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FOREWORD

The need for a national code for pressure piping became increasingly evident from 1915 to 1925. To meet this need, the

American Engineering Standards Committee [
Project B31 in March 19262

society as sole sponsor.
edition was published in 1
A revision of the origina

uniformity between section§

abreast of current develop
material standards. During
The American Society of Ref
Refrigeration. This work c
Supplements 1 and 2 of t
and material standards, ane
control piping. Shortly after
explanation or interpretatid
neering for the informatior
Continuing increases in tH
equal to meeting these highg
could be provided by supp
Committee and its several
or to designate new ones. F
code, and a revised code wi
included
(a) a general revision aff
(b) revision of referencd
references
(c) clarification of ambig
Supplement No. 1 to ASA
approved revisions were if
A review by B31 Executiy
sections as separate code d
first separate code documer
1955 covering oil transport
and testing, and to add new
affecting the safety of the p
Petroleum Transportation j
tute (USASI) in 1966.
USASI changed its name, ¢
B31.4-1966 was redesignat

later changed to the American Standards Association (ASA)] initiated
: : . : AGM .

he Ame Viechan noinee A na A h th

nd its subcommittees, a first

tentative standard was begun in 1937. Several more years’ effort was given to securing
and to eliminating divergent requirements and discrepancies, as well as to keeping the code
ents in welding technique, stress computations, and references to new dimensional and
his period, a new section was added on refrigeration piping, prepared in cooperation{with
igeration Engineers (ASRE) and complementing the American Standard Code for Mechanical
Iminated in the 1942 American Standard Code for Pressure Piping.
e 1942 code, which appeared in 1944 and 1947, respectively, introduced new dimensional
w formula for pipe wall thickness, and more comprehensive requirements for instrumentand
the 1942 code was issued, procedures were established for handling inqfiries that require
n of code requirements, and for publishing such inquiries and answexrslin Mechanical Engi-
of all concerned.
e severity of service conditions, with concurrent developments efneéw materials and designs
rrequirements, had pointed to the need by 1948 for more exténsive changes in the code than
lements alone. The decision was reached by ASA and ASME to reorganize the Sectional
ubcommittees, and to invite the various interested bodies.to reaffirm their representatives
bllowing its reorganization, Sectional Committee B31.made an intensive review of the 1942
hs approved and published in February 1951 with.the designation ASA B31.1-1951, which

d extension of requirements to agree with practices current at the time
s to existing dimensional standards and amaterial specifications, and the addition of new

uous or conflicting requirements

B31.1 was approved and published in 1953 as ASA B31.1a-1953. This Supplement and other
cluded in a new edition published in 1955 with the designation ASA B31.1-1955.

re and Sectional Committees.in 1955 resulted in a decision to develop and publish industry
bcuments of the American Standard B31 Code for Pressure Piping. ASA B31.4-1959 was the
1t for Oil Transportation Piping Systems and superseded that part of Section 3 of ASA B31.1-
htion piping systemis.\Jn 1966, B31.4 was revised to expand coverage on welding, inspection,
chapters covering construction requirements and operation and maintenance procedures
iping systems. This revision was published with the designation USAS B31.4-1966, Liquid
iping Systenis, since ASA was reconstituted as the United States of America Standards Insti-

ffective October 6, 1969, to the American National Standards Institute, Inc. (ANSI), and USAS
bdias’ANSI B31.4-1966. The B31 Sectional Committee was redesignated as American National

Standards Committee B31
engineeringsocieties, gover

Ode for PTesSure Piping, and, because of the wide fietd invoived, more than 40 different
nmentbureaus, 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 subdi-
vided 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 ANSI B31.4-1974.

vii
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In December 1978, American

National Standards Committee B31 was converted to an ASME Committee with proce-

dures accredited by ANSI. The 1979 revision was approved by ASME 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 began work on expanding the scope of the Code
to cover requirements for the transportation of liquid alcohols. References to existing dimensional standards and mate-

rial specifications were revised,

and new references were added. Other clarifying and editorial revisions were made in

order to improve the text. These revisions led to the publication of two addenda to ANSI/ASME B31.4. Addenda “b” was

approved and published in 1981
ASME B31.4¢-1986.

as ANSI/ASME B31.4b-1981. Addenda “c” was approved and published in 1986 as ANSI/

The 1986 edition of ANSI/AS

Following publication of the
tionally, references to existing st
revisions led to the publication

oo et G ettt

ME-B21 4 includad tha tvaa meaviaoncly
YT oo e ettt ewWopreviouSrypuoiSeaaaat oo —t0—~nt—=>eaitoi

fously—p
1986 edition, clarifying and editorial revisions were made to improve the text. Addi-
hndards and material specifications were revised, and new references were added. These

of an addenda that was approved and published in 1987 as ASME/ANSI B31.4a-1987.

The 1989 edition of ASME/ANSI B31.4 included the previously published addenda to the 1986 edition.

Following publication of the 1
to existing standards and mater
addenda that was approved an

The 1992 edition of ASME B31
maintenance. The 1992 edition,
edition.

The 1998 edition of ASME B3
1998 edition were other revisiof]
approved by ANSI on Novembd

The 2002 edition of ASME B3]
the maintenance section and u
designated as ASME B31.4-200

The 2006 edition of ASME B
expansion of material standard
2006 edition was approved by

The 2009 edition of ASME B3
VIII, Corrosion Control. The mat
was approved by ANSI on Sept]

The 2012 edition of ASME B3
ASME B31.11, Slurry Transport3
all of the previous carbon dioxid
new entries. The 2012 edition

The 2016 edition of ASME B]
paragraph was added in Chapter
included throughout to referend
The 2016 edition was approve

The 2019 edition of ASME B
chapters. Anew standard is refeq
and flexibility factors. Updates t
was approved by ANSI on July

D89 edition, clarifying revisions were made to improve the text. Additionally, references
al specifications were revised and updated. These revisions led to the publication of af,
H published in 1991 as ASME B31.4a-1991.

‘4 included the previously published addenda to the 1989 edition and a revision to:valve
was approved by ANSI on December 15, 1992, and designated as ASME B31741992

.4 included the previously published addenda to the 1992 edition. Also included in the
s and the addition of Chapter IX, Offshore Liquid Pipeline Systems. The-1998 edition was
r 11, 1998, and designated as ASME B31.4-1998 edition.
.4 included the previously published addenda to the 1998 edition:along with revisions to
pdated references. The 2002 edition was approved by ANSI'oh August 5, 2002, and
D.
31.4 contained a new repair section, along with revisions to the definitions section,
s Table 423.1 and dimensional standards Table 4261, and updated references. The
ANSI on January 5, 2006, and designated as ASME-B31.4-2006.
[ .4 contained major revisions to the definitions-section; Chapter II, Design; and Chapter
brials standards Table 423.1 and references were revised and updated. The 2009 edition
ember 14, 2009, and designated as ASME B31.4-20009.
1.4 contained a revised scope and a néw,chapter to incorporate the requirements from
tion Piping Systems. There was alsoa new chapter for carbon dioxide piping, extracting
e information into a stand-aloneschapter. The definitions section was also revised with
vas approved by ANSI on September 14, 2012, and designated as ASME B31.4-2012.
1.4 contained a revised scope and updates to the stress section in Chapter II. A new
[1I for material requirements in low-temperature applications. In addition, changes were
e minimum wall thickness requirements as permitted by manufacturing specifications.
1 by ANSI on February 22, 2016, and designated as ASME B31.4-2016.
B1.4 contains a_rework of Chapter IX to align with standardized numbering of other
enced in Chapter I to improve the accuracy of calculations that use stress intensification
the textandtable in Chapter VI on allowable repairs were completed. The 2019 edition
18, 2019vand designated as ASME B31.4-2019.
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CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions
or a case, and attending Committee meetings Fnrrncpnndpnrp should be addressed to:

(19)

Secrets3
The An
Two P
New Y
http:/

Proposing Revisions. R{
desirable, as demonstrated
published periodically.

The Committee welcome
the paragraph number(s), tl
pertinent documentation.

Proposing a Case. Cases
an approved revision when
immediately upon ASME aj

Requests for Cases shall

ry, B31 Standards Committee

nerican Society of Mechanical Engineers
rk Avenue

brk, NY 10016-5990
g0.asme.org/Inquiry

visions are made periodically to the Code to incorporate changes that appear necessary or
by the experience gained from the application of the Code. Approved reviSions will be

proposals for revisions to this Code. Such proposals should be as specific@s'possible, citing
e proposed wording, and a detailed description of the reasons for the pfeposal, including any

may be issued to provide alternative rules when justified, to permit early implementation of
the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
pproval and shall be posted on the ASME Committee web.page.

provide a Statement of Need and Background Information. The request should identify the

Code and the paragraph, figiire, or table number(s), and be written as a Question@and Reply in the same format as existing

Cases. Requests for Cases s}

Interpretations. Upon r
Code. Interpretations can o
Committee.

Requests for interpretati
form is accessible at http://
automatic e-mail confirmin

If the Inquirer is unable
Committee at the above ad
ommended that the Inquir

Subject:
Edition:

Question:

jould also indicate the applicable edition(s) of the.Code to which the proposed Case applies.

quest, the B31 Standards Committee will render an interpretation of any requirement of the
hly be rendered in response to a writtem'request sent to the Secretary of the B31 Standards

pn should preferably be submitted through the online Interpretation Submittal Form. The
po.asme.org/InterpretationReguiest. Upon submittal of the form, the Inquirer will receive an
g receipt.

o use the online form, he/she' may mail the request to the Secretary of the B31 Standards
iress. The request for an\interpretation should be clear and unambiguous. It is further rec-
br submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Cite the applicable edition of the Code for which the interpretation is being requested.

Phrase, the question as a request for an interpretation of a specific requirement suitable for
general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way thata

Proposed Reply(ies):

Background Information:

“ves” or “no” replv is acceptable
4 r—J r

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Xi
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Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, itis the opinion of the Committee
that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that such assistance be
obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

» o«

Attending Committee Meetings. The B31 Standards Committee regularly holds meetings and/or telephone confer-

ences that are open to the public| Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the B31 Standards Committee.

Xii
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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

ng typically found in electric power-generating stations, industrial and institutional plants,

geothermal heating systems, and central and district heating and cooling systems

follows:

B31.1  Power Piping: pip

B31.3  Process Piping: pij
production facil
plants; food an

B31.4 Pipeline Transpor
predominately
terminals and g

B31.5 Refrigeration Pipi

B31.8  Gas Transmission
between source
pipelines

B31.9  BuildingServices |
in multi-unit re
B31.1

B31.12 Hydrogen Piping

hydrogen servi

Thisis Code Section B31.4
in the text of this Code Sect
Section.

It is the user’s responsib
Factors tobe considered inc
codes and standards. All apj
than one Code Section may
other national or industry cq
those of the Code if necess

The Code specifies engin
tenance of pressure piping. \
specifications for any pipin
made to produce a sound pi
within this Code. The Code d
the designer.

To the greatest possible

ing typically found in petroleum refineries; onshore and offshore petroleum and natural gas
fties; chemical, pharmaceutical, textile, paper, ore processing, semiconductor, and cryogenic
L beverage processing facilities; and related processing plants and terminals

tation Systems for Liquids and Slurries: piping transporting hazardous products.that are
iquid between facilities, production and storage fields, plants, and terminalsyand within
umping, regulating, and metering stations associated with liquid pipeline systéms

hg and Heat Transfer Components: piping for refrigerants and secondary coolants

and Distribution Piping Systems: piping transporting products that are predominately gas
s and terminals, including compressor, regulating, and metering stations, and gas gathering

iping: piping typically found in industrial, institutional, commeéteial, and public buildings, and
bidences, that does not require the range of sizes, pressurés; and temperatures covered in

hnd Pipelines: piping in gaseous and liquid hydrogen:service and pipelines in gaseous
e

, Pipeline Transportation Systems for Liquids.and Slurries. Hereafter, in this Introduction and
on B31.4, where the word “Code” is used.without specific identification, it means this Code

ility to select the Code Section that most nearly applies to a proposed piping installation.
ude limitations of the Code Section;jurisdictional requirements, and the applicability of other
licable requirements of theselected Code Section shall be met. For some installations, more
apply to different parts of'the’installation. Certain piping within a facility may be subject to
des and standards. Theuser is also responsible for imposing requirements supplementary to
ary to ensure safe piping for the proposed installation.

bering requirements*deemed necessary for safe design, construction, operation, and main-
Vhile safety isth€ primary consideration, this factor alone will not necessarily govern the final
b installation er operation. The Code is not a design handbook. Many decisions that must be
bing installation and to maintain system integrity during operation are not specified in detail
oes net'serve as a substitute for sound engineering judgments by the operating company and

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 includ

es

(a) references to acceptable material specifications and component standards, including dimensional requirements

and pressure-temperature

ratings

(b) requirements for design of components and assemblies, including pipe supports
(c) requirements and data for evaluation and limitation of stresses, reactions, and movements associated with pres-

sure, temperature changes,

(d) guidance and limitat

and other forces
ions on the selection and application of materials, components, and joining methods

Xiii
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(e) requirements for the fabrication, assembly, and erection of piping
(f) requirements for examination, inspection, and testing of piping

(g) procedures for operation
(h) provisions for protecting

and maintenance that are essential to public safety
pipelines from external corrosion and internal corrosion/erosion

Itis intended that this edition of Code Section B31.4 not be retroactive. Unless agreement is specifically made between
contracting parties to use another edition, or the regulatory body having jurisdiction imposes the use of another edition,
the latest edition issued atleast 6 months prior to the original contract date for the first phase of activity covering a piping

system or systems shall be the
testing for the piping until the

Users of this Code are cautiong
proper authorities in the jurisd

Code users will note that par
result from following a common
correspondingly numbered in m
one Section.

The Code is under the directi
under procedures of The Amerid
Standards Institute. The Commi
materials, construction, and ind

When no Section of the ASME (

governing document for all design, materials, fabrication, erection, examination, and
completion of the work and initial operation.

iction where the piping is to be installed.
hgraphs in the Code are not necessarily numbered consecutively. Such discontinuities
butline, insofar as practicable, for all Code Sections. In this way, corresponding material is
bst Code Sections, thus facilitating reference by those who have occasion to use more than

n of ASME Committee B31, Code for Pressure Piping, which is organized and operates
an Society of Mechanical Engineers that have been accredited by the American Natjénal
ftee is a continuing one and keeps all Code Sections current with new developments in
ustrial practice. New editions are published at intervals of 3 to 5 years.

ode for Pressure Piping specifically covers a piping system, at his discretion the\user may

select any Section determined t¢ be generally applicable. However, it is cautioned that supplementary requirements to

the Section chosen may be neces
of the various Sections, legal req
to be considered by the user i1
The Committee has establish
requirements. To receive co
Correspondence With the B31
The approved reply to an in
published on the ASME Interpr]
A Case is the prescribed form
when the reply modifies existin
constructions. The Case will be|
A Case is normally issued for
expire if there is no indication of

ary to provide for a safe piping system for the intended application. Technical limitations
lirements, and possible applicability of other codes or standards are seme of the factors
determining the applicability of any Section of this Code.

ed an orderly procedure to consider requests for interpretatien and revision of Code
hsideration, inquiries must be in writing and must give full particulars (see
Committee covering preparation of technical inquiries):

juiry will be sent directly to the inquirer. In additien;*the question and reply will be
etations Database.

of reply to an inquiry when study indicates thatthe Code wording needs clarification or
g requirements of the Code or grants permission to use new materials or alternative
published on the B31.4 web page at http://cstools.asme.org/.

h limited period, after which it may be(renewed, incorporated in the Code, or allowed to
further need for the requirements covered by the Case. However, the provisions of a Case

may be used after its expiration or withdrawal, provided the Case*was effective on the original contract date or was

adopted before completion of 4
Materials are listed in the strj
shown. Materials may be covere
data to permit establishment of
Additional criteria can be found
Code, Section Il and Section VIII,
used in accordance with para.

he work, and the contracting'parties agree to its use.

ess tables only when sufficient usage in piping within the scope of the Code has been
d by a Case. Requests forlisting shall include evidence of satisfactory usage and specific
allowable stresses, maximum and minimum temperature limits, and other restrictions.
in the guidelines foraddition of new materials in the ASME Boiler and Pressure Vessel
PDivision 1, App€ndix B. (To develop usage and gain experience, unlisted materials may be
123.1.)

Xiv
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ASME B31.4-2019
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.4-2019 was approved by

the American National Staidards Institute on July 18, 2019.

ASME B31.4-2019 includes| the following changes identified by a margin note, (19).

Page Location Change
xi Correspondence With the B31 Added
Committee
2 400.1.1 (1) Subparagraph (b) added, and remaining subparagraphs
redesignated
(2) Subparagraphs (d) and (e) [formerly (c) and~(d)] revised
13 402.1 Second paragraph revised
17 402.5.2 (1) Note designation deleted
(2) Nomenclature revised
17 402.6.1 Definition of A revised
17 402.6.2 Definition of A and final paragraph revised
18 403.2.1 (1) Equation and nomenclatiire revised
(2) Final paragraph deleted
23 403.9.1 Note added
24 404.1.2 Revised
25 404.2.3 Final paragraph‘revised
33 Figure 404.3.5-1 (1) Definition of L removed from figure and added to the
nomenelature

(2)(Nemenclature revised

33 404.4.1 Fipst paragraph revised
34 404.5.1 Final paragraph revised
36 404.11 First paragraph revised
38 425 Revised in its entirety

39 Table 423.1t1 Title revised

41 426.3 Revised

43 434.2.2 Revised

43 434.4 Revised

44 434.7.1 Subparagraph (a) revised
45 434.8.2 Subparagraph (a) revised
47 434.89 Subparagraph (a) revised
51 434.13.5 Subparagraph (b) revised
52 434.15.2 Subparagraph (f) added
53 434.18 Subparagraph (b)(1) revised
56 435.4.3 Revised

59 437.4.1 Subparagraph (a) revised

XV
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Page
59
59
62
65
66
68
69
71
74
75
77
77
78

78
80
81
82
83
85
89
90

90
90
90
91
91
91
92
92

92

93
93
94
94
94
95
95

Location
437.4.3
437.6.4
451.6.1
451.6.2.6
451.6.2.9
451.9
Table 451.6.2.9-
452.7
461.1.2
461.1.7
462.1
462.2
462.3

463.1
466.1.1
467
A400
A401
A402
A403
A404.4.3

A404.8.3
A405
A406.3
A423.2
A434.2.2
A434.8
A434.13.1
A434.25

A436.5.1

A451.3
A451.5
A451.6
A451.6.2
A451.10
A460
A461

Change

Revised

Revised

Subparagraph (g) revised

First paragraph revised

First paragraph and subparas. (b) and (d) revised
Subparagraph (a) revised

Entry in sixth row of fourth column revised

Subparagraph (d) revised
Subparagraphs (a) and (b) revised
Final sentence revised

Final sentence revised
Subparagraph (g)(1) revised

Subparagraphs (b)(1), (b)(2), (b)(3), (b)(5), (b)(6), and (b)(%7)
revised

Subparagraph (b) revised

Second and third paragraphs revised

Final sentence revised

Subparagraph (d) revised

Revised in its entirety

Revised in its entirety

Revised in its entirety

(1) Redesignated from original A404.4.1

(2) Title revised

Revised

A405.1(a) and A405.2 revised

Former A421 revised and redesignated as A406.3

Final sentence, revised

Former A434:2 redesignated as A434.2.2

Titles 0fA434.8.3,A434.8.5, A434.8.5(a), and A434.8.5(b) revised

Revised

(1) Former A434.14 redesignated as A434.25

(2) Cross-references updated

(1) Subparagraphs (9), (11), (12), (13), and (15) redesignated as
(19) through (23)

(2) Subparagraph (23) [formerly (15)] revised

Title revised

Einal cantanca daletad
HHia-SeRtence—aereted

Final paragraph added

Revised in its entirety

Title revised

Subparagraph (c) revised

(1) Titles of A461, A461.1.2, A461.1.3, and A461.1.5 revised
(2) A461.1.1(c) redesignated as A461.1.1(a)

(3) In A461.3, subparagraphs redesignated, and reference
updated

Xvi
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Page
96
99
100
103
107

109

Location

A463.2

C400.2

C404.4.1

Mandatory Appendix I
Nonmandatory Appendix A

Index

Change

Former A463.1 redesignated as A463.2
Definition of ductile iron revised
Revised

Updated

Information moved to Correspondence With the B31 Committee
page
Updated

xvii
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Chapter |
Scope and Definitions

400 GENERAL STATEM

(a) This pipeline transpo
several sections of The Anj
Engineers Code for Pressy
is the responsibility of th
the applicable Section. This
rate document for convenig
apply to pipeline systems t
but not limited to, crude oil,
products, natural gasoline,
petroleum gas, carbon di
alcohol, liquid anhydrous
injection water, brine, biofy

ENTS

rtation systems Code is one of
erican Society of Mechanical
re Piping, ASME B31, and it
e user of this Code to select
Section is published as a sepa-
nce. This Code is intended to
Fansporting liquids including,
condensate, liquid petroleum
natural gas liquids, liquefied
bxide (supercritical), liquid
ammonia, produced water,
els, and slurries. Throughout

this Code, these systems will be referred to as liquid pipe-

line systems.

(b) The requirements o
safety under conditions n
operation of liquid pipelin
all abnormal or unusual c
provided for, nor are all
construction prescribed. A
scope of this Code shall co
expressed or implied.

(c) The primary purpos
requirements for safe des
testing, operation, and mg
systems for protection of th
company personnel, as well
the piping system agains
damage by others, and rea
vironment.

(d) This Code is concerng
extent that it is affected by
rials and workmanship, an
tion, inspection, testing, ofj

f this Code are adequate for
ormally encountered in the
e systems. Requirements for
nditions are not specifically
details of engineering and

work performed within the
ply with the safety standards

e of this Code is to establish
gn, construction, inspection,
intenance of liquid pipeline
e general public and operating
hs for reasonable protectipn of
t vandalism and aecidental
sonable protection-of the en-

d with empleyee safety to the
basic design, quality of mate-
d requiirements for construc-
eration, and maintenance of

liquid pipeline systems. Exi

sting industrial safetv regula-
=] o 5

(1) For design and construction, a designer may
choose to use a more complete and rigorous analysis
to develop design and construction requirements.
When the designer decides to take this approach, the
designer shall provide details and calculations dempn-
strating design, construction, examination, and testing
are consistent with the criteria of this Code/These
details 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 docu-
mented in the engineering design.

(2) For operation and maintenhance, the operating
company may choose to use a’metre rigorous analysis
to develop operation and maintenance requirements.
When the operating company decides to take this
approach, the operatingZcompany shall provide details
and calculations demonstrating that such alternative prac-
tices are consistent'with the objectives of this Code. The
details shall be doeumented in the operating 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
issuanee shown on the document title page insofar as
design, materials, construction, assembly, inspection,
and testing are concerned. It is intended, however, that
the provisions of this Code shall be applicable within 6
months after date of issuance to the relocation, replace-
ment, and uprating or otherwise changing 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 ANS],
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

tions pertaining to work areas, safe work practices, and
safety devices are not intended to be supplanted by this

Code.

(e) The designer is cautioned that the Code is not a

design handbook. The Code does not do away with the
need for the engineer or competent engineering judgment.
The Code generally employs a simplified approach for
many of its requirements.

UNder CONStruction prior to the end of the b-Month period.

(g) The users of this Code are advised that in some
areas legislation may establish governmental jurisdiction
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
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by pipeline in interstate and foreign commerce of petro-
leum, petroleum products, and liquids such as anhydrous
ammonia or carbon dioxide are prescribed under Part 195
— Transportation of Hazardous Liquids by Pipeline, Title

49 — Transportation, Code of Federal Regulations.

400.1 Scope
400.1.1 This Code prescrib

es requirements for the

design, materials, construction, assembly, inspection,

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

400.1.2 This Code was not developed to apply to

(a) building service piping, such as water, air, or steam

(b) pressure vessels, heat exchangers, pumps, meters,
and other such equipment, including internal piping and

testing, operation, and mainte
systems between production
farms, above- or belowground
gas processing plants, refiy
ammonia plants, terminals (1
and other delivery and receivin
lines transporting liquids wit
farms, and terminals associaf
systems (see Figures 400.1.1-1
This Code also prescribes req|
materials, construction, assen
operation, and maintenance
aqueous slurries of nonhazar
coal, mineral ores, concentrates,
between a slurry processing
receiving plant or terminal (seg
Piping consists of pipe, flange
relief devices, fittings, and the
of other piping components. It 3
supports, and other equipment it
overstressing the pressure-con
include support structures suc
stanchions, or foundations, or]
defined in para. 400.1.2(b).
Requirements for offshore
Chapter IX. Requirements for

nance of liquid pipeline
fields or facilities, tank
Ktorage facilities, natural
eries, pump stations,
harine, rail, and truck),
g points, as well as pipe-
nin pump stations, tank
ed with liquid pipeline
and 400.1.1-2).
uirements for the design,
bly, inspection, testing,
of piping transporting
dous materials such as
and other solid materials,
plant or terminal and a
e Figure 400.1.1-3).

5, bolting, gaskets, valves,
ressure-containing parts
Iso includes hangers and
ems necessary to prevent
aining parts. It does not
n as frames of buildings,
any equipment such as

pipelines are found in
arbon dioxide pipelines

are found in Chapter X. Requiremnents for slurry pipelines

are found in Chapter XI.

Also included within the sco

(a) primary and associated af
and liquid anhydrous ammonia
inals (marine, rail, and truck), t4
pressure-reducing stations,
including scraper traps, straine

(b) primary and auxiliary slu
ities, pipeline terminals, pump

be of this Code are
uxiliary liquid petroleum
piping at pipelineferm-
nk farms, pump(stations,
hnd metering/stations,
s, and_pgrover loops

[Ty piping at storage facil-
stations, choke stations,

and pressure-reducing station

ihcluding piping up to

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 (120°C) [for applications
below -20°F (-30°C), see paras. 423.2.1(a) and 423.2.6]

(d) casing,tubing, or pipe used in oil wells and wellhead
assemblies

400.2 Definitions

Some of the more common terms relating to piping are
defined below. For welding terms used in thi§ Gode butnot
shown here, definitions in accordance¥yith AWS A3.0
apply.
accidental loads: any unplanned load or combination of
unplanned loads caused by human intervention or
natural phenomena.

active corrosion: corrosion that is continuing or not
arrested.

anomaly: an indication, detected by nondestructive exam-
ination (such as\in-line inspection).

arc welding (AW)*: a group of welding processes that
produces coalescence of workpieces by heating them
with _an arc. The processes are used with or without
thevapplication of pressure and with or without filler
metal.

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 excavated
space around a pipeline.

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

breakawav counling:a componentinstalled inthe nipneline
4 Py 138 PP

the first valve of attached auxil

iary water lines

(c) storage and working tanks, including pipe-type
storage fabricated from pipe and fittings, and piping inter-

connecting these facilities

(d) liquid petroleum, liquid anhydrous ammonia, and

slurry pipinglocated on property thathas been designated
for such piping within petroleum refinery, natural gaso-
line, gas processing, ammonia, bulk plants, and slurry
transportation systems

to allow the pipeline to separate when a predetermined
axial load is applied to the coupling.

buckle: a condition where the pipeline has undergone
sufficient plastic deformation to cause permanent wrink-
ling in the pipe wall or excessive cross-sectional

! These welding terms agree with AWS A3.0.

2Sharp imperfections may be rendered blunt by grinding, but the
absence of a sharp imperfection must be verified by visual and nonde-
structive examination.
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Figure 400.1.1-1 Diagram Showing Scope of ASME B31.4 Excluding Carbon Dioxide Pipeline Systems
(See Figure 400.1.1-2)
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Figure 400.1.1-2 Diagram Showing Scope of ASME B31.4 for Carbon Dioxide Pipeline Systems

Final processing facility ® 060 00 060 00 00 0 0 000 Carbon dioxide
for carbon dioxide before o -1 :"_ _] ) production
the carbon dioxide is PS ! L field [Note (1)}
transported outside the ° 7.{"' :‘FJ °
production field. ono o o0 0 cojoeo o 0o 0 0 00

Pipeline terminal > Carbon dioxide
[Note (2)] and/or s d r—- processing/
pump station ) | f nt

o . L
L_-2ae
Carbon dioxide . PP ._I PY
production f
field 3 ]

Pipeline terminal
[Note (2)] andfor
pump station

(XX N N
-
| e

Hydrocarbon
eode o / production
e | field for
. L 1e : °9q° . carbon dioxide
te e . o r _: . injection

el ——_Je

——| Piping within B31.4 scope

——|‘I Continuation of B31.4 scope through area

—l—‘ Start or end at B31.4 scope within plot area

® & & o o |imits of production lease ¢r field

————— Plot (or platform) limits.of production, petroleum refinery,

chemical plant, carben.dioxide processing plant, or gas processing operating
facilities

NOTES:

(1) Onshore or offshore.
(2) Marine, rail, or truck (all loading|or unloading).



https://asmenormdoc.com/api2/?name=ASME B31.4 2019.pdf

ASME B31.4-2019

Figure 400.1.1-3 Diagram Showing Scope of ASME B31.4 for Slurry Pipeline Systems
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deformation caused by loads acting alone or in combina-
tion 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 protection (CP): technique to reduce the corro-
sion of a metal surface by making that surface the cathode

of an electrochemical cell.

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

discontinuity®: an interruption of the typical structure of a
material, such as a lack of homogeneity in its mechanical,
metallurgical, or physical characteristics. A discontinuity
is not necessarily a defect.

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

characterize: to quantify the typg;

and location of an anomaly.

ST ST P OrtertatioTs

coating: liquid, liquefiable, or mastic composition that,

after application to a surface,
protective or functional adhg
includes tape wrap.

coating system: complete nun
applied to a surface in a pred
used in a broader sense, surfa
ments, dry film thickness, and
are included.)

cold springing: deliberate defle
yield strength, to compensate
expansion.

column buckling: buckling of
compressive axial load in whi
lateral deflection; also referred

component: an individual item
with pipe in a pipeline system,
to, valves, elbows, tees, flanges
connectors: components, exce
purpose of mechanically joining

consequence: impact that a pipe
the public, employees, property

corrosion: deterioration of a matj
results from a reaction with itg

corrosion inhibitor: chemical sulf

s converted into a solid
rent film. Coating also

iber and types of coats
btermined order. (When
fe preparation, pretreat-
| manner of application

tion of piping, within its
for anticipated thermal

a beam or pipe under
ch loads cause unstable
to as upheaval buckling.

or element fitted in line
such as, but not limited
and closures.

pt flanges, used for the
b two sections of pipe.

ine failure could have on
, and the environment.

erial, usually a metal, that
environment.

stance or combination-ef

substances that, when present i the environment oren a

surface, prevents or reduces cg

rrosion.

defect": a discontinuity or disconftinuities thatby nature or

accumulated effect render a p
meet minimum applicable accep
fications. The term designates

rt or product unable to
tancesstaridards or speci-
ejectability.

atian oL+ rcrlarcr
oo - EHeEUar-€roSs

electrolyte: a chemical substance containing ions that
migrate in an electric field. For purposes of this Code, elec-
trolytes include the soil or liquid adjacent to and in contact
with aburied or submerged metallic piping system, as well
as some transported liquid products.

employer: the owner, manufacturer, fabricator, contractor;
assembler, or installer responsible for the welding,
brazing, and NDE performed by his organjzation,
including procedure and performance qualifications.

engineering design: detailed design developed from oper-
atingrequirements and conforming to Codé requirements,
including all necessary drawings,and specifications,
governing a piping installation.

environment: surroundings or cehditions (physical, chem-
ical, or mechanical) in whichZa material exists.

epoxy: type of resin formed'by the reaction of aliphatic or
aromatic polyols (like>bisphenol) with epichlorohydrin
and characterized-by the presence of reactive oxirane
end groups.

evaluation; a-review, following the characterization of an
actionableranomaly, to determine whether the anomaly
meets specified acceptance criteria.

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

experience: work activities accomplished in a specific NDT
method under the direction of qualified supervision,
including the performance of the NDT method and
related activities, but not including time spent in orga-
nized training programs.

failure: general term used to imply that a part in service
has become completely inoperable; is still operable but is
incapable of satisfactorily performing its intended func-

Fion rhac datar: tad riapclhr o tha oot v ot 2+ 1o
o, - O aS G e e oratea S oSy totnt-poHT ittt ias

dent: permanent concave deform!

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

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
section 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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fullfillet weld": afillet weld whose size is equal to the thick-
ness 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 applica-
tion of pressure.

gas tungsten arc welding (GTAW)*: an arc welding process
that uses an arc between a tungsten electrode (noncon-

internal design pressure: internal pressure used in calcula-
tions or analysis for pressure design of a piping compo-
nent (see para. 401.2.2.2); it includes factors presented 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.

leak: unintentional escape of liquid from the pipeline. The
source of the leak may be holes, cracks (including propa-
gating and nonpropagating, longitudinal, and circumfer-

sumable) and the weld popl. The process is used with

shielding gas and without

he application of pressure.

general corrosion: uniform| or gradually varying loss of

wall thickness over an area.

girth weld: a complete circ
pipe or components.

hmferential butt weld joining

gouge: mechanically induced metal loss, which causes lo-
calized elongated grooves qr cavities in a metal pipeline.

hydrostatic test or hydrotest
the test medium.

imperfection: discontinuity
by inspection.

incident: unintentional rele
of a pipeline.

inclusion: nonmetallic phas
silicate particle in a metal

indication: finding from a

apressure test using water as
r irregularity that is detected
hse of liquid due to the failure
b such as an oxide, sulfide, or

pipeline.

nondestructive testing tech-

nique or method that deyiates from the expected. It

may or may not be a defedt.

in-line inspection (ILI): steel
that uses devices known in

pipeline inspection technique
the industry as intelligent or

smart pigs. These devices run inside the pipe and provide
indications of metal loss, d¢formation, and other defects.

in-line inspection tools: any i

hstrumented device or vehicle

thatrecords data and uses npndestructive test methods/or
other techniques to inspect the pipeline from the‘inside.
Also known as intelligent qr smart pig.

in-service pipeline: a pipeli

he that contains liquid to be

transported. The liquid maly or may noet-be flowing.

inspection: use of a nondegtructive‘testing technique or

method.
integrity: the capability of

the pipeline to withstand all

ential), separation, or pull-out and loose connections.

length: a piece of pipe of the length delivered from the mill.
Each piece s called alength, regardless of its actual dimen-
sion. This is sometimes called a joint, but “length” is
preferred.

line section or pipeline section: continuous run ,of ‘pipe
between adjacent pump stations, betweenta pump
station and a block valve, or between adjacent block
valves.

liquefied petroleum gas(es) (LPG): liguid petroleum
composed predominantly of the following hydrocarbons,
either by themselves or as mjxtures: butane (normal
butane or isobutane), butylene (including isomers),
propane, propylene, and ethane.

liquid alcohol: any of algroup of organic compounds
containing only hydrogen, carbon, and one or more
hydroxyl radicals-that will remain liquid in a moving
stream in a pipeline.

liquid anhydrous ammonia: a compound formed by the
combination of the two gaseous elements nitrogen and
hydroegen, in the proportion of one part of nitrogen to
threeJparts of hydrogen, by volume, compressed to a
liquid state.

magnetic-particle inspection (MPI): a nondestructive test
method utilizing magnetic leakage fields and suitable indi-
cating materials to disclose surface and near-surface
discontinuity indications.

mainline pipelines: all in-line pipeline pipes, fittings, bends,
elbows, check valves, and block valves between scraper
traps.

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

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 exam-
inations, characterizing the evaluation by defect type and
severity, and determining the resulting integrity of the
pipeline through analysis.

(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
overcome friction losses, and any back pressure) at
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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.

metal loss: types of anomalies in pipe in which metal has

double submerged arc welded pipe: pipe having a lon-
gitudinal 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 gran-
ular, 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.

been removed from the pipe sur
sion or gouging.

miter: two or more straight sect]
joined on a line bisecting the 4
produce a change in direction.

mitigation: limitation or reduct
occurrence or expected consg
event.

nominal pipe size (NPS): see ASN
nition.

nondestructive examination (|
testing (NDT): testing method, s
sonic, magnetic testing, liquid

face, usually due to corro-

ions of pipe matched and
ngle of junction so as to

ion of the probability of
quence for a particular

1E B36.10M, p. 1 for defi-

NDE) or nondestructive
ich as radiography, ultra-
penetrant, visual, leak

testing, eddy current, and a;lﬁoustic emission, or a

testing technique, such as
magnetic-particle inspection,
and contact compression-wave

operator or operating company|
corporation, public agency,

entity currently responsible for
inspection, testing, operation,
pipeline facilities.

oxyfuel gas welding (OFW)": a gn
that produces coalescence of wqg
with an oxyfuel gas flame. The p
without the application of pres
filler metal.

petroleum: crude oil, condensate
gas liquids, liquefied petroleum
products.

pig: adevice passed internally th
line to clean or inspect the pipe
fluids.

agnetic flux leakage,
shear-wave ultrasonic,
ultrasonic.

individual, partnership,
bwner, agent, or other
the design, construction,
and maintenance of the

oup of welding processes
rkpieces by heating them
Focesses are used with or
ure and with or without

natural gasoline, natural
pas, and liquid petroleum

rough thé inside of a pipe-
line, or.to separate batch

electricflash-welded-pipe-pipe-havingalongitudinalbutt
joint wherein coalescence is produced simultaneously
over the entire area of abutting surfaces by the heat
obtained from resistance to the flow of electric current
between the two surfaces, and by the application of pres-
sure after heating is substantially completed. Flashing and
upsetting are accompanied by expulsion of metal from the
joint.

electric fusion welded pipe: pipe having a longitudinal or
helical seam butt joint wherein coalescence is produced in
the preformed tube by manual or automatié:electric arc
welding. The weld may be single or double.and may be
made with or without the use of filler metal. Helical seam
welded pipe is also made by the eleetric fusion welded
process with either a lap joint or.a lock-seam joint.

electric induction welded pipé: pipe produced in indivi-
dual lengths or in continuous’lengths from coiled skelp
having a longitudinal “er helical seam butt joint
wherein coalescence isiproduced by the heat obtained
from resistance of thé“pipe to induced electric current,
and by application of pressure.

electric resistance welded pipe: pipe produced in indi-
vidual lengthsor in continuous lengths from coiled skelp,
having 4 longitudinal or helical seam butt joint wherein
coalescence is produced by the heat obtained from resis-
tanee of the pipe to the flow of electric currentin a circuit of
which the pipe is a part, and by the application of pressure.

furnace butt welded pipe:

furnace butt welded pipe, bell welded: pipe produced
in individual lengths from cut-length skelp, having its lon-
gitudinal butt joint forge welded by the mechanical pres-
sure developed in drawing the furnace-heated skelp
through a cone-shaped die (commonly known as the
“welding bell”) that serves as a combined forming and
welding die.
furnace butt welded pipe, continuous welded: pipe

produced in continuous lengths from coiled skelp and

pigging: use of any independer

£ calf nEainad Jdacs
St ottt aaeviee;

tool, or vehicle that moves through the interior of the pipe-
line for inspecting, dimensioning, cleaning, or drying.

pipe: a tube, usually cylindrical, used for conveying a fluid
or transmitting fluid pressure, normally designated “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 manu-
facture, are defined below.

subsequently cut into individual Ilengths, having its lon-
gitudinal butt joint forge welded by the mechanical pres-
sure 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
located between two welding rolls that compress and
weld the overlapping edges.
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seamless pipe: pipe produced by piercing a billet
followed 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), regulators, pres-
sure vessels, pulsation dampeners, relief valves, appurte-
nances attached to pipe, pump units, metering facilities,
pressure-regulating stations, pressure-limiting stations,
pressure relief stations, and fabricated assemblies.

residual stress: stress present in an objectin the absence of
any external loading, typically resulting from manufac-
turing or construction processes.
resistivity:

(a) resistance per unit length of a substance with
uniform cross section.

(b) measure of the ability of an electrolyte (e.g., soil) to
resist the flow of electric charge (e.g., cathodic protection
current).

Included within this defin
and gathering lines, which t|
tion facilities to onshore |
equipment of the closed p
or forged from pipe or fab

pipeline section: continuous
pump stations, between a p
or between adjacent block

pipe nominal wall thicknesJ
applicable pipe specificatig
included in this Code by re
ness dimension is subject
specification or standard.

pipe supporting elements
consist of fixtures and stru

(a) Fixtures. Fixtures incl
load from the pipe or st
supporting structure orj
hanging-type fixtures, sy

tion are liquid transmission
ransport liquids from produc-
ocations, and liquid storage
pe type, which is fabricated
icated from pipe and fittings.

run of pipe between adjacent
mp station and a block valve,
valves.

: the wall thickness listed in
ns or dimensional standards
ference. The listed wall thick-
Lo tolerances as given in the

pipe supporting elements
tural attachments as follows:
ude elements that transfer the
Fuctural attachment to the
equipment. They include
Ich as hanger rods, spring

hangers, sway braces, counterweights, turnbuckles,

struts, chains, guides, ang
fixtures, such as saddles,
sliding supports.

(b) Structural Attachm
include elements that are
to the pipe, such as clips,
straps, and skirts.

pitting: localized corrosig
confined to a small area a
called pits.

pressure: unless otherwise s
pounds per square inch (b
sure, i.e., gage pressure as

pressure test: means by wh|

anchors, and bearing-type
bases, rollers, brackets, and

ents. Structural attachments
welded, bolted, or clamped
lugs, rings, clamps, clevises;

n of a metal surface(that is
nd takes the formof cavities

fated, pressute js expressed in
ar) aboveatmospheric pres-
abbreviated psig (bar).

ich ‘the integrity of a piece of

equipment (pipe) is assess

bd,(in which the item is filled

return interval: statistically determined time interval
between successive events of design environmental
conditions being equaled or exceeded.

right-of-way (ROW): strip of land on which pipelines, rail-
roads, power lines, roads, highways, and other similar
facilities are constructed. Generally, a written ROW agtee-
ment secures the right to pass over property owhed or
occupied by others. ROW agreements genetally allow
the right of ingress and egress for the installation, opera-
tion, and maintenance of the facility. ROW: width varies
based on such factors as existing land‘use, construction
work space, environmental restrictiohs, and maintenance
requirements of the facility. Thé width is typically speci-
fied in the ROW agreement, following negotiation with the
affected landowner, by legal action, or by permitting
authority.

risk: measure of potential loss in terms of both the incident
probability (likelihood) of occurrence and the magnitude
of the consequeérices.

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

seam weld: longitudinal or helical weld in pipe.

segment: length of pipeline or part of the system that has
unique characteristics in a specific geographic 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 provi-
sion is mandatory.

shielded metal arc welding (SMAW)": an arc welding
process with an arc between a covered electrode and

with a fluid, sealed, and subj

ected 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.

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

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 “itis recommended” is used to indicate
that a provision is not mandatory but recommended as
good practice.

smart pig: general industry term for internal inspection
devices (see in-line inspection).
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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
per square inch (psi) or in megapascals (MPa), minimum
yield strength prescribed by the specification under which

the pipe was manufactured.

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 original

strain: change in length of a m
applied force, expressed on 4
inches per inch or millimeters

stress: resistance of a body to an
in units of force per unit area (p
termed unit stress.

stress corrosion cracking (SCC)
attack of the metal involving an i1
sive environment and stresses

formation and growth of cracks.

stress level: level of tangential
expressed as a percentage of 3
strength.

submerged arc welding (SAW)*
that uses an arc or arcs betweg
or electrodes and the weld pool.
are shielded by a blanket of grj
pieces. The process is used wi
filler metal from the electrodg
supplementary source (welding
ules).

survey:

(a) measurements, insped
intended to discover and iden
that indicate a departure from n|
maged condition of the pipelin

(b) measurement of the phy:
pipe and/or facilities in relati
or geographic features.

hterial in response to an
unit length basis (e.g.,
per millimeter).

applied force, expressed
si or MPa). It may also be

- form of environmental
iteraction of alocal corro-
n the metal, resulting in

or hoop stress, usually
pecified minimum yield

an arc welding process
n a bare metal electrode
The arc and molten metal
hnular flux on the work-
thout pressure and with
and sometimes from a
rod, flux, or metal gran-

tions, or observations
ify events or conditions
prmal operation or unda-

b

sical location of installed
bn to known landmarks

cross-cactional-aras
€FOS55-SectioRaraFed-

tie-in: a connection where a gap was left to divide a pipe-
line into test sections, or to install a pretested replacement
section, or in the continuous line construction at alocation
such as a river or a highway crossing.

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

tool: generic term signifying any type of instrumented
device or pig.

training: organized program developed tolimpart the
knowledge and skills necessary for qualification.

weight coating: any coating applied te,the pipeline for the
purpose of increasing the pipeline_specific gravity.

weld": a localized coalescencéof metals or nonmetals
produced either by heatinig the materials to the
welding temperature, with or without the application
of pressure, or by thetapplication of pressure alone
and with or without\the use of filler material.

welder': one wlo) performs manual or semiautomatic
welding.

welding operator’: one who operates adaptive control,
automatie; mechanized, or robotic welding equipment.

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

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

10
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Chapter Il
Design

401 LOADS

401.1 Load Classificatig

401.1.1 Classification of
line shall be based on consid
in this section to the extent
proposed system and appli
tion and operation. Loads t}
pipeline failure or loss of
system shall be identifie

ns

Loads. The design of a pipe-
eration of the loads identified
that they are significant to the
able to the proposed installa-
at may cause or contribute to
Gerviceability of the pipeline
l 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
and loads from other sourc
including components, fluid
to pressure are examples (
external hydrostatic pressu
ment are examples of sustai
Reaction forces at suppor
loads due to sustained d

use of the pipeline system
bs. The weight of the pipeline,
s, and slurries, and loads due
f sustained loads. Soil cover,
e, and vibration due to equip-
ned loads from other sources.
ts from sustained loads and
splacement or rotations of

supports are also sustained loads.

401.1.3 Occasional Loads. Examples of occasional
loads are those resulting from wind, snow, ic€, seismic,
road and rail traffic, tempgrature change, currents, and
waves except where they need to be-considered as
sustained loads (loads caysed by temperature change
may also be considered syistained{in‘some instances).
Loads resulting from prestressing, residual forces from
installation, subsidence, differential settlement, frost
heave, and thaw settlement dre included in occasional

overpressure), including surge, are examples of transient
loads.

401.2 Application of Loads

401.2.1 Restrained Versus Unrestrained. The restraint
condition is a factor in the structural behavior of the pipe-
line and, consequently, affects stresses and applicable
stress limits. The degree of restraint may vary with pipe-
line construction activities, support conditions; soil prop-
erties, terrain, and time. For purposes of design, this Code
recognizes two restraint conditiens,restrained and
unrestrained. Guidance in categorizing the restraint
condition is given below. Examples given are neither
comprehensive nor definitive:

(a) “Unrestrained” means that the pipe is free to
displace laterally and to-strain axially. Unrestrained pipe-
lines may include the following:

(1) abovegroimd pipe that is configured to accom-
modate thermal expansion or support movement

(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 that contains a bend

(4) unanchored sections of pipe

(b) Restrained pipelines may include the following:

(1) sections of buried pipe

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

(3) field bends and adjacent pipe buried in stiff or
consolidated soil

Portions of buried pipeline may be only partially
restrained. Pipe-to-soil interactions should be evaluated
to ensure that the soil provides adequate restraint to limit
the movement of the pipeline as may be required to
prevent unacceptable levels of stress and/or strain in

loads.

401.1.4 Construction Loads. Loads necessary for the
installation and pressure testing of the pipeline system are
construction loads. Examples of construction loads
include handling, storage, installation, and hydrotesting.

401.1.5 Transient Loads. Loads that may occur during
operation of the pipeline, such as fire, impact, falling
objects, and transient conditions (during landslides,
third-party damage, equipment collisions, and accidental

11

the pipe and to prevent failure of the soil support, parti-
cularly at overbends and side bends. Guidance on the
movement at pipe bends, soil interaction including
soil-bearing capacity, and soil springs used to represent
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 VII.
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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
loads caused by deformation, the expected extreme

value shall be used.

401.2.2.2 Internal Design

Pressure. The pipe and
linachallha dacionad

401.2.3.3 Ice Loads. 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

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

components at any point in the pi

for an internal design pressure
the maximum steady-state op
point, nor less than the stati
point with the pipeline in 3
maximum steady-state operati
sum of the statichead pressure, |
come friction losses, and appli

nea
TP E-STicr o e-aeoTE e

hat shall not be less than
brating pressure at that
 head pressure at that

static condition. The
hg pressure shall be the
ressure required to over-
bd back pressure. Credit

may be taken for hydrostatic ejternal pressure by modi-

fying the internal design press
involving the pressure design
Pressure rise above maximun
pressure due to surges and
normal operations is allow
para. 403.3.4.

401.2.2.3 External Hydros
line shall be designed to withstai]
differential between external a

401.2.2.4 Weight Effects.
with loads and forces from othsg
ered in the design of pipelines. T
weight of pipe, coating, and oths
submerged) on installation stre
considered. Variability due to
turing tolerances and water 3
considered.

401.2.2.5 Residual Loads.
normally be installed in a mann,
dual loads. An exception is whe
plans for residual loads.

401.2.2.6 Subsidence. Log
dence shall be considered in d
pipeline segments are located if
is known to occur.

re for use in calculations
bf pipe and components.
steady-state operating
other variations from
bd in accordance with

tatic Pressure. The pipe-
d the maximum expected
hd internal pressures.

Weight effects combined
r causes shall be consid-
he effect of the combined
r attachments (in air and
sses and strains shall be
veight coating manufac-
bsorption shall also be

[he pipeline system shall
Pr So as to minimize resis
L a designer purposefully

ds resulting(from subsi-
esign whén pipelines or
areas Wheére subsidence

401.2.3 Occasional Loads

appropriate traffic authorities and others operating in
the vicinity of the pipeline.

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

401.2.3.6 Waves and Currents. Loads resulting from
waves and currents shall be considered in the designvof
pipelines across waterways.

401.2.3.7 Temperature Effects. The design'tempera-
ture is the metal temperature expected in normal opera-
tion. It is not necessary to vary the design‘stress for metal
temperatures between -20°F (-30°€pand 250°F (120°C).
However, some of the materials conforming to specifica-
tions approved for use under this' €ode may not have prop-
erties suitable for the lower (ortion of the temperature
band covered by this CodetAttention shall be given to the
low-temperature propetrties of the materials used for facil-
ities to be exposed to'unusually low ground temperatures,
low atmospherig-temperatures, or transient operating
conditions.

The desighi temperature should be established consid-
ering temperature variations resulting from pressure
changes and extreme ambient temperatures.

Consideration should be given to possible conditions
that may cause low temperatures on pipelines trans-
porting liquids that become gases at or near atmospheric
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 service
conditions.

When piping is exposed to the sun, consideration should
be given to the metal temperature and fluid expansion
resulting from solar heat gain.

401.2.4 Construction Loads

401.2.3.1 Earthquakes. The following effects shall be

considered when designing for

earthquakes:

(a) direct effects due to ground vibrations
(b) induced effects (liquefaction, landslides)
(c) effects due to 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.

12

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

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.
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401.3 Combining of Loads

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

If the operating philosophy is to maintain full operation
during extreme environmental conditions, the system
shall be designed for concurrent action of the expected
sustained and occasional loads.

If the operating philosophy is such that operations will

bereduced or discontinued
conditions, the following
considered:

(a) the design operating
loads at the permissible le

(b) the reduced operatin
vironmental loads

Unless they can be red
together, it is not necessa

expansion of the line itself, the linear and angular move-
ments 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 exchan-
gers shall be based on the difference between installation
temperature and minimum or maximum anticipated oper-
ating temperature, whichever results in a higher stress.

Nominal dimensions of pipe and fittings shall be used in

flaibhility caleylatione

inder extreme environmental
load combinations shall be

loads plus the environmental
el
b loads plus the maximum en-

sonably expected to occur
y to consider a combination

of transient loads in combination with occasional loads.

Effects of sustained loads
be taken into account only td
withstand other loads is a

When combining enviro
tion loads, the environmen
to reflect the most severe lo
during the construction phl

When considering loads d
to consider occasional or
concurrently with the sust
existing at the time of the

402 CALCULATION OF
402.1 General

Circumferential, longitul
stresses shall be considered
from all relevant sustained,
transient loads, including vi
dence. The effects of all
restraints, supports, guid
shall be considered. Whe
performed, linear and angy
to which the pipeline has
considered.

caused by deformations shall
the extent that the capacity to
ected.

mental loads with construc-
al loading should be selected
hding likely to be encountered
ase.

uring tests, it is not necessary
fransient loads as occurring
hined and construction loads
fest.

STRESSES

dinal, shear, and equivalent
, taking into account stresses
occasional, construetion, and
bration, resonance, ard subsi-
arts of the pipeline and all
es, and sources of friction
 flexibility, calculations are
lar movements of equipment
beénmattached shall also be

TTeXTOTcy —CarCthacroTs:

402.2 Properties

402.2.1 Coefficient of Thermal Expansion. The linear
coefficient of thermal expansion for carbon and low alloy,
high tensile steel may be taken as 6.5 x 107 in./in./°F for
temperatures up to 250°F (11.7 x 10”° mm/mmy/°€.for
temperatures up to 120°C).

402.2.2 Moduli of Elasticity. FlexibilityCalculations
shall be based on the modulus of elasticity at ambient
temperature.

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

For both restrained\and unrestrained pipelines, the
circumferential (heop) stress due to internal pressure
is calculated as

(U.S. Customary Units)

2t
(SI Units)
5= 22
20t
where
D = outside diameter of pipe, in. (mm)
P; = internal design gage pressure, psi (bar)
Sy = circumferential (hoop) stress due to internal
pressure, psi (MPa)
t = wall thickness of pipe, in. (mm)

The above equation may not be applicable for pipe D/t

lacc than 20
HeSS—Rah—=-

Calculations shall take into account stress intensifica-

tion factors found to exist in components other than plain
straight pipe. Credit may be taken for extra flexibility of
such components. In the absence of more directly appli-
cable data, the flexibility factors and stress intensification
factors shownin Table 402.1-1 or ASME B31] may be used.

Calculations of pipe stresses in loops, bends, and offsets
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

13

402.4 Stress From External Pressure

For both restrained and unrestrained pipelines, the
circumferential stress from external pressure, P,, is calcu-
lated as for internal pressure, substituting P, for P, For
external pressure in the equation, compressive stress is
negative.

Offshore pipe systems require additional considera-
tions. Refer to Chapter IX.
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Table 402.1-1 Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification

Flexibility
Flexibility Factor Characteristic,
Description Factor, k i; [Note (1)] i, [Note (2)] h Sketch
M
Welding elbow, 1.65 0.9 0.75 tR _T
or pipe bend h 2/3 2/3 2 r
[Notes (3)-(7)] h h r i3
R—=Bend radius
I EIASNY
Closely spaced
miter bend 152 09 075 cot O ts.
[Notes (3)=(5), and (7)], w6 273 12/3 2 2
s<r(l+tan6)
Widely spaced
miter bend 152 09 075 l1+4+cotf t
[Notes (3), (4), (7), and (8)], /6 w3 K2/3 2 r
s<r(l+tan 6)
Welding tee . 0.9 t
[Notes (3) and (4)] 1 0.75i, + 0.25 e -
per ASME B16.9 W
Reinforced tee ) 0.9 (t+1/2 T)5/2 Q j\ / t "
[Notes (3), (4), and (9)] 1 0.75i, + 0.25 273 T2, , ¢
with pad or saddle r T ‘
T t
Pad Saddle
] ; r
Unreinforced . 0.9 t (F /f\ I
fabricated tee 1 0.75i, & Q25 w2/3 v Z D—*—r
[Notes (3) and (4)] w K}
A
h—
Extruded welding tee 09 i _l_ . '
[Notes (3), (4), and (10)], 1 0.75i, + 0.25 2—/3 (1 + r_"]f H A,
t
ro 2 0.05d k rlr ¢ Yy
t. < 1.5t '
rO
L—d—>l
Butt welded joint, reducer, 1 1.0
or welding neck flange
Double welded slip-on flange 1 1.2

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

Stress Intensification

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

Fillet welded joint (single 1 1.3

welded), or single welded

slip-on flange
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
[Note (11)]

NOTES:

(1) In-plane.

(2) Out-of-plane.

(3) Forfittings and miter bendg

not be less than unity; fact

sketches) for curved and 1

The values of k and i can bg¢

d = outside diameter of i

R = bend radius of weldi

r = mean radius of matcl}

r, = see Note (10)

$§ = miter spacing at cenf

T = pad or saddle thickng

t = nominal wall thickne
fabricated tees (provi
run O.D. to each side

t. = the crotch thickness

6 = one-half angle betwe

Where flanges are attached

4

(5)

, the flexibility factors, k, and stress intensification factors, i, in the Table apply to bending in any-plane and shall
rs for torsion equal unity. Both factors apply over the effective arc length (shown by heayy ¢enterlines in the
hiter elbows, and to the intersection point for tees.

read directly from Chart A by entering with the characteristic, h, computed from th€ equations given, where
ranch

g elbow or pipe bend, in. (mm)

hing pipe, in. (mm)

erline

ss, in. (mm)

s of: part itself, for elbows and curved or mited bends; matching pipe, for welding tees; run or header, for
ed thatifthicknessis greater than that of matching pipe, increased thickness mustbe maintained for atleast one
of the branch 0.D.)

f tees

bn adjacent miter axes, deg

to one or both ends, the values of k and i in this Tableshall be corrected by the factors C; given below, which can

be read directly from Chait B, entering with the computed h: one end flanged, '/ > 1; both ends flanged, W3 > 1.

(6) Theengineer is cautioned t}
Large errors may be intro
Inlarge diameter thin wall 4

To correct values obtained

g

where

E. = cold modulus of elas
P = gage pressure

Also includes single miter

(8)

at cast butt welding elbows may have considerably heavier walls than that of the pipe with which they are used.

Huced unless the effect of these greater thicknesses is considered.

Ibows and bends, pressure can significantly affect the magnitude of flexibility and stress intensification factors.
from this Table for the pressure effect, divide

p(r\V/3(R 1/3
Flexibility facfor,yk, by 1+6 —(7) (7)
E\t r
. 3. ) P(r 5/2 R 2/3
Stress intensification factor, i, by 1+ 325 7 =
r

(o

icity

joint:

(9) When T > 1%t, use h = 4.

5 /.

(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:

(a) 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)
(c) 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)

NOTES: (Cont'd)

Stress intensification factor i

Corr factor C,

100
80 Flexibility factor for
|~ elbows k = 1.65/h
60 g
N e
\ P Flexibility factor for
40 / / miters k = 1.52/h5®
\\ v Stress intensification
20 N factor i = 0.9/h%?
L~ /
= A\
g " x
8
Z 4 \ N
= N
Kol
5 8 < \
el
s ¢ N \\ \Y
4
3 N
\ \\
2 \\
15 \ N
1 \L
002 0.03 P04 006 0.10 0.15.0.2 03 04 06 081.0 15
Characteristic h
Chart A
1.00 7‘
0.75 e
el
’A/ //
0.50 < A
0.375 e el N 1End flanged ¢, = h'8
L~ ™ 2 Ends flanged C; = h"?
0.25
Chart B
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402.5 Stress From Ther

402.5.1 Restrained Pipe.

restrained pipe is calculate

ASME B31.4-2019

mal Expansion

Thermal expansion stress in
d as

Sg = Ea(Ty — Tp)

402.6 Longitudinal Stress

402.6.1 Restrained Pipe. Longitudinal stress in (19)
restrained pipe is calculated as

M
SLZSE+USH+;+FQ/A

where
E = moduli of elasticity where
Sp = thermal expansion stress, psi (MPa) A = metal area of nominal pipe cross section, in.?
T, = temperature of the pipe at installation or comple- (mm?)
tion of final tie-in, |°F (°C) F, = axial force, such as weight on a riser, 1b (N)
T, = operating temperature, °F (C’C) M = bending moment, in.-1b (Nm)
a = coefficient of thernfal expansion, in./in./°F (mm/ Sg = thermal expansion stress, psi (MPa)
mm/°C) Sy = circumferential (hoop) stress due to internal
pressure, psi (MPa)
_ . . -3 3
In the above equation, compressive stress is a negative Z = section modulus of the pipe, in.” (cm”)
value. v = Poisson’s ratio

402.5.2 Unrestrained Pipe. Calculations shall take into

account flexibility and str
piping components.
The stress range resultiy]

bss intensification factors of

g from thermal expansion in

pipe, fittings, and components in unrestrained pipeline is

calculated as follows, using 1
installed temperature:

SE=\/E

where
S, = resultant bending 5
S; = torsional stress, ps

Thermal stress shall be
minimum and maximum o
The resultant bending str

Sp = \/(iiMi)

where
i; = in-plane stress in
dance with para. 4
out-of-plane stre
accordance with j

for pipe.

lo

he modulus of elasticity at the

tress, psi (MPa)
(MPa)

calculated for the range of
berating temperatures.
bss, Sy, is calculated as follows:

P+ (i,M,)* /2

ensification factor jin\accor-
02.1. Note that i; istIMor pipe.
ss intensificatioh factor in
ara. 402.1. Note that i, is 1

Examples of force, F,, are forces due to the-differential
pressure on a buried valve and frictional forees due to pipe
movement through the soil. F, can be poSitive or negative,
depending on the direction of the fotce.

Sy can be either a positive or-negative value.

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

Residual stresses fromsconstruction are often present
for spanning, elastic bends, and differential settlement.
Designers should determine if such stresses need to be
evaluated.

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

(19)

(U.S."Customary Units)

g B0, M E
4t Z A
(SI Units)
g B0, M E
40t Z A
where
A = metal area of nominal pipe cross section, in.?

M; = in-plane bending moment, ip-1b (N-m) (mm?)
M, = out-of-plane bending moment, in.-lb (N-m) D = outside diameter of pipe, in. (mm)
= section modulus offthe gipe or of the fitting outlet, F, = axial force, such as weight on a riser, 1b (N)
as applicable, in.* terr) i = component stress intensification in plane of
loading (see Table 402.1-1), limited by 0.75i =
Resultant torsional stress, S,, is calculated as 1. For straight pipe, i = 1.0.
M, M = bending moment across the nominal pipe cross
St = 27 section due to weight or seismic inertia
loading, in.-Ib (N-m)
where P; = internal design gage pressure, psi (bar)
M, = torsional moment, in.-1Ib (N-m) t = wall thickness of pipe, in. (mm)
Z = section modulus of the pipe or of the fitting outlet,

17

as applicable, in.® (cm?®)
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Longitudinal stress from pressure in an unrestrained
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.

402.7 Combining of Stresses

In restrained pipe, the longitudinal and circumferential

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 attachments, or
forces resulting from abnormal thermal conditions.
Some of the protective measures that the design may
provide are encasing with steel pipe of larger diameter,
adding concrete protective coating, adding a concrete cap,

incraacingthavwall thiclrmace laowvwarmingthalinato o graqtar
aSHE-the-Wat ResSTowerhgtrehetoa-£gf

stresses are combined in accorflance with the maximum
shear stress theory as follows:

Seq = 21(S = S /21 + 5,2

where
Seq = equivalent combined §tress
S¢ = torsional stress, psi (MPa)

When S, can be disregarded, the combined stress calcu-
lation can be reduced to the following:

ISz, — Smr

such thatwhen S; <0, |S;| < (Sx4Sy), and when S; > 0, S;, <
(Sx + SH)
where

Sy = axial stress, psi (MPa)

Alternatively, the stresses may be combined in accor-
dance with the maximum distprtion energy theory as
follows:

Seqg = \Su® = SuSL fr % + 35,2

402.8 Stresses From Road and Rail Traffic Loads

The total effective stress dug to internal design pres-
sure, temperature change, and pxternal loads (including
sustained, occasional, and tgansient loads) in pipé
installed under railroads or hlighways without use\of
casings shall be calculated in fccordance with API/RP
1102 or other calculation methpds. Cyclic stres$ compo-
nents shall be checked for fatigue.

Where casings are used, the same methodoelogy may be
used for the design of the casing.

403 CRITERIA FOR PIPELINES

e £ Ttrrere ) BT oTter

depth, or indicating the presence of the line with addi-
tional markers.

In no case where the Code refers to the specified
minimum value of a physical property shall a higher
value of the property be used in establishing the allowable
stress value.

Pipelines within the scope of this Code may be subje¢tto
conditions during construction and operation whére the
external pressure exceeds the internal pressure..The pipe
wall selected shall provide adequate strength toe prevent
collapse, taking into consideration mechanical properties,
variations in wall thickness permitted-by.material speci-
fications, out-of-roundness, bending stresses, and
external loads.

The forces and moments transmitted to connected
equipment, such as valves,(strainers, tanks, pressure
vessels, and pumps, shalkbe kept within stress limits
specified herein and inJother applicable codes.

External or internal’eoatings or linings of cement, plas-
tics, or other materials may be used on steel pipe
conforming to, the requirements of this Code. These coat-
ings or linings shall not be considered to add strength
unless it can be demonstrated that they do so.

All in-line pipe and pipeline components shall be
designed to allow passage of instrumented internal
inspection devices.

403.2 Criteria for Pipe Wall Thickness and
Allowances

403.2.1 Criteria. The nominal wall thickness of straight (19)

sections of steel pipe shall be equal to or greater than ¢,
determined in accordance with the following equation:

ty>t+ A

where

= sum-of-allowancesforthreadine-oroovina—corre
SH +—HHOWIREeS+HortiFed £-65F v €O+

A
-+t 13- e HE;

403.1 General

Design and installation analyses shall be based on
accepted engineering methods, material strengths, and
applicable design conditions.

The design requirements of this Code are adequate for
public safety under conditions usually encountered in
piping systems within the scope of this Code, including
lines within villages, towns, cities, and industrial areas.
However, the design shall provide reasonable protection

sion, 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

t = pressure design wall thickness as calculated in
inches (millimeters) in accordance with the
following equations:
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(U.S. Customary Units)

Table 403.2.1-1 Weld Joint Factors Applicable to
Common Pipe Specifications

PD
- E Specification Grade Weld Joint Factor, E
. Seamless
(SI Units) API 5L A25 through X80Q/M  1.00
_hD ASTM A53 Al 1.00
208 ASTM A106 Al 1.00
where ASTM A333 6 1.00
D = outside diameter of pipe, in. (mm) ASTM-AS24 Al o0
P; = internal design gage pressure, psi (bar)
S = applicable allowable stress value, psi (MPa), as  Furnace Butt Welded, Continuous Welded
determined by the [following equation: ASTM A53 Type F, Grade A 0.60
SEEXEXS, API 5L A25 0.60
E = weld joint factor as specified in Electric Resistance Welded and Electric Flash Welded
Table 403.4.1-1. API 5L A25 through X80Q/M 1.00
F = design factqr. The value of F used in this ASTM AS53 All 1.00
Code shall not be greater than 0.72. Where ASTM A135 All 1.00
indicated by service or location, users of  ASTM A333 6 1,00
this Code miy elect to use a design factor,
F, less than|0.72. In setting design factor,  glectric Fusion Welded
due considgration has been given to and ASTM A134 All 0.80
allowance has been made for the under- ASTM A139 All 0.80
thickness tqlerance and maximum allow- ASTM A671 All 1,00 [Note (1)]
able depth pf imperfections provided for
in the spegifications approved by the ASTM A671 Al 070 [Note (2]
Code. ASTM A672 All 1.00 [Note (1)]
S, = specified miinimum yield strength of the =~ ASTM A672 All 0.80 [Note (2)]
pipe, psi (MPa).

403.2.2 Wall Thickness|and Defect Tolerances. Wall
thickness tolerances and d¢fect tolerances for pipe shall
be as specified in applicablg pipe specifications or dimen-
sional standards included [in this Code by reference in
Mandatory Appendix I. Design factors in this Code
were established with due fonsideration for underthigk-
ness tolerance and maximym allowable depth oflimper-
fections allowed by the|referenced standards; no
additional allowance is nedessary.

403.2.3 Corrosion. A wall thickness_allowance for
corrosion is not required |if pipe ahd.components are
protected against corrosioh in accerdance with the re-
quirements and procedures prescribed in Chapter VIII.

403.2.4 Threading and'Greeving—An—-alewanecefor

Submerged-Arc Welded

API 5L A25 through X120M 1.00
[Note (3)]
ASTM A381 Y35 through Y65 1.00

GENERAL NOTES:

(a) For some Code computations, particularly with regard to branch
connections [see para. 404.3.5(c)] and expansion, flexibility,
structural attachments, supports, and restraints (see para.
404.9), the weld joint factor, E, need not be considered.

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

NOTES:

(1) Factor applies for Class X2 pipe only, when the radiographic
examination has been performed after postweld heat treatment
(PWHT).

(2) Factorapplies for Class X3 pipe (no radiographic examination) or
for Class X2 pipe when the radiographic examination is

thread or groove depth in inches (millimeters) shall be
included in A of the equation in para. 403.2.1 when
threaded or grooved pipe is allowed by this Code (see
para. 404.8.3).

Least nominal wall thickness for threaded pipe shall be
standard wall (see ASME B36.10M).

403.2.5 Use of High D/t Ratio. The designer is
cautioned that susceptibility to flattening, ovality, buck-
ling, and denting increases with D/t ratio, decreased wall
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performed prior to PWHT.
(3) For offshore applications, API 5L Annex ] applies, which specifies
a maximum strength grade allowed up to X80MO.
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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, Sg Stress, S;, Occasional Loads Seq Crossings

Restrained pipeline 0.72(E)S, 0.90S,, 0.90S,, [Note (1)] 0.90S, 0.90S,, 0.90S,, [Note (2)]
Unrestrained pipeline 0.72(E)S, S4 [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 navigable waters

GENERAL NOTES:

(a) S, = specified minimum yield str

(b) E = weld joint factor (see Table 4

(c) In the setting of design factors, d
maximum allowable depth of imy

(d) S,inthetable above isthe maximu

of S, for restrained pipe is calcull

(e) See para. 403.10 for allowable st

NOTES:

03.2.1-1)

Fesses of used pipe.

bngth of pipe material, psi (MPa)

e consideration has been given to and allowance has been made for the underthickness tolerance and
erfections provided for in the specifications approved by the Code.

m allowable value for unrestrained piping calculated in accordance with para. 402.6.2. The maximum value
hted in accordance with para. 402.6.1.

(1) Beam-bending stresses shall be indluded in the longitudinal stress for those portions of the restrained or unrestrained line that are sipported

aboveground.
(2) Effective stressisthe sum of the sty

design pressure and external loa
(3) See para. 403.3.2.

thickness, decreased yield str¢
thereof. Pipe having a D/t rati
require additional protective m|
tion. See para. 403.2.2 and the (
A402.3.2-1 for wall thickness al
design factors.

403.3 Criteria to Prevent Y

403.3.1 Strength Criteria. T}
stress due to axial and bending
and operation shall be limited to
buckling or otherwise impairs
installed pipeline. Other stresse
installation activities such as sp
same criteria. Instead of a strej
installation strain limit may be

Stress values for steel pipe d
exceed the allowable values in
lated by the equations in this (

Slurry pipe systems require g
Refer to Chapter XI.

ngth, and combinations
o greater than 100 may
easures during construc-
teneral Note under Table
lowances included in the

eld Failure

e maximum longitudinal
loads during installation
q value that prevents pipe
the serviceability of the
s resulting from pipeliné
ins shall be limited to-the
s criterion, an allowable
used.

iring operation shall not
Table 403:3-3-1 as calcu-
haptert

dditional considerations.

ess caused by temperature change and from circumferential, longitudinal, and radial stresses from internal
s in pipe installed under railroads or highways.

N = equivalent number of full displacement cycles
during the expected-service life of the pipeline
system

Se = 2/3Sy at the lawer of the installed or minimum
operating temperature

Sp = 2/3Sy atsthe higher of the installed or maximum

operating temperature

403.3.3/Strain Criteria for Pipelines. When a pipeline
maytexperience a noncyclic displacement of its support
(such as fault movement along the pipeline route or differ-
efitial support settlement or subsidence along the pipe-
line), 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 service-
ability of the installed pipeline. The permissible
maximum longitudinal strain depends on the ductility
of the material, 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

nhdprgn such strains without detrimental effect shall

403.3.2 Criteria for Allowable Stress Due to Periodic

or Cyclic Loading. For unrestra
able expansion stress, Sy, is as

Sa < flL125(S, +
where

f = fatigue factor calculated
exceed 1.2

ined pipelines, the allow-
follows:

Sp) — St

asf= 6.0N"%2 but cannot

20

be considered. Maximum strain shall be limited to 2%.

403.3.4 Criteria for Transient Overpressure. Tran-
sient overpressure includes pressure rise due to surge.
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.
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Surge calculations should be made and adequate
controls and protective equipment shall be provided so
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
equipment by more than 10%.

403.4 Criteria to Prevent Buckling and Excessive

Ovality

The pipeline system shall
manner to prevent local by
the pipe, collapse, and colun

The pipeline shall be designed to prevent horizontal and
vertical movements or shall be designed so that any move-
ments will be limited to values not causing allowable
stresses and strains to be exceeded.

(a) Typical factors to be considered in the stability
design include

(1) flood plains and marshes and other locations
subject to immersed conditions
(2) current forces

be designed and installed in a
ckling or excessive ovality of
n buckling during installation

and operations. Design, installation, and operating proce-

dures shall consider the
bending, axial, and torsiona
in the wall thickness; out-o
cable factors. Consideration
tion of propagation bucH
buckling or denting. The
selected to resist collapse

403.5 Criteria to Preve

The pipeline shall be des
to limit stress fluctuations t

pffect of external pressure;
loads; impact; mill tolerances
f-roundness; and other appli-
shall also be given to mitiga-
ling that may follow local
pipe wall thickness shall be

Iue to external pressure.

t

gned, installed, and operated
b magnitudes and frequencies

Fatigue

that will notimpair the serviceability of the pipeline. Loads

that may cause fatigue inc

ude internal pressure varia-

tions, currents, and vibrations induced by vortex shed-

ding. Pipeline spans sh{
vortex-induced resonant

1l be designed to prevent
vibrations when practical.

When vibrations must be tglerated, the resulting stresses
due to vibration shall be imcluded in allowable stresses

listed in para. 403.3.1. If altd
for girth welds in AP1 1104 4

rnative acceptance standards
re used, the cyclic stress anal-

ysis shall include the determination of a predicted fatigue

spectrum to which the pipe
life. See Chapter 2 of ASMH

ine is exposed over its design
B31.3 for guidance.

403.6 Criteriato Prevent Loss of In-Place Stability

403.6.1 Strength Crite
Testing. Design against 1
be in accordance with the
except that the installatio|
shall be based on the provis
line is to be trenched, it s
during the period prior to

ria During Installation and
ss of in-place’‘stability shall
provisions\efpara. 403.6.2,
n design’current conditions
ons of para. 401.3. If the pipe-
hall‘be ‘designed for stability
trenching.

SO1T

(?) seH-proverties

(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
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 on an event
having a minimum return interval of not less than 100 yr.

403.6.2.3 Stability Against Currents. The
submerged weight ofsthe pipe shall be designed to
resist or limit movément to amounts that do not cause
the longitudinalhahd combined stresses to exceed the
limits specified in Table 403.3.1-1. The submerged
weight may be adjusted by weight coating and/or
increasing pipe wall thickness.

Carrent direction shall be considered.

The pipeline and its appurtenances may be buried to
enhance stability.

Backfill or other protective covering options shall use
materials and procedures that minimize damage to the
pipeline and coatings.

Anchoring may be used alone or in conjunction with
other options to maintain stability. The anchors shall
be designed to withstand lateral and vertical loads
expected from the design wave and current conditions.
Anchors shall be spaced to prevent excessive stresses
in the pipe. Scour shall be considered in the design of
the anchoring system. The effect of anchors on the
cathodic protection system shall be considered.

403.6.2 Strength Criteria During Operations

403.6.2.1 General. Pipeline design for lateral and

vertical on-bottom stability is governed by permanent
features such as topography and soil characteristics
and by transient events such as hydrodynamic, seismic,
and soil behavior events that are likely to occur during
the anticipated service life. Design conditions to be consid-
ered are provided in paras. 403.6.2.2 through 403.6.2.7.
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Intermittent block type, clamp-on, or set-on weights
(river weights) shall not be used on pipelines where
there is a potential for the weight to become unsupported
because of scour.

403.6.2.4 Shore Approaches. Pipe in the shore
approach zone shall be installed on a suitable above-
water structure or buried or bored to the depth necessary
to prevent scouring, spanning, or stability problems that
may affect integrity and safe operation of the pipeline
during its anticipated service life. Seasonal variation in
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the near-shore thickness of seafloor sediments and shore-
line erosion over the pipeline service life shall be consid-
ered.

403.6.2.5 Slope Failure and Soil Liquefaction. Slope
failure shall be considered in zones where it is expected
(mudslides, steep slopes, areas of seismic slumping). If it is
not practical to design the pipeline system to survive the
event, the pipeline shall be designed for controlled break-
away with provisions to minimize loss of the pipeline

commercial areas, river crossings, road and railroad cross-
ings, and other appropriate areas.

403.7.3 Brittle Fractures. Brittle fracture propagation
shall be prevented by selection of a pipe steel that frac-
tures 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 instal-

lation of cyitabhla feactiiven appactare Can ACME D1T £
o H—o6-5StHtauretaetttdrear e 5tors— oMt 1—16+t

contents.

Design for the effects of liquef]
for areas of known or expected
tion normally results from cycl
seismic loading of susceptible
gravity of the pipeline shall bd
methods shall be selected to
and vertical stability.

Seismic design conditions ug
rence of bottom liquefaction of
least as severe as those used
strength calculations for the
soil liquefaction due to hydros
be based on a minimum stort
less than 100 yr.

403.6.2.6 Earthquake-Pro}
isto be laid across a known fault
prone area, consideration shall
flexibility in the pipeline and its
the possibility of damage due to
in the pipeline may be provided |
line on or above the ground lev{
coupling, slack loops, flexible pi
specific solutions. Breakaway cg

hction shall be performed
occurrence. Soil liquefac-
Cc wave overpressures or
soils. The bulk specific
selected, or alternative
ensure both horizontal

ed to predict the occur-
slope failure shall be at
or the operating design
pipeline. Occurrence of
fatic overpressures shall
h return interval of not

ne Areas. When a pipeline
zone or in an earthquake-
be given to the need for
components to minimize
hn earthquake. Flexibility
by installation of the pipe-
1 or by use of breakaway
be sections, or other site-
uplings shall be designed

to prevent loss of the transported fluid in the event of a

separation of the coupling.

403.6.2.7 Pipe-Soil Interaq
action factors that are used shall
soil conditions at the site and j

403.7 Criteria to Prevent Fi

403.7.1 General. Prevention
lation and operation shall be con
tion in accordance with the req
Welding procedures and weld d

tion. The pipe-soil intery
| be representative of the
ipe coating.

acture

bf fractures:during instal-
sidered\ifumaterial selec-
hiremerits of section 423.
efeet’acceptance criteria

more information about determining appropriate tough-
ness of pipe steel. Design consideration shall include pipe
diameter, wall thickness, fracture toughness, yield
strength, operating pressure, operating temperature,
and the decompression characteristics of the pipeline
contents.

403.8 Criteria for Crossings

403.8.1 General. Crossing of water, railroads; Toads,
foreign pipelines, and utilities requires yariations in
basic pipeline design. The location of buried pipelines,
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 underlyinglayers, variation in banks, velocity
of water, scouring, and special seasonal conditions.

Where required, detailed plans and specifications shall
be prepared; taking into account these and any special
considerations or limitations imposed by the regulatory
bodies involved. Plans and specifications shall describe
the-position of the line showing the depth below mean
low water level when applicable.

Thicker wall pipe may be specified. Approach and posi-
tion of the line in the banks is important, as is the position
of the line across the bottom. Special considerations shall
be given to depth of cover and other means of protecting
the pipeline in the shore and bank crossings.

Special consideration shall be given to protective coat-
ings and the use of weight coating, river weights, and
anchors.

403.8.3 Directionally Drilled Crossings. Specific
consideration shall be given to stresses and dynamic

shall consider the need to preve
lation and operation. See para.

tfractures during instat-
434.8.5.

403.7.2 Design Considerations. The probability of

brittle and ductile propagating fractures shall be consid-
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
consideration at industrial areas, residential areas,
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loads associated with the installation of directionally
drilled crossings, including axial loading, yielding, buck-
ling, bending, and other dynamicloads or a combination of
these loads. Calculated stresses in the pipe and attach-
ments shall not exceed the allowable limits identified
in Table 403.3.1-1, including residual bending stresses.

Designs shall include selection of the location of entry
and exit points of the proposed installation, clearances at
points of crossing of other underground facilities, and
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tionally drilled crossing and

parallel underground pipelines, utilities, and cables.
In finalizing the proposed pipeline routing, each

operator shall
(a) conduct a site survey

to identify pipelines, utilities,

cables, and other nearby subsurface structures that may

potentially be affected by
operations
(b) contact and comm

the drilling and installation

unicate with other facility

in Table 403.3.1-1. Installation of uncased carrier pipe is
preferred. Installation of carrier, or casing if used, may be
inaccordance with APIRP 1102 or other appropriate stan-
dard. If casing is used, coated carrier pipe shall be inde-
pendently supported outside each end of the casing and
insulated from the casing throughout the cased section,
and casing ends shall be sealed using a durable, electrically
nonconductive material.

403.8.7 Crossings of Pipelines and Utilities. Pipeline

owners identified in (a)
(c) physically locate and
pipelines, utilities, cables, 3
tures within 100 ft (30 m)
(d) analyze the accuracy
tracking the position of th
including the effect on the
power or communication li
and cathodic protection sys
(e) conductsoil borings g

mark all nearby or parallel
nd other underground struc-
of the drilling operation

of the method specified for
e pilot string during drilling,
tracking system of parallel
nes (above- or belowground)
tems operating in the vicinity
nd geotechnical evaluations if

subsurface conditions are yinknown

403.8.4 Overhead Crogsings. Overhead suspended

bridges or other overhea

structures used to suspend

pipelines shall be designed and constructed within the
restrictions or regulations of the regulatory body

having jurisdiction. Suspe
steel bridges, reinforced co
ning pipe bridges may be u
pipe weight, environmenta
loads shall not exceed the 1
this Code. Detailed plans
prepared where required.

Design of overhead crosg
with self-supporting spans
the pipeline crossing shall

(a) pipe and content we

(b) external loads such

(c) flooding

(d) thermal stresses

(e) electricalisolation of
structure to prevent interfg
protection

(f) atmospheric corrosio

403.8.5 Crossings Attac
structural support concert
between the bridge and pif

hsion bridges, prefabricated
hcrete bridges, and self-span-
ced. Stresses produced by the
loads, and other predictable
naximum stresses allowed by
and specifications shall be

ings using a dedicated bridge
hat are specially designed for
consider the following:

ight

s wind, snow, and ice

pipeline from suppofting steel
rence with pipeline cathodic

n control

hed to Bridges. In addition to
s, the.differential movement
eline due to thermal stresses

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 cyclical loads
shall be considered in the design of pipeline crossings
in order to ensure that the separation is maintained
for the design life of both lines. Consideration shall’be
given to the support of other pipelines and\utilities
during and following construction.

403.9 Criteria for Expansion and Flexibility

403.9.1 Unrestrained Pipelines< Pipelines shall be
designed to have sufficient flexibilityto prevent expansion
or contraction from causing stresses in the pipe material
or pipeline components thatexceed the allowables speci-
fied herein, includingjoinfs, connections, anchor points, or
guide points.

NOTE: Allowable forces'and moments on equipment may be less
than for the conngécted pipe.

Analysisyof adequate flexibility of unrestrained pipe is
not requited 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 falls within
the limitations of the following empirical formula:

Dy/(L - UP? <K

outside diameter of the pipe, in. (mm)

K = 0.03 for U.S. customary units listed above
= 208 for SI units listed above
L = developed length of the pipe between anchors, ft
(m)
U = straight line distance between anchors, ft (m)
y = resultant oftotal displacement strains, in. (mm), to

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 hazards.

403.8.6 Railroad and Highway Crossings. Stresses
due to internal design pressure and external load in
pipe installed under railroads or highways without use
of casing shall not exceed the allowable stresses specified

23

be absorbed by the pipe (UaAT)

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

403.9.2 Restrained Buried Pipelines. Buried pipelines
are considered restrained. Stress calculations are neces-
sary for buried pipelines whenever significant
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temperature changes are expected or the pipeline deviates
from a straight line. Safe operation of a buried pipeline is
predicated on the assumption that the pipeline is main-
tained in its position in the ground through support of the
soil below and on the sides. The pipeline must also be
provided with proper soil cover to prohibit it from
rising out of the ground at over bends. The buoyancy
effects on a submerged pipeline shall be considered in
its stability. At the ends of a burled plpellne thermal

403.13 Criteria for Structural Supports and
Restraints

Allowable tensile and compressive stress values for
materials used in structural supports and restraints
shall not exceed 66% of the specified minimum yield
strength. Allowable stress values in shear and bearing
shall not exceed 45% and 90% of the specified
minimum yield strength, respectively. Steel materials
of unknown specifications may be used for structural

and pressure forces may causg
movement of the pipe, as the spil is normally unable to

provide the restraint to prever
of the pipeline subject to a3
several hundred feet, and t
should be either anchored tg
designed to accommodate moy
pipeline.

Buried sections of pipe that ar¢
asin a pump station, will move t
be analyzed for overstressing I

t movement. The length
ial movement may be
he end of the pipeline
prevent movement or
ement at the end of the

not fully restrained, such
rough the soil and should
y reaction with the soil.

Guidance regarding soil-pipe interaction can be found

in the ASCE publication Ame
“Guidelines for the Design of]
2001 (with addenda throug
ASME B31.1, Nonmandatory Af

403.9.3 Restrained Abo
Restrained aboveground pipel
so that longitudinal expansio
thermal and pressure change
axial compression or tension.
be given to beam bending s
elastic instability of the pipe an
gitudinal compressive forces
designed to provide the stiffne
lateral buckling.

403.10 Criteria for Used Pipe

Used pipe of known sp
Table 403.2.1-1 may be utilize

design equations in section 40%

the criteria in this section, and

of paras. 437.4.1, 437.6.1, 437.6.

rican Lifelines Alliance
Buried Pipelines,” July
h February 2005) and
pendix VII.

veground Pipelines.
nes should be anchored
h or contraction due to
s is absorbed by direct
Consideration shall also
tress and the possible
1 its supports due to lon-
The supports shall be
Ss necessary to prevent

ecification listed.\\in
I in accordance withvthe
of this Code, subject to
the testing réquirements
3, and 437:6.4.

403.11 Criteria for Cold Wot['ked Pipe

The allowable stress for pipe

at’has been cold worked

supports and restraints, provided a yield strength of
24,000 psi (165 MPa) or less is used.

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'stéel 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.

404.1.2 Components Having. Specific Pressure-
Temperature Ratings. Withif 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 matérial standards and specifications
listed in Table 423.1<Y. 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 tendperatures to which they will be subjected in
service. Consideration shall be given to possible condi-
tions,that may cause low temperatures on pipelines trans-
porting liquids that become gases at or near atmospheric
conditions.

404.1.3 Ratings — Components Not Having Specific
Pressure-Temperature Ratings. Piping components not
having established pressure ratings may be qualified for
use as specified in paras. 404.10 and 423.1(b).

404.1.4 Pressure Criteria. The piping component at
any point in the pipeline system shall be designed for
an internal design pressure that shall not be less than
the maximum steady-state operating pressure at that

(19)

tomeetthe specified minimum yield strength and is subse-
quently heated to 600°F (300°C) or higher (welding
excepted) shall be derated to 75% of the allowable
stress value as defined in para. 403.2.1.

403.12 Criteria for Shear and Bearing Stresses

Allowable stress values in shear shall not exceed 45% of
the specified 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.
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poInt, or 1ess than the static head pressure at that
point with the line in a static condition. The maximum
steady-state operating pressure shall be the sum of the
static head pressure, pressure required to overcome fric-
tion losses, and any required back pressure. Credit may be
given for hydrostatic external pressure, in the appropriate
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 other
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Provision shall be made
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erations is allowed in accor-

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 withstand
the maximum possible differential between external and
internal pressures to which the component will be

exposed.

404.1.5 Overpressure C
to surges (see para. 403.3.
normal operations shall n
pressure at any point in the
by more than 10%.

404.1.6 Ratings — Cons|
sure Conditions. When two
pressure conditions are cor

horizontal bends to accommodate changes in direction,
and combination bends.

Bends shall be free from buckling, cracks, or other
evidence of mechanical damage. Ripples or wrinkles
meeting the requirements of para. 451.6.2.8 are accept-
able.

Field bends shall meet the requirements of
para. 434.7.1.

The minimum radius of field cold bends, except as noted

iteria. The pressure rise due
1) and other variations from
t exceed the internal design
piping system and equipment

jderations for Different Pres-
lines that operate at different
nected, the valve segregating

the two lines shall be rated for the more severe service

condition. When a line is ¢
ment that operates at a hi
that of the line, the valve
equipment shall be rated fo
tion of the equipment. Th
severe conditions and the v.
stand the operating conditig
to which it is connected.

bnnected to a piece of equip-
bher pressure condition than
egregating the line from the
I at least the operating condi-
e piping between the more
hlve shall be designed to with-
ns of the equipment or piping

404.1.7 Fittings Exceeding Scope of Standard Sizes.

Fittings exceeding scope o
departing from dimensigd

standard sizes or otherwise
ns listed in the standards

referred to in paras. 404.1.1 and 404.4.1 may be used,
provided the designs meet the requirements of this Code.

404.1.8 Special Fittin
forged, wrought, or welde
those specified in the applig
dards and MSS Standard
provided that their des
para. 404.10.

404.1.9 Thermowells. T
ASME PTC 19.3 TW.

404.2 Directional Chan

404.2.1 General. Chang
horizontally, may be mad
by inserting induction ben
by installing manufactured

igs and Connections. Cast,
| steel fittings different from
able American National Stan-
Practices will be permitted,
jgn is in accordance-with

hermowells shall comply with

jes

s im-direction, vertically and
e by-field bending the pipe,

i tha past furo porogranbe cboll b oc follonc.
H-tRe-hext-tweparagraphs—Ssaabe—as+orows:
Minimum Radius of

Nominal Pipe Size Bend in Pipe Diameters

NPS 12 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 te 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. However, bending
pipe to radii approaching. ¥8D shall comply with the
criteria in this paragraph and will be dependent on
wall thickness, ductility, ratio of pipe 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 produces bends meeting
the requirements of this paragraph and that the wall thick-
ness aftepbending is notless 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. Induction bends are made by
heating the pipe and forming the bend under controlled
conditions. The minimum wall thickness of pipe before
bending shall be determined as for straight pipe in accor-
dance with para. 403.2.1. Induction bends shall comply
with ASME B16.49.

Bends shall be free from buckling, cracks, or other
evidence of mechanical damage. Ripples or wrinkles
meeting the requirements of para. 451.6.2.8 are accept-
able.

The nine diameter shall not be reduced at anvpnoint by
) el hahel hal J P J

(19)

S (alSo caited hot bends), or
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,

generally made in the field during construction, to
allow the pipe to conform to the contour of the ditch.
Field bends include vertical bends (sags and overbends),
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more than 2%% of the nominal diameter, and the
completed bend shall pass the specified sizing pig.
When hot bends are made in pipe that has been cold
worked in order to meet the specified minimum yield
strength, wall thickness shall be determined by using
the lower stress values in accordance with para. 403.11.

404.2.4 Mitered Bends. In systemsintended to operate
at a hoop stress of more than 20% of the specified
minimum yield strength of the pipe, miter bends are
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prohibited. Miter bends not exceeding 12% deg may be
used in systems operated ata 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 restric-
tion to 12% deg maximum miter and distance between
miters will not apply. Deflections caused by misalignment

mitar- bhandc

ASME B16.9, ASME B16.28, or MSS SP-75. Pressure
and temperature ratings shall be based on the same
stress values as were used in establishing the pressure
and temperature limitations for pipe of the same or
equivalent material.

The minimum metal thickness of flanged or threaded
tees and crosses shall not be less than specified for the
pressures and temperatures in the applicable ASME Stan-
dard or the MSS Standard Practice.

up to 3 deg are not considered
Care shall be taken in making

THIcer—oeass

mitered joints to provide

proper spacing and alignment alld full-penetration welds.

404.2.5 Factory-Made B
minimum metal thickness g
elbows shall not be less than sj
and temperatures in the applica
MSS Standard Practice.

Steel butt welding elbows {
B16.9, ASME B16.28, or MSS SH
sure and temperature ratings k
values as were used in establ
temperature limitations for pipe]
materials.

Factory-made bends and elb
mately the same mechanical j
composition as the pipe to whi

Transverse segments cut fro
steel welding bends and facto
used for changes in direction,
measured along the crotch is atl
size NPS 4 and larger.

If the internal diameter of f
elbows differs by more than 3
of the pipe, the fitting shall bd
Figure 434.8.6-2 or use a trd
than one-half pipe diameter iy
joint designs as illustrated in F

If factory-made elbows are us
care shall be taken to allow for
tion tools.

404.2.6 Wrinkle Bends. Wr
used.

404.3 Branch Connections

nds and Elbows. The
f flanged or threaded
ecified for the pressures
ble ASME Standard or the

hall comply with ASME
-75, and shall have pres-
ased on the same stress
shing the pressure and
of the same or equivalent

ows shall have approxi-
roperties and chemical
ch they are welded.

m factory-made wrought
F'y-made elbows may be
rovided the arc distance
bast 2 in. (50 mm) on pipe

actory-made bends and
16 in. (5 mm) from that
treated as indicated in
nsition nipple not less
length with acceptable
gure 434.8.6-2.

ed in cross-country lines)

passage of in-line inspec-

nkle bends shall not be

404.3.1 General. Branch con

ections may be made by

404.3.3 Integrally Reinforced Extruded Outlet
Headers

404.3.3.1 Definition. An extruded outlet header is
defined as a header in which the extruded lip at the
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.eh,
2 r,. See Figure 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.

404.3.3.2 Notation. Themotation used herein is illu-
strated in Figure 404.3.3.1<1,"All dimensions are in inches
(millimeters).

D = outside diameter of header
d = outside diameter of branch pipe
D. = internaldiameter of header
d. = internal diameter of branch pipe
D, = jnternal diameter of extruded outlet measured at
the level of the outside surface of header
hy = height of the extruded lip. This must be equal to or
greater than r,, except as shown in r, below.
L = height of the reinforcement zone
= 0.7,/dT,
r, = radius of curvature of external contoured portion

of outlet measured in the plane containing the
axes of the header and branch. This is subject
to the following limitations:

(a) Minimum radius shall not be less than
0.05d, except that on branch diameters larger
than NPS 30 it need not exceed 1.50 in. (38 mm).

(b) Maximum radius for outlet pipe sizes

means of tees, crosses, integrally reinforced extruded
outlet headers, or welded connections, and shall be
designed in accordance with the requirements of this

paragraph.

404.3.2 Tees and Crosses. Steel butt welding tees and

crosses 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 adjoining
header and branch pipe, provided they comply with
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NPS 8 and larger shall not exceed 0.10d + 0.50
in. (13 mm). For outlet pipe sizes less than
NPS 8, this dimension shall not be greater
than 1.25 in. (32 mm).

(c) When the external contour contains more
than one radius, the radius of any arc sector of
approximately 45 deg shall meet the require-
ments for minimum and maximum radius above.

(d) Machining shall not be employed in order
to meet the above requirements.
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Figure 404.3.3.1-1 Reinforced Extruded Outlets

Limits of t
reinforcement zone d of branch
T
30deg 1y | NOTE: Taper bore inside
[N max diameter (if required)
L ho to match branch pipe
: 1:3 maximum taper.
I——SKetch to show method = ' Do
Th 'th
W of establishing T, when
T,

o

the taper encroaches
on the crotch radius

Reinforcement

Sketch is drawn for
condition Wwhere K = 1.00

?
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_ti?b z_ | zone
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§ N
> : \
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half-width of reinforcement zone (equal to D,)

ckness of branch

required thickness of the branch pipe according

to the wall thickness equation in para. 403.2.1

ckness of header
e header according to the

wall thickness equation in para. 403.2.1

ri =
T, = actual nominal wall thi
tb =
T, = actual nominal wall thi
t, = required thickness of th
T, =

finished thickness of extruded outlet measured at

a height equal to r, above the outside surface of

the header

404.3.3.7 Reinforcement of Multiple Openings. The
requirements outlined in para. 404.3.6 shall be followed,
exceptthat the required area and reinforcement area shall
be as given in paras. 404.3.3.5 and 404.3.3.6.

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.

404.3.3.3 Criteria for Us
extruded outlet headers may
branch diameter to header di
design hoop stress to specified
of the joining header and bra
comply with this paragraph.

404.3.3.4 Design. When th
tions on geometry contained hej

p. Integrally reinforced
be used for all ratios of
hmeter and all ratios of
minimum yield strength
hch pipe, provided they

b design meets the limita-
ein, the rules established

are valid and meet the intent of the Code. These rules cover

minimum requirements and arg
factory performance of extrud
pressure. Extruded headers shal
forces and moments applied t
expansion and contraction; by

of piping, valves, fittings, cover
earth settlement.

selected to ensure satis-
ed headers subjected to
be designed to withstand

the branch by thermal
Vibration; by deadweight
ng, and contents; and by

404.3.3.5 Required Ared. The required area is

defined as A = K(t,Do), where K
(a) for d/D > 0.60, K = 1.00
(b) for d/D > 0.15 and not ex

(d/D)

(c) for d/D < 0.15, K = 0.70
The design must meet the cy

ment area defined in para. 4(

the required area.

404.3.3.6 Reinforcement |
areashall be the sum of areas A
(a) Area A,. The area lying ¥
zone resulting from any exceq
the header wall, i.e.,

A= Do(Th

(b) Area A,. The area lying ¥

shall be taken as follows:
beeding 0.60, K = 0.6 + %

iteria that the reinforce-
4.3.3.6 is not less than

Area. The reinforcemént
I A, + Az as defined below.
vithin the reinfercement
s thickness awvailable in

— th)

vithin’ the reinforcement

404.3.4 Welded Branch Connections. Welded branch
connections shall be as shown in Figures 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 (a) through (d) below. Where reinforcement
is required, (e) and (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 mémber shall
extend completely around the circumferénce of the
header (see Figure 404.3.4-1 for typieal‘constructions).
Whenever possible, the inside edges’of the finished
opening shall be rounded to a %in. (3 mm) radius. If
the encircling member is thicker than the header and
its ends are to be welded tothe header, the ends shall
be chamfered (at approximately 45 deg) down to a thick-
ness not in excess of theheader thickness, and continuous
fillet welds shall be made. Pads, partial saddles, or other
types of localized-reinforcements are prohibited.

(b) The reinforcement member may be of the complete
encirclement type (see Figure 404.3.4-1), pad or saddle
type (s€e Figure 404.3.4-2), or welding outlet fitting
type. Where attached to the header by fillet welding,
the-edges of the reinforcement member shall be cham-
fered (at approximately 45 deg) down to a thickness
not in excess of the header thickness. The diameter of
the hole cut in the header pipe for a branch connection
shall not exceed the outside diameter of the branch
connection by more than %, in. (6.4 mm).

(c) Reinforcementforbranch connections with hole cut
NPS 2 or smaller is not required (see Figure 404.3.4-3 for
typical details); however, care shall be taken to provide
suitable protection against vibrations and other external
forces to which these small branch connections are
frequently subjected.

zone resulting from any exces
the branch pipe wall, i.e.,

Ay = 2L(T,

P | 111 .
S UUTICRITCSS  AVAITdUTT TIT

— tp)

(c) Area As. The area lying within the reinforcement

zone resulting from excess th
extruded outlet lip, i.e.,

Ay = 21,(T,

ickness available in the

- T)

28

(d]) Reinforcement of opening 1s not mandatory;
however, reinforcement may be required for cases invol-
ving pressure over 100 psi (7 bar), thin wall pipe, or severe
external loads.

(e) If a reinforcement member is required, and the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than half the
circumference of the header, then a complete encircle-
ment type of reinforcement member shall be used, regard-
less of the design hoop stress, or a smoothly contoured
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wrought steel tee or cross of proven design or extruded
header may be used.

(f) The reinforcement shall be designed in accordance
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 mani-
fold as a series of connections, the design shall be adequate

(1) the cross-sectional area resulting from any
excess thickness available in the header thickness
(over the minimum required for the header as defined
in para. 403.2.1) and that lies within the reinforcement
area as defined in (e)

(2) the cross-sectional area resulting from any
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

to control the stress levels [ the pipe within safe Hmits:
The construction shall take| cognizance of the stresses in
the remaining pipe wall dug¢ to the opening in the pipe or
header, the shear stresses produced by the pressure acting
on the area of the branclf opening, and any external
loading due to thermal movement, weight, vibration,
etc.,, and shall meet the mlinimum requirements listed
in Table 404.3.4-1. The following paragraphs provide
design rules based on the ptress intensification created
by the existence of a hole fin an otherwise symmetrical

section. External loadi
thermal expansion or unsu
pipe, have not been evalug
given attention in unusual
of cyclic loading.

When pipe that has been
fied minimum yield strength
single or multiple welded

gs, such as those due to
pported weight of connecting
ted. These factors should be
designs or under conditions

old worked to meet the speci-
isused asaheader containing
branch connections, stresses

shall be in accordance with para. 403.12.

(b) The reinforcement re
a welded branch connectiog
rule that the metal area av4
be equal to or greater tharj
area as defined in (d)(3) a

(c) The required cross-s
the product of d times ¢,

AR

where

d = length of the finishd
measured parallel 4
design header w
para. 403.2.1. F(d
branch does not i
helical seam weld

stress value for sq

thz

quired in the crotch section of
n shall be determined by the
ilable for reinforcement shall
the required cross-sectional
hd in Figure 404.3.5-1.
pctional area, Ap, is defined as

= dth

d opening in the héader wall
o the axis of thetheader

hll thickness ftequired by
r welded ‘pipe, when the
itersect{the longitudinal or
pf the-header, the allowable
aml€ss pipe of comparable

grade may be use

in determining t, for the

in (A0
)

(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
()

(e) The reinforcement area is shownc¢in
Figure 404.3.5-1 and is defined as a rectangle wiloSe
length shall extend a distance, d [see (c)], on each side
of the transverse centerline of the finished-opening
and whose width shall extend a distance 02 times
the header wall thickness from the outside surface of
the header wall, except that in no case shall it extend
more than 2% times the thicknessCof the branch wall
from the outside surface of the hieader or of the reinforce-
ment, if any.

(f) The material of any addéed reinforcement shall have
an allowable working stféss at least equal to that of the
header wall, except thatmaterial of lower allowable stress
may be used if the-area is increased in direct ratio of the
allowable stressesfor header and reinforcement material,
respectively,

(g9) The material used for ring or saddle reinforcement
may be@©f specifications differing from those of the pipe,
proyided the cross-sectional area is made in correct
proportions to the relative strength of the pipe and rein-
forcement materials at the operating temperatures, and
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 treating operations. Vent holes shall be plugged
during service to prevent crevice corrosion between pipe
and reinforcing member, but no plugging material shall be

purpose of reinfo

rcement 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 ¢,.

(d) Theareaavailable for
sum of

the reinforcement shall be the

29

used that would be capable of sustaining pressure within
the crevice.

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

(j) The branch shall be attached by a weld for the full
thickness of the branch or header wall plus a fillet weld,
W3, as shown in Figures 404.3.4-2 and 404.3.4-3. The use
of concave fillet welds is preferred to minimize corner
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Figure 404.3.4-1 Welding Details for Openings With Complete Encirclement Types of Reinforcement

A

Optional weld

'//////////«/,,/

Y2 222282243

Optional weld \

A W

These longitudinal I l
welds may be l |
located anywhere I |
around circumference |

STITss e S
Il
—al|

MU ez

LPPILIIIIIIIIELIII 0200021

(a) Tee Typé [Note (1)] (b) Sleeve Type [Note (2}]

LR RL LB L4 7‘

I ZR 222222222
I
(G 28228848

% % . . N .
Optional weld é z Optional weld Optional weld N § Optional weld
% N N
/. . \ N N e
\ 'l’l:z/l”;{, raaas. / \\\\\\\\\\\\\\\‘5 B \\\\\\\\\\\\\\x
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(c) Saddle and Slgeve Type{Note (3)] (d) Saddle Type [Note (3)]

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

(2) Provide hole in reinforcement toreveat lcdkdgc fmburted-wetdsamd—to PT ovide vcuLiug duliug_ wcldiug arrd-treattreatment [bcc
para. 404.3.5(h)]. Not required for tee type.

(3) Iftheencircling 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 thickness.

30
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Figure 404.3.4-2 Welding Details for Openings With Localized-Type Reinforcement

Branch

caldl

[
ARTRRNRNRRNNN

(

Header

eSS S SN

Header

DSOS S S S SN AN

M = nominal wall thi
M, = nominal wall thi

M;, = nominal wall thi

or
Header
L S S S A A A A A A S S S S A
(a) Pad
me as Figure 404.3.4-1 Same asFigure 404.3.4-1
or
Header
e e e e S S S S Ml ittt ittt arttttattttaththnna e
(b) Saddle

kness of pad reinforcement member W 1 (min)) = the smaller of T, M, or % in. (10 mm)
kness of saddle at branch/end W , (max.) = approximate T}
kness of saddle at header)end W, (min.) = the smaller of 0.7T}, 0.7M, or % in. (13 mm)

N = Y in. (1.5 mm) (in.), % in. (3 mm).(iax’) (unless back W ; (max.) = approximate T},
welded or backing strip is used)

T, = nominal wall thi

T, = nominal wall thi

GENERAL NOTES:
(a) All welds are to have equal

kness of brarich W 3 (min.) = the smaller of 0.7T}, 0.7M,, or % in. (13 mm)

kness of header W , (min) = the smaller of Ty, M,, or % in. (10 mm)

leg{dimensions and a minimum throat equal to 0.707 x leg dimension.

(b) Ifthe 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.

(c) Ahole 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)].
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Figure 404.3.4-3 Welding Details for Openings Without Reinforcement Other Than That in Header and Branch Walls

45 deg min.

N =
T, = nominal wall thicknefss of branch
T, = nominal wall thicknefss of header
W, (min.) = the smaller of T, Ty|or % in. (10 mm)

Header

N
§ Branch Branch
N
\
\
\ 2
\ ) N
45 deg min.

Header

"6 in. (1.5 mm) (mif.), % in. (3 mm) (max.) unless back welded or backing strip is used

GENERAL NOTE: When a welding safldle is used, it shall be inserted over this type of connection. See Figure 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 Diameter

to Specified Minimum Yield

Strength of the Header 25% or less

More Than 25%

Through 50% More Than 50%

20% or less
More than 20% through 50%
More than 50%

bee para. 404.3.4(d)

bee paras. 404.3.4(b) and 404.3.4(c)
ee paras. 404.3.4(b) and 404.3.4(c)

See para. 404.8.4(d)
See para.\404.3.4(b)
See para~404.3.4(b)

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

stress concentration. Ring or sgddle reinforcement shall
be attached as shown by Figure 404.3.4-2. If the reinfor-
cing member is thicker at its eflge than the header, thé
edge shall be chamfered (at ppproximately 45 deg)
down to a thickness so leg dimensions of the.fillet
weld shall be within the minimym and maximum ‘dimen-
sions specified in Figure 404.34-2.

(k) Reinforcementrings and daddles shallbéaccurately
fitted to the parts to whi¢h they'\are attached.
Figures 404.3.4-1 and 404.3.4- illustrate some accept-
able forms of reinforcement.

404.3.6 Reinforcement of Multiple Openings

(a) Two adjacentbranchesshould preferably be spaced
at such a distance that their individual effective areas of
reinforcement do not overlap. When 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 reinforcing metal
shall be added as a combined reinforcement, the strength
of which shall equal the combined strengths of the rein-
forcements that would be required for the separate open-

Branch connections attached“atan-angletess—than96
deg to the header become progressively weaker as the
angle decreases. Any such design shall be given individual
study, and sufficient reinforcement shall be provided to
compensate for the inherent weakness of such construc-
tion. The use of encircling ribs to support the flat or reen-
tering surfaces is permissible and may be included in the
strength considerations. The designer is cautioned that
stress concentrations near the ends of partial ribs,
straps, or gussets may defeat their reinforcing value,
and their use is not recommended.

ings. In no case shall any portion of a cross section be
considered to apply to more than one opening, or be eval-
uated more than once in a combined area.

(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
diameter, 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.
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Figure 404.3.5-1 Reinforcement of Branch Connections

I.‘rb/\/

"tb

| fe——ua

“Area of reinforcement” enclosed by —— — — —— lines

AR <A + Ay + A3z < areaavailable as reinforcement

where
Ar = (Ty - t)d
Az = Z(Tb - fb)L
Az = summation of area of gll added reinforcement, including weld areas that lie within the”{area of reinforcement”
Ag = reinforcement area required
= dfh

d = length of finished openjing in the header wall (measured parallel to the axis of the header)
L = smaller of 2'4T), or 2'4T, + M

M = actual (by measuremerjt) or nominal thickness of added reinforcement

T, = nominal wall thickness|of branch

t, = design branch wall thidkness required by para. 403.2

T, = nominal wall thickness]of header

t, = design header wall thidkness required by para. 403.2

(c) When two adjacent ojpenings, as considered in (b),
have a distance between cefiters less than 1¥5times their
average diameter, no credjt for reinforcement shall be
given for any of the metal petween these two openings.

(d) When pipe that has heen coldéworked to meet the
specified minimum yield gtrepgth' is used as a header
containing single or multiple welded branch connections,
stresses shall be in accordanece-withpara—463-12

(e) Any number of closely spaced adjacent openings, in
any arrangement, may be reinforced as if the group were
one assumed opening of a diameter enclosing all such
openings.

404.4 Flanges

404.4.1 General. The design of flanges manufactured
in accordance with para. 404.4 and standards or specifi-
cations listed in Tables 423.1-1 and 426.1-1 shall be
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considered suitable for use at the pressure-temperature
ratings as set forth in para. 404.1.2. When steel flanged
fittings are used, they shall comply with ASME B16.5.
It is permissible to inside taper bore the hubs on
welding neck flanges having dimensions complying
with ASME B16.5 when they are to be attached to thin
wall pipe. It is recommended that the taper shall not

factured in accordance with MSS SP-44 and ASME B16.47
are designed for attachment to thin wall pipe and are
preferred for this service.

Where conditions require the use of flanges other than
those covered in para. 404.1.2, the flanges shall be
designed in accordance with the ASME Boiler and Pres-
sure Vessel Code (BPV(C), Section VIII, Division 1, Manda-
tory Appendix 2. Alternatively, Section VIII, Division 2,
Part 5, or Section VIII, Division 3 may be used, provided
the required detailed analysis is performed.
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404.4.2 Steel Flanges Within Scope of Standard Sizes.
Welding neck, slip-on, threaded, and lapped 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 pro
are an integral part of cast iron|
and other equipment and p
paras. 404.5.1 and 423.2.4(b)].

404.4.4 Flanges Exceeding
Flanges exceeding scope of sta
departing from ASME B16.5

Rings for ring joint gaskets shall be of dimensions estab-
lished in ASME B16.20. The materials for these rings shall
be suitable for the service conditions encountered and
shall be softer than the flanges.

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

hibited, except those that
valves, pressure vessels,
roprietary items [see

bcope of Standard Sizes.
ndard sizes or otherwise
or MSS SP-44 may be

used, provided they are designed in accordance with

para. 404.4.1.

404.4.5 Flanges of Rectang
on flanges of rectangular cro
provided they are designed so
increased to provide strength ¢
sponding hubbed slip-on flange|

ular Cross Section. Slip-
s section may be used,
that flange thickness is
qual to that of the corre-
covered by ASME B16.5,

as determined by calculations made in accordance with
the ASME BPVC, Section VIII, Dlivision 1.

404.4.6 Flange Facings. Steg
have contact faces in accordancg
B16.5, or MSS SP-6.

l or castiron flanges shall
with ASME B16.1, ASME

Special facings are permisdible, provided they are

capable of withstanding the
ASME B16.5. See para. 404.4
cast iron flanges.

404.4.7 Flange Gaskets

404.4.7.1 General. Gasket
rials that are not injuriously
the piping system, and shall be]
the pressures and temperatur
subjected in service.

same tests as those in
8.3 for bolting steel to

shall be made of mate-
affected by the fluidyin
capable of withstanding
bs to which they-will be

404.4.7.2 Standard Gaskets. Gaskets,conforming to

ASME B16.20 or ASME B16.21

may-be“used.

Metallic gaskets other than fjing.type or helical seam

404.4.8 Ftanyge Botts

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:

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

404.4.8.3 Bolting Steel to Cast Iron/Flanges. When
bolting Class 150 steel flanges toElass 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 shall have a makximum tensile strength no
greater than the maximum tensile strength of ASTM
A307 Grade B. When'dbolting Class 300 steel flanges to
Class 250 cast iron flanges, the bolting shall have a
maximum ternsile strength no greater than the
maximum 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 flanges
designed in accordance with para. 404.4.1 (see paras.
404.4.4 and 404.4.5), bolting shall conform to the appli-
table section of the ASME BPVC, Section VIII, Division 1.

404.5 Valves

404.5.1 General. Steel valves conforming to standards
and specifications listed in Tables 423.1-1 and 426.1-1
may be used. These valves may contain certain cast, malle-
able, or wrought iron parts as provided for in API 6D.

Castiron valves conforming to standards and specifica-
tions listed in Tables 423.1-1 and 426.1-1 may be used for

pnrassuras not to avcaad 250 nei (17 har)l Cara chall hao
pressures—hotto-exceea—= PSS are-Saanro

wound shall not be used wi
lighter flanges.

a) AGQMNI 1 1o0
Ul ASNIMIL UldsSSs 1JVU Ul

The use of metal or metal jacketed gasket (either plain

or corrugated) is not limited (except 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-1 of ASME B16.5.
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exercised to prevent excessive mechanical loading (see
para. 404.4.8.3).

Working pressure ratings of the steel parts of steel
valves are applicable with the temperature limitations
of -—20°F (-30°C) to 250°F (120°C) (see
para. 401.2.3.7). Where resilient, rubber-like, or plastic
materials are used for sealing, they shall be capable of
withstanding the fluid, pressure, and temperature speci-
fied for the piping system.
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404.5.2 Special Valves. Special valves not listed in
Tables 423.1-1 and 426.1-1 shall be permitted, provided
that their design is of at least equal strength and tightness
and they are capable of withstanding the same test re-
quirements as covered in these standards, and structural
features satisfy the material specification and test proce-
dures of valves in similar service set forth in the listed

standards.

404.6 Reducers

ASME BPVC, Section VIII, Division 1. The maximum allow-
able stresses for materials used in these closure heads
shall be established under the provisions of para. 403.2.

Ifwelds are used in the construction of these heads, they
shall be 100% radiographically inspected in accordance
with the provisions of ASME BPVC, 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 necessarily

404.6.1 Manufactured
size may be made by the us{
cers manufactured in accord
B16.9, or MSS SP-75. Reducd
temperature ratings based
were used in establishing
limitations for pipe of the

Where appropriate, chang
plished by reducing elbows,

Reducers. Reductions in line
of smoothly contoured redu-
lance with ASME B16.5, ASME
r fittings shall have pressure-
on the same stress values as

the pressure-temperature
bame or equivalent material.
bes in diameter may be accom-
reducing outlettees, or valves.

404.6.2 Fabricated Reducers. Fabricated reducers

shall conform to the req
Seam welds of fabricated
inspected and inspected 4
shear wave techniques.

uirements of para. 404.10.
reducers shall be visually
y radiography or ultrasonic

404.6.3 Orange Peel Swages. Orange peel swages are

prohibited in systems opers:
than 20% of the specified
pipe. Seam welds shall be

404.7 Closures

404.7.1 Quick-Opening
closure is a pressure-cq
para. 404.10) used for rej
of a piping system. It is n
impose the requirements
on the designer or manu
closure.

Quick-opening closures u
under this Code shall hav
ratings equal to or in exces
of the pipeline system to ¥
paras. 403.1 through 403.6

Quick-opening closures 3
locking devices in compl

iting at hoop stresses of more
pinimum yield strength of the
pisually inspected.

Closures. A quick-opening
ntaining component (see
eated access to the interior
bt the intent of this Code to
of a specific design method
facturer of a quick-opéening

sed for pressure containment
b pressure and-temperature
s of the designyrequirements
vhich they-are attached (see
).
hall-be-equipped with safety
anee“with the ASME BPVC,

fo¥ W MR Y

extend-the-desighrequirementsof ASME-BPYC Seetion
VIII, Division 1, to other components in which closure
heads are part of a complete assembly.

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 permittedfor
NPS 3 and smaller, operating at less than 100 p$i\(7 bar).
Fishtails and flat closures on pipe larger thanNPS 3 are
prohibited.

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

404.8 Joints

404.8.1 Butt Welds. Butt welded joints shall be in
accordance with ChapterV.

404.8.2 Flange Joints. Flanged joints shall meet the
requirements of\pdra. 404.4.

404.8.3 .Threaded Joints. All external pipe threads on
piping components shall be taper pipe threads. They shall
be line\pipe threads in accordance with API 5B, or NPT
threadsinaccordance with ASME B1.20.1. Allinternal pipe
threads on piping components shall be taper pipe threads,
except for sizes NPS 2 and smaller with design gage pres-
sures 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 wrought 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) aproduction joint has been subject to proof tests to
determine the safety of the joints under simulated service

Section VIII, Division 1, U

> J(0J-

Weld end preparation shall be in accordance with

para. 434.8.6.

404.7.2 Closure Fittings. Closure fittings commonly

referred to as “weld caps”

shall be designed and manu-

factured in accordance with ASME B16.9 or MSS SP-75.

404.7.3 Closure Heads.

Closure heads such as flat,

ellipsoidal (other than in para. 404.7.2), spherical, or
conical heads are allowed for use under this Code.
Such items shall be designed in accordance with the

35

conditions. When vibration, fatigue, cyciic conditions, lIow
temperature, thermal expansion, or other severe condi-
tions are anticipated, the applicable conditions 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.
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Attachments

404.9.1 General. The applica
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chors, and

ble sections of MSS SP-58

for materials and design of pipe hangers and supports and
of MSS SP-69 for their selection and application 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 cy-

lindrical member that complete

ly encircles the pipe, and

the general design philosophy embodied in this Code,
and substantiated by at least one of the following:

(a) proof tests (as described in ASME BPVC, Section
VIII, Division 1, UG-101)

(b) experimental stress analysis (as described in ASME
BPVC, Section VIII, Division 2, Annex 5-F)

(c) engineering calculations

404.11 Used Piping Components

this encircling member shall b
continuous circumferential wel

404.9.2 Supports. Suppor
support the pipe without causin
in the pipe and without imposin
friction forces that might preve
movement.

404.9.3 Braces. Braces an
occasionally be required to pre

404.9.4 Attachments. All att
be designed to minimize the ad
wall because of the attachment.
such as pipe clamps and ring gir
they will fulfill the supporting

External and internal attach
designed so they will not caud
excessive localized bending
thermal gradients in the pipe

404.10 Other Pressure-Con

Pressure-containing compong
by the standards listed in Table
and for which design equation
given herein may be used whej
shaped, proportioned, and sizd
proven satisfactory by succes
comparable service conditiony
made between similarly shap
with small differences in sizd
absence of such service exj
design shall be based on an 3

e welded to the pipe by
s.

[s shall be designed to
g excessive local stresses
b excessive axial or lateral
it the desired freedom of

|l damping devices may
vent vibration of piping.

hchments to the pipe shall
lded stresses in the pipe
Nonintegral attachments,
lers, are preferred where
br anchoring functions.
ments to piping shall be
e flattening of the pipe,

stresses, or harmful
yall.

faining Components

nts that are not covered
423.1-1 or Table 426.1-1
s or procedures are not
e the design of similarly
d components has been
cful performance under
. (Interpolation may(be
ed proved compoehents
or proportions)\In the
erience, the~pressure
nalysis censistent with

Used p1ping 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 components
and equipment shall be cleaned, examined, and recondi-
tioned, if necessary, to ensure that they meet all require;
ments for the intended service and are free of defects. See
ASME PCC-2, Article 3.5 for more information about flange
repair and conversion.

Inaddition, reuse shall be contingent on identifieation of
the specification under which the item was, originally
produced. Where the specification cannot be identified,
use shall be prohibited.

404.12 Auxiliary and Relief Piping

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

404.12.2 Relief Piping. Pressure disposal or relief
piping betweén pressure origin point and relief device
shall bel\in accordance with this Code.

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

36
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Chapter Il
Materials

423 MATERIALS — GEN
423.1 Acceptable Mater

(a) The materials used s
tions listed in Table 423.1
ments of this Code for m
editions of standards incor
ence, and the names and add

ERAL REQUIREMENTS

ials and Specifications

hall conform to the specifica-
1 or shall meet the require-
aterials not listed. Specific
porated in this Code by refer-
resses of the sponsoring orga-

nizations, are shown in Mandatory Appendix |, since it is

not practical to refer to a sp
in Table 423.1-1 and throug|
Appendix I will be revised

rials and components con
standard previously listed i
seded edition of a listed spe
used.

(b) Exceptasotherwisep
rials that do not conform to
dardin Table423.1-1 mayb
to a published specification
and mechanical properties,
facture, heat treatment, and
meet the requirements of
shall be determined in acq
allowable stress basis of thi
basis.

423.2 Limitations on M
423.2.1 General

(a) The designer shall gi
icance of temperature on th
Some of the materials confd
enced for use under this C
suitable for operation at

pcific edition of each standard
hout the Code text. Mandatory
ht intervals, as needed. Mate-
orming to a specification or
h Table 423.1-1, or to a super-
cification or standard, may be

rovided forin this Code, mate-
a listed specification or stan-
e used, provided they conform
covering chemistry, physical
method and process of manu-
quality control, and otherwise
his Code. Allowable stresses
ordance with the applicable
5 Code or a more conservative

aterials

be consideration/to the signif-
e performance.of the material.
rming te’specifications refer-
bde may~Hot have properties
temperatures below -20°F

(-30°C). Users of this Cod

e dre cautioned to consider

published by the National Association of Corrosion Engi-
neers.

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

Steel pipe designed to be operated at a hoop stress ‘of
more than 20% S, shall be impact tested in accordance
with the procedures of API 5L, PSL 2, or ASTM\A333.
The test temperature shall be the lower of .32°F (0°C)
or the lowest expected metal temperatire during
service, having regard to past recorded temperature
data and possible effects of lower air@dnd ground tempera-
tures. The average of the Charpy energy values from each
heat shall meet or exceed the fallowing:

(a) For all grades with an\Sy equal to or greater than
42,000 psi (289 MPa), therequired minimum average (set
of three specimens) absorbed energy for each heat based
on full-sized 0.394 in, x"0.394 in. (10 mm x 10 mm) speci-
mens shall be 20 1b+ft (27 ]) for transverse specimens or 30
lIb-ft (41 ]) for-longitudinal samples.

(b) For all grades with an S|, less than 42,000 psi (289
MPa), the/required minimum average (set of three speci-
mens).absorbed energy for each heat based on full-sized
0.394/in. x 0.394 in. (10 mm x 10 mm) specimens shall be
13 1b-ft (18 ).

423.2.4 Cast, Malleable, and Wrought Iron

(a) Cast, malleable, and wrought iron shall not be used
for pressure-containing parts except as provided in
para. 404.5 and (b) below.

(b) Cast, malleable, and wrought iron are acceptable in
pressure vessels and other equipment noted in
para. 400.1.2(b), except that pressure-containing parts
shall be limited to pressures not exceeding 250 psi (17
bar).

423.2.5 Materials for Liquid Anhydrous Ammonia

the effects of low temperature and the potential
impact on fracture performance at low temperatures.
(b) Selection of material to resist corrosion, erosion,

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
corrosive environments is the Corrosion Data Survey

Pipeline Systems. Only steel conforming to specifications
listed in Mandatory Appendix I shall be used for pressure-
containing piping components and equipment in liquid
anhydrous ammonia pipeline systems. However, internal
parts of such piping components and equipment may be
made of other materials suitable for the service.

The longitudinal or helical seam weld of electric resis-
tance welded and electric induction welded pipe shall be
normalized.
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Cold formed fittings shall be normalized after fabrica-
tion.

Except for the quantities permitted in steels by indivi-
dual specifications for steels listed in Mandatory Appendix
[, the use of copper, zinc, or alloys of these metals is prohib-
ited for all pressure piping components subject to a liquid

anhydrous ammonia environment.

423.2.6 Materials for Use in

Low-Temperature Appli-

cations. Whenever the minimum design temperature (see

See para. 403.7 for additional requirements relative to
fracture control for pipe.

Provided the manufacturer’s fracture toughness testing
of reference is performed at or below the pipeline
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

tha mainiays dacign faranarea

para.401.2.3.7) is below -20°F

program shall be established. T
parent materials, the parent
present), circumferential butt ¥
and any weld heat-affected zone
tance in the fracture control pro
fracture initiation that can occy
trations. As a minimum, the fract
require Charpy impact energy

-30°C), a fracture control
he program shall address
material seam weld (if
velds, attachment welds,
(HAZ). Of primary impor-
oram is the prevention of
r at small stress concen-
ure control program shall
testing at or below the

minimum design temperatiyre, as noted in para.

423.2.3. The specific energy re
of the strength of the materid
design stress, but shall not k
values specified in paras. 42

quirement is a function
I, its thickness, and the
e less than the energy
.2.3(a) and 423.2.3(b).

Charnutacting ot o halovs,
P

y cE5trtt 5ttt OT O CTO vt T T S e STE e pera

425 MATERIALS APPLIED TO MISCELLANEOUS
PARTS

425.3 Gaskets

Limitations on gasket materials are covered.in
para. 404.4.7.

425.4 Bolting

Limitations on bolting materials~are covered in
para. 404.4.8.

(19)

38
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(19) Table 423.1-1 Material Standards and Specifications
Designation Standard or Specification
Pipe
API 5L Line Pipe [Note (1)]
ASTM A53 Pipe, Steel, Black & Hot-Dipped, Zinc-Coated Welded & Seamless
ASTM A106  Seamless Carbon Steel Pipe for High-Temperature Service
ASTM A134  Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)
ASTM A135  Electric-Resistance-Welded Steel Pipe
ASTM A139  Electric-Fusion (pre}-Weldes-Steet-Pipe—NRS~4-and-Over}
ASTM A312 Seamless and Hdavily Cold Worked Welded Austenitic Stainless Steel Pipe
ASTM A333 Seamless and Wglded Steel Pipe for Low Temperature Service
ASTM A358  Electric Fusion Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service and General Application
ASTM A381  Metal-Arc-Weldeld Steel Pipe for Use With High-Pressure Transmission Systems
ASTM A409 Welded Large Dfameter Austenitic Steel Pipe for Corrosive or High-Temperature Service
ASTM A524 Seamless Carbor] Steel Pipe for Atmospheric and Lower Temperatures
ASTM A530 General Requirements for Specialized Carbon and Alloy Steel Pipe
ASTM A671  Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures
ASTM A672  Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures
ASTM A790 Seamless and Wglded Ferritic/Austenitic Stainless Steel Pipe
ASTM A928  Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded With Addition of Filler Metal
Fittings, Valves, and Flanges
API 6A Wellhead and Clristmas Tree Equipment
API 6D Pipeline Valves
API 6DSS Subsea Pipeline Valve
API 6H End Closures, Cdnnectors and Swivels
API 600 Steel Gate Valves, Flanged and Buttwelding Ends
API 602 Compact Carbon|Steel Gate Valves
API 603 Class 150, Corrofion Resistant Gate Valves
ASME B16.5  Pipe Flanges and Flanged Fittings
ASME B16.34 Valves — Flanggd, Threaded, and Welding End
ASME B16.47 Large Diameter pteel Flanges
ASME B16.49 Factory-Made Wfought Steel Buttwelding Induction Bends for Transportation and Distribution Systems
ASTM A105 Carbon Steel Foyjgings for Piping Components
ASTM A126  Gray Iron Castings for Valves, Flanges, and Pipe Fittings
ASTM A181  Carbon Steel Foxgings for General-Purpose/Piping
ASTM A182  Forged or Rolled Alloy and Stainless Ste€l Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service
ASTM A216  Steel Castings, Carbon, Suitable for Fusion Welding, for High Temperature Service
ASTM A217 Steel Castings, Martensitic Stainless.and Alloy, for Pressure Containing Parts, Suitable for High-Temperature Service
ASTM A234  Piping Fittings of Wrought Carbor Steel and Alloy Steel for Moderate and High Temperature Services
ASTM A350  Carbon and LowtAlloy Steel’Eorgings, Requiring Notch Toughness Testing for Piping Components
ASTM A351 Castings, Austenltic, fer"Pressure-Containing Parts
ASTM A395  Ferritic Ductile IrofrsRréssure-Retaining Castings for Use at Elevated Temperatures
ASTM A403 Wrought AustenITic Stainiess Steel PIping FIttings
ASTM A420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low Temperature Service [Note (2)]
ASTM A487  Steel Castings Suitable for Pressure Service
ASTM A694  Carbon and Alloy Steel Forgings for Pipe Flanges, Fittings, Valves, and Parts for High-Pressure Transmission Service
ASTM A707 Forged, Carbon and Alloy Steel Flanges for Low-Temperature Service
ASTM A815  Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel Piping Fittings
MSS SP-44 Steel Pipeline Flanges
MSS SP-55 Quality Standard for Steel Castings for Valves, Flanges and Fittings and Other Piping Components
MSS SP-75 Specification for High Test Wrought Butt Welding Fittings
MSS SP-83 Class 3000 Steel Pipe Unions Socket Welding and Threaded
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Table 423.1-1 Material Standards and Specifications (Cont’d)

Designation Standard or Specification
Bolting
ASTM A193  Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature or High Pressure Service and Other Special Purpose
Applications

ASTM A194  Carbon and Alloy Steel Nuts for Bolts for High-Pressure or High-Temperature Service, or Both
ASTM A307 Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength
ASTM A320 Alloy Steel and Stainless Steel Bolting Materials for Low-Temperature Service
ASTM A325 Structural Bolts, Steel} Heat Treated, 120/105 ksi Minimum Tensile Strength
ASTM A354  Quenched and Tempered Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners
ASTM A449 Hex Cap Screws, Bolt§ and Studs, Steel, Heat Treated, 120/105/90 ksi Minimum Tensile Strength, General Use
ASTM A490 Structural Bolts, Alloy Steel, Heat Treated, 150 ksi Minimum Tensile Strength

Plates, Bars, and Structural Shapes [Note (3)]
ASTM A6 General Requirementg for Rolled Structural Steel Bars, Plates, Shapes, and Sheet Piling
ASTM A20 General Requirementg for Steel Plates for Pressure Vessels
ASTM A29 General Requirementg for Steel Bars, Carbon and Alloy, Hot-Wrought
ASTM A36 Carbon Structural Stefl
ASTM A225 Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium-Nickel
ASTM A240 Chromium and Chronjium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for

General Applications
ASTM A242 High-Strength Low-AlJoy Structural Steel
ASTM A283  Low and Intermediat¢ Tensile Strength Carbon Steel Plates
ASTM A285 Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength
ASTM A441 High-Strength Low-Aljoy Structural Manganese Vanadium Steel
ASTM A442 Pressure Vessel Plate$, Carbon Steel, Improved Transition Properties
ASTM A505 General Requirementg for Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled
ASTM A506  Alloy and Structural Alloy Steel, Sheet and Strip, Hot-Rolled and Cold-Rolled
ASTM A507  Alloy Drawing and Alloy Steel, Sheet and Strip, Hot-Rolled and Cold-Rolled
ASTM A514  High-Yield-Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding
ASTM A515 Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher:-Témperature Service
ASTM A516 Pressure Vessel Plate$, Carbon Steel, for Moderate- and Lower-Temperature Service
ASTM A517 Pressure Vessel Plates, Alloy Steel, High-Strength, Quenched ‘and Tempered
ASTM A537 Pressure Vessel Plates, Heat Treated, Carbon-Manganése-Silicon Steel
ASTM A572  High-Strength Low-Aljoy Columbium-Vanadium Structural Steels
ASTM A573  Structural Carbon Stepl Plates of Improved Toughness
ASTM A575 Steel Bars, Carbon, Mgrchant Quality, M-Grddes
ASTM A576 Steel Bars, Carbon, Hot-Wrought, Special)Quality
ASTM A633 Normalized High-Strehgth Low-Alloy{ Structural Steel
ASTM A663 Steel Bars, Carbon, Mgrchant Qualify,”Mechanical Properties
ASTM A675 Steel Bars, Carbon, Hot-Wrought,*Special Quality, Mechanical Properties
ASTM A737 Pressure Vessel Plates, High=Strength, Low-Alloy Steel
ASTM A992 Standard Specification for Structural Steel Shapes
Miscellaneous

MSS SP-58 Pipe Hangers and Supports — Materials, Design and Manufacture

GENERAL NOTE: Specific editions of standards incorporated in this Code by reference, and the names and addresses of the sponsoring orga-
nizations, are shown in Mandatory Appendix], since itis not practical to refer to a specific edition of each standard in Table 423.1-1 and throughout
the Code text. Mandatory Appendix [ will be revised at intervals as needed.

NOTES:

(1) Use of PSL 2 pipe is recommended.
(2) A420 Grade 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

426 DIMENSIONAL REdUIREMENTS FOR
STANDARD AND NONSTANDARD PIPING
COMPONENTS

426.1 Standard Piping Components

Dimensional standards|for piping components are
listed in Table 426.1-1. Aldo, certain material specifica-
tions listed in Table 423.1-1| contain dimensional require-
ments thatare requirements of section 426. Dimensions of
piping components shall conply with these standards and
specifications unless the prqvisions of para. 426.2 are met.

426.2 Nonstandard Piping Components

The dimensions for nonstandard piping components
shall be such as to provide strength and performance
equivalent to standard components or as provided
under section 404. Wherever practical, these dimensions
shall conform to those of comparable standard compo-
nents.

426.3 Threads

The dimensions of all piping connection threads not
otherwise covered by a governing.component standard
or specification shall conform/tovthe requirements of
the applicable standards listed" in Table 426.1-1 (see
para. 403.2.4).

(19)
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Table 426.1-1 Dimensional Standards

Designation Standard or Specification
Pipe
API 5L Line Pipe (Combination of previous API 5L, API 5LS, and API 5LX)

ASME B36.10M
ASME B36.19M

Welded and Seamless Wrought Steel Pipe

Stainless Steel Pipe

Fittings, Valves, and Flanges

API 6A Wellhead and Christmas Tree Equipment

API 6D Pipeline Vajves

API 600 Steel Gate {falves, Flanged and Buttwelding Ends

API 602 Compact Carbon Steel Gate Valves

API 603 Class 150, (orrosion Resistant Gate Valves

ASME B16.5 Pipe Flangep and Flanged Fittings

ASME B16.9 Factory-Magle Wrought Buttwelding Fittings

ASME B16.10 Face-to-Facg and End-to-End Dimensions of Valves

ASME B16.11 Forged Fittings, Socket-Welding and Threaded

ASME B16.20 Metallic Gagkets for Pipe Flanges — Ring Joint, Spiral-Wound, and Jacketed

ASME B16.21 Nonmetallid Flat Gaskets for Pipe Flanges

ASME B16.25 Buttwelding Ends

ASME B16.28 Wrought Stpel Buttwelding Short Radius Elbows and Returns

ASME B16.34 Valves — Flanged, Threaded, and Welding End

ASME B16.36 Orifice Flanges

ASME B16.47 Large Diampter Steel Flanges

ASME B16.48 Line Blanks|

MSS SP-6 Standard Fipishes for Contact Faces of Pipe Flanges and Connecting-End Flangés of Valves and Fittings

MSS SP-25 Standard Mprking System for Valves, Fittings, Flanges and Unions

MSS SP-44 Steel Pipelihe Flanges

MSS SP-61 Pressure Tgsting of Steel Valves

MSS SP-67 Butterfly V3glves

MSS SP-70 Cast Iron Gate Valves, Flanged and Threaded Ends

MSS SP-71 Cast Iron Syving Check Valves, Flanged and Threaded Ends

MSS SP-75 Specificatiop for High Test Wrought Butt Welding:Fittings

MSS SP-78 Cast Iron Plug Valves, Flanged and Threaded-Ends

MSS SP-83 Steel Pipe Unions Socket Welding and Threaded

MSS SP-95 Swage(d) Njpples and Bull Plugs

MSS SP-97 Integrally Reinforced Forged Branch Qutlet Fittings
Miscellaneous

API 5B Threading, raging, and Thpead\Inspection of Casing, Tubing, and Line Pipe Threads

ASME B1.1 Unified Inchh Screw Threads (UN and UNR Thread Form)

ASME B1.20.1 Pipe Threads, GeneralPurpose (Inch)

ASME B1.20.3 Dryseal Pipp Threads (Inch)

MSS SP-69 Pipe Hangefs and Supports — Selection and Application

GENERAL NOTE: Specific editions of standards incorporated in this Code by reference, and the names and addresses of the sponsoring orga-
nizations, are shown in Mandatory Appendix, since itis 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.
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Chapter V
Construction, Welding, and Assembly

434 CONSTRUCTION

434.1 General

New construction and re

lacements of existing systems

shall be in accordance with the requirements of this

Chapter. Where written {
they shall be in sufficient de
ments of this Code shall be
include specific details on

pecifications are required,
Lail to ensure that the require-
met. Such specifications shall
handling of pipe, equipment,

materials, welding, and all construction factors that

contribute to safety and s
is not intended herein th
covered in full detail, sinc
all-inclusive. Whether cov
construction and materials
good engineering, safety, a

434.2 Qualifications

434.2.1 Construction P
sonnel involved in critical
by either experience or
include, but are not limited

(a) operation of constru

(b) directional drilling e

(c) individuals responsi
structures or utilities

(d) individuals responsi
tion of the pilot string dur

(e) blasting operations

434.2.2 Inspection. TH
make provision for suitab
related facilities by qualifie
ance with the construction
inspection personnel and th

und engineering practice. It
it all construction items be
e the specification should be
ered specifically or not, all
shall be in accordance with
hd proven pipeline practice.

ersonnel. Construction per-
activities shall be qualified

training. Critical activities
to, the following:

ction equipment

[Juipment operators

ble for locating underground

ble for establishing the loga-
ng drilling operations

e operating_cempany shall
e inspectionof pipeline and
|l inspectdrsito ensure compli-
bpecifications. Qualification of
e typeand extent of inspection

shall be in accordance

with the requirements of

434.3.2 Construction Requirements. Inconvenience
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 competent and
qualified personnel, and performed so as to proyvide
adequate protection to the general public; livestock; wild-
life; buildings; telephone, telegraph, and power lines;
underground structures; and any other property in the
proximity of the blasting.

(b) In grading the right-of-way, evéry effort shall be
made to minimize damage to the{land and prevent
abnormal drainage and erosive conditions. The land is
to berestored to as nearly original condition as is practical.

(c) Inconstructing pipelinecrossings of railroads, high-
ways, streams, lakes, rivers, etc., safety precautions such
as signs, lights, guardrails, etc., shall be maintained in the
interest of public sdfety. The crossings shall comply with
the applicable rulés, regulations, and restrictions of regu-
latory bodies-having jurisdiction.

434.3:3_Survey and Staking or Marking. The route
shallsbe’surveyed and staked, and such staking or
matking should be maintained during construction,
except route of pipeline offshore shall be surveyed and
the pipeline shall be properly located within the right-
of-way by maintaining survey route markers or by
surveying during construction.

434.4 Handling, Hauling, Stringing, and Storing

Care shall be exercised in the handling or storing of pipe,
casing, coating materials, valves, fittings, and other mate-
rials to prevent damage. Transportation by truck or other
road vehicles, railcars, and marine vessels shall be
performed in such a manner as to avoid damage to the
pipe and any pre-applied coatings. Transportation of

(19)

section 436. Repairs required during new construction
shall be in accordance with paras. 434.5, 434.8.7, 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 indus-
trial or urban development or encroachment on the right-

of-way.

43

tirepipe—shattconformrtothe requirenentsof APHRP
5LT, API RP 5LW, and API RP 5L1, as applicable. In
the event pipe is yard coated or mill coated, adequate
precautions 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.
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434.5 Damage to Fabricated Items and Pipe

(a) Fabricated items such as

scraper traps, manifolds,

volume chambers, etc., shall be inspected before assembly
into the mainline or manifolding and defects shall be
repaired in accordance with provisions of the standard
or specification applicable to their manufacture.

(b) Pipe shall be inspected b
assembly into the mainline or

efore coating and before
manifolding. Distortion,

buckling, denting, flattening, gouging, grooves, or

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

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

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

notches, and all defects of this n
repaired, or eliminated as spec|

(1) Injurious gouges, grod
removed. These defects may b
welding procedures prescribe
by grinding, provided the res

ature shall be prevented,
fied herein.

ves, or notches shall be
e repaired by the use of
 in API 5L or removed
ulting wall thickness is

not less than that permitted by the material specification.

(2) When conditions outli
the damaged portion shall be ren
patching is not permitted. Welg
complete encirclement, is not
intended to operate at a hoop
of the specified minimum yield

(3) Notches or laminations|
repaired. The damaged end shal
and the pipe end properly rebe

(4) Distorted or flattened 1

(5) Adentcontaininga strd
scratch, gouge, groove, or arc b
cutting out the damaged portior

(6) All dents that affect thd
the seam or at any girth weld shaf
dents that exceed a maximum d|
pipe NPS 12 and smaller, or
diameter in sizes greater thd
permitted in pipelines intend
stress of more than 20% of
yield strength of the pipe. Ins
pounding out of dents shall not
intended to operate at a hoop st
the specified minimum yield st

(7) Buckled pipe shall be

434.6 Ditching

ed in (1) cannot be met,
hoved as a cylinder. Insert
-on patching, other than
permitted in pipelines
stress of more than 20%
strength of the pipe.
on pipe ends shall not be
be removed as a cylinder
veled.
engths shall be discarded.
ss concentrator, such asa
lirn, shall be removed by
of the pipe as a cylinder.
curvature of the pipe at
|1 be removed asin (5). All
epth of %, in. (6.4 mm) in
P% of the nominal pipe
n NPS 12, shall not be
bd to operate at a hoop
the specified minimum
brt patching, overlay, of
be permitted in pipelines
ress of more than 20% of
Fength of the pipe.
replaced as a‘ctylinder.

(a) Depth of ditch shall be dppropriate for the route

location, surface use of the lafpd)terrain features, and

434.7 Bends, Miters, and Elbows

Changes in direction, including sags or overbends
required to conform to the contour of the ditch, may
be made by bending the pipe or using miters, factory-
made bends, or elbows. (See limitations in para. 404.2.)

434.7.1 Bends Made From Pipe

(a) Bends shall be made from pipe having wall thick-
nesses determined in accordance with para;;404.2.1.
When hot bends are made in pipe that has been cold
worked in order to meet the specified/minimum yield
strength, wall thicknesses shall be determined by using
the lower stress values in accordanee with para. 403.11.

(b) Bendsshallbe made in suchamannerasto preserve
the cross-sectional shape of the pipe, and shall be free from
buckling, cracks, or other evidence of mechanical damage.
The pipe diameter shall not be reduced at any point by
more than 21/2% of-the nominal diameter, and the
completed bend shall*pass the specified sizing pig.

(c) The minimum radius of field cold bends shall 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 or
near the neutral axis of the bend.

434.7.2 Mitered Bends

(a) Mitered bends are permitted subject to limitations
in para. 404.2.4.

(b) Care shall be taken in making mitered joints to
provide proper spacing and alignment and full-penetra-
tion welds.

434.7.3 Factory-Made Bends and Elbows

(19)

loads imposed by roadways and railroads. All buried pipe-
lines shall be installed below the normal level of cultiva-
tion and with a minimum cover notless 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 withstand
anticipated external loads and to minimize damage to
the pipe by external forces.

44

{u)Factory-madewrought steet-wetdimg bemdsamd
factory-made elbows may be used subject to limitations
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 Figure 434.8.6-2
or use a transition nipple not less than one-half pipe



https://asmenormdoc.com/api2/?name=ASME B31.4 2019.pdf

(19)

ASME B31.4-2019

Table 434.6-1 Minimum Cover for Buried Pipelines

Location

For Normal

For Rock Excavation Requiring

Cultivated, agricultural areas where plowing

or subsurface ripping is common

Industrial, commercial, and residential areas

River and stream crossings
Drainage ditches at roadways and

All other areas

Excavation, Blasting or Removal by
in. (m) Equivalent Means, in. (m)
48 (1.2) [Note (1)] N/A
48 (1.2) 30 (0.75)
48 (1.2) 18 (0.45)
railroads 48 (1.2) 30 (0.75)
36 (09) 18 (045)

NOTE: (1) Pipelines may requirf

diameter in length with ac
strated in Figure 434.8.6-2

434.8 Welding
434.8.1 General

(a) Scope. Welding here
welding of pipe in both wr
as applied in pipelines and
equipment. This includes b
pipe, valves, flanges, fitting
fillet welded joints in pip
etc. It does not apply to th
helical seam joints in the 1
and valves, or to pressure v

Ceptable joint designs as illu-

n applies to the arc and gas
ught and cast steel materials
connections to apparatus or
itt joints in the installation of
s, and other equipment, and
e branches, slip-on flanges,
e welding of longitudinal or
manufacture of pipe, fittings,
essels or assemblies manufac-

tured in accordance with the ASME BPVC, Section VIII,

Division 1 or Division 2.
(b) Welding Terms. Defin
used in this Code conform

tions pertaining to welding as
to the standard definitions

established by the Amegican Welding Society and
contained in AWS A3.0; ASME BPVC, Section IX; and

API 1104.

(c) Safe Practices in Cutting and Welding. Prior te

cutting and welding in 4
leakage or presence of vap
tutes a hazard of fire or exp

reas in which the possible
r or flammable liquid eonsti-
losion, a thorough chreck’/shall

be made to determine the presence of a combustible gas

mixture or flammable liqu

d. Cutting and{welding shall

begin only when safe cond

tions are indicated.

434.8.2 Welding Processes and Filler Metal

(a) Welding shall be performed by a process or a

combination of processep that produces welds that

e deeper burial to avoid damage from deep plowing; the designer is cautioned to account for this possibility.

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

(3) When filler metals of different strengths‘are used
in a single weld, the proportions shall beisuch that the
completed weldment equals the specified minimum
tensile strength of the base metal.

(4) For alloy steels, the nomifial chemical analysis of
the weld metal shall be the samea@s the nominal chemical
analysis of the base metal. If base metals of different chem-
ical analysis are being joined; the weld metal shall be the
same as either base metal{or of intermediate composition.
Where austenitic steels are joined to ferritic steels, the
weld metal shall have an austenitic structure.

434.8.3 Welder and Welding Procedure Qualifica-
tions

(a)"Welder and welding procedure qualifications for
cross-country pipelines shall be performed in accordance
with API 1104. Welder and welding procedure qualifica-
tions for alloy steel and for shop-fabricated piping assem-
blies, and welding at stations and terminals shall be
performed in accordance with API 1104 or ASME
BPVC, Section IX.

(b) Priortoany welding covered by this Code, a welding
procedure specification shall be established and qualified
by testing to demonstrate that welds having suitable
mechanical properties and soundness can be produced.
Welding procedure specifications shall be qualified as
required by API 1104 or ASME BPVC, Section IX, which-
ever is appropriate for the locations, materials, and type of

mrn]r‘ling tao be pannrmpr], except as modified hy the

meet the procedure qualification requirements of this
Code. Welds may be produced by positioning welding,
roll welding, or a combination of position and roll welding.

(b) Unless otherwise specified by the operating
company, 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.

following:

(1) Standard Welding Procedures. Standard Welding
Procedure Specifications (SWPSs) published by the Amer-
ican Welding Society and listed in Mandatory Appendix E
of ASME BPVC, Section IX are permitted for code construc-
tion within the limitations established by ASME BPVC,
Section IX, Article V. Either the employer shall demon-
strate his ability to follow SWPSs as required by ASME
BPVC, Section IX or he shall qualify one welder or
welding operator following each SWPS.
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(2) Procedure Qualification by Others. In order to
avoid duplication of effort, and subject to the approval
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
BPVC, Section IX or API 1104 and any additional qualifica-

tion requirements of this Code.

(-b) The employer has qualified atleastone welder

cach—ARS

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 equiva-
lent WPS that is within the limits of the essential variables.
An employer accepting such qualification tests shall
obtain a copy of the performance qualification test
record from the previous employer. The record shall
show the name of the employer by whom the welders
or welding operator was qualified and the date of that

alification A PEO-ECASS—OF
THTreCoteron—rx T

or welding operator following
(-c) The employer’s busi
on each WPS and on each qualifi
qualification records shall be
employer, thereby accepting re
fications performed by others.
The welding procedure specifi
during welding performed und
(c¢) The welding procedure
minimum include the inforn
1104 or ASME BPVC, Sectio
welding consumables, mechd
conditions, and/or weather
details necessary to produce
preheat, interpass temperature,
ment, such details shall be prov|
rials with notch-toughness req
low-temperature service, consi
weld metal and heat-affected
ments in the welding proce
ASME B31T for more informati
qualification requirements for p
to brittle failure due to low-tet
tions. When applicable, the te
specimen, and acceptance critg
the welding procedure specific
(d) API 1104 and ASME B}
sections entitled “Essential V
welding procedure specification
records, and welder qualificati
base materials and weld fille
does not imply that other matg
group may be indiscriminately
material or weld filler material
test. Welding procedure qua
conducted with the highest st
welded in the essential varia

hess name shall be shown
ration record. In addition,
bigned and dated by the
ponsibility for the quali-

cation shall be adhered to
br this Code.
specifications shall at a
ation required by API
n IX. When materials,
nical restraint, service
conditions make more
a sound weld, such as
and postweld heat treat-
ded. When joining mate-
irements, particularly for
eration shall be given to
rone toughness require-
lure specification. See
bn about weld procedure
iping that may be subject
hperature service condi-
5t method, temperature,
bria shall be specified in
htion.

PVC, Section IX contain
ariables” applicable to
5, procedure qualification
bns. The classificationof
I materials into groups
rials within a<articular
substituted foy the base
sed for the qualification
ificatignvtests shall be
Fength base metal to be
ble’groups identified in

the procedure specification.

gualification—Arecordshowinguse—-ofthe
processes from the date of the welder’s qualification
shall be available. The new employer’s business name
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 question a welder’s ability, or if
the welder is not engaged in a given procéss' of
welding for a period of 6 months or more.

(f) The operating company shall be responsible for
qualifications of procedures and welders. Thepreparation
of welding procedure specifications and/or performance
of welding qualification tests may be delegated to others;
however, each company that performs welding activities
is responsible for the welding activities performed by its
employees and contractors,

(g9) Qualification Records. The welding procedure
followed during the qualifying tests shall be recorded
in detail. Records ofithe tests that establish the qualifica-
tion of a welding procedure specification shall be retained
as long as that precedure is in use. A record of the welders
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
thesowner or the owner’s agent and the inspector at
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 specification
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 434.8.3(b).

434.8.5 Required Inspection and Acceptance Criteria

(a) Required Inspection
(1) The quality of welding shall be checked by visual

(e) Prior to any welding covered by this Code, each

welder or welding operator shall be qualified as required
by API 1104 or ASME BPVC(, Section IX, 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 the perfor-
mance qualification of a welder or welding operator made
by a previous employer. This acceptance is limited to

46

lllbl)CLLlUll [zenyvy bupplclucuuu ITUITUTSUI ULLIVT ITITULIUUS Ul
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 the operating company and nondestructively
inspected. The inspection of girth welds shall be by
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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 welds are to be inspected:

(-a) within populat

ed areas such as residential

corrIar

434.8.7 Removal or Repair of Defects

(a) Arc Burns. Arc burns can cause serious stress
concentrations 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 speci-
fications. Complete removal of the metallurgical notch
created by an arc burn can be determined as follows.

subdivisions, shopping cen
cial and industrial areas
(-b) river, lake, and
area subject to frequent
and stream crossings on b
(-¢) railroad or pu
including tunnels, bridges
road crossings
(-d) offshore and inl
(-e) old girth welds
(-f) tie-in girth weld
accordance with para. 437
(b) Inspection Methods d
(1) Nondestructive ing
inspection and radiographi
able nondestructive metho
with API 1104. The meth
producing indications of j
accurately interpreted and|
the acceptance standards
in API 1104, or the altern
girth welds in Mandatory 4
(2) Completed welds
destructive examination sh
API 1104 for Welder QU
Testing. Trepanning metho

434.8.6 TypesofWelds,
Nipples

(a) Butt Welds. Butt wel
vee, double vee, or other
designs shown in Figure 431
tions of these joint design
ends of equal thickness. T
of unequal thickness may
welding as shown in Figu

SR oG e STE ot oot r

stream crossings within the
nundation; and river, lake,
ridges

blic highway rights-of-way,
and overhead railroad and

land coastal waters

in used pipe

s not hydrostatically tested in
4.1

nd Acceptance Standards
pection shall consist of visual
examination or other accept-
s, and shall be in accordance
ds used shall be capable of
otential defects that can be
evaluated. Welds shall meet
for discontinuities contained
hite acceptance standards for
\ppendix [ of API 1104.

that have been removed for
all meet the requirements of
alification by Destructive
s of testing shall not be used.

Joint Designs, and Transition

led joints may be ofthesingle
uitable type of groove. Joint
1.8.6-1 or applicable combina-
details are recommended for
he trangition between ends
be acecomplished by taper or
e 43%4.8.6-2, or by means of

a prefabricated transition

hipple not less than one-half

After visible evidence of the arc burn has been
removed by grinding, swab the ground area with a
minimum 10% solution of ammonium persulfate or a
5% solution of nital. A darkened spot is evidence of a
metallurgical notch and indicates that additional grinding
is necessary. If the resulting wall thickness after grinding
is less than that permitted by the material specification,
the portion of pipe containing the arc burnishall be
removed or repaired in accordance with @ara. 451.6.
Insert patching is prohibited.

(b) Weld Defects. Authorization fop-repair of welds,
removal and repair of weld deféets, and testing of
weld repairs shall be in accordance with API 1104.

(c) Pipe Defects. Laminatiofis, split ends, or other
defects in the pipe shall berepaired or removed in accor-
dance with para. 434.5(b).

434.8.8 Preheating-and Interpass Temperature

(a) The welding procedure specification shall specify
the minimum preheat temperature. When the welding
procedure*specification specifies preheating above
ambient temperatures, the method of heating shall be
spegified. For heat treated and other high strength 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
temperatures shall be provided in the welding procedure
specification.

(b) When welding dissimilar materials having different
preheating requirements, the material requiring the
higher preheat shall govern.

(c) Thepreheating temperature shall be checked by the
use of temperature-indicating crayons, thermocouple
pyrometers, or other suitable method to ensure that
the required temperature is attained prior to and main-

pipe diameter in length with acceptable joint designs
as illustrated in Figure 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 i

sosceles triangle as shown in

Figure 434.8.6-3 covering recommended attachment

details of flanges.

(c) Tack Welds. Tack welding shall be done by qualified

welders, the same as all ot

her welds.
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434.8.9 Stress Relieving

(a) Welds shall be stress relieved when the effective
weld throat (see Figure 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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Figure 434.8.6-1 Acceptable Butt Welded Joint Design for Equal Wall Thicknesses

/1gin. £ V32in. (1.5 mm + 0.75 mm)

+5 deg 1
- 0deg 37 42 deg
+2'/, deg

7/gin.
(22 mm) max.

lu

30 deg

/1gin. £ Y32in. (1.5 mm + 0.75 mm)

/r\ 10 deg + 1 deg

T— Rounded

t> gin. 37"/, deg
(22 mm) + 21/, deg

\
N

Y
Ny

YN
W2, 41[— B\ n

(a) Standard End Preparation (b) Standard End Preparation *
of Pipe of Butt Welding Fittings and 1/16 in. £ 1/32in. (1 S5 mm +0.75 mm)

Thinner

30 deg f g g:g

60 deg \

\< 80 deg
2.V R

(d) (e)

Welds in carbon steels having an effective weld throat
larger than 1%, in. (32 mm) and hot larger than 1%in. (38
mm) may be exempted from strgss relieving ifaminimum
preheating temperature of 2000°F (93°C).is-used. The
welding procedure specificaion shall specify when
stress relieving and/or heat treatmént'is required due
to composition, thickness, welding process, restraint of

Optional End Preparation of
Pipe '/gin. (22 mm) and

(c) Suggested End Preparation, Pipe and Fittings
Over "/gin. (22 mm) Thickness

Standard End Preparations

to 37"/, deg
+ 2/, deg

37"/, deg
+ 21/, deg

10 deg + 1deg

~

+ 5 deg
>0 deg

30 deg
371/2 deg
+ 21/, deg

(f)

Acceptable Combinations of Pip¢ End Preparations

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

434.9 Tie-In

Gaps left in the continuous line construction at such
points as river, canal, highway, or railroad crossings

the weld joint, or service contitions. When required,
the welding procedure qualification test shall include
stress relieving and/or heat treatment of the completed
test joint. The postweld stress-relieving and heat treat-
ment requirements in ASME B31.3 or ASME BPVC,
Section VIII, Division 1 or Division 2 may be used as a
guide for minimum stress-relieving and heat-treating re-
quirements.

The thickness to be used to determine the stress-
relieving requirements of branch connections or slip-
on flanges shall be the thickness of the pipe or header.

Tequire special consideration for alignment and
welding. Sufficient equipment shall be available and
care exercised not to force or strain the pipe to proper
alignment.

434.10 Installation of Pipe in the Ditch

It is very important that stresses induced into the pipe-
line by construction be minimized. The pipe shall fit the
ditch without the use of external force to hold it in place
until the backfill is completed. When the pipe is lowered
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Figure 434.8.6-2 Acceptable Butt Welded Joint Design for Unequal Wall Thicknesses

3/3,in. (2.5 mm) max.

(a) See Note (3)(a)

(1:4) [Note (1)]

(b) See Notes (3)(b) and (3)(c)

tp [Note (2)]

tp [Note (2)]

30 deg max. to 14 deg mir]

1

(1:4) [Note (1)]
(d

30 deg max. to 14 deg min. (

See Note (3)(c) (e) See Note (4)(a)

30 deg max. to 14 deg min. (1:4)[Note (1)]

1:4)[Note (1)]

30 deg max.

1

tp[Note (2)]

f

tp [Note (2)]

f

30 deg max. to 14 degmin.

The illustrations in Figure 43
rials of unequal specified m
The wall thickness of the pi
When the specified minimum
at least equal to those of th
The transition between end{
transition nipple not less th|
Sharp notches or grooves af
For joining pipes of unequal
minimum angle limit to the
The effective weld throat, ¢,

No minimum when materia
Maximum thickness, tp, for
Internal Diameters Unequal

(1:4) [Note (1)]

See Note (4)(b)

(g) See Note (5)

4.8.6-2 illustrate acceptable preparations for{joining pipe ends having unequal wall thicknesses and/or mate-
nimum yield strength by butt welding.

pes to be joined, beyond the joint desigh“area, shall comply with the design requirements of this Code.
yield strengths of the pipes to be joined'are unequal, the deposited weld metal shall have mechanical properties
e pipe having the higher strength.

of unequal thickness may be@ccomplished by taper or welding as illustrated or by means of a prefabricated

hn one-half pipe diameter/imlength.

the edge of the weld where’it joins a slanted surface shall be avoided.

all thicknesses and.equal specified minimum yield strengths, the rules given herein apply, except there is no
taper.

, shall be used for‘determining postweld heat treatment requirements.

s joinedthave equal yield strength [see General Note (f)].
Hesign_purposes shall not be greater than 1.5¢t.

(a) Ifthe nominal wall thickn

ofthe adioining nine endsdanotvarymarethan %, in (2 5 mm) nospecial treatmentisnecessary pravided full
3 P + +

penetration and bond are accomplished in welding. See illustration (a).
(b) Where the nominal internal offset is more than % in. (2.5 mm) and there is no access to the inside of the pipe for welding, the transition shall be
made by a taper cut on the inside end of the thicker pipe. See illustration (b). The taper angle shall not be steeper than 30 deg nor less than 14 deg.

(c) Where the nominal intern

al offset is more than one-half the wall thickness of the thinner pipe, and there is access to the inside of the pipe for

welding, the transition may be made with a taper cut on the inside end of the thicker pipe [see illustration (b)], or by a combination taper weld to one-half
the wall thickness of the thinner pipe and a taper cut from that point [see illustration (d)].

(d) Forhoop stresses of more

than 20% of the specified minimum yield strength of the pipe, where the nominal internal offset is more than %, in.

(2.5 mm) butdoes not exceed one-halfthe wall thickness of the thinner pipe, and there is access to the inside of the pipe for welding, the transition may be
made wih a tapered weld. See illustration (c). The land on the thicker pipe shall be equal to the offset plus the land on abutting pipe.

(4)

External Diameters Unequal

(a) Where the external offset does not exceed one-half the wall thickness of the thinner pipe, the transition may be made by welding [see
illustration (e)], provided the angle of rise of the weld surface does not exceed 30 deg and both bevel edges are properly fused.
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Figure 434.8.6-2 Acceptable Butt Welded Joint Design for Unequal Wall Thicknesses (Cont’d)

NOTES (Cont'd)

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

(5) Internal and External Diameters Unequal. Where there is both an internal and an external offset, the joint design shall be a combination of
illustrations (a) through (f). See illustration (g). Particular attention shall be paid to proper alignment under these conditions.

Figure 434.8.6-3 Recommended Attachment Details of Flanges

\ \\\\\\\\\\Kﬁ

(a) Lapped Flange (b) Welding\Neck Flange

. \

0.707t

/2in. (13 mm) max. '” (or t if preferred)

Front and back weld

Front and back weld

(c) Slip-on Welding_Flange (d) Slip-on Welding Flange

Theoretical

Size of weld throat

Theoretical

throat Size of weld

(e) Convex Fillet Weld (f) Concave Fillet Weld
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into the ditch, care shall be exercised so as not to impose
undue stress in the pipe. Slack loops may be used where

laying conditions render their use advisable.

434.11 Backfilling
Backfilling shall be perfo

rmed in a manner to provide

firm support of the pipe. When there are large rocks in the

backfill material, care sh

all be exercised to prevent

damage to the pipe and coating by such means as the

is important, as is the position of the 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 concrete jacketing or
the application of river weights. Complete inspection
shall be provided. Precautions shall be taken during
construction to limit stress below the level that would
produce buckling or collapse due to out-of-roundness

of-tha caommnlatad ninaling
€O pipe

use of a rock shield mate
fill with a rock-free mater
damage. Where the ditch is f
so that the pipe is not floate

prior to backfill completion.

434.12 Restoration of R

These operations shall fd
tices and considerations of

434.13 Special Crossings

Water, railroad, and high
considerations not readily c
since all involve variations
company shall obtain requif
The design shall employ sou
line practice with minimum

1al, or by making the initial
al sufficient to prevent rock
ooded, care shall be exercised
1 from the bottom of the ditch

ight-of-Way and Cleanup

llow good construction prac-
private and public safety.

vay crossings require specific
pvered in a general statement,
in basic design. The pipeline
ed permits for such crossings.
hd engineeringand good pipe-
hazard to the facility and due

consideration of public safety. Construction shall be so

organized as to result in
traffic or the activities of]
Adequate efforts shall be m
of buried pipelines, utility
structures along and crossi
The owners of any affects
adequate prior notice of t
that the owner may mak
and provide a representati

minimal interference with
adjacent property owners.
ade to determine the location
ines, and other underground
g the proposed right-of-way.
ed structures shall be given
he proposed construction so
e operational preparations
Ve at the crossing.

434.13.1 Water Crossings. Crossings of tivers,

streams, lakes, and inland 1
problems, and the designer
of bottom, variation in ban}
and special seasonal proble
mine whether the crossing

on a suspension bridge, o
bridge. Continuity of ope

odies of water areyindividual
shall investigate,composition
s, velocity of'water, scouring,
ms. The designer shall deter-
s to be iinderwater, overhead
r supported on an adjacent
ration’ and the safety of the

g factore haoth 1.4
H

O preceer e

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 adlierence
thereto.

434.13.3 Bridge Attachments. Special requirements
are involved in this type of crossing. The use of higher
strength lightweight steel pipe, propéer design and instal-
lation of hangers, and special )protection to prevent
damage by the elements or bridge and approach traffic
shall be considered. Any*dgreed-upon restrictions or
precautions shall be contained in the detailed specifica-
tions. Inspectors shallassure themselves that these re-
quirements are met.

434.13.4 Raitroad and Highway Crossings

(a) The safety of the general public and the prevention
of damhage to the pipeline by reason of its location are
primary considerations. The great variety of such cross-
ings precludes standard design. The construction speci-
fications shall cover the procedure for such crossings,
based on 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 accordance with para. 402.8. As specified in para.
461.1.7, if casing is used, coated carrier pipe shall be inde-
pendently supported outside each end of the casing and
insulated from the casing throughout the cased section,
and casing ends shall be sealed using a durable, electrically
nonconductive material.

434.13.5 Directionally Drilled Crossings. Written

general public shall be th

ontrollin
e—CORtFoHETactors—Hoth

design and in construction. Where required, detailed
plans and specifications shall be prepared, taking into
account these and any special considerations or limita-
tions imposed by the regulatory body involved.

Plans and specifications for underwater construction
shall describe the position of the line, showing relation-
ship of the pipeline to the natural bottom and the depth
below mean low water level when applicable. To meet the
conditions set outin para. 434.13.1, heavier wall pipe may
be specified. Approach and position of the line in the banks
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ings or for when directional drilling is selected as a pipe lay
method. Plans will include the following:

(a) crossing plan and profile drawings showing all
pipelines, utilities, cables, and structures that cross the
drill path, are parallel to and within 100 ft (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
damage to adjacent underground facilities, including pipe-
lines, utilities, cables, and other subsurface structures. The
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plan shall consider the accuracy of the method to be
employed in locating existing structures and in tracking
the position of the pilot string during drilling. Considera-
tion should be given to having an auxiliary location system
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 lines. The damage
prevention plan should provide specific instructions
regarding the notification of affected parties, including

(b) Valves shall be at accessible locations, protected
from damage or tampering, and suitably supported to
prevent differential settlement or movement of the
attached piping. Where an operating device to open or
close the valve is provided, it shall be protected and acces-
sible only to authorized persons.

(c) Submerged valves on pipelines shall be marked or
spotted by survey techniques to facilitate quick location
when operation is required.

TS

the participation in one-call syj

(c) written safety plan to inc
the event the drilling string imp
The safety plan should identify
be utilized in the event of an em
injuries. The safety plan shall be
construction personnel prior
drilling operations.

(d) plan for containment and
if used.

(e) hydrostatic test plan
pretesting of the fabricated sty
the crossing.

The following publications pr]
of directionally drilled crossing

- American Gas Association H
of Pipelines by Horizontal Dire
neering Design Guide”

- American Society of Civil E
— “Pipeline Crossings Handbo

- Directional Crossing Contr
cations “Guidelines for a Succeg
Bid Package,” “Directional Cro
and “Guidelines for Successful M
ling Projects”

ude contingency plans in
acts subsurface facilities.
acilities and resources to
ergency or any personnel
reviewed on-site with all
b the commencement of

disposal of drilling fluids,

that should consider
ing(s) prior to installing

pvide guidance on design
s:
R-227-9424 “Installation
ctional Drilling, An Engi-

ngineers, Practice No. 89
K"

hctors Association publi-
sful Directional Crossing
sing Survey Standards,”
id-Sized Directional Dril-

434.14 Inland Coastal Wat

r Construction

Plans and specifications shall describe alignment of the

pipeline, depth below mean water level, and depth below
bottom if ditched. Special consigleration shall be given to
depth of cover and other means jof protecting the pipeline
in the surf zone. Consideration shall be givento use of
weight coating(s), anchors, or other means of maintaining
position of the pipe under anticipated cofiditions of buoy-
ance and water motion. Complete constriiction inspection
shall be provided. Precautionjs shall be taken during
construction to limit stress below the level that would

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 crossings and public water supply reservoirs.

(b) Amainline block valve shall be installed at mainline
pump stations, and a block or check valve (wheye appli-
cable to minimize pipeline backflow) shall be installed at
other locations appropriate for the terrain‘features. In
industrial, commercial, and residential areas where
construction activities pose a particulahrisk of external
damage to the pipeline, provisionis/shall be made for
the appropriate spacing and location of mainline valves
consistent with the type ofliquidsiand slurries being trans-
ported.

(c) A remotely operatedsmainline block valve shall be
provided at remotely;eontrolled pipeline facilities to
isolate segments of ‘the pipeline.

(d) On piping systems transporting LPG or liquid anhy-
drous ammonia, check valves shall be installed where ap-
plicable with each block valve to provide automatic
blockage of reverse flow in the piping system.

(e). In order to facilitate operational control, limit the
duration of an outage, and expedite repairs, mainline block
valves shall be installed at 7.5 mile (12 km) maximum
Spacing on piping systems transporting LPG or liquid
anhydrous ammonia in industrial, commercial, and resi-
dential areas.

(f) Mainline block valve locations shall be confirmed by
an analysis of the potential hazards and impacts resulting
from an inadvertent release of product.

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

(n) Valves shall be installed on the suction and

(19)

produce buckling or collapse due to out-of-roundness
of the completed pipeline.
434.15 Block and Isolating Valves

434.15.1 General

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

52

discharge of pump stations whereby the pump station
can be isolated from the pipeline.

(b) Valvesshall be installed on lines entering or leaving
tank farms or terminals at convenient locations whereby
the tank farm, slurry holding pond, or terminal may be
isolated from other facilities such as the pipeline, mani-
folds, or pump stations.
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434.16 Connections to Main Lines

Where connections to the

main line such as branch lines,

jump-overs, relief valves, air vents, etc., are made to the

main line, they shall be

made in accordance with

para. 404.3.1. When such connections or additions are
made to coated lines, all damaged coating shall be

removed and replaced with

new coating material in accor-

dance with para. 461.1.2. This protective coating should

include the attachments.

434.17 Scraper Traps
434.17.1 Scraper traps

(2) The name of the operator and a telephone
number (including area code) where the operator can
be reached at all times.

(c) APIRP 1109 should be used for additional guidance.
(d) Unless required by applicable regulatory agencies,
line markers are not required for buried pipelines located
offshore or under waterways and other bodies of water, or
in heavily developed urban areas such as downtown busi-
ness centers where the placement of markers is imprac-

hre to be installed as deemed

necessary for good operations. All pipe, valves, fittings,
closures, and appurtenandes shall comply with appro-

priate sections of this Codsg.

434.17.2 Scraper traps

bn mainline terminations and

tied into connection piping or manifolding shall be

anchored belowground

with adequate concrete

anchors when required and suitably supported above-

ground to prevent transm
expansion and contraction

434.17.3 Scraper trap

ssion of line stresses due to
to connecting facilities.

hnd 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.

434.17.4 All in-line majinline pipeline scraper traps

shall accommodate the pas

inspection devices during 13

tions.

434.18 Line Markers

(a) Except as provided i

location markers for the p

public, and persons perfor
be placed over each buried

the following:

(1) Markers shall be
crossing, at each railroad
stream crossing, and in s
remainder of the buried lin
including direction of the pi

bage of instrumented internal
unching and receiving opera-

(d) below, adequate pipeline
fFotection of the pipeline, the
ming work in the area shall

pipeline in accordance with

located at each publicroad
crossing, at each‘navigable
iIfficient numbeérs along the
e so that the pipeline location,
beline, is adequately known. It

is recommended that markdrs are installed on each side of

each crossing whenever pd
(2) Markers shall be in

ssible,
stalled at locations where the

Fical and vranld ot carun tha pmanaca For vuhich s apnlrane
e Wotrt ot Serve e patpoSserer—-wiHeharkers

are intended and the local government maintains
substructure records.

434.19 Corrosion Control

Protection of ferrous pipe and components from
external and internal corrosion shall be as prescribed
in Chapter VIIL.

434.20 Pump Station, Tank Farm, and-Terminal
Construction

434.20.1 General. All constructionwork performed on
pump stations, tank farms, terminals, equipment installa-
tions, piping, and allied facilities shall be done under
construction specifications.rSuch specifications shall
cover all phases of the work under contract and shall
be in sufficient detail to ensure that the requirements
of this Code shallthe met. Such specifications shall
include specifi¢csdetails on soil conditions, foundations
and concretework, steel fabrication and building erection,
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
leased property in order to ensure that proper safety
precautions 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
company as to minimize the communication of fire
from structures on adjacent properties. Similar considera-
tion shall be given to its relative location from the station
manifolds, tankage, maintenance facilities, personnel
housing, etc. Sufficient open space shall be left around
the building and manifolds to provide access for mainte-
nance equipment and firefighting equipment. The station,

line is aboveground in areas that are accessible to the

public.

(b) The marker shall state at least the following on a
background of sharply contrasting colors:
(1) The word “Warning,” “Caution,” or “Danger”
followed by the words “Petroleum (or the name of the
hazardous liquid transported) Pipeline” or “Slurry Pipe-

line,” all of which, except for

markers in heavily developed

urban areas, shall be in letters at least 1 in. (25 mm) high

with an approximate strok

e of %, in. (6 mm).
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tank farm, or terminal shall be fenced in such a manner 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 specifications. The excavation for and installation
of foundations and erection of the building shall be
done by craftsmen familiar with the respective phase
of the work, and all work shall be done in a safe and
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workmanlike manner. Inspection shall be provided to
ensure that the requirements of the plans and specifica-
tions are met.

434.20.4 Pumping Equipment and Prime Movers.
Installation of pumping equipment and prime movers
shall be covered by detailed plans and specifications
that have taken into account the variables inherent in
local soil conditions, utilization, and arrangement of
the equipment to provide the optimum in operating

details on soil conditions, foundations and concrete
work, tank fabrication and erection, piping, welding,
equipment and materials, dikes, and all construction
factors contributing to safety and sound engineering prac-
tice.

434.21.2 Location

(a) Tankage or slurry holding ponds shall be located on
the pipeline’s fee or leased property in order to ensure that

ease and maintenance accegs. Machinery shall be
handled and mounted in accordance with recognized
good millwright practice and|be provided with such
protective covers as to prevent [damage during construc-
tion. Recommendations of installation details provided by
manufacturers for auxiliary piping, setting, and aligning

shall be considered as minimu

434.20.5 Pump Station, Ta
Piping. All piping, including
unit interconnections, manifd
that can be subject to the mainlj
structed in accordance with th
para. 434.8), corrosion cont
Chapter VIII), and other practid

requirements.

k Farm, and Terminal
but not limited to main
lds, scraper traps, etc.,
ne pressure shall be con-
e welding standards (see
rol requirements (see
es of this Code.

434.20.6 Controls and Protective Equipment. Pres-
sure controls and protective equipment, including pres-
sure-limiting devices, regulators, controllers, relief valves,
and other safety devices, as shown on the drawings or
required by the specifications, shall be installed by compe-
tent and skilled workmen. Installation shall be accom-
plished with careful handling jand minimum exposure
of instruments and devices to ihclement weather condi-
tions, dust, or dirt to prevent damage. Also, piping,

conduits, or mounting brackets
ments or devices to be distorte
ments and devices shall be inst
checked without undue interrug
installation, controls and prote
tested under conditions approx
to ensure their proper function

434.20.7 Fire Protection,
provided shall be in accordanc
in NFPA 30. If the system insta
of fire pumps, their motive pow
the station power so that thei

hall not cause the instru-
] or in any strain. Instru-
alled so that they can be
tions in operations. After
ctive equipment shall(be
mating actual operations
ing.

Fire protection when
e with recommendations
led requirés the services
er shall be separate from
I gperation shall not be

Proper safety precautions may be appiied. Tank faciiities
or slurry holding ponds shall be located at such clear
distances from adjacent properties not under control
of the company as to minimize the communication of
fire from structures on adjacent properties. Similar
consideration shall be given to relative locations
between station manifolds, pumping equipment, mainte*
nance facilities, personnel housing, etc. Sufficient epen
space shall be left around the tankage facilities or
slurry holding ponds and associated equipmeént to
provide access for maintenance and firefighting equip-
ment. 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 re-
quirements of NFPA 30.

434.21.3 Tanks and Pipe-Type Storage

(a) Tanks for storage or handling of crude oil and liquid
petroleum products and liquid alcohols having vapor
pressures approximating atmospheric shall be con-
structed-ihsaccordance with API 650, API 12B, API
12D, APRI2F, or designed and constructed in accordance
withvaccepted good engineering practices.

(b) Tanks for storage or handling of liquid petroleum
products and liquid alcohols having vapor gage pressures
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 ofliquids having
vapor gage pressures greater than 15 psi (1 bar) shall be
designed and constructed in accordance with the design of
accredited tank builders and ASME BPVC, Section VIII,
Division 1 or Division 2.

(d) Buried pipe-type holders used for storage and han-
dling of liquid petroleum, liquid alcohols, or liquid anhy-

drous ammonia shall he dpcignpd and constructed in

affected by emergency shutdown facilities.

434.21 Storage and Working Tankage

434.21.1 General. All construction work performed on

storage and working tankage and allied equipment,
piping, and facilities shall be done under construction
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 Code
shall be met. Such specifications shall include specific
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accordance with the requirements of this Code for pipe
and piping components.

434.21.4 Foundations. Tank foundations shall be con-
structed 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’s station, tank farm, terminal, or other facilities
from damage by fire from adjacent facilities, as well as the
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protection of the general public, may dictate the need of
dikes or firewalls around tankage or between tankage and
station or terminal. Tank dikes or firewalls, where
required, shall be constructed to meet the capacity re-
quirements set out in NFPA 30.

434.22 Electrical Installations

434.22.1 General. Electrical installations for lighting,
power, and control shall be covered by detailed plans
and specifications, and instdllations shall be in accordance
with codes applicable to th¢ specific type of circuitry and
classification of areas for eldctrical installation. Inspection
shall be provided and all circuitry shall be tested before
operation to ensure that the installation was made in

workmanlike manner to
safety of personnel and e

434.24 Liquid Strainers and Filters

434.24.1 Strainers and filters shall be designed to the
same pressure limitations and subjected to the same test
pressures as the piping system in which they 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 provide for ease
of maintenance and servicing without interference with

provide for the continuing
quipment. Installations shall

be made in accordance with NFPA 70 and API RP 500C.

434.22.2 Care and Han
trical equipment and ins
handled and properly stg
damage, deterioration, or cd
tion. Packaged component:
installation. Equipment su
rioration by exposure to H
protected by using appro

(dling of Materials. All elec-
fruments shall be carefully
red or enclosed to prevent
ntamination during construc-
are not to be exposed until
sceptible to damage or dete-
umidity shall be adequately
riate means such as plastic

film enclosures, desiccants] or electric heating.

434.22.3 Installation.

he installation of electrical

materials shall be made by qualified personnel familiar
with details of electrical aspects and code requirements

for such installation. At all ti
prevent damage to the ins
partial installations shall
during construction. The in
cations shall give considera
and/or moisture-proof encl
relays, small switches, and
case shall the frames of elec
electrical equipment be use
electrical welding.

434.23 Liquid Metering

434.23.1 Positive dis
meters, or equivalent liq
their proving facilities shd

es, care shall be exercised to
ation of cable and wiring. All
be protected from damage
stallation design and specifi-
ion to the need for dust-proof
bsures for such special gear a3
electronic components. In no
[ric motors or other grounded
l as the ground connection for

blacement meters, turbine
uid-measuring devices and
lltbe-designed and installed

+lo ot 4
LT Statlull Uptldtiull.

434.24.3 Thefilteringmedium should be of such reten-
tion size and capacity as to fully protect the facilities
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

The assembly of the various_piping components,
whether done in a shop or as a\field erection, shall be
done so that the completely. efected piping conforms
with the requirements of thisyCode 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 contaet faces bear uniformly on the gasket, and
made up with uniform bolt stress.

435.2:2 In bolting gasketed flanged joints, the gasket
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
designed and supported that when assembled to the
pump flanges and valves it should be relatively free of
stress and should notadd stress orload to the pump frame.

435.3.2 The design and assembly shall take into
account the forces of expansion and contraction to mini-

in accordance with the API N
ment Standards.

e 1D adegarer) M-
TdITUdT UTT CTUUTTUIIT IVITASUT T=

434.23.2 Provisions shall be made to permit access to
these facilities by authorized personnel only.

434.23.3 Assembly of the metering facility compo-
nents shall be in accordance with section 435.
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mize thelr errect within the assembply.

435.3.3 All valves and fittings on pumping units shall
carry the same pressure ratings as required for line oper-
ating pressures.

435.3.4 Welding shall be in accordance with
para. 434.8.

435.3.5 Bolting shall be in accordance with
para. 435.2.
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435.4 Manifolds

435.4.1 All components within a manifold assembly,
including valves, flanges, fittings, headers, and special
assemblies, shall withstand the operating pressures
and specified loadings for the specific service piping to
which it is connected.

435.4.2 Meter banks, prover loops, and scraper traps
shall be subject to the same assembly requirements as

435.4.5 All welding on manifolds and headers shall
conform to para. 434.8.

435.4.6 Final assembly of all components shall mini-
mize locked-in stresses. The entire assembly shall be
adequately supported to provide minimum unbalance
and vibration.

435.5 Auxiliary Piping

43551 All :nwi]inry piping between main units and

manifolds.

435.4.3 Manifold headers with multiple outlets shall
have outlets designed as specifiefl in para. 404.3. Assembly
may be with the use of jigs to enfsure alignment of outlets
and flanges with other componfents. The fabricated unit
shall be stress relieved before femoval from the jig.

435.4.4 Manifold headers gssembled from wrought
tees, fittings, and flanges may| be assembled with jigs
to ensure alignment of comppnents. Stress relieving
should be considered.

auxiliary components shall be assembled in a work-
manlike manner and in accordance with the applicable
code.

435.5.2 Allwelded auxiliarylines shall be assembled in
accordance with the requirements of this Code with
special provisions as required for assembly to minimize
locked-in stress, and for adequate support or restraint.to
minimize vibration.

56
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Chapter Vi
Inspection and Testing

436 INSPECTION
436.1 General

Construction inspection
related facilities shall be ad
with the material, constru
testing requirements of thi

provisions for pipelines and
equate to ensure compliance
tion, welding, assembly, and
s Code.

436.2 Qualification of Ihspectors

Inspection personnel sha|
experience. Such personnel
the following inspection se

(a) right-of-way and gra

(b) ditching

(c) use of explosives

(d) road and railroad ca

(e) pipe stringing and p

(f) bending

(g) lineup and pipe surf

(h) welding

(i) coating

(j) tie-in and lowering

(k) backfilling and clean

(1) pressure testing

[] be qualified by training and
Khall be capable of performing
rvices:

ding

s5ing and crossing
pe and material handling

hce inspection

Lp

(m) special services for flesting and inspection of facil-

ities, such as station const
trical installation, radio
double jointing, etc., as ma

436.5 Type and Extent
436.5.1 Visual

(a) Material
(1) All piping compong
to ensure that no mechanicg

Fuction, river crossings, elec-
braphy, corrosion control,
y be required

of Examination-Required

nts shall be visually inspected
1 damage has occurred during

shipment and handling pric

rto hnihg connected-into the

(b) Construction

(1) Visual inspection for detection of surface defects
in the pipe shall be provided for each job just ahead of any
coating operation and during the lowering-in and backfill
operation.

(2) The pipe swabbing operation shall be inspéc¢ted
for thoroughness to provide a clean surface inSide the
pipe.

(3) Before welding, the pipe shall be_examined for
damage-free bevels and proper alignment¥of the joint.

(4) All welding operations shall.be inspected to
verify that welding is being perferined in accordance
with qualified welding procedufesvby qualified welders.

(5) The stringer bead shall be inspected, particularly
for cracks, before subsequent beads are applied.

(6) The completed;weld shall be cleaned and
inspected prior to coating operations, and irregularities
that could protrude‘through the pipe coating shall be
removed.

(7) When the pipe is coated, inspection shall be made
to determine that the coating machine does not cause
harmful"gouges or grooves in the pipe surface.

(8)" Lacerations of the pipe coating shall 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 ditch.

(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 protection
of pipe and coating. For underwater crossings, the condi-
tion of the ditch and fit of the pipe to the ditch shall be
inspected when feasible.

(11) The fit of the pipe to ditch shall be inspected
before the backfilling operations.

(12) The backfilling operations shall be inspected for

piping system.

(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 man-
ufacturer of the pipe.

quality and compaction ot backfill, placement of material
for the control of erosion, and possible damage to the pipe
coatings.

(13) Cased crossings shall be inspected during instal-
lation to determine that the carrier pipe is supported,
sealed, and insulated from the casing.

(14) River crossings shall have thorough inspection,
and shall be surveyed and profiled after construction.
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(15) All piping components other than pipe shall be

inspected to ensure damage-fr
installation.
(16) Stringing operations s

ee condition and proper

hall be inspected to verify

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 operatigas—shall-be-inspected—te

verify that the maximum allg

completed system. This test may be conducted separately
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.

437.1.4 Testing After New Construction

(a) Systems or Parts of Systems
(1) All liquid and slurry transportation piping

wable angle of bend is

not exceeded and that there is mo wrinkling or excessive

flattening of the pipe.

436.5.2 Supplementary Typ

(a) Testing of field and shoy
accordance with para. 434.8.5.

(b) Radiographic inspect]
performed in accordance with

(c) Coated pipe shall be insp
para. 461.1.2.

(d) Pipeline segments install
shall be inspected for cross
running a sizing plate or caliper

es of Examination

welds shall be made in

ion of welds shall be
para. 434.8.5.
pcted in accordance with

ed by directional drilling
bection deformation by
pig through the crossing

after installation but prior to removing the drilling equip-

ment from the work site or tyi
pipeline system.

436.6 Repair of Defects

436.6.1 Defects of fabricate
shall be repaired or eliminaf
para. 434.5.

hg in the crossing to the

d items and in pipe wall
ed in accordance with

436.6.2 Welding defects shpll be repaired in accor-

dance with para. 434.8.7.
436.6.3 Holidays or other d

hmage to coating shall be

repaired in accordance with para. 461.1.2.

437 TESTING

437.1 General

(a) In order to meet requirg
necessary that tests be mad
system and upon componen
system. When reference in th

ments of this Code, it is
e uponithe completed
t parts of the finished
s €ode is made to tests

Systems wWithiln tThe Scope of this Code, regardiess 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.

(3) Systemsto be operated atahoop stress of 20% or
less of specified minimum yield strength of the pipexniay
be subjected to aleak testin accordance with para-437.4.3
in lieu of the hydrostatic test specified in para;;437.4.1.

(4) When testing piping, in no case shall the test pres-
sure exceed that stipulated in the standards’ of material
specifications (except pipe) incorporated‘in this Code by
reference and listed in Table 423%+-1"for the weakest
element in the system, or portion.ofsystem, being tested.

(5) Equipment not to be subjected to test pressure
shall be disconnected fromfthe piping or otherwise
isolated. Valves may be ‘used if the valve, including
closing mechanism, is-suitable for the test pressure.

(b) Testing Tie-Ins»Because it is sometimes necessary
to divide a pipelingjinto test sections and install test heads,
connecting piping, and other necessary appurtenances for
testing, orto.install a pretested replacement section, it is
not required that tie-in welds be tested; however, tie-in
welds and girth welds joining lengths of pretested pipe
shall'be inspected by radiographic or other accepted non-
destructive methods in accordance with para. 434.8.5(b) if
the system is not pressure tested after tie-in. After such
inspection, the joint shall be coated and inspected in accor-
dance with para. 461.1.2 before backfilling.

(c) Testing Controls and Protective Equipment. All
controls and protective equipment, including pressure-
limiting devices, regulators, controllers, relief valves,
and other safety devices, shall be tested to determine
that they are in good mechanical condition; of adequate
capacity, effectiveness, and reliability of operation for the
service in which they are employed; functioning at the

or portions of tests described in other codes and speci-
fications, they shall be considered as a part of this Code.

(b) Should leaks occur on tests, the line section or
component part shall be repaired or replaced and 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
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correct pressure; and properly installed and protected
from foreign materials or other conditions that might
prevent proper operation.

437.1.5 Testing of Replacement Components. Compo-
nents 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
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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.

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 437 6 1 Visual Examination. Used or new pipe to be

strength of the pipe shall he subjected at any point to a

hydrostatic proof test equ|
times the internal design
para. 401.2.2.2) for not le

valent to not less than 1.25
pressure at that point (see
s than 4 hr. When lines are

tested at pressures that develop a hoop stress, based

on nominal wall thickness,

n excess of 90% of the speci-

fied minimum yield strength of the pipe, special care shall

be used to prevent overstr

pin of the pipe.

(1) Those portions of giping systems where all of the

pressured components are
prooftest to determine that|
further test. This can incl
pretested for use as replac

(2) On those portions

visually inspected during the

there is no leakage require no
de lengths of pipe that are

ement sections.

Df piping systems not visually

inspected while under test, he proof test shall be followed
by areduced pressure leak fest equivalent to not less than
1.1 times the internal desigh pressure for not less than 4

hr.

(b) API RP 1110 may Ye used for guidance for the

hydrostatic test.

(c) The hydrostatic test ghall be conducted with water,
except liquid petroleum that does not vaporize rapidly

may be used, provided

(1) the pipeline sectionp under test is not offshore and

is outside of cities and oth

er populated areas, and each

building within 300 ft (90 ) of the test section is unoc-
cupied while the test pressufre is equal to or greater thana

pressure that produces aho

bp stress of 50% of the specific

minimum yield strength of| the pipe

(2) the test section is
regular patrols during test

(3) communication i$

section

(d) Ifthetestingmedium
thermal expansion during
made for relief of excess pr
changes shall be taken into
are made of recorded test

kept under surveillance by
maintained along the test
in the system will be subject to

thestest, provisions shall be
pssure. Effects of temperature

not be less than 1.25 times the internal design pressure. If
the required test gage pressure exceeds 100 psi (7 bar),
pneumatic testing is not allowed.

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.

laid shall be visually examined in accordance with
para. 436.5.1.

437.6.2 Bending Properties

(a) For pipe of unknown specification or ASTM A120,
bending properties are required if the minimum ‘yield
strength used for design is above 24,000 gsi (165
MPa), and after the type of joint has been identified in
accordance with para. 437.6.4. For pipeNPS 2 and
smaller, a bending test shall meet the requirements of
ASTM A53 or API 5L. For pipe larger' than NPS 2 in
nominal diameter, flattening tests/shall meet the require-
ments in ASTM A53 or API 5L

(b) The number of tests required to determine bending
properties shall be the saméasrequired in para. 437.6.6 to
determine yield strength

437.6.3 Determination of Wall Thickness. When the
nominal wall thi€kness is not known, it shall be deter-
mined by measuring the thickness at quarter points on
one end of‘each piece of pipe. If the lot of pipe is
known tobe of uniform grade, size, and nominal thickness,
measurement shall be made on not less than 5% of the
individual lengths, but not less than 10 lengths; thickness
of the other lengths may be verified by applying a gage set
to the minimum thickness. Following such measurement,
the nominal wall thickness shall be taken as the next
nominal wall thickness below the average of all the
measurements taken, but in no case greater than 1.14
times the least measured thickness for all pipe under
NPS 20, and no greater than 1.11 times the least measured
thickness for all pipe NPS 20 and larger.

437.6.4 Determination of Weld Joint Factor. If the
type of longitudinal or helical seam weld joint is
known, the corresponding weld joint factor
(Table 403.2.1-1) may be used. Otherwise, the factor E

1 . .
dCCOUIT WITETT IITteT pTEtationns
pressures.

(e) After completion of the hydrostatic test, it is impor-
tant in cold weather that the lines, valves, and fittings be
drained completely of any water to avoid damage due to

freezing.

437.4.3 Leak Testing. A

minimum 1-hr hydrostatic or

pneumatic leak test shall 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 test pressure shall

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 unknown spec-
ification, weldability shall be determined as follows. 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 procedure
as to be used in the field. The pipe shall be considered
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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.

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

All test specimens shall be selected at random.

437.6.7 Minimum Yield Strength Value. For pipe of
unknown specification, the minimum yield strength
may be determined as follows.

Average the value of all yield strength tests 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

All test specimens shall be s¢lected at random.

437.6.6 Determination of Y
specified minimum yield strg
strength, or minimum percent
unknown, the tensile propertid
follows.

Perform all tensile tests preq

eld Strength. When the
ngth, minimum tensile
of elongation of pipe is
s may be established as

cribed by API 5L or API

5LU, except that the minimum number of such tests

shall be as follows:

Nominal Pipe

Number of Lengths

Size per Test
Less than 6 200
6 through 12 100
Larger than 12 50

that in no case shall this value be taken as greater than
52,000 psi (358 MPa)

(c) 24,000 psi (165 MPa) if the average yield-tensile
ratio exceeds 0.85

437.7 Records

Arecord shall be maintained in the files of the operating
company relative to design, construction, and testing of
each main line within the scope of this CodeZThese
records shall include material specificationis; route
maps and alignments sheets for “as-built”,condition; loca-
tion of each pipe size, grade, wall thickness; type of seam (if
any), and manufacturer; coatings; and/test data. These
records shall be kept for the life of the facility. See
para. 436.5.1(a)(3).
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Chapter VI
Operation and Maintenance Procedures

450 OPERATION AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY OF
LIQUID AND SLURRY TRANSPORTATION

PIPING SYSTEMS
450.1 General

(a) Itisnot possible to pi]
set of operating and main
encompass all cases. Itis po
ating company to develop
procedures based on the
the company’s experience §
and conditions under which|
adequate from the standpg

(b) The methods and pro|
asageneral guide but do not
ating company of the respon
current particular circumst

(c) It must be recognized
the effects of temperatur
contents, and topograph
bearing on the approach t
and repair job.

(d) Suitable safety equipt
sonnel use at all work areas
liquid anhydrous ammoni
equipment shall include at

(1) full-face gas masky
canisters

(2) independently sup

(3) tight-fitting goggle

(4) protective gloves

(5) protective boots

(6) protective slicker
jacket

escribe in this Code a detailed
enance procedures that will
sible, however, for each oper-
operating and maintenance
brovisions of this Code, and
nd knowledge of its facilities
they are operated, that will be
int of public safety.
cedures set forth herein serve
relieve the individual or oper-
sibility for prudentaction that
ances make advisable.
that local conditions (such as
b, characteristics of the line
y) will have considerable
any particular maintenance

nent shall be available for per-
and operating facilities where
 is transported. Such safety
least the following:

vith anhydrous ammoniarefill

plied air mask
s or full face shield

and/ot-protective pants and

450.2 Operation and Maintenance Plans and
Procedures

Each operating company having a transportation piping
system within the scope of this Code shall

(a) have written detailed plans and training programs
foremployees covering operating and maintenance proce-
dures for the transportation piping system duringnormal
operations and maintenance in accordarce ‘'with the
purpose of this Code. Essential features récommended
for inclusion in the plans for specificportions of the
system are given in sections 451 afid 452.

(b) have a plan for external-and internal corrosion
control of new and existing pipihg systems, including re-
quirements and procedures prescribed in section 453 and
Chapter VIII.

(c) have a written¥emergency plan as indicated in
section 454 for implementation in the event of system
failures, accidentsy or other emergencies. Train appro-
priate operating and maintenance employees with
regard to applicable portions of the plan, and establish
liaison with appropriate public officials with respect to
the plan:

(d)”have a plan for reviewing changes in conditions
affécting the integrity and safety of the piping system,
including provisions for periodic patrolling and reporting
of construction activity and changes in conditions, espe-
cially in industrial, commercial, and residential areas and
at river, railroad, and highway crossings, in order to
consider the possibility of providing additional protection
to prevent damage to the pipeline in accordance 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 failures and acci-

dents for the purpose of dntarmin;ng the cause and-to

(7) easily accessible s

L 4] e O
IUWCT 4dllu/uUl 4t 1T4ast JuU sql

(190 L) of clean water in an open top container

Personnel shall be instru

cted in effective use of masks

and limited shelf life of refill canisters. Protective clothing
shall be of rubber fabric or other ammonia-impervious

material.
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minimize the possibility of recurrence.

(g) 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.

(i) inestablishing plans and procedures, give particular
attention to those portions of the system presenting the
greatest hazard to the public in the event of emergencies
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or because of construction or extraordinary maintenance

requirements.
(j) operate and maintain its
mance with these plans and pr

piping system in confor-
ocedures.

(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.

(1) participate in government-sponsored or industry-
sponsored excavation notification programs.

be installed and maintained along the pipeline in areas of
development and growth to protect the pipeline 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 provides
effective access for expeditious, safe response to emer-

451 PIPELINE OPERATION L\ND MAINTENANCE

451.1 Operating Pressure

(a) Careshall be exercised to

bnsure thatatany pointin

the piping system the maximuin steady-state operating

pressure and static head pre
static condition do not exceed
design pressure and pressure rg
used as specified in para. 401.2
pressure rise due to surges aj
normal operation does not ex
pressure at any point in the pipi
by more than 10% as specified
(b) Apiping system shall be q
ating pressure when the highel

sure with the line in a
ht that point the internal
tings for the components
2.2, and that the level of
d other variations from
feed the internal design
hg system and equipment
in para. 403.3.4.
ualified for a higher oper-
operating pressure will

produce a hoop stress of more than 20% of the specified

minimum yield strength of the
section 456.

(c) If a piping system is derd
pressure in lieu of repair or
maximum steady-state operatin|
mined in accordance with para

(d) For existing systems util
under discontinued or supersed
tions, the internal design pres{
using the allowable stress and
the issue of the applicable ¢
effect at the time of the origing

451.2 Communications

A communications facility sha
safe pipeline operations under
gency conditions.

pipe in accordance with

ted to a lower operating
replacement, the new
p pressure shall be deter-
451.6.2.2(b).
zing materials produced
bd standards or specifica-
ure shall be determined
design criteria listed in
pde or specification in
| construction.

I be maintainedto ensure
both normal and emer-

451.3 Line Markers and Siqns

gency situations.
(b) Proper right-of-way maintenance includes the
following:
(1) controlling vegetation growth
(2) preventing encroachment from above- and
belowground structures
(3) controlling erosion
(4) maintaining access to pipeline systems
(5) maintaining visibility of pipeline markets
(c) Diversion ditches or dikes shall be maintained
where needed to protect against washouts of the line
and erosion of the landowner’s property.

451.5 Patrolling

(a) Each operating companyishall maintain a periodic
pipeline patrol program to observe surface conditions on
and adjacent to the pipeline right-of-way, indication of
leaks, construction activity other than that performed
by the company, and’any other factors affecting the
safety and operation of the pipeline. Special attention
shall be given te-such activities as road building, ditch
cleanouts, excavations, cultivated areas where deep
plowing~or"subsurface ripping is common, 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 anhydrous
dmmonia shall be patrolled at intervals not exceeding
1 week in industrial, commercial, or residential areas.

(b) Underwater crossings shall be inspected periodi-
cally for sufficiency of cover, accumulation of debris, or
for any other condition affecting the safety and security
of the crossings, and at any time it is felt that the crossings
are in danger as a result of floods, storms, or suspected
mechanical damage.

451.6 Pipeline Integrity Assessments and Repairs

(a) Line markers shall be installed and maintained over

each line at each public road crossing, at each railroad
crossing, at each navigable stream crossing, and in suffi-
cient 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 indicate
the location of the line and to provide the required infor-
mation on the pipeline. Additional pipeline markers shall

62

451.6.1 General

(a) Each operator of pipelines designed in accordance
with this Code should consider the need for periodic integ-
rity assessments of those pipelines. An integrity assess-
ment may consist of a hydrostatic test of the pipeline, an
in-line inspection (ILI) followed by remediation of anoma-
lies 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 ILI. For

(19)
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guidance on the integrity-assessment process, the
operator may refer to API 1160.

When assessing pipeline integrity, each operator should
develop criteria for evaluating anomalies identified
through ILI methods, through visual inspection, or
through other technical means. API 1160 provides guid-
ance for evaluating anomalies.

(b) Defect repair criteria and repair methods are
described below as a guldellne for plpellne operators

to use when addressing a
pipelines. It is recognized
elect to perform an engi
(ECA) to identify alternate
gative methods as defined
(c) Repairs shall be cover]
para. 450.2(a)] and shall b
supervision by trained p
hazards to public safety.
consider the appropriate i
RP 2200,AP12201,AP1110
tial that all personnel work
stand the need for careful pl
to the procedures to be fo
repairs, and follow precau
dures outlined in API RP

repairs to pipelines handlj

safety precautions such as
anhydrous ammonia shall a
properties, characteristics,
ciated with those liquid
following detection of a leak
set forth for LPG pipelines

vicinity of any repair shall bq
and after the repair.

(d) Ifaninertgas, sucha
rily displace the liquidina p
of arepair, a detailed writte
Because the potential ene
concerns, this procedt
minimum, the following fa
inert gas:

that a plpellne operator may
heering critical assessment
repair criteria or other miti-
in API 1160.

ed by a maintenance plan [see
e performed under qualified
ersonnel familiar with the
The maintenance plan shall
nformation contained in API
L, and APIRP 1111.Itis essen-
ng on pipeline repairs under-
hnning of the job, be briefed as
llowed in accomplishing the
fionary measures and proce-
200. Personnel working on
ng liquids requiring special
LPG, liquid alcohol, or liquid
so be informed on the specific
and potential hazards asso-
5, precautions to be taken
and safety repair procedures
n API RP 2200. Piping in the
adequately supported during

nitrogen, is used to tempora-
peline system for the purpose
h procedure shall be required.
gy of a gas presents special
re should addressy-as a
ftors related to theuse of an

(1) maximum flow rate of the fluid being displaced

(2) maximum pressuj

e at the ifjection site of the

inert gas

(4) inert gas handling|toeliminate the risks to per-

(3) injection temperat|ure

pressure in the pipeline should be reduced to a level that
would be expected to prevent an anomaly 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 plpellne operator is excavatmg and

excavatlng and phy51cally respondlng to an ILI where
the data indicate the presence of an anomaly that may
affect the integrity of the pipeline, the pressure at the loca-
tion of the anomaly should be reduced as follows
depending on the type of anomaly:

(-a) For anomalies for which the remaining
strength can be calculated, the pressure at the docation
of the anomaly should be reduced to the greater of the
calculated safe operating pressure or.80% of the
maximum steady-state pressure from fecent operating
history.

(-b) For anomalies of unknown significance oper-
ating at a pressure equal to or¢gredter than 40% S,, the
pressure at the location of the.anomaly should be reduced
to 80% of the maximum steady-state pressure from recent
operating history.

The flow of the pipeline segment should not be stopped
if the resulting static pressure at the location of the
anomaly exceed$.80% of the maximum steady-state pres-
sure from reeent operating history.

(f) Materials used for pipeline repair shall be in accor-
dance-with Chapter III and this section.

(g)yRepair welding procedures and welders
performing repair work shall be qualified in accordance
with API1 1104 or ASME BPVC, Section IX. The welders shall
also be familiar with safety precautions and other prob-
lems associated with cutting and welding on pipe thatis or
has been in service. Cutting and welding shall commence
only after compliance with para. 434.8.1(c). See ASME
PCC-2, Article 2.6, para. 4.6 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 cooling effects
of the pipe contents on the soundness and physical prop-
erties of the weld. Welding procedures on pipe not
containing liquid shall be qualified in accordance with

sonnel
(5) safety procedures
tion

such as overpressure protec-

This procedure shall be followed under the supervision

required in (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

para. 434.6.3.

Repairs to pipelines in service shall be inspected
visually and by magnetic-particle or dye-penetrant
inspection methods where appropriate. All welds made
in contact with a carbon steel carrier pipe shall be
inspected for cracks using magnetic-particle inspection
techniques. 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
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magnetic-particle or dye-penetrant techniques to ensure
that all cracks have been removed.

(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.

451.6.2 Limits and Dispositfon of Imperfections and areas A; and 4, should be evaluated as separate anoma-

Anomalies

451.6.2.1 Limits. Pipe cd
removed or repaired.

ntaining leaks shall be

451.6.2.2 Corrosion

(a) External or Internal Corrgsion. Areas of external or
internal metal loss with a maximum depth greater than
80% of the wall thickness shall be removed or repaired. An
appropriate fitness-for-purpose|criterion may be used to
evaluate the longitudinal profile of corrosion-caused
metal loss in base metal of the fipe or of nonpreferential
corrosion-caused metal loss thdt crosses a girth weld or
impinges on a submerged arc yelded seam.

(b) External Corrosion. Externally corroded areas
exposed for examination shpll be cleaned to bare
metal. In general, areas of corfosion with a maximum
depth of 20% or less of the [thickness required for
design, ¢, need not be repairgd. However, measures
should be taken to prevent fufther corrosion. An area
of corrosion with maximum depth greater than 20%
but less than or equal to 809 of the wall thickness
shall be permitted to remain in|the pipeline unrepaired,
provided that safe operating pressure is established.
Generally acceptable methods f¢r calculating a safe oper-
ating pressure include ASME B31G, “modified B31G,” and
an effective area method (e.g., RSTRENG).

For pipelines subjected to unjusual axial loads, latefral
movement, or settlement, or for pipelines comprised of
materials with yield-to-tensile ratios exceeding.0:93, an
engineering analysis shall be performed to-establish a
safe operating pressure.

If the safe operating pressure fis less than the maximum
operating pressure, the affected|area shall be removed or
repaired or the maximum opejratifig pressure shall be
reduced to the safe operating p

ressure or less

(d) Interaction of Corrosion-Caused Metal Loss Areas.
Two or more areas of corrosion-caused metal loss that
are separated by areas of full wall thickness may interact
in a manner that reduces the remaining strength to a
greater extent than the reduction resulting from the indi-
vidual areas. Two types of interaction are possible and
each should be assessed as follows:

(1) Type I Interaction (see Figure 451.6.2.2-1). If the
circumferential separation distance, C, is greater than or

lies. If the circumferential separation distance is less than
6 times the wall thickness, the composite area (4; + 4, -
A3) and the overall length, L, should be used.

(2) Type Il Interaction (see Figure 451.6.2.2-2). If the
axial separation distance, L3, is greater than or equal to 1
in. (25.4 mm), the areas A, and 4, should be evaluated/as
separate anomalies. If the axial separation distancetis\less
than 1 in. (25.4 mm), area A, plus A, should be.used and
the length, L, should be taken as Ly + L, + Lg.

(e) Grooving, Selective, or Preferential\Corrosion of
Welds. Grooving, selective, or preferential corrosion of
the longitudinal seam of any pipe thantfactured by the
electric resistance welding (ERW)\process, electric induc-
tion welding process, or electric/flash welding process
shall be removed or repaired:

451.6.2.3 Gouges, Grooves, and Arc Burns. Gouges
and grooves shall be eévaluated by nondestructive exam-
ination. Superficial ghinding may be necessary to provide a
smooth surface‘for nondestructive examination. The
remaining wall thickness after grinding shall not be
less thanthe'minimum permitted by the component spec-
ification~-Upon completion of superficial grinding, the
absénce of any cracking shall be confirmed by using
dye-penetrant or magnetic-particle inspection. If no
cracking is present, the net remaining wall thickness
shall be determined by ultrasonic measurement.
Gouges and grooves that leave less than the minimum
wall thickness permitted by the component specification
shall be removed or evaluated for repair in accordance
with para. 451.6.2.2(b).

Arcburns shall be removed or repaired by grinding. Arc
burns repaired by grinding shall be etched to confirm
removal of all of the metallurgically altered material. Suit-
able etchants include 10% nital or 20% ammonium
persulfate All dark-etching material shall be remaved

(c) Internal Corrosion. The limitations for areas with
internal corrosion and areas with a combination of
internal and external corrosion are the same as for
external corrosion. When dealing with internal corrosion,
consideration should be given to the uncertainty related to
the indirect measurement of wall thickness and the possi-
bility that internal corrosion may require continuing miti-
gative efforts to prevent additional metal loss.
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and the remaining wall thickness shall be determined
by ultrasonic measurement.

451.6.2.4 Dents. Dents exposed for examination that
have any of the following characteristics shall be removed
or repaired unless an engineering evaluation can demon-
strate that other mitigative action as defined in API 1160
will reduce the risk to an acceptable level:
(a) dents containing gouges, grooving, scratches,
cracking, or other stress riser
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Figure 451.6.2.2-1 Type | Interaction

@ _i c Axis of pipe

Ay
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(b) dents containing metal loss resulting from corro-
sion or grinding where less [than the minimum wall thick-
ness permitted by the comjponent specification remains

(c) dents that affect pipe|curvature at a girth weld or a
longitudinal seam weld

(d) dents with a depth grteater than 6% of the nominal
pipe diameter [0.250 in. (p.4 mm) in depth for a pipe
diameter NPS 4 and smallgr]

The absence of any crackg shall be confirmed by inspec-
tion using magnetic-particlg or dye-penetrant techniques.
Prior to inspection, the surfjce of the dent shall be cleaned
to bare metal. Dents that cduld restrict the passage of ILI
tools should be removed.

451.6.2.5 Cracks. Verified cracks except shallow
crater cracks or star cracks jn girth welds shall be'consid-
ered defects and removed| or repaired unless*an engi-
neering evaluation show}p that they pdse-no risk to
pipeline integrity. Shallow| crater cracks.or star cracks
in girth welds, % in. (4.0 mm) of less in length, are

not considered defects.

451.6.2.6 Anomalies|Created by Manufacturing

indicates that the anomalyrwill not affect integrity
before the next planned¢nspection.

Suspected hard spots.or flat spots should be examined
by means of a hardness tester. Areas having a hardness
level corresponding to Rockwell C 35 or more shall be
removed or repaired.

A lamination that lies on a plane parallel to the pipe
surfaces-shall not be considered a defect unless it inter-
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, thatlies on a plane inclined to the
plane of the pipe surfaces, or that extends to the inside or
outside surface of the pipe shall be removed or repaired.
Prior to repair, the entire extent of the lamination should
be defined by means of ultrasonic measurement of the wall
thickness. Laminations discovered as a result of ILI activ-
ities should be cross-referenced, if possible, to deforma-
tion data to examine the possibility that a lamination is
actually a blister.

451.6.2.7 Blisters. Blisters shall be considered
defects and shall be removed or repaired. Prior to
repair, the entire extent of the blister should be

Processes. An anomaly cr
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 defect unless the operator has reason to suspect that
the anomaly has been enlarged by pressure-cycle-
induced fatigue. If it is established that the anomaly
has become or is likely to become enlarged by pres-
sure-cycle-induced fatigue, the anomaly shall be
removed or repaired, unless an engineering evaluation

bl : ) £ e
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defined by a nondestructive technique.

451.6.2.8 Buckles, Ripples, Wrinkles. For small
ripples (i.e., incipient buckles or wrinkles) that exhibit
no cracks, no repair is required if the crest-to-trough
height, h, meets one of the following criteria where the
maximum operating hoop stress, S, is as shown. The
absence of any cracks shall be confirmed using
magnetic-particle or dye-penetrant inspection.
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Maximum Operating
Hoop Stress, S
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<£) X 100
D

Cannot Exceed

20,000 psi (138 MPa)

2

>20,000 psi (138 MPa), 30,000 psi (207 MPa) (30,000 _s 1]

>30,000 psi (207 MPa), <47,000 psi (324 MPa)

10,000

ao[47000-8 )

repairs. Dents with stress risers may be ground to
remove the stress riser prior to installation of a repair.
Grinding of defects shall include

(1) confirmation of complete removal of the defect
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

ancura caomnlianeca waith apmnranpiata ftnace o
ahRee—wWih © e—+HReSS—+oF

>47,000 psi (324 MPa)

0.D. surface
h
I.D. surface
where
D = outside diameter of the

h
S =

crest-to-trough height o
maximum operating hod

When a group of buckles, ripg
proximity to one another, the

{17,000 )

0.5

E

pipe, in. (mm)
f the ripple, in. (mm)
p stress, psi (145S, MPa)

les, or wrinkles exist in
limitation on h shall be

applied to the largest crest-to-frough height.

451.6.2.9 Permanent Re
removed or repaired by one

pairs. Defects may be
r more of the methods

described below subject to the limitations listed for

each type of defect and
Tables 451.6.2.9-1 and 451.6.2
methods). Other methods can
are supported by sound engi
meet the requirements of this
(a) Removal. The section of p
should be removed as a cylind
placement pipe shall meet
para. 401.2.2 and, where possil
not less than one-half the diaf
in. (76.2 mm), whichever is
should be uncovered or otherw
over a sufficient distance to alloy

repair method (see
9-2 for some acceptable
be used, provided they
neering principles and
Code.

ipe containing the deféct
er and replaced. THe re-
the requirements of
ble, should have{a length
heter or notless than 3
greatefs The pipeline
se relaxed from restraint
v areasonably stress-free

realignment.

CrrSuTre—CopTT

purpose 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.

Areas where grinding reduces the remaining wall thick-
ness to less than the design thickness calculated in accor<
dance with para. 403.2, decreased by an amount equalto
the manufacturing tolerance applicable to the pipe’ or
component, should be analyzed using an appropriate
fitness-for-purpose criterion [see para. 451.6.2.2(b)].
The remaining wall thickness after grinding shall not
be less than 60% of the nominal wall thiekness of the pipe.

If grinding is to be the sole means of repair of a dent
containing cracks or other stress risers, the cracks, stress
risers, or other defects shall be«completely removed and
the remaining wall thicknesszafter grinding shall not be
less than the minimum wall thickness as permitted by the
component specificatioh; which shall be confirmed by
ultrasonic measuremeént methods.

(c) Deposited Weld Metal. Defects in welds produced
with a filler metal, small corroded areas, gouges, grooves,
and arc burnsymay be repaired by depositing weld metal,
provided thatthey are notlocated within the confines ofan
indented region of the pipe. The welding processes shall
betinyaccordance with the appropriate pipe specification
for'the grade and type of pipe being repaired. Weld imper-
fections, arc burns, gouges, and grooves shall be removed
by grinding prior to depositing the weld filler metal. The
qualification test for welding procedures to be used on
pipe containing a liquid shall include the cooling
effects of the pipe contents on the soundness and physical
properties of the weld. Welding procedures on pipe not
containing liquid shall be qualified in accordance with
para. 434.8.3. A welding procedure specification for
repairing by means of deposited weld metal shall be estab-
lished. The welding procedure specification shall define

an
oo ppPTropTITt

(b) Grinding. Defects may be removed by grinding

within the limitations stated below. Prior to grinding,
limits on grinding imposed by the operating pressure,
the remaining wall thickness, and the proximity of
defects should be considered. The ground area should
have a smooth transition (minimum 4-to-1 slope)
between it and the surrounding pipe. See ASME PCC-2,
Article 3.4 for more information on grind repairs. Weld
imperfections, arc burns, gouges, grooves, and cracks
may be removed by grinding prior to any additional

the minimum allowable remaining wall thickness in
areas where weld deposition is to be used and the appro-
priate value of pressure in the carrier pipe during this type
of repair. Low-hydrogen electrodes shall be used to
prevent hydrogen cracking in carbon steel materials.

(d) Full-Encirclement Sleeves. Repairs may be made by
the installation of a full-encirclement-welded split sleeve.
See ASME PCC-2, Article 2.6 for more information on steel
repair sleeves. Sleeve configurations may be one of the
following:
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(1) Non-Pressure-Containing Sleeve Configuration
(Type A). For full-encirclement split sleeves installed
for repair by reinforcement only and not internal pressure
containment, circumferential welding of the ends is not
allowed. A hardenable filler material such as non-
shrink 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

diameter or 4 in. from a girth weld, whichever is
greater. The distance between sleeves should be at
least one pipe diameter. Separated sleeves may be
spaced less than one pipe diameter 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 stress in the carrier pipe.
Methods for accomplishing this include lowering the pres-

ccccc bafora tha claaua ic inctallad ~nalyging avtapn ol
BerofFe—ne—S5Sreeve151h5ta HiE—€

sleeve is used for defects withktengthlessthanlrasdefined

in the following equation, th|
rial may be a minimum of
pipe. For flaws with length g
the sleeve material mustbe
the carrier pipe.

L

20

where
D = piped diameter
t = wall thickness

When a Type Asleeve i
to prevent migration of wat
and the sleeve. Electrical c
between the pipe and the
cathodic protection. Type 4
to repair leaking defects or
defects.

A Type A sleeve may
reduces the hoop stress i
for accomplishing this ing
before the sleeve is installg
ical force, or preheating the
fit.”

(2) Pressure-Containi
B). Type B sleeves shall
less than that of the pipe be
seams of the sleeve shall b
The ends of the sleeve shall
pipe using alow-hydrogen ¢
the sleeve shall extend pas

e thickness of the sleeve mate-
fwo-thirds that of the carrier
reater than L, the thickness of
bqual to or greater than that of

X VD X t

used, measures shall be taken
1 into space between the pipe
bntinuity shall be established
sleeve in order to provide
\ sleeves should not be used
for circumferentially oriented

pe installed in a manner that
h the carrier pipe. Methods
lude lowering the pressure
d, applying external mechan-
sleeve to facilitate a “shrink-

g Sleeve Configuration (Type
have a design pressure ngt
ng repaired. The longitudinal
e full-penetration butt'welds.
be fillet-welded to the)carrier
belding procedure:The ends of
t the edge of the defect for a

minimum of 2 in. (50 mm). If the sleeveisthicker than the

pipe being repaired, the ci
chamfered (at approximate
ness of the pipe or the leg |

cumferential ends should be
ly 45«deg) down to the thick-
engtliof the fillet weld on the

end of the sleeve should not

eallowed to exceed the thick-

2o~ g7

applying-external
mechanical force, or preheating the sleeve to facilitate

a “shrink-fit”

(e) Composite Sleeve. Nonleaking corroded areas and
certain 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
service prior to application. A qualified written procedure
performed by trained personnel is required, and records
shall beretained in accordance with section455. A compo-
site sleeve must have been tested to determine if it is
compatible with cathodic protection ahd the product in
the carrier pipe. The composite sleéve must also retain
its essential properties in a(ilnoist environment at
temperatures within the eperational temperature
range of the pipe. The load-carrying capacity of the
remaining pipe and the(¢omposite sleeve shall be at a
minimum equal to the'nominal load-carrying capacity
of the pipe. Compesite sleeves should be marked and/
or documentedias’to location so that it will be evident
that a repair-has been made at the specific location.

Composite sleeves shall not be used to repair leaks,
metal loss with a depth greater than 80% of the
nominal wall thickness, cracks, or circumferentially
oriented defects.

Composite sleeves may be used to repair defects that
have been removed by grinding.

(f) Mechanical Bolt-On Clamp. Repairs may be made to
both leaking and nonleaking defects by the installation of a
mechanically applied clamp. A mechanical clamp shall
have a design pressure 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 mechanical 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

ness of the carrier pipe by more than %4 in. (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 consideration 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

67

1. (50 mm). Mechanically applied tull-encirclement
repair fittings shall meet the design requirements of
para. 401.2.

(g) Hot Tapping. Defects may be removed by hot
tapping. When hot tapping is used as a means of
repair, the portion of piping containing the defect shall
be completely 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 nothave adequate resistance to external
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forces and moments if used without full-encirclement re-
inforcement.

(h) Fittings. Minor leaks resulting from external corro-
sion and small externally corroded areas may be repaired
by the installation of a welded fitting. Welded fittings used
to cover pipeline defects shall not exceed NPS 3 and shall
have a design pressure not less than that of the pipe being
repaired. Pipe containing arc burns, grooves, and gouges
may be repaired with a welded fitting if the arc burn or

stress riser associated with

goga-oFr graoaova ic
A=A ¥-3>2 S-Ove—15

also provides methods to check cyclic stress components
for fatigue.

(b) Installation of uncased carrier pipe is preferred.
Adjustments of existing pipelines in service at a proposed
railroad or highway crossing shall conform to details
contained in API RP 1102. As specified in
para. 461.1.7, if casing is used, coated carrier pipe
shall be independently supported outside each end of
the casing and insulated from the casing throughout

tha cacad cactinn nd cacing ande chall hao caalad

removed by grinding. No cra
this method.

(i) Patchesand Half Soles. Nei
shall be installed on pipelines.

451.6.2.10 Temporary Rep
may be necessitated for opd
temporary repairs shall be ma
in accordance with sound e
Temporary repairs shall be mad
in a permanent manner as soon
with this Code.

Py
=5 () ST

Lk shall be repaired by

her patches nor halfsoles

airs. Temporary repairs
rating purposes. Such
e in a safe manner and
hgineering principles.
e permanent or replaced
hs practical in accordance

451.6.3 Testing Repairs to Pipelines Operating at a

Hoop Stress of More Than

20% of the Specified

Minimum Yield Strength of thg Pipe. When a scheduled

repair to a pipeline is made by ¢
pipe as a cylinder and replacing
pipe, the replacement section of|
a pressure test. The replacemer
tested as required for a new pi
para.437.4.1. The tests may be
installation, provided radiogra

Litting out a section of the
it with another section of
pipe shall be subjected to
t section of pipe shall be
eline in accordance with
made on the pipe prior to
bhic or other acceptable

nondestructive tests (visual ipspection excepted) are

made on all tie-in butt welds a

451.8 Valve Maintenance

fter installation.

Pipeline block valves shall be inspected, serviced where

necessary,and partially operate
ensure proper operating condif

451.9 Railroads and Highw
Pipelines

(a) When an existing pipeling
road or railroad, the operating d
pipeline in the area to be cros

|l atleast once each yearto
ions.

pys Crossing ‘Existing
is to bé\Crossed by a new

ompany shall analyze the
sed~in terms of the new
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using a durable, electrically nonconductive material.

(c) Testing and inspection of replaced pipe sections
shall conform to requirements of para. 451.6.3. All new
girth welds in the carrier pipe shall be radiographed
or inspected by other acceptable nondestructive
methods (visual inspection excepted).

451.10 Inland Waters Platform Risers

Riser installations shall be visually inspected;atinually
for physical damage and corrosion in the splash zone and
above. The extent of any observed damage shall be deter-
mined, and, if necessary, the riser installation shall be
repaired or replaced.

451.11 Leak Detection

While in operation, all pipe segments should be peri-
odically monitored to ensure they are not leaking. On-
site personnel, both’as neighbors of the pipeline
system and as operator employees, discover many
leaks. Operators:should continue to communicate and
maintain the 'detection and response skills necessary to
supportyvistal inspection of the pipeline system. In addi-
tion, operators should consider supplemental leak detec-
tion methods other than visual.

Sélection and implementation of the leak detection
system should take into account the risk of both the like-
lihood and consequence of a leak. Some factors that could
reduce the risk when an operator is determining the type
and frequency of monitoring to employ include the
following:

(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

anticipated external loadsim accordance with
para. 402.8. If existing pipeline stresses exceed the allow-
able stress requirement of para. 403.8.6, the operating
company shall install mechanical reinforcement, struc-
tural 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

68
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(c) construction — material operating well below
threshold limits

(d) operating at low stress levels

(e) leak history — indicates years with no leaks

Response time expected during a leak or emergency is
another important factor that should be considered.
Longer response time supports the benefit of faster detec-
tion needs. Accuracy of detection and lack of false indica-
tions are also factors that support or diminish the
reliability of the leak detection method selected.



https://asmenormdoc.com/api2/?name=ASME B31.4 2019.pdf

69

Table 451.6.2.9-1 Acceptable Pipeline Repair Methods (Nonindented, Nonwrinkled, and Nonbuckled Pipe)

Repair Methods

4b
4a Pressure- 6
1 2 3 Reinforcing Full-  Containing Full- 5 Mechanical
Replace as  Removal by Deposition of Encirclement Encirclement Composite Bolt-On 7 8
Type of Defect Cylinder Grinding Weld Metal Sleeve (Type A) Sleeve (Type B) Sleeve Clamps Hot Tap Fittings
External corrosion <80% t Yes No Limited Limited Yes Yes [Note (3)] Yes Limited Limited
(excluding grooving, [Note (1)] [Note (2)] [Note (3)] [Note (4)] [Note (5)]
selective, or preferential
corrosion of ERW, EFW seams)
External corrosion >80% t Yes No No No Yes No Yes Limited Limited
[Note (1)] [Note (4)] [Note (5)]
Internal corrosion <80% ¢t Yes No No Limited Yes Limited Yes Limited No
[Note (1)] [Note (6)] [Note (6)] [Note (4)]
Internal corrosion >80% t Yes No No No Yes No Yes Limited No
[Note (1)] [Note (4)]
Grooving, selective or Yes No No No Yes No Yes Limited No
preferential corrosion of [Note (1)] [Note (4)]
ERW, EFW seam
Gouge, groove, or arc burn Yes Limited Limited Limited Yes Litnjted Yes Limited Limited
[Note (1)] [Note (7)] [Notes (2), (7)] [Notes (3), (8)] [Notes (3), (8)] [Note (4)] [Notes (5), (8)]
Crack Yes Limited No Limited Yes Limited Yes Limited No
[Note (1)] [Note (7)] [Note (7)] [Note (7)] [Note (4)]
Hard spot Yes No No Limited Yes No Yes Limited No
[Note (1)] [Note (3)] [Note (4)]
Blisters Yes No No No Yes No Yes Limited No
[Note (1)] [Note (4)]
Defective girth weld Yes No Limited No Yes No Yes No No
[Note (1)] [Note (2)]
Lamination Yes No No No Yes No Yes No No
[Note (1)]
NOTES:
(1) Replacement pipe should havga minimum length of one-half of its diameter or 3 inl.(76.2 mm), whichever is greater, and shall meet or exceed the same depign requirements as those of the

2

(3)
(4)
(5)
(6
(N

(8

carrier pipe.

The welding procedure specifi
process must be used.
Tight-fitting sleeve at area of d
Defect must be contained ent|
The defect shall be contained
May be used only if internal
Gouge, groove, arc burn, or ¢
para. 451.6.2.2(a). Removal o
May be used only if gouge, gro
burns).

Fation shall define minimum remaining wall thickness in the area to be repaired and maximum level of internal pressure duri

fect must be ensured or a hardenable filler'such as epoxy or polyester resin shall be used to fill the void or annular space betw
rely within the area of the largest possible coupon of material that can be removed through the hot-tap fitting.
entirely within the fitting and the fitting size shall not exceed NPS 3.

orrosion is successfully mitigated.
ack must be entirely remgved without penetrating more than 40% of the wall thickness. The allowable length of metal
gouge, groove, arc burh, ‘ot crack must be verified by visual and magnetic-particle or dye-penetrant inspection (plus et
bve, arc burn, or crack isentirely removed and removal is verified by visual and magnetic-particle or dye-penetrant inspecti

hg repair. Low-hydrogen welding

ten the pipe and the repair sleeve.

removal is to be determined by
thant in the case of arc burns).
bn (plus etchant in the case of arc

610Z-¥'1€d NSV
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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 Limited Yes Limited Yes
diameter of the pipe [Note (1)] [Note (2)] [Note (2)]
containing seam or
girth weld
Dents <6% of the Yes Limited Limited Yes Limited Yes
diameter of the pipe [Niote (1)] [Note (3)] [Notes (2), (4)] [Notes (2), (4)]
containing gouge,
groove, or crack
Dents <6% of the Yes No Limited Yes Limited Yes
diameter of the pipe [Niote (1)] [Note (2)] [Note (2)]
containing external
corrosion with depth
exceeding 12%% of
wall thickness
Dent exceeding 6% of Yes No Limited Yes Limited Yes
the diameter of pipe [Note (1)] [Note (2)] [Notes (2), (4)]
Buckles, ripples, or Yes No Limited Yes No Yes
wrinkles [Niote (1)] [Note (2)]
Leaking coupling Yes No No Yes No Yes
[Note (1)]
Defective sleeve from Yes No No Yes No Yes
prior repair [Note (1)]

NOTES:
(1) Replacement pipe should have a m
design requirements as those of
(2) A hardenable filler such as epoxy
(3) May be used only if the crack, strg
penetrant inspection (plus etchan
permitted by the component spe
(4) May be used only if gouge, groovg
penetrant inspection (plus etchar

The operator should carefu
systems. The detection system
scheduled right-of-way patrol, a
ysis of blocked-in pressures; m
or pressure from steady-state of
balances; pressure wave analy
capable of detecting leakage in|

he carrier pipe.

Fification.

t in the case of arc burns).

ly select leak detectien
can consist of regularly
brial, land, or waters\anal-
nitoring changes-of flow
peration; volumetric line
is, or any other method
a timelyvmanner. Moni-

toring intervals vary from conti
evaluation software, to range
visual observation methods. I
toring is utilized, API RP 1130

Whatever method is selected, operators should monitor
and analyze their leak performance periodically and make
adjustments to the leak detection method selected to

reduce the leakage.

huodswith computerized
romr weekly to daily for
computer-based moni-

should be followed.

inimum length of one-half of its diameter or 3 in. (76.2 mm), whichever is greater, and shall meet the same

or polyester resin shall be used to fill the void between the pipe and the repair sleeve.
ss riser, or other defect is entirely removed, removalis verified by visual and magnetic-particle or dye-
in the case of arc burns), and the remaining wall thiekness is not less than the minimum wall thickness as

, arc burn, or crack is entirely removed and removal is verified by visual and magnetic-particle or dye-

451.12 Strain Criteria for Existing Pipelines

When an existing pipeline experiences a noncyclic dis-
placement of its support (such as fault movement along
the pipeline route or differential support settlement or
subsidence along the pipeline), 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 of the installed pipeline. This

strains such as those found in dents, field bends, or induc-
tion bends. The permissible maximum tensile strain
depends on the ductility of the material, 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 welds to undergo such strains without detrimental
effect shall be considered. Maximum tensile strain shall be
limited to 2%.

70
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452 PUMP STATION, TERMINAL, AND STORAGE
FACILITIES OPERATION AND MAINTENANCE

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

(1) 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 API 2015.

452.4 Storage of Combustible Materials

All flammable or combustible materials in quantities

to ensure the proper functi
and alarm equipment.

(b) Pipeline equipment
should be monitored regu
The operator should evalu
giving consideration to the|

(1) monitoring system
level alarms, pump seal f3
alarms of tanks and storag

(2) observation pat
conducted on an hourly, da
ule appropriate for the loc

(3) periodic static p
storage tanks

ning of all shutdown, control,

ocated on operator property
arly for indications of leaks.
hte the alternatives available,
following:

s such as gas detectors, sump-
ilure alarms, and high-level
e vessels

ols or operational checks
ly, weekly, or monthly sched-
htion’s factors

Fessure tests of piping and

(4) careful evaluatiof of routine operating volu-

metric receipt, delivery, anl
(5) fugitive emission

(6) public awareness |
tion and response to leaks
A periodic review and
occurred on the operator’s
to identify corrective actio

d inventory reports

esting of seal and glands
rograms to enhance recogni-
etc.

analysis of leaks that have
broperty should be conducted
1s.

452.2 Controls and ProLective Equipment

(a) Controls and protecti
sure-limiting devices, reguls
and other safety devices, sh
periodic inspections and tes
provided in (b), to determi

(1) in good mechanicg

(2) adequate from th
reliability of operation fo
are employed

(3) set to function at

(4) properly installed
materials or other cond

e equipment, including pres-
tors, controllers, relief valves;
all be subjected to systematie
ts, at least annually, exeept/as
ne that they are
1 condition
e standpoint of €apacity and
r the service in which they

he correct pressure
and-protected from foreign
itions that might prevent

beyond those required for everyday use or other than
those normally used in pump houses shall be stored in
a separate structure built of noncombustible material
located a suitable distance from the pump house. All
aboveground oil or gasoline storage tanks shall be
protected in accordance with NFPA 30.

452.5 Fencing

Station, terminal, and storage areas shall be‘maintained
in a safe condition, and shall be fenced and locked, or
attended, for the protection of the propefty and the public.

452.6 Signs

(a) Suitable signs shall be posted to serve as warnings
in hazardous areas.

(b) Classified and-high-voltage areas shall be
adequately marked and isolated.

(c) Caution signs-shall be displayed indicating name of
the operating .company and, where possible, an emer-
gency telephone contact.

452.7 Prevention of Accidental Ignition

(a)” Smoking shall be prohibited in all areas of a pump
station, terminal, or tank farm in which the possible
leakage or presence of vapor constitutes a hazard of
fire or explosion.

(b) Flashlights or hand lanterns, when used, shall be of
the approved type.

(c) Welding shall commence only after compliance
with para. 434.8.1(c).

(d) Consideration should be given to the prevention of
other means of accidental ignition. See NACE SP 0177 for
additional guidance.

453 CORROSION CONTROL

(19)

proper operation
(b) Reliefvalves onpress

ure storage vessels containing

LPG or liquid anhydrous ammonia shall be subjected to

tests at least every 5 yr.

452.3 Storage Facilities

(a) Storage facilities, including atmospheric and pres-
sure tanks, handling the liquid or slurry being transported
shall be periodically inspected and pertinent records
maintained. Points to be covered include

71

Protection of ferrous pipe and components from
external and internal corrosion, including tests, inspec-
tions, and appropriate corrective measures, shall be as
prescribed in Chapter VIII.

454 EMERGENCY PLAN

(a) A written emergency plan shall be established for
implementation in the event of system failures, accidents,
or other emergencies, and shall include procedures for
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prompt and expedient remedial action providing for the
safety of the public and operating company personnel,
minimizing property damage, protecting the environ-
ment, and limiting accidental discharge 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

(3) interim instructions to local authorities prior to
arrival of qualified operating company personnel 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

] accacc
THS—tratts ocr

the safe practices in the handling

and repair of the facilities, with
problems and additional preca
leaks and repair of systems tj
or liquid anhydrous ammonia.
shall establish scheduled review,|
dures to be followed in emer

O ceraC o aiStrar

emphasis on the special
itions in the handling of
ansporting LPG, slurry,
The operating company
5 with personnel of proce-
bencies at intervals not

exceeding 6 months, and reviews shall be conducted

such that they establish the com
plan.

(c) Procedures shall cover lid
civil agencies such as fire dep
ments, sheriff’s offices, highway
in or near the pipeline right-of

petence of the emergency

ison with state and local
hrtments, police depart-
patrols, and other entities
Fway (e.g., electrical and

other utilities, highway authofrities, and railroads) to

provide prompt intercommun
remedial action; dissemination

cations for coordinated
finformation on location

of system facilities; characteristlics of the liquids or slur-

ries transported, including addi
sary with leaks from piping sys
liquid anhydrous ammonia; and
erative action as necessary to
public in the event of emergen

(d) Aline of communications
residents along the piping systel
a system emergency to the
company personnel. This cot
card, sticker, or equivalent wit
telephone numbers of operatin
be contacted.

fional precautions neces-
ems transporting LPG or
oint preparation of coop-
ensure the safety of the
Cies.

shall be established with
n to recognize and report
Qppropriate operating
ld include supplying a
h names, addresses, and
g company personnel to

(e) In the formulation of enpergency procedures-for

limiting accidental discharge
the operating company shall gi
(1) formulating and placin
for an area cooperative pipelin|
gency action system betwee
having piping systems in the al

‘rom the pipinglsystem,
Ve consideration to

b in operation'procedures
e leak hotification emer-
N operating companies
ea

(6}—in-the-case-of systems-transperting LPGassess
ment of extent and coverage of the LPG vapor cloud and
determination of hazardous area with portable explosi-
meters; ignition of vapors atleak site to prevent the uncon-
trolled spread of vapors; utilization of temporary 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 the 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 plug-
ging equipment where itis anticipated thatvaporization of
liquid anhydrous ammonia entragped in the pipeline
segment will continue over a prolenged period

455 RECORDS

For operation and maintenance purposes, the following
records shall be propeyly maintained:

(a) necessary operational data

(b) pipeline patrol records

(c) corrosian records as required under section 468

(d) leak.and break records

(e) records pertaining to routine or unusual inspec-
tionsysuch as external or internal line conditions

{f) pipeline repair records

456 QUALIFYINGAPIPINGSYSTEMFORAHIGHER
OPERATING PRESSURE

(a) In the event of up-rating an existing piping system
when the higher operating pressure will produce a hoop
stress of more than 20% of the specified minimum yield
strength of the pipe, the following investigative 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

(2) reduction of pipeline pressure by ceasing

pumping operations on the piping system, opening the
system to delivery storage on either side of the leak
site, and expeditious closing of block valves on both
sides of the leak site, and in the case of systems trans-
porting LPG, continuation of pumping until LPG has
been replaced at point of leak by a less volatile
product if vapors are not accumulating to an extent
that a serious hazard appears imminent

72

to determine that the proposed increase in maximum
steady-state operating pressure is safe 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 control
records, or other suitable means

(3) repairs, replacements, or alterations in the piping
system disclosed to be necessary by (1) and (2) above be
made
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(b) The maximum steady-state operating pressure may
be increased after compliance with (a) and one of the
following provisions:

(1) If the physical condition of the piping system as
determined by (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

by this Code for a new system to operate under the
same conditions.

(c) In no case shall the maximum steady-state oper-
ating pressure of a piping system be raised to a value
higher than the internal design pressure permitted 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

greater than required in pa
for anew piping system for t
steady-state operating pres
ated at the increased max]
pressure.

(2) If the physical con
determined by (a) indicates
to withstand the increased
ating pressure has not bee
system has not been pre
required by this Code for
proposed higher maximum
sure, the system may be
maximum steady-state
system shall successfully

ac A7 A 10 and A7 A 1()
as—4374Ha)and4374-1He}
he proposed higher maximum

sure, the system may be oper-
mum steady-state operating

Hition of the piping system as
that the ability of the system
maximum steady-state oper-
satisfactorily verified, or the
viously tested to the levels
A new piping system for the
steady-state operating pres-
operated at the increased
pperating pressure if the
withstand the test required

obcaruatione of tha nining cuctans
D5 vatoRS—o++tne PR E-SySteHt-

(d) Records of such investigations, work performed,
and pressure tests conducted shall be preserved as
long as the facilities involved remain in service.

457 ABANDONING A PIPING SYSTEM

Inthe eventof abandoning a piping system, itis required
that

(a) facilities to be abandoned in place shall-be discon-
nected from all sources of the transported liquid, such as
other pipelines, meter stations, controllines, and other
appurtenances

(b) facilities to be abandoned in'place shall be purged of
the transported liquid and vapor with an inert material
and the ends sealed

73
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(a) This Chapter contains thg
and procedures for controllin
corrosion and erosion of expos
metallic pipe and components. ]
to the design and installation of
ciated piping systems and to th
nance of existing pipelines and 4

(b) The provisions of this C
under the direction of compet
Every specific situation cannot
the application and evaluation
tices require a significant amouy
in order to be effective in mitig

(c) Deviations from the prov
permissible in specific situation|
company can demonstrate that
herein have been achieved.

(d) Corrosion control requil
may in many instances require
those shown in this Chapter. |
shall establish procedures to
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Chapter VIl
Corrosion Control

minimum requirements
g external and internal
bd, buried, or submerged
'his Chapter is applicable
new pipelines and asso-
e operation and mainte-
ssociated piping systems.
lapter should be applied
bnt corrosion personnel.
be anticipated; therefore,
f corrosion control prac-
it of competent judgment
ating corrosion.

sions of this Chapter are
5, provided the operating
the objectives expressed

ements and procedures
measures in addition to
ach operating company
mplement its corrosion

control program, including the requirements of this

Chapter, to achieve the desireq
including those for design, instg
of cathodic protection systemj
implemented by or under the d
ified by training or experiend
control methods.

461 EXTERNAL CORROSION
BURIED OR SUBMERGEH

461.1 New Installations
461.1.1 General. All new bu

objectives. Procedures,
llation, and maintenance
, shall be prepared and
irection of persons qual¢
e, or both, in corrosion

| CONTROL-FOR
D PIPELINES

Fied or submerged pipe-

National Association of Corrosion Engineers (NACE)
International, is a source of information on materials
performance in corrosive environments.

461.1.2 Coating Requirements

(a) The surface preparation shall be compatible with
the coating to be applied. The pipe surface shall be frée’of
deleterious materials, such as rust, scale, moisture;~dirt,
oils, lacquers, and varnish. The surface shall beginspected
for irregularities that could protrude through<he coating.
Any such irregularities shall be removed. Further infor-
mation can be obtained from NACE/SSPC Joint Surface
Preparation Standards.

(b) Suitable coatings, including.compatible field joint
and patch coatings, shall be selected, giving consideration
to handling, shipping, storing, installation condition,
moisture adsorption, operating temperatures of the pipe-
line, environmental factors (including the nature of the
soil or water in contact with the coating), adhesion char-
acteristics, and_dielectric strength. Further information
can be obtained from NACE Standards SP 0185, SP
0188, SP.0198, SP 0274, RP 0303, SP 0375, SP 0394,
RP 0399, RP 0402, SP 0490, and RP 0602.

(c) Coatings shall be applied in a manner that ensures
effective adhesion to the pipe. Voids, wrinkles, holidays,
and gas entrapment should be avoided. In rocky environ-
ments, the use of a protective outer wrap, select backfill, or
other suitable measures shall be considered to minimize
physical damage to the coating.

Consideration should be given to providing an over-
coating or other protection of coatings in storage 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 inspected for
holidays by the most appropriate method. Coating

(19),

lines and associated terminal and pump station piping,
except as permitted under para. 461.1.3 and section
466, shall be externally coated and cathodically protected
unless it can be demonstrated by test or experience that
the materials are resistant to corrosion in the environ-
ment in which they are installed. Consideration shall
be given to the handling, shipping, storing, installation
conditions, and the service environment and cathodic
protection requirements when selecting the coating mate-
rials. The Corrosion Data Survey, published by the

defects or damage that may impair effective corrosion
control shall be repaired before installing the pipe in
the ditch. Further information can be obtained from
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 coating,
e.g., belts or cradles instead of cables



https://asmenormdoc.com/api2/?name=ASME B31.4 2019.pdf

ASME B31.4-2019

(3) use padded skids where appropriate
(4) stack or store pipe in a manner that prevents or
minimizes damage to coating

461.1.3 Cathodic Protection Requirements. Unless it
can be demonstrated by tests or experience that cathodic
protection is not needed, all buried or submerged pipe-
lines with barrier-type coatings, except facilities installed
for a limited service life, shall be cathodically protected as
soon as feasible following installation.

(4) the corrosive effects of high-voltage direct
current (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 consid-
ered. If used, the isolating pipe spools shall be designed to
prevent ionic current resulting inside the pipeline

Pipelines installed for a limited service life need not be
cathodically protected if it fan be demonstrated that the
pipeline will not experience corrosion that will cause it to
be harmful to the public or gnvironment. Cathodic protec-
tion systems shall be designed to protect the buried or
submerged pipeline inits enfirety. A pipeline is considered
to be cathodically protected when it meets one or more of
the criteria listed in Section| 6, Criteria and Other Consid-
erations for Cathodic Proteftion, of NACE SP 0169-2007.

461.1.4 Electrical Isola

461.1.4.1 Foreign Stru
piping systems shall be elecf
nections with foreign systen
metallic structures are ele
cathodically protected as 3
electrically isolated from ca
rous metal pipelines and cor
be made of pipeline and pip
tional contacts with other
contacts exist, they shall be d
can be obtained from NAC

ion
ttures. All coated pipeline and
rically isolated at all intercon-
1s, except where underground
ctrically interconnected and
unit. Steel pipelines shall be
5t iron, ductile iron, or nonfer-
hponents. Electrical tests shall
ng systems to locate uninten-
metallic structures. If such
orrected. Further information
E SP 0286.

461.1.4.2 Electric Tral;]smission Lines. Where a pipe-

line parallels overhead elec
eration shall be given to
(a) investigating the neg
joints in the pipeline again
from ground faults and lig
be obtained by
(1) grounding in the 4
impressed current anode m
cable

ric transmission lines, consid-

essity of protecting isolating
st induced voltages resulting
htning. Such protection*ean

ffected area with.galvanic or
hterial or with.bare grounding

(2) bridging the pipeline insulator with a spark gap

(3) combinations of (]
(4) other sound engin|

) and.(2)"above
eering practices

(b) making a study in c

llaboration with the electric

between different pipeline steel potentials.

461.1.5 Electrical Connections and Monitoring Points

(a) Except for offshore pipelines and piping systems,
sufficient test points should be installed to demonstrate
the effectiveness of corrosion control or the need-for
cathodic protection.

(b) Special attention shall be given to the«manner of
installation of electrical leads used fo¥“corrosion
control or testing to avoid harmful stress ‘¢oncentration
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 oxide and
aluminum powder. The size'of the thermite welding
charge should be selected based on the wall thickness,
operating pressure,ahd thermite welding equipment
manufacturer’s recemmendations.

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other methods that do not
involve teniperatures exceeding those for soft solders.

(c) Al'pipe thatis bared for electrical lead connections
andrall.bared electrical lead wires shall be protected by
electrical insulating material compatible with existing
coating.

461.1.6 Electrical Interference

(a) Impressed current cathodic protection systems
shall be designed, installed, and operated so as to mini-
mize adverse effects on existing metallic structures.

(b) Field tests shall be conducted to determine the
adverse electrical interference from foreign cathodic
protection installations, DC rail, and electrical facilities.
The effects shall be mitigated by such means as
control bonds, supplementary cathodic protection,
protective coatings, insulating devices, galvanic anodes,

company, taking the following factors into consideration
and applying remedial measures as appropriate:

(1) the need to mitigat

e induced AC voltages or their

effects on personnel safety during construction and opera-
tion of the pipeline by means of suitable design for

bonding, shielding, or grou

nding techniques

(2) the possibility of lightning or fault currents indu-

cing voltages sufficient to p
(3) possible adverse e

uncture pipe coatings or pipe
ffects on cathodic protection,

communications, or other electronic facilities
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or other acceptable methods determined by sound engi-
neering 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
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casings, and the casing ends shall be sealed with a durable
material 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
isolation is not achieved, action shall be taken to correct
the condition by clearing the short if possible, by miti-
gating the potential for corrosion inside of the casing
by installation of a high resistivity inhibited material in
the annular space, by supplemeptirgea i ioH;
or by other sound engineering gractice. Further informa-
tion can be obtained from NACE SP 0200.

461.2 Existing Buried or S
Pipelines

461.2.1 General. Procedureg
evaluating the need for a corrg
the effectiveness of existing corf
or both. Appropriate correctiy
commensurate with the conditig
and actions shall include, but not
in para. 461.2.

461.2.2 Evaluation

(a) The records available 4
instrumented inspections, rej
normal maintenance work shall
of continuing corrosion.

(b) Electrical survey method
cation of suspected corrosive aif
tions permit sufficiently accur
surveys are most effective in 1
Common survey methods incl
to, the following:

(1) pipe-to-soil potentials
surveys

(2) voltage gradient surve

(3) soil resistivity

(c) Thecontinued effectivene
system shall be monitore
para. 461.2.7.

461.2.3 Corrective Measure$

(a) If continuing corrosion
could result in a condition that

bmerged Steel

shall be established for
sion control program or
rosion control programs,
e action shall be taken
ns found. The procedures
be limited to, those listed

s a result of visual and
bairs, construction, and
be reviewed for evidence

b may be used as an indi-
eas where surface condi-
hte measurements. Such
lonurban environments.
ide, but are not limited

including close interval
s

5s of a cathodic protection
|l in accordance with

that,-tinless controlled,
issdetrimental to public

3
“)
()

installation of galvanic anode(s)
installation of impressed current systems
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

or replaced and suitably protected in accordance with the
new installation criteria in para. 461.1.

461.2.4 Cathodic Protection Criteria

(a) A pipeline or structure is considered to be catho-
dically protected when it meets one or more of the criteria
listed in Section 6, Criteria and Other Considerations'for
Cathodic Protection, of NACE SP 0169-2007.

(b) Itisnotintended that cathodic protectionbelimited
to these criteria if it can be demonstrated by 6ther sound
engineering practice that adequate control*of corrosion
has been achieved.

461.2.5 Electrical Interference

(a) Adverse electrical interference from or to foreign
structures 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
normal maintenance or construction activities, a visual
inspectiont shall be made of the coating condition and/
or.the metal surface.

{b) The extent of any corrosion shall be evaluated in
dccordance with para. 461.2.4.

461.2.7 Tests and Inspections of Cathodic Protection
System

(a) Inspections shall be made as required to maintain
continuous and effective operation of the cathodic protec-
tion system.

(b) Electrical tests shall be made periodically to deter-
mine that the pipeline system is protected in accordance
with the applicable criteria as established by this Code.

or employee safety is found

y the evaluation made

under para. 461.2.2 or para. 461.2.7, appropriate correc-
tive 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 corrective
measures may include the following:

(1) provisions for proper and continuous operation
of cathodic protection systems

(2) application of protective coating
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(c) Thetype, frequency, and location of inspections and
tests shall be adequate to establish with reasonable accu-
racy 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
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(5) operating experience, including inspections and

leak investigations

(6) design life of the cathodic protection installation
(7) public and employee safety

(8) regulatory require

ments

(d) Where the tests or surveys indicate that adequate
protection does not exist, appropriate corrective

measures shall be taken.

461.2.8 Casings. Electrical isolation of cathodically

prevent joint corrosion, such as cleaning and recoating
or the continuing use of a suitable inhibitor.

(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.

protected pipelines from 1
of the underground system
sary to ensure effectivenes
trical measurements and i
necessary to provide tim|
would adversely affect cat
of shorts between the cart
that renders cathodic protg
tive, or if evidence of co
inside the casing is found,
taken as necessary to corrq
corrosion inside the casing

462 INTERNAL CORROY
462.1 General

When a corrosive liquid i
be made to protect the pip
corrosion. Hydrocarbons (
the conditions at which th|
be assumed to be corrosive
rosive by recognized tests o
tion can be obtained from N4
0175/1SO 15156.

462.2 New Installations

When designing a new or
or additions or modific3
measures should be cons
internal corrosion, or bot
and efficiency of a pipeline
pated that a corrosive liq
following factors should
and construction, either se

(a) Internal Coating

netallic casings that are part
shall be maintained as neces-
of cathodic protection. Elec-
spections shall be made as
ly evidence of shorts that
hodic protection. If evidence
ier pipe and casing is found
ection of the pipeline ineffec-
rrosion of the carrier pipe
remedial measures shall be
ct the condition or minimize

}ION CONTROL

s transported, provision shall
ing system from detrimental
ontaining free water, under
ey will be transported, shall

unless proven to be noncor-
" experience. Further informa-
A\CESP 0192, TM 0172,and MR

replacement pipeline system,
tions to existing syStems,
dered to prevent, ér)inhibit
h. To preserve the integrity
n which it is knéwn or antici-
pid will be‘transported, the
pe considered in the design
parately.'or in combination:

(1) The coating shall

peét the quality specifications

{2)-The-operationoftheinjectionprogramshould-be
a part of the planning.

(3) Sufficient test coupon holders or other moni-
toring equipment shall be provided to allow for continued
program evaluations.

(4) The chemical selected shall be of a type that will
not cause deterioration of any components of the piping
system.

(c) Cleaning Pigs

(1) Scraper traps for the insertion and-removal of
pigs or spheres, or both, shall be provided.

(2) Sections of pipeline to be traversed by pigs or
spheres shall be designed to prevént damage to pigs,
spheres, pipes, or fittings during operations.

(3) Piping for pigs or spheres shall be designed to
guide the tool and the materials they propel effectively
and safely.

(4) Provision shall*be made for effective accumula-
tion and handling of‘liquid and solid materials removed
from the pipeline“by pigs or spheres.

(d) Monitering Devices

(1) Monitoring devices shall be installed where prac-
tical at Iocations where the greatest potential for internal
corrosion exists.

(2) Monitoring devices must be designed to permit
passage of pigs or spheres when installed in sections
traversed thereby.

(e) Reducing Corrosivity

(1) Separators or dehydration equipment, or both,
may be installed.

(2) Equipment for the removal of other deleterious
material from the liquid should be considered.

(f) Materials

(1) Materials selected for pipe and fittings shall be
compatible with the components of the liquid and with
each other.

(2) Where plastic linings or alloy steel pipe and

and the minimum dry film
protection of the facility

thickness established for the
from the corrosive media

involved, based on the type of coating and methods of

application.

(2) Applied coatings shall be inspected in accordance

with established specificati
(3) When coated pip

ons or accepted practice.
e or other components are

joined by welding or other methods that leave the

parent metal exposed, p

rovision shall be made to
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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 impin-
gement should be minimized by use of erosion-resis-
tant materials, added wall thickness, design or flow
configuration, and size or dimensions of the pipe
and fittings.
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(g) Erosion-Corrosion

(1) It is usually necessary to control erosion-corro-
sion of liquid or slurry pipelines to mitigate premature
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 components

(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 correc-
tive measures shall be used to control detrimental internal
corrosion:

(1) An effective chemical treatment may be applied
in a manner and quantity to protect all affected portions of
the piping systems.

(2) Corrosive agents may be removed by recognized

mathade cuch ac dobhodeatio

or the use of wear plates, are 3

0175/1SO 15156 for guidance.
(2) If inhibitors are used, t

will not cause deterioration of ay

cceptable—See NACE-MR

hey shall be of a type that
y piping components and

shall be used in sufficient quantity to mitigate internal

corrosion.

(3) If internal coatings are
corrosion, they shall meet the ¢
minimum dry film thickness es|
and be inspected in accordan
mended practices. On piping
other methods exposing par
internal coatings shall include p
tion such as the use of a suitah

(4) Wherever changes in
aries occur, such as bends, re|
discontinuities, localized erosi
Means shall be provided to con
sion, such as piping geometry, ve
bution, flow regime, wear plates
Excessive weld penetration, hig]
weld, sharp changes in direction,
gaskets should be avoided.

462.3 Existing Installations

A pipeline internal corrosio

used to control erosion-
juality specifications and
fablished in the industry
e with industry recom-
b joined by welding or
ent metal at the joints,
rovisions for joint protec-
le corrosion inhibitor.
low direction or bound-
ducers, obstructions, or
n-corrosion is possible.
trol local erosion-corro-
locity, particle size distri-
or other suitable means.
1-low condition of a girth
and eccentrically located

h control program shall

include, but not be limited to, the following:

(a) The establishment and ey
the detection, prevention, or n
internal corrosion should inclu

(1) Pipeline leak and re

aluation of a program for
pitigation of detrimental
e the following:

pair records should be

reviewed for indication of the efflects of internal.corrosion.

(2) When any part of a pip
internal surface is accessible fj
visually examined and evaluatg
Additionally, visual examinatior]

eline is removed and the
br inspecCtion, it shall be
d forsinternal corrosion.
shalllbe made for exces-

sive weld penetration, high-low

condition of a girth weld

THe oG5 5Sutt—aS— ety aracroti-

(3) Fittings may be added for removal of water from
low spots, or reposition piping to reduce hold-up water.

(4) Under some circumstances, application of a suit-
able internal coating may be effective.

(5) Components may be replaced, or wear plates may
be used to control erosion-corrosion.

(6) The pipeline design or flow configuration may/be
modified. Sharp changes in direction should be avoided in
liquid or slurry pipelines.

(7) Erosion-corrosion effects may be nmiinimized by
controlling the particle size.

(c) Internal corrosion control measurés shall be eval-
uated by an inspection and meditoring program,
including, but not limited to, the:following:

(1) The chemical and the injection system should be
periodically checked.

(2) Corrosion coup6ns and test spools shall be
removed and evaluatediat periodic intervals.

(3) Corrosion probes should be checked manually at
intervals, or continuously or intermittently monitored or
recorded, or both, to evaluate control of pipeline internal
corrosion,

(4)(Asrecord of the internal condition of the pipe, of
leaks and repairs from corrosion, and of liquids or solids
quartities and corrosivity shall be kept and used as a basis
for/changes in the cleaning pig schedules, chemical treat-
ment program, or liquid treatment facility.

(5) When pipe is uncovered, or on exposed piping
where internal corrosion may be anticipated, pipe 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 to an
extent that may be detrimental to public or employee
safety, that portion of the system shall be repaired or
reconditioned, and appropriate steps taken to mitigate

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 nec-
essary for determining the presence of corrosive materials
and evidence of corrosion products.
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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 experience
that the materials are resistant to corrosion in the

(19)
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environment in which they are installed. Further informa-
tion 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/SSPC

Joint Surface Preparation S

(c) The coating or jacket
teristics that will provide
environment. Coatings al
cover the exposed structure
dance with established spe
recommendations.

(d) Special considerati

interfaces and splash zones.

464 PIPELINES IN ARC]

464.1 General

Pipeline facilities installe
be coated and cathodically |
as pipelines in temperate Ig
eration shall be given to t
internal and atmospheric cd
provided in this section.

464.2 External Coating

Selection of coatings for
environments shall take int
requirements of that envirj
sion, resistance to cracking
and installation in subfreezi
of field joint coatings or coat
any applied cathodic protd
stresses due to frost he
changes, or other requirenf

tandards.
selected shall possess charac-

hd ]ackets shall completely
and shall be applied in accor-
cifications or manufacturer’s

n shall be given to air-soil

[IC ENVIRONMENTS

 in arctic environments shall
brotected in the same manner
cations, and the same consid-
he need for protection from
rrosion, except as specifically

Requirements

pipelines in low-temperature
b consideration the particular
pnment. These include adhe-
b or damage during handling
hg temperatures, applicability
ng repairs, compatibility with
ction, and resistance to soil
hve, seasonal temperature
ents.

464.3 Cathodic Protection Facilities

464.3.1 Criteria. Criterid
be the same as for pipeline
Because higher driving volt

for cathodic protection shall
5 in temperate-environments.
hges areqiormally required in

frozen soils, the voltage impressed across the coating

should be limited so that

the ‘cOating is not subject to

damage due to cathodig

overvoltage or excessive

soil resistivity should be compensated for by 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 maximum
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 orin other unfrozen locations, such as

current dlstrlbutlon Where anodes must be installed
in permanently frozen ground, the volume of the
anode backfill material should be increased to reduce
the effective resistance between the anode and the
surrounding earth.

(d) Impressed current facilities utilizing distributed or
deep anode ground beds should be used to protec¢tburied
station facilities and steel pilings where usedte\support
aboveground pipeline and associated facilitieS.The pilings
and any other adjacent underground metallic facilities
must be electrically interconnected to' prevent detri-
mental interference.

464.3.3 Galvanic Anode Installations. Galvanic
anodes (packaged or ribbon)‘tay be needed on pipelines
in permafrost areas to supplement impressed current
facilities in localized thawed areas. This provides localized
cathodic protection to those sections of pipe that might be
shielded from adequate cathodic-protection current by
the extreme high resistivity of the surrounding frozen soil.

464.4 Monitoring

Installation of calibrated current measurement spans
should be considered in addition to the normal test
points. These should be installed at sufficient intervals
to evaluate current distribution along the protected pipe-
line and the effects of telluric currents prevalent in polar
regions. These spans also provide contact points for
measuring 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 other poten-
tially corrosive contaminants, suitable corrective
measures shall be taken as prescribed in section 462.

current density.

464.3.2 Impressed Current Facilities

(a) Impressed current facilities should be used on pipe-

lines in permanently frozen soil. Such facilities are capable
of providing the higher driving voltage needed to over-
come 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 main-
tenance is ensured. The effects of seasonal variations in
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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 parti-
cular requirements for pipelines in high-temperature
service. These include resistance to damage from soil

stress and pipe movement,
applied cathodic protection, a
degradation.

465.3 Cathodic Protection

465.3.1 Criteria. Criteria for
be the same as for normal tempe
recognition should be given to
resistivity and increased cathod
quirements in elevated tempe
component of the pipe-to-soil
Possible depolarization effects
operation shall also be conside

465.3.2 GalvanicAnodes. Col
to the impact on the performanc
(especially bracelet or ribbon f{
temperatures due to their pro

ompatibility with any
d resistance to thermal

Facilities

cathodic protection shall
Fature service, except that
the effects of decreased
ic protection current re-
ature service on any IR
potential measurement.
due to high-temperature
red.

nsideration shall be given
e of close galvanic anodes
lype) subject to elevated
kKimity to a hot pipeline.

Higher temperatures tend to ipcrease both the current

output and rate of degradation
Some anode materials may beco
at temperatures above 140°F

lytes. Zinc anodes containing al
tible to intergranular corrosion|

of most anode materials.
me more noble than steel
60°C) in certain electro-
Lminum are also suscep-
above 120°F (49°C).

465.4 Internal Corrosion Control

When liquid known or antic
transported at elevated temper
tion shall be given to the identi

pated to be corrosive is
htures, special consideraé
fication and mitigation, of

possible internal corrosion. Such measures are necessary

because corrosion reaction ratg
temperatures and are not stabl
and monitoring measures are g

s increase with~elevated
b, Appropriate nitigation
iven in seetion 462.

THERMALLY INSULAT

466 EXTERNAL CORROSIOE

CONTROL FOR
D PIPELINES

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 pipelines
constructed as “pipe-in-plastic” shall be protected from
corrosion as detailed in para. 466.1.

Due to the physical characteristics of thermal insulating
systems, cathodic protection of the external metallic
surfaces under the insulation system cannot be
insulation system and the isolation of the metal
surface from a corrosive environment is critical.

The external corrosion mitigation (or pipeline integrity)
program for thermally insulated pipelines shall include
either the monitoring of the integrity of the insulation
system or an appropriate external metal loss monitoring
program.

466.1.2 External Coating Requirements. External
corrosion mitigation of thermally insulated \pipelines
shall be provided by an anticorrosion coating applied
to the surface of the pipe, under the thérmal insulation
system. Selection of anticorrosion,doatings shall take
into account the particular requiréments for pipelines
in thermally insulated services:' In addition to the
general considerations for pipeline coatings listed in
para. 461.1.2, these coatings shall be resistant to
damage from the stresses.of movement due to operational
thermal expansion/contraction cycles, compatible with
the insulation system, and resistant to thermal degrada-
tion.

466.1.3- Water Stops. The thermal insulation system
for buriédor submerged pipelines should include provi-
sions for prevention of migration of water through the
insulation that may impact adjacent pipe joints. This
may be achieved with water stops or alternative means.

466.1.4 Cathodic Protection. The external corrosion
mitigation provided by anticorrosion coating for buried
piping and pipelines may be supplemented by cathodic
protection when appropriate as detailed in
paras. 466.1.4.1 and 466.1.4.2.

466.1.4.1 External Anodes. Cathodic protection may
be provided using anodes that are located outside of the
thermal insulation system jacket. Such anodes will
provide cathodic protection to any external metallic pipe-

466.1 New Installations
466.1.1 General. Special con

sideration must be given

to the external corrosion control requirements of pipe-
lines 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 SP 0198.
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line surtaces that are exposed openly to the surrounding
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 insu-
lation jacket has been compromised.
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466.2 Existing Installations

The external corrosion mitigation (or pipeline integrity)
program for existing thermally insulated pipelines shall
include provisions to address the threat of corrosion
under insulation. Factors to consider when developing
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 barrier, use of in-

shall be given consideration in all pipeline failure inves-
tigations. Operating companies should avail themselves of
current technology on the subject or consult with knowl-
edgeable 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 be
available to the pipeline designer and operating company

line inspection tools, use of
use of hydrostatic pressu
assessment methodology.

467 STRESS CORROSIO
PHENOMENA

Environmentally induced
phenomena, including stre
sion fatigue, hydrogen stres
tlement, corrosion under ing
influenced corrosion, have|

external NDE inspection tools,
e testing, and use of direct

N AND OTHER

and other corrosion-related
ks corrosion cracking, corro-
s cracking, hydrogen embrit-
ulation, and microbiologically
been identified as causes of

pipeline failure. Consideralple knowledge and data have

been acquired and assen]
and research is continuing
tion. Operating companies S
such phenomena during all
such opportunities. Where ¢
found, an investigative pr
remedial measures taken as

bled on these phenomena,
s to their causes and preven-
hould be alert for evidence of
pipe inspections and at other
vidence of such a condition is
bgram shall be initiated and
necessary. Any such evidence

in-the-future—tntheinterim,this-Codesuggeststhat-the
user refer to the current state of the art. Cathodic protec-
tion current levels, quality of pipe surface preparation and
coating, operating temperatures, stress levels, and soil
conditions shall be considered in pipeline design and
operations. Further information can be obtained from
NACE SP 0204.

468 RECORDS

(a) Records indicating cathodically protected piping,
cathodic protection facilities, and gther structures
affected by or affecting the cathodi¢ protection system
shall be maintained by the operating company.

(b) Records of tests, surveys, visual and instrumented
inspection results, leaks, etc:, hecessary for evaluating the
effectiveness of corrosioncontrol measures shall be main-
tained and retained for as long as the piping remains in
service.
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Chapter IX
Offshore Liquid Pipeline Systems

Irs

(a) Chapter IX pertains orlly to offshore pipeline

systems as defined in para. A4(0.1.

(b) This Chapter is organized
and content of the first eight ch
graph designations are the same
chapters, with the prefix “A”

(c) All provisions of the first ¢
are also requirements of this C
modified herein. If the text in t}
ments, the requirements in the
same title and number also ap
Chapter is in conflict with on
other chapters, the provision in|

(d) 1t is the intent of this Ch
ments for the safe and reliable
operation of offshore liquid pi
the intent of this Chapter to be
judgment must be used to ident
that are not specifically address
and DNVGL-ST-F201 may be us
intent of this Chapter to preve

to parallel the numbering
apters of the Code. Para-
as those in the first eight

ight chapters of the Code
hapter unless specifically
is Chapter adds require-
priginal Chapter with the
bly. If a provision in this
P Or more provisions in
this Chapter shall apply.
hpter to provide require-
design, installation, and
[peline systems. It is not
pll inclusive. Engineering
fy special considerations
ed. APIRP 1111, API 2RD,
ed as guides. It is not the
nt the development and

application of new equipment and technology. Such

activity is encouraged as long as

the safety and reliability

requirements of the Code are satisfied.

A400.1 Scope

This Chapter covers the desig
fabrication, installation, inspe
aspects of the operation and mai
line systems. For purposes of th

h, material requirements,
tion, testing, and ‘safety
htenance of offshore pipe-
s Chapter, offshore pipe-

line systems include offshore liquid pipélines, pipeline

risers, offshore liquid-pumping
tenances, pipe supports, conne
nents as addressed specifi
Figure 400.1.1-2.

stations, ‘pipeline appur-
ctors,.and other compo-
Calby’in the Code. See

buckle detector: any means for detecting dents, excessive
ovalization, or buckles in a pipeline.

external hydrostatic pressure: pressure acting on any
external surface resulting from its submergence in water.

flexible pipe: pipe that is

(a) manufactured as a composite from both metal and
nonmetal components

(b) capable of allowing large deflections @ithout
adversely affecting the pipe’s integrity

(c) intended to be an integral part of the,permanent
liquid transportation system

Flexible pipe does notinclude solidanetallic pipe, plastic
pipe, fiber reinforced plastic pipe, rubber hose, or metallic
pipes lined with nonmetallic linings or coatings.

hyperbaric weld: a weld perfotimed at ambient hydrostatic
pressure.

offshore: the area beyond the line of ordinary high water
along that portion ofthe coast thatis in direct contact with
the open seas andybeyond the line marking the seaward
limit of inland _coastal waters.

offshore pipeline riser: the vertical or near-vertical portion
of an offshore pipeline between the platform piping and
the pipéline at or below the seabed, including a length of
pipe of at least five pipe diameters beyond the bottom
elbow, bend, or fitting. Because of the wide variety of
configurations, the exact location of transition among
pipeline, pipeline riser, and platform piping must be
selected on a case-by-case basis.

offshore pipeline system: includes all components of a pipe-
line installed offshore for the purpose of transporting
liquid, other than production facility piping. Tanker or
bargeloading hoses are not considered part of the offshore
pipeline system.

offshore platform: any fixed or permanently anchored

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.
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structure or artificial island located offshore.

pipe collapse: flattening deformation of the pipe resulting
in loss of cross-sectional strength and circular shape,
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 piping
and appurtenances between the production facility and
the offshore pipeline riser(s). On offshore platforms
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not producing hydrocarbons, platform piping is all liquid
transmission piping and appurtenances between the
risers. Because of a wide variety of configurations, the
exact location of the transition between the offshore pipe-
line riser(s), platform piping, and production facility must
be selected on a case-by-case basis.

propagating buckle: abuckle that progresses rapidly along

apipeline caused by the effect of external hydrostatic pres-
sure on a previously formed buckle, local collapse, or other

A401.2 Application of Loads
A401.2.2 Sustained Loads

A401.2.2.1 General. The design of an offshore pipe-
line system suitable for safe operation shall be based on
considerations of the parameters listed below. These
parameters shall be considered to the extent that they
are significant to the proposed system.

All parts of the offshore pipeline system shall be

dacicna dforthamact cpitica]l cospahipationce of cpapatianal

cross-sectional deformatioi.

pull tube: a conduit attac
through which a riser can

ned to an offshore platform
be installed.

pull-tube riser: riser pipe or
tube (e.g., J-tube or I-tube)

pipes installed through a pull

riser: see offshore pipeline fiser.

seafloor bathymetry: refers to water depths along the pipe-
line route.

splash zone: the area of the pipeline riser or other pipeline
components thatis intermittently wetand dry due to wave
and tidal action.

trawl board: a structure thgt is attached to the bottom of
commerecial fishing nets and is dragged along the seafloor.

vortex shedding: the periodi¢ shedding of fluid vortices and
resulting unsteady flow patterns downstream of a pipeline
span.

A401 LOADS

A number of physical pafameters, henceforth referred
to as loads, govern design of the offshore pipeline system
so that it meets installatioh, operation, and other post-
installation requirements.|Some of the conditions that
may influence the safety and reliability of an offshore pipe-
line system are

(a) pressure

(b) temperature

(c) waves

(d) current

(e) seabed

(f) wind

(g) ice

(h) seismic activity

(i) platform motion

(j) water depth

desigredfor-themosteritical-combinationsoefe perationat
and environmental loads, acting concurrently, to which

the system may be subjected. The most critical combina-
tion will depend on operating criteria during storm condi-
tions. If full operations are to be maintained during storm
conditions, then the system shall be designed for concur-
rent action of full operational and design environntental
loads. If operations are to be reduced or discontinued
during storm conditions, then the systern-shall be
designed for both full sustained loads, plus maximum coin-
cidental occasional loads, and design dccasional loads,
plus appropriate reduced sustained,loads.

Sustained loads that shall be,considered are those
imposed on the pipeline syste€m ‘during its operation,
excluding those resulting from, occasional conditions.

Loads that should be ‘conisidered sustained loads
include

(a) weight, includihg (as appropriate) the weight of

(1) pipe

(2) coatings.iand their absorbed water
(3) attachments to the pipe

(4) .transported contents

(b) -bugyancy

(€) 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.

A401.2.3 Occasional Loads. Occasional loads that
shall be considered are those imposed on the pipeline
system by occasional conditions. Loads that should be
considered under this category include, as appropriate,
those arising due to

(a) waves

(b) current

(f‘) wind

(k) support settlement

(1) 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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(d) tides

(e) ice loads (e.g., weight, floating impacts, scouring)

(f) seismic events

(g9) dynamically induced soil loads (e.g., mudslides, soil
liquefaction)

An appropriate design return interval storm shall be
selected for the anticipated operational life of the offshore
pipeline system but shall not be less than 100 yr.
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Direction of waves, wind, and currents shall be consid-
ered to determine the most critical expected combination
of the occasional loads to be used with the other classi-
fications of loads, as described in para. A401.2.4.1.

A401.2.4 Construction Loads. The design of an
offshore pipeline system suitable for safe installation
and the development of offshore pipeline construction
procedures shall be based on consideration of the para-
meters listed in paras. A401.2.4.1 and A401.2.4.3. These

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

() thayrmal aynancion o d—contraction

parameters shall be considered
significant to the proposed syst
method of installation being co
All parts of the offshore p
designed for the most critical co
and environmental loads, actin|
the system may be subjected.

A401.2.4.1 Installation Lod
shall be considered are those

o the extent that they are
em and applicable to the
nsidered.

peline system shall be
mbinations of installation
o concurrently, to which

ds. Installation loads that
mposed on the pipeline

system under anticipated ipstallation conditions,

excluding those resulting from e
Loads that should be considg
include
(a) weight, including (as ap
(1) pipe
(2) coatings and their abs
(3) attachments to the pip
(4) fresh water or sea W
flooded during installation)
(b) buoyancy
(c) external pressure
(d) static loads imposed by
When considering the effect|
component weights (in air and si

nvironmental conditions.
red as installation loads

ropriate) the weight of

brbed water
e
ater content (if pipe is

onstruction equipment
of pipe and/or pipeline
bmerged) on installation

stresses and strains, the variability due to weight coating,

manufacturing tolerances, and w
be considered.

ater absorption shall also

A401.2.4.2 Hydrostatic Tepting

A401.2.4.2.1 Loads for
The design of an offshore pipd
safe hydrostatic testing and the
pipeline hydrostatic test proce
consideration of the p4d
paras. A401.2.4.2.2, A401.2.4

dydrostatic Test<Design.
line system suitable for
development.of offshore
dures shalk be based on
rameters listed in
.2.37and A401.2.4.2.4.
nsidered to the extent

These parameters shall be cd

{d)—thermal-ex pansionand-contraction
(e) residual loads

(f) overburden

A401.2.4.2.3 Environmental Loads During Hydro-
static Test. Environmental loads that shall be considered
are those imposed on the pipeline system by environmen-
tal conditions. Loads that should be considered under this
category include, as appropriate, those arising due‘to

(a) waves

(b) current

(c) wind

(d) tides

An appropriate design return intefval storm shall be
selected for the anticipated hydrostatic test duration
but shall not be less than 1 yr,

Direction of waves, wind, and ‘eurrents shall be consid-
ered to determine the most€ritical expected combination
of the environmental loads to be used with the hydrostatic
test loads, as described in para. A401.2.4.2.1.

A401.2.4.2.4 Bottom Soils. When establishing on-
bottom stability’requirements and maximum allowable
spans for-ifregular seabeds, consideration shall be
given to seabed soil characteristics.

A401.2.4.3 Environmental Loads During Installa-
tion. Environmental loads that should be considered
under this category include, as appropriate, those
arising due to

(a) waves

(b) current

(c) wind

(d) tides

(e) ice

(f) dynamic loads imposed by construction equipment
and vessel motions

The effects of large tidal changes and water depth varia-
tions on construction equipment shall be considered

that they are significant to the

proposed test.

All parts of the offshore pipeline system shall be
designed for the most critical combinations of hydrostatic
testand occasionalloads, acting concurrently, to which the

system may be subjected.

A401.2.4.2.2 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 occasional condi-

tions.
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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.

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 installation
loads, as described in para. A401.2.4.1.
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Loads imposed by construction equipment and vessel
motions vary with the construction method and construc-
tion vessel selected. The limitations and behavioral char-
acteristics of installation equipment shall be considered in
the installation design. The effect of vessel motions on the

pipe and its coating shall be considered.
Local environmental forces are subject to radical

change in offshore areas.

changes should be considered during installation contin-

gency planning as well as

A401.2.4.4 Bottom So
considered in on-bottom
installation period, span a
procedures are developed

(a) riser installation in j

As a result, those potential

Ls. Soil characteristics shall be
stability analysis during the
alysis, and when installation
for the following:

ull tubes

(b) laying horizontal cugves in the pipeline routing

(c) pipeline bottom tow:
(d) trenching and backfi

A401.2.5 Bottom Soils.
stability requirements and
irregular seabeds, consider
soil characteristics.

A401.4 Route Selection

(a) Offshore pipeline roy
mize the adverse effects
para. A401.2.4). These load

(1) sustained loads (s
(2) occasional loads (.
(3) construction loadsg

(b) Selection of offshore
the capabilities and limitatid
equipment.

(c) Surveys of the pipeliy
identify

(1) seabed materials

(2) subsea (includin
features that may represent
line construction and oper

(3) subsea (includin
features that may be adv

[ling

When establishing on-bottom
maximum allowable spans for
htion shall be given to seabed

Considerations

tes shall be selected to mini-
of construction loads (see
s include the following:

pe para. A401.2.2)

ee para. A401.2.3)

(see para. A401.2.4)
pipeline routes shall consider
ns of anticipated construction

e route shall be conducted to

o sub-bottom) and sunface
potential hazards to.the pipe-
htions

o sub-bottom)<anhd surface
ersely affected by pipeline

construction and operations, inclddihg archaeological

and sensitive marine areas
(4) turning basins
(5) anchorage areas
(6) shipping lanes

A402 CALCULATION OF STRESSES

A402.3 Stresses From Internal Pressure

The calculations of stresses in section 402 are super-
seded by the provisions of paras. A402.3.1 and A402.3.2.

Design and installation analyses shall be based on
accepted engineering methods, material strengths, and
applicable design conditions.

Testing

(a) Allowable Stress Values. The maximum longitudinal
stress due to axial and bending loads during installation
shall be limited to a value that prevents pipe buckling and
that will not impair the serviceability of the installed pipe-
line system. Other stresses resulting from pipeline instal-
lation activities, such as spans, shall be limited totthe’same
criteria. Instead of a stress criterion, an allowable installa-
tion strain limit may be used.

(b) Design Against Buckling. The offshore pipeline
system shall be designed and installed in a manner to
prevent local buckling of the pipe wall, collapse, and
column buckling during installation. Design and installa-
tion procedures shall considerthe effect of external hydro-
static pressure; bending, axial, and torsional loads; impact;
mill tolerances in theswall 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 thick-
ness shall bé selected to resist collapse due to external
hydrostatic pressure.

(c)~Design Against Fatigue. The pipeline shall be
designed and installed to limit anticipated stress fluctua-
tions to magnitudes and frequencies that will not impair
the serviceability of the installed pipeline. Loads that may
cause fatigue include wave action and vibrations induced
by vortex shedding. Pipelines and riser spans shall be
designed to prevent vortex-induced resonant vibrations,
when practical. When vibrations must be tolerated, the
resulting stresses due to vibration shall be considered.
If 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-

(7) foreign pipeline and other utility crossings

(d) Routing shall be sel

ected to avoid, to the extent

practical, the identified hazards.
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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 instal-
lation. See paras. 434.8.5 and A434.8.5.

(e) Design Against Loss of In-Place Stability. Design
against loss of in-place stability shall be in accordance
with the provisions of para. A402.3.2(e), except that
the installation design wave and current conditions
shall be based on the provisions of para. A401.2.4.3. If
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shall be designed for sta-

bility during the period prior to trenching.
(f) Impact. During the period when the pipe is suscep-

tible to impact damage during
consideration shall be given to
(1) anchors
(2) trawl boards
(3) vessels
(4) ice keels
(5) other foreign objects

(g9) Residual Stresses. Th

normally be installed in a mann,
dual stresses. The exception sh|
purposefully plans for residual
cold springing of risers, pull-tu
(h) Flexible Pipe. The manu
installation procedures shoul
installation. Flexible pipe shall

installation and testing,
impacts due to

F; = hoop stress design factor from Table A402.3.2-1
P, = external pressure, psig (bar)
P; = internal design pressure, psig (bar)
S = hoop stress, psi (MPa)
S, = specified minimum yield strength, psi (MPa)
t = nominal wall thickness, in. (mm)

(2) Longitudinal Stress. For offshore pipeline
systems, the longitudinal stress shall not exceed values

foriand oo
TO OO OTIY

pipeline system shall
Pr So as to minimize resi-
pll be when the designer
tresses (e.g. reeled pipe,
be risers).
facturer’s recommended
d be adhered to during
be designed or selected

to prevent failure due to the corhbined effects of external

pressure, internal pressure, tor

and bending. (See API RP 17B.]

ional forces, axial forces,

A402.3.2 Strength Criteria‘AIIuring Operations

(a) Allowable Stress Values.
steel pipe during operation sha

lated by the equations in (1) th

lowable stress values for
I not exceed those calcu-
rough (3) below.

ISzl < Fy(S))
where
A = cross-sectional area of pipe material, in.? (mm?)
F; = longitudinal stress design factor from
Table A402.3.2-1
F, = axial force, Ib (N)
i; = 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, ji-1b (N-m)
M, = out-of-plane bending moment, in.-lb (N-m)
S, = axial stress, psi (positive tensile or negative

compressive) (MPa)
F,/A

(1) Hoop Stress. For offshpre pipeline systems, the S, = maximum resultant bending stress, psi (MPa)
tensile hoop stress due to the difference between internal = — > 5
and external pressures shall nof exceed the values given (M) A ioM,)™ /2
below, in eq. (1). S; = maximum longitudinal stress, psi (positive
Sy shall be calculated by eq. (2) or eq. (3). It is rec- tensile or negative compressive) (MPa)
ommended that eq. (2) be used for D/t greater than or = S4.£.5) or S, — Sp, whichever results in the larger
equal to 30 and that eq. (3) be fised for D/t less than 30. stress value
NOTE: Sign convention is such that tension is positive and S = spec.lfled minimum yield 'Stre.nggh, pS; (MPa)
compression is negative. Z"'= section modulus of the pipe, in.” (cm>)
|| = absolute value
Sp < Fl(Sy 1)
(3) Combined Stress. For offshore pipeline systems,
(U.S. Customary Units) the combined stress shall not exceed the value given by the
D maximum shear stress equation (Tresca combined stress)
S, = (- P)— (2)
2t | 2
(SL =Sk 2
. 2 ‘[ ] + St < F3(S )
(51 Units) \/ 4
D
Sw= (B = Ie)ﬂ where
A = pipp cross-sectional area in 2 (mmz)
(U.S. Customary Units) F; = combined stress design factor from
D—t Table A402.3.2-1
Sp= (B - 1)‘*)7 ) F, = axial force, Ib (N)
i; = in-plane stress intensification factor from
(81 Units) Table 402.1-1
D-t i, = out-of-plane stress intensification factor from
Sn= (B = R)= 5 Table 402.1-1
M; = in-plane bending moment, in.-lb (N-m)
where M, = out-of-plane bending moment, in.-Ib (N-m)
D = nominal outside diameter of pipe, in. (mm) M, = torsional moment, in.-Ib (N-m)
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Table A402.3.2-1 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.

(1) Platform piping does not include production facility piping on a platform; see definitions in para. A400.2.

NOTE:
S, = axial stress, psi (|
compressive) (MP
= F, /A
S, = maximum resultar
2 GM)” + (M,
S, = hoop stress, psi (
S, = maximum longit
tensile or negativg
= S+ SporS, -5, W
stress value
S; = torsional stress, p
= M,/2Z
S, = specified minimun
Z = section modulus o

Alternatively, the m4
theory (Von Mises combit
limiting combined stres
combined stress should no|

positive tensile or negative

)

t bending stress, psi (MPa)
Pa)
hdinal stress, psi (positive

compressive) (MPa)
rhichever results in the larger

i (MPa)

1 yield strength, psi (MPa)
f the pipe, in.> (cm®)

ximum distortional energy
led stress) may be used for
s values. Accordingly, the
t exceed values given by

JSp2 = S8, + S

(4) Strain. When the p
able noncyclic displacemg
movement along the pipeli
dence along the line) or pif
the longitudinal and com
replaced with an allowabl
consequences of yielding d
of the installed pipeline. TH
gitudinal strain depends of
any previously experienced
ling behavior of the pipe. W|
pated, the pipe eccentricity

2+ 38,7 <Fy(S))

ipeline experiences a predict-
nt of its support (e.g., fault
e route or differential subsi-
e sag before support contact,
bined stress limits may be
e strain limit, so lohg)as the

not impair the serviceability
e permissible-maximum lon-
the ductility~ef the material,
plastic<&train, and the buck-
here plastic strains are antici-
, pip® out-of-roundness, and

the ability of the weld to

ndergo such strains without

cable factors. Consideration shall also be given to mitiga-
tion of propagation buckling that may follow local
buckling or denting. The pipe wall thickness shall be
selected toresist collapse due to external hydrostatic pres-
sure.

(c) Design Against Fatigue. The pipeline shall be
designed and operated to limit anticipated stress fluctua-
tions to magnitudes and frequencies that willLhot impair
the serviceability of the pipeline. Loads.that may cause
fatigue include internal pressurge variations, wave
action, and pipe vibration, such.ds that induced by
vortex shedding. Pipe and riser”spans shall be designed
so that vortex-induced resonant vibrations are prevented,
whenever practical. When‘yibrations must be tolerated,
the resulting stresses du€to vibration shall be considered
in the combined stréss. calculations in (a). In addition,
calculated fatiguetfailure shall not result during the
design life of thepipeline and risers.

(d) Design Against Fracture. Prevention of fractures
during operation shall be considered in material selection
in accordance with the requirements of para. A423.2.
Welding procedures and weld defect acceptance criteria
shall'consider the need to prevent fractures during opera-
tion. 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 characteristics
and by transient events, such as hydrodynamic,
seismic, and soil behavior events, having a significant
probability of occurrence during the life of the system.
Design conditions to be considered are provided in (2)
through (4) below.

The pipeline system shall be designed to prevent
horizontal and vertical movements or shall be designed

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.
(b) Design Against Buckling. The pipeline shall be

designed with an adequate margin of safety to prevent
local buckling of the pipe wall, collapse, and column buck-
ling during operations. Design and operating procedures
shall consider the effect of external hydrostatic pressure;
bending, axial, and torsional loads; impact; mill tolerances
in the wall thickness; out-of-roundness; and other appli-

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

(-¢) scour and resultant spanning

(-d) soil liquefaction

(-e) slope failure
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Stability may be obtained by such means as, but not
limited to, adjusting pipe submerged weight, trenching
and/or covering of pipe, or anchoring.

When calculating hydrodynamic forces, the fact that

wave forces vary spatially along
may be taken into account.
Two on-bottom stability de

the length of the pipeline

sign conditions that shall

be considered are installation and operational.
(2) Design Wave and Current Conditions. Operational

design wave and current condit;

tons—<challbabhacad an o

(5) Slope Failure and Soil Liquefaction. The pipelines
shall be designed for slope failure in zones where they are
expected (mudslide zones, steep slopes, areas of seismic
slumping). If it is not practical to design the pipeline
system to survive the event, the pipeline shall be designed
for controlled breakaway with provisions to minimize loss
of the pipeline contents.

Design for the effects of liquefaction shall be
performed for areas of known or expected occurrence.

event having a minimum returry
100 yr. The most unfavorable
wave and current conditions
wave and maximum current con
occur simultaneously. When se
able condition, consideration m
of occurrence of the wave an
magnitude.

(3) Stability Against W
submerged weight of the pip

OSSO e-oa5tao—att

interval of not less than
bxpected combination of
hall be used. Maximum
ditions do not necessarily
ecting the most unfavor-
1st be given to the timing
 current direction and

ives and Currents. The
e shall be designed to

resist or limit movement to anpjounts that do not cause

the longitudinal and combine
by the equations in (a), to exd
in (a). The submerged weig
weight coating and/or increag
Hydrodynamic forces shall be
current values for the design
[see (2)].

Wave and current direction|
considered.

The pipeline and its appurt
below bottom grade to providg

Backfill or other protective
materials and procedures that
pipeline and coatings.

Anchoring may be used alo
other options to maintain stabi
designed to withstand lateral an
from the design wave and curren
be spaced to prevent excessive
shall be considered in the desigr
The effect of anchors on the ca
shall be considered.

Intermittent block-type, cld
(river weights) shall not be us

| stresses, as calculated
eed the limits specified
nt may be adjusted by
ing pipe wall thickness.
based on the wave and
ondition at the location

and concurrence shall be

enances may be lowered
stability.

Covering options shall use
preclude damage to the

he or in conjunction with
ity. The anchors shall be
d vertical loads expected
t condition. Anchorsshall
tresses in the pipe.\Scour
of the anchorifg-system.
thodic protection system

mp-on,\erSet-on weights
ed onoffshore pipelines

where there is a potential for the

weight to become unsup-

SeiHliquefactionnermallyresultsfromeyelie-wave-ever
pressures 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 horizontal
and vertical stability.

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

(6) Bottom Soils. The pipe-soil interaction factors
that are used shall be representative oftlie bottom condi-
tions at the site.

(f) Impact. During operations;yeonsideration shall be
given to impacts due to

(1) anchors

(2) trawl boards

(3) vessels

(4) ice keels

(5) other foreign objects

A402.3.3 Design of Clamps and Supports. Clamps and
supports-shall be designed such that a smooth transfer of
loads is made from the pipeline or riser to the supporting
structure without highly localized stresses due to stress
coneentrations. When clamps are to 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 member and not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance with
the requirements of API RP 2A-WSD.

Clamps and support design shall consider the corrosive
effects of moisture-retaining gaps and crevices and galva-
nically dissimilar metals.

A402.3.4 Design of Connectors and Flanges. Connec-

ported because of scour.

(4) Shore Approaches. Pipe in the shore approach

zone shall be installed on a suitable above-water structure
or lowered or bored to the depth necessary to prevent
scouring, spanning, or stability problems that affect integ-
rity and safe operation of the pipeline during its antici-
pated service life. Seasonal variation in the near-shore
thickness of seafloor sediments and shoreline erosion
over the pipeline service life shall be considered.
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tors and flanges shall be designed or selected to provide
the smooth transfer of loads and prevent excessive defor-
mation of the attached pipe.

A402.3.5 Design of Structural Pipeline Riser Protec-
tors. Where pipeline risers are installed in locations
subject to impact from marine traffic, protective
devices shall be installed in the zone subject to
damage to protect the pipe and coating.
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A402.3.6 Design and Protection of Special Assem-
blies. Design of special assemblies, such as connections,
subsea tie-in assemblies, subsea valves, expansion loops,
seabed riser connections, and subsea pipeline manifolds,
shall consider the additional forces and effects imposed by
a subsea environment. Such additional considerations
include design storm currents and potential for seabed
movement in soft sediments, soil liquefaction, increased
potential for corrosion, thermal expansion and contrac-
tion, and stress due to instagHatien edtre

Appropriate measures shall be taken to protect special
assemblies in areas where [the assemblies are subject to
damage by outside forces| such as fishing and marine
construction activities.

A402.3.7 Design of Flexible Pipe. Due to its composite
makeup, the mechanical behavior of flexible pipe is signif-
icantly different from that of steel pipe. Flexible pipe may
be used for offshore pipelifes if calculations and/or test
results verify that the pipe can safely withstand loads

considered in paras.

A401.2.4.2. Careful consid

the use of flexible pipe d
and possible rapid deco
material and collapse of th
gas pressure in the annuluj
tion. (See API RP 17B.)

\401.2.2, A401.2.4, and
leration should be given to
ue to its permeable nature
pression failure of the liner
e inner liner due to residual
upon pipeline depressuriza-

A402.3.8 Design of Pipgline Crossings. Subsea pipe-

line crossings shall be desig
in. (300 mm) separation bef
separation of the two pip¢
design of pipeline crossing
cyclical loads shall be consi
crossings in order to ensur
tained for the design life o

When two liquid pipeline
and combined stress, as c4
para. A402.3.2(a), shall no
in Table A402.3.2-1. Wh
strain criteria in para. A4
lieu of allowable stress critg
are governed by different
limits shall be in accordan
applicable code.

A403 CRITERIA FOR PI}

ned to provide a minimum 12
ween the two lines. Dielectric
lines shall be considered in
s. Soil settlement, scour, and
lered in the design of pipeline
b that the separation is main-
[ both lines.

5 cross, the longitudinal stress
lculated by the equations in
t exceed the limits specified
ere appropriate, aHowable
D2.3.2(a)(4) may bevused in
ria. Where crossing pipelines
codes, the allowable stress
e with the provisions of the

PELINES

F; = hoop stress design factor from Table A402.3.2-1
S, = specified minimum yield strength, psi (MPa)

A403.2.6 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.

A403.9 Design for Expansion and Flexibility

shall be con51dered as aboveground piping (see
paras. 403.9.1 and 403.9.3) where such definition is ap-
plicable.

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint.

Allowable strength criteria shall be in accordanee with
para.A402.3.2 inlieu of the calculation of stresseslisted in
section 402. Equations in paras. 402.5.1 and?402.5.2 are
valid for calculating the indicated stresses. See paras.
A401.2.2 and A401.2.4.2 for loads that must be considered
in design. Where appropriate, allowable strain criteria in
para. A402.3.2(a)(4) may be uSed’in lieu of allowable
stress criteria.

When an offshore pipelifie.s 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
system and its coniponents to minimize the possibility
of damage due to'seismicactivity. Flexibility in the pipeline
system may be provided by installation of the pipeline on
or above the seabed and/or by use of breakaway
couplings; slack loops, flexible pipe sections, or other
sitefspecific solutions.

A404 CRITERIA FOR FITTINGS, ASSEMBLIES, AND
OTHER COMPONENTS (ALTERNATIVELY,
CRITERIA FOR COMPONENTS)

A404.2 Directional Changes

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

A403.2 Criteria for Pipe Wall Thickness and

Allowances
A403.2.1 Criteria. For o

ffshore pipeline systems, the

applicable allowable stress value specified and defined

in para. 403.2.1 shall be as
S =

where

follows:

FI(Sy)
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in the form of a single connection, or in a header or mani-
fold as aseries of connections, the design shall be adequate
to control 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, 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
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design rules based on the stress intensification created by
the existence of a hole in an otherwise symmetrical
section. External loadings, such as those due to
thermal expansion or unsupported weight of connecting
pipe, have not been evaluated. These factors should be
given attention in unusual designs or under conditions

of cyclic loading.

Pipe that has been cold worked solely for the purpose of
increasing the yield strength to meet the specified

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.
A403.2.1 and to the testing requirements of paras.
437.1.4(a)(1), 437.1.4(a)(2), 437.1.4(a)(4),
437.1.4(a)(5), 437.1.4(b), 437.1.4(c), 437.4.1, and

(19)

minimum yield strength is prohibited-in-effshoretiquid

pipeline systems. This does
pipe that has been cold wor
purpose of meeting dimensiond

A404.3.6 Reinforcement of

(d) Pipe that has been cold
purpose of increasing the yield s
fied minimum yield strength i
liquid pipeline systems. This d
of pipe that has been cold wo
purpose of meeting dimensions

A404.4 Flanges

Jlot preclude the use of

ked specifically for the
| requirements.

Multiple Openings

| worked solely for the
frength to meet the speci-
5 prohibited in offshore
bes not preclude the use
rked specifically for the
| requirements.

A404.4.3 Cast Iron Flanges Within Scope of Standard

Sizes. Paragraph 404.4.3 does
ductile iron flanges are prohil

offshore liquid pipeline systemp

A404.4.6 Flange Facings. R
preferred in offshore liquid pip

A404.5 Valves

A404.5.1 General. Paragrap
cast iron valves does not apf
iron valves are prohibited for
liquid pipeline systems.

A404.6 Reducers

not apply. Cast iron or
ited for applications in

p.

ng joint-type flanges are
eline systems.

h 404.5.1 as it relates to
ly. Cast iron or ductile
applications in offshore

A404.6.3 Orange Peel Swages. Orange peel swages

are prohibited in offshore li
other than temporary constj
other non-pressure-containing

A404.7 Closures

quid pipeline¢Systems,
uction components or
components:

A404.7.4 Fabricated Closurgs.\Orange peel bull plugs

A437.1.4.

(b) Pipe that has been cold worked solely for the
purpose of increasing the yield strength to meet the speci-
fied minimum yield strength is prohibited in offshore
liquid pipeline systems. This does not preclude the use
of pipe that has been cold worked specifically for the
purpose of meeting dimensional requirements.

A405.2 Flexible Pipe

Selection of flexible pipe shall be in accordance with API
RP 17B. (See also para. A403.2.1.)

A406 OTHER DESIGN CONSIDERATIONS
A406.1 Pigs and Internal Inspection Tools

When specifying in-line piping components for offshore
pipelines, consideration\shall be given to the need for
running pipeline pigs and internal inspection tools. Selec-
tion of bend radiusylauncher and receiver traps, bend
configuration, internal diameter variations (including
ovality), and éther internal obstructions shall allow the
passage of.such devices, except where not practical.

A406.2 Special Components

System components that are not specifically covered in
this Code shall be validated for fitness by either of the
following:

(a) documented full-scale prototype testing of 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
methods that have been proven for the service for
which the component is intended.

and fishtails are prohibited in

offshore liquid pipeline

systems, other than temporary construction components
or other non-pressure-containing components.

A404.8 Joints

A404.8.3 Threaded Joints. Threaded connections for
in-line piping component sizes NPS 2 (DN 50) or larger are
prohibited in offshore pipeline systems, except as

permitted in para. A406.2.
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€areshoutdbeexercisedimany mew applicatiomr of
existing designs to ensure suitability for the intended
service.

A406.3 Design of Pipe-Supporting Elements

See para. A402.3.3 for additional provisions.

(19)
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A423 MATERIALS — GENERAL REQUIREMENTS
A423.1 Acceptable Materials and Specifications

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements of
applicable ASTM standards.

Flexible pipe shall be manufactured from materials
meeting the requirements of API RP 17B and ASTM or
ASME standards applicable to the materials selected by

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 protection, or
prevention of interference with maritime activities.

The methods and details of the pipeline trenching and
lowering operations shall be based on site-specific condi-
tions. Methods and details shall be selected to prevent
damage to the pipe, coating, and pipeline appurtenances.

the designer.

A423.2 Limitations on |
“Unidentified” pipe, pld

Materials
stic pipe, ASTM A120 pipe,

plastic pipe with nonmetdllic reinforcement, cast iron

pipe, ductile iron pipe, a
worked in order to meet {
strength are prohibited
systems. This does not pj
has been cold worked sp
meeting dimensional requi

hd pipe that has been cold
he specified minimum yield
in offshore liquid pipeline
eclude the use of pipe that
cifically for the purpose of
Fements.

In addition to the requirements contained in referenced

standards, certain other req
for components used offsho|
water temperature, interng
tion, product temperature
other loading conditions. H
additional limitations or
include one or more of the

uirements may be considered
re, depending on water depth,
| pressure, product composi-
installation method, and/or
or example, consideration of
requirements for pipe may
following:

(a) wall thickness tolerance

(b) outside diameter tol

(c) out-of-roundness tol

(d) maximum and minim|

(e) pipe chemistry limitd

(f) fracture toughness

(g) hardness

(h) pipe mill hydrostatic
tive testing

For sour service (H;S),
15156.

A434 CONSTRUCTION

A434.2 Qualifications

A434.2.2 Inspection. R
construction shall als

brance
brance

um yield and tensile strengths
itions

testing and other nondestrue-

refer to NACE MR 0175/1S0O

epairs required during new
be in accordance with

A434.7 Bends, Miters, and Elbows

Miter bends shall not be used in offshore liquid pipeline
systems.

A434.7.1 Bends Made From Pipe

(a) Pipe that has been cold worked solely{for the
purpose of increasing the yield strength to meetthe speci-
fied minimum yield strength is prohibitedZn offshore
liquid pipeline systems. This does not preclude the use
of pipe that has been cold worked, specifically for the
purpose of meeting dimensional requirements.

A434.8 Welding

A434.8.3 Welder and Welding Procedure Qualifica-
tion. Welding proceduresdand welders performing hyper-
baric welding on offshore pipeline systems shall be
qualified in accordance with the testing provisions of
either API 1104“or ASME BPVC(, Section IX, as supple-
mented by, AWS D3.6M for type “0” welds.

A434.8.5 Required Inspection and Acceptance
Criteria

(a) Required Inspection

(2) Welds in offshore pipeline systems may also be
evaluated on the basis of (b) below.

(3) The requirements of para. 434.8.5(a)(3) are
superseded by the following provisions. All circumferen-
tial welds on offshore pipeline systems shall meet the re-
quirements in para. 434.8.5(a) for a pipeline that would
operate at a hoop stress of more than 20% of the specified
minimum yield strength of the pipe. One hundred percent
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

909% of such welds bhe incpprfnd The incpnrﬁnn shall

(19)

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 pipeline
shall be properly located within the right-of-way by main-
taining survey route markers or by surveying during
installation.
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cover 100% of the length of such inspected weld.

(b) Inspection Methods and Acceptable Standards. For
girth welds in offshore pipeline systems, alternative flaw
acceptance limits may be based on fracture mechanics
analysis and fitness-for-purpose criteria as described
by API 1104. Such alternative acceptance standards
shall be supported by appropriate stress analyses, supple-
mentary welding procedure test requirements, and non-
destructive examinations beyond the minimum
requirements specified herein. The accuracy of the
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