
liquids

(b) location — away from population, on operator-
controlled property, away from areas that would suffer
irreparable damage, not near waterways supporting rec-
reational or commercial traffic

(c) construction — material operating well below
threshold limits

(d) operating at low stress levels

(e) leak history — indicates years with no leaks
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452.1 General

(a) Starting, operating, and shutdown procedures for
all equipment shall be established and the operating
company shall take appropriate steps to see that these
procedures are followed. These procedures shall outline
preventive measures and systems checks required to
ensure the proper functioning of all shutdown, control,
and alarm equipment.
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(b) Pipeline equipment located on operator property
should be monitored regularly for indications of leaks.
The operator should evaluate the alternatives available,
giving consideration to the following;:

(1) monitoring systems such as gas detectors,
sump-level alarms, pump seal failure alarms, and high-
level alarms of tanks and storage vessels

(2) observation patrols or operational checks con-
ducted on an hourly, daily, weekly, or monthly schedule

a separate structure built of noncombustible material
located a suitable distance from the pump house. All
aboveground oil or gasoline storage tanks shall be pro-
tected in accordance with NFPA 30.

452.5 Fencing

Station, terminal, and storage areas shall be main-
tained in a safe condition, and shall be fenced and
locked, or attended, for the protection of the property

apprpriate for the ocations factors
3) periodic static pressure tests of piping and stor-
age tpnks
4) careful evaluation of routine operating volumet-
ric rgceipt, delivery, and inventory reports
5) fugitive emission testing of seal and glands
6) public awareness programs to enhance recogni-
tion and response to leaks, etc.

The periodic review and analysis of leaks that have
occufred on the operator’s property should be con-
duct¢d to identify corrective actions.

452,

(a)] Controls and protective equipment, including
presgure-limiting devices, regulators, controllers, relief
valvgs, and other safety devices, shall be subjected to
systejmatic periodic inspections and tests, at least annu-
ally, except as provided in para. 452.2(b), to determine
that they are
1) in good mechanical condition
2) adequate from the standpoint of capacity.and
reliability of operation for the service in which\they are
employed
3) set to function at the correct pressure
4) properly installed and proteéted from foreign
matefials or other conditions that might prevent proper
operation

(b)] Relief valves on pressuse storage vessels con-
taining LPG or liquid anhydrous ammonia shall be sub-
jectedl to tests at least every 5 yr.

P Controls and Protective Equipment

452,

(a)] Storage facilities, including atmospheric and pres-
sure [tanks, Hahdling the liquid or slurry being trans-
ported shallibe periodically inspected and pertinent

records-maintained. Points to be covered include
‘1\ ctalhalitss Af £ I g1 o

B Storage Facilities

and the public.

452.6 Signs

(a) Suitable signs shall be posted to setve as[warnings
in hazardous areas.
(b) Classified and high-voltage areas shall be ade-
quately marked and isolated.
(c) Caution signs shall'be/displayed indicafing name
of the operating company and, where possiblef an emer-
gency telephone contact.

452.7 Prevention’of Accidental Ignition

(a) SmoKing shall be prohibited in all areas ¢f a pump
station,terminal, or tank farm in which th¢ possible
leakage or presence of vapor constitutes a hazprd of fire
or explosion.

(b) Flashlights or hand lanterns, when used, shall be
of the approved type.

(c) Welding shall commence only after cgmpliance
with para. 434.8.1(c).

(d) Consideration should be given to the prevention
of other means of accidental ignition. See NACE RP 0177
for additional guidance.

453 CORROSION CONTROL

Protection of ferrous pipe and components fjom exter-
nal and internal corrosion, including tests, inppections,
and appropriate corrective measures, shall Be as pre-
scribed in Chapter VIIL

454 EMERGENCY PLAN

(a) A written emergency plan shall be estabjlished for
implementation in the event of system failyres, acci-
dents, or other emergencies, and shall include proce-

stability-of foundation
(2) condition of bottom, shell, stairs, and roof
(3) venting or safety valve equipment
(4) condition of firewalls or tank dikes
(b) Storage vessels and tanks shall be cleaned in accor-
dance with APT 2015.

452.4 Storage of Combustible Materials

All flammable or combustible materials in quantities
beyond those required for everyday use or other than
those normally used in pump houses shall be stored in
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dures for promptandexpedient Temredial action
providing for the safety of the public and operating
company personnel, minimizing property damage, pro-
tecting the environment, and limiting accidental dis-
charge from the piping system.

(b) The plan shall provide for training of personnel
responsible for the prompt execution of emergency
action. Personnel shall be informed concerning the char-
acteristics of the liquid or slurry in the piping systems
and the safe practices in the handling of accidental dis-
charge and repair of the facilities, with emphasis on
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the special problems and additional precautions in the
handling of leaks and repair of systems transporting
LPG, slurry, or liquid anhydrous ammonia. The
operating company shall establish scheduled reviews
with personnel of procedures to be followed in emergen-
cies at intervals not exceeding 6 months, and reviews
shall be conducted such that they establish the compe-
tence of the emergency plan.

(c) Procedures shall cover liaison with state and local

explosimeters; ignition of vapors at leak site to prevent
the uncontrolled spread of vapors; utilization of tempo-
rary flares or blowdowns on either side of the leak site;
and utilization of internal plugging equipment where
it is anticipated that vaporization of LPG entrapped in
pipeline segment will continue over a prolonged period

(7) in the case of systems transporting liquid anhy-
drous ammonia, assessment of the extent and coverage
of the ammonia vapor cloud and utilization of internal

civil agerfcies STCIT a5 fiTe departments, police depart-
ments, shieriff’s offices, highway patrols, and other enti-
ties in or|near the pipeline right-of-way (e.g., electrical
and othet utilities, highway authorities, and railroads)
to providg prompt intercommunications for coordinated
remedial [action; dissemination of information on loca-
tion of syjstem facilities; characteristics of the liquids or
slurries tpansported, including additional precautions
necessary with leaks from piping systems transporting
LPG or liquid anhydrous ammonia; and joint prepara-
tion of cpoperative action as necessary to ensure the
safety of fthe public in the event of emergencies.

(d) A Jine of communications shall be established
with residlents along the piping system to recognize and
report a system emergency to the appropriate operating
company personnel. This could include supplying a
card, sticker, or equivalent with names, addresses, and
telephon¢ numbers of operating company personnel to
be contadted.

(e) In the formulation of emergency procedures for
limiting fccidental discharge from the piping systent,
the operdting company shall give consideration to

(1) fprmulating and placing in operatiomproce-
dures for|an area cooperative pipeline leak notification
emergendy action system between operating companies
having pJping systems in the area

(2) reduction of pipeline pressuré by ceasing pump-
ing operaftions on the piping systefii,opening the system
to delivefy storage on either side of the leak site, and
expeditious closing of block~alves on both sides of the
leak site,|and in the case-06f-systems transporting LPG,
continuafion of pumping, until LPG has been replaced
at point ¢f leak by.a‘less volatile product if vapors are
not accupulatingto an extent that a serious hazard
appears immirient

(3) interim instructions to local authorities prior to

plugging equipmment where it is anticipated that vapor-
ization of liquid anhydrous ammonia entrappedin the
pipeline segment will continue over a prolofged period

455 RECORDS

For operation and maintenance‘ptrposes, the follow-
ing records shall be properlywunaintained:

(a) necessary operational-data

(b) pipeline patrol records

(c) corrosion records.as required under section

(d) leak and bréak records

(e) records pertaining to routine or unusual inspec-
tions, such as‘éxternal or internal line conditions

(f) pipeline repair records

468

456 QUALIFYING A PIPING SYSTEM FOR A
HIGHER OPERATING PRESSURE

(a) Inthe event of up-rating an existing piping system
when the higher operating pressure will produce afhoop
stress of more than 20% of the specified minimum|yield
strength of the pipe, the following investigativg and
corrective measures shall be taken:

(1) the design and previous testing of the piping
system and the materials and equipment in|it be
reviewed to determine that the proposed incregse in
maximum steady-state operating pressure is saf¢ and
in general agreement with the requirements of this Code

(2) the conditions of the piping system be deter-
mined by leakage surveys and other field inspections,
examination of maintenance and corrosion contrdl rec-
ords, or other suitable means

(3) repairs, replacements, or alterations in thg
ing system disclosed to be necessary by steps (1

pip-
and

arrival oflqualified operating companypersonnel-at the
leak site

(4) rapid transportation of qualified personnel to
the leak site

(5) minimization of public exposure to injury and
prevention of accidental ignition by evacuation of resi-
dents and the halting of traffic on roads, highways, and
railroads in the affected area

(6) in the case of systems transporting LPG, assess-
ment of extent and coverage of the LPG vapor cloud
and determination of hazardous area with portable

74

(2) ]L}C llladt

(b) The maximum steady-state operating pressure
may be increased after compliance with para. 456(a) and
one of the following provisions:

(1) If the physical condition of the piping system
as determined by para. 456(a) indicates that the system is
capable of withstanding the desired increased maximum
steady-state operating pressure in accordance with the
design requirement of this Code, and the system has
previously been tested for a duration and to a pressure
equal to or greater than required in paras. 437.4.1(a) and
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(c) for a new piping system for the proposed higher
maximum steady-state operating pressure, the system
may be operated at the increased maximum steady-state
operating pressure.

(2) If the physical condition of the piping system
as determined by para. 456(a) indicates that the ability of
the system to withstand the increased maximum steady-
state operating pressure has not been satisfactorily veri-
fied, or the system has not been previously tested to the

by this Code for a new piping system constructed of
the same materials. The rate of pressure increase to the
higher maximum steady-state operating pressure
should be gradual so as to allow sufficient time for
periodic observations of the piping system.

(d) Records of such investigations, work performed,
and pressure tests conducted shall be preserved as long
as the facilities involved remain in service.

level required by this Code for a new piping system for
the groposed higher maximum steady-state operating
presdure, the system may be operated at the increased
maximum steady-state operating pressure if the system
shall| successfully withstand the test required by this
Cod¢ for a new system to operate under the same
condjtions.

(c)] In no case shall the maximum steady-state
operqting pressure of a piping system be raised to a
valug higher than the internal design pressure permitted

457 ABANDONING A PIPING SYSTEM _ |

In the event of abandoning a piping sysftem, it is
required that
(a) facilities to be abandoned in place shall Ipe discon-
nected from all sources of the transported liquid, such
as other pipelines, meter statigns;control lines,[and other
appurtenances
(b) facilities to be abandened in place shall lpe purged
of the transported liqtiid and vapor with an ifjert mate-
rial and the ends sealed
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Chapter VIII
Corrosion Control

460 GENERAL

(NACE) International, is a source of information on

(a) Thip Chapter contains the minimum requirements
and procg¢dures for controlling external and internal cor-
rosion arld erosion of exposed, buried, or submerged
metallic pipe and components. This Chapter is applica-
ble to thg design and installation of new pipelines and
associatgd piping systems and to the operation and
maintenance of existing pipelines and associated piping
systems.

(b) Th¢
under th

provisions of this Chapter should be applied
p direction of competent corrosion personnel.
Every spgcific situation cannot be anticipated; therefore,
the appli¢ation and evaluation of corrosion control prac-
tices requiire a significant amount of competent judgment
in order {o be effective in mitigating corrosion.

(c) Deyiations from the provisions of this Chapter are
permissible in specific situations, provided the operating
company|can demonstrate that the objectives expressed
herein have been achieved.

(d) Cotrosion control requirements and procedures
may in mjany instances require measures in addition te
those shgwn in this Chapter. Each operating company
shall estgblish procedures to implement its corrosion
control grogram, including the requirements jof this
Chapter, [to achieve the desired objectives, Procedures,
including those for design, installatioi;-ahd mainte-
nance of fathodic protection systems;-shall be prepared
and implemented by or under the-diréction of persons
qualified by training or experienee;-or both, in corrosion
control njethods.

461 EXTERNAL CORROSION CONTROL FOR
BURIED OR-SUBMERGED PIPELINES

461.1 New Installations
461.1}1 General. All new buried or submerged

materials performance in corrosive environments

461.1.2 Coating Requirements

(a) The surface preparation shall be compatiblg with
the coating to be applied. The pipe surface shall bp free
of deleterious materials, such as rist, scale, moiture,
dirt, oils, lacquers, and varnish.\The surface shall be
inspected for irregularities thatcould protrude thjough
the coating. Any such irregiilarities shall be rempved.
Further information canybe“obtained from NACE]Joint
Surface Preparation Standards Numbers 1, 2, 3, 4, 4nd 5.

(b) Suitable coatings, including compatible field joint
and patch coatifigs; shall be selected, giving congider-
ation to handling, shipping, storing, installation qondi-
tion, moisture adsorption, operating temperatures pf the
pipeline, environmental factors (including the natfire of
the spil‘ér water in contact with the coating), adhesion
characteristics, and dielectric strength. Further inf¢grma-
tion can be obtained from NACE Recommendpd or
Standard Practices (RPs or SPs) 0185, 0188, 0198, 0274,
0303, 0375, 0394, 0399, 0402, 0490, and 0602.

(c) Coatings shall be applied in a manner that enjsures
effective adhesion to the pipe. Voids, wrinkles, holidays,
and gas entrapment should be avoided. In rocky |envi-
ronments, the use of a protective outer wrap, select pack-
fill, or other suitable measures shall be considened to
minimize physical damage to the coating.

Consideration should be given to providing an fover-
coating or other protection of coatings in storag¢ that
are susceptible to UV degradation.

(d) The coating shall be visually inspected for defects
prior to lowering the pipe in the ditch. Insulating-type
coatings on piping and pipelines shall be inspectgd for
holidays by the most appropriate method. Copting
defects or damage that may impair effective corrpsion
control shall be repaired before installing the pipe in
the ditch. Further information can be obtained lfrom

pipelines andassociated termirat and pump statiorn pip-
ing, except as permitted under para. 461.1.3 and section
466, shall be externally coated and cathodically pro-
tected unless it can be demonstrated by test or experi-
ence that the materials are resistant to corrosion in the
environment in which they are installed. Consideration
shall be given to the handling, shipping, storing, installa-
tion conditions, and the service environment and
cathodic protection requirements when selecting the
coating materials. The Corrosion Data Survey, published
by the National Association of Corrosion Engineers
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NACE SP 0490.

(e) Care shall be exercised in handling, storage, and
installation to prevent damage to the coating, including
measures such as the following:

(1) minimize handling of coated pipe

(2) use equipment least likely to damage the coat-
ing, e.g., belts or cradles instead of cables

(3) use padded skids where appropriate

(4) stack or store pipe in a manner that prevents
or minimizes damage to coating
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461.1.3 Cathodic Protection Requirements. Unless
it can be demonstrated by tests or experience that
cathodic protection is not needed, all buried or sub-
merged pipelines with barrier-type coatings, except
facilities installed for a limited service life, shall be
cathodically protected as soon as feasible following
installation.

Pipelines installed for a limited service life need not
be cathodlcally protected 1f it can be demonstrated that
the p os

61.1.4.1 Foreign Structures. All coated pipeline
piping systems shall be electrically isolated at all

conngected and cathodically protected as a unit. Steel
pipelines shall be electrically isolated from cast iron,
ductille iron, or nonferrous metal pipelines and compo-
nentd. Electrical tests shall be made of pipeline and pip-
ing slystems to locate unintentional contacts with other
metallic structures. If such contacts exist, they shall be
corrected. Further information can be obtained from
NACE SP 0286.

61.1.4.2 Electric Transmission Lines."Where a
pipeline parallels overhead electric transmission lines,
consideration shall be given to

(a)] investigating the necessity of(protecting insulating
jointg in the pipeline against induced voltages resulting
from|ground faults and lightning. Such protection can
be oljtained by
1) grounding in the.affected area with galvanic or
impressed current anode material or with bare ground-
ing cpble
2) bridgingthe pipeline insulator with a spark gap
3) combinations of (1) and (2) above
4) other sound engineering practices
(b)| making a study in collaboration with the electric

(4) the corrosive effects of high-voltage direct cur-
rent (HVDC) power systems
(c) Further information may be obtained from
NACE SP 0177 and EPRI EL-3106.

461.1.4.3 Transported Products. Where a pipeline
transports a product that is or contains an electrolyte,
the use of internally lined isolating spools shall be con-
51dered If used, the 1solat1ng plpe spools shall be
side the
p1pehne between d1fferent pipeline steel pot tials.

461.1.5 Electrical Connections.and M
Points

(a) Except for offshore pipelines and piping
sufficient test points should be inistalled to de
the effectiveness of corrosiorivcontrol or the
cathodic protection.

(b) Special attentiorishall be given to the thanner of
installation of electri¢al leads used for corrosi¢pn control
or testing to avoidiharmful stress concentrat{fon at the
point of attachment to the pipe. Acceptable| methods
include, but are not limited to

(1).electrical leads attached directly to the pipe by
the thermite welding process, using copper ¢xide and
aluminum powder. The size of the thermit¢ welding
charge should be selected based on the wall thickness,
operating pressure, and thermite welding efuipment
manufacturer’s recommendations.

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other methods that do not
involve temperatures exceeding those for soff solders.

(c) All pipe thatis bared for electrical lead copnections
and all bared electrical lead wires shall be prgtected by
electrical insulating material compatible with existing
coating.

nitoring

systems,
onstrate
need for

461.1.6 Electrical Interference

(a) Impressed current cathodic protection systems
shall be designed, installed, and operated so ds to mini-
mize adverse effects on existing metallic struftures.

(b) Field tests shall be conducted to detefmine the
adverse electrical interference from foreign catlodic pro-
tection installations, DC rail, and electrical facilities. The
effects shall be mitigated by such means ds control
bonds, supplementary cathodic protection, protective
coatings, insulating devices, galvanic anodes| or other

compary; terkir S thefottowir S factorsintoconsideration
and applying remedial measures as appropriate:

(1) the need to mitigate induced AC voltages or
their effects on personnel safety during construction and
operation of the pipeline by means of suitable design
for bonding, shielding, or grounding techniques

(2) the possibility of lightning or fault currents
inducing voltages sufficient to puncture pipe coatings
or pipe

(3) possible adverse effects on cathodic protection,
communications, or other electronic facilities
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acceptable methods determined by sound engineering
practice.

461.1.7 Casings. The use of metallic casings should
be avoided insofar as possible from a corrosion control
standpoint. However, it is recognized that installation
of metallic casings is frequently required or desirable to
facilitate construction. Where metallic casing is used,
care shall be exercised to ensure that coating on the
carrier pipe is not damaged during installation. The
carrier pipe should be insulated from metallic casings,
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and the casing ends shall be sealed with a durable mate-
rial to minimize the accumulation of solids and liquids
in the annular space. Special attention shall be given to
the casing ends to prevent electrical shorting due to
backfilling movement or settling. Where electrical isola-
tion is not achieved, action shall be taken to correct the
condition by clearing the short if possible, by mitigating
the potential for corrosion inside of the casing by instal-
lation of a high resistivity inhibited material in the annu-

(2) application of protective coating
(3) installation of galvanic anode(s)
(4) installation of impressed current systems
(5) electrical isolation
(6) stray current control
(7) other effective measures as determined by
sound engineering practices
(8) combinations of the above
(b) When experience or testing indicates the above

lar spaceby supptenrenting cathodicprotectiorn, or by
other soynd engineering practice. Further information
can be oljtained from NACE RP 0200.

461.2 Existing Buried or Submerged Steel Pipelines

461.2{1 General. Procedures shall be established
for evaluating the need for a corrosion control program
or the effectiveness of existing corrosion control pro-
grams, of both. Appropriate corrective action shall be
taken commensurate with the conditions found. The
procedures and actions shall include, but not be limited
to, those [listed in para. 461.2.

461.2{2 Evaluation

(1) The¢ records available as a result of visual and
instrumented inspections, repairs, construction, and
normal rhaintenance work shall be reviewed for evi-
dence of [continuing corrosion.

(b) Eleftrical survey methods may be used as an indiz
cation of suspected corrosive areas where surface condi-
tions perpmit sufficiently accurate measurements.*Such
surveys gre most effective in nonurban envirohments.
Common| survey methods include but are\not limited
to the following;:

(1) gipe-to-soil potentials, including close interval
surveys
(2) voltage gradient suryeys
(3) spil resistivity
(c) Theg continued effectiveness of a cathodic protec-

tion systiem shall be\monitored in accordance with
para. 461|2.7.

461.2)3 Corrective Measures

mitigation methods will not control continuing dorro-
sion to an acceptable level, the segment shall be re%ndi—
tioned or replaced and suitably protected in‘a¢corglance
with the new installation criteria in para, 461.1.

461.2.4 Cathodic Protection Criteria
(a) A pipeline or structure is cofisidered to be cajhodi—
cally protected when it meets dme or more of the ctiteria
listed in Section 6: Criteriatand Other Considergtions
for Cathodic Protection,.of NACE SP 0169-2007.
(b) 1t is not intended that cathodic protection b¢ lim-
ited to these criteria if’it can be demonstrated by [other
sound engineering‘practice that adequate control qf cor-
rosion has beén achieved.

461.2.5Electrical Interference
(a) Adverse electrical interference from or to fgreign
strugtures as determined by field tests shall be mitigated.
(b) Facilities for mitigating electrical interference shall
be periodically monitored.

461.2.6 Examination When Exposed
(a) Whenever a buried facility is exposed during nor-
mal maintenance or construction activities, a isual
inspection shall be made of the coating condition arjd / or
the metal surface.
(b) The extent of any corrosion shall be evaluated in
accordance with para. 461.2.4.

461.2.7 Tests and Inspections of Cathodic Protgction
System
(a) Inspections shall be made as required to maintain
continuous and effective operation of the cathodig¢ pro-
tection system.
(b) Electrical tests shall be made periodically to dleter-
mine that the pipeline system is protected in accordlance
with the applicable criteria as established by this Code.
(c) The type, frequency, and location of inspegtions

(a) If continuing-—eorroston—that—unless—econtroled;
could result in a condition that is detrimental to public
or employee safety is found by the evaluation made
under para. 461.2.2 or 461.2.7, appropriate corrective
measures shall be taken to mitigate further corrosion
on the pipeline segment or piping system. Corrective
measures shall remain in effect as long as required to
maintain a safe operating system. Appropriate correc-
tive measures may include the following;:

(1) provisions for proper and continuous operation
of cathodic protection systems

78
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accuracy the degree of protection provided. Tests may be
required more frequently, depending on consideration of
at least the following:

(1) condition of pipe

(2) method of cathodic protection

(3) corrosiveness of the environment

(4) probability of loss or interruption of protection

(5) operating experience, including inspections and
leak investigations

(6) design life of the cathodic protection installation
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(7) public and employee safety
(8) regulatory requirements
(d) Where the tests or surveys indicate that adequate
protection does not exist, appropriate corrective mea-
sure shall be taken.

461.2.8 Casings. Electrical isolation of cathodically
protected pipelines from metallic casings that are part
of the underground system shall be maintained as neces-

(4) If pigs or spheres are to be used, the types of
coating and pitting tools used should be evaluated and
chosen to prevent damage to the internal coating.

(b) Chemical Treatment

(1) The equipment for the holding, transfer, and
injection of the chemical into the stream shall be included
in the design.

(2) The operation of the injection program should
be a part of the planning.

sary
tricall measurements and inspections shall be made as
necepsary to provide timely evidence of shorts that
would adversely affect cathodic protection. If evidence
of shprts between the carrier pipe and casing is found
that fenders cathodic protection of the pipeline ineffec-
tive, pr if evidence of corrosion of the carrier pipe inside
the casing is found, remedial measures shall be taken as
necegsary to correct the condition or minimize corrosion
insidp the casing.

to-anciira affactivanace of cathoadio et aotines Flao
O-CRSHTFe-errecH vV eREsS-or-catnoeieprotection—tree

462 | INTERNAL CORROSION CONTROL

462.

When a corrosive liquid is transported, provision shall
be mpde to protect the piping system from detrimental
corrgsion. Hydrocarbons containing free water, under
the cpnditions at which they will be transported, shall
be aspumed to be corrosive, unless proven to be noncor=
rosive by recognized tests or experience. Further infor-
matipn can be obtained from NACE RP 0192~Test
MetHod 0172, and MR 0175.

I General

462.2 New Installations

Wihen designing a new or replacenient pipeline sys-
tem, jor additions or modificatiofist0 existing systems,
meagures should be considered. to prevent or inhibit
interpal corrosion, or both. (To,preserve the integrity and
efficiency of a pipeline in which it is known or antici-
pated that a corrosive-liquid will be transported, the
folloying factors shotild be considered in the design

monitor-
rontinued

(3) Sufficient test coupon holders or othey
ing equipment shall be provided to allow, for
program evaluations.

(4) The chemical selected shallbe of a |type that
will not cause deterioration ofrany componepts of the
piping system.

(c) Cleaning Pigs

(1) Scraper trapscfor the insertion and r¢moval of
pigs or spheres, or both, shall be provided.

(2) Sectionsof pipeline to be traversed Ry pigs or
spheres shall¢be designed to prevent damagp to pigs,
spheres, pipes, or fittings during operations.

(3)~Piping for pigs or spheres shall be dgsigned to
guide-the tool and the materials they propel ¢ffectively
and safely.

(4) Provision shall be made for effective gccumula-
tion and handling of liquid and solid materiald removed
from the pipeline by pigs or spheres.

(d) Monitoring Devices

(1) Monitoring devices shall be installed where
practical at locations where the greatest potential for
internal corrosion exists.

(2) Monitoring devices must be designed|to permit
passage of pigs or spheres when installed i sections
traversed thereby.

(e) Reducing Corrosivity

(1) Separators or dehydration equipmen

may be installed.

, or both,

(2) Equipment for the removal of other dpleterious
material from the liquid should be consideregl.

and with

and ¢onstruction, either separately or in combination: )
(a)| InternakConting (f) Materials
1) ThHe-coating shall meet the quality specifications (1) .Matel"ials selected for pipe and fittir.lgs shall be
and the minimum dry film thickness established for ~ compatible with the components of the liquid
the profection-ofthe facility from the corrosive-media each other.

involved, based on the type of coating and methods of
application.

(2) Applied coatings shall be inspected in accor-
dance with established specifications or accepted
practice.

(3) When coated pipe or other components are
joined by welding or other methods that leave the parent
metal exposed, provision shall be made to prevent joint
corrosion, such as cleaning and recoating or the continu-
ing use of a suitable inhibitor.

79

(2) Where plastic linings or alloy steel pipe and
components are used to prevent or control internal corro-
sion, such materials shall have been determined to be
effective under the anticipated operating environment
and conditions to be encountered.

(3) Erosion-corrosion effects from high-velocity
particles at probable points of turbulence and impinge-
ment should be minimized by use of erosion-resistant
materials, added wall thickness, design or flow configu-
ration, and size or dimensions of the pipe and fittings.
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(g) Erosion—Corrosion

(1) It is usually necessary to control erosion-
corrosion of liquid or slurry pipelines to mitigate prema-
ture failure of the line due to reduced wall thickness.
Use of corrosion inhibitors and/or control of the pH,
particle size, and flow velocity of the slurry or internal
coating of the pipe may be used to limit erosion—
corrosion of liquid or slurry pipelines. Other means of
dealing with this effect, such as periodic replacement of
compone| .

See NACE MR 0175 for guidance.

(2) If inhibitors are used, they shall be of a type
that will hot cause deterioration of any piping compo-
nents and shall be used in sufficient quantity to mitigate
internal dorrosion.

(3) If internal coatings are used to control erosion—
corrosion), they shall meet the quality specifications and
minimunp dry film thickness established in the industry
and be ipspected in accordance with industry recom-
mended practices. On piping joined by welding or other
methods |exposing parent metal at the joints, internal
coatings [shall include provisions for joint protection
such as the use of a suitable corrosion inhibitor.

(4) Wherever changes in flow direction or bound-
aries occlir, such as bends, reducers, obstructions, or
discontinities, localized erosion—corrosion is possible.
Means shall be provided to control local erosion-
corrosion}, such as piping geometry, velocity, particle size
distribution, flow regime, wear plates, or other suitable
means. Excessive weld penetration, high-low condition
of a girthjweld, sharp changes in direction, and eccentri-
cally locdted gaskets should be avoided.

462.3 Existing Installations

A pipeline internal corrosion contrgl“program shall
include, lput not be limited to, the féllowing:

(a) Th¢ establishment and evaldatjon of a program for
the detection, prevention, or mitigation of detrimental
internal qorrosion should include the following:

(1) Iripeline leak and repair records should be
reviewed for indication of the effects of internal
corrosion|

(2) When anypart of a pipeline is removed and the
internal qurfacelis accessible for inspection, it shall be
visually gxamined and evaluated for internal corrosion.

(b) Where it is determined that internal corrosion is
taking place that could affect public or employee safety,
one or more of the following protective or corrective
measures shall be used to control detrimental internal
corrosion:

(1) Aneffective chemical treatment shall be applied
in a manner and quantity to protect all affected portions
of the piping systems.

(2) Remove corrosive agents by recognized meth-
ods, such as dehydration.

(3) Add fittings for removal of water fré
spots, or reposition piping to reduce hold-tipywa

(4) Under some circumstances, applicatior
suitable internal coating may be effegtive.

(5) Replacement of components or the use of|wear
plates to control erosion—corrosiof.

(6) Modification of the pipeline design or flow con-
figuration. Sharp changes ifLdirection should be avpided
in liquid or slurry pipelines.

(7) Erosion—corrpsion effects should be minirnized
by controlling the/particle size.

(c) Internal cérrosion control measures shall be gvalu-
ated by an inspection and monitoring program, irfclud-
ing, but notimited to, the following:

(1).The chemical and the injection system should
be petiodically checked.

(2) Corrosion coupons and test spools sh
removed and evaluated at periodic intervals.

(3) Corrosion probes should be checked marjually
atintervals, or continuously or intermittently moniftored
or recorded, or both, to evaluate control of pipeline [nter-
nal corrosion.

(4) A record of the internal condition of the|pipe,
of leaks and repairs from corrosion, and of liquids or
solids quantities and corrosivity shall be kept and|used
as a basis for changes in the cleaning pig schedlules,
chemical treatment program, or liquid treatment facility.

(5) When pipe is uncovered, or on exposed piiping
where internal corrosion may be anticipated, pipg wall
thickness measurement or monitoring should be made
to evaluate internal corrosion.

(6) Where inspections, observation, or record|anal-
ysis indicates internal corrosion is taking place fo an
extent that may be detrimental to public or employee
safety, that portion of the system shall be repairpd or

1l be

AdditioneHy—vistalexaminationshal-bemadefor
excessive weld penetration, high-low condition of a
girth weld, and eccentrically located gaskets that should
be avoided in a liquid or slurry pipeline.

(3) If evidence of internal corrosion is discovered,
the liquid or slurry shall be analyzed to determine the
types and concentrations of any corrosive agents.

(4) Liquids or solids removed from the pipeline by
pigging, draining, or cleanup should be analyzed as
necessary for determining the presence of corrosive
materials and evidence of corrosion products.

80

reconditioned—and-anbropriate-stens taken to-mit
7 I i i T lgate

the internal corrosion.

463 EXTERNAL CORROSION CONTROL FOR
PIPELINES EXPOSED TO ATMOSPHERE

463.1 General

(a) Steel pipelines exposed to the atmosphere shall be
protected from external corrosion by a suitable coating
or jacket, unless it can be demonstrated by test or experi-
ence that the materials are resistant to corrosion in the
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environment in which they are installed. Further infor-
mation can be obtained from NACE RP 0281.

(b) The surface to be coated shall be free of deleterious
materials, such as rust, scale, moisture, dirt, salt, oil,
lacquer, and varnish. The surface preparation shall be
compatible with the coating or jacket to be applied.
Further information can be obtained from NACE Joint
Surface Preparation Standards Numbers 1, 2, 3, 4, and 5.

(c) The coating or jacket selected shall possess charac-
teristifcs that will provide adequate protection tro €
envifonment. Coatings and jackets shall completely
covet the exposed structure and shall be applied in
accolldance with established specifications or manufac-
turer[s recommendations.

(d)| Special consideration shall be given to air-soil
interfaces and splash zones.

464 | PIPELINES IN ARCTIC ENVIRONMENTS
464.1 General

Pipeline facilities installed in arctic environments shall
be copted and cathodically protected in the same manner
as pipelines in temperate locations, and the same consid-
eratipn shall be given to the need for protection from
interpal and atmospheric corrosion, except as specifi-
cally[provided in this section.

=

464.2 External Coating Requirements

Selection of coatings for pipelines in low-temperature
envifonments shall take into consideration the particular
requirements of that environment. These include adhe-
sion, [resistance to cracking or damage dufing handling
and ipstallation in subfreezing temperatures, applicabil-
ity of/field joint coatings or coating repairs, compatibility
withjany applied cathodic protection, and resistance to
soil gtresses due to frost heavej.seasonal temperature
changes, or other requirements!

464.8 Cathodic Protection Facilities

464.3.1 Criterid.~Criteria for cathodic protection
shall[be the same as/for pipelines in temperate environ-
ments. Becau$e“higher driving voltages are normally
requ£ed in fr6zen soils, the voltage impressed across

the cpating) should be limited so that the coating is not
subject to' damage due to cathodic overvoltage or exces-

using constant potential rectifiers or manual
adjustments.

(b) Impressed current anode beds should be installed
whenever feasible at a sufficient distance from the pipe-
line or other underground structures to achieve maxi-
mum current distribution (spread) along the pipeline
and to reduce the peak potential at the pipeline.

(c) Where practical, anode beds shall be installed
below the permafrost level or in other unfrozen loca-

fons, such as a stream of 1aKe, to achieve bettef cathodic
protection current distribution. Where anodeg must be
installed in permanently frozen ground, the yolume of
the anode backfill material should be increased to reduce
the effective resistance between the 'anode anfl the sur-
rounding earth.

(d) Impressed current facilities utilizing dfstributed
or deep anode ground beds/should be used fo protect
buried station facilities and steel pilings whete used to
support aboveground-pipeline and associated| facilities.
The pilings and any other adjacent undergrouhd metal-
lic facilities must-be electrically interconnect¢d to pre-
vent detriméntal interference.

464.3.3 Galvanic Anode Installations. |Galvanic
anodes (packaged or ribbon) may be needed on| pipelines
in (permafrost areas to supplement impressed current
facilities in localized thawed areas. This provides local-
ized cathodic protection to those sections of|pipe that
might be shielded from adequate cathodic-protection
current by the extreme high resistivity of the sur-
rounding frozen soil.

464.4 Monitoring

Installation of calibrated current measuremient spans
should be considered in addition to the ndrmal test
points. These should be installed at sufficien{ intervals
to evaluate current distribution along the protefted pipe-
line and the effects of telluric currents prevalent in polar
regions. These spans also provide contact points for mea-
suring indications of possible coating damage due to
stresses induced by a frozen environment.

464.5 Internal Corrosion Control

If it is anticipated that free water solutions will be
present in the pipeline, possibly along with otler poten-
tially corrosive contaminants, suitable corrective mea-

sive current density.

464.3.2 Impressed Current Facilities

(a) Impressed current facilities should be used on
pipelines in permanently frozen soil. Such facilities are
capable of providing the higher driving voltage needed
to overcome the high resistivity of frozen soil. They
should be installed at pump stations or other facilities
where power is available and access for adjustment and
maintenance is ensured. The effects of seasonal varia-
tions in soil resistivity should be compensated for by

sures shall be taken as prescribed in section 462.

465 PIPELINES IN HIGH-TEMPERATURE SERVICE
465.1 General

Special consideration must be given to the corrosion
control requirements of pipelines and other facilities in
high-temperature service [above 150°F (66°C)]. Elevated
temperatures tend to decrease the resistivity of buried
or submerged pipeline environments and to increase the
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electrochemical corrosion reaction as a result of acceler-
ated ionic or molecular activity. Elevated temperatures
typically occur downstream of pump stations or in gath-
ering systems.

465.2 External Coating Requirements

Selection of coatings shall take into account the partic-
ular requirements for pipelines in high-temperature ser-
vice. These include resistance to damage from soil stress

The external surfaces of thermally insulated pipelines
constructed as “pipe-in-pipe” shall be protected from
corrosion as detailed elsewhere in this Chapter. The
external metallic surfaces of thermally insulated pipe-
lines constructed as “pipe-in-plastic” shall be protected
from corrosion as detailed below.

Due to the physical characteristics of thermal insulat-
ing systems, cathodic protection of the external metallic
surfaces under the insulation system cannot be ensured.

and pipe[movement, compatibility with any applied
protection, and resistance to thermal
degradatjon.

465.3 C3thodic Protection Facilities

465.3|1 Criteria. Criteria for cathodic protection
shall be the same as for normal-temperature service,
except thht recognition should be given to the effects of
decreased resistivity and increased cathodic protection
current rgquirements in elevated-temperature service on
any IR component of the pipe-to-soil potential measure-
ment. Pogsible depolarization effects due to high-tem-
perature pperation shall also be considered.

465.3|2 Galvanic Anodes. Consideration shall be
given to the impact on the performance of close galvanic
anodes (¢specially bracelet or ribbon type) subject to
elevated femperatures due to their proximity to a hot
pipeline. [Higher temperatures tend to increase both the
current output and rate of degradation of most anode
. Some anode materials may become more
steel at temperatures above 140°F (60°C) in
certain electrolytes. Zinc anodes containing aluminum
are also gusceptible to intergranular corrosionyabove
120°F (497C).

465.4 Inkernal Corrosion Control

When liquid known or anticipated-to be corrosive is
transported at elevated temperatures, special consider-
ation shall be given to the idéntification and mitigation
of possible internal corrosion:Such measures are neces-
sary becajuse corrosion feaetion rates increase with ele-
vated teiiperatures and are not stable. Appropriate
mitigatipn and sponitoring measures are given in
section 4¢2.

A3 such, ensuring the integrity of the thermat instjation
system and the isolation of the metal surfagefiom a
corrosive environment is critical.

The external corrosion mitigation (orypipéline integ-
rity) program for thermally insulated pipelines|shall
include either the monitoring of the integrity of thefinsu-
lation system or an appropriate external metal lossmon-
itoring program.

466.1.2 External Coating Requirements. Exfernal
corrosion mitigation ©f thermally insulated pip¢lines
shall be provided by.dn anticorrosion coating applied
to the surface of-thie pipe, under the thermal insulation
system. Selectiony’ of anticorrosion coatings shalll take
into account the particular requirements for pipelines in
thermallyirisulated services. In addition to the ggneral
considerations for pipeline coatings listed in
pard.461.1.2, these coatings shall also be resistgnt to
damage from the stresses of movement due to ojpera-
tional thermal expansion/contraction cycles, comphtible
with the insulation system, and resistant to th¢rmal
degradation.

466.1.3 Water Stops. The thermal insulation sys-
tem for buried or submerged pipelines should influde
provisions for prevention of migration of water thjough
the insulation that may impact adjacent pipe joints{ This
may be achieved with water stops or alternative mjeans.

466.1.4 Cathodic Protection. The external corrpsion
mitigation provided by anticorrosion coating for buried
piping and pipelines may be supplemented by cathodic
protection when appropriate as detailegl in
paras. 466.1.4.1 and 466.1.4.2.

466.1.4.1 External Anodes. Cathodic protgction
may be provided using anodes that are located oytside

466 E of the thermal insulation system jacket. Such afodes

THERMALLY INSULATED PIPELINES
466.1 New Installations

466.1.1 General. Special consideration must be
given to the external corrosion control requirements of
pipelines and other facilities that are thermally insulated
due to operational requirements or for personnel safety.

Corrosion under insulation of facilities associated
with liquid pipelines (piping, tanks, etc.) shall be
addressed in accordance with NACE RP 0198.

will provide cathodic protection to any external metallic
pipeline surfaces that are exposed openly to the sur-
rounding electrolyte.

466.1.4.2 Internal Anodes. Cathodic protection
may be provided using anodes that are installed within
the thermal insulation system jacket. Such anodes will
provide cathodic protection to external metallic pipeline
surfaces that are contained within the same electrolyte
as are the anodes, in the event that the integrity of the
insulation jacket has been compromised.
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466.2 Existing Installations

The external corrosion mitigation (or pipeline integ-
rity) program for existing thermally insulated pipelines
shall include provisions to address the threat of corro-
sion under insulation. Factors to consider when devel-
oping a mitigation program for corrosion under
insulation may include, but are not limited to, insulation
jacket or weather barrier integrity, attention to areas
of protrusions through the insulation jacket or weather

initiated and remedial measures taken as necessary. Any
such evidence shall be given consideration in all pipeline
failure investigations. Operating companies should avail
themselves of current technology on the subject or con-
sult with knowledgeable experts, or both.

This paragraph must be limited to general statements
rather than specific limits in regard to stress corrosion.
Stress corrosion is currently the subject of investigative
research programs and more specific data will certainly

barripr, use of in-line inspection tools, use of external
NDE|inspection tools, use of hydrostatic pressure test-
ing, and use of direct assessment methodology.

STRESS CORROSION AND OTHER
PHENOMENA

467

Enyironmentally induced and other corrosion-related
phenpmena, including stress corrosion cracking, corro-
sion|fatigue, hydrogen stress cracking, hydrogen
embijittlement, corrosion under insulation, and microbi-
ologikally influenced corrosion, have been identified as
causgs of pipeline failure. Considerable knowledge and
data [have been acquired and assembled on these phe-
nomg¢na, and research is continuing as to their causes
and prevention. Operating companies should be alert for
evidgnce of such phenomena during all pipe inspections
and 4t other such opportunities. Where evidence of such
a corfdition is found, an investigative program shall be

beavaitabtetothe pipetime desigrerandoperating com-
pany in the future. In the interim, this Codd suggests
that the user refer to the current state of the art{ Cathodic
protection current levels, quality of pipe surfdce prepa-
ration and coating, operating temperatures, stiess levels,
and soil conditions shall be ¢ensidered in|pipeline
design and operations. Futther informatign can be
obtained from NACE RP.0204.

468 RECORDS

(a) Records indicating cathodically protected piping,
cathodic pretection facilities, and other sfructures
affected by or affecting the cathodic protectign system
shall bexmaintained by the operating compary.

(bXRecords of tests, surveys, visual and instfumented
inspection results, leaks, etc., necessary for gvaluating
the effectiveness of corrosion control measurds shall be
maintained and retained for as long as tHe piping
remains in service.

83
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Chapter IX
Offshore Liquid Pipeline Systems

A400 GENERAL STATEMENTS

external hydrostatic pressure: pressure acting on any exter-

(a) Chgpter IX pertains only to offshore pipeline sys-
tems as defined in para. A400.1.

(b) This Chapter is organized to parallel the number-
ing and dontent of the first eight chapters of the Code.
Paragraph designations are the same as those in the first
eight chapters, with the prefix “A.”

(c) All|provisions of the first eight chapters of the
Code are plso requirements of this Chapter unless specif-
ically modified herein. If the text in this Chapter adds
requirements, the requirements in the original Chapter
with the 4ame title and number also apply. If a provision
in this Chapter is in conflict with one or more provisions
in other fhapters, the provision in this Chapter shall
apply.

(d) It i
ments foi
operatior]
the intent]

the intent of this Chapter to provide require-
the safe and reliable design, installation, and
of offshore liquid pipeline systems. It is not
of this Chapter to be all inclusive. Engineering
judgment must be used to identify special considera-
tions that are not specifically addressed. API RP 1111
may be uged as a guide. It is not the intent of this Chapter
to prevent the development and application of-new
i t and technology. Such activity is encouraged

This Chapter covers the désign, material require-
ments, faprication, installation/ inspection, testing, and
safety aspects of the operation and maintenance of off-
shore pipeline systems:For purposes of this Chapter,
offshore pipeline systems include offshore liquid pipe-
lines, pipeline risefs;, offshore liquid-pumping stations,
pipeline appurtenances, pipe supports, connectors, and
other conppenents as addressed specifically in the Code.

nal surface resulting from its submergence in wafer.

flexible pipe: pipe that is

(a) manufactured as a composite from both metgl and
nonmetal components

(b) capable of allowing large deflections wi
adversely affecting the pipe’s integtity

(c) intended to be an integral part of the permpnent
liquid transportation system

Flexible pipe does net.include solid metallic [pipe,
plastic pipe, fiber-reinforced plastic pipe, rubber hdse, or
metallic pipes lined with nonmetallic linings or coatings.

hout

hyperbaric weld:aweld performed at ambient hydrostatic
pressure.

offshore: thesarea beyond the line of ordinary high water
along that portion of the coast that is in direct cgntact
withi the open seas and beyond the line markinjg the
seaward limit of inland coastal waters.

offshore pipeline riser: the vertical or near-vertical pdrtion
of an offshore pipeline between the platform piping and
the pipeline at or below the seabed, including a length
of pipe of at least five pipe diameters beyond the bgttom
elbow, bend, or fitting. Because of the wide vari¢ty of
configurations, the exact location of transition among
pipeline, pipeline riser, and platform piping muyst be
selected on a case-by-case basis.

offshore pipeline system: includes all components of ajpipe-
line installed offshore for the purpose of transpgrting
liquid, other than production facility piping. Tanker or
barge loading hoses are not considered part df the
offshore pipeline system.

offshore platform: any fixed or permanently anchored
structure or artificial island located offshore.

pipe collapse: flattening deformation of the pipe restEting
in loss of cross-sectional strength and circular shape,

See Fig. 466:+1+2

| VAV P I uayary

A400.2 Definitions (Applicable to This Chapter Only)

Some of the more common terms relating to offshore
liquid pipelines are defined below.

buckle arrestor: any device attached to, or made a part
of, the pipe for the purpose of arresting a propagating
buckle.

buckle detector: any means for detecting dents, excessive
ovalization, or buckles in a pipeline.

84

which is caused by excessive external hydrostatic pres-
sure acting alone.

platform piping: on offshore platforms producing hydro-
carbons, platform piping is all liquid transmission pip-
ing and appurtenances between the production facility
and the offshore pipeline riser(s). On offshore platforms
not producing hydrocarbons, platform piping is all lig-
uid transmission piping and appurtenances between the
risers. Because of a wide variety of configurations, the
exact location of the transition between the offshore
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pipelineriser(s), platform piping, and production facility
must be selected on a case-by-case basis.

propagating buckle: a buckle that progresses rapidly along
a pipeline caused by the effect of external hydrostatic
pressure on a previously formed buckle, local collapse,
or other cross-sectional deformation.

pull tube: a conduit attached to an offshore platform
through which a riser can be installed.

A401.9 Installation Design Considerations

A401.9.1 Loads for Installation Design. The design
of an offshore pipeline system suitable for safe installa-
tion and the development of offshore pipeline construc-
tion procedures shall be based on consideration of the
parameters listed in paras. A401.9.2 and A401.9.3. These
parameters shall be considered to the extent that they
are significant to the proposed system and applicable
to the method of installation being considere

pull-ube riser: riser pipe or pipes installed through a
pull tube (e.g., J-tube or I-tube).

riser:|see offshore pipeline riser.

seaflopr bathymetry: refers to water depths along the pipe-
line foute.

splas]
comy
wave

zone: the area of the pipeline riser or other pipeline
onents that is intermittently wet and dry due to
and tidal action.

trawl| board: a structure that is attached to the bottom
of cqmmercial fishing nets and is dragged along the
seaflpor.

vortey shedding: the periodic shedding of fluid vortices
and fesulting unsteady flow patterns downstream of a
pipeline span.

A401 DESIGN CONDITIONS

A401.1 General

Al
phys

01.1.1 Offshore Design Conditions. A mudmber of
cal parameters, henceforth referred\te as design
condjtions, govern design of the offshore pipeline sys-
tem $o that it meets installation, eperation, and other
postinstallation requirements. Sonte of the conditions

All parts of the offshore pipeline systen) shall be
designed for the most critical combinations of installa-
tion and environmental loads, acting)concufrently, to
which the system may be subjected.

A401.9.2 Installation Loads! " Installation |oads that
shall be considered are those<imposed on th¢ pipeline
system under anticipated/installation conditions,
excluding those resulting from envirqnmental
conditions.

Loads that should be considered as installa
include

(a) weight,)including (as appropriate) the weight of

(1) pipe

(2)\coatings and their absorbed water

(3) attachments to the pipe

(4) fresh water or sea water content (jf pipe is
flooded during installation)

(b) buoyancy

(c) external pressure

(d) static loads imposed by construction equipment

When considering the effect of pipe and/o} pipeline
component weights (in air and submerged) o installa-
tion stresses and strains, the variability due fo weight
coating, manufacturing tolerances, and watdr absorp-
tion shall also be considered.

ion loads

that may influence the safety~and reliability of an off- A401.9.3 Environmental Loads During Installation.
shorg pipeline system are Environmental loads that shall be considered|are those
(a)| pressure imposed on the pipeline system by environmenjtal condi-
(b)| temperature tions. Loads that should be considered under|this cate-
(c)| waves gory include, as appropriate, those arising dye to
(d)| current (a) waves
(e)| seabed (b) current
() | wind (c) wind
(g)] ice (d) tides
{e)—tee

(h) seismic activity

(i) platform motion

(j) water depth

(k) support settlement

(I) accidental loads

(m) marine vessel activity

(n) fishing/recreational activities

The design of an offshore pipeline system is often
controlled by installation considerations rather than by
operating load conditions.
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(f) dynamic loads imposed by construction equip-
ment and vessel motions

The effects of large tidal changes and water depth
variations on construction equipment shall be
considered.

An appropriate design return interval storm shall be
selected for the anticipated installation duration. This
design return interval shall not be less than 3 times
the expected exposure period for the pipeline during
installation, or 1 yr, whichever is longer.
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Direction of waves, wind, and currents shall be consid-
ered to determine the most critical expected combination
of the environmental loads to be used with the installa-
tion loads, as described in para. A401.9.1.

Loads imposed by construction equipment and vessel
motions vary with the construction method and con-
struction vessel selected. The limitations and behavioral
characteristics of installation equipment shall be consid-
ered in the installation design. The effect of vessel

(4) transported contents
(b) buoyancy
(c) internal and external pressure
(d) thermal expansion and contraction
(e) residual loads
(f) overburden
Anticipated impact loads, such as those caused by

trawl boards, should be considered as an operational
load

motions
Local ¢nvironmental forces are subject to radical
change i offshore areas. As a result, those potential
changes should be considered during installation contin-
gency pldnning as well as during installation design.

A401.9.4 Bottom Soils. Soil characteristics shall be
considergd in on-bottom stability analysis during the
installati¢n period, span analysis, and when installation
procedures are developed for the following:

(a) risdr installation in pull tubes

(b) laying horizontal curves in the pipeline routing

(c) pippline bottom tows

(d) treching and backfilling

1 . 1 - . 11 21
}ll LUIC pPIpc allld 1ts COAUITS blldll ‘UC LUIlbluCICL‘l.

A401.10

A401
design of

Operational Design Considerations

10.1 Loads for Operational Design. The
an offshore pipeline system suitable for safe
operatior} shall be based on considerations of the param-
eters listed in paras. A401.10.2 and A401.10.3. These
parameters shall be considered to the extent that they
are signifiicant to the proposed system.

All parts of the offshore pipeline system shall'be
designed|for the most critical combinations ©f yopera-
tional an¢l environmental loads, acting concurrently, to
which thg system may be subjected. The-most critical
combination will depend upon operatingcriteria during
storm conditions. If full operations.areto be maintained
during sform conditions, thenthe system shall be
designed|for concurrent actionef full operational and
design environmental loads? If operations are to be
reduced ¢r discontinued_during storm conditions, then
the systefn shall be designed for both

(a) fullloperationalloads, plus maximum coincidental
environnjental loads

(b) degigrCenvironmental loads, plus appropriate
reduced ¢petational loads

A401.10.3 Environmental Loads During Operatjon.
Environmental loads that shall be considered)are [those
imposed on the pipeline system by environmental qondi-
tions. Loads that should be considered under this|cate-
gory include, as appropriate, those arising due to

(a) waves

(b) current

(c) wind

(d) tides

(e) ice loads (e.g., weight, floating impacts, scoy

(f) seismic events

(¢) dynamically induced soil loads (e.g., mudslides,
soil liquefaction)

An appropriate design return interval storm shpll be
selected”for the anticipated operational life of the off-
shere-pipeline system but shall not be less than 1p0 yr.

Direction of waves, wind, and currents shall be cqnsid-
ered to determine the most critical expected combirjation
of the environmental loads to be used with the ogpera-
tions loads, as described in para. A401.10.1.

ring)

A401.10.4 Bottom Soils. When establishing onp-bot-
tom stability requirements and maximum allowable
spans for irregular seabeds, consideration shall be given
to seabed soil characteristics.

A401.11 Hydrostatic Test Design Considerations|

A401.11.1 Loads for Hydrostatic Test Design.| The
design of an offshore pipeline system suitable for safe
hydrostatic testing and the development of offshore
pipeline hydrostatic test procedures shall be bas¢d on
consideration of the parameters listed in
paras. A401.11.2 and A401.11.3. These parameters|shall
be considered to the extent that they are significant to

A401.10.2 Operational Loads. Operational loads
that shall be considered are those imposed on the pipe-
line system during its operation, excluding those
resulting from environmental conditions.

Loads that should be considered operational loads
include

(a) weight, including (as appropriate) the weight of

(1) pipe
(2) coatings and their absorbed water
(3) attachments to the pipe
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the proposed test.

All parts of the offshore pipeline system shall be
designed for the most critical combinations of hydro-
static test and environmental loads, acting concurrently,
to which the system may be subjected.

A401.11.2 Hydrostatic Test Loads. Hydrostatic test
loads that shall be considered are those imposed on the
offshore pipeline system under anticipated test condi-
tions, excluding those resulting from environmental
conditions.
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Loads that should be considered hydrostatic test loads
include
(a) weight, including (as appropriate) the weight of
(1) pipe
(2) coatings and their absorbed water
(3) attachments to the pipe
(4) fresh water or sea water used for hydrostatic test
(b) buoyancy
(c) internal and external pressure

(4) turning basins
(5) anchorage areas
(6) shipping lanes
(7) foreign pipeline and other utility crossings
(d) Routing shall be selected to avoid, to the extent
practical, the identified hazards.

A402 CALCULATION OF STRESSES
A402.3 Stresses From Internal Pressure

(d)| thermal expansion and contraction
(e)| residual loads
(f)|overburden

A401.11.3 Environmental Loads During Hydrostatic
Test.| Environmental loads that shall be considered are
thosq imposed on the pipeline system by environmental
condjtions. Loads that should be considered under this
category include, as appropriate, those arising due to

(a)| waves

(b)| current

(c)| wind

(d)| tides

Ar| appropriate design return interval storm shall be
selected for the anticipated hydrostatic test duration but
shall|not be less than 1 yr.

Direction of waves, wind, and currents shall be consid-
ered fo determine the most critical expected combination
of the environmental loads to be used with the hydro-
statiq test loads, as described in para. A401.11.1.

A401.11.4 Bottom Soils. When establishing-on-
bottam stability requirements and maximum allowable
spans for irregular seabeds, consideration shall be given
to seibed soil characteristics.

A401.12 Route Selection Considerations

(a)| Offshore pipeline routes shall be selected to mini-
mize|the adverse effects of
1) installation and related environmental loads
(see para. A401.9)
2) operational-and related environmental loads
(see para. A401.10)
3) hydrostatic test and related environmental
loadq (see para,A401.11)

(b)] Selection of offshore pipeline routes shall consider
the chpabilities and limitations of anticipated construc-

The calculations of stresses in section 402-gre super-
seded by the provisions of paras. A402.34 and| A402.3.5.
Design and installation analyses shall.be bgsed upon
accepted engineering methods, matetial strer|gths, and
applicable design conditions.

A402.3.4 Strength Criteria /During Installation and
Testing
(a) Allowable Stress Malites. The maximum Jongitudi-
nal stress due to axiaband bending loads during installa-
tion shall be limited to a value that prevé¢nts pipe
buckling and that’'will not impair the servicgability of
the installed pipeline system. Other stresses|resulting
from pipéliné installation activities, such as sgans, shall
be limited to the same criteria. Instead of a styess crite-
rion,"an allowable installation strain limit may be used.
(b) Design Against Buckling. The offshore pipeline sys-
tem shall be designed and installed in a manrer to pre-
vent local buckling of the pipe wall, collapse, arjd column
buckling during installation. Design and injtallation
procedures shall consider the effect of externjal hydro-
static pressure; bending, axial, and torsional loads;
impact; mill tolerances in the wall thickness; out-of-
roundness; and other applicable factors. Congideration
shall also be given to mitigation of propagatior} buckling
that may follow local buckling or denting. [The pipe
wall thickness shall be selected to resist collapse due to
external hydrostatic pressure.
(c) Design Against Fatigue. The pipeling shall be
designed and installed to limit anticipated stregs fluctua-
tions to magnitudes and frequencies that will 5ot impair
the serviceability of the installed pipeline. Ljoads that
may cause fatigue include wave action and yibrations
induced by vortex shedding. Pipelines and riser spans
shall be designed to prevent vortex-induced| resonant
vibrations, when practical. When vibrationg must be
tolerated, the resulting stresses due to vibratign shall be

tion eqtipmment:
(c) Surveys of the pipeline route shall be conducted

to identify

(1) seabed materials

(2) subsea (including sub-bottom) and surface fea-
tures that may represent potential hazards to the pipeline
construction and operations

(3) subsea (including sub-bottom) and surface fea-
tures that may be adversely affected by pipeline con-
struction and operations, including archaeological and
sensitive marine areas

considered. 1T alternative acceptance standards for girth
welds in API 1104 are used, the cyclic stress analysis
shall include the determination of a predicted fatigue
spectrum to which the pipeline is exposed over its
design life.

(d) Design Against Fracture. Prevention of fractures
during installation shall be considered in material selec-
tion in accordance with the requirements of para. A423.2.
Welding procedures and weld defect acceptance criteria
shall consider the need to prevent fractures during
installation. See paras. 434.8.5 and A434.8.5.

(16)
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Table A402.3.5-1 Design Factors for Offshore Pipeline Systems

Hoop Longitudinal Combined

Location Stress, F; Stress, F, Stress, F3
Pipeline 0.72 0.80 0.90
Riser and platform piping [Note (1)] 0.60 0.80 0.90

GENERAL NOTE: In the setting of design factors, due consideration has been given to, and allowance has been made for, the underthickness
tolerance and maximum allowable depth of imperfections provided for in the specifications approved by the Code.
NOTE:

(1) Platform piping does not include production facility piping on a platform; see definitions in para. A400.2.

(e) Dedign Against Loss of In-Place Stability. Design
against 1¢ss of in-place stability shall be in accordance
with the provisions of para. A402.3.5(e), except that the

Sy, = (P; = P,) % (U.S. Custontary Units) 2)

Sy, = (P; - P) b (SI Units)

installatign design wave and current conditions shall 20t
be based|upon the provisions of para. A401.9.3. If the
ipeline is to be trenched, it shall be designed for stabil- D —t .
Ft; during the period prior to ’crenchingfg Sn = (i = Po) =g (U.S. Customary Units) @)
. f) Impqct. During the per'iod When thfe pipeis suscep- S, = (P -8 D-t (ST Units)
tible to ithpact damage during installation and testing, 20
considergtion shall be given to impacts due to
(1) anchors where
(2) trawl boards D = foeminal outside diameter of pipe, in. (mm)
(3) Vessels Fy1_=hoop stress design factor from Table A402,3.5-1
(4) ige keels P;= external pressure, psig (bar)
(5) gther foreign objects P; = internal design pressure, psig (bar)
(g) Resjdual Stresses. The pipeline system shall nor- Sp = hoop stress, psi (MPa)
mally be nstalled in a manner so as to minimize residual S, = specified minimum yield strength, psi (NIPa)
stresses. The exception shall be when the designer'pur- t = nominal wall thickness, in. (mm)
posefully| plans for residual stresses (e.g., reeled.\pipe,
cold springing of risers, pull-tube risers). (2) Longitudinal Stress. For offshore pipeling sys-

(h) Fleyible Pipe. The manufacturer’s recommended  tems, the longitudinal stress shall not exceed vhlues
installatipn procedures should be adhered to during found from
installati¢n. Flexible pipe shall be designed or selected

to preven failure due to the combjned effects of external IS1 < Fy(S,)
pressure, |internal pressure, torsional forces, axial forces,
and bending. (See API RP 17B)) where

A402.8.5 Strength Cfiteria During Operations A = Crosz'se‘ftional area of pipe material, in.?

(a) Allgwable Stress Values. Allowable stress values for (mm?)
steel pipg during operation shall not exceed those calcu- F, = longitudinal stress design factor [from
lated by the equations in paras. A402.3.5(a)(1) through Table A402.3.5-1
(@)(3). F, = axial force, Ib (N)

(1) Hoop-Stress. For offshore pipeline systems, the i; = in-plane stress intensification factor|from

tensile hoop stress due to the difference between internal Table 4UZ.1I-1
and external pressures shall not exceed the values given i, = out-of-plane stress intensification factor from
below, in eq. (1). Table 402.1-1

Sy, shall be calculated by eq. (2) or eq. (3). It is recom- M; = in-plane bending moment, in.-Ib (N-m)

mended that eq. (2) be used for D/t greater than or

out-of-plane bending moment, in.-1b (N-m)
equal to 20 and that eq. (3) be use for D/t less than 30.

= axial stress, psi (positive tensile or negative
compressive) (MPa)
= F/A

Sy = maximum resultant bending stress, psi (MPa)

Su<Fi (S ) = = JGM)* + (.M / Z
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o &
Il

B

NOTE: Sign convention is such that tension is positive and com-
pression is negative.
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Sp maximum longitudinal stress, psi (positive
tensile or negative compressive) (MPa)

S, + Sy or S, — S;, whichever results in the
larger stress value

S, = specified minimum yield strength, psi (MPa)
V4 section modulus of the pipe, in.? (cm?)

Il = absolute value

(3) Combined Stress. For offshore pipeline systems,

of the installed pipeline. The permissible maximum lon-
gitudinal strain depends upon the ductility of the mate-
rial, any previously experienced plastic strain, and the
buckling behavior of the pipe. Where plastic strains are
anticipated, the pipe eccentricity, pipe out-of-roundness,
and the ability of the weld to undergo such strains with-
out detrimental effect should be considered. These same
criteria may be applied to pull tube or bending shoe
risers or pipe installed by the reel method.

the cpmbined-stress-shall not-exceed the value given by
the Mlaximum Shear Stress Equation (Tresca Combined
Stress)
2
2[ (@) + 5,2] < F5(S,)
where
A = pipe cross-sectional area, in.? (mm?)
F{ = combined stress design factor from
Table A402.3.5-1
F| = axial force, Ib (N)
iy = in-plane stress intensification factor from
Table 402.1-1
i = out-of-plane stress intensification factor from
Table 402.1-1
M) = in-plane bending moment, in.-Ib (N-m)
M| = out-of-plane bending moment, in.-Ib (N-m)
M| = torsional moment, in.-Ib (N-m)
S| = axial stress, psi (positive tensile or negative
compressive) (MPa)
= /A
Sj = maximum resultant bending stress, psi (MPa)
= = J(iM)* + (i,Mo)/ Z
S = hoop stress, psi (MPa)
S| = maximum longitudinal st¥ess, psi (positive
tensile or negative compressive) (MPa)
= S, + S, or S, — S, whiChever results in the
larger stress value
S| = torsional stress] psi (MPa)
= Mt/ 27
S| = specified mimimun yield strength, psi (MPa)
7 = section.médulus of the pipe, in.* (cm®)
Alfernatively, the Maximum Distortional Energy
Theofy (Yon Mises Combined Stress) may be used for
limitingreombined stress values. Accordingly, the com-

(0) Design Against Buckiing. 1he pipeting shall be
designed with an adequate margin of safetyio prevent
local buckling of the pipewall, collapse) and column
buckling during operations. Design,and’ operating pro-
cedures shall consider the effect of external hydrostatic
pressure; bending, axial, and. %orsional loads; impact;
mill tolerances in the wall thickness; out-of-rpundness;
and other applicable factors, Consideration shpll also be
given to mitigation of ptopagation buckling|that may
follow local buckling erdenting. The pipe wall|thickness
shall be selected to'resist collapse due to external hydro-
static pressure,

(c) Design)Against Fatigue. The pipeling shall be
designed'and operated to limit anticipated str¢ss fluctu-
ations«to magnitudes and frequencies tha{ will not
impair the serviceability of the pipeline. Loadq that may
cause fatigue include internal pressure variatipns, wave
action, and pipe vibration, such as that inducgd by vor-
tex shedding. Pipe and riser spans shall be dgsigned so
that vortex-induced resonant vibrations are grevented,
whenever practical. When vibrations must be [tolerated,
the resulting stresses due to vibration shall be cpnsidered
in the combined stress calculations in para. A#02.3.5(a).
In addition, calculated fatigue failure shall phot result
during the design life of the pipeline and ris¢rs.

(d) Design Against Fracture. Prevention offfractures
during operation shall be considered in mateyial selec-
tion in accordance with the requirements of parfa. A423.2.
Welding procedures and weld defect acceptange criteria
shall consider the need to prevent fractures dufing oper-
ation. See paras. 434.8.5 and A434.8.5.

(e) Design Against Loss of In-Place Stability

(1) General. Pipeline design for lateral and vertical
on-bottom stability is governed by permanent features
such as seafloor bathymetry and soil charactetfistics and
by transient events, such as hydrodynamic, sejsmic, and

bined stress should not exceed values given by

JSi2 = 518y + Si2 + 357 < Fx(S,)

(4) Strain. When the pipeline experiences a predict-
able noncyclic displacement of its support (e.g., fault
movement along the pipeline route or differential subsi-
dence along the line) or pipe sag before support contact,
the longitudinal and combined stress limits may be
replaced with an allowable strain limit, so long as the
consequences of yielding do not impair the serviceability
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sei-behavior-events-having asignificant-prebability of
occurrence during the life of the system. Design
conditions to be considered are provided in
paras. A402.3.5(e)(2) through (e)(4).

The pipeline system shall be designed to prevent hori-
zontal and vertical movements or shall be designed so
that any movements will be limited to values not causing
allowable stresses and strains to be exceeded. Typical
factors to be considered in the stability design include

(-a) wave and current forces
(-b) soil properties
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(-c) scour and resultant spanning
(-d) soil liquefaction
(-e) slope failure
Stability may be obtained by such means as, but not
limited to
(-f) adjusting pipe submerged weight
(-g) trenching and or covering of pipe
(-h) anchoring
When calculating hydrodynamic forces, the fact that

integrity and safe operation of the pipeline during its
anticipated service life. Seasonal variation in the near-
shore thickness of seafloor sediments and shoreline ero-
sion over the pipeline service life shall be considered.
(5) Slope Failure and Soil Liquefaction. The pipelines
shall be designed for slope failure in zones where they
are expected (mud slide zones, steep slopes, areas of
seismic slumping). If it is not practical to design the
pipeline system to survive the event, the pipeline shall

wave fordes vary spatially along the length of the pipe-
line may |be taken into account.

Two on-bottom stability design conditions that shall
be considered are installation and operational.

(2) IDesign Wave and Current Conditions. Opera-
tional degign wave and current conditions shall be based
upon an|event having a minimum return interval of
not less than 100 yr. The most unfavorable expected
combination of wave and current conditions shall be
used. Makimum wave and maximum current conditions
do not nefessarily occur simultaneously. When selecting
the mostjunfavorable condition, consideration must be
given to the timing of occurrence of the wave and current
direction|and magnitude.

(3) Ytability Against Waves and Currents. The sub-
merged Weight of the pipe shall be designed to resist
or limit novement to amounts that do not cause the
longitudipal and combined stresses, as calculated by
the equatjions in para. A402.3.5(a), to exceed the limits
specified|in para. A402.3.5(a). The submerged weight
may be adjusted by weight coating and/or increasing
pipe walllthickness. Hydrodynamic forces shall be based
on the wgve and current values for the design condition
at the lodation. See para. A402.3.5(e)(2).

Wave gnd current direction and concurrence shall be
considergd.

The pipeline and its appurtenances ymay be lowered
below bottom grade to provide stability.

Backfil] or other protective covering options shall use
materials| and procedures that/preclude damage to the
pipeline and coatings.

Anchofing may be used alone or in conjunction with
other optjons to maintain stability. The anchors shall be
designed to withistand lateral and vertical loads
expected |from the design wave and current condition.
Anchors shall:be spaced to prevent excessive stresses in

be C‘lcaigucd forcontrotted blcq}\avvay withr POV sions
to minimize loss of the pipeline contents.
Design for the effects of liquefaction shall ‘be per-
formed for areas of known or expected occurrencg. Soil
liquefaction normally results from cyclic Wave ovetfpres-
sures or seismic loading of susceptible soils. Thel bulk
specific gravity of the pipeline shall be selected, or plter-
native methods shall be selected to ensure both|hori-
zontal and vertical stability:
Seismic design conditions' used to predict the gccur-
rence of bottom liquefaction or slope failure shall|be at
least as severe as those used for the operating design
strength calculatiofis for the pipeline. Occurrence ¢f soil
liquefaction diieMo wave overpressures shall be based
on a stormsinterval of not less than 100 yr.
(6) Bottom Soils. The pipe-soil interaction f3ctors
that ar€used shall be representative of the bottom gondi-
tions at the site.
(f) Impact. During operations, consideration shll be
given to impacts due to
(1) anchors
(2) trawl boards
(3) vessels
(4) ice keels
(56) other foreign objects

A402.3.7 Design of Clamps and Supports. Clamps
and supports shall be designed such that a smooth frans-
fer of loads is made from the pipeline or riser to the
supporting structure without highly localized stfesses
due to stress concentrations. When clamps are ffo be
welded to the pipe, they shall fully encircle the pipe and
be welded to the pipe by a full encirclement weld. The
support shall be attached to the encircling membejr and
not the pipe.

All welds to the pipe shall be nondestructively t¢sted.
Clamps and supports shall be designed in accordlance
with the requirements of API RP 2A-WSD. 11

the pipe. 'Seotr-shalt-be-considered-in-the-designof-the
anchoring system. The effect of anchors on the cathodic
protection system shall be considered.

Intermittent block-type, clamp-on, or set-on weights
(river weights) shall not be used on offshore pipelines
where there is a potential for the weight to become
unsupported because of scour.

(4) Shore Approaches. Pipe in the shore approach
zone shall be installed on a suitable abovewater structure
or lowered or bored to the depth necessary to prevent
scouring, spanning, or stability problems that affect
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Clamps and support design shall consider the corro-
sive effects of moisture-retaining gaps and crevices and
galvanically dissimilar metals.

A402.3.8 Design of Connectors and Flanges. Con-
nectors and flanges shall be designed or selected to pro-
vide the smooth transfer of loads and prevent excessive
deformation of the attached pipe.

A402.3.9 Design of Structural Pipeline Riser
Protectors. Where pipeline risers are installed in loca-
tions subject to impact from marine traffic, protective
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devices shall be installed in the zone subject to damage
to protect the pipe and coating.

A402.3.10 Design and Protection of Special
Assemblies. Design of special assemblies, such as con-
nections, subsea tie-in assemblies, subsea valves, expan-
sion loops, seabed riser connections, and subsea pipeline
manifolds, shall consider the additional forces and
effects imposed by a subsea environment. Such addi-

A403 CRITERIA FOR PIPELINES

A403.2 Criteria for Pipe Wall Thickness and
Allowances

A403.2.1 Criteria

(b) For offshore pipeline systems, the applicable
allowable stress value specified and defined in
para. 403.2.1 shall be as follows:

tiona[l considerations include design storm currents and
potenmtial for seabed movement in soft sediments, soil
liqueffaction, increased potential for corrosion, thermal
expansion and contraction, and stress due to installation
procgdures.

Appropriate measures shall be taken to protect special
assethblies in areas where the assemblies are subject to
damage by outside forces, such as fishing and marine
consffruction activities.

A402.3.11 Design of Flexible Pipe. Due to its com-
posite makeup, the mechanical behavior of flexible pipe

re in the annulus upon pipeline depressurization.
PI RP 17B.)

A402.3.12 Design of Pipeline Crossings. Subsea
pipeline crossings shall be designed_ to\provide a mini-
mum 12 in. (300 mm) separation bétween the two lines.
Dielgctric separation of the two pipelines shall be consid-
ered|in design of pipeline afossings. Soil settlement,
scout, and cyclical loads shdll be considered in the design
of pipeline crossings inyorder to ensure that the separa-
tion {s maintained for'the design life of both lines.

When two liquid‘pipelines cross, the longitudinal
stresg and combined stress, as calculated by the equa-
tions| in pard/A402.3.5(a), shall not exceed the limits
speciffied ifi-Table A402.3.5-1. Where appropriate, allow-
able ptrain/criteria in para. A402.3.5(a)(4) may be used

in lie rof allawable stress criteria.- Where r‘vnccing Pipn_

S—Frt5y)
where
F; = hoop stress design factor from [Table A402.3.5-1

S, = specified minimum yield strength, psi (MPa)

A403.9 Criteria for Expansion.and Flexibility

Unburied subsea pipelifie systems and platform pip-
ing shall be considerett-as aboveground piping (see
paras. 403.9.1 and 403.9.3) where such definition is appli-
cable.

Thermal expansion and contraction calculations shall
consider the-effects of fully saturated backfil] material
on soil resStraint.

Allowable strength criteria shall be in accordance with
paraA402.3.5 in lieu of the calculation of stregses listed
in Gection 402. Equations in paras. 402.5.1 afpd 402.5.2
are valid for calculating the indicated strgsses. See
paras. A401.10 and A401.11 for loads that mupt be con-
sidered in design. Where appropriate, allowable strain
criteria in para. A402.3.5(a)(4) may be used fin lieu of
allowable stress criteria.

When an offshore pipeline is to be laid acros$ a known
fault zone or in an earthquake-prone area, consgideration
shall be given to the need for flexibility in the pipeline
system and its components to minimize the pogsibility of
damage due to seismic activity. Flexibility in the pipeline
system may be provided by installation of th¢ pipeline
on or above the seabed and/or by use of breakaway
couplings, slack loops, flexible pipe sections} or other
site-specific solutions.

A404 CRITERIA FOR FITTINGS, ASSEMBLIES, AND
OTHER COMPONENTS (ALTERNATIVELY,
CRITERIA FOR COMPONENTS)

A404.2 Directional Changes

lines are governed by different codes, the allowable
stress limits shall be in accordance with the provisions
of the applicable code.

A402.4 Allowances

A402.4.3 Weld Joint Factors. Pipe with a weld joint
factor less than 1 (Table 403.2.1-1) shall not be used in
offshore pipeline systems.
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A404.2.4 Mitered Bends. Mitered bends are prohib-
ited in offshore liquid pipeline systems.

A404.3 Branch Connections

A404.3.5 Reinforcement of Single Openings

(a) When welded branch connections are made to
pipe in the form of a single connection, or in a header
or manifold as a series of connections, the design shall
be adequate to control stress levels in the pipe within
safe limits. The construction shall take cognizance of the

(16)

(16)


https://asmenormdoc.com/api2/?name=ASME B31.4 2016.pdf

ASME B31.4-2016

stresses in the remaining pipe wall due to the opening
in the pipe or header, the shear stresses produced by
the pressure acting on the area of the branch opening,
and any external loading due to thermal movement,
weight, vibration, etc., and shall meet the minimum
requirements listed in Table 404.3.4-1. The following
paragraphs provide design rules based on the stress
intensification created by the existence of a hole in an
otherwise symmetrical section. External loadings, such

larger are prohibited in offshore pipeline systems, except
as permitted in para. A406.2.

A405 PIPE
A405.1 Steel Pipe

(a) New pipe of the specifications listed in
Table 423.1-1 may be used in accordance with the design
equations of para. 403.2.1 subject to para A404.1.1 and

as those duetothermmat expaubiuu OT UITsuppor ted
weight of connecting pipe, have not been evaluated.
These faftors should be given attention in unusual
designs dr under conditions of cyclic loading.

Pipe that has been cold worked solely for the purpose
of increaging the yield strength to meet the specified
minimunp yield strength is prohibited in offshore liquid
pipeline gystems. This does not preclude the use of pipe
that has een cold worked specifically for the purpose
of meetirjg dimensional requirements.

A404.3.6 Reinforcement of Multiple Openings

(d) Pipe that has been cold worked solely for the pur-
pose of increasing the yield strength to meet the specified
minimun) yield strength is prohibited in offshore liquid

pipeline gystems. This does not preclude the use of pipe
that has Peen cold worked specifically for the purpose
of meetinjg dimensional requirements.

A404.4 Klanges

A404/4.1 General. Paragraph 404.4.3 does not
apply. Cgst iron or ductile iron flanges are prohibitéd
for appli¢ations in offshore liquid pipeline systems:

A404.4.6 Flange Facings. Ringjoint-type flaniges are
preferred| in offshore liquid pipeline systems.

A404.5 VYalves

A404.5.1 General. Paragraph404:5.1 as it relates to
cast iron yalves does not apply(Cast iron or ductile iron
valves ar¢ prohibited for applications in offshore liquid
pipeline $ystems.

A404.6

A404.6.3 Orange Peel Swages. Orange peel swages
are prohibited in'0ffshore liquid pipeline systems, other
than temporaty construction components or other

educers

to the testing requirements of paras. 437.1.4(a)(D), (a)(2),
(a)(4), and (a)(5); paras. 437.1.4(b) andN(e)] and
paras. 437.4.1 and A437.1.4.

(b) Pipe that has been cold worked solely*for thg pur-
pose of increasing the yield strength tormeet the spefified
minimum yield strength is prohibited in offshore liquid
pipeline systems. This does notpreclude the use of pipe
that has been cold worked spetifically for the pufpose
of meeting dimensional requirements.

A405.2 Flexible Pipe

Selection of flexible pipe shall be in accordance
API RP 17B. (Sge also para. A402.3.11.)

with

A406 OTHER DESIGN CONSIDERATIONS

A406:1<Pigs and Internal Inspection Tools

When specifying in-line piping components fofr off-
shore pipelines, consideration shall be given to thelneed
for running pipeline pigs and internal inspection fools.
Selection of bend radius, launcher and receiver fraps,
bend configuration, internal diameter variaftions
(including ovality), and other internal obstructiongshall
allow the passage of such devices, except where not
practical.

A406.2 Special Components

System components that are not specifically coyered
in this Code shall be validated for fitness by eithjer of
the following;:

(a) documented full-scale prototype testing gf the
components or special assemblies

(b) a documented history of successful usage of|these
components or special assemblies produced by the[same
design method

Documentation shall include design and installation

hich

non-press 11rp-rnnf2ining components.

A404.7 Closures

A404.7.4 Fabricated Closures. Orange peel bull
plugs and fishtails are prohibited in offshore liquid pipe-
line systems, other than temporary construction compo-
nents or other non-pressure-containing components.

A404.8 Joints

A404.8.3 Threaded Joints. Threaded connections
for in-line piping component sizes NPS 2 (60.3 mm) or
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methods-that have beenbrovenforthe serdce fors
A r
the component is intended.
Care should be exercised in any new application of
existing designs to ensure suitability for the intended
service.

A409 AND A419 DELETED

(16)

(16)

(16)


https://asmenormdoc.com/api2/?name=ASME B31.4 2016.pdf

ASME B31.4-2016

A421 DESIGN OF PIPE-SUPPORTING ELEMENTS
See para. A402.3.7 for additional provisions.

A423 MATERIALS — GENERAL REQUIREMENTS
A423.1 Acceptable Materials and Specifications

Concrete weight coating materials (cement, aggregate,

reinforcing steel) shall meet or exceed the requirements
ACTANL 4

A434.6 Ditching

The provisions of para. 434.6 are not applicable for
offshore pipelines. Offshore pipelines should be
trenched where necessary for stability, mechanical pro-
tection, or prevention of interference with maritime
activities.

The methods and details of the pipeline trenching
and lowering operations shall be based on site-specific
conditions. Methods and details shall be selected to pre-

of appheable-ASTM-standares-

Flgxible pipe shall be manufactured from materials
meeting the requirements of API RP 17B and ASTM or
ASME standards applicable to the materials selected by
the designer.

A423.2 Limitations on Materials

“Unidentified” pipe, plastic pipe, ASTM A120 pipe,
plastjc pipe with nonmetallic reinforcement, cast iron
pipe) ductile iron pipe, and pipe that has been cold
worked in order to meet the specified minimum yield
strenpth are prohibited in offshore liquid pipeline sys-
tems| This does not preclude the use of pipe that has
been|cold worked specifically for the purpose of meeting
dimensional requirements.

In [addition to the requirements contained in refer-
enced standards, certain other requirements may be con-
siderpd for components used offshore, depending on
watef depth, water temperature, internal pressure, prod-
uct gomposition, product temperature, installation
method, and/or other loading conditions. For example,
consideration of additional limitations or requirements
for pipe may include one or more of the follewing;:

(a)] wall thickness tolerance

(b)| outside diameter tolerance

(c)| out-of-roundness tolerance

(d) maximum and minimuym-yield and tensile
strengths

(e)| pipe chemistry limitations

(f)|fracture toughness

(¢)| hardness

(h)| pipe mill hydfostatic testing and other nonde-
structive testing

For sour setvice (H,S), refer to NACE MR 0175.

A434 CONSTRUCTION

vent damage to the pipe, coating, and |pipeline
appurtenances.

A434.7 Bends, Miters, and Elbows

Miter bends shall not be used. in offshore liquid pipe-
line systems.

A434.7.1 Bends Made‘kfom Pipe

(a) Pipe that has beertcold worked solely for the pur-
pose of increasing theyield strength to meet th¢ specified
minimum yield strength is prohibited in offshpre liquid
pipeline systems:This does not preclude the use of pipe
that has beenycold worked specifically for th¢ purpose
of meeting’ dimensional requirements.

A434.8) Welding

A434.8.3 Welding Qualifications. Welding proce-
dures and welders performing hyperbaric welding on
offshore pipeline systems shall be qualified |in accor-
dance with the testing provisions of either API 1104 or
the ASME Boiler and Pressure Vessel Code, Section IX,
as supplemented by AWS D3.6M for Type “(” welds.

A434.8.5 Welding Quality
(a) Inspection Methods
(2) Welds in offshore pipeline systems may also be
evaluated on the basis of para. A434.8.5(b).
(3) The requirements of para. 434.8.5(a)(3) are
superseded by the following provisions. All dircumfer-
ential welds on offshore pipeline systems shal|] meet the
requirements in para. 434.8.5(a) for a pipeline that would
operate at a hoop stress of more than 20% of thq specified
minimum yield strength of the pipe. One hur|dred per-
cent of the total number of circumferential butt welds
on offshore pipeline systems shall be nondestructively
inspected, if practical; but in no case shall less|than 90%
of such welds be inspected. The inspection shall cover

A434.2 Inspection

Repairs required during new construction shall also
be in accordance with paras. A434.8 and A461.1.2.

A434.3 Right-of-Way

A434.3.3 Survey and Staking or Marking. The route
of the offshore pipeline shall be surveyed, and the pipe-
line shall be properly located within the right-of-way
by maintaining survey route markers or by surveying
during installation.
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166%of the tengthrof suctrimspected-—weld:

(b) Standards of Acceptability. For girth welds in off-
shore pipeline systems, alternative flaw acceptance lim-
its may be based upon fracture mechanics analysis and
fitness-for-purpose criteria as described by API 1104.
Such alternative acceptance standards shall be sup-
ported by appropriate stress analyses, supplementary
welding procedure test requirements, and nondestruc-
tive examinations beyond the minimum requirements
specified herein. The accuracy of the nondestructive
techniques for flaw depth measurement shall be verified.
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